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[IPEJIHCIIOBHE KO BTOPOMY HU3TAHHIK)

Bropoe wu3manue cymecTBeHHO OTIMyaeTcA OT HepBoro. COOpHUK 3ajay
OOoKeH ofecnmeynBaTh YinyOjieHHOE H3yuyeHHe IUKOIIBHOW NpPOTrpaMmel, CBA-
3bIBasi ee C COBpeMeHHOW ¢pu3ukoi. [fostomy, ¢ 0HOH CTOPOHDI, U3 COOpPHUKA
UCKIII0UeH psA 3a[1ay, JOBOJILHO AATEKHX OT ILKOJIBHOW NMPOrpamMMEl, C Jpyroi
CTOPOHbI, OH FIOTIOJIHEH HOBBIMH 3ajJayaMM, BCTPEUANOLIMMUCA B COBPEMEHHOM
¢dusnyeckomM okcnepumeste. B uactHocTH, ri1aBa 7 ([IBMoxkeHMe 3apsikeHIfbIX
YACTHIL B 3JIEKTPUUeCKOM mojie) gouosiHeHa §7.2 (POKycHpOBKa 3apseHHbIX
yactMll) . 3HauMTenbHO mepepaGoraHa rnaBa 2 (uvHamuka). B neit u3smeHu-
7ach IOCJIe/IOBAaTeIbHOCTh PAClOIOXKEHUsT 3ajlay, 3aMeHeHO MHOIO  3ajlau,
pellleHHe KOTOpbIX TpeOOBAIO TIPOMO3AKUX BBIYMCIEHHH, 3aCIOHABUIMX HX
¢dusMyeckoe cofdepxkaHue, noGaBneHbl 3a;aud, obNeryarouide ycBOEHHe 3a-
xoHoB Kemepa. B HoBOM H3maHMM HMcnpaBieHsl OMOKM M oncyaTkH, oGHa-
pY>KEHHbIE B IepBOM M3[IaHUH.

AsTtoper Onarogapubt E.M. Bytukosy u M.E. MpojoBy, 3aMeuaHus KOTOphIX
BO MHOIOM ONpe;IelWJIN H3MEeHeHHs, OTIHYaloLIMe BTOpoe U3gdHue cOOpHHKA
OT NepBOro.

0.4. Caguenko

[IPEJIHCIIOBHE K IIEPBOMY H3JAHHI

ABTOpBl KHHMIY, INIpenojaBaTelld MNepBOH B CTpaHe cHelHallU3MPOBaHHOH
u3MKO-MaTeMaTHUECKON LIKOJbI-MHTEpHaTa 1Ipu Hosocubupckom rocynaper-
BEHHOM yHUBepcuTeTe M HayuHsle coTpyauuku CO AH CCCP, crpgmwnce
c037aTh He IpocTo cOOpHMK 3ajad, a yyebHOe MOCOOMe, mpecnenylollce Uelb
YIPOUYEHUS CBA3M LIKOJIBHOTO 06pa3oBallsa ¢ COBPEMEHHON HayKOH.

B xhure cBpmme ABYX TBICAY 3aJau palalTHYHON CIIOXKHOCTA: OT OOBIYHBIX
HIKOJbHBIX IO ONMMOMaAIIbIX, TpeOyoWMX COOOpPasUTENIbHOCTH M 11€CTaHJapT-
HOFO MblUUIEHUs. B OTIMuMe OT aHaIOTMYHBIX I10COOMH, U3M4HHBIX 3a MOCIIen-
Hee BpeMs, B IpeiylaraeMoM cOOpHMKe (332 pEIKUM HCKSIIOUEHHEM) HE MpPHBO-

6



OsiTCs pelieHus 3aday, a JaKTcA JHIIb oTBeThl. Takasn dopma Gonee ecrecTBeH-
Ha [J11 aKTHBHOTO, TBOPYECKOTO H3yyenus ¢u3uKu. BeOop nyTe K orBery —
3TO HMHAMBHOY&IbHbI M YBJIEKATCIIbHBIA HayuyHbIM monck. U 310T TBOpUEcKuit
Hpollecc Heslb3s1 33aMeHUTh H3yyeliMeM pelleNITOB pellieHHA 3afay.

IoutH Bce BKsIOUEHHble B KHHTY 3a[0aud B3sATH M3 COOPHHMKOB 3aday 1O
¢uamke >THX ke aBTOpoB, M3uaHHbIX B HI'Y misa yyammxcs ¢usuxo-mare-
MaTHueckol wiKonbl. Hosromy ocoBoe BHMMatiKe YOeNAnoch TeMaM, KOTOpble
BaXKHbl [Uis yCTIELHOr0 ODyuyeHMs B Byae. Tak, 3HAYHTENIbHO yBeNTHYeHa HOJIA
3aau O KojehaHuAM ¥ BOJIHAM, MOJIeKYJspHOW (H3UKe, [BHKEHHIO 3aps-
EHHBIX YACTHMI, 3JIEKTPOMATHMTHLIM BOJIHAM. 370 NEPBBIA OMBIT HOCOGHA
NOZOGHOTO THIIA, NOITOMY MHOTHE 3a4a4H MPHLUIOCh CTIEIMAABHO CO3IaBaThb LI
TOH WK HHOW TeMbl. Bombiiyn HOMGILB 3TOH paboTe HaM OKAa3alH COTPYIHU-
ki uuctHTyT0B CO AH CCCP. B yactHOCTH, coTpymHukd WHcrutyTa THMO-
POOMHAMHMKH pa3paboTaii Temy — TeueHMe CJIOkHBIX c1py¥ {§ 4.3), mpepno-
#win CONBUMHCTBO 3aay, CBA3AHHBIX C 3aKOHOM COXpPaHEHMA MarHHTHOTO
notoxa (§ 11.5). Corpyanuxu MuctuTyTa simepHOH PUIHKY COCTABUIM MHOTO
33124 O [BMOKEHHH 3apSKEHHBIX YACTHUIL B 3JIEKTPUUECKOM M MArHMTHOM 1O-
nax. Kpome Toro, xHHra comepXWT MHOro 3agay BcecMOGMpCKHX Onummnuan
U BCTYHMTeNbHbIX 3k3amMeHoB B HI'Y. B Khury BxJIIOueHbI Takie HEKOTOpbIe
3a[aud, TPaIMLUUMOHHO OTHOCHMBIE K Kypcy oOuwed ¢GH3HMKHU B By3ax, OBHAKO
XapakTep GOpPMYTMPOBOK M MOPAOOK MX CJle[OBaHUS NO3BONAKWT HAKTH UX
peuieHMe B paMKax IIKOJBHOTO Kypca. Pajl M3BecTHBIX 3amay nepeLiest U3
Opyrux cOOpHMKOB [Uisl IUKOJILHHKOB, HO OHM COCTaBISIOT MEHBIIYIO YACTh
ot ofwero yiciia 3amay,

Kuura coctout W3 TpUHaguaTd I71aB, KOTOpPble B CBOI0 OuYepe/lb pa3bUTHI Ha
naparpadgpl. B kaxnom naparpade, HacKONBKO 3TO COOTBETCIBYET JIOTHKE
Pa3BUTHA TeMbl, 33 3ajayaMH CPaBHUTENBHO JNIEMEHTapHbIMM ClefywT Gollee
TpyOHhie M yauie Bcero Oornee HHTepecHbie. HanGonbuiylo NOMb3Y yuaMmcs
IIpUHECYT 3a[ayd, KOTOpbI€ BHI3bIBAKT XUBOH MHIepec, n0GYXKNAT 33[[yMaThCs
Hag (H3MYECKHM ABJIEHHEM, pa3BHBAalOT CHOCOOHOCTb CaAMOCTOATENBHO MBIC-
JUTh, IpUyyaloT ObITh IOTOBBIM K HECTAHJAPTHOM HOCTaHOBKe BONpOCa, K
HeCTaHJAPTHOMY pelleHWo. B kmMre MHoro takux 3agau. Hapeemcs, yto B
¢Jlyuae, KOI[Ia HEKOTOpble U3 HUX OKAaXYTCA TPYIHBIMH IUIA yYallerocs, 310
He JIMLIMT €ro Beppl B CBOM CWIbI, 32 HLIb NOOyMT Kk Gonee my6oxkoMy H3y-
ueno GuankH. TakHe 3agaul 4acTo NOMeYeHBl 3BE3NOUYKON M MHOrma cHaboke-
HbI OYeHbh KPAaTKHM pelueHMeM. JIJist 7Tyyutero NOHWMAaHHMs YCIIOBHS MHOTHX
337134 WUICTPUPYIOTCA PUCYHKaMH, KOTOPble MHOrZa crpyNIMpoBaHbl Ha OT-
HeNbHBIX CTPAHHIAX,

Kunra npenuasHavaeTcs s CJlyllaTesled NOArOTOBHTENBHBIX OTHENEHU#A
BY30B, [JIf YYaUMXCH CHeNMaIM3HpPOBAHHBIX (U3MKO-MAaTEMAaTHUECKUX IIIKOJ
¥ KIaccoB, IIs IIKONBHHKOB, KOTOPbIM B OynylleM NpeACTOMT 3aHMMAThCH
¢duznKoil B By3e H fl03xe, BO3MOXHO, IPO¢)eCCHOHANIBHO,

Astopel Gnaromapusi E.W. BytuxoBy, A.A. brikoBy, A K. Kasanckomy
u AE. Kyume 3a mMHOrounclelHble I10Jle3Hbie 3aMEYaHHS IO PYKOMHCH KHMIH,

O.A. Caguenxo
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OUSHYECKHE IIOCTOAHHBIE

CKopoCThL CBeTa B BAKYYMe
MaruuTHas nocrosHHas
JeXTpHYecKas MOCTOSHHAA
MocrosinHas Ilnanxa
Macca nokos ajieKTpoHa
poTOHa
HeHWTpoHa
OTHolleHHe Macchl TpoToHa
K Macce 3MeKTpoHA
OneMeHTapHbIf 3apsn
OTHolleHHE 3apsAaa MeKTpoHa
Kero Macce
MarHuTHBIA MOMEHT IEKTpOHa
MMocrosinHas ABorazipo
ATOMHAasl eAMHHLA MACChI
Mocrosnuas @apages
YnuBepcanbHas razosas no-
CTOsIHHad
Hyns wkans! Lieascus
Hopmanstioe naBnchue
MonsipHbift 06beM HIeaTBHOTO
ras’a fipH HOpMalbHBIX Y CIOBHAX
HocrosinHasi bonbimaHa
TMocrosAnHas CtedaHa -
BonslimaHa
I'paBUTALHO HHAS TIOCTO AHHAS
HopmManeHoe yCKOpeHHe CBO-
GooHoro MajeHHs
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IJIABA 1
KHHEMATHKA

§ 1.1. iBrKeHHe C IIOCTOSHHOM CKOPOCTEIO

O 1.1.1. Ha pucytxe*) npuseneHa ”cmasannan goTorpadus’ peTsuiero peax-

TUBHOTO caMojieta. Mjauua camorieta 30 M, mIHMHAa ero HOCOBOH yacTH 10 M.

Onpepenure no 31oft “’dotorpadmu’ cxkopocts camorera. Bpems Bbigepxkh

3arBopa 0,1 ¢. PopMa camonera H30GpakeHa Ha PHCYHKe LITPUXOBOH JIMHHMEN.
1

Jom

K 3adaue 1.1.1

1.1.2. Pagwonokarop omnpedenseT KOOPAHHATBbI JIETALIEro caMosleTa, M3-
Mepsf yrojl MeXOy HanpasieHHeM Ha CeBepHbIl NOJIIOC M HalpasleHHEM Ha
CaMOIleT ¥ PACCTOSIHHE OT PAgHONIoOKaTOpa OO0 caMojleTa. B HEKOTOpPbIH MOMEHT
BpEMEHH TMOJIOXKEHHE CaMoJleTa ONpelesisuIOCh KOOpPOMHATAMAU: yronl a; = 44°,
paccrosiide R; = 100 xm. Yepe3 npoMexyTok BpeMeHH 5 ¢ noclle 3TOr0 MO-
MeHTa KOOpPIMHAThI CAMOJieTa Ha paJMOIOKaTope: yroll a, = 46°, paccTosHue
R, = 100 kM. U306pa3ute B OexaproBOil cHCIeEMe KOODIHMHAT C OChIO Y, Hal-
paBIleHHOH Ha CeBep, M C pajMOJIOKATOpOM B Hayajle KOODIMHAT NOJIOXKeHMe
caMojleTa B 002 MOMeEHIa BpeMeHH; OIpefiejiiTe MOOYJlb M HaNpaBlieHHe ero
CKOPOCTH. YToJl OTCYMTHIBalTe MO Y4COBOH CTpeliKe.

1.1.3. Uepes OTKpHITOE OKHO B KOMHAaTy BlieTeNl XyK. PaccTosinue ot xxyka
10 TOTOJIKa MEHMIOCh CO CKOPOCThI0 | M/C, pacCcTosiHMe [0 CTeHbI, IPOTHBO-
HOJTIOXKHOH OKHY, MeHWIOCh CO CKOpOCThio 2 M/c, Ho BOKOBOW cTeHbI -- CO

*} YClIOBHBIM 3HAKOM © ¥Ka3aHel 321241 M OTBEThI, CHabxXeHHble pucyHkamu ( Hpumew.
peo.)
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ckopoctbio 2 M/c. Uepes | ¢ mollera xyK NoOman B yroll Mexiy MNOTOIKOM
¥ 00KOBOH cTenol xkomuatel. OnpenenuTe CKOpPOCTh MONETd KYKQ H MECTO B
OKHe, ycpe3 KOTOpOe OH BiieTell B KOMHaty. BeicoTa xomuater 2,5 ™M, wmpH-
Ha 4 ™, J5IHa 4 M.

¢ 1.1.4. Cuetku A u B, perucTpupyouMe MOMEHT IPUXOOd y-KBaHTa, pac-
HOJIOXKEHB! Ha pacCIoAHMM 2 M IOpyr OT ipyra. B HeKOTOpoH Touke mexay
HUMM TpOM30.leNl paclaj m°-Me3oHa Ha [Ba <y-ksanta. Haitgure nosno-
YKEHHE 3TOM TOUKH, eCcJId CUeTYHK A 3aperMCTpMpOBan <y-KBaHT Ha 10 ? ¢ nosp-
Hee, yeM cuetylk B . Ckopoctnb cBeta 3 - 108 m/c.

0 Lot

[ 44

y 0
Zn | 4 Y c
K 3a0aue 1.1.4 K 3a0aue 1.1.5

O 1.1.5* Tpu muxpodoHa, pacloNIOKEHHbIC Ha OUHOH IIpAMOA B TOYKAX
A, B, C, 3aperWcTpHpOBalld NOCTENOBATENIBHO B MOMEHTbI BDEMEHH [ , >
> tp > 1o 3BYK OTB3pbIBA, KOTODLIA MpoM3OLIen B Touxe O, jiexanued Ha oT-
peake AC. Hatpure otpesox AO, eciu AB = BC = L. B Kakoil MOMEHT Bpe-
MeHH npou3oLuenl B3ppiB? CkopocTh 36yKa C.

1.1.6. CriopTcMeHB! OeryT KOJIOHHOH [yuHbl [ co cxopoctolo v. HaBcrpeuy
OeXMT TpeHep €O CKOpocThio ¥ < v . Kaxmpmi crnoplcMeH, sI0paBHABLINCE ¢
TPeHepOM, pPa3BOpauMBaeTCsx M HauMuaeT Oexkarb Ha3sad ¢ TOIl e N0 MO0
cKopocTbio v . Kaxosa Gyner IWIMHAZ KONOHHBI, KOr[d ECe CHOPICMEHBI pa3Bep-
HyTCsH?

1.1.7. C noaBOIHOM JIOAKH, HOIPYKaloUleHCs BEPTHKAIBHO H PABHOMEPHO,
HCIY CKA[0TCs 3BYKOBbie MMIIYIIbCh! [JIMTENILHOCTH T,. JUITMTETIBHOCTL IpHeMa
OTpaXeHHOro OT IOHa Mmmyiibca 7. CkopocTp 3ByKa B Bone ¢. C xakoH cko-
POCTbIO HOTPYXKaeTcs NOABOAHAA jlojxa?l
¢ 1.1.8. Jlenta TpaHcnopTepa uMeeT ckopocTbh w . Hap senToil mBm>xeTcs aB-
TOMAT, BBIOpachIBAlOWMA V UIAPUKOB B eNMHHLY BpeMeHk. [llapuku mpiu-
nafor K JeHre. CueTydK IIapUKOB ¢ GOTONIEMEHTOM CUMTIET TONBKO ILUAPHKH,

=
© Z  ©

K 3a0aue [.1.8

npouieaime HEMOCPEACTBEHHO IIOL HHM. Ckonpxo LIAPHKOB COCYUMTAET CUET-
YUK 332 eJUHHULY BpeMEHH, €UIH CKOPOCTh aBTOMATa V <w, CKOpPOCTb CHET-

uka u < w?
10



1.1.9. a. M3 B3pLBYaTOro ReweciBa U3roTOBIIEH CTepyKeHb jyiuiint /. Cko-
POCTb jleTOHAUMM  (CKOPOCTb BOBJICYEHUS BO B3PBIB HOBBLIX YY4CKOB B3phIB-
"ATOro BeIUeCTBA) PaBHA U, @ CKOPOCTb pa3nera MPOAYKTOB Bapbiea U < U .
K4K H3MCHHETCH CO BpeMeHeM OONIacTh, 3aHATAA TMpPOAYKTAaMU B3pbIBa, €CIIH
CICPIKCHB [IOJIPLIBAETCSA ¢ OIHOTO U3 KOoHLoR? ClienafiTe puCyHOK.

6% W3 71010 e B3PbIRUATOrO BELUECTBA HYXKHO U3IOTOBHTh TAKYH TOHKO-
CITHHYI0 KOUHMUYeCKY10 0607I0UKY, YTO6bI I1pH OIpbIBE ¢€ ¢ BEePILMHBI IIPOLYKThI

N\

K 3adaue 1.1.9 K 3adaue 1.1.10

153pbIBA O;IHOBpeMeHHO Y;IAPHIHM 110 MIMTe. Kaxod yron Mex;ly 0cblo KoHyca
ofpasywolielt HY>KHO BLIGpaTL?

1.1.10% Tlo npsmomy 1uocce HjeT aBTOBYC ¢ MOCTOAHHOM CKOPOCTBIO V.
Bbl 3aMeTHIM aBTOOYC, KOr[a TOT HAXOJWICs B HeKOTOpoH Touke A. W3 ka-
KOH 0OIacTH OKOJIO 1IOCCe Bbl MOXeTE [IOTHATH 3TOT aBTODYC, eclIM CKOPOCTh
satlero Gera u < v ? Hapucyidte 31y o6acth LIa u =v /2.

i.1.11* CBepx3aBykoBO#i camOIeT JI€THT I'OPU3OHT&IBHO ji{Ba MUK pOGOHa,
HAXOOAUMXCA HA O/INOH BePTUKAIM Ha paccTosindu ! [Opyr oT apyra, sape-
|MCTPUPOBAIH IIPUXOj, 3BYKa OT caMOjleTa C 3allas;IblBaHMeM BpemeHH Ar.
( kopocrs 3BYKa B Bo3nyxe ¢ Kakoma ckopocTs camonera?

1.1.12. JiBa CTep>kH# IepeceKanwTcd MO/ YIIIOM 20 U OBHIXKYTCA C PaBHbIMU

CKOPOCTSIMH U MeprieH/MKyIapHo camuM cebe. Kakoma cxopocTb T1OUKH Ite-
peceyeHUs crepkHen?

M
/i
g
1 H 1 1
-2 -7 7 3 4 te
/ N N/
K 3a0aue 1.1.12 K 3a0aue 1.1.13

1.1.13. Tlo rpaduxky 3aBUCMMOCTM KOODAMHaTbl OT BPEMEHU NOCTpOiTe
rpadMK 3aBUCUMOCTH CKOPOCTH OT BPEMEHH.

1.1.14. Hahpure ¢ momoiuplo rpacpuxoB 3aBUCHMOCTH KOOpP/IMHATBI OT BpE-
MEHM MOMEHT BPEMeHHM M MECTO COYAapeHHMsl uacTULl, OBUKYILUMXCA N0 OJHOH
npsmor. CKOpOCTh MepBOW YaCTHLBI U, cKopocth BTopod v /2. [lepsas uyactu-

"



Ha W MOMCITT BpeMerit / O semena kKoopjumuaty x = 0, BTOpast B MOMEHT Bpe-
Meny 1y KOO IRLY X - d,

LS. Lo rpadmkam saBMCHMOCTH CKOPOCTH OT BPeMeHH TOCTpOiTe Ipa-
(pHRW BARKUCUMOCTH Koop/imbaThl o1 Bpemeun. Haljure B cniyvanx 6 M ¢ cpen-
HI010 CKOPOCTD 33 BOIBILIOE BpeMs.

O L.1.16. Yactnua jBrkeTcs B 0fHOA wiockocTH. [lo rpadbukam 3aBHcHMOCTH
OT BpPeMeHM MpPOeKUHA U, H U, CKOPOCTH TOCTPONMTE TPAEKTOPUI0 YACTHUBI,
e x(0) =2 m, y(0) =

¢ 1.1.17. JIsuxenue Jlyya Mo 3KpaHy OCHMIIOrpada onuchbBaeTCs rpadpuKamMu
3aBHCHMOCTH KOOpHOMHAT X U Y OT Bpemenu. Kakasg KapTvHa BO3HMKHET Ha

e ) S
nininlinininln
pEpEpRRpRpE

NAnhnneG

II_]L_Il_]pL_.IL.J L1z

K 3a0aque 1.1.15

Uy /8 Yy M
7t - 7+
7 3 4 .
2 t.c 7 2 3 f¢
-7 ~7

K 3a0aue 1.1.16
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3KpaHe IpH T, =1y, 74 /3, 3 757 PaccMoTpuTe [Ba cnyuas (cM. pucyHok).. B cy-
4a€ ¢ TOPW3OHTANIbHbIE JIKHHH HAa JKPaHe NOYTY He BHAHBI. 1lowemy? Ilpu xa-
KOM COOTHOWIEHWH 7T, H T, B Clyyae 0 TpacKTOpHs Jlyda Ha JKpaHe OydeT
3aMK HYTO# ?

PR T

~8

K 3adawe 1.1.17 K 3a0ave 1.1.18

0 1.1.18* ABTOMOOHIbL YHANAETCSH €O CKOPOCTbIO U OT [JIKHHOM CTEHbI, OBH-
rasicb 1o) YITOM & K Heil. B MOMeHT, KOra paccTOsiHMe IO CTEHbl paBHO [,
uwogep NomgdeT KOPOTKHUH 3BYKoBOH cHrHal. Kakoe pacctosiHMe NpoHOET aB-
TOMOOWIb 110 MOMeEHTa, Korna wodep ycoisiMT 3X0? CKOPOCTh 3BYKa B BO3-
nyxe c. '

0 1.1.19. Ha xaxo# yron HM3MEHMTCs! HaNpaBlleHHE CKOPOCTH lIapa Nocie
UBYX ylpyrHX yHOapoB O CTEHKH, Yrojl Mexny xotopuimMd paBeH a? Kax no-
AeTUT wap, ecin yron o = w/2? JipuikeHWe NMPOMCXOMMT B IUIOCKOCTH, NEpPMEH-
JMKYIsipHOR cTeHkam. IIpu ynmpyromM ypape uiapa O IfafKylo HeNOBHXKHY IO
CTEHKY YIONl NaJieHHs 1Iapa paBeH yIly O TpakeHU . )

h >
; &
K 3a0aue 1.1.19 K 3a0aue 1.1.20

~

O 1.1.20* Tlo GwunapoHOMy CTOJIy CO CTOPOHAMM @ M b NyCKawT Wap oT
ccpeMHBl CTOPOHDbI . Tlon KakMM yriioM Kk GOpTy CTONA OJIXEH HawaTh [BH-
raTbCsl lap, 4TOObI BEPHYTbCS B Ty Ke TOUKY, ¥3 KOTOPOH OH Haual cBOe [BH-
KeHHe?

¢ 1.1.21. YronkoBwifi OTpaxareslb, yCTaHOBIEHHbIA Ha JlyHOXOZe, TpencraB-
Jisie1 coBGoH TpH B3aUMHO MNepleHAMKYJISIpHbIX 3epKajia. Ecnu Ha oTpaxatess

3



HALLICT (BCL CROPOCTE KOTOPOIO ¢ T (¢, Cys ¢z), TO KAKHE COCTABJIAIOLIHE -
Gyl MMCIL CKOPOCTL CHETa HOEIC O1PakcHUS OT 3epKajia, HaXOmAILeroca B-
wtockoe tn 10z T Huete o rpaxkeHus oT Beex Tpex 3epkai?

¥

K 3a0aue 1.1.21 K 3a0aue 1.1.22 K 3adaue [.1.23

1.1.22. BHYTpH 3aKperileHHOro IildiKOCTEHHOrO IWAMHiIpa pauuyca R te-
T2CT MATEHbKUH LIAPHK, YAPYTO OTPAXAACh OT CTEHOK TdAK, YTO MUHHMAIb-
HOe PAacCTOAHME OT HErO IO OCH WHAMHApa paBlo /1. Kakylo 10010 Bpemen on
HaXOZMTCA HA PACCTOSIHUM OT OCH LUMIMHIPA, MeHbILEeM 7, HO Gosibiuem /1?

1.1.23"%, Crpenox npiTaeTcs MOMACTb B OMCK pagMyca R. KOTOpbIA IBHXe1-
¢ OT OIHOM CTEHKH K ApYrof ¢ AOCTOSHHON M0 MOZYJH0 CKOPOCTbIO TaK GbiCt-
po, YTO 33 HHM Heilp3sl ycllemuTwh. Hapucy#tTe rpadux 3aBHCUMOCTH BepoOsiT-
HOCTH TIOMAfasHa MyNd B AMCK OT PACCTOSHHs MEXIIY TOUKOH IIpHILE IHBAHUs
M JIeBOH CTeHKOI. BpiCTpeslpl MPOH3BOISTCA Ha BhicOTe R OT foJia MeplieHIu-
KyJIApPHO HAllpaBlIeHHI0 OBYKEHMA NUcKa. B Kaxo# Touke MpHLENUBaHHs Bepo-
ATHOCTbL TIOTAanAuA HauMeHblias? HauGonswan? Yemy onu pashbr? Pasbepure
cnysan L > 4R, 4R > L > 2R, roe L — pacctoanue MexXIy CTeHKaMH.

§ 1.2. IBrokeHHe ¢ NepeMeHHON CKOPOCTBIO

1.2.1. Ha pucyHke n306pakeHa TpaeKTOpUs 1K TPOHA, KOTOPbIA apeAdyeT
BOO!Ib TUIOCKOCTM pasmesia ofacTed ¢ pa3iiMUHbIMM MATHHTHBIMH NOTAMH,
Ero TpaekTopus COCTOMT H3 uyepedylOIMXcs TOJIyOKpYKHOCTeH paanyca R u
r. CKOpPOCTb D;ICKTPOHA MOCTOSIHHA 110 MOYJII0 M paBHA U; HaWIHTe CPEOHIOK
CKOpPOCTb JJIEKTPOHA 32 GOJIBLIOH JIPOMEXYTOK BpPEMEHH.

1.2.2. JIBe uacTuipl B MOMeHT BpeMeHd ¢ = 0 BbILLTH H3 OIHOH TOoukH. [lo
rpaMKaM 3aBRCHMOCTH CKOPOCTH OT BPEMEHH OlipeliesTiTe KOOPAMHIThL U BpE-
Ms HOBOH BCTpEUH YaCTHL.

17
2 =
t
7 i
g 2 4 6 8 tc
K 3a0aue 1.2.1 K 3aoaue 1.2.2




1.2.3. Teslo B TeueHHe BpeMeHH fy HBHMXKETCHA C MOCTOSHHOH CKPOCTBIO Ug.
3aTem CKOPOCTb €ro JMHEAHO HapacTaeT cO BpeMeHeM TaK, YTO B MOMEHT Bpe-
MeHu 2f, OH2 paBHa 2v,. Onpepeitute MyTb, TPOHIEHHLIH TENOM 32 Bpems
1>1.

K 3a0aue 1.2.3

1.2.4. Hapucyiite rpaduk 3aBHCMMOCTH KOODIOMHATBI OT BPCMEHH IS Ips-
MOJIMHEAHOTO [BL)KEHMs, YIOBIETBOPAIOIIEIO OJHOBPEMEHHO JIBYM YCIIOBHAM:
4) CpemHsAsN CKOpOCTh B NPOMeXYTKe BpeMeHH oT 2 10 6 ¢ paBHa 5 M/c; 6)
MaKCHMa1bHas CKOPOCTb B TOM e TIpOMeXyTKe paBHa 15 m/c.

1.2.5. Bove3xasa Ha MOBpeXHEHHBIA y4yacTOK UIOCCE, KaXdIblH aBTOMOOWIb
B KOJIOHHe YMeHbIlIaeT CKOPOCTb OT U, [0 U, . Kako#t foskHa GbiTh LHUCTaHIMsA
MeXAy aBTOMOOWIsAMM, YTOORl OHM He cTalnkuBalxch? JlaMHA Kaxngoro as-
roMoGuns /.

1.2.6. I'paduk 3aBUCHMOCTH CKOPOCTM Teia OT BpeMeHH HMeeT BH[, MOMNy-
OKPYKHOCTH. MaKcuMalibHaA CKOpPOCTH Tella Ug, BpeMs IBMIKeHHA fp. Ompepe-
JIUTE NYTh, NPOAIEHHBIA TENOM.

a ta t
K 3adaue 1.2.6

1.2.7. ABTo6yc nBHxeTcs B TeueHue 20 ¢ Mo npsMo# OO OCTAHOBKH, Mpo-
X0fia Tpu 3ToM pacciostue 310 M. Ero Havanenhan ckopocts 15 M/c. lokaxu-
Te, YTO yCKOpeHue aBToOyca MeHAeTCA N0 HalpaBIleHH!o.

1.2.8*%. Yacruila, MOKHHYB MCTOYHMK, MpOJieTaeT ¢ HOCTOAHHOH CKODPOCTbIO
pacctosnue L, a 3aTeM TOPMO3HTCA ¢ YCKOpeHHem 4. [Ipy Kako# cKOpOCTH Yac-
THIIBI BpEMA JIBHXKEHHS OT €c BHUIETa [0 OCTAHOBKH Gy/eT HauMeHbIHM?

1.2.9. Murpupymwiuue priGbl, HIKOIIMB B MODE 3aTac KUpa, 32XOIAT B YCTbA
pex. B mpecuo¥i BOfe OHV He MHTAOTCA, TOITOMY MM B2XHO [0Gparbes [0 He-
PECTWITHII B BEPXOBbAX PEKH ¢ HAMMeHBIIMMHM TOTepAMH Macchbl. Pacxon xu-
pa Ha NojjiepkaHHe OCHOBHOro oOMeHa BeleCTB B opraﬂuame pbIGBI 32 eMHU-
1y BpeMend paBeH N, a noGaBOUHBIH DPACXOL bv? TpaTHTCA Ha [BHXeHHE CO
cxopocTbio U. C KaKo# CKOPOCTHED IHOJIXKHBI [BHraTbCA pbIObE, UTOGbL 32TPATHI
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XHpa Ha NyTU OO HepecTWIHIna Opui¥ muHMManeHbi? (Pbi0pl DpekpacHo 4yB-
CTBYIOT 3Ty CKOPOCTb.)

1.2.10. M3 nonycdeprueckoro akBapuyma papuyca R, HAOIHEHHOTO BOIOH;
¢ COMHHIbI IOBEPXIIOCTH BOMbI B €/IMHHULY BpeMeln Hcnapsiercs 06beM KUOKO-
CTH ¢. Yepes kaxoe BpeMa BesA Bojia Ucaputcs?
¢ 1.2.11% a, B kouuueckOM COCyfie YPOBEeHb BO/bI HOJHMMAETCH ¢ MOCTO-
AHHOH CKOpPOCTbIO Uy. KaK 3aBMCHMT OT BpeMeHH CKOpPOCTh NOCTYIUIeHHs BO/bI
B cocyn uepe3 TpyOKy ceuenus s? B HysmeBOH MOMEHT Bpememnd co-
cyd mycr.

K 3a0aue 1.2.11

6. Crpyst Macna, nopajgawmiuas Ha NOBEPXHOCTh BOJbI, pacTeKaeTcA IO HeH
KpYr/IbIM HATHOM TONUMHBL /. Kak 32BUCHT OT BpéMEHH CKOPOCTb  [BYXXEHHA
rpaHMilpl IATHA, eClIM B eOWHMIY BpeMeHH HocTynaeT o6beM macia q? B Ha-
YaJIbHbI1 MOMEHT BpeMeHH paiuyc HsTHA paBeH HYJIIO.

1.2.12. Manpuuk HagyBaeT BO3NYylIHbIA Wiapuk. [Tpu paguyce wapuka 10 cm
CKOpOCTh yBellMueHMsi pamuyca paBHa 1 Mm/c. Kakoit oGbrem Bo3myxa exece-
KYHIIHO BbIAbIX4eT MalibyUK?

1.2.13. ”Kopa6Gnb Wen Ha Mpepene, OajibHEHLUMA DP43TOH HE IIpeflyCMaTpH-
BaJici MHCTpyKUMsMH KocMmodgiora, Yepes yac ckopocTs BO3pociia Ha ThICA-
yy KWIOMETPOE B cexyHny” (Kup Byabiues. Arent KO//Xumusi 4 xH3Hb, —
1984, - N° 12, — C. 111). Haiigure yckopenue kopabna. Bo ckoibko pa3s
OHO MNpPeBOCXOIMT YCKOpeHUe ¢cBOGOgHOTO nMameHi s Ha 3emne?
¢ 1.2.14. llo rpadpuxy 3aBUCHMOCTH YCKOPEHHA O1 BPEMEHM YCTaHOBHTe
CKOpOCTb B MOMeHTbl BpeMeHH 4 u 15 ¢, ccii B MOMeHT BpemeHH 1 ¢ cko-
pocTb paBHa 3 M/c.

—

0 2 & 4§ 72 i
K 3a0aue 1.2.14

1.2.15. YckopeHHe paKeTHOW TeNeXKH OT CTapTa [0 OCTAHOBKHM B TEUeHME
mepBbix 6 ¢ cocTaBnser 100 m/c?, 3ateM B Teyeuve 7 ¢ OHa jBHUIaeTcs Ge3
YCKODeHHs, a [MOcjielHHe 3 ¢ TeleXKa HMMeeT OTpHUATeIbHOe YCKOpeHHe
16



-200 m/c?. MocTpoilTe rpadMKy 3aBUCHMOCTH OT BPEMeHH YCKOPEHHs, CKO-
pocTH M KOopauHarbl, Kakoro HamGONblIero 3HayeHus MOCTHMINIA CKOPOCTh
refexxxn? Ha kakoMm oTpeske NMyTH NMpOHcXomwio Topmoxenme? Kakoe mon-
HOe paccTosiHMe Hponwia Teflexxka? Kak MO rpadMky 3aBHCHMOCTH ycKOpe-
HHS OT BpeMeHH NIPOBEPUTH, IeHCTBUTEILHO JIM TeJieXKKa OCTaHOBHIIach?

v 1.2.16. T'padHKH 3aBHCMMOCTH KOOpIHHATbL OT BpeMeHH, MOCTpPOeHHbIe
B pa3liMyHoM MacliTale BpeMeHH UIA [OBYX YaCTHIl, OKAa3aiMChb OIMHAKOBBI-
MH, OfHO felleHHe OCH BpeMeHH ! IIsi Tpachuka NepBOil YacTHIIbI OTBedaeT 4 c,
a wis rpaduka BTOpo#i — | c. Halimure oTHOWIEHHe CKOpOCTEH M OTHOLIEHHE
YCKOpeHH# YacTull IJis ToukH A rpaduka.

2,70 m
4

Il ]
& 7 Jt0%

A
| -2t
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I
!
S U W S E—
g7 23 ¢¢ 3
K 3a0aue 1.2.16 K 3aoaue 1.2.17
M
1
-2 -7 1 7 2 3¢te b 700 780 Km/y
K 3a0aue 1.2.18 K 3a0aue 1.2.19

1.2.17. Yactp rpaduxa 3aBHCMMOCTH KOODIHHATHI OT BpeMeHH, pacrono-
KCHHAA HH>Ke ocH  f, Nopo6Ha ToH yacTH rpadHKa, KOTOpas Bbillle ITOH OCH.
loctpoiite rpad KU 33BHCHMMOCTH OT BpeMeHH CKOpPOCTH ¥ yckopehus. Cpas-
HUTE YyCKOPEHUs TIPK HaHuGOJbLLIEM U HAHMEHDBLIEM 3HAUEHHH X,

1.2.18. [lo rpadHKy 3aBHCHMOCTH CKOPOCTH OT BpeMeHH MOCTpodTe rpadu-
K'Y 33BHCHMOCTH OT BpeMeHH KOOPJIMHATHI ¥ YCKOpeHHs, ecny x (0) = 0.

1.2.19. Hnuna wkans! cnugoMerpa 15 c¢M; OH M3MepsieT CKOPOCTh BBTOMO-
fiwst B penenax oT Hyfs no 150 kmfu. Halinnre ckopocth ykasartens CHHIO-
MeTpa, eCiiv aBTOMOGIITb JIBMXKETCA C YCKOpeHHeM 2 Mfc? .
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1.2.20%. Teao naumnacr JiBHXEHHE U3 TOYKH A H [BHXeTCA cHavana paBHo-
YCKOPCHIO B TCYCHHC BPEMCHH fp, 33T€M C T€M XKe TI0 MOAYITI0 YCKOPEeHHeM —
paBHO3aMewleHHo, Uepes Kakoe Bpems OT Hayala ABWXEHHA TeJI0 BepHeETCA
8 Touky A7

1.2.21*. Bpems oTnpaBrieHHs 3MeKTPHYKHK Mo pacnHcanuio 12.00. Ha Bammx
yacax 12.00, Ho MHMO Bac yxe HauMHaeT ITPOE3XaTb TPeANocieHHN BayoH,
KOTOpbIH JBWeTcA MHMO Bac B teueHne 10 c. UlociepHuii BaroH mpoxomut
MHKMO Bac B TeueHHe 8 c. DJMEeKTPHUKA OTIPAaBWIACh BOBPEMS U JABHXKETCH paB-
HoyckopeHHO. Ha kakoe Bpems o1cTanT Baluu yacor?

§ 1.3. [Ipiokenne B none Txectd ¥) . KpuBormueitoe apivkeHne

¢ 1.3.1. X3 onHO# M TO# ke TOUKH BEPTHKAIILHO BBEPX ¢ HHTEPBAJIOM BpeMe-
HH A7 BHIGpOLUEHBI JIBa IAPHKa CO CKOPOCThbIo U . Uepes Kakoe BpeMs MOClie Bbl-
7leTa BTOPOYO LIapHKa OHH CTONKHYTCS?
¢ 1.3.2. a. 3 BepxHe# TOUKH OKPY>XHOCTH IO TJIAIKOMY XKeso-
6y Mo YIiioM ¢ K BepTHKANK HaYMHAeT CKOJIb3HTDb LIapHK. 34
KaKOe BpeM# OH JIOCTHTHeT OKPYXHOCTH, eciu ee gHameTp D?
¢ 6. Y3 TOUKH 4 MO COHMUAM C Pa3HBIM HAaKJIOHOM OJHOBpe-

g MEHHO HaYMMAT CKOb3uTb Ge3 TpeHHs MalleHbKHe GYCHHKH.
Ha kakoi#t kpueoil Gyayr HaxoguTbcs OyCHMHKH B MOMEHT
BpeMeHH 17

¢ 1.3.3*% Ilog kakum yrjaoM K BepTHKaIM JIOJDKeH OBITH Ha-
npaBJleH K3 TOYKM A IIafkHil Kemob, uTobbl LaPHK COCKOJIb3-
HyJ1 IO HeMY Ha HAKIOHHYIO IUTOCKOCTH 32 HaMMeHblilee BpeMaA?

1.3.4. CoGopno majgawuiee Tell0 MPOJIETENI0O MHMO TOUYKH
A ¢co cKopOcThIO U 4. C KaKOK CKOPOCTbI0 OHO IPOJIETHT MHUMO
TOYKH B, Haxopsamerca Ha h Hike A7

1.3.5. Kamens 6pocart co cKpocTsio U IOM, YITIOM ¢ K ropu3oHTy. Yepes
KaKoe BpeMs CKOPOCTh ByeT COCTaBNATh YTOJl O ¢ TOPU30HTOM?

K 3a0aue 1.3.1

A

Q. =

K 3adaue 1.3.2

*) EciM Ha pHCYHKe K 3ajaye yKa3aHo yCKOpeHHe CBoOOOHOro MajieHHs £, Heobxonum
yueT HoNsA TAKECTH.
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K 3a0aue 1.3.7 K 3adave 1.3.8

1.3.6. U3 opymus mpousBeneH BhicTpell MOA YITIOM ¢ K ropu3onty. Havame-
Hafg CKOpOCTh cHapsAna v. IJoBepxHOCTb 3eMIIM  ropu3oHTaNbHa. HaiiguTe:
4) TODHIOHTANIBHYKW ¥ BepTHKAIbHY0 MpPOEKIMH CKOPOCTH KakK (yHKIMH
BpeMeHH; 6) 32aBUCMMOCTb KOODJMHAT X ¥ ¥ OT BPEMeHH; B) ypaBHEHHe TpaekK-
I DHH, T.¢. 33BUCHMOCTb Y OT X T) BPeMsA M0JIeTa, HaHBOJIbLIY10 BBICOTY H Jalb-
HOCTb TOJIeTa CHapAma.
> 1.3.7. Mo rnapkoi# HAKJIOHHOM IIOCKOCTH CO CKOPOCTHIO U MyCKAK0T LIAPHK.
Kakoe paccTosiHHe MO TOpPH30HTAJIM OH IPOMAET, TIpEXAE YeM CKATHTCA ¢
inockoctu? IIOCKOCTb HAKJIOHeHa K rOpH30HTy mon yriom 45°. Hauanbuas
CKOpOCTH IIApHKa 06pasyet yron 45° ¢ ropu30HTANBHBIM KPaeM IIOCKOCTH.
> 1.3.8. U3 mMuHOMeTa BemyT cIpefibBy 10 06beKTaM, pacloJIOXEHHBIM Ha
ckiloHe ropsl. Ha kakom paccTtosHMM OT MMHOMeTa OYAeT MajaTb MHHBI, €l

________ —— — — —
/// ¢
g /
v/
zww&mm
K 3a0ave 1.3.10 K 3adave 1.3.11

X HayaJIbHasg CKOPOCTb U, Yrojl HAKJIOHA TOPBl & M YFrojl CTpesibGbl MO OTHO-
LHEHHI0 K TOpH30HTY ?

1.3.9. CkaKo# cKkopoCThbI0 IONMEH B MOMEHT CTapTa paKeTbl BbUIETETh CHa-
psin M3 MyWKH, YT06bl MOpa3sHIb paKeTy, CTAPTYIOlIYi0 BEPTHKAJILHO C YCKO-
peHHem a? PaccTosiHMe OT MylLIKM O MecTa CTapTa pakeTel paBHO L, Mymika
cTpenser Mop yriom 45° K TOpH3OHTY.
¢ 1.3.10. Y1Ka Jleresla IO TOpH3OHTANILHOM MHPsAMOi ¢ MOCTOAHHON CKOPOCTBHIO
u. B Hee BpocHi KaMeHb HEONBITHbI “OXOTHHK'’, MpH4YeM Opocok GeUl che-
naH Ge3 ympexaeHus, T.6. B MOMeHT GpocKa CKOpOCTh KaMHs U GbUla HanpaBsieHa
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Kak pa3 Ha yIKy IOJ yriioM & K ropu3oHTy. Ha kaxo#f BbicoTe neTena yIKa,
ecJIM KaMeHb BCe Xe nonain B Hee?

¢ 1.3.11. U3 oTBepcTHsa HUIAHTa, MPHKPLITOTO MaJiblleM, OBIOT OBe CTPYH Moj
YIJIOM @ M f§ K TOPM30HTY ¢ OOMHAKOBOH HauapHOM ckopocrtsio v. Ha xakom
PaCcCTOSIHHHM OT OTBepCTHA IO FOPU3OHTATH CTPYH MepeceKyTca?

1.3.12*. U3 uuianra, nexaiero Ha 3emiie, 6ber mos yriom 45° K rop3oH-
Ty Boja ¢ HaualpHOM ckopoctbio 10 M/c. IImollans ceyeHHA OTBepCTHs LUIAH-
rascm?®, Onpepnennre Maccy CTpyH, HaxonsAlueAcs B BO3/IyXe.

1.3.13*. Cuapsinm, BbUleTeB M3 OpYOMA, NMOMAI B TOYKY ¢ KOOpAMHATaMH
X N0 TOPH3OHTAIM M y Mo BepTUkand. HavanmbHas ckopocTb cHapsina v. Haii-
OMTe: 2) TaHreHC yria, 06pa3yeMoro CTBOJIOM OpYIHA C TOpU3OHTOM; 6) rpa-
HU1LYy OOBMacTH BO3MOXHOTO IOMAaHUA CHAaps/ia; B) HAUMEHBILIYI0 HAuaJIbHYIO
CKOPOCTb CHaps/ia, NpH KOTOPOH OH MOXeT MOMacTh B TOYKY C KOOpMHATa-
MH X, J.

Yicazanue. Tlpu peuteHHH BOCHONB3YHTECh TPHTOHOMETPHUECKHM TOXIECT-
Bom 1/cos?y = tgp + 1.

1.3.14. C ofHoro 1 TOTO e MeCTa ¢ HHTepBaJIOM BpeMeHH At GpoLIeHbI 1Ba
TeJla ¢ OJHOH M TOH >Xe HaualbHOH CKpOCTbIO U NOJ YITIOM ¢ K TOpPH3OHTY.
Kax pBHxercsa nepBoe T€no OTHocHTensHO BTOporo? Ilouemy OTHOCHTeNbHAA
CKOPOCTb 3aBUCHT TOJIbKO OT Af?

1.3.15. Tlo BHyTpeHHed MOBEPXHOCTH ITIaJIKOTO BEePTHKAIILHOTO LMIHHJIpA
pagMyca R mon yriom a K BepTHKand NyckawT wmapuk. Kakyio HauaneHyo
CKOPOCTh eMY HaJI0 COOGLIHTDH,YTOGB! OH BEPHYTICA B HCXOHYI0 TOUKY?
¢ 1.3.16*. B 1pyGy miuHBI /, HaKJIOHeHHYI0 TOJI YITIOM & K TOPH3OHTY, Blle-
TaeT WIAPHK ¢ TOPU3OHTATIBHOM cKopocTeio v. Ompenenute BpeMs MpeGbiBaHUsA
1apuKa B Tpy0e, ec/TH ynaphl UIapHKa O ee CTEHKH yNpyTHe.

K 3aoaue 1.3.16 K 3adave 1.3.17

¢ 1.3.17. B npamMoyronsHo#l kopobke, YIpyro ymapAschb O AHO M INIpaByo
CTEHKY, M0 ONHOM TPaeKTOpHH Tyda M obpaTHO npeiraer mapuk. [1pomexyrok
BpeMeHH Mex[y YyJapaMH O [HO M CTeHKYy paseH Af. JIHo KopoGkH 06pa3syer
yron a« ¢ ropusoHroM. Ha#puTe ckopocTH 1uapHka Cpasy e TOcCJI€ YOapoB.
O 1.3.18*. B cdrepuueckoit TyHKe MPHIraeT iapHK, yOpyro y[apsAsch O ee CTeH-
KH B IBYX TOUK3X, pAcloJIOXeHHBIX Ha OJHOH ropH3oHTaId. [TpoMexyToK Bpe-
MeHH MeXIy y[apaMH NpH OBHXCHHM IIApWKA clleBa HAlpaBO BCETa paBeH
T,,a pu mBuxeHuu cnpaBaHanesBo— T, # T . Onpepnenute pamdyc JTyHKH,
20



K 3a0aue 1.3.18

1.3.19*. Kakyo Miif1MalbHYI0 CKOPOCTb JOJDKEH UMETh KaMeHb, GPOILEeHHBINA
MaIBUMKOM, YTO0bI OH Tepeferel oM BeicOThl H W pnmuHbl L, eciu 6pocok
COBEpLLUAETCA C BBHICOTHI /1 M 1717 GpocKa MallpuMK MOXeT BeIGpaTh wboe Mecto?

1.3.20. Onpenentute CKOPOCTH U YCKOpeHMe, KOTOPbLIMH 00JIAial0T TOUKH 3eM-
HOH MOBEPXHOCTH Ha 3KBatope M B JIeHMHIpagde M3-32 yyacTHs 3eMIIH B CYTOU-
oM BpaueHnd. Paguyc 3emu npuuate paBHeiM 6400 kM. llupora JlennHrpa-
1a 60°,

1.3.21. C xakoit ckOpOCTbI0 JOMXKeH JIETETh CIYTHUK, YT0GbI, Bce Bpems “'ma-
naa” Ha 3emilio ¢ YCKOpeHHeM g, OBUraThesl MO OKpYHOCTH? [IpHHATHL pamuyc
op6uTEI R = 6400 kM, a g = 10 m/c?.

1.3.22*, CamorneTsI JIETAT IO OJHOW MPAMOMN HaBCcTpedy JpYr ApYry ¢ Ofu-
HaKoBo# ckopocTbio v. IlpenensHas manpHOCTh OGHApYXEHMA MMH [IpYr OpY-
1a [. OpuH camorner mocie OGHapy>xeHMA HpYroro coBepilideT pasBoOpoT, He
MeHAA MOJYTIA CKOPOCTH, M JIETHT TMapalilefibHO BTopomy camorery. Ilpu ka-
KOM MOCTOAHHOM yCKOPEHUH camoiieThl IOTEPAIOT APYT APYTa M3 BUOA B KOH-

1e pasBopoTa? 1
N\
/// ________
/7
/
[
" 2
b
__q];: ______ L‘a$ _____
12 1
K 3adaue 1.3.22 K 3adase 1.3.23

> 1.3.23. HeGonplioe Teno OBHXETCA ¢ MOCTOAHHCH CKOPOCTbIO U O TPaeKTo-
PHM, COCTOAWEH U3 HBYX IUIABHO COEMHEHHBIX OYT OKpYXHOCTel paguyca R
1 R/3. Ilocrpoiite BeKTOphI YCKOpEHHA B OTMeYeHHBIX TOYKAX TPaeKTOpHH.
1.3.24. B MOMeHT BpeMeHM, KOI[A CKOPOCThYaCTHLLbI pABHA 106 M/c, ee yc-
wopenHe coctaBnser 10* m/c* u uanpasneno mop yriom 30° &k*cxopocmu. Ha
CKOJIBKO yBemmuutcs ckopocth 3a 1077 ¢? Ha kako# yron W3MeHWTCA Halpas-
JsieHue ckopocti? Kakopa B 370T MOMEHT YIJIOBas CKOPOCTb BpailieHHA BEKTOpa

ckopocTn?
2



1325, Henoimanoe 1e 10 1 AC e 110 OKPYAHOCTH palinyca F ¢O CKOPOCTBID,

ROTOPAA THICHIO YBUITUNMBAC TS HO BPCMeEHK 110 sakony v = k¢ Hakpoure 3a-
BUCHMOC L HOJHOLO YUKOPCHAY 1612 OT BPEMCLHH,
7 1.3.26. Kpall 1:14;1K010 I'OPUBOHTLILHOIO CTOMA CKPYITiCH 110 OKPYXKHOCTH

paimyca r. C K4KOH HAUMEHbUICH CKOPOCTBIO HYXHO IIyCTUTE 110 CTOMY Majloe
TCN10, UTOGB! OHO, JJOCTUIRYB CK PYILJIeHHs, cpasy Moseresfo o napaGoite?

K 3a0aue 1.3.26

1.3.27*. Ccoepuueckuil pesepsyap, CTOAIIMH Ha 3emiie, umeeT paauyc R.
Ilpn xkako#t HauMeHbLUeH CKOPOCTH GpOIUEHHBI C 3EMJIX KaMeHb MOXET fle-
peNeTeTh Yepes pe3epByap, JTULLb KOCHYBLUMCh €r0 BepLUMHDL?

1.3.28. Cuapanpl BbUleTaloT ¢ HauallbHOH CKopocTeio 600 m/c mon yriom
30°, 45°, 60° x ropuzouTy. ONpesenuTe paaHyc KPUBH3HBI TpaeKTOPHUH CHa-
PALIOB B MX HaUBLICIICH M HaYalpHOR TOUKAX.

1.3.29. [Ins 3KOHOMHM MecTa Bbe3il Ha OjMH M3 Bbicoualitumx B SnoHuu
MOCTOB YCTpOEH B BHil€ BUHTOBOH :IMHWK, OOBHBalWEHR LWMIMHID pamuyca R.
HonoTHo A0porv cocraBHACT Yrod & ¢ IOPH3OHTAIBHOH IUTOckocThio. Kako-
BO YCKOpeHHe aBTOMOGHNSA, JBHXYUIErocs MO Hell ¢ NMOCTOAHHOH O MOY:TH
CKOpOCTbio v?

§ 1.4. Npeobpa3zosanne Ianunest

¢ 1.4.1. HauanpHple MOIOXEHHA U CKOPOCTH IBYX Kopablici 32)aHbl Ha PUCYH-
ke, Kopabnu ,1Buxyrtcs Oe3 yckopenna. Kak HaMTH HaMMeHblice PacCTOSIHHUC
MCXKJLy HUMH?

¢ 1.4.2. Ha pucynke cKOpOCIH 1UeCTH BbILYIICHHbIX CTapbiM MasaeM 3aiieB
¥306paXeHB! B CHCTEME KOOP/IMHAT, HENOUBMXKHO#R OTHOCHTE/LHO Masas. [lo-
npo6yiTe HAPHCOBATL CKOPOCTH Masad M OCTAIbIBIX 3aileB B CHCTEME KOOP-
JMHAT, HEMOABUKHOM O THOCHTEJIBHO 2a#na /1.

£ 7

e « LN

K 3a0aue 1.4.1 K saoaue 1.4.2

1.4.3. Ogna u3 uacThil mpuIeBoro obilaka (yacTvua 4) TOKOWICA, a BCe Oc-
TafpHBIE PA3NIETAIOTCH OT HEC B Pa3Hble CTOPOHBI CO CKOPOCTSAMH, NPONOPLHO-
HaTbHBIMH PACCTOAHMAM OT HMX A0 vacTHlil 4. Kakyw KapTUHY ABMXEHHsA
0BHapyKMT Hab/odaTesb, ABMXKYILMACH BMECTE ¢ yacTuuen B?
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1.4.4. C yrna 4 xBagpaTHOro NnjoTa CHpBIrHyd B BOQy H TOMIbUI BOKDPYr
i.10Ta miec. HapucyiiTe TpaeKTOpHI0 OBMIXXEHHA I1ca OTHOCHTENIBHO Oepera, eciu
i TUIBIBET BJIOJIB CTOPOH  IUIOTA, a er0 CKOpPOCTh OTHOCUTEJIBHO BOJBI COCTAB-
el 4/3 ckOpQUTH TeUEHHS PeKH.

1.4.5. a. Kamn 100s H3-32 CONPOTHBIICHUA BO3/JyXa MajlaioT ¢ NMOCTORHHOH
¢KOPOCTBIO U, NepleHAUKYyIAPHOH MOBepXHCCTH 3emmu. Kak Heobxomumo pac-
NOI0KUTD  UMITHHOPHYECKOE BelpO, HaxXonsuleecs Ha ABHXKymieHca co CKo-
1 TbK0 ¢ TuIaTdopMe, YTOOBI Kall/ii He NOMafgaliy Ha ero CTeHKHU?

K 3a0aue 1.4.4

6. Ipu ckopoctr Betpa 10 M/c Kalnu goxs nagawT nogyriom 30° k Bep-
stcand, [Ipi KakoiR ckopocTd BeTpa Kamnu OydyT MagaTe noj yriom 45°?

1.4.6*. Byep npencraBiser coGod mapycHbic caHH. OH MOXeT gBHraTbeA
I'1ius MO NMMHUH, IO KOTOPOH HarpaBlieHbl ero KOHWbKH. Betep gyer co ckopo-
1m0 U, MEpNeHOUKY/IAPHOH HalpaBfeHHIo [IBMeHHs Oyepa. Ilapyc xe coc-
rawnAer yron 30° ¢ HampaBreHHeM OBHXeHWA. KaKyf CKOpPOCTb HE MOXeT
"IDCBBICHTD Gyep MpH 3TOM BeTpe?

K 3a0aue 1.4.6

1.4.7*. Kaxo#t Oymger HpOoIXUTENBHOCTh MNojieta camorieta U3 Hosocu-
uMpeka B MockBy M 0DpaTHO, NMPOHCXOMALUETO 10 NMpAMOMR, €clIM B TeueHHe
Beero TOJIETA BeTep OyeT NOJ yIIoM & K Tpacce co ckopoctbio u? Ckopocts
caMorieta OTHOCHTE/IBHO BO3yXa v, [UTMHA Tpaccsl L. [IpH KaKoM HalpaBieHHH
BeTPa NPOAOIKMTENBHOCTD 1I0JIETa MAK CHMaJlbHa?

1.4.8. Mpu ynpyrom ymape Tela O HCIOIBIXHYHI CTEHKY €ro CKopocTb v
MedseTcs JIMINb Mo HallpaBieHuto. ONpene/inTe M3MeHeHHe I0c)le yaapa CKo-
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POCTH JTOrO TCIId, CITN CTeHKa ABIDKEICA: a) €O CKOPOCIBIO i HABCTpeuy TeAy;
6) co ckopocrbio w < v, B HanpaBleHNH ABYKEHNA Tena,

o

%

@ Z

1 L

- Q———— A
a0° w
7/
K 3a0aue 1.4.8 K 3a0aue 1.4.9

¢ 1.49. Teno HaleTaeT Ha CTEHKY CO CKOPOCTBIO U TOM yIJOM & K JIHHHH,
NepneHpuKyNIAPHOR cTeHke. OMNpeenuTe CKOPOCTh TeNa Mocjie yIpyroro ymia-
Pa, eCilM CTEHKa: a) HeMoMABHXHA; 6) HNBHXKETCA MeprieHIMKYNAPHO CaMoii ce-
Ge CO CKOpPOCTbIO W HaBCTpeuy Tely; B) JABHXETCA MOJ yrioM § K JIMHHH,
TNepeHUKYTAPHON eil caMo#, cO CKOPOCThI0 W HaBCTpedy Teny.

1.4.10. Buytpu cdepsl panuyca R, mBHXYILeHCsA CO CKOPOCTBIO U, HAXOJIHT-
CA HIADHK pagMyca r, KOTOpbIH B MOMeHT, KOTI4 OH TMPOXOOMT Yepe3 WUEeHTp
cepnl, HMeeT CcKOpOCTb v, MEpreHAMKYNAPHYI0 CKOPOCTH U. Macca chepwni
MHOro GOblie Macchl IMAapHKa. Ofpenenute, ¢ KakOH 4acTOTOH LIAPHK yna-
pAetcs O CTeHKy cdepsl. Yapbl aBconOTHO YIpYTHE.

1.4.11. Teno pousAwoT Hap IWIKTON Ha BeicoTe A OT Hee, InuTa MBUXETCA Bep-
THKAIBHO BBepX €O CKOpPOCTbIO 4. OmnpefesinTe BpeMsA MEXIY HBYMs MOCNeI0-
BaTe/IbHBIMHA Y/IaPAMH TeNa O IUINTY. Y aapel aGCONIOTHO yIIpyrue.
¢ 1.4.12. Teno BlleTaeT FOPH3OHTAIBHO CO CKOPOCTHIO U B IPOCTPAHCTBO MEXILy
ABYMA BEPTHKAIIBHBIMHM CTEHKAMH, KOTOpble NepeMeLIAlTCA CO CKOPOCTBIO U.
Onpenenure ckopocTb Tena Moclie #-ro yjgapa o NepeHon creHKy. Paccrosuue
MexXny credkamu L. Y napbl aGcoNoTHO yIpyrue.

/I %
% 7
4 :

[T
U 1 /4

5

1 L %

K 3a0ave 1.4.12

1.4.13. LllecrepeHKa panuyca R moMeiieHa Mexay AByMA NapaiielibHpIMK
3y6 .aThIMH pefikamu. Peliku OBIKYTCA €O cKOPOCTBIO Uy U vz HaBCTpeHy npyr

apyry. Kakosa yacroTa BpauieHNs 1eCTEPeHKH?
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1.4.14*. figpo, nersiiee €O CKOPOCTHIO V, PacNagaeTcsy HA [Ba OMHAKOBBIX
ocKonka. OmpenenuTe MaKCHMalbHBI# BO3MOXHBIA yrol o Mexay CKOpOCTS-
MU OJJHOTO M3 OCKOJIKOB M BEKTOPOM V, e€C/IM IIPH pacnaje TMOKOSHIerocA -
Pt OCKOJIKM UMEIT CKOpocTh U < v,

1.4.15*. Fmeerca nyyoK ONOMHAKOBBIX AMEp, OBHXYLUMXCH CO CKOPOCTBIO V.
,ipa B Nyyke caMONPOM3BOJIBHO [ENATCH HA Napbl OJMHAKOBLIX OCKOIKOB,
('KOpOCTb OCKOJIKOB, ABUXYIIMXCA B HANPaBJICHWM Myuyka, paBHa 3v. Haiimute
+ KOPOCTh OCKOJIKOB, IBUXKYWHXCA B HATPABIIEHHH, NIeplIeHOMK YA PHOM MUKy,

1.4.16. JIpa nmyuka uacTHU, ABMXKYIUMXCA C OIMHAKOBOW MO MOLYII0 CKO-
POCTBIO U, MepeceKawTcA Mo yrioM . CoynapeHus YacTull NPOMCXOOAT B OT-
paHuyeHHOH obnactu. IlepefineM K CHCTeMe OTcyeTa, Ifie CKOPOCTH YaCTHL

K 3adaue 1.4.16

]PABHBI MO MOOY/I0 U MPOTHBOMNONOXHBI O HampasieHuio. Kaszanoch Obl, Tenepsb
<0;1acTh NepeceyeHMsa — Bechb 06beM MyyKOB, M NMOITOMY YHCIIO COYOapeHMA
1t e[IMHMIY BpeMeHHW [OJIXXHO ObiThb Gosibilie. OGbACHMTE NONYYMBLIEESCA MNpO-
IHBOpeYHe,

1.4.17. Uner orsecHsiit goxnp. Ckopocts kamenb u. Ilo acdaneTy co cko-
POCTBIO U CKOJIB3MT MAY. BO CKOABKO pa3 32 OJHH H TOT XK€ MPOMEXYTOK Bpe-
\ICHM HA3 HEro TonajgaeT Gosbllie Kamelb, YeM Ha TaKOH XK€, HO HETOIBMKHBIA
“114? 3MeHHTCA /1M OTBET, €CJIM MAY He KpYTInii?

1.4.18*, Manbunk, KOTOpBIA MOXeT IJIaBaTh CO CKOPOCTbIO, B [IBa pasa
\MCHBLLER CKOPOCTH TeYEeHHMA pEeKH, XOueT MepelUIbITh 3TY peKY TaK, 4ToGbl
¢10 KaK MOXHO MeHbIlle CHECTIO BHU3 O TeyeHHIo. [log kakum yriiom K Gepery
o onxeH meirb? Ha xakoe paccrosHue ero cHecer, ecyid mMpHHa pexu 200 m?

§ 1.5. [IBmKeHHe CO CBA3AMH

1.5.1.Cxopoctb rpy3a 4 paBHa v 4 . YUemy paBHa ckopocTh rpy3a B?

1.5.2. YrnoBast cKopOCTb KaTyIUKM PaBHA w, pauMyC BHYTPeHHEro0 MWINHIpPA
¥, a paJuyc BHEIIHHX UMIMHIPOB R. KaKoBBl CKOPOCTH OCH KAaTyHIKH M Ipy3a
O 1THOCHTENBHO 3eMITH?

1.5.3. Knun, umeroumit yron 30°, NeXHT Ha TOPH3OHTAIbHOM MIOCKOCTH.
BepTHKANBHBIH CTep)KEHb, ONMYCKAIOIMACA €O CKOPOCTBIO U, 33CTaBJIfeT KIIHMH
¢KOJIB3UTb 110 3TOM MmIocKocTH, KakoBa cKOpOCTb KiMHa?
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K 3a0aue 1.5.1 K 3a0que 1.5.2 K 3a0aue 1.5.3

1.5.4. Ha xnuse ¢ yrmom @ nexut MoHeTa. C KaKHM HAUMEHBLUIMM YCKOPEHh-
€M JIOTIXeH JIBUraThbCA KIIHH O TOPH3OHTaJIbHOM ILTOCKOCTH, UTOGbI MOHETA CBU-
Bo1HO Majgana BHU3?
¢ 1.5.5% CkopocTh MOHETbi, COCKAIb3LIBAIONIEA ¢ KJIMHA, M300paxena Ha ph
cyHke. I'paduueckiiM nocTpoeHneM HaliguTe CKOPOCTh KITHHA.

1.5.6. Tnockoe TBepmoe TeaO BpamaeTcs BOKPYr OCH, MEpPIEHIUKYJIAPHOk
ero MWIOCKOCTH. KOOpOMHaThI HAYAIBHOIO MOJIOXEHHA TOYeK 4 H B ITOro Tens
(—1,2) u (3,1),a koHeynoro — (—3,1) u (— 2, - 3).'paduyeckumnocrpoe
HHMEM HaHInTe KOOPHUHATHI OCH BPAILEHH .
¢ 1.5.7. a. Ckopocth TOYKH A TBepIOro Tena paBHa v M 0DpasyeT yron 45°

K 3adaue 1.5.5 K 3a0aue 1.5.7

¢ HampaBlleHnem npamoit 4B. Cxopocts TOYKH B 3Toro Tena pasna u. Omnpene-
TIATe NPOEKLMNI0 CKOPOCTH TOYKH B Ha HanpaBlieHHe AB.

6. Cxopoctn touek A M B TBepnoro rena paBuet V. CkopocTs Toukd C,
HaxodAleica B TWIOCKOCTH NMpAmMoi 48 v BekTopa v, paBHa u > v. Haiimure
MpOoeKIHMI0 CKOpOCTH ToukHM C Ha OCb, TePNeHAMKYJJAPHY 0 yKa3aHHOA FIOC-
KOCTH.
¢ 1.5.8. TlocTpoiiTe TpaeKTOpHM TOYeK Koleca, KaTsawerocs Ge3 Mpockass-
3bIBAHHUA MO penbcy. PaccMoTpuTe cnyyan, KOIrJa TOUKH HAXOUATCH OT OCH KO-
Teca Ha paccroauun: r > R, r = R, r < R. Haligure ycKopeHHe 3THX TOYeK,
€ClI OCb KOJleca ABHXKETCA C MOCTOAHHON cKopocThio v. HaliauTe pagMyc kpH-
BH3HBI TPAEKTOPHH TOYKH, HAXONALIEACA B BBICIIEM H HM3ILEM TOJIOXEHHAAX Ha
paccTOAHKHY # R OT OcH KoJleca.
¢ 1.5.9%. Huth, HAMOTaHHYI Ha OChb KATYHIKH, TAHYT €O CKOpOCTbhIO U 10[
yrmoM & K ropHsoHty. KaTyiuka kaTMTCA MO TFOPH3OHTA&IbHOW IUIOCKOCTH
Be3 mpockanb3biBauusa. HaliMre cKopocT OCH H yITIOBYi0 CKOPOCTb BpAlLeHHs
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K 3a0aue 1.5.8 K 3adaue 1.5.9

ratywkH, Ilpu xakux yriax a ocs aBuxkerca snpaso? Bieso? Hute Tax miuH-
1, YTO YTO1 @ He MEHAETCA IPH JBIKEHHH.

1.5.10. [To BHyTpeHHe# NMOBEPXHOCTH 3aKpCINIEHHOTO UMJIMHApPA pajuyca 2r
NAaTHTCA De3 NpoCKaJib3bIBaHUA KO/eco panuyca r. Haknure TpaekTOpHI0 TOUKH
000aa Ko1eca.

1.5.11. a. Jlyna oGpauieHa x 3emie MOCTOAHHO OgHOH cTOpOHOH. CKOIIBKO
0 GOpPOTOB COBEPUINT OHa BOKPYT CBOEH OCH 33 Bpems NMOJIHOro 06opoTa BOKpPYT
3evn?

6. Ha ckonbko B cpenHeM 3BesiHbic CyTKH KOpOue cOnHeuHbIX? 3emiis 06-
x044T ConHue 3a 365,25 COMHEUHBIX CYTOK.

=

vz

K 3a0ave 1.5.10 K 3a0que 1.5.12 K 3a0aue 1.5.13

1.5.12. BycuHka MOeT /IBHrarscs No Kosiblly paguyca R, NOJTaTKHBaeMas
CliyUed, PaBHOMEDHO BpALLAIUCHCA ¢ YITIOBOH CKODOCTBIO w B IIOCKOCTH
ko:1pua. Och BpalleHus chuubi cBOGOJHO ;IBMMeTICA Mo Konpuy. Onpeneinre
VCKOpeHHe By CHHKH.

1.5.13. BepeBky, NpHUBsA3aHHY0 K JIOj[Ke, TAHYT 32 cBOOOHBIA KOHEL TAKHM
00pa3oM, 4TOGbI OHa He MpoBHcana. JlojKa ABHXKETCHA ¢ NOCTOAHHONW CKOPOCThIO
v, 00pa3ys B HEKOTOpBIH MOMEHT BPEMCHH YIOJI & ¢ OTPE3KOM BEpEBKH, HAXO-
JAIHMCA MeXAy CTO5100M M 70KoH. C Kako# CKOPOCThIO HYXHO THHYTb B
)TOT MOMEHT BpeMEHHU CBOGOIHBIA KOHel BEPeBKHU?

1.5.14*. Yetpipe yepenaxu HaxONATCA B BEPLIHHAX KBaaparta cO CTOPOHOH 4.
OHYX HAYHHAKT JBHIATHCA OJHOBPEMEHHO ¢ MOCTOSAHHOM IO MOJ1ylli0 CKOPOCTHI
v. Kaxpas yepernaxa nBHxetca NMO HaNpaBiIeHHIO K CBOeH cocejke IO YacOBOH
crpenke. ['lle BCTpeTaTca Yepenaxu U yepe3 kakoe Bpems?
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K 3a0que 1.5.15 K 3a0aque 1.5.16

¢ 1.5.15. TocTpoiite npumephnii rpapHK 3aBHCUMOCTH CKODOCTH TOUKH P
OT BpeMeHHU, eClil CKOPOCTh U4 TOUKM A TocroaHHa. Haligute gopmylly ITOk
3aBUCHMOCTH, ecsii x (0) =0.

¢ 1.5.16. CrepxeHp ynupaeTcsi CBOWMM KOHHAMH B CTOPOMBI NPAMOrO Yria,
Bepxuuil KOHel| cTepHs HOQHUMAKT O ckopocThio v. Haligure, xak 3aBucHT 0T
BPeMeHM CKOpOCTb €ro HWXXHEro KOHuA. 33 Hayano OTCYETa BPEMEHH IPHHATH
MOMEHT, KOria BepXHU# KOHel HAXOOUTCA B BeplllMHe yria. JLTHHa crepka L.
¢ 1.5.17. bpeBHo, ynupasck HWXHUM CBOMM KOHLOM B Yroj Mexly CTCHOH
M 3eMJIell, KacaeTcs OHA PY30bii.a HA BbicoTe A OT 3emnu. HaiguTte yrinosyio
CKOPOCTb GpeBHA B 3aBUCHMOCTH OT YIJIA & MEXOY HUM ¥ TOPH3OHTAIbIO, €CIIH
IPYy30BHK OTbE3KAET OT CTEHb! CO CKOPOCThIO V.

A

K 3a0aue 1.5.17 K 3a0ave 1.5.18

¢ 1.5.18*. CrepxeHb, OMHHM KOHIUOM IHADHHPHO 3aKPETUIEHHBIA HAa TOPU3OH-
TAMBHOM MIOCKOCTH, JIEKHKT Ha HWIMHApPE. YIOBaA CKOPOCTb CTepXHs w. [Ipoc-
KaJIb3bIBAHMA MEXIy UWIMHIPOM K IIIOCKO-
cTbi0 Her. HadiMre 3aBMCHMMOCTb YrJIOBOH CKO-
POCTH UMIIMHOPA OT YI/la O MEXOY CTPEeXHEM
H IJIOCKOCTBIO.
¢ 1.5.19. Coepmyecknii 6yl paguyca R npusa-
3aH KO [IHY BO{#OeMa. YpOBeHb BOJbl B BOJlOEME
MOIHUMAETCA CO ckopocThio . Kakosa ckopocts
nepeMenieHus [PAHULBI 3aTOMJIEHHOH yacTy Oya
[0 ero MOBEpXHOCTH B MOMECHT, KOIfla YPOBeHb
BOJIbI OKa3bIBAETCA Ha 4 Bpille HeHTpa OyA?
1.5.20. bo6uHa mMaruuTOGOHHON [WIEHKH TPOHIPLIBAETCA B TEUEHHE BPEMEHH
t TIpH CKOpPOCTH MpOTAXKH TWIeHKH v, Hauansuuiil paguyc Go6unbr (C mwieHko)
paBeH R, a KoHeuHbid (6e3 Wienkyu) — r. KakoBa TONMINMHA WTeHKH?
28
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I7IABA 2
JUHAMHKA

§ 2.1. 3akoHnsl HeloTOHA

2.1.1. I'o gocToBEpHDBIM CBEOECHMAM, OZHAKAbI GapoH MIoHXray3eH, yBA3HYB
n Gonote, BbITaumul caM ceGa 3a Bomockl. Kakue 3axoupl ¢u3Mku cymen
HapyILUTh GapoH?

2.1.2. Nlaii6a, cxkonb3MBLIasAs MO JIbAY, OCTAHOBUIACh uepe3 BpeMA [ =5 ¢
1ocie yaapa o KIKNIKy Ha paccrossuuM ! = 20 M o1 MecTa ynapa. Macca 1anGol
m =100 r. Onperenure AeHCTBOBaBIIY 10 HA HIAHGY CHITy TpEHUA.

2.1.3. B aneKTpoHHO-IY4eBOH TpyOKe MEKTPOHBI ¢ HAaYATIbHOH rOpH30HTATb-
110# CKOpOCTbI0 U BIETalnT B ofi1acTh MMEKTPHUYECKOIO MOJIA MpOTAXKEHHOCTH [,
1/le Ha HUX AeACTBYeT BEPTHKAIbHAA CHIA CO CTOPOHBI 3aPS’KEHHBIX OTKIIOHAIO-
mMx IUlactMH. YeMy paBHa 31a cWla, €CNTH WIEKTPOHbBI, NMoMajas Ha JKpad,
CMEIIATCA Ha pacCTOoAHHE y 10 CPaBHEHHI0 CO CIIyyaeM He3apMKeHHbIX
11acTH? JKpaH HaXOAMTCS Ha paccrosHMu L oT neHrpa ofiracTv pedcTBHA
)JIEKTpHYecKod cuibl. Macca anexrpoHa m,.

A
g /i 7 7z
| L 1 777

O T - — iy ——(:)———(73 :)-J

K 3a0aue 2.1.3 K 3a0aue 2.1.4

> 2.1.4. UeThIppMa HATAHYTHIMM HHTAMH Tpy3 3akpemleH Ha Tenexke. Cuma
HAT SKEHH ST FOPU30 HTAIBHBIX HHTeH cOOTBeTcTBEHHO T’y M T, 2 BepTMKAIBHBIX —
T3n T, C KakuM YCKOpEHHEM TEIEXKa IBIDKETCA IO IO pHU30HTAIbHOM IoC-
KocTu?

2 2.1.5, Kakan cwia gedcTBYyeT B NMONEPEYHOM CEYEHHH O JHOPOJHOIO CTEPXKHA
/UIMHBI / Ha paccTOSHMHM X OT TOIO KOHIA, K KOTOPOMY BHOJIb CTEPXKHA MPHIIO-
weHa cua F?

o 2.1.6. IiBa Tema Macchl M; W M, CBA3aHbl HUTBIO, BHIAEPKUBAKIICH CHILY

narsxenda T. K tenam npunoxens! cuisl Fy = af u Fy = 2at, rae @ — NOCTOAH-
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K 3adaque 2.1.5 K 3a0aue 2.1.6

HbIH KOIPPUIMEHT, HMEIOWHA Pa3MEPHOCTb, ! —~ BpeMs OelcTBMs ciilbi. Onpe
HeNIATE, B KAKOA MOMEHT BPEMEHH HUTh [IOPBETCA.

2.1.7. Ins w3MepeHHs Maccsl KOCMOHaBT2 Ha OpOMTA/ILHON CTaHIMK MCIOIb
3yeTCa NOMBIKHOE CHIIEHbE M3BECTHOM MAacChl Mg, NPUKPEIUIEHHOE K NpyXHHE
Ilpu onwoit u TO# ke HayansHo# nedopmapuM (CKATHH) [PYXHHBI MyCTOE
CHIICHBE BO3BpAIUAETCA B KCXOTHOE NOJIOKEHHE Yepe3 BpeMs Iy, €CIIM ke Ha
CHJICHBH HAXOIUTCA KOCMOHABT — Yepe3 Bpems !> 1,. KakoBa macca xocMo-
HaBTa?
¢ 2.1.8. [lunamomerp COCTOMT M3 [BVX UMIMHOPOB, COEOMHEHHBIX JIETKOH
npyxuHOW. Halimute oTHOMIEHHE MacC 3THX HWIHHIPOB, ECIM TIPH MPUIIOKEHHDBIX
K HUM cwiiam Fy u F, MMHaMOMETp NIoKa3blBaeT cuny F.

R 7
~—— VY

K 3a0aue 2.1.8

2.19. IIna ucneiTaua oGOpy/IOBaHUA B YCIIOBHAX HEBECOMOCTH KOHTeilHep
noadpaceIBaeTcd BBEepX ITHEBMAaTHYeCKMM MOPLIHEBBIM YCTPOHCTBOM, Haxo- -
IALIMMCA Ha OHe BAKYyyMHMpoBaHHOW waxtel. [loputeHp nmefictByeT Ha KoH-
TeHHep B TeueHue BpeMeHH Ar ¢ cunoit F =nmg,roe m — Macca KOHTe#-
Hepa ¢ obopynoBanHeM. Yepe3 kakoe BpeMsa KOHTEHHep ynameT Ha JHO 1HaXTei?
B TeueHHE KaKOro BpeMeHM MJIUTCA st 060pYIOBaHMA COCTOSTHHE HEBECOMOCTH,
ecrid Ar=0,04c¢,an=125?

2.1.10. JIna noorotoBkd X paGore B YCIOBUAX HEBECOMOCTH OQE€Ibie B
cxadaHIpbl KOCMOHABIBI TpeHUpyloTca B Bode. [Ipu aToM cHaa 1skectd, geHcT-
BylOlIad Ha HUX, YPaBHOBEUIMBAeTCsd BBITAIKHBamule# cunioit. B uem otnumuse
TaKOM ~’HEBECOMOCTH” OT HacTosLiei?

i"’ ;

My

My
K 3a0aue 2.1.11 K 3a0a4e 2.1.12 K 3a0aue 2.1.13
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2.1.11. Hafimute ycKopeHMe Ipy30B M CHIIBI HaTSOKEHUs HUTEH B CHUCTeMe,
11 100p axeHHON Ha pUCYHKe. BlIOK M HUTU HeBECOMBI, TPEHUS HET.

2.1.12. Mansp paGoTtaeT B NMOABECHOH Jobke. EMy MOHamoGMIOCE CPOUHO
nouusTeca BeepX. OH NpHHUMaeTcA TAHYTh 3a BEPEBKY C TaKoH CWJIOH, 4TO
. mia €ro [aBJieHMst Ha IOJ JINJbKH yMeHbumiacs go 400 H. Macca monbku
|2 xr, macca Mamspa 72 xr. UeMy paBHO YcKopeHHe niwonbKu? UeMy
pUBHA CHJIA HATSHKEHHMA TPOCA, Ha KOTOPOM MNOMIBEILIEH JIETKH#A 6ToK?

2.1.13. CucteMa M3 Tpex OOMHAKOBBIX ILUAPOB, CBA3AHHBIX OJMHAKOBBIMU
IpyXHHaMH, mofsemeHa Ha HutH. Hute mnepexaraior. Haimure yckopewus
I1apOB Cpasy Noclie MePE>KUTaHUA HUTH.

2.1.14. Tena Maccel m; M M, coeJMHEHbl NpYyxHHOH xecTkoctu k. Ha Teno
\MACCHL M, AEHCTBYET IOCTOAHHag CHia [, HampamjieHHa# BJIONb NPYXHHBI K

K 3a0aue 2.1.14 K 3a0aue 2.1.15

ey Maccel M. HalimiTe,, Ha CKONIBKO CXKaTa NPYXXHHA, €CIM HUKAKHX OPYTHX
HHEIIHUX CHJI HET, a KolleGaHus yxe mpexpatinuce. Kaxum Gyner yckopenue
121 Cpa3y xe Mocyle MPeKpanleHHs eRCTBUA Cchiibl F?

2.1.15. Teno maccel m COeIMHEHO ABYMS HPYKAHAMHU >KECTKOCTH k; M K,
¢ HETOJBIKHBIMM CTEHKaMH, NMpPYXHHbl MepBOHAYaTbHO He [MedopMHMpPOBaHBI.
l1pn Bo3HUKIMX KoJeGaHMAX HauGolNbllee ycKopeHHe Tena paBHo a. Haiimute
\1aKCHMaJlbHOe OTKJTOHeHMe Tesla OT NOJIOXEHUA PAaBHOBECHS M MAK CUMAllbHbIe
CHJTBL, C KOTOPBIMU MDY XUHBI JIEHCTBYIOT Ha CTEHKH.

2.1.16. Teno Maccbl m NPUKpPEIUIeHO K IBYM COCIHHEHHBIM IOCIIeI0BATEIIb-
110 MPYXKHHaM XXeCTKOCTH ki M k;. K cBoOofHOMy KOHUY UemoYyku NpYXHH
i(pUTOXeHa moctofHHaa cwia F. KakoBo cyMmapHoe yWIMHEHHE, NMPYXHH,
¢CiH KoJieGaHus yxe NpeKpaTUiIuCs?

o 4 m
K 3a0aue 2.1.16 K 3a0aue 2.1.17

~

2.1.17. Jlerkui MarHM1 ¢ KPIOKOM Ha BePTHKaTIbHOM CTATIBHOI IDTUTE OCTaeT-
¢ HEMOABIKHBIM, NMOKA MOJBEIICHHLIA K HEMY IpPy3 He HPEBOCXOJMT MO Mac-
ce Hig.UeMy pABHA MarHMThas CWwia, eClM KO3 GHUUNEHT TPEHHS MArHHTa 10
cTamu paBeH u? C KaKHM yCKODeHHWEM CKOJIB3UT MarHMTHAasA MOIBecKa, eciH

Mmacca rpysa m > m,?
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2.1.18. Teno, uaxopsweecss Ha rOPU3OHTATILHON IDIOCKOCTH, TAHYT 33 HUTH
B TOpU3OHT&IBHOM HamnpasiieHdu. HapucyitTe rpadmk 3aBMCUMOCTH CWIBI Tpe-
HUA, OEHCTBYIOIIEH HA TEJIO CO CTOPOHBI IDTOCKOCTH, OT CHMJIbI HATSXEHUA HUTH.
IlepBonavansuo Teno HemomsMxHO. Macca Tema 10 xr, koapduuMeHT TpeHUs
0,51.
¢ 21.19. Ect¥ HaxMMarh NATBUEM HAa IUADUKOBYK DYYKY, OTMpAIOLIYIOCH
Ha TBep/yl MOBEPXHOCTh, OJJHOBPEMEHHO HAKIIOHAA €€, TO, NOKa py4Ka o6pa3y-
eT MaJIbld yroil ¢ MEPHeHOMKYNAPOM K INOBEPXHOCTH, oHa GYIET MOCIyLIHO
CIIEIOBATb 33 MalbueéM pyku. KakK TONbKO yrom HakjloHa PYYKHM [PEBRICHT
HEKOTOPOE MAKCUMATIbHOE 3HAUEHHE QGfpygicc, OHA BBICKONB3HET M3-MOJ Malblla,
Kak Gl CHJIBHO WM cliaBo HHM HaxkuMatb Ha Hee. IloakcnepyMenTHpyiiTe camu
¥ OueHUTe KO3G(DUUMEHT TPEHMA MexOy IIAPUKOM PYUuKH U HOBEPXHOCTbIO,
Ha KOTOPYIO OHa ONMPAaeTCA.

&

K 3adave 2.1.19 K 3a0aue 2.1.20 K 3adaue 2.1.21

¢ 2.1.20. Ha ropusoHTansHo# gocke mexdMT 6pycok mMaccol M. JIOCKY MeyieHH]
HakJIOHAT. OnpeneNuTe 3aBUCMMOCTh CUIIbI TPEHHA, JeHCTBYOIIER HA Gpycok,
OT yIila HakJloHa AockH a. KoaddruueHT TpeHns u.

¢ 2.1.21. JleHTouHBIH MOombeMHMK 0OpasyeT yroin a ¢ ropusoHtoMm. C Kakum
MaKCUMaIsHBIM YCKOPEHHEM MOXET MOMHMMAThCA AIUMK HAa TAKOM MOAbeMHM-~
Ke, €U ko3¢ uuMeHT TpeHuA paseH u? JleHdTa He mporuGaerca.

2.1.22. Yepes xaxkoe BpeMs CKOPOCTb TeJla, KOTOPOMY COOGILMIIM BBEPX NO
HaKJIOHHOH IDTOCKOCTH CKOPOCTh U, cHoBa 6yneT paBHa v? KoadbpUuHeHT TpeHHE
i, YToll MexJy IUIOCKOCTBIO M TOPU30HTOM «, tg a > u.

2.1.23. Ha 1eno macchbl m, nexalliee Ha FTOPH30OHTATLHOA INIOCKOCTH, NEACTBY
et cwia F' nop yriom a K ropusonty. Koagduuueur rpenns . Haigure yckope
HUe Tella, €CIIM OHO He OTPBIBAETCA OT ITOCKOCTH.
¢ 2.1.24. HwmHOp CKONB3NUT 10 xelloby, UMenlleMy BHJ, OBYrpaHHOTo yIia
¢ pacTBopoM a. PeGpo IBYIrpaHHOro yria HaKJIOHEHO HOM YTIIoM f§ K TOPU3OHTY.

K 3a0aue 2.1.24
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| ltockocTH OBYTrpaHHOro yma o0pasyioT ONMHAKOBbIE YTIJIbl C IOPU3OHTOM.
Onpenenute yckopenMe umnuHapa. KosddHuueHT TpeHHs MexIy UWIMHAPOM
¥ TIOBEPXHOCTHIO >kesioba u.

> 2.1.25. Hute, nepeKuHyTas uepe3 GIIOK ¢ HENMOABHXHOH OCBIO, NPOIIylIeHA
yepes wedb. Ha KOHIAX HUTH MOABEILEHbI I'PY3bl, MAacCa KOTOPBIX My U M;.
Onpepennte yCKOpPEeHHA IPy30B, €CJIM IPH [BHKEHHU HUTH HA Hee CO CTOPOHbI
HIENTH JIeHCTBYET NOCTOAHHASA CUIIA TPeHUA Fopp.

%

K 3a0aue 2.1.25 K 3a0aue 2.1.26 K 3a0aue 2.1.27

5 2.1.26% To OEPEeBSAHHBIM CXOIHAM, OOpa3yWIUMM YTOJl & C TOPH30HTOM,
BTacCKMBAIOT 33 NPUBA3aHHYH K HeMy BepeBKy aumk. Koadoduumenr tpeHus
AIMKA O CXOOHU M. [loJ KakuM yrIoM K FOpU3OHTY CllelyeT TAHYTb BEPEBKY,
yTOObI C HAUMEHBITIMM YCHWIHEM BTALUUTD SAHMINK?

> 2.1.27% UYenoBek Maccel m,;, OCTABAsACh Ha MecTe, TAHET 3a BEPEBKY IpYy
Maccel M. KoadbduuneHdT TpeHHMsA o rOpH3OHTAIBHYIO IUIOCKOCT DaBeH U.
IIpr Kkakoil HaMMeHBIIEH CH/le HATAXKEHHSA BEPEBKH IPy3 CTPOHeTcA ¢ MecTa?
[lon KakMM YITIOM K TFOPU3OHTAIBHOM IUIOCKOCTH OOJDKHA OBITh HAaNpaBJieHa
BepeBka?

2.1.28. Ha oOnepeHeBlleM yuacTKe wmocce Ko3(bhUUUEHT TpeHUs MexIy
KojiecaMH M Joporoffi B HECATE pa3 MeHbILE, YeM Ha HeoOiepeHerimeMm. Bo
CKOJIBKO Pa3 HYHO YMeHbIIMTb CKOPOCTh aBTOMOGWIIs, YTOGBI TOPMO3HOH MyTh
Ha ollefleHEeBIIEM yJacTKe LIOCCE OCTAICH MPEXRHUM?

2.1.29. ABToMOOMIIb C MOWIHBIM [BUraTeNieM, TPOTasAch C MecTa, 3a 5 ¢
Habupaer cxopocts 72 KMm/u. Halimure ko3¢ GULIHEHT TpeHUA MeXTy KoecaMH
¥ poporoi. KakoB HaMMeHbIIMA TOPMO3HOH HyTs aBToMOGUIIsI, HaGpaBllero
ITy CKOpOCTB?

O 2.1‘30". Temo ™Maccel m; JeXHMT Ha [OCKE MAacChl #15, HaXodAwWeHCA Ha
IJIaIKOA FOPU3OHTAIBHON IUIockocTH. KoadhuuueHT TpeHHss Mexay TelioM
U TOCKOH M.

a. Kakymo cwiy Hamo nmpwioxuTs K gocke, yToGbl TeJIo COCKONB3HYIO ¢ Hee?
3a xakoe BpeMA TeJl0 COCKONB3HET, eCNIM K OoCcKe IpwioxeHa cuia Fy, a mmuHa
IOCKH paBHa [?
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6. (C KAKHM yCKOPCHHCM IBHXKYTCA Tello M [ocKa, eciu cwia Fo meiictByet

Ha Teno Macest m,?
/”
‘g .

s IS

K 3a0aue 2.1.30

¢ 2.1.31. Ha rmankoM ropU3oHTalnbBHOM CTOJIE PACMOJIOKEHA CHCTEMA TPY30B,
M3obpaxeHHasa Ha pucyHuKe. IlpaBplil HMKHMIA Tpy3 TAHYT BOOJNb CTOJIA C CHJIOW
F, xak yka3aHo Ha pucyHke. KoaduuueHT TpeHMa Mexay rpy3aMH Maccel my
U m, paBeH u. Halingute yckopenue BCex IPy30B CUCTEMBI.

¢ 2.1.32. Onpenmenure Ccuiy, OCHCTBYIONIYI0 Ha BePTHKANbHYI0 CTEHKY CO
CTOPOHB! KJIHHa, €C/IM Ha Hero MOJIOKMIIM Tpy3 MacChl . Yo IIpH OCHOBAHUH
knuHa a. KosbouuneHT TpeHmss Mexay Ipy3oM U NOBepXHOCTBIO KJIMHA M.
Tpennsa MeXay noJloM H KIIMHOM HET.

K 3a0aue 2.1.31 K 3adaue 2.1.32

2.1.33. ToueMy CKOpPOCTb OOXOEBBIX KareJb He 3aBUCHT OT BBICOTBI TyY
H CWIIbHO 3aBHCHT OT pa3MepOB Karnelb?

2.1.34. Cuna compoTHBIIEHMA BO3HyXa, NEHCTBYMOIIaA Ha BeJIOCUIEIMCTA,
MpPONOPIMOHATHHA KBAIPaTy CKOPOCTH BelocumemMcTa: f=av’. Ha ropuson-
TaTbHOM [opore HaHGOJIBILIAA CKOPOCTh BENOCHUIEOMCTA COCTABIAET MPUMEPHO
20 M/c. Ouenute K03 PHUHEHT TPONOPUHOHATSHOCTH @, €CIH Macca BelOCHre-
mMcTa BMecTe ¢ Beflocunenom 70 kr, a ko3¢ pUuMEHT TpeHuA MeXdy KoJlecamH
U noporoi 0,4.
¢ 2.1.35% Macca BO3OylUMOro IIapa BMeCTe C KaHATOM, BOJIOYAHIMMCH 1O
3emiie, paBHa Mm; BRITUTKMBAIOILAA CHIIA, AeHCTBYIomas Ha luap, paBHa F'; koad-
duuMeHT TpeHma KaHaTa o 3emilio paBeH u. Cula cONPOTHMBIICHHA BO3IyXa,
pOedcTBylollad Ha BO3OYLHBIN Ilap, NPONOPUMOHAIBHA KBapaTy CKOPOCTH
1apa OTHOCHTENBHO BO3fyxa: f= av?. Haitfmte CKOPOCTb IIapa OTHOCHTENILHO
3eMJTH, €CJTH JyeT FOPU30OHTANBHBIA BETEP CO CKOPOCTHIO U.

2.1.36*. CxopocTs Telia Macchl 7 B BA3KOM XHIKOCTH yObIBaeT C IIpoiifieH-
HBIM paccTosHueM [ o 3akoHy v=vg — fl, TOe vy — HaualbHas CKOPOCTS,
a f§ — nocrosHHbii K03ddunueHT. Kak 3aBUCHT cHla BA3KOro TPEHMs, AeHcT-
BYIOILIasA Ha TeJIO CO CTOPOHBI XKHIIKOCTH, OT CKOPOCTH Tefa?
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2.1.37. Cuna compoTHMBIIEHHMA BO3/IyXa, [eACTBYIOLAaA Ha KAl AOXIs,
IIPOTOPUMOHATIPHA IPOU3BENECHHI0 KBaJpaTa CKOPOCTH Kamellb Ha KBaOpaT MX
pamayca: f=Apor?v?, roe po ~ 1,3 xr/m® — mioTHOCTs BO3myxa, a Gespas-
MepHBIA Ko3QdUIUEeHT A A KpyriIbIx Kanenp mopapka 1. Kaxue karoy,
KPYNHBIE WJM MeJKHMe, NalaloT Ha 3eMIi0 ¢ bOnbImeii ckopocteio? OueHute
CKOPOCTb KaIUIH paguyca 7 =1 MM IpH MafgeHKH e¢ ¢ BOIBIIION BBICOTHI.

2.1.38. Cuna compoTHBIIEHMA BO3[yXa, [EHCTBYIOLlad Ha KalUlM TyMaHa,
1IPOTIOPIMOHATIPHA NPOU3BENEHHI0 pajMyca Ha ckopocTe: f= yrv. Kawm paguy-
ca r = 0.1 mM, nagas ¢ GoJbIION BBICOTBI, Y 3€MJIM UMEIT CKOPOCTh OKOJIO

K 3a0aue 2.1.35
| m/c. Kakyw ckopocts OymyT MMeTh KalUIM, PagMyc KOTODBIX B jBa pasa
meHb1e? B mecaTs pa3 mensiie?

2.1.39%. Cuna CONpOTHBIIEHMS >KMAKOCTH WIJIM ra3a, MPOHOPUMOHATBHASA
KBafpaTy CKOPOCTH HABMKYIErocs TeJla, CBA3aHa C¢ o6pasoBaHMEM BUXpei
B cpene BOMM3U NoBEpXHOCTH 3TOro Tena. Cuia cONpoTHBIIEHUSA, NPOMOPUHUO-
HalbHasg CKOPOCTH [OBMKYUIETOCH Tejla, CBSA3aHa C NMPOCKaNb3biBaHHEM CJIOEB
cpefsl npH 06TeKaHMU ero 3Toro Tena. O6a ABJIEHUA MPOHCXOMAT OIHOBPEMEHHO.
[Touemy, TeM He MeHee, B Te X MIIM MHBIX YCIIOBUAX MOXHO NPUHUMAThL BO BHUMA-
HHe TOJIbKO OMMH Kakoi-muGo BUZ compoTtuBieHUA? [lo maHHBIM [IBYX Npeapl-
OYIIMX 3374349 OLEHMTE, OPU KAKOM 3HAYEHMU NPOU3BE[EHUS PaMyca KpyImoH
KAaIUTH Ha €e cKOPOCTb 06a BUIa CONPOTHBIIEHUA BO3/lyXa CPaBHUMBI II0 CBOEMY
BO3MAEACTBHIO HA ABHXXEHHE KaIUIH.
> 2.1.40. JleHTa TrOpH30OHT&IBPHOrO TPAaHCHOPTEpa OBWXETCA CO CKOPOCTBIO U.
Ha menTy mo kacaTteJbHOH K Hell BieTaeT liaiiba, HAYAIbHAsT CKOPOCTh U KOTO-
pO¥ NepHeHIMKYNAPHA Kpaw JeHTsl. HaiimMre MakcuManbHy LM PUHY JIEHTHI,

, K 3a0aue 2.1.40 K 3a0aue 2.1.41
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NP KOTOPOK 1IAHGA JIOCTHTHET APYIOTo e¢ Kpas, ecin Ko3dGHIMEHT TpeHHs
MCKly LIBROOH H JIEHTOH U.

v 2.1.41. Kakan wraiiba, B pauiaomascs BOKpPYr CBOeH OCH WM He Bpallaiollas-
csi, npordeTr OoJbUMIA MyTh OO0 OCTAHOBKM HA LIEPOXOBATON I'OpPU3OHTATBHOH
nopepxHoc? HavanbHasn ckopocTs UeHTPOB LIai0 OIMHAaKOBA.

2.1.42, lloyeMy Kkpenko 3aceBLUMA B OpeBHe rBO3[b Jieruye BBITAUMTh, eCIH
NpH BLITACKMBAHMM OJHOBPEMEHHO BpAlaTh €ro BOKpPYr coOGCTBeHHOW ocH?
¢ 2.1.43* Topu3oHTABHYI0 OCh pamHyca R, Bpamaoulyiocs ¢ yrioBoi cKOpo-
CTBI0 w, ODX¥MaeT BTyNKa, CHabXeHHas [POTHBOBECOM, YTODBI IlepeMeranch
BIOMb OCH, OHa He Bpamanack. ONpenelnTe yCTAHOBUBLIYIOCH CKOPOCTDb BTYJIKH

K 3ad0aue 2.1.43 K 3a0aue 2.1.44

nod AeHcTBMeM CHBl F', PUIOXKeHHON K Hell BOOMb ocH. MakcumannbHas chna
TPEHHH OCH O BIYNKY Fpp > F.
¢ 2.1.44%. Oupenenure YCTAaHOBUBLIYIOCH CKOPOCTb Tella, HAXOMAIUEIOCA Ha
HAKJIOHHOM IUIOCKOCTH, KOTOpast ¢ GOJNBINOA YacTOTOM MEHAET OJHO Halpas-
JleHHe CBOEH CKOPOCTH ¥ Ha NpOTMBONONOXHoe. HampapieHue 1BHXeHHA WIOC-
KOCTM moka3aHo Ha pucyHke. KoaddHuueHT TpeHHs U, yroll HakIlOHa IDTOCKO-
cH «, tga < u.
2.1.45*%. Ha mrockoCTH, TaHreHe yrila HAKIIOHA KOTOPOH paBeH Ko3pHuueH-
Ty TpEHH#, JIeXHT MOHeTa. B ropM3OHTabHOM HalpaBIICHHH BAOJB IUIOCKOCTH
MOHeTe cooOumm ckopocTh U. HalloHTe ycTaHOBUBIIYIOCA CKOPOCTh MOHETBI.
2.1.46. Ilo HawIOHHOH MNOCKOCTH CKONb3AT [Ba Tela ONMHAKOBOH MaccChl,
CBA3aHHbIe HHThIO. Cuyia HaTsDKkenMsa HUTH T. Tpenuss MexOy omHMM TeloM H
pockoit Het. OnpeieNiNTe CUITY TPEHHS MeXOy HAOCKOH M DPYTHM TeloM.
¢ 2.1.47*%. Halimgre ycKopeHMe Tell CHCTEMBI, U30GPAKEHHOH Ha PHCYHKe.
Cuna F' npurioxeHa 1o HampaBJIEHMIO HUITH K OTHOMY H3 Tell Macchi M. Y 4acTki
HUTH 110 o6e CTOPOHBI OT JIeIKOro GIIOKa, MPUKPEIUIEHHOTO K Telly Maccht M,
[1apaJUIeIbHBL
¢ 2.1.48. Mexnoy IOBYMA OMMHAKOBBIMH TIJIafKWMH OpyckaMM MaccChl Ml
KaXObIH BCTaBJIeH KIMH Maccel m, ¢ yrioM o. OnpefdennTe ycKopeHHe Tell.

3 J‘g My
M : 1 ;
my my
K 3a0aue 2.1.47 K 3aoaque 2,1.48
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a
a Vs X\ L

K 3aoaue 2.1.49 K 3a0aue 2.1.50

K 3a0aue 2.1.51 K 3a0aue 2.1.53

< 2.1.49*%. K cBoGOOHOMY KOHIly HUTH, IPHKPEIVIEHHOW K CTEHKe U IepeGpo-
LLIEHHOM Yepe3 polik, Noaselled rpys. Pomk sakpemieH Ha 6pycke macchl my,
KOTOPBIH MOXeET CKOJIb3HTh 10 TOPU3OHTANIBHOH IUIOCKOCTH Ge3 TpEHHUs.
B Haya1bHBIH MOMEHT HMTh C PY30M OTKJIOHAKT OT BEPTHKAIH Ha yroll & M
3aTeM ornyckarT. OnpelieniTe yckopeHHe Opycka, €CiiM yroli, o6pa3oBaHHbIH
HHTBIO C BEPTHKA1bI0, HE MEHACTCS NPH [BIXKeHHH cHcTeMbl. YeMy paBHa Macca
rpyasa?

< 2.1.50. Ha rmanko#d ropu3oHTaIbHON IUIOCKOCTH HAXOMMTCH KIMH C YITIOM a
1Ip1 OCHOBaHMU. TeJI0 Macchl M, MONOXEHHOe Ha KIMH, OMYCKAaeTCA ¢ YCKOpe-
HHEM, HaANpaBJIEHHBIM NoX yrioM > a K ropusoHtanu. Omnpemenuie Maccy
KJIMHa.

O 2.1.51* Ha nmBa KaTKa pasHOro pajMyca MOTIOXMIM Tsxenyw miuty. OHa
oGpasyeT yron a c ropusontoM. Halinure yckopenme atod o Thl. [Ipockanssel-
BaHMA HeT. Maccoli kaTkoB NnpeHebpeys.

2.1.52. Yckopenne 3Be3n, BXOOALMX B COCIaB ABOWHOH 3BE3[bl, 41 M d;.

KakoBa Macca BTO poii 3Be3/Ipl, €CJIH Macca EpBOH M ?
O 2.1.53. B coepuyeckyro nonocts NOMECTHIIM TaHTENb (J1BA LLIAPHMKa Maccel m
KaX[blil, COeIMHEHHbIe HEBECOMBIM CTEPKHEM) TaK, KaK I3T0 INOKa3aHO Ha
pucyuke. Ompenenurte cdny [aBIeHMs LUApHKOB Ha CTEHKM Cpasy ke IOCHe
TOT0, KaK FaHTeNlb O THYCTHIM. Pajmyc 11ap4KOB raHTelld MHOTO MeHbLe paguy-
ca ctepsl.

2.1.54. JneKTpOHBI, ABHXYLIMECH MO OKPYXHOCTH J1060ro pagpyca BOKPYT
3apsOKEHHOM HUTH, UMEWT OJHY M Ty e ckopocis U. Macca 3nekTpoHa m,.
Kak 3aBucHT cuia, AelcTB yolas co CTOPOHbI HUTH Ha 371EKTPOH, OT PacCTOAHUSA
MeXAy I3NMeKTpOHOM U Hutbhio? OIMUMTE KaYeCTBEHHO HAYalbHBIA OTPE30K
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TpaeKTOPHH, N6 KOTopo# OyneT ABHrathbcA IEKTPOH, €CIM CKOPOCTh €r0 IpH
OBHOKEHUH [10 OKPYXXHOCTH CTaHeT BIpPYT UyTh MEHbLUE U; UyTs Domsuie v.

2.1.55. JIBa wapvka Macchl m KaxK[bli, CBA3aHHbIE HUTHIO WTHHE] [, ABIOKYT-
CAl CO CKOPOCTbI0 U IO TOPU3QHTATILHOMY CTO/y B HAmnpaBJieHWM, NepPICHAMKY-
JIAPHOM K CBA3bBAIOIIEH MX HUTH (HMTH He npoBucaeT). Cepe/lMHa HUTH HaleTa-
eT Ha TRO3/b. UeMy paBHa cpasy Noclie 3TOro CHIIa HATSKEHUA HUTH?

2.1.56. Teno Maccht M cBA3aHO HUTHIO IJTMHBI [ ¢ 0CBIO, BOKPYT KOTOpO#
OHO ofpailaeTca ¢ YITIOBOi CKOPOCTbIO . Ha#guTe CHIly HATSXKEHUSA HHTH.
Pasmepp! Tema Majibl, CHIIOH TsDKeCTH NMpeHeGpeys. 3aMeHHTe HMTh OJHOPOIHO#H
BEPEeBKOM MacChl M M HalilMTe CHIy €€ HaTSOKEHHMA Ha PacCTOAHUM X OT OCH
BpALUEHUA.
¢ 2.1.57. Ha rimagkoe MpoBOJIOYHOE KONMsUO pagMyca R, paciionoxeHHoe BepTH-
K&TbHO, HafleTa MaeHbKaa 6ycuHka. Konplio BpallaeTca ¢ yrioBo#d CKOPOCTbIO
@ BOKDYT BEpPTHKATBHO OCH, MpOXoddiueil no gHaMeTpy Kombua. I'me Haxopur-
ca Gycuuka?

K 3adaue 2.1.57 K 3a0aue 2.1.58

¢ 2.1.58. K raxenoMy LIapHKy, NOJBEIEHHOMY Ha HATM fUTHHBI /, mopaBeuieH
BTOPOM TSDKEJIbIM LIaPHK Ha HMTH TOH >ke MHbl. [Ipu BpaieHuM IapMKoB
BOKDYT BePTMK&IbHOH OCHM, MPOXOfslled uepe3 BEPXHIOK TOUKY NoJBeca, obe
HHMTH JIEXKAT B OJHOM IWIOCKOCTH M COCTaBIIAIOT C BEPTUKATBIO NIOCTOAHHBIE YIJIb
au 3. Haiigure yn10ByI0 CKOPOCTb BpPAlUEHUSA LIIAPHKOB.

2.1.59. Tpys Macchl #1, NPUKpeIUIeHHbIH NPYXHMHOH >KeCTKOCTH kK K QcH,
ABHOXKeTCA BOKpDYr 9TOH OCH IO OKPYXXHOCTH pajgMyca R ¢ yrmoBo#i CKOpo-
cTbi0 w. KakoBa [uniHa Hegedo pMH pOBaHHOM NPYKU HBI?

2.1.60%. M3 TOHKOro pe3UHOBOTO XTyTa MAacChl M M HKECTKOCTH K CHENaTH
KoJIbo papuyca Rg. 310 KOJNBLO PacKpyTMIM BOKPYT ero ocH. Haligute HOBbIH
pafgMyc KOJIBILa, €CJIH YITIOBAsi CKOPOCTD €10 BPaLICHUA PABHA (.
¢ 2.1.61*. Kompuepas Lemouka Macchl M HAfeTa Ha TOPM3OMTANbHBIA UCK
pammyca R. Cuna HaTaxkeHus Hagetod uenouku T. Haiipure xoaddu-
IMEeHT TPeHHs MeXAy [MCKOM M LEeMOYyKOH, ecid NP BpamieHWH QHCKA C
YIJTIOBOW CKOPOCTBIO, DaBHOH WIM MpeBBILANOIIEH ), UEMOUKA ¢ Hero
cragaet.
¢ 2.1.62. Camoner coBepliaeT BHP@K, IBHIasfch 10 TOPH3OHTATBHOM OKpYX-
Hoct! pajgmyca R c mocrosiHHo#i ckopocteio v. Kako# yron cocraBiiser Ioc-
KOCTb KPBbUIBEB CAMOJIETa C TOPH30HTOM?
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2.1.63. TopusoHTanpHBIA OMCK HAYMHAKT PACKPYWMBATH BOKPYI €ro OCH ¢
\IMHEHO BO3pAcTalolIel CO BpeMeHeM YITIOBO# cKOpOCTbIo w = €f. [lpu Kako#
yITI0BOH CKOPOCTH TEJNIO, PACHIOJIONEHHOE Ha PACCTOSHMH /' OT OCH JMCKA, HAUHET
COCKaIb3BbIBATH C HETO, ec¥ KO3 UIMeHT TPeHUA MEXIY HUMH paBeH u?

2.1.64. C xakoii MaKCHMAaIbHOM CKOPOCTBI0 MOXXET €XATh MO TOPU3OHTATBHON
IUIOCKOCTH MOTOLMKJIMCT, ONMChIBas KpYr pamdyca R, eciM kosbdUuHEHT
Tpenmsi pasen p? Ha kako#t yroia or BepTMKanu OH JOMKEH [PH 3TOM OTKIIO-
uuThcA? Bo CKONBKO pa3 yBeIMUMTCA MaKCUMalbHO HOMYCTUMas CKOPOCTb
MOTOUMKIJINCTA [IpU [BIXKEHHM MO HAKIIOHHOMY TpeKy C YITIOM HaKIOHa & K
rOPU30HTY IO CPAaBHEHMIO ¢ MAaKCHMATIBHO [ONMYCTHMOM CKOPOCTBIO NIPH [IBHXE-

K 3ao0aue 2.1.61 K 3a0aue 2.1.62
g
lg
\\ [+ 4
T
K 3adaue 2.1.66 K 3a0aue 2.1.67

HHH [0 TOPU3OHTATBHOMY TpeKy IIpH TOM e pagHyce IIOBOPOTa U TOM ke
Kxo3ddunueHTe TpeHua?

2.1.65*. KonnkoBexen Ha JIEJAHON HOPOXKE CTAPAETCH NPOWTH BUP@X KaK
MOXHO ONM>xe K BHyTpeHHe# G6poBke. BemocunemicT Ha BenmoTpeke, HaoGopoT,
HPOXOIMT BHPaX BO3MOXHO Jalbllle OT BHyTpeHHeH 6poBkH. Kak o6bACHHTDH
3TO paxiMvMe B TaKIHMKe NMPOXOxkOeHNs BUpaxa? [Ipodunb Bermorpeka Bce Kpyue
o Mepe yoarneHusa OT BHYTPEHHEH ero GPOBKH.
® 2.1.66%. B HUPKOBOM aTTPAKIHOHE MOTOUMIIIMCT IBHXKETCA M0 BHyTpeHHei
noBepxHOCTH cdepbl pamuyca R. PasornaBumich, OH HaUMHaeT ONMMCLIBATDL T'OPU-
30HTAIBHYI0 OKPY>XHOCTb B BepxHedl momycgepe. Ilocne storo pna 6oisiuero
s¢pdexTa HIXKHIOID nonycdepy youpaiT. OnpefennTe MUHAMATbHYI0 CKOPOCTh
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MOTOUMKIIMCTA, eC/IM KO GUUHENT TPEHHs! LIMH O MOBEPXHOCTb ChEepPhl PaBeH U,
a yrojl MCly BepTUKaIbI0 M HallPaBJIEHHEM K MOTOLMKIIHCTY U3 UeHTpa cdepbl
paBen a. Ilpu K =5 M, u= 0,5 HaliguTe MHHHMabHOE 3HAYEHHE CKOPOCTH, C
KOTOpOH MOTOLHKIIMCT MOXET IBUTATbCA 110 KpYT'Y B BepxHeil nonycdepe.

O 21.67%. C kakoil yrioBoil CKOPOCTbIO JIOJDKEH BpPAlIAThcA BOKPYT CBOCH
OCH TOPHU3OHTAIBHO PACIIOIOKEHHBIA UWITHHAP, YTOObI MEITKUE YaCTHUbLI BHYTPU
UMJMHAPA He COCKaTb3bIBalH ¢ ero nosepxHocTH? Koaduuuent tpeHus Mexmy
NOBEPXHOCThIO LIMJTHH/IPA ¥ YaCTHLIAMH paBCH 1, BHYTPeHHUH paauyc uMmuHapa R.

§ 2.2. Umnynsc. Lientp mace

2.2.1. YactHua mMacchl 71 OBMXKCTCA €O CKOPOCTBH U, a4acTWiia Macchl 2m
OBUKETCS CO CKOPOCTbIO 2U B HallpaBNeliMH, LIEPNEHOMKYSPHOM HatipaBJIeHHIo
ABW>KEeHHA MepBoi yacTMibl. Ha kakaylo yacTuily HauMHaIT IERCTBOBATh OfMHA-
koBble cHibl. [locrie npexkpalieHHs HEACTBKsi CWIT TNepBas 4YacTHIla ABWXKETCH
CO CKOpOCTBH 2UB HalpaBICHHH, OOpaTHOM ilepBoHaualbHOMy. Omnpepesinte
CKOpOCTb BTOPOH YacCTHILbI.

2.2.2. [lepBoHAYambHO HEMOHBHIKHOE €TI0, HAXOAAILCECA HA IO PH3OHTATLHON
INIOCKOCTU, Haudl¥ TAHYTh 3a NPMBA3aHHYH K HEMY BEPEBKY C IIOCTOSHHON
TOpH3OHTAIbHOM cHilol . Yepes Bpems At JeicTBHE ITOH CUITBI TPEeK PaTHIIOCh.
Kaxas cuna Tpenus peficTBoBala Ha TeNO BO BPeMA €ro ABWKCHHs, €CIIH OHO
OCTaHOBWJIOCH CITyCTA BpeMsA 3 A? nocie Havalla uBHKeHHA?

2.2.3. Kocmuueckuit kopabiib JOMKCH, M3MECHUB KYPC, [IBUT2TbCH C MPEXKHAM
IO MOAYJI0 MMIYIbCOM p IOA YINIOM & K MEPBOHAYAILHOMY HallpaBJIEHUIO.
Ha xakoe HamMmeHblce BpeMsi HYXHO BKJIIOUMTh [IBMTaTeslb ¢ CHIIOH TATW F M
KaK [pU 3TOM HY>XHO OPUEHTHPOBATh OCb IBHTraTeIs1?
¢ 2.2.4%, B Macc-ipofeTHOM CHEKTPOMETpe HMCTOYHMK HCIYCKaeT CrycToK
3apSKEHHBIX YaCTHL, KOTOpble CHAauama JICTAT CBOGOJHO M MpPOJIETAIT UYepes
Nepsblii [ATYMK D), HAXOQAIWHCA HA pacCTOSHMM L OT CeTKH. 3a CeTKOH

K 3a0aue 2.2.4

O HOpMajli K Hell Ha 4YacCTMUbI FeHCIBYeT JneKTpuueckas cuia F. YacTHusl
MOBOPaYHBAKTCA H BbUIETAIT YePe3 CETKY Hazajl, NposieTas Yepe3 BTOPOM HaT-
WK [, , HaxopAwmicA Ha TOM e pacCTOAHUM OT cevku. OT HanpsaxkeHus
MCTOYHMKA 33BHUCHT CKODPOCThL BBUIETAOIIMX YaCTUL, HO TOYHOEe ee 3HAyeHHe
OCTaeTCA HeU3BECTHBIM. MeHAA HallpsXeHHe, HIMePAWT Bpems MexAy cpabatmi-
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BAaHUAMH JAaTUHKOB K HaxXOOAT HauMeHbUwie ero 3HaueHwe Atr. Kakopa macca
yacTuupl? Kak MOXHO HaHTH Maccy YacTHll, €CY UCTOYHHMK HCHYCKAacT HeCKOJb-
KO COPTOB YACTHIL ¢ Pa3HOH Maccoit?

2.2.5% swmmMk ¢ 11eckOM Macchl M IeHT Ha FOPU3OHTAJILHOM MIOCKOCTH,
K02bdUUHEHT TpeHUA ¢ KOTOpOH paBeH ji. [log yriioM o K BepTHKANy B AWUK
€O CKOPOCTbIO U BIIETaET MyNA MAacChl 71 W MOYTH MIHOBEHHO 3aCTpeBaeT B fec-
rke. Yepe3s Kakoe Bpems Nocile MONAJAHUA NydH B AMMK, HayaB [BUTATbCA,
ocranoBurcia? [1py KakoM 3HaueHHH & OH BOOOwe He ciBUHeTcA?

2.2.6. CecTppl CTOAT Ha KOHbKAX HA INMAnKOM bay. CTaplias ToiakKaeT miuami-
uryto. ObBe HauyuHAOT KATUTBCA, HO MNA/JUIafA ¢ 32METHO OONbIUeH CKOpPOCTbIO,
ucM cTapuias. ~Hasai, Tenepb A Te6d 10JKHY”, — rosOpuT miamuas. Bonpeku
cc O>XHM/IAHUAM, OHA CHOBA OTKATbIBAETCA ¢ GONblUeH CKOPOCTbIO, YeM cTapuIaf
cecTpa, MpUYeM BO CTOIBKO e pa3 Oomnbuieit, uto u npexne. llouemy Tak
npouvcxonur? ]

2.2.7. [lpu HabnioaeHUAX ¢ 3eMIM yaacTCA ONpeLeNUTh TOJIBKO pajidaibHyo
CKOpPOCTb 3Be3;1-IapTHEPOB, BXOJIAIIMX B COCTaB JBONHOH 3Be3nbl, (T.c. NpoeK-
IIMI0 CKOpOCTY Ha mnpAmyw 3emiid -- 3Be3ua). [lpu u3MepeHHAX IONyyeHbl
3HaYeHHA pafiIMaibHOH CKOPOCTH U H U; 3Be3/I-TapTHepOB ABOIHOM 3Be3/bl. Ipu
IIOBTOPHBIX M3MEpPEeHHsAX, MpPOBeJCHHbIX Yepe3 TO/, 3HAUCHUA ITON CKOPOCTU-
OKA3&IMCh DPABHBIMU VU, H U,. HaliuuTe OTHOIIEHME Macc 3Be3n-NapTHepoB,
BXOAALIMX B COCTaB JTO# ABOHHON 3Be3/Ibl. [loyeMy Hy>KHO U3MEHUTL pacyeThbl,
eCIy NOBTOPHOE U3Me peHUE NPOBOJIMTCA Yepe3 MeCAll WK nojarona?

2.2.8. Yenosek pewmn GexaTb MO pe3WHOBOM JieHTe, HaTAHYTOH Ha JBYX
I'OpH30HTANbHBIX pPOJIMKaX, TpeHUA B OCAX KOTOpbiX HeT. Ha mepBrit Barnag
KaXkeTcsd, yTO 3TO HEBO3MOXHO: YeJIOBEK HE MOXET NlepellaTh UMITYJIbC HU JIeH-
Te, HYU POHMKaM, TaK KaK WX MOJIHbIA UMIyJIbC paBeH Hyito. CileyeT M U3 IT0-
0, YTO YeJJOBEK OCTaHEeTCs Ha MecTe?

% 2.2.9% Ha nioxosueecs Te0 Maccyl /71, HalleTaeT CO CKOpPOCTbIO ¥ TeJlo Mac-
cbl m,. Curna, BO3HUKAIOIIAA PU B3aUMOJIEHCTBHH Tell, TUHEHHO 3aBUCAMIAA OT

K 3adaue 2.2.9

BpeMeliM, PacTeT OT HyIf 70 3HaucHUA Fo 3a Bpemd [, 4 3aTeM PaBHOMEpPHO
yObIBaeT OO HYJS 32 TO e BpeMd . OnpeesMTe CKOpOCTh TeJl TOCe B3aMMO-
AEHCTBUA, CUUTAA, UTO BCE IBHXKEHUSA MIPOUCXOJIAT 110 OJTHOM M pAMOH.

2.2.10. Kocmuueckuit xopaGnp mepe OTAelleHUEM moOCHemHel CTylieHU
PaKeThl-HOCHTENS MMeJl cKopocTb v . [lociie oTOpachiBaHUA TOCNeIHeH CTYTICHH
€ro CKOpocTh cTajia paBHo# 1,01 v, Mpu 3TOM OTACNUBLUAACA CTyTieHb yaTAeT-
cA OTHOCUTCNBHO KoOpalis co cxkopocTeio 0,04 v. KakoBa macca nocnegHen
CTYIeHH, eClTH Macca Kopabns mg ? 1
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2.2.11. TIpoTOH C HaYanbHO# CKOPOCTBIO U JIETHT NMPAMO Ha NePBOHAYATBHO
TOKOAmeecA sAppo renusa. KakoBa cKOpocTh 4YaCcTHI, TpH HauGoONbLIEM HX
commxernuu? Macca ampa renus GIK3Ka K yueTBe peHHON Macce POTOHA,

2.2.12. CHapsy, pa3pbBaeTCH B HauMBBICHIEH TOUKE TPACKTOPHU Ha pacCToOf-
Hud L TO ropu3OHTaIHM OT MYIUKH Ha ABA OOMHAKOBBIX OCKONKa. OmMH M3 HHX
BepHYJICA K INyLIKe MO NepBOHAYATBHOM TpaeKTOPHH CHapsana. ['me ymasn Bropoit
OCKOJIOK ?

2.2.13. AprwutepHcr CrpelifieT M3 MYNIKH AAPOM MAcChl /77 TaK, YTOGBI OHO
YIalto B HeNMpHATENIbCKOM Jarepe. Ha BruleTeBiiee H3 MyukH AOpo CaguTCA Ga-
poH MioHXxray3eH, Macca KoToporo 5 m. Kakyio 4acTs IIyTH [0 HEIIPHATEIBCKOTO
nareps eMy HpHIOeTCA HATH NeluKoM?
¢ 2.2.14. Yacruna mMaccel 7, , HMEIOLIAsA CKOPOCTD v , HAIETENa HA NOKOALeecs
TEJI0 MacChl /M, M OTCKOYWIa OT HETO CO CKOPOCTBIO ¥ TIOM NPAMBIM YTIIOM K
HanpaB/ICHHIO TIepBOHAYATBHOTO IBHXeHHA. KakoBa ckopocTh Tena mMaccsl 71, ?

y Z

K 320aue 2.2.14 K 3a0aue 2.2.15

¢ 2.2.15. Ilpu B-pacnage MOKOALIETOCA NepBOHAYATIBHO HeHTpoHa oGpa3yoTcA
MpOTOH, 3MEKTPOH M HeHTpHHO. UMIy/IbCHI MpOTOHA U TIEKTPOHA Py ¥ D3, YTON
MexXny HHMH a. OTipeie/iuTe UMITYJIbC HEHTPHHO .

¢ 2.2.16. PanpoaxiBHOE AApPO PacHanoch HA TPH OCKOJIKA MAcChl My, My, M3,
HMEIOIIMX CKOpPOCTh V;, V4, V3 COOTBeIcIBeHHO. KakoBa Obuia cKOpOCTh Agpa
go pacnapga?

2.2.17. KocMoHaBT Maccel m; NPHOIHXAeTCA K KOCMHYECKOMY KO pabiio
Macchl M, C MOMOIIBI0 NerKoro Tpoca. [lepBoHayanpHO KOpabilh # KOCMOHABT
HeNOBUMXCHEI, @ pacCTOAHWE MeXIy HMMHM paBHO /. Kakoe paccrofHue mpoigyr
KOpaBinp ¥ KOCMOHAaBT 00 BCTpeyH?
¢ 2.2.18. JIBe 3apsxeHHbIE YACTHUIEBI MACCHI 712 M 2/, HMEIOLLIME PaBHbIC 1O MO-
Oylio HMMIYJIbChl, OTHOBPEMEHHO BBUIETAOT HABCTpedy OApyr Apyry H3 TO-

U1

Uy

Uz

02 K za0ave 2,2.16 K 3a0aue 2.2.18



yek A u B. YacTHupl B3auMOMEHCTBYWT TONMBKO APYT ¢ Apyrom. [1o Tpaektopuu
YaCTULBI MAcChl 2/, IPMBEAEHHOW HA pHCYHKe, BOCCTAHOBMTE TPaeKTOPHIO pY-
rOH YaCTHLBI.

> 2.2.19. Kocmuueckas craHuus MpeAcTaBiiseT coGOd IWUTMHAP paguyca R M
Maccpl m,. KOCMOHAaBT Maccht m; Hayaln KpyroBok OOXO[ CTaHiMu 1o ee
moBe pXHOCTH.OnpeiesiiTe TpaeKTOpH0 KOCMOHABTA M TPAeKTO PUIO LIEHTPA CTaH-
uuH. [lepBOHAYAIBHO KOCMOHABT H CTAHLMA HEMOABHKHBI.

~———

K 3a0ave 2.2.19 K 3a0aue 2.2.20

O 2.2.20. I'me HaxoOUTCA UEHTP Macc: OJHOPOJHOTO NpyTa, COTHYTOTO Mocepe-
[dHe MOM NpAMBIM YITIOM; OZHOPOIHON TpeyroibHOM MIIaCTHHKM; rapmepob-
HOT'O HOMEpPK2 B BH[IE IUCKA C KPYITIbIM OTBE PCTHEM.

v 2.2.21. Ha nepBoHayanbHO HeMOJBWIKHOM TelleXXKe YCTAaHOBJIEHBI [IBA BEpPTH-
KIIBHbIX LWIMHIPHYECKUX COCYNa, COeONHeHHbIX TOHKOH TpyOkod. Ilnmomanp
CeUeHHA KaXIOTO cocyna S, paccTosfHue Mexay ux ocamu /. OnouH U3 cocynoB
3arOJTHEH XXHIKOCTbIO MIIOTHOCTH p. KpaH Ha coemuHHTESTbBHOH TpyOxe OTKphI-
Balot. Halimure ckopocTh Tenexxu B MOMEHT BpeMeHM, KOTId CKOpPOCTb YpOB-
Hell »aaKOCTH paBHa v. [lonHas macca Bceit cucreMsr m,

¢ 2.2.22*%. Ha rmaagxoM mony CIOMT COCYy[, 3alOfIHEHHBIH BOMOW MJIOT-
HOCTH pg; 00beM BOabl Vy. Oka3zaBlIMiCA Ha AHe cocyla Xyk obbema V u
TJIOCTHOCTH P Yepe3 HEKOTOpoe BpeMs HAYWHAET MOJI3TH MO JHY COCYOa CO CKO-
POCTbI0 4 OTHOCUTENBHO Hero. C KaKoW CKOpPOCTbIO CTaHeT ABUIarbcsa COCYI, MO
nony? Macco# cocyna npeHeGpeub, ypoBEHb BObI BCC BpeMsA OCTAETCH I'OpU30OH-
TAJIbHBIM.

K 3a0aue 2.2.21 K 3apaue 2.2.22
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2.2.23. [Ina co3maHuA MCKYCCTBEHHOM CWIBI TSAXKECTH [IBA OTCEKa OpOHTANIB-

Hoii craHuuu (OTHOWIeHHe Macc 1:2) pa3Benu Ha paccrosHue R gpyr oT mpyra
M pacKpyTWIH BOKpYr uX oOmero neHrpa macc. ONpefenuTe BpeMs NMOJHOTO
oBopora OTCeKOB, eclid B DoJjlee MAaCCHBHOM OTCEKe HCKYCCTBEHHAA CHIIA TAXec-
TH B IBa pa3a MeHbIle CWIbI TAXKECTH Ha 3emile.
O 2.2.24™ JIsa Tenma MaccCel 1, H M, CBA3AHBI HATAHYTOH HUTBIO IIHHBI ! H
OBIKYTCA MO THagKOA TrOpHU3OHTABHOH NMOBEpPXHOCTH. B HeKOTOpBIH Mo-
MEHT BpEeMEHHM O0Ka3aJloch, YTO IIEpBOE TEJO HENMOOBHXHO, 2 CKOPOCTh BTO-
poro Tena, paBHas v, NepHeHAMKYNsApHa HuTH. ONpenenure CWy HATAXKEHUA
HHTH.

K 3a0aue 2.2.24

2.2.25"% KocMHueckas CTAHIMA COCTOMT M3 OBYX OTCEKOB MacChl #1; M m,,
COeIMHEHHBIX IMHHBIM OJHOPOIHBIM TpocOM HiiMHbI L. CTaHUMA Bpamaercs
BOKPYT OCH, NepleHIMKYIAPHOH Tpocy. KakoBa yrnoBas ckopocTs BpaineHus,
eCJIM CHIa HATSDKeHMA Tpoca BONMM3M NMepBOro OTceka pasHa T, a BGIHM3HU BTO-
poro — T2 ? KakoBa macca tpoca?

2.2.26™. Tpu TOYeyHble MACChI My, My, M3 CBA3AaHBI HHTAMH IJIMHBI | H
BPALIAIOTCA C YITIOBOH CKOPOCTBIO W BOKPYT HEHTpa Macc, COXpaHafs KOHQH-
TypaUHK PaBHOCTOPOHHETO TpeyroibHMka. Haiigurte cwiy HaTseHMA Bcex
HHTEH.
¢ 2.2.27. B cocyne, HanoJIHeHHOM BOIOHM MNOTHOCTH p, C YCKOPEHUEM 4 BCILIbI-
BaeT My3bIpeK Bo3ayxa, o6veM kotoporo V. Haiigure cwiy maBneHus co cropo-
HBI cOcyna Ha onopy. Macca cocyna BMecre ¢ BOJIO# pasHa m.

K 3a0ave 2.2,27 K 3a0ave 2.2.28

¢ 2.2.28*. Ha rtenexxe ycTaHOBNeH NWIMHAPHUYECKHMH COCyl ¢ IIOLIANBIO
ceyeHHs S, HaNOJIEHHBIH XUOKOCTbIO TOTHOCTH p. OT cocyna NapaiesbHO MOy
OTXOOWT VIMHHAa#® M TOHKAasA TOPHU3OHTAIbHAag TpyOka, HeGOmbLIOH OTpe3ok
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KOTOpO# BONH3M KOHIA 3aTHYT 0 BepTHKanu BHU3. PaccTosiHme OT ocH cocymda
oo otBepcTA TpyOGKH paBHO L. YpOBEHb XHIKOCTH B COCYHe ONyCKaeTcA ¢
yckopeHHeM a. Kakoil ropH3oHTAIbHOH CWIOH MOXHO YHOEPXATb TEJIEXKY Ha
mecre?

¢ 2.2.29*. OGe3bAHa Maccbl M YpaBHOBelieHa NMPOTHMBOBECOM Ha (oke 4.
bnox A ypaBHOBellleH rpy30M Macchi 2m Ha Gnoke B. Cuc-
TeMa HemopaBikHa, Kak Oymer mBuratbes rpys, eciu obe3bs-
Ha HaYHEeT DaBHOMEpPHO BbIOMpaTh BepeBKY CO CKOPOCTbIO
u OTHOCHTENbHO cebA? Maccoit O6oKOB M TpeHHEM Ipe-
HeOpeyb.

2.2.30. Ha 1poce BHCUT HeGONBILOH AUMK C HECKOM, B KO-
TOPOM 3aCTpPeBaioT NyJH, JeTAlMe TOPH3OHTAIBHO CO CKOPO-
CTbI0 U. Macca TyaM m; MHOrO MeHbllle MacChl AIIKMKA ;.
Tpoc oTkioHAETCA OT BepTHKaIM Ha yroj a. Kakoe uucio
Ty’1b MONAJaeT B NeCOK 32 eNUHHUIY BpeMeHH?

2.231. Ha vame BecoB mnpsiraeT N [UapuKOB MacChl M
KaX7pii. KakoBa cpenHAs CHiIa, [EACTBYIONIAA Ha Yallry BeCOB,
€CJIH CKOPOCTb LWIAPMKOB MO MOy He MeHsAeTcA? YBEIHUH-
BaeTCA WIM YMEHbIIaeTCsA 3Ta CWIA, eCH MOcie yaapa CKO-
POCTh KXXAOro IIapHKa yMeHblIaeTca?

¢ 2.2.32* B uunuHApe nop mopiuHeM Maccel M IphIraioT, YIpyro yuapsschk o
MOpuUieHs M [HO UMIMHEpPA, N IUAPHMKOB Macchi m Kaxaplid. Cuma TAKecTH,
Oe#cTBYlolIad Ha TIOpllieHb, ypaBHOBeLIEHa yNapaMH LIAPHKOB. PaccrosHue
MeX/Iy [HOM UWIMHApA K MOpuHeM paBHO /. [[oTHas 3He prusi Kaxoro mapuka
omuHakoBa. Ha kakyio BbicOTY GydyT NMOMACKAaKHBATh LIAPHKH, eCIIH NMOPIUEHDb
GbICcTpO y6paTh? N > 1.

K 300avue 2.2.29
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K 3a0ae 2.2.32 K 3a0aue 2.2.33

¢ 2.2.33* BHyTpH cepnl pamuyca R cO CKOPOCTbIO U HBHIXKETCH YacTHLA Mac-
Cbl M, YNpYro yHapsfch O ee CTeHKH. CKOpOCTh HacTulipl 0Gpa3yer yrom « ¢
paguMycoM, NpoBeNEHHBIM B TOUKY yaapa. KakoBa 1no mogyiio cpemHAA CHIIa,
DedACTBYIOIIANA CO CTOPOHBI creHOK cdepsl Ha yactHuy? KakoBa cpepsss cuna,
OEHCTBYIOILAA Ha edMHHIy Iutowand chepsl, ecmu B equHuue o6beMa colepXkuT-
¢ N rakux yactiu? YacTuubt Mexay coGoii He CTAIKMBAIOTCA.
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2.2.34. ]lBe Ttenexxu Maccel M Kaxmas OBWXKYTCA MapaulellbHO ¢ Haualb-
HbIMHM CKODOCTAMH U; M U,. I'py3 maccbl m, cHayaia NexaBIIMH Ha IepBO#H
TENIeXKe, C NOYTH HyJIeBOH CKOPOCTbK OTHOCHTEJIBHO 3TOH Telexku nepebpa-
CbIBAI0T Ha BTOPYIO0 TellexKy. 3areM C IIOYTH C HyJIEBOH CKOpPOCTBIO YyXKe OTHO-
CHTENbHO BTOPOH TeNeXXKH ero mepeOpacpiBaioT oOpaTHO Ha mepBywo. Kakoit
CTaHeT pPa3HOCTh CKOPOCTEH TellexeK Mocie N Takux MepeOpocoB rpy3a Tyna H
obparHo? [lonpoGyiite KayecTBeHHO OOBACHHTD BA3KOE TpeHHe, BOZHWKaroUee
HPH MPOCKATb3bIBAHUHM CJIOEB ra3a OTHOCHUTENIBHO [PYT Apyra.

Up
L~ /N
] l U
e
K 3a0aue 2.2.34

2.2.35. Pakera ceyeHMs S. OBMrasach B KOCMHYECKOM [POCTPaHCTBE CO CKO-
pOCTBIO u, Tomapaer B OGIaKO HEMOIBIDKHOH NMBUIH TNOTHOCTH p. Kakyro cuty
TSArM OO/KHBI pa3sBUBAaTb IBUTATeNIM paKeTsi, YTO6GBbl Ta MoOIJIA NPOAOIIKATH
IABHMTaThCA ¢ TOM e NOCTOSTHHOM cKOpocTbio? ¥YIapbI NbUTHHOK O PAKETY CUUTATh
aGCoNIOTHO HeynpyruMu. U3MeHeHHeM MaCChl pAKeThI TIpeHeGpeys.

2.2.36. Pakera maccel m 3aBHCIIA Hasg MOBEPXHOCTBIO 3eMiH. CKOJIBKO TOMJIH-
Ba B egMHMIy BpeMeHH OHa HOJDKHA pacxodoBaTh IIpH 3TOM, €ClIH CKOPOCTb
HCTeYeHUA ra3a u? Kak M3MEeHHTICSA pe3ynblar, ecllM paKeTa NIOJHHMAeTCsA C YCKO-
peHuem a?

2.2.37. Onpenenute ity TArH BO3AYHIHO-PeaK THBHOTO [IBUTATENIA CAMOJIETa,
JIETAILETO CO CKOPOCTBIO U. MaccoBBIi pacxon TOIUTMBA H MOCTYNAOLIEro B IBH-
rarejib BO3OyXa paBeH u; M [y COOTBeTCTBEHHO. CKOpPOCTh MPOIYKTOB Cropa-
HHMSA OTHOCHTENIBHO CaMOJIeTa Ha BBIXONE U3 [ABHIaTeNA u.

2.2.38. BogoMeTHbIM KaTep OBMXKETCA B COKOWHOM Bope. Cusla cOMpOTHBIIE-
HMA BOJIb! IBHXKeHMo Katepa F = ku?. CkopocTb BhIGpachBaeMoi BOMB! OTHO-
CHTENBHO KaTepa u. OlipenenuTe yCTaHOBHUBIIYIOCA CKOpPOCTb Karepa, eCllu ceve-
Hue MMOTOKA 3aXBauYeHHOM IBMraTesieM BOMbI S, WWIOTHOCTh BOMYI p.

2.2.39. Tpy6a pamuyca r 3amoJIHeHa NOPHUCTBIM BELUECTBOM IUIOTHOCTH Pg.
[lopiuerb, Ha KOTOPBIH AeHCTBYET NOCTOAHHAS cwia ', IBHTaAach B TpyGe, yIuioT-
HAET BEWECTBO M0 TWIOTHOCTH p. C KaKoH CKOPOCTbIO [BWXETCA NMOPINEHb,
€C/IM YIUTOTHEHME BELIECTBA MPOUCXOOUT CKAUKOM, T.€. B TpyBe fepeMeLiaeTcs ¢
HEKOTOPO# CKOpPOCTbIO TpaHMLA pa3pena, clipaBa OT KOTOPOH IUIOTHOCTH BelLle-
CTBa p, a Cl1éBa — po? B HauapHbIE MOMEHT 3Ta rpaHMLA COBMAnaeT ¢ MOBEpX-
HOCTbIO IO PLIHA.

2.2.40. Ha vaiue BecoB CTOAT MecouHble yachl. Korma necoxk BHM3y, MOKa3aHHA
BecoB — 2 P,. Bec nmecka paBeH P,. Yack! nepeBopauusaror. Hapucyitte rpadpux
3aBHCHMMOCTH NMOKa3aHWsA BeCOB OT BpeMeHHM. BpeMs mnajieHus Kaxao# mecynH-
KH A?, BpeMA TIpoTeKaHus necka 7.

2.2.41. OpHoponiHas 1eNMOYKa OJHMM KOHIOM NOIBEllieHa Ha HUTH TaK, YIO
OpyTMM OHa KacaeTcsi moBepxHoctu cyona. Hurbk nepexmraror. -Onpenenure
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3aBHCHMOCTb CHJIbl [JaBNIEHMA LEMNOYKH Ha CTON OT HIMHbI eule He yNaBIUEH ee
YacTH. Y1ap 3B€HbER O CTOJ HEYNIPYTHi, Macca LIENOUKH M, e¢ [JIMHa .

2.242. C xakoif cwloif OaBMT Ha 3eMin KoOpa, KOTOa OHa, TOTOBACH K

NpPbDKKY, NOJHHMAETCA BEPTHKANIBKO BBEpX C TOCTOAHHO#R CKOpOCTbio v ? Mac-
ca 3MeH m, ee [IHHA [ .
& 2.2.43. lenb ¢ HeynpyruMH 3BeHbAMM MEPEKUHYTA Yepe3 GIIOK , [1pHYEM YACTD
€e JIeXXHT Ha cTosle, a yacTb — Ha mony. [locie TOro Kak uelb OTHYCTHIIM, OHA
Hauajia npurathea. Haliure ckopocrh yCTaHOBUBIIEIOCS PAaBHOMEDHOTO [BHXe-
Hus Henu. Beicota crona A.

K 3adaue 2.2.43 K 3a0aue 2.2.44

O 2.2.44% BepeBKy, MepeKHHYTYI0 uYepe3 TNaaKWik IBO3[b, MPOTACKUBAKT
CO CKOPOCTbIO U CKBO3b Luelb. CWiIa TpeHHA B wenn £, mMacca eIMHMIbI TJIMHbI
BepeBKHU p. OnpenenuTe cwiy, AeHCTBYIOLIYI0 HA FBO3Mb, €CMIM YYaCTKH BEPeBKH
N0 pasHple CTOPOHbI rBO3AA 00pa3yrT yroi a. [lpy Kako#H cKOpOCTH BepeBKa
OTOHpET OT reo3aa?

2.2.45. llpn H3MecHEHHH CKOPOCTH KOCMMYECKOFO Kopabist Ha U cro Macca
yMeHbuMach B K pa3. Bo ckonbko pas ripu TO# ke CKOPOCTH MCTEYeHMs ra3a
(OTHOCHTENIBHO paKeTbl) YMeHsUIMIACh Gbl CTO Macca IIph H3MEHCHUHU CKOPOCTH
Ha BEJIMHYMHY, B 1 pa3 66buyo v?

2.2.46%. I'a3, BbITEeKAWIIMHA U3 COMIA PAKEThl, UMEET CKOPOCTb U OTHOCHTEIb-
HO Hee. OnpedeiIUTe M3MEHeHHA CKOPOCTH PAaKEThHl NMOCIE TOTO, KAK e€ Macca
M3-32 HCTCYEHHUA ra3a YMeHBIIWIACL B N pa3.

2.2.47* CxopocTb rasa, BbiGpachIBaeMOro pakeTO#, OTHOCHUTENIBHO Hee PaB-
Ha 2 km/c. OueHUTe HavaIbHYK MAacCy paKeTbl, KOTOpas MOXeT BBIBECTH Ha
opbuty 3emr cmyTHHK macchl 10* kr. Kak u3amMeHMTCA pe3ynbTat fpH BOBOE
Gostbiell CKOPOCTH MCTeYeHUs raza’?

§ 2.3. Kunetuveckas sHeprus.
Pabora. [lotenumanbHas sHe prust

¢ 2.3.1. Tlyuok 3aps>ke HHbIX YACTUI[ PA3THYHOR MACChl, UMEIOLLMX OHY U TY XKe
CKOPOCTb U, HApaBWJIH MO HOPMAJIM K [BYM CETOYHbIM NIEKTPOAM, MEXIY
KOTOpBIMH Ha K@Myl YaCcTULY [eHCTBYeT OfHa M Ta xe cuna F. [lpu xakoi
HaMMeHbiIeH Macce YaCTMil B NyuKe Bce OHH JOCTHTHYT BTOPOM CETKH, €CITH LLH-
pHHa 3230 pa MeXILy NMeKTPOIaMH paBHa [ ?
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2.3.2. Onpepenute cuiy, OEACTBYIOMYI0 Ha YacTHLy Macchl 1 B 3a30pe
HIMpUHBI | MeXAy CEeTOYHBIMH IIEKTPONAMHM, €CAM CKOPOCTb e¢ M3MEHWIACh
OT 3HAYEHHA V; Yy NepBOTO WIEKTPOAa [0 3Ha4eHHA U, Y BToporo? Kax no
3HayeHHAM CKOPOCTH Y4aCTHIIbI Y3HAaTh HaNpaBlieHWe [eHCTBYOlled Ha Hee
cunpr?

o

-~

—— .
K 3a0aue 2.3.1

2.3.3. Jina vcaesitaHus oGOpYyOOBaHMA B YCAOBHAX NMEPETPY30K H HEBECO-
MOCTH KOHTEHHep ¢ HUM 110a0pacbIBaeTcA Ha BbICOTY 125 M IHeBMaTHYECKUM
MOPIUHEBBIM YCTPOHUCTBOM, HaXOOALMMCA Ha OHe BakyyMHOH miaxrtbl, C KaKo#
CH/OH IcHCTBYET NIOpileHb, MOAGPAcHBaA KOHTEHHE P, CIIU [IPU 3TOM OH BBIABH-
TaeTcA Ha IIUHY 7 = 1 M, a Macca KOHTeliHe pa ¢ 060 pynoBanuem n =2 1?

2.3.4. OucHuTe Cpe/iHIOI0 CIITY, Pa3BUBAEMY 0 HOTAMHU UYEIIOBEKA [IPH [IPU3EM-
SIEHWH eI0 MOCJIe MPBDKKA W3 OKHA BTOPOIO 3TaXa.
¢ 2.3.5. Cuna, fefcTBYWMIasA Ha CHapAd MacChl M B CTBO!lE OpYy s, HapacTaeT
paBHOMEpHO OT Hyns [0 F, Ha yyacTKe CIBONA JUIMHBI /|, He MeHAETCA Ha
YyuacTKe CTBOId [UIMHBI [, M, HAKOHEl,, PABHOMCPHO YMEHbBILIAETCA [10 HYJs
Ha y4acTKe CTBOJIA [IuHbI / 3. KaxoBa ckopoCTh CHApA/IA PH BbUIETE U3 CTBOJA?

K za0aue 2.3.5 K 3a0que 2.3.6

¢ 2.3.6. OmHopomHbll 6pycOK. CKONB3AIMEA 1O IJIAIKOR [OPU30HTANBHON
MOBEPXHOCTH, NOIAacT HA LICPOXOBATBIA YH44CTOK JTOH MNOBEPXHOCTH UIMPH-
Hbl L, K03hduuneHT TpeHUA 0 KOTOPhIH U, [Ipy Kakoil HayanbHOW CKOpPOCTH
OH I pe0doneeT 3TOT YYacToK?

2.3.7. OkoHHyi0 WTOPY MacChl | KI' ¥ jUTMHBI 2 M CBEPTLIBAKT B TOHKUH
BUIMK HaJ OKHOM, KakoBa HauMCHbLIAA 3aTpaynBaeMasd NpU ITOM paboTa?
TpeHuem npenebpeus.

O 2.3.8. IlpyxuHa xecTKOCTH K MPUKpPeIicHa ONHUM KOHLOM K HelToJIBHXHOH
crenke. Ha gpyroil ee KoHeu B/10/Ib NPYXUHb] C HAYAJIBHOH CKOPOCTBIO U HAaJIeTa-
eT map maccel m. KKakoBa HauGosibiian nedopmManus cxxaTia npyskuibl? OTBEThb-
Teé Ha JTOT e BOMNPOC IS CIyuasi, KOTa IIpY>KMHA [pe/BAPUTIC/IBHO CKaTa U
YOEPXKUBACTCA HEPACTAXMMOI HUTbI, CBA3bIBAIOWIEH ce KOHUbl (HdyadIbHaA
neopMaumst MPYKUHBI PABHA Xg ) .
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2.3.9. U3 mIMHHOH NONOCKH PEe3UHBI XKeCTKOCTH k crienanu poratky. Haitou-
T¢ KUHETHYECKYI0 3HEPTHI0 ~CHAPSAA’, BBIMYIIEHHOTO U3 3TOW POTATKH, €CIH
PC3UHY PACTHHYIIM C CWIOH F ¥ 3aTeM OTIYCTHIH.

2.3.10. loyeMy NOXO CTPeNsIOT U CIHIIKOM TYrO HATAHYTbIE, H CIHHMIIKOM
¢11ab0o HaTAHyTbIE NYKU? Kak nono6pare Hauboslee moaxonamui nyk?

2.3.11. C BepxHCTO KOHUA IOCKH IJIMHBI [, 0Gpasylomiei yron a ¢ BepTH-
Kajiblo, HIYMHAET COCKaJIb3bIBaThb T€JIO Macchl M. Kakyro KHHETHYecKylo 3HEp-
THI0 OHO MpHOOGpeTET, NOHMA A0 HUXHErO Kouua Aocku? Paccmorpure cnyuai
OTCYTCTBMA TpEHMA ¥ Cnyyad, KOrna Kod3(pUUMEHT TpeHMA MEXOY TeloM M
nocko u < ctg a.
© 2.3.12. ABTOMOGMND ¢ paGOTALIUM JBUTATEIIEM Bbe3kaeT Ha OGIICHEHENYI0
ropy, MOBEPXHOCTh KOTOPOH 00pa3yeT Yronm o ¢ ropusoHToM. Kakoi BvicOTbI
ropy MOeT MpeoIoNIETh ABTOMOOWIb, €CITH €r0 HAYalibHAsL CKO pOCTb HIpH Bbe3me
Ha Hee paBHa v, 2 KO3 dHUKEHT TpeHuA KoJlec o nef 1 < tg a?
¢ 2.3.13. I'pys Maccel m MemjIeHHO I1IOJHUMAIOT HA BbICOTY A TIO HAKIIGHHOWM
NIOCKOCTH ¢ MOMOmblo 6j10Kka M Tpoca. [lpu 310M coBepiaeTca pabora 4.
3aTeM TpoC OTILYCKAOT, M rpy3 CKOJIB3HT BHM3. Kakyio ckopoctb OH HaBeper,
OIlY CTUBILIMCh IO MCXO;THOH TOUKH?

K 3a0aue 2.3.8 K 3a0aue 2.3.12 K 3zaoavue 2.3.13

{ 2.3.14. CpedHeBeKOBLIX NMOBOPOTHBIH MONOT HMEET TsKeJIblH BOEK Macchl m
112 KOHIIE JIEFKOr0 CTepxHs JUMHDI /. Ero NpUBOAAT U3 ropyu30HTANIBHOTO B NOY-
TH BepTHKAIbHOE MMONOXeHHe, MOBOPAYNBAA BOKPYr OCH, MpoXOUALICH yepe3
[pYro# KoHen cTeprxhs. Kakyo HaMMeHblIY0 paGOTy HY>XHO COBEPIIUTD, YTOOI
itogHATh MO0T? TpeHUeM B OcH MpeHe Opeus.

2.3.15. Kaky1o HaMMeHbliyl0 paGoOTy HYXHO COBEpLMTb, 4TOObI f€XAIIHK HA
3emMile JUITMHHBIE OOHOPOHBME CTOJ6 [JIMHBI / ¥ Macchl m IIOCTABUTb BEPTH-
KaJIBHO?
¢ 2.3.16. I'pysuk, NOJBEIUEHHBIA HA HUTU JUTHHBI /, OTKJIOHMITM HAa PACCTOAHHE
r OT TOUKH paBHOBecus U oTnycTuH. KakoBa ero HauGosiblias ckopocTb?

% 2.3.17. [lo penbcaM, 06pasyrLIMM 1o pH30OHTATIBHBIH KPYTOBOH MyTh pajuyca
R, KaTHTCA CO CKOPOCTbI0 U BAroHeTKa macchl M. PaGouui GexxHT 3a Heid M Ha-
YMHAeT OCTAHABIIMBATDb €¢, HATATUBAsA 11 pUBA3aHHBIA K BATOHETKE TPOC C CHIIOK F'
104 YIIOM 7 - 0 K HANpaBjeHU0 CKOPOCTH BaroHerkd. CKoNbKO 060pOTOB
110 K pyTY COBEpIIIMT BaroHeTka A0 ocraHoBku? TpeHnem npeHe Gpeus.
¢ 2.3.18%. BepeBka NpuBA3aHA K CAHKAM M MepeGpoILeHa uepe3 MepeKnaguHy
BOPOT BBICOTHl 4. MaJibynK, CUIAUIMA HA CAaHKAX, HAYMHACT BLIOUPATL BEPEBKY,
nararuBag ee ¢ cwion T. Kakyl cKopocTb oH NpuoGpereT, Tipoe3ixas Mo Ie-
peknanuuon? HavaneHas gf1uHa HaTAHYTOH uyacTH BepeBKH 2/, Macca MAIbUAKA
¢ cankamu m. TpeHune M npeneGpeus.
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0@ 1

K 3a0aue 2.3.14

K 3a0ave 2.3.17

K 3adaue 2.3.16

K 3a0aue 2.3.18 K 3a0aue 2.3.20

2.3.19. IlIByM OfMHAKOBBIM TeNlaM COOBILAKT PaBHblE CKOPOCTH, HAIlpaBJIEH-
Hble MO[, OTHUM H TeM 3Ke YIJIOM K TrOpuM3OHTY. OIHO TeNl0 HaXOOMTCA Mocie
fpocka B cBOGOJHOM [IBHIKEHHH, a Jpyroe JIBHXETCs Ge3 TPEHUs MO MpsaMOH
Tpy6e. Kakoe Tesio NoHHMeTCst Ha GOJIBIIYIO BBICOTY ?
¢ 2.3.20. I'opusouTanbHbIe MOBEPXHOCTH, OTCTOSAILUME APYT OT IPYTa O BbICOTE
Ha h, MaBHO coepvusAwTCcA. o BepxHel NOBe pXHOCTH OBHXKETCA TENO CO CKO-
pOCTBI0 U, COCTABJIAILIEN YroN @ ¢ HOPMIbIO K NHHMH conpsokenus. Haimure
YTOII MEXY CKOpOCTBIO TeJla HA HH>KHed MOBEPXHOCTH ITIOCKOCTU M HOPMAJIBIO
K JTHHHH CONpskeHHA. TpeHHEM IpeHE Opeyb.
¢ 2.3.21. Yactuua maccel m co CKOPOCTBIO U BNeTaeT B OfVIACTb OEHCTBUA TOD-
MO3IeH CHWIbI F IOO yIIIOM @ K HallpapleHHIo 310N cwibl. [l0f KaKuM yrioM
K HalpaBJIEHHIO cWiIbl F OH2 BbUIETHT M3 310 ofwiacTu? llupuHa oGnacry ne#crt-
BuA cuibl /. [IpH KaKOM yCITOBHH yacTHiia HE CMOJXKET Tie pecedb 3Ty ofnacrs?
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K 3a0que 2.3.21 K 3a0aye 2.3.23

2.3.22. Fa uutv nopger e wapnx. Hurs npuBogaT B ropr30HTAIBHOE OO~
KEHHe M 33TEM OTILy CKAMT INApHK. B Kako#H TOuke TpaeKTOPUH €ro ycKOpeHHe
HaIlpaBJIeHO BePTHKAJIbHO BBe pX? BEPTHKABHO BHU3? rOPH30OHTANILHO?
> 2.3.23. Hutb miuHer [ ¢ NPUBS3aHHBIM K Hedl LIAPHKOM MACChI /11 OTKIIOHH-
;i Ha 90° oT BepTHkany u ormycrwi. Ha kakom HauMeHbLIeM paccTOSHAM MO
TOUKOH MOJBeca yXHO IOCTaBHTh IBO3[b, YTOObI HATh, HaJleTeB Ha HEro, Nop-
Banace? HUTh Boife p>kiBaeT cuity HaTsxkeHus 1.

2.3.24. lllapuky masTHMKA Macchl /77 COOGLIMIM MHHHMAJIBHYIO CKOpPOCTb,
1pH KOTOPOM OH ellie MOXET OIMChIBATh OKPYXHOCTh B Be pPTHKAJILHOM TLIOC-
kocry. Kaxas cuima fgeficTByeT Ha OCb TpH MPOXOXKICHHH MAsITHHKOM TOJIOXKE-
1M paBHOBecHaA? PaccmoTpute ciyyam mojBeca IIapuKa Ha JIEFKOM CTepXKHE
1 Ha HMTH.
$ 2.3.25. Ha xaxoM MHHHMMAIbHOM PacCTOSIHMHM OT MECTA 33K pY[JIEHH A CKIIOHA
J10JIXHA pacrioNaraTbesA CTAPTOBAas IUIOLIAK A JIBDKHHKOB,, YTOGbI OHH, IOCTHIHYB
32K pyIJIeHMA, Hayany cBO6OaHbI noneT? Yroi cKIIOHa &, pafHy Cc ero 3aKpyre-
HAA R, x03HUMEHT TpeHNA mexay JbkaMH B cHeroM u < tg a. CTapToBO#
CKO PO CThIO JIBDKHHKOB TIpeHe Opeyb.

K 3a0aue 2.3.25

2.326. C BepumHal [TagKoi Mosycdepsl pagiyca R, HEMOIBHXXHO CTOAILEH
Ha TOPU30HTATIBHOM IUIOCKOCTH, COCKaNb3biBaeT HeGombiuoe Teno. Ha xaxon

BBICOTe Haji 3TOi IUIOCKOCTBIO OHO OTOPBETCS OT NoJycgepb?
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O 2.3.27. Tenexxa ckaTeBaeTcA MO TIIAJKHM pelibcaM, OOpa3ywILiMM BepTH-
KaIbHY0 nerso pamuyca R. C xakoil MHHMMAIIbHOM BBICOTBI OT HHXKHEH TOUKH
MeTIIH JOJDKHA CKAaTHThCA TellexkKa I TOTO, YTOOBI HE NMOKMHYTh PEJIbChbI IO
Beel uX mymHe?

¢ 2.3.28*. o BeprHKanbHO crosued [NAAKOH M TBEpPHOOH CIMPAIN CKOJIB3MT
6ycuHKa Macchl m. Pamuyc NeTimM cipanu paBeH R, war ciMpand (paccTosHue
MO BepTHKAIH MeXOy COCeHHMMH BHTKamu) — h. C xako# cHio#t GycuHka
OeficTByeT Ha CIKpallb B MOMEHT, KOr[Ja OHa CITyCIHJIach IO BEPTMKAIM Ha
paccrosiaue H 7 HayanpsHasa ckopocTs OycHHKH paBHa HYJIO.

2.3.29*. BycuHKa Macchl M CKOMNB3UT MO BepPTHKAIIBHO pACIOJIOKEHHOMY
BOITHOOGPA3HOMY YYacTKy MNIafKoH NMpoBoJIOKH. JIJIMHA BOJIHBI MHOTO MEHbILIE
IJTHHBI YYaCTKa U MHoro Goiblile pasmepoB GyCHHKH, a [UIMHA TPOBOJIOKHM Ha
yuacTKe B k pa3s Gojiblie ero NpoTsokeHHOCTH, C KaKoi cpeaHei CUIION el cTByeT
Oy cMHKa Ha 3TOT y4acTOK MPOBOJIGKH?
¢ 2.3.30. Onpepenure cwty, AefCTBYIOLEYIO Ha Be pTUKAJIbHYIO CTEHKY CO CTOpPO-
HbI MAJaileil raHTeNlM, KOrda OChb FAHTENIM COCTABIIAET YTOJI & C FOPH3OHTOM.
FaHTenb HauMHAeT [BH)KEHME M3 BEPTUKAJIIBHOIO MOJIOXKEHHA 6Ge3 HayalbHO#
CKOpOCTH. Macca Kaporo 11apHKa TaHTeNu m.

U @ lg
J X S
K 3adaue 2.3.27 K 3adaye 2.3.28 K 3adave 2.3.30

2.3.31. TaHtens mivHp / ¢ MIapHKamH OOMHAKOBOM MAacchl Ha KOHIAX YCTa-
HOBJIeH BePTUKAJIBHO Ha IJIafKOH TOPHIOHTANIBHOM IUIOCKOCTH. 3aTe€M raHTeNb
otnyckawT. OnpegenMre CKOpPOCTh  BepXHero LIapukKa IMepell  yHO2pom O
IUIOCKOCTb.
¢ 2.3.32*. Kaxopa pafoTa CWIBI TpeHust 3a OfMH 0BOPOT aspocaHel, gBHXKY-
IIMXCA N0 BepTUKaNbHOM KpyroBo#ll mopoxxke? CKOpOCTb CaHe# IOCTOAHHA M
paBHa v, Macca caHeil m, KO3bUIMEHT TPeHUS U.
¢ 2.3.33*. Teno ckoNMb3UT MO IUIOCKOH NMOBE PXHOCTH, IUIABHO Iie pexosuei B
OpPYTy10 IUIOCKYI0 TOBEPXHOCTh, PACHOJIOKEHHYI0 MOI YIIOM & K IepBOMH.

=

K 3a0aue 2.3.32 K 3a0que 2.3.33
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Koaddumment rpenns u. OnpeneNinte KMHETUYECKYIO 3HEPIHIO B KOHIle y4acTK a
COM PsXKeHU A TIOBE PXHOCTel, ecli B Hauane oHa paBHa Ko .

2.3.34*, 3aBMcHMOCTH TMHBI Mpo6era Afgep M3OTOMNOB BOROpOHda B (hOTO-
IMYJIBCHH OT HAaYaJIbHOM KHHeTHYeCKOH 3HeprHu NMpHBepeHa B TaGmHie. Ilocr-
poOiiTe MO 3TUM JAHHBIM rpaduK 3aBUCHMOCTH TOPMO3ALLEH AMPA CUITBI OT KBaf-
paTa CKOpOCTH M TOATBEpOMTe HIIM OINpOBE prHUTe NMpeIloNIOXKEeHHe, YTO 3Ta
CHITa He 3aBHCHT OT Macchl fifiep. C XOpOIeH TOUHOCTBIO Macca AEHTpOHA My =
= 2m,, mMacca TpHTOHA m; = 3mp, m, — Macca MpoTOHa.

Aueprusa, MaB dueprns, MaB
Mpo6er, IIpoGer,
MKM MKM
MPOTOH OeifTpoH TPHUTOH NpoToH | neATPOH | TPHTOH
5 0.47 0,58 0,63 30 1,66 2,10 2,40
10 0,78 0,98 1,10 40 2,00 2,55 2,89
20 1,26 1,60 1,82 50 2,32 2,97 3,37

2.3.35. YactMna maccel m BrieTaer B oGnacts, Ie Ha Hee [EHCTBYET TOpMO-
3A1IAA CUJIAa, 3aBUCAINAS TONBKO OT pacCTOAHMA MEXY 4YacTHLUeH H rpaHuiei
oGnacrtu. HalinMre 3Ty 3aBHCHMOCTB, e€CTH YOMHA NMPOHMKHOBEHMA YacTHIBI
B oGiTacTh TOpPMOXeHHs MpPOMOPLUHOHAJIBHA € HAuaJIbHOMY HMMOYIIRCY:-1 =ap.

2.3.36*. IlnuHa npo6era yacTUIBI MAcChI 7 NIPOIO PUMOHATILHA €€ HAYaNbHOMY
MMIYJIbCY, €CTIM TOPMO3SILIAA YACTHLY CHJIa TpOMOPHMOHANBHA ee CKOPOCTH
(cM. npemepimyulylo 3amauy). YGemurech B 3TOM M NpM 3amaHHOM o ([ =ap)
HaiimuTe paboTy TOpMO3siled CHIIBI Ha My TH X U1 YaCTHIbI, Macca KOTOPOil 7,
a HayasIkHbIA UMILYJIBC D.
¢ 2.3.37. 3aBHCHMOCTh CHIIBI, IeHCTBYIOLIEH Ha OBIXKYIUYIOCS NPAMOIHHEHHO
YaCTHILY, OT KOOPAHHATHI Nocre/iHed NMpuBenena Ha rpaduxe. Haiimure 3aBHcu-
MOCTh MOTEHUHAIBHON 3HEpruM YacTULbl OT KoopauHatel. KakoBa ofiacrs npu-

XEHHMS YaCTHLbI, €CITM HaMGoIbLIaA KHHETHYECKAs 3HEPIrHs TOH YacTHLbI pas-
Ha K?

f'
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K 3adaue 2.3.37

2.3.38. TloTeHuManbHast 3HEPrUsA 3UEKTPOCTATHYECKOTO BIANMOMEHCTBUSA
TOYEUHBIX 32pANOB ¢ H (), HAXONAIMXCA HA PACCTOSAHMHM r ApYT OT Apyra, U=
=kqQ/r. Haiinure snexTpocratHuecKywo cuity. s KaKHX 3apsmoB HMeeT
MeCTO OTTAJIKMBaHHe, a [fIA KaKHX — NMpHTsDKeHHe? 3
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2.3.39. B omHOM HayyHO-HCCIIE[IOBAaTeNbCKOM HHCTUTYTe DPEHIMIM HCIOJIb-
30BaTh BBIpaXKeHHe 1A TOTEHLUATBHOR JHEPrUH TOYEUHBIX 3aPANOB B BHE

U'=kqQr —kqQ/R, roe R — nocrosHHOe pacCTOSHHE, YCTAHOBJIEHHOE pa3
¥ HaBcerna. [TopmuseT mm ucnonb3obanue U' Bmecto U = kqQ/r Ha pe3ynbTathl
pacueToOB OBM>KeHNA yacTui?

2.3.40. loTeHuMapHasA IHEPIUA B3aUMOJIEHCTBUSA YAaCTULBI C HENOIBHXKHBIM
TOYCUHbIM MCTOUHMKOM U=V (I%/r* —2Ifr), roe r — pacCTOSIHHE MEXMIY
yacTHLieH M MCTOUHMKOM, V' M | — MOJNOXMTellbHblE MOCTOAHHbIE BEJTUYMHBI,
MMeIllHe pPasMEpHOCTb JHEPTHM M PACCTOSHUA COOTBEICTBEHHO. B Kako#
oGV1acTH TIpOMCXOIUT IIPAMOJIHHEHHOE [[BM)KEHHE HacTHLbI, €CIM TOJIHAsA JHEP-
rHA chcTeMbl paBHa E' ?
¢ 2.3.41. Ot rpy3a, BUCAILEro Ha IIpYy)XHHE XXECTKOCTH K, OTpbIBAeTCA YacThb
maccel m. Ha kakyio BBICOTY NOOHMMeTCs HOCJe 3TOLO OCTaBIUAsCA 4YacTh
rpy3sa?
¢ 2.3.42. I'pys maccel m, NOABelleHHBIA Ha MpYXUHE XECTKOCTH k, HaXOAUTCA
Ha mopcraBke. [Ipyx#Ha nmpu 3tom He medopmmpoBana, IlogcraBky 6mICTpO
yGupalor. OnpeflenuTe MaKcHMAallbHOE Y/UIMHEHHME TIpYXMHBI H MAaKCHMAajlb-
HYI0 CKOPOCTB I'py3a.

m ST ORI RS TR,

K 3a0aue 2.3.41 K 3a0aue 2.3.42

2.3.43. KnoTonKy MpHMBs3aH pe3HHOBBIA IHY P, cBOGOAHBEI KOHEL KOTOpPOro
HAXOJIMTCA Ha BbICOTe # Hap mosiom. Eciv nomBecHTh K Hemy He GOJIbLION Tske-
Tl rpy3, KOTOpBIM 3aTeM IUIABHO ONMYCTHTh, TO KOHEll IHypa ¢ rpy30M OIyc-
THTCA Ha paccrosHue h/3. Ha xakyw HaMMeHBUIyW BBICOTY Haj MOJIOM Hajo
3aTeM MONHATH Tpy3, YTOGBI MO CNE TOro, KaK ero OTIYCTAT, OH yaapuiice o non?
Kak M3MeHHTCA OTBET IpU 3aMeHe Pe3HMHOBOIO ILIHYpa NpY>XHHON?
¢ 2.3.44. HepactsanyTbiii pe3MHOBbIA IIHYp WIMHBl 2/ CBOMMM KOHIAMH IIpH-
KpellJleH K cTeHKkaM. K cepenuHe ILHypa NMpUUENUIM T'py3 Macchl 77, KOTOPbIA
3ateM Ge3 Tomuyka ornmyctund. [Ipun BosHMKIMX KoJjeGaHUsX HamObOoblllee pac-
CTOfAHHE, HA KOTOpOE OINyCKaeTCsA Tpy3, PaBHO Xo. KakoBa XecTKOCTb JTOTO
mrHypa?
¢ 2.3.45. Teso Macchl m Magaer ¢ BHICOTHI /1 HA CTOAILYI0 BepTHKAIbHO Ha 110-
;1y IpyY>KHMHY XXeCTKOCTH & W mnuHbl [, Onpe/leNinTe MaK CUMaJIbHYI0 CHIIY [laBlie-
HuA Ha moil. OBbICHATE, TOYEMY IIPH yBEITMYeHUH JKeCTKOCTH NpY>XKHHbI 3Ta CHITa
BO3pacraer.
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K 3a0aue 2.3.44 K 3a0aue 2.3.45

¢ 2.3.46. C Kako#t CWION HYXHO HaJABUTh Ha BepXHHH I'Py3 MaccChl m; , YTOGhI
HHXXHMH Tpy3 MAacchl M,, COSOMHEHHBI C BEDXHHM IPYKHHOH, OTOPBAJICA OT
[10J1a MO CiTe MPeKPAILEHH A NeHCTBHSA STCH CHIIBI?

O 2.3.47*. Teno macchl m, MOABEIIEHHOE Ha IIPYXWHE XECTKOCTH Kk, JIeHT Ha
fockKe TakuM oGpa3om, YTO NpykuHa He medopmmpoBaHa. JOocKy HauwHAlOT
OIlyCKAaTh ¢ YCKOpeHHeM «. YeMy paBHO y WIMHEHHE NIPY)XKMHBI B MOMEHT OTphIBa
Tesa oT JockM? KakoBo MaKCHMAITBHOE YIUTHHEHHE TIPYXKHUHBI?

K 3a0aue 2.3.46 K 3a0aue 2.3.47

& 2.3.48*. Ha ropH3oHTaIbHOM TUIOCKOCTH JIEXAT 1Ba 6pycka mMaccel m; K m;,
COEMHHCHHBIX Hee GO pMHPOBAHHON MpYXHUHOH. OllpenesiiTe, KaKylo HauMeHb-
HIYT0 MMOCTOAHHYI0 CHITY HYXHO IPHIIOXMTDH K JIEBOMY OpycKY, YTO6bI CABHHYII-
CA U TIpaBbIH, eCJTM KO3 GHIMEHT TPEHNS TPY30B O INIOCKOCTD U.

© 2.3.49. Ha ropH30HTaIbHOM CTOJle HAXOIOMTCA TEJI0 MAcChl Mg . K Teny npuss-
JaHA HEpacTHKMMAA HMTh, IepeKHHYTaA uYepe3d Gnok. K ceoGomHOMy KOHIY
HHUTH TpHBA3aHa Mpy>xuHa. Kakoil Maccei Ipy3s HY>KHO NpPHUENHTH K IIpyXHHE,
uT06BI, OMYCKasich, OH MOT CHBHHYTb TEJIO MAacChl My C MecCTa, eCcild KO3d-
(HIHEHT TpeHUsA Tella o CToN 47

My
VYaLLL 7

yl y

K 3adaue 2.3.48 K 3a0aue 2.3.49
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§ 2.4. Jneprus cucremsl. [lepenaua sHeprvn.
MotHocTs

2.%.1. [llApMKH MACCHI 71 KAXKIIIA , CBA3AHHBIC HUTBIO, [IBHXXYTCHA 110 OK PY>XHOCTHU
c noa YAHHOH ckopocThio v. KnHeTHyeckas 3He prisi KaXxmoro LapuKa, paBHas
mv?[2, He Mensiercs. Ecnu TlepedTH B cHcTeMy OTcyeTa, B KOTOpO# cepeliiHa
HUTH [BHMXETCA B IVIOCKOCTH BpAIUEHHA NPAMOIMHEHO CO CKOPOCTBIO U, JHEp-
THA KaXJIOTO M3 IMAPHKOB MeHsAercA OT Hyna no 4 (mv?/2). Kakas mpuunHa
BBI3BIBAC! TAKOC M3MEHEHHE JHepruu? V3MeHseTCA JIM B YKa3aHHOM cHcTeMe
oTCyYeTa CyMMapHasi KHHeTHYeCcKast JHe prust?

2.4.2. llocepeauHe cIuubl Maccel M; W WIMHbI 2/ HaxopguTcA 1m1aiH6a Macchl
m, . Crinue ymapoM coofiawT NMpoAoabHYI0 cKopocTsh v. [Ipu 3tom 1wan6a co
cruibl cockansipBaer. Kakosa mocnie 310ro cy MmapHas KHHeTHYeCKasA JHEPIUs
11ai 6b1 ¥ CIIHI(bI, ECITH CHJIA TpeHust paBHa [?

2.4.3% llpyxmna XKeCTKOCTH k 3axaTa Mexiy mBymsa Tenamu. Ilocne Toro

kak 006a Tella OfHOBpeMEHHO OCBOGOAMIN, OHM 10 MOMEHTA IOJIHOTO paclipAM-
JISHUS TIPYXHHBI MPOIUIN PACCTOAHUA X; U X, . KaKyio KHHETHYeCK Y10 JHEPrUio
ApHOBPENo Kaxnoe U3 ITHX Tej?
O 2.4.4*. Jlenta TpaHCIOPTEpA [[BWKETCS TOPU3OHTAIBHO CO CKOpocThio u. Ha
JIEHTY MO KAaCaTelbHON K HEH JIETHT Teslo, CKO PO cTh KOTOPOTro Ie prie HIMK YA pHa
HATIpaBJICHUIO ABWXKCHHMA JICHTBL U B MOMEHT ITIOMafaHMs Tejla Ha Hee paBHa v.
Teno cKONB3UT MO JIGHTE U 3aTeM ocramaBiuBaercs. Haimure paGoty cHiel Tpe-
HU S, TIPHJIOXKCHHOM K TeJly CO CTOpPOHBI JIEHTbI U K JIeHTe cO cTOpOoHbI Tena. [Toue-
My pa60Ta B ITUX ClTyyasx HeOIMHaK0Ba’

K 3a0aue 2.4.4 K 300aue 2.4.5

¢ 2.4.5. Yactuupl, Mexny KOTOPbIMH HEACTBYET MOCTOSAHHASA cHila B3aHMHOIO
MpUTAXEHNA F, yliepxuBatOT Ha PacCTOfHUM 27 Apyr OT Apyra. 3aTem UX Haul-
HAI0T MEJUIEHHO NepeMeIuaTh B IIPOTUBONOJIOKHBIX HAIlDABJIEHHAX TOJL YITIOM o
K JIMHUM, NepBOHAYA/IBHO COEIMHABINCH vacTHipl. Kakyro paboTy Hamgo coBep-
L1aTh, YTOGBI MepeMeCTUTh YacTULBI HA paccrosHue r ? [lpu kakom « 31a paGora
paBHa HYyJI0?

2.4.6*. Tlouemy TIpd LEHTPAITBHOM B3aMMOIEH CTBMH 4aCTHI M3MEHEHHe ITON-

HOM KWHETHYCCKOW 3HepruM 3aBMCUT TOJBKO OT M3MEHeHHA PACCTOAHUS MEXIYy
yaCTUIIAMH, HO He OT CMELLCHHUS MIIHM OBOPOTA HX KaK LeJIoro?
O 2.4.7. Tpw wapnika Macchl 7 KaX/Iblid COE[IMHEHbI APYT C IPYroM OMHAKOBBI-
MU NPYX#HMHAMH KeCTKOCTH K. OJHOBPEMEHHO BCeM LUAPHKAM cOOOBILMIH CKO-
pOCTb U, HallpaBlicHHYI0 OT HEHTpa cucTeMbl. Ha xakoe HanGosibiee paccTosiHue
CMECTATCA MAPUKH B DTOM HarpaBJieHHN?

2.4.8. JIBa O/MHAKOBBIX 3apsiia, Y/ICPXUBACMBIX HA pAaccTOSHUM [ Jpyr OT
ApyTa, MOoIe TOro, KaK UX OTIYCTMIIM, Pa3lIEeTAlOTCA ¢ PABHBIMHU CKODOCTAMM,
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CTpeMALMMHACA TIpH 6eCKOHEYHOM YTl RMH 32 PANIOB JIPYT OT ApYTa K NpeJeib-
noMy 3HaueHHI0 y. KaxoBa IpenelibHasi CKOPOCTb, ECTIM IIePBOHAYAIBHO TpH
lAKMX JK€ 3apAla YHAePXUBAIM B BEPIUMHAX IPaBHIBIOrO TPEYroJIBHUKA €O
CTOpPOHAMH UTMHBI [ ?

2.49*%. Ha xOHUAX JUIMHHOW HUTH NOJBEIUEHBI TPY3bl MACCHI M KXIbIA.
IfuTp TepeKMHYTa Yepe3 /Ba JIEIKHMX MaJlellbKKX (JI0Ka, pacloIOXEHHbIX HA
paccrosauu 2! mpyr ot mpyra. K mell nocepemuue Mexay GIIOKAaMH MpPUK pell-
IWI0T TpYy3 MAacchl 2m, U cUcTeMa IpHXOMT B Jpwxkenme. Halimure ckopocTs
| PY30B [0 HCTEYESHHH [I0CTATOYHO GOJNBILIOIO NMPOMEXYTKE BPEMCHH.

21

1

e
. v B V -

K 3a0aque 2.4.7 K 3adaue 2.4.9

N

M

Y

|

L 2

|

(® 0O,

P :
V 17

i~ 9 T

K 3a0aue 2.4.10 K 3a0aue 2.4.11

2.4.10*. Cuctemy, n306pakeHHy0 Ha PUCYHKE, IDHBOJTAT B JIBUXKEHHE LIEHT-
paIBHBIE Ipy3 macchl m. ONpeneiuTe MaKcHMaJlbHOE yJalleHHMe rpy3a OT ero
HUYaJIBHOTO TIOJTOXKEHU .

2.4.11*. Knun Maccel M ¢ yriioM & IIpM Be pLIMHE TUTOTHO TIPUIIETAeT K BeEp-
| WIKJIBHOH CTeHKe M OMHUpaeTcs Ha GPYyCOK MAacChl v, HAXOJAIUMHCA HAd CODH-
JOHTAJIBHOH IUIOCKOCTH. BeplumHa xJIMHa HaxomMTca Ha BbicoTe fI Hay 3To#
I1IOCKOCTBIO, a TOpell KJIHHAa Ha BblcoTe /# << H Haj BepXHed IIOBEPXHOCTHIO
ipycka. CHcTeMy cHauana yJepiMBalT B DTOM TIOJTOXCHHM,a 3aTeM Tena OT-
tiyckator. Haiimure Mx ckopocTh B MOMEHT ydapa KJIMHA O FOPHU3OHTATIbHYIO
-iz10ckocts, TpeHueM npeHeOpeus.

2.4.12%. Jlpa rnagkuMx OJMHAKOBBIX LUMIMHOpa paguyca R TPUCIOHEHBI K

teHxe. M3-3a TOro, YTO HIOKHUA UMMHMHIP YyTh-4yTh CTPOHYJICS BIIPaBO MO ro-
;"130HTaJIBHOM IUTOCKOCTH, BEpXHU# CTaJl OMyCKaThCA 110 BepTUKAJIU, ¥ CUCTEMA
npunuia B ABwkeHre . HaliguTe KoHeyHy0 cKOpOCTh HUXHEro UMIHHApPA.
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¢ 24.13*. I'nagkas ogHOpOJHAA BepeBKa [NIMHBI I M Macchl /m MepebpolleHa
yepe3 HeGONmOH BIIOK Tak, YTO BHAuajle HAXOJMUTCA B paBHOBECHMH. BepeBKY
HEMHOTO CMEIAlT U OHAa HAuMHAET COCKaNh3bBaTh ¢ Gloka. C xaxkoil cUiIoH
OefcTByeT oHa Ha QIOK B MOMEHT, KOrJa IJIHHA BEPEBKH C OJHOH CTOPOHBI
OT Hero paBHa [/3?

,/ 7z
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K 3adaue 2.4.12 K 3a0aue 2.4.13 K 3a0aue 2.4.16

2.4.14*. Ha TeHHMCHRIH MAY C BBICOTBI | M IafiaeT CTaJIbHON LIAPHK M MOMCKA-
KMBaeT CHoBa MouTH Ha | M. OueHuTe, Ha KaKyl0 BRICOTY NOCTie yaapa MomIcKo-
UMT MY,

2.4.15*. JIpa mersuux IOpyr 3a OpYroM c pPaBHBIMU CKOPOCTAMM LIAapUKa
coemMHeHBl CxaToi NMpyxuHoi. [IpyxvHa cBszaHa muThio. [locne mnepe>xHraHus
HMTH KHHETHYeCKas SHeprHsa MepefHero U@pHKa, MMeBlIas 3HaueHue K, yBenu-
uwilack Ha 21%. Kakywo snepruio npuoGpen Obl 3TOT IAPHK TOCIE i€ PedKHIa-
HMSL HHMTH, ecid Obl 0 NepeXXMraHus HUTH 052 LiapuKa ObLTM HeNOIOBUXK-
He1? TloyemMy IOpM OMHOM M TOM JKe W3MEHEHMH IMOTEHUHANbHOM JHEpPrHH
NpYXHHBI TONMYYAaWTCA CTOJb Da3Hple TPHPALIEHUsT KHHETHYECKOH 3Hep-
ran? )
¢ 24.16, JIse GycHHKM MacChl 71 KaXasa, CBA3aHHbIE IpyT ¢ APYTOM [Py XMHO#M
MECTKOCTH K, YOEPKUBAIOT HAa ITIAAKHX JKECTKO 3aK pelUleHHBIX B CTEHE CTEPXK-
uax. [lpyxuHa pacTsHyTa, M ee [TMHA paBHa /. PaccTosmye MexXIy cBOO6OIHEIMH
KOHLIAMH CTepXHEN pAaBHO myMHe HemeOpPMHMpOBAHHOH MpyXHHBI. ByCHHKR
omyckawT. C Kakoi cKOpocCThio OyneT ABHIaThCs NMPY)XKHHA B HAMPaBICHHH
nocje TOro, Kak OycuHkH cockouar co crepxHs? Kaxoil 6ymer HamGosbiia-
nedo pMaLHA OKATAA MPYKUHEI?

24.17. a. HasoBeM sHepruell OBHXXEHHA WiEHTPa MAacC CHCTEMbI BEJIHMMHY
MV?%[2, rne M — macca cHcremsr, a ¥ — cKOpPOCTb e LigHTpa Macc. B xaxom
ClIyyae SHEPIMs HOBMXEHHS LEHTpa Macc COBNAZACT C TONHON KHMHETHYECKOH
3He pruei cucreMsl?

6. Jokaxure, yT0 IpUpaIeHHe SHEPIHH IBHXKEHMSA- LIEHTPA MAacC paBHO
paBoTe CyMMapHOH BHeHIHEH CWIbI, €CJIK TOUKY NPWIOXKEHUs B3ATh B LiEHTpe
Mmacc.
¢ 2.4.18. O6pyy, pacKpyuyeHHBI{ B BepPTHKAILHOH IUTOCKOCTH M MOCNAaHHbI:
no MONYy pyKoA TMMHACTKH, UYepe3 HECKOIIBKO CeKYHJ CaM BO3BpallaeTCs
K Heli. O6bacHATe 310 sBjeHHe. Ompenennte KO3DGOHIUHEHT TPEHHA MEXI
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06pyuyeM H II0JIOM, € CJTH HauanbHasAs CKOPOCTh LieHTpa o6pyya paBHa v, @ paccros-
HHE, H2 KOTOpOe OTKaTbmae1ca o6pyy, paBHO /.

\ReEin

-

K 3a0aue 2.4.18

¢ 2.4.19. CBobOMHBIA KOHEL, HUTH, HAMOTAHHOM Ha KATYIIIKY MAacChl M, 3aK pell-
JANT, a KaTylKy OTMyckaiT. Kakyw ckopocTs NpuoOpeTder OCh KaTyLUKH,
ONyCTHBUMCh Ha paccTOAHUe A, €CIIU CHIIa HATSDKEHUA Be pTHKAJILHOIO yuyacTKa
HUTH T<mg? UYeMy paBHBI B 3TOT MOMEHT IOJIHasi KUHETHUECKAs 3Heprusa W
KHMHETUYeCKas 3Heprud BpalieHHsA KaTyIIKW BOKpyr cobcrBewHOH ocu? Mac-
COM HHTH M TpeHHEM MpeHe Gpeus.

O 2.4.20*. Cobaka macchl m NpUBsA3aHA MOBOAKOM IIHHBI L K CaHSAM MAccChl
M >m. B HauansHBI MOMeHT cofaka HaxoIMTca psgoM c caHsmu. Ha xaxoe
Haubonpllee paccTosiHMe cofaka MOXXET CHBHHYTh CAHM 33 OJMH PBIBOK, €CIIH
k03bULHEHTHl TpeHAs Jianl coGaky M MOJI03beB CaHEH O FOPH3OHTAJIBHYIO IO-
BEPXHOCTb OJIMHAKOBHI?

O 2.421. Ha rnmagkom ropH3oHTaipHOM CTONIE JIexaT [Ba OHHAKOBHIX Gpyc-
Ka, COeMHEHHBIX MPY>XMHOH XecTKOCTM k M pmHbl /. Ha neBrii 6pycox
BHE3ANHO HauMHaeT OEeHCTBOBAaTb MOCTOSMHHAs cuiia F, HampaBlleHHas BpOJb
IpyxHHel. Haiigure MHMHHMasHOE H MaKCHMAJIbHOe PacCTOAHHE MeXny Gpyc-
KaMH.

/

7 g F R V
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i—. K 3a0aue 2.4.21

K 320aue 2.4.20 K 300aue 2.4.22
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¢ 2.4.22". C HaKJIOHHON IJIOCKOCTH, 06pa3ymowieli yroll & ¢ TOpH30HTOM, Ha-
YMHAIOT COCKaJb3bIBaTh [[Ba T€Na MACChl M KaXI0e, CBA3aHHBIX Ile pBOHAYAJIbHO
He/ieo pMH pOBaHHOM TIPYXMHOH ecTkocTH k. OnpenenuTe HauGoIIblee YIyIH-
HeHHe MpYXMHBL, eClii TPeHHEM MEeXJY HIDKHHM TeJIOM M IIOCKOCThIO MOXHO
npeHe6peus, a ko3pPUIMEHT TPEHUA MEXAY BepXHHM TeJIOM H IUIOCKOCTHIO
P4BeH (.

2.4.23. lMonHas kuHETHUYECKAA JIHeprus CUCTEMBI YaCTHI[ CKJIa[biBaeTCA U3
SHEPIHH [OBM)KEHUA LEHTpa MacC M KUHeTHYECKOH 3HepIMH [IBM)KEHMSH YACTHIL
CHCTEMBI OTHOCHTENBHO LEHTPA Macc (BHYTpeHHeH KHMHETMUECKOR SHEpTHH).
Joxaxure 3710.

2.4.24. JIpa tena macchl My H My COeTHHEHB! HedeOpMHpPOBAHHOW IpY-
XHHOH ecrtikoctu k. 3areM K TejlaM OXHOBpPEMEHHO IDUIIGKHIIH NMpPOTUBO-
TMOJIOXKHO HaRpaBJleHHble CWIbI F'. HaliuTe Mak cMMansHyIo KHHETHUECK VIO HEP-
M0 Tell M MaKCUMAIBHYI0 TMOTeHUMATIBHYI0 3Heprdl IpysxaHsel. Kakosa
HaHGOJTbIliag OTHOCHTEBHAA CKOPOCTb Ten?

2.4.25. BHyTpeHHAR JHEPrUs CHCTEMBI — 3TO NMOTEHHUMATIbHAA 3HEPrUA B3au-
MOJICTBHSA ee YACTHL[ MeXHOy coGOi IUTIoC KHHeTHYeCKast JHEPIMA HBKEHHS
3THX YaCTHI] OTHOCHTENIBHO LEHTPA MAcC CHCTeMbl (BHYTPEHHEroO MBHIKEHHS).
B xakoM cimyuae NMoJTHas 3HePrHsA CHCIEMBI CBOOMTCA K BHYTpeHHeH? JlokaH-
T€, YTO NpHpallieHWe BHYTpEHHeH 3HEprHM CHMCTEMEI paBHO paboTe BHEIUHMX
CWJI, MPWIOXKEHHBIX K YACTHIIAM 3TOH CHCTeMBI NpH MX NEpeMEIeHUAX OTHOMH -
TEJTBHO LIeHTpa Macc.

0 2.4.26. JIBa omMHAKOBBIX Lliapa CBA3AHEI HUThIO JUTMHB! 2/, 33 cepelfMHY KO-
TOpOH CTalM TAHYTh ¢ NMOCTOsHHOH ciioH F. Haitmure, Mcnonb3yd pe3ysbsTaThl
npenbyIyilell 3ajaul, MpHpalileHHe BHYTpeHHeH 3HeprMH K MOMEHTY NepBOro
ynapa.

¢ 2.4.27. Bronb HEMOABMIKHOTO IUTACTIIMHOBOTO Gpycka Macchl m MPHIOKWIH
NMOCTOAHHYW0 cuny F. 3a Bpems ¢ [eACTBUA CHIIBI KOHel Gpycka, K KOTOpOMY
OHa MPHJIOXKeHa, CIBUHYIICA B HallpaBjleHHH cHNbl Ha paccrosuue {. Ha cxonbko
32 BpeMs ¢ BO3pociia BHYTpeHHAA 3Hepris 6pycka?
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K 3a0ave 2.4.26 K 3a0aue 2.4.27

2.4.28*, JlBa tena mMacchl M, M M, COe[MHEHbI Heae(hoPMUPOBAHHOM MpPYXH-
Hoilt xectkoctd k. K Teny maccel m; NpWIOKWIH IocTOsHHYl ciwty F. W3-3a
HeGONBILIOIO BHYTPEHHETO TpeHHA B TpyXHHe BO3HMKIIHE KoOJieGaHHA 3aTyX-
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2. Ha cxonbko Bospocna BHyTpeHHssA 3Heprua cicrembl? KakoBa xoneunas
JHepruf npyxuHbl? EcM K MOMEHTY 3aTyxaHMA KoOneGaHMi Teno Macchl mj
ILPOLIIIO B HANIPABJIEHHH CHIIBl F' paccrosHue /, TO KAKOBA B 3TOT MOMEHT KHHe-
THYeCKas 3Heprug cHcTe Mel?

2.4.29. [IpemnaraeTcs HANOMHATH BAroHBI I0e3da yriiem Ha xomy. Haimmre
JOTOJIHATENTBHYI0 pafoTy, coBepllldeMylo [BHMrarelieM JIOKOMOTMBA IIpH 3a-
ChIIIKE YTt MACChI M, €CIIM CKOPOCTh Ioe3/1a NMOCTOAHHa H paBHa u. CpaBHHTE
Iry paBoTy ¢ KHHETHYeCKOMN 3HeprHeil, KOTOpyio IOMYYHs NMOTpYKeHHBM YroJib.
IToyemy 3TH BeIMUMHBI OKA3BIBAIOTCA PATHYHEI?

2.4.30. [Tpu MenjieHHOM IOgbEME Ipy3a MO HAKIIOHHOM ILIOCKOCTH C YITIOM
nakjaoua « M k03pQdUIMEeHTOM TpeRHA ji 3arpayeHa pabora A. Ompenmenure,
Kakas yacrb paGoThI IOLLIA HA YBEIHYeHHe BHYTpEHHEi 3He prMH Ipy3a H HaK-
/10HHOI# TTOCKOCTH.

2.431. [Ipa Tena maccel m; ¥ m, KUMeTBHYTpEHHIO 3uepruio W, u W, u
cKOpocrh HeHTpoB Mace V', u V;. KakoBa BHYTpeHHAA 3Heprus CUCIEMBI 3THX
ABYX Tell, €CIH MOTEHUMANLHOM 3Hepriedl B3aHMONEHCTBHA MX Mexmy cofo
MO>KHO TpeHeOpeun? M3MeHMTCH 1M 3T4 3He prufA MOCIE CTOTKHOBEHHA HX ApPYT
¢ OpYTOM H Iocneaylollero paarera?

2.4.32. Jokaxmre, uro IIpH abCONIOTHO HEYNPYroM ypape IIpOHCXOMT
HauGonblllee yBeNHYEHWE CYMMAPHON BHYTpeHHeH 3HeprHd CrajlKHBaiolIMXcA
ten. [Ipenmonaraerca, 4T0 B HAYAIBHOM H KOHEUHOM COCTOSTHHHM IOTEHUMAIb-
HOM 3Hepreil B3auMo IeACTBU Tell Mex/1y coBOH MOXHO IpeHe Gpeyb.
© 2.4.33. Teno .Maccel m TONKHYJIH BBepX NO HAKIOHHOH IIOCKOCTH, IOCTIE
Yero OHO [BHIAJIOCh C HAYAIBHOH CKOPOCTBIO U M 3aTEM OCTAHOBMIIOCH, TO/THSAB-
uMch Ha BhIcOTY h. Kaxoe konuuecTBO TeIUIOTHI*) BBIOENWIOCH IpH 3TOM?
O 2.4.34. 1a rpy3a mMaccel my M m; (m; > m,) CBA32HBI HUTBIO, Tle peGpoLIIeH-
HOM Yepe3 HeMOJABHXHBIA Gnok. B HauambubpI MOMEHT TPY3 MAaccChl /m; YACPKH-
BaloT Ha BuicoTe A Ham nosnoMm. 3atem ero Oe3 ronmuka ornyckawTt. Kakoe komnu-
4€CTBO TEIU1OTHI BBIEETHICS TIPH yIape rpy3a o non? Yoap abconnTHO HeynpyTHil.
O 2.4.35. B cepuyeckoit vae pagryca R yaepXHBaT ravrellb B IIOJIOKEHHH,
KOT/A OfIMH M3 IUAPHKOB HAXONMICA HA [He UallM, a 3aTeM ormyckaiT. Kakoe
KOTMYECTBO TEIUIOTHI BBUIEJIMTCA K MOMEHTY, KOT/a raHTellb IIPEKpaTHT CBOE

K 3a0aue 2.4.33 K 3a0aue 2.4.34 K 3adaue 2.4.35

*) IpupaieHne Cy MMapHOH BHYTPEHHeH 3HEpPIUM Tell NpH TPeHHH WX APYT O APYTa WIK
(LpH HEYTIPYTHX CTONIKHOBEHMAX 0GBIMHO paBHO KOIIHKYECTBY BLIE/IMBIIEHCSH TEIIOTHI.
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ABM>XEHHE M3-33 MAJIOTO TPEHWS MeXNy uaulell ¥ rawutensio? JaHHa rautenu /,
Macca Kakaoro mapuka m.

2.4.36. 'opoyickoit TponneiByc ceayer o CBOEMY MapuIpYTy CO CKOPOCThIO
NpUMepPHO 36 KM/u, OCTAHABIMBAsACh Yepe3 Kaxapie 500 M. OueHute 3aTpaTh
AEKTPO3HEpriK 32 10 u paGorer TposwieiiGyca, ecnu ero macca paBHa 5 T.

2.4.37. NMopuumasce paBHOMEpHO, KaK BCeINa, M3 OKHa Mabima K ceGe Ha
kpbuny, Kaprncon B ToT pems, xorma ero yrocrunu BapeHbeM, 3aTpaTuil Ha
nomseM Ha 4 ¢ Gombie, yeM oGeunHO, Kakopa macca CBEJICHHOTO MM BapeHbs,
€CITH MOLLHOCTh MOTOp2 Beera paBHa 75 Br, a Beicora momgbeMa — 10 m?
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K 3a20aye 2.4.40 K 3adaue 2.4.43

2.4.38. Cuna conpoTHBlieHHs, AeHCTBYI0LIasA Ha KOpaGilb B BOJIE, I pONO pIHO-
HaJlbHa KBagpary €ro CKOpOCTH. Bo CKOJIBKO pa3 Hy>XHO YBEJIHUUYUTH MOLIHOCTh
OBHTaTeNfA TOro e Kopa@sg, utoOpl CKOpPOCTh ABHXKEHHA BO3pocna Bipoe?

2.4.39*. ABroMoBunbs Maccel m Tporaerca ¢ mecta. KoaddbunueHT Tpenus
Kollec o popory u. OGe ocu apromoOuna Bemyuwe. Haligure 3aBHCHMOCTB
CKOPOCTH aBTOMOOMIA OT BpeMeHH. MowHocTh asuratend N,
¢ 2.4.40*. llpu paBHOMEpHOM MNOIbEME I'Py3a Macchl m YITIOBas CKOpOCTh
Bajla OBHIaTesIfA NOALEMHHKAE W =wy (I —m/mg), roe w, — YInoBas cKopocTh
Bajla U OTCYTCTBHMH I'py3a, a my — Macca HauGolee TAXKENOTO Ipy3d, KOTO phIi
MOXXHO MOAHATh HAa 3TOM nopgbeMmHuMke. Kak 3aBucHT NoJIe3Has MOIIHOCTh
NMOABCMHHKA OT YIJIOBOM CKOpocrH Baa? KakMMU NMOpuMAMHA HyXXKHO IMOIHH-
MaTb TIpy3, 4TOGBI 3a OMNpefeleHHOE BpeMsa MNOAHATE Ha HEKOTOpPYIO BBICOTY
Ipy3 Hau o biei Maccor?

2.4.41*, [logpeMHMK M3 TpenbiIyLledl 3afauu Mepeo 6o pydoBai, IPUCOEH-
HUB Bal [IBUrateiid K GapaGaHy He HelocpeICTBEHHO, a uepe3 3y GuaTyio nepena-
yy. HacaxeHHas Wa Baj jBHraTens IuecreépHs WMeeT n; 3y6uoB; 3yGuatoe
KOJIECO, XECTKO coefMHeHHoe ¢ GapaGaHoMm, mMeer n, 3y6uoB. [lpu xaxoi
Macce MOIHMMAEMOrO Ipys3a JOCTHIAETC MaKCHMaJlbHasf MOJEe3HaA MOILHOCTD
nogse MHUKa? [1aTe pAMH MOIIHOCTH B NEpefiaue TpeHeOpeys.
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2.4.42%. MowHOCTh aBTOMOGWIAA C 3IEKTPUYECKUM JIBHIATEEM 3aBHCHT
0T YITIOBOH CKOpOCTH BpallleHuA Konec Io 3akoHy N= (4 - Bw)w, N=0.
YcTaHOBUBIIAACA CKOPOCTh ABTOMOGHIA Ha IOPU3OHTANbHOM wocce 70 KM/u.
Be3 rpysa oH MOXeT HpeoioNeBaTh NOILEMEI C YITIOM HaK/0HA 1110Cce BIUIOThH
mo 45°. KakoBa ycTaHOBHBILAACA CKOPOCTh aBTOMOGHIIA TIPH 110 TbEME C YITIOM
naxiona wocce 30°7 Kakue mogpeMbl OH MOXET npeoposieBaTh NMpH Macce
rpysa, paBHOH Macce aBTOMOGHIA?

O 2.4.43*. CTpys BOODI IUIOTHOCTH p, CeYeHUsl S ¢ FOPUIOHTALHON CKOPOCTBIO
v ObeT B NOMAacTH HUXHEGOHMHOro BOASHOTO KOJeca, foclie yaapa Ciekas Io
Jionactd BuM3. Halipte MoumHocrs 3TOro BOASHOTO ABHIATENS IpH YINOBOM
CKOPOCTH BpallleHHsa Koneca w. Paguyc koneca R. Yncno nomnacreil gocrarouno
GONBIICE, TAK YTO BO3/EHCIBHE €IPYH MOXHO CUMTATh HEIpepbIBHBIM, NpeHe6-
perasg M3MeHeHHsAMH €ro Ipd BXOOE JIOMACTH B CTPYHI H IIPHM BBIXOJE M3 HEE.

2.4.44, BomoMeTHbINl KaTep ABMXXETCA MO CIIOKOAHOH BOIE C MOCTOAHHOM
ckopocThio v. CKOpoCTh BBIOpPAachIBAEMON BObl OTHOCHTENIBHO KaTepa paBHa U.
Onpenenure K.ILJ. OBUraTens karepa. YTto HyHO B 3TOM CIlyYae CUMTATb MOJIE3-
HOH MOMIHOCTBIO?

2.4.45. Beprojier Maccht m, HENOABHXKHO 3aBUCLIMH Ha[l 3emJleH, HapaBlAeT
CBOMMM BMHTAMH BHHM3 CTpyl0 Bo3lyxa. KakoBa sarpaunBaemas [BuIaTerem
BepTOJIeTa MOIIHOCT, eCJIH CKOPOCTh CTPYH BO3[1yXa paBHa u?

§ 2.5. CtonknHoBeHust

2.5.1. lIpa Tena B pe3ynbraTe CTOJIKHOBEHMS OOMEHAITHCh CKOPOCTAMM, NPO-
NOMIXKaA ABUraThCs MO OJIHOM M TOH xe npsiMoi. KakoBo oTHOLIeHHe Macc 3THX
ten? ABnAeTcA M MX CTOJIKHOBEHUE yIPYrumM?

2.5.2%. Ha nokosammiica 1ap HanmeraeT wap Taxo# ke maccol. Haiimure yron
pasneTa WApOB MOCIIe HEeLeHTPaIbHOrO YNPyroro yaapa.

2.5.3. Ha HenomBuHBIH Hiap HajleTaeT CO CKOPOCTBIO i 1Iap, Macca KOTOPOIo
B k pa3 Gomblle Maccel HemoABWxHOro miapa. Haiimre oTHouwleHne ckopocTH
IAPOB MO CTle LIEHTPAJIBHOTO YIPYToro yaapa K ckopocts i4. [locrpoiite rpapuxu
3aBMCHMOCTH 3THX OTHOLIEHHi OT YHCHa K.

2.5.4. Yl cBHMHell, M TAXENaA BOUA IIOYTH He normowarwT Heirponsl. [ouemy
e B ATOMHbIX PeaKTopax M 3aMefdJieHHsA ObICTPhIX HEATPOHOB TAXENYI0 BOY
MCIONB3YIOT, 8 CBHHEL — Her?

O 2.5.5. MexOy HellOOBWXHBIM IJAPOM Macch! /17; M HajleTalOMM Ha Hero 1ia-
pOM Macchl M, HaxoAMTCA Henoap¥XHbIH map. KakoBa Macca npomexyToyHOro

&
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K 3a0axe 2.5.5

1uapa, npH KOTOpPOW 1Iap Macchl m, HpHobGpeTaer nocie coyngapeHUs HauGomnb-
1yw ckopocth? Bee ynapsl LeHTpanbsHble U ynpyrue.
63



2.5.6. IIBc onMHaKOBbie YaCTHIBI ABHXYTCA O] YITIOM « Iipyi K IpYyry ¢
HayaJlbHBIMM CKOPOCTAMHU Uy U U, . llocne ylipyroro B3auMofAeHCcTBUSA Y OHOH
U3 YaCTHLI CKOPOCTb CTaJla paBHa u, . Haiiaute yron passuera.

2.5.7. B MOMecHT HanGoJibLuero cOMMKCHUA Tes MpU yIPYTOM CTOJIKHOBCHUH
HX CKOpOCTb OMHAKOBA M paBHa V. KakoBa ckopocCTb JTUX Tell lioclie pasiieTa,
€CNIM [0 CTOJIKHOBCHMH MX CKOpOCTh Obljla COOTBETCTBCHHO Uy W v,? Tena
ABMXYTCA MO OJIHOH NPSIMOM.

2.5.8. Dlapuku Maccel 71y U M, [RIKYTCH B HEMOABMXHOH KOJbLieBOR Tpy6-
Ke C HavaJbHLIMU CKODPOCTHMH V| U U,. KaxkoBbl OYLyT UX CKOpPOCTH IlOCIIE
1987, 1988 cronkHoBeHU#A? Y uapsl ynpyrue, rpy6Kka riraakas.

O 2.5.9%. BycHHKHM MacChl 1y, My, My MOTYT CKOJb3HTb BOJIb FOPU3OHTAb-
HOH clMLDI 63 TpeHUA, IPUYEM /my > N1, U M3 2> m,. Olipeie]INTe MaK CUMallb-
Hble CKOPOCTH KpaiHUX OYCHMHOK, cCJIM BHayajlie OHM MOKOWIIMCb, & Cpe/iHAA
OycHHKa UMella CKOpOCTh U. Y1apsl yIpyIue.

¢ 2.5.10. Yactuiia Macchbl m; HaJleTaeT Ha LUap Maccel /71, . Hallpassienue ce nBu-
XEHMA COCTAaBJISET Yol & ¢ HOPMaJIbIo K 1I0BEPXHOCTH Wwapa. [1oj kakum yriiom
K JTOH HOPMAay{ OTCKOYMT OT 1llapa YaCTHLd, eClIM Llap CHAa4ana MOKOWICH, a
yaap ynpyrui?

¢ 2.5.11. Ha jpa onMHakOBBIX HEMOLBIDKHBIX IIapa HaleTacT TAKOM XKe TpeTHi,
LIECHTP KOTOPOrO ABUXXETCH IO CpelHel JIMHUM OTPEe3Ka, COEHHAIOIErO LIEHTPbI
HEIOMBKHBIX 11apoB. [lociie ynpyroro ypapa HalleTalouini 1ap ocTaHaBINBa-
eTca. KakoBo paccTosiHMe Mexny LEHTPaMHM MepBOHAYaJIbBHO HEMOBHXHbBIX
HIApOB, eC)IM pajuyc WapoB R?

2.5.12. llpu obnyueHUM KpPHCTAIa MOTOKOM HEHTPOHOR € €ro MOBEPXHOCTH,
MPOTHBOITOJIONHOH OOMOapAHUPyeMOM, BbUICTaKOT aTOMBI, IPHYEM HallpaBllellne
BhIJIETa 32BUCHT TOJIIBKO OT OpPUEHTAlMM KPHMCTaJlJia U He 3aBMCMT OT Halpaple-
HMA I0TOKA HEHTPOHOB. OBbACHUTE ITO ABJIEHHE.

oy

K 3aoaue 2.5.9 K 3a0aye 2.5.11

.C

K 3a0aye 2.5.10 K 3a0aye 2.5.13
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> 2.5.13. OnunakoBble LIApbl PACCTABIIEHBI Ha ISIOCKOCTH TAK, YTO UX LEHTPDI
0bpasyloT y3nbl KBaf[paTHOH PEILCTKH. 3a30pbl MeXay OMMXAUIMMH 1IapaMu
OJIAHAKOBbI ¥ OYEHb MaJlbl IO CPAaBHEHHI ¢ WX paiuycoM. OmHOMY U3 3THX
1ICPBOHAYaNlbHO MOKOALIMXCA (IAPOB COOGILMIM CKOPOCTh U IOM YIJIOM & K
CTOpOHE KBajlpaTHOR savedkH. Kaxmum GyneT manpHeiilllee IBHXeHHE LUAPOR,
cenu Bee yaapbl ynpyrue? PaccMOTpHTe KauyeCTBEHHO cllyyadl peuieTKH ¢ sueid-
KO# B $OpMe MPaBUIBHOTO TPEYTrONBHUKA.

2.5.14. JlokoMOTHB C IIOCTOAHHOW CHJIOM TATH F HA¥al ABUIaThCA K CTOALLE-
MY BarOHY M CTOJIKHYJICH C HUM yepe3 Bpema Ar. Halinute BpeMs Mexmay nocite-
/1y OILMMH COYTIaApEHMAMHM JIOKOMOTHBA C 3THM BarohoM. YOap yupyruit. TpeHu-
¢M B OCAX KoJiec rnpeHebpeub. Maccbl BaroHa W JOKOMOTHBA He OJHHAKOBBI.

2.5.15. Buytpu opHOponHOH rnagkoil HemouBwkHoM cdepnr paauyca R
HAXOOUTCA WAPMK, CKOPOCTh KOTOPOTO paBHa V. B HeKoOTOphIH HauabHbI#
MOMEHT IapHK YIIpyro coynapserca co cdepoi. Haiimute mpomexyTok Bpe-
MeHHM MeXy MepBbIM M NOCTEyIOLMM yOapaMmu Lapuka o cdepy, eciu ero
CKOpOCTb U 00pa3yer yrojl & ¢ paauycoM cdepsl, NpoBeNEHHBIM B TOUKY Mep-
BOTO ylapa.

F [isennsussannana iy
BBses

x
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O~

K 3adaue 2.5.14 K 3adaue 2.5.16

> 2.5.16. llpn ynpyroMm CTOJIKHOBEHMM HaJeTaloued JacTHIbI ¢ NMOKoAweHcsa
nepBas Toeresla MOJ YIJIOM ¢ K HalpaBJIEHUIO TEePBOHAYalIbHOTO ABMXKEHHUS,
a BTOpas — nop yriom . Haiinyre oTHOLIIEHHe MacC JTUX YACTHIL

2.5.17*, Taxenaa uaCTHUA MACChl M1; CTaJKMBaeTCs ¢ MOKOAMIEHCA Nerkoi
uacTHleR Maccbl m, . Ha kakoi HanGobILIMEA Yron MOXeT OTKJIOHMTBCH TAXKeasn
4acTHld B PE3yJbTaTe yNpyroro yaapa?

2.5.18%, UYacTHua Macchl m; HAIETENa €O CKOPOCTBIO U HA HEMOIBIKHYIO
MACTUILY MACChI M, , KOTOpas Mocile YIPYroro ynapa mojeTesla IO yrJIOM o
K I1IepBOHAYaJIbHOMY HAIIpaBJIeHUIO ABMXKEHMA HaseTalomned vactuuel. Onpene-
:IMTe CKOPOCTb YaCTHIIbI MAacChl M1, MOCHe yaapa.

2.5.19. Kocmuueckuii kopabiib Macchl 71, AposieTan ¢ BbIKJTXOUEHHBIMH OBH-
raTesaMH BOGJIM3M MNEepBOHAYATIBHO HEMOIBMXKHOTO KocMuyeckoro tena. Ilpu
)TOM MMITyNbC KOPabiiA, BHauane paBHBIA Py, CTal PaBHBIM P, a HalpaBjieHHE
Cro JBMXKEHH U3MEHMIIOCHh Ha yroil a. Onpefenure Maccy KOCMHYECKOTO Tela.

2.5.20. s v3MeHEHUs CKOPOCTM M HATIPABJIEHUA MOJIeTa KOCMMYECKOTO
annapata Ge3 3aTpaTbl TOIUIMBA MOXHO BOCIHOB30BaTbCA ~TPABHTAIMOHHBIM
yaapoM™ TIpH [IBMXKEHUHM ero BOIM3M Kakoi-nuGo nnaHeTol. Ilpu HavanbpHO#
CKOPOCTM amnmapara io BJATM OT IJIaHEThl, CKOPOCTb KOTOPOH U HMMeeT
BCTPEYHOE HANpaBJeHMe, annapaT NPOJeTaeT B TakoH OJIM30CTH OT MJIaHETHI,
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K 3a0aue 2.5.20 K 3a0aue 2.5.21
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My My
K 3a0aue 2.5.23 K 3a0aue 2.5.25

YTO B CHCTEMC OTCYETa JTOH MiaHeTbl HalpaplleHUe ero ABHXEHHEe M3MeHsAeTCH
na 90° *) . Kakosa CKOpOCTS arlnapara nocie yxona ot nnaHetsl? Kax MeHser-
cAl HarpasJleHHe IoJleTa annapara oTHocutensHo ConHua?

¢ 2.5.21*. [lo ropM3oHTaNbHOlM IIOCKOCTH MOXET CKOJNB3KTh €3 TpeHHs riaf-
Kafg “ropka’ BeicOTbI 1 ¥ Maccel m,. ['opKa IUTaBHO MEPeXOANT B IUIOCKOCTb.
Ilpy xakoif HauMeHbIIEH CKOPOCTH TOPKH HeBOMBINOE TENO Macchl M, , HelofA-
BIDKHO JleXalee BHayale Ha ee [IyTH, HepeBajluT yepes BepumHy?

2.5.22. Teno Maccel m, HaedkaeT cO CKOPOCTbIO U HAa HEMOABHXHYI IEpBO-

HavyaJIbHYH rOpPKY, OMUCAHHYI0 B mpenpioyuieii 3apgave, Halimute ckopocTts 3toro
Tella U TOPKH, €CJIH OHO CHOBA OKAaXETCA Ha FOPH3OHTaNTBHOMR IIIOCKOCTH.
o 2.5.23" MopcraBka Maccsl My ¢ HONY IWITHHIIPHYECK Ot BhIEMK O panMyca R
CTOMT Ha ITIAAKOM croJie. Teo mMaccel M, KNanyT Ha Kpail BbleMKH M OTHYCKa-
1or. Haiimute cxopocTs Tena v MOACTaBKH B MOMEHT, KOrAa TeJIO IPOXOAMT
HIDKHIOW TouKy nonycdepnbl. C Kaxoid CWIOH OHO OaBHT H4 HOACTABKY B 3TOH
touke? Tpenuem npeneGpeus.

2.5.24, Tena maccel My U M, CBA3aHbI Hesle QOPpMUPOBAHHOM IIPYKUHOHR KeCT-
KoctH k. OnpenienyTe HAUMEHBILIYIO CKOPOCTb, KOTOPYI0 HEOOX0IMMO COOBILMTD
Telly MAcchl my, 4TOGbI Mpy>XHHA CXalack Ha BenHunHy x. Kakumu 6ynoyT cko-
POCTH Tel, KOrfa Npy>XHHa CHOBa OKaXKeTcA HefllepopMUpOBaHHOR?
¢ 2.5.25. JIpa miapuka Macchl #1y U M, BUCAT HA [UIMHHBIX OJMHAKOBBIX HHTAX.
Mexoy HMMHM HaXOOUTCHA CXKaTasg MPYXXHHA, KOTOPasi yNEepXKUBAETCA B CXKATOM
COCTOAHMH, CBA3bIBalolLel ee HATHIO, [loTeH1ManbpHasA JHeprus Aedopmalmu npy-
sxubbl U. Hurs, cesssiBaomyo NpyxuHy, repexsraior. Hadgure makcumans-
HYI0 BBICOTY, Ha KOTOPYIO NOJHUMYTCS HIAPHKH.

*)  3HaucHUn CKOPOCTH KOCMHYECKHX TCJI, CCJIM JTO He OTOBOpPCHO, HAIOTCH OTHO-
curenpHo CoJHua.
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¢ 2.5.26. Yactuua macchl 2m HaneTaeT Ha HEMOABIXKHYIO YACTHIly Macchl m.
1Tocile CTONKHOBEHMA YACTMIIBI PAa3NeTAIOTCA CUMMETPHUHO Iof yriom 45° K
HalpaBJIEHUK HauallbHOM ckopocTH. Bo ckonbko pa3 BO3pociia cyMmapHas
KHHETUYECKAsA JHEPTUA MOCIe CTONKHOBEHUA?

m

ZIZ7 45°
— r=a

2mi J45°

K 3a0aue 2.5.26

2.5.27. Heittpon ¢ oumeprueit 250 k3B Hayeraer Ha sppo °Li. Ilpu atom
oGpa3yerca Bo30yXXIeHHOE AOpPO 7Li. HaiimuTe KMHETHYECKYIO JHeprut obpa-
30BAaBILETOCA AIPA.

2.5.28 ATOM Macchl m B BO3DY>KOCHHOM COCTOSHHM HMEET BHYTPEHHION
JHepruIo, GONbLIYI0, YeM B OCHOBHOM COCTOSHMH, Ha E. IIpH KaKoi HamMeHb-
IIe# 3HEPTUH WILKTPOH C MAcco M, MOXeT BO30yOHUTb MEePBOHAYAILHO IIOKOSA-
uuHcA atoM?

2.5.29. OneKTPOH MOXET HOHM30BaTh NOKOAIMiicH aToM Bojopoaa, obnaas
JHeprHei, He MeHbilel 13,6 3B. Kakoit MUHMMaNbHOH JHepruei AOMKeH 06-
JlaiaTh TPOTOH, YyTOObI MOHM30BaTh TAaK)Ke MOKOALIMHCA aToM Bopopona? Mac-
ca iIpoToHa My, = 1836m,, rae m, — Macca JNeKTpoHa.

2.5.30. Henmonsu>xHOe aTOMHOE SIAPO paclajiaeTcsi Ha OBa OCKOJIKZ Macchbl
my ¥ my. OnpefeIiTe CKOPOCTh OCKOJIKOB, €CU IIpH paclajie fjipa BbIIEIfA-
eTca 3Heprusa E,

2.5.31. B pesynbraTe paciliafa ABUXYLIETOCH s/ipa MOABWIIUCh [Ba OCKOJIKA
MAcCChl My U M, C UMITYTIbCAMU Py U P2, pasfleTawolumecs 1og yriom §. Ompe-
JIeTTUTe BIICTTMBILYOCA IIpH pacnafie AOpa YHEPIUIO.

O 2.5.32.Mpy pByxuaCTMYHOM pacmajle YacTHMl ¢ KHHeTHYeCKOH 3Heprueit K
00pasyloTcsa yacTullbl ABYX BunioB. HauGomnbimi yron, nos KOTOPBIM IHPOAYKTHI

Ve,
AY
A\
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AY

K 3a0aue 2.5.32

pacliafia BbUICTAIOT U3 [IYYKa IIEPBUYHBIX YaCTHL, PaBeH COOTBETCTBEHHO &) U Q.
Kakas JHeprus BbiOensAeTCA [IPH paciiaie epBUYHOM YaCTHIIbI?
2.5.33. Peakndio CJIMAHUA TSDKEJIBIX HM3OTONOB BOAOPOHda ¢ 00pa3oBaHHEM
CBepXTskenoro uaotona u nporona (*H + *H ->3H+ 'H) usyuasor, nanpasnsas
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ycKOpeHHble 1o 3Hepruu 1,8 MaB uousl mefitepust Ha IefiTepHeBYIQ e MHLIEH),
Hepruio 0Gpa3OBABIUIMXCA AEP TPUTHA U3MEPUTDH 3aTPyIHUTENBHO, H €€ He M3-
MmepsT. M3MepaloT ToNbKO 3HEPruo NPOTOHOB, BbUIETEBLIMX NePIeHOIUKYNAD-
HO IyuKy JIEHTPOHOB, OHa paBHa 3,5 MaB. Onpenenvre BbIAETHBLIYIOCA B peak-
UMH JHEPTHUIO.

2.5.34* . YacTuma Macchl m ¢ MMIY/IbCOM P pAachaZiaeTcs Ha IBE OOMHAKOBbIE
yacThubl. KakoB MHHMMAaIbBHBIA yroj pasjieTra ¢ BTOPHUHBIX YACTMIL, €CJIH IIPH
pacnaje Bbulensercs sHeprud E7

2.5.35. JIga 1ena maccbl M; Y m, NPUKpeNIeHbl K HUTAM OIMHKOBOW JIHHK
¢ obumed TOYKOH MonBeca M OTKIIOHEHbl — OIHO BJIEBO, IPYroe BIPaBO — Ha
OIMH M TOT e yron. Tera ogHOBpeMeHHO oTnyckaiwT. [Ipu ynape opyr o npyra
OHHM cnunatorca. OnpenenanTe OTHOLIEHHE BBICOTBI, HA KOTOPYIO Tesla HOJHUMYT-
cA Mocne CIMNaHWA, K BBICOTE, ¢ KOTOPOH OHM HayaJld CBOE [BM)XEHHE BHH3.

2.5.36. Ilyns maccel m;, IMelOLIAs HauanbHY10 CKOPOCTh U, POGUBAET NOJ-
BellleHHb1H Ha HUTH CBHHILIOBBIA I1Aap MAacChl M, M BBUIETAET U3 HEr'O C MOJIOBMH-
Ho#i ckopoctbio. Kakas yacTh KMHETHYECKOH 3HEpIMH MyJu Hepelvla B Terio?
¢ 2.5.37. Nyna Maccel m, MMeromas HauaJlbHY0 CKOPOCTb U, HpOGHBaeT MO/Be-
IIEHHBIA HA HUTH [PY3 TOH e Macchl M M 3aCTPeBaeT BO BTOPOM TaKOM Xe.
Haiinute BhiienuBleecs B EPBOM I'Py3e KONHYECTBO TEMIOTHI, ECIIH BO BTOPOM
rpy3e BbIOENUIOCh KOTHYECTBO TeIIOThl (). BpeMeHeM B3auMoOeHCTBUA ynmH
¢ rpy3oM mpeHebpeub.

Lo [ ] [7] [
m ml||mi|m m
7, DII7I77777T7 7T
K 3adaue 2.5.37 K 3a0aue 2.5.38

¢ 2.5.38*. [lo opHO#M IPAMOI Ha IT1aAKOM rOPH30HTATBHOM IJI0CKOCTH C PaBHBbI-
MM IIPOMEXYTKAMM pacholloxeHbl Opycku Maccel m kaxapid. K neppomy u3
6pYCKOB MPHKIaAbIBalOT MOCTOAHHYI0 [OPM3OHTaIbHYI0 culty £. Omnpepenute
CKOpPOCTh OPYCKOB Ilepell UX N-M COyJapeHHEM M cpasy nocie Hero. PaccMoTpu-
Te IipefieNIbHOE 3HaUeHHe CKOPOCTH MPH 1, CTPEMALEMCHA K GECKOHEUHOCTH, eCiH
LIMPHHA MPOMEXYTKOB MeXIy 6pyckamu paBHa /. Ynapsl 6pycKoB aGCOOTHO
HeynpyrHe.

2.5.39. Teno HaleraerT Ha HeMOABWXKHYH0 CTEHKY MOIl YIJIOM & K HOPMAJIH.
KoapduimenT TpeHusn o creHky u. Ilom KakuM yriom Tesio OTIETHT OT 3TOM
cTeHKHn?

§ 2.6. Cuna tarotenus. 3akonbl Kemnepa

2.6.1. loueMy cocTOSHMe HeBECOMOCTH Ha GOPTYy OpOMTAIBLHOM CTaHIMM
CBH[IETEJILCTBYET O IIPONOPUMOHAIBHOCTH CHMIIBl 3eMHOro TACOTEHMA Macce
IPHUTATKBAEMbIX Ten?!
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2.6.2. Hexoropeie nmanersi CosHeyHoil cUCTEMBl MMeloT OpOUTY, GIM3KYR
K KpyroBo#, ¢ ueHtpoMm B ConHue, npuyem obpamaics ouu Bokpyr ConHua
HoutH paBHOMepHo. Kak HampaBneHo yckopenue 3tux nnaver? Kak oHo 3aBucHT
OT paccTosHua MexIdy HMMHU ¥ ConlHlieM, eclM yCTaHOBJEHO, UTO KBafpaT He-
puHoza obpameHus NUIaHeT MpoHopiMoHaneH KyOy panuyca ux opourst? (Ilpen-
craBbTe cebe, UTo BblI ellie He 3HaeTe 3aKOHa BCEMHUPHOTO TATOTEHHA.)

2.6.3. Ilpu chepHuuecky CMMMETPUYHOM pACHPENENIEHHH MACChl LUap MPUTH-
ruBaeT Tella, HaXO[sILMecH BHE ero Tak, GYyATo BCA ero Macca CocpelioToYeHa
B ero ueHtpe, Ha kakoii BbicoTe Hayl 3eMileil cuila TskecTH cocrasiser 81 %
OT ee 3HaYeHHUA Ha nmoBepxHocTH 3emu?

2.6.4. Yckopenue JlyHbl MOXHO HAaMTH MCXOAS W3 KHHEMAaTHYeCKUX coobpa-
KeHMH, 3Has, yTo cpenHuil paguyc ee op6uthl 385000 KM, a mepuo;1 ce obpatie-
nua Bokpyr 3emnu 27,3 cyt, CpaBHHTE NOJyuyeHHOE TAKMM 06pa3oM 3HaueHHe
YCKOpeHHA ¢ yCKOpEHMEM, CO3/laBaeMbIM Ha JIyHHOH opOMTE 3€MHBIM TATOTe-
nueM. Paguyc 3emnn 6370 kM, yckopeHHe CBOGOIHOIO NafileHUs Ha ee 110BepX-
noctu 9,81 m/c?.

2.6.5. llpepnaraerca ™MeTon oOmpelefieHUA T[PABUTALMOHHOH MOCTOAHHOM.
Ilo reonmornueckum o6pasiam MOPOI U IO PacOPOCTPaHEHHOCTH 3TUX IOPOA HA
3emIle HaxOMAT CPENHIOW ILIOTHOCTh BellleCTBa. YMHOXasd 3Ty IUIOTHOCTb Ha
0o6beM 3eMIM, HaxomOAT ee Maccy. 3Has Xe paanyc 3eMII U YCKOpeHue cBobon-
HOro MajieHuss Ha €€ IOBEPXHOCTH, HaXOAAT [PaBHTAIMOHHYI0 I[OCTOAHHYIO.
13 veM KOpeHHO# HETOCTATOK JTOrO MeToyia’

2.6.6. PaccmoTpuM ycranoBxky Kaeenpyilua juis M3MepeHHA rpaBHUTaLOHHOM
OCTOAHHOH (TaK Ha3biBaeMble KpyTWibHble Bechi). Jlerkuii cTtepkeHs (Kopo-
MbICTIO), HA KOHUAX KOTOPOTO 3aKpeIUleHbl [(Ba OOMHAKOBBIX LIApa Macchkl m,
110/IBEIIEH HAa TOHKOM M WIMHHOH HuTH. K 1apaM MoxHO mpuGIM3uTh Ba Liapa
maccel M, 3HauuTensHo Gonbined m. Kopomsbicio cHaGxeHo 3epKalblieM, oT6pa-

g /,

N\
> ®
K 3adaue 2.6.6

CbIBAIOLIMM CBETOBOM ""3aliudK’ Ha yJaNIEHHYIO LKAy U TOTOMY IO3BOJIAOLUIAM
H3MEPATh OYeHp MAJble YITIbl HOBOPOTAa KOPOMBICIA BOKPYT BEPTHKATILHOH OCH.
(!lpn oymHe xopomsicna 10 cM u paccrosnnu 40 M 3epialiblia [0 LIKANbl cMe-
weHue “3aiiyka’ B 1600 pas nperbimaeT cMeleHHe L1apoB. )

WNamepeHue npoBoasT crnedyroumM obpasom. lllaper Maccel M pacnonaraiot
CHMMETPHYHO BO3JIe MIApOB Macckl m. IIpn 3T0M KOpoMeicio MoBopauuBaeTcs
H HUTb 3aKPYYMBAETCA Ha HEKOTOPBIHA yroil. 3ateM, Koraa rnocie NpeKpalleHus
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KpYTHIIBHBIX KolleDaHuil BOMbllHe HIaps! MepeBOMAT B HOBOE CHMMETPHYHOE MO~
JIOXeHHE, U3MePAIT YyToJl MOBOPOTa KOPOMbIcia. 3Hag yNpyrue CBOMCTBA HUTH,
ONpeneNAIT MaKCUMATIBHOE YCKOpPEHHE JIETKHX LIIapUKOB,

BbIuMciiMTe rpaBUTALMOHHYI0 MOCTOAHHYHO HAa OCHOBE JAHHBIX, IMOIYYEHHBIX
Ha ycraHoBKe KaBeH[MiIa (KPYTHIBHBIC BECHI): DACCTOHHME MEXIy LIApamMu
Mmaccel m ¥ M paBHo 2r = 10 cM, Macca Tsxkenbix wapoB M = 7,0 Kr, MaKcH-
MJIbHOE YCKOpEHHe JIETKHUX HapuKoB a = 2,8 - 1077 m/c?.

2.6.7. CBoii 3KCMEPUMEHT 10 MU3MEPEHHI0 FPaBUTALMOHHOW NOCTOAHHOM Ka-
BEeHIMII Ha3Bajl ~'B3BelUMBaHMeM 3emun’’. Ompepenute Maccy 3eMIH, eciu
Ha ee TMOBEPXHOCTH YCKOpeHWe cBoGomHoro mauenus g = 9,81 m/c?, a pamuyc
3emun R = 6370 kM.

2.6.8. Haiigute maccy Conmuua. Pamuyc op6uter 3emim paBen 1,5 - 108km,
B TONYy cofepxurca NpumepHo 3,14 -107c.

2.6.9. Haiinute cwly rpaBUTauMOHHOrO MPUTAXKEHHA, NEHCTBYIOLIYI0 HA Bac
co ctopoHsl 3emmy, JlyHer, Connia.

2.6.10. Cnytnk Mapca ®oGoc ofpataeTcd BOKpPYT HEro mo op6uTe pajnyca
9400 kM ¢ nepuogoM 7 ¥ 39 muH. Bo ckonbko pa3 macca Mapca MeHblue Maccsl
3emnn?

2.6.11. Macca Jlyust B 81 pa3 MeHblle Macchl 3emilu, a pamuyc JlyHml
1700 kM. Bo cxonpko pa3 yckopeHHe cBOGOAHOTO MajieHWs BOGIH3M JIYHHOH
IIOBEpXHOCTH MeHbIlle, YeM BOIU3H 3eMHOM?

2.6.12. Ompenenute panmyc KpyroBoi OpOHTbL acTEpPOUUA, eCIH YITIOBas
ckopocTb obpaenus ero Bokpyr ConHua w, a Macca ComnHua mg.

2.6.13. Kak mamenwnace Gbl MPOMOIIKHMTENIBHOCTb 3€MHOTO IOHa, eciix Obl
Macca 3eMITH cpaBHsATach ¢ Maccoi CONMHUA, a PacCTOAHHE MEXIy HHMH OCTa-
J10¢h 6bl npeXxHuM?

2.6.14* . Jlpe 3Be3ambl Macchl m; K M, 0BPa3yloT NROHHYI CHCTEMY C HEM3-
MEHHBIM paccTOfHHEM Mexay 3Be3flamu R. KakoB mepuop obpaiueHus 3pesl
BOKDYT 061ero ueHTpa Macc?

2.6.15. B acTpoHOMHM 4acTO H3MEPAIOT pACCTOAHHE B pAJIMycax 3eMHOH
op6uTbl, MepHoldsl — B 3€MHBIX T'OHax, a Macchl 3Be3d — B maccax Connua.
OmpenenuTe cymMMapHyX0 Maccy JIBOHHOH CHCTEMDI, €ClIM B 3THX efMHHLAXxX pac-
CTOAHWE MEXAy 3Be3llaMM MOCTOAHHO M PpAaBHO F, a IepHopd Ux obpaueHus
paBeH T.

2.6.16, Tpu 3Be3apl MacChl M KAXAA COXPAHAIOT B CBOEM JIBIXEHUN KOHH-
TYPALHIO PABHOCTOPOHHEIO TPeYTrONbHHKA cO cTOpoHOW L. C KakoOH yrioBoi
CKOPOCTbIO BpallaeTCH 3T0T TPEYTOJIbHUK?

2.6.17. Haigute nepByn KOCMHYeCKyl0 CKOpOCcTh WA 3emnu ¥ JIyHbl, a
TaK)X€ M Nepuofbl oOpallieHHss MO OKOJI03¢MHOH W OKOJIONYHHOH opGuTaMm.

2.6.18. CmytHMK Macchl Mg OBWXKETCA II0 KpyroBoit opburte paauyca R
BOKDYT IUlaHeTbl Macchl m. Kako#i MMIynbc HyXHO MTHOBEHHO cOODLIMTB
CIIyTHUKY, YT0OBl IUIOCKOCTb €r0 OpOGHTbI MOBEPHYJIACH HA YTON O, a PajuycC
He H3MeHuscn?

2.6.19. Kocmuueckuit xopabnp OBUKETCA IO Kpyropoi opbute panuyca R
BOKpPYT 3eMJIM CO CKOpOCTbIO U, BOBOe OoOJbIel CKOpoCcTH CBOOOAHOTO
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[IBMKEHHA 10 Toi xe opbute. Kakylo ciily TATH pa3sBMBaloT ABHTaTeNH Kopabns,
ecny ero Macca m?

2.6.20. Ipa oquHaKoBbix noe3na Maccbl 1000 T kaxapiid ABUXYTCA MO 3KBa-
TOPY HaBCTpeuy Hpyr apyry co ckopoctamu 30 m/c. Ha ckoniko otnmyarTcs
CHJIBI, C KOTOPbIMH OHY [aBAT Ha pellbChbl?

2.6.21.a. Kakos pammyc opOMTBI CIyTHHKa, JieXalled B IKBAaTOPHATbHON
IJIOCKOCTH, €ClTH TOT BCe BPEMsi HAXOMAMTCS B 3eHHTE HaJ OJHOU M TOH Xe TOU-
KOl 3eMHOM MOBepxHOCTH?

6. OnuumMTe KayeCTBEHHO Tpaccy CIYTHMKA, €CIIM IIPU TOM XK€ pajuyce opbu-
Tl €e TIOCKOcTh obpasyer yron 60° ¢ wiockocTeio 3xBatopa. (Tpaccoit cryT-
HHMKa Ha3bIBAETCA JINHHUA, COEIMHAIOMAA TOYKH Ha 3eMIile, U3 KOTOPBIX CITy THUK
BM/ICH B 3€HHUTE.)

2.6.22. [loTeHuManpHas 3Heprus rpaBUTALMOHHOTO B3aUMOeicTBUA HeGOMb-
uroro Tena Maccol m ¢ 3emneit U = — yMm/r, rne M — macca 3emnu, ar — pac-
CTOstHHE OT Tena 0o heHTtpa 3emmu. Halinurte npupaineHue noTeHUMAaNbHOM 3Hep-
rud AU 1pu nogbeMe Terna Ha BBICOTY 4 ¢ moBepxHocTH 3emitd. Kakas oTHoCH-
TenpHag oumMbGka BO3HUKAET IPH MCHOJIb30BAHMM MPHUOMIKEHHOrO BbIPaKeHHs
mgh BMecTo AU? YckopeHHe ¢BOGOJHOrO MajieHUs HAa IOBEPXHOCTH 3eMIH g,
paguyc 3emiu R.

2.6.23*. Teno 3anmycTHIHM BIOJNb 3KBATOPAa C BOCTOKA Ha 3aMaj ¢ TAKOM CKO-
pOCTBIO, YTO OYeHb [a/IeKO OT 3eMJIM ero CKOpOcCTb cTaja paBHOi Hymwo, Kakyio
CKOPOCTb OTHOCHTENIBHO 3eMii GyHeT MMeTb BJIaJil OT Hee Telo, 3allylieHHOe
¢ TO¥ e HaYyalIbHO! CKOPOCTBIO BAOMb 3KBATOPa, HO ¢ 3amaja Ha BOCTOK?

2.6.24. MereopuT Ha OueHb GOJNIBLIOM pPACCTOSAHMM OT IJIAHETHI MMEET CKO-
pocts vo. Ilagas Ha mnanery, oH mpuoGpeTaer BGNMU3M ee MOBEPXHOCTH CKO-
pocTs v. Ilpu xakoit HauMeHbILIeH CKOPOCTH BOJIHM3M NIOBEPXHOCTH 3TOM IJIAHETHI
KOCMHYeCKHI kopabnp mokuHer ee Ge3BosBpatHo? (Takas ckopocTh Ha3bl-
BaeTCH BTOPOH KOCMMYECKOH.)

2.6.25. Ha noBepXHOCTH IIAHETH! TENY COOBLIMINA CKOPOCTh, MPEBhILIAIOLILYI0
BTOpYW KOCMHYecKylo ckopocts Ha 0,5%. Bo ckombko pa3 ckopocTs Tena
BIIQJIH OT TUIAHEeTh 6Y/1eT MeHbllle BIOPO# KOCMHYECKOH CKOpocTH?

2.6.26. Haiinute BTOpYI0 KOCMMYECKYIO CKOPOCTb s 3emmu © JIyHbI. Bpa-
LLEHMEM IIAHET BOKPYT coBCTBeHHOM OCH TpeHeBpeyb.

2.6.27. CnyTHMK JBHXETCA CO CKOPOCTBIO U [0 KPYroBOM op6uTe BOKpYT
3emin. Kakyio HaumeHblIy10 0oGaBOYHYI0 CKOPOCTh Hago COOBIIUTE CITy THHKY,
4T0GBI OH MOT Ge3BO3BpaTHO YHTH OT 3emmn?

2.6.28. Kocmuveckuit kopabns npubmmxaercs k Jlyue. Ha Gonbiuom paccros-
tuu 0T JIyHBl ero ckopoCTh OTHOCHTENHHO Hee Gbiia HyJieBas. Ha kakoi BoicoTe
HY>KHO BKJIIOYMTh TOPMOSHOM OBHraTenb, CO3NAOIMI IATHKPATHYIO HeperpysKy
(5g), urtoBel mocamka Obpia  MArkoi? UsMmeHeHMeM Macchl  KOpabns
npenebpeus. Pammyc Jlyam oxono 1700 kM, yckopeHHe c¢BOGOOHOTO
llafieHUs Ha ee MOBEPXHOCTH B 6 pa3 MeHbllle, YeM HAa NOBEPXHOCTH 3eMIIM.
> 2.6.29. CxopoCTb NBUIMHOK OIHOPOJHOrO WIAPOBOro 06naxa HanpaBleHa
pajuaibHO M MPONOPIMOHAIbHA PACCTOAHUIO [IO LeHTpa: U = Hr; 310 OTHOCHTCA
K HayaibHOMY MoMeHTY. IlpH kakoit HanGomblel HayanbHOM IIOTHOCTH 0671aK0
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6yner HeorpanuueHHo pacumpaArtbca? (I Tena BHyTpM omHOpOHHOH cdepu-
YecKOH 06ONOYKM cymMMapHas IPaBUTALMOHHAA CHJIa CO CTOPOHBI OBONOUKH
HyleBas.)

K 3a0aue 2.6.29

2.6.30*. Kaky1o ckopocTb HY>XHO cOOBIIMT TeNy HeGOMBIION MACCHI B HIEHT-
pe actepou/a Macchl m U paguyca R, uto6p1 OHO yepe3 pafMalIbHYI0 LIAXTY YIUIO
0T acTepoupa GeckOHeuHO nanieko? AcCTepOHI MOXHO CYHTaTh OTHOPONHBIM.

2.6.31. Kocmuueckuil ammapar BfajieKe OT 3eMIJIM HAaxOAMTICA Ha TOM e
paccrogHud ot ComnHua, uto ¥ 3emiis. [lpu Kako#t MMHUMANBHOMR €ro CKOPOCTH
oH nokuHet ConHeuHy1w cucremy?

2.6.32* . HauMenbltias cKOpOCTb Tella Ha noBepxHOCTH 3eMiH, obecneunBa-
IIAfg €ro BBIXO 3a npeneisl COMHEYHON cHcTeMbl, HasbIBaeTCs TpeTbeld KocMmHU-
yeckoil ckopocrteio, Haiinyrte ee, ecid M3BeCTHO, UTO CKOPOCTb OpOUTAJILHOTO
nBixenus 3eman 30 kMm/c.

2.6.33*. B QaHTaCTMUECKOM PAccKase OMUCHIBAETCA, KakK H3-33 HeBombImoi
olmibKH¥ B BbIGOpe HayanbHOM CKOPOCTH NPHU CTapTe ¢ MOBEPXHOCTH 3eMIiH
MeXIUTaHeTHbIN kopabnp nagaer Ha Comuue. [Ipu kakoif HauMeHbIeH CKOPOCTH
Ha IOBEPXHOCTH 3eMIJIH 3TO BO3MOXKHO?

2.6.34. Kunetuueckas 3Heprus CIYyTHHKA Ha KpyroBsoi opGure paBHa K.
UemMy paBHa ero noTeHIMAaJbHAA 3HEPrus’

2.6.35* . Cnyckasich MO CIUpaK ¢ KPYroBOit OpOUTHI HA MOBEPXHOCTH IUIAHE-
Tbl B  Pa3pexeHHBIX CIOAX arMocdepbl CHOyTHHK COBEpIUAaeT I10YTH
KpYroBble BUTKH YMEHbLIAWIIErocs paguyca. IIpn 31oM ero ckopocts yBelnH-
yMBaeTCA TaK, GyAToO CWiIa CONpPOTHBIEHHA aTMOCdephl TONKaeT CHYTHHK BIle-
pen, B HampaerieHMd ero nonera! OGbscHUTe KauecTBEHHO M KOJIHYECTBEHHO
TaKoe NMapajoKcalbHOe NIOBeJIeHHe CIyTHHKA,
¢ 2.6.36". B ciyuae feficTBMA Ha TeJlo LEHTPANBHONR CHIbl pajuyC-BEKTOP,
HIPOBEJIEHHBIA K HeMY M3 IIEHTpa, OIKMChIBaeT B pPaBHble MPOMEXYTKH BPEMEHH
paBHble mwromwan. (B 31oM, cOGCTBEHHO, H COCTOMT IO OTHOLUEHHIO K IBHXEHHIO
rutaHeT BTopoit 3akoH Kerepa.) Kakyro mouragps onymer 3a Bpems ! paguyc-
BEKTOp, mpoBedeHHbI 0T CONHIA K TJlaHeTe, €clI B HAauallpHBIA MOMEHT pac-
crosiHyne or Hee fo ConHIA 7, CKOPOCTH U, @ YIoJl MeXOy CKOPOCTbIO THIAHEThI
H paguyc-BeKTopoM a?
¢ 2.6.37. CoytHuk cBA3H “Monuus-1" uMeer mepuredl Haj I0XHBIM MOMyLUA-
pueM 3emiu Ha BricoTe 0KoNo 500 kM, a anorelt — Ha BoicoTe 0koJ10 40 000 km
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HAJl CeBEPHBIM TMOJIyuapueM. KakoBo OTHOLIEHHE YIMOBBIX CKOpPOCTeH obpalue-
HHA TOrO CIyTHUKA B Niepuree u anoree?

K 3adaye 2.6.36 K 3a0aye 2.6.37

K 3a0aue 2.6.38

5 2.6.38*%. K mnanete pamuyca R ¥ maccel M HM3pajieka OBWXKETCA €O CKO-
pPOCTbI0 U OTHOCHTENIbHO Hee kocmuyeckHit 30Hm. [lpi kaxom npuuensHom
napameTpe p 30HJI TIPOJIETUT OJIMKe BCETO K IUIaHeTe, He pa3GuBuINCh?

2.6.39*. CxopocTh CIIyTHMKA B TIlepMree paBHa v IIPH PacCTOSHHM A0 LEHTpa
3emmu, paBHoM r. Kakopa ckopocts cnyTHHka B anoree? KakoBo paccrosnune
OT Hero JI0 LeHTpa 3eMIIH B anoree?

2.6.40% . KocMMYeCKHiT 30HI MAcChl 7 OBHXETCA BOKPYT IUIAHETHI MAacchl
M mo opbute ¢ HaubonbUmMM YyHalieHHeM ry OT LeHIpa IUIaHeThl (B amoOLeHT-
pe) ¥ HauMeHbLUM — r; (B nepuuentpe). Kakyw MHHMMaNbHY10 3HEPIUI0 HYX-
HO COOOILIMTH 30HIY, YTOGHI OH OKHHYIN TUIaHeTy?

2.6.41* C opGHTaNbHON CTAHIMH, ABMXYILEHACA CO CKOPOCTBIO ¥ TI0 KPYrOBO#
opbHTe BOKpYT TIaHeThl, 3allyckaloT gBa 3oHpa. HauamsHas ckopocTs 30HmOB

OTHOCHTEINIBHO TUTaHeThl paBHA U (V2 u > v>u). OmMH 30H; FMBIDKETCA 1O Ha-
IpaBJIeHHUIO pagdyca TIJIaHeThl; HauaJbHasi CKOPOCTh JPYTOro 30H/A fepneHmy-
KynapHa ee paauycy. Haiinure oTHOlIIeHHMe MaKCHMAaNbHO BO3MOXHBIX pac-
CTOAHHMM OT 30HAOB [0 LIEHTPa IJIaHeThl.
> 2.6.42* . TlnockocTb opbOUTH CMYTHHKA pa3BUTa HA CEKTOPbI ¢ OBIIEH BepIIH-
HOM B LIeHTpe IUTaHeThl MacCchl M M OMHAKOBBIMU MalibIMM yIJIaMH PacTBO-
pa dy. Halinute M3MeHeHMe CKOPOCTH CIYTHHKA IIPH NPOXOXIOEHUH KaXIOTro
CCKTOpA, €ClIM €r0 CKOPOCTb B HEPUUEHTPE Uy, 2 PACCTOAHUE OT CIYTHHKA [0
LIEHTpA TUIaHeThl B TIEPUIIEHTPE 7.
5 2.6.43*. C op6HTanbHOM CTAHIMM, MMEOIIEH KPYTOBYI0 op6UTY pamuyca R u
CKOpOCTb #, 32Ny CTWIM 30HM, COOOIIMB €My MTHOBEHHO B pajgMajibHOM HAlpaB-
JIEHHH [OMOJIHUTENbHY0 ckopocTs V. JlokaxuTe, 4TO KOTMa 30H[ M CTaHIMSA
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K 3a0aye 2.6.42 K 3a0aue 2.6.43

K 3a0aue 2.6.44 K 3adaye 2.6.46

BUIHBI M3 LEHTPA IUIAHETHI NOJ, OOMHAKOBHIM YTJIOM K HANPaBJIEHWI0 HA TOUKY
CTapTa, MX CKOPOCTH OTJIHUYAlTCA Mo-pexHeMy Ha BemmunHy V. Ha xaxom
PacCTOAHMH OT LEHTPa IJIaHeThl HAXOOMTCA 30HM, KOIJA 3TOT YTroil HaGmomeHus
paBeH a?

¢ 2.6.44*. Ilpu kakoil ckopocTH V op6uTa 30HIa M3 IIpeNbILyLed 3a/1aud 3aMK-
HyTa? Haiigute ee nepHueHTp W amoneHTp. B ciyuae ke He3aMKHYTO# OpOHTHI
HafHTe TpelieNlbHBI YTrOJl ¢ HanmpaBlieHHeM OT LEHTpa IUIaHeThI K TOUKE CTap-
Ta, KOTOpbIA 00pa3dyeT cKOpPOCTh 30HAA TIpH ero Oe3rpaHMYHOM YJAJIEHHHM OT
IUTIaHeThI.

2.6.45* Orpe3ok, COEMMHAMIUMI NEPHULEHTP M alOUEHTP 3JUINITHYECKOH
OpOHTHI, Ha3bBaeTcsi GOJIbIIOA Ochi0. OTHOCHTENIBHO Hee 3JUIANC CHMMETPHYEH.
OTtpe3ok, coemuHmOIMA Haubonee ypgadeHHble OT GONMBIIONH OCH TOUKH Op-
O6MThI, Ha3pBaeTcs Mao#l ocpio. OHa NMepneHMKYNspHa GOJIBIION OCH M TOXE
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ABIIETCA OCbI0 CHUMMeTpuM amunca. Mcmonesys ycnoBus 3amaunm  2.6.43,
naiigMTe CKOpPOCTb 30HAA B BeplUIMHax Mailoil ocd. Berpasute 3Ty ckOpOCTb
qepe3 WIMHY GOTBHION MOMYOCH 4 M Maccy TulaHeThl M.

2.6.46% CnyTHMK mBHXeTCA BOKpYT IUIaHeTsl Maccet M mo smmmmcy®) ¢
GONBLION M Malod NoiyocaMu a M b. OnpenenuTe WiomWanp, KOTOpyo pagHyc-
BEKTOp, IPOBENCHHBIA . M3 LIeHTpa TWIaHeTbl K CHYTHHKY, ’3amMeTaeT’’ B eIMHHIY
ispemend, Haiiute nepuo oGpaieHus criyTHUKA.

2.6.47. Hanbonouree paccrosrve ot ConHila m0 KoMmersr [annes cocras-
1se1 35,4 papumyca 3emuol opbuthl, a HaumeHsmee — 0,6. Ipoxoxperue ee
Onu3u ConHua HaGuwpamocs B 1986 romy; B KakoM rojy INpoM3OLUIO ee
HpeAbInyllee MPOXOoxIeHue?

2.6.48* CnyTHMK, OBMraBImMics NMO KpyroBol opOute pamuyca R, Gbul
MTHOBEHHO 34aTOPDMOXeH W CTaj [ABUraThCA IO JIUIMITHUYECKOR opbure,
Kacaliedcad HayaIbHOW OpBUTHI M NOBepXHOCTH IlaHeTsl. OmpenennTe BpeMs
aJicHMs CIOyTHMKA Ha IwlaHeTy. Pagmyc ruiaHeTsl R, yckopeHHe cBOGOIHOTO
1WA /IEHH A Ha IOBEPXHOCTH g.

2.6.49% Onpepenute Bpemsa namerHs 3emnu Ha CosiHile, €CJIM €€ BHE3alHO
(/¢ TAHOBUTb.

2.6.50*% JIsa Gorarpips Ha montoce 3eMiIM OpOCAlT BEPTUKAIBHO BBEPX
vynaBel. [lepBag ynama uepe3 Hepmenio, BTopasg — uepe3 30 muei. OuenuTe, Ha
JKOJIBKO PaaiMyaiiCh X Ha4abHbIE CKOPOCTH.

2.6.51. Ompepenute CWIy HAaTAXEHMA TPOCd, CBA3BIBAIOIIErO NBA CNyTHMKA
Maccpl M, KOTopble OGpamatorcs BOKPYr 3eMIIM Ha paccTosHMax R; u R,
Or ee IEeHTpa Tak, YTo Tpoc BCerga HampaBblleH pagdansHO, Macca 3emmn M.

2.6.52*% ]IBe conpHKacallUkecs LIapoBble DIBIOBI Macchl M W paguyca r
KaKIas OBWKYTCA TI0 KPyroBo# opOuTe BOKDYT niaHeTsi Macchbl M. LleHTpol
(.1b16 HAXOAATCA HAa OHOM paguyce, pacCTOAHHE OT TOUYKH HX COTIPUKOCHOBEHHUA

(© HeHTpa WwiaHeTbl R. C xaxod CWIOW HaBUT ONHa rmbiba Ha apyryto? IlpH ka-
NOM pagMyce OpOMTBI B3aMMHOe NPUTSKEHHE ITIbI6 NMepecTaHeT ynepKUBAaTh

-

———

-~

K 3adaue 2.6.52

*) 3nnMnc ¢ MONYoCcsMH a W b MONyuacTCs M3 OKPYXHOCTH PajMyca d yMCHBLIEHHEM
~¢ pa3’MepoB B OIHOM M3 HalpamneHu#t B k = a/b pa3. [Inowams snnunca S = na?/k = nab.
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nx Bmecre? Pamuyc mianetst Rg > r. IDI0THOCTH MIBIG MpUMHTE paBHOM cpen-
He# JUTOTHOCTH ITaHe I'bl.

2.6.53* Wapecrupit ¢uauxk @. JallcOH BbICKa3al IPEMfIONIONKEHHE, YTO
MOXHO GbUIO Gbl MONHOCTHIO MCNOMB30BAaTh 3HEPTHIO 3Be3Jl, eclin Obi KOCMHU-
yeCKHe UMBWIM3AUMH MOTIIM OKPYXHUTh 3Be3[bl cepuueckMMH 0B0OuKaMH,
Haiinure HanpsbkeHne B MaTepualle HENOJBHIXKHOM OHOPOIOHOM 0G6ONOUKH,
KOTOpasa OKpyxmia Obi B COOTBEICTBHH C 3TUM Ipemnofioxenrem Colnuue,
OpH ee pagdyce, paBHOM pagdycy 3eMHOM opO6utsl. IInorHocte matepuana
oBonouxu p=4 - 103 kr/m®.

§ 2.7. Bpawerme TrepOOro TENA

2.7.1. IIsa mopoOHBIX MaxOBHUKa H3rOTOBJIEHBI M3 OJHOrO MeTajljia, IIpH-
ueM JMHeillHble pa3Mepbl BTOPOIC BABOe OONbile JIMHEHHBIX pasMepoB Iep-
Boro. Kak OTHOCATCA KMHeTHYeCKKt¢ JHeprMM MAaxXOBMKOB IIPH OHHOH M TOH
e YITIOBOH CKOPOCTH BPAIlieHuA BOKPYT Och?

2.7.2. Omnpegenure KWHETHYECKY0 OHEPIMI0 TOHKOro Konbua pamuyca R
M Maccbi 17, PACKPYUeHHOTO [I0 YITIOBOM CKOPOCTH w BOKPYT ero ocH. bomnpie
WM MeHblile 3Ta JHepTUA B cilyyae CIUIOLIHOTO AMCKa TOTO JKe pajuyca i Macchi?

2.7.3. MaxoBUK B Buje KOJIbla MACChi ¥ H pagMyca R ¢ HEBECOMBLIMHU CIM-
HaMM PacKpyTHTH IO YITIOBOM CKOpOCTH . M3-3a TpeHMs OH OCTaHOBWICH.
Hailimure MOMEHT CWIBI TpEHHMA, eCIM MAaXOBHK OCTAHOBWICA uepe3 Bpems
t; eCJIM MaxOBHK JI0 TOJIHOH OCTaHOBKH chenas /V ofopoTos.

2,74, Torku# ob6pyu paguyca R packpyTHNH BOKPYT €ro OCH [0 YITIOBOHR
CKOpPOCTH w M MOJIOXWIN IUIAlIMA Ha IOPU3OHTaIbHBE cTON. Uepe3 kakoe
BpeMsa OGpyY OCTaHOBHTCH, ecH KO3DOUIHEHT TpeHHsa MeXIy CTOIOM U 006-
pyyem paBeH u? Ckoiabpko oOOpoTOB criesaeT o6pyd [0 MOIHON OCTaHOBKH?

2,7.5% KunetMueckad »JHeprisi TBepAOrO Tela, BPAaLAKOLIErOCH BOKPYF
OCH, TPOTIOPUMOHATEHA KBAafpaly yroBoii ckopoctd: K = Jw?/2. Koadpdu-
uMeHT J Ha3bBaeTCA MOMEHTOM HMHEpUHM OTHOCHTENBbHO AaHHOH ocu. Haiigy-
Te MOMEHT MHepLMH IjIsl TaHTed, MpelCTaBIA0IEH co0oi TOYeYHbIe MacChi
m, WM, Ha KOHIAX JIETKOTO CIEPXXHA, €CJIH OCh €€ BPALICHNS T1e pNeH UK YIIsp-
Ha CTEPXHIO M HaXOOUTCS HA PAacCTOSHMU F j U F ; OT TOYEYHBIX MACC.
¢ 2.7.6. ToHKOCTeHHbIT UWIMHApP pagMyca R pacKpyTHIM 10 YIJIOBOH CKO-
POCTH w M IOCTaBWIM B yIoJjl, Kak [I0Ka3aHO Ha pucyhke. KoadduuueHt Tperns
MEX(Iy CTeHKaMH yria H LHJIMHIPOM paBeH u. CKONbKO 00OpOTOB UMIMHID CHe-
JIaeT 30 MOJTHOM OCTaHOBKH?

2.7.7. Peumre 3amayy 2.7.6. B cilyyae, eClIM B YTOJ MOCTABMIIM PaCKPy4YeHHbI
CIUIOHIHOM OZHOPOOHBLT LMIMHAP. MOMEHT HHepUMM TaKOro IWIHH/pA
J =mR?/2, me m — ero macca.

2.,7.8. MomeHT cWl, HeHCTBYWOIHX HAa TBEpOOE TEJIO OTHOCHTENILHO €r0 OCH
BpauieHds, paBeH M. JloxaxuTe, yro paGoTa 3THMX cHl paBHa My, a yITloBOe
ycKopeHue Tefla paBHO M/J , rie ¢ — yroj moBopoTa Tena, aJ — MOMEHT MHep-
LMK Tella OTHOCHTENILHO OCH BpalLIEHH .
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O 2.7.9* OupemenHre yrIoBoe yckopeHHe 6ioxa pagmMyca R ¢ MOMEHTOM
WHepuyyu J, BbI3BaHHOE IBYMs I'Dy3aMM Macchl My M /1, , 3aKPpelUleHHbIMH
Ha KOHUAX HUTH, NlepeKMHYTOH uYepe3 GIOK, ecsIM HHTb He IPOCKANb3bIBAET 11O
anoky.

¢ 2.7.10. InexTponsurateNp 3aKperyieH Ha MOMACTABKE Tak, YTO €ro och U 06-
ILAHA [EHTP MAacC HaXOOATCH NMOCEPeIMHE MEXIY ONOPaAMM, pacCTOAHHE MEXILY

N
HON

’ 7/

K 3a0aye 2.7.6 K 3a0a4e 2.7.10

o

My

K 3a0aue 2.7.9 K 3a0aue 2.7.11

KOTOpsIMM paBHO [ . Ero mocraBuiy Ha I71aJIK Y10 TOPH3OHTAIbHY K0 HOBEPXHOCTb.
HallmuTe cwibl maBJIeHMs ONOp MOMACTaBKH Ha MOBEPXHOCTH, €CIIM NOCIE BKITHO-
YCHMA pOTOp [BUraTeNlsl pacKpyYHMBAaeICA C YIIOBbIM YyCKOPDEHHEM w, a €ro
MOMEHT MHepuuu paBeHJ.Macca gBUraTens ¢ nHOACTaBKoM m .

27.11. Ha rmagxkoM TOpH3OHT&ILHOM CTOJle HaXomuTIca Opycok Macchl
my. Ha HeM yKpelieH TOHKOCTeHHBI UWIMHOP Macchl m, U paguyca R, KO-
10pbii MOxeT Oe3 TpeHHMs Bpauiathca BOKpYr cBoedl ocu. Ha uunMHpp Hamo-
1aHa HeBecOMas TOHKAasA HWTb, 32 KOHEL KOTOpOH TAHYT C rOPU3OHTATbHOH
cunont F', Haltgure yckopenne Gpycka M yIJIOBOe YCKOpEeHHe UWIHHpA.

2.7.12. Hafinute yckopeHWe, ¢ XOTOpbIM cKarhiBaeTcsa Oe3 nmpockalb3biBa-
HUSA [0 HAaKJIOHHOM IUIOCKOCTH C YITIOM « TOHKOCTeHHbI HWIMHOpD. KakoBa
CWI1a TpEeHHs, IeHCTBYIomAas Ha Hero?
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¢ 2.7.13* OcH TOHKOCTEHHOTrO M CIUVIOUIHOTO LWIHHJPOB CO€/IMHEHBI HEBe-
comoii wTaHroi. IWMHApEI ckaThBaoTca Ge3 NMpOCKaIb3bBAaHUA IO HAKIJIOH-
HOM IUTIOCKOCTH ¢ yrIoM «. Pamiycsl IMAMHIPOB OJWHAKOBBI, Macca KaXIoro
wwinHApa m, OnpedenuTe CWIy HATsKEHNS LITAHTH.
¢ 2.7.14* Ha TOHKOCTEHHBII IMWIMHAP HaMOTaHa HHTh, KOHEl, KOTOpPOW 3a-
KpelUleH Ha CIoiiKe TaK, YTO IIpH COCKaIb3bIBAHMM LWIMHIpA ¢ HAKJIOHHOH
IWIOCKOCTH HMTh OCTaeTCA MapalleNbHOM HakJIOHHOM miockoctd. Kaxkywo cko-
pocTb TpHOGPEN IMMIMHAP, €CJIM ero OoChb Mpoiuia paccroAuue [ ? Yronm Hakno-
Ha TUIOCKOCTH ¢, KO3 HIMEHT TPEHHS MEXIY THIOCKOCThI0 M UMWIHHOPOM i .
2.7.15. CiowHON NWIMHAP MAacChi /71 HacaKeH Ha TOPH3OHTAIBHYI0 OCh.
Ha punuuop HamoTaH WHYp, K CBOOOJHOMY KOHLy KOTOPOTo NoOJBellleHa
rups mMaccol m,. C KaKMM YCKOpPEHHEM CTaHeT OIyCKaThCA THpA, €CliU ee OT-
HyCTUTH ?
¢ 2.7.16, TBepmoe Temo HacaXkeHO HAa TOPU3OHTAJBHYI0 OCb, IIPOXOJAHIYIO
yepes ero ueHTp Macc. Ha Ty e och HacaxkeH jierkuil 6ok pamuyca 7, XecT-
KO TIpUKpeIUteHHbIH K Teny. K cBo6OgHOMY KOHLY HWTH, HAMOTaHHOH Ha QNOK,
nojgeureHa rupsa maccoel m . ['upio otiyckator. Uepes Bpems ¢ oHa onmyckaeT-
cd Ha pacctosHue i, HaiigMTe MOMEHT HHepIMH Temia.
¢ 2.7.17. Ha cryneHyaThii HWIMHOpHYecKHH GIIOK HAMOTaHBI B IIPOTHBOIO-
JIOKHBIX HANpaBJICHHAX [BE€ HHUTH C TOABELIEHHBIMH K HMM rpy3aMu Macchi
m; u m,. Haiimure yckopeHHe rpy3oB M CHIly HaTspkeHMs HUTeH. Moment UHep-
1y 6nokaJ, pamMyc COOTBETCTBYIOIIMX YU4acTKOB Oitoka Ry M R,.
¢ 2.7.18. Ha Bamuk pagMyca r IUIOTHO Haca>keH CIUIOUIHOM aycK. MomeHT
MHEPIUM 3TO! CHCTEMBI OTHOCHTENbHO Ock J, macca m. Ha Banux cuMmeTpHu-

e

e

K 3adaue 2.7.13 K 3a0aue 2.7.14 K 3a0aue 2.7.16

K 3a0aue 2.7.17 K 3a0aue 2.7.18
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HO HAMOTaHbl [IB€ HMTH, Ha KOTOPBIX CHCTeMa MOJBelIeHa K HEeloBUXKHOMY
wtatuBy., Hut BeprukansHel. Ccremy otnyckaior. Hafimte yckopenue ocu
JHACKA U CHITY HATS)KEHH S HUTEH.

0 2.7.19* OnHopomHasA Tsenasd BepeBKa, KOHIBI KOTOPOH 3aKpeIUleHbl Ha
OIHOM BEpPTHKAIH, OXBaThBaeT HeBecombmi o06pyu. C KkakHM ycKOpeHuem
obpyy muagaeT, €ClM ero OTIYCTUTh?

ly

K 3a0ave 2.7.19 K 3a0aue 2.7.20

» 2,720*% Ha ropH3oHTANIbHOM IJIOCKOCTH JIEHMT KaTyllika HUTOK. Katymrcy
ISHYT 32 HUTKY. [IpM KaKkMXx yrmax ¢ Mexay cWIOH M TOPHU30HTalbio KaTyul-
Ka CTAaHeT YCKOPAThCA B CTOPOHY HATAHYTOH HATH? .

2.7.21* Toukoe xoJbuo pagdyca R H Maccel m pacKpyTHIH [0 YITIOBOH
CKOPOCTH wgo W HOCTaBWIM BEPTMKaIbHO Ha rOpU3OHTAIBHYIO IUIOCKOCTh. Kak
OyIeT [BUraThCAd KOMBUO, €M KO3(P(PUIMEHT TpeHuA KOJNbiAa O TIOCKOCTb
paBeH u ? Ounpegenurte 3aBUCUMOCTb OT BPEMEHH CKOPOCTH OCH W YIJIOBOH
CKOpPOCTH BpaueHus. UYepes kakoe Bpems IIpeKpaTHTCS IIPOCKajb3bIBaHue?
Kaxas yacTe HayafpHOM JHEPIHH NepeiifeT B TeIwio?

2.7.22* OpHapopaHbOi WATHHAP pagdyca R M Macchl M TOIKHY/IM C HAUaib-
HOM CKOpOCTBIO Vo 0e3 BpalieHHsA BIONb TOPHU3OHTaNbHOM IockoctH., Uepes
KaKoe BpeMs MpeKpaTHTCA I[IPOCKalb3bIBaHMe, eCd KO3pUIMeHT TpeHUA
IWJIMHApPA O TWIOCKOCTh paBeH u ? Kakas uacts HayasibHOM SHEpPIHH mepeiipeT
B TeIo?

2.7.23*% [lo uwlepoXoBaTOl TOPHU3OHTANBHOM MNOBEPXHOCTH KaTturcA 0Oe3
I1POCKaJIb3BIBAHMA CO CKOPOCTBIO U TOHKOe KOMNblo. Yepes xakoe Bpems Hoc-
.I¢ YIPYroro ymapa O I71afKyH BePIHKaIbHYH CTEHKY KOJIbLO OCTaHOBHMTCH,
ecnd KO3P@UUMEHT TPeHMA KOJbIa O MOBEPXHOCTh paBeH u? OmMuUmMTE Ka-
¢ CTBEHHO [BYIKEHHE CIUIOLIHOTO JMCKa [ToCiIe yuapa.

2.7.24. OsHakomeTech ¢ ycroBuaMH 3amaun 2.4.18. Ilpu xaxoit Havamb-
HOM YITIOBOM CKOpOCTH OOpyy pamMyca R BepHeTcd B UCXOIHYKW TOUKY, [OBH-
145iCh ¢ MOCTOSHHBIM YCKODEHHMEM MO ropusoHTanpHOMy nolny? Hauanshas
CKOPOCTb LieHTpa 06pyua v .

2.725. Tpu opnMHAKOBBIX LUMIMHIpa pAacKPyTHWIM OO YIJIOBOH CKOPOCTH
) W [IPUBETM B CONPUKOCHOBEHHE TaK, YTO JIEBBIA U MPaBbli UMIMHIPHL 0Ka3a-
IHCh TIPHXKATHI K IEHTPAIBHOMY € OJMHAaKOBOW ciylod. OcHM HWIMHIpPOB ma-
paJlIesibHBL M 3aKpervieHbl, KakiMu CTaHyT B KOHLe KOHIIOB YTJIOBBIE CKO-
pOCTH BpallIeHH ST HWINHIPOB?
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K 3a0aue 2.7.25 K 3a0a4e 2,7.26

O 2.7.26.1eHTp TOHKOrO KOJIbIA HAXOAUTCS KAK pa3 Hajl KpaeM crosa. Konsuo
HauMHaeT CKaThIBaTbCA CO CToNa €3 MPOCKaIb3BIBAHUA M3 COCTOSHMA MOKOS.
Ha xaxo# yroi moBepHeTCA KOJIBIO OO MOMEHTa OTpPbIBa €ro oT xpas crosa?
Boneie wid MeHbile OyHeT 3TOT yroa B Cliyyae, ecliM cO CTOjla  CKa-
ThIBaeTcs wwap?

¢ 2.7.27*% Jlerkuit CIepXeHb ¢ 3aKpelUIEHHBIMM Ha KOHLAX TPy3aMHM MacChHl
M, W M, ONHpaeTCcA Cepe/MHON Ha XecTKYylo NOHCTaBKY. B HauanbHbOT MOMEHT
CTepXEHb YIePXHUBAWT TOPU3OHIAIBHO, a 3aTeM oTnyckawr. C Kakoil cuioi
OH JIABMT Ha TOJCTABKY Cpa3y MOCJe TOTO, KaK ero OTIyCTHIN?

K 3a0aue 2.7.28 K 3adaue 2.7.29

¢ 2.7.28* Tonkas OOHOPOOHAA NATOYKA MIMHBI [ M MACChl M JIEXKHUT CHMMET-
PMUYHO HA Omopax, PAcCTO THUE MeX Iy KOTo ppIMH paBHO 4. OmHy U3 onop 6plcTpo
y6upator. KakoBa cpa3y nocie 3100 cwjla peaklMH OCTAaBILEHCS ONOPhI?

O 2.7.29, Tautens ¢ mIapMKaMH Maccul 71, U M, , COEQUHEHHBIMH HEBECOMBIM
CTep>HeM [WIMHbI [ , BpaiaeTca BOKPYTr BepTHKallbHOM OCH, IPOXOaAuIen yepes
LEHTp TaHTeld, ¢ YrIOBOH CKOpOCTbio w. ONpemenure yron, KOTOpsd o6pa-
3yeT OChb FaHTeNH C OChIO B PalICHHA.

¢ 2.7.30. HBa micka ¢ MOMeHTaMH UHepuuH J, M J, BpamawIca ¢ YIIIOBOH
CKOpOCTbIO COOTBETCTBEHHO W; H W, BOKPYT OJHOM U TOM e OCH Ge3 TpeHHsA
JHcKH MpULDIH B CONPUKOCHOBEHHE APYT ¢ APyrom. W3-3a BOIHMKIEro Mexmy
IMCKaMH TpeHMs yepe3 HEKOTOpOoe BpeMs IpPOCKaIb3bIBAHME OMHOTIO AHCKA
no pgpyromy mpexpamaercsa. KakoBa cTaHeT Torma YIJIoBasg CKOpOCTb Bpa-
meHn s mckoB? Kakoe KOJTHYeCTBO TEIUTIOThI B bIAEIHUTCAH?

2.7.31* Bpawarommiica o0Opyy paguyca R TajaeT BepTMKAIbHO Ha IO pPH30H-
TANbHYI0 IUIOCKOCTb M OTCKAKHMBAET OT HEe CO CKOPOCThio U ToA yrnom 30°,
yxe He Bpamasce. KakoBa yrmoBas ckopocTs 06pyua Jio yaapa?
¢ 2.7.32% Tlo magxol TOpH3OHTAILHOM IUIOCKOCTH HABCTpeuy ApYr JpyTy
OBMXKYTCA [1Ba OJMHAKOBBIX TOHKHX Bpamlamluxcs Koibma. Mx ckopocTH
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K 3a0aye 2.7.30 K 3a0aue 2.7.32

Uiy M U, HampaBlEHbl N0 NPAMON, COeOMHAINER LEHTpbl KOJNelm. YIJIOBbIe
CKOPOCTH KOJIell, wi H w,. OnpeenuTe yIIoByK CKOPOCTh KOJIel ocle coy-
lapeHHsi, €CIM IPOCKalb3blBaHHe WX OTHOCUTENBHO ApYr ApYyra Hcuesaer
B NOCIeAHHA MOMEHT yapa.

¢ 2.733. B mwiuHmp maccsl m, B pamuyca R, MOKOAMACA Ha DIagko#t ro-
PH3OHTaNbHON IUIOCKOCTH, MONAJaeT MyJIA MacChl 71y, JIETAINASA FOPU30OHTAIEHO
Ha BBICOTE I OT OCH IMIMHApA cO cKOpocThi v. CulTas ymap aGoolioTHO He-
YIpyrdM M m, <€ m;, HaliiTe CKOPOCTh OCU U YIJIOBYI0 CKOPOCTb LIIMHAPA.

K 3a0aue 2.7.33 K 3a0aue 2.7.36

2.7.34. Ha nokosiyeMcsi OJHOPOJHOM TFOPH3OHTANILHOM [IMCKE MACCBI 724
M pamMyca R CTOMT uenioBek Macchl M ;. JlMck MOxeT Oe3 TpeHHs BpamaThes
BOKpPYI' BEPTHKAJIBHOM OcH, mpoxosuiedt yepe3 ero nentp. C Kako# yrinoroi
CKOpOCTbI0 HayHeT BPAaiuaTbcsi JMCK, eCIIU 4YeJIOBEK MOHAeT MO OKPYXHOCTH pa-
;Myca r BOKPYr OCH [HMCKa CO CKOPOCTbI U OTHOCHTelpHO Hero? Pammyc muc-
Ka MHOTO DoJIblile pOCTa YeJIOBeKa.

2.7.35. Ha xpai cBOGOJHO Bpamanuierocs ¢ yrjioBoi CKOPOCTBIO (w BOKPYT
BEPTHK&TBHON OCH JMCKa, UMelmero paguyc R K MOMeHT HHepuuH J, CTOMT
yesioBek Maccel m . Kax u3MeHHTCS yrJIOBas CKOpPOCTb BpallleHMs IMCKa, ecIyu
4eJIOBeK IiepelifeT OT Kpasd gucka K ueHIpy? Kak M3MeHMTCA KUHeTHYeCKas
JHEPrUsa cucremsbl Ipu 3toMm? Pazmepamu uesioBeka IO CpaBHEHMIO C pa3Mepa-
MH JMCKa IpeHebpeys.
> 2.7.36. B ycraHoBke, Haxoasuleicss Ha momwoce 3emid, HeGonplimMe, HO TH-
XeJIble IPY3bl YAEPKUBAKTCA ¢ MOMOIIBI0 HUTH Ha PACCTOSAHUH R OT BePTUKANb-
Hoil ocu. Hutb mepesxxuraior. [py3bl OMyCcKaKTCA M OKA3bIBAIOTCA HA pACCTOAHHM
r = 0,1R ot ocu. CkoNpxo 0GOPOTOB 32 YacC COBEPILAET MOCIE ITOTO YCTaHOBKA,
ecJIM BHAydlle OHa OTHOCHTENbHO 3emuru He Bpawanack? TpeHuem mnpeneGpeun.

2.7.37. Bo3gyx u3 cyGTpollHuecKoro Nosca NOBLILIEHHOTO JaBJIeHUs Mepexo-
[T B 9KBATOPHATBHBLA MGSC OHMXXEHHOTO JaBJIeHHA. B KaKyl0 CTOpoHy — Ha
3afajl WIK BOCTOK — OH BYHeT OTKJIOHATHCA NPH CBOEM [IBHXKeHUH?
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2.7.38* 3a nocnemime 40 JeT CyTkM  BO3pociM mpumepHo Ha 1077 c.
HexoTopble re0®U3MKH CUMTalOT OCHOBHOH NPHYAHON 3TOTO TasiHbe MOJISPHOH
JensaHOW wiankv B AHTapkTuae. OueHurte, Kakas Macca Jibga B AHTapKTHIE
pacrasuia, eIy 3T0 NPeffoNoxKeHHe BepHO, 3a 40 rieT.
¢ 2.7.39*% a. HUsBectHo, yT0o mpwinBHas Jedopmanuusa camod 3emMiIH U NPHITH-
Bbl B OKeaHax 3aMemIsaioT Bpamehue 3emau. OObsAcHMTe, KAK BO3HHKAaeT He-
0OXOMM MBI 1A ITOT0 MOMEHT CHII.

6. ConHeuHsli NpuiuB B aromocdepe 3emIH JOCTHraeT MAKCUMyMa Ha [Ba
yaca paHblle npoxoxnedusi Comnnuem 3eHnTa. CHOCODCTBYET WIH NpeNATCTBYET
3TOT MPWIMB 3aMe/JIEHHIO CYTOUYHOTO BpaleHusA?

2.7.40* OpHopoaHas crMna MIUMHBI /, CTOAIAA HA ITIAJKOHA IOpPH30HTATLHOR
NOBEPXHOCTH, HAuMHAET MajaTh M3 BePTHKATBHOTO HoJOxkeHMs. Omnpepenure
CKOPOCTDb BepXHero KOHIla CIMIIbI llepef yJapOM €ro O THOBEPXHOCTb.

2.7.41. ToHkH# cTepseHb MAacchl /1 ¥ [JIMHBI / JIEXMT Ha ITIA[KOH rOpU30H-
TABHOH HOBepXHOCTH. IDIacTWIMHOBBIA IIAPHK MAcCel W CO CKOPOCTBIO U,
NepHeH MK yTIAPHOH CTepXHIo, yiapsercss 00 OJMH K3 €ro KOHIIOB U NpuIMnaeT
Kk HeMy. Kakoe KOJIMYECTBO TEIUIOTHI BBIIEIUTCS TIPH TAKOM yfape?
¢ 2.7.42. CrepxeHb Macchl m; M HIMHbL ] nopaBeliled Ha wapHupe. HeGomnbLioi
KYCOK IUIACTWIIHA MAacChl M1, NPWINNAET K CepellMHEe CTePXHsd, ABUrasch 10
COyHapeHus C HUM TOPU3OHTAILHO cO CKOpOCTbio v. Halimure MakcHMAalbHbIH
YyIOJl OTKJIOHEHMsl CTEP)KHA OT BepIMKamM. TpeHHeM B lapHHpe HpeHeOpeub.

2.7.43*. KaxuM MecTOM 1ipd HeXTOBaHHH MATIKaMU HYXHO YAAPATh MX [IPYT
0 gpyra, 4robbl He 4yyBcTBOBaTh orfauu? Ilanky fepxar ogHolt pykoil 3a ee
KOHell.
¢ 2.744. MoMeHT HHepUMH TBepAOTO Tella MAacChl M OTHOCUTENBHO ocu O
paBeH J. LleHTp Macc Teyla HaXOIMTCA Ha paccTOAHMM R OT 3TO# ocu. Haiigure
cuily, AeCTBYIOIIYI0 Ha OCb IpH KPaTKOBPeMEHHOM ITPHIIOXKEHHU K TBEPIOMY
Tely cwibl F, NepHeHIMKYNAPHOA OTpesKy [WIMHBl X, KOTOpbI COeqUHSAET
TOYKY MPWIOXKEHHA CHIIBI M OCbh. [IpM KkakoM X cHia, [eicTByIOmAsa Ha OCh,
HauMeHbIas?
¢ 2.7.45. JIse OopyMHaKOBble TraHTENM JIETAT HABCTpedy ApPYr APYrYy €O CKO-
pPOCTBIO V; M vy TaK, KaKk H306paxeHO Ha pHcyHKe. PaccrosiHme Mexay wia-
pukamu radrend / . Kak GyayT OBMrarecs raHTeNH NOCIe YAPYTOro cOyaapeHus?

%

my [/ ¢
g F
—-
K 3a0aye 2.7.39 K 3a0aye 2.7.42 K 3a0aue 2.7.44
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K 3a0aue 2.7.45

K 3a0ave 2.7.47 K 3a0aye 2.7.48

v 2.7.46* Ha xaKy1o BbICOTY MOXHO NMOAG'3uiTh MELLOK C IIECKOM ¢ MOMOILbIO
JIOCKH MAacChl /1 ; Y [UIMHBI [, ecJIM Ha [py7 Wi KOHel, 3TOM JOCKH C BBICOTBI
{{ mapaer Tako#l e Mewok ¢ meckoM? Macca Mellka ¢ IeCKOM paBHa M, .

N
3

> 2.7.47*% Ha BepTUKa@IbHYI0 TPYBY, BBIXOIALIYIO U3 [IHA COCYHA C XUAKOCTBIO,
I'¢epMETHYHO Ha/IeTa KOJeHYaTO M30THYTas HacaJka -~ CErHepoBO KOJIECo.
[icmm B coCyq 1O[JIMBATh XUAKOCTb, YTODBI yPOBEHb XUAKOCTH B HEM HE Me-
ISUICA NMpPH ee BBITEKAHMM, CETHEPOBO KOJIeCO BpawlaeTcs C MOCTOAHHOM yrilo-
BOR ckopocTbio . OmnpefienmdTe MOMEHT CWJ TpeHMs, AeHCTBYHIUMA Ha Ha-
CaliKy, eclIM OTHOCHTEIIbHO Hee >KUIKOCTb BHITEKAET CO CKOPOCThIO U MO Ka-
caTeNIbHO K OKDPYXHOCTH paguyca R. MaccoBeill pacxO/i KMOKOCTH Hi,
> 2.7.48*% Haitoute, npesebperas TpeHHEM, MOMIE3HYI0 MOLLHOCTb TypOHHBI,
YCTPOEHHOM MO HpPHHLUIY CerHepoBa Kojleca. JlaHHbIE BO3bMMTE U3 IpPefibl-
nyuei 3anaud. Kak 3aBHCHT yIJIOBasi CKOPOCTDb BpallieHHsl Ty POHHBI OT MOMEH-
Ta CHJI Harpy3ku?

§ 2.8. CtatHKa
v 2.8.1. Ha pucynke u306pakeHbl KOHCTPYKUHM, KOTOpble y/EDPAMBAIOT rpys
maccnl 10 xr. Tpockl n3006paxkeHbl TOHKHMH JIMHMAMHM, CTepXeHb — ABOHIION
jiHueil. OnpeneNidTe CHIy HATsDKEHHS TPOCOB /UIA CJIyyast @ U CHIy, IEHCTBY 10-

llyl0 Ha CTEPXEHb CO CTOPOHBI NepeOpOUIEHHOTO yepes Hero Tpoca, [yis Cily-
yas b.
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K 3a0aue 2.8.1

¢ 2.8.2. Kapanpgam macchl 0,01 Kr CTOMT BEPTHKAMBHO Ha NpPY>XMHe B 3a-
KpbITOM IleHate, Korpna neHan riepeBepHy.iv, KapaHJalll CTall JdBUTh Ha KPBILIKY
B 1,2 pa3a cunbhee. C kaKoii cuITOil OH JABWI Ha Hee Tie PBOHAYAILHO?

2.8.3. Onpenenure HaWGONBUIYIO BBICOTY CTEHBI, KOTOPYI0 MOXXHO HOCTPOMTh
M3 KHPIHMYa, ecy Tpesiesl POYHOCTH KMpiMya Ha cxartve paed 107 Ila, a ero
mioTHOCTh paBHa 1,5 - 103 kr/m3

M 2224

P o

K 3a0aye 2.8.2 K 3a0aue 2.8.4

¢ 2.84. Uepes Tpu OTBepCTHsA B KpBILIKE CTOJa MPONYyLieHbl HUTH, CBA3aH-
Hble C OJHOTO KOHHA OOmwMM yznom. K Apyromy KOHUYy KaXOod HMTH [pHUK-
pelUleHb! OMMHaKkOBbie rpy3bl. Hafigure ymini mexpy uuTaMH. Tpeuuem iipe-
HeGpeub.

¢ 2.8.5. Ilpa rpy3a HeGOJNBIIOTO pa3Mepa COEIMHEHB] HUTBIO IJIMHBI [ M Jiexart
HA UWIMHApPHYECKO# IafgKoH moBepxHOCTH pamuyca R. [Ipu paBHOBecuu rpy-
30B YroJ MeX[y BepTHKIbI U pagMycoM, NMpOBeleHHBIM K [py3y Macchbl
m,, paBeH «. Haiimite Maccy BToporo rpysa.

¢ 2.8.6. U3 npoBosiokH H3rotoBiieHa pama B (OpMe NMPAMOYIOJILHOIO Tpey-
TONIBHHKA, KOTOpas MOMEIUEHa B BePTHKAIbHOM IJIOCKOCTH TaK, KAK MOKa-
3aHO Ha pHucyHke. [lo nmpoBONOKe MOIYT CKOJIB3UThL Ge3 TpeHHs CBA3aHHbIe
HHTbI0 Tpy3bl Maccsl My = 0,1 xr u m, = 0,3 xr. Hailpire ciiy HaTsAXeHHs HH-
TH U YroJl MeX[y HHTbIO U HIMHHBIM KaTeTOM TpeyTOJIbHHKA IIpd PaBHOBECHH.
¢ 2.8.7. Ha ckonbko mepeMectuTcs KOHen HuTH (TOuKa A), NepeKHHyTOH
yepe3 NOIBMXHbIA QJIOK, €ClIM K HeMmy NpwioxuTb cwly F ? XKectkocrs npy-
JUH paBHa k.
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7.
K 3a0aye 2.8.5 K 3a0aye 2.8.6 K 3a0aye 2.8.7

2.8.8. EciM K HHXHEMYy KOHIY BEPTHKAIBHO BHMCSILIEH MPY>KHHbl NIPHK pe-

UTb Tpy3, TO €e IJIHHA CTaHeT paBHOM /. Eciau 3TOT e rpys NpHKDEMHTh K
cepeluHe IPYXHHBI, TO ee JIMHA CTaHeT paBHO# /,. Haltaute auuy wenedop-
MUPOBAHHOH TPy KUIIBI.
> 2.89. Llenouxa maccel # NOJBellIeHa 3a KOHIIbI TAK, YTO BOIIM3H TOYEK MO[-
Beca oua obpasyeT ¢ rOpU3OHTaNbK yron «&. OmnpenefiMre CHJy HATSOKEHHA
UeNOYKHM B ee HMXKHeH TOUKe ¥ B TOYKAX IMOIBeca,
v 2.8.10. I'mankuil TOHKHIA O6GpyY MacChl M BHMCHT y CTEHKH Ha OJHOM IBO3-
jie (A) v omupaercs Ha npyrodl (B). Pamiyc, mpoBenenibni K rsosmio 4 U3
1ieHTpa obpyya, obpasyer yrom a ¢ Beprukaibio. Paguyc e, mpoBedcHHbIH K
1’80310 B, obpasyer yron § ¢ Beprukanslo. Haiioure, ¢ kaxoil cusioi neicTByeT
0Opy4 Ha KaXObIH rBO3/Ib.

K 3a0aue 2.8.9 K 3a0aue 2.8.10 K 3adaue 2.8.11

2.8.11. B rmapgkoii 3akpemieHHO#l nonycdepe CBODOOHO JIeXHT Marmoyka
Macchl M TaK, YTO YTOJl ee C TOPM30HTOM paBeH &, a KOHEll BBIXOOMT 33 KpaW
noirycepsl. C KakuMM cwilaMH OeHCTByeT NMajoyka Ha MOJycdepy B IOUKAX
conpukocHoBeHus 4 u B?

2.8.12. llpoBonoka, Korjga ee HAUYMHAKWT pe3aTh HOXKHMIIAMIM, BbICKAIb3bl-
BaeT K UX KOHIAM M TOJIBKO TOI[a, KOrja yrojl pacTBOpa HOXHHMIL IO Mepe
JIBHOKEHHS MPOBOJIOKM YMEHBIINTCA N0 3HAYEHMA &, ., HOXHHIBI Hajpe3alor
ipoBonoky. Ilouemy »3T0 npoucxogur? Onpenenute KO3IGGDHUHEHT TpeHHs
IIPOBOJIOKH O Je3BMe Hoxuun, Cwioil TsokecTH npeneGpeus. IlpoBosioxa He
JAK PeIUieHa.
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K 3a0aue 2.8.12 K 3a0aue 2.8.13 K 3a0aue 2.8.14

¢ 2.8.13. Bajiku npokarHOro craHa UMewT pajmyc R. Bpauiasch, OHM BTs-
rMBalT 3arOTOBKY, €CJIM ee TOMIUMHA AOCI1aTOYHO Mana. KodddbHuueHT Tpenus
MeX[y BaTKaMH U 3aTOTOBKOM W, a 3a30p MeXay Balkamu do. Haiipure mak-
CHMAJTbHY 10 TOJINIMHY 3arOTOBKH. 3aTOTOBKY He MO UTATKUBAIOT.

¢ 2.8.14% Teno ¢ yCTaHOBJIEHHBIMH B €r0 BbIipe3aX KIIMHBAMHK DacIOJIOXKeHO
MeXnOy ABYMs NapaUlelbiblMH CIEHKAaMH TaK, KaK IOKa3aHO Ha pHCyHKe.
Hajiyute npenmenbHbiil yros npu BeplllMHe KIIMHBEB, IIPH KOTOPOM TeJIO MOXeT
OBUTaTbCHA BIPaBO M He MOXeT [BUrarscA BIeBO. Koadouumenrs tpenms
KIIMHBEB O CTEHKH H TeJIO PaBHBI i4; U Uz COOTBETCTBEHHO.

¢ 2.8.15. Mexny omMuakoBbIMH GpyckaMi KBafpaTHOTO ceueHMs, JIeXKalunMH
Ha TOPH3OHTAILHOM IUIOCKOCTH, BCTaBiieH [JIagKHA KIMH Takoill e Maccel
C ceyeHHEM B BHU[Ee PaBHOCTOPOHHErO TpeyrojpHHMka. Ilpu xakom koaddu-
IMeHTe TpeHUst GPYCKOB O MIIOCKOCTh OHM HAUHYT Pasbe3narsca?

l?

<h

K 3a0aue 2.8.15 K 3a0aue 2.8.17

2.8.16* Ha uwwHipHyeckuit cronf HAMOTaH O[MH BUTOK KaHaTta. UToGBhI
KaHaT He CKOJb3WI MO CTONGY, KOrfia ero 3a OJMH K3 KOHIOB TSAHYT C CHIOH
F, npyroi koHel KaHaTa JOCTATOYHO ylepxHBatTh ¢ cunoit f. Kak usmewmt-
cs y[JepKHBawuUIasg CHa, eciM Ha croll6 HamMoTaHO n BUTKOB? BUTKHU Kkanata
He CONPUKACAIOTCSA APYT C ApyroMm.
¢ 2.8.17* 3a omgMH KOHel BepPEBKH, OXBATBIBAIOWENA CTONG MO Jiyre ¢ YIJIOM
0, TaHyT ¢ cunoil Fo. Kakywo MAHUMabHy0 CHIIY HYXKHO IPHIOXMUTb K ApPYyro-
My KOHIly BepeBKH, YTOObI ee yfdepxkarh, eclivi KOJI(DbUUMEHT TpeHHs BepeB-
KU O cTonO paBeH u?
¢ 2.8.18. Ha pucyHke u306paxeHpl GalkH, 11a KOTODbIX HaXOAWICA MO [Ba
rpy3a Maccel 10 xr xaxppii. Paccrosivne mexny onopamu Ganmok 4 m. Hair-
AuTe CUiy AABiieHMs OAIOK Ha ONOpbl. BalkH HeBeCOMBL.
¢ 2.8.19. Jluneiika Maccot 0,01 K1 JIeKMT Ha ABYX ONOpax TaK, KaK 3TO MOKa-
3aHO Ha pucyHke. la opguit KoHeu nuuedKY nonoxeH rpy3. Kakosa macca rpy-
33, 1P KOTOPOH BO3MOXHO paBHOBecHe?
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K 3adaye 2.8.18

V am Oén o1

K 3cque 2.8.19 K 3adaye 2.8.21

2.8.20. HepaBHomuieude Bechl HaxXOOsTca B paBHOBecud. EcM Ha jeByio
HX YalIKy THOJIOXMTh rPy3, TO OH YPaBHOBEUMBAETCA TMpeid Macchl /1, Ha Mpa-
Bo# uamke. ECJIM 3TOT ke rpy3 MOMOXHUTb HA NMpaByl0 YallKy BECOB, TO OH
ypaBHOBelUMBAeTCsl TMpeldl Maccel 7, Ha JIeBOW uaiike. KakoBa macca rpysa?

2.8.21. [lenTp Macc KOpPOMBICTA PABHOIUIEYMX BECOB HAXOOWTCA HHXeE TOY-
KM TOABeca HAa PAcCTIOAHMM h OT Hee, a Macca KOPOMBICTIA paBHa mg. Ha xou-
laX KOpOMbICTA, paccTOsiHHe MeXJy KOTOPBIMH paBHO 2/, Ha HHTAX NOJBe-
11eHBI OMHAKOBBIe ualiku. Ha ckolbko OTNHuawICcs Macchkl rpy30B, NOJIOXKEH-
1ib1X Ha YAIIKH, eC/Id KOPOMBICIO OTKJIOHWIOCh OT TOPU3OHTAIM Ha yron «?

2.8.22. Ocp xOpOMbBICTa paBHOIVIEUWX BECOB, KMeloINasi pagMyc r, BCTablle-
na B mpope3b cToMkM. [Ipu rupe mMaccbl m Ha OnHOM uallike M Ipy3e Ha apy-
10 KOpOMBICJIO OCTaeTCsi B FOpU3OHTAIBHOM IOJIoXeHHU. Macca kopomsicia
BMeCTe C YalIKaMM paBHa M, a miuHa xopomsbicia 2L .Ha ckompko Moxer oT-
1M4aThCsl Macca Ipy3a OT MAacChl I'MpH, ecl¥ KOo3(DIHUIHMEHT TpeHUA Mexny
'CBI0 M CTOMKOM paBeH 1?

P’

K 3aq0aye 2.8.22 K 3a0aye 2.8.23 K 3a0aye 2.8.24
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O 2.8.23. Tskenblit CTepXeHb COTHYT NOCepeMile NOM IIPHMbIM YITIOM M TOJI-
BelleH CBOGOJIHO 32 OjuH M3 kouuosB. Kakod yrom c Beprukaiblo oOpalyeT
BEPXHs 5 [OTIOBUHA CTCPXKH:?

¢ 2.8.24. OuuopoiHas Gasika maccel m WMeT [UIMHY L ¥ BeicoTy A . Hnxnuit
JeBbil yron Oanku cOeMHEH CO CTEHKON ILAPHUPOM, 3 BePXHUH JIEBbIH yroj
NpMKpeIUlell K CTGHKE TOPM3OHTAIbHBIM TpocoM. banka ropusounrtanmsha. On-
PeleNnnTe CWIy HATMKeHHA TPOCa M CWIy [aBieHUs Gallki HA OCb LIApHMpA.
¢ 2.8.25% K cHcreMe M3 OIMHAKOBBIX CTEPXKHeMH, COCUMHCHHBIX LUAPHHPAMH,
nofBelleH IPy3 MacChl M, KaK NOKa3aH0 Ha puUcyhke. Onpenenute cusly, pac-
TATMBAKOLIY 10 N-d BEDXHUHI rOPUOHTAILHBI CTePkelb.

I
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K 3a0aue 2.8.25 K 3adaue 2.8.26 K 3adaue 2.8.27

¢ 2.8.26. C kakOoil CHIOH [OaBUT Ha CTCHKW UMIHHAPHUECKOrO cTakaha [a-
JIOYKa MacChl W1, HANIOJIOBHHY MOTPYXeHHas B Bomy? Yros IaKk510HA NaTOYKH
K ropusoHTanu «. Tpenmem npeneGpeus.

¢ 2.8.27. Kakum posxeH OblTb KOIXPUUMCHT TPEHMST OUHOPOAHOIO CTEPXK-
HSL O TOJI, YyTOObI OH MOT CTOATH TAaK, K4K 1I0Ka3aHO Ha pucyhke? JInvHa HMTH
AB paBHa JUIHIIC CTCPXHA.

O 2.8.28. Paccrosinne Mexy BepTHKalbHbIMH CTchkamd paBHo [ . Kakoi
IIHHBL CTePXXeHb, BCTABIICHIIBIA HaMCKOCh MeXy CTeHKamM, He Oyuer omyc-
KaThCA, eClM KOJGb(MHUMEHT TPCHHA MCXKOY CTEPXKHEM H CTElIKaMu paBeH 7
¢ 2,829, Ha umuugp HaMOTaHa HHUTh, CIMH KOMCL KOTOPOH 3aKperUleH Ha
cTOlike B BepxHell TOuKe HakJIOHHOH IUTockocTH. [lpu KakoMm yrie Hakilo-
Ha TUTOCKOCTH UMIIMHJIP He OyjleT CKarbizaThes ¢ Hee, 0 KodbhUIMEHT Tpe-
HMS WIIHHApA O ILTOCKOCThL paBeH u?

¢ 2.8.30. I'myGuHa TyHKkH B [OOCKe, B KOTOPYIO0 BCTABICH liap, B [BAa pasa
MeHbllle pafMyca wapa. [lpH KakoMm YIjc HaKIOHZ [OCKH ¢ T'OPU30OHTATIbIO
LIAPUK BbICKOYUT M3 TYHKH?

¢ 2.8.31% Ha napry ¢ yriioM nakiona a > 30° kajyr leCTHIPaHHbIA KapaH-
Jall Tax, ytoObl OH He CKaThIBAICH BHU3 M He CKONb3WI. [IpM KakoM Haumelib-

D777 TR T

K 3a0aue 2.8.28 K 3a0aue 2.8.29 K 3adaue 2.8.30
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IeM yrie MeXAy KapaHJallOM M 1 -DU3OHTATbHBIM KpaeM HapTsl JTO BO3-
MO>XHO?

2.8.32, OuHopoaHsll KyDH ¢ MOMOUIBbIO BepPEBKH, IIPUBA3AHHONA B cepelMHe
cro pebpa, mopmBellled K BepTHKanbpHOH CreHe. [lpM KakMX 3HaueHHMsX yria
MeXIy BepeBKOH M cTeHKOH KyG6 coNpHKkacaeTcs cO CTEHKOH BceH TrpaHbio,
¢ KOG PUIMEHT TPEHHMSL €10 O IUTOCKOCTDb paBeH u?

2.8.33* Ha ropusoHTZILHOI NOBEepPXHOCTH CTOMT KYO Maccel /. C kakoit
MUHHEMATBHON CHIIOH M 10Jy K3KHM YIJIOM K TOPU3OHTY HApo TAHyTh Ky 3a
BepxHee pebpo, uroObl OH Haywl OMpPOKM[IBIBaThCs Oe3 INpOCKaTb3bIBAHUSA,
¢CITH K03 dHIIMEHT TpeHHs Kyba 0 III0CKOoCTh paBen u?

2.8.34. JlectHuua omnMpaercsi Ha BCPTHKaIbHYH cTeHy M moil. [Ipu kakux
SHAYCHUSIX YITIa MEXIY JICCTHHIleH M IOJIOM OHa MOXCT CTOATh, €CU KO3¢h-
(pMIMEHTH] TPENHA JTeCTHHIBI O NTOJT U O CTEHY PaBHbI () M U COOTBETCTBEHHO?

2.8.35% Uenrp macc XONMOOWIBHHKA HaXOjMTCA Ha BLICOTE A OT moja mo-
CCpedHHe MeXy OMOPaMM, PACCTOSIHHE MEXIY KOTOPbIMH PaBHO /. 3ajHue omno-
Phl - KOJECHKH C IIpeHeGpexuMo MajibiM TpeHHeM B OCAX, IIepeIHHe ONOpbl —
IICIIOJBUXKHBIC BbICTYIIbI, KO3 UIMEHT TpeHUA KOTOPbIX O II0JI paBeH .
Feoi K XOMOAKTIbHUKY Ha yPOBHE €O HEHIPa Mace NPWIOXKEHA IOPU3OHTaNIbHAS
cuiia F, TO XO/IOMW IbHUK HAUMHAET CIBHTATHCS 1143411, B CTOPOHY KomecHkoB. Ka-
KYH TODHIOHTATBHYI0 CHITY HYXHO NPWIONMTL Ha TOM JXe YDPOBHE B IIPOTHBO-
110JI0XHOM HAIlIpaBJIEHUK, YTODB CABUHYTh XOJIO AWIBHHK Blepe/?

2.8.36. Ha Bpamaroiylocs ropusonTanstiyio ocb paadyca R Hajfeta ¢ MallbIM
5130 POM JICrKas BTYJNIKa C IIPUKpPelUIEHHbIM K HeH paJMalIbHO JIEFKHUM CTCpPXK-
iieM nmuubl /. Ha xkoHue crepxHA 3akpeniien TsxkellbIH rpy3. Onpeneiute
VI'OJT OTKJIOHEHHSI CTEPXKHSL IIPH Bpawlellid BTYTIKK BMECTE C OCbI0 OT pPajHallp-
HOFO HAIpaBlIeHHsi, cCNIH KOXDUIMEHT Tpelus Mex;ly BTY;IKOH M OCblo i .

N

K 3a0aue 2.8.32 K 3adaue 2.8.33

K 3a0aue 2.8.34 K 3a0aue 2.8.35
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¢ 2.8.37* Koneco pamiyca R MoxeT cBOGOJHO BpamarthCi BOKDYT CBOeil
ocu. K 6GOKOBOIl MOBEpPXHOCTH KOJeca Ha PAcCIOSIHMM /1 OT OCHM BpallleHHs
NPUXKUMAIOTCA  [IPUBOJHBIE PEMHH, ABIKYUIHECA €O CKopocThio v. Ompepe-
JIMTe YCTAHOBHMBLIYIOCH YITIOByH0 CKODOCTh Kojleca, €M CONpPUKOCHOBEHME
€ro ¢ IPHUBOIHBIM PeMHeM IPONUCXOIUT TOJILKO 1O 06oy.

R

2 — O

K 3a0ave 2.8.37 K 3a0aue 2.8.38

¢ 2.8.38. OpHoponHas Gasika IMHBI [ BMCHT Ha ueTbIpeX OJMHAKOBBIX Ka-
HaTax, MPHKPeIUIeHHbIX Ha paccrosiHud [/3 apyr or gpyra. Kanat 4 ypansior.
Ins yMeHbIIEHUA ONACHOCTH paspblBa KAHATOB NpeQlaraloT yaaluTe elle
d xaHat D. PazymMHo 1M 310 npemyioxeHue?
¢ 2.8.39. OpHoponHas Ganka miMHbl | M Maccwl m Ha paccrosauud / /3 or
KOHLa MMEeT OChb BpameHHa. K KOHNY Gajlku MpHcoeduHeHa TDYXKHHA,
NPUKpeIUIeHHass K MOy, M TaKas JKe IpPYXHUHa IpHCcOeIMHeHAa CUMMETPHYHO
IO Jpyryw cropoHy ocH. Ilpu ropu3oHTasibHOM mOJIOXEHMM Ganku obe mpy-
%MHbl He AecopmupoBaHei. Haiimure cuibr, ¢ xoropeimu Gatka peiicTByeT
Ha Och M NpyxuHbl. Jedopmauuu npyxamH Mansi, noiTomy Ganka HOUTH ropu-
30HTaJIbHA.
¢ 2.840. Karymka BUCHT Ha HMTH, HAMOTAHHOW 1O €e MalOMY Dajuycy r .
[lo GoNBILIOMY pamMyCy KaTyUWIKH R TOXe HAMOTAaHAa HMTb, HA KOHIE KOTOPOH
BHCHT rpy3. KakoBa macca rpysa, eCiM cHcTemMa HaXOIMTCS B paBHOBecHM?
Macca karyuxu M.
¢ 2.8.41. Haiigure cuny HaTsXKeHMA HWTH, CBA3BIBAIOILEH OCH LA pHHPOB BEpPX-
Hero pomb0a Jierkoil 1apHHpHOM nojaseckd. Macca rpy3a m.

2.8.42% Ha xkpbille JOMa C yIJIOM HAKJIOHA  JIEKUT CBHUHIOBBIA NHCT. Tem-
HepaTypa BO3[0yXa B TeyeHHMe CyTOK MOBBIILLIAETCHA, AOCTHrad HauBBICLLETO 3HA-
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K 3a0aue 2.8.39 K 3a0aue 2.8.40 K 3adaue 2.8.41
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UEHHA £, , 3 TOTOM ITOHHXKAETCA 0 MUHUMAJIb- g

HOH TemIlecpaTypbl £, TPH KOTOPO#H [JIMHA JTHC-

Ta paBHa /. Haiinute TOUKH AMCTA, HEMOOABUXK- F

1ibic TIpM HArpeBaHuM; IipH octbiBanuu. Ha ka-

KOe paccTOfHue CIom3eT NucT 33 NV ¢yToK yc-

toitunBoi noroae1? KosdpduuueHt TpeHns nuc-

Ta O KpBIKY p > tgy. TeMMepaty pHbiii KO-

(bULMEHT JIMHEWHOTO pACIIMPEHUA CBUIILA &,
2.8.43. MypaBeii peluds yTallMTh K MypaBeliHHKY conoMHHKy. Kak emy

clenyeT MOCTyNHTb, ecllM CWIA, ¢ KOTOPOH OH MOXeT TAHYTb COJIOMMHKY, Hec-

KOJIbKG MEHblIle MaK CHMaIbHOM CHIIbI TPEHUS MOKO?

& 2.8.44* OpHOpoaHBbIH TOHKHIA GPYyCcOK MAcCChl /1 JIEKHUT Ha IOpPH3OHTaTbHOM

mwiockoct, Kakoii HauMeHbllel TOPU3OHTAJIBHOR CHNOH, IIPHIIOKEHHOH K KOH-

1y 6pycka 10 lepleHAHKYIApY K HEMY,er0 MOHO CTPOHYTbC MECT4, eCIIN KO-

(OUIKEHT TPEHUA MexXay OpPyCKOM H INIOCKOCTbI0 paseH u?

K 3a0aue 2.8.44



IJIABA 3
KOJIEBAHUA U BOJIHbI

§ 3.1. Manbie OTKIIOHEHHS OT paBHOBECHS

¢ 3.1.1. IlocepenuHe HATAHYTOH CTPYHb! AJIMHbI 2/ 3akpelned iap. Kakas
CyMMapHas cuia JefCTBYET Ha LIAp cO CTOPOHBI CTPYHbI, €CJIM IONepeyHoe cMe-
HIEHKWe ero W3 NOJIOXKEeHUA paBHOBecHs x <€/, a CUNA HATKEHUA CTpyHbl F He
3aBUCUT 0T cMeleHnA? TloueMy Npu MamblIx CMeLLEHUAX MOXHO CYATATb 3aBU-
CUMOCTDb CHJIbl, AEHCTBYIOLLEH Ha 11ap, OT X NUHeliHol? Kak HanpasileHa oTa cuna
MO OTHOLUEHMIO K cMemeHuio? Haliure, kak 3aBUCHT NOTEHLMANIbHAS 3HEPrUA
11apa OT Maoro cMemeHust X. KakoBa ciopoCTb Iuapa Mpu NPOXOKIEHUH UM
TIONOXEHUA PpAaBHOBECUA, €CIM ero MakKCHMasibHOoe CMeLIEHHe PpaBHO Xo!
Macca wapa m.

K 3a0aue 3.1.1

3.1.2. I'py3 macchl m mojiBelLeH Ha IIPYXUHe XeCTKOCTH k. Kak 3aBHCHT cym-
MapHas Cuiia, JEACTBYIOIIAS HA TPY3, OT CMELLIEHHU ero Ha X U3 TIONIOKEHUS PaB-
HoBecuA? Halinure 3aBMCHMOCTb MOTEHUMAIBHOM JHEPTHH rPy3a OT CMELLIEHHSA X.

3.1.3. a. Teno maccel m, MoABeLIEHHOE Ha MpY>KHHE, COBePLIALT KOTeHaHus
TaK, UTO HanGolblliee 3HaYeHUe CKOPOCTH PaBHO U, 4 HauGOJblLIEE OTKIOHEHHEe
OT MOJI0XEHUA PABHOBECUA PABHO Xo. Onpenenute XKeCTKOCTb IIPYXHHbI.

6. CkopocTb Tena macchl /71, NOABEIUEHHOTO HA MPyXuHE M COBEPIUALIErO

KOJe6aHKus, 33BUCHT OT KOOPAMHATBL Tefia X IO 3aKOHy U = Ug \/1—- (x/xg) 2.
Haiimure 3aBUCHMOCTD CcHibt, DeifcTBYIOMmER HA TeJiO. U NOTeHLMANbHOM JHepruu
JTOrO Tend OT KOOPAMHATHI X. 3aBUCHT JIM NOJYYeHHbIH pe3yNbTaT OT NPUPO/IbI
CUJibI, 32CTaBJIAIOLIESH T€JIO IBUTATHCA 1O IPUBELEHHOMY 3aKOHY ?

3.1.4. Tlouyemy kaxercst, 4TO GHICTPO KONEGAIOIAACS Ha IIpYyXHHE JIAMIIOYKa
BCTILIXMBAET B KPAHHUX TOUKAX CBOEit TpaeKTOpHu?
¢ 3.1.5. IInnHa HATH M4TeMATUYECKOro MaATHUKA /, Macca uiapuka m. Ompe-

OENIUTE CHUIY, ,U.el‘f‘ICTBleU.l}’K) Ha HIAPHK, NIpA OTKJIOHEHHsIX €ro OT IMOJIOKEHUA
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K 3a0aue 3.1.5 K 3a0aue 3.1.7

paBHOBecHA Ha x B criyuae, ecnu x < [ ? Kak 3aBHCHT OT X NOTeHUMAjIbHAA
JHeprys WapuKa’?

3.1.6. Ompepenure MakCHMagpHYH0 CKOPOCTh IIapUKa MareMaTHYECKOTO
MaATHHKA JIMHBI [, ABMKYLIEToc B OMHON INIOCKOCTH, €CJIH AMILUIUTYIa CMeLle-
HUA IPH MajIbIX KOJIeGaHUAX MaATHHKA paBHa Xo.
¢ 3.1.7. T'opusoHTanbHbI Xenob creBa. OT HWKHER JIMHUHM BbITHYT IO UH-
JIMHOPUYECKON TTOBEPXHOCTH pajuyca r, a ClpaBa— IO NOBEPXHOCTH paauyca R.
Onpenenure OTHOIIEHHE HAUGONMBIIMX OTKJIOHEHHIA BIIEBO U BIPABO IIPH MaJbIX
KoJlebGaHUAX TeNla B 3TOM xeJobe.

0 3.1.8* [lpa mapuka c 3apAgaMH *q, %KeCTKO CBA3aHHbIC HEBECOMBIM CTEepXK-
HeM [UIHHBI [, HAXOOATCA B IEKTPHUECKOM IIOJIe, KOTOPOE OEHCTBYET Ha HHMX
¢ cwioit +qF. Onpegenure mMaccy KaxOoOro LIApHKa, eClIH aMIUIUTYJA MajlbIX
MoMepeyHpIX KONeOaHui MIADUKOB paBHA Xo, 2 MaKCHMaIbHAasg CKOPOCTb llua-
PUKOB Ug.

3 i +gf
xdl 2

K 3a0aue 3.1.8

L 0 L
F
¢ g
K 3adaue 3.1.10 K 3a0aue 3.1.9

e

& 3.1.9. llapux maccel m ¥ paguyca # CKOJIB3MT IO [OBEPXHOCTH JIYHKH, pa-

IMyC KpHBH3HbI Kortopoil R. Halimure 3aBHCHMOCTh NOTEHIMAIBHOR 3HepPruu

IIAPHKA OT MAJIOTO CMEILEHUA X W3 TIOJIOXKEHNUA PABHOBECHS.

¢ 3.1.10*. BycuHKa ¢ 3apAIOM ¢ MOXeT IBUTaTbcA Ge3 TPeHHs IO HATAHYTOM

HUTH OyiuHbl 2 L, Ha KOHLAX KOTOpPO# 3akpeluieHsl 3apanbt Q. Hailimure npupa-
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LLeHHe TTOTEHLHATBHOR IHEPTHH TIPU CMEIeHMH GYCMHKH Ha X BIONTb HUTH M3 g€
UeHTpa. YOemurech, Yro MpH MalblX CMELICHMAX 3aBMCHMOCTb TIPHPAIIEHHA
NOTEHIMANIbHOH JHepruM OT X KBaxpatruuHas. Ha#tmure, Ha CKONBKO CMECTHTCA
GycHHKAa MacCbl M, €clld B IONIOXKEHHN paBHOBecusa e coO6WAT Hebonbuiyio
CKOpPOCTb V.

¢ 3.1.11. JIBe IpyXHHBI XKECTKOCTH K, COeIMHEHHBIe, KAK NOKA3aHO Ha PHUCYH-
ke, He pedopmupoBaHbl. Kakoit Maccel rpy3 ciicoyer NOABECUTb K TOUKE
COETMHEHNA TIPYXHUH, YTOGbI OH OIYCTHIICA Ha Majioe PacCTOAIINE X B IIOJI0XCHHE
paBHoBecHs?

K 3a0aue 3.1.11

¢ 3.1.12. a. HeGonslitoe 3apskeHHOe TENO MACCHI /1 MOXeET CKOJIb3HThb IO Bep-
THKAJIbHOR CIIHIE, B HHXHeM TOUKE KOTOpOH 3akpellieH 3apAj, OQHOMMeHHbIH
¢ 3apanoM tena. llonoxeHue paBHOBecus Tefla HAXOOUTCA HA paccTOAHMM R OT
310r0 3apAga. Kak 3aBucHT cuna, IeiicTBylomas Ha TeJi0, OT MaJIoTo ero cMelite-
HHA X M3 MOJIOXKEHUs paBHOBeCHA?

6. Maccy Tena yBenMuMIM BTpOe, OCTABHB 3apAasl HeM3MeHHbIMH. Ha xakom
Telepb PaccTOAHMM OT HIDKHErO KOHIA CNHIpbI HAXOAWTCA NOJI0XKeHHe paBHOBe-
cusa tena? Kak 3aBHUCHT cHiTa, JeHCTBYIOLIAA Ha TEJIO, OT MAJIOTO €0 CMeIleHHA
M3 TIOJIOXKEeHHA pPaBHOBeCcHA?

3.1.13. Ha rteno maccel m B 3agave 3.1.12a Mosioxunn HeGOMBILUOH rPy3NK
Macchl Am 1 oTiyctwii. Haiiinre MakcHMaJTBHYI0 CKOPOCTb Tejla C [PY3HKOM.
O 3.1.14*. Ha Hurax miuHel A, HAXOOAIMXCA Ha paccTosiiuu ! gpyr oT gpyra,
BHCHT HEBECOMBIN CcrepXeHb anuHbl L > [ c rpy3amMH Maccbl /1 Ha KOHIL@X.
CrepxeHp ropu3doHtaned. [lokaxHre, 4ro NpU NOBOPOTE CTEPXKHH BOKPYT €TI0
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K 3a0aue 3.1.12 K 3a0aqe 3.1.14
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BepTHUKAJIbBHOH OCH CHMMETPHM HAa MajIblfl YION ¢ MOMeHT CHJI, ieHCTBYIOLIHX
Ha Tpy3bl, IPONOPUHOHATIEH ¢, 3 U3MeHEeHHe MOTEHUMANIbHOH JHEpPTHH I'PY30B
M pONOPLUHOHATIBHO 2. Haiiure MAaKCHMAaJIbHY10 YINOBYI0O CKOPOCTh CTEPXHS,
CCJIM €I'0 OTIIYCTHIM, IIOBe PHYB NpeIBapUTEIILHO HA Yrom ¢y .

¢ 3.1.15. AMnutyma MajieIx KojleGaHHA MaTeMaTHYeCKOr O MaATHUKA, CTOALLLe-
ro Ha TeJleXXKe, paBHa Xg, a2 aMIUIUTYAa KOJeGaHMA TeNeXKH )¢. JMHA HUTU
MaatHuka /. Omnpedenire MaKCUMAJbHYH CKOPOCTb MAATHMKA U TEJeKKH.
TpenueM npeHeGpeys.

K 3a0aue 3.1.15

3.1.16. Onpenenute, B KaKuX Mpedenax MeHAETICA CWIa HATAXEHMA HUTH Ma-
TeMAaTHYECKOro MagTHUKA, aMIUINTyaa KOJeGaHuil KOTOPOTO Xg MHOTO MeHbllie
IUTHHBI HUTH [ , eCITM Macca MasATHUKA M.

3.1.17. Cuna HOpMasbHOTO [IABJIEHUA HeOONBIIOTO Tena IIPH ManbIX KOJie-
BGaHuAX ero BONM3M MOJIOXKeHUA PAaBHOBECUA B JIYHKe paguyca R MeHsercs ot NV
mo N+ A, A<N. Onpenenure aMmIDIMTY Yy KOneGaHU# 31010 1€a..

§ 3.2. NepHnopn u 9acToTa cCBOGOMHBIX KOnebaHHH

¢ 3.2.1.a. I'py3 Maccbl m , nOJBelIeHHBbIA HAa NPYXHUHE M COBEPLUAIOIINHA KOTTe-
GaHus, PacrosIokeH PSALZOM C BPAILAOUIMMCH C YIJIOBOH CKOPOCTBIO § KONECoM,
IpHyeM ToYka A Kojeca Bce BpeMs HaXOOAMICA HA OJHOM YPOBHe ¢ UEHTPOM
Macc rpy3a. ['me HaxonuTcsa MOMIOKeHHe paBHOBecHA rpysa? Kakasa cuna feiict-
BYET Ha Ipy3, eclIM CMeIeHHe ero U3 NOoJIOXKeHHA paBHOBecHa paBHoO x? Uepes
KaKoe HauMmeHblliee BpeMs T NOBTOPAIOTCA 3HAYEHUA CKOPOCTH M CMEILEHHsA
rpy3a? Kak M3MeHATCA 3HAueHMS CKOPOCTH M CMelleHUA uepe3 Bpemsa T/27?

6. Ucnonbaysa pe3ynbrathl Npedbloyluei 3agaud, cOOcTaBbTe KoslebateslbHoe
OBHXXEHHe Tpy3a Maccbl m II0 NMpAMOR Nop fdeiictBueM cunbl F = —kx ppama-
TelbHOMY ABIXKeHHI0. Olperenure YIriOBYIO CKOPOCTb KOJIeCa, €CIIH U3BECTHb:
BenuuMdbl & 1 m. Ha xakoM paccTosHMH OT OCHM KoJleca HaXOmMTCA TOouKa A,
ecyii HauOoJbltiee OTKJIOHEHHE Ipy3a OT IOJIOXKeHHA pDABHOBECHA PaBHO Xg7

3.2.2. HemonsuxHblil rpy3, NCOBellIeHHBbI Ha MpYy>XHHe, paCIATHBAeET ee, Ha-
XO/IAiCh B MOJIOXEHNH paBHOBecHA, Ha anuHY Al. KakOB nepHom Be pTHKaIbHbIX
koneGanuif rpysa?
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K 3a0aue 3.2.1

3.2.3. T'pys koneOilerca mo Beprukalu Ha pe3uHOBOM LHYpe. Bo ckolbko
pa3s M3IMEHUTCA NEepHOJ BePTHKAIbHBIX KONEGaHui I'py3a, eClIM €ro MOJBECHTb
Ha TOM K€ WIHYpe, CIIOXeHHOM BIBoe?
¢ 3.2.4. Haiinute nepvion konebaHui CHCTEM OCHUIIIATOPOB, U300paXkeHHbIX HA
pHUcyHKe. 3aBUCUT JH MepHO[ KoneOaHUH OCUMMIIATOpPa HA PUCYHKe 8 OT pac-
CTOSIHHA MeXxRy creHkaMu? k; U k, — eCTKOCTb IIPYXKHUH, M — Macca Tejla.

3.2.5. Hajigure miMHy MareMaTHuecKOTo MasiTHMKaA, Nepuom KoeGaHui *)
Kotoporo 1 c.
¢ 3.2.6. MaatHuk IpeactaBisAeT co0oi NeTrkHit U XeCTKUil cTepXeHb JJIHHBI [
¢ Tpy30M Ha KoHue. UToBbI ceNath NepHos KojleGaHmil MAATHAKA GOTbitM Ge3
Ype3MePHOTO YBEIHYEHUA Pa3MEPOB cAMOTO MAaATHUKA, eT0 OCh YCTAHABIIMBAOT
Nox yrioM a K Beprukanu. Onpenenure Mepuom KoJe OaHuil.

K 3a0aue 3.2.4 K 3adaue 3.2.6
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¢ 3.2.7.a. MateMaTHUeckMH MaATHUK — >XeAe3HbIH apHUK Macchl 71, BUCALLIMHA
Ha [JIMHHOW HUTH, -- UMeeT Nlepuon 1. B npucyTcTBUM MarHMTa, paclonoXXeHHO-
ro vyTh HiDKe LUIAPUKA, NepHoJ KonebaHu#t cran pasHbiM T. Oupenenure meict-
BYIOLLYIO Ha LlIa pUK MarHUTHYIO CUITy.

6. Xene3Hbll IApUK MAATHUKA NIOMECTUIH MeEXAY IONI0CAMM MarHura TakK,
YTO HA HEro [leWCTBYeT FOpPM3OHTAIbHAA MarHurHas cwia. Hafnute aty cuny u
HOBOe TMOJIOXKEHUe pPAaBHOBECHUA LIAPMKA, €CNU TlepHof, ero KonebaHuH Iocre
BKJII0YeHMs MATHUTHOL O MOJIA CTal paBHBIM T.

K 3adave 3.2.7

3.2.8. BOGnuau pyaHOTO MeCTOPOXTAEHHS NepHol KojleOaHHH MaATHUKA U3MeE-
Huncs Ha 0,1 %. TInoTHOCTh pympl B MecTopoxeruu 8-10° kr/m>. Ouenure pas-
Mepbl MECTOPOXJIEHHsA, eCIU CpefHsAs MUIOTHOCTh 3emiu 5,6-10° kr/m®, a ee
papuyc 6400 km.

3.2.9. Ha ckonbKO OTCTaHYT 32 CYTKHM MAaATHUKOBbIE YAChI, IOAHATbIE HA Bbl-
coty JBepecra (8,9 kM) ? OcrankuHcko# Gawmn (0,5 kM) ?

3.2.10. UaMepeHHusa KpYroBoii YacTOTh! KOeGaHuil Te7la Macchl M, 3aKpellieH-
HOTO Tlocepe/iiHe HAaTAHYTOH CTPYHBI, JIJIMHAa KOTOPOH 2/, manu 3HayeHue w**).
[afigure cumy HaTAXKEHUSA CTPYHBI.

3.2.11. Hadipure vactoTy MajbiX KoJeGaHM# CHCTeMbl, ONMHCaHHOH B 3afa-
ye 3.1.10.
> 3.2.12. Onpenenure BpeMs MojeTa KAMHS OT OQHOIO IOJOCA 3eMIU 10 OpY-

TOTO 10 MPAMOMY TOHHEIN, IPOPBITOMY Yepe3 ee leHTp. IlmoTHOCTE 3emnu cuM-
TaTh MOCTOAHHOM, ¢e paguyc — paBHbIM 6400 kM.

% 3.2.13. B 3emie npopbIt NpAMO# TOHHeJb, He MPOXOAALIMH Yeped ee LEHTP.
Onpepenute BpeMsa OBHXEHUA I0e3[ia C BHIKITIOYEHHBIMU IBHTaTNIAMH [0 TaKO-

My TOHHe0, €CTIM BIMAHHEM BpaieHusa 3eMIIM Ha JBHXKEHHUE MOE3/1a U TPEHUEM
1ipeHeOpeyb.

*) 3mech M B HanbHCHIICM, €CAIH He OTOBOPEHO, PACCMATPHBAKTCA Mallble KojleGaHus.

**) B paneHeiflueM Kpyrosas yactoTa w =2nv =2n/T, rne T — nepuol xosebaHus,
CCTH 3TO He OTOBOpEHO, 11a3bI1BaeTCs YacTOTON Koe6aluit.
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K 3a0aue 3.2.12 K 3a0aue 3.2.13

¢ 3.2.14. locka Maccel M JIEXHT HA OBYX KAaTKaX, Bpal@AOLHUXCA ¢ GONbLIOH
' CKOpPOCTDbIO HABCTpeUy OpYT ApYyTy. PacctosHUe MexXILy OCAMH KaTKOB [, Ko3g-
ObuuMeHT TpeHUs I[PH CKOJIb)XeHMH [OCKH Mo katky . Hafimure wacrory mpo-
IONBHBIX KONeBGaHHH JOCKH.

K 3a0aue 3.2.14

3.2.15*. MogbeMHUK MOOHHMAETCA WIIM OMYCKAETCH B LIAXTE, IITy OHHA KOTO-
poit 400 M, 3a 40 c. CHava/Ia OH pa3TOHAETCA C OCTOAHHBIM YCKOPEHHEM, a 3a-
TEM C TEM XKe IO MOIYJII0 ycKOopeHHeM 3ameryiAetcs. Ha ckonbko oTcTaHyT 3a
CYTKM MAsATHMKOBBIE Yachl MOJbeMHHKA [0 CPaBHEHHIO C HEMOMBHKHBIMH Uaca-
mu? [logpeMHHK HAXOOUTCA B ABM)KCHUH B TeUeHHe 5 U eXke[THEBHO,
¢ 3.2.16*. Tskenas TeNeXKa CKaTbIBAETCA C YCKOpPEHHEM 4 110 HAKJIOHHOM
IWIoCKOoCTH, ofpa3yloweil yron a ¢ ropu3oHrom. Haiimure mepuon KoieGaHHH
MafATHHKA [JIMHBI [, yCTAHOBJIEHHOTO Ha TEJIEXKE.

K 3a0aue 3.2.16

3.2.17*. Kocmuueckuil xopabib BpamaeTcsi BOKpPYT CBogd OCH C yTJIOBOR
ckopocthio ). Kax 3aBUCHAT nepnon KoseBaHHid MasTHHKA JIMHBI [ OT
paccroaHus R Touku moaBeca mo ocH BpaweHna? [Inockocts kosieGaHui npo-
XOIHMT Yepe3 OChb BPAILEHUSR.
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¢ 3.2.18. llapux Macchl M, HACAKEHHBIA Ha CTepXeHb, BPAILAETCA C YIJIOBOA
ckopocTbio {2 Bokpyr ocH O, C KOTOPOH OH COETMHEH IPYXHHON XeCTKOCTH K.
OnpegenuTe yacTOTy KoNeGaHMH IUApHKA BJIONb IIPYXHHBI, €CIH Q? < kjm.

K 3a0aye 3.2.18

¢ 3.2.19. MerpoHom npencrasnser coGoi JIETKHH cTep>keHb, Ha HIKHeM KOHIe
KOTOPOro Ha pacCTOAHMM | OT OCH HaXOOUICA rpy3 macchl M. Bolie ocu non-
BIDKHBII TPY3HK MAacChl M MOXHO 3aKpeIlIATh Ha CTep)KHE Ha pasHBIX paccTos-
HHMSAX X OT OCH, TeM CaMbIM NoaGUpasi Hy KHYI0 YaCTOTYy KOJie GaHHI MeTpOHOMA,
CuxTaf Macchl TOYEYHBIMHM, HaiouMTe, KakK yacrora KoyjeOaHMH 3aBHCHUT OT
pACCTOHHSA X,

m
K 3a0aye 3.2.19 K 3a0aye 3.2.20 K 3a0aye 3.2.21

¢ 3.2.20. Kak M3MeHMTCA 4YaCTOTAa KONeGAHMA MasATHMKA, MpPedCcTaBlIAOWIETO
coBoit Tpy3 Ha JIETKOM CTepXkHe, ecilld K cepeluHe CTepXHA NPUKPENHTh TOPH-
3OHTANBHYI TpyXHHy XecTkocth k? Ha pucyHie M306pakeHO COCTOSHHE
paBHOBECHA,

¢ 3.2.21. K oBony xoreca ¢ TOpH30HTAJIPHO PacoIoAeHHOH OChIO IIPHK pEMUIH
rpysuk Maccel m. Haiinute maccy xoneca, npeqnosnaras ee OGHOPOIHO pacipe-
OeneHHOH Mo obony, eciiM YacToTa KoJIe6GaHH KoMleca C IPY3NKOM BOKPYT OCH
paBHAa w, a €r0 paguyc paBeH R.

O 3.222. B chepuueckoil nyHke pamuyca R HaxoOAarcs OBe TOYeUHble MAaccChl,
coenuHeHHpIe HeBECOMBIM CTepkHeM INMHBL 2/. Ornpemenute 4acToTy kone6a-
HHH TIpH [BHXKeHUM B HANpaBJICHWH: a) NepleHOHKY/IAPHOM IUIOCKOCTH PHCYH-

xa; 6") mapannenbHOM 3TOM IUIOCKOCTH.
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K 3adaue 3.2.22 K 3a0aue 3.2.23" K 3adaue 3.2.26

¢ 3.2.23. IlpyxuHa xeCTKOCTH Kk OIHMM KOHILIOM IpUCOeqHHeHa K OCH Koneca
MAacChi- M, KOTOpoe CIOCOOHO KaTHThCA Ge3 IIPOCKanb3bIBaHUA, 3 IPYTHM NpH-
KpellteHa x cteHKe. KakoBa uacrora xoneGanmit cuctemnl? Macca koneca offHo-
poOHO pacmpenesieda o obony.

3.2.24. Haiigute yactory KoneGanuit ToHKoro o6pyva paguyca R, moaBelues-
HOro Ha +Bo3ape. Ilpockanb3biBaHUA HeT; KoseGaHHA MPOUCXOMAT B IUIOCKOCTH
oBpyua,

3.2.25. JIBa Tenla Maccel My H M, CBA3AHEI NMpyXuHO#H Xectkoctd k. Kakopa
yacToTa CBOGOMHBIX KOJIe 6aHUI TaKoM CHCTEMBI, €CJTH BpalleHUs HeT?
¢ 3.2.26. Haiigute orHOweHWe uacToT KoneGaHuid Monexynel Hy U Momexynsl
HD (D - arom neiitepust) .
¢ 3.2.27*. Bo3MOxGibI [1Ba THIIA JIMHEHHBIX KONEGaHUA MONEKYbl YTTIEKHCIIO-
TO rasa: a) Agpa KHCIMOPOJA IBWXKYTCA B NIPOTUBOIIONOXHDBIE CTOPOHEI, a AP0
Yyriepona OCTaeTcsi Ha MecTe;, §) spa KUCIOPOAA OBUXYTCHA C OTHHAKOBHIMH
CKOpPOCTSMH B HallpaBJIEHHH, IIPOTHBOIIONOXHOM HalpaBIIeHUI0 OBUXEHUA Ampa
yriepona. OnipeneruTe OTHOILEHUE YACTOT 3TUX KoleGaHui.
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K 3adaye 3.2.27 K 3a0aue 3.2.28 K 3adaue 3.2.29

¢ 3.2.28. Ha rmapkoil TOpH30HTANBHON NTOBE pXHOCTH HAXOOUTCA TeJeXKKa Mac-
CBI M ¢ YCTaHOBIIEHHBIM Ha HeH MaTeMATHUECKHM MAasATHHKOM UIHHBI / H Macchl
m. Haiigure nepuon koneGaHMil cCHCTEMBL.

O 3.2.29. UeTsipe OFMHAKOBBIX LIAPHKA MACChl M KaX[bIH, COSMHEHHBIE OTH-
HaKOBBIMM [IPYXKHHaMH XeCTKOCTH k, oGpa3yror KBanpaT. OmHOBpeMEHHO BCeM
YETBIPEM IIAPHKAM COOOCIIHMIM OIMHAKOBBIE IO MOMYNI0 CKOPOCTH, HAIIpaBJieH-
Hble K [EHTPY KBagpata. UYepes kaxoe BpeMs IOCJie 3TOrO MPYXMHBI GyOyT.
a) CHIIBHee BCETO CXKAThI; 6) CHIIbHEE BCETO pacTAHYThI?
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¢ 3.2.30. MoMeHT MHepUAH YalIKH, HOABEMIEHHOR HA NIPOBOJIOKE, OTHOCHTEIID-
HO OCH KPYUEHHA 3TOH npoBosiokH paBeH Iq. IlepHopn KpyTHIBHBIX KoNeGaHHi
cucreMsl paBeH Tg. Ha vamiky nmomoxusnu rpy3, Ilpu 3tom nepron X pyTHABHBIX
KOJNeGaHMi H3MEHUIICA H cTal paBHbIM 7. Kaxop MOMeHT MHepImy rpy3a OTHO-
CHTENIbHO TOHM e OCH KpyueHHs? MOMeHT cuJi, BOSHMKAIOIIHMX NpPH 3aKpyuMBa-
HHH IIPOBOJIOKH, IPOTIOPUHOHANEH YINY 3aKPYUHBAHHA,
O 3.2.31". Jlerkue cTepXHH Coc[MHEHHI [IApHMpaMH B Bue pomba. llse mpotu-
BOTIOJIOXKHBIE BepIUMHBI poMOa CBs3aHbI NPYXHHOH XECTKOCTH Kk, a K [ABYM
OpYIHM BepLIMHAM HNpPHUKPEIUNIEHH HIAPHKH OfuHaKoBod Maccsl m. Haimute
YaCTOTY KONeGaHMM CHCTeMBI, eCTIH [UIMHA TIPYXHHbI B HeledbOpMHPOBAHHOM
COCTOSTHHM COBHAJaeT C [JTHHOM CTEepXKHA.
¢ 3.2.32". K mydTe Maccsl m, HafieTOH Ha TJafiKyo FOPH3OHTAIIBHYI0 HENoA-
BIXKHYIO CITHIY, NPHBA33aHA HUTb, MEePeKHHyTasg depe3 OJIOK, HAXONALIMHCA Ha
paccrosaHuu [ ot cmuupl. Ha fpyrom xoHue HMTH NMPHBA3AH rpy3 Maccel M.
IIpn xoneGannax MydTsl H3MeHeHHeM HATSKEHHA HHTH H3-32 KoneGaHuii rpy3a
MOHO TipeHeGpeys. Haiimute yactoty KoneGaHuit MydTsl H YacTOTY KOmeGaHuH
rpy3a?

3.2.33. Ha#igure nepmop xoneGanuil >xupgxoctd B U-o6pasHoM cocyne Ho-
CTOfHHOTO cevyeHHs. OOmas pjMHa YacTH CcoOCyda, 3aHATOrO >KMOKOCTBIO,
papHa /.

¢ 3.2.34%. BeprukanbpHas MEpEropogKa B BBICOKOM COCYA€ pa3fensiet ero Ha
ABe coofluaroIIKecs YacTH ¢ pasHeIMH cedeHusmu. Haidimure nepuon mansix
KOJeGaHUA XHMIKOCTH, CUMTAas, YTO CBOGOIHANA MOBEPXHOCTD €€ B KaXKIOH YaCTH
coCyZla OCTaeTC TOPH3OHTaNbHOM. ['yGHHa MUIKOCTH B COCTOSTHHH DaBHOBECHHA
paBHa H.

3.2.35. Onpenennure YacTOTy Be pTHKAJILHBIX KOJie GaHHil IITHHHOTO UMITHHADH-
YeCKOr0 apeoMeTpa, MOTPYXEHHOTO B XHIKOCTb, HANUTYH B UMJIMHOPHYECKHH

cTaKaH, eCliM pagMyC CTaKaHa MHOTO MeHbile riyGuHel H , Ha XOTOpO#t apeoMeTp
HAaXOJHUTCA B COCTOSTHHH PAaBHOBECHA,

K 3adave 3.2.30 K 3a0aue 3.2.31 K 3adave 3.2.32 K 3adaue 3.2.34
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¢ 3.2.36". B uwmMHIpHuUECKOM cOCyfe pamuyca R HaXOOMTCA MOPLIEHb O/IH-
Hbl [, COelMHEHHBIH NPYXHMHON XeCTKOCTH Kk co cTeHKo#l cocypa. ITo ocu
TOPILHA HMMEETCA CKBO3HOM KaHal pagHyca r. Bce cBoGopHoe mHpocTpaHcIBo
B COCyfe 3aMOJIHEHO >XMOKOCTbio MiaoTHocTH p. Halimure yactoTy KoreGammii
TOpIUHSA, eciK /| > R M macca Mopunis paBHa m.
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K 3adaxe 3.2.36

3.2.37". llocne 3arpy3kd xopafis nepuon KoNeGaHuW# €0 OO BePTHKANH
yBenuuurcH ¢ 7 po 7,5 ¢. KaxoBa macca rpysa? CeueHHe 1o BaTeplHHHH
S = 500 m*. XapaxTep BOBJIeUeHHS BOMIbI B ABHXKEHHE CUMTATh He H3MEHHBLIAM-
o IIPH 3arpy3Ke. :

§ 3.3. I'apmommuecKkoe MBHKEHHE

3.3.1. Teno maccel m, npuKpelUleHROe K Ipy>kHHe, cBOGOOHO Koie6neTcs.
CMenieHHe Tena 3aBHCHT OT BPEMEHH MO 33KOHY X = A cos w?. Kak MeHsworcs
CO BpeMeHeM CKOpOCThb H yckopetne? Kak 33aBHCHT cuna, NeRCTBYIOLIASA Ha Teo,
OT €ro CMeleHHs K OT BpeMeHH? UeMy paBHa K€ CTKOCTh NMPYXHUHBI?

3.3.2. AMHTYyn2 KoJe6GaHHK M2TEMATHUeCKOTO MAATHHKA 5 MM, [JTHHA ero
Hut 1 M. Kax 3aBHCHT cMeleHue Hapiuka OT BpeMeHH? 3a Hauano oTcueTa Bpe-
MEHH OPHHATH: 2) MOMEHT NMPOXO>IeHUA MOJIOXKEHHA PaBHOBECHA CJIeBa Hampa-
BO; 6) MOMEHT IIPOXO>IEHHA KPAiHero MPaBoOro MONOXKEHHA.

3.3.3. I'pys, ¢BoGomgHO KoneOmoumics Ha npyxuHe, 3a Bpema 0,01 c
cMecTWICH ¢ paccTosiHuA 0,5 CM OT MOJIOXEeHHS PaBHOBECHA 10 HAHGOJBILETO,
paBHoro 1 cM. KaxoB nepuos ero xose6anHi?

3.3.4. Yacrora cBoBomHbIX KoneGaHMH Teta paBHa w. Uepes Kakoe HaMMeHb-
Hlee BpeMs ero KHHeTHYeCKas 3Heprus yMeHbIUAaeTCH BIBOE MO CPABHEHHIO CO
CBOMM HaHGONBIIMM 3HaYeHHEM?

3.3.5. Ha#igute nepuop ioseGaHuit MareMaTHYeCKOTO MAaATHHKA IJIHMHBL /,
€CJIM Ha MYTH HHTH Ha PacCTOAHMM //2 BHHM3 HO BEepPTHKAJM OT TOYKH IOIIBeCa
BOMT rBO3MID.

3.3.6. Haigure nepuop xoneGanuit Tena B 3anave 3.1.7.
¢ 3.3.7". Tmapxyio ONHOPOIHYIO BEpeBKY IHHEI ! y[Ie PKUBAIOT B BE PTHUKATD-
HOM KoJleHe H30I'HyTOH TpyGbl TaK, YTO HMDKHHI KOHEI €e KacaeTCs FOpPH3OH-
TaTbHOM YacTH TpyGhl. BepeBKy oTnyckaioT. Uepes kakoe BpeMA oHa IOJIHOCTHIO
oKaxeTcs B ropm3oHTanbHoM xoneHe? TpeHHeM mnpeHeOpeub. Kax HaMeHHTCA
3TO BpeMA, €CliM BHauajie YacTh BEPEeBKH yX€ HaXOJWIAaCh B TOPH3OHTAJIbHOM
KoneHe?
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K 3adaye 3.3.7 K 3adaye 3.3.8
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K 3a0ave 3.3.9 ™ K 3a0ave 3.3.10

¢ 3.3.8"%. BosmywmHsii mapuk npH cnaboM ypape o creHKy neOpMHpyeTcs,
KaK I0Ka3aHO Ha pucyHke. Ilpm 3tom Makcemanbhas gedopManua 1apuka X
MHOTO MeHbille ero papuyca R. IlpeneGperasg n3meHeHHeM HM3GbITOUHOrO MaB-
7ieHHss Ap Bo3OyXa B LIApHKe M YIPYTOCTbI0 OGONMOUKH, OLEHHTE BpeMs COypa-
peHHUA co cTeHKoi. Macca mapuka m.

O 3.3.9. Jlokaxwure, 4yro My4yok vacTHL Oyner cobuparbcs (HOKYCHpOBATHCSH)
B HEXOTODBIX OlipeaeneHHbIX Toukax ocd OO0 ', eClM CKOpPOCTb KasKIO# YaCTHIIBI
nyuka B ceueHHs 00 "' paBHa Vg, @ CHJIa, OEHCTBYyIoIIAA Ha vyacthuy, F = —kr,
TIe r — pacCTOAHHE OT YACTHIBI IO OcH nyuka. Ha xaxoM paccrosHum ot ceue-
HuA 00" oKXy CHpPYIOTCS YacTHIbI, ECITH Macca KaX/IO# U3 HUX paBHa m?

¢ 3.3.10. Y3 HmkieR TOUKH IIIaJKOro TOPH30HTAIBHOTO IUIHHIPHYECKOrO XKe-
n06a paguyca R mopn HeGOMBIIMM YTJIOM K ero o6pa3ywoiueit BBICKaMb3BIBAET CO
CKOpDOCTBIO Vo MaJieHbKHMA 1IapHk. Ckojbko pa3 Ha JJIMHe | OH IepecedyeT
HHXHI0I0 06pa3yoLyo xenoba?

¢ 3.3.11. K HakJIOHHOH CTeHe NOJABELIEH MafTHHK UTMHBI /. MasTHHK OTKIIO-
HWIK OT BEPTHKAJIM Ha MajibiA yroj, B ABA pa3a NpPEBbILIAIONIMA Yol HAKJIOHA
CTEHBI X BEPTHKATH, H oriiyctuiy. Halinure nepuop xone 6aHuii MasTHHKA, €CITH
yOapsi O CTeHy aGCOIIOTHO YIIPYTHE .

¢ 3.3.12. Omun woHey ApYXUHBI IIPHKPEIUIEH K cTeHe, Ha BTOpPOM — ILIADHK,
KoneomomMiica ¢ aMnaurynol A u nepruonoM Ty. Ha xaxom paccrosnuy ot mo-
JIOXEHHS DAaBHOBeCHA ILADHKA HYXHO MOCTaBHTb INIHTY, YTOGBI IEPHON €ro
KoyeGanui cran paBHeM 77 YHapsl 1iapuka o WMty aGCOMIOTHO YIIpyTHe.

¢ 3.3.13. I'py3 maccel /m nagaeT ¢ BBICOTBI H Ha NMPYXHHY XECTKOCTH kK M
JUTMHBL A, HHXKHHMH KOHel| KOTOpoH INpuKpelsleH X nomy. Onpeneiiure BpeMs
KOHTAKTa FPy3a C NpyxuHOMH, eciu mg < 2 k(H — h). 103
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¢ 3.3.14. Ilo rnagxo# ropH30HTAIBHOM IIOCKOCTH CO CKOPOCTBIO U CKOIb3UT
TOHKHH O[iHOpoJHbI# 6pycoX nmHHBI /. Bpycok Hae3xaeT Ha OBLIMPHBIi L€ pO-
XOBAaThIH Y4YACTOK IUTOCKOCTH. Uepes kakoe BpeMs OpycOK OCTAHOBHTICH, ecllH
k03¢ HUMENT TpeHHA paBeH u?
¢ 3.3.15*. Crpenox nbITaeTcA MONACTh B MCK pamuyca R, KoTopril KoneGier-
CH rapMOHHMYECKH Tax OBICTPO, YTO CTPEJIOK He MOXeT 3a HUM ycleauTh. Torma
OH HEJIMTCA B UEHTP 06acTH XBIKEHHA fucKa. C KaKol BepOATHOCTBIO CTPENIOK
IomageT B IOUCK, eClIM aMIUIMTyna konebGanmi gucka 4 > R? Eciu 4 =2 R?
YBenHuMTCA 1M BepOATHOCTH NONANAHHSA, ECIIH CTPEJIOK OYHET UEWTCH B TOUKY
Ha paccTosiHMH R ot kpas obnacru?
¢ 3.3.16. K ogHOMy KOHIy IepBOHAYaIIbHO Hened)OpMHpOBaHHOﬁ ¥ HellOOBHX-
HOM TPy XHHBI XKECTKOCTH X IIpHKpellileH Tpy3 Macchl m. CBOGOOHbIH KOHel Ipy-
XHHBI CTaNH TAHYTh C HOCTOSHHOR CKOPOCTbIO, KaK [I0Ka3aHO HA PHCYHKe, I0Ka
OH He IlepeMeCTHIICA Ha paccrosiHue d. 3atemM ero pe3xo octaHoBWIH. IIph xakoi
CKOPOCTH 3TOI0 KOHUA NIPY>KHHBI TPy3 Tociie OCTAHOBKH He GyneT Konebarbcs?
Chopmynupyiite aHaNOrMYHYIO 3a7avy I MAaTeMaTHYeCKOTO MAsTHHKA.
3.3.17. /Ipa omuHaKoBBIX MasiTHHKa HMeloT 061y Touky nogseca. OmHomy
MasiTHHKY TOJYKOM COOGIUMIM HEKOTOPYI0 CKODOCTh, 3aIeM Yepe3 BpeMs T

K 3a0ave 3.3.14 K 3a0a4e 3.3.15

K 3a0axe 3.3.16
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OPYroMy MasTHHKY TOXE TOIUKOM COOGIIMIIM TaKyio Xe cKopocTh. Yepes xa-
KO€ BpeMA 110CTe Hauajla ABWXKEHHA NEPBOro MaATHHKa 06a MafITHUKA BCTpETAT-
CH, €CIH TIepHOJ, MX xoneOanui paBed T, a 7 < T'/27?

O 3.3.18. Teno macce: m, NofBellleHHOE Ha NPYXHHE XECTKOCTH K, AENMT Ha
nopacraBke. IloncTaBky MrHOBeHHO y6GMpatoT. OnduMTe HABHKEHHE Tena, eciH
TiepBOHAYaJILHO MPYXHHA: a) He gedopMHpoBaHa; G) cxata M ee nedopMauus
paBHa [.

———
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K 3a0aue 3.3.18 K 3a0aye 3.3.19 K 3a0aue 3.3.20

¢ 3.3.19. Iyns maccer m, NeTHIAA CO CKOPOCTBIO U, [ONAJaeT B TeO MACChI
M, cBA3aHHOE CO CTeHKOH NPYXHHON >XECTKOCTH Kk, H 3acTpeBaeT B HeM.
Bri6paB MOMEHT NonagaHuA MyJH 3a Hayalio OTCYeTa BpeMeHH, HalIHTe 3aBHCH-
MOCTb CKOPOCTH M KOODIMHATHI TeJIa OT BPEMEHH,

¢ 3.3.20. IIo ropu30HTaIBHOM MIIOCKOCTH CO CKOPOCTBI0 U CKOJIb3AT [BA [IAPH-
K4 OOMHAKOBOM Maccel /%, CBA3aHHble HededopMHpOBaHHON IpYXUHON XecT-
kocti k. HlapHky HameTalT HA BepPTHKANbHYI0 yNpyrylo crehky. Onuumre mno-
cliefyromiee ABHXKeHHe LEPHKOB. [Ipon3ofineT 14 MOBTOPHLLA yOap HX O CTeHKY?

3.3.21". Tena Maccel Mm; H M, CBA32HbI NePBOHAYATEHO HenedopMHUpPOBaH-
Hoii npyxuHo#i. Temy Maccel m; coobLIa0T ya2apoM CKOpOCTb U, HallpaBIIeHHYIo
BONb Npyx®Hel, Kax c TeueHHeM BpeMeHH CTaHYT MeHATBCH CKOPOCTH 3THX
TeJI, ecJiM YacToTa cBOOOMHbIX KoNe6anu# Tel paBHa w ?

3.3.22. Ha T1esno, cBsA3aHHOE cO CTeHKO# MpYXUHOR # HAXOOALIEEeCH B pPABHOBeE-
CHM, Hayaja JeAcTBOBATb BHOMb NpPY>XHHbI NoctosHHag cuna F. Uemy pasHO
HauGosblliee 3HAYEHHE CHIIbI HATSOKEHUSA MPYXHHBI H Yepe3 Kakoe Bpems IOCie
BKJIIOUEHHS Hayaja [leHcTBHA Ha Teno cunbl F oHo gocturaerca? Ilepuop cso-
6omHeIx KoneGanuit Tena T.

3.3.23*. B MOMEeHT BpeMeHH !, KOOpPAHMHATA Tejla, COBEPLIAIOIIETO KOe6a-
HHS ¢ 4aCTOTOM ), paBHa Xy, a CKOpPOCTb paBHAa VUy. Jlokaxure, 4TO 3aBHUCH-
MOCTb KOODOMHATBI TeJla OT BpeMEHM MOJKHO MpeCTaBUTh B BHIE

X = xgc08w(t—tg) + (vo/w)sinw(t - tg).

3.3.24*. Teno Maccel m, MOgBELIEHHOE Ha IpysuHe, KONEBIeTCA 110 3aKOHY

x = Agcos wt. C MOMEHTaBpeMeHH !¢ Ha TeJjl0 HauMHaeT [eHCTBOBATb BOOJb
IpYXMHbI IocTosIHHaA cuna F. Onpenmenute aMnnuTyny xoneGaHui OTHOCHTENL-
. 105



HO HOBOTO mNONOXeHMs paBHOBecuA. [IpH xaxoM f, 3Ta aMIUIMTYyOa HanGonb-
masn? Haumensiuasn?

¢ 3.3.25°. Ha ropm3oHTanpHOM JeHTe TPAaHCMOPTepa, OBHXKYWEHcs co cikopo-
CTBIO U, HAXOQHUTCA TPy3 MAacChl M, CBA3AHHBIA NPY>KHHOH XeCTKOCTH K ¢ Hemox:
BIXHOM creHKoi. [lycth B HaualbHBIA MOMEHT IIpy>XHHA He JedOpMHpOBaHa U
Ipy3 M3-3a TPEHUA ABHXKETCH BMecte ¢ NeHToi, OnpefenHTe aMIUIMTYTy BO3HHK-
IMX KoJe6aHui.

k /;’ *g

N 1110 IEH
Q= T _0©)

K 3a0aue 3.3.25

3.3.26"°. Tlycts B ycnoBHH 3amaun 3.3.25° HauajbHas cKOpOCTh Ipy3a HyJle-
Basi, 2 K03pdHUNNEHT TpeHUsA paBeH U. IIpH Kaxoil CKOPOCTH JIEHTB! [IBHXKEHUE
rpy3a BynmeT rapMoHHueckuM KoJleGanneM? Kak 3aBHCHT aMIUIMTYJa yCTaHOBHB-
IMXcs Kone6aHui OT CKOPOCTH NeHTHI u 7

3.3.27*. Ha ropu3soHTanbHON MIOCKOCTH JIEXKHT TENO Macchl M, CBH3aHHOE
OpYXHHON eCTKOCTH k ¢ HemogBMwxkHOM creHkoi. Teno orraHynH Ha paccros-
HHe / OT MONOXXeHHA paBHOBECHA M oTnycTHIH. COBepIIMB n KoleOaHui, Tel0
0CTaHOBWIOCH. YeMy paBeH KO3hHIMEHT TPEHHA MEXIY TEJIOM M IUIOCKOCTBIO,
€CJIM TTOCJle OCTAHOBKH TeJia TPy KUHAa oKa3anack HegedopmupoBaHHoO# ?
¢ 3.3.28. K maatHuky 4B ¢ mapukom maccel M nopseuleH MaAsTHHK B C ¢ ma-
pukoM Maccel m. Touka A4 coBepiaer rapMOHHYECKHE KoJleGaHHA KO TOPH3OH-
TanM ¢ Yactoroil w. Halmure mymuy Hutu B C, ecnu H3BeCTHO, Uro HUTh AB Bce
BpEMA OCTAaETCH BepTHKANBHOM.

3.3.29. Teno maccet m koJe6neTcs Mo 3akKORy x = A4 cos (wt +¢). Haiimure
3aBHCHMOCTb CHITbI, AeHCTBYIOLIEH Ha Teno, OT BpeMeHu. UeMy paBHO ee HanGome-
miee 3HaveHMe? B kakue MOMEHTSBI culla ipUHHMAaeT HanGoJIblee 0 MOTY IO 3Ha-
yeHHe ?

K 3adaue 3.3.28 K 3adaue 3.3.31
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3.3.30. I'opu3oHTanbHas MeMOpata coBepllaeT TrapMOHMYecKHe Kosebanua
0 BEPTHKAJIM C YACTOTOM M amimTynoil A. Ha meMGpaHe snexHT ManeHbKHik
rpy3. IIpx xaKkoM ycrioBuH oH GyneT koneGaTscsa BMecTe ¢ MeMGpaHO#, a TIpH Ka-
KOM — HauHeT noxackakusaTth 7 Hrke M Belilie cpedHero mnosioxeHHs Memobpa-
HbI TIPOMCXOIIMT OTPHLIB IPy3a OT ee NOBePXHOCTH ? A
O 3.3.31. [y ©3MepeHu s ManbIX AMIUIHTY L, kosle6aHHi MeMGpanbl, CoBEpIlalo-
11eif rapMOHHYecKHe KOomeGaHusA BLICOKOR aCTOThI W, NPHMEHAETCA “’MONOTO-
YeK”’, BKIMOYEHHBIH B 97I€KTPHUECKY0 Lelb ¢ MeMOpaHO# H TenedoHoM, Monoto-
YeK MacChl M [IpHXKMMaeTCA K MeMOpaHe ¢ CHIIOM, KOTOpas PeTyHpyeTcs MHK-
pOMeTpHYECKHM BHHTOM. Korpga KOHTaKT MOTOTOUKa ¢ MeMOpaHOH npepeiBaer-
Cs1, IPEPBIBAETCA TOK B 1elIH M B Tele®OHe CIMbILHO apebesxanue. Onpenenure
aMIIATYny KoneGaHuit, ecnu mpebe3xaHue Haua;l0Ch ¢ MOMEHTa, KOTHA CHIA,
¢ KOTOPOii MOJIOTOYEK MpPIXGIMAETICA K MeMOpaie, JOCTUITIA 3HauYeHHs F.

3.3.32. Ha ropusoHTambHol WixTe neskHT rpys. [lnura Hawmaer mBHrarsca
BBEpPX, COBepLIasg [0 BEPTHKAM TapMOHHYeCkHe KONeOAHHA € 4ACTOTOR w H
aMrnTynoi 4. Ha xaxymo BrICOTy OT HauasIbHOT O TOJIOKEHUSA IUTUTEI IOICK OYNT
rpy3 MOCTie CBOEr0 OTPhIBA OT €€ MOBepPXHOCTHA?

3.3.33". C xakoit aMIIMTY/AON [IOJKHA KoyiefaThcH IUIHTa "(CM. 3apmaiy
3.3.32), uro6b1 HacTymun cBoeoOpasHBIi pe3cHaHC: TIpy3, moaGpachiBaeMBbli
IIKTOH, NOCTe KaXOOro ynapa yBemvumsan Obl BRICOTY CBOEro Iombema?
Ymape! cuntath aBCONMIOTHO YIIpYTHMA.
¢ 3.3.34". MbesokBapueBas IWIaCTHHKA KONEBNIETCH C YaCTOTOR W = 107 ¢t
Ha ropen IIacTHHKH IIOJIOXKHITH TEN0 MAcChl, CPABHUMOM C MaCCOH IUTaCTMHKH.
KoadduumeHT TpeHMs MeXOY TelOM H mnactuHkoit u = 1. OueHure, npH Kako#
aMIUTHTYOEe KONeOaHuil HaJIWYHe 3TOTO Tejla CYleCTBEHHO BIIMAET HA YACTOTY
KoneGaHuit mmacTuHKH. Ouelure HauGOIBIYI0 CKOPOCTh TENIA B YCIaHOBYBILIEM-
¢l KonebaTeTbHOM peXHMe B CITydae, KOTIa aMINTATYIa KOneGaHHH IUIaCTHHKH
A=10"% cm,

3.3.35. IloBepxHocTh Tej, KOMEeGMIOUMXCHA ¢ YIBTPa3BYKOBOH YacTOTOH,
KakeTCl CKOJIb3KOH Ha OlyNb, 4 IIpeMEThI, NOMeLISHHbIE HA 3TY NI0BePXHOCTS,
“IUIBIBYT” MO Hell OT Manefilliero IpHUI0XKeHHOTO K HUM ycuitus. OGbACHATE 3TO.

e |

\

==
—

1
! i
1
[
!

1
!
!
L
K 3aoaue 3.3.34 K 3adaue 3.3.36
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¢ 3.3.36*. HaxnoHHas mI0CKOCT COBEpHIAET TapMOHMYeCKHe KoneGaHusa
¢ GonbllOH YacTOTOH BHONL CBOEH MOBepXHOCTH. KakoBO ycCTaHOBHBILEECH
OBMXXeHHe Teja, HaxojAmierocs Ha Hei? Kakosa cpelfHAA CKOPOCTb 3TOTO TeJa
3a Gonblloe BpeMsd, ecliy tg & € u, rme & — Yroja HakJIOHA IUTOCKOCTH, U —
K03 HUIMEHT TPEHHSA, Vo — aAMILTHTYIA CKOPOCTH HaKJIOHHOH INOCKOCTH?

§ 3.4. Hanmoxenne xosnebanmi

¢ 3.4.1. KoHipl NpyXHH MOTYT CKONb3UTh O€3 TPeHHMs 110 HEMOABHXHOMN BepPTH-
KaJIbBHOH paMKe, IPYTHMH KOHUAMH OHH NpHKPEMneHbl K Tely Macchl M.
Kakoil xapakTep HOCHT [BI)KeHde Tena B ofimeM cruyuae, Korma ky # k7
B xakux HampaBNEeHHAX BO3IMOXHO NPAMONTHHENHOE IBMXXEHHE H KaK ero BO3-
6ymuTs ?
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K 3a0aue 3.4.1 K 3adaue 3.4.4

3.4.2, Ilycts B ycnoBuax 3amaud 34.1 ky = k; = k/2. Y6enurech, 4ro B
IJIOCKOCTH PaMKH BO3MOXHbBI IpAMOIHHeiiHbIe Kosebanus B moboM HanpaBile-
Hud. KaxnMm criocobom HyxHO B030OyxIare korebaHMs, yToObl IBHXKEHUE TeNa
IIPOMCXOOMIO no okpyxHocTH? JlokaxuTe, 4To NMpH MboM citocoGe Bo3Oyxae-
HMA TPaeKTOPHA OBWKeHHsA Tella 3aMKHyTasA. Hajimure nepHon ABM>KeHHS Tena.

3.4.3. a. MaremaTHyeCKHi#i MafiTHHK COBEpILdeT Majble KoleGaHHA B OHOM

"IUIocKOCTH. AMIUIMTYHA ero KoneGaHud A, 4acToTa w. B MOMeHT MaKcHMAIh-
HOTO OTKJIOHEHMA WapHKy MAfATHHKA cOOOuUMIH HeGONbuIYIC CKOpOCT VU,
HalpaBieHHyI0 TepueHIHKYIAPHO mmockocTH koneHanuit. [lo kakoit TpaekTo-
puu OyIeT OBMIaThCA MIAPUK MAATHUKA nocie 310ro? B kakux Mpepenax Gymer
M3MEHATbCHA PACCTOSHUE OT LA PUKA [I0 TOJIOKEHHA paBHOBECHA?

6°. OTBeTbTe Ha MepPBLIH BOIPOC 1A CIyYast, KOFJa CKOPOCTh U COOGIEeHa
IIapHKYy B MOMEHT, KOI'Ja OH HAaXOJWJICH Ha PACCTOAHMH X OT NOJI0XEHUA paBHO-
BECHSA.

O 3.4.4. JIBrkende 37EKTPOHHOFNO Jlyua O 9KPaHy ocuwiiaorpada ONMCHIBaeTCA
ypaBHEeHHAMH

x = Acos(wt — ¢), y = Acos(wt + p).

Ins ynoOcTBa H3MepeHH# Nepep 3K paHOM NOMelEHa KBagpaTHas cetka. Ompe-
OeTUTE [10 PHCYHKY caBHI ¢a3 o6oux KosebaHMmit.
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3.45". B ycnosusax sagau 3.4.4 onpemenure, Ipd KaKoM caBRre a3 Ha K-
paHe BHOEH OTPe30K; OKpYXHOCTb. 3a BpeMA 27/w clleql yya Ha 3KpaHe He
ycHeBaeT IMoracHyrb. Jlokaxare, yro B cilyuyae MPOM3BONBHOIO MOCTOAHHOIO ¢
Cllelf JTyua Ha 3K paHe MpedcTaBliser COOOH JIUIHIIC ¢ MONTyOCAMH, JIeXKAWMMH Ha
ouaroHassax xBagpara. Halimure 311 nonyocH.

3.4.6. [Ipu u3yueMus rapMOHMyeCKHX KOJeGaHWH OCHMIIATOPA 3MEKTpHUE-
CKOe HampsbKeHHMe, MPOIOPUHOHATIbHOE CMEILEHHI0 OCHMIIIATOpa, NOJdeTcs Ha
X-ITACTHHBI OCHMIIorpada, a HampskeHHe, MpOIOPLUHOHANbHOE CKOPOCTH, —
Ha y-IacTuHpl. Kakyo KapTHHy Mbpl YBHIHM Ha 9K paHe?

3.4.7. OTkJIOHeHHe J1yya ociuiorpacga onuceiBaercs ypaBHeHUAMH

x = Acos[(w—82/2)t], y =4 cos[(w+/2)1],
rge {) < w, NpHYeM CIel JTyya Ha 3KpaHe racHeT 3a BpeMs, MHOIO MeHbiliee
2 7/82. Kakyio KapTHHY Mbl YBHOMM Ha 5K paHe ocuwinorpada?

O 3.4.8.Ha x- u y-mmactunnl ocupuiiorpada nomawnT rapMOHHYECKHE CHTHATIbI,

U Ha 3KpaHe MOABNAOTCA KapTHHBI, H300paxeHHble Ha pUcyHKe . Kak oTHOCATCA
nepHombl KoneGaHuii Mo x U y B cnyuaAx @ — 2?

K 3adaue 3.4.8

3.49. Touka, coBepuiaioiiag rapMOHHYecKHe KoJieGaHHA B IBYX B3aHMHO
e preHIUKYJIAPHbIX HampaBJIeHHAX X, ), NBWXKETICA MO TPaeKTOPHH, KOTOpas
Ha3spiBaeTcsA GHTypol Jluccaxy. Jlokaxure, YTO ecliM 4acTOThI KONeGaHHA OTHO-
CATCA KAK Lielble YACITa, TO 312 pUrypa — 3aMKHyTasA kpuBasa. Kaxoit Bug uMeer
¢urypa Jluccaxcy nmpu paBHbIX YacToTax?

3.4.10. JoxaxuTe, 4TO ec/IH aMIUITHTY A TAPMOHUYeCKHX K 0J1eGaHHi TOUKH MO
OCHM X paBHa 4, a 10 ocu y paBHa B, o ¢urypa Jluccaxy BuucbiBaercs B IpAMO-
YTONBHUK €O cTOpoHaMu 24 1o ocu x ¥ 28 no ocu y. [lycts durypa xacaercs
TOPH30HTAJIbHBIX CTOPOH 3TOTO MPAMOYTONBHUKA B p = 3 TOUKAaX, a BEpTUKaJIb-

HBIX — B ¢ =4 Toukax. Kak OTHOCATCA 4aCTOTBI 3THX KOjleGaHum? 109



¢ 3.4.11°. [Ipa urmpuKa Maccbl Mm; M M, , IPUK pelyIeHHbIE K OMMHAK OBBIM T1pY-
HHMHAM, MOTYT KoJe6aThcsl, CKONMb3A Mo 6pycKy maccsl M Ge3 TpeHud. bpycok
JeXHUT HAa T'OPH30HTANbLHOH IUIOCKOCTH. lapHKy CBsA3aHBI HHTHIO, CHJIA HATAXE-
HuA Kotopol f. Hure nepexuramwrt. Ilpuy xakom HaumeHbieMm Koadduumente
TPEHHA MeXIy MJIOCKOCTbI0 H OPYCKOM TOT He CABHHETCH ¢ MecTa?

3.4.12*. KoHup! mpyXMHBI XeCTKOCTH Kk NepeMelIalTca B POXOIbHOM Ha-
TIpaB/IeHHH 10 T4pMOHHYECKOMY 3aKOHY !

x; = Ay cos(wt +yp), X, = Az cos(wt + py);

TIPM 3TOM CpeJHsAs 33 IIEPHO/ CHI1a HATAKeHHsA NPy KUHbI paBHA Hynwo. Kak Me-
HfleTcsl 3Ta cuna co BpeMeHem? Oripenenute HaUGONBLIYIO M CPEAHION 33 GOJIb-
1lce BpeMsl 3HeprHio mpyskHHbl. Ilpu kakoil pasHoctd a3 p; — ¢, cpenHas
JHEpTUA NPYXUHbI HauGONbIIaA? HauMeHbIIas ?

My 1My
w
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K 3a0aue 3.4.11 K 3a0que 3.4.15

3.4.13*, Tlycts KOHUBI MPY>XuHbl (cM. 3apauy  3.4.12) mepeMewiaioT ¢ pas-
HOH YaCTOTOM:

x; = A coswyt, Xy = Acoswsyt.

Kak B 3TOM ciyuae MeHsAerTcs CH/Ia HAaTSXKeHWH NpYxHHbI cO BpeMmeHem? [lo-
CTpOMTe TpathMK 3aBUCHMOCTH CHJIbI HATAKEHUN OT BpeMeHH B Cliyuae OIIH3KHX
vactoT. IloveMy 3mech MoxHO roBoputh o Guenusnx? Ornpenenute B cnyuae
HepaBHbIX AMIUTHTY] U YaCTOT CPEMIHION 3HEPTHIO NPY>KUHBI 33 GONbLIOE BpeMs.

3.4.14. Yactuua npu AeAcTBYUI Ha Hee CUITbl £ = F g cos wt KomneBercs mo 3a-

KOHY X = A cos (wt — ¢). KakoBa cpennsas MomHocTb 310i cuib1?
O 3.4.15. a. JIByM mapuKaM Maccel /M, KOTOpble CBS3aHBI APYT C APYroM H
CTEHKAMH TpeMs NMpY>XUHAMH >KeCTKOCTH K, OTHOBpeMeHHO COOOUIMIH OMHAKO-
BYH 10 MOQOYJI0 CKOpPOCTb, HAMpaBleHHYH BHONb npyxxuH. Haiinute uacrory
KoNleGaHuil [HADHKOB, €CJIH HX CKOPOCTH IMpPOTHBOIONIOXKHO HalpaBiieHbl.
OnyHAaK OBO HarpaBIIeHbI.

6. CBoGonuble KONMeBANMs CIOXHBIX CHCTEM SABIIAITCA CYMMOH (Haloske-
HHEM) HeCKOJIbBKHX TapMOHHYeCKHX KONneGaHHil ¢ pa3HbIMH yactoTaMu. Ecnu
NepBOMY Hiapuky B 3agade 3.4.15a coOGIUMTD BOONb NPYXXHUHBI CKOPOCTh U, TO
noclnenymouiee OBHXellde LIADHKOB OymeT CyMMOM OBYX ABHXEHHWI: TBHXeHHA
IIAPHKOB, KOTOPBIM COODLIMIH CKOPOCTh U/2 ¥ —v/2, 1 IBHKEHHUA NIAPUKOB,
KOTOpBbIM COOBLWIH cKOopocTs u/2 H v/2. Onpemenure, MOMb3ysAcCh ITHM, CKO-
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pOCTh HIAPHKOB B IIOCNEHYIOlIME 33 HAYaJIOM KojieGaHUH MOMEHTHI BpeMeHH.
YeMy paBHO MaKCHMaJIbHOE CMelileHHe epBOro mapuka’? BTOPOro? MakcuMab-
HOe yIUIHHeHHe cpeHel HpyKuHbI?

B. Pemute 3apgauy 3.4.156 B criyvae, eciu NepBOMY HIAPUKY COOBIIAITH CKO-
pocTh 3V, a BTOPOMY CKOPOCTD V.

3.4.16". AToMy KHCTOpoma B MOMEKYIle YITIEKHCIOro rasa COODLIMITH He-
GONBLIYI0 CKOPOCTh U B HaNpaBlieHWHM K aToMy yriepoga. Ompepemure, Ha
CKOTIBKO NPUGITH3KTCA aTOM KHCIIOpoaa K aToMy yriepona. Macca atoma Kucmo-
pona paBHa M, atoma yrilepoja - m, a eCTKOCTb CBA3U MeXIy aTOMaMM
paBHa k.
¢ 3.4.17*. CoBCTBCHHBIE YACTOTHI ABOMHOTO MAATHYKA PABHBI Wy M W, . JluHa
HUTH, CBS3bIBAIOLEH LIAPUKU MaATHMKA, pasHa . B cocTosHmM paBHOBecus
HH)KHEMY ILAPUKY COOGLINITH HeGOMbIYI0 CKOpOCcTh U. ONlpeneuTe MaK CHMAb-
110 OTKJIOHEHHe HMIKHEro IUApUKa OT IOJIOKEHHS paBIOBECHA H JIMHY HHUTH,
CBA3BIBAIOLIEH BEPXHUH IAPHK C IOTOJIK OM.

O 3.4.18. Manbie koneGanuA MafsTHUKOB, CBA3AHNBIX NPY>KHHOH, NPOUCXOOAT
{10 3aKOHY
Xy =B cos(wet + @)+ A4 cos wt,

X3 =B cos(wel +¢) -~ A, cos wi.

Onpenenure KeCTKOCTb MNPYXHHBI, CBA3BIBaOLEH MagTHUKM. B monoxeHuu
PaBHOBECHs MaATHHKH BEPTAKATBHBI, MaCCa KAKIOro apuka m.
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O 3.4.19. Ha pucynke #306paxeH rpaduk 3aBHCHMO CTH KOOPIMHATBI OT BpeMe-
HM [JIs1 OBMOKEHHSA, SBJIAKIETOCH CYMMOR OBYX rapMOHHYeCKHMX KoleOaHuid.
Onpepenute Mo HeMy aMITIMTYIB! M 4aCTOTBI ITUX KOJIEGAHUH.

§ 3.5. BoinyxieHHbIE H 3aTyXalme KoneGaHus

3.5.1. MaatHuk Maccel m NOJABEPraeTcsi KpPaTKOBPEMEHHBIM YypapaM, 3a
KaX/IbIi 43 KOTOPBbIX €My MepelaeTcs UMITYNbC Py . [locTpodte rpaduk gBME-
HHSL MAATHUKA, eClT MU3BECTHO, YTO BHayalle OH MOKOMJICA, YTO 3aTYXaHHA KoJe-
GaHMi HeT, a yIOapsl CJIeyIOT ApYT 32 APYroM uepe3 IpOMeXyTKH Bpemenu T,
uTo/2 (T - mepHon cBOGOAHBIX KONEOAHUA MAATHAKA) .

3.5.2. T'apmoHuyecKOMY KOJIeGaHHIO Tella MACChl 71 MOKHO COMOCTABHTH
OBHXXEHME TOYKH IO OKPYXHOCTH, pafiiyc KOTOpPO#H COBMAJAET ¢ aMIUTHTYIOH
KosneGauui A4 T1ena, a ymioBas CKOpOCTh — ¢ 4acToTo w. Koopauuata x stoi
TOUKH COBMAJaeT ¢ KOOPAMHATON Tejla, 2 KOOPAUHATA Y, yMHOXEHHASA HA M ), —
¢ MMIynbcoM Tena p. KpHBble, omicbiBaioliye ABWKEHHE Tejia B IEPEMEHHBIX
p, x, HaspiBaloTcsi ¢a3oBeiM mopTpetoM. [loctpoiite ¢a3oBeli mopTpeT AyIs
MasATHHKa 3apgaun 3.5.1.

3.5.3* B yotoBuax 3amaun 3.5.1 MagTHUK MMeST B HYJIEBOH MOMEHT CKOPOCTB
Vo H KOOpOUHATy Xo. Kako# Oyner amminrtynma xonebaHMH Tocie n yOoapos,
ecJlM MepBBIA M3 HMX Mpousoluen B HyneBod MomeHT? [loctpoiite dazoBbiit
HOpTpeT.

3.5.4. Ballla npusATeNbHULA CHJIMT Ha KauensX. Bbl packauMBaeTe MX KPATKO-
BPEMEHHBIMH TOJIUKamH. Kak 3T0 HYXHO [menath, 4ToGBI pacKauyuBaHUe NPOXO-
muno HanGoree yenewno?

3.5.5. Uepes pyueit mepeGpollieHa [UMHHaA ympyrasa gocka. Korma Maibuuk
CTOMT Ha He#l HemoJBH»XHO, OHa mporubaetca Ha 0,1 M. Korma ke oH uper co
CKOPOCTbI0 3,6 KM/Y, TO OOCKA HAUMHACT TAaK PACKAYMBATHCA, YTO OH NAKacT
B Bogy. KaxoBa mymHa 1iara Manbunka?

35.6. T'py3oBHKH BBE3XKAWT MO FPYHTOBOH mOpOre Ha 3epHOBOM CKJIaf C
OHOW CTOPOHBI, PA3rPYXaKTCA M BBIEIKAIT CO CKIaja C TOH e CKOPOCThIO,
Ho ¢ gpyro#t cropoHel. C OOHOM CTOpOHbI CKJIana BRIGOHMHBI HA HOPOre UOYT
yaiie, Yem ¢ apyro. Kak no cocrosuMio JOPOTH ONpeneinTh, C KAKOH CTOPOHDI
CKJIaZa Bbe3, a ¢ KakoH BeIesn?

35.7. Katep, mibBYIOIMIA N0 MOPI, HAUMHAET CUIIBHO PAaCKauMBaThCH,
XOTA BOJIHBI CPaBHMTEIIBHO HeBbICOKME. KamiTaH M3MeHseT Kypc Karepa d ero
CKOPOCTb. YIapbl BOJH O KAaTep CTAHOBATCA IPH 3TOM B Ba pas3a vaile, HO TeM
He MEHee pa3Max KojlebaHui KaTepa 3HauNTeNIbHO YMeHbIlaetcsi. OObsACHUTE 3TO.

3.5.8. Kasamocs Gb1, CTpeniAsi U3 POraTKd B MOCT B TAKT €50 COBCTBEHHBIM
_KOJIEOAHMAM U CENaB OYEHb MHOTO BBICIPENIOB, €r0 MOXHO CWIBHO pPacKayarth,
OHaKOo 3T0 BpaAn M yaactca. [louemy?

3.5.9. Cuna conpoTUBiIeHHA B XMAKOA WM ra3006pa3Hoil cpene pH HeGOMD-
HMX CKOPOCTAX [BIKEHHSA NPONOPUMOHATIBHA CKOPOCTH Tejia M HampaBiieHa
npoTUB Hee: f= - bv. Kak 3aBMCHT pacceMBaeMasi TIpH OBIKEHMM Tena Mowl-
HOCTb OT ero cxopoctu?
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3.5.10*. Ilycts xuHeTHueckas dHeprus ocuwwuistopa K =muv?/2, a noten-
unansas — U = kx? /2. TlokaxuTe, 4TO HamMume “noteps’” MomHoc Ny, = bv?
OCUMJLIIATO pa IKBUBATEHTHO HAITMUKI0 106aBoYHO#M cunbl = — bv, geAcTBywEeR
Ha Hero.

3.5.11. KauecTBeHHO OMMIIMTe ABHXEHUE BHAYaNe NOKOHBIUETOCH OCUMIIATO-
pa o[ BIAMSIHUEM OIJMHOYHOrO TOMTYKA ¥ CePUM OQMHAKOBBIX TOJUKOB, CIENYIO-
HIMH Opyr 3a Opyrom uepe3 MepHon, W MocTpodTe (a30BBIA MOPTPET 3ITOrO
OCUWIIIATOPA, €ClM CUJIa CONPOTHBIIEHHUS [BW)KEHHIO [POMOpPUMOHANIbHA €ro
CKOPOCTH.

3.5.12*%, KoneGaTelpHyo CACTEMY MpH HATUYMH CONPOTMBIEHHA HA3bIBAOT
OCUMIUTATOPOM C 3aTyXaHHeM, a ero KolleGaHus B OTCyTCTBHE CWIIbI, UX NOOAep-
KHBawlleld, — 3aTyxalolwMd. [fokaxuTte, 4TO ypaBHEHHUS OBHXXEHUS OBYX
OCUWUIATOPOB, CHIIa CONPOTUBIIEHUS NBWKEHHK KOTOpPBIX f; = — bjyvuy, fo =
= —byvy. ip¥ ky/my =k, My = wE U by/my = by/m,; = 2y HMEIOT OIHHAKOBOE
pellleHWe IpU OOMHAKOBBIX HaualbHBIX KOOPAMHATAX M CKOPOCTAX (wo —
4acToTa CBOGOMHBIX KOMeGaHUiA B OTCYTCTBHE TpeHHud, Y — KoaddUumeHT 3aTyxa-
A, ki, k; —KECTKOCTb U 7M1y, My — Macca OCUHIUIATOPORB ) .

3.5.13. lNlokaxure, 4To eciiM 3aTyxawume KoneGaHus OCUWIIATOPA MPOUCXO-
OAT MO 3aKOHY X; =X (¢) U v; =vy(t), To KonebGaHus TAKOTo e OCUWUIATOpa
C HAYaIbHBIMM YCIIOBHAMM X, (0) = nx, (0), v2(0) = nvy {0) npoucxomar mHo
3aKOHY X, = nXq (1), v, =nvy(t).

3.5.14. 3aryxanHe ocUWUIATOpa MOXeT OBITh CTOIMb BENMMKO, YTO IBIXXEHHE
ero nepecTaHeT HOCUTh KoJleGaTeNbHBIH XxapakTep. OueHuTe Mo MOPASKY BEIHYK-
HpI, IPY KaKkOM COOTHOILEHMM BETMYUH Y H o 3TO NpoM30HAmeT (cM. 3aga-
yy 3.5.12).

3.5.15, INycte 3aTyxanue mocTaToyHo ci1aboe, TaK YTO OCUMIIATOP, BBIAOA
K3 HaYaTbHOTO PAaBHOBECHOrO NOJOXKEHHUS CO CKOpPOCTBIO V, 4epe3 Bpema T
CHOBA MPOXOMHT MOJIOKEHHE PaBHOBECHA CO CKOPOCTHIO V/n, n> 1. UTo MoxHO
CKAa3aTbh NPo CKOPOCTH OCUWIIATOpa Yepes Bpema 27,3 1?7

3.5.16. AMIIIM Ty 1a 3aTyXaloUMX KojeGaHNil oCHWIIATOpa 32 BpeMst 7 yMEHb-
umiace saBoe. Kax 3a 310 BpeMs u3mMennnach MexaHuyecKas 3HEprius oCulsUis-
Topa? 3a KaKoe BpeMsA ero IHeprus yMeHbIuMiach BoBoe?

3.,5.17. Ha ropusoHTalbHbie IDIACTHHBI OCHWUIOrpada MOmaeTcs CHrHal,
OPONOPUHOHAIBHEIA CMEILEHHI0 OCUMIIISITOpa, coBepiuakiyero cilabo3atyxaio-
uMe KolebaHMs, a Ha BEpTHK&IbHBIC — CUTHaT, MPOMO PLHOHATBHBIA €10 CKOpo-
cm. M306pasute cieq nyya Ha IxpaHe ocuwllorpada.

3.5.18. Eciu B moment ¢ = 0 ocuutsatop, KoneQmIOWMACA ¢ 3aTyXaHHeM,
HAXOOMTCA B MOJTOKEHUH PaBHOBECHA M CKOPOCTb €0 PaBHA Vg, TO KOOPOMHATA
ero B MoMeHT BpemenH ¢ # 0 onpepensieTcs o pMynoi

. Vo . k
x=— exp(—yf)sin wt, . rTIE w=\/w3—72,7<w0=\/—j,
w

m

k,mHY — COOTBETCTBEHHO XECTKOCTb, Macca ¥ KOIPE UUMEHT 3aTyXaHUs
ocuwuiatopa. IlokaxuTe, YTo CBOHCTBA OCHWINATOPA, OMMCAaHHBIE B 3agayax

3.5.12 n 3.5.15, He MPOTHBOpEYAT ITOMY YTBEPXKIEHUIO, "3



z ¢ 3.5.19. llo Buay 3aBHCHMMOCTH X OT ¢
O7ig  3aTyXalomMx KoJMeOGaHWH, NONyYeH-
HOMy Ha 3KpaHe ociwmiorpada, onpene-
JIMTE BeJIUYHHEL ¥ H w. louemy npu v <€ wq
MOJXHO CUMTATh, YTO W =¥ Wq !

3.5.20. a. IIsa qrepylowux Opyr 3a
OpYroM HauGoOJIbIMX OTKIIOHEHHS B OOHY
CTOPOHY CEKYHIOHOIO MAaATHHKA OTIMYa-
.. 10TCca gpyr ot Apyra Ha 1%. KaxoB xoag-

- GULMEHT 3aTyXaHusd 3TOT0 MAaATHUKA?

6. lllapyx 3TOro MAATHUKA 32aMEHHIH

IMAPUKOM TOTO e paguyca, HO ¢ Mac-

)[/V COH, B ueTbipe pa3a Oonbireid. Kax aro
CKAXXeTCA Ha 3aTYXaHUH KolleGaHui ?

K 3adaye 3.5.19 3.5.21*. a. JIoGpOTHOCTBIO OCHMIIIATO-

Pa HA3LIBAIOT OTHOINEHME €r0 HavasbHOM

SHEPTMM K OSHEPruu, NMOTepAHHOH UM 3d

BpeMsA M3MeHeHHs ¢a3bl Ha 1 paa. Bripazute qOOGpOTHOCTD Yepe3 K0o3dHUMEHT

33TYXaHUS Y H YACTOTY CBOGOOHBIX KonebaHuil wq(y <€ wyp). Kak cBs3ana no6-

poTHocTh Q ¢ wiciIoM KoJle GaHuH, 32 KOTOPoe IHePris OCIIIATOPA YMEHbILNT-

cA B e pa3?

6. ¥ moHokpucrania candupa B BakyyMme NpPH HH3KOH TEMIEpaType U COOT-
BercTBylomeli nompecke mo6potHocts @ = 108 — 10°. Yacrora komeGammii
MOHOKPMCTaIa wo = 10% ¢!, Ouennte, Bo CKOMBKO Pa3s M3MEHUTCA aMIUTMTY/Ia
Kosie6aHHil KpUCTaniia 3a CyTKH.

3.5.22% Kaxpeii pas, Korga OCUMINATOP MPOXOMAT B OHOM M TOM e
HampaBJIEHNH TIOJIOKEHUe paBHOBECHS, EMYy B HallpaBJIeHMH CKOPOCTH Coobmiaer-
€51 YOapoM OOTONHUTENbHBIH ummynsc p. Kaxum Gyner npsxeHHe oCulwuisitopa
H KaKaf yCTAHOBUTCS MaKCHManbHas cKopocTh? XapaKTe pHCTHKH OCUMIUIATOPA
HW3BecTHBI. PaccMoTpuTe Ba mpemenbHpix cyvas: 2my/w > 1 u2ny/w < 1.

3.523. llpuBempte mpumMep CUCTEMbl, B KOTOpPOH BO3OEHCTBHE CO CTOPOHM
OOHOM UYacTH ee Ha OPYryX OIMCBHIBAeTCA CHIIOH, MEHSAIILCHCA CO BpEMEHeM
TapMOHHYECKH.

3.5.24, Ha vactiuy maccel m pedctByeT cuna F = Fgsin w!, BbIHYXOa0IAanA
yacTHIY KoJeDaTbcsl OKOMNO TOJIOKEeHHs paBHoBecHdA. [lpencraBeie cebe, uro
3Ty CWIY pa3BUBaeT MNpPYXWHA, NMPHKPEIUIEHHas K HENMOJBH)KHOM CTIeHKe, B
HaliIiTe B 9TOM CJTy4ae aMIUTMTY oy KolleOaHMH YaCTUUBI.
¢ 3.5.25% B cuctemax, M306paXKEHHBIX HA PHUCYHKE, IPOHCXOIAT cBOGOOHBIE
koneGauus Ge3 tpeHua. [lokaxure, yro cusla, [EHCTBYOLUAA HA BBIZETICHHLH
IITPH XOB O} JINHKER OCUWHIATOP, HMeeT rapMo HHYECKMH XapaKTep.

3.5.26. a. Teno maccel m, CBA3aHHOE C IBYX CTOPOH ITPYXHMHAMM CO CTEHKa-
MH, KomeGieTcsa ¢ 4acToToM « (CM. pUCyHOK K 3apmade 3.5.25%). Ompemenuse
AMIUIMTY Dy KoJleGaHMil Tena, ecli U3BECTHO, UTO XKECTKOCTb JIeBOA IIPYXHHBE &,
4 CO CTOPOHBI ApPaBOM NPY>KHHBI Ha TeJl0 JeHCTBYeT chia Fysin wt.
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6. Teno maccel m, ClleBa CBA3aHHOE CO CTEHKOH NMPYXHHOH XECTKOCTH K,
a ChpaBa >KECTKO COeOMHEHHOE ¢ APYTMM TelIoM, KollebleTca ¢ ¥acToToH w
(CM. pHCyHOK K 3amave 3.5.25%). Onpegenute aMINUTYdy KosebGaHu#il 3Toro
TeJIa, eCITH U3BECTHO, YTO CO CTOPOHBI BTOPOrO Te/a Ha TeJI0 MAcChl M AeHCTIBYyeT
cunna Fycos wt.
0 3.5.27*. Eciu ogMHaKOBO OTKJIOHHTh T'PY3HKM MaATHHKOB B OJHY CTOpPOHY
U OTIYCTHTh, TO B CHCTeMe BOIGYIATCA KojeOaHHA ¢ YacToTodl wo = g/l
Ecnu ke OTINIOHMTh MX HA PaBHOe PacCTOAHHE B NPOTHBOMONIOXHbBIE CTOPOHSI,

BO3HMKHYT KoJle6aH|s ¢ 4acToToll w =+/g/l + 2k/m. B ob1ueM criyyae OBroKeHHe
TPY3UKOB eCTh Pe3YIHTAT HATTOXKEHHA ITHX KOJIeGaH M !

x; =B cos{wet + )+ 4 cos wt,
X3 =B cos{wet +¢) — 4 cos wt.

Teneps, paccmarpuBas cHily o cos w!, OeHCIBYOILYI0 Ha JIEBBIi TPYy3HK CO
CTOPOHBI MPYXHHBI, KAK BBIHYXK/IAOLLY K0, ONPeeiMTe BelTHUMHY A depes mapa-
MeTpel Fg, m, wo ¥ w. Cnaraemoe B cos{wy t +¢) npepcTaBisaeT coboit ceobon-
Hoe KoneOaHWe BBIAENCHHOTO ocuwinsatopa. Uem omnpepensaerca BbiIGop mnapa-
meTpoB B u yp?

3.5.28"*. Peaynbrar 3amauu 3.5.27* ouenp Baxen: B obLUEM CITydYae IBIDKEHHE
OCHUMIUIATOPA NIPH HATHYKM BBIHYX/IA0IENA CUIBI sIBAAETCA CYMMO# cBoBOIHBIX
¥ BBIHYXJIHHBIX Kone6Gauui. [IpH kaxux HauyaTbHBIX yCTOBHAX GYIYyT POMCXO-
JMTH TOJBKO BBIHYXIeHHbIe KolebaHun?

3.529% TIloueMy NpH NMHEHHOH 3aBUCHMOCTH BBIHYX[IAIOIIEH CUIBI OT
CMELIEHAA M CKOPOCTH OCHMLIATOPa oflliee ero OBMKEHHE ABJIACICA CYMMOH
CBOGOAHBIX M BBIHY X Ie HHbIX KoleGanuii?

3.5.30. IoueMy mpH BBIHYXJECHHBIX KOJeOaHMAX OCUWIIATOPA C YacTOTOH,
Me HbILIeH ero co6CTBEHHON YaCTOThI, HAITPABIIEHMSA CMELUEHHA ¥ BHIHYXKIAKLLEH
CHIIBI COBIIANaloT, a ITPH YacToTe, GolbleH coGCTBEHHOH, IPOTHBOMOIIOXKHEL?

3.5.31.IIpn manbix IO CpaBHEHHI0 ¢ COOCIBEHHOH YacTOTOH OCUWLIATOpPa
YaCTOTaX BBHIHYXIAIOMIEH CHITBI €TO CMEILiEHHE MOXKHO CUMTaTh paBHbIM F(1)/k,
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rne F(f) — BeHyXpawwmasn cwia, kK — XecTKocTb KonmeGaTensHoi cucteMsl. Mpu
BONBUIMX e YACTOTaX BBIHYKAAWLIEH CHIBI YCKOpEHHE OCUWLIATOPA MOXKHO
CUMTATh pPaBHBIM F(t)/m, rie m — macca ocummnaropa. OGbACHHTE 3To.

3.5.32* B moMeHT BpeMeHH { = 0 Ha IOKOALUMICS B TOJIOKEHUHA paBHOBeCHUsS
OCUHMJUIATOP HAYMHAET [ICHCTBOBAThL BhIHyxXaatowian cuia I =Fgcos wt. Macca
OCHWUIATOpPAa M, ero coGCTBEHHAA 4acToTa wq. Haiimute 3aBucHMO c1h Koopmm-
HaThl OCUMIUIATOPa OT BpeMEHM M NOCIPOHTEe €€ rpadMk WA | w — wy | € w.
Ipu nocTpoenny rpaduka BoConb3yiTech TOXIECTBOM

a—f  atf
sin

cos a — cos =2 sin

3.5.33™, Packauxa xoneGanmil, KaK BUIHO M3 PELICHHMS 3a0auH 3.5.32*,conpo-
BoxmaeTca GuemMamu. IIpH w = wp pa3sMax GHMeHHII HeorpaHWIEHHO pacTer,
HO 3aTO MX NEPHON, a 3HAYMT, H BpeMs HapacTaHHA HEOTrPaHHUCHHO yBeIMYHMBa-
rcA. [lycTs Bpems, mpouieflliee Mocie Hauajla BO3EHCTBHS BbIHYXIAIOLICH
CHIIbI, MHOTO MeHbllle 27/ | w — wy |. Bocnonsayittecs nputinmxenvem sin € ~ ¢
(e € 1) ¥ onpenenmuTe XapakTep pacKauKH KoNeOaHUA B 3TOM CITydae.

3.5.34™ BoisAcHMTP XapaKTep pacKauKH KoJjeGaHMil NPH = wo MOXHO,
nepeiiig B BRIDDKEHHH 1A KOOPHMHATHI X(f) K mpedenly w—> o (cM. OTBET
K 3agade 3.5.32%). Kak 06DBACHHTE, 4TO aMIUTHTy1a KonebaHuil pacTeT B 3TOM
CITyyae IPOIOPUMOHATIBHO B peMeHH?

3.5.35%, Mycts umeroTca xoneBanus co c1aGhIM 3aTyXaHHeM: Ko3d¢hHIHEHT
saTyxaHHa Yy <€ wy. Kak oHO ckaxercs Ha packauxe KojleGaHH# OCUWINATOpa
H3 COCTOAHMA MOKOS B IOJOXEHHH paBHOBECHA NPH | w— wo |y m  npu
w = wp? [loueMy B 3TMX CIyYasgX YMeCTHO TOBOPHTh 00 YCTAHOBIIGHMM BBIHYX-
HOeHHRIX KolleGanni? KakoBo xapakTepHOe BpeMsi 3TOTO YCTAHOBIIEHUS?

3.5.36. a. Kakasa HyXHa BBRIHYX[Jaiolllagd CHJIa, YTOGHI OCHWUIATOP MacChl M
¢ k03(pPUIIHEHTOM 3aTyXaHHA Yy Hauan COBEPLIATH [APMOHHYECKHE KoNeGaHMA
¢ coGCTBEHHOM YacTOTOH Wy Mo 3aKoHY X =A cos(wgt — ¢)?

6. AMmuTya BeIHy>XJaomed cuimml paBHa Fg,ee yacToTa w = wy . Onpenenu-
T¢ aMIUTHTYIy BbIHYX/CHHBIX KojeGammii. Bo ckoipko pa3 oHa Gosbiie oTKIIO-
HEHHA OCUMWIUIATODA NpH AeHCTBMH NMOCTOAHHON cWIThI F?

3.5.37. OcuwuiATop BBIKETCA MO 3aKOHY X =X Sin wt, a BBIHYX/AI0ILast
cuila, JeHcTByOILAA Ha Hero, F = Fgcos wt. KakoB xo3dduuneHt 3aryxauua
y ocuwnnaropa? Macca ocuwmis ropa m.
¢ 3.5.38. Ha pucynke mnpHBefeHa 3aBHCHMOCTDb
e KBaJipaTa aMIUTUTYAbl CKOPOCTH BBIHYXEHHBIX

KOJIeGaHHil OT YACTOTHI BBIHYXIAIOmIEH CHIIBI, aM-
INIATYOa KOoTopod mnocTtosHHa. Onpemenute co@-
CTBEHHYI0 YACTOTY OCUMUIATOpa, ero kospdu-
LIHeHT 3aTYXaHHA U I06POTHOCTD.
L 3.5.39. Ilna pe3oHAHCHOTO OGHAPYXEHHA MATBIX
BRIHYXJAIOIMX CHJI MOXHO HCIOJIB30BATH MOHO-

KpMCTAUT cangupa ¢ poGpoTHOoCTI ) = 10° 1“

— 1 |

! o o
Iz(wmzaaowﬁgo.;gﬂg “ yacToToM CoBGCTBEHHBIX KoNMeBaHmit wo = 10% ¢
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CKOJIBKO BpeMEHH (II0 HOPAOKY BETHYMHBI) HYXKHO JKJIaTh, YTOOBI B MOHOK PHC-
TalllIe YCTAHOBHIIHCH KOJIe6aHuA?

3.5.40. Urna 3ByKOCHMMATeNs [OBHXKETCA IO CHHYCOMOanbHON 6Gopo3gie
rpaMITIacTHHKK. YacToTa COGCTBEHHBIX KOMEGaHWA HITIBI Wq. [Ipu xakoit
CKODPOCTH MIJIBI OTHOCHTELHO [NIACTHHKH OHA HauHeT BHICKAKMBaTh U3 Goposn-
ku? M3ru6s 60po3/IKK OBTOPAIOTCA Yepe3 pacCTOAHUE A,

3.5.41* Yacmiusl Maccel M KaXasa BHUIETAIOT U3 HCTOYHHKA B MOMeHT ¢ =0
¢ TOYTH HyNeBoil HaualbHOM cKopocThio, Cpa3y nocie BbUleTa Ha HMX HauWHaeT
OelcTBOBaTh cHIa F = Fg sin wt. Onpenenute CKOpPOCTh YaCTHIU CITyCTA Bpems [
nocne BrUleta. KaxoBa cpemuas cxopocth 3muX yactun? Ha xaxom paccrosHuy
OT MCTOYHMKA [OCTHraeTcs HauGompuias ckopocts? OTBETbTE HA 3TH BONPOCH!
1A YaCTHII, MCIYIIEHHBIX B MOMEHT BpPeMEHH ¢ = 7/w, 7/2w.

3.5.42*. C MomenTa Bpemeru ¢ = 0 Ha uacTOTy Macchl 7 HAUMHAET B HAalpaB-
JIeHHH ocH X OedcTBoBaTh cuwila I, = Fy sin w!, a B HanpaBJIeHHH OCH y — CHITa
F, =F, cos wt. HaiimiTe TPaeKTOPHMIO YaCTHBI, €CTH B HavYal pHBIA MOMEHT OHA
noxonrca UeMy paBHA cpeaHAs CKOPOCTh YacTHub! 3a Gonbiloe Bpemsa? Kakylo
HaYallbHyl0 CKOPOCTh AO/DKHA MMeTh YacTHua, YTOObI IBHrarbcsA NpH HaTM4MH
3THX CWI N0 oKpyXHocTH? KakoB pamuyc 310# oKpyXHOCTH?

§ 3.6. Hedopmannn n HanpsDkerns. CkopocTs BOJH

3.6.1. IDnuuuylo leNb IIAPMKOB, CBA3AHHBIX NPY>XKMHAMH XECTKOCTH K,
TAHYT 33 OMH KOHen ¢ cunoit F. JIpyro# xoHen uem 3axperted. Onpenenure
obiee yIMHEHEe IPY>XHMH X cMelilleHHe /V-To 1lapiKa [IpH paBHOBECHH.

3.6.2. IlpoBosoky u.nm{u Im pacr;mym{ 3a xoHup! Ha 0,1 MM. Kak uaMeHut-
cA pACCTOsAHME MEXJY “COCEOHHMMM™ aToMaMHM, eCllH CpefiHee MeXaToMHOE pac-
CTOAHHE B HeAedO PMUPOBAHHOM MaTepHate pasio 10” 10 m?

3.6.3. Moaysnem ¥ura £ matepHana HasbIBaeTCA KECTKOCTh Ky6a e[IMHHYHOIO
o6beMa TpH YCHITHH, IPWIOKEHHOM NepIEeHMKYIAPHO OHOM M3 €ro IpaHeid.

K 3a0aue 3.6.5

KaxoBa »ecTKOCTh CTepXHs IUTHHBL L M ceyeHMaA S TIPH NMPOOJIBHBIX PacTsDKE-
HHK M okamH? [lycts crepxeHr 3akperneH ¢ ofHoro xonua. Kaxo#t custoit,
NPHKJIaAbIBAEMOM K IpYToMy KOHIY, €r0 MOXHO pacTaAHyTh Ha AL?
3.6.4. OueHHMTE XECTKOCTh MEXAaTOMHOM CBA3M B BelllecTBe ¢ MonyneM l0ura
E u cpegsumM MeXaTOMHBIM pacCTOAHUEM 4.
O 3.6.5. Ha cranbioM cTepxHe ceuenus 1 cm® M mHbl 75 CM 3aKpemum Ha
paccTosHMM 25 cM IOpyr OT Opyra TpH Tpy3a Macchl 2 T Kaxpablil. Huxuuit rpys
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BMCHT Ha KOHUe cTepxHA. Hapucyiite rpagMKi OTHOCHTEILHOIO YOJIHHEHHA
(nedopManyu) U cMellleHHs YYaCTKOB cTepxkHA. Momyns H0ura cramu 2 - 107 I1a.
KaxoBo pacrsaxeHne Bcero crepxHsa?

3.6.6. Penibenl oy TpaMBas mpH yxJlanke cBapHBaloT B CTbikax. Kakue nanps-
KEHMS NOABJIAIICA B HUX IPH H3MeHeHHH TeMmeparvpsl 0T —30 °C 3umoit mo
30°C netom, ecm yknazka npoBomtack ipu 10 ° C? TemnepaTypHbiii koaddu-
UMEHT THHEHHOro pacumMpenus ctain 1,25 - 1075 K71/

3.6.7. Yactu cTeHB! MO pa3sHble CTOPOHBI TPELLUMHBI COEIMHUIN pacKalieHHOH
CTIbHOM NOJIOCOH, KOTOpasA, OCTBIB, NMpMXKana Mx Opyr K Apyry. Ilycts umpuna
TpewMHe! 1 cM, IyMHAa NoMoCckl 2 M, a ee cevenre 2 cM>. C KaKol CHIION CTAHYTHI
YaCTH CTEHBI, ECITM N0JI0CA NIePBOHAYANBHO HarpeTa Ha S00 °C?

3.6.8. Kononna Ucaaxmenckoro cobopa B Jlemnurpane umeet Boicoty 30 m.
Ha cxombko oHa cxara mon peiictBueM coBGcrBennolt taxectd? ILiortHocTh
rpanuta 2,7 - 10% xr/m3, a ero moayns 0nra 101! Ta.

3.6.9. CrepxeHp macchl m, ImHbl [ M ceyeHMst S TAHYT 34 OOMH KOHel B
IpPO/IOJIBHOM HalpaBJieHMH ¢ yckopeHuem 4. Moayns H0Hra matepmana crepxk-
o E. KoneGanuii B ctepikHe rreT. Ha cKONMbKO yIUTMHHATCA CTEP)EHb?

3.6.10. OmHocHTeNnbHOE YMIMHEHHC CTEP)KHA paBHo €. Haipure asHepruio
ynpyrofl pmedbopMamu Ha emuHMUy oObema, ecrmu Mojyis Hura martepuata
CTepXHA paBeH £. BripasuTe NMONy4eHHYI0 BelHUHHY Yepe3 CHIy, DEHCTBYIOLIYIO
Ha eTHHMLY IUTIOWIA[}M CeYeHHA H Yepe3 HOpManbHOe HanpsKenue o.

3.6.11* Kakyo HauMeHbLIyI0 paGOTy HYKHO COBEpLIMTB, YTOGBI COFHYTh

B KOJBUO CTepXeHb, MMEKWIUMHA KBagpaTHoe ceueHue a X g7 Moaysis Hura
MarepHaia E, minna crepxua [ > a. )
0 3.6.12* Ilpy neiiCTBMM MPOOONBHBIX CHI, PACTATHBAIOUWMX HIH CHRUMAIOUIX
YNpYyroe Tenao, U3MEHAWICA HE TOJIBKO ero MPOAOHbHbIE, HO M MOIEpevyHble
pasmepnl. PaccMoTpuTe Mopenp AdYeiiky KPUCTAA, B KOTOPOW CBA3U aTOMOB
MpeAcTaBiIeHs! Npy>KMHaMHU. KeCTKOCTh AMar OHAMBHBIX NPYXHUH K, OCTAbHBIX —
ko. Onpenennie OTHOIUEHHE CXKATUA NOMEPEYHBIX MPYXKUH K YIUTMHEHHMIO IPO-
AONbHBIX NPU MaTIbIX eopmanisnax.

—-— —

e ———

K 3a0aue 3.6.12

3.6.13"*. Ipu npo/IoIBHOM PacTAXeHHH 0Gpasila OTHOCHTEIBHOE YMEHBILEHHE
€ro TOMEPEeYHBIX Pa3MepOB —€ NPOMOPUHOHATEHO OTHOCHTENILHOMY  Y/ITHHE-
HMI0 06pa3ua € = — Al/l. OTHOLleHME ¥ = — € 'le HaspIBaeTCH x03bdUEUEeHTOM
Ilyaccona v. Onpenenute xo3dpduument IfyaccoHa mnsa obpasua, oTBeYAWILETrO
MOJENHY M3 3agaun 3.6.12.

3.6.14. Koadbduumenr Ilyaccowa mna cranmu v= 0,3. YpenmuuuBae1ca WM
yMeHbIIaeTcs 06beM CTATBHOTO CTepxHs NHpH pacTsokeHu? QO6beM pe3UHOBOro
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UHYypa NpU pacTsHKeHMH NO4YTH He MeHAeTCA. Uemy paBeH xoadbduuuent Ilyac-
COHa Ul pe3uHbI?

3.6.15. CxuM. :MOCTh BeLIECTBA MOKAa3bIBaeT, Ha KAKYK [OJK OT MepBOHa-
HayanlbHoro ofGbeMa ymeHblIaeTcd oObeM Teila NMPH eJUHUYHOM YBEITUYEHHUH
O2BJIEHUS Ha ero HOoBepXHOCTb. PaccMaTpuBas BcecTOpoHHee CKaTHe KyOHMKa
BELIECTBA KAaK CYMMY TpPeX OHHOCTOPOHHMX CXKaTWH, BBIPA3UTE CKUMAEMOCTh
yepes Moayns 0ura £ v xoabduunent [yaccona v.

3.6.16. CxumaeMoctb Boapl 5 © 107 armM™. OueHuTe M3MeHEHME IITyGHHBI
OKeaHa B Clyyae, eciM Obl Bopia c1ana HecxuMaemoit. CpeHaAs rny6bHHa okeaHa
cocraBnger 3 — 4 kM. B okeane BcIpedalorcsa BHaguHbl, ri1y6HHa KOTOPBIX
okolo 10 kM. Ha ckosbko mIoTHOCTE BoabI HA 31O IyGuHe Goriblie, 4eM Ha
nosepxHoctu? Kakasa ynpyras sHeprus 3amaceHa B efuHUIe obbeMa Bompl?
0 3.6.17. HeBecomas Hu1b NepebpolueHa yepes nBa rBosfd. K Heil noapeuieHb
iBa rpysa. Cuna HaTMKeHMs TOPU3OHTANIBHBIX yuacTkos HMTH F. Kax no Bumy
TIUTH HalTd MacCy rpy30B H CHITY PedaKIHH CO CTOPOHBI rBoaei?
> 3.6.18. K xoHUaM CTpYHBI MPUIIOXKEHDbI TPONOIbHBIE CUMIBl Fgo. [Ipn monepeu-
HOM CMEILIEHHH OTJEe/TBHBIX YUY4CTKOB CTPYHBI BO3ZHMK ITPOMIIb, H306 pakeHHBIH
Ha pHcyHKe. [JocTpofite rpadyK 3aBHCUMOCTH [ONEPeUHOl COCTABIAOIIEHR CUTTBI
NATsDKEHUA CTPYHBI 0T KoopauHaThl. Kakue nomepeuHbie CHIBI MOTYT yAepKaTh
CTPYHY B TaKoM BHIe?
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K 3a0aue 3.6.19 K 3a0aue 3.6.20

3.6.19. YuacTkM CTIpyHBI [BHXYTCA B MONEPEYHOM HANpPABJIEHHH TAK, YTO
06acTh U3ruba CMELLACTCA BIPABO CO CKOPOCTBIO ¢, HE MeHSIsI CBOETr0 HAKIIOHA,
Kak cBs3anbr pgedopMauus € CIpyHsl B o6macTd U3ruba U CKOPOCTh Y4aCTKOB
CTPYHBI u?

3.6.20. a. O6bsicHUTe, NOYEMY YBEITMYMBAETCA HMMITYJIbC BLIJIEIEHHOrO Ha
PHUCYHKE Yy4acTKa cTpyHsl. OmnpepmenuTe CKOPOCTb U3MEHEHMST 3TOTO MMIyJIbCa
icpes MacCy eIMHMIIBI [JIMHBI CTPYHBI p, fedopMaiuio B o6macti usruba € €1
H CKOpOCTb CMELeHUA 06IacTH u3ruba c.

6. KakoBa cymMMa cwi, IeHCTBYIOUMX Ha BBIENEHHBIH Ha pUCYHKE yuacTOK
CIPYHBI, €CTM CHJIa HaTsXXeHua ee paBHa [o? Beipasute ckopocrth cMeweHus

ofiracTi U3ruba cTpyHE! depes [ U p. 119



O 3.6.21. a. llo rpaduky mpomonbHBIX CMELUEHHH YYacTKOB CTEpXXHA olpene-
nute aedopMaumo M yHpyrywo JHEPrio, NPUXOOALNYIOCA Ha emuHUny obbema
CTepXHA, B 00nacTd Bo3MyLUeHUsA. BoamylueHHe, coxpaHas CBOH BH, Nepeme-
IIaeTCsA BIPABO L0 CTEP*KHIO CO CKopocThio ¢. KakoBa cKOPOCTb YaCTHIL CTEPKHA
B o6nactu Boamyiuenna? Monyns Hra matepuana crepxxis E. '
6. B mewxymeiica obmactu medopmanuu (6eryieit BonHe), coxpaHaiomei
cBOW GOpMy TpM NEepeMelUeHHH IO CTEPXKHIO, KMHETHYECKAA JIHEPrusA YacTHL
paBHa ympyroii. Onpenenure CKOpPOCTh BOIHBI Yepe3 Monmynb HHra £ ¥ mior-
HOCTb p MaTepHana CTepXKHA.
¢ 3.6.22. a. Ofinacts NMPoOONBHON eOpMaUNH € IBHXXETCA MO CIEPKHIO CO
CKOpocTblo ¢ BhpaBo. Iltowans cedeHusa cTepxxHs S, IWIOTHOCTh MaTepHara p.
KakoBa cxopocTh H3MeHEHMsI MMITy/IbCa YacTHI, CTEpXHA B 0BMacTH cmpaBa OT
BBIZETIEHHOTO ceyeHns?
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K 3a0aye 3.6.21 K 3a0aue 3.6.22

6. Mmnynbc, nepeHOCHMBINH 32 eIUHUNY BpeMEHM Yepe3 eOUHHUIY IUIOILAmy
MOMNepeYHOro CeycHHsi, Ha3bIBAETCA IUIOTHOCTbIO MoToka ummysbca, [louemy
IJIOTHOCTb MOTOKA MMIYNIbCA [OTDKHA GBbITh paBHA HOPMANIBHOMY Hamnps-
XEHUI0 0 B 3TOM cedeHuu? BripasuB o uepes medopmauwio, ONpemenure
orciona c uepes E u p.

3.6.23. Monyne Mura cramu 2 - 10'! Ia, ee mwiotHocts 7,8 - 10% wr/m3.
KaxoBa cKOpPOCTb POXOIIBHBIX BOJIH B CTaIbHOM cTepxkHe? CKCpoCTh NPOLOIE-
HBIX BOJNH B JIMCTOBOH CTamu Gonbule, YeM B TOHKUX CT&IbHBIX CTEPXKHAX
[Touemy?

3.6.24. CxuiMmaeMOCTb PTYTH, Bolpl M BO3AyXa paBHA COOTBETCTBEHHO
- 1075,5-10° u 0,71 arM™*, a ux IWIOTHOCTH — cooTBeTCTBeHHO 13,6 - 103,
103 u 1,2 kr/M®. Onpenennte ckopocTh 3BYKa B 3THX cpefax.

3.6.25. B rase pacnpocTpaHsieTCsi yOoapHas BOJIHAa, B KOTOPOH HmaBleHue P
IIOTHOCTh p Fa3a CHJIIBHO MpPEeBOCXOMAAT JIaBJeHue Py U IIIOTHOCTb po HEBO3
MYIIeHHOTo ra3a. Haligute no 31T4M gaHHBIM CKOPOCTH yIapHOH BOJIHBL.

0 3.6.26*. B Geryueii BonHe IIOTHOCTh p ra3a IUTaBHO YObIBAET 10 3HAUEHUSA P¢
IO THOCTH HEBO3MYILEHHOTO Fasa. JlaBienue rasza Pop? (y> 1), OGbsacuure,
KaK M3 TaKO# BOITHbI Pa3BUBaeTCA yHapHas BoiiHa cxatda. [louemy He oGpasyer=
Cs1 YOAPHBIX BOMK paspexeHua’?
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K 3a0que 2.6.25 K 3a0aue 3.6.26

K 3a0aue 3.6.28

> 3.627* Omnpenenure cKopoCTh BOJIH Ha “MENKOH Boje’’, T.e. BOJIH, [JIMH2
KOTOPBIX MHOro Oombiue riyOMHBI Bopmoema /. MaMeHeuue ypoBHs Bo/bl 3a
CYET BO3MYIIIEHUS MATIO O CPaBHEHHUIO C /1.

> 3.6.28*. Ilo menouke WApHKOB MAacChl 7 KAXMIbIH, CBA3ZAHHBIX MPYRHHAMH
UTHHBL | M KECTKOCTH k = m w3, 6exuT npojlonbHas CHHYCOMJATbHAA BOJIHA
4acToTsl w. [IpoornpHbIe CMelleHUs LIADHKOB OTIIOXEHbI Ha pUCYHKE [0 BEpTH-
Kajli B yBelMYeHHOM Maciutabe. AMNIUTYda cMeleHUt A MHoro MeHslte /.
Haligute ckopocTs pacnpocTpaHeHuss 3To#l BoiHbl. [lodyunTe CKOPOCTH 3TOM
BOJIHBI B HU3KOYACTOTHOM mpefenie (w <K wg) uepe3 ! M k, a 3aTeM uepe3
Mopynb 0Hra £ ¥ IWIOTHOCTb BemiecTBa p, pacCMaTpuBas LIAPUKH KaK aHATIOTH
4TOMOB BeliecTBa. OueHnTe wo AA Kelesa.

§ 3.7. PacnpocTpaHenue BOIH

3.7.1. CepepnHa cTepxHA ceyeHUA S M IUIOTHOCTH O CMECTHJIACh MOCIE NPO-
XOXJEHUA KOPOTKOH BOJIHBI MPOAOJIBHOTO CXKAaTHA HA PAacCTOAHWE b BIpapRo.
(Ckopocts BorHbl ¢. Onpenenute UMMYIIBC ITOH BOJHSBI.

3.7.2. a. B ympyroii cpepe INIOTHOCTH p OBHXKEICS CO CKOPOCTBIO € IVIOCKasA
BOJIHA CKaTHA, aMIUIMTyda KoTopod Ap. UeMy paBHa IFIOTHOCTh NMOTOKAa UM-
11ynibca B ofimact coxatusa?
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6. ITpoTsskeHHOCTh CIIOA Cpe/ibl B HalpaBNEeHUM paclpoCTpaHeHHs BOJIHbI L,
a camo#t BosHbl /. C Kakoil cKopOCTbI0 OBMKETCA LEeHTp Macc 3ToH crioa? Ha
CKOJIBKO OH CMECTHTCA II0C/Ie TOro, Kak BOJIHA HpoiifeT 1o BceMy cloo?
¢ 3.7.3. B tpy6e ¢ razomM UAeT BONHa CO cKOPOCThbI0 ¢. HelMmoaBykHBIA AaTunk
IIPH NIPOX O’ IEHUM BOJTHBI O Ka3bIBaeT NaBlienue, pasHoe P(t). Halloure 3aBucu-
MOCTh [JaBJIeHHs B TpyGe OT paccTOAHUA o HATUMKa B MOMEHT BPEMEHH lo.
3.7.4. CkopocCTh yacTUL] CTEP>KHA B BOJIHE CXaTWs, Deryuedl 110 HeMy BlIpaBo

K 3adawe 3.7.2 K 330aue 3.7.3

CO CKOPOCTBIO €, B HaUaIbHbIA MOMEeHT OMNpeneIsieTCA 3aBUCHMOCTBIO U = U (X),
rfie X — pacCTOsiHMe OT JIEBOro KOHIA CTepXHA Ao vactvibl. Haiimute 3aBucH-
MOCTb OT BPEMEHH IUIOTHOCTH MOTOKAa MMIYJIbCa Yepe3 ceucHHe CTEpXKHA Ha
PaCCTOSIHHHU X OT JIEBOTO €ro KOoHIa. :

3.7.5. Boay, Tekywylo no BOAONPOBO#HOM TpyDe co ckopocThio 2 M/c,
ObICTPO MHEPEeKpPbIBAT KeCTKOH 3acioHKoit. Onpenennte culy, JedCTBYIOLYIO
Ha 3aCJIOHKY TpH OCTaHOBKe BOAbI, e€ClM CKOpocTh 3Byka B Bole 1,4 kM/c.
Ceuenme TpyGbI 5 cM?.

3.7.6. Ha KxoHer mokosiierocs 1ony6ecKOHEYHOT 0 CTEPKHS B TeUeHHe Bpeme-
HH 7 peHcTByeT MpoponbHas cuwia F. HalimuTe ckopocTh YacTULL CTEpP)KHA U €ro
aedopmaunio B o61acTM BO3HMKIUEH BOMHBI, €CJIM CeYeHME CTEpKHA paBHo §,
Monynb IOHra ero marepuasia paseH L, a mwiotHocts p. KakoBa 1wiotHocTh
cTep>KHA B obnacti BonHbp1? Haliayte MMITyIIbC M SHEPIHI0 CMEILAIOII X CA YaCTHIL
cTep>Hs yepe3 Bpema 0,5 7 1 1,5 7 or Havana efiCTBURA CUIIBI.

3.7.7. Ha Topell UMWIMHADMYECKOTO CTAIBHOIO CHapsifa cevewns 10? cm? u
pauel 0,5 M B Teuenve 5 - 107 ¢ melictBoBana cuna, papsasa 107 H. Onpenenure
paboTy 3TOM CHJIBI U OTHOLIEHUE KHHeTUYeCKOH SHEepTHH CHapsifa K 3Tol paboTe
nocsie T0ro, Kak KojeGaHus B CHapsze HCUE3HYT.

3.7.8. CrpyHa, cocToAWAsA M3 ABYX YacTed C THHEHHBIMM IUIOTHOCTAMH p; H
P2, HaTAHYTa NPOJOJNBHBIMH cwiamu Fy. B Touke coemMHEeHMs yacTed CIpyHY
HAUMHAOT TAHYTb NomepewHoi cuioll F.. Kax MeHseTca co BpemeHeM dopma
CTpYHBI?
¢ 3.7.9. Ha HatsanyTyI0 C cwitoil F' cTpyHY, M HellHas IUIOTHOCTh KOTOPOH paBHa
P, HafeThl TpHU IMadKHx Koseuka. Komeukn ABMXYTCA MO CTPYHE CO CKOPOCTBIO
v, nebopmupys ee. C 10ii ke CKOpOCTBIO, He MeHsA CBoed (GopMBl, IBMKETCA
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1o CcTpyHe M obracTb U3ruba, cosnaBaeMasn Kolleukamu. Kakue cuilbl meicTBYWOT

Ha CTPYHY €O cTOpoHbI kolleyek? UTo 1IpoMcXxoauT NpH NpUGIHIKEHUH U K \/F/p?

3.7.10. Cxopocth BosHb! “U3ruba’ wmuer 160 — 200 kM/u. Uto npousoimeT
NpH TPUEGITHKEHMH CKOPOCTH aBTOMOBHIIA K DTOM BelluuHe?

3.7.11. B cBoeit nexnun O xopabelibHbix BosHax™ nopi KensBUH pacckasbl-
Bal: ”. .. O/IHO OTKPbITHE PAKTUYECKH CIeJ1aHO JIOLIANbIO, e/KeJHEBHO TallMB-
uleH JofKy mo KaHaly mexjy [asro m Apppoccanom. OpHak[el JloUragb
MCIYT@1ach M JIOHedd, W BO3HUUA, Oydgyun Hab/IIOOaTeJIbHbIM UYeIOBEKOM,

g4 L F y
a1 R
K 3a0aue 3.7.9
K 3a0aue 3.7.12 K 3aoaue 3.7.13 K 3a0a4e 3.7.14

3aMeTH:1, YTO, KOI'1a JIowafp JOCTUIIa ONpenelIeHHOH CKOPOCTH, TAHYTh JIOOKY
CT&I0 ABHO Jlerye M 1103adM Lice HE OCTABATOCh BO;IHOBOIO cilena’”. OGbAcHHTe
J10 sBJICHHE .
> 3.7.12. Cornacvo npunuMily T'tofirenca Kaxnpid yyacToK (PpOHTa BOIHBI
ABJIAETCA UCTOYHMKOM BTOPHYHBIX cepuyueckux BoiH. Orubaroinas BTO pHYHbIX
BOJIH HacT HOBbIA ¢poHT BostHBl. Micxoms u3 npuHuMna [rodiredca moxkaxure,
UTO B OOHOPOJHOH cpeje INIOCKHHA (PPOHT 3BYKOBOH BOJIHBI IMepeMellaeIcsa co
cKopocTeo 3Byka, Kak pacnmpocTpansietcss uunmuuapuueckuid ¢poHt? CoepH-
yeckHit?
> 3.7.13. O6macTh NOBBIUIEHHOrO JAaBIIEHUs Ha IPaHULIE CPell PaclpOCTPaHAETCA
BAPABO CO CKOPOCThIO U, Bosibllled ckopocTH 3ByKa ¢ B cpepe. Kakoe ¢poHt
BOJIHbL B cpenie? KakoBo HamparsieHWe ero pacnpocrpaHeHus?
© 3.7.14. Ha nmockylo rpaHuuy pasfena JIByX cpel CO CKOPOCTBIO 3BYKa €y
MoK YIJIOM & K HOPMaIM NafaeT ITockas BonHa. HaliiMTe HanpaBiieHHe pacnpo-
CTPAHEHMA OTPAKEHHOH H NpeJIoMIIEHHOH BOJIHBI, €CTIH CKOPOCTh pacnpocTpaHe-
HU S BOJIHBI BO BTO PO Cpefle paBHa C; .
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3.7.15. Korpa camMoneT JeTMT ¢ [03BYKOBOW CKOPOCTbIO, Ha 3eMJle CIIbILLIEH
nym ero papuratesied. EciiM ke mpoileTaeT camolleT CO CBEPX3BYKOBOM CKo-
POCTBIO, TO CHauala CIIBILICH 'POMKUH XSIONOK, a 3aTeM yxKe LiyM [BHI aTellei.
C uyem 21O CRA3aHO?

3.7.16. Ilpn poctatouHo II0JIOroM MNaJ€HUH ILIOCKOH 3BYKOBOW BOIHBI Ha
rpaHMIly pasfena OBYX Cpef M3 cpesbl, B KOTOPOil CKOPOCTb 3ByKa Golbllie,
BO BTOPOH cpeze He obpasyeTcs NpesioM.Ie HHOH BOSTHBI. JTO ABIIEHHE HA3bIBaeT-
CA IMOJIHBIM BHYTPEeHHUM oOTpaxkeHHeM. HalpiuTe yron HoNHOro BHYTpEHHEro
OTPaX<EHHs, ecilM CKOPOCTB 3BYKA B 3TUX Cpeilax paBHa ¢ U ¢y (¢ < ¢3).

3.7.17. Haag noBepxHOCTBIO BOLBI ZBHXKETCA NOTOK Bo3ayxa. Kak 3to noBnu-
AET Ha HalIPaBIEHUC PaclIpoCcT paHerMs OTPaXKeHHOH M NpeTOMIIEHHOW 3BYKO-
BuIX BOJIH?
¢ 3.7.18. a. CkopocTtb BOJIHBI Ha "Menkoif BoAe” YMeHBIAeTCH ¢ YMeHbLUEHHEM
1:1yGHubl. [Ipamoit GpoHT TakoR BonHb! NIpH npuGnuxeHdn K Bepery, 101010
yXoJsAlleMy B BOAy, MCKpHB:lAeT1cs BOIM3M Hero, NMOBTOPHA €ro OYCPTaHus.
[Touemy?

6. U306pa3nte KauecTBEHHO, KK MEHSIETCA 1PAMOR (GPOHT BOJIHBI, BCTPETHB-
el Ha ¢BOEM IIyTH KPYIIIYIO U TIOIIOI' Y10 OTMEilb.

K 3a0aue 3.7.19

A

¢ 3.7.19. [lpy 3emneTpsicc JMAX B OKEAHE BOBHUKAIT [POTAXEHHbIE BO3MYILE-
HUSL TOBEPNHOCTH BOAbl -~ BOSIHBI LyHaMK. OcoBeHHO AaleKo OHM paclpocTpa-
HHITCA BHOJL NOJBOIHBIX I'OPHBIN \XPCOTOB, HOUTH He TepHs CBOEH pdapyum
Te;1bHOR cnocoBHocTH. O6bACHUTE 310.
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3.7.20*. TloueMy 3B yKOBOi CUTHANT, PACIPOCTPAHAIIMNKCA [0 BETPY, CJIbILIEH
3HauUHTeNbHO JIyuille, YeM MpoTuB BeTpa? CKOPOCTh BETpa 3aMeTHO YMeHbIIaeTCs
MpPH MPHOIMMKeHHH K NMOBEPXHOCTH 3eMJIH.

3.7.21. Yacrota cobcTBeHHBIX KojeGaHMit KaMepToHa paBHa vo. Kakoi
YaCTOTHl 3BYK Mbl YCIIBIILIMM, ecnd OyfeM 3ByUYaliMd KaMepTOH NpHOIHXKATh
K yXy co cKopocTbi v?

K 3adaue 3.7.22

< 3.7.22. Bonnbl Haberator ua Beper ¢ uyactoToll vp. € Kako¥ YaCTOTOH OHH
yOapAKT o KaTep, IBHXXYUWMACA CO cKopocThio U oT Bepera? K Gepery? Cko-
POCTb BOJIH Ha Bope ¢. PaccMoTpuTe mBMIKeHMC Katepa Mo/L YIIIOM & K Hampas-
JIeHMIO PacIpoCTpaHeHHs BOJIH.

§ 3.8. Hanoxenue U oTpakeHHe BOJIH

3.8.1. Ilo cTpyHe pacnpoCTpaHAITCA ABe OJIMHAKOBBIC IO (popme BcrpeuHble
BOJIHBI, HecylumMe JHepruio F kaxpasd. Kakosa Oyier kMHetMuecKas H TOTEH-
LMATbHAA JHEPTUA B MOMEHT COBIaJIeHMA OCHOBAHMH BOJIH, H300pPaXEHHBIX
Ha pHucyHKke?

3.8.2. YacTb CTA1BHOIO CTEpKHA, IUTMHA KOTOPOH 10 cM, Cok@IH Ha THICAYHYIO
107110 ero fAymHbl U otnycruiad. Kakue Geryuiye BonHbl BO3HHKHYT B cTepxHe?

K 3a0aue 3.8.1 K 3adaue 3.8.2

I lapucyiite rpadukd pacnpeneneHds nedopManMi CTEPXHA H CKOPOCTH YacTull
b HeM N0 ero [uMHe cnycrs 5 - 107¢ ¢ nmocie Toro, KaK 3Ty yacTb CTEP>KHA
OTHYCTHITH,

3.8.3, [Ipy HOpM@IbHOM MAIECHHM BOJIHBI HA KECTKYIH0 CTEHKY BO3HMKAET
BO3MYILUEHHe, NPH KOTOPOM CMEIUEHHEe H CKOPOCTb Cpelbl BOJIM3U CTeHKHU
iysieBbie. Eci npepncraBuTh ceBe, UTO Ha 11afalollyto BOJIHY HararaeTca Uayllas
CHMMETPUYHO HM3-32 CTEHKM llepEeBePHYTaA BOJIHA CMELIEHHHA, TO TNOIYYHTCH
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BO3MYILIEHHE C HYJIEBBIMH CMeEILeHHeM ¥ TpeOyeMpIMH BGIIM3M CTeHKH CBOHCTBa-
mu. IlocTpoitte ia n306pakeHHOH Ha PUCYHKE Nafalolled BOJIHBI pachpenelie-
HHE CMEIEHHA H CKOPOCTH Cpefpl, KOTHa BojlHa “BOMAeT B cTeHKy™ Ha 1/6,
1/2,2/3 cBoe# mymHsI.

LI \\ /,/
Pl
¢
K 3a0aue 3.8.3

3.8.4. Kak 3aBUCHT OT BpeMeHM [aBjleHMe Ha CTeHKy IPH NafieHHH Ha Hee
CHHYCOMJIBHOH 3BYKOBOW BOJIHBI C YaCTOTOH w H aMIUIMTyfo# cMewerus A?
IlmoTHOCTE Ccpefipl p, cKOpocTh 3ByKa ¢. Ha kakux pacCToAHMAX OT CTEHKH
HAaxXOFATCA y371pl ¥ MyYHOCTH CKOpoCTU? Y37l M MyYHOCTU HaBjleHHsA?
¢ 3.8.5. Ha cBoGopmmol rpauuue cpema He AedopmHpoBada. Bocmoss3yiTecs
IpHeMOM pellieHHs 3afaud 3.8.3 U Hail[MTe BO3MYyLUEHHe , BOSHUKAIOILIEE B CPELE
IpH NafieHHH B OJIHBI Ha ee CBODOMHYI0 I paHHLY.

3.8.6. CxopoCcTp HE3aKpEIUIEHHOro KOHLA CTePXKHS M3-3a NPUXOAa BOITHBI
HpOJOMIBHOTO CMeLUeHHA ¢ HYJIeBOrO MOMEHTa BPEMEHH cTalla MeHATbCA IO
33KOHY U = Vg Sin wt. KakoBa ammutynga cmewenua? Ha kaxmx paccToAaHMAX
OT KOHIIA CTePx)HA 06Pa3ylTCA y3Ibl U MYYHOCTH cKOpocTH? Y37bl U MyYHOCTH
maBiie HuA?
¢ 3.8.7. Ha BHeuweil cTopoHe cTeKila MIUTIOMMHATOPa KOCMHYeCKOro Kopabis
HUMEIOTCA pa3pyllLeHUs, BbI3BaHHbIE MONMAfaHHeM MU KpoMeTeopUToB. [logoGHbIe
e pa3spylieHHs BHMOHbI Ha BHyTpeHHe#d cTopoHe. OGBACHHTE HUX MOABIIEHHE.
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K 3a0aue 3.8.5
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K 3a0aue 3.8.7

¢ 3.8.8% IIna GopsbGpl ¢ TaHKaMM IPUMEHAKT ~TUIACTHKOBble” CHApSAIBL
BaphiBuaTKa BO Bpems y[apa TaKoro cHapajaa o TaHK paclipiBaeTcA 10 6poHe,
a 3aTeM B3pbiBaetcs. BoJIHa, NMOpOXOEHHAA B3PbIBOM, IIPOXOAMT TOJILY Bpo-
HH M OTKIbIBaeT ¢ BHYTPEHHEH CTOPOHBbI CIOH, OTIETaloIMA ¢ GOMNbILOH CKO-
pocrbio. Hafigute 3Ty cKOpoOcTh M TONMIMHY OTKONOTOrO CJIOA OpOHH, e
OaBiieHHe Ha OpOHb IpH B3pbiBe P =35 - 10% aT™ M peficTBYeT OHO B TeueHHe Bpe-
mMeHH 7 = 4 - 107® ¢. CkopocTs 3Byka B 6poHe ¢ = 5 KMm/c, IUIOTHOCTh GPOHH
p=8-10° xr/m>. .

¢ 3.8.9*%. Ilpepgen NpOYHOCTH KepamMHMKH H CTeKOJI Ha pa3pbiB 3HAUHTEIIbHO
MeHbllle, yeM Ha cxatde. M3-3a ymapa 1o 1eBOMy KOHIy CTEKJIAHHOIO CTEpXHS
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noGeXkana BOMHA cKaTMA — ~NONYBONHA CHHYCOMObI C aMONUTYOOH Hanps-
KeHUs Oy U NpoTsxeHHocThio L. Kako#t yuacTok cTepkHs OTKOJIeTCA, €CH TIpe-
J1eJ1 TIPOYHOCTH Ha pa3pbiB 0 < 0o? PaccMoTpHTe cilyyan 0 2 0 M G =~ 0.

¢ 3.8.10. CransHo#M cTepXeHb gUIMHBI 1 M yHapsAeTcs TOPLOM O >ecTKylo Hellofi-
BUXKHYI0O CTeHKY. Ero mepBoHavanpHasg ckopoctb 100 m/c. Kakoe naBiienne oH
oKasbiBaeT Ha cTeHKy? Kakue BonHpl noGeryT 1o cTepkhio? Yemy paBHO Bpems
KoHTakTa? KakoBa KOHEYHAs CKOPOCTh CTePXKHA?

K 3a0aue 3.8.8 K 3a0aue 3.8.9

===
U =——2m- - U

K 3a0aue 3.8.10 K 3a0aye 3.8.11

¢ 3.8.11. ]lBa ynpyrux cTepkHs U3 OJMHAKOBOIO MaTepHasla U OJMHAKOBOIO
CeueHMsA, HO pa3HOH mwiMkbl [ U L > ] OBHXKyTCS HaBcTpeuy Opyr OPYIY €O CKO-
pocTbio v. OnpeneNuTe CKOPOCTh UEHTPOB MAcCC 3THX CTEPXKHEH MOcile UX CTONK-
HOBEHHUS.

3.8.12*. llpovcxoaUT TOplieBoe CTOJKHOBEHHE [BYX YTpPYIMX CTepxHei
OJIMHAKOBOIO ceueHUs. PaccMOTpeB BOJIHBI C)KaTHs, NOPOIKIEHHbIE YOapoM,
M OTpa)keHHe MX OT CBOGOAHBIX KOHLUOB, NOKAXHUTE, UTO pe3ylIbTaT coydape-
HHMA TaKOM >ke, KaK M TIpH JioBoBoM abcoJIIOTHO ympyrom yhape Tell, ecild OT-
HOILLEHHE [JIUH CTep)KHEH PaBHO OTHOLIEHHI0 CKOPOCTeH 3BYKa B 3THX CTEPKHAX.
1 3.8.13%, Ynpyruit cTep>keHb WIMHBI /), JIETAIIMA CO CKOPOCTBIO U, CIANIKHU-
BaeTCA CBOMM TOPLOM C TOPLOM HENMOABHXKHOIO CTEPXHA JUIMHbBL 5, [y/cy >
>dy/cy, THe ¢ M ¢; — CKOPOCTM 3ByKa COOTBETCTBEHHO B OIHOM M OpYIOM
crepxxHe. Ceuenue crep>xHell M IUTOTHOCTh WX Marepuaina onuHakoBbl. Ompepe-
JIHTe CKOPOCTh LEHTPOB Macc CTEpsKHeH Nocie CTONKHOBEHHUA.

‘3.8.14. nuua BonHbI, Npoulediied 4Yepe3 IUIOCKYIO IpaHULY pa3ferna M3
OIHOM cpeflbl BO BTOPYI0, COKPAIIAETCH BO CTOJIBKO Xe Pa3, BO CKOJIbKO yMeHb-
l1aeTcA BO BTOPOH Cpele CKOpPOCTh pacllpocTpaHeHMs BOJHbI. Ucrmonb3ys
3TOoT aKT, a TakXe 3aKOH COXPaHEHHWs JIHEPrMd W MUMIyJibca, Olpede/uTe, BO
CKOJIBKO pa3 aMIUIMTY[Ia OTPaXeHHOH BOJIHBI ¥ BOJIHbI, NpOLLEAllIed BO BTOPYIO
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l cpefly, MeHbllle aMIUTHTY[pl TNafawuiedl BOIHEL
- [~ ITHOTHOCTD M MOZYJ1b YRPYIOCTH Cpell paBHEI COOT-
» - s BETCTBEHHO py, Fy ¥ 02, E,.
- N 3.8.15. KoapdpuuneHToM MpOXOXIAEHHA BOJIHBI
- £ < S Ha3BIBAIOT OTHOIUEHHE 3HEpTHM TpoXopsAllied BOI-
- S Hpl K JHepruu mapawowed. Haiimure 3101 KOIDDH-
&%, | 7 - | %  penr ma 3ByKOBOH BOJIHBI Ha IpaHUIE CPeM BO-
= s 0a—BO30YX.
O 3.8.16. UroGp1 ysennuuts kodbdummeHt mpo-
7 XOX[eHMA BOIHbI, MPHHUMAEMOH Mbe30JaTIMKOM,
K 3a0aue 3.8.16 ero MOACOeIHHAIT K HccrenyeMod cpede uepe3
CHlelMalibHyl0 TpoKiafky. [IMoTHOCTE U CKOpPOCTH
3ByKa B MCCIIe[lyeMOH cpefie PaBHBI COOTBETCTBEHHO Py U ¢y, ITIOTHOCTh H CKO-
pocTh 3BYKa B TIpoKJIafiKe M KPHCTALle Mbe30HATYMKA PaBHBI COOTBETCTBEHHO
P, CH P2, Ccy. Ilyets prcy/pc = pc/pyca = 4. CpaBHHTE TI0 MOILHOCTH CHTHAJIBI,
HocTymamliMe K JATUMKy C IIpOKIIaaKol U Ge3 Hee, eClly IIMTENIbBHOCTh CHTHAIA
MeHbIlIe BpeMeHH IPOX0XKIEHAA UM MPOKITaKM.

N

3.8.17. Ha nmockyio cTeHKy TONLMHBI / MepNeHIMKYIIAPHO € MOBEPXHOCTH
NajiaeT 3ByKOBOH CHMTHAN, INpPOTAXEHHOCTh KOTOPOro MHOro MeHsiue /. Ma-3a
MHOrOKPATHBIX OTpaKeHWH CHIHana OT rpaHMll CTeHKH NOABIAETCA MOCIeNo-
BaTelbHOCTh BTOPHYHLIX CHTHANOB (’3XO-CHTHAIOB”), aMIUIUTYJ3 KOTOPHIX
ybOpiBaeT B reomeTpHdyeckoidl Mporpeccuu. [LTOTHOCTL cpenpl, B KOTOpO# Haxo-
MHTCA CTEHKA, M CaMOM CTEHKH — COOTBETCTBEHHO p; H p,. CkopocTh pacnpoct-
paHeHUA 3ByKa B Cpefe M CTEHKe COOTBETCIBEHHO ¢; M c,. Onpenenure oTHO-
1IEHHE aMIUTHTY/IBI ABYX CIIEIYIOUIKX OPYT 33 IpPYToM '*3XO-CHTHATIOB” B cpene
3a CTEHKOM, a TaKKe PACCTOAHHE MexIy HHMMU,

3.8.18*. Ha crenxy (cm. 3apauy 3.8.17) mociiemoBatelibHO TafalT OJMHAKO-
Bble 3BYKOBble CHUTHaJIbl. IIpH KaKoOM pacCTOAHMM MeXOy HUMH aMIUIMTYyHOAa
CHTHalna, MpollellieT0 CKBO3b CTeHKY, Oymer MakcHManbHOR? Onpenenute or-
HOLUEHHE MaKCHAMAIBHOA aMIUIMTYMIBl 3TOTO CHTH&NA K aMIUIUTY[e MaJaloLlero
curHana. MaMeHUTCA JIM 3TO OTHOLICHHE, eCIIM Ha CTeHKY OyleT NmajaTh CHHYCO-
HIaJibHasA BoiHa?

3.8.19. VYnpipasBykoBass BOJIHa paclpOCTpaHseTcA 10 BO3OYXYy B Y3KOM
Kopupope ©e3 3aMeTHOro ociadneHHa Ha Gonblloe paccroaHde. Kopupop me-
PEeropoaWId 3BYKOM3ONMPYIOLIMM 3KPaHOM HeKOTOpo# TornuMHbL. [IpH 31OM
MOUIHOCTb TMPOXOJfALled BOJIHBI yMEHBIIWIACh BO MHOrO pa3. 3aTeM BMecCTO
IpeXKHEero YCTAaHOBWIM 3KpaH [BO#HHOH TomummHbel. OGHApYXWIOCh, 4TO CKBO3b.
3TOT JKDaH YJIbTPAa3BYK IpOXOOMI MOYTH He ocnabngsace. B uem 1yT nemo?
Yacrorta Bonuet 1 MI'n, ckopocts 3Byka B martepHane 3kpaHa 5 xm/c. Hafion-
1€ TOJILIMHY 3BYKOH30IHPYIOLIMX 3KPAHOB.

3.8.20. Ha rpannue paspenia cpen MPOMCXOOMT TMOYTH TIOJHOE OTPAaXKEHHE
3BYKa, €CH P1C1 2 PoCo. OOHAKO H3BECTHO, YTO OuYeHb TOHKHMEe CTEHKH He
ofecreynBaoT XOpolleH 3ByKoH3oalun. [Toyemy?
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§ 3.9. 3Byk. AKycTHYECKHE Pe30HATOPHI

3.9.1. Cxopoctb 3Byka B BO3myxe pasHa ¢ = 330 m/c. Onpenendre WIMHY
3BYKOBO# BOJHBI ¢ yacrotod v =50 I'n.
¢ 3.9.2. [Ipn6op Wia meMOHCTpallHH HHTephepeHIIHKM 3ByKa HMeeT CHAYaIa [Ba
O[IMHAKOBLIX — BEepXHHUI M HIKHHH — 3BykompoBozaa. Ha kaxoe MuHHManbHOE
paccrosiye ! HYXKHO ONYCTHTb HVDKHHUIH 3BYKOMpPOBOZ, YTOGbI MaKCHMAJIBHO OC-
maGHTh 3BYYaHHe pymopa B Ha yactoTe v = 100 I'n?

A

Lom| |-

K 3adaue 3.9.2
v v
PV VY VY o AAAAA I
!
K 3adaue 3.9.3 K 3adaxe 3.9.6

¢ 3.9.3. ViHTEHCHMBHOCTb 3BYKOBOH BOIHBI YacTOThI v, NpoLle/lled yepe3 OBE
TOHKHe TapajieNibHble IWIACTHHBI, pa3sOBHHYThle Ha pacCTOAHHMe [, MOCTHraer
MaKCHMyMma Ha pacCTOAHWM OT BTOpOH IUTacTHHBI, KpatHoM [. OGbAcHHTE
3TO fABJICHHe M ONpeneliNTe CKOpOCTh 3BykKa B Cpede, B KOTOPOH HaxodsIcA
IUIACTHHBI.

3.9.4. Onpenenvre aMIWIMTYAy CKOPOCTH, CMEIUEHHA M [IaBJleHHA B 3BYKO-
Bo# BonHe yactoTel 1 kxI'm B oGnactu GoreBhIX owyuieHud (MHTEHCHBHOCTh
BoiHel 1 Br/m?) M BONM3aM NOpOra CABILIMMOCTH (MHTEHCHBHOCTb BOJIHBI
10712 Br/m?).

3.9.5%. Tlpu xakoi MHTEHCHBHOCTH YNbTpa3ByKa B BOJE NpH aTMOCHEPHOM
[aBIIeHMH HaYHY T OABJIATHCA BAKYYMHbIE MUK POTIOJIOCTH?

O 3.9.6*. IInacturka pasmepamu L X L konefllercA Mo rapMOHHYECKOMY 3a-
KOHY ¢ YacToToH w > ¢/L, roe ¢ — cKopocTh 3ByKa B Boanyxe. Ouennre cuiy,
HeHCTBYIOIYI0 Ha ITaCTHHKY CO CTOPOHBI BO3[IyXa, B MOMEHT, KOTHa CKOPOCTb
5. Casuenxo O. 1. 129



IWIacTMHKH paBHa U . IDnoTHocTh Bosmyxa p. Kax pmBukeTcAa BO3OyX, eI
w <€ ¢/L? Tloyemy B 3TOM ClTy4ae H3iTydeHHe 3BYKa ciaboe?

3.9.7. Ilapux paguyca R coBepillaeT rapMOHHYeCKHe pamualibHble KoJleGa-
Hufg (CgbiImMT’) ¢ YacTOTOH w M aMIUINTYIOH A B >KMIKOCTH, IDIOTHOCTh KO-
Topoit p. C Kakoil B cpefiHeM 3a NepHof, 3Hepruedl manywaerca BosHa? Kax
MeHAEeTCA aMIUTUTYO2 KoJleGaHMHA [aBIeHHA >KMIKOCTH 10 Mepe yAAIeHHA OT
IIapHAKa, eCIIN CKOPOCTb BOMTHbBI B XKMAKOCTH paBHa ¢? CuATats A > R.

3.9.8%. a. Ha GeckOHeuHbIA cTepXeHb B HEKOTOPOM CEYEHMH HEHCTBYET
BHEIUHAA MpOMOJbHaA cuna F = Fy cos wt. Kakne BOIHH CKOPOCTH M Aedop-
Malpu Bo3HHMKaiT B crepxHe? CeueHHe CTepxHA S, INIOTHOCTh €r0 MaTeépHa-
71a p, CKOPOCTb BOJIHBI B CTEPXKHE C.

6. B OBYX ceueHUAX GECKOHEUYHOTO CTep)KHA, PACMONIOXEHHOIO Ha paccrof-
HUM [ gpyr oT gpyra, meficTByeT TMpoHdoibHasg BHewmHAs cwia F = Fg cos wi.
Kaxue BonHbI BO3HHKaIOT B cTepxHe? TIpH KakMX 3HaYeHUAX / MOIIHOCTb BOJIHBI
B crepxHe HauGonpian? Hammenbinaa? IloueMy 3HepIHsi pe3yJibTHpYIoileH
BOJIHBI B CTepXHe He DaBHa CyMMe SHepIMHl BOJIH, HCIYCKAEMBIX KaX(IbIM
HCTOYHHKOM B OTHENBHOCTH?

3.9.9*%. B nByx ceueHHAX GeCKOHEUHOrO CTEpXKHA NEHCTBYIOT [IBe BHELIHMe
npoponbHbie cwibl. Cuna ¢ NEBOl CTOPOHBI MEHAETCA 1o 3aKoHy Fy = Fq cos i,
a CHJIa ¢ TIpaBoil — 1o 3aKoHy F, = Fysin wt. IIpH KaKoM pacCTOAHHH [ MEXIY
HCTOYHMKaMH Cinl Oerymas BonHa GymeT pacIpoCTpaHATLCA TONBKO ClieBa
Harmpaeo? Tonbko cripasa HanesBo?
¢ 3.9.10. K BuGpatopy 4acTOTh! w MpUKpeIUIeHbI ABA OOHHAKOBBIX MaJleHbKUX
HIapUKa Ha pacctoaHud L npyr ot npyra. OHM Bo36y>kiaoT BOJIHBI Ha MOBepX-
HocTtH Boapl. Haligute ckopocTs BOMIH Ha Bofe.

K 3a0aue 3.9.10

3.9.11*. a. B cBoGOOHOM cTepxkHe IHHBI L, Ha KOHell KOTOPOTO OEACTBYET
€ YaCTOTOM ) rapMOHHMUYECKaA CWa, 06pasyercA CTOAYaA BOJIHA C IJIHHOM BOJIHBI
A. I'me HaxopATcA yanbl HallpskeHu# 310# BosHbI? KakoBa aMIUINTYa BRIHYX-
parpoule# CHIIBI, el aMIDINTY A HaNpskeHHH B CTOAYeH BOJIHE paBHa Og, a ceve-
HHE CTep>XHA paBHO !

6. IlocTpoiite pe3oHaHCHYI0 KpPHBYK — IpadHk 3aBUCHMOCTH BeEJIHYMHBI
00S/F¢ OT uacToTBhl W BhIHYXHatowed cuibl. OpemenuTe YacTOThl, MPH KOTO-
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phIX BeNHuMHA 09 S/F¢ GynmerT HeOrpaHHYEeHHO BO3pacIaTb. MOXHO JH yIBepxk-
OATb, YTO 3TH YacTOTLI COBMAmAlT C COGCTBEHHBIMH YacTOTAMH KOJeGaHHH
CTEepXHA, KOTa Ha HeTO He [eACTBYIT BHELIIHHE CHIBI?

3.9.12. Haitgute coGcrBeHHBIE 4acTOTbI MpPOJONIbHBIX KONEGaHHH CTaIbHO-
ro crepxHA miumel 1 M. 3a xakHMe TOUKH HYXHO NOIBECHTH TOT CTEPXKEHD,
yTo6BI 3aTyXaHHe KONeGaHHH TpeTbeH Pe30HAHCHOH 4acTOThl 6BUT0 MHHMMAJID-
HbIM?

3.9.13. Kax H3MeHATcA COGCTBEHHbIE YACTOThI KONEOGaHHA CTAJIbHOTO IHADH-
Ka MpH YBEJIHUEHHH ero paguyca Basoe?

3.9.14*%, MexnOy XecTKMMM mapaUIelIbHbIMH CTEHKaMH HaXOOWTCA BO3LYX.
OnHa M3 CTEHOK HAauMHaeT NMONEpevHOE TapMOHHYECKOEe [JBHXXeHHe C aMIUTHTY-
mo# Ag ¥ yacToToi w. PaccTosHue Mexnay creHkamu L > A, . Ilo xakoit aMIUTH-
TYZbl CMellleHHA B MYYHOCTH ~’packayaer’” BO3AyX 5Ta creHka? OueHHTe BpeMs
PACKayKH, ecJI¥ CKOPOCTh 3ByKa B BO3[IyXe paBHa C.

3.9.15. Onpenenure mnepByl pPe30HAHCHYI0 YacTOTy KoJleGaHHil BO3myXa

MeXay [OBYyMs Napa/UIefIbHbIMK 3[aHHAMM, HaXOOAIMMMCA Ha pAcCTOAHHH
L = 20 m ppyr ot napyra. BoicoTa 3maHH# 3aMeTHO GONblile 3TOTO PAcCTOAHHA.
CkopocTs 3ByKa B Bo3ayxe ¢ = 330 m/c.
O 3.9.16. IlonHeceM BHOpMpYMIOIIMA KaMEpPTOH K BBICOKOMY LHITHHIPHYECKO-
MY COCydy, B KOTOpPbIA NOHEMHOTY HAJIMBaeTCA BOAa. Mpl yCIIBIMM TO YCHITH-
BapILMiCA 3ByK, TO OCJiaGeBalolHil, TO CHOBa ycHIHBawmuiica. Kak 31o o6psc-
HHuTb? [loyeMy Ge3 cocyna KaMepIOH 3BYUHT citabo?

3.9.17. Ilpn xaxo#t rnyGHHe OKeaHa B HEM MOTYT ’packauaThcA’ PH3HOIO-
THUEeCKH onacHble HH$pa3ByKoBble kKone6GaHua ¢ yactoToit 7 I'u?

3.9.18. IlepBaa pe3oHAaHCHasA YacTOTa OTKPBITO# ¢ OOEHX CTOPOH OpraH-
Ho# Tpy6s1 paBHa 300 I'u. YeMy paBHa NepBas pPe3OHAHCHAA YacTOTA TaKOH

K 3adaue 3.9.16 K 3a0ave 3.9.22
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Xe, HO 3aKpLITOH ¢ 06eHX CTOpPOH opraHHOH TpyGb1? 3aKpbITOH ¢ OJHOM CTO-
poHbI?

3.9.19. 3aueM nonblii KOPNYC CKPUIIKH M BHOJIOHUYEAH [IeNai0T (HTypHBIM?
Kak OT ero pasmepoB 3aBHCHT TOH 3ByuaHHsn?

3.9.20. B Gapokamepe, HAaNOJHEHHOH CMECHIO TeJIMS M KUCIOpPOAa, CKOPOCTh
3BYKa HaMHOTO 0oJbllle CKOPOCTH 3BYKa B Bo3gyxe. Kak uameHHTcs 3ByyaHue
rojoca Jofei, pasroBapuBawolikx B Gapoxamepe? H3menurca nM T1aM TOH
KaMepTOHa?

3.9.21. C kakoit cwioit Hy)XXHO HaTAHYTh THTapHYI0 CTPYHY WIHHBL I = 60 cM
H nuueino# mwrotnocty ¢ = 0,1 r/cM, utoBbpl OHa 3Byualla € YacTOTOH V =
=100 I'y Ha mepBOi rapMOHHKE, T.€. Ha NIEpBOA pe30HAHCHOH yacToTe?
¢ 3.9.22. Konebanua B cTpyHe BO30YyXaawT, NPOMycKas IO Heil MepeMeHHBIR
TOK TaK, YTO MAarHUTHAas CWIA cO CTOpOHbI HeGoiploro MarHuTa M MeHseTcA
rapMOHHueckH. Yactota TOKa OTBeuaeT TpeThell rapmMoHuKe CTpyHsl. JinHa
cTpyHsl . I'le HyXKHO NMOMECTHTb MAarHMT, yToGbl aMIUIMTYNA KonebGaHHA Goua
HauGObLLIeR? A

3.9.23. Ecnu 3Byvalumii Ha NMepBo#i rapMOHMKE CTEpiKeHb B3AThb PYKOH, OH
NOYTH Ccpa3y NepecTaeT 3By4aTb. OObsAcHHTE, NOoYeMy. B KakOM MecTe HyXHO
B3ATbh CTepXKeHb, uTOGBI 3TOT 3¢hdeKT MposBwiIcA HauGonee cia6o? HamGomnee
cubHO?

3.9.24*. Y MOHOKPHCTAIUIOB caligupa MpU HH3KHX TeMIEpaTypax M COOTBET-
CTBYIOILieH MOABECKE MOTEPHU IHEPTHU NpH KoNeGaHHAX B BaKyyMe 3a MEpHOR
Ha TepBOH rapMoHMKe cocraBiswT 107% oT sneprum koneGanuii. Bo ckonpko
pa3 YBENMYaTCcA ITH NOTEpPH NpH Konebauusax B Boanyxe? [LmotHocTs candwupa
3:10° xr/m®, cxopocts 3Byka B Bosgyxe 330 M/c, IIIOTHOCTb BO3[yxa
1,3 xr/M>.

3.9.25*%, Axapemuxk U.B. OGpenmOB TaK Hauall OGbACHEHHE OIHOCTOPOH-
HeH chbiuHMocTH: ... PpiGONOBLI TepreTh He MOTYT, KOrja K HHM MOOXO-
OAT K pasroBapuBaloT. U oM npaBsl. Ppifa B BOfe OTIMYHO CIBIKT PasroBo-
pbl Ha Oepery. A mbl, Ha Gepery, He cIblIGHM “'peiBbero pasroBopa’. Heno B
TOM, YTO NpH TIepexofie U3 BO3JyXd B BOLY U U3 BOMbI B BO3[IyX DHEPLHUA 3BY-
KOBOTO noToKa. ..” (Yunvam Bpsze. Mup 3Byka. -- M.: Hayka, 1965. — C. 333).
IlpogonxuTe OGbACHeHME M MOAKPENMUTE €ro KOJIHYSCTBEHHLIMHM OLEHKaMH,
NPHHAB, YTO YEJIOBEK PpEArupyeT Ha KoneGaHus OaBIEHUsi HauMHasg MPUMEPHO
C TOM XK€ aMIUIHTYbI, YTO H PbIOBI.

3.9.26*. OnpepenHre Mmaccy Tena, CBA3AHHOTO Yepe3 YIpPYTyl NOACTAaBKY

KECTKOCTH k K Macchl /M C KECTKHMM IOJIOM, €CJIHM NepBas Pe3OHAHCHAA Y4acTOTa
NpPOONLHBIX KONTeGAHUH 3TOR CHCTEMbI PaBHA wW.



I'JIABA 4
MEXAHHKA XUIJKOCTH

§ 4.1. [laBneHie HUAKOCTH

4.1.1. Uro takoe paBnenue xunkocru? [Ipuaymaire cnoco6 M3mMepeHus faB-
JTIEHHS.
O 4.1.2. B XHOKOCTH HaAXOLHTCA NMPAMOYTOJNIbHAA NMPH3Ma, PasMepbl KOTOPOH
nokasadbl Ha pucyHke. Haiimure cyMmy cuin, geHCTBYIOIIMX Ha NEPEOHION H
HHDKHIOIO TPaHH TIPH3MBI, €CJIA JIABNIEHHE MaKocTu paBuo 2 - 10° Ila. Yemy
paBHa CyMMa CHJl, JeACTBYIOLUIMX Ha NIpH3MY?

4.1.3*. PeaynbsTHpylouas cwia, OeHCTBYIOLIAA CO CTOPOHbI CKATOH M-
KOCTH Ha TpH IpaHH IpPAaBWIIBHOTO TeTpasnpa, paBHa F. JlnuHa pebpa TeTpasp-
pa a. OTipefielIHTe 1aBJIEHHE XKHMIKOCTH.
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K 3a0aue 4.1.2 K 3a0aue 4.1.4

¢ 4.14. B TpyGe HaxOmMTCA NOPINEHb, NPOMIONBHOE CEUEHHE KOTOPOro MOKa-
3aHO Ha pHcyHKe. JIaBrieHHe XHMIKOCTH ¢ OOeMX CTOPOH MOPILUHA OJHHAKOBO.
Haxoputcs nu mopitieHp B paBHOBECHH?
¢ 4.1.5. lilap nepexpbiBaeT OTBEPCTHE pafMyca r B INIOCKOH CTeHKeE, pasfensio-
LLIeH JKHIKOCTH, JaBjieHHe KoTopbix 3P ¥ P. C KakoH CWIOH NMpHXXMMaeTcs 1ap
K OTBEpCTHI0?
¢ 4.1.6. Konuyeckasn npofka MepeKpsIBaeT Cpasy [Ba OTBEPCTHA B IUIOCKOM
COCy/le, 3aMOJTHEHHOM >KMIKOCTbI0 NpH faBnenust P. Paaguyc oreepctuit 7 ¥ R.
Onpenenure cuTy, eHCTBYIOLIYIO Ha TPOGKY CO CTOPOHBI XKHAKOCTH.
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K 3a0aue 4.1.5 K 3a0aue 4.1.6

4.1.7*% Cdepuueckuit 6anon pagHyca R €O cTeHKaMH TONLIMHBI A pa3spbl-
BaeTCA BHYTPEHHUM [iaBNeHMeM P. Onpepenure TMpedeNl MPOYHOCTH MaTepuana
CTEHOK.

4.1.8*. TloyeMy cocucKa B KHIIsiTKe JIONAeTCs BMIONb, @ He fonepek?
¢ 4.1.9. Tpu coobluamLMXcs cocyla ¢ Bogo# npukpriTe: nopunamu. K nopu-
HsIM IHAPHMPHO NPUKpeIUTeHa Ha BEPTUKATIBHBIX CTe PIKHAX rOPHIOHTAIbHASA MaJTKa,
B KakoM MecTe HYXHO TPHWIOXMTb K MaTKe CUITY £, 4To0bI OHA OCT1aCh FOPUIOH-
TN bHOI ? [IMamMeTpsl cOCYIOB U PacCTOAHUA MeXJy HMMM yKa3aHbl HA PHCYHKE,

4.1.10. I'mgpasnuyeckui npecc, 3allOHEHHbIH BOOOH, MMEET MODLIHM, ceye-
nue xoTopeix 100 u 10 cm?. Ha Gonpimit MOpLIEHs BCT2eT YESIOBEK MACCHI
80 kr, Ha xakyio BpICOTY 10 THMMeTCA [OC/IE 3TOr0 Malblil MOpILEHD?
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K 3a0a4e 4.1.9

4.1.11. Ky6, pe6po xotoporo 20 cm, Haxomutca B Bome. Hukusas rpaso
Ky0a ypJajeHa OT NMOBEPXHOCTH BOALI Ha paccrosuue 1 M. Uemy paBHa chia,
OeHcTBYyIOIaA CO CTOPOHBI BOJbI Ha HIDKHIOW IpaHb Ky6a? BepxHworo rpann?
Kakas cuna peiictByer Ha GoxoBywo rpaHb ky6a? Haimute BekTOpHYI0 CyMMy
CHIT, IeHCTBYIOLIMX CO CTOPOHBI BOBI Ha TeNO. ATMocdepHoe napnenne 10° Ila.
¢ 4.1.12*%. Huxusasa rpaHb IpaBWIBHOrO TeTpasjipa ¢ peGpom g, IMOJIHOCTHIO
TMOrPyXEHHOTO B %MIAKOCTb INIOTHOCTH p, HAXOOUTCS Ha riy6uHe h. Onpenenure
cuIly, NEeACTBYIOLUIYI0 CO CTOPOHbI KUIKOCTH Ha GOKOBYI0 I'paHb TeTpasfipa,
ecnu aTMocdepHoe JaBieHHe paBHO P,
¢ 4.1.13*, B cocyne, mHO KOTOpOro oGpa3yer yron & ¢ TOPH3OHTOM, CTOMT

KyG ¢ pebpoM g, chenaHHbI U3 MaTepuala IUIOTHOCTU p. Bepxuee pebpo kyba
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K 3a0aue 4.1.12 K 3adaue 4.1.13

HAXOOMTCA Ha FyOuHe A. XuakocTs oA OCHOBaHHE KyDa He ToaTeKaeT. ATMOC-
depHoe paBnedne P, IWIOTHOCTb XHIKOCTH po. Halinure cuny, ¢ xotopoit ky6
DedCTBYET Ha IHO COCYHa.

O 4.1.14. TpyOka pamuyca r 3aKpbITa CHH3Y METUUIHYECKHM JIHCKOM H IOT-
pyXeHa B xUOKOCTb Ha rnybuny H. Panuyc mucka R, Bbicota h. Och OHcKa
OTCTOHT OT OCH TPYOKH Ha pacCTosiHHe 4. [ITOTHOCTD KMIOKOCTH Py, ITIOTHOCTD
Meraa p. JIo KakoH BBLICOTHI HYXXHO HAITHBATh XHAKOCTb B TPYOKY, YTOGBI
OHCK OTOPBAICS OT TPy GKH?

¢ 4.1.15. B BepxHeH YacCTH cOCyJa ¢ BOJOW HMeETCH LWIHHAPHYECKOE OTBEp-
CTHe, TUIOTHO 3aKpbITOE NMOABKXKHbIM NOpHIHEM. B mopuieHs BmeflaHa BepTH-
KanpHasi TpyGia. Pamuyc nmopums 10 cMm, paguyc TpyGiH 5 cM, Macca HOPLIHs

K 3adaue 4.1.15

BMecTe ¢ TpyOkon 20 kr. OmpenenHTe BbICOTY cTonba BoAanl B TpyGke NpH
PABHOBECHH CHCTEMBL.

¢ 4.1.16. Ilopimensy, MepeKprBAXIIMA LWIHHAPHIECKYO TPYyOKY BHYTpEHHEro
panuyca 10 cm, MOXeT MepeMelIaTbCs C MOMOIUBI0 [UTHHHOTO BEPTHKAILHOFO
urroka. Tpy6ka ¢ mopumHeM, 3aHMMAIIMM KpailHee HHM)KHee MOJIOXKEHHE, OIy-
IIeHa B UMITMHIApHYeCKHH cocyq pamuyca 1| m Ha miyGuHy 0,5 M. Ha kakyo BbI-
COTYy OT MEpPBOHAYalbHOTO YpPOBHA BOJBI B COCy[Ae MOXHO NOOHATh BOAY B
Tpy6ke? AtMocdepunoe masnenue 10° I1a.
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K3a0auye 4.1.16

¢ 4.1.17*, B nonycgepHUeCKHH KOIOKON, Kpasg KOTOPOTrO IWIOTHO IIpHJIeranr
K TIOBEPXHOCTH CTOJIa, HAIHBAIOT Yepe3 OTBEpPCTHE BBepxy xuakocts. Korma
KHIOKOCTb MOXOOUT OO0 OTBEPCTHA, OHa NPHIOHHMAeT KOMOKOJ H HaudHaeT
H3-nox Hero Teus. HaligMte Maccy Koyokomna, ecliH ero BHYTPEHHHH pamuyc
paBeH R, a IIOTHOCTD XUIKOCTH p.

4.1.18. Jlokaxure, YTO B [JABYX COODWAKLIHXCA COCYNAaX >KHAKOCTb B NOJeE
TAXKECTH HMMeeT MHHHMAIIBHYI0 NMOTEHUMAIbHYI0 SHEPIrHI0, KOTA YPOBHH XHUI-
KOCTH B 060HX COCyIax HaXOOATCA Ha OIHOM BBICOTE.
¢ 4.1.19%. B uUMIHHOPHYECKOM COCYAe pamuyca R, YacTHYHO HANOJTHEHHOM
KUOKOCTBIO IUIOTHOCTH P, B GOKOBOH CTeHKE MMEETCs OTBepCTHe, 3aTKHYTOe
npodkoi. Kakywo paGoTy HyXHO COBepUMTb, 4TOObl BABHHYTh NpoOKy Ha
muHy ! ? TlpoGka umeeT BHA WWIHHApPA pagMyca 7. llenTp OTBEPCTUA HAXOAUTCH
Ha rinyouHe h. Cocyn [OCTaTOYHO BBICOK, YTOGBI XMIOKOCTb U3 HErO He BbUIM-
Basiach. TpeHue He YUHTbIBaTh.

4.1.20*. Halioute paBiieHHe Ha PAcCTOAHMH 7 OT IEHTPA XHOKOHN IUIaHETHI
paavyca R, ecliH XHIKOCTb UMeeT IUIOTHOCTb p. UeMy paBHO [aBJIEHHE B IIEHT-
pe mnaHeTp? I'paBUTaHOHHAA MOCTOAHHASA Y.

4.1.21. B cocyne ¢ XMIKOCTbIO HAXOOMTCA ra30Bbiil Nysbips. Ilonsa TsxecTn
Her. CocCyn HauuHaeT [BMraThCsl ¢ NOCTOAHHBIM yckopenvem. Kyma Haumer
OBUIaThCA My3bIph?
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K 3a0que 4.1.19 K 3a0aue 4.1.23
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4.1.22. [log KaKHM YIJIOM K FOPH3OHTY PacrionodXMICA MOBEPXHOCTb KH/I-
KOCTH B COCY[Ie, CKOJIB3ALIEM N0 HAKJIIOHHOH IIIOCKOCTH, COCTaBIANIIEH yromn
0 C TOPH30HTOM, €CITH KO3 (HIKEHT TPEHHA paBeH u?
¢ 4.1.23*%. 3akpbiTeii UWIHHAP pamMyca R, 3alONHEHHbIH Ha TPH YETBEPTH
cBoero obbheMa SKHOKOCTBbIO IUIOTHOCTH P, BpAlllaeTcd B HEBECOMOCTH BMeCTe
€ XHIKOCTBIO ¢ YITIOBOR CKOPOCTBI0 2 BOKPYT cBoei ocH. Kak MeHsercsa maB-
JICHHE B )XHOAKOCTH B 3aBHCHMOCTH OT PAacCTOAHMA [0 CTEHOK HWIHH/pa?

4.1.24. Haiinute popMy NOBEPXHOCTH >XMAKOCTH B BEPTUKANIBHO DACIOJNIO-
XEHHOM LWIMHIPHUECKOM CTaKaHe, KOTOPBIH BpamaeTcd BMeCTe C XXHIKOCTBIO
BOKDYT CBOEH OCH C YIJIOBOH CKOPOCTBIO (.

§ 4.2. [InaBanue. 3akoH Apxumena

4.2.1. OnpenenHre [OaBjieHHE XUIKOCTH Ha HIDKHIOW MOBEPXHOCTh IUIABAI0-
wed mai6pl ceueHHA S M Macchl M, eCIH aTMocdepHOe [1aBleHHe paBHO Py.
¢ 4.2.2, Ha rpaHHne pasfena OBYX XMIKOCTEH IUIOTHOCTH p; H p, IUiaBaer

nrait6a wiotHocTH p (p; < p < p2). Beicora mait6er H. Onpepnenure riayGHHY
ee TIOrpYXEHHA BO BTOPYIO KUIKOCTh,

T

K 3a0aue 4.2.2

¢ 4.2.3. TOHKOCTEHHBIA CTaKaH MAcChl M BepTHKAILHO IUIaBAa€T HA FPaHHIE
pasfena >XMAKOCTEH IUIOTHOCTH p, H p,. Onpenenure rnyOHHY NOTrpyXeHHSA
CTaKaHa B HIDKHIOI JKMIKOCTb, €CIH [JHO CTaKaHa MMEET TOJIHHY 7 W IUIO-
11aabp .S, a CaM CTAKaH 3alOJTHEH JKHIKOCTBI0 TUIOTHOCTH 01 .

424% B XHOKOCTH IUIOTHOCTH po IJIaBaeT NpAMOYIOJIbHBIA Napariene-
NHNe[1 W3 MaTepHasia IUTOTHOCTH p. BeicoTa mapannenenunena b, IHpHHA H
inHa g. IIpH KaxOM COOTHOIHEHHH 4 ¥ b ero MOJIOXKeHHe YCTOHUHBO?

4.25. JlepessaHHbi KyO c pebpom 0,5 M mwiaBaeT B 03€pe, HA OBE TPETH
cBOero oGbemMa NOTpyxXeHHbli B Boay. Kakyro MuUHHMAaIbHYI0 paboTy HYXHO
COBEpLIUTH, YTOGBI TOJTHOCTBIO IOFPY3HTh KyO B BOAYy?

4.2.6. Kycox xenesa BecHT B Boge 9,8 H. Ompepnenute ero oGrem. IInoT-
HOCTb Xenesa 7,8 - 10% xr/m>.

4.2.7. Teno B Boe BeCHT B TPH pa3a MeHbIle, YeM B Bo3fayxe. Uemy paBHa
TWIOTHOCTH Tena’
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4.2.8. K xopoMbIiclly BecOB MOMIBEIEHn! [Ba Tpy3a paBHCH macchl. Ecnd
OIHH H3 Ipy30B NOMECTHTb B JKHMOKOCTb IUIOTHOCTH p;, a APYrOH B XUOKOCTH
IJIOTHOCTH p,, TO paBHOBecHe coxpaHsercs. Hafpure oTHouleHHe ruioTHOCT®H
rpy30B.

4.2.9% B coofwamomuecs cocynbl auamerpa d, M d; HIUTa XUAKOCTH
wioTHOCTH p. Ha ckonbko mogHMMeETCA YpPOBeHb KHIKOCTH B COCyHaXx, eclld B
OIIMH H3 COCY[OB MOJIOXKHTb T€JIO MACCHI 77 H3 MaTepHasla, INIOTHOCTb KOTOPOTo
MeHblire p?
¢ 4.2.10. Onpenenute culy HaTsOKEHUs HHXHEH JTECKH y MOIUIABKA, H300pasxeH-
HOTO Ha PHCYHKe, eC/TH NOIUIABOK MOTpYyxeH B BOAY Ha [[BE TPETH CBOCH M-
Hol. Macca nomnaeka 2 r.
¢ 4.2.11. C xaxko#l cWioil MaBHT TsxeNlad NAJIOUKA HA JHO BOIOEMa, €CITH XKeCT-
KO CBsI3aHHBIH C MATOYKOHA MycTOTeNbIA LIADHK pajMyca 7 MOrpYy3HIICs B XHII-
KOCTb HanoyioBuHy? ITOTHOCTL XKUAKOCTH 0, IJIMHA MITOYKH /.
¢ 4.2.12. Onpenenure CUITy HAaTSXXKEHHs HHUTH, CBs3bIBAIOLIEH /IBA 11apuKa obbe-
Ma 10 cm® Kaxmpiit, eclM BepXHHMil LIADUK IU1aBAeT, HANONOBMHY MOTPY3HB-
uIMch B BoAy. HuokHHM 11apuk B TpH pa3a TaxKeslee BEPXHEro.
¢ 4.2.13. JIBa oguHaKkoBbIX GpeBHAa pacnoyioxeHbl B BOJIE TaK, KaK MOKAa3aHO
Ha pHcyHke. HunkHee OpeBHO mpuBsA3aHO K BEPTHKAIBHOH CTeHKE TPOCaMH,

K 3a0a4e 4.2.11 , K3aoaue 4.2.12

K 3a0aye 4.2.15 K 3a0a4e 4.2.14
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COCTABAWMME ¢ Hell yron 45°. Bepxuee GpPeBHO HANONOBHHY TOIPYXEHO B
Bony. OnpefeNnnTe MIOTHOCTH IPeBECHHBI.

¢ 4.2.14. Onpepenute cuiy JOaBjieHHA GpPEeBEH Macchl 7 HA CTEHKH KaHanla.
BepxHee GpeBHO MOTpY>XeHO B BOAY HAaNOJIOBHHY, 4 HI)KHEE KacaeTIcs BepXHHM
YYACTKOM ITOBEpXHOCTH BOMbL. bpeBHa O IMHAKOBHI.

¢ 4.2.15%, Kak 3aBHCHT cwia, NpHXHM2IOLIas OpYT K APYTY [Ba OJHHaKOBBIX
noyuwInHapa MiaBamowero 6atuckada, ot riyb6HHb! ero NOTpyxenusa H, ecinu
OH IUIaBaeT Ha HOBEPXHOCTU XUIKOCTH TaK, KaK 3TO IOKAa3aHO Ha PHCYHKaX a
n 67 Paguyc Gatuckada R, uinHa L, IIOTHOCTD )UIKOCTH 0.

¢ 4.2.16* JoxaxuTe, UTO CHIIa, ¢ KOTOPOH IPHXXUMAIOTCA MOJIOBHHBI IUTaBal0-
miero chepuyeckoro 6atuckada Apyr K IpyTy, HE 3aBHCHT OT HAKJIOHA IO CKO-
CTH COMpHKOCHOBeHus nonychep Gatuckada, ecnd OH HOJHOCTBIO MOTPY3IEH
B ROJY.

-

- A R
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K 3a0auye 4.2.16

¢ 4.2.17. KoHuveckas mnpobka BuicoTel 10 cM ¢ YrioM IIpH BepliuHe 90°
nepeKphiBaer B COCYe OTBepcTHe pamuyca 5 cM. Uemy momkHa OwiTh paBHa
Macca JTOH npoGKH, YTOOB! OHA He BCIUILIBATA MPU H3MEHEHMM YPOBHA BOMbI
B cocyne?
4.2.18*%, Peute 3apauy 4.2.17 npH yCJIOBUMH, YTO OTBEpCTHe paauyca 7 Ie-
peKpsIBaeTcs INapOM pafuyca R, a INIOTHOCTD XHMIKOCTH PaBHA 0.
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K 3a0aque 4.2.17 K 3a0ave 4.2.19

¢ 4.2.19*. Haknon kyGHueckOo# KOpoGKH, HAMOJIOBHHY MOTPYKEHHOH B M-
KOCTb, paseH &. OnpeneiuTe Maccy KaxImoro H3 BYX NpOTUBOMOJOXHBIX pe-
Gep xopobiu. Maccoit ocTanshbix uacrell KOpo6KH mpeHeGpeus. [InoTHOCTH
XKHIOKOCTH 0, NiTuHA pebep KOpobkHa.

¢ 4.2.20%, OnpegenuTe MHHUMAaIBHYI0 CHILy HATSXKEHMS j1BYyX KaHATOB, CBs-
3bIBAIOIUMX WIMPOKHHA IUIOT, COCTOAIUMH M3 BYX cJloeB GpeBeH. Macca xaxo-
ro OpesHa m. Bepxuuil croit GpeBeH NOrpyxeH B BOAY HANOJIOBHHY.

¢ 4.2.21. a. B Bonoeme ¢ rnyGuHBl | M BCIUTbIBaeT [AepeBAHHLIN WIWIHHIp pa-
puyca 1 M ¥ Boicotst 0,2 M. IDnothocts opeBecunsr 0,8 - 10° xr/m>. Kaxoe

K 3adave 4.2.21a

K 3adaue 4.2.216 K 3a0aue 4.2.22

140



KOJIMYeCTBO TEIUIOTHI BBIUEIHTCA K MOMEHTY
OKOH'AHUS IBI>KEHHA BOLBI ¥ LMIUHApa?

¢ 6% B uwimmnap panMyca R, YACTHUHO 3aMOJIHEH-
HbIiA KUIKOCTBIO, NTa/laeT WIMHIpUYeckaa npobka
pammyca r ¥ BoicoTsl h. HauampHag BeicoTa HMX-
He#l MOBEPXHOCTH MpoOKH Haj YpPOBHEM >XMIKOC-
™ H, HauapHasag cKopocTb paBHa Hynw. Kakoe
KOJIMYeCTBO TEIIOTHI BHIIEIMTCA K MOMEHTY OKOH-
YaHUS OBUXeHUA XUOKOCTH M npobku? Ilnornocts
npobku P, WTOTHOCTb XUJKOCTH P = 0.

¢ 4.2.22. Kakoe KOmu4YecTBO TEIIOTHI BBIOEIIMTCH
B BOJOEMe IIpH BCIUIBIBAHHH B HCM BO3IYILHOrO
ny3pips pamuyca R=0,1 v ¢ rny6une H =10 m?

4.2.23. Kakyw MHUHUMAIBHYI0O paboTy HYXXHO
NpOU3BeCTH, YTOOBI MOAHATH CO OHZ MOpA Ha
6opt cymHa Gatmcepy pamuyca 2 M u Maccel 35 1?7 I'myGuna mopa 100 M,
BBICOTa Bopra cynHa 3 M, IUIOTHOCTh MOpCKO# Bozsl 1,02 Kr/M3.

4.2.24*. liununppuueckuil KOCMHuecKHi KopaGnb pagMyca R Bpaiaerca
BOKPYT CBO€H OCH ¢ yTJIOBOH CKOPOCThIO w. bacceiin B kopabne umMeeT rny6H-
Hy H, a nHoM BacceitHa cy»MT BOKOBas CTeHKa KOpabns.

a. CMOXeT M KOCMOHABT M1aBaTe B 3TOM Gacceiie? Onuimre 0cOBGeHHOCTD
KocMuyeckoro OacceiiHa. OnpenienMTe IUIOTHOCTh MiaBamiied B DacceiiHe
nanioyku wiMHp [ < H, ecii U3 BOABI BBHICTYNAeT €e BEepPXHAA 4acTh [UTH-
HBI A.

6. B GacceitHe MOXXHO HabmtonaTh Clefylolliee HHTEPeCHOE ABJIEHHE : [1BA 1Lapa
Pa3HOMN MIIOTHOCTH, CBA3AHHBIE HUTHIO, B 3aBUCHMOCTH OT "'TIYGHHBI™ IBHXYTCA
WM K CBOBGOAHON INMOBepXHOCTH, WIH K CTeHKe KOCMHYECKOro Kopamd, ecnu
IUIOTHOCTE OfHOro mapa Gombiie, 2 APYroro MeHblle MWIOTHOCTH BOJibl. OObsAC-
HHTe 3TO ABJICHHE .

4.2.25*% HunuHppuyueckuit cocys pagMyca R, 3aMONHeHHBIH >KMIKOCTbIO

TUIOTHOCTH p, BPAILIAeTCA C YITIOBORH CKOPOCTBI &) BOKPYT CBOeR ocH. B cocyne
HAaXOMHTCA WIAPUK pajHycar ¥ ImmoTHoctH 2 p. Haiigure cwiy, ¢ KOTOpO# mapuk
[aBUT Ha BOKOBYIO CTEHKY cOCyna.
O 4.2.26. BepTuxkanbHbId UWIMHAPHYECKHHA coCyn papMyca R, 4acTHYHO 3amon-
HEeHHBIH >XMKOCTBIO, BDAL@ETCA BMeCTe C JKHUAKOCTBIO BOKPYI CBOEH OCH.
K GokoBo# cTeHKe cOCylna HAa HMTH jIMHbl [ [PUBA33aH BO3IYLIHBIA [1apHK
pagMyca r; BO BpeMA BpalleHHA HUTh 06pa3syeT co cTeHKo# yron «. Onpepenure
YEJIOBYIO CKOPOCTB B pallieHHA cocyna.

4.2.27. Monekyna XHAKOCTH COCTOHT H3 [BYX C/1aB0 CBA3aHHBIX MEXIY
co6oi rpynn atomMoB. O6beM 3THX TpyHI OJMHAKOB,MX Macchl paBHa My U m,.
[Ipn spameHun xumkocTd B ueHTpUdYre pamMyca R ¢ YIIOBOH CKOpPOCTHIO,
GomblIedt w, MONMEKYJIBI HAUMHAKT pacnapathcR. OueHMTe CHIY CBA3W [pyNIl
aTOMOB B MOJIEKYIIE.

K 3a0aue 4.2.26
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§ 4.3. JIBMXeHHe HaeaTbHOM KHIKOCTH

4.3.1. HacocHas craHuus ropona NMofifepXMBAaeT B BOJONPOBOLE Ha ypOBHE
IepBOro 31axka nabiieHue 5 atM. Onpepenute (NpeHeGperasd TpeHUeM NP Teue-
HHM DKHIKOCTH) CKOPOCTb CTPYHM BOMbI, BHITEKAWILEH M3 KpaHa Ha IepBOM,
BTOPOM H TpPeTbeM 3Ta)ax, eI KPaHbl Ka)IOro IMOoCiedyollero 3Taxa pacmo-
JIOKeHBI HA 4M Bblile KpaHOB Npenpigyniero. Ha xakoi stax Bopa no Bogo-
TpOBOAY Yxke He NomHUMeTCA?

43.2. Cocyn ¢ Bomod mopmenreH K NOTONKY. Bruicota Bouel B cocyne h.
Ha ckonbkO M3MeHMTCA CHIa HAaTAXeHMA TOOBeca, €cfid B JiHe COCyna OT-
KPBITh MajieHbKOE OTBEPCTHE, U3 KOTOPOro OyNeT BHITEKATh CTPYA ceueHHs S 7
MnoTtHOCTL BOAH p.

4.3.3. Hacoc nonxeH nopgaBaTh execeKyHaHO 06beM Bofibl ¥ Ha BhICOTY A 1O
TpyGe mocTosHHOrO ceveHun S. KakoBa pnomkHa GeiTh MowHOCTS Hacoca? Thiot-
HOCTB BOJIBI .
¢ 4.3.4.a. CraydoHapHpIA MOTOK >XWMIKOCTH, NpoTekawied no TpyGe nepe-
MEHHOTO CeYeHMs, IABUT Ha yuacTOK TpyGOnl 4 Mexny cevyeHusamu I u 2, KoTO-
phliii 10 TpeTbeMy 3aKOHY HbOTOHa [aBMT Ha XHAKOCTH B POTUBOIOJIOKHOM
HanpaByieHuy. CrefjoBatesibHO, cwia, [JeHCTBYyIOINAaf Ha XXHUOKOCTb CO CTODOHBI
3TOr0 Y4YacTKa, HalpaBjieHa IPOTUB IBHXKEHUA XuUOKOCTH. [ToueMy xe xun-
KOCTh B OGIIACTH ClIpaBa OT CeUeHHA 2 UMeeT GOJIBIIYI0 CKOPOCTh, YeM B oGacTu
CreBa OT ceyeHus 1?7

(=

K 3adaue 4.3.4 K 3a0aue 4.3.5

6. Uemy paBHa cwia, feHCTBYIONAA HA XHIKOCTb CO CTOPOHBI YYacTKa Tpy-
6b1 A? [lnowans ceveHuit I u 2 pasBHa cooTBeTcTBEHHO S; M S,. [InoTHOCTH
XHOKOCTH p. B 067macTy cripaBa oT cedeHdsA 2 CKOPOCTh XHIKOCTH paBHa v, a
NaBJjicHHE B HEH paBHO HYJIMO.
¢ 4.3.5. V3 umpokoro cocy/a uepe3 y3Kyw UWWTHHAPHYECKYIO TpYBKY B €ro fHe
BBITEKAET XUOKOCTDb IUIOTHOCTH p. Kak pacnpefiesieHbl IO BEPTHK AT AaBJicHHe
¥ CKOPOCTDb XUAKOCTH B cOCYfie ¥ TpyOke? JlaBIieHue BO3nyXa Py .

4.3.6. Tlo M30THyTOH NOJ MPAMBIM YIJIOM Tpy e MOMepeuHoro ceveHusn S co
CKOpOCTBIO U TEYET XHAKOCTD IUIOTHOCTH p. C KaKOMH CUOH KuAKOCTb NEHCTBY-
€T Ha TpY6y, eClid JaBjieHHe >KUOKOCTH Ha BbIxone U3 TpyGsl P? Cwiiol TsxkeCTH
npeHe6Gpeys.
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4.3.7. Hacoc nmpencrabnser coG0i pacHosiokeHHbIA TOPH3OHTATBHO HIMHAD
¢ AOpILUHEM IUIOWAAM § M BbIXOAHBIM OTBEPCTHEM IUIOMAIM §, PACTIONOXEHHBIM
a ocd nmnuHapa. OnpefesiMTe CKOPOCTb UCTEUYEHHA CTPYH XHIKOCTH M3 HACOCa,
M MOPUIEHDb MO NEMCTBUEM CHIIBI £ IIepeMeliaeTCA C TOCTOAHHO! CKOPOCTBIO.

OTHOCTD XHIKOCTH p.

4.3.8. [lo WIMHAOH HaKJIOHHOM IUIOCKOCTH CTEKAET HIMPOKHH MOTOK BOBI.
Ha npotskennn | no TeyeHuwo rnyGuHA MOTOKA YMeHblaeTca Basoe. Ha npoTa-
XEHMU KAKOFO Iy TH IJ1yGHHA NOTOKA yMEHBLIMTCA B YeThIpe pas3a?

4\.3.9. [Indra maccel m ynepumBaeTcsa Ha Mecre B TOPH30HTATBHOM MOJI0KeE-
HUHV CTPyAMH XUIOKOCTU IFIOTHOCTH p, ObOIMMK BepTUKaJIbHO BBepX. Ilno-
magh Kaxmoro oTBepeTHa S. CKOPOCTh XHUIKOCTH HA BHIXOJE M3 OTBEpCTHi V.
Ha xakoil BbICOTe Haj OTBEpCTUAMH YIepAMBAeTCA IUIMTA, €C/H, NOCTHTHYB
IJIATHI, KUAKOCTDb Pa37IeTaeTCA OT Hee B FOPHU30HTANBHOM [UT0CKOCTU?
¢ 4.3.10% C xakuM ycKopeHueM OyHeT [BMIaThCA JIMHHOE LWIHHOADHYECKOE
TEJIO [UIOTHOCTH 0 M Paguyc<a r BJIOJKb OCH BEPTHKATBHOIO BBICOKOIO LWIMHIDU-
YeCKOID COCYHa pagmyca R, 3alOJHEeHHOIO MMOKOCTBIO IUIOTHOCTU Po? Uemy
paBHA pa3HOCTD JiaBJIEHW HA BepXHee M HIbKHee OCHOBAHME TEJIa, eClI er0 jINHa
paBHa h?

K 3a0aue 4.3.10 K 3a0aue 4.3.11

O 4.3.11* Bo ckONbKO pa3 yBeTHUUTCA cGPOC BOMBI Yepe3 ILHPOK Y0 IIOTHHY,
€CNTd BBICOTA YPOBHA BOJIbI HaJL KPOMKOM BO3pacTaeT B ABa pasa?

¢ 4.3.12*% Bopma BBITEKAeT W3 IIMPOKOIO COCYHA Yepe3 TPEYFONIbHBIA BhIpe3
B ero crewke. Bo CckonbKO pa3 YMeHBLIMTCA CKOPOCTh MOHHXEHHA YpPOBHA
BOJIbI ITPH H3MEHEHHH BbICOTHI €€ YPOBHSA oT H 1o h?

¢ 4.3.13. lllupoxas CTpys HECOCTH TOJIUMHBI A MAmaeT MO YIIOM & CO
CKOPOCTBIO U H2 TI0CKOCTD, Ha KaKue cTpyu pachiapgaeTcs fianawomad ctpys?

O 43.14* JIBe umpoKHe MeTAIMYeCKHe IUIACTHHDBI, PACTIONIOXKEHHBIE MO
YIIIOM 2@ pyT K JpYTY, OBWXKYTCA €O CKOPOCTBIO U 1I0 HOPMAlMM K CBOEil
MOBEpXHOCTH. HaMuTe CKOpOCTb CTpYH, BOBHHKAIOUIMX NMPH CTOJKHOBEHUH
IUIACTHH, PACCMATPHBAs [BHXEHUE METAUIA KAK [IBMXKEHHE HICATBHOM >KUf-
KOCTH.
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K 3g0aue4.3.12 K 3a0aye 4.3.13

4.3.15*% Onpepenure ¢GOpMy CTauMOHApHOH CTpYH, CHOpPMHpOBaBLACHCA
nocite CTONKHOBEHUA IBYX CTPY#H pamuyca R 4 r, KOTOpPbIE JBHTAIUCH HaBCTpe-
4y ApYT ApPYFY C ODMHAKOBOH CKOPOCTbIO.

O 4.3.16*%. ”...B 1941 r. HeMubl NPUOYMATINA KYMYJIATUBHBIA IPOTHBOTAHKO-
Bblit cHapsan. Ha konyce cHapama — 3anan. [Ipy ynape OH BbI3bIBaeT Je TOHALMIO
¥ BOCIUIaMeHAeT Bech 3apAn. CHapan npobusaer Bco OpoHio. B 1944 r. takue
HeMeLKHe CHAPAIbI NOHATH B HAalM PYKH U B PyKH CO103HUKOB. Hauanca umpo-
KHil 3KcrepuMenT. [Ipu 3TOM 0GHapy>WM MHOTO [ONOJIHMTENBHBIX 3¢ PEKTOB
U napamokcoB. CTany BBIACHATD, YTO e JIETUT, yTo Npobupaer? CHauama gyma-
I, YTO 3TO OpOHENpOXMIalomUiA cHapAn, Yro GpOHIo NPOH3aeT CTPYA FOPAYEFO
raza. HeT, okasajiocs, YTO JIeTUT MeTaUT, IPUYEM CAMBIM HeoObACHMMBIM 0Gpa-
30M: Iepeli IUIMTOH CO CKOPOCThI0 8 KM/C, BHYTpH IUTMTBL 4 XKM/C, 32 IIHTO#M
cHoBa 8 KM/c” (M3 BCTYIMTENbHOro ciIoBa npencematens [lpesuauyma
CO AH CCCP akamemuxa M.A. JlaBpeHTbeBa nepen yuammnMuca Jletneit ¢usu-
KO-MaTeMaTHuYecKo#H umcojibl B 1971 r.). OGbsicHuTe 310 siBieHue. Onpenienure,

K 3a0aue 4.3.14 K 3a00ue 4.3.16
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¢ KaKOH CKOpOCTbI0 HOBHranach CTeHKa METATTHYECKOH KOHHMYEeCKOH MOJOCTH,
Te peK phIBAKLLEN 3PS, €CIH YTOMN IpH Be pLnHe noyoctu 30°.

O 4.3.17* Xum<ocTh B HAauaTbHBIA MOMEHT 3alOJIHAET BEPTUKAIBHYI0 4acTh
IIuHEl [ B TOHKOM L-06pa3Hoit TpyGke. IDTOTHOCTS XMKOCTH paBHa o, Haiipu-
Te, KaK 3aBHCMT OT BpeMeHH BHICOT2 ee YpoBHA. Halinure pacnpenesienue napie-
HMA B MOMEHT, KOT/Ia BBICOTA CTOJ102 >KMAKOCTH YMEHBIMTCA HAaNlOJIOBHHY .

1

K 3a0aue 4.3.17

4.3.18*. 13 oTBepcTHA B OHe BHICOKOIO COCYHa BhITeKaeT Boja. CeueHHe CO-
cyna S, ceueHME CIPYH S. YpOBeHb BOJibI B COCYAE NEPEMEIIAETCA C MOCTOAHHBIM
yckopeHueM. HaitiuTe 310 ycKopeHue.

4.3.19. B uunuHape ¢ nopiiHeM HAXOOUTCA BOJA, BHYTPH KOTOPOM B HAyalb-
HbIH MOMEHT MMeeTcs Nojiocth oobema V. [lopiieHb oka3piBaeT Ha BOmy MNMOC-
ToAHHOe pasneHue P. Kakyio sHepruio nmpuoOperaeT Boda B MOMEHT, KOIraa
MOJIOCTh HCUE3HET?

4.3.20*. B xuaxocrd MIOTHOCTH p 06pasoBasiack chepuuecKas NoioCTh pa-
auyca R. Jaenenue B xuaxoctd P. OnpenenuTe cKOpOCTh I'PaHHIIBI IOJIOCTH B
MOMEHT, KOIfia €e paguyc YMEHBUIMTCA OO 3HAYEHUA .

4.3.21*. OueHitre, MpU KaKOi CKOPOCTH KPOMKH BHHTa KaTepa B BOJE BO3HH-
KdeT TIONOCTb.

§ 4.4. Teuenue BA3KOH XKH/IKOCTH

4.4.1. llpocTpadcTBO MexOy ABYMA NMapasljlesbHbIMH IUIOCKOCTAMH 3ali0JIHe-
IO KHMOKOCTB BA3KOCTH 7. OpHA U3 IUTOCKOCTER IBHKETCA CO CKOPOCTHIO Vg,
nopyrasa noxkoutcs. Haiimure paclipeneneHHe CKOpPOCTH XHIKOCTH MeXay IUioc-
KOCTAMM U CW1y BA3KOIO TPeHHUs, IeHCTBYIOWIYI0 HA eHHULLY TUTOIUAIH KaXoH
U3 IIOCKOCTer. PaccToAHHE Mexay IUTOCKOCTAMH A.

4.4.2. Haiinute pachipenerieHHe CKOPOCTH MHOKOCTH TIPH yCT2HOBHMBILEMCS
ce TeYeHHM MeXIy IBYMS ITOCKOCTAMHU. PaccrosaHue Mexay TUIOCKOCTAMM kA,
8A3KOCTb XUIKOCTH 7). Halimite pacxop xUOKOCTH Ha e JHHUIY IIMPUHBI [10TOKa,
CCNIM Mepenaj JaBleHUA HA eMHHLY IITHHBI MOTOKA (B HAalpaBJIeHUH ABMKEHHA
KHIKOCTH) paBeH P, .

4.4.3* a. OnpenenuTe pacxon >XHMAKOCTH HA e[uMHHLY INMPHHBI MOTOKA,
CTEKAOMIErO MO HAKIIOHHOM MIOCKOCTH NOJ YIIOM & K FOPHU30HTY. BA3skocts
H TUTOTHOCTD KMIKOCTH PaBHBI COOTBETCTBEHHO N H p. TonuuHa NOTOKa /.
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6. OeHnTe HAKJIOH JIOXKa KaHana riyOmHbBl 2 M, CpefHAs CKOpPOCTb [IBHKE-
HHA BOTIB! B KOTOPOM paBHa 1 m/c. Baskocts Bogpt 107 H - c/m?.

4.4.4* OnpepeluTe YCTaHOBUBILYIOCA CKOPOCTh JIBHXeHHA 1Al Gbl Macchl m
H pagmyca R O HakJIOHHOH IUIOCKOCTH, 00pasyromieil yron o ¢ FOPH3OHTOM,
B Cllyuae, KOI2 MeXIy IaiGoi U MIOCKOCThI0 HMEeTCH CJIOH CMa3KH TOIUIH-
HBl A ¥ BA3KOCTH 7.

4.4.5. XuaKocTb e peK auuBaeTCA U3 OJHOTO COCY[IA B IPYTOH YePe3 IJTHHHYO
Tpy6Ky pamuyca R u miuHbI [ . PazHocTs gaBjienu# Ha KoHmax TpyOxd P, BaA3-
KOCTb XHAKOCTH 7. OlipedeNiuTe 3aBUCHMOCTb OT PACCTOAHHUA [0 CTEHKH TpY6-
KH: 2) TPafMeHTa CKOpOCTH XUAKOCTH; G*) ckopocTd xumkocTH. Onpenenute
06beM XHOKOCTH, NIEPeTEKALILEH Yepe3 3Ty TpyOKY B eIMHULY BPEMEHH.

4.4.6. Y13 BEPTHKATBHO PACNONIOKEHHON TOHKOH TPyOKH, 3aMOJIHEHHOH BA3-
KOM XHWIKOCTBbIO, Yepe3 BpeMA T BpITeKIa MOJIOBMHA »MIOKOCTH. Yepes Kakoe
BpeMsA BBITEYeT OCTABIIAACH YACTh XKHKOCTH?

4.4.7*%. ToHkas UWIMHIPDMYECKAA TPyOKa mIMHbI [ u guaMeTpa d 1ETHKOM
3aMoJIHeHa ¥HUOKOCTHIO TIIOTHOCTH P M BA3KOCTH 7). Onpene/inTe BpeMsa BbITeKa-
HMA XUIKOCTH U3 TpyOKHM, €CITH ee OCh HAKJIOHEH K TOPH30HTY MO YIJIOM &.
¢ 4.4.8. [IpocTpaHCTBO MeJXXTy BaIOM pafuyca 7, BPallalouerocs BOK pyr cBOeH
OCH, U HETIOHBMXKHOM COOCHOM ¢ Banmom TpyOoil paguyca R 3alOJIHEHO XHI-
KOCTBI0 BA3KOCTH 7. MOMEHT Cwi, JeHCTBYRIUMX HA efMHHUY MJIMHBI Baja,
paBen M. Ornpepenute 3aBUCHMOCTh OT PACCTOAHUA [0 OCH Bajia: a) rpajMeHTa
YIJIOBOM CKOPOCTH MHOKOCTH M 6F) yIIOBOH CKOPOCTH >KMIKOCTH, a TAKXe
YIJIOB Y10 CKOPOCTh BaJla.

K 3a0a4e 4.4.8 K 3a0aue 4.4.9

¢ 4.4.9. B TpyGe nepe MeHHOT0 CeUYeHH NMOMJIEPXUBAETCA CTALUOHAPHOE TEUYEHHE
BA3KOH XUIKOCTH. B ceueHUAX [ U 2 CKOPOCTh MOXHO CUMTATh IIOCTOAHHOM MO
ceueHuto. Ilnowamyu cevueHuid / ¥ 2 paBHBI COOTBETCTBEHHO S; M S,, 2 IaBJieHUe
KHUIOKOCTH B HUX — COOTBETCTBEHHO P; U P,. CxopocTh TeYeHHA KHIKOCTH B
ceyenuu / paBHa v, . HaliguTe cuny, c KOTOPOH *MIKOCTb ieACTBYET Ha YYaCTOK
Tpy 661 Mexy ceveHusimu 1 12.
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§ 4.5. NloBepXHOCTHOE HATSXKEHHE KHOKOCTH

4.5.1. Uro HaspiBaeTca noBepxHOCTHeIM HatsmxeHnem? [Ipusemnte npumeps:
NpOABJIEHHA CWIT NOBEPXHOCTHOIO HATAXEHUA,

4.5.2. [loyeMy Boma B KaGMHE KOCMMYECKOro Kopabrs “BucHT” B BO3myXe
B ¢dopme urapa? UeM Mernbue KANeJIbKH PTYTH Ha Nony, tTeM Gonbiue UX ¢popma
moxoxa Ha urap. ouemy?

4.5.3. OueHure MaxkCHMAJIbHBIA Pa3sMep Kamejb BOIbI, KOTOPBIE MOLYT BH-
ceTnb Ha notoinke. [loBepxHocTHOE HarsxeHue Boabt 0,073 H/m.
O 4.54. linenkH nBYX *UIOKOCTeH pa3smesieHsl IIaHKOH giuHbl / . [ToBepxHOCT-
HOe HAaTAXeHHe KUIKOCTeH paBHO COOTBETCTBEHHO 0; U 0. Kakas cuna pef-
CTBYET Ha IUTAHKY CO CTOPOHBI ¥HUIAKOCTEH?
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K 300aue 4.5.4 K 3adaue 4.5.5

¢ 4.5.5. Haiimure MOBepXHOCTHOE HATAXEeHHe MUOKOCTH, eCNIM IETIA U3 pe3H-
HOBOH HMTH IjIMHBI [ M XECTKOCTH K, IOJIOKEHHAA HA IUIEHKY 3TOH XHUIAKOCTH,
pacTAHYNIach 10 OK PY>KHOCTH paguyca R, mocie Toro Kak njieHKa Gbula MpoKo-
J10Ta BHYTPH NMETIH.

4.5.6. a. Kakyo paboTy HYXHO COBEpLUMTb, YTOGBI >XUAKOCTHL OObMa V
C MOBEPXHOCTHHIM HATSXEHWeM 0 pAcTAHYTb B IUIEHKY, TOJNUMHA KOTO-
poit A <Y/V?

6*. OueHute, BO CKOJIBKO pa3 paGoTa IO pacTseHdw 1 I pTyTH B IUIEHKY,
TOJIMHA KOTOPOH OnM3Kka K AMaMeTpy atoMa pTYTH, MeHbIUe YIelbHOH TeIl1o-
TbI Mapoo6pasoBaHus pryTH, paBHo# 290 Jx/r. IloBepxHOCTHOE HaTAXeHHE M
mitoTHocTb pryTH 0,465 H/M 1 13,6 r/em?.

4.5.7. Kenesnpii KyOMK, cMa3aHHBIH napapuHOM, IUIABAET B BOJE TAaK, YTO
€ro BepXHAA rpaHp HAXONMTCA Ha ypOBHe Bopsl. Boma He cMmauMBaeT napacduH.
Haigure muHy pe6pa kK ybuka.

4.5.8. Ha noBepXHOCTH >XH/IKOCTH 1UI2BaeT MOCpPYXeHHAass Ha rnyGuHy h
uraiba paguyca r 4 BBICOTHI 2k, He cMauuBaeMas XHuakocThw. IlnoTHOCTD Xun-
KOCTH W LIAHGHEI paBHa p. [loBEpXHOCTE >XMOKOCTH COMpUKAacaeTca ¢ GOKOBOH
[0BEPXHOCTbIO WAAGHI. OnpenennTe MOBe pXHOCTHOE HATAXEHHUE XHITIKOCTH,

4.5.9. OueHnre, KaKUM [OMKHO OBITh YCKOpeHHe CBOGOIHOTO NMajeHus Ha
(I1aKeTe, YTOOBI YeTIOBEK MOT XOHMTh Ha HeH MO BoJe B OGYBM ¢ HCCMAuHBaeMbl-
MH BOOOH MOZOUIBAMH.
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¢ 4.5.10* JimuHHAaA NIacTHHA HIMpHHEI [ TIpUBedeHa B CONPUKOCHOBEHHE ¢
NOBEPXHOCTHI0 XHAKOCTH. 3areM IUIACTHHY CTaNM nogHumarh. Kak 3aBucHT
CWia, NeHCTBYIOLIAS HA EMHMILY [UTHHBI IUIACTHHBI, OT BBICOTHI €€ MOAgbeMa x?
[I1oTHOCTS XHMIKOCTH 0, MOBEPXHOCTHOE HATsXeHHe 0. Macca eMHHIILI IIHMHBI
IaCTHHBI M.

K 3a0aue 4.5.10

4.5.11. Bonpias ¥ TOHKas IUIaCTHHA He TOHET, €CJIM €€ OCTOPOKHO TIOJIOKHUTh
Ha [OBepXHOCTh BOgbl. ONpenenuTe MAKCHMAIBHY0 MAacCy eOMHHMLBI ee 1IIOLIa-
au. IInacTura Booi He cMauMBaeTCA.
¢ 4.5.12..a. Cymma cwi, OeHCTBYIOUIMX Ha BbIfe/ieHHbIA Ha PUCYHKe 00beM
AUIKOCTH, paBHa Hynwo. Ilonmp3yack 3THM, ONpenenHIe BBICOTY, Ha KOTODYIO
XHAKOCTb IOJHUMAETCA N0 BepTUKAIBHOH cTeHke. KpaeBo# yron 6. [Tosepx-
HOCTHOE HATsXeHHe U ITIOTHOCTD XHIKOCTH U H 0.

K 3adaue 4.5.12

6. Ha kaxyw BbicOTy NOIHMMeTCA BOJA IO BePTHUKANBHOM cTeHKe, KOTOPYI
OHa NOJIHOCTBIO CMavuuBaeT?
¢ 4.5.13. a. Onpegenure TONIMMHY CIOA KHIKOCTH, PAIATOH Ha rOpPU3OHTAIIb-
Ho#t mnockoctd. KpaeBo# yrosn 6, muoTHOCTb JKMIKOCTH P, MOBEpPXHOCTHOE
HaTAXeHHE 0.

6. Onpenenvre TONIWMHY cJ10S BOMBI, Pa3iHTON Ha IO pU30HTATIBHON MIIOCKOC-
TH, TIOK PBITOi apapHHOM.

s /77777 777 7

K 300aue 4.5.13
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45.14% a. Bonpuiol yyaCTOK XHIKOCTH NMOKPHIT clloeM Macna. [loBepx-
HOCTHOE HATAXKeHHe M TIOTHOCTh XHIKOCTH Uy M Py, TOBEPXHOCTHOE HaTsKE-
HHe M IUIOTHOCTbD MACHa Oy U Py, TOBEPXHOCTHOE HATHXKEHHE FpaHHIIbI XKHJ-
KOCTb — MACIIO Oy oy - OTlpesieliuTe TOMHHY CJI0A Macia,

6. B 1977 r. "Apro-MepueHT”, TaHkep Bogou3meweHdeM 28691 1, Hanoposn-
¢ Ha pud; KOpIyCc TaHKepa pasBTWICA HANBOE, BLOUIECHYB B MOpE NOJHBINA
rpy3 Hedptu. UepHble nATHa HedTH pacnon3NIuch Ha ThICAYM KBaApaTHbIX MHIB.
Omnpegenute obumyno Ioiomaas 3THX nAreH. [foBepxHOCTHOe HaTskeHue Hed-
1 0,03 H/M, mnoTHocTs Heptu 0,8 - 10 kr/m?, HedTh He cmauMBaercs BOSIOH.
Maccy ne¢Td npuHATh paBHOM 0,8 BomOU3MEIEHUA TaHKEPA.

O 4.5.15*% Jokaxure, 4ro o0GbeM XXKUIKOCTH, KOTOpbIA MOOHMMETCA Haj ee
o6wMM ypoBHeM (Ha pUCyHKe 3TOT 0GbEM OTHesleH IUTPHXOBOW JIMHMEH),
3aBHMCUT TOJIBKO OT MepUMeTpa NMOoNepeyHOro CevyeHMs NOrpyxKeHHON B XKUIKOCTD
MAJIOYKH U He 3aBHCUT OT (OPMBI 3TOFO CeUeHH .

O 4.5.16. a. JlokaxuTe, Yro [ABJEHHE >KMAKOCTH NOS ee LHIMHAPHYECKOH
MIOBEPXHOCTBI0 pamuyca R paBHO 0f/R (0 — MOBepXHOCTHOE HATSXKeHHE UK OC-
1d) . I IOKa3aTeIbCTBAa BOCNONB3YHTECh YCIOBHEM paBHOBecHA 0Gbema XHA-
KOCTH, JIeXaIllero Hazl IIOCKOCTho 4.

6. JlokaxuTe, YTO [aBNeHHE XUOKOCTH MNMOJ ee cheprUueCKOH NOBEPXHOCTLHIO

pamuyca R pasHo 20/R.
o 4.5.17. Onpepnenute MaKCUMAaNbHOE H MHHHUMAJIbHOE JaBJIeHHE BHYTPH cdepH-
YeCKO#l KalUIH >KMOKOCTH, KOTOpas IiaBaeT B [pYroi xkuaxkocTu. Paccrosnue
OT LigHTpa KaIUIM [0 MOBEpXHOCTH XHMIKOCTH f, pamuyc Kamid R, IUIOTHOCTh
KUIKOCTER p, TOBEPXHOCTHOE HATAXCHHUE Ha I'PaHHIle pa3fielia XHIKOCTeH 0.

4.5.18. KugcocTs cMauuBaeT BePTHKAIbHYI0O CTEHKY (CM. pHCYHOK K 3aja-
e 4.5.12). Kak 3aBMCHT pafuyc KpHBH3HBI NMOBEPXHOCTH XXHIKOCTH OT BBICO-
Thl X, Ha KOTOpPYIO NMOSHMMAETCA XHIKOCTh Haj cBouM ypoBHem? IlnoTHOCTh
HUIKOCTH p, IOBEPXHOCTHOE HATAXKEHHE 0.

4.5.19. BremHuit pafMyc MbUIBHOTO IIY3bIpA paBeH R, TOJIIIMHA ero CTeHKH
paBHa k. Haitmure namneHue BO3myxa BHYTpH ny3eips. JlaBjieHue BO31yXxa BHe
1Ly 3bIps paBHO P, OBEPXHOCTHOE HATAKEHHE BObI 0.

4.5.20. OueHute, CKONMHKO BOOBI MOXHO YHectd B peieTe? IImowanp peiera
W ero Aveiiky paBHa cooTBercTBeHHO 0,1 M2 u 1 MMm?Z. Peureto BOIOi HE cMauH-
BaeTcd.

4.5.21*% JIsa nerkux Tteina, 062 cMauMBaeMble wid 06a HecMauyMBaeMbIe
BOJIOM, IUIABasA HAa NMOBEPXHOCTH BOABI, NMPUTATUBAKWTCA ApPYT K apyry. Eciu

K 3a0a4e 4.4.15 K 3a0aue 4.5.16
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ke OFHO TeNO CMAuMBAETCA BOMOH, a [Opyroe He CMauMBaeIcA, To Tena GynyT
OTTANIKUBaThCA. O0BACHUTE 2TO ABJIEHHE.

O 4.5.22* ManeHbkas Kamnia Xupa [aBaeT Ha 0B pXHOCTH XUIKOCTH, NOBEpX-
HOCTHOE HATsKeHHe KoTOopoil 0. [loBepXHOCTHOe HATAXEHHE )KHpa Ha TpaHHIIE
BO3[lyX — JHp 0y, HA TPaHHLE XHP — XHAKOCTb 0. Onpefenute TOMUUHY
KariH, eclii ee pajuyc paBeH r .

¢ 4.5.23. Ha mbisHOM Ry3bipe paguyca R, “cuaMt™ elue OfgHH MBUIBHBIHA My-
3niph pagnyca r. KakoH pamuyc KpUBMIHBI HMeeT IJIeHKa, UX paspenAtomad?
Kaxo#t yron o6pasyior mieHKH B MeCTaX CONPHUKOCHOBEHHA?

S S

=&

K3aoauwe 4.5.17 K 3a0aue 4.5.22 K 3a0aue 4.5.23

¢ 4.5.24*. Paguyc KpHBH3HEI KaIllK B BepXHe# ee Touke R. Uemy paBHa macca
KaljH, ecly ee BbICOTA A, paHyC COMPUKOCHOBEHHA KAIUIH C FOPHIOHTAIILHON
INIOCKOCTbIO, HAa KOTOpPOH OHa HAaXomuTcA, paBeH 7 ? ILIOTHOCTD XMIKOCTH p,
MOBEePXHOCTHOE HATSKEHHE O, TUIOCKOCTh HE CMAUMBAETCH KUIKOCTHIO.

¢ 4.5.25. Ha uveTpipe pTYTHBIX IIAPUKA, JEXKALUUX HAa TOPU3OHTAJILHOH Mnoc-
KOCTH, OCTOPOXHO KJIafyT KBaapaTHYI IUIaCTHHKY TaK, KaK u306paeHO Ha
pucyHKe (Buf cBepxy). Pammyc mapnkoB 1 MM, macca mnactunbl 80 1, noBepx-
HOCTHOe HaTsxeHHe prytn 0,465 H/M. CmaunBanuA Het. Ha kaxom paccrosnum
OT TOPHM3OHTAIBHOM mNNOCKOCTH OymeT HaxXOAMTbCA HUXHAA IOBEpPXHOCTH
NIaCTHHBI?

4.5.26. Kakywo paGoTy NHpoTHB CWI MOBEPXHOCTHOTO HATAXKEHHUA HyXHO
COBEPpLUMTB, YTOGBI pa3fennTh chepuiecKylo KaIUTo pTyTH pagMyca 3 MM Ha [iBe
OOMHAKOBbIe Karu?

®4

K 3a0aue 4.5.24 K 3a0aue 4.5.25
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4.5.27*% OueHuTe, Ha KAKOM pACCTOAHHH OT KpaHa DafMyC CTPyH BOJIbI
YMEHBLUIMICA B MOJITOpa pas3a. CKOpoCTh BhIXOasme#d u3 kpaHa Bofwr 0,3 M/c,
Haya/IbHBIH PagNyC CTPYH 2 MM.

§ 4.6. KanwnnsipHele SBiieHHS

4.6.1. a. Tlpy ynaneHHu c NMOBepXHOCTH TKAHH XUPOBOIO NMATHA peKOMEH-
OYeTCA CMayMBaTh IMpPONMUTAHHOH OeH3WHOM BAaTKOH Kpas NATHAa, a HE CaMO
nsarHo. [ovemy?

6. IIna 1010 4ro®Obl Masb JIyullle BIHTHIBAJIACH B JIbIKHbIE BOTHMHKH, KaK MX
HY>KHO HarpeBaTh: CHAPY XKW WIH H3HYTpH?

4.6.2. Kamwinap paguyca R omycKaT B CMauUBaOILY 10 KHIKOCTb C IOBEpX-
HOCTHBIM HATSAXEHHEM O M IDIOTHOCTbI0 p. OmNpenenuTe BBICOTY, Ha KOTOPYIO
MOAHHMeTCA XHOKOCTb. Ompepenure paboTy, cOBEPILEHHYIO CWIAMH IOBEpX-
HOCTHOTO HATfA>KeHHsI, U MOTEHUHAIbHYIO 3HEPrHI0 >XKHIKOCTH B KAaNUIUIApe.
Houemy 314 BesTHuMHBI He coBmagalT?

4.6.3. Onpepenure MAKCHMAIBHBIA PagMyC KaMWUIAPOB [epeBa Ha BBICO-
Te 10 M. Boga MoTHOCTBIO CMAYMBAET KAMWUIAPBIL
O 4.6.4* a. Hcnonb3ys pe3ynbIaT 3agauu 4.4.5, onpeneiaure 06beM >KHIOKOCTH,
npoTexamllel B eJHHHIY BpeMeHH Yepe3 KawuiAp paguyca r, cOeduHeHHbIH
¢ XKHIOKOCTBIO, ECITH ee MOBEPXHOCTb B KaNWNISApe YCTaHOBWIACh (M3-3a MCMape-
HMA) HAa PACCTOSIHHM A OT €ro OCHOBAHMA. BA3KOCTh XHUIKOCTH 77, TOBEPXHOCT-
HOe HATAXEHME O, XKHIKOCTb MOJTHOCTbI0 CMAYUBAeT KAMWNIAp. JIedCTBHEM CHITBI
TAXeCTH NMpeHeOpeys.

6. OueHuTe MaKCUMAIBHBIA 0GBbEM KPOBH, KOTODRBIA MOXeET IOJABATHCA K
TKaHAM B 1 ¢ no kanumisapam paguyca 10 MKM ¥ iHHB 1 MM, IOJHOCTBIO
CMauMBAaEMbIX KpOBBI, €CIH UMCIO KamwiiApos 10°, BA3KOCTh Kpo-

BHS - 1072 H - ¢/m2, HOBEPXHOCTHOE HaTsxeHHe 7 - 1072 H/m.
|

1
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K 3a0aue 4.6.4 K 3adaye 4.6.6

4.6.5. Kakyo OTHOCHTEIIbHYI0 MOTPeUIHOCTh Mbl IOMYCKaeM ITPH U3MepeHHU
aTMOChepHOTO NABJIeHHA [0 BBICOTE RIYTHOIO CT0I6a, eClIM BHYTpeHHHH [Ha-
MeTp OapoMeTpHYeCKOH TpyOKH, He CMAWiBAaeMOH PTYyTbio, 5 MM, MOBEpPXHOCT-
Hoe HatshxeHue 0,465 H/m, mnorsocTs pryTH 13,6 r/cM?

2 4.6.6. B gBYX IHHHBIX OTKPBITBIX C OOCHX CTOPOH -KamWDIApax, pacIo-
JTO’KEHHBIX BePTHKAJILHO, HAXOOATCS CTONOMKH BOOBI IjTHHBL 2 U 4 cM. Haiigure
pamdyc KpUBH3HBI HIDKHETO MEHHCKA B KaXAOM H3 KamWUIAPOB, eClH HX
BHYTPECHHHI HaMeTp paBeH 1 MM, a cMaudBaHHe MOITHOeE.
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K 3adaue 4.6.7 K 3a0aye 4.6.8

¢ 4.6.7. BepruxanbHblil KaOWIIAp pagdyca r U BBICOTBI A coenuHeH C IIMpO-
KHM cOCynoM TpyOKoH Ha ypoBHe JHa cocyma. Kak 3aBHCHT pasHOCTb ypOBHeH
" KMAKOCTH B COCyHe M KalwllfApe OT BBICOTbI X YPOBHA XHIKOCTH B cocyme?
IIpu xakoM 3HaueHHH X XUIKOCTb HaUHET BHUTHBaThcA M3 KanwiiApa? [osepx-
HOCTHOE HaTsDKEHMe XMIKOCTH 0, ee IUIOTHOCTh p. JKHIKOCTb NMOJHOCTBID CMa-
YMBaeT Kamuwup.

¢ 4.6.8. XuoxocTs B WIHHHOM KaNWDIApe TOJHUMaeTCsA Ha BoicoTy h. Onpere-
JIMTe PafuyC KpPUBH3HBI MEHHUCKA B KOPOTKOM KaNWIfApe, IyIHHA KOTo poro A/2.
Papuyc 06oUX KamWIIAPOB 7, KpPaeBOM yroin §.

O 4.6.9* Kanwuiap, HaNOJIOBUHY 3allOTHEHHBIA >XHOKOCTDIO, BpalllaeTcA BOK-
pyr ocu 00'. InuHa kanusapa 21, ero paguyc r. IINOTHOCTD XHOKOCTH P, a

o~
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K 3a20aye 4.6.9

NOBEPXHOCTHOe HaTskeHUe 0. JKUpKOCTb MONMHOCTBIO cMauuBaeT KanwiAp. [Ipu
KaKOH YIJIOBO# CKOPOCTH KallWUIAPA XUOKOCTh HAUHET U3 Hero BhITEKAaTh?

¢ 4.6.10. B xanwspe, OMyIIEHHOM BEPTHKATLHO B BOAy Ha riy6uHy !, Boma
HOJHAMACh Ha BbicoTy h. HibkHMil KOHel KamwisApa 3aKpHIBalOT, BHIHUMAKT
KamywuIAp M3 BOABL 4 BHOBb OTKphBaKI. OllpedenuTe WIMHY Crojiba BOmbI,
OCTaBllieHicA B KaMWUIApe, eCJIH CMayHBaHue ITOJIHOE .

O 4.6.11* B cocyn ¢ BOmO#H, TeMMepaTypy KOTOpOH H3MEHAKT, ONyCKaloT
U30THYTBI CTeKNAHHBIA KanwinAp pamuyca r = 0,1 mM. I'padux Temneparyp-
HOH 338BHCHMOCTH NOBEPXHOCTHOIO HATA)KeHUA MOKa3aH Ha pucyHke. Ilpu Ka-
KOH TeMIlepaType Boja MoTeuer U3 cocyna, ecnu H =15 cm?
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K 3a0aue 4.6.11

4.6.12. Kyna Oyler [IBUratecsl Kamisf CMayMBaoUIed H HecMayMBaloLlei
XHUIOKOCTH B I'OPU30HTATIbHO PaciollOXeHHOM KOHHYeCKOM Kanuuisape?
¢ 4.6.15%. Ha Kaxkymw BbICOTY NOJHHMETCH JKUIKOCTb {10 BepPTHKAIbLHOMY
KOHHUYeCKOMY Kanuwulsipy ¢ yrioM npu BeplinHe o<1 pan? Ilnornocts xun-
KOCTH p, ee IOBEPXHOCTHOE HATAXeHHe O, BbicoTa Kamwinspa H. XuokocTs
IOJIHOCTBI0 CMAUMBAET KAaNWLIAp.

4.6.14. Ha xaky BbICOTY NOAHHMETCS XXUOKOCTb MEXIY IBYMs BePTUKA/Ib-
HbIMH IUIACTHUAMH, PACCTOAHHE MEXJy KOTODPbIMH A.€eC/IM KpaeBOH yroj y
1€ pBO# ms1acTuHbl 6, y BTOpO# 6, ? [TOTHOCTB XHIKOCTH 0, e¢ OBe pXHOCTHOE
HaTsKeHHe 0.

O 4.6.15. Kakas cuna HOeldcTBYeT Ha Iapajjie/lbHble KBAJlpaTHbIE MJTaCTHHBI CO
CTOPOHOM &4, YACTHYHO TOTPYKEHHBIC B XHIKOCTb, ECTH KpaeBOH yIoJl y BHell-
HHX MX NoBepxHocTeir 907, a y BHyTpeHHUX — f W -7 — 0? IlioTHOCTL *)uOKoC-
TH p, ee IOBEPXHOCTHOE HalsfXeHHe O.

e N R - = oS

K 380aue 4.6.13 K 3a0aue 4.6.15 K 3a0aue 4.6.16 K 3a0aue 4.6.17

N

> 4.6.16% C kaxoil cHIOR MPUTATMBAITCA Ipyl K APYTy [Be LapalielibHble
KBaJpaTHble IJIACTHHBI CO CTOPOHOW 4, YaCTHYHO MOIPYKeHHble B KHUIKOCTD,
CC/IM OHM He CMAYMBANOTCA XUOKOCTBI0? [INOTHOCTL XUAKOCTH 0, PACCTOSHHE
MeX Ay II71acTHHAMY A, ToBe pPXHOCTHOE HAaTsDKEHHe XXHIKOCTH O:

4.6.17% Ha kakyw BbICOTY TNOOHHUMETCHA J>XMIKOCTb MIOTHOCTH 0 B MOJI-
HOCTBI0 CMAUHBAaEGMOM KalHU1Ape, €C/IM eI MONepeyHoe ceueHue .S, a MepUMeTp
)Toro ceveHust /? Kaxk 3aBHCHUT NepuOJl MaJIbIX BepPTHKAIbHbIX KoJebaHui
AKMIKOCTH B 3TOM Kanwuispe OT BbICOTHI >KuaKocTu? [loBe pxHOCTHOe HaTske-

e YKHIKOCTH 0.
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I17IABA 5

MOJIEKYJIAPHAA ®U3UKA

§ 5.1. TeroBoe OBHKeHHE YACTHLL

5.1.1. Ouennre cpe/lilol0 KMHETHYECKYHD JHEPIUI0 H CPelHEKBAPATHUHYHO
CKOpPOCTh UaCTHUeK TymaHa avameTpa 10 MKM, HAXONALIMXCA B BO3fyXe IpH
Temmepatype 5 °C.

5.1.2. Bo ckonbko pa3 paziMualoTes CPeJHEKBAIPATHUHBIC CKOPOCTH NBYX
YacTHYEK, COBEpUIAKILMX OpOYHOBCKOE [BHXEHHE B Kallle BO[bl. €CNH HX
MA4CChbl pa3JIMUaIOTCA B YeThIpe pa3a’

5.1.3. Ouenute maccy MHOY30pHM, Ha HalpaBJCHHOE ABHXXEHWC KOTOPOH
€O CKOPOCThI0 1| MKM/C ¢11aB0 BITUsET TETNIOBOE [IBUXKEHHE .

5.1.4. Onpepenute cpegHeKBALPATUYHOE OTKJIOHEHHE MAATHHKA OT TIOJIOXKeE-
HHSl PABHOBCCHS, BbI3bIBAEMOE I€ILIOBBIM JIBHAKCHMCM LIUDHKA MasliHKa.
Temnepatypa Bosuyxa 20°C. Macca wapuka | Mr, [UIHHZ HATH Masii-
nuka 10 M.

5.1.5%. 3epkasble rajisBaHOMETpa MONBEIIEHO HA KBaplUeBOH HutH. Ha
3epKa/iblle NMajdeT y3KWH MapansesbHbid flyy cBCTa M, OTpaXasch OT HEro, Io-
nafgaeT HA JKpaH, pacnoNOXeHHbIH Ha paccrosaHuK 20 M oT sepkasnbua. Temme-
patypa Bozgyxa 300 K. OueHHTe, Ha CKOJIbKO YBEJIMUHTCA PASMYC CBETOBOIO
MNATHA Ha 3KpaHe B pe3yJibTaTe TETI0BOrO [IBMIKEHMS 3€pKAIblA, €CJIH TIpH Mo~
BOpOTE 3€PKAIbIA HA YIONl ¢ HA HErO CO CTOPOHbI HATH JECHCTBYET MOMENT CHIl
M=—x¢.riex =138 -107'° H.-m. Kak H3MEHHTCA OTBET, €CIIH TEMIIE paTy -
py BO31yXa noHu3uTs 1o 100 K?

5.1.6. Cocya pasmencH Ha OBe CEKLWM MOPUCTOH Neperopodkoi. B onHoH
CeKUMH HAXOOWTCA Ia3, COCTOSILMHA U3 JICTKUX MOJIEKYIl, B ApYTOA — W3 TAXE-
nbix. JlaBieHWe raza B 00eMX CeKUHMSIX COCY/IAa B HA4aJlbHbM MOMEHT OJMHAKO-
BO. Yepe3 HEKOTOpOe BpeMs [ABJiEHWE B TOH CEKIMH COCYHA, I'IE HAXO0IUIHCh
TSDKErble MOJIEKYTIBI, YBEJTHUWIOCh. 3aTCM, uepe3 (oslee IJINTENbHBIA IIpoMe-
KYTOK BpPEMEHH, NdBIEHHE B O0OeHMX CeKUMAX cOCYIA BbIpaBHs10Ch. O6bACHH-
1€ 310T 3peKT.

O 5.1.7. B cexuum ! cocy1a HAXOAUTCA cMech refudsi ¢ Bogoponom. Ilapunans-
HOe J1aBJIeHHe BOLNOPOJA U ref'is OAHHAKOBO, B cexuuu 2 cocyna Bakyym. Ha
KOPOTKOE BpeMs B IePEropojiKe OTKpbIBAOT OTBepcTHe A. Onpenesinte 0THO~

IIIeHWe ABJIEHHA rejlMsl K JABJIEHHIO BOJIOPOUd B CEKUMH 2.
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¢ 5.1.8%. Cocyn pa3fencH JeperopooKamMK HA # W30JHPOBAHHBIX CeKIMi. B
HAUaJIbHBIH MOMEHT B CCKIUMH [ HaXOJHTCA OJIMHAKOBOC YHCI10 MOIEKYil ¢ MO-
JISIpHOR Maccod gy M > . B octaabhbix cexuuax Bakyym. Ha koporkoe spema
B UEPErOpOOKaX OTK PbIBAIOT HEOO:IbIIMEG OTBE PCTHA. KAK TIOKA3d4HO Ha PUCYH-
Ke. OlenuTe OTHOILCHHE UMC1a MOJIEKYJT ¢ MOJIApHOH Maccoi i, K uMcily Mo-
JICKY.1 ¢ MOJIAPHOH MACCOH 4 B H-H CEKLIHH COCYHA.

5.1.9%. V3 cocyma vepes OTBeperue B CTEHKE BBITEKAET 33 BPCMs T HOJNOBHHa
paspeXXeHHoro rasza. 3a Kakoe BpemMa BbITCKIA Obl TOJIOBHHA JTOIO Xe 1834,
ccIn Obl BCE pasMepbl coCy/la (B TOM YHCIC M Pa3’Mcpbl OTBCpPCTHA) ObUlH B
# pa3 dosbiue?

A VR B A
K 3a0aqe 5.1.7 K 3a0aue 5.1.8 K 3a0aue 5.1.11

5.1.10. Onenlinte. BO CKOILKO pa3 NOTOK Td3d. BBITCKAIONICIO H3 COCY.L

UCPe3 NMIMIAPHYSCK UM Kanan pagdyca R W ojumainn L, MeHbiie t0TOKa Idsa,
BLITEKAIOUIET O Yepe3 OTBepcTHe paguycd R. CuuTaTh, YTO CTCHIKH Kalld1d 11oro-
11AK0T MOIEKY;IbL.
Y 5.01.01%. JIBa cocya OOMHAKOROTO 06beMa |7 coellMHeIibl Y 3KHM KAHATIOM,
3 cocymax HaxOaUTCA HeBOBLUIOE UMCIO YacTHil V (T.e. Uacruil TAK Majo, 410
OHH TIOUTH HC CTAIKHBalOTCA Apyl ¢ Apyrom). CKOBKO UYACTHL OKAXCICH B
KAX/IOM H3 COCY/IOB. eC/IH TeMIlepaTypa rasa B OJHOM cocy/le paBHa 7). a
BO BTOpoM - T3 > T, B COCIMHUTE/IbHBIA KAHAIT IIOMECTHIIH JleIKHH DliaxoK .
B xaKy1o c1opolly oH OTKIOHHTCA?

§ 5.2. PacnpeneneHre MoneKy:1 rasa no cCKopocrsim

5.2.1.B | ¢v® npu masiesun 0,1 MIa uaxomtes 2.7 - 10" ° mosieky:t asora.
UM 10 MOJIeKyJl. BePTHKAIBHASL COCTAB/IALIAA CKOPOCTH KOTODBIX JIEXHT B
uirepsane or 999 no 1001 m/c, paBHo 1,3 - 102,

a. Kakoe yncnno Takux mosieKyn codepxurca B | 1 azora?

6. CKOIBKO MOJIEKY: a30Ta, HMCIOWMX BepPIHKAIbHYK COCTABIIAIOILYH
ckopoctd B uutepBanax 1000+ 0,1 u 1000 £ 10 m/c, cogepiuresa B 1 m>? Cun-
11Thb, 4TO YHCIIO MOJIEKYII, 08MAJAIUX CKOPOCTbIO, JIEXALEH B HEKOTOpPOM
iHHTE PBATIC CKOPOCTEH , II[O110 PUMOHAIBHO ITOMY HUTEPBAY .

5.2.2. Pacnipeitesie HUA MOTNEKY:T 10 MPOCKIMAM U; CKOPOCTH H4a OCH KOOPIH-
nar (1 =x,),2) B3aUMHO HesaBAcuMbl, [lonbiysacs dTHM, olipeliesiuTe B 3a/ld-
qe 5.2.1 wcao Momnexkyn asora B | cm*, FOPU3OHTAIbHEIE COCTABIISIOILHE CKO-
POCTEH KOTOPbIX, TAK Ke KAK H BepTHKA/IbHbIC, JIOKAT B MHTepBaic 0T 999 o
1001 m/c: uMCIIO MOJIeKy!l. TFOPH3OHTAIBHBIC — COCTABIISIOIUMC CKOPOCTEH
NOTOPBIX Jlexatr B uHTepBajie 1000 £ 0.1 m/c, a BepTHKajibHble -- B MHTEpBaile
i000 £ 2 wmfc.
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¢ 5.2.3. Yucno monexyn OJHOPOJHOTO HueanbHOro rasa d/V, cKOpocTbp KOTO-
phIX BIOIb IIPOM3BOSIbHOH OCH X JIEXHT B HHTepBane (U, U, +du,}, U3 0btero
yucria N ero MosekyJl OpH JaHHOH Temmneparype 7' olipeniesiseTcsl paclpeieie-
HHeM MakcBesnna:

S mv? ,
AN =N~/ —— exp| - dv, = Nf(u)dv,,
kT

2kT

e m — Macca MoJieKyllbl, K — nOoCToAHHan bosibumana, OyHxuus

( mv_zv)
P\"™ "t

HaspiBaeTcA ¢yHKUHeH pacnmpeneneddsa. Ha pucyHke npupeneHa dbyHKUHMSA pac-
IfpeIeNIeHU St MOJIEK YT a30Ta MIpH KOMHaTHO# Temriepatype (T =293 K) . Ucnosis-
3yA rpad MK, HallluTe: a) CKOMBKO B | cM” BO3/yXd COAEPXKUTCH MOTEKYJI a30Ta,
MMEIOUIMX B HEKOTOPOM HAIMlpaBleHHH CKOpPOCTh B MHTEpBalle oT 499 no 501 m/c,
) cxonbko B 1 M® BO3ILYXa COMEPKUTCA MOTEKYT 43074, HMEIOU{HX B HEKOTOPOM
HallpaBJIeHUH CKOPOCTh B MHTepBaie oT 498 o 502 m/c, eciiv YHCIIO MOTIEKYJT
azota B 1 cm® pasmo 2 - 10°.

flue) =

f, 7‘0 “t/m
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/4 —JW 300 Ug, M/

K 3a0a4e 5.2.3

5.2.4. Ilpn xakoil Temmeparype QyHKUHH paclpeleiehds N0 CKOPOCTAM
MOJICKYJ BOZOposa Oyner coBMajath c q)yHKuueﬂ pacripefieJIeHMa MO cKOpOcC-
TAM MOJIEKYII 230Ta NPH KOMHATHOH TeMIiepaTy pe?

5.2.5. Haiinure OTHOLLEHHMC YHCIIAa MOJICKYNT BOJIOpONa, UMEHOILMX TIPOEKUHID
CKODPOCTH Ha ock x B uHTepsane or 3000 no 3010 M/c, K uMciy MONEKYI BOJO-
pOZa, MMEWLIMX NMPOEKINI0 CKOPOCTH HA Ty e OCb B MHTepsane ot 1500 go
1505 m/c. Temnepatypa sonopona 300 K.

5.2.6. Hajimre oTHOIeHMe YHCMla MOMEKYJl BOOOPOAA, MMEKLIMX POeKLHUIo
CKOpOCTH Ha ocb X B UHTepBase oT 3000 mo- 3010 m/c, Ha oCh y -~ B MHTEpBalle
ot 3000 no 3010 m/c, Ha ocph z -- B uHTepBasie ot 3000 no 3002 m/c, k yHcny
MOJIEKYJI BOJOpOJa, HMEILUMX MPOCKUHI CKOPOCTH HA OCh X B MHTEpBAJ€ OT
1500 mo 1505 m/c, Ha ock y -- B unTepsane ot 1500 go 1501 m/c, Ha ocb z -
B uHTepBate oT 1500 mo 1502 m/c. Temnepatypa Bogopona 300 K.

5.2.7*. B cTeHKe cOCY/Ia C DA3PEXEHHbIM TasoM CHENAHO MAJloe OTBEpPCTHE.
Kak GyneT H3MeHATbCA TeMIle paTypa ra3a B cocyze IpH BhITEKAHHH ra3a’
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¢ 5.2.8*. B TONCTOM CTEeHKe cOCY[a, COASPXAIETO a3, CAeJIaH MpAMOH KaHan
[IMHBI [, KOTOpBIH COeMHAET COCYH C BAKYYMRbBIM MpoCTpaHcTBOM. Jns ¢op-
MH POBaHMs TIyyKa MOJIEKYN K4HAI CHAGXKEH [BYMsA 3aTBOpaMH. 3aTBOp [ pac-
110J10%eH Ha BhIXOLE K4aHalla B COCy/l, 3aTBOP 2 — Ha BbIXO/C KaHAJId B BAKYYMHOE
npocrpadcrBo. [lyyox Monexkyn ¢opmupyeTcs clieayolHmM 0Opa3oM: cHayaia
Ha BPEMA T OTKpbIBAlOT 3aTBOD [, 3aTeM, HOCJie TOrO KAK 3TOT 3aTBOP 3aKpOeT-
A, Yepe3 BpeMs !, OTK pbIBAETCA HAa BpeMsA T 3aTBOp 2. MosleKynbl, MpoJeTeB-
LIMe BO BpeMs ITOro IIpoUeccd KaHajl, 0Opa3yT B BaKYYMHOM MPOCTPaHCTBE
nyyok. YeMy paBH4 [IMHA 3TOro NMyyKa yepes Bpems ¢ IlOCie 3aKphIBaHHUsA 3aT-

BOpa 27

K 3adaue 5.2.8 K 3a0aque 5.2.9 K 3a0aue 5.2.10

—

0 5.2.9. UcTouHHK aTOMOB cepebpa cO3/1AeT Y3KUH JICHTOYHbIA MYYOK , KOTO pblit
nonafaeT Ha BHYTpPEHHIOW NOBEPXHOCTb HEMOIBHXKHOFO LMJIMHApPA paguyca
R =30 cM u oGpasyeT Ha Hell MATHO. YCTPOHCTBO HAYyMHAET BpaNIaThCA C YITIO-
BOH ckopocrblo w = 100 7 pan/c. OnmpemenuTe ckopocTs aTOMOB cepebpa, ecid
IATHO OTKJOHUNOCh HAa yron ¢ =0,314 pap oT NMepBOHAYATIBPHOTO MOJIOXKEHHS.
¢ 5.2.10. OtBepctHe B CTeHKe MEpeKphITO LUMIMHApUYEcKOH npobioi. Ha
110BE PXHOCTH NPpOGKHM 11pOpe3aH y3KHH BHHTOBOMH Kauanl c warom k. Ilo oHy
CTOPOHY CTCHKH HAXOIMUTCS DPa3peXeHHBIH ras, 1o [pyryw — Bakyym. Mone-
KYJIbI rasa JIerko MOIJIOWAKTCA CTeHKamu Kanana. [1pobka BpailaeTcs ¢ yrio-
BOH cKopocThio w. Kakoit ckopocteio GynyT ofnagatb MOJIEKYIIbl, MpOLIEH-
111Me 110 KaHay?

5.2.11. llpencraBum, uro ypanocs choTorpadupoBarh Ha KHHOIIEHKY MOJIe-
KYyNbl rasa, yHKUMA pacnpene/leHusi KOTOPBIX 1o ckopoctsM f(v).

a. Haitpure dyHKumio pacripefeneHuss “MacTuupl” - H306paXCHHH MOJIEKYS
rasa Ha JKpaHe MO CKOPOCTAM, €CIIM yBeJIHueHHe, ¢ KOTOPBHIM H300pakeHHe Ha
KHHOIUIEHKE MpOoelMpyeTCcs HA IKPaH, paBHO /.

6. KuHomiueHKy Npy BOCHpPOM3Be[leHHH 33MMCH HAYATH NPOKpYYHBATh B k
pa3 GmicTpee, yem Tpu cheMie. Halinure dyHKuMio pacnpefeneHus “yacTvu’ Mo
CKOPOCTAM B 3TOM Clyyae.

§2.12. CxopoCTH YaCTHL, OBHXKYLLHXCA B MOTOKE, HMEIOT O/IHO HAllp4BJIe-
1iMe M JIeXaT B MHIepBalle OT Vg [0 2vp. ['paduk GyHKUMH pacrpenesneHus
4ACTHL TO CKOpOCTAM HMeeT BHA MpsAMOyrosapHuka. Uemy paBHO 3HayeHHe
dhyHxuuH pacnpenenesHusn? Kak H3MeHseTcAd GyHKUMSA pacnpeliesieHns, €CId
112 YACTMIIBI B TeUeHWE BPEMEHH T BAOJb HX CKOPOCTH JeHcrByeT cuna F? Macca
K a)KOH YdCTHLBI paBHa m.
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5.2.13*. Cxopocti yacTHy B ITyyKe HMEIOT OJHO HAIlpaBiieHME M JIeXAT B HH-
TepBanie oT v 10 v +Av (Av <v). B emunnue oGbpema Myuka HAXOIMTCA N
yacTHI. Macca xaxmoii vacTHubL 1.

a. B TeyeHne BpemMeHH T Ha YACTHIHI B HANIPABJICHHH HX ABHXXEHUA NEHCTBYET
cuna F. Onpepnennte MHTEpBal CKOPOCIEH M YMCIO yacTHy, B eJuHHuE O6bema
TOCTe IEACTBUA CUMbI.

6. OmnpepenuTe HHTepBajm CKOPOCIEH H UYMCIO YACTHI, B e€QUHHUE OObeMa
TOCIIe NPOXOX/IEHUA 0GNacTH, IIe Ha paccTOSHUM [ BJOJIb HANIpaBJieHH s JBHXKE-
HWA HA yacTHLBI JeicTBOBana cuna F.
¢ 52.14* .a. Tlycrs co3maH MyYOK ONMHAKOBBIX MOJEKYT C GyHKUMEN pacripe-
OeIeHu s

f(uy) = 2Vafmexp(—av?),  a>0.

Macca Monexynsl m. Kak U3MeHHTCA YHCIIO MOJIEKYIT B efuHuLEe 0ObeMa, ecriu
IyYOK TPOHIET 0GNacTp MPOTSKEBHOCTH [, B KOTOPOH Ha KaxIyl MOJIEKYNy
AedcrByeT TOpMO3sas cuna F?

6. IInoTHOCTH yacTHU BOIM3M MOBepXHOCTH 3emiM py, UX Temmeparypa 7,
a Macca €actuu m. YacTHubl MMeWT MaKCBeJUIOBCKOe paclpeneieHue Mo cko-
pocraM. Onpenenute IUIOTHOCTD YacTHL M paclipeiefieHie YacTHIL [0 CKOpOCTAM
Ha BbICOTe i Hap 3emtel.

5.2.15. Ha sricote 3 kM Haj noBepxHocThio 3emnu B 1 cm® Bosmyxa conep-
XHTCA MpumepHo 10° MBUTHHOK, a8 Y caMoil MOBepXHOCTH — MpuMepHo 10°.
Onpenenure cpeHil MacCy THUIHHKH M OUEHWUTe ee pasMep, INpeionaras,
4TO MIOTHOCTH MbUTHHKH 1,5 r/cm?. Temmeparypa Bosmyxa 27 °C.

5.2.16. Y noBepxHocTH 3eMiIK MONEKyN rejks noutd B 10° pas, a Bogopona
mourH B 10° pas meHblue, yemM MONeKyN a30Ta. Ha Kaioi BbICOTE YMCIO MoOTe-
Kyn resMsa Gyper paBHO uMciry Monekyn azora? Bomopona? TipuHATE cpenHion
TEMITepaTy py aTmMocdepbt paBHoit 0 °C.

5.2.17*. HcnapeHue XUIKOCTH MOXHO paccMaTpHBaTh Kak ’yxon” ¢ ee
NOBEPXHOCTH OBICTPBIX MOJIEKYJ, T£. TeX MOJIEKYJI, KHHeTUYECKAs 3JHEDIUsA
KOTOpbIX BONblle 3HEPIUH CBA3H MOJIEKYI B XHOKOCTH. Mcnapenue )uIKOCTH
MpeK palliaeTcs, Kak TOJABKO YHCIIO YXOOAIMX MOJEKYJ CpaBHAESTCA C YMCIOM
MOJIEKYJl, KOTOpble IPHXOOAT B ¥HUAKOCTh H3 ee mapa. [lap, cocrosamui U3 TeX
XK€ MOJIEKYTT, YTO W JKMOKOCTh, HOCHT Ha3BaHHE “HACBIIIEHHBIH Map”, ey OH
HAXOJMTCA B PABHOBECHH C XKHIKOCTHI0.

a. OueHdTe YMCIO MOJIEKYn B emuHMUe oGbeMa HACBILEHHOTO Mapa ITipH
TeMneparype T, eciiM MOJIAipHaA TeIUIOoTa napooGpa3oBaHUs XKHUIKOCTH paBHA ¢,
a UMCIIO MOJIEKYNT B eIMHMLE O6beMa >KHOKOCTH PaBHO /1. MOJeKyJssl B XHI-
KOCTH M ee ra3oBoil (ase (B Mape) HMEKWT MAaKCBE/UIOBCKOE paclipeneleHne
O CKOPOCTSAM.

6. Mpu 100°C monspHas TemwoTa mapooGpaloBaHMss BOABI — OKOJIO
4-10* Ibx/monms. OueHHTe YHEIO MONEKYT BOMBI B HACHIIEHHOM nape IpH
100 °C. )

158



§ 5.3. CronkHoBenus monekyn. [Ipoueccs MepeHoca

5.3.1. [lpn atMocdepHom nasiiennu U Temrepatype 0 °C miMHa cBOBOHOTO
npoBera monexynsl Bogopopa pasHa 0,1 mkm. Onenure OMaMeTp JTOH MosIC-
KYJIbI.

5.3.2. Ouenute [MHY cBOBGO/IHOTO MpoBera MOJIEKY/IbI 230Ta B BO3AYXE NpH
HOpMAJIBHBIX YCIOBHAX. PanHyc MonexysT a30Ta M KUCIOPOOA MPUHATH PABHBIM
0,18 um.

5.3.3. Ouenure, ckonbko paz3alcs 1 cm? BO3/IyXa CTAJIKUBAITCA MOJIEKY -
f1B1 430Ta ApYr C APYTOM U MOJIEKYJIbI 430Ta € MOJIEKYJIaMU KHCIIOpOJA .

5.3.4. TInOTHOCTE ra3a yBeNMHYWIM B TpH pasa, 4 TEMNEpATypy yMEHbILMIH B
yeTbIpe pa3a. Kak H3MeHWIOCh 4HMCII0O CTONIKHOBEHMH MOJIEKYIT B €IMHHLY
BpeMeHH?

5.3.5. B cocysme Haxomutcs cMech ABYX ra3oB. B enguHUUE 0GbEMa CMECH
COJIEpXHTCA 1, MOJIEKYJl OJHOTO H N, MOJIEKYS Opyroro rasa. Pagmyc moje-
KYJl COOTBETCTBEHHO R, U R,. OueHute mIHHY cBoGogHOTo NpoBera Mosexkyl
ITHX [a308B.

5.3.6*. ITpy HopmanmbHbIX ycrmoBuAX B 1 em? 4TOMapHOTO BOOOPONA COALp-
xutes 2,7 - 10" aromoB. Ouenute Bpems, B Teuenue kotoporo 0,1 uacts ato-
MOB BOZOpOHA NpeBpallaeTcss B MOJeKYIbl Bogopona. CuMTaTh, uTO Kaxiaoe
CTOIIKHOBEHHME ABYX 4TOMOB BOLOpOXA NMpPHBOAMT K OGpa30BAHUI0 MOJIEKYJIBL.
Pammyc aroma Bogopopa 0,06 HM.

5.3.7*. Onpenenure OTHOILEHHE 4HCNIA MOJIEKYJl BHOA A,, B, K uHcy mMolle-
KyJI BHIA A B, ecli¥ B cMecH TpH CTOTIKHOBE HUSIX NMPOUCXOAT PeaKLMH

A2 +32 ->24B u AB +AB_’A2 +Bg.

Uucrio aTOMOB-A4 pABHO YHCIY 4TOMOB B, pamMyc MoleKyil A, ,B,,AB paBeH
COOTBETCTBEHHO 7 4, , ¥ B, » ¥ 4 B » MACCA BCEX MOJIEKYIT ONMHAKOBA.

5.3.8.a. OTHOCHTEJIPHOE CONEpXKAHHE PaJHOAKTHBHBIX 4TOMOB B ra3e HeBe-
nuKo. Ux uwicno B enuHMne 0ObemMa JIMHEHHO pacTeT ¢ BbICCTON: n = ah. Macca
aToMa m, AJIMHA ero cBoBonHoro npolera A, a Temiepatypa 7. OueHute 11107-
HOCTb NTOTOKA 3THX ATOMOB Ha 3eMJIe.

6. Ouenute Kospduuuent mddysun mapa Bomel B Bosnyxe npu 20 °C.
Pamuyc Mosekyn Bogsl 0,21 uM. Pamiyc Montekyn asora ¥ kucnoposa 0,18 Hm.

5.39. Kospopuumenr mudpdysun monexyn A B razax B, # B, paBeH cOOT-
BeTCTBEHHO D; H D,, eciii B emuHMlEe O0beMa 3THX ra30B COJIEPXKHUTCA 7 vac-
e, Hafmre xoadguuvent muddysun moiiekyl A B cMecd Ta3oB, B e[UHHUIE
06beMa KOTOpPOH COHNEPXHTCA N; MOJIEKYT rasza B; H n, Mojexkyj raza Bi.
> 5.3.10%. B rouxom cocyne WIHHBI L U ceueHHs S HAXOIMTCA CYXOH BO3MYX,
A30JIMPOBAHHLIA 3aCIIOHKOH OT BO3[yXa, HACBILEHHOro MapoM Bojsl. Temnepa-
fypa [Ha CoCyHa UO[JIepXHBAeTcsi Ha TOCTOAHHOM ypoBHe Hmke 0 °C.
SaciioHKy y6GupawT. OueHuTe BpeMs, 33 KOTOpPOe B COCyLe YCTAHOBMICA
CTAUMOHAPHOE COCTOsHHME Napa. OIpeneuTe Maccy BOABI, 3dMOPAKHMBAECMOH
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B eIHHUUY BPEeMEHH, KOT[IA B COCYIE YCTAaHOBHUTCS CTAUMOHApHBIA MOTOK BO3-
nyxa. Kosdpduuvenr muddyaun HackuuenHoro napa D, €ro mioTHOCTb .

4

N
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K 3a0a4e 5.3.10

5.3.11.a. Temmepatypa Bo3gyxa 3eMHOM arMoce pbl TMHEHHO YBETHUMBAETCA
c BoicoToH h, T =T, + ah. [lpn 3TOM OTHOCHTENBHOE H3MEHEHHE TEMIIEC PATY pbl
ah/T, ocraercA MHOrO MeHbilte emuuuubl. JuHa cBOGOMHOTO MpoBera Moje-
KYJI BO3AYXa A, Macca KaI0i MONeKyIbl m, YACI0 MOJIEKYTl B e [IHHHUE 0Obe-
Ma Bo3ayxa 7. OlieHHuTe IUIOTHOCTH TETIOBOro NOTOKA Ha 3emimio. HameHnurcsa nu
IJIOTHOCTb 3TOTO MOTOKA, €CIH YMCIO MOJIEKYNl B eauHHle o6beMa Bo3myxa
yBenuu Tcs?

6. Bo ckoJbKo pa3 TEMIoNpOBOAHOCTh BOXOPOAA GOJIbLLE TEMIIONPOBO AHOCTH
Bo3xyxa? PagMyc monekyn Bonopopa 0,14 Hm, pasuyc MONeKys a30Ta H KHCI10-
pona 0,18 um. Temuiepatypa ra3os OgMHAKOBA.

5.3.12. OueHute TEMIOBON MMOTOK M3 KOMHATHI, pa3Mepbl KOTOpo# 5 X 5 X4 M,
Hapy>Xy uYepe3 [Ba OKHa ¢ pamamH mromwagu 1,5 X 2,0 M, pacnionoxeHHbIMH
Ha paccrosmud 0,2 M Ipyr oT npyra, ¥ BpeMs, B TeyeHHE KOTOPOTO TeMIIe pa-
Typa B KOMHATE YMEHbUMTcA Ha 1 °C, ecu TeMIepaTypa KOMHATHOTO BO3Iy-
xa +20 °C, a Hapyxmoro —20 °C. [loyeMy TeIJIOBO#H MOTOK yepe3 OKHA BCEIMA
3HAWMTENIbHO GoJbiie?

5.3.13*. TennonpoBOOHOCTb Ta30B A, ¥ A, paBHA COOTBETCTBEHHO K 1 H K 5.
Onpenennre TEWIONPOBOJHOCTD CMECH, B KOTOPOH MOJIeKYN rasa A; B & pas
GoJbllle, YeM MOJNeKyll rasa A,. Temneparypa rasoB O[MHAKOBA, ra3bl OJHO-
aromHbIe. MomnsipHas Macca ra3oB COOTBETCTBEHHO M) H M.

5.3.14. B pa3spexecHHOM rase HarpeToe TeJo OCTbIBAeT 32 BpeMs f. 3a Kakoe
BpeMSA OCTBIHET TENO M3 TOrO XK€ MaTepHalna, e CJIH BCe €ro JIMHeHHble pa3Mepsl
YBETIHYUTD B 7 pa3?

§ 5.4. Pa3pexennble ra3sl.
B3aumozeiicTBHe MONEKYI ¢ NOBEPXHOCThIO TBEPHIOTO Tena*)

5.4.1. OueHnute WHCIO MONEKYN BO3MyXa, Momafanumx Ha 1 cM® cTeHsI Ba-
el KOMHATHI B 1 ¢, ¥ HMILYIIbC, Ne peIAHHBIH HMH CTEHe.

5.4.2. Bo cxonekO pa3s u3MEHHTCS JABJIEHME rasa, ecli¥ K- YyacTb MOJIEKYII,
Y2 pAIILIAXCA O CTEHKY, BAPYT HAYHeT MOMIOLIATLCA e1o?

*) B aTom maparpade CYHTaTh, YTO MONEKYJIbl B Pa3peXeHHOM raze (IIMHA cBOGOQHOTO
npoGera MOJIEKYST MHOTO GONBIlIE XapaKTepHbIX Pa3MCPOB CHCTEMbI), Y XOLUIHE C MOBepX-
HOCTH TBEPAOTO TeNa, HMEIOT CpelHEKBA/IpaTHUYHYI0 CKOPOCTh, COOTBETCTBYIOULYIO TeMIepa-
TYpe TBepIOTO Tela.
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5.4.3. B pa3pesxkeHHOM rasc ¢ MOCTOSIHHOM CKOPOCTBIO U IBHIXKEICS miap pa-
aMyca r. YHCI0 MONEKYT B e[MHHUC 06beMa ra3a 1, Macca MOIEKYJIbl m, TEIIIO0-
BBIE CKOPOCTH MOJICKYJI 3HAYATETEhHO MCHblC cKOpoctH miapa. OucHUTE cMITy
CONPOTURIICHU A, NCHCIBVINLIYIO HA 114D,

5.4.4. Tloremy MeTcopuThl packanfioTcsn B atmochepe 3emmu?

5.4.5. B paspexeHHOM raze ¢ MOJIAPHOH MAaccoil (4 IBVDKeTCS JUCK pagMyca

F ¢ IOCIOAHHOW CKOPOCTBIO U, HAIIPABJICHHOH BJIONDL OcH nucka. OueHure CUITy
CONpPOTHBIICHK A, OCHCTBYIOIMYI0 Ha EHcK. CKOPOCTh JMCKd MHOIO MEHbLIe Tel-
JIOBOU CKOpOCTH Mosteky:1. lannewuce rasa P.ero Temneparypa 7.
¢ 5.4.6. B cocyne HaxonuTea raz mop jagiemem P, B creHke cocypa HmeeTcs
OTBCPCTHE TUIOMIAIM §, DAZMAPH! KOTOPOro MANkl N0 CPAaBHEHWIO ¢ TMHON CBO-
Eopyoro npofera monckyn raza. Onpepenure peaKTURHYO CHIY, HCTIBIThIBaE-
MYI0 COCYIOM TIPU UCTEHCHIY 233 B RAKY YMHOC IPOCT PAHCTBO.
O 5.4.7. B pa3peiKCHHOM ra3ze ¢ MOJISIPHON MaccOd U IBMOKCTCA IIacIMHA TaK,
KAK [OKA3aHO Ha pucyHke. OUeHMTe, KaKyo cilny HeOOXOIMMO IIpHKIIAIbIBATh
K M1acTHHE, YTOGpl OHA ABUrANAC, ¢ MOCTOsHHOH ckopocThio v. [Inomans nnac-
THHBL S, paBneHuc raza P, cro remmieparypa 7. CKopocTs TUIACTMHBI Mala Mo
CPABHEHHIO ¢ TCIUIOBOU CKOPOCTHI0 MOJICK YIL.

5.48. B couyne ¢ rasoM, JaBiIcHUE KOTOpPOrO MOXHO MEHATh, HAXOOATCA OBa
MapaGICIbHBIX JACKH. {JMH OMCK BUCUT Ha YIIpYroidl HMTH, Apyroy Bpamtaercs
¢ HOCTOSHHON YITIOBOW CKOPOCTBIO. YroOSi 3aKpYYMBIHUSA IIEpBOIO OMCKa HpU
nasnasHud P, paBeH . [lfy yBenuuenun maBlleHHs rasa yrojl 2aKpyuyMBaHUS
HMTH CHQURNA YBCTTYUMBACTCT, A 31TCM, JOCTMFHYB BCHHWMHBLL 5, TepeciaeT
3aBUCETh OT JaBlieHds 1aza. O6bacHuTe 1101 2pdexT. KaK 3aBHCHT yron 3ak py-
YKRAMA HATY OT JARCHUA 1233 IIPU ¢ <€ 9,7

548, Mexy IRyMsi ATUHFBLIMK KOJIKCHANBHBIMM IRUIMHApAMHM paadyca
Fy H 7, HaxO[MTICs DA3POKEHHLIH ras. BHYTPeHHHH 1MUIMHIp BpamaeTca c moc-
TOSIIOR YIJIOBOH GKOPOCTBIO . QUEeHUTC yNIDBYK CKOPOCTh BHELIHEIO UM-
TTHHAPA.

K 3adaue 5.4.6

s

K 3a0aue 5.4.7 K 3adaue 5.4.10
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¢ 5.4.10*. Jlerkue cniofsHpie UIACTHHBI C 3epKAIbHOA MOBEPXHOCTbIO 3dyep-
HHJIM C OJIHOH CTOPOHBI M 3AKPEIMITM Ha OCH BpPAILCHMA 14K, KaK MOK43aHO Ha
PUCYHKe. 3aTeM 3Ty CHCTEMY IIOMECTHIIM B CTEKIIAHHBIA COCYH, U3 KOTOPOro
YaCTHUMO OTKAYaNIM BO3YX. ECNM Tenepp 3T0T cocyl NMOCT4BHTb B pKO OCBE-
LIEHHOE 1IOMEW\EHHE, TC IUTACTHHBI HAuyHyT BpallaThcsA NO yacoBOH CTpelke,
TipHueM TeM OBbICTpe€, yeM BoITbilie cBeTa B nomeliend. CHaBaAMB 3TO yCTPOHCTBO
M3MEDHTENEHON JLKANOH, MOXHO MCIIOIB30BATh €r0 B K4uCCTBE pajHOMeTpa —
npubopa I M3MEPEHHsS MHTEHCHBHOCTH CBeTOBOTO HM3lyyeHusi. OGbsiCHHTE
TIpHHLMIT JEHCTBUS 3TOrO lpUGopa.

5.4.11%. OuenuTe TOABEMHY 10 CHITY LINACTUHBI MO0 1 M2, HHXHAS TIO-
BEPXHOCTb KOTOPOH Haxomrca npu Temmeparype 100 °C, Bepxnsas — npu 0 °C.
Temmneparypa Bosnyxa 20 ° C. gasienwe 0,1 Ia.

5.4.12. OueHuTe CKOpOCTb, ¢ KOTOpOH Oy/eT IBHIATHCA B CHIBHO Pa3pexeH-
HOM BO3YXC TUIOCKHH IOMCK, OHA M3 CTOPOH KOTOPOTIO Harpera OO0 TeMMepa-
1ypbt 310 K, a upyras -- o 300 K. Temneparypa Bo3ay xa 300 K.

5.4.13*. Jlsc opuHaKoBble MapaienbHple WIACTHHBI TUTOWwAmM S Kaxaas
pacliofioxkeHsl B cocyne GNM3KO ApYyr K Opyry; ux Temineparypa Iy u T, TeM-
nepatypa cTeHOK cocyya T . IInacTHHbI OTTANKUBAWOTCA APYT OT ApYra ¢ CHIIOH
F. QueHnTe naBlIeHHe pa3pe)keHHOIO rasa B cOCyne.
¢ 54.14%. B cocynme ¢ rasom nomgepxuBaercs remneparypa To. Bue Hero
HAaXO[MICA ras, JaBleHHe koroporo P, a temmeparypa 7. Uemy paBHO maBie-
HUE 1a3a BHYTPH COCYy/Ia, CC/IM B CTEHKe cOCyNla MMceTcs HeGompiioe oTBe peTie?
T'a3nbi paspexersl.

T .

K 3a0aye 5.4.14 K 3adaue 5.4.15

¢ 5.4.15%. TemnoH3onMpOBaHHAA NOJIOCTb CoofLIaeTCs yepe3 HeGOTbIIME OIMHA-
KOBble OTBEPCTHA C ABYMS IPYTMMH HOIOCTAMH, COOEPKALMMH razoo6pa3Hbii
TelHiA, JIaBIIeHHE KOTOPOrO TMOMOEPKUBUETCHA NOCTOAHHBIM M paBHBIM P, a TeM-
nepatypa — paBHoil T'B onHoH Honocrd ¥ 2T — B ppyroi. Halinure maenexue
U TEeMIlepaTypy, YCTaHOBUBILMECS BHYTpH JTOH NMONOCTH. ['a3bl paspekeHsl.
5.4.16*%. Mexny nByMs IIOCKHMMU HaparlelbHbIMH TIIACTHHAMM, PACIOIIO-
XeHHBIMH Ha PACCTOAHMHU 5 ApYr OT apyra, HAXOOUTCA OAHOATOMHBIH ra3( IJIMHA
cBoGoHoro mpobera atoMoB MHOTO Gosbiue §). OueHHTe NNOTHOCTH MOTOKA
TeNna, ecNU TemllepaTypa MNACTHH MopgepxHuBaercs paBHod T uw T+ AT co-
OTBEICTBEHHO, 3 B efMHMLEe O0GbeMa ra3a cOHdepXHUICA N aTOMOB; M — Macca
aroma.
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© 54.17. B TeirioBoM MaHoMerpe faBiieHUE 1d3a ONpe/ICiIsiioT Mo TeMilepaType
TCIIOBOTO KICMENTa, H1a KOTOPOM B CIIMHULLY BPCMCHM BbIICIISCTCA BCCIA OJI-
HO M TO XC KOJMYeCTBO TeluioTel. Ha pucyHke mpusejieH rpauk 3aBUCHMOCTH
TCMIlePaTyphbl 2IEMCHTA OT JlaBlicHUA azota. Kak, nonb3ysach 3TUM I'pagUKOM,
HOJIYYHTh aHITIOTUHHY 0 K PUBYIO jUIs1 BOJIopoia’

K

400

350

30q ! L 1
g 7 VA

K 3a0aue 5.4.17

5.4.18. OucHUTe Maccy XUIKOI'O BO3MYXa, UCHAPHBIICIOCA 33 YaC M3 1ITOXO
OTKAYaHHOTrO coCy/ia Jlploapa, ccaM passicHue BO3yxa (Npu TeMIepaType
293 K), octsiuerocs Mex[ly CICHKaMHU cocy/id, pasHo 0,133 [la. MosepxnocTs
cocyma 600 cM®, ymenbHas Temnota napooHpa30BaHUA  KUAKOIO BO3OYXa
0.2 MJIx/xr, ero temncpatypa 81 K. 3a3op Mex/ly CTeHKaMM COCY/Ia Man fio
CpaBHEHHIo ¢ [IVIMHOK cBOBOOHOrO 1Ipobera MolieK Y.

5.4.19% MH3s-3a HeGONBLIOH pasHULBI B TEMIEPATYpe [BYX TNAPAlIENbHBIX
IWIACTUH MEXJ1y HUMM B D43peCHHOM ra3c, B eMHULE 0Obema KOTOPOro co-
JICPXKUTCA 1 YACTHLL, BO3HHMK TEIIOBOH NMOTOK W,. [Ipd yBCNWUYCHHM JIaBIeHUA
1432 TCMNOBOM NMOTOK CHAyalla yBCJIMUMBAETCH, & 3aTeM. JOCTHIHYB BCIMUH-
16l W, , nepcciaeT 3aBUCCTb OT jlapieHus raza. OGwacHuTe 10T 3dekT. OueHu-
TC Pa/IMyC MoJleKy: ra3a. Paccrosiie Mexay 1JIacTHHAMM 6.

5.4.20. Jlse mapaJuicibHBIC IUIACTMHBI HAXOJSATCH HA PACCTOAHMM & ApYF OT
/Apyrd, MaJloM 110 CPaBHEHMIO C HX Pa3McpaMH. Mex Iy 117TacTUHAMM Ha OJMHAKO-
BOM DACcCTOSIHWM JIpYT OT JIpyra IHOMelIaloT N TOHKHX W XOPOLUIO POBOBAIINX
TeINIO MeperopofioK - 3kpanos. Oupesienute BIIMAHWE IKPAHOB HA TEIIONPO-
BOJHOCTh MeX/1y IIJIaCTHHAMY B JIBYX chyvasx: a) §/N> X; 6) 6 < A, rae A —
JUIMHA coBoHOro npobera MoJIcKyIN ra3a, 3al0JHANILETO (IPOCTPAHCTBO MeX-
Ay 1J1aCTUHAMH.

§ 5.5. YpaBHeHHe COCTOSIHHS HOCATIRHOT'O Ia3a

5.5.1. O6meM raza yMeHBILWIM B OBA pa3a, a TEMICPATYpy yBeIHUMIIM B IO
TOpa pa3a. Bo ckonbko pa3s yseliMuMiocs fassieHue raza?

5.5.2. Jina uaMepenua coGCTBeHHOro 06beMa ChIyYero MaTepHasa ero mome-
AT B HWIMHOP, KOTOPbIM FepMETHYECKH 3aKPBIBAIT NMOPLIHEM. 3aTEM H3Me-
PAIOT OaBlieHMe Bo3dyXa Py ¥ P, NP OJHOM U TOH X¢ TeMIICPaType U ABYX MO-
JIOXKCHHMAX TOPLIHSA, KOrJa CyMMapHblid 06beM BO3/Tyxa U MaTecpuana paeeH V
u V. KakoB 06beM Matepuana Mo 3THM JaHHbIM?
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¢ 5.5.3. Urobsl H30TEpMMYECKHM YMeHbIIMTh 00beM rasa B WHIKHAPe C NOopil-
HeM B 1 pa3, Ha MOpIIeHDb [IOMCCTHIIH [PY3 macchl #1. Kakoi Maceel rpy3 cremyet
MoBaBUTh, YTOOHI 0O6bEM I'a3a U30TEPMHYECKH Y MCHBLLIMIICA ellle B A pa3?

O 5.5.4*, Ha npa jnHHHBIX LMIMHOPHUECKHMX MELLIKA PAiUyca ¥ U UIMHL L > r,
C:I/1aHHBIX M3 HepacTAXMMOIO MaTepuana M 3aII0JIHEHHbBIX [a30M. IOJIOXUIIM

T
11
g 1
1 Y
V‘7 7 , v 2z 4 :4 L
4 m o , ]
Y ,. . . . .
L - g v v . L ¥
K 3adaye 5.5.3 K 3adaue 5.5.4 K 3a0aue 5.5.10

IIIMTY MAaccCsl /77, B Pe3yJbTaTe Yero OHM CIUTFOIMITHCD 10 TosiMNbl i < r. Brewi-
Hee maBnenue Py. OnpenmenuTe HauambHOe HAaBJIeHHe B MEIIKAX., €CJIM TeMIepa-
Typa ra3a B HUX He U3MEHIach.

5.5.5. Baon BMecTMMocTu 50 11 HanonHwIu Bo3gyxom npk 27°C o masne-
HuA 10 Mlla. Kakoit 061beM BoIbl MOXHO BBITECHHTH M3 HUCTEPHBI [101BOJHOH
JOZKU BO3[AYXOM 3T0ro GajuloHa, ecli BbITECHEHHE MPOU3BOOMICA HA FJ1yOH-
He 40 M? TeMnepaTypa Bo3yxa nocne paciumpenus 3 °C.

5.5.6. Ha xakyw 11y6uHy B )XWAKOCTb NIOTHOCTH p HAZO NMOrpy3UTh OTKPbI-
Ty TpyOKY InHbl L, YTO6BI 33K PbIB BePXHee OTBEPCTHE BhIHYTh CTOINBHUK KuA-
KOCTH BbICOTHI L /2?7 ATMOCepHOe napneHHe P.

5.5.7. T'a3 naxoourca B cocyfe npu nas;ienuu 2 MIla u temnepatype 27 °C.
[ocne narpesanus wa 50 °C B cocygme ocTajach TOJBKO MONOBHHA Ta3a (10 mac-
ce) . OnmpeneniiTe yCTaHOBUBLUEECA [ABNEHHE.

5.5.8. HaBneHue Bo3gyxa BHYTpu GyTbuiku pasHo 0,1 MIla npu TeMnepary-
pe 7 °C. Ha cxonbko Hy>HO HarpeTh GyThIIKY, uToObl npobka Bbutetena? bes
HarpeBaHusA NMpoOKY MOXHO BBIHYTh, NPUKJIaAbIBad K Hell cuny 10 H. CeueHue
npobxu 2 cM?.

5.5.9. llodyemy aneKTpHUECKas JIAMIIOYK4A 3aNIOIHACTCH HHEPTHBIM [a30M IIpU
[ABJIEHHH, CYIIeCTBEHHO MeHbllieM aTMocgepHOro?
¢ 5.5.10%. Huxuuit Koirelr Be pTUK ATHHOR y3KOH Tpy6Ku IUiMHb! 2 L (B MM) 33masAH,
a BepXHMH OTKpHIT B atMocdepy. B HW)KHeli NonoBuHe TpyOKY HaXOOMICA ra3
npu Temmnepatrype 7,. a BepXHAA ee MOJNIOBMHA 3aMoiHeHa pryTbio. o xakoi
MHHHMATbHOH TeMNepaTypbl HAZO HarpeTs ra3 B TpyGke, uroObl OH BBITECHUI
Bcio pryTs? BHelllHee OaBlieHMe B MKSIIMMETPaX PTYTHOro cronba paBHo L.
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5.5.11. 3a cKONBKO XOZOB NMOPUIHEBOTO Hacoca ¢ paboudM o6beMoM V MOX-
HO LIOBBICHTH JaBieHHE ¢ aTMOchepHOro Py [0 P B cOCYyHEe, BMECTHMOCTb KOTO-
poro V,? Harpesom rasa nperieGpeus.

5.5.12. 3a cKONMBKO XOMORB NOPUIHEBOTO Hacoca ¢ pabounm o6beMoM V' Mox-
HO MOHM3UTH [IaBJIeHHE B cOcyde BMeCTMMOCTH V, ¢ armocdepHoro Py mo P?

5.5.13. 3aBUCHT JIM MOIbEMHAA CUIA aJPOCTATa OT TeMITepaTypbl OK Py Xaroliie-
ro Bo3gyxa?

5.5.14. [Tnama ropesku KOUTHT. ECd 10/IHeCTH CRepXY BePTHKANBHYIO CICK-
JISTHHYH0 TPYOKY, KOMOTh NPONajaer, OZHAKO HOABJIACTCA CHOBA, €CITH 33K PbITh
TpyOKY cBepxy. O6bacHUTE ITO siBseHHE .

5.5.15*. ®abpuudas 1pyGa BbICOTBI 50 M BBIHOCHT [bIM IIpH TeMIeparype

60 °C. OnpepenuTe Nepenal daBileHusl B TpyGe, obecneunparowuit tary. Temue-
patypa Bo3gyxa —10 °C, mIoTHOCTDL BO3ayXa 1,29 kr/m3.
O §.5.16. T'a3z0BbIA TepMOMETpP COCTOMT M3 /IBYX OMHAKOBBIX COCYIOB BMECTH-
MoctH ¥y Kaxmablii, coefivHeHHbIX TpyOKO# inHel [ M ceueHun S. TpyOky nepe-
KpbiBaeT Kanmias prytu. Cocyast Hamo:IHeHsl rasoM. Ecnu Temneparypa rasa B
000MX COCyaax OOMHAKOBA, PTYTh HaXOOMTCH MoceperMHe TpyOKu. OmMH cocyr
[IoMeLueH B TEpPMOCTAT ¢ TeMeparypoit T, . Ilporpanyupyiite TepMoMeTp, Hainas
3aBHCMMOCTb TeMIIEPATYDBI Ia3a BO BTOPOM COCYAC OT CMelICHUA PTYTH H3 IO-
JIOKEHHUs PABHOBECHS .

K 3a0aye 5.5.16 K 3z0aue 5.5.18

5.5.17. JIBa cocyma Bmectumocth 200 u 100 cM® paspeneHbl MOEBMKHBEIM

NoplliHeM, He MpoBoiAwWKMM Temio. CHayana reMiepatrypa rasa B cocynax 300 K.
a cro maBlieHde 1013 rlla, 3areM MeHBIUME cOCY/I OX.Tafuiu AbfoM 1o 273 K,
a Gonbluymii Harpenau napoM go 373 K. Kakoe pas:ielide ycTaHOBUTCS B cocyax?
O 5.5.18. B uMiIHHOPHUECKOM COCYZe ¢ Ia30M HAXOIOUTCS B PAaBHOBECHM TSKE-
IJplH MopilieHb. -Macca rasa M ero TeMrneparypa HaJ HOPIHEM M 1101 HUM OIdMHa-
KoBa. OTHOLIeHMEe BHYTpeHHero ofbeMa BepXHeil YaCTH cOCYHa K BHYTpeHHEMY
00beMy HikHel paBHO 3. Kakum OynmeT 3TO COOTHOUICHHE, €CJIH TeMMNepatypy
Ta3a yBe/IMYMTD B [{Ba pa3a’
O 5.5.19. B umnuHapuueckuit cocys BBICOTHI H 4Yepe3 KpPbIIKY BEPTHKAIBHO
BCTaB/leHd HEMHOIO He JOXOAAlIas [0 [Ha cocylda TOHKOCTeHHas TpyGKa [Iiiu-
upl /. CoedMHeHHe KPbILIKH ¢ COCYIOM H TpyOKoil repmernuso. B cocyn yepes
TpyOKY HaNHBAIOT XKUOKOCTh. Hafigure BBICOTY YPOBHA XHIKOCTH OT OHA COCY-
1a, Korga 1pybka 3anosiHsercs XMIOKOCThI0. ATMOchepHOe OaBlieHue Py, 110T-
HOCTB XXMAKOCTH p.
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¢ 5.5.20. B BepTUKanbHOM LKITMHIPHYECKOM COCYMe Hag NOpUIHEM A HaXOZHT-
CA ra3, 3aKpbIThIA NMopIIHeM B, HA KOTOpbIH OO Bepxa LMIHHAPA HANTHUTA SKHMA-
KOCTh JUTOTHOCTH 0, Ha Kakoe paccTosiHMe X Hago MOJAHATH HopLIeHb A, YTOObI
Hag nopuHem B octancs cTonb >kuaxKocTd BbicoTnl H? Maccoi nopussa B u tpe-
HHEM €ro O CTeHKH NpeHeOpeub. AtmochepHoe namsieHue Py, HauanbHas BbICO-
Ta cronba xuaxocty Hy, c1osnba rasa hy. TeMmnepaTypa rasa npu CMeLIeHUH
NOPUIHA HEe MEHsACTCA.

¢ 5.5.21. Ha noBepXHOCTH XUIKOCTM IIOTHOCTH 0 IUTABAET IMIMHIPHYE CKHii
TOHKOCTEHHBIif CTAKaH, HAIIOJIOBHHY OTPYXeHHBIH B XXKUIKOCTD.

K 3a0auye 5.5.21 K 3adaue 5.5.22

a. Ha ckombko HOrpysuTCs CTAaKaH B JKUIAKOCTb, €CIH ero MOCTABHMThb
Ha TMOBEPXHOCTb XHMOKOCTY BBepX AHom? BhicoTa cTakaMa h, paBileHue BO3-
nyxa Pg.

6. Ha xaxkyw miyOGuHy Hy»XHO NOrpY3HTb [IepPeBepHYTbIi BBEPX AHOM CTa-
KaH, uTOObI OH BMeCTe C 3aKJTIOYeHHBIM B HEM BO3yXOM HOLIeNT KO JHY?
¢ 5.5.22. B npaMoyroasHOM cocyfie ¢ HeMpOHUI[AeMBIMH CTEHKAMK HaXOOUTCH
CrieBa Ts>Kenas XMOKOCTh (HampuMep, PTYTh), OTHEJIEHHAA [IOABMXHBIM TOH-
KHM [OpLIHEM OT BO3[yXa B MpaBOH UaCTH cocyna. B HauanpHplii MOMEHT nop-
LleHb HAXOJWTICA B paBHOBeCHM U JenuTr o6bveM cocyra nomonam. Ha ckonbko
CMellaeTcA TOoplUleHb BIPaBO, €CIH TeMMepaTypa CHUCIEMBI YMEHbLIAeTCA B
Tpu pa3a? TennoBbiM paclIMpeHHEM PTYTH K CTCHOK COCyAa npeHeOpeub. TpeHun
Het. JInuHa cocyna 2a.
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5.5.23*%, I'epMcTHUYECKH 3aKpbITblil 6aK 3aMmositieH >KAOKOCTBIO TaK, YToO
Ha jilie ero MMeeTcsl my3sipek BO3dyxa. [lamiicHve Ha gHo Gaka I;. Kakum
OHO CTaNeT. eciiM Ny3bIpeK Bo3fyxa BcmnplBeT? Bhicota Gaxa H, m10THOCTD
KUOAKOCTH .

5.5.24*. TepmeTHueckH 3aKpblThblit 6aK BhICOTHI 3 M 3aNoJIHEH BOMOH TaK,
YTO Ha JIHE €ro HAXOJATCA /B4 OIMHAKOBBIX Ny3bIipbKa BO3ayxa. Jlapiie-
Hue Ha jiHo Gaka 0,15 MIla, Kakum craHeT maBneHue, eciiv BCIUIBIBET OMH My 3bi-
pex? liBa ny3biprka?

5.5.25. Haiigute dopmylity coeamiieHHst a30Ta ¢ KUCIOPOLOM, ecnu 1 1ero B
ra3006pasHoM coctosuun B 06beMe | a1 cosiaer upu temnepatype 17 °C nasne-
tue 314 rlla.

5.5.26*. Uro6s1 W3MepuTs Maccy BOML! B KaNelbKax TyMana npoby Bo3myxa
npu nasichHud 100 k11a u Temneparype C °( repMeTHYECKH 33K PBIBAIOT B COCY e
C 1IPO3PAUHBIMK CTEHKAMH, HAIPEBAKT JI0 TCMIEPATYpbl, TPH KOTOPOH TyMaH B
npobe Mcuc3aeT, U U3MePAKT OaBiieHHe I1PH ITOH TeMrneparype. OueHure maccy
rymana 8 | M> npo6bi, ccnv TemnepaTypa HcuesHoseHust rymana 82 °C, uasie-
HUC BO3LYxa Iipy ToM Temncpatype 180 klla.

5.5.27. Bo ckonrrko pas W3MeHWICA MOBCMHAA CHIA BOSAYUIHOrO 11apa, ec-
JM HaMOJHAKIIMA ero refiMd 3aMeHHMTs BojlopofoM? Becom o6ojouku iapa
ipenteGpeus. MonspHaa macca Bo3nyxa 29 r/Mons.

5.5.28. Bonopon 3anonuser TolbKO BePXHIOW Yacts 0GOJIOUKH CTpPAaTOCTaTa.
B HipkHelt YaCTH HAXOMMTCA BO3AYX, CBOBOIHO NMpOHHMKAKWIMA B 0GOMOUKY
yepe3 uMcloiieecs cHU3Y orBeperue. [lpu kakoit HanGonbuied macce cIparocrar
CTaHeT MOJHUMATHCSA, eCITTH MACCd BOIOPO/A B 000I0UKe paBHa n?

5.5.29. llpu kaKoOM HaUMEHbUIEM PaUYCC CTAHCT ITOEHUMATBHCA BO3MYLUHbIH

Ulap, HafoIHEHHBIN FeJiHeM. ecJid MOBepXHOCTHasA TUIOTHOCTh Marepuana obo-
nouku 50 r/M*, nasnenne Bo3tyxa 10° la, a temneparypa 27 °C?
O 5.5.30. Bo3gyx BHYTpH 060MOYKH BO3HYUIHOIO H1apa BMeCTMMOCTH V Harpe-
BAETCA ra3’0BOH ropenko# 10 Temneparypbl T, 1ipeBbIUaoLed TeMiepatypy T
OKpyxatoutero Bosayxa. Kakosa npu arMocdepioM gaBiaeHHd Py Fpy30100beM-
HOCTb 3TOFO BO3OYLIHOTO wWapa? MonsipHaa mMacca ro2ayxa U.

5.5.31. ArMocdepa BeHepbl NOUTH MOJHOCTBI COCTOMT M3 YTTICKHMCIIOIO ras3a.
Temnepatypa ero y MOBepXHOCTM MIaHEeTsl OKoso 500 °C, a gaBreHue - OpH-
sepHo 100 atMm. Kako#t o6heM JoMmxeH UMeTh MCCNCAOBATENIBCKHIA 3011, MacChl
| T, uToBbl W1aBaTh B HUKHKMX closix aTMocdepsl Beneppr?

5.5.32. [Ipy kOMHATHOW TeMIlepaType UeTbIPEXOKHMCh 330Td YACTHYHO JUCCO-
UHUpYeT, MpeBpailancy B AByokHuch a3zora: N, Oy 2 2NO, . B otkauaHHbI# cocyn
sMecTHMocTH 250 cm® BRomuTes 0,92 1 xunxocty N; Oy nipu 0 °C. Korna teM-
ilcpaTypa B cocyllc yBenduMBaerca Xo 27 °C, HOKOCTh HENMKOM ucnapsercs,
a JaBJieHMe CTaHOBMICA paBHbiM 128 klla. Omnpegenute [0JI0 YeThIPEXOKHUCH
43073, KOTOPas JAUCCOUMMPORAIIA. '
¢ 5.5.33. MbuIbHBIA NY3bIPb, 33aMOTHEHHBIH TOPAUMM BO3AYXOM, HEMOJBHXKHO
BucuT B arMmocdepe. ATMocepHoe HaBieHwe Py M Temmneparypa T,. Iliot-
HOCTb MBUIBHOH IUTEHKH 0, €e TOMWMHA §,a pajuyc ny3bips r. Hainure temnepa-
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K 2apaue 5.5.35

K 3a0aye 5.5.33 K 3a0aue 5.5.36

TYpy BO3@yXa BHYTPH NY3BIpA, CCIM HOBEPXIOCTHOE HATAMXCHUE MbLIBHOU BOJIBI
paBHO 0. MonsipHas Macca BO3[Lyxa .

5.5.34. Jipa MbLIbHbIX MY3BIPA PAIMYCA ¥y U F, CIMBaKWTCA B omgut. Hadipure
MOBCPXHOCTHOE HATKeHHC MBINBHONH BOMbI, €Cid pajiuyc oGpa3’oBaBllerocs
ny3bIpA PaBeH ¥, a atMochepHOe J1aBiieHHe paBHO Py .
¢ 5.5.35. Haiinure mepuod mMansix KoneGaHuH OPIIHA MacChl 11, pa3fciisioLie-
ro rmafKHid HMINMHIAPHYCCKHUI COCY[ CeYeHMs S Ha [BC UaCTH JUIMHBY [ Kaxas.
Ilo oGe cTopoHBI OT MOpIIHA HAXOMMTCA ras TIpu fAasncHuM Py, v Temitepary-
pe To. Ilpu xosle6GaHuy NOpLLiHA TeMIlepaTypa ra3a He MeHAeIcH.
¢ §.5.36. Onuu MOnNb ra3a yyacIByer B Ipouecce, FpaguK KOToporo usobpa-
xeH Ha P, V-muarpamme. Yuactku J-2 U 3-4 rpaduxa - OTpe3KH NpsiMbIX,
OPOJOIKEHMA KOTOPhIX MPOXOMAAT Yepe3 HAyajllo KOOPOMHAT, a Kpusbie [-4
u 2-3 — usorepmsl. Hapucyitte rpadux osrtoro mpouecca Ha T, V-guarpamme.
Hattnute 061beM V3, eciid u3BecTHol 0GveMnl Vy u Vo = V.,

§ 5.6. [lepBoe Hayano TEPMOIMHAMEKY.
TennoemMKoCTs

5.6.1. CpenHsas sHeprusa OOHOM MONCKYTbI ra3a B IMPOKOM LHAMA3OHE TEM-
MepaTypbl JOCTATOYHO TOUHO Ompepensercs dopMmynoi ¢ = (2} kT, rue i --
YUCIO CTCUeHed CROGOObI MOIIEKYIIbl, PaBHOE UMCIY KOOPAMHAT. OMpelesifio-
HIKMX TONoXeHHe Mosekynbl. Haipute, monbsysace 21oft GopMynoii, cpejiHww
sHepruto monekyn Hy, N, , H, O, CH, mpu remrepatype T.
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5.6.2. Uemy papHa BHYTDEHHsiA IHCPTHA (B IDKOYNAX) HPH HOPMAIbHBIX
ycnosusix 1 eM® Bosayxa? 1 kr Bosmyxa?

5.6.3. Bo3gyx B IKOMHaTe Harpejy oT Temncpatypsl 7o 10 7. Ilpu oToM jjaB-
JICHHC HE M3MCHMIIOCh. VI3MCHMIIACH JIM BHYTPCHHSAA JHCDPTHA BO3JYXAa BHYTpH
KOMHATbI?

5.6.4. B cocyne BMeCTUMOCTH V; HaXOmMTCH OFHOATOMIIbIHA Ta3 MpM HaBlic-
Huu P, M temncpatrype 79, a B cOCyiic BMECTUMOCTH V, - OIHOATOMHBLIH ras
Mpu nasneHud P u temnepatype T,. Kakoe mamneHue M Kakas Temmeparypa
OKA@XYTCS B 3TUX COCY/aX Mocne MX cocOuHeHusA? Cocylbl TCMJIOM3OIUPOBAHDI.

5.6.5. B Tcnmou3ompoBaHHoM cocynie ripu temiicpatype 800 K Haxomures
I Monp yrmexkuciioro rasa (CO,) u 1 mous Bosopona (H,). Ipoucxoaur xu-
MHYECKAA peaK s

C0O, +H, =CO + H,0 +40,1 xJlx/Mois.

Bo CKONIBKO pa3s BOIPACTET JIaBJieHUE B COCYIe MOCITE OKOHYAHUS peakuun’?

¢ 5.6.6. B munioi riagkoil TelTOM30JIMPOBAaFHOR Tpy6e HaXoATCs TCTLIOU30-
SIMPOBAHHBIC HOPUIHH MAacChl /1y W 111, . MEXKILY KOTOPBIMHU B 0ObeMe V), HaXoauT-
CAl NpH jlaRicHHY Py OAHOATOMHDIN 1a3. Tlopwmu ortuycekator. Oupeuesnure ux
MaKCHMAIbHbIE CKOPOCTH, CCIIM Macea Id3a MHOI'O MEHMbHIC MACChl KaXIOro
MTOPIUHSL.

¢ 5.6.7. B jimunoi Temion3onupoBaHHoil 1py6e Mexay HBYMS OJMHAK OBBIMH
HOPUIHAMM MACCBI /711 KQKABIA HAXOIMTCH | MOJIL OBHOATOMIIOTO Fasa 11pH TeM-
riepatype T . B Haua IbHBIH MOMEHT CKOPOCTH ITOPLUHEH HAaMpaBJieHbl B OJIHY CTO-
pory # paslisl 3u- M v. Jlo Kako#l MaKCUMaJIBHOH TeMINCpaTy pbl Harpeercs raa?
Iopiinyu 1emIo He NposoLst. Maccol rasa 110 CPaBHCHHMIO C MACCOW HOPILHEH
npenetpets.

5.6.8. Ouci¥Tc CKOpOCTh BbUIETA TYJIM M3 NMATPOHA, OPONIEHHOIO B KOCTep.

5.6.9. O6GvsicHuTe, NOUCMY DaCUIMPCHMC Ta3a NPU NOCTOMHHOW TemmepaTy-
ne (M30TepMHUUECKOC PACLIHPCHHE) BO3MOKHO TOJIBKO LIPH ITONIBEACHHH K a3y
TeIUTa.

5.6.10. O6beM rasa yse;IMUMICS B JIBa pasa: OQHH paz M30TEPMUUCCKH, [IPY-
7oft pa3 u300apUiecKH. B KUKOM M3 3THX ABYX CJIy44€B Ia3 COBEPUIMT DOSBILY IO
pabory?

5.6.11. Tlouemy HArpesactcs HACOC TPH HAKAUXBAHMM LIHHbIT
7 5.6.12. B mmnMnpruucckom cocyne 110JiBMKHBIM TOPUIHEM LIePCKPBIT 0OBeM
vuaa Vonpu pasickuu £. Tlo npyryio cropony nopiunsa sakyym. [opwerns oroyc-
»aror. Kakyiwo paGoTy coBepuur ras naj opumem, eciid o0beM rasa npu nepe-
VCIEHHH TNOPILHA YBCJIMUMTCH R B4 pasd, 4 cr'o JaBjlcHHe NPU ITOM Oyner:
©) OCIABATBCA IIOCTOAHUBIM: §) BO3pacTath ¢ YBCIMUCHUCM OBbeMa JTHHERHO
50 [aBficHust 2P7
2 5.6.13. Ha pucynke pad rpadhMK 3aBHCHMOCTH [ABJIEHMA Ia3a oT o0beMa.
Haigute rpadymMuecky paboTy rasa npH paclIMPeHUY ero ot 2 Ji0 6 1.

v 5644, O MoJIb rasa, YUaCTBYIOIIME B 1IpoLecce, IPAQHK KOLOPpUYo lpelt-
CrABICH Ha PUCYHKe, MpPOXOMAT [OCiefOBaTesIbHO coctosHua I, 2, 3. Buyrpen-
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HAA JHSPUUA 'a3a TpouopiiHoHaiibha Temiteparype (U =cT'). Hallinre Kolinuecs-
BO TEIUIOTHL, NOITIOICHHOU I'a30M B 3TOM lIpoLccee.

5.6.15. Bosayx, saHumasuiuit oGbem 2 i npu nasnesun 0,8 Mlla, usortepmu-
yeckn paciumpwics go 10 . Oupencivre paburly, COBEPIICHHYH BO3LYXOM.

5.6.16. I'a3, 3aHumaBIuni obrem 2 11 upu gasnendn 0.1 MILa. pacumpsies
H30TepMuuecky 40 4 J1. lociae 21oro, oxiaxaiast ra3 U30XopHiueckn (lpH (u-
CTOAHHOM 00beMe) . YMCHBIUWIM €10 JaBiicHue B ABa pasa. Jlajiee ra3s usobapu-
Yeckd paciidpuacs o & 1. Haitmure paboty. coseprienutyio rasom. Havepinre
rpauK 3aBHCHMOCTH JIABJICHUA OT 0ObeMa.

5.6.17. Onun Mone BOJAOpONA, UMeBIIMI Temmcepatypy 0 ° C. HarpeBacics upy
flocTOIHHOM pabnenui. Kakoe koynyecTRO T1CMII0OTH HEOOXOLMMU COUGLLMIE
1asy, utubbl cro obvem yasounes? Kakas pabota npu 310M Gyier coReplieta
razom?
¢ 5.6.18. OoMH MOib ra3i YY4CTBYET B UMKIIMYECKOM [pouecce. I'PAPHK Koo
poro, COCTOSHLMH M3 !IBYX H30XOD 4 IBYX H300ap. LIPe/CTABNICH Ha PUCYHKE
Temnepatypa B Toukax [/ u 3 paBHa T\ ¥ T3. Oupepenure paboTy, coBCPUICH-
HYI0 Ta30M 33 UHMKIl, CCIHM M3BCCTHO, YTO TOUKH 2 ¥ 4 JIeXaT l1a 0AHOK U30TepMe.
¢ 5.6.19. Tlopwens Maccel M. sambikawowuii oObem V, 0AHOATOMHOTO rasa
npu uasJIicHHU Py u femmepatype Ty, ABixkercn co ckopoctsio . Onpeneiture

A 3 v
7 4 .
> Ty TR

K 3a0aue 5.6.18 K 3adaue 5.6.19
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TeMIlepaTypy M oObeM Ia3a NPH MaKCHMAaJIbHOM ckaTHd. CHCTeMa TelIOH3011H-
pOBaHa, TeMIOEMKOCTAMH TOPILHA K COCYa NpeHeOpeys.

5.6.20. CxaTbIl BO3dyX MOCTyNaeT B LMIMHAP MHEBMATHYECKOTO ABUTaTe)If
M3 MAaTrUCTpaJiH MOCTOSHHOIO JaBiieHMss NpH Temnepatype 7. 3atem gocryn
B LWIMNHAP BO37YXa M3 Mardcrpanu nepekpsisaerca. OKka3aBIUUMHACHA B WHIIMHIpPE
BO3[yX MPOAOIDKAaeT ABMTATb MOpLieHb, pacuiupsAsch Ge3 TellsIooOMeHa, MoKa
maBjierde He yMafgeT A0 aTMocepHOTo, a Temnepartypa — Ao 7, . 3atem mop-
[LieHb JABHXKETCA Ha3aj M yepe3 OTKPLIBLIIMACA KJIANaH BbITECHsAET BECh BO3AYX
13 uninuHapa. llocne storo Bech LMKI noBTopsercsa. Haitmute pabory mBurare-
711 TP PacXOAC UM ¥ MOJIell CKaToToO BO3ayXa.

5.6.21. Cyxoit BO3dyX MNepeHOCHTCH clalbIM BEeTpPOM Yepe3 TOpHbIH mepe-
Baj1 BbicoToit | kM. OLeHHTe, HAa CKOJIBKO Temmepatypa BO3[yXa Ha mepepaile
HHXE, YeM Y TIOTHOXbA TOp.
¢ 5.6.22*. B oTKayaHHOM NPOCTPAHCTBE BePTUKAJIBHO CTOMT LMJIMHAPHYECKHH
COCYH, MepeKphbIThlif CBePXy MOABHXKHbIM MopiiHeM Maccel M. Iloa nopuiHem
HaxOIMTCSA OJHOATOMHBIA ra3 npu Temnepatype T u gaBiieHun P. BayTpeHHee ce-
ucHHe UMITMHIpPA S+ BbICOTA TOM YACTH COCy[la, BHYTPH KOTOPOii HaxoauTcsA ras, H.
Mopiiens ornycTunn. OH Hayajl ABUraTbes. Uemy paBHa MaKCHMajbHas CKO-
pOCTb, pa3sBHBacMas MOPILHEM, €C/H Ta3 CKUMaeTCA MOPILIHEM H30TepMHUecKU?
AnuabaTuyecku?

5.6.23* Jlea xommnpeccopa amMabaTHYeCKM CKHMAOT OBYXaTOMHbIA Ta3.
CHavana paGoTaeT OAMH KOMIIPeCCOp, CXKHMAIOLLMi ra3 oT o6bema V), o npome-
XyTouyHoro obseMa V). 3aTeM cXKarblil Ta3 OXJIAXKIAAETCHA [0 HAYaJIbHOM TeMIle-
paTypsl, Noclie 4ero B paGoTy BCTyTIaeT BTOPOM KOMIIPECCOP, CKUMAIOILMIA ra3
Ao obvema V. Ilpu xakom obveme V) nonHas paGotra oGOMX KOMIpECCOpPOB
MUHHMaIbHA U YeMy oHa paBHa? O6vemMbl V, u V, cudTaTh 3aJaHHBIMM, Hayallb-
Hoe fAaBjieHde rasa P,. Pabora xakoro xommnpeccopa Np4 ONTHMAaJIbHOM 3Have-
HUU V; 6onbiie?

5.6.24. 1 m® Bomopona mpu 0 °C HaXOIMTICH B UMWIMHAPHYECKOM COCYIE,
3aKPHITOM CBEPXY JIETKO CKO/Ib3AIIMM IOpIHeM Macchl 1 T U cevenus 0,5 m?.
AtMmocoepHoe masiienue 973 rlla. Kakoe xonuyectBo TensioTs! norpebyercs Ha
HarpesaHne Bofopoaa 0 300 °C? Hailmure n3MeHeHHe ero BHY TPeHHEH JHeprHH.

K 3a0aue 5.6.22 K 3adaue 5.6.26 K 3adaue 5.6.27
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5.6.25. Tlpu HarpeBanuu | KT HeusBecTHoro rasa Ha 1 K npu nocrosHHom
naneHuu Tpebyerca 912 Ik, a 0pM HarpeBaHWM NP NOCTOAHHOM OGbeMe Tpe-
Oyetcsa 649 JDx. Uro aro 3a ra3?
¢ 5.6.26™. T'OpH30HTAJIBHO pAcCMONIOKEHHbIH LWJIMHApP, colepXkaliud 1 Mosb
rasa NpH HayaJlbHOM Temnepatype Ty W [IABICHHM Py, 3aKpPbIT NOPIHHEM Ceve-
HusA S. CripaBa OT NOPLIHA DOCTOAHHOE aTMochepHOoe maBneHue Py . I'a3 Harpe-
BaeTcA cnupasbio. Ilpy ABMKeHUM NMOpPLIHA Ha HEro JeHCTBYeT CHIA TpeHua F
CO CIODOHBI CTEHOK uMJIMHOpa. [lojioBMHA Temsa, BhIgeNAwILerocs NMPH Tpe-
HHMY TTOPLIHA O CTEHKH UMIIMHJPA, HlieT B Ta3. BHyTpeHHAA 3Heprud raza U= cT,
Kak 3aBHCHT TeMnepatypa rasa oT KOJHYeCTBa TeIUIOTbI, NEPeAHHON Ta3y CITH-
paiisto? Tloctpoiite rpaduK 310 3aBUCHMOCTH.
¢ 5.6.27. Llunununp ABCD, 3akpsIThiil CBEPXY M OTKPBITHIA CHH3Y, TPUK peTlieH
K cTeHKe OacceiiHa, 3anoJIHeHHOTO Bonod. B BepxHedt wactu uunuHapa KBCH
HaXxOgHTCA | MoIlb Teiaus, OTAe/ICHHBIA OT Bomabl MopuiHeM (BK = 2k). T'enuii
Hal'peBalT, NpoNyckasd TOK MNo cnupanu. Kakoe KojH4ecTBO TeIUIOTHI HYXHO
MONIBECTH K rasy, YToObl NOpLIeHb OMYCTHIICH Ha pacctosnue i, AK > k7 Maccoi
NOPUIHA, TpeHHEM H Tel/IONPOBOIHOCTRI0 NpeHeOpeub. bacceliH wLIMpOKuUi.
[s10THOCTS BOMIBI P, CeveHUe LMIMHIpa S.

5.6.28%. Haitoute MONAPHYI0 TeNJI0EMKOCTb OJJHOATOMHOTO ra3a, pacLIupsio-
merocst Mo 3akoHy PV" = const. [lpu kakHx 3HayeHMsIX 1 TEMIOEMKOCTH OymeT
paBHa Hyn? BeckoHeuHocTH?

5.6.29. HarpeBaercsi MiIM oOXJIaXOaeTCA ras, PACIUMPAIOILHUIACA [0 3aKOHY
PV?* =const?
¢ §.6.30*. Halimure TemIoeMKOCTb CHCTEMbI, COCTOSIUEH M3 IEepeK phITOTo
TMIOPIIIHEM COCy[Ia ¢ OJHOAaTOMHBIM raszoM (mapametpsi rasza Py, Vy, 7). llop-
LIeHb yaep>KuBaeTcA MpyxHHO#. CeBa o1 mopmHa Bakyym. Eciii ras orkavars,
noplileHb CONMPHKOCHETCA ¢ MPaBOM CTEHKOM cocy/a, a Mpy>kuHa 6yaeT He nedop-
MHpPOBaHa. TemmoeMKOCTAMH cOCYNIa, TOPIIHA W ITPY KUHbI NpeHeOpeds.

K 3a0aue 5.6.30

5.6.31*. B BaKyyMHOM INpOCTPAaHCTBE BEPTUKAJIBHO CTOWT UMJIMHIPHYECKHH
COCYl, 3aKpBIThIH CBepXy NOOBHXXHBIM IOpILUHEM macchl M. BHyTpu cocyna
HaXOIMTICA OJIHOATOMHBIA Ta3 NpH HaBjeHUH P. BHyTpeHHee ceucHMe LWIMHI-
pa S, a MmoplileHb HAXOANTCA Ha Bblcote / Hap ero AHom. IlopuieHs OTMYCTHIH.
Hocne HempopomkuteNnbHbIX KoNleBanui OH ocTaHamnuBaeTcA. Ha kakom pac-
CTOAHUU OT HAYAJIHOTO ITOJIOXKEHHA OCTaHOBHTICA NMOPLIeHb, eCiIH TENI0e MKOCTb
rasa NpH IMOCTOSTHHOM 06beMe MHOTO DoJbille TeMIOEMKOCTH NOPLUIHA H LUITHHI-
pa? Bed cucTeMa Tennon30JIMpOBaHa.



§ 5.7. Ucreuenne rasa

> 5.7.1. T'a3 BpiTekaer apHabaTHYeCKH Yepe3 Majioe OTBEPCTHE M3 3aMKHYTOIO
cocyda B BaKyyMHoe IpocTpaHctBo. IlocTosiHHOe naBieHHe rasa B cocyne nmof-
OepxHuBaeTcAd NepeMeileHHeM nopiuHa. [Ipu 3Tom TemmepaTypa rasa B cocyne
TaKXe He MEHAETCA, 4 ero TeMIlepaTypa BHe cOcyla W3-3a afinabaTHyecKoro pac-
LIMpeHUA cHMkaeTcs NpakTHueckH 1o 0 K. OueHure, 1107153y5ACh 3aKOHOM cOXpa-
HEHHWA 3HEPrHH, CKOPOCTh [a30BOH CTPYM B BaKyyMe. TemIlepaTypa rasa B cocy-
ne T, MonsfipHasg Macca Ta3a (U, MO/IAPHAA TeIJIOEMKOCTD [a3a MpH IOCTOAHHOM
AaBIICHHH Cp.

K 3a0aue 5.7.1

5§.7.2*, Onpeqennte CKOPOCTh agMaBaTHYECKOTO HCTEYEHHA CMECH JIBYXaTOM-
HbIX Fa30B C MOJIAPHOH# MacColt U; M . UHCIIO MoNlekyIl epBoro rasa B k pas
Dostblie uKciIa MoOJIeK yIl BTOporo rasa. Temmnepatypa cmecu 7.

5.7.3*. 3xcnepHMeHTaTOpY HyeH MYyYOK aTOMOB KCEHOHa, CKOPOCTb KOTO-
pbIx paBHa 1 KM/c. ATOMHas Macca KceioHa 131,

a. Ilpn kakoit TemnepaType rasa, agnabaTHYeCcK¥ MCTeKawUIEro B BaKYyM,
MOXHO HOJIyUHTb TaKO# Myyok?

6. Kakyw ckopocTs mMoryr nmpuobpecTH arombl KceHOHa IIpH MICTEYEHHH B
BaKYYM CMeCH BOJOPOAA M Majoro KOJIMYeCTBa KCeHOHAa, HAXOISIUUXCA IIPH
KOMHAaTHO# TeMmepatype?

5.7.4. OnpeneiuTe MaKCUMAIbHYI0 CKOPOCTb HCTEYeHHA rasa W3 collia pake-
Thl, €CJTH TATA PaKeThl CO3JAeTCA B pe3ysibTaTe PeaKUHi :

a) 2H, + O, = 2H, O + 483 x IIx/Mors;

6) 2Al1+ 320, = Al; 03 + 1,65 MII)x/Mob;

B) Be +40; =BeO + 610 k bx/Mob.

5.7.5. Temrepatypa ropeHusi XMMHYECKOIO TOIIIMBA B PAKETHOM JIBHIaTe-
ne T = 3000 K, cpenHss monApHas Macca IPOAYKTOB cropaHus u = 30 r/Mois.
WUcTeveHue NPOOYKTOB CrOPAHHs MPOMCXOaMT aguabaTtiecky. MonspHas Tello-
¢MKOCTb MPOAYKTOB cropanus cp = 33,4 IIx/ (monb - K) . JlaBlieHue rasa Ha Bol-
XOOe W3 paKeTbl MHOTO MeHbllle [aBJeHHA rasa B pakere. Ornpelenure MuHH-
MaJlbHbIA MAacCOBBIN PacXof TOIUINBA, oDeclleynBalOMH CTapT ¢ 3eMIM paKeTh
mMaccel M = 1000 1.

5.7.6*. T'a3 agnabaTuyeckyu BblrekaeT W3 cocyda yepe3 Tpybky. Temmeparty-
pa rasza B cocyae T, masneHue P,. Ha BbIXome w3 TpybGKM maBieHHe rasa P,.
Onpepenure cKOpocTh Tasa Ha BuIxode M3 TpyOku. Monspnag Mmacca rasa u,
nokKa3sartesb aguabaTsl 7.
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5.7.7*. U3 bamnoHa, copmepxkaulero rejuit npu AapiieHun 1 MIla, peitexaer
CTpyf, AaBNeHHe rasa B koropoii 0,1 MIla. Temnepatypa rasa B 6amnone 300 K.
OmpemeniuTe TeMIepaTypy H CKOPOCTb TeJIifl B CIpye,

5.7.8*. Bosnyx, cxarslit B GoJbiiomM Bajtone mpu Temneparype 0 ° C, BbiTe-
KaeT NpH aTMocthepHOM JaBJIeHHHU yepe3 TPYOKY co ckopoctbio 400 M/c. Haiimu-
Te TeMIePaTypy BO3dyxa B crpye. UeMy paBHO HaBiieHHe Bo3ayxa B DaiuioHe?

5.7.9*. Taz npn masinennn P u temnepatype T TpOTeKaeT co CKO-
pocThi0 VU uepe3 Imankyw TpyGky cevenus S. Korga rasz mpoxomumr ckBodb
TIPOBOJIOYHYIO CETKY, NepeK ppIBailyw TpyGKy H OKa3biBaloilyio peHeOpexy-
MO Majoe COMNpOTUBJIEHHWE MOTOKY, OH Harpemaercs. [IpuoGpeTaemas rasom
MOIHOCTS paBHA ¢. OnmpefienuTe CKOPOCTb ra3a 3a MPOBONOYHOH ceTKOH. Uemy

-paBHa cwla [aBJIeHHA ra3a Ha ceTKy? MoJsApHas macca rasa (M, mokasaTejlb
amuabartsl 7.

§ 5.8. BepoATHOCTH TePMOJHHAMHYECKOTO COCTOSIHHS

§.8.1. a. PasmeiiuM cocyd BMeCTHMOCTH /' Ha [IBe OQWHAaKOBbIe YacTH [ u 2.
[lycts B 3TOM COCYAe OBHXKETCA OfHa mMornekyna., Bynem HabmoJaTy 3a Hed B
TeUeHHe BPeMeHH T. B cpemHem molloBMHY 3T1Or0 BpeMeHH MoseKyla OyAer Ha-
XOAMTHCA B YacTH [ cocy/a, a TIOJIOBMHY — B YacTH Z. B TeueHHe KaKoro Bpeme-
HHM B 4acTH ] BMeCTe ¢ TlepBOM OyAeT HaXOAMTbCA BTOpas MOJICKYJIa, €CJIH B CO-
Cyne OBHXYTCS IBE MOJIEK YIIbI?

6. B cocyne mBXyTcs TpH MONEKYnbl, B TeueHHe KaKoro BpeMeHH OHM Oy-
AYT HAXOOUTbCS OTHOBPEMEHHO B YacTH /7

B. B cocyne nsuxyrtca N monekyi. B TeueHHe Kakoro BpeMeHH OHH OymyT
HaXOAUTHCA OAHOBPEMEHHO B uacth [?

5.8.2. Jonio BpeMeHH, B TeueHHe KOTOPOTO YaCTHIIbl HAXOOATCA B KAKOM-JIH-
60 COCTOAHHH, YACTO HA3BIBAIOT BEPOATHOCTbIO 3TOI'O COCTOAHMS.

a. B cocyne HaxopATcsA ABe MOJIeKYINbl. UeMy paBHa BEPOATHOCTH TOTO, YTO
obe Monekyss GynyT HaXOAUThCA B JIEBOH MONOBUHe cocynma? B nwoGon u3 no-
noBuH?

6. UeMy paBHa BepOATHOCTb TOTO, YTO MOJIEKYJBI OYAYyT HAXOAMTLCA B pa3-
HbIX TIOJIOBHHAX cocyma’?

B. B cocyne HaxopsATcs Tpu MOlleKkynbl. UeMy paBHa BEPOATHOCTH TOIO, UTO
OBe MOJIEKYJbl GYmyT HaXOOUTLCA B JIEBON NOJIOBMHE COCYNa M YTO B JIEBOW
TIOJIOBHHE COcyna He ByleT HH OAHO# MOIEKYIIbI?

5.8.3. B cocyne BmectuMoctu V, HaxoasTca N Monekyil.

a. OnpenenuTe BepoOATHOCTH TOTrO, YTO B 06beMe I, KOTOPbIH NpeCTaBJIsfeT
cofoit yacTb o6veMa 15, He GyaeT HH OTHOH MOJEKYJIbI.

6. Uemy momxkeH GbITh paBeH 3TOT 00BEM, YTOOBI BEPOATHOCTh TAKOTO COObI-
s Gbia 6n3ka k 10727

5.8.4*, OueHnre BepOATHOCTH TOTO, YTO INIOTHOCTD BO3Ayxa B 0Gbeme 0,1 mm3
Kakoro-HuGyab» yuacTka Balueil KOMHaTsl OydeT B aBa pasa Golibliie OObIYHON
TWIOTHOCTH., KaxuM pomxeH G1ITb 00beM 3TOro yyacrika, yrobpl 31a BEpOATHOCTD
6blj1a JOCTaTOYHO BeJIHKa?
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O 5.8.5. TpaekTopus atoMa, ynpyro oTpakeHHOIO OT CTeHOK Ky0a, pasmepbx
Kotoporo @ X a X @, — kBazpat. CKOpOCTb aTOMa U.

a. C KaKoH cpedHeH CKOPOCTbIO CT3HeT MepeMellaTbCcst MO KaXKIOH CTeHKe'
MecTO yfapa, €clIH M3MeHHMTb YTroJl nafjeHHs B INIOCKOCTH KBagpaTa Ha A < 17
Tlpn kakux 3HaYeHHAX A TpaeKTOpMA aTomMa oKaxeics 3amMkHyToi? He zamk-
HyTo#i? OnpedenHTe pacCcTOAHHE MeXOY COCe/HUMHM MNapallie/IbBHbIMH yYyacTKa-
MH TPaeKTOpHH B [IePBOM H BTOPOM Cllydae.

6. Ilouemy MOXHO cuMTaTh, YTO TPaeKTOpMA aTOMa OGBIYHO He 3aMKHYTa?
Uemy paBHa BEPOATHOCTb OBGHApYXHMTb ATOM B KBaJpaTe IIOUIAIU S, pacnoso-
*E€HHOM B INIOCKOCTH, [IO KOTOPOH [[BHXeTcs aTOM B clly4yae He3aMKHYTOH Tpa-
eKTopuu?

B*. Kak GynmeT ABUraThcs aTOM eciid M3MeHHTh YroJl ero NMajeHHst NephneHau-
KYIAIPHO TUTOCKOCTH KBafpata Ha A € |? Yemy Oyder paBHa BeposfHOCTb 06-
Hapy>XuTh TaKOHM aToM B o6nacTH BHyTpu Kyba, obveM koTOpoi paBeH }?

5.8.6*. Pewnte 3agaun 5.8.5 B ciyuae, Korga NMepBOHaYa)IbHO TAHTEHC yria
NafieHds pased L/m, rjie m — yesioe uKcIo,

5.8.7. Atombl, HIMeWIIMe OFHHAKOBYIO MO MOJIYJIK CKOPOCTH U, OLHOBpEMEH-
11O BJIETAIOT B LUMIIHHOD uepe3 HeOONbILOe OTBEPCTHE, PACIIONIOKEHHVE HA CTO OCH.
lanpasienust ckopocTedl aTOMOB paclpefierieHbl paBHOMepHO BHYTpPH KOHY-
ca ¢ HeBompiMM yriom A npu BepuinHe. KoHyc CKOpPOCTeH COOCEH ¢ UMIHHI-
pom. Paguyc unnnnopa R, ero Boicota H, OueHrte BpeMs paBHOMEPHOTO 3aloji-
HEHUA aToMaMK IIPOCTPAaHCTBA BHYTPH LWJIHHAPA B ClTydyae yIpyroro oTpaxeHus
4TOMOB OT €r0 CTeHKH H B cilydae, KOrjaa yepes Bpems T > Rfv, Hfv nocne nona-
:AHHMS Ha CTEHKY aTOM YXOOUT BHYTpb IIMIIMHAPA IO NH06bIM YIJIOM K €ro CTeH-
K€ CO CKOPOCTBIO U.
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-~ 5.8.8* Ilpu nepexone uactuu U3 o6liactu [ B obnacts 2 Ha rpaHHLe ITUX O6-
1aCTeR Hafl YacTMUAMH coBepiuaercsa pabora 4. Joxaxkure, 410 BEPOATHOCTD 06-
HapyXHuTh B 06beMe AV yacTviy, MMeWILy0 CKOPOCTh B HHTepBasle Av, Besle
OJHHaKOBa, €CJIM 4acTHip! B obnacTw [ paBHOMEpHO paclpepesieHbl [0 CKO-
pOCTAM.

> 5.8.9. 3HanHe BepOATHOCTH COCTOAHHA CHCTEMbl B MOJIEKYJIApHOH (H3HKe
J103BOJIsIeT MpeicKa3aTh JallbHeH1lee OBeeHHe JTOH CHCTEMBI.
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MoxHO peanu30BaTs ManoBepoATHOe cobpiTie. Hanpumep, 8 ofHON Mononu-
He COCYIa, PasmesIeHiloro Ha jise OUHHAKOBBIC YACTH NEperopoiKoi, HaXOMHUICS
raz. leperopouxy ouenb Obicipo yOMpaict. LCYINECTBACHO COCTOAHMAE rasa,
BEPOATHOCTH KOTOPOTO PUBHU 27V piie N - YMCITO YACTHL Tasa B COCYAC.
Jror pesybraT MOXHO HOILYYATH, DCUINB 3agaqy 5.8.1p. B nociemyouwue Mo-
MEHTBI BpeMekH B cocyjle OynyT OCYILeCIBISTIbCH JpyTrac cocTomgA. B Hayams-
HOE Ke COCTOSHHC CHCTEMA HC 1ICPSHIET -- CIIMUIKOM Majla er0 BepOATHOCTbH!
CreporatesibHo, BynmeT MpPOMCXOMHTs HeOOpaTHMBIN IiepeXO[ B EOBhle, Bonee
BEpOATHLIE COCTOFHMA, MOJICKYIILl OyidyT 3310JIHATb Bee [POCTPANCTBO
cocyna.

JT1OT 1IpUMep NIOKa3bIBAET, YTO 3HaHUE BePOSITHOCTU COCFOAHUS HOBOM CUCHe-
Mbl ABTACTSA OUSHD MOJIE3HLIM.

A KaK BbIUHCIMTh BEPOSTHOCTD CULTUSHM JUIA UpyTHX chacieM? He crmlikom
JIH CIOXHBIMH OynyT BeluKciieHna? Oxa3piBaeTcs — Her, He OUeHb. BhIUKMCIIATD,
BO CKOJIbKO a3 BepOATHOCTh GNHOTC CuCTuARU GOiIbliie BCPOATHOCTH IPYIOL O,
HYXHO CHenyloliiv o6pasom. Lo Mbr creteMe, HaxXOswencs B cocTosM LM [
npy TeMrepatype T, cOOBLIMM kOHHYCCTBG TEIUIOTsL {4, 10 OHA liepeineT & npy-
roe coCTOsHRe, BePOATHOCIL KOTGpos 1 expl{Q,/k T} pas Gosbille BEpPOSTHOCTH
cocronnus ] (k -- gocrogHHan Boswumana),

Npuse/ieM LpUMep* TOTO, KaK NDOBCAATER TaKWe uiumcmeHus. Haimem, Bo
CKONBKO pa3 BepCATHOCTD COCTOSNHA, E KOTOPaM Bee NV MOJICKYiT Fasa HaxoaaT-
Cfl B OHOM MCJIOBUHC COCYNd {CuCTOANEe F). MEHELIC BCPOFTHOCTH COCTOMIIHA,
B KOTOPOM MONEKY/IBl 3aMONHAKT PaBHOMEPLIO BCe MPOCTPUHCIBO COCYiR
{cocrosinue 2). lleperopogum cocyn, B KOTGPOM IIaXOUAICA MOIIEKYJIbi, NOMI-
BWKHbIM nopuulem. Hpu nepemergenny nopmna wieso Ha AX ra3 coBepluaer
paboty A4 wn oxmaugraetcs. I TOre YTOGHI COXDAUMTL TCMIEPATypy 1258
TOCTORHION, MBI JOMKHb! COODIIUTd MOACKYNAM Td33 KUOIMRCCTBO TCIUTOTEHI
AQ=AA (s BOCHOIHELRA IMEPICTHYCCKIY. 110TEPD B ruze) . CI1e/108aTCiIbIIo,
pH MepeMelIeHHN TOPLUS -BICBO MBI HSpeJAlMdM Iasy [pst Toileparty-
pe T koimvectso teintorel 4 = A. llpu isorepmuucckomM pacuikperud A =
SvRTI(Vy/Vy), e ¥ - KONMuecTBO Ta3a (3 Maix). R = kN4 — razosas
noctoaHuast, Ny - HocToslHan ABorajipo, Vo - Hauajiplislii 00beM, ¥ - KO-
He4HbIA 0ObeM rasd.

B HamteM ciyuae N=v N,, Vi /V, = 2. Hostomy Gopmyny 1UiA paGOThI Mbl
MOXeM Hepenuears 8 Bulie A = NkT1n2. CnesioBarelibiio, BepoAIHOCTD COCTOSM-
aust 2 B exp(A/kT) = cxpNin2 = = 2% a3 Bossiye BCPOSATHOCTH COCTOSHUS [,
Mei nomyumsin  penteliue 3agadi 5.8.1n, paccimarpusas TepMOAMHAMHYCCKHA
npougce.

Takum ke cltocoBoM  OiIpCaelikTe BepONTIIOCTL TOIO, UYTO B OONECTH,
uMeiowcit o6bem ¥V 1 ARNSIIOILRCA YacThIo MIPGCTpaeTsa, 0bbeM xoToporo Vg,
cofepyTca BCC MONCKYJIb, ABWXYIIMecs B 2TOM lipocTpancrec. WUenons3sys 1ep-
MOJMHAMMUCCKHH IIpoHece, petie 3ajaay 5.8.3. MoxHO i TakuM ¢lIocoGoM
peruTsb 3aauy 5.8.17
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5.8.10. Kakyo MHHEMaJIBHYIO pa0OTy HYXHO COLepUIMTh, YTOGhI IPH KOMHAT-
HOW TeMIlepaType YBEJIMUMTh KOHUeHTpauumo 305013 B 1 KI' Nopods! OT 10°¢
10 10727

5.8.11%, [loxaxute, 4To ila NOJIYHPOHHLYEMYI0 HCPETOPUAKY, HAXOMILY0CH
L pa3GaBIciHOM pAacTBOpC, GedctsyeT upu Temieparype T pasnente P = nkT,
rje 1 — YKCIJIO MOJIEKYJ! paCTBODCHIIONO BeUiecTBA B CAHHHLE ofbeMa pacTBOpA.
Ilouemy o12 GopmMysia BepHa TONBKO /1A pa3baBiIcHIOro pacTBopa’

5.8.12*. B mpocrparicte o6vema 2V, apmxerca 2.V Mofekyn. Bo ckolbko
p 13 BCPOATHOCTH O0IapyxuIb N moslexyin B o0iactu o0peMa Vo — V MeHble
BJPOATHOCTH OGHapY)HTh N MOJICKyIi BO BCEM npoctpancTee Vo?

5.8.13*. B cocyn ¢ Bogoit nipu Temnepatype 20 °C noMecTwid 1 r Jpia, Haxo-
o imerocst mpH Temmepatype 0°C B repmeruunoit xopo6ke. Omnpenenute, Bo
CXOJBKO pa3 BEPOATIIOCTD IIpoliecca NpeLpalielns ibjia B oAy 5oJislie BEpOAT-
HocTH 0oGpaTHOTO Mpolecca — pacTaABILAA BOAA B KOpPoOKe BApYT HauHeT OTAa-
BaTb TEILIO OKPY>KAIOUICH BOMIE W IPeBPaTUTCH B n¢d. [eMilepaTypa BObI B cOCy-
I UPH TASHUH JILLa HPAKTHYSCKHU He MCHSETCI.
¢ 5.8.14. C LOMOLUBI TePMOZMHAMMNCCK OTO (iPONECCa HOKWKUTE, YTO IPH TeM-
rieparype T':a) naBfleHue WICAILHOTO [a3a B GT paHHucHHON oBnacth B exp{U/kT)
pa3 MeHblile, YeM B OCT2;IbHOM NPOCTPAHCTBE, €CTH 2Ta 0BJIaCTh OT/ICNICHA OT OC-
TaJbHOTO TPOCTPAHCTB2 3HEPreTHYECKMM MOTEHIMANbHBIM SapbepoM, PaBHBIM
HITA Ka:XI0H YacTHIs ra3a U 6) KOHUEHTDAKA MONEKYIl PACTBO peHHOTO BELeCT-
5 B orpaHudcHHOW ofnactit 3 exp (U/KT') pa3 meHplie, 96M B OCTAIIBHOM HPOCT-
pPAHCTBE, 3aHIATOM PACTBOPUTC/EM, eCIX 313 06/JacTh OTAE IeNa GT CCTANbHOM Yac-
TH PACTBODHTENA JHEPreTHYECKHM NOTEHUHATbHBIM GapbepOM, PaBHBIM IUIA

Pexp (-U/kT)

T
]
]
1
0 : v
]
]
]
i
1

K 3a0aye 5.8.14

KAKIOU MONEKYsIbl PAaCTBOPEHHOTO BCIIECTBA (), a B3aMMOJEHCTBHEM 3THX
MOJIEKY!T JIPYT € GPYTOM MOXHO fipcHe Gpeys.

5.8.15. Hopuiesb nepBOHAYaJIbHO JEHWT LUIMHAPUYECKMH COCY Ha [iBe paB-
ilble YaCTH, B KOTOPDIX HAXOOUTCA MOCATIBHDIH ra3 GIMHAKOBOH MAacChl C OJHOR M
oM Xe TeMliepaTypoH. PealicH Jly Ipolecs, B KOTOPOM HpPH [ABJIXEHHH ITOPLIHSA
TeMIiepaTypa OJHOM YaCTH YBCIMYMBACTCH R [IBA pasa, a APYTOH -- yMeHblIaeTcA
B OBa paza? TeluloeMKOCTBIO HOPLINA ¥ UMIIMHIPa MOXHO IipeHeOpeys, cicTeMa
H30JTHPOBAHA.

5.8.16. TasonunaMuucckoe pyxbe UpeUCTaRisieT cOO0H MUIMHLP, HANONHEH-
1bIA OHOAaTOMHBIM TA30M ¥ 3aKPBITBIH NOIBIKHbIM HopuuHeM. I'as, paciuu-
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pAsAch, pa3rOHACT MOPLICHD. PeaneH nu Ipolece, Koraa Inpy yBeJIHUCHHHU o6beMa

rasa B n pa3 ero Temlleparypa yMeHbliaeTrca B 1 pa3? B v/n pa3? Cucrema
H30JIMPOBaHa.

§ 5.9. Bropoe Hayano TepMOTHHAMHKH

5.9.1. [ipa ofMHAKOBBIX TeJla, HATPETbIX A0 pa3HbIX TeMIEpaTyp, IPUBOIATCA
B TelJIOBOH KOHTAKT Apyr ¢ Apyrom. TemIlepaTypbl Tesl YpaBHHBAKTICA.
TokaxuTe, 4TO PH ITOM MPOLECCE IHTPOMHUA CHCTEMbI YBEIIHUHBAETCH.

5.9.2. HaiauTe 1lpupaieHye SHTpONuA 1 Kr jibAa MpH ero IiaBieHn .

5.9.3. Ha ckonpko BoO3pacTeT 3HTpONUA 1 KT BOJADI, HAXOMALLIEHCA [IPH TeMIIe-
parype 293 K, Iipu npeppaiiieHuH ee B nap?

5.9.4. Hajiqute npupauieHHe 3HTPONHH BOAOCPOAA IIPH paclIMpeHUH ero ot
o6veMa V fo 2V: a) B BakyyMe; 6) lpu H30TCpMHUUeCKOM Tmpouecce. Macca
.rasa m.

5.9.5. BplunciuTe NpHpauieHHe 3HTPOIIMKM BOAOPOAA MacChl m IpH Mepexose
ero or obvema V; u Temneparypsl T; Kk o6vemy V', u Temneparype T, eciin
ra3: a) HarpeBaeTcs NpH MOCTOSAHHOM ofbeMe V', a 3aTeM H30TEpMHYECKH pac-
mupsieTcsi; ) paclIMpAeTCs NMpH IOCTOAHHOH Temmepartype T; Ao oGbhema V',
3aTeM HarpeBaerTcsl fipM NOCTOSTHHOM OoGbeMe; B) agMaGaTHYeCKU pacuIMpseicH
oo o6vemMa V', , a 3aTeM HarpeBaeTCs [IpH NOCTOAHHOM 0ObeMe.

5.9.6*. Kycok mbaa maccnl 0,1 xr npu Temnepatype 0 °C 6pocait B Tewwno-
M30/TMPOBAaHHBIA COCY/l, cofepxamuit 2 Kr Gensona upu 50 °C. Haitmute npupa-
IeHHe 3HTPOIIMM CHCTeMBI 1IOCIe YCTaHOBIIEHWS paBHOBecHA. Y[elblias
TemnoeMKoCTh 6eHsona 1,75 xJx/ (xr-K).

IR

K 3a0aue 5.9.7 K 3a0aue 5.9.8

O 5.9.7*. B TeIION30JIMPOBAHHOM COCye HaxoauTca 0,5 KMofb rejiust u 1 Kr
nbaa. B HauanmpHbit MoMeHT Temuepatypa Jibga 273 K, renua 303 K. Cocyn
3aKpbIT NOABWXHBIM MopiiHeM. Hafinute mpupaileHHe 3HIPOMHH CHCTEMBI MpPH
lepexofie K paBHOBECHIO.

¢ 5.9.8. Cocyn obrema V pasfelieH Ha [BC OAMHAKOBbIC YACTH, B KOTOPbIX
HaXOmATCsA pasHple rassl, AByMA NeperopoakaMu. Ileperopogku uponuuaeMsl
TOJIBKO [j151 ’CBOEro” ra3a U3 TOW Y4CTH COCYHa, KOTOPYIO KaX/lad U3 HUX H3Ha-
yanbHo otrendAer. Ilog meficTBMeM ra3oB MeperopoaKH ABIKYTCA IO CTEHOK
cocyna. HaiinTe npupaureHue SHTPOMNHM OpU ITOM JIBHXKEHHH, €CIIM MEPBOHA-
yasbHOe AaBiieHHe ra3os P, a temuepatypa T. Ilouemy Takoii mpoiecc HeBO3MO-
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KeH, eCJIM raspl ¢ 06enX CTOPOH OIMHAKOBBI HIIM HCBO3MOXHO IKCIEPUMEHTAITh-
HBIM IlyTeM OT/IMYMTb OfIM1i Ia3 OT APYrore (Halpumep, B IIPOLLUIOM BeéKe HEBO3-
MOKHO BbUT0 Pa3IHUKUTb H30TOIIbI) ?

5.9.9* TeunoBsas mauinHa, paGodee Tel0 KOTOpOH - 1 MONb HAEANBHOrO
0/IHOATOMHOr0 ra3sa, paGoraeT MO 3aMKHYTBIM LHKJI4M, H306PaXXeHHbIM Ha pH-
cyHke. Haliante npupamieHe SHIPOIIMK B MalllMHe 33 OJIHH LHK!I.

A A
Py p—--— Y
#r T i #r T !
1 i | 1
: j r :
7 7 7 v 734
z 7
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Py V- Aduzdama
2 By ---
p’ ! p” T ] |
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K 3a0ave 5.9.10

5.9.10*. Haiiaute K.ILI. UMKIIOB, H306PaXeHIbIX Ha PHCYHKE, CCITH paGouHM
(Cj1OM TETSTOBOH MAILHIIbI SIBIIACTCA OHOATOMHBIN W/leaiTbHBIN ras.

5.9.11. CymectByeT 1M Ipouecc, IIpH KOTOPOM BCe MepefaHHOE Telly OT
lATpeBaTeNif TeIUIO lIpeBpailiaeTca B paboty ?

5.9.12. MoxHO 1Y [IpaKTUYeCKH BCIO BIIYTpeHHIOI0 JHEPrUI0 ra3a IpeBpaTHTh
B MeXaHu4yecKymo paboty?

5.9.13. [lapoBaa mawMHa momHocru 14,7 kBt norpebiisier 3a 1 v paGotsi
%,1 KT yris ¢ yuessHOR TelsioToi cropanus 3,3-107 jlx/kr. Temiepatypa KoT-
-1a 200 °C, xonomuibHuka 58 °C. Haiijipte K.ILi1. 9TOM MAILMHbBI U CPaBHUIEC €ro
¢ K.ILJ. HOeaJIbHOM Tel;I0BOH MalliMHBbI.

5.9.14. lokaxuTte, YTO K.ILA. TEJIOBOH MAIliMHBI B LIMKTHYECKOM IIpoliecce
MaKCHMAa/ICH, KOTJIa DHTPOIIMA CHCTEMBI He MeHARTCH.

5.9.15. lloyemy K.IL.J. QBUrarelii BHYTPEHHEI'O Cropaliusl pciko NajlacT Npu
/1eTOHALHH (B3PbIBHOM CropaHuy ropuwuei cMecy)?

5.9.16. B okeaHe HaxOAMTCH NOIKA ¢ KYCKOM nbfia Macchl 1 xr npu 0 °C na
Gopty. Oupepenute MaKcHMaibHyl pabGoTy, KOTOPYI MOXIIC IOIYYHTb, HC-
HOJIb3Y s lIpoLIeCC TasHHsA baa. Temnepatypa Boast 27 °C.
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5.9.17. Kaxywo paboTy MOXHO COBEpLIMTb, UMen aicBepr ofbema 1 km®
B KaueCTBe XOIOLMIbHHKAa M OKeaH B KauectBe Harpesaresin? Kakoe Bpems
noHago6urca KpacHospckoi I'9C, urober BhIpaboTaTh TaKoe e KO.IHYECTBO
sHepruu? MomHocTs Kpacrosapckon I'3C 6 T'Br.

5.9.18"*. Harpetoe teo ¢ HauanpHOM TeMnepaTypoi T MCIONb3yeTcs B KayecT-
Be HarpeBaTeNid B TeIUIOBOH MallHHe. TeNi0eMKOCTb Tena He 3aBUCHT OT TeMile-
patypbl ¥ paBHa C. X0:IOOWSIBHUKOM CITY’KHT HeOT DAHHUeHHasA cpenia, TeMiepa-
Typa KOTOpOH MocTosinia u paBHa T,. Haiinute mMakcuMansHylo paGoty, KoTo-
PYI0 MOXKHO MOTYYHTD 32 CUeT OXTIaXIeHUA Tefa.

5.9.19*, UmeroTca OBa Tena ¢ HauaIbHOM Temnepatypoit Ty u T,. Tenmoem-
kocTh 3THX Ten paBHa C; W C, M He 3aBUCHT OT Temreparypsl. OaHO Tenmo
HCIOJIb3YETCA KaK HarpeBaTelb, Ipyroe — KaK X0 I0OWIbHHK B Tel;10BOH MalllH-
He. Haiigute makcumansHyo paGoTy, KOTOPYH MOXHO MONYUHTb TaKUM 0Opa-
3oM. [IpoBectn pacuer, xorda nepBoe Teso — 1 KI KHIsAwed Boasl, BIOpOe —
1 xr Boms1 npu 0 °C.

5.9.20. Kax u3aMeHnTCca TeMNepalypa B KOMHaTe, ec:i ABeply paboTtatolero
XOJIOAMIIBHUKA OCTaBUTb OTK DHITOR?

5.9.21. HpeanbHas Tel10BasA MallMHA ¢ K.M.J. 1 paBoraeT no oGpaTHoMYy
mukay. Kakoe MaKkcHMasipbHOe KOJTHYeCTBO TellTOTHI MOXHO 3a6parbh W3 X0:10-
[MITbHHK A, COBepLIMB MeXaHHuecKYy1o paboty A?

5.9.22. AGcomoTHasA TeruIon3oAuMsa Heso3MoxHa. Ha nepssiit B3raan, ten-
noBas MowHocts 0,1 Br, 11ocTynarwias B XONOOUIbHYK KaMepy M3-3a HeCOBep-
LIEHCTBA TETJIOM30JIALMH, KaKeTCA He3HAUMTeIbHOM. PaccunraiiTe MUHHMATbHYIO
MOLIHOCTb, KOTOPYH B 3TOM CJIyYae HY>XHO 3aTparHIb. YTO0bl MOAePXKUBATH
B KaMepe TemnepaTypy 10~* K mpu Temmepatype oxpyxamoureir cpeast 20 °C.
IlpoBente aHanmorMuHpld pacyeT s ObITOBOrO XOJNOZW/IbHHKAE, B KaMepe
KOTOPOTO HYKHO NomaepkuBath Temnepatypy —13 °C. (B ycTanoBkax mig no-
JyYeHHA pEKOpHHO HHM3KWUX TeMllepalyp MOIIHOCTb TaKOro 'Napa3suIHoro’”
TIpUTOKA TelUla yaaercsa CHU3NUTL 10 .01 Bt 1 Huxe.)

5.9.23. UpeansHas TelioBasi MaulWHa, paGoTalomas no ob6paTHOMy LMKy,
NepedaeT TeMIo OT XONOAWIBHHKA C Boflol npu Temnepatype 0 °C KMIATHIbHY-
Ky ¢ Bofo# npy TeMnepatype 100 °C. CKonbKO BOABI HYXHO 3aMOPO3UTb B XO-
JIOAHIIBHHUK e, YTOOBI NPEBPATHTE B 1ap | KT BOIbL B KUNATUIbHUKE?

5.9.24*. C noMoWbI0 3MeKTPHYECKON LIMTKK MOILHOCTRI0 | KB1 B xoMHate
NofmepxuBaerca temnepatypa 17 °C mpu TemmepaType HApYXHOTO BO3AyXa
—23°C. Kakaa mowHocTs noTpe6OBanmach 6l [JIA MOIEPKAHMA B KOMHATE
TOH e TeMIIepaTypbl ¢ NOMOMIbIO HIealbHOH TE;I0BOM MaluyHpl?

5.9.25™. Kaxyo MUHHMa/IbHYI0 paboTy HYXHO 3aTPATHTb 717 TOTO. YTOObI 3a-
MOpPG3UTh 1 Kr BOIbl, HaxoAsmeHcs MpU TeMIMepatype OKpYKamlileH cpedsl
300 K?

5.9.26. N3BecTHO, 4TO NPH PacTBOPeHHH B BOe HEKOTODBIX BelleCTB (HalpH-
Mep, THIOCYIbbHIa) TeMIeparypa pacTBOpa IMOHMXaeTcA. Hcrmonms3ysa 3101
pacIBOp B KauecTBe XO/IOMITPHHKA, 2 OKPYXALUYI0 cpely B KauecTBe Harpena-
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TeJist, Mbl MOXKEM IIOJYYHTb HEKOTOPYIO paGoTy. 3areM, LOKEABLIMCH BBICHIXA-
HUS PACcTBOpA, MOBTOpsieM UKL HoiyuuM jiu Mpl TaKUM 0OPa30OM BeuHblii JIBH-
I redib BToporo poaa?

§ 5.10. ®a3zoBkie Hepexonpl

5.10.1. B kacTproJiro HaIM/IM XOJIOLHO#H BOAbl (TeMuepatypa 10 °C) u nocra-
BWIM Ha mMTy. Yepes 10 Mun Boja 3akunena. Uepes Kakoe BpeMA OHa MOJ-
1OCThIO HcllapuTea?

5.10.2. Cmornu G cOsIHCUYHBIC JIyYM HA JKBATOpe pacTOIKTh 32 O[MH COMliey-
HbIH JICHb CHEXHBIH NOKPOB TONLMHOK 1 M? MakcuManpHas IIOTHOCT MOTOKA
COJIHeunoi 3Hepruu 61n3ka Kk 1 kKB1/M?, a koddduument orpaxenus — x 0,9.

5.10.3. TloueMy Bofa B cOCy/le, 3aKpbITOM KpBILIKOH, 3aKHNaeT ObicTpee,
4¢M B OTK ppITOM?

5.10.4. B uwiuHIpHYeCcKOM cTaKaHe IIpH 110/IBOJie K HeMy TeNJOoBOH MoLI-
HoctH | kBt Taer nen. Juamerp crakaHa 10 cM. Onpenenute, KaKk U3MeHHUTCA
JIABJIEHME CMECH BOJIbI ¥ JIb/I2 HA JHO CTAKAHA M3-33 TASHHUA JIbJIA.

5.10.5. B xon6e Haxopunace Bofa npu O °C. OTKaunBaHHEM napa BCK BOY
B K oJi6e 3aMopo3win. Kakas yacts BOfbI Henapuiach?

5.10.6. B 100 r Bogp! pu teMnepatype 10 °C onyureHo 40 T sibjia, HMelolie-
ro Temneparypy --10 °C. Ilpy KaKOM COOTIIOLUEHHH BOIbI H JIbJId BO3HUKHET
COCTOfIHKE TEeMJIOBOTO PAaBHOBECHS B 3TOH CHCTeMe, eclli OHa TeMIOU30JIMpOBa-
a? YgennpHaa temnoeMKocCTs baa 2,5 k JIx/kr.
> 5.10.7. TennooGMeHHUK COCTOMT K3 [BYX IUIMHHBIX KOAKCHAJIbHBIX TpYG.
llo BHyTpeHHel TpyGe MeleHHO NponycKaeTca BOAAHON Nap, MMeIOLIMi Hayab-
nywno Temileparypy 200 °C. Bo BHelniowo Tpy6y NpPOTHBOTOKOM MOCTYNAcT

K 3a0aue 5.10.7

i epuHuiy BpeMeHu 0,1 KT BOMpI Ipu Temiiepatype 20 °C. Boga BbIXOauT ¢ npo-
TMBOMOJIOXKIOA CTOPOHBI B BUAC mapa ¢ Temieparypoit 150 °C. Kakaa macca na-
pa TMOCTyNaeT BO BHYTpeHHI0W TpybBy TensnoobMeHHHKA B eHWHHULY BpeMeHH?
JlaBneHue B TpyGax arMocdepHoc.

5.10.8*. Ouenure TONMHY NbJa, OGPa3syLIErocs 3a CyTKM Ha MOBEpX-
HOCTH O3epa Npu TeMmeparype Bozjgyxa —10°C. TemwionpoBomHOCTy JbJa
2.2 Br/(M-K), ero nnotHocts 0,910 kr/m3.
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5.10.9. a. Tlouemy KkacTpions [IPOropaeT JMIIL [OC/IEe TOrO, KAaK BOMNA BbI-
KHIHT?

6. MOXHO JIH BCKHMIIATHTh BOY B GYMaxHOM cTaKaHuuKe?

§.10.10. ”TBepnas yrineKHcioTa, HeCMOTPS Ha CBOO OYeHb HU3KYIO TeMIiepa-
TypY, MokeT ObITh 6e30MacHO MOJOXEHA HAa KOXY ..., HO €CIIM KYCOK CHero-
0bpa3sHOM KHCIOTHI CXKaThb MEX[Y ManbuaMH, TO [POHCXOOUT CWIbHOe o6Mopa-
wupaune” (Menoenees .M. OcHoBbl xumuu. — JL: Tocrexuspar, 1949, —
T. 1). O6bscHuUTE 3TO ABIIEHHE.

§.10.11. Kannu Bomp! Ha o4YeHp pacKalieHHOH IJIMTe YACTO KUBYT [IOJIbLIE,
yeM Ha mpocTo ropsveit. [loyemy?

§.10.12. Tloyemy coxpaHseTcsl OUeHb HU3KOH TeMIlepaTypa KUIKOTO BO3MyXa
(81 K) B cocyne llpioapa M HM3Kaf TémIepaTypa TBepAOH YTNIEKUCIIOTHI B SIIIH-
Ke NPONABLUMLBI MOPOKEHOTO B kapkuil nerHuit meHs? [loueMy tBepmas yrite-
KHCIIOTA He TaeT, KaK pacrasn Ovl en?

5.10.13. Uneit Ha mepeBbAX HHOTMA McuesaeT Gea BeTpa U orTeneny. O6bsAcHU-
Te, KaK 3TO IIPOMCXOIHT.

5.10.14. Ha snextpuueck o niuurke MowmHoctd | KBT kunut Boga B yaiiHuke,
Hafgure ckopocts McTeueMMA 11apa M3 HOCMKa 4YalHUKA, eCJIM [ap CUMTATH
HOealsHbIM. Fa3om. JlaBjleHue Iapa Ha KOHue HOCHKa 1 aTM, ceueHHe HOCH-
ka 1 cM?. CuuTats, 4TO BCSL SHEPrUsA NIIMTKHU [epelaeTcsa BOe.

§.10.15*. B crakaH HaauThI [IBE HECMELUMBAIOLMECS XK IKOCTH: YETHIPEXXII0-
pucteiit yraepon (CClg) u Boma. llpu HopManmsHOM aTMocdepHOM OaBleHUH
CCl, xunur npu 76,7 °C, soma — npu 100 °C. Tlpy paBHOMEPHOM HarpeBaHHH
CTAKAaHa CO CMeCbi0 B BOMAHOH GaHe KHIICHHE Ha rpaHHue pasflernia XHIKOCTeH
HauMHAETCH TpH Temiepatype 65,5 °C. OnpenenuTe, KaKkas U3 XHIKOCTel GbICT-
pee (710 Macce) BLIKHIAET NPU TAKOM ’MOTPaHUYHOM’ KHUNEHHU U BO CKOJIBKO
pa3. JlaBneHHe HachleHHOTo Napa Boypl pH 65,5 °C cocrapnser 25,6 klla.

5.10.16. IlouemMy B NapOBBIX KOT/IAX MeperpeBawT nap?

5.10.17. MoxHO Ji1 BCACBHIBAIOLUM BOMAHBIM HacOCOM MOOHATL KHUIALILYIO
Boay?

5.10.18. {Ipu kpurHueckoil TeMIiepaType TelJioTa mapoobpazoBanus moGoi
XHIIKOCTH pasHa Hymo. [lovemy?

5.10.19. Ha ynuue MopocuT Xonomusii oceHHHMil 1oxab. B kyxHe passecwin
MHOTO BbICTHpaHHOro Oenbs. BricTpee nu BbicoxHer Oenbe, eclM OTKPHITH
doprouxy?

O 5.10.20. Lumuunp ceuenust 20 cm? pasjened MOpIIHEM MacChi 5 KT Ha JiBe
yacTH. B HIDKHei# ero yacTu BHauale HAXOMTCA BOMA, 3 BEPXHAS YACTh OTKAYaHa,

STSS OSSN

IS,

K 3adaue 5.10.20
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HopireHp coeflMAed ¢ LWIMHAPOM MpyXHHO# xcctkocTH 15 H/m. BHauame npy-
wuna He pedopmupopana. Onpefennte Maccy oGpa3oBaBILErocs Napa NpH Ha-
rpesanuy Boast of 0 o 100 ° C. TpeHreM MOXHO npeHeGpeys.

5.10.21. B wununsipe, 3aKpyITOM NOpUIHeM, Tipu Temnepatype 20 °C Haxomur-
o» Bo3pyx. Ha mHe wwiMnpgpa Haxopurtcs kanenska Bopel. YeMy Gyger pasuo
ilapJieHye B [MIHHApe NMOCTe H30TCPMUUECKOIO YMeHBIUEHHS ero BMeCTUMOCTH
B iBa pa3a? Kaxylo mang atoro HyxHO copepuinth paGory? Tlepsonauanvhas
1MeCTHMOCTs LMTMHApPa 0,5 M®, JlaBlieHHe HACHILIENHOTO Mapa HpH TeMmepary-
¢ 20 °C pasio 1,73 klla. HavanbHoe masiienue B uaauiape 101,3 kIla.

5.10.22. B upoYHOM 3aKpHITOM COCYJleé HAXOAMTCA a30T IIPH TeMieparype
300 K u panennu Py, B cocyn BIPbICKHUBAeTCA HEKOTOPOE KOJIKHYECTBO PaCHbl-
{CHHOro KHIKOIo 430Ta NpH TeMhepatype xumlenus 77,3 K, koTopesit GhicTpo
nenapaercA. Cnycra 1IPOHOIDKHTENbHOC BpeMsA, KOrAa TeMIeparypa cTaHeT
PuBIE HAYaIBHOM, B COCyle yCTaHaBnuBaerca paBieHue 2 Py. Onpepenure,
KaxKMM BBINO MUHMMA/IblIOE [IaB/ICHWE a307a B cOCyle NoOcle BMpPbICKHUBAHHA.
Mo:ipHas TellIoeMKOCTb a30Td ¢ =2 R, ero MonspHas Temjiota napoo6pasona-
1 5,53 xihx/Moas.

5.10.23. B pocratoyHo GoNbUION OTKAYAHHBIA UHIHHIP, 32K PHITHII MOPILHEM,
HGMELIEHO HeMHOTO BO/BI CO JbIoM, Macca npjia m, Temneparypa 0 °C, mapre-
HMe Nuchltietidoro napa Bofst npu 0 °C pasno Py, Ha cxofbko HyXHO H3Me-
IATE € IIOMOLLIBI0 TTOPLIHA BMCCTUMOCTD UMJIMHAPA, uTOGHl BeCh Jiej pactasn?
KK ylo IpH 37T0M Hy>KHO COBCpIUHTh paboTy? YpelibHas TeliotTa napooGpa3osa-
UHMA ¢, YaAelbHaA TeN10Ta MITABICHHS nbaa A. MOJISKYNApHAas Macca BOJBI M.

5.10. 24“ Nunuupp ceuennst 100 cM® MocTaBnell BEPTUKANMBHO B COCYH, M3

muporo OTKAauaH BO3/IYX. Ilunmmp nepeKppiBact OOBUKUBIA IIOpLUEHD, MO
~OTOPHIM uaxonmcu 100 cm® BomsL. Iwiunap ¢ nopiuHeM Y BOJa MMENOT
aMrepatypy 100 °C. Iopuieny ornyuca}or Korna o1 ocraHOBMJICA, 0KA3as10Ch,
110 (107 topiHem Haxo/sites nen mpu O °C 1 Bopstoi nap. JlasieHue HachieH-
110 napa Hano nbaom npu 0 °C pasio 610 IMa. Bea cuctema Tennousonuposana
91 OKpyXawllero MpocTpaHcTBa. TemioeMKOcTh [MIMHIpAa C MOpIIHEM

1) Jbk/K. Ha xakylo BhICOTY NOOHAJICA MOPpLICHL?

K 3a0aqe 5.10.24 K 3a0a4e 5.10.28
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5.10.25. Kakas yacTb Mepeoxsiax/IeH-
HOW no Temmeparypel —4 “C BOAp! 31-
Mep3HeT, eclih OpOCHTh B Hee Kycouek
JIba M BRI3BATH TCM CAMbBIM KPHCTA:I-
nu3aumio?

5.10.26. jlen npu temueparype 0 °C
3aKJII0UCH B TCILIOHEIPOHHLACMYI0 oFo-
NIOYKY ¥ noaseprHyt gasrienuto 100 MITa.
Kakas wacTs JIbHA paclUTaBHIIACE, CCIIH
Npy NOBbIIICHKH HaiieHus: Ha 13,8 Mlia
TeMIepaTypa ILIABJICHHA JIbJa TOHM3HM-
nacy Ha 1 °C? YjenbHas TellioemMKOCTD
spma 2,5 kJbk/(kr - K).

5.10.27. a. Bo cKko/bKO pa3 maBlieHHe K
HacCpIWEHHOrO flapa H%U, NOBCPXHOCTBIO 650 7700 7750 1500 7;K
KUAKOCTHK, NOJHABILERACH [0 KAWL K saoase 5.10.35
py Ha BbICOTY h, MEHHILUC JI4BJICHUA
HACBIIMEHHOIO Mapa Haj, IUIOCKOH mo-

BEpXHOCTbI0? MonekviisipHast Macca *KHIKOCTH m, remnepatypa 1. Ouipenceiute
3TO JXC OTHOIUCHHE [IaBJIEHMH ucpe3 pafMyc KpHBH3HBE #MAKOCTH r , IIOBEpPX-
HOCTHOE HATSKCHUE ¢ U IIOTHOCTD XIIKOCTH 0.

6. B 3aMKHYTOM cOCyllc B PaBHOBCCHHM HaXOAATCs UPH KOMUATIION Temiepa-
Type J/iBeé KAal¥ BOUBLI PAAMYCA COOTBEICTBCHHO r; =1 MM u rp; = 1,1 MMm.
Kak oTnuuanTCs BbICOTbI, Ha KOTOpPbIX OHH HaxogHTes?
¢ 5.10.28. BnaxHsHi BO3/1yX, KOTOpPbil IICPCHOCHTCH BETPOM ¢ THXOOKEAIICKOr 0
noGepexkba, MOHUMAACEH 110 ckIlollaM Kopauibep, paciuupHeTcs 1 OXMaxIacicH.
Mpu >TOM copcpxawufics B BO3/[yXc BOJAHON Nap BBITAIZCT B BHIC OC4/IKOB.
OueHure, Ha CKONBKO PA3JIMMAIOTSH 3HAUCHHSA TeMIlCpaTypul BO3dyXa y flof-
HOXbA 110 06e cTopoHsl Kopauiibep, ecild ero BJIaXHocTh y lobepexpd ¢ = 60%,
a Temmeparypa ¢, = 25 °C. [pu 12K0il TeMIICPATYpe [ABICHHC HACHILIEHHOTO
BousHOTO mapa [y = 34 «lla. VYienenes Teryiord mnapoobpazoBanus BO-
ol A = 25-10° Jx/xr. AtMochepHOc J@BIEHHE y  IOJHOXbSL  1OP
P=10° Ma.

5.10.29. llaBrenue HacblUIClHOMO MNapa iaj, TBCPABIM TeJIOM pasHo P,
Kak uamenurcs Jaejieduc Ha I1IOBCPXHOCT: JITOrO Tesla, cCJIM TApP i10JTHOCILIO
OTKAa4aTh, @ TEMICPATYPY TeJI3 COXPAHNTH MpexcHeR?

5.10.30. B neHTpe oTKAUanIOro0 COCY/A pajivyca K HAXOABTCN XMJIKasl Kaluis
pannyca r. Credku o0beMa II0;HOCTBIO IOIIIOINAXT HCHAPSIOUIYIOCS ¢ Karilu
KumKocTh. Jlasilenue 11a crenky obbema Pg. Onpepesare papiicilde Ha 1Hosepx-
HOCTb KalUly.

5.10.31™. Buyipn orkauaHHorc cocyia (cm. aguavy 5.10.30) wa pacctos:
HuM [, OT Kamim MOCTABHIIA JAPYroH cocyil ¢ 1eBoIbIIMM OTBEPCTHCM, O6GpallieH-
HbeiM B CcropoHy 7ol Kalmu. Kakoe JiaBiellde 11apa XURKOCTH YCTaHOBHICH
B 3T0M cocypie?
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5.10.32. a. Bo ckonbKo pa3 yBelMUUBAEeTCH CKOPOCTh HCHapellufl TBCPOAOro
BCIICCTBA B BAKYYM IIPH yBEJIMYCHHM Cro TeMICPaTyphl B /1 Pa3, €C/IH JTaBIICHUC
ITACBILICHHBIX [IAPOB NMPH ITOM YBEIIMUKBAETCs B /M pas?

6. Hpu yBenmmucHun TeMnepatyphl TBepyoro seutectra ¢ 300 jo 600 K cko-
POCTb CTo KcllapeHus yseauumWiacs 3 141 pa3. JapileHke HACBILICHHOTO N1apa 1Ipy
temneparype 300 K pasuo P,. Onpegesniure [gapiicHHC 11ACbILICHHOIO l12pa
upu 600 K. :

5.10.33. Onpepenure MAaKCUMAIBHOC YCKOpeHHe BOJIIHOH paKeThl, TAra KOTo-
poil CO3MACTCH HMcnapelldeM DBojibl 1Ipu Temucpatype 100 °C. Macca pakerbl
50 1, umoways ucuapenus 1 M2, :

5.10.34, OueHuTe MAKCHMATTBHYI0 CKOPOCTb MCMApeHMa ¢ MOBEpXHOCTH 1 M>

sbjia npu O °Cuc noBepXxuocTh Bojipt npu 100 °C.
5 5.10.35%, WUcnapsiowuiics AIOMUIIMEBBIA 1LAPKK [MAMeTpa 2 MM HAlbUIAET
¢ TeUeHHe | MMH Ha XOJIOJHYIO 1IJIOCKYIO 1IOBEPXHOCTh, OGPaIleHHYIO B CTOPOHY
iLapMKa, aTiOMHHHEBYIC IUICHKY Tonmuusl 1 MkM. flnotdHocrs aniomuuus
2,6 rjem?, HanbusieMast OBepXIOCTh HAXOAMICA Ha PACCTORIMH | CM OT mapH-
za. Qugilure, 1ONB3YSICh PUCYHKOM, HA KOTOPOM H30GpakcHa TeMIleparypHas
JABUCUMOCTD [JABJICHHS HACBILICHHOIO Mapa aJHOMHIM, TCMICPATYpy alloMH-
SIMCBOTO HIAPHKA,

§ 5.11. TennoBoe usnyvenue

5.11.1. Teno. uarpeToc 70 TeMNepatypbl 7, U3JIyuaeT ¢ CHMHMLbI IDIOWIA/IH
SBOEH TMOBECPXHOCTH B C/IMIMILY BpeMeHH 3Heprut (IUTOTHOCT NOTOKA JHCPIHHU),
'{POTIOPIMONIANIBHYIC UCTBEPTOR CTCMCHU TeMneparynsl: ¢ = coT™? rme e < | -
“reticHb YepHOTsl ToJa, g = 5,672-107% Br/(m?-K*) - nocrosmniaxn Credana -
Sonsumana, T - reMneparypa.

a. Onenyre, CKOXBKO TCIUIOBOH JUCPIUM M3TYUICT B CUMHANLY BPCMEINM Ballle
210 (MOTUK JHEPTHH C HOBEPXHOCTH Baldero Teia). CTeNeHh YCPHOIBI Tesla
RHIATL paBlibiM 0,3,

5. Commie #31yuder Kax abco}iollo uepHoe Telo nupd remMileparype 6300 K.
HIpEIeIIMTC, KAKOBA IJIOTHOCTD 1I0TOKA 311¢PThK ¢ uonepxHocTr Comina.

5.11.2. Ongnute TeMIICpaTypy CUMpalv JMeKTPoInHTKY Mowocty 0,5 kBr
s IIMTH 1faKana areK TpoJlamini Molutioctd 150 Br. [lpunare, yto tenoucpenaya
SCYIICCTBIIACTCH TOMTBKO H3JTYUCHHCM.

5.11.3%. Onpepenute 1WI0THOCTD JICPTHHM TEIUIOBOTO W3IIYUEHHA 1 IOJIOCTH Te-
.. ¢ TeMnepatypoit T. Cxopoctb ceeta 3-10% m/c.

5.11.4. ¥icnonp3ys yciloBMC TelIOBOIO paBHOBeCHA IBYX Tell, KOTOpble 06-
ICIIMBAIOTCS JHEPrHeil uepe3 TCINIOBOC M3Jiyueline, AOKMKUTE, UTO CTeNeHh Yep-
“U LI TeJla paBHa KoahPUUMACHTY HOITOWEHUA U3IIyYeHUs I TUMH TEJIAMU,

5.11.5. a. “Harpesas Kycok CTanu, mbl Upu Temmepatype 800 °C 6yuem
i16II0HaTh APKOE BHLUIHCBO-KPACLIOC KAICHHKE; HO Mpo3padllbli cTepKeHeK Mas-
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JIEHHOT O KBaplia ApH TOH XKe TeMIeparype coBceM He cBeTutca” (Jlundcbepe I.C.
Ontuka. — M.: Hayka, 1976). OGbacHure 3707 3¢pderT.

6. [loueMy Men BBITTIIATUT CPEOU pacKaleHHbIX yrile# TeMHbIM?

5.11.6*. a. OupepienuTe TeMIepaTypy MeTAJUIMYECKOrO Lpa BOIW3M ILTOC-
KOH YepHOMH NOBepXHOCTH, HarpeTo# [0 TeMNeparypsl 1.

6. Onpenenure TeMNepaTypy Wiapa, KOTOPhIA HAXOMUTCA MEX/Yy NBYMS la-
paJleTIbHbIMK YePHBIMH INTIOCKOCTAMH, HarpeTbiMu /10 Temuiepatypsl T; u 7.

5.11.7. a. lllap panuyca R Harper j10 TeMilepatypbl Ty. CTeNcHs 4epHOTHI NO-
BepXHocTH wiapa €. OnpesienuTe TeMieparypy cipepuieckoi MbLIMIKH, HAXO0)A-
IeiicA Ha paccTOSIHUU L OT 1eHTpa 1uapa.

6. OueHHUTe IWIOTHOCTD JHEPruy, Npuxonseit ¢ Comtua Ha 3eMnio, €Ciu cpelt-
HAS TemlIlepaTypa nosepxiioctu 3emmu 20 °C.

5.11.8. Paccrosuue Mexity Comniiiem u ninaHeramu 3emns, Mepkypuii, Betlepa
v Mapc pasubi 1,5-10%; 5,8-107; 1,1-10% u 2,3.10% kM. Cpennss Temnepaty-
pa osepxsocta 3emu 20 ° C.

a. OueHuTe cpepgHIOK TeMIepaTypy IlOBepXHOCTH Mepkypus, Benepol u
Mapca.

6. OueHute NoToK JHeprud ¢ noBepxHocTy ConHua.

B. Ouenute TeMnepatypy HosepxHoctd JIyHbl B MOMEHT, KOIfa COJNHEUNble
Jyud MeplleHOHKYIAPHBI ee NOBepXHOCTH. [lodeMy Npu 3TOM e yCHNOBUU TaKas
TeMIepaTypa He HaGnrofaeTest Ha NoBepxHocTH 3eMiu?

5.11.9. [10THOCTb IOTOKA W3JTyYeHHs 3Be3NHOro Heba okono 2- 107% Brjm?.
OugeHute, NOB3YSCHh ITOH BEIUUKHOM, TEMIICPATY pY BHY TPHIAJIAK THYCCK O IIBLIN.

5.11.10. Kakas Temnepatypa ycTaHOBUTCA BHYTpPH CHepHYECKOTO CILYTHHKA,
KOTOpPBI# OBMXeTCs BOKPYTI 3eMiiM, Bce BPeMH OCTaBaAch ocBeuleHHb!M ColH-
uem? COyTHHK He UMeeT BHYTPeHHHUX UCTOUHUK OB 3He pTUH.

5.11.11*. Onpepenute TeII0BOH NOTOK (TEMUIOBY0 MOLUHOCTS), MHepe/aBae-
MY10 OT O/JHOH HapaneJIbHOH ITACTHHBI K JIpYTOH, eCld TeMIepaTypa fllacTui
T, u T,, a creneHb YepHOTbl - COUTBETCTBEHHO €; U €. |llomany kaxnoi
IUTACTHHBI S, 3330p MeXIY MJ4aCTHHAMH MHOI'O MeHbllle MX Ppa3MepoB.
¢ 5.11.12. Temneparypa T cpejled HArpeTod MIacTHUB! MOMIE PIKUBACTCS
NOCTOSAHHOMH. -

K 3a0a4e 5.11.12 K 3a0aue 5.11.13
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a. YeMy paBHa TemMrepatrypa BHCIUHHX JK PAHUPYOLIHMX NacTHH?
6. CkoJIbKO JIKpaHUpPYWLIMX MJaCTHH HYXHO MOCT4BUTh ¢ 0GEUX CTOpPOH

cperiHed MIACTHHBI, YTOObI YMCHBLIMTL TCMIIEPATYPY BHCIUHEH JKpaHHPYIOWIEH
1sactunst o 7/27?
N

¢ 5.11.13* HaxanbHas HMTb panMyca r JKpPAHMpYeTcs TpeMsi UWIIMHIpaMK pa-

auyca R, 2R u 3R. Temneparypa hutu Ty. Onpefienute TeMnepatypy BHeUIHETO
JKpaHa. MaTepyan HUTH Y 3K paHa OJIMHAK OB, CTENCHb YepHOThI € = 1.

& 5.11.14* B BakyyMHOH kaMepe HAXO/[MTCA HarpeBacMasi MeTa/UIHuecKas
IJIOCKOCTh, KOTOPYKO C JIBYX CTOPOH 3KPaHUPYIOT KepaMHUUeCK He MIaCTHHBI TOTI-
wmHoi A.  CremeHb YepHOTHI ILIOCKOCTH M IUIGCTHH €, TellJIONpOBOIHOCTD
1iacTHH K. TemIlepaTypa IUIACTHH ¢ BHELIHKHX cTOpoH T, TeMilepaTtypa BaKyyM-
1oi kaMepsl 7. Onpeesiute TeMilepaTypy MCTIIHUCCKOM IJIOCKOCTH.

K 3aoawe 5.11.14 K3a0aye 5.11.17

5.11.15. JHeprus cbOTOHi{ E cefAzaHa ¢ ero UMNynscoM P COOTHOLIEHHeM
p = Efc, e ¢ - ckopocts otona, paHas ckopocti cBeTa. Jlokaxute, uTo
;laBJleHde (POTOHHOrO ra3a P cBA3aHO ¢ IUIOTHOCTBI) JHEPIrHM W COOTHOLIEHHEM
P=w/3.

5.11.16. " ... Kocmuueckas AxTa lipefcTapifgeT coboit Heuro Bpole cdepbl,
BHCIIHAA ob0oJiouka KOTOpOH - HeoGbIYaWHO TOHKHMA M JICTKHH mapyc -
B3yBaNach UM [epcMelllanach B NPOCTPAHCTBE, yJIaBIIMBAA AaBJIEHUE CBETOBbLIX
syvedt ... Ecnu Obi 370T kopabiuk octasica 6¢3 ynpasieHus TMOGIHIOCTH OT
KaKOR-THOO0 3Be3/bl ... M CHIIA IIDUTAXEHHA Oblna HeBeNmHMK4d, OH yCTpeMHUIICA Obl
[IpoYb OT 3Be31p! 110 MpAMoit Juuuk™. (Bbroab I [navera OGe3ssaH. - bubimore-
Ka coBpeMeHHOi dpanTacTuky, 1967. - T. 13. - C.27))

a. Kakoe MakcuManbHOe YCKOpeHHC MOKET pa3BHUTb ITa KOCMHYECKaA AXTa
Ha paccTofHud R OT 3BE3/1bI, ecny NMOTOK M3iyueHuA 3Be3msl P. milowass napy-
ca S, Macca AXTel m?

6*. Kakymw ckopocTtb npuobpena 6b1 AXTa, IpOiiIA N0/ JIeHCT BUEM M3Jlydenus
pacctosnye 1o paguycy ot R, 1o R,? Ilapyc nmonnoctsio OTpaXkaeT U3JyueHHe.
> 5.11.17. a. O6bacuuTe GOPMY XBOCTa KOMCTHI, N306pakeHHOTO Ha pUCYHKE.
lTpuxoBas nuHus, orubatouias ConHuE, -- TPAEKTOPUA KOMETHL. *

©. OueHuTe MaKCHMAIBlibll pasMep aNIOMHHHCBBIX IIBIJIMHOK, KOTOpblE B

IKCOCMHYECKOM MPOCTPAaHCTBe 1107 [IeHCTBHEM COIHEYHOrO U3JIYUEHHUA YIAIAJIHCh
Ob1 ot Comiua.



I'V/IABA 6
SJIEKTPOCTATHKA

§ 6.1. 3axou Kynona. HanpsokenHocTs anexTprueckoro mons *)

6.1.1. a. Haiinure cunny B3aumoneiictBusa 3apanos 1 u 2 K Ha paccrosituu
1 KM Opyr ot gpyra.

6. C xaxkoll CWIOH B3aUMOIEHCTBYIOT [IBa 3JIEKTpPOHAa HAa pacCTOAHHM
1078 cm? Bo ckonpko pa3 3Ta cuiia GONbIUC CHIIbI HX IPABHTALMOHHOTO MpH-
TAXKEHHA T

6.1.2. Cuna B3auMOJIeHCTBUA MeX/Iy IByMs OMHAKOBBIMH 3apsA/laMH Ha pac-
crogHuH 1 M paena | H. Onpenenure atu 3apsast B CU us CIC.

6.1.3. a. Cuua, peficTeytowian Ha 3apan 1 Ko, pasua 1 H. Yemy pasna Hanps-
AKEHHOCTD 3JICKTPUYECKOro MOJIf, IeHCTBY01Iero Ha 5T10T 3apan, B CH u CI'C?

6. Cuna, pefictByromias Ha 3apap 10 CI'C, pasna 100 nuH. YeMy pasHa Hatips-
XEHHOCTD 3JIEKTPUYECKOrO MOJis, HeHCTBYISIIETO Ha 3TOT 3aps, B CUuCIC?

6.1.4. Yemy paBHa HallpAXeHHOCTh 3JIEKTPHYECKOIO MO, CO3/1aBAEMOro 3a-
panom 10 Kn, B CU u CT'C Ha paccroanuu 1 u 20 M or Hero? C kakoii cunoi
OeACTBYIOT 3TH 31eKTpHYecK He NosidA Ha 3apsas 0,001 Kn? va sapan 1000 CI'C?

6.1.5. Tllpennonoxum, yro yuaﬁoc:; GbI pasgenurs 1 cM? BosbI Ha Jr1eMeHTap-
Hbie pPa3HOWUMEHHbIe 3apA/bi, KOTOpble 3aTeM YHAJIUIH JpYr OT Hpyra Ha pac-
crofHue 100 kM. C kako# CHIIOH IPUTATUBAIIMCh Obl 3TH 3apALbI!

6.1.6. Kakoit 3apsan npuoGpen 61 1 cM® xenesa, eciu 6b1 ynanoch yGpars 1 %
COLepXanMXcs B HeM 371eKTpOHOB?
¢ 6.1.7. Tpu 3apanma q;, g2, g3 CBA3aHBl JPYT ¢ OpPYroM HOBYMS HUTAMH.
Ilmuna Kaxaon Huta /. HalipuTe MX cuily HaTskeHHs.

= L Q- l ’Y 3 ————— W
% %2 fs / f
K 3a0aue 6.1.7 K 3adaue 6.1.8

*) Ecnhu B 3ajiaye He IPUBOZIMTCS 3HAYEHHE OH3IIEKTPHUSCKON NPOHUUAEMOCTH BellleCTBa,
CYHMTaTh €€ paBHOM eHHHIIE.
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O 6.1.8. Ha koHpax ropusolta:ipHoi Tpy6bl A;IMHBI | 3aKpensieHbl MOJIOXHTE! Ib-
libie 3apsibl ¢y M ¢, . Haliute 1onoxeHre paBHOBECHA LLAPUKA C TIOJIOXKUTE;Ib-
bIM 32pAJIOM ¢, KOTOPbIii TIOMeLLell BHYTpb TpYObL YCTORUMBO JIK 3TO 110710XKE-
time paBHoBecusa” ByJieT ;11 nosioxkeHue paBHOBeCUs OTPULIATEIILHO 3aPAKEHIIOTO
uiapuka B Tpybe yCTOHUMBBIM?

q

q
K 3adaue 0.1.9 K 3a0aue 6.1.10 K 3adaue 6.1.11

v 6.1.9. IiBa 0AMHAKOBBIX 3apAXKEHHbIX LIAPHKA MAcChl M1, TIOBELLUEHIbIX B Ofl-
HOM TOYKC Ha HMUTAX JUIMHBI [, pa3sOUIIHCh TaK, YTO YrOJI MEXKAY HUTAMH CTajl
pamMeiM. Onpenesiute 3apaa 1IAPUKOB.
> 6.1.10. Uetbipe nosoxutenbisix 3apana g, ¢, q, Q cBA3aHpl NATbI0 HUTAMU
TAK, Kak 110Ka3all0 Ha pucynke. Jnuna kaxpoi uuru /. Oupejgesiute cuily Hats-
YKCHHUA HUTH, CBA3bIBAIOMIEH 3apans Q > q.
< 6.1.11. Uerbipe nostoxuteliptblxX 3apsana (J, q, ¢, ¢ CBA3aHpl YeThIpbMs HUTS-
MH TaK, Kak 110Ka3aHo Ha pucyHke. [lnuHa kaxnoit Huth /. Onpenenute yriel
MCKIlYy HUTAMH.

6.1.12. B aToMe BOjOpOAA 3:1eKTPOH ABHXKETCA BOKpPYT NMPOTOHA C YIJIOBOM
ckopoerbio 10" ® pan/c. Hajiaure papuyc opGUThL.
< 6.1.13, Bokpyr 3apsama g BpawaloTcsa 110 KpYIoBOH OpGUTe, pacnosarasch
B yMIax KBafpaTa cO CTOPOHOH /, YCTbIpe OJIMHAKOBBIX YACTHLBI Macchl M U
3apAna —g Kaxuas. 3apsaj g HAXOUKTCA B LeHTpe 3Toro kBaapata. Onpegenure
YTJIOBYI0 CKOPOCTb ABHIKEIIMA YAaCTHLL 10 OPOKTE.

~q
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K 3a0aue 6.1.13 K 3a0aue 6.1.14

S 6.1.14%. Kakolt MUHMMAIbbIH 3apsif ¢ HY>KHO 3aKpelUTb B HHXHel TOuKe
c¢epuueckoit 1nonocTy paguyca R, utobnl B Nose TaxecTH HeGOJBLIOH LIAPHK
Macchl 1 W 3apsAna ¢ Haxo[unca B BepXxHed TOUYKe MOJIOCTU B 11OJIOKEHHH YCTOM-
UHBOTO paBHOBecHA?
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O 6.1.15. JIBa 3apapa ¢. COC/IMHCHHBIX PEBHHOBBLIMKM NIHYPAMH C HEIlO/|BHKHDBI-
MM CTCHKAMH TaK, KAK IIOKA33aHO 112 PUCYHKE, HAXO;IATCH Hd PACCTOHNUN 2a
Hpyr ot apyra. Paccrosiitue Mexiy cTelkaMu 2/, juinia Kax;loro nejedopmu-
poBaHHoro umypa /. Onpelciinic nx xKecTKocThb.

7 7
4 q
. 4 4
K 3a0aue 6.1.15 K 3a0aue 6.1.16

O 6.1.16*%. CecMb 0/IMHAKOBBIX 3aps;l0B ¢ CBH3AHBI JIPYT C APYTIOM OJIMIIAK OBDI-
MU YIIpYTHMH HHTAMHA TAK, KaK 110Ka32HO Ha pUcyliKe. PaccToanue Mex, iy 0.14-
Kaliniumu 3apagamu [. Onpeenure CUIy HaTsXeHUA KaxXI0i HUTH.

¢ 6.1.17. Uemy prBHA HANPAXKCIHOCTb JICKTPHYECKOIO 1IONA B [ICHTPC PaBHO-
MepHO 3apsKeHHOro TOHKOro Koibla paguyca R? Hemy ona pasua 1a ocu
KOJIbIIa Ha paccroAanud A oT nentpa? 3apaa kosnia Q.

6.1.18*. Yemy paBHa HAlPSKEHHOCTb JJIEK TPHUCCKOIO 1071 pABHOMEPIIO 34-
PAKEHHOH HUTH JJIMHBI [ HA NPAMOH, KOTOpas ABIACTCA HPO/IOIDKCIIHEM HUTH,
Ha PACCTOAHMH X OT BMKailliero ee kolna? 3apa/i e/IMHKIbI [UIMHBI HHTH p.
¢ 6.1.19. Jokaxure, YTO COCTABJIALAA HAIIPAKEHIIOCTH JIEKTPHYECKOTO HO-
J8, NepleHINKyApHasd MOBEPXIIOCTH PABHOMEPHO 3apmKelloro yyacTka Iioc-
KOCTH, paBHa [} = o§2/4mey, rjie & - Tesiecliblil yroi, NOJ1 KOTOPbIM BHiICH
JTOT YYACTOK M3 PACCMATPHBACMOW TOUYKH IIPOCTPAHCTBA, G — IIOBEPXHOCTHAN
nnotHoCTL 3apsa. Onpelle/iuTe, HOJNBL3YACH OTUM, HANPAXKCHHOCTD JJIEKTpH-
YeCKOro HoJf:

a) B lenTpe Kyba, UATh TPpaHeH KOTOPOro paBHOMepHO 3apsKclbl ¢ HOBEpX-
HOCTHOM TUIOTHOCTBIO 3apANA 0, 4 Oflla [PaHb He3apssKeHa,

6) B LiCHTpC NPaBWIBIIOIO TEIPadApa, TPH Ipaliid KOTOPOIo 3aPsXKCEHbI ¢ 110-
BepXHOCTHOH INIOTHOCTBIO Gy, @ YeTBepTasd — C NOBEPXHOCTHOM TOTHOCTbIO 3a-
pAna o,

o 1N\30°
R

K 3a0aue 6.1.17 K 3a0aque 6.1.19
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B) paBHOMEpHO 3apsKEHHOH IUIOC-
KOCTH, ecTi NOBEPXHOCTHAA IUTOTHOCTh
3apsAna o;

r) Ha OCH UIMHHOK TpyGbI C Cceue-
HHMEM B BHfE NPABUIBHOTO TPeyrojbHH-
Kd, eC/M MOBEpPXHOCTHAA IUIOTHOCTh 3a-
pstha rpaHedt TpeyrosjibH1Ka TpyGsi paBHa
COOTBETCTBEHHO Oy, Uy, 03}

n*) B BepluMHE KOHYCA C YIiOM INIpH
BepllMHE o M BHICOTHl #, PABHOMEDHO
JAPAXEHHOrO0 ¢ 0GbeMHOW IUTOTHOCTBIO
JApAma p;

e*) mHa peGpe mIMHHOTO OpycKa,
pAaBHOMEPHO 3apFAKEHHOTO ¢ 06bEeMHOM
ILIOTHOCTBIO 3apsijd p; NOMepeyHoe ce-
yeHHe Opycka — NpaBWIbHBIH TpPeyIoib-
HHK CO CTOpOHOH /.
> 6.1.20.a. PaBHOMepHO 3apskeHHYI0 cdepy BMecTe C 3aKpenieHHBIMH Ha ee
IIOBEPXHOCTH 3apAJAMH CKalu B OOHOM HallpaBJIeHHH B N pa3s, MpEeBPaTHB ee
B sumncond. JIoKaxuTe, 410 3JIeKTpHYECKOoe 110/1e BHYTPH TaKOro 3JUTHICOMIA
paBHO Hymo. JInA Joka3aTeiibCTBa pasbeiiTe MOBEpXHOCTh IIMIICON/IA Ha Iapbl
MaJTbiX IJIOWAKOK TaK, KaK 3TO W300pa)xKeHo Ha pHUCYHKe.

6. byner M no-npexHeMy OTCYTCTBOBaTh II0Nle BHYTPH [JIMHHOH KpyTIJIOH
1pyGbl C paBHOMEPHO 3apAXKEHHON MOBEPXHOCTBIO, €CIIM €€ BMeCTe € 3aKpellIeH-
11BIMH ITOBEPXHOCTHBIMH 3apANAMHM CKaTh B H1ONEPEYHOM HaflpaBJIeHUH?

6.1.21. a. MeTtauiueckoe KOJbUO pa3opBasioch KyJTOHOBCKHMH CHIIAMH,
KOrga 3apsas Komsua 6si1 paBed (). COenanu TOYHO TaKOe e HOBOE KOJIbLO, HO
U3 MaTepuana, IpOYHOCTh KOTOPOro B decATb pa3 Gonpuwie. Kakoit 3apsan pasop-
1BET HOBOE KObLo?

6. Kakoii 3apsAn pa3opBeT HOBOE KOJIBLIO, CAEJIaHHOE U3 IIPEXHEro MaTepuana,
¢CJIM BCe pa3Mephbl HOBOTO KOJIblia B TpH pa3a Oonbiie pa3MepoB cTaporo?

K 3a0aue 6.1.20

§ 6.2. [ToToK HaNpPSKEHHOCTH IEKTPHIECKOTO HOJIS.
Teopema I'aycca

6.2.1. a. HanpsxeHHocTs opHOpOOHOTrO 3MeKTpUYecKoro mons papHa E.
Yemy paBeH MOTOK HAIIPAXKEHHOCTH 3eKTPHYECKOro IONA yepe3 KBapaT co
. TOPOHOH [, TWIOCKOCTb KOTOPOTo PACIOJIONEeHa ot yrioM 30° k HalpaBlieHUIo
L1eKTpHYecKoro moss?

6. Ilpu pacueTe MOTOKA HANPKEHHOCTH IEKTPUYECKOT O NMOJIA Yepe3 3aMKHY-
I'yl0 MOBEpXHOCTb MOTOKH, BXOMSLIME BOBHYTpb, GepyTcA cO 3HAKOM MHHYC,
BhiXOOAILME BOBHe NOTOKH GepyTcs co 3HaKOM fnoc. Mcnons3ys 310 npasuio,
HaWOMTe OTPHUATENTbHbIE M TIOJIOXKHUTEJIbHBIE IOTOKH OIHOPOIHOTO JJIEKTPH-
{CCKOTO MOJIA HanpsXeHHOCTH E uepe3 3aMKHYTYI0 NOBEPXHOCTb MPAMOI TpeX-
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K 3adaue 6.2.1

rPaHHOM HPH3MBI, BbICOTA KOTOPOM A . llepenrisist TpaHb MpUaMBl, LITPMHA KOTO-
pO¥ paBHa #, nepreHanKyiapHa £, IKHAS I'pans Tapainensia £

B". Ilokaxute, UT0 MOTOK HANMPAKEHIIOCTH OIHOPOJIIOrO KT PHYCCKOTO 110
7151 Yyepes 1106y10 3aMKHY TY 10 IIOBCPXHOCTh PABCH HYJIO.
0 6.2.2. Yemy paBeH MOTOK HAMPAXKEHHOCTH OJJHOPOHOTO 3TEKTPHUECKOrO 110~
N5l yepe3 HGOKOBYI0 IOBEPXHOCTE YCEUEHHOTO KOHyCa, pa/liyChl CCUEHUA KOTOPO-

ro passbl R u r? HanpsxeHIlocTh IcKTpHYeckoro noiid £ cocTaBisieT yron o
C OCBIO KOHYCa,

K 3adaue 6.2.2 K 3a0aue 6.2.3

¢ 6.2.3. Noxaxwure, YTO NOTOK HAMPSAKCHHOCTH HICK TPHUECKOr 0 NOJIA TOYEUHO-
ro zapsaga ¢ uepes n8yI1o 1IOBCPXIOCTL panell TeCCHOMY YIIY, NOJ KOTOPbIM
BHOHA T4 OBCPXHOCTh, YMHOXEHHOMY Ha 0/ €4.

6.2.4. [oTok HalIPsHKCHHOCTH 31EKTPUYECKOT O MOJIs Yepe3 MIOCKYIO 110BepPX-
HOCTh, DABHOMEPHO 3apAXKEHHOH ¢ TOBepXIIOCTHOW IUIOTHOCTI0 3apAfa o, pa-
BeH ¢. UemMy paslia oneKTpuuecKas CHna, HeRCTByICUIan 11a (UTACTHIIY B HallpaB-
TIEHHH, [epLeH MK YIIAPIOM e IUlocKocTy?

6.2.5. a. C xao# cwIOH [elcTBYeT 3K TPUYCCKHI 3apsan ¢ Ha paBHOMEpHO
3apsoKkeHHyl0 GeckoHeunylo Iutockocth? ( Kakod cumol AeffcTnyer dTa 17I0C-
KocTh Ha 3apAn? YeMy paBHA HANPAKEHHOCTD 3NIEK TPHYECKOTO NOMA MIOCKOCTU?
[foBepxHOCTHAA IIOTHOCTD 3aps/a O.

6. C xaKoii cuioil meHCTBYeT Ha KXY IpaHb TeTPaspa 3apAn ¢, NoMelleH-
Hb1i B eTo meHTpe? TloBepxHOCTHAA MIOTIOCTL 3apA/Ia rpaHeit g.

6.2.6. HUcnomsaya reopemy [aycca, onpememdre HaNMpsKeHHOCTb 3JIEKTpH-
YecKOro HOs:

a) BHYTpM ¥ BHC PaBHOMEPHO 3apsOKCHHOM cdepbl, ecnu MOMHLIA 3apsn
cepni O
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6) paBHOMepHO 3apfXKeHHOi HECKOHEUHO! HUTH, €CITN 3ap AL eNUHALb] IUTHHbI
HUTH p;

B) paBHOMEPHO 3apfXeHHOH Oeck OHeYHOM ILTOCKOCTH, eclid NIOBEPXHOCTHAA
TUIOTHOCTH 3apANA MJIOCKOCTH T;

T) BHYTPH M BHE PaBHOMEpHO 3apselHOro 1apa paguyca R, eciiM o6beMHad
IJIOTHOCTH 32pANA ; Hapucyiire rpapMK 3aBHCHMOCTU HAIIPSAYKEHHOCTH 3JIeK TPHU-
YeCKOTO MOJIA OT PacCTOAHUA IO UEeHTpa 1Iapa;

O) BHYTpM M BHe PABHOMEpPHO 3apsi’KeHHOro GecKOHeYHOro UWIMHIpa pa-
Auyca R, ecnn obbeMHasd IUTOTHOCTb 3apAfAa BHYTPH IIWIMHOpPA paBHa p;
napucyiTe rpapHK 3aBUCHMOCTH HAIIPAXEHHOCTH 3/I€KTPHYECKOT O MO OT pac-
CTOAHUA O OCH LWIMHAPA; ,

€) BHe M BHYTPH PaBHOMEPHO 3apsA’KeHHOH GecKOHEUHOM IIACTHHBI TOJUIK-
bl A2, ecnd oGbeMHas MJIOTHOCTb 3apANa B IJIaCTHHe PABHA p; HApUCyiiTe rpa-
(MK 32BUCHMOCTH HANpPAKEHHOCTH 3NEKTPUYECKOro MOJIA OT PACCTOAHUA IO
(el TPAITbHOM TMTOCKOCTH IIaCTHHBI.

6.2.7. Haltnute pacnpenesieHde 06beMHOM IIOTHOCTU 3JICKTPHYECKOTO 3aps-
jla: @) B niape paguyca R (Hanps>keHHOCTh JJeKTpuueckoro noyis £, B mape
1laTtpaBJieHa B[i0Jb €r0 Pajidyca U He MeHSeTcs 1o Monynio) ; 6) B GecKoHeuHOM
UMIHHApPe papuyca R (HanmpsykeHHOCTb 3eKTpuyeckoro mosnd E, B uunuHppe
i1allpaBJieHa BOOJIb ero pajuyca U He MeHseTCA O MOMYJI0) .

6.2.8*%. C xako# cunoil pacTanKuUBAOTCA PABHOMEPHO 3apsDKEHHBIE I'paHH
Kky6a? terpasapa? TloBepxHocTHas UNOTHOCTb 3apsina rpaHeid o, [JMHA
pebpa [.

6.2.9. UeMy paBHa HaNpsAXeHHOCTh JIEKTPUYECKOI'O IIOJIA MEXAY JIBYyMs ma-
pansiesbHBIMA  GeCKOHeYHbIMY IUIOCKOCTAMU C MOBEPXHOCTHOH IUIOTHOCTBIO
japana +o0? o u 07 Uemy paBHa HaNPSOKEHHOCTH NOJA BHE MIIOCKOCTEi?

7 6.2.10. [IBe nepecekawumecad OO YIJIOM ¢ GeCKolieyHble TIIOCKOCTH NENAT
IIPOCTPAHCTBO Ha 4eThipe 061acTd. YeMy paBHa HANPAXKeHHOCTD 3JIEKTPUYECKOTO
11041 B obnactax / U 2, ecny LIOBePXHOCTHAA IUTOTHOCTD 3apAMa IUTocKocTel + g7

7 VR 7 4
4 +0 7
r, *P v v h
s v VR
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N - N Q
N Y4 \ N h
N A N\ N
K 3a0a4e 6.2.10 K 3a0aque 6.2.11

6.2.11. Iee GecKoHeuHble MIIACTUHBI TOJIWMHBI A 3apAXKEHBI PABIIOMEPHO 110
0bbemy M croxeHnl BMecTe. O6beMHas NMIOTHOCTh 3apfAna IepBOM IUIACTHHLL O,
2 BTOpoil — p. Halinnte MakcumanbHy 0 HanpsikeHHOCTD 2J1eK TPUUYECKOTo 11014,

6.2.12. B paBHOMePHO 3apsKeHHOW GeCKOHEUHOM TIacTHHe Bbipe3amu cdepu-
MCCKYI0 MTONIOCTh TaK, KaK TI0KA3aHO HA pUCYHKe. ToNuIMHA NIacTHHBL /2, 00beM-
Has [JIOTHOCTh 3apsfa p. YeMy paBHa HaNpsXKeHHOCTh 37eKTPUYECKOTO MOnf
T .CaBueniko 0.4. ' 193
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K 3a0aue 6.2.12 K 3a0aue 6.2.13 K 3a0aue 6.2.14

B Touke A? B Touxe B? HalipuTe 3aBUCUMOCTb HaNPAXEHHOCTH 3NEK T PHYECKOTO
noJ1a BAoJib npaMoit OA4 ot pacctosHus 10 Touku 0.

¢ 6.2.13* B paBHOMephO 3apsoKeHHOM Iiape pamuyca R Bhipesanu cdepu-
YeCKYH TOJOCTh pafMyca ¥, LEHTP KOTOPOH HAXO[MTCH HA PACCTOSHHHM [ OT
ueHrpa m@apa. OObemHass IUTOTHOCTh 3apanga 0. HafiguTe HanpspKeHHOCTH
3JIEK TPUYECKOTO MOJA BLOJb NPAMOH, MPOXOMIlEH Yepe3 LEHTp HOJIOCTH M
neHTp mapa. Jokaxure, YTo OMEKTpPHYECKOE MNojle B HOJIOCTH OJHOPOJHO.
¢ 6.2.14% a. [Ipu nepeceyeHMH [BYX 1LAPOB pagMyca R, IEHTPBl KOTOPhIX
HaxXOOATCA Ha paccTOsHMK [ Rpyr oT Apyra, obpasylotcs apa 'moljiymecsma’,
PAaBHOMEPHO 3apMXKEHBIX DPa3HOMMEHHBIMHM IIEKTpUuecKMMH 3apsnamu. O6b-
eMHasi JUIOTHOCTh FIEKTPHYECKOTO 3apsAaa clleBa —p, cmpaBa p. Jloxaxwre,
YTO JJIeKTpHYeckoe fojle B OONacTH INepeceyeHHs 1WIapoB oaHoponHo. Haimu-
T€ HAIIPAXKEHHOCTb 3TOTO MOJIA.

6. YUcnonesysa pesynpTat 3amawd 6.2.14* a, M npumeHsAs MeTon Npenelib-
HOro mepexoma: [ > 0, p ~> oo [p = const, HaWaUTe pacripene/icHUE 3apAfa Ha
cepe pamuyca R, xkotopoe [acT BHYTPH cdepbl OGHOPOAHOE NEKTpUUECKOE
nojte HanpsokeHHocTH E. Kak cBfi3aHa ¢ HalpsAXXEHHOCTBIO MOJI MAaKCHMaJlbHas
NOBEPXHOCTHaA IUIOTHOCTD 3apAna’

6.2.15* C nomouisio TeopeMbl ['aycca MOKa>XMTe, Y0 CUCTEMA 3IIEK TpHYeC-
KM B3aMMOJEHCTBYIOUIMX YacTHI, He MOXET HAXOOMTbCH B COCTOSHHH YCTOH-
YUBOTO paBHOBECHUS.

§ 6.3. [ToTeHuMan 3NeKTPUUECKOro NOJIA.
IIpoBOOHMKH B IOCTOAHHOM MIEKTPHYECKOM Tojle

6.3.1. a. Tlorenmman 3apskesHoro npoBoauuxka 300 B. Kako#t muHMMaTh-
HOM CKOPpOCTHIO [IOJDKEH OGIafiaTh EKTPOH, YTOOBI yneTeTh ¢ NMOBEPXHOCIH
IPOBOJHUKA HA GeCkOHeYHO JaneKoe OT Hero paccTosnue?

6. IIpoTon Ha OOMNBIIOM paccTOSHUM OT IPOBOAHMKA HMell CKOPOCTh
10® cm/c. Tlotermman npopoasuxa —10 CI'C. TpaekTopus NpoTOHAa 3aKaH-
YMBAETCS Ha MOBEPXHOCTH NpoBoaHKka. Kakyw cKopocTs HMEN NpOTOH BGIH3H
HoBepXHOCTH?

6.3.2. a. Onpenenute pasHOCTp NHOTEHUUMATOB 3TIEKTPHYECKOTO IONA MEXIY
TOYKaMu ] M 2, ecli¥ M3BECTHO, UTO FMEKTPOH, OBHrasACh B 3TOM UTeK TPHYECKOM

nojie B OTCYICTBHe [PyIMX cui, B Touke ] MMen ckopocTs 10° cm/c, a B Tou-
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ke 2 — cxopocth 2 - 10” cm/c. UeMy Gbuia 6b1 paBHA CKOPOCTh JIEKTpOHa B
Touke 2, ecyin 6b1 B Touke / IIEKTPOH HMeI HyNEBYIO CKOPOCTh?

6. B anmex TpOHHOM N1aMIle 3JIeK TPOHBI Y CKO PAIOTCA PA3HO CTHI0 O TEHIUATIOR™
220 B. YUeMy paBHa cKOpPOCTb EKTPOHOB IIPH TONaJaHWH UX Ha aHON!

6.3.3. 3apsan 0,1 Kn ypanen or 3apsana 0,2 Kir Ha paccrosinue 20 m. Uemy
PaBEH MOTEHUHAT NONA B cepeJMHe OTPEe3Ka, COeIMHAIOLIEro 3apanni?

6.34. B BepumHax KBapaTa co CTOPOHO#N [ HaxOHOATCA YeThIpe 3apAna ¢.
YeMy paBeH NOTeHIMAI NONA B LEHTpe KBanpaTa?
> 6.3.5.3apanet 107 Kn kaxnpil HaxopmATca B yIlax KBafpaTa co CTO-
poro# 10 cm. Haiifite pazHOCTh NMOTEHUHATIOB B NOJIe 3TUX 3aPANOB MEXOY
HEeHTpoM kBafpata (/) M cepemuHod OQHOM U3 CTOPOH kKBafpaTa (2).

6.3.6. 3apangm 100, 10, 1, —10, —1, —10 CT'C HaxonsTCA B BepLUMHAX
IIPABWIBHOTO [LECTUYTONBHUKA CO CTOPOHOH 2 cM. UeMy paBeH noTeHmUal
noJs B HeHTpe uecTuyronsiuka B CU u CI'C?

6.3.7. Cdepa pagmyca R umeer 3apan (. Uemy paBeH NOTeHUHAT NOJNs B
ueHTpe cheprl? 3aBUCHT JIM MOTEHUMaN B LeHTpe cdepbl OT pacipelerneHus
3apAnoB Ha céepe? 3aBMCHT NTM TMOTEHUMAT NONA HA MOBEPXHOCTH cdepbl OT
paclipeneneuns 3apana no cdepe?

6.3.8. [loueMy »>JIeKTPHYECKOE IONle BHYTPM TPOBOOHHKA PABHO Hymo?
[loyeMy snexTpuueckoe TONle HA NMOBEPXHOCTU IPOBONHUKA MNepPHeHIUKYIAP-
HO K He#l? JlocTaTouHO 5M 3TMX YCIOBHUH, yroObl HOTEHIMAT B N10G0H TOuKe
IIPOBOJHAKA OBUT 0 JMHAKOB?

6.3.9. HUcnonp3ys Tteopemy I'aycca, noxaxute, uro oObemMHas IUIOTHOCTh
JJIeK TPUYECKOr0 3apsfia BHYTPH NPOBOJHUKAE PAaBHA HYJIO U YTO IIOBEPXHOCTHas
TJIOTHOCTb 32pfiida MPOBOIHHKA 0 CBJ3aHA C HANPSAXKeHHOCTBIO DMK TPHYECKOTO
nona E BHe nmpoBomHMKa BONMH3M ero MOBEPXHOCTH COOTHOLIEHHEM £ = gfe 4.

6.3.10. a. Jloxaxkute, 4TO BHElLlHEe 3INMEKTPHUECKOE IOJIe IIUTMICOMOA U3
3agaud 6.1.20 a nepreH UK YN APHO €10 NMOBEPXHOCTH.
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K 3a0aue 6.3.5 K 3a0aue 6.3.10 K 3a0aue 6.3.11

6. IlpoBonALWMA SIUTHICOMA TNOMydYeH M3 cdepbl yMeHbLIEHMEM ee pa3Me-
pPOB B OJHOM HAmpaBlieHMHM B n pa3. Jlj1MHa OONMbLIOH MONMyocH SMIMICOMAA
R, ero nonupm 3apaAp Q. Onpenenxre MaKcUMATbHYI0 H MUHUMAIbHY 0 HANps-
’KEHHOCTb BHELIHErO 3TeKTPUYECKOro MOJIsA BOIH3H NOBEPXHOCTH 3JITHIICOMAA.
. B. Onpenenute MakcHMMaTbllyl0 HANpsKEHHOCTh 3INMEKTPHYECKOTO OIS
/UIMHHOTO METAJIJIN4eCKOr0 3aPSHKEHHOTO INPOBOAA JIUIMIITHYECKOrO CeYeHHs.
JlnMna maliod noxyocd 3nMnca b, NHHeHHAasA IVIOTHOCTh 3apsfa IpoBoja p.
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¢ 6.3.11. JIBe GeckoHeuHBle MpPOBOMAUIME M30JIMPOBAHHBIE IUTHTBI 32PSIKEHDI
TaK, YTO CyMMapHasf NOBEePXHOCTHAA IWIOTHOCTb 3apsAfa 06eUX CTOPOH IepBOi
IVIMTHI PaBHA 0;, @ BTOpOR — oy. IMTBI mapastensHsl apyr gpyry. Haiinure
MOBEPXHOCTHY 0 IUIOTHOCTh 3aPAa Ha KaXO0H CTOpOHe IUIUT.

6.3.12. a. Jlpe mapajulesibHble PA3HOMMEHHO 3apSXKEHHBIE MeTAJIMYECKHe
IUIaCTHHBI HAaXONATCH NpYyr OT [pyra Ha paccTOosHUM 1 cM, MHOro MeHbIlEM
pa3mMepoB muacryl. IloBepXHOCTHaA IUIOTHOCTb 3apana mmactud + 3 CI'Clem>.
Onpenesiute pasHOCTL MOTEHUIMATOB Mexay rwiactuHamu B CI'C u CH.

6. JlBe mapautenibHble Pa3HOHMEHHO 3apAXKEHHbIE METAIITHYECKHE THIaCTHHBI
HaXOJATCA APYr OT [ipyra Ha PaccTOSHHM 5 CM, MHOTO MeHbLIEM pa3MepoB
wiacTiH. IloBepXHOCTHAA IWIOTHOCTh 3apAna mwiactud + 1070 Ki/cm?. Ompe-
AEIHTE PAa3sHOCTh MOTEHUUAIOB MeXAy mwiacTuHamu B CI'C u CH.

6.3.13. UYemy paBHa pasHOCTL MOTEHUMATOB MeXy KPaiHHHMHM IUTacTHHAMM
B CHCTEMe, COCTOSIEH U3 TPEX NapaleNbHbIX GecKOHEeYHbIX IUIaCTHH, 3apsAKeH-
HbIX OQHOMMEHHBIMHM 3apAfaMu C MOBEpXHOCTHOH IUIOTHOCThIO 3apsafda o,
02, 037 CpenHsis IUIaCTMHA HAXOOUTCA HAa PACCTOSIHMM A, OT NepBOil M Ha pac-
CTOSHUHU /1, OT TPETheH IUTIaCTHHBI,

6.3.14, Hailigute HanpsKelHOCTh MIEKTPUUECKOTO MOJIA MEXIDy TpeMs Ilac-
THHAMH B CJlyyae, €GIH Cpe[IHAA IUIAaCTHHA 3a3emileHa. PaccroaHus mexny
CpeHeH WIACTUHOH M KpaHmMMmu ¢ ¥ b. JloTeHuuan kpaiHMX IHIaCTHH @.
¢ 6.3.15.a. Mexny mByMsa 3a3eMIIeHHBIMH METAJUIMYECKMMHM IUIACTHMHAMH Ha-
XOMMTCA OJMHAKOBas C HUM IO pa3MepaM TOHKAaf IUIEHKA C IIOBePXHOCTHOR
IVIOTHOCTBIO 3apsfga o. PaccTtosAnne oT Hee [10 BepXHed IUIACTHHBI 4, DO HUXKHEH
b (a u b MHOro MeHbllle TMHEHAHBIX pa3MepoB rwiactuH). Haimure wanpsokeh-
HOCTh WIEKTPHUECKOTO NOJA BOMWU3M BepxHeH M wKHed mwiacTuHbl. Omnpene-
JIMTE NOBePXHOCTHYIO IWIOTHO CTb 3apsja, MHAYLM Py eMOTO Ha HHX.

K 3a0aue 6.3.15

6% Mexay 3aseMieHHBIMH NApAUIENTbHBIMA IUIACTHHAMM Ha pPaccTOSAHHH
@ U b OoT HUX HaxomMTcA 3apAf ¢. JIuHeldHbIe pa3Mepbl IIACTHMH MHOTO GOJbIlle
paccToAaHHa Mexqay HUMH. JloxaxaiTe, YTO 3apsjibl, HHOYLHpPYEMbIE HA 3a3€M-
JIEHHBIX TUIACTHHAX, HE M3MEHATCHA, eCIM 3apAN ¢ PACIIPENeNIUTh MO IUIOCKOCTH,
JeXaiel Mexay IIacTMHAMM Ha TOM JK€ PAacCTOSHMHM, uT0 U 3apan q. Ompe-
ACIUTE 3apAM UIaCTHH.
¢ 6.3.16. B monoct MeTALIHMYecKOro Iiapa pamMyca R HaxoymTca 3apap (.
Haiigure 3apsan, MHOyUMpyeMbiil 3THM 3apsAfioM Ha IOBEPXHOCTH IIOJIOCTH.
[Touemy Ha noBepxHOCTH mIapa 3apan OyleT paclpenesieH ¢ NOCTOAHHOMN IUIOT-
Hoctbio? UeMy paBHa NMOBEpPXHOCTHAS TUIOTHOCTh 3apsifia Liapa, eclIM ero Hojl-
HbM 3apAf paBeH Hymw? Hallgure HanpseHHOCTb 3JIEKTPHYECKOTO TMOJA BHE
11apa Ha pacCTOAHMK L OT ero 1eHTpa B Glyvae, €clIM €ro TNMOJIHBIA 3apsn pa-
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K 3a0que 6.3.16 K 3a0aue 6.3.17

BEH ¢. 3aBHCHT JIM 3TO MOJIE OT MecCTOpacrojioxeHus nojioctd B wape? Ot
¢e dopmbl?

6.3.17* BHyTpd NOJOCTY IJIMHHOTO HE3aPSKEHHOTO MPOBOTHHKA, PaIHyC
KOTOpPOTO Fr, HaxOJUTcA 3apsa ¢. [IpOBOMIMK OKpPY»XeH IWIMHAPHYECKHM
JKpaHoM paguyca R. JlnMHa mpoBomHuka L > R, Kak 3aBHCUT B CpenHeH
UACTH CHCTEMBI HAMPAXEHHOCTh MIEKTPUUECKOTO MOJIA BHE MOJIOCTA OT pac-
CTOSHUS JI0 OCH ITOH CHCTEMBI? :

6.3.18. B oiHOpOOHOM DIEKTPHYECKOM MOJIe HAXOIUTCHA MpPOBOIHUK, CYM-
MapHBIA 3aps KOTOPOro puBeH Hylo. WU3MmeHurcs M noBepxXHOCTHAs IUIOT-
HOCTh 3apsA/a, eCJIH BCe PpasMEDBI NPOBOTHUKA Y MEHbILMTD B 1 pa3?
< 6.3.19. Metwummueckuil wap pamuyca 10 cM nomeiieH BHYTpb cdepHuec-
KOH MeTaUIMYecKol 060MouKH, uMelowelt BHewiHud paguyc 30 cM H TONLM-
ty 10 cm, TaK, 4TO HX LeHTphl coBnanawT. Ha mape maxomitcsa sapsan 107° K,
Ha o6omnouke — zapan 8 - 107% Kn. MocTpoiiTe rpagMK 3aBHCHMOCTH NOTEH-
1/aJ1a JJIeK TPUYECKOTO MOMIA OT PACCTOAHHUSI IO LEHTpa 1apa.

6.3.20. Tpu npoBopsuMe KoHueHTpuueckue cdepbi pamguyca r, 2r U 3r
MMEIOT 3apsAl COOTBETCTBEHHO ¢, 2g M —3q. OnpenenuTe NOTCHIHAT HA KaX-
;104 cepe.

6.3.21. TloteHuman BRyTpeHHeH cdepbl pamuyca r paBeH Hynw (cdepa 3a-
semrieda). [loTeHuman BHeiuHe# cdepbl pamvyca 2r paBed ¢. Onpepenute
Japan coep. LlenTpnt cdep coBnapator.

6.3.22. Mertanmuueckuid wiap pammyca R, 3apsxeHHbI A0 NOTeHUMATa ¢,
OKPYAIOT ~ KOHLIEHTPHYECKOW MpOBOAAILEH  He3apsKeHHOH  oGonmoukoi
pamuyca R;. Yemy craHeT paBeH noTeHIuas Liapa, M 333¢ MIUTh 06osIouKy?
CoemuHuTh 41ap ¢ 0 60I0UKOH MPOBOIHUK OM?

K 3aaue 6.3.19 K 3a0aue 6.3.23
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¢ 6.3.23. Cucrema COCTOMT M3 jIBYX KOHUCHTPHYECKHX TPOBOIALLNX
chep - BHyTpeHHe#d pajmyca R, u Bueutnied pauuyca R,. BHyTpentsis cdepa
UMeeT 3apsil ¢, a Buisa sasewsleda. Hai;mre HanpsokeHHOCTb M HOTeHIUAI
WIEKTPUYECKOTO TOJIA B 33aBHCUMOCTH OT PACCTOAIMSA {10 1edTpa cep.

6.3.24. CizoTeMa COCTOMT M3 JIBYX KOHLCHTPHUCCKHMX NPOBOIALMX chep -
BHYTpcHilcH paanyca R; W BHeluned pagumyca R, . Buenmsas cdepa umeer a-
P/l ¢, a BHyTpeduan 3asemilcha. Hallgure HanpsaXcuiocTs ¥ MOTEHLHW! IIeKT-
PHUECKOTO HOJIH B 3aBUCUMOCTH OT PaccTOsIMsI /IO UeHTPa chep.

6.3.25. PaBnomMepio sapsokeHdbiit 11ap pajiyca R umeer ofbemuyio 1L107T-
HOCTb 3apsula p. Hallzimrte HalpsiKCHHOCTH HOSIA M HOTCHIMWI Apd B 3dBUCH-
MOCTH OT PACCTOSIHUA j10 CI'0 1ICITPa.

6.3.26. Uemy paBila pasnocTh HNOTCHUMAIOB MEXIy HUCHTPOM M 1IOBCPX-
HOCTbIO paBHOMCPHO 3apAXKCHHOIO 1Haps paidyca R, HMel0iero o6beMHY 10 1110T-
HOCTb 3apsijla p 7 MeXay oCbIo U IOBCPXNOCTBI) PABHOMEPHO 3apsiMeHiioro Hecko-
Heulloro LHIMHAPa pafiiyca R, uMernnlero obbeMIly 0 1LI0THOCTD 3apsiila p 7 Mex-
Ay TIOBCPXHOCTBE) PABHOMEDIIO 3aPAKCHHON ILTICTUHDI TONMILANBL /1, UMCIOILCH
o0beMHYIO IUIOTIIOCTD 33PA/IA O, M CCPE;MHON NTaCTHIIbI?

6.3.27. DheckoHeUHbIA 3apsXCHHBIA IMAHIADP pa;MMycd F UMCCT OObCMIYIO
IIOTHOCTDL 3apsiild 0 ¥ OKPyXKeH COOCHOM C HUM 3a3CMICHHON 1LMIMIILPHYCCKON
MCTAJIJTHUECKORH 110BepXI0CTh pagMyca R. HaiiauTe 33BHCHUMOCTL ROTEHIME-
712 MOJIsl DTOH CUCTEMBI OT PACCTOHUMA /10 OCH MUK, Ipa.

6.3.28. Toucuunlit 3apsizi ¢ HAXOAMTCA 1@ PACCTOAHMM A OT BeCKOHEUHON
MeTaILIIKUCCKOM TWIockocTH. Kakas cuma ICHCTByYCT 1a 3apsil O CTOPOHDI U0 C-
KocTh?

6.3.29. Tlo o;Hy cTOpony OT le3apsKCIION MCTUITHUECKOR 1UI0CKOCTH
Ha paccTOANMU A OT llec HAXONATCH JIBA ONUMHAKOBDLIX 1apsia (. Oupepenure
CHIIy, [IEHCTBYHILYI Ha KX/l W3 3apsioB, eCIM  pPACCTOSIHC MEXILY
HAMU 24 .
¢ 6.3.30. JIBe GecikOHeuHbIC IIPOBOSILIMCE TUIOCKOCTH, TIepeceKdsch 0N Nps-
MBIM YIJIOM, [elIAT IPOCTPalCTBO HAa uelbipe ofnacik. B oGiactu / Haxomr-
CA 3apsAd ¢ Ha O,MHAKOBOM paccTOsiHMd [ o1 oBeux miockocteid. Ecrs nu
ek TpHucckoe 1nolle B ofmactax [l - JV? Kakaa cwia nefictByeT ha
3apsaq?

6.3.31% Toucunblfl 3apAjl ¢ HAXOMTCA Hd PACCTOSAIMM [ OT LeHTpd M30MH-
POBAlIHOTO MeTalinuueckoro apa payca R < L. lMonHuif 3apsia miapa pa-
BeH HyJI10. YeMy paBeH nortenyuan uiapa?

I
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K 3a0aue 6.3.30 K 3a0aue 6.3.32
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» 6.3.32% Yemy paBeH 3apaji, UIJIYLHPYEMblil Ha OBEPXHOCTH 3d3eMICHHOIO
META/UIMYCCKOrO 1llapa TOUCYHbIM 3aDsSIJIOM ¢, PACIIONIOKEHHBIM HA PACCTOSIHUU
I ot nenrpa mapa? Pajuryc mapa R <L.

6.3.33. Kax M3MCHUTCSI CWIIA B3aUMOZICHCTBUS 3aPAXECHHOH MeTALIIUUCCKOH
cepnl pasmyca R ¢ TOUEHHBIM 3apsAdOM ¢, KOTOPbIA HAaXOJMTICH Ha PaccTos-
MU L OT ee UeHTpa, eciiv 3apsid cepbl yBeauuuTh ta Q7

6.3.34. OLQHOPOLHO 3apsOKellbI TMOJIOXKUTEBHBIM 33apAIOM OGpyY OIM-
pacTcsi Ha 4eThIpe pONMKa W MoeT Bpawatbes, OQuH yuactok oGpyua
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K 3adaue 6.3.34 K 3a0aue 6.3.35

IEKITOOPOOH AT
. MOULHNT

K 3adaue 6.3.36

IPOXOIMAT Yepe3 OTBEPCTHE, ClIelIaHHOE B NapainelibHbIX Pa3HOUMEHHO 3apfAXKeH-
npix TolactuHax. Ifo Mblcnu M306peTatend, yyacTox oOpyua, HaxopAumMica
MeX/1y IUTACTAHAMM, GyneT MPUTArMBAaTbCA K OTPULATCIIBHON IUIACTHHE U OT-
fATIKUBATLCH OT MOJIOXKMTENbHOH. BHe futacTuH nons HeT. Takum o6pasom, By-
JIeT TOIIEPXKUBATHCS BpauleHHe oOpyuya [aXxke MpU HATMYAK COTPOTHBIIEHU A
/IBUXKEHHI0 — TMOJIyYaeTCs BeyHblid [BUrareisb. B ueM oumbxa u3obperartens?
JlokaxwuTe, 4TO MOMEHT CHII, AeHCTBYIOLIMI HAa Takoil 0Opyy B M060M 3MEKTPO-
CTaTUYECKOM I0JIe, paBeH HYIIIO.
6.3.35. U3 wanenbHuubl / B MOJbIA H30JMPOBAHHBIA METAITMYECKHMH 1Iap
2 pamMyca R majalT xallld BOXbI, KaX@(IOH M3 KOTOPhIX cOOBWawT 3apAn g.
[Caxkoil ponxHa GbITh HAMMEHBLIAS BLICOTA MNafeHUA Kalellb I TOro, yroObl
iiap sanontmwics Bonoi? Papuyc kannu r € R.
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6.3.36. C nomoublo 31exTpohOPHOA MALIMHBI METAUIMYECKHHA MIApUK [
MOXHO 3apAIMTL 10 3apsaga (. 3areM, yepe3 CONPUKOCHOBEHHE ¢ MeTaUIM-
YCCKHM JKC LWAPUKOM 2, MOXIIO NepedaTs TOMy 4acTb 3apsiagd. Ilpu nepeom
COMPUKOCHOBEINN HA WIApUK 2 nepeien 3apsip ¢. Onpeyieniure, 0 KaKoro
3aps/id, MHOTOKPETHO OB TO DA 11POLCCC, MOXKHO 3apAAMTL LAPUK 2,

6.3.37. Kak, uMesi MeTaJI/THUECKHA WAPHK € 34pAROM (), 3apAOMTL ApPYroi
NPOBOIHAK 3apAnoM, Oosipiium Q?

6.3.38. MaBectiio, urto B6AM3M NOBEPXHOCTH 3eMIH CYHIECTBYET MK TpoCT4-
THYECKOE M0JiC HanpshkehuocTd nopaidka 100 B/m. Tlpermioxure sxcuepumen-
Thl 151 U3MEPEHHA ITOI'O NOJISL.

6.3.39. Kak H3MeHHTCA eMKOCTb yeIMHEHHOT O IIPOBOIHMKA, ECJTH €0 PA3MeE Pbl
YTpouTh?

6.3.40. Oupencire eMKOCTD ye/MHCHHOTO 1IPOBOLALIETO LIAPA.

§ 6.4. KonpeHcaropni

6.4.1. Uro uasbiBaercs oNekTpuueckMM kxoupercatopom? Yro Ttakoe ew-
Kocth Kotelcalopa? Yem oTaMuacTca onpeiielieHHe eMKOCTH YeJMHEHHOTO
MPOBO/IHUKA OT OTPe/IeNIeHA st e MKOCTH Kougelicatopa?

6.4.2. a. Pazmepbl MII4CTUH IU1OCKOIO KOHJIEHCATOpA yBETMUMIIN B [IBa pasa.
Kak “3MeHWIach eMKOCTh KOHTIeHcaTOpa?

0. Kak MU3MeIMTCA eMKOCTh IUIOCKOTO0 KOHAEHCATOpa, eCiM pACCTOosiiive
MEX;1y TUIaCTUHAMYU YIBOMTE? YBEIUUUTL B 1 pa3?

6.4.3. a. Onpegenure eMKOCTb IUIOCKOTO KOIIIEHCATOpa, CCIM M3BECTHA
IWIOLIA)1b IUIACTHH S M pacCTOoMIIMe MedXly HUMHU d.

6. Thiommanp 1acTiH IOCKOro KoHaeHcatopa 20 cm?, pacCTOSIHUC MEXily
rwiactuHamu 3 Mm. Onpenenute emkocTs KolpeHcatopa B CI'C u CH.

6.4.4. Ilnowans 0OKIIAIOK TUIOCKOIO KOHJEIICATOpa S, PacCTOAHUE MEeX[y
HAMHU d.

a. Kak M3MeHMTCs eMKOCTL KOIJIEHCATOPd, €CIM MeX/y ero OOKJlagKamu
MOMECTHUTh METAUTHUECKY 0 IUTACTHHY TONUWMHbI d/3 ¥ wiomagu S 7

5. Kak M3MeHHTCS eMKOCTh KOHJIEHCATOpa, ecllM Mexqly ero obxsajaKamu
MOMECTHTh METWULIMYCCKYIO IUTACTMHY TOH e Tonumiiel d/3, HO TUIOW@M
ST <8

B. MaMeHnTCA JIM €MKOCTbh KOIJIENICATOPd, €CJIM JTA UTACTHNA KOCHEeTCH Of-
HOH U3 00KIal0K?

6.4.5. OnpellenuTe eMKOCTb KOHjeHcAaTopa, 0O6Pa3oBAHHOIO [IBYyMs KOH-
ueHTpUueckumu chepamu pasuyca R, u R, (cdepuueckuit xolyencarop).

6.4.6. Onpeneniute eMKOCTh CePHYSCKOI'0 KOHIEHCATOPA, €CIIH MEXHY ero
obknagkaMM  TOMECTUTb  MPOBOOAMH  chepHuecKHBl  CIIOH  TOJIIMHEI
d < R; —R,.Pagnyc BHelulel noBepxXHOCTH 3TOroO <o Ry .

6.4.7*% HalinMre €MKOCTh WWIKH/IPHUECKOTO KOHIEHCaTopa, 0Gpa3oBaHHOIO
ABYMf COOCHbIMM WWIMHIpamu pamiyca R, u R,. Jnuna IWIMHAPOB
!> R(,R;.
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6.4.8*. TlnocKkuil KOHIEHCATOp U3TOTOBICH U3 IBYX NCHT LUMPHHBI @ U [LiIH-
Hbt {. Pacctosnne mexay neHramu d. OnpefenuTc eMKOCTb KOHICHCATOpA,
CCITY er0 CBCPHYThb B MHOTOBUTKOBBIH PYJIOH. C BHYTPCHHUM paauycoM R >d.
v 6.49. OnpemenrTe eMKOCTb CHCTEM KOHAEHCATOPOB, M300paskeHHbIX 1A pH-
CyHKe.
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K 3a0aue 6.4.9
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¢ 6.4.10. IInocknit KOHAEHCATOP HAXOLMTCA BO BHEIIHEM OJHOPOJHOM M€K T-
PHUYCCKOM M0JIe HANPSXKCHHOCTH £, NepHCHOMKYISAPHOM IUlacTuHaMm. ILiowmans
IIACTHH KOHjleHcaTopa S. Kakoil 3spaa okaxeTcss Ha KaXK{goi M3 INacTHH,
CCITM KOHAEHCATO P 3aMKHY Th [IPOBOJHMKOM HaKOpOTKO?

> 6.4.11. Jlpa 01MHAKOBBIX TUIOCKHX KOH/EHCATOpd BCTABIEHBL APYT B [Py ra.
Buavarie Bce IWIacTMHBI He ObUIM 3apsiKeHBI, a 3aTeM K HUM 1IpHCOETHHMIIM +
UCTOYHMKHM TOKa, MOJACpXUBAaILIMe pa3HOCTh NoTeHuManoB V, u V,. Haii-
AMTE Pa3HOCTb TIOTEHIMATIOB MeXy BHYTPEHHMMH IUIACTMHAMM, pasfelleHHbIMH
PACCTOAHUEM . PaccTosiHMe Mex/Iy IUTaCTUHAMH KOH/IEHCATOPOB d.
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K 3aoaue 6.4.10 K 3adaye 6.4.11

201



¢ 6.4.12* a. Kax uM3MeHHTCA eMKOCTb IUTOCKOTO KOHEHCAaTopa, eciiu lloMec-
THTh Cro B MeTa/NIMuecKY KOpodky? Paccrosinue oT 0OKIafok 10 cTeHOK
KOpOOKHM paBHO pacCTOAHHUIO MCXKY oOKIaakamH d.

6. Kak M3MCHUTICH €eMKOCTh, eCIM KOpOoOKY COCHMHHUTB € OJIHOW U3
obknagox?
¢ 6.4.13. Paccrossne mMexay obkiaaxamu INTOCKOTO KOHcHcaTopa d. Obxna;il-
KM COeUHEeHbl JIPYT ¢ APYTOM M 3a3eMAeHbl TAaK, KaK MOKa3aHO HA DUCYHKE.
Mexuy oOknagxkamu BCTaBJleHa, MapajuTejIblHO MM, IUIaCTHHKA C 3apsajioM 4.
Kakoit 3apag npoTeyeT MO IIPOBOOHUKY, COeOMHAIOUIEMY OOKIaaKH, cClIH
INACTUHKY MepeaBUHY Thb HHa paccToslue x?
¢ 6.4.14* Ha uenpoBoasuuuii amck (I) HakneeHbl ueThipe MPOBOJIAILMX fe-
nectka (2) mwiomwami S xasxipii. [1py BpalieHu QWCK4 JIENeCTKH 1100Ye PeAHO
BXOOAT B TPOMEXYTOK MeXIy JKpaHWpywomwmmu obkmaakamu (3), Kacasce
IpU 3TOM CKONB3AIMX 3areMileHHbIX KOHTaKTOB (4). KoHtakr npepsiBactces,
KOrga TielleCTOK BbIXO[MT U3 OOKJIIAMIOK. 3aTeM JIeNeCTOK KacaeTcs aeKTpoda
(5), nojicoemuHeHHOIO K KolifieHcatopy emkoctit C. Tlocie lipepbiBaHHsA KOH-
TaKTa ¢ JJIeK TPOJOM JIeNecTOK BXOOUT B 3a30p BTOPOW Mapbl OOKIIAJIOK U T.il.
Bo ckonbko pa3s HampsbkeHHe Ha KOIIGHCATOpe YBEJIMUATCH 1ociie # 000pOTOB
micka? 3a30p Mexay JIeNecTKOM M 3KPaHMpYIoLMMK OOKIankamu d mMail 110
CpaBHEHHUIO C pa3MepaMH JIelecTKa.

6.4.15. Onpepenyute cily, ¢ KOTOpOH MPUTATUBAKTCA APYr K J[Ipyry IUlac-
TUHBI TUTOCKOTO KOH/IEHCATOPa, eCliM UCTOUHUK TOKA, 3apAIMBUIMA KOHICHCA10D
[0 pasHoctd moTemimanoB 1000 B, otcoemnen. Ibromwaas miactan 100 cm?,
paccTosiHMe MexOy ITlacTHHamM | mM. M3meluMTtes M cuma B3aMMO[CHCTBHA
IUIACTHH, eCJIM UCTOUHUK TOka OyaeT MOCTOHHHO MOJCOCAMHEH K IUlacTHHam?
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6.4.16, Kak U3MeHUTCA 3HEPTUA KOHIEHCATOPA, eCld IpH TOH Xe pastocTH
TOTEHIIMATIOB MeEXOY IUIacTHMHaMi YBEJIMUMTb BCe €r0 reoMeTpHuecKue pas-
mepsi B k pa3? Ilpu Tex sxe pazmepax yBelnHUMTb 3apsi B 1 pa3?

6.4.17. Haiigute 3HEpruio >M1eKTPUYECKOIO TMOJIST KOH/AEHCATOpOB, 3aps-
JKeHHbIX JI0 pa3HOCTU MOTEHUHUAIOB V-

a) IWIOCKOTO KOH/EHCATopa C IUIomagblo IwiacThH S = 1 M2, pacronoskeH-
HBbIX Ha paccTosiHMM d = 1 MM apyr ot apyra npu V =1 kB;

0) cdepryecKOro KOHIEHCATOpa ¢ parHycomM cepry U7, ;

B) LWIMHAPUYECKOTO KOHUEHCATOpa [UIMHBI [ ¢ PajycoM OGKIAIOK #
Uursy.

O 6.4.18. Ha nmacTHHBI TNIOCKOTO KOHIeHcaTopa MoMewuted 3apsa Q. [nomans
MNAcTHH S, pacCTOAHUE MeXIy HUMU d.

a. Kakyw paGoTy HY>XHO cOBEpUIMTb, YTOObl YBEJIMUHTb pacCTOsIHUE MEXIY
TwIacTdHamu Ha d?

6. Kakyio paboTy HyX1o coBepuldtb, YyTOObl COBHUHYTh TUTACTHHBI Ha pac-
CTOSIHHE X JIPYT OTHOCHTEJIbHO [pyra TakK, Kak Moka3aHo Ha pucynke? Ilmactu-
1b1 UMeloT GOpMY KBazpaTa ¢ pasMepamu g X a.

B. Kakas coBepuiaercs paGota B 0GOMX HpeIblAyIIMX CIIYUAsX, eClIU MeXIy
IUTaCTHHAMM KOHZEHCaTOpa TNOMNJepKUBaeTcsl Oarapeedl MOCTOSIIHAS pa3HOCTh
notenuuanos? Ilouemy 31a paGota GynaeT apyroi?

§ 6.5. dInexTpuuecKoe HaBJIeHHE.
JHeprus NMEeKTPAUECKOTO NOJSE

6.5.1. a. C xaxoil cWOl MpUTATHBAKWTCA APYr K Lpyry iBe MapalelbHble
Pa3HOMMEHHO 3apsDKkeHHble MNOckocTH? T[loBepXHOCTHAast IUIOTHOCTL 3apsda
wrockocTed + 0. Ilmowany xaxao# MNOCKOCTH S, paccTOsHUE MeXAY HUMM
MHOTO MeHbLIE pa3sMepoB IUIockocTe#. UeMy paBHa cufla, facicrBylowlasd Ha
eMMHMIY IUIOUWA[M TOBEPXHOCTH IUIOCKOCTH (JMCKTpHueckoe aBlieHHe)?

6. HanpspxeHHOCTD 37eK TpHUEeCKOro IO MedXUly NMapaeNlbHbIMK IU10CKOC-
TAMHM paBHa HYJI0, BHe iUIOcKOCTed paBHa E£. Omnpegenyte NOBepXHOCTHYIO
TUIOTHOCTb 3apsiia Ha IUIOcKOCTsX. UeMy paBHO OlleKTpUueCKOE [IaBIICHHE Ha
imockoct B CUn B CI'C?

B. HampspkeHHOCTs TONMA MeXmy MapaUleSibHpiMH IUIOCKOCTAMM  paBHa

10* B/cM, BHe TUIOCKOCTeil paBHa Hyto. Onpefenure >lneKTpHYecKOe NABIEHHE
Ha Ka)(IyHo IUIOCKOCTh Y MOBEPXHOCTHY 10 IIOTHOCTS 3aps/a.
v 6.5.2. lBa mpoBOAAMX NOPUIHA TJIOWAMH S, paclosloxeHHsle B TpyOe U3
jMoNeKTpMKa, 06pa3yloT NNOCKHHA KOHOeHCAaTOp, 3alO/IHEHHBIM BO3JYyXOM
upy atmocdepHom pgaBiieHuu Po. BO CcKONbKO pa3 M3MEHHMTCS pacCTOSIHHE
MeXXOy NOPIIHAMM, €CiIM WX 3apA/IMTh pasnOMMeHHbIMM 3apsinamu? Cucrema
XOPOLIO TIPOBOJIMT TEIUIO, TPEHHE OTCYTCTBYeT.

6.5.3. Uemy paBHAa TOBepXHOCTHas IUIOTHOCTh 3apA/a H 3IEKTPUUECKOE
ilaBeHHe HAa rpaHHile pas3jeNna [BYX NoJlell HaNpskeHHOCTH £ u 2E?7ku —2E7?
[foBepxHOCTHast IUIOTHOCTH 3apsiga BO BTOpPOM CJIyyae B Tpu pasa Gonsie.

[Touemy xe 3nex TpHueckoe gaBleHHe B 06OMX ClyyasX OMUHAKOBO? 203
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¢ 6.5.4, Paccrositte Mexay pasHOMMEHHO 3apsbKeHHBIMH  IUIACTHHAMM
paBHo h . Tomwna IWIacTHH TOXe /i, OUBbeMHaA IDIOTIOCTh 3apsfa Ha Kax-
ooi M3 Hux t p. OnpenenuTe CHly, AEHCTBYIOUIYI0 Ha YYiCTOK IUIACTUHBI €[d-
HUYHOM rowany. [loyeMy 3Ta cuila He 3aBUCHT OT TOJILMHBI TUTACTHHBI, CCITH
ph = const?

6.5.5. Oupegenute cuily, gefCTBYIOUIYI0 Ha €IMHHMIYY IUIOMIAZM NOBEPXHOC-
TH PaBHOMCPHO 3apsDKeHHOH cdepsl pagnyca R, eciiu 3aps ee (.

6.5.6. Haiimute osnekTpuyeckoe IaBlleHMe HA BHYTPEHHIOI0 HOBEPXHOCTh
chepHuecKOro KOHAEHCATOpa, 3apfXKEHHOro [0 DPa3HOCTH MOTeHIMarnoB V.
Papuyc BHeume# oOKIa KK KOHgeHcaTopa R, pagMyc BHYTpeHHEH — 7 .

6.5.7. Kakoil 3apaa MOXHO pa3MecTMTb HA €OUHHIE IUHBI JIHHHON IM-
JTUHEPHYecKOl O00JIOUKM paguyca R, eclid 1IpM HaKauMBaHHU ee ra3oM OHa
BBIAEP)KUBAET AaBJIeHHEe P?
¢ 6.58% a. B ueHTp paBHOMepHO 3apsXKeHHOH mHonycdepbl MOBEPXHOCT-
Had IUIOTHOCTb 3apsAda KOTOpPOH 0, MOMeCTHNH sapad ¢. C KakoH cuioH
3TOT 3apaAd geictByeT Ha monycdepy? Ha momoeuny monycdepnt (7)? Ha ver-
Beprytlo ee uacth (2)? OnpegesuIc HANPsXKEHHOCTh HIEKTPHUECKOTO TONA
oT 3TUX yacredl cdep B ee 1leHTPe.

6. Ompenennre HaMpPsDKEHHOCTb SMEKTPHYECKOrO TONA B HEHTpe paBHO-
MEPHO 3apsXXEHHOTO MONyLIapus pagnyca R ¢ 00beMHOH IDIOTHOCTBIO 3apAda P.
¢ 6.5.9* PasHomepHO 3apsikenHas cepa pamdyca R paspe3ana Ha [IBe YacTH
no IIOCKOCTH, OTCTOSAIEH HAa PAacCTOAHUM A OT ueHTpa chepot. Hasimite cuny,
¢ KOTODPOHl OTT@IKHMBAKTCA APYF O1 apyra 3TH vactd. [lomuest 3apsg cdepsi
Q. Kakoit MHHMMIbHBIH 3apAd HYXXHO TOMECTHTb B HeHTp cdepbl, uToO6bI
€e yaCcTH He pasneTanuce?

K 3adaue 6.5.8 K 3a0a4e 6.5.9
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6.5.10, TInockMH KoOHAeHCaTOp C IUIOWIANBI0 IDIACTMH S HMeeT 3apsn (.
Hokaxure, yTo MpH Pa3OBIKEHNHM MIIACTHH HA PACCTOAHME X HYXKHO COBEPLMTh
pabory, paBHyi0 o0ObeMy NpPOCTpaHCTBA, KOTOpPOE 3aNOJIHMT BHOBbL CO3[IAHHOE
3MEKTpUUECKOe TMoJIe Haﬂpi{)KeHHOCTPI E, YMHOXEHHOMY Ha IUTIOTHOCTb 3HEep-
vu €oF 2 /2.
¢ 6.5.11. B ogHOpOOHOM 3INIEKTPHUYECKOM TMOJIe HANPSXEHHOCTH E NepreH/IM-
KYIISApHO HalpaBlleHHI0 INONISL PAacrosIodKeHBl OBe IUIOCKHE Pa3HOMMEHHO 3aps-
KEHHble IUIacTMHBI Tuiouanu S. TloBepxHOCTHasA MIOTHOCTL 3apAfa IUIACTUH
t g, paccrosiHMe Mexxny HumHM d. Kakyio paBoTy Hy»XHO COBepUMTh, YTOGHI
TIO MEHSATD IUTaCTUHBI MecTamu?

(-2
-G s —m T +E— T T
_6 ———————————
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K 3a0aue 6.5.11 K 3a0aue 6.5.13

6.5.12. B opHopoaHOe 3NeKTpHUeCKOe IMOJie HANPSXXeHHOCTH F BHeCHIH TOH-
KY10 MeTaTIHuecK y1o ITacTHHy. II10CKOCTh MacTHHBI NeprieHAMK yJIsipHa HaIpaB-
JIEHMIO 3JTeK TPHYECKOIO MO,

a. Uemy paBHa MOBepXHOCTHasf IDIOTHOCTh 3apsAfa Ha PasHbIX CTOPOHAX

wiactiHet? YeMy paBHO 3MeKTpHUYecKOe [IaBlieHHe Ha MOBEPXHOCThH IUIACTHHBI?

6. TonmmHa BHeCeHHOH B TMOJle WIACTUHBI A, wiomans S. Kakyo MHHH-

MalbHyI0 paboTy Heo6XOaMMO COBEpPIUHMTh,YTOORI BBIHECTU IUIACTHHY H3 MIEKT-
puyeckoro nosns?
0 6.5.13. Kakyw paGorTy HyXHO COBEpLIMTb, YTOOBI BCTABMTh OHY CHCTEMY
Pa3sHOMMEHHO 3aps>KEHHBIX MapajUTeNbHBIX MITACTUH B OPyryl0 TaK, KakK MOKa-
3aH0 Ha pucyHke? TloBepXHOcTHas NMAOTHOCTbL 3apANOB Ha INIaCTHHAX * 0, WIO-
umiaap Kaxaod TUTACTUHBL S, paccTOsHUE MexJly IUIacTMHaMM 7 MHOTO MeHblle
JIMHEAHBIX pa3MepOB MITACTHH.

6.5.14. B none HanpsoxeHHOCTH Ey e plieHAMKYJISPHO €ro HamnpaBJIeHHUIO pac-
TIONIOXEHbI JIBe HENpOBOMAIIME IUIOCKMe pa3sHOMMEHHO 3apsiKeHHbIE IUIaCcTH-
Hpl. HampsikeHHOCTb mons Mexnpy miactuHamu E. Kakyw paGoty HyXHO co-
BepIUMTh, YTOGB! PACIOIOKUTh 3TH IDIACTHHBI [apajllellbHO BHeLIHeMy ToMio?
lInowanpy kaxao# MnacTuHst S, paccTOHHE MEXY IUTaCTMHAMU A MHOTIO MeHb-
1iie pa3MepoOB IUTACTHH.

6.5.15. Onpenenurte 3Hepruio NONs paBHOMEPHO 3apsiKeHHO# cdepbl pamuy-
ca R B CUu CI'C. 3apsn coepnr Q.

6.5.16. JHeprusa W mw6oil cucTeMbl CBSi3aHa C MAaccOil 3TOH CUCTEMBI COOT-
HolleHWeMm JitHwTelina W = mc?. CreloBaTenbHO, 3MeKTpHyecKoe mone obia-
jaeT maccoi. Ilpeanmonoxmm, yro Bcd Macca MIEKTpoHa 3neKTIpHuecKas’ .
OnpepenmuTe “KnaccHYecKUn” pamuyc 371eKTpOHA, CYMTasA, YTO 3apsil IEeKTpo-
Ha paclpeyiesieH 10 ero MOBepXHOCTH.
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6.5.17. B okchOepUMeHTaX Ha YCKODHTENAX MNpOoBEpeHO, YTO B3aMMOLeH-
CTBHe 3JIeKTPOHOB BIUIOTh A0 paccTosHuii 107'® cm MopuMHaeTcs 3axKOHy
Kynona. Wcmosnb3ys pellenve 3amaud 6.5.16, onpenenuTe, BO CKONBKO pa3
mMacca 3TeKTpUYeCcKOTo MONA BHe cdephl paaMyca 107'% cm Gonbuie macchl
3IIEKTPOHa.

6.5.18%, Ompemenure OSHEeprHi 3EKTPHUECKOro NOJsA PaBHOMEDHO 3aps-
XeHHoro Liuapa paguyca R. TlonHeii 3apsag mapa Q.

6.5.19. Kakyw paGoTy MNpOTHB 3JIEKTPHUECKUX CHJl HYXHO COBEpILHTh,
yTo6bl YMEHBLINTh B [BAa pasa paauyc 3apmxenHo# chepnl? IlepBoHauanbHbIH
panuyc coepsl R, ace 3apan ().

6.5.20. Kakyio MHMHMMaIpHyio paGOTy MpPOTHB CHII 3MTEKTPUYECKOrO MO
HYHO COBEpILUMTb, YTO6BI cOBpath Kawlo PTYTH paguyca R ¢ sapsagom Q us N
OIMHAKOBBIX 3apSKEHHBIX Kamnenn?

6.5.21. 3apsxeHHOe TeNo CXKATK TAK, YTO BCE ero JIMHEHHbIE pa3Mephbl yMeHDb-
IIAINCh B 11 pa3. Bo cKONIBKO pa3 yBeNIMYMIIACh IHEPIHsA MEKTPUYECKOrO MO
aroro Tena?

6.5.22. JIns Toro yto6BI CIOXHTb BMeCTe [IBe OJMHAKOBLIE TUIACTHHDBI C paB-

HBIMH 3apA/aMH, KOTOphbIe GbUIM YAAlIEHRI APYT OT [pyra Ha GOJBIIOEe paccTos-
HUe, Heo6XomuMo coBeplMTb paGoty 4. Kakyio paBoTy HYXHO cOBepLIHTh,
YTO GBI CIIOXKHTH BMECTE TPH TaKHe IacTUHBI? A1 I71acTHH?
O 6.5.23* PaBHOMepHO 3apsXeHHBIe TIPaHH [PABUIIBHOLC TETpa3gpa MMEIOT
OaMHAKOBBIH 3aps. UTo6sl CIOXHMTB ABe TpaHM TeTpasdapa BMecTe, HeOBXOaUMO
coBepIUUTh paboty A. Kakywo paGoTy HyXHO cOBEpIUMTh, YTOGbI CITOXHTDL BCe
rpaHM TeTpasapa B OfIHY CTONKY?

6.5.24*, PaBHOMEpHO 3apsDKeHHBIH JIMCT, MMeromMdA (GopMy MpAMOYIoNk
HOTO paBHOGEApeHHOrO TpPeyronbHUKA, CIIOXUIK BABOe. [Ipu 3TOM GbIna coBep-
uieHa pa6ora A 1poTHE cUn 3neKTpudeckoro nonA. Kakyrw paGory HyxXHO
COBEPILKTH, YTOBHI ellle pa3 TaK e CJIOKHUTh MOTTyUYeHHbIH TPEyrOIbHUK?

6.5.25. Ha ckonpkO yBenMUMTCSl 3HEPrMs 3TeKTPHYECKOTO IONA ABYX TO-
YEUHBIX 3apAfoB (), yOAIEeHHbIX [ApYr OT Apyra Ha GOMbllOe pacCTOsiHME, NpU
CONMKEHUH MX HA pacctosAnue [?

6.5.26*. [pu ™memneHHOM COMKEHMHM OBYX 3apsDKEHHBIX MPOBOOHUKOB
X NOTEHHMATnl M3MEHWIMCh COOTBETCTBEHHO Ha Ay, U Ay,. Omnpenenmure,
Kakas paBoTa coBeplleHa NMpH CONMMKEHHH NPOBOJAHHKOB, €CIIM UX 3apsa[ paBeH
COOTBETCTBEHHO Q) ¥ O, .
¢ 6.5.27*. B wiockHii KOHIEHCATOp ¢ pasMepaMy OGKIAmOK ¢ X 4 ¥ paccros-
HMeM MeXIy HUMH d MOMEIAlT TaK, Kak H306paXKeHO Ha PUCYHKe, MpOBOs-
myo IUTaCTHHKY TOJNIWIMHBEI ¢ ¢ pa3MepaMM a X a. Omupefenure, Kakylwo CHly
HY>KHO TIPMJIOXMTh K [UTACTMHKe, uTOGbI YepKaTh ee Ha MecTe, ecliu: a) 3apaf
06x1agoK paBed +(Q; 6) Mexay oOKIamKamMud NOJJEPXHBAETCH MOCTOSHHAA
pasHoCThb MOTEHIHATIOB V.
¢ 6.5.28. OuennTe, Kakyw paGoTy HYXKHO COBEpPILUMTH, YTOGBI U3 CHCTEMBL IBYX
MapaUIelbHBIX 3a3¢MITEHHBIX TWIACTMH BBITAHYTb HAMOJIOBHHY HAXOMsULYIOCH
Me>XIy HHMH NpOBOIsAYI0 TacTHHy? 3apsa BuITATMBAEMOH MUIacTHHBL ), pac-
CTOAHME MeX Iy Heil M KpaifHUMH nnactiHaMu a 1 b Tlnowaap Kaxaoi nnacTuHel S.
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O 6.5.29%. MeTaliMuecKas HE3apsHKCHHASA (UIACTMHKA MUIOWANK S U TOMMHEI d
HaXOJUTCsL HAa pacCTOSHHMU r OT TOUYEYHOTIO 3apsfa ¢ U OpHEeHTHpOBaHa MepreH-
LMKYNsApHO BekTopy r. Haligumre cuny, ¢ KOTOpOH muiacTMHKa NPHTATUBAETCA
K 3apangy. [onuuHa mnaciMHKH MHOIQ MeHbLIE, @ pacCTOsIHHE ¥ MHOrO 0oJlblile
JHHEAHBIX Pa3MEPOB IJ1aCTUHKHU.

d

et

K 3a0aue 6.5.29

6.5.30*, QueHute CcHy, AefCTBYOIY0 Ha 3apsf ¢, paclOIOXeHHBIH B IeHTpe
M30JIMPOBAHHON Ha3apsKeHHOH MeTalljIMuecKOH cdepHyecKoit 06GONOUKH pajmy-
ca R, ecnu B Heil uMeeTcs HeGOMbLIOE OTBepcTHE paauyca r. TonwmuHa oGonou-
Kk A (A<r<R).

§ 6.6. DnexTpHueCKoe TIONIE IIPH HAMYMH AHITIEKTPHKa

6.6.1. a. Uem 0GBsicHseTCA yMeHBIUEHHE HATPSKEHHOCTH 3MEKTPUYECKOro
nons B BelecTe?

6. Uro Takoe aM3NeK TpHuecKasa IPOHUIaeMOCTh BenlecTBa?

B. Kak 3aBHCMT ImaneKTpuyeckas MPOHMIIAEMOCTh ra3a OT €ro jaBlieHus?

6.6.2. IlMdneKTpHuecKas NpPOHMLAEMOCTh TeMus NpH Temmepatype O °C
¥ maBjieHMH 1 atm paBHa 1,000074. HaliguTe JUMOJIBHBIM MOMEHT aTOMa IejlMs
1 OZIHOPOIHOM 3JIeK TPHUECKOM Mojle HanpsixxeHHocTd 300 BfcMm.

6.6.3. [laBlleHue HachuLEHHOTO Tapa Boxwl mpu 18 °C pasno 2 - 10% Tla,
4 ero aMaNeKTpHyeckas NpoHuuaemocTh 1,0078. U3 3TuX pgaHHBIX HalgMTe
CPEIHMIl JUMOJIBHBIA MOMEHT MONEKY/bl BOJbI B JEKTPHUECKOM I[IOJie HANps-
*eHHOCTH 10° B/m. B cripaBoyHMKax IS QUNOJNBHOIC MOMEHTa BOkI TIPHBO-
jiatcst 3Hayenne — 0,61 - 107%° Kn - M. Kax OBbACHMTH pacXOxgeHHe pe3ylib-
ratoB?

6.6.4. iBe 3apsixeHHble NMapajUlelbHble INIOCKOCTH ¢ MOBEPXHOCTHOM TUIOT-
HOCTbIO 3apsiia * ¢, pa3HeceHbl Ha paccTosHUe d ApYr OT Apyra M pasjerncHbi
NPOKJIAAKO# TONMHBL A, IU3leKTpHuecKas IPOHHLAeMOCTb koTopoit €. Haii-
JITE TIOBEPXHOCTHYH IUIOTHOCTh MHIYHMPOBAHHOIO TOJIAPH3ALHOHHOIC 3aps-
/12 Ha TMpOKJaJKe, HAPSHKEHHOCTD 371K TPHYECKOIO MOJIf B IMPOCTPAHCTBE MEX-

Jly NacTUHAMH H pa3HOCTh MNOTEHIIHAIIOB MEXAY HUMM.
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O 6.6.5. TlnactvHa U3 OMINMEKTPUKA C AUIIEKTPUYECKON NPOHHMIAEMOCThIC €
noMellleHa B OTHOPOMIHOE IeKTpUUecKoe MoJle TaK, YTO ee HOpMallb COCTABIIACT
yron « ¢ Hanpsoxensocreio nonsi E,. Haiinute HanmpsikeHHOCTs MOJNST BHYTPH
NIMaCTHHBI,

K 3a0aue 6.6.5 K 3a0a4e 6.6.9

6.6.6. Bo cKxonpKO pa3 M3MEHHTCA €MKOCTh KOHJIEHCATOpA, eCIIM MpOCTpaH-
CTBO Mex[y ero OOKIagKaMu 3aNOJIHUTh [UITEKTPUKOM C AHITEKTpUUeCcKON
HNpPOHHIAEMOCThIO €7

6.6.7. Pa3zHoCTp NOTEHIHANOB 3apsOHKEHHOTO U OTCOEOMHEHHOIO OT arapeu
KOHJIEHCAaTOpa YIOBOWIACh, KOT/A BBITEK HAMOJIHABLUMHA ero quaneKTpHk. Ompe-
[ieTTUTe AUINEKTPUYECK Y10 IPOHHMLAEMOCTD 3TOTO IHUIIEKTPUKA.

6.6.8. KounpeHcatop emkoctd € NMpHCOeMHEH K UCTOYHUKY TOKA, KOTOpBLHA
Nofep)KMBaeT Ha OOKJIaKax KOHIEHCATOpa pa3HOCTs noTeHunanos V. Kaxoi
3apsi HpOHMET yepe3 MCTOYHUK ITpH 3aNlOJTHEHHH MPOCTPAHCTBA MEXJLY IUIaCTH-
HaMH XXHAKOCTBIO C qUINIEKTPUUESCKOH| IPOHUIaeMOCThIo €7
O 6.6.9. [IBa OIMHAKOBBIX KOHEHCATOpA 3aIMONIHEHbI XHIKUM IHIIEKTPHKOM
C IMTEKTPUYECKOH NpOHMIaeMOcThio €. KOHOEHCaTOpbl cOelMHEHBI APYr C
OpYToM Mapajsie/IbHO M 3apsXEHbI 10 pa3HOCTH MoTeHnManos V. Kak M3MeHHT-
sl pa3HOCTb MOTEHIHATIOB, €CITU U3 O[JHOTO KOH/ICHCATOpa BhITeUeT AUITEKTPUK?
Kax n3meHHTCST pa3HOCTh NOTEHIMANOB B GaTapee U3 71 OGMHAKOBBIX Mapaniens-
HO COEJMHEHHBIX KOHJEHCATOPOB, 3apsOKeHHON [10 pa3HOCTH NMOTEHUMATIOB V,
€CITM M3 O[JHOT'O KOHJIEHCATOpa BBITeYeT OAUNTeK TPHK?

6.6.10. batapess U3 n nocnegoBarelbHO COEUHEHHBIX OMHAKOBBIX KOHIEH-
CaTOPOB 3apsDKeHa 4O pasHOCTH MoTeHuuanos V. KoHmeHcaTophl 3aNOTHEHBI UL
KHM JHIeKTPHKOM C JUITeKTpHueckoil MpoHunaemMocteio €. Kak HameHuTcs
pasHOCTb MOTEHUMATOB, €CJIH U3 K KOHEEHCATOPOB BbITeueT IUaTeKTpuK? KoH-
HeHCaTO pbl OTCOEMHEHBI OT HCTOYHHKA TOKA.

O 6.6.11. IlpocTpaHcTBO MeXay OOKITagKaMH IUIOCKOTO KOHIEHcaTopa 3a-
HOJTHEHO HAMOJIOBHHY MM3JIEKTPHKOM € OMITEKTPHYeCKOH NpOHMIAEMOCTBIO
€) M HaNOJIOBHHY [OMIIEKTPUKOM C [MITEKTpHuUecKOH NPOHHIAEMOCThI0 €.
Hafinure emkocTh Takoro KowmeHcatopa. Ilnomamp kaxmoil obknanxu S,
paccTOsiHNE Mex/1y HAMH d.

O 6.6.12. IlpocTpancTBO Mexpgy ©OOKIIaAKaMM IUIOCKOrO KOHOEHCAatopa 3a-
[OJIHEHO ABYMS CIIOAMH pa3HBIX /IUTEKTPUKOB TOJIUMHBI dy U dy . JJHaTeKTpH-
yecKas MpOHMUAEMOCTh MUATIEKTPUKOB €; H €. [Imowaap obxnapox S. Hait
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JMTe eMKOCTh KOHfeHcaTopa. Kakoit 3apsis 6yner uHAyuMpoBaThCs Ha [paHuILe
pasfdena OMIMEKTPUKOB, €CIM Ha IUTaCTHHAX KOHEHCATOpa Pa3MeCTHTh 3apsiy
+q?

¢ 6.6.13. B mockui KOHAeHCcaTOp ¢ TUIOMAAbio OBKIAIOK S H pacCcTOAHHEM
MEXy HMMH d; TIOMeIleHa JUITeKTpHYecKas INIaCTHHKA IUIomaad S, H Tol-
HIMHBId; . JIM3MEeKTpHYECKasA MPOHUIaeMOCTh TUIaCTHHKHU €. Haiimure emxocTs
KOH[IEHCAaTOpa.

6.6.14. Ha ofkinagkax INIOCKOrO KOHJEHCAaTOpa pa3MelleHbl 3apsalpl * (.
3a3zop Mexy 0OKNManKaMH 3afOJIHEH BeleCTBOM, THIATEKTPHYECKas MpOHHIae:
MOCTb KOTOPOIo M3MeHsercs B HepleHAUKYNAPHOM K 06K/1aJKaM HallpaBleHHH
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K 3ada4e 6.6.11 K 3a0aue 6.6.12 K 3adaue 6.6.13

1O 3aKOHY € = €o (1 + x/d) ™', rme x — paccTosHHEe OO0 MOJIOXKUTETLHOM TITac-
ruHbl, d — paccTOsiHHe MexXjy wiactuHamu. Haiinute o6beMHYI0 IIOTHOCTD 3a-
noga Kak ¢yHkuuio x, IInouas niaactuy S.

6.6.15. DnekTpodWIbTP COCTOUT U3 MTMHHOH METATIMYECKOH TpyGbl H HUTH,
HAMPABJIEHHOH BRONME OCH. Mexiy HAMH CO3HaeTcs PasHOCTb NMOTEHIHAIOB V.
1o Tpybe npomyckarT BO3JyX C MbUIbIO.

a. K xakomy anexrtpomy — K HUTH WIH K Tpy6e — NPUTArHBaOTCA NbUTMHKH?

6. Uemy paBHa clla, geHcTBYmIAA Ha MBUIMHKY C [M31eKTpHYeCKOH MPOHH-
“IACMOCTBIO €3, €CTIM CHWJIa, LeHCIBYIOIIAs Ha NBUIMHKY TaKOTro jXe pajMyca, HO
* MHITIEKTPHYECKON NMPOHULAEMOCTBIO €, paBHa F';? O6e NbUIMHKH OJMHAKOBbI
VJ/IAJIEHBI OT HUTH.

B. Kak 3aBHCHT cwia MPUTsDKEHHS OT PasHOCTH NMOTeHUHANOB? OT pacCTOSTHAA -
10 HUTH?

r*. Bo ckonmpko pa3s cwia, gciicTByomas Ha MpUIMHKY pajiMyca R, Gonbure
“UINbI, gedcTBYIONmIed Ha MbUIMHKY paguyca r < R? JIdanexTpHueckasi MPOHH-
1i1CMOCTb MBUTHHOK O/THHAKOBA, H OHH HAXO/JATCS HAa OJMHAKOBOM paCCTOSTHUH
1 HUTH.

6.6.16. Boanu oT TOYeyHOro 3apana (J pacloIoxeHa AHINTeK TpHUecKas IUlac-
{MHKA nnowlag¥ S, MpHUEM JIMHEHWHDbIE pPa3Mepbl IUIACTHHKH MHOrO MeHbllle
CCTOgHMA R Mexy Hew U 3apanoM. I1nockocTs INIACTHHKH NepIeHIHK yTIsap-
1121 HANpaBlIeHHIo HAa 3apsan. ToMuMHA TWIacTHHBL 6, OMINEKTPHYECKas MPOHHNA-
~ocTh €. Haiinure cnny, ¢ koTopoH IUTacTHHKa INpHMTATHBAETCA K 3apsfdy.

6.6.17*. B ofHOpOoHOE IeKTpHUeCKOE TI0JIe HAaIPSX)KEHHOCTH E BHECTH TOH-

VI0 TTACTHHKY C AH3JIeKTpHYECKOH MpOHMIaeMOCThio €. TOMMHAA IIacTHHKH
/. ee mnowagp S. Hadpgute mMoMeHT cuil, melcTBylomME Ha IUTaCTHHKY, eCllH
1pMaJTh K TNIaCTHHKE M HallpaBJIeHHe MOJIA COCTABIIANT IPYT C JPYIOM Yron o.
Ky paBoTy HYXHO COBEpIUMTB, YTOOBI pacloJIONKUTh IUIACTUHKY TNepleHaH-
+ YJIADHO NONKW?
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6.6.18. IIpoBopAuwmii wap paguyca r ¢ 3apAaOM Q OKpYXeH ClIoeM [IUIIEeKT-
pHKa, BHEUIHHHA paguyc KOToporo R. JIM3leK TpHyecKas NpOHUIIAEMOCTb CIIOA €.
HaliguTe MOBepXHOCTHYI0 MIOTHOCTD 3apsa Ha BHYTpeHHell U BHeLIHEH MOBepx-
HOCTAX AMINeKTpHyeckoro cmos. Hapucydte THHHH RaNmps>keHHOCTH MEKTpH-
yeckoro mons. Hapucyiite rpadk 3aBUCHMOCTH HANPSDKEHHOCTH X TOTEHLMA-
Ma MOJIA OT PaccTOSHUs O L[eHTpa Iapa.

6.6.19*. Meranmuueckuil wap paguyca r ¢ 3apAfAOM () OKpYXeH CIIOeM XUJI-

KOIO OHMITEKTPUKA ¢ OUITeKTpHYECKOH NMpOHMIaeMOCThI0 €. BHellnui pammyc
cros guManexkTpuka R, HaliguTe nasneHye IM3TeKTpUKa Ha Liap.
O 6.6.20*, C kaxoil cumoil BTATUBAETCA M KTPUYecKas W1acTHHa B TUIOCKHi
KOH/IEHCATOP € 3apsoM (J, KOra OHa BXOJMT B NMPOCTPAHCTBO MEX/y o6Kmnaf-
Kamu Ha miuHy x? JManeK TpuyecKas MPOHHIAEMOCTD IDIaCTHHBI €, 2 TOMLIMHA
ee HeMHOIO MeHbIlle PaccTOSHMA MexOy obkmagkamu d. Pasmepsr oBkmanok,
KaK M TUTacTHHEL, g X b,

e a >
C | + -
o o
v v o, T s “ - -
a 4 P & ~ . & ..__: lg
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z ===
a - . —._gw’_“:
K 3a0aue 6.6.20 K 3a0aue 6.6.21

O 6.6.21. B mMpOKHMi cOCYd C XMIOKOCTBIO CTAaBUTCA BepTUKAIBHO TUIOCKUH
KOHIEHCAaTOp TaK, YTO HMXHMAS YacTh IUTACTMH KOHJEHCATOpa NOTpYXaercs
B xuMOKOcTh, KoHpeHcaTop mnoaxsioyeH Kk ©GaTapee, KOTOpas MOAAEPKHUBAET
Ha oOK/afikax KOHIeHcaTopa pasHOCTh NoTeHnmanoB V. Paccrosmmue mexay
TWIaCTHHAMH KOHOeHcaTopa d, WIOTHOCTb >KHAKOCTH 0, AM3INeKTpHYecKas Mpo-
HHIaemocth €. XugkocTh Heoxumaema. Ha kaxyro BpicOTY NMOOHMMETCH XML~
KocTb? JIOBepXHOCTHBIM HATsDKEHHEM NpeHe6peys.
O 6.6.22. OpHa M3 IIAaCTHH HE3apsDKEHHOTO KOHMIEHCaTopa cHelaHa M3 YacTOR
ceTKH H JIeXHT Ha MOBEPXHOCTH XMAKOCTH ¢ MIIOTHOCTBIO P M IUIIEKTpHYEC
KO nponMIaeMocthio €, Thtomanp kaxaoi mnactuns S. Ha kakyio BoicoTy mog
HMMeTCA ypOBEeHb XHIOKOCTH B KOHJIEHCATOpE, eclTH COOOIIUTL cMy 3apsaa (7

6.6.23. Konpencatop emkoctu C Ge3 OMaNeKTpuka UmeeT 3apsf q. Kakoe
KOJIHUECTBO TEIUIOThI BBIAEIUTCA B KOHIGHCATOPE, €C/IM €r0 3aMOITHMTD BELIecTs
BOM C MITTeKTPHYECKOMN TPOHULIAEMOCTBIO €7

6.6.24. Konpencatop emkoctd C NoskiwueH K Garapee:, Kakoe KOJIHYecTBL
TeIVIOTh! BBIIEIMTCS B KOH/IEHCATOpE, eClIH €ro 3allojHMThL BellleCTBOM C OX
3MeKTpHUUYeCKOH TNpoHHmaemocTeo €? baTapes mnopgepXmBaeT Ha KOHOEHCA
TOpe NOCTOSIHHYI0 PA3HOCTH NOTEHIHATIOB V.
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K 3adaue 6.6.22 K 3a0a4e 6.6.26

6.6.25*. KonpeHcatop emxocru C NOnCOenHeH K MCTOYHMKY HAalpsKeHHs
M 3aII0JIHEH BELUECTBOM ¢ OMITEKTPHUECKON HpOHMUAaeMocThio €. Ilpu mormo-
TLIeHHH 3THM BEILECTBOM KOMYeCTBAa TEIUTOTHI W OHO IepexonmHuT B HOBOE COC-
[0SIHME C MK TPHUECKON POHULIAEMOCTBIO €; > €. Kakyw pasHocTh HOTeH-
IIHAIOB HY>XHO CO30aTh Ha OOKIajKax KOHOEHCAaTOpa, YTOOB! BElIECTBO M3
1iepBOTO COCTOSHMA Nepeuiio Bo BTopoe? OueHuTe, IpU KaKOH HAIPAKEHHOCTH
21EKTPMYECKOTO MMoJjiA B IUIOCKOM KOHJEHcaTope mpousoiper ¢a3oBpli Ite-
pexon jlen — Bopa. JlmanekTpudeckas MHpOHUUaemocts Jibga 3,1, Bopgpr 88.

6.6.26. KonzeHcaTop 3allofIHEH OUTEKTPMKOM M 3apsi’keH [0 pa3HOCTH Mo-
icHUHaoB V. OBKNIagKu COemHHSIOT APYT C OPYTOM Hd O4eHb KOPOTKOE BPEMA.
Korma pa3HocTh NOTEHUHAIOB YMEHBIIMIIACH B TpU pa3za, OOKJIaIKM pa3bemu-
tdId. Tloclie 3TOro pa3HoCTh NOTEHLHANIOB MeJJIeHHO BO3pacTaeT mo 2/3 cBoe-
O TepBOHaYaNbHOro 3HayeHUsa. Kak MoxHO 06bacHUTL 310T 2¢PexT? Haltgmie
IMDNIEKTPHUECKYI0 MPOHHLAEMOCTh BeLIEeCTBa, 3alOJHAIILEr0 KOHOEHCATOP.

6.6.27. Konpencatop (cMm. 3apady 6.6.26), 3apsKeHHblil IO pa3HOCTH IIOTeH-
THAJIOB V, paspAOMIIM, 3aMKHYB KITi04 OO HyJIA 3a Bpems, B TeueHHEe KOTOPOro
OCTOSIHHE IOJIAPH3ALNH JHITEKTPUKA He M3MEHWIOChH, a 3aTEM KITIOY Pa3OoMK-
HYJIH,

a. Kakasa pa3HOCTh HOTEHUMAIOB YCTAHOBMTCA Ha KOHIOEHCATOpe, eciii [OH-
1.IeK TpHYecKas IIPOHMIAeMOCTb Cpefibl €7

6. Halipure, Ha CKONBKO M3MeHHTCS Temieparypa nuanexkTpuka (€ = 81)
'PH ITOM mpolecce. Y[elbHasA TelUIOEMKOCTh OMIeKTpuka ¢ = 4,18 JIx/K,
10 wioTHoCTh p = 1+ 10% kr/M®, paccTosHHe Mexy MTacTHHAMM KOHIeHCa-
1pa d = 1 MM, pasHocTs noteHuMaIoB ¥ = 3000 B. CyuTaTh, 4TO OUINTEKTPUK
¢ 0OMeHMBaeTCs TeIUTOM C OKpYJKawile#d cpemoi.

6.6.28. JnanexTpuueckas NPOHHLAEMOCTb aproHa Hpd TemmepaType 0 °C
+t jiaBJleHud | atm paBHa 1,00056. OueHMTe paguyc aToMa aproHa, cUMTas, 4To
“tPSJL JMEKTPOHOB pachpeenieH paBHOMEPHO 110 0GbeMy aTOMa, a B LiEHTpe aTo-
1.1 HAXOOHUTCA €ro Agpo.

6.6.29. Haiigute IOMNMONBHBIA MOMEHT TPOBOAILETO LiapH¥Ka papgMyca r,
'MEILEHHOTO0 B OOHODPOAHOEe FIEKTPUUeCKOe IONle HampsikeHHocTH E. Boc-
1.1b3YATECH pellieHMeM 3a1aud 6.2, 14,

6.6.30. Cpena cocrapiieHa M3 IIPOBOAALIMX IIAPHKOB pamuyca r. lapuku
wIcTpeneneHbl paBHOMEPHO 10 Beed cpefie. Ux uncio B egunMie obGnema 7.
I L.{HIMTE JUFTEKTPUYECK VIO TPOHHIAEMOCTD TAKOM Cpempl.



IJIABA 7

JBKEHUE 3APTXKEHHbBIX YACTHULI B 3JIEKTPUYECKOM
T1I0JIE

§ 7.1. [Ismkenue B TOCTOTHHOM MIEKTPHUECKOM TOJIE

7.1.1. B xaxoMm cllyuae 3apsykeHHas YacTHLA B MEKTPHUCCKOM IIOJTe OBHKET-
CAl BIOJIb CWIOBBIX JIHHHH?
¢ 7.1.2. JnexTpoH BleTaeT B OGNACTh OHHOPOIHOIO FIeKTPHYECKOTO TNONA
HanpskeHHoctH 200 B/M co cxopoctsio 107 m/c. CkopocTh HampasiieHa BAO/b
3MEeKTPUYECKOro 10N, B TedeHHe Kaxoro BpeMeHH 3MeKTPOH GyIleT HaXOIHTh-
ca B oGnactH 31oro moia? OnpemenuTte, HA KAKOM PaccTOAHHM OT MecTa BXO[a

B IOJI€ 37IeKTPOH BBIAJET M3 Hero, ecli¥ OH BJleTaeT Iof YIIOM 45° k HalpaBIie-
HHIO MTOJIA.
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K 3adaue 7.1.2 K 3adaue 7.1.4

7.1.3. Yacruna, 3apan xoTopoit ¢, a macca m, mporneTaeT o6NacTh OJHOpPOL-
HOTO 3MEKTPHYECKOTO MNOJIA HPOTsKeHHOCTH d 3a Bpems f. CKOPOCTh v 4acTH-
Ubl Ha BXOMe B NOJle HAampaBlieHa BOONb ToJiA. ONpefenuTe HanpAXEHHOCTR
371€KTPHYECKOTO MO,
¢ 7.1.4. Yactiua maccel m ¢ 3apagom ¢ > O BlleTaeT B INIOCKHA KOHAEHCATOP:
0oOKIIankaMH KOTOPOro HABIAKTCA MeTaJlNIMYeckHe ceTKH. HanpskeHHOCT
nosisA B KOHOeHcaTope E, paccTosHHe Mexpay ceTxamH d. HawanbHas cxopoct
U YaCTHIBI COCTABJIAET YIoJl & ¢ INIOCKOCTbI0 NepBo# ceTkH. C KaKOH CKOpPOCTbE
¥ [0 KaKHM YITIOM K IUTOCKOCTH BTOpOH CETKH BbUIETHT 4acTHLA W3 KOHIEH
caropa?

7.1.5. TlpoToH M a-yacTHUA, ABHrasch C OJMHAKOBOH CKOPOCTBbIO, BIIETalo
B TUIOCKHIl KOHIEHCATOP MapalileNsHO IUIacTHHAM. Bo ckonmbko pa3s OTKIIOHE

HHE MPOTOHA NMOJNEM KOHOEHCAaTOpa OT NpAMOJIHHEHHON TpaeK TopHH Byner 6o
11I€ O TKJIOHEHHA G-4aCTHLbI?
212



< 7.1.6. YacTviipl Maccel M C 3apAOOM ¢ BJIETAlOT B IUIOCKHA KOHOEHCATOp
JUTMHBL | MO YITIOM @ K INIOCKOCTH IUIaCTUH, a BbuleTatoT Hop yriom . Ompe-
/IeNINTe MepBOHAYANIBHY 0 KHHETHUECKYIO 3HEprHio YacTHIL, €CIIH HalpsaKeHHOCTh
MOJA BHYTpH KOHAeHcaTopa £,

% 7.1.7. lyyok 2mexTpoHOB*) BXOMHMT CO CKOPOCTBIO U B IUIOCKHI KOHJIEH-
caTop M4pa/UTelIbHO ero mlacTuHam. Hanpsxenue Ha xoHpeHcatope V, mivHa
IUIAaCTHH B HallpaBJeHHUH IOBWXKeHHA myuka /., CKONBKO IMeKTPOHOB IOManaeT
Ha IJIaCTHHY KOHIEHCAaTOpa B €IMHUILY BpeMeHM, eclii Ha BXOle B KOHHEHCa-
I0p IyYOK pPaBHOMEDHO 3allOJIHSIET BCe PAacCTOAHHe MeXIy fulacTHHaMu d M
uMeeT UWIMPHHY b B HaNpaBJIEHHH, apayUierbHOM InacTHam? Yucnio smexTpo-
HOB B equHULEe 0Obema NyuKa h,
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7.1.8. Ibuinaka Macent 107'? kr mamaeT MexIy BepTHKANBHBIMH INTaCTH-
'AMH IUTOCKOIO0 KOHOEHCATOpa HAa OOUHAKOBOM pACCTOAHHM OT HHMX. M3-3a
COMPOTUBIIEHUA BO3JlyXa CKOPOCTh ITBUTMHKHY ITOCTOSHHA U paBHa ! mm/c. Kon-
lCHCaTOp NONKITI0YaI0T K MCTOYHMKY HampsikeHusa 490 B, u uepes 10 ¢ nbuinnka
IOCTUTaeT ONHOM M3 IutacTHH. ONpemenuTe 3apsn MBUTMHKH. Pacctoanue mex-
1y TacTHHaMMU KoupeHcatopa 0,1 M. CHy cONpOTHBIIEHHs CUMTaThb IIPOTIOP-
HOHATILHOH CKOPOCTH IIBUTHHKH.

7.1.9. Ha pucyske H300pakkeHa cxema BbIIENCHHUA U3 TyYKa YacTHI OTPHILa-
tc:ibHBIX HOHOB Bogpopona. Cetku I u 4 3asemiedst. Ha 1py6ky c cetkamu 2, 3
1hJiaH OTpHUATeNTbHbIH MoTeHuMan. CeTka 2 BpITATMBaeT W3 BOJOpPOJHOM INIas-
abl, KOTOpas HaxOJMTCcA 3a ceTKoH I, MpoToHsl. B TpyGky Hamyckaercsa ras.
I 1pOTOHBI, TIPOXO/JA CKBO3b ra3, YACTHYHO IIPEBPAIIAIOTCA B HeHTpANibHbiE aTO-
w1l Bogopoua H®, wactmuno — B moHsr H™. Onpenenure, nog KakuM YIioM K
v TpyOkm OynyT ABHMraTeca MOHBl H™ 3a cetkoil 4, ecfiM yron mexny IUoc-
' OCTAMM CeTOK 3, 4 ¥ ocbto TpyGKM paBeH .

7.1.10%. DnnexTpoH, OBUXYIIMACA CO CKOPOCTBIO VU;, MEPEXOAMT M3 O6IacTH
< LIf CTIOTEHLUMANIOM ¢ ; B OO/MacTh C MOTEHUUATOM ¢, . [Iog KaKHUM yIJIoM K rpa-
w1ie paspenia obnacTed OyjeT ABUrathcs WIEKTPOH, eCyIM OH NOMIETEN K Helt
1 YITIOM @?

7.1.11. OueHnte, IpH KaKO# Pa3HOCTH ITOTEHUMATOB MeX/1y [UI0CKHMH JeKT-
.0,1aMH  33>KMFaeTCs. rasoBas JIaMIa, e€C/IM JHEpPrHs MOHM3allUM aTOMOB rasa

*) Ecmu B 3amave He TpeGyeTcss uMCIIOBOTO OTBera, obo3Havalte maccy 3NeKTpoHa
/... 2 ero 3apAf —e.
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K 3a0aye 7.1.9 K 3a0aue 7.1.10

A gz
K 3a0aue 7.1.12 K 3a0aue 7.1.13

K 3adaue 7.1.14 K 3a0aue 7.1.15

3-107'¢ JIx. CpenHas anuHa npoGera JJeKTPOHOB B rase | MM, pacCTOsHH®
MeXkIy NacTuHaMK 1 cMm.

¢ 7.1.12*%. OnpepgenuTte, KaKoBa [O/HKHA OpITh yCKOpAKILAA Pa3’HOCTb HOTEH
mmanoB V, 4to6bl 371eK TPOHB! IIOLUTH IO Ty TH, yKa3aHHOMY Ha pucyHKe. Paguy
Cpl IUIACTHH UMITMHAPHYECKOTo KoHmeHcaTopa R, u R;. PasndcTs noTteHumasio
Mexay InactuHamu V.

O 7.1.13. DneKTpoH, ABHrasAch MpAMONIUHEHHO, MIOTIA1aeT B AeKTPHUECKOE NG
Je, MOTEHHMAT KOTOPOTO MMeeT BMH, NMOKAa3aHHBIH Ha pucyhnke. B Touke
37IeKTPOH BpUleTaeT W3 nond. WM3MeHMTCA JIH CKOpOCTh YaCTHLIBI B TOUKE .
H BpeMs TIporneTa pacCTOAHUA AB, eclii BMeCTO MeKTPOHa NMOMETHUT HO3UTpOR
O 7.1.14*%. Mexity nBymsA 3aKpelieHHBIMH 3apsiilami B Touxe A OTHMYCKaKC
yacTHLy ¢ 3apagoM ¢. Pacctosiume AR 3T1a yactvua mpoxopMr 3a Bpems £ 3
Kaxoe Bpems NpOIIeT 3TO ke pacCTOsHUE YACTHIIA C 3apAHOM 3¢, €CIlH e 0TIy
TUTH B TOUKE 4? Macch! 4aCTHI] OAUHAKOBBI.

¢ 7.1.15. HayanpHas ckopocts HOHOB B 3MUTTepe () paBHa HyINio, a INEKTp
YecKOe ToJle MeXHy IMUTTEpOM M KOMIeKTopom (2) moctoaHHO. Ilokaxur
YTO TPaeKTOpHA HOHOB Ha 3aBMCUT OT MX Macchl. Kak OTHOCATCA BpemeHa Np
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JleTa pasHpIX MOHOB MO OOMHAKOBOM TpaeKTOPHM, €cNy 3apsii MOHOB OJidHA-
KOB, a2 OTHOLIIEHHE X Macc paBHO 1’

7.1.16. [Ie cdepsi paguyca R UMeOT OOMHAKOBBIM 3apan (Q, pachpenerneH-
HhI PaBHOMEPHO MO ee MOBepxHOCTH. KaKyw MHMHMMATbHYI0 SHEPTUI0 HYKHO
cOOOIUIMTD IMEKTPOHY Ha MOBEPXHOCTH OJHOW M3 cep, YTOOBI OH JAOCTHL BTO-
poii coepnr? PaccTonuie mexny uentpamu chep /.

7.1.17*%. B TOHKOCTEHHOH HeMpOBOMsALIEH pPaBHOMEPHO 3apsXCHHOH cde-
pe macest M ¥ paguyca R MmeioTcs 1Ba HeGONIBUIMX 1MaMeTPAIBHO IPOTHBO-
1OJIOXKHBIX OTBepcTHA. 3apan céepol . B HaualpHpll MOMEHT chepa NOKOUT-
co. [lo npsaMoH, coennHsolied OTBEPCTHA, H3 DECKOHEUHOCTH OBMXKETCH CO CKO-
POCTBIO U YaCTHMILA MACChl M C 3apAIOM ¢, ogHOMMeHHbIM ¢ (). Hakigute Bpems,
n TCYeHMe KOTOpOoro yacTuua byeT HaXoOMThCs BHYTpH chepsl.

7.1.18.B opHoponHOM 2MeKTpHyecKOM TMOJle HAMpPsOKEHHOCTH £ raHTtelb
COBEpLIaeT KoneDaHUA TakK, YTO B MOMEHT, KOrla OHa pacllojioxeHa Momnepek
1107151, CKOPOCTH ILIAPMKOBR raHTelIM paBHbI Hyillo. Onpeentre cKOpOCTh 1IapH-
WOB B MOMEHT, KOT[1a TaHTENb paclofioxkeHa BAOIbL MonisA. Macca 1sapuKoB i,
apAn t q, paccToOAHKe MeX1y LeHTpaMH /.

7.1.19. Haiipure mepuog mansix KofleDaHHH rautesnn QJIMHbL [ ¢ UlapHKaMH
\ACCBI M, PaCToIokKEeHHOH BjI0Ib OLHOPOJHOIO 3M1EKTPUYECKOTO TOA HaNps-
«eHHOCTBIO E. 3apsp 11apHKOB radTenu * q.

7.1.20. Hadigutre nepuox Maisix Kojebanuii MagTHUKA, COCTOHALIETO M3
1APMKA MAcChl M1, MMEIOILIEro 3apAl ¢ M MOABELIEHHOTO Ha HUTH IJHHbL [,
~CIK MasTHHK NMOMECTHTh B 3IeKTpHYeCKOe TOJIe Hamps)keHHOCTH E, Hanpas-
ICHHOE BHOJIb TOJIA TAXKECTH M MO/ YITIOM 71/2 K HampaBJIeHHIO0 TOJIS TAXECTH.

7.1.21. Teno maccw i, 3apsf KOTOPOTO ¢, HAXOAMTCA MEXOY HBYMSA 3aK-
peirleHHmMY 3apanamu Q, 0g > 0. Paccrosnme oT Tesla g0 KAaXOOro M3 3THX
wpAnoB /. OnpefesnTe 4acToTy MAIbIX KOyeBaHui Tela BOOJIb JIHHHH, coe-
mHsArowed 3apansi Q.

7.1.22*. HaiiguTe 4acTOTy MalbiX KoieGaHMA MaTeMaTHYECKOTO MasTHHKA
C1HOCHTEJIBHO er0 HHXKHErO TOJIOEHHA paBHOBECHA, €C/TH HETOCpenCTBEHHO
10j] PaBHOBECHBIM TMOJIOXKEHHEM LIAPHKA HAa PacCTOSHMH A OT Hero 3aKpeivieH
ripag Q. IUTHHA HATH /, Macca LiapHKa M, 3apsan qg.

7.1.23*. Halimure MepHox MasibiX KOJIeGaNMi Tesla Maccel /12, 3apAA KOTOPO-

' g, BHyTpM IIagKoil cepsl pamMyca R, eciu B BepxHedl TOuke cdepsl 3aK-
e11eH 3apan Q.
7.1.24*. DrexTpoHbI, OGNTaJaWIIHE Ha GECKOHEYHOCTH CKOPOCTBIO U, MajldoT
.1 MeTaJUTMYecKMi M30JIMpOBaHHeIA wwap pagMyca R. Ha ckombxo moBpicuTCA
‘\iiepaTypa liapa, eClii ero TemIoeMKOCTs paBha C?
7.1.25%, Onna M3 WIacTHH IVIOCKOTO KOHjIEHCATOpa MCMyCKaeT 3J1eKTpOHbI
yeprueit K nog yrioM o K IIOCKOCTH IJIacTUHEI (yII0BOY pasBpoc anexTpo-
-3 Aa Man). JAeKTPOHbI Pa3BOPAYMBAITCH 3INTEKTPUUECKUM IOJIEM KOH/IEH-
110pa M CHOBa MOnajawT Ha IWiacTMHy. Kaxum pgomxeH Gpirb yronl o, utoGbl
ICTOK Ha KOTODBIA TOMagalwT NeKTPoHbl, Gbul MHHMMaTbhbiM? OueHute
{ iMep 3TOTO yYacTKa.
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¢ 7.1.26. ImekTpoH, YCKOpPEHHBI pa3sHOCTbI0 NOTEHUMAIOB Vy, HponeTae
MeXJy IL1acTHHAMH TUIOCKOrO KOHJIGHCATOpa M 3aTeM TONajiaeT Ha JKpak
Paccrosinme mMexay miacTHHamMu d MHOTO MeHbLLe JUIMHBI INIaCTHH [, a paccTos
HHe MeXay KOHjeHcaTopoM M 3xkpaHoMm L mHoro Gonsme I. Ilpu pasHoct
NOTEHUMATOB Ha IIACTHHAX KOHmeHcatopa V < Jy OTKIIOHeHHe dNeKTpOHa
Ha 9KpaHe NMpOMOpPUHOHANBHO MpousBeneHuo LV u obpaTHO NpomopuuoHans
Ho Vo x =k(V/V,)L. Onpenenure koappuumeT k.

¢ 7.1.27. a. 3nexTpoH BIeTaeT B OCECHMMETPHUHOE JNIEKTPHYECKOe NOM.
CO3[JaHHOE HENOMBMKHBIMM 33apsaMH, M JIBH)KETCH TepBOHAUaJIbHO Mapajlilens
HO OCH MOJA Ha pacCTOSHMM r OT Hee. CKOpOCTh IMeKkTpoHa v. Ecnu ckopoct
3NIeKTpOHA ¥ PACCTOSHHE OT Hero [0 OCH MEHSITCS [pH IBMXKEHHU B TIOT
HE3HAUMTENRHO, TO HMMITYJIBC, NPUOOPETEHHDIH 3MEKTPOHOM, MOXHO OLEHH:
no dopmyie p; = eq/ (2megur), rhe ¢ — CyMMapHBIt MeKTpUYeCKHil 3apA
BHYTpPH UWIHHapHuecko# obnactn papuyca r. BeiBepute, HCNONb3ys Teopen
I'aycca, 31y popmymy.

-8 @ @®
me ¥ 8298@8 rT
_______________ @ _____
@® @®

K 3a0aue 7.1.27
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6. OmpenennTe NOMepeyHsIi UMITYIIbC, TPUOGPETEHHBIH 32PAKOM ¢ , KOTOPHIA
nponerell MHMO 3apAfda ¢,. MUHMManbHoe paccTOSHUE MeX/y 3apsjiaMH 7,
CKOPOCTh 3apsifia ¢, BHayajle ObUla paBHA U M MEHAIACh HE3HAYHUTENIBHO.

B. OlueHHTe MMHMMAJIBHOE pacCTOSTHUE OT AApa aToMa 430Ta, Ha KOTOPOM IIpo-
;1eTall yCKOpeHHbIH pasHocTsio NoTeHnManoB 100 kB anexTpoH, ecnu oH oTKIIO-
uwiica anpom Ha yron 1072 pap.

L‘if“

K 3a0aue 7.1.28

7.1.28*%, Yepes 1uens, Ha KOTOpYI MOLaHA Pa3sHOCTb HOTEHUHATIOB V, mpone-
1410T 3MeKTPOHsl. EMKOCTh enuAMUbt AaHHer menmn C. IIpH Manbix 3HaueHHAX
!” yron oTKJIOHEeHHA 371eKTPOHOB IMOIeM mIeNTH TIPOTIOPIMOHANEH TPOU3BeIeHHIO
(' Ha V ¥ 0GpaTHO NMpoHOpuHOHaleH Vo (eVy — HavanbHag 3Heprus JeKTpo-
ioB) : @ *kC V[V, . Onpenenute xo3pduumeHT X.

§ 7.2. ®okycHpoBKa 3apsiKeHHbIX YaCTHII

7.2.1. HapamnenpHe My4YOK 3/IEKTPOHOB, YCKOPEHHBIX Pa3HOCTBIO NOTEH-
MwIOB Vg, GOKyCcHpyeTcs Ha [ETanu B clyyae, KOTIA HA EKTPOHHYIo JIMH3Y
0iJaH noteHnman V. Kak HyXHO M3MeHMTh NMOTEHIMan JIMH3bI B cllyyae, eciid
HICPrUs EKTPOHOB B NyyKe YBeNMUWIAch B IBa pa3a’

7.2.2. JneKTpOHHBIH NYYOK (HOKYCHPYETCA TMOJIOXHTETbHBIM 06beMHBIM
APAIOM NPAMOTO MOHHOTO MyYKa ¢ KpyTJbIM cedeHneM. Ha kakoM paccTossHHH
‘I BXOJi2a B HOHHBIH NyYOK GOKYCHPYHTCA 37EKTPOHBl, eCJId X CKOPOCTh Ha
'\Od€ v, 2 IWIOTHOCTH 3apAMa ¥ IJMHA MOHHOTO Nydka o u 7

7.2.3. Bo ckonpko pa3 u3MeHuTcs GOKYyCHOE paccTOfiHHe MIMHHODOKYCHOH

JHKOH OJHMHOYHOM JIMH3BI, €CIIM: a) HEPTHI0 POKYCHPYEMBbIX YACTHIL YBEJIUYHTD
n &k pa3; 0) HampsbxeHHe Ha NTHH3e yBeluuntb B K pa3? Ilpu pacuere TOHKHX

IMHOYHBIX JIMH3 M3MeHeHHeM TPaeKTOPUH YacTHL B OGIacTH JIMH3bI, CBA3aH-
(IM ¢ JEHCTBHEM HA YaCTHIIb! HOJA IMH3B1, MpeHeOpetb.

7.2.4. BoiBemuTe (o pMyITy INIMHHOPOKYCHOH TOHKOH THH3 B

1 1

__.+____

a b f

i+ f - doKycHOe paccTOfiHME, @ - PACCTOAHHE OT HCTOYHHMKA 3IEKTPOHOB [0
113bl, b — paccTofiHMe 0T MecTa, Ioe HOKYCHPYIOTCA 3MEKTPOHBI, 10 JIMH3LI.
7.2.5. Ha xaKoM paccTOSHUM OT OCH JIMH3bl ITYUOK MeKTPOHOB, UCXOOAMIHA
1OUKH A ¢ KOOPOMHATAMH —Xo H Vo, POKYCHPYeTCA IJIMHHOPOKYCHOM JTHH-
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30 ¢ OKYCHBIM pacCTOSIHHEM f, PAaclONIOKEHHOM B Havaie KOOpOUHAT? Yo
<XQ,f.

¢ 7.2.6. lins aneKTpPOHOB, UCHYCKaeMBIX OHZHON OOKIaAKOR KOHIEHCATOpO
KpyTJiOoe OTBepCTHEe BO BTOpOH ODKJIafKe SBJIAETCSH ONVHOYHOM JMH30M, eclt
pajiHyc OTBEPCTHA MHOTO MeHbLe pacCTOAHMA Mexay obkagkamMu d.

a. 3aBUcUT Jn HOKYCHOE paccTOsAHME 3TOW JIMH3bI OT Pa3HOCTH NMOTEHIMANG
Mexay obxnamkamMu?

6*. Onpepenute HOKycHOe paccTOfAHHE 3TOH JIMH3BI, UCHOJIB3Y S POPMYI
HnpuBe/ieHHYI0 B 3amave 7.1.27a. HauanbHOH cKOPOCTBIO 3NeKTPOHOB NMpeHeOpet
¢ 7.2.7*. MapannensHplik NYUOK MPOTOHOB, YCKOPEHHBIX Pa3HOCTbI0 MOTEHIH
0B Vy, HETHT BAOJb OCH MBYX KPYITIbIX HeOOQJBUIMX COOCHBIX OTBEPCTHH
ob6xnanKax KoHmeHcatopa. Ha KakoM pacCTOSHMM OT BTOpo# oOKiIamxu cd
KYCHPYETCA 3T0T Ny4OK, €CII¥ TIOTeHuHal BTOpo# oGkianku pasen V' ? Tleps
o6KnajaKa 3a3eMieHa. Pacctosiaue Mexay oOKkmagkamu d.
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7.2.8% CnoxxHaf JIHMH3a COCTOMT M3 Tpex MapaLIeNbHbIX MeTAUIHYeCKUX
ILTACTHH, PACTIONOXEHHbIX Ha PACCTOAHUM d [APYT OT ApYra, B KOTOPHIX CAENaHbI
ncbosbumMe Kpyriiple OTBEPCTHA, MMelowe oOwylo och. KpaliHue MIacTHHBI
Ja3eMJIeHBl, Ha LeHTPAJIbHY 10 IUTACTUHY of1aH noteHunan V. Onpenenute pokyc-
HOC  pacCTOSHME 3TOH JNHMH3bI A  3UIEeKTPOHOB, YCKOpeHHBIX HOTeHUMa-
iom Vo > V.

7.29. Tonkuil mapainenbHpld NYYOK 3apsKeHHBIX UACTHMIL, YCKOpPEHHBIX
]PA3HOCTBIO MOTEHUMaNnoB ¥V, MPOXOOMT Yepe3 LIEHTP PaBHOMEPHO 3apiXKeHHO
~epuveckoit nonoctu. Ha xakom pacctosHuu chOKYCHPYETCA 3TOT MYUOK,
¢CJIM MOTeHuuan B UeHTtpe chepsl V< Vy?

7.2.10. T'me choxycupyercA TOHKHH MapaliesibHbli MYyYOK 371eKTPOHOB,
y CKOPEHHbIX PA3HOCTbIO NOTEHUMAIOB V, 3MeKTPUYECKMM IOJIEM, CO3HaHHBIM
IBYMA KOHieHTpHueckumMu chepamu paguyca R u R — A, A <R? BHewnsas
~(pepa 3a3emiieHa, MoTeHUMan BHyTpeHHed coepbl V< Vp, NydoK OpPOXOOUT
iepe3 LeHTp cdep.

7.2.11%* Pewre 3apmauy 7.2.10 B cyyae, KOraa myuoK 3/1eK TPOHOB, UCITyCKae-
IbIX U3 TOUKH, PACIOJIONEHHON Ha paccTosHuM L 3> R OT ueHTpa cep, COCTaB-
:s1eT MaJIplil YTOJ1 ¢ HOPMaJIbIo K e¢ MOBEPXHOCTH.

7.2.12. OpuH 3neKTPOjJ IJIOCKOIO KOHMAEHCATOpd fABIAETCA IMMUTEPOM
' ICKTPOHOB, APYTO# COCTOUT U3 [1a pasjiesbHbIX MPOBOJNOK, MPOMEXYTKHU MeXIy

~OTOPBIMH CYLIECTBEHHO MEHbILE PAacCTOAHKA d Mexay ek TponaMu. PasHocts

noTeHnManoB Mexnpy anexrpopamu V. On-

penesidre  pa3Gpoc 3NEKTPOHOB, Ipolrell-

WIMX BTOPOH 3MEKTPO[, MO ’MOnepeyHoi’’

3UepruM, ecny JIPOMEXYTOK MeExAy IMpoBO-

AoOKaMH a, a uxX Tomumua b. HavannHo#t
£, CKOPOCTBIO DJIEK TPOHOB NpeHeGpeyb.

7.2.13. Ompepeiaute pa3sHOCTb MOTEHNHUa-
joB Ha oOKnankax KOHOEHCATOpa, eciy
JNEHTOYHBIH My4yOK H[pOTOHOB, NeEphneHOu-
KyJifipHbIM OOK:agKamM M [poLlellInil nBe
y3KMe Mapajliefibliple IUIEHH, CHOKYCHpO-
BaJicsi Ha paccrosiHuu [ OT BTOpoit oOknan-

K 3adave 7.2.14 Ku, IlpoTospl 6pUIM yCKOpEHB! pa3HOCTbIO
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notenuranos Vy. PaccTosnue mexay obxsankamu koupencatopa d. Ilepas
obKJlagKa 3asemsleHa, [ > d.

O 7.2.14*. Jlokaxure, YTO PaBHOMEPHO 3apAKEHHbIe HATH CETKM C KBANParHbI-
MU AYeKamMu QOKYCHPYOT MapalleNsHbIH NYUYOK %IEKTPOHOB, TPOLUE LM Ye-
pe3 sYeHKY B TOUKY, €CIIM TOJIIHHA HHTEH MHOTO MEHbLIE PaMepoB sUeiKH
M TyYOK MajJaeT NepleHIUKYIAPHO fI0cKoCcTH ceTkU. UYemy paBHO ¢OKycCHOe
pacCTOAHMe TAKOH AYCHKHM, eCJIM JIEKTPUYeCKOEe fI0C BNAIU OT TUIOCKOCTH
CeTKH OHHOpPOAHO H CHpaBa paBHO £y, creBa £, a SHeprus MMeKTPOHOB paB-
Ha eV.

§ 7.3. ABHkeHHe B MepeMeHHOM 3J1e KTPHUECKOM MoJIe

7.3.1. OgHa u3 IUIaCTHH IUIOCKOro KoHpeHcaTopa (Karopd) SIBJISIETCS UCTOY-
HHKOM 3JIeKTPOHOB. JJIEKTPHYECKOE TOJie Hall pskeHHOCTU £ MexnOy NnacTuHa-
MH Yepe3 paBHble KODOTKHe NMPOMEXYTKH BpeMEHM T MeHAET 3Hak. 3a KaKoe .
BpeMsl OJIeKTpOH MONETHT JI0 NPOTHBOTIONIOXKHOM muacTHbr (aHoma)? Pac-
CTOAHHE MeXJY KaTOIOM 1 aHOIOM [ .
¢ 7.3.2. Ha pucytke n3o6paxeHb! aNeKTPOIbI TPeXaNeKTPOIHON I10CKOi Tam-
nbl. JJIeKTPOHBI BBUIETAOT M3 KaToma | nmoj aedCTBHEM MONSA UIOCKOH CeTKH 2,
Ha KOTOpOH NMOINep>KUBAeTCA MOCTOAHHOe HampsxeHuwe V. Hampsokenne AV
MeXIy ceTkamu 2 M 3 yepe3 paBHble MPOMEXYTKH BpeMeHH T MEHAeT 3HaK Ha
npoTHBONONOXHbIA. PacctoAHue Mexny cerkamu 2 u 3 paBHO !. Onpenenure,
KaKo# ckopoctelo GyayT ofnamaTh 37MeKTPOHBI 32 BTOPOH CETKOM, eCiIN Bpe-
MfL 7! a) MHOTo MeHbllle M 6) MHOTO GOJIblle BpeMeHN NPOJleTa 3JeK TpoHaMm
MEeXCEeTOYHOTO TIPOME XY TKA.

7.3.3. B 3rmeKTpOHHOM TIeHeparope UCHONB3yeTCA TPHOZ, B KOTOpDOM pac-
CTOSIHME MeX[y KaTOZOM M aHoaoM paBHO 1 MM. OlueHuTE MaKCHMMabHYI0
YacTOTy KoneGaHH#, KOTOPYI0 MOSKHO IIOJIYYMTh, MCHONB3YS 3TOT TeHeparop,
eCTIH HanpshkeHHe Mex1y aHoIoM Hu kartojaom 200 B.

7.3.4. a. Boiuncnure YyBCTBUTEIBHOCTb 37eKTPOHHO-ITYYeBO# TpyGKH ocLwI-
norpacda K HaNpsXKEeHHUIO, T.6. CMeilEeHUe IIATHA Ha JKpaHe, BRI3BAHHOE HanpsXe-
HueMm 1 B Ha ynpaBnswomux miactuHax. auHa NnacTud /, paccTofHue MeXOY
HuMu d </, paccrosHMe OT KOHHA IUIACTHH 10 jkpaHa L > . Yckopswolee
Har psikeHue V.

6. Onpenenute YyBCTBMTENBHOCTh IJIEK TPOHHO-IyueBOM Tpy6Kwu, eciin
V=10kB, L =30cm, I =3 cm, d=5 mMM.

7.3.5. B ocunnnorpacde Ha ropH30OHTAIBHYIO Mapy WIACTHH [TOJAHO HAMpPdXe:
Hue V, = Vysincwt, 2 Ha Bepruxansdyio V, = Vycoswt. YyBcTBHIEIbHOCTS
ocuwulorpagpa (B caHTUMeTpax Ha BoneT) 5/V,. Kakoe 14306pa>|<e1-m" BO3HH
KaeT Ha 3K paHe ocuwwiorpadga?

7.3.6. Dnuna mnactuH ocuwnorpada /, yckopsiomee Hanpsxenue V. [1ps
KAaKOJ} YacToTe IMEKTPHYeCKOTO CHTHANA 4YyBCTBHMTEIBHOCTh OcLMIorpagi
ymeHbIIUTCH?

7.3.7. Nlpu nopaye Ha muacTuHs! ocuwuIorpada BHICOKOYACTOTHOIO CUrHAM

¢ yactotoi ¥ > /1 (T — Bpems NMposeTa 3MeKTPOHa Yepe3 MIIACTHHEI) Ha IK par’
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ocuwntorpada nolyyeHa 10y10ca UMpHHBI §. YyBCIBHTETBHOCTH OcHWLIOrpada B
0OBIYHOM pexxuMe paGoTei S. OnpenieliiTe aMIUTHTYDy CHTHaila.

* 7.3.8. ToHKHH TYYOK TeXTPOHOB, YCKO peHHbIH HAlpsxeHHeM V, IPOXOOHT
1HOCSIEOBATENBHO 3JIEKTPHYECKOe Tone IBYX HeGONbIIMX KOHAEHCAaTOpPOB,
OTCTOAMMX APYr OT Apyra Ha pacctosnme /. KoHaeHcaTophbl cOedHHEHBI Napa-
[CSIBHO M TPUCOEIMHEHDI ¢ UCTOUHMKY Tie peMEHHOTO Halpsxeru A. I1pu vactore f
IIy4YOK TIOCTIE BBIXO[2 M3 KOHOEHCATOPOB [IBH)KETCA B IE PBOHAYATIbHOM Hanpas-
.icHMH. OmnpefenuTe BO3MOXHbIE 3HaUeHU i O THOILIEHMA 3apsafa 3NeKTPoHa K €10
Macce.

7.3.9% TOHKHMi MYyYOK 31eKTPOHOB, YCKOpeHHbII pa3sHOCTBIO IO TEHIHANIOB V),
BXOOHT B IUIOCKHH KOHIEHCATOP NapayuleNbHO ero macTHHam. Ompenenure
YIJI0BO# pa3bpoc 3MeKTPOHOB, €CIIM HA IUIaCTHHBI KOHIEHCATOpa MOAdeTCs
HanpsixeHne Vosin wt. PaccTosHie MexIy IUIaCTHHAMH KOHeHcatopa d MHOro
“eHble ero JUTHHEL [ .

- 1p sine?
4 1 lo_

AT TRURIIORY™ = — o e = s e
! = J.' 4 -

K 3adaue 7.3.9 K 3adaue 7.3.10

7.3.10. YcTpo#cTBO OjiAl BBIETEHHA U3 3JIeKTPOHHOTO My4yKa 31EeKTPOHOB C
'lpefeseHHON CKOPOCTBI0 COCTOMT U3 MITOCKOFO KOHJEHCATopa HyiMHbI [, repe-
WPLITOLO ¢ OBYX CTOPOH 3KPaHAMH C BXOIHBIM OTBEpPCTHeM A H [NIMHHBIM
HLIXOAHBIM KaHatoM B. Ha mnactuHbl KOHpeHcaTopa Nofaercs IepeMeHHOe
AT pAKEHHE ¢ YACTOTOH W aMIUTUTYIO#H V. PaccTosnue Mexny nnactHamu d.

4. KaxoBa ckopoCTb 371eKTPOHOB, BbIENA€MBIX YCTPOHCTBOM H3 3NEKTPOH-
1100 MTyuKa, BJIETAIOLUErO NapalIesibHO M1aCTHHaM?

6* Ha ckoibkO 0TBepCTHe A AOIDKHO OBITh yxe KaHana B, 4ToGbl BbIOETEH-
111 TpyIIa 31eKTPOHOB MpOIUIa Yepe3 KaHasn?

7.3.11. Ha cBoGOMHBIA 37eKTPOH HaUMHAA C MOMEHTa BpeMeHH ¢ = 0 JeicIBY-
‘I 37eKTpHYecKoe Tone HampsbxeHHocTH £ = Egsin (wt + ). Haiigute maxcu-
“I.LIbHYIO H CPeMHION CKOPOCTb JEKTPOHA.

7.3.12*% Kakymo 3Hepraio ( B 21eKTPOH-BONbIAX) MOTYT NpHOGPECTH MeKT-
;OHBL B 3MEKTPHYECKOM TOJe J1asepHOro myuka? AMIUIMTYAZ HAIpPsXEeHHOCTH
s 10! B/m, yactora 3 - 10*% ¢!
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7.3.13*, PaspexeHHaA IJIa3Ma B BBICOKOYACTOTHOM MeKTPHYECKOM MOJe
HanpsiXeHHOCTH £ = Egsinwt MpyoOperaeT NOMOXMUTENbHbIA NoTeHuuan. Ollpe-
JefIMTe 3TOT NOTEHIUAN, eCTIM Macca HOHOB M > mi,.

7.3.14% VYnpyro cBsi3aHHbI{ B MOJIeKYje OJMIEKTPOH HMeeT pe30HAaHCHYI
yacToTy KOJebannit wg. KoapdpuuneHr satyxanusi wonebaudit y. Haimure
YCTaHOBMBIIYIOCA aMIUIMTYIY BbIHYXIEHHbIX KOIeOaHHil 3NeKTPOHa B leKTPU-
YECKOM I10JIe HanpsDkeHHocTH £ = Eysin wt.

7.3.15%. Onpepenure QUNIEKTPHYECKYI0 MPOHAUAEMOCTh Cpefibl, COCTOAILEH
M3 3IEKTPOHOB, YIPYTO CBA3aHHbIX B MOJIEKYJIE, B WEKTPHUYECKOM I10JIe HANps-
XEHHOCTH E = Eysinwt. Pe3oHaHcHasa 4actoTa g, KOIDQHUMEHT 3aTyxa-
HHA ¥ < Wq, YACTIO 3NIEKTPOHOB B eMHUIE 06beMa cpefib! /.

§ 7.4. BzanmoneiicTBHe 3apAeHHbIX YaCTHILL

7.4.1. Yemy Oyner paBHA CKOPOCTb [IByX IEKTPOHOB Ha PAcCTOSHHU Ar
ApPYT OT Apyra, ecli¥ OHY Hayalyd pa3ieTarbcs, HAXOJIACh HA PACCTOSTHUM F ApYT
oT gpyra?

7.4.2. B yrnax nmpaBWIbHOI'O KBaJipaTa CO CTOPOHON @ 1IOMeCTWIM YeTbIpe
aieKTpoHa. [log peficTBUEM DJMEKTPUYECKHX CU 3NEKTPOHBI Ppa3lieTALTCH.
Onpepenure ux CKOpoCTU Ha GeCKOHEYHOCTH.

7.4.3%. B yrsiax npaBwibHOIO KBaApara cO CTOPOHOH ¢ NO JMATOHATH TOMEC-
TWIH [Ba NpOTOHA M ABa M03uTpOoHAa. OleHHTE O THOILIEHHe CKOPOCTEH 11POTOHOB H
MO3UTPOHOB Ha BeckoHewHoctH. Macca npotoHa B 1840 pa3z Gonblue Maccet
MO3UTPOHA, @ 33psAJIbl OIMHAKOBBI.

7.4.4. U3 OGeckOHeYHOCTH HABCTpedy HpYr HpYry ¢ OMUHAKOBOH CKOpO
CTbIO U JIBHXKYTCA ABa JNeKTpoHa. Olpefennre MHHUMAIBHOE pacciOsiHMe, Ha
KOTOpOe OHH cONMU3ATCS .

7.4.5. C GONBILOro paccTOAHUA HABCIpEYy LpPYr OPYTY €O CKOPOCTBIO €O
OTBETCTBEHHO U, M U, HABUXYTCA OB 3eKTpoHa. Olpeneiute MHHHMATbHOS
paccTosiHHe, Ha KOTOpOe OHH CONU3ATCH.

7.4.6. [lo HAMpaBREHUIG K LEHTPY lle pBOHAYAJIbHO HEMOMBIDKHOIO 3apseH
HOTO LIapa ¢ 6ONMbIHOTO PACCTOAHUSA ABUXKETCSH BTOPOH 3apsOKCHHLIA miap. 3apm
ObI pachpefeileHpl MO MOBEPXHOCTH ILApOB paBHOMepHO. Kako#i ckopoctsk
HoyxeH 00671afaTh ABHKYLIMACS Liap, 4roObl CTONKHYThCA ¢ mepBbiM? Macce
3apsan, pagMyc nepBoro mapa m,, q;, R,. [lapaMerpsl BToporo uapa ms;
42, R>.
¢ 7.4.7. CxopocTH OBYX 3MIEKTPOHOB PaBHBI U, JIEXAT B OOHOW IUIOCKOCTH
IpH paccTosfHuy d MeXxHy MeKTpoHaMH 00pa3yloT yronl « ¢ MpAMOi, coemy
HAowe#d smexTpoHbl. Ha kakoe MUHMMaNbHOe paccTOsiHHe cONU3ATCA Wieh
TPOHbI?

4

v
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7.4.8% Jlpa 2neKTpoHa HAXOAATCH HA PACCTOSHMM r APYT OT [pyra, puyem
CKOPOCTb OFJHOTO M3 HHUX paBHA HyJi0, a CKOPOCTb OpyrOro HampabjeHa nop
OCTPBIM YITIOM K JIMHHMM, Coeulisiied djeKTpoHsl. Kakum OyreT yromn mMexmny
CKOPOCTSIMH 3JTeKTPOHOB, KOIT]d OHM BHOBb OKaXyTCA Ha pACCTOAHHH 7 HpPYyT
oT gpyra?

7.4.9%, C GoJIBILIOrO PACCTOSIHUSA K MeTaJIJTHU4e CKOH MIOCKOCTH ABHXETCS Tesi0
\accehl M, UMeroulee 3apsaj g. OnpedenvTe CKOpOCTb Tejla B TOT MOMEHT, KOI/a
OHO OyHeT HaXOOMTIbCA HAa PacCTOsiHHU d OT MiockocTd. HauanbHasa ckopocTs
i¢i1a PaBHA HYJIK, €r0 pa3smepbl MHOTO MeHbLle d.

7.4.10*%. CkopocTH TpexX 3apsXKEHHBIX YacTHL, Macchl 1 H300paxeHbl Ha
CyHKe. Pacctoanme or Kaxpaoi yacTuubl no peGpa MeTajsTHye CKOTO OBYIpaH-
noro yrna d. 3apsbl IepBbIX ABYX YACTHIL, JIETAHAX B NPOTHBOMOMOXKHBIX

3}2\ 90° /;U”

N o N\4e5°

7
Ve

/ 45°
T,

(/4
K 3a0aue 7.4.10

"apaBIeHUAX, paBHbl ~ ¢, 3apsf TpeTbel vactuipl ¢. OnpefenuTe CKOpPOCTh
1 (MX YACTHI HA GOSIBLLIOM PACCTOSIHMM OpYT OT Apyra.

7.4.11. B onHO# M3 Mopellel HOHa Hj DJNEKTPOH [BUXKETCS MO KpPYroBOH
'pOuTe, Jexailedl B MIOCKOCTH CHMMETPHH HOHa. PaccTosinMe Mexcay NMPOTOHa-
- R. Haitmute cxopocTh, ¢ KOTOpOH NBHXKETCA 3NEKTPOH Mo OpOHTe paaMy-
ar.

7.4.12. Boxpyr TsXefioro AfApa ¢ 3apAfAOM Ze Ha pacCTOAHHWM ¢ BpamaeTcs
'0 KpYroBoil OpbuTe MeKTpoH. Kakyio MHHMMaIbHYH JIHEDPLHIO HYXCHO c000-
‘IUTh 3JIEKTPOHY, YTOObI OH OTOpPBANCH OT spa?

7.4.13%, PaccToAHHEe Me>Ay JIeKTPOHOM M ITO3UTPOHOM B NO3uUTPOHHUH r. Ka-
¢ V0 MHHUMAJIbHYH0 3HEPTHI0 HYXHO COOOBUMTB 3/IeKTPOHY, YTOObl NO3HTPOHHA
~acnanea’?

7.4.14%, Jlpe yacTHUBI Maccel m U M ¢ NpPOTHBONONIOKHBIMY 3aPAAMH TOJ,
* IMAHHEM IEKTPHYECKOIO MPHTHKEHHA ABUXKYTCA M0 OKPYXKHOCTH. CKOpOCTh
ACTMIIBY MACChi M MIHOBEHHO YBEJIHUMBAlOT B X pa3, He U3MEHAA ee Harpassie-
ni5. 1 IpH KaKoM MEHHUMAJIBHOM M YaCTHIpI N10Csie 3TOro pasnersIcs?

7.4.15% Ha noxkoAMHACA MO3UTPOHMH HaleTaeT MyYOK TAKHX K€ YACTHL.
2KOB2 JIOMKHA ObITh MHHHMMAJIbHasl CKOPOCTb YacTHIL B Iy4Ke, YTOOBI HHOIA
POMCXOOWI HOJIHBIA ’pa3Ban’ OBYX CTONKHYBLUMXCA NO3UTpoHHeB? CKOpOCTh
'POMTATBHOTO IBUXKEHHUA JIEKTPOHA H HO3MTPOHA B MO3UTPOHHU V.

7.4.16. Bo3amoxeH nu Oe3bI3nyuvaTelIbHBIA 3aXBAaT CBOBOJHBIM MPOTOHOM
. 1cKTpoHa (06pa3oBaHUe aToma Bofopona) ?
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7.4.17*. Ha nokoswieifcss IPOTOH HajlleTaeT U3 GeCKOHEUYHOCTH APYrOd NpOTOH
co ckopocTeio U . [lpuuenshpni napamerp p. Onpefenute, Ha KaKoe paccTofHHe
OHM cOnu3ATCcA.
¢ 7.4.18%. [IBc OfMHAKOBbIE YACTUIBI C 3aPANOM ¢ M CKOPOCTAMM ¥ H U, NIexa-
IHMH B OJIHOM TUIOCKOCTH, COCTABJIAILMMH COOTBETCTBEHHO YIIIbI & M 3 C Jid-
Huel, X coeIMHANOMIEH, HAXONATCA Ha paccrosaHuu [ mpyr or gpyra. Onpepe-
JIUTe MAaccCy YacTHll, eClik U3BECTHO, YTO MUHHMAaJIbHOE paccTosiHue, Ha KOTOpOe
OHHM COITMKAKTCA, paBHO T.

7.4.19*. JIsa 3apsga MOMeCTHIM Ha pacCTOAHUM | [IpyT OT ApYra U OTILYCTHIIH.
Uepez Bpems t, paccTOsiHME MexOy 3apAfaMH Y/IBOWIOCh. JTH e 3apsAsbl
MOMeCTWIM Ha paccTosHMU 3] u ornycrwiu. Yepe3 Kakoe BpeMsl paccTOSHUE
MeXXIy 3apsAfgaMH yIBOUTCA?

7.4.20. Yactuua mMaccm m, UMerwuaf 3apaAll g, ABHKETCS ¢ DONBIUOTO pac-
CTOSHUA MO HANpaBNeHWW K LEHTPY PABHOMEPHO 3apshKeHHOW He3aKpeIUleH-
HOH cepsl. Pajuyc chepnl R, ee 3apan @, macca M. Kaxoi CKOpPOCThIO JOIDKHA
o6nanars yacTUla Ha BOJIBLUIOM pACCTOAHUU OT cde pbl, YTOOBI Yepe3 He OosbUIKE
OTBepCTUA MpoNieTeTh CKBO3b Hee? gQ > 0.

7.4.21. Yactuua Maccel m, UMetowas 3apan ¢, CO CKOPOCTbIO U MpHOIu-
kaeTcA ¢ OONIBILIOro pacCTOAHMA K 3apsKeHHOMY He3aKpellIeHHOMY KOIbILY,
IBurasicp no ero ocd. Pammyc xonbua R, 3apan Q, macca M. BHauane Konbyo
noxourca. Yemy OyleT paBHa CKOpOCTb YacTHILbl, KOIAa oHa OyleT MpoXOOUTh
yepe3 UeHTp Konbua?

7.4.22% Yacruua maccel m, UMeroilasn 3apAn ¢, 1pubnuxaerca ¢ GoibuUIoro
PacCTOAHHA K PABHOMEpPHO 3apsXeHHOMY HE3aK peUIEHHOMY IIApy, [BMLAsCh
110 HanpaBleHWIO K LUeHTpy Wapa. Pamuyc urapa R, 3apap (0, macca M. Bravare
nrap noxkoutca. Kakyw HauMeHbUIYI0 CKOPOCTh HOJ)KHA MMETh YacTHLa Ha GOoNb
LIOM paccTOSTHUM OT 1Iapa, YTOGHI TPOHTH Yepe3 ero LeHTp?

Y
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K 3adaue 7.4.18 K 3adaye 7.4.23 K 3a0aue 7.4.24

¢ 7.4.23*% Tpu OnMHAKOBBHIX OOHOMMEHHO 3apsKeHHBIX LIAPUKA, HUMEIOLIH
3apsin g U Maccy m, coedvHeHbl HeBECOMBIMH, HE PACTANHMMBIMH M HENPOBOIA
WHMMH HUTAMK WIMHL [ . OmHy 43 HUMTe# nepexwrawt. Onpegenure MaKCcHUMAsk
Hy10 CKOPOCTb LIIAPUKOB.

¢ 7.4.24. BHyTpM rnagkoOi#l HenpoBopsiied cdepsl mMaccet M W papguyca #
HaXOMATCH JIBe OIMHAKOBbIe OYCHHKM MaccChl M, UMeloiue 3apas ¢ . Pacctoanw
Mexay Gycuukamu /. Haiinute MakcMMaibHylo CKOPOCTb ciepbl, eClH Oy CHbk
KH 0CBODOOUTH. :
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7.4.25. Ha ropH3oHTaTbHOH IIOCKOCTH Ha paccTOAHHM R Apyr ot mpyra
MOMECTH/IM [Ba Tela Macchl m, UMewiHe 3apsan 0. B pesynsrate anmextpuyec-
KOro B3aUMOJIEHCTBMA TeNia HAUYMHAIOT JIBUraTbcA MO WIOCKOCTH. Kakoe pac-
CTOsIHMe TIPOHIET KaxIoe U3 Tell, eCIH KO3 GhHULUMEHT TpeHUs TeNl O TIOCKOCTh
paBeH p? Kakyio MaKcHMallbHYH0 CKOPOCTb MpHOOpETYT Teja B Mpoliecce INBH-
KeHHA?
> 7.4.26* B KoHMueckoi nyHke rryGuHbl H U ¢ yIJIOM IpH BeplUHHe « Ha g
HHXKe IUIOCKOCTH OCHOBARHHA NYHKH HaxonsATcA [Ba HeDOSIbLUMX 3apshKeHHBIX
rejia, CBA3aHHbIX HUThI0. HUTb MepexurarT, U Tejla CHayYala CKOJb3AT BBEpPX IO
CTeHKE JYHKH, a 3aTeM BbUleTaloT U3 Hee. KoadpduureHT TpeHUA Tell O CTEHKY
JlYHKH [, Macca M 3apsAll Kaxmaoro Teja m M q. Ha Kakylo BpICOTY IOIHUMYT-
i TeJIa, BbUIETEBLIME U3 JIYHKH?

7.4.27. lIa 3apsDKeHHbIX 10apa MacChl 11, UMEIIUMX 3apsf q, COCIUHSAIT
HeecbOPMUPOBAHHON MpPYXHHOH WIMHbBI [ M oTmycKajor. COycTs HeKOTOpoe
BpeMs BO3HHUKUIME KOsieGaHMs IIAPOB H3-3a TPEHHsA B NMpY>KWHe IIPeK PpaTHIHUCh
¥ LIapbl OKa3aJIMCh Ha paccTosAHuMHM 2/ Apyr oT Apyra. Oupefe/Mre KOJIHYECTBO
IeTIOThI, KOTOPOE BBIEIWIOCH B IPYXUHE.

7.4.28. llpn xoneGaHMK ABYX 3apsKeHHBIX IIAPHKOB, CBSI3AHHBIX C IPYXM-
HOM, [WIMHA TPYXHHbI MeHsercss or [y 0O [/,. JlnMHa HenedOpMHPOBaHHOM
pYXuHBL [, 3apsAp Kaxaoro mapuxka . OnpefesuTe XeCTKOCTb IPYXHHBI.

7.4.29. Chepa Maccol m, UMeRLWIAA 3apAL ¢, B pe3ylibTaTe B3phIBa PaclIaiaeT -
¢Sl Ha GOTIBIIOE YHCIO OOMHAKOBBIX OCKOJIKOB, CKOPOCTh KOTOPBIX B MOMEHT
B3pbIBa paBHAa U M HampaBlieHa BIOJIb paguyca cepsl. Onpedennte MaKCHMAb-
HYI0 CKOpPOCTb OCKOJIKOB.

7.4.30. [lBe OJMHAKOBblE KalIM PTYTH paauyca R JeTAT HaBcTpedy ApPyT
1pyry, HMes Ha GOJIBILIOM pacCTOSAHMH CKOPOCTh v . IIpoucxoauT cTonKHOBEHHE,
B pe3yibraTe KOTOPOro Kamwid CiHBaloTca B omHy. OnpelesinTe KONHYeCTBO
13 bUIEJIMBLIEHCS TIPH CTOIKHOBEHHMH TEIUTOTHI, eCJTH: @) Kaniyi UMEI0T pa3HOUMEH-
Hple 3apAnel Q U - Q; 6) onHa Kawis uMeet 3apsan —q, apyraa @ . [InorHocrs
PTYTH p, IOBEPXHOCTHOE HATSKEHHE 0.
> 7.4.31. Ha ocH UWIHHOPHYECKOTO OTBEpPCTHA B META/UIMUYECKOH IUIMTE Ha
1leKOTOpOM paccTOSAIHMM OT TMOCHedHeH HaXOpUTCA TOYeuyHbId 3apAn q. 3apsp
oTnyckawT. OmHIIMTe Ka4yeCTBEHHO ero JIBHXKEHHE .

7.4.32*% Mexny OByMA 3a3eMIeHHBIMHM NapajieNIbHBIMH O PU3OHTANBHBIMH
METAJIHYECKHMH TUIOCKOCTAMH Ha OAMHAKOBOM pacCIOAHUH /i OT HHX HAaXOOMT-
¢Sl 3apsikeHHasd TOHKas miacTHHka. [liowans mwiactuHer S, ee Macca m, IOBepX-
HOCTHas IWIOTHOCTb 3apsfa 0. Kakyo MUHHUMAaIBHYIO CKOPOCTh HY)KHO COOGLUMTD
)TOH TIACTHHe, YTOOBI OHa [ONeTeNna o BepxHedl miuockoctu? PaccrosHue po
ILIOCKOCTEH I MHOTO MeHbILIE JIHHeHHBIX Pa3MepOB TUIACTHHBI.

7.4.33. BRyTpH 3aK peleHHOTO NMPOBOIAIIETO He3apsKEHHOIO 1apa pajuy-
ca R umeercs chepHueckas IMONOCTh pamuyca 7, HEHTP KOTOPOH COBMAiaeT ¢
ieHTpoM mapa. Kakyw  MHHHMAalIbHYI0 CKOpPOCTh HeOGXOOMMO COOGLUMTH
HAXONAMENCA B LiEHTPE 4YacTHLE Macchl M, UMeloiued 3apsap q, yro6bl, mpoiins
‘e pe3 TOHKHMH KaHai B 11ape, OHa ynwla Ha GOSibIIOe pacCTOAHUE OT Hero?
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O 7.4.34*. Bpomp oCH [UTHHHOIO UMIMHIOPHYECKOrO KaHana, BBIPE3aHHOIO
B MpOBOAHHMKe, NpolieTaeT TOHKMH CTepXeHb, JIMHeHHasA IUIOTHOCTb 3apsana
KoToporo p. IlnuHa crepxHa [ mHoro Gombwe paguyca R, u R,. Bpanu
OT OONacTH CyXeHHS KaHajla CcIopaBa CKOpOCTb CTEpXHA Up. Hailoure
CKOpOCTb CTepXHs BHand OT OGNacTH CYXeHHs KaHanma cneBa. Macca
CTEPXKHA M.

7.4.35*%. Uemy paBeH NepuOJ MAIBIX KOJEGaHMHl YeTbIpeX 3apsi>KeHHBIX
TeN, CBA3aHHBIX O[IMHAKOBBIMH HUTAMH [UTHHBI | M OBHXKYIUMXCH TaK, KaK IOKa-
3aHO Ha pUCyHke? Macca u 3apAg Tenamuq. _
¢ 7.4.36*. Ib1aama cOCTOMT U3 AIEKTPOHOB H THAXXENBIX MOJIOKHUTENTBHO 3aPAXKEH-
HbIX HOHOB. YH(/IO 3TeKTPOHOB H HOHOB B efMHMIe 0ObeMa OIMHAKOBO W paB-
HO n. B cioe mna3mpl TOMUMHEL A BCEM TeKTpoHaM COOGMIHIN OJMHAKOBYIO
CKOpOCTb U B HampaBileHHH, MepleHmMKyIapHOM ciolo. Yepe3 kakoe Bpems
OCHOBHaA Macca JIEKTPOHOB OCTAHOBHUTCA JMEKTPHYECKHMH CHIAMHM, eCd
a) v > he/njm,; 6) v <he~/n/m,, roe e, m, — 3apAQ U Macca WIEKTPOHa.
OueHute B 0B6OHX CTyYasX YaCTOTY KOIeOaHHA 3eKTPOHOB.



I7IABA 8
QJIEKTPUUECKUHN TOK

§ 8.1. Tok. IInoTHoCTE TOKa. TOoK B BaKyyMe

8.1.1.a. B CHHXPOTpOHe 37IeKTPOHBI IBHMXKYTCA MO NPUGITH3HTENBHO KPYTOBOH
op6urte pmuuel [ =240 M. Bo BpeMsa uMKIia yCKOpeHHs1 Ha OpOMTE HaXOOHMTCA
npumepro n=10"! 3meKTPOHOB, HX CKOpPOCTh MpPAKTHYECKH DaBHa CKOPOCTH
cBeta, Yemy paBeH 10K?

0. Ompenenute TOK, CO3/[aBaeMblif 3NIEKTPOHOM, IBHXKYIIMMcA 110 opOHre
pamuycar =0,5 - 10 ' ® M B atome Boopopa.

8.1.2. B npoBoje WiMHBI [ AOJHBIA ABUXYLIMACA 3apAJ, PABHOMEPHO pac-
[IpefieNieHHbIN 110 TpOBOJY, paBeH q. ONpelieNuTe CPEHION CKOPOCTh OBH)XEHHA
3apAMIOB, e JIK TOK paBeH /.

8.1.3. B renepatope Ban nme I'paacdha npope3uHeHHas yieHTa HMpHHLI @ = 30 cM
JBHXKETCA ¢O cKOpocThio U =20 M/c. OKOJIO HHXKHEro LIKKBA JieHTE COOOINaeTcs
JapsA HACTONBKO OONBIIOM, 470 10 06e CTOpPOHBI JIEHTHI OH CO3MAET MOJIe Halpsi-
#eHHoctH £ = 1,2 - 108 B/m. Uemy paseH ToK?

8.1.4. Tok B pazpexeHHOM rase BhI3bIBaeTCs JBHXEHHEM HOHOB. Jlokaxwure,
1TO COYAApeHHe OIMHAKOBBIX HOHOB Mexx Iy co0O# He MeHAET TOKa.

8.1.5. EutH npenfionoxuTh, 4TO WHCIIO 371eKTPOHOB NPOBOIHMOCTH B MeTasule
PaBHO YHCITy aTOMOB, TO KaKO# GyreT cpemHss CKOpOCTh €K TPOHOB IIPOBOIM-
MOCTH B cepeOpAHOH IpOBONIOKe AMaMeTpa 1 MM, 1o KOTOPO#R Hpet Tok 30 A?

8.1.6. JIucroyex ¢oOJNBIH, NOKPHITHIA (3-paiMO2KTHBHBIM BEHIECTBOM, HCTTyC-
KaeT C edMHHIBI TUIOIIATH V 31eKTPOHOB B enMHMily BpemeHM. Ux ckopoctb
paBHA VU, JM0boe HampaBlleHMe CKOPOCTH paBHOBeposATHO. Halmwure IUIOTHOCTB
1oka. [loyemy OHa He 3aBHCHT Ot L?

8.1.7. B cTpye P-panMOaKkTHBHBIX NbLUIMHOK, HMEIOLIMX CKOPOCTh 4, WACIO
)LIEKTPOHOB B €HHHUE OGBeMa PABHO n,. CKOPOCTb 3MEKTPOHA OTHOCHUTENIBHO
HATYCIMBILEA erc NbUIMHKH, paBHa U, a BCe HANpaBJIeHHs CKOpPOCIEH paBHO-
nepoATHel. Olipesienure IWIOTHOCTH 3NIEKTPOHHOTO TOKa B CIpYeE.
 8.1.8. B peHTTeHOBCKOA TpybKe IIyYyoK 3NMEKTPOHOB C IUIOTHOCTBIO TOKa
1 =0,2 A/MM? monapaeT Ha CKOMIEHHDIA oy yriom 30° TOpel METAJUTHYECKO-
10 crepxns. [Inomans 3toro Topua s = 10 ™ m?, a cam cTepxeHb paclonoxkeH
#;10JTb OCH MyuKa. OnpegeIuTe TOK B CTEpXKHE.
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8.1.9. B npoTOHHBI MyuYOK ¢ IVIOTHOCTBIO TOKa j =1 MKA/cM? moMecTHIH
METAUTHYe CKUI wap paguyca r =10 cm. Onpenienure Bpems, 32 KOTOpoe wiap
3apAMTCA [10 MoTeHuwana ¥ =220 B. JlefictBMeM MOJA LIapa HA MyYOK IIpeHes-
peus.

8.1.10. IMnoTHOCTF TOKA B MNyYKe 3NEeKTPOHOB j, CKOPOCTb 3JIEKTPOHOB V.
Onpenenute IWIOTHOCTD 3apAJA B IyyKe.

8.1.11. B 3nexTpoHHOM IyyKe KpYITIOFO CEYeHHs ¢ HayaIbHBIM PajInyCcoM
r =3 CcM CKOpOCTb 3MeKTpOHOB U =10® M/c mpm momHoM Toke B Mmyuke
] =100 A. QuenuTe HAYAIBHYI0 HATIPSDKEHHOCTb IEKTPHYECKOro MNOJA Ha mo-
BEPXHOCTH IIyuKa M paccTOsSHME, Ha KOTOPOM PajidyC ITyyKa ToJ| IEHCTBHeM COb-
CTBEHHOTO 3eKTpHYeCKOTO TIONA YBETHUHTCA BJIBOE.

8.1.12%. Mexny nBYMs NapajelbHbIMM CETKAMH CO3[AHO TOPMO3siee
3NIeKTpHYecKOe Tojle HanpsokeHHOCTH E. [lo HOpmanu k mepegHed CeTke NamaeT
ILMpOKMil MYYOK MIEKTPOHOB, y KOTOpOro ILUTOTHOCTh 3apAfa Po, @ CKOpPOCTh
Vo - [IpeeBperas B3auMoniei CTBHEM CAMHX 3/IEKTPOHOB, HAHIUTe paclpeiesie HHe
IJIOTHOCTH 33apANa MEXIY CETKaMH B CTyyae, eCJIi : a) CKOPOCTh IEKTPOHOB Ha-
CTONBKO BEfMKA, YTO OHM IIPOXOJAT CKBO3b CETKH M He BO3BpALLAOTCA;
6) aNMeKTpoHbl oTpaxawTcs nojeM. HauMHas ¢ Kakux 3HaYeHHH go BO BTOPOM
clTydae CreflyeT Y4MTBHIBATh IIONe 3aPAKA Mexly ceTkamu?
¢ 8.1.13. B BakyymMHOM OHOIE [BA 3MEKTPOJA : KaTo[, C KOTOpPOro HCHapAnT-
¢A” 3MEeKTpOHB! (er0 CIIELMAN BHO TIOIOrPEBAKOT ) , M HOI, Ha KOTOPBIH NonafanT
BhRUIETEBIIHE C KAaTrofa 3MeKIpoHbl. OGbsACHMTE, MOYEMY MO MOXHO HCIIOND-
30BaTh KaK BuOIpsiMuTeNnb. Ha prcyHKe mokasaHo, Kak IIpH IIOCTOIHHOM Ha-
HpSOKeHHH MEXOY aHOAOM H KaTo[OM TOK B LENH aHOJA 3aBHCHT OT Temllepa-
TYpbI KaTtoaa. OGbsACHHTE KaueCTBEHHO 3Ty 32BHCHMOCTD.

/h /
s
T
7
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K3a0aue 8.1.13 K 3a0a4e 8.1.14
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¢ 8.1.14. Ha pucynke npuBeneHs! TpH rpadMKa 3aBHCHMOCTH TOKA B 4HOJIE OT
HallpAXKeHU A Ha SMeKTPOMax NUONA, CHATBIE MPH Pa3HBIX 3HAYEHHUAX TEMIIEpaTy-
pbl Karopa. Kakas KpuBas COOTBEICTBYeT HM3KOTEMIEpATYPHOMY KaTofy,
4 KaKas BICOKOTEeMIIepaTy pHOMY?

8.1.15. Korna ToK B mMone fasiek OT HACHILUEHHS, TO BOGIM3HK MOBEPXHOCTH
K4TOHA 0Opa3yeTcsi TOHKHMA CJIOM 3JIEKTPOHOB, M3 KOTOPOIO GOJNBIIMHCTBO
JJIEKTPOHOB BO3BpaIaerTcs Ha Karofl, IpHTATHBAsCh K HEMY, a yacTe dubdyH-
/MpYeT B MpPOTUBOMONOXHYIO CTOPOHY M yBneKaeTca nojemM K anody. Ilouemy
Ha BHEUHEHA [ paHKIe 3TOrO CJIOA MOie MOXHO CUMTATh HYJNEBBIM?

8.1.16* Karon ¥ aHOA B BaKkyyMHOM JIMO[e — fBe NapajyelbHble MeTaJlld-
qeCKHe IWIacTHHBL ¢ 3a30poM d =0,5 cM Mexay HUMU. Tnomans K axno# miac-
vMHBI S =10 cMm2. [lpn Hanpsokenun V =5000B Mexmy karogoM M aHOOOM
47eT ToK [ =1 A. CunTas IMeKTpUyYecKOe IOJie MeXy IUIaCTHHaMH OJHOpOA-
HBIM, OIIpefie/ITe IUTOTHOCTh 3apAga B 3aBUCHMOCTH OT pacCTOSIHMA [0 Karofa.
[[puMHTe HayanbHYI0 CKOPOCTb EKTPOHOB pPaBHOM Hymio. Mo>xHo M B pac-
CMATpHBAaEMOM ClTyyae MpeHeOpeyp NEHCTBHEM Ha 3JIeKTPOHBI MX IIPOCTPAHCI-
BeHHoro 3apana?

8.1.17*. Ins yyera BiMsHUA IPOCTPaHCTBEHHOTO 3apsaia Ha paboTy ILIOCKO-
10 IMOMHA C MEX3IeKTPOIHBIM pAcCTOAHUEM d HYXHO YCTAaHOBHTbH 3aBHCHMOCTh
IUIOTHOCTH 3apsfa p, NOTEHLMANA ¢ M CKOPOCTH IEKTPOHOB U OT PacCTOAHMSA
/10 Katoga x. CKOpOCTh 3JE€KTpOHOB M HAIlpAXEHHOCTh TOJIA Ha KaTode MpH
I0KaX, OaJIeKHX OT HACBILEHHS, MOXHO CUMTaTb HyJIeBBIMHM. B cnyuae, xorma
KKaToj 3a3eMIeH, NOTEHUHAT MOXHO IPEACTaBHTb B BHOE ¢ = V (x/d)". Onpe-
.IeTIUTe o1cona p(X) MU (x), a 3aTeM, HCIIONB3YA YCOIOBHE CTALMOHAPHOCTH TOKa,
HaiJuTe NMOKa3aTenp creNeHH n. IlonyunTe TOYHBIE BBIpAXXEHHSA 1A IUIOTHOCTH
TOKa M TOKa Yepe3 JUO IIPH 3aJaHHOM HamnpsixeHuu V. [Inowmans 3nexTponos S.

8.1.18*. AHoj M KaTon [MOIA MMET npousBoiibHyio ¢opmy. Ilycrs npu
OMpenesIeHHOM HaIlpsKEHMH Ha [UOOE B peXXMMe, JANICKOM OT HACBHILEHHsH,
MCXKAY MEKTPOaMH YCTaHOBHICH MpPOCTPAaHCTBEHHbINA 3apsAH, ITIOTHOCTh KOTO-
poro p(x,y,z). Bo cKOJIBKO pa3 yBEeJIMUHICA IUIOTHOCTb 3TOTO 3apsAna, €CluH
HallpsDKEHWEe Ha OHOJE YBEJMYHTb B 11 pa3? Bo CKONBKO pa3s YBENHYHTCH TOK
yepes guon?

8.1.19. llpamonuHeiiHpl npoBOa IMYGOKO 3apbir B OJHOPOJHOM I'DYHTE.
{OK YTCUKH ¢ eOMHMIBI JJIMHBI NpOBOJA paBeH i. OlpefielIUTe IUIOTHOCTh TOK2
i{d pacCTOfHMM r OT MpoBoja. JIMHa NpoBOna .

7 e

MHOro Gonsue r,
8.1.20. a. K Touke A cpelnsl NOABOOUTCS TOK 1,
1 OT ToukH B otBouTcea ToK J. CuMras, yro Kax-
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6%, Onpenenure pacmpereneHHe IIOTHOCTH TOKa II0 IOBEPXHOCTH IpyHIa,
ecli Ha rnyGuHe A OT ero NMOBEPXHOCTH HaxXOJUTCA TOYEYHBIH MCTOYHMK C TO-
KoM /.

8.1.21%. TapannensHO NMOBEPXHOCTH HIeaNnbHOTO NpPOBOJHMKA Ha pPacCTOA-
HMM [ OT Hee JIBIXKETCA CO CKOPOCTbIO U TOYeuHbIH 3apaf g. Onpenenure Ha
PaCCTOAHUM 7 OT 3TOTO 3apsAna JIMHEHHYI0 IUTOTHOCTb “HaBeIEHHOIO” TOBEpX-
HOCTHOTO TOKa B IPOBOJIHHKE; 72> L

§ 8.2. Hposomumocrs. Conporusnenye. Ucrounmku 3.4.C.

8.2.1%, a. Oupenenute ynenbHy NpOBOJHMOCTb MeT/NIA, eCIIH YHCIIO 3JIEKT-
POHOB MPOBOIMMOCTH B eIMHMIle OGbeMa MeTalllla 1, , BpeMsA MEXIY MOCIeI0Bd-
TENLHBIMH COYHApeHMAMH 3JeKTPOHAa ¢ HOHaMM KPHUCTAJUIMYECKOM PEIUETKH 7.
Cpasy mocne coymapeHMsa J0Goe HalpaBlleHHe CKOpOCTH 3/ieKTpOHa paBHOBe-
POSATHO.

6. OuenMre cpegHee BpeMs MeXIY MOCIEOBATENBHBIMU COY IapeHU AMU
3J1eKTPOHA MPOBOIMMOCTH ¢ HOHaMU KPHCTAIUTHYECKOH pellle TKH Me .

8.2.2%, KoHTeilHep, HanOJTHEHHbIH BO3TYyXOM MIPH KOMHATHOH TeMIIEpaType
U atMocdepHOM NaBneHHHM, 00ITyYaeTCAd PEeHTIeHOBCKHM HITYYeHHEM, HOHH3YI0-
MM HeGOBILYI0 YacTh MOoNeKyn. OTpHIaTeN b HBIMH HOHAMU SIBJIAIOTCA MOSIEKY-
ael Oz, “saxBamBumMe’’ 3MeKIpoH. PasmMep xoHtednepa 10 X 10 X 2 cM; mge
crenkd 10 X 10 ¢m cpenaHel M3 MeTalIa, a OCTAIbHbIE — U3 H30IMPY IOLIETrO
MarepHana. Mexpgy NpoBOIAIIMMH CTeHKaMH NpWIOXeHo HampshkeHue 1000 B,
BbI3bBaloniee TOK 1,5 MKA. CuMTass WiCIO TIONOXHTENBHBIX U OTPUILATENbHBIX
OTHOKPATHO 3apA>XeHHbIX MOHOB OIMHAKOBBIM, OLUEHMTE [0JII0 MOHH30BaHHbBIX
MoJeKyn rasa. [lnuna cBoBoaHoro npo6era KoHoB 1077 M.

82.3. llon nefictTBHEM MOCTOAHHOIO 3/1e KTPHYECKOIO MOJIA B NPOBONHUKE
YCTaHaBIMUBaeTCA IOCTOAHHBIA TOK, T.€. HOCHTEJIM TOK2 MMEIOT MOCTOSHHYIH
CPeMHIO CKOpOCTb, 2 HE YCKOpEHHe. JTO O3Hauaer, YTO CYIECTBYeT CHia,
AeACTBYiomas Ha HOCHTENIM TOKa cO CTOPOHBI BéulecrBa. HaiimMre cpefiHion
CHITy, NEACTBYHOILIYI0O H2 HOCHTEND Yepe3 YleNnbHYH NPOBOIMMOCTb BELIECTBA A,
INIOTHOCTb HOCHTENEH TOKa n, CKOPOCTb UX Apeiida v 1 3apan e.

8.2.4. TIpoBooUHOE METAIIMYECKOEe KOMBUO pamuyca r = 0,1 M Bpaiuaercsa
¢ yrnosoi ckopoctsio §2 = 10® pap/c. Onpenenute, Kako# TOK To#MET yepes
KOMBIO IIpH PaBHOMEPHOM 3aMe[jIeHMM B TeueHHe BpemeHn 7 = 1073 ¢ ero
BpallleHHs [0 MONMHOA ocTaHOBKH. Ceuenne mpoBonoku § = 0,5 oM, yneibHas
MPOBOOUMOCTb METAIA A = 6 107 Cm/m.

8.2.5. Cpemtfs cKOpPOCTh HAMPABIIEHHOr0 ABH)KEHU 3aPAJIOB B IPOBOIHUKAX
cOCTaBNsieT He Bojee HeCKOJNBKHMX CaHTHMETpoB B cekyHny. Ilouemy xe
HacTONIbHAasi JiaMMa 3aKHraeTcsl cpa3ly TMOCIe HaXaTHs KHOMKH BbIKIIO-
yatens? :

82.6% Onpepenure OTHOLIEHHE TEIUIONMPOBOJHOCTH U YAENbHOH ITPOBOIMMO-
cm A paga metawioB Tpd 0 °C, nonk3ysch NpHBeneHHoW TaGmuuei. Uem
0OBbACHUTD MONYUMBUIMACS pe3yNbTat’
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Mertannst K, Br/ (M- K) | A, 107 Cv/m || Metanner | « Br/(M-K) | A, 107 Cm/m

Mems 385 6,0 XKenezo 60 0,9
Huak 111 1,7 CBHHelU 34 0,5

> 82.7. OnpeneanTe HamPAXXEHHOCTb AJIEKTPUYECKOTO OIS H Pa3HOCTh MOTEH-
UHATIOB Mexay Toukamu 4 H B npoBofgHHKaA, €CIIH TOK B HEM HJET NOJ, YIJIOM ¢
K HanmpasjeHulo npaMoit 4B. Haiimite pasHoCTh MOTEHUMATIOB MeXOy TOUKaMH
A ¥ B, eclu 7MHHA ToKa, COENHHAIIUAA 3TH TOYKH, ABJAETCA TNOIYOKpYK-
Hoctblo. Paccroanue ot 4 mo B pasHo /. [InoTHOCTh TOKa B MPOBOOHHUKE f , €10
yIesibHasA MpOBOOUMOCTb A.

Y
Alaé A B >

P

N
i

\
\

K 3a0aue 8.2.7 K 3a0aue 8.2.9

8.2.8. [InoTHOCTh TOKa j NepHEHIHKYJIAPHA IDIOCKOCTH pa3feia OBYX Cpen
¢ YDOEIbHOH NPOBOJMMOCTBIO A; M A,. Hailigure NoBepXHOCTHYI0 IDIOTHOCTB
3apAna Ha 9TOH ITI0CKOCTH.
> 8.2.9. Ha mockocrs pa3pesnia AByX cpell, yOellbHafg OPOBOOUMOCTb KOTOPBIX
Ay H Az, U3 NepBOH cpedpl MOYyT JMHMM TOKa, o6pasys yrosl a; C HOpMalbio
K m1ockocTH. Kako# yros o6pasynr ¢ 3Toil HOpPMalIbIo JIHHHH TOKa BO BTOPOit
cpene? Uemy paBHa MOBEPXHOCTHaA IUTOTHOCTh 3apALa Ha rpaHMLlE pa3fena
cpen? B nepBoii cpelie IWIOTHOCTb TOKA J.

8.2.10.YnenbsHad npoBOAHMOCTb Cpe bl MEHAETCA TIO 3aKoHY A = Noa/(1 +X).
Onpepenure IWIOTHOCTb 3apALa NPH CTallMOHAPHOH IDIOTHOCTH TOKaj , Hampas-
:IeHHOM BIIOAb OCH X.

8.2.11. B neHTpe npoBoJsulero mapa ¢ yAeJIbHbIM CONPOTHBJIEHHEM P OKa3an-
¢s1 M3GBITOYHBIA 3apAn Qo .

a. Kak 3aBHcHT oT p TOK, TeKYIIMH M3 LIEHTpa LIapa K €ro noBepXHOCTH?

6*. Kak 6ynieT MEHATLCA 3apsf B LEHTpe Wapa co BpeMeHeM?

8.2.12, TInactuHBI 3apsXXKEHHOr0 KOHIEHCATOpa COEOMHEHBI TOHKUM M30THY-
1bIM HpoBofHHKOM. Kak HamnpassieH rok Mexnay Toukamu A4 W B? Kak aro
COIJIacoBarb C HanpaBJieHHEM IoJiA B KoHOeHcarope?

L/")

A

K 3a0q4e 8.2.12
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8.2.13. [unuupp ¥3 NPOBOOALIETO BELIECTBA C YAENBHOH MPOBOAMMOCTBIO A
HMeeT IIMHY | W NONepeyHoe ceueHe S. PasHOCTb MOTEHUMATOB MEXOY €ro
Topuamy paBHa V. Onpenenute Tok yepe3 ceueHue nwinnppa. KakoBo conporus-
JIeHHe 3TOrO UMIuHapa?

O 8.2.14. U3 MeTaU10B ¢ yHOENbHOM MPOBOAUMOCTBIO Ay ¥ A; H3TOTOBUIH IJIUH-
Hble CTEPXHM M COEOHHWIIH HMX TaK, KaK MOKa3aHo Ha pucyHke. Ha kpaiHux
TOpLAaX MOJAEPXKHBAETCA Pa3HOCTb NOTeHUHAT0B V. OnpenenuTe CONPOTHBIIEHHE
COETMHEHHBIX CTEP)KHEH ¥ TOKM B HUX.

O 8.2.15. JKCHepMMEHTATOp XOYET NMpPHIOTOBUTL CJIOH ATIOMHMHHA TOJIILHHBI
500 HM, HambUIsAsA ero B BaAKyyMe Ha YHCTYIO NIOBEPXHOCTb CTEKIIAHHOM IUTaCTUH-
k¥, CHayama OH HaHOCHT [Ba HOBONBHO TOJICTBIX CIIOS ATIOMUHHA, OCTaBIIAS
B LEHTpe IUTACTUHKH MOIIOCKY YHCTOM MOBEPXHOCTH, 3aKphITYI Mackoil. [loToMm,
UCTIONb3YA APYTrYI0 MacKy, OH HambUIseT Ha CTEKJIO B NMOMEpeYHOM HaNpaBlieHUH
MOJIOCKY AJIIOMUHMA TOW )Ke LLIMPHHBI, YTO ¥ YMCTas Nnonocka. IIpi aTom ToncTeie
CITOHM HCIIOTIb3YIOTCA KaK BBIBO[bI 1A U3MEPEHHA CONPOTUBIIEHHA HaMbUIAEMOIO
cios. Ilpn xakoM CONPOTHBIIeHUM CJIOf HallbUleHHE CIIENYET OCTaHOBHTH, ECTIH
yOenbHOe CONpOTUBIIEHHE AIIOMUHMA IIPH KOMHaTHOH TeMIlepaType paBHO
2,83-107% Om - m?

8.2.16*. Mnuunas uwiMHApHYecKas Tpy6Ka U3 H30NATOpA MOKPbITA TOHKHM
npoBoasnmM cioeM. CollpoTUBIIEHHE MeXOY Topuamu Tpybku Ro. IlpoBops-
LKA CIToll NMpope3aloT TOHKHUM pe3LoM MO BHHTOBOM JIMHUH, MoYuieH NOR yIiIoM
a x o6pasywmeil Tpy6ke. Ilocrme 3Toro MOICOENMHAIOT KOHTaKThl M HaHOCAT
M30JIHpY0liee NOKpbiTHe. ONpenenuTe COMPOTUBIIEHME MONYUMBLIETOCH DE3U-
cropa.

8.2.17*. B cpene ¢ Maoit yneNnbHOM NPOBOIMMOCTBIO A HAXOGMTCHA METLIH-
uyeckMi wWap papuyca r. OnpenennTe TOK, CTEKAWILUH C IIAPa, €CTIH €ro NoTeH-
uMan paBedH V. EciM Takod wap nopcoemNMHUTL W30JIMPOBAHHBIM IMPOBOAOM
K T'POMOOTBORY, TO KAKHM §yI€T CONPOTHUBIIEHHE 323 MIICHHA?

8.2.18* llpa anexkTpoma — MeTaUlMuecKHe wiapbl guameTpa 30 cM — BUCAT
B Mope Ha M30/IMPOBAHHBIX KaGensax Ha rny6unHe 60 M. PacccTosHHe mexnpy
mapamu 300 M. YpempHasa npoBomuMocTb Mopckoi Boapl 4 Cm/m. Ouenute
CONPOTHUBIIEHHE BOABI MEXAY LIapaMu.

8.2.19*. Ha mennnIe MEKTpOpl, MOrpyeHHbIE B GOMNbLIONH cocyn ¢ MOLCO-
JIeHOH BOJOH, nojaeTcs NMOCTOsHHOe HanpshkeHue. C MOMOILIBI 30HAR, Noxcoe:
OMHEHHOTO K BBICOKOOMHOMY BOJIBTMETPY, MOXKHO HONYUTb “KapTy” 3KBHUIO-
TeHuManed. Kak mo maHHBIM 3TOH KapThl ONpefesuTh HalpaBileHUe IMHUHA ToKa
1 wIoTHocTh Toka? [loueMy aneKTpuueckoe Moje B BOHOE TaKO€ e, Kak H [id
37EKTPOHOB B BaKyyMe IIDH TOM Ke HAIPSOKEHUM MEXIY HuMH?
¢ 8.2.20. Papuycwl o6knapok cgepuueckoro KOHAEHCATOpa COOTBETCTBEHHO
ry M rz, 3apan g, Haiimute compoTuBNeHHe M TOK YTeYKH B 3TOM KOHEHCa-
. TOpe, €CIH MexAy OGKIIagKaMH HaxOOHTCH BELIECTBO C [UINIEKTPUUECKOH
NPOHUIAEMOCTBIO € H YIENbHOH IPOBOOMMOCTBIO A.

8.2.21%. Tlocne 3amosIHEHMsi KOHOEHCATOpa CpenoH C YIenbHOH MpOBOIH-
MOCTBI0 A ¥ OMINEKTPHYECKOH MPOHMIAEMOCTHI0 € CONPOTHBIIEHHE MEXIY ero
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K 3a0aue 8.2.14 K 3a0aue 8.2.15 K 3a0aue 8.2.20

:a)XUMaMU oKka3zaioch paBHbIM R. Hafinute eMxoctb KoHAeHcaTopa. 3aBUCHT
M pe3ynbTaT OT KOHCTPYKIMU KoAeHcaTopa?

8.2.22* TI'me Ha HWXHEHl M BepxHel MOBEPXHOCTAX KpyIJIOH MPOBOAALIEN
UTaCTHHBI HY)XHO DacHOJIOXKHTb EKTpPHYeCKHE KOHTAKThI, YTOGbI COMpPOTHBIIE-
iMe MeXIy HEMH GbUIO0 MHHMUMAIbHbIM?

8.2.23. [loyveMy npH paccMOTPEHMH 3IeKTPHYECKOTo TOKa B BELIECTBE KHHE-
"MYeCKYI0 SHEprUI0 HOCHTeNnell TOKa, CBA3AHHYIO C UX YMODPAIOYEHHBIM [IBHIKE-
ineM, He yuuThiBaioT?. OueHHTe KMHETHYECKYI0 3HEPIMI OOHOIO I3eKTPOHa
B 3neKTg0H-Boanax) npu Toke / = 100 A B nMpoBoJIoUKEe K3 HATPHA CEUCHHHA
;=1 MM*. Unclo 3neKTpOHOB MPOBOAMMOCTH B €IMHUIIE O0GbeMa MPOBONIOYKH
. =2,5-10%2 cm3,
> 8.2.24*. Jlenta cOCTOMT M3 Y3KUX MPOBOMISALHMX NOMOCOK C €llle 6oJee Y3KUMH
1301HpyoWKME 3a30opaMi. OHa COMpHKacaeTcs C OJHOM IUTaCTHHOH KOHOEHCa-
opa U ¢ HeBONBIIMM ~KOHTAKTOM, MEXAY KOTOPbIMH BKIIIOYEHO CONpO-
‘uBneHue R. Jlo 3toro sneHTa. He ObUIa 3apskeHa, a 3ap#Ad  IUIACTHH

F £

K 3a0aue 8.2.24 K 3a0aue 8.2.25
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KoHpeHcaTopa 6pU1 % q. JInuMHa 1onacTuH [, a UX WIMpHHA COBNAnaeT ¢ WIMPHHOM
NeHTsl. JleHTy BBITATHBAIOT U3 KOHAEHcaTopa ¢ cwioi F. Halioure Tok uepes
COIIPOTHBIIEHUE H YCTAHOBHBUIYIOCH CKOPOCTb JIEHThL. PaccrosiHme oT Kpasa
IUTaCTMH KOHAEHCATOPa JO KOHTaKTa MHOro GOJIbIIe pacCTOAHMA MEXIY HHMH
H MHOTO MEHBLIE HX JUTHHBI.

¢ 8.2.25. B renepatope Ban pe I'paacda HocuTenu 3apsiga, NpHKIIEHBIIMECH
K HEeNpOBORAMIEH JIeHTe, NMepeHOCATCA NpPOTHB MNonA. BHyTpu luapa 3apApnpl
CHHUMAKTCH C JIEHTBI CHJIBHBIM TOJIEM, TOKATH30BaHHbIM Ha KOHTAK THOH LIETKE.
Heo6xomumMyo 0711 ABHXXeHHA JeHTbI IHEPTUI0 MOXET NOCTABIATh A1eKTPOLBH-
ratenb, GeH3HHOBBIH MOTOp WIM pyKa venmoBeka. IlosHbiid 3apsn Ha JeHTe ¢,
ee UIMHA I, COMPOTHBIIEHUEe MeXMIYy WIapoM M 3eMileit R. OnpenennTe YCTaHOBUB-
IUMiicA NMOTEeHUMANl apa B [ABYX CIyyasix: a) JIeHTa OBIKETCA C MOCTOAHHON
cKopocThio v; 6) JIeHTy -IBUraioT, NpHKIIafbIBaA K Hel MOCTOAHHYIO cuiy F.
¢ 8.2.26. OnexTpuueckas atoMHas” Garapes TpencraBniseT coOoi MeTau-
YecKyl0 cepy ¢ H30THPOBAHHBIM OT Hee KYCOUKOM S-palHOaK THBHOTO BeILECT-
Ba. Ukciio aToMoOB, pacnapalollMXcA B €OMHMILY BpEMeHH, paBHO ¥ OJHeprus
BBUIETEBILHMX MeKTpoHOoB W. OnpepenuTe Hanps>keHHe Ha pa3OMKHYThIX KJIEM-
Max Garapen. Kakoit HauGonblumit Tok MoxeT HaBarh 312 6atapea? Ipu Kakom
CONPOTHBJIEHN! HAarpy3Ku GaTapero MOXKHO CUMTATh reHepaTOpOM ToKa?

O 8.2.27*. WCTOWHHK TOKa COCTOMT K3 TOHKOH IJIaCTHHBI PafHOaKTHBHOTO
BEHIECTBAd, OKPYXEHHOH npoBonsAwmuM kopnycoM. IlupuHa 3asopa Mexnmy
KOpIycOM H IUIaCTHHOH MHOrO MeHblIe JHHEeHHBIX pasmepoB ILTacTHHbI. Kak
3aBHCHT TOK OT HAaNpsXeHHA MEXIYy KOPNYyCcOM M pafgHOaKTHBHOM IUIaCTHHOH,
€CIIH TOK TpY NMONOXHTETbHOM HANDOKEHHH paBeH /o7 DHeprHA BbUIETAIOLMX
H3 IUIacTHH IEKTPOHOB eFy. JNeKTpoHbI BBUIETaIOT BO BCE CTOPOHBI PABHO-
MEPHO,

¢ 8.2.28. He yrnyGnsasAce B BONPOC O NPOKCXOXAEHHWH CTOPOHHHX CUII, IOCTPOi-
Te TpaUK NMOTEHUHATa pa3OMKHYTOH H 3aMKHYTOH IelH ¢ CONpOTHBIIeHHeM R.
Ha yuacTke uemu mmuHbl ! CTOpDOHHAS CWia, OTHeCeHHas K eOMHMIIE 3apsna,
paBHa E, BHe 31010 yuacTka — Hynw. Kak usMeHurcs rpaduk, eciu ydactok /
6yneT umetp conpotuBienue r? Kakywo sHepruw Ha efuHUIYY 3apspfa nepenaeTr
MCTOYHHK CTOPOHHMX CHII Ha \'ricTKe 17

¢ 8.2.29. B xuMuuecKoM .1 -:citre uoyT peakuuu: Ag + CI” = AgCl + ¢ na
oTpHuatenbHoM cepebpsaHoM dilekTpome H Y% Cl; + e = Cl™ Ha nojgoxuTeTbHOM

K 3adaue 8.2.26 K 3acaue 8.2.27 K 330aue 8.2.28
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TUTaTHHOBOM 5JIeKTpofe (TUIacTHHAa B PeaKUMIO He BCTY- Pt
naeT). [Ip¥ oOueHp MaJIoOM TOKe Ha KaXIb#l MOJb (:E
obpasyiomerocs AgCl BHyTpH 3neMeHTa BbIIeNAETCA
3280 kan remna, Ipu npotekanuy peakuuu Ag + %Cl, =
= AgCl Ha xaxplit Moib oGpasyrouteroca AgCl Beiaens-
erca 29 380 xan. Haligute 3.1.c. 3ieMeHTa, T.€. SHEPTHIO,
coobLiaeMyI0 JTEMEHTOM eIMHHLe NpoUledilero 3apana
(1 kan~2,6-10'? 3B). =

8.2.30. H?H pactBopenuu 1uHKa B Hy SO4 BbimenseT- T
csa 4,40 - 10° IIx/monp TelU1a, Ha BbIelleHHE MeOM M3 - -
Cu SO, TpebyeTca 3aTpaTHTb SHEPrux 2,34+ 108 JIx/Momb.
Kasanock 6b1, 3.0.c. dnemeHTa JIaHHIIA MOXKHO paccud-
TaTh, MPUPaBHHUBas pAa3HOCIb 3THX SHAUEHHH JHEPTHA
TpOTeKlIeMy 3apfidy, YMHOXXEHHOMY Ha 3.4.C. Bumuc-
JIMTe 3.1.C. TAKMM 06pa3omM ¢ TOYHOCTbIo 1o 1 %. OmHako ‘5
VICTHHHOE 3HaueHHE 3.1.C. OKalbIBaeTcA GOnbIMM (TIpH AJ
HOpMAJIBHOH TemmepaType OHo paBHO 1,09 B). B uem
neno? Otkyna GepeTcst 3Heprus’?

8.2.31. Anement Jauusna naer tox 0,1 A B tevenne 8 u. Hailpure pacxop
urHKa U MegHoro kynopoca CuSO, - 5H, O (B Monsx).

8.2.32*. Tpu pa3spA;Ke KOHHAEHCATOPa, 3apPsAJ KOTOPOIO ¢, Yepe3 3K TPOIH-
THYECKYI0 BaHHY C NMOIKHUCIEHHOR BOLOM BbILENAETCA Macca M IPeMyUero rasa.
Macca BIIeNAOIIETOCS NTPH ANEK TPOJIH3€e BEIECTBA 3aBUCUT TONBLKO OT MPOLIE-
1LIETO 3apsifa. 3HAYUT, PaspAOUB KOHAEHCATOp uepe3 kK MOCIeqOBATENIBHO COEMM-
HEHHBIX BaHH, NONIYYMM Maccy kM rpeMyuero rasa. CKuras 3ToT ras, HOJLydum
MHOro 3Heprud. [Ipu pmocratouno Gonslom k 3ta sHeprus npes3oiner NepBoHa-
YaJIbHY!0 3HEPTHMI0 3apsKkeHHOro KoHpeHcatopa' CiemoBaTesIbHO, B YeM-TO HaIlld
paccyxnoeHusi outuoouHbl. Haligute 3Ty OLUNOKY.

8.2.33. lonHast MWIOTHOCTb TOK@ B 3IEKTPONUTAX SABIAECTCA CYMMOH IDTOTHO-
CTH TOKa MONIOXHTEIIbHBIX HOHOB M IUIOTHOCTH TOK& OTPHUIIATEJIbHbIX HOHOB!
j=esn vy te_n_v_, TOE €:,U+ U Ny — 3apAA, CKOPOCTb MOJICKUTENBHBIX
i OTPHLATESIbHBIX HOHOB H UX YMCNIO B ennHHIie oObema. [louemy Macca Bewect-
B3, BBIAENMBIIETOCH Ha KAaTOHE, NPONOpPUMOHATIbHA MOJIHOMY TOKa, 8 HE TOKY
TOJIBKO TOJIOXHTENbHBIX JIOHOB?

8.2.34*. IIpoTHBO-3.0.C. ONHOM MEKTPONUTHUECKOH BaHHbI & UMeeTcs KOH-
HeHcaTop, 3apsSKeHHbIA Oo HanpsbkeHus V > &. CKoJbKO OBHHAKOBBIX BaHH
HYXKHO COEIMHHTD NOCIEA0BATENbHO, YTOGBI, pa3pAaMB KOHIEHCATOP, BbIGEIHTh
11a HUX MaKCHMAJIbHYI0 Maccy MeTajlia U3 pacTBopa conH?

O,

Lodwwi
pacmign
HoL

Kouvemanns!
Aglh

K 3a0aue 8.2.29

§ 8.3. DnexTpHdecKHe HemH

> 8.3.1. lllkana BonbTmeTpa MMeeT 150 peneHudl. BormbTmeTp MMeeT ueTbipe
KJIEMMBI, pacCUMTaHHblE Ha U3MepeHUe Hampsbkenus 7o 3, 15 u 150 B. Crpenka
11pHBopa OTKIIOHAeTcA Ha 50 meneHUi MpH MPOXOXIEHUH Yepes Hero Toka 1 MA.,
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K 3adaue 8.3.1

KakoBo BHyTpeHHee cONpOTHBIIeHHe NpHGOpa NpH BKIIIOUEHHH eT0 Ha pa3jiHyHble
[4anasoHs!?

8.3.2. Kako#l WIYHT HYXHO NpHCOEOMHMTb K IaJlbBaHOMETpPY, HMelomeMy
wikany Ha 100 peneHMit ¢ neHoH peneHuss 1 MKA H BHYTpeHHee CONpPOTHBIIEHHE
180 OmM, yro6b1 UM MOXKHO ObUIO U3MEPATH TOK Ho 1 MA?

8.3.3. Bombsr™etp co mikanoit Ha 100 B uMeeT BHYTpeHHee CONpOTUBIEHHE
10 kOm. Kakyio Hanbonbilylo pasHOCTh MOTEHIMATIOB MOXHO H3MEDHTb ITHM
npH6opoM, ecild NPHCOEOHHHTb K HeMy H06aBOYHOe conpoTHBieHHe 90 xOm?
¢ 8.3.4. Kak GymyT pearupoBaTh Dpu6opbl Ha NepeMellieHHe IBHXKKAE peOCTaToB
B HaNpaBJICHHH CTPENIOK HAa CXeMax 4 — 6 U Ha 3aMbIKaHHe KIIloueH B CXeMe
2 — 7 BHyTpeHHee CONPOTHBIIEHHE reHepaTopa oYeHb Mao™).

- A()l

® n o

K 3a0aue 8.3.4

8.3.5. a. TpebyerTca oNpenenuTh NafeHHe HaNpSKEHHS Ha CONPOTHUBIIEHHH R.
JI1a 3TOTO K KOHUAM COMpOTHBIIEHHs MONKIIIOYAI0T BONIbTMETp. Kakas oTHocH-
TEJbHAsA MOTpelHOCTh GyneT HOMyIIEHAa NpH H3MEPeHHsAX, €CIM NOKa3aHu#A
BOJIbTMETpa NpHHATb 33 TO, KOTOpOE HMENI0 MECTO OO0 ero NOOKIIIoYeHUs?
Cuna Toka B Liel NopaepskuBaeTca nocToaHHoH. ConpoTuBsieHne BOIBTMETpA 7 .

6. Jlis u3MepeHMA TOKa B LiENH C CONPOTHBJIEHHEM R BIUTIOUEH aMIlEpMETD.
Kakas oTHocHTenbHasA onmbka GyneT [AomylieHa, eciiM CUMTaTh, YTO BKJIIOUEHHE
aMnepMeTpa He H3MeHHO Toka? HanpsxeHHe Ha KOHIAX IIETH NOOLEPXKUBAETCA
noctosAHHbIM. ConpoTHBIIEHHE aMIIEpMETpa 7 .

*) Kpy>XKOM O CTpe/IKON Ha cXeMaX 0603HayeH reHepaTop. CTperka yKadbiBaet Hallpan-
JIeHHe TOKa reHepaTopa.
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¢ 8.3.6. BonbTMeTp BIUTIOUEH NMaparlylefIbHO CONpoTHBIeHHI0 4 KOM H NOKa3bl-
Baet 36 B. HanpsoieHMe Ha kileMMax HCTOYHHMKaE TOKA MOMIEPHHBAETCS MOCTO TH-
HeIM M paBHeiM 100 B. Haiinurte oTHOLIeHHe TOKa, HAYIUETO Yepe3 BOJIILTMETP,
K TOKY, HOYUIEMY uYepe3 conpoTuBneHHe 6 KOM. UTo MoKaxeT 3TOT BOJIBIMETP,
€CJTH 3aMeHUTb CONPOTUBIIEHHA COOTBETCTBEHHO Ha 4 1 6 Om?
0
4x0m bxln 7008

—(—F—o

v.
o/
K 3adaye 8.3.6

8.3.7. Ilna HopmanbHOH paGoTbl NpuGopa Heo6xomumo HampsoxeHue 20 B,
a HampsbxeHHe B ceTH 120 B. DxcnepuMeHTaTOp MOAKIIOUMA K IENH [IETIMTEND
HanpsDKeHUA ¢ CONpOTHBIeHHeM T0Ted 5 M 1 kOM u Jo nopxiiioueHus npuGopa
BBLICOKOOMHBIM BOJIbTMETPOM MPOBEPHII, YTO Ha BTOPOM CONPOTHBIIGHHH Hanps-
weHue peictBHTenbHO 20 B. Opmako nonkiiroyeHHsli npuGop He 3apaborain.
JKclepUMeHTaTOp COOGpPasHI B 4yeM gOeao M OoGHiIcE HOpMalbHOH paGoTbl
Hpubopa, MOJKIYMB €ro K HENUTEI0 HAlpSOKEHUR C COMPOTHBIIEHHEM IUleu
250 u 100 Om. Hadigure conpoTuBiieHHe MpHGOpa, €CTH K B 3TOM CJly4ae OH
1I0[IKJ1}0YeH KO BTOPOMY CONpPOTUBIIEHUIO HETUTENA.

8.3.8. Ilepexsiouas BOJNBLTMETP Ha M3MepeHHe BJBoe OoJibliero auanasoHa
Hanpsoxkedus (co 100 na 200 B), oxxmpanu OTKIIOHEHHSI CTPEJIKH Ha BfBOE
MeHbluee yuCIo pmesieHWH. OOHako 3TOro He MPOM3OLLIO, XOTS B OCTAIBHOH
YACTH LENMM HHYEro He HW3MeHIN. Bornbliiee WM MeHbllice HallpsHKEHHE MOKaXET
BOJIBTMETp MOCIIe NepeKIIoueHHA?
> 8.3.9. UeMy paBHa pa3HOCTb NMOTEHIHAJIOB MEXOY KIEMMaMu B CXeMe Ha
prcyHke? Uto mokaxeT ammepMeTp, €ciM ero nonwlwAwrb K KkiemMmam *)?

OLLZ :H—-@ »j% |

K 3a0aue 8.3.9 K 3a0aue 8.3.10

8.3.10. B MocTe YuTCTOHa CONMpOTHBIIEHUA NONGHpPAOT TaKUM 06pa3oM, UTo
IYBCTBUTENIbHBIA raibBaHOMETp, MOAKIIIOYeHHbIA K Toukam A U B, nokaspiBaet
#ynb. CunTaA conpoTHBIeHUA Ry, R;, r U3BECTHBIMH, ONIPENEIIHTE CONpPOTUBIIE-

* ConpoTHBrieHHsI Ha pHCYHKaX 31lech H asee IpHBedeHbl B oMax 6e3 yKa3aHHA equHHLL
11a cxemax. EclTH XapaKTepHCTHMKH H3MepHTeNBHbBIX NPHGOPOB He YAOMAHYTH, TO CONPOTHB-
.IcHHe amMNiepMeTpa CYHTafiTe MHOTO MEHBIIHMM COMNPOTHBIIEHHR CXeMBI, a COMpPOTHRIIEHHE
HONIETMETpa — MHOTO GOIBILIHM.
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HHe ry. Ecriu noMensTs MecTaMH 6aTapero M ralibBaHOMETP, TO CHOBA MONYYATCH
MocTtoBas cxeMa. CoxpaHaeTcs 1M GanaHc B HOBOH cxeme?

¢ 8.3.11. Omnu M Te xe MPUBOPHI MTPH COEAUHEHHH HX M0 TPeM pasHBIM CXeMaM
HawT clenywoume nokasauusa: Vy, Iy, V,, I, Vi,l5. Halttu  conmportuBneHue
BOJIbTMETPA, pe3UcTOpa ¥ aMRepmeTpa. Hanpsoxenue, nogaBaeMoe Ha 3TH CXEMBL,
He 06A3aTelIbHO OOMHAKOBO,

0

oK

v

K 3a0aue 8.3.11

O 8.3.12% YuacTok CxeMbl COCTOMT M3 HEHIBECTHBIX CONPOTHBIIeHHH. Kak, umest
aMIepMeTpsl, BONbTMETp, 6aTapero H coeAMHHUTENIbHbIE TPOBOLA, UIMEDPHTb COTPO-
THBJIeHWe R, He pa3pbiBasi HE OFHOTO KOHTaKTa B cxeMe?

¢ 8.3.13. UeMy paBHO CONpPOTUBIIEHHE MEXLY KIIEMMaMu B CXxeMe, H300paxeH-
HOH Ha pHUCyHKe?

K 3a0aye 8.3.12 K 3ad0aue 8.3.13

¢ 8.3.14. a. Kaxum JOIKHO GBITH COMPOTHBIIEHHE 7 , UTOGBE BXOJIHOE COMpOTHB-
JieHHe MeXY KIleMMaMH GbUTO paBHO Toxe 7?
¢ 6*. Kaxoe conpoTHBIeHHe 7 HYXHO IIpHCOENMHHATD K KieMMaM C u D, uto6b1
CONPOTHMBIIEHHE BCEeH IIEMOYKH MeXJy KieMMaMH A ¥ B He 3aBUCEIO OT YHCIa
3N1eMEHTapHbIX fAueeK?

B. ol Tok B nem paBeH ] . OnpenenuTe TOKH B #-i1 Aveiike, eCITU LeNoY-
Ka CONMpOTUBJICHHA OecKOHeuHa. UeMy paBHO CONPOTHBIIEHME TaKoH LieMOuKH?

K 3a0aue 8.3.14
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¢ 8.3.15% ArreHwarop NpencraBiaseT coboil [ENMTeNb HaNpfKeHHA, CXeMa
KOTOpOro HpefcTaBleHa Ha puCyHKe. KaKoBbl JOMDKHBI GbITH CONPOTHBIEHHSA
R, u R,, uto6bl Ha KaX/OM CJIELYIOIIEM CONMPOTHBIIEHUM Ry HamnpsbkeHHe GbUTo
B [IECATH pa3 MeHbllIe, YeM Ha MpedbIRyilemM?

Ry Ry R, , R,
i iﬁz | Il"z A’zi | | i/"z I i/"z | I”
o

K 3a0aue 8.3.15

¢ 8.3.16. B conmpotuBneHHd R Ha e[MHULLY NMpOMIE[IIEro 3apsAfa PacceMBaeTCH
sHeprHs IR He3aBUCHMO OT HallpaBjieHHA Toka /. I'eHepaTop Ha e[MHMLY INpO-
lIeTHIero yepe3 Hero 3apsafa Nepefaer B LeNb jHepruwo (3.0.c.) &, ecnu Hampas-
JIeHHe TOKA COBMAfaeT ¢ HAlpaBjieHHeM HaNpsyKEHHOCTH CTOPOHHUX CHII(CTOPOH-
Heil CWIBI, OTHECEHHOH K eIMHMile 3apsna), W 3afUpaeT 3HeprHIO &, eciM MX
HamnpaB/ieHHss TPOTHBononoxHel. IIpu mpoxoxmeHMM Toka yepe3 reHepaTop Ha
€r0 BHYTpEeHHEM COIIpOTHBJIEHHH TOXKe IIPOUCXOMHT paccesiHHe 3HepruH. Hcmomns-
3ys JHEpreTHYECKHe cOooGpakeHHA, oNpeneuTe HaNpsAXKEHHE Ha y4acTKax uelleH,
NpHBEREHHBIX HA PUCYHKE.

8.3.17. Barapesi, 3aMKHyTas Ha conporuBiienne 10 OM, paer Tok 3 A; 3am-
'KHyTas Ha conpotuBiiende 20 OM, oHa maet Tok 1,6 A. Hafipute 3.0.c. U BHYT-
peHHee CONMpOTHBJIEHHE BaTapeu.
¢ 8.3.18. K sumKy ¢ gByM# KJIeMMaMH NMOLKIIIOYAIIH aMIie pMeTp, CONpPOTHBIIe-
Hue 1 OM M MCTOYHMK NOCTOAHHOTO HampsbkeHufi 5 B. AmmepMerp mokasai
1ok 1 A. Korma Bxuroumnu npyroit ucrouHuk Hampspkehus 20 B, ammepmerp
nokasan 1ok 2 A. Uto HaxoauTca BHYTpH AumKa?

g N é 7
:,, .7 ' :r- 7
g RRSRGNaNR
PN
& 8, 7 5 s 7 Helelede a%
ry ry R r,ory R
s 2 o/
K 3a0aue 8.3.16 K 3a0aue 8.3.18

8.3.19. UneanbHbIM reHepaTopoM HallpsKeHHs Ha3bIBAaeTCA TAKOM TeHEpaTop,
HanpskeHMe Ha KOTOPOM IpH JiiGoil Harpy3xe ogMHaKoBo. HpeambHbiM reHepa-
TOpPOM TOKa Ha3bIBaeTCs TeHepaTop, CO3NAMLIMA OMHAKOBBIH TOK IpH 060
Harpyske. Kakoi cMblct uMeeT yTBepxkaeHHe: Y MIeanbHOTO reHepaTopa TOKa
GecKOHeyHOe COMPOTHBIICHHE, 3 Y HIEATHHOTO IeHepaTopa HalpsDKEHHe HyTe-
Boe™? PeaibHplil TeHepaTOp HANPSKEHHUS TEPAET FHEPIMIO HA BHYTPEHHEM COIpO-
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TUBJIEHHH, OH 3KBHBAICHTEH MICAUTLHOMY TeHEPATOPY HANpPSXKEHUA ¢ MOCIEeIoBa-
TeJIbHO NPHUCOENUHEHHBIM CONpPOTUBIIeHHeM, PearibHplfl reHepatop Toka uMeeT
KOHEYHOE CONpOTUBJICHHE YTEUKH, OH JKBUBAIEHTEH HOEATIBHOMY IeHEpaTopy
TOKa C MapasulelibHO NMPUCOENUHEHHBIM CONMPOTUBIeHHeM (liyHTOM) . M306pasu-
T€ CXEMY TeHepaTopa TOKa ¢ BHYTPEHHUM HIYHTOM, IKBHBAJIEHTHOT'O T€HEPATODY
¢ Hanpsxenuem 120 B 1 BHYTpeHHUM conpoTtusiieHueM 20 OM ™).

8.3.20. Tenepatop ¢ OJHOM Harpy3skoi faet Tok 4 A npu HanpsokeHuu 120 B,
a ¢ Ipyro# Harpy3xoit — Tok 2 A npu HanpsmxeHnd 1 60 B. Halimute mapameTpbl
9KBHBAJIEHTHBIX CXeM I'eHepaTopa TOKa H TEHEPaTo pa HallpsyKeHHs,

8.3.21. Uepe3z akkyMynAaTOp MO KOHew ero 3apsaaki Teuer ToK 4 A. Ilpu
3TOM HanpskeHHe Ha ero knemmax 12,6 B. Ilpu paspsnke Toro xe akKymyns-
TOpa TOKOM 6 A HamnpsxeHde cocTasnider 11,1 B. Halimute TOK Kopoikoro
3aMBIKAHHUA.

8.3.22. Ilpu HccnegoBaHHH 3aBHCHMOCTH TOKa (OTOINIEMeHTa OT €ro OCBe-
IIEHHOCTH HCIONB3YIOT MHKpOaMIepMeTp, LIKalbl KOTOPOrO Ui H3MepPEHHH
He xBaTaeT. UTo6bl yBEIMYMTh BIBOE Npelenbl M3MEPEHHA TOKOB, K MHKPO-
aMIiepMeTpy NOCOeIUHAT cooTBeTCTBYOUMA 1yHT. Ilocne 3Toro mpu Tom xe
OCBEILEHHH HOTONIEMEHTa H3MEHWIOCh He TOJIBKO OTKJIOHEHHE CTPEJIKH Ipu6o-
pa, HO M cama cwia Toka. OGbACHUTe, MoYeMy, H MOATBEpAUTe cBOE OGDbACHEHHE
pacieToM. PoTOIMIEMEHT NIPH NMOCTOAHHOM OCBEILLEHUH MOXHO CUMTaTh IeHepa-
TOPOM HalpAXEHHUA UJIH FeHepaTopoM TOKa ¢ (PUKCHPOBAHHBIMHU NMAapaMETPaMH.
O 8.3.23. ConpomnBnenus R, R;, R3 B cxeme, H306paxKeHHOHM Ha pPHCYHKe,
U ToK [3, MpoTexaoumi Yepe3 conpoTUBIeHHE R 3, u3BecTHbl. OnpenenuTe TOKM
yepe3 conpotnBreHus R, ¥ R, ¥ HanpsxeHue Ha GaTapee.

K 300que 8.3.23 K 3adane 8.3.24

¢ 8.3.24. B cxeme, n306paxxeHHOH Ha PUCYHKE, yKa3aHbl CONPOTHBIIEHHSA U TOK
Yepe3 OFHO M3 compoTHBjIeHHH. OmpefennTe TOKH Yepe3 BCe CONMPOTHBIIEHHA
H Harnps>xeHHe reHepaTopa.
¢ 8.3.25. Ucnonb3ys CHMMETPHIO CXeM, PEILMTe CIIEMYIOLIME 331aH .

a. Pe6Gpa mpoeonouHoro xy6a UMET OZHHaKOBOE CONpPOTMBNEHHe 7 . Tok
B ofgHOM pebpe i{. OmpenenuTe pasHOCTh NMOTEHNMAIOB Mexay yainamu 4 u B,
CONpOTHUBJIEHHE MeXXIY ITHMH y3/1aMH U NOJNHbIA ToK oT 4 K B.

6. Onpenenure TOKH B KaX(IOH CTOpOHe suedKH, MONHBIA TOK OT yana A
K y3ny B H mnosiHoe cONpOTHBIIEHHE MeKAY 3THMH y3aaMH. CTOpOHa KaxIo#
AYEHKH HUMeEEeT CONMpOTHBIIEHHE 7, H TOK, MpOTeKawWHi N0 OJHOH M3 CTOPOH,
paBeH i.

*) HanpsiXeHueM [eHepaTopa HAa3LIBAIOT PA3HOCTH [IOTEHIIHATOB HA Pa30MKHYTOM BBIXO-
Ile TeHepaTopa.
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K 3adaye 8.3.25 K 3a0que 8.3.26

B. Kaxpmasa cropoHa kBampaTa MmeeT collpoTuiieHHe 7. Omnpenenvre compo-
r'UBJIeHHe Mexcay y3namu 4 u B. Yemy paBHO CONpOTUBIIEHHE MEXOY Y371aMH
CuD?

8.3.26. Ilpu pewreHuu sajiay ¢ HeCKOJIBKHMH MCTOYHMKAMH 3.0.C. MOXHO
CHauajla paccuMTaTb TOKH, CO3[aBacMble KaXXAbIM HCTOYHHKOM 3.1.C., IIOTOM
HalTH MOJNHBIA TOK KaK CyMMY 3THX TOKOB. JTOT COCOG BIOJIHE 3aKOHEH,
CCITH [IpH pacyeTax IPHHMMAaTb BO BHHMaHHE BHYTIpeHHee COIIPOTHBIIEHHE HCTOU-
HHUKOB, H Ha3pIBaeTCs METOHOM cymnepnosuinuu. Ompememute, HCHONMB3YA 3TOT
MeTOM, TOK Mexay y3rnamu 4 u B.
> 8.3.27* a. Ecn B GeckoHEUHOH cXeMe, COCTOAILEH M3 KBAaOpaTHBIX AUeeK,
cpe3 ofuH y3en A NogBOOAT TOK i, a depe3 coceOHUH y3en B OTBOIAT TOK i,
ro KakoH TOK HAET MO CONpPOTHBJICHHIO, coeqHHAmLIEMY Yanbl A H B? KakoBo
JKBHUBAJIEHTHOE COMpPOTHBJIEHHE LM MEXAY 3THMH Y311aMM, €CJIH COIpOTHBIIE-
HHe CTOPOHBI AYeHKH 1 ?

6. KaxoBo 3KkBHB&IeHTHOe CONpOTHBIIEHHE MEXOY COCEOHHMH Y3llaMH
OeCKOHEUHOH KyBHueckoH apMaTyphl, eCITH COMPOTUBIIEHHE pebpa Ky6a r?
> B. Ompenenute cOMpoTHBIIEHHe MEXLY y3iaMH A U B gByMepHO#H GecKoHey-
HOM CEeTKH ¢ AuedKaMu B BHIE NPaBHIIbHbIX HIECTHYTOJIBHUKOB M y3yiaMu CH 4,

K 3a0aue 8.3.27
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PacloiokeHHbIMH Yepe3 OAMH coceltil y3en. CTopoHa KaxaoH AuelikH UMeeT
COIIPOTHBJIEHHE T.

8.3.28. Jlpe Garapen ¢ 3.;0.c. &; =20 B, &, =30 B HBHYTpeHHHMH CONPOTHE-
JIEHHSIMH COOTBETCTBeHHO 7y = 4 OM, r; = 60 OM coemMHeHb NapaliesbHO.
Kaxosbl napametpsl & u 7 reHepatopa, KOTOPBIM MOXKHO 3aMeHHTh GatapeH
Ge3 M3MEHEHHs TOKa B HarpysKe?

8.3.29. IIse GaTapeH ¢ OOMHAKOBBIM BHYTpEHHHM CONPOTHBIIEHHEM COEMIHMHe-
Hbl TaK, YT0 3.0.C. 0Opa3’oBaBLUEroCs MCTOYHMKA HampsaeHHA paBHa &. J.n.c.
omHoil W3 Gatapeit */, &.Hapucyiite Bce Bo3MOXHbIE cxeMbl coeuHerMit. s
KaXXIOH M3 cxeM onpenesinTe 3.0.c. BTopoH 6aTaped.

8.3.30. Tpu omuHakoBble GatapeH, coeqMHEHHbIE NApa/UIelbHO, NOIKITIOYEHD!
K BHeUIHeMy CONpPOTHRIIEHHIO. Kak H3MEHHICA TOK Yepe3 3TO CONpPOTHBIIEHHE,
€CJTH NEePeKITIOYMTD oA pHOCTE OOHOM 13 Garapei?
¢ 8.3.31. Uto nokakeT BOJIBTMETD, eCIH reHepaToph! ofnHaxosbl? Kaxoit ok
HJleT B e, eC/IM Hanps)XeHHe Kaxuoro reveparopa 1,5 B, a BHyTpeHHee conpo-
THBJIeHHe 2 OM?

o | SR g 0

® ®

== o—___J}+—{}—{"}—o
.
© — 1,
O/
K 3adaue 8.3.31 K 330aue 8.3.32 K 3a0aue 8.3.33

¢ 8.3.32, Hailimute noxasaHusA BOIBTMETpa, CIH BHYTPeHHee CONpPOTHBIICHK
omHo# Gatapes 3 OM, a gpyro# 1 Om. J.x.c. Kaxpo# Gatapen 1,5 B.
¢ 8.3.33. JneKTpOIIHTKA HMeeT TPH CeKLMH C OTMHAKOBBIM CONPOTHBIICHHEN
Tlpu napamsiensHOM HX COoeIWHEHHWH BOAa B UailHMKe 3aKMNaeT yepe3 6 mut
UYepes KaKoe BpeMA 3aKHINT BOAa TOH e Macchi H TOM e HauyanbHOH TemMnepa
TYpbl [IpH COENUHEHHH CEKLMM, KaK NOKa3aHO Ha pHcyHKe?

8.3.34. HmMeerca mpoBOJIOKa C CONPOTHBIICHHEM R, Yepe3 KOTOPY MOXH
Ge3 prcka ee nepexeyb NpoIyCKarh TOK, He npesbiltatoumit /. Kakylo HanGon
Y10 MOIIHOCTh MOXET HMETh 3eKTPHUECKHI Harpepatelib, H3rOTOBJIEHHBIH ¥
3TOH NPOBOJIOKH, NIPH BKITIOUEHHH B CeThb ¢ HanpsxeHnem V < IR? Ilposorox
MOXHO pa3pe3aTb Ha KYCKH M COeIMHATH NOCIIeJOBATENbHO H NApaLIeIbHO.

8.3.35. Iipe 37eKTPOIVINTKH, COEUHEHHbIE B I[eMb NapaslyieIbHO, NOTpeGay
MomHocTh V. Kakywo MoutHoCTh GynyT NOTpeGiIsTh 3TH MEKTPOIUTHTKH, BKI
YeHHbIe NOCIIeNIOBATeNbHO, eCTIH OJHA M3 WIeK TPOIUIMTOK NoTpeGseT MOLIHOC
No?

8.3.36. B crapoit akkyMynATopHO# Gatapee, cCOCTOALLEH U3 71 NOCIIeJOBATe]
HO COe[MHEHHbIX aKKYMYJIATOPOB C BHYTPEHHHM CONPOTHBIIEHHEM 7, BHYTpS
Hee COMpOTHBJICHHE OJHOTO H3 aKKYMYJIATOPOB pe3ko Bospocsio mo 10
Cunras 3.0.Cc. BCeX aKKyMYNATOpDOB OAMHAKOBOH, oNpedenMre, IpH Kake
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CONPOTHBJIEHHH HArpy3KH MOIUHOCTB, BBIENIAeMas Ha Hel, He H3MEHHICA NpH
KOPOTKOM 3aMBIK2HHH NOBPEXOEHHOr0 aKKYMYJIATOpa.

8.3.37. AKKyMyJIATOp NOAKJIIOUeH OJMH pa3 K BHELIHEH lelH C CONpOTHB-
jenHeM R,, mopyroii pa3 — c R,. [Ipn 2T0M KOJIMYeCTBO TeIUIOThI, BbImesAlo-
ieiicss BO BHeIIHeH lelll B eMHALY BPEeMEHH, OOWHAKOBO. OIpenesInTe BHYT-
peHHee CONPOTHBIIeHHE aKKYMYJIATOPa.

8.3.38. CpaBuHTe HanpskeHHe Ha KJIeMMaXx, 38 TAKXXe MOLIHOCTb, BbIIEA-
CMyl0 BO BHelllHe# uemm Oarapeell H3 50 35IeMeHIOB, COeOMHEHHBIX NOIIENO-
BaTeJIbHO H MMELIHX Kaxaeni conportuBiienue 0,2 OM H 3.4.c. 2 B, ecu con-
poruBiende BHewHed uemt 0,2 OM, M snekTpodopHOR MaUMHOH, co3patoiled
Ha IIAPOBbIX KOHOYKTOpaX pa3HOcIb noTeHunanoB 100 kB u o6naparwoiuer
BHYTpeHHMM conpoTHBiaenueM 108 OM, ecnu conmpoTupiieHHe BHeinwed 1em
10° Om. Kak M3MEHATCA TOK M MOILHOCTH BO BHEIUHeH LEMH, eCIIH CONPOTHB-
JIeHHE ee yOBOHTCA?

8.3.39. Or ucrounuka Hanpsixenus 10 xB TpeGyercss mepemath Ha paccTos-
ime 5 xM momuocth 500 xBr; pmonmycTMMas noTreps Hanpsd>keHWs B TNpo-
Bomax 1%. KakoBo MMHMMaNnbsHOe ceyeHHe MenHoro npoBoda? Bo ckoieko pa3s
CTeflyeT NOBBICHTh HANpSOKEHHE MCTOYHMKA, YTOObI CHU3UTH NOTEPH MOIUHOCTH
B 100 pa3 B TO# e JIMHUM IIpU [lepeaye TOH >ke MOLHOCTH?

8.3.40. Kak 3aBHCHT MOIUHOCTL FeHepaTopa, BhifelifieMas Ha BHYIpPeHHEM
COTIpOTHBIIeHHH, 0T TOka I? Hanpsokenne reHepaTopa &, BHYTpeHHee CONPOTHB-
nemde r. KakoMy CONpOTHBIIGHHI0 COOTBEICTBYeT MAaKCHMATbHaA MOILHOCTH?

8.341. Kakyio HanGoNblIyI0 MOIMHOCTD MOXHO MOJIYYMTb OT reHepaTropa
¢ uanpskeduem 100 B u BayrpensuM conporuBieHdeMm 20 Om? Kakyio moiu-
HOCTh MOXHO IOJIyYMTh OT TOTO )K€ reHepaTopa npu k.n.a. 80%? Ecn max-
CHMIBHBIH [OMYCTHMBIA TOK dYepe3 reHeparop cocraBiser 0,1 or TOKa KO-
POTKOrO 3aMbIKAHHA, TO KaKyH HAHOOJIBLIYI0 MOIUHOCTD MOXKHO NOJIYYMTh
OT TeHepaTopa, He OIAacasACh ero NopuH?

. 8.3.42% B TepMOCTaTr HyXXHO NMOABOAUTH TEIUIO C MOCTOAHHOHW CKOPOCTBIO.
Bo Bpems onbiTa B HEM HM3MEHAETICA TeMNepaTypa, YTO BBI3bIBaeT M3MEHeHHUe
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K 3a0aue 8.3.42

COTIPOTHBJIEHHA HarpeBaTerbHOR cnMpanH. Hyxuo, uto6bl BhImenseMas Ha
‘OIPOTHBIIEHHH COHMpPATH 7 MOILIHOCTh MOYTH He MeHANach NpH MATbIX H3Me-
neuuAx r. IlocTpoiiTe rpadpmk 3aBHCHMOCTH MOILUHOCTH OT 7 M OIIpenesiuTe,
HCTIONIb3YA 3TOT rpadMK, NpH KaKoM COOTHOLIEHMM R M 7 [OOCTHraercs xe-
1ieMast HevyB CTBHTENIbHOCTh MOILHOCTH K H3MEHEeHHUIO 7 .
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8.3.43. 3apanxa aKkKyMyJIsATOpa C 3.71.C. & OCYyleCTRIseTICA 3aPANHOMN CTaH-
UMeH, HanpsKkeHHMe B ceTH Koropoi V. BHyIpeHHee CONpPOTHMBIICHHE aKKyMy-
naropa r . OnpegenyTe nojIe3HYI0 MOIUHOCTL, PACXOAYEMYI0 Ha 3apA/IKy aKKy-
MyJIsTOpa, H MOWIHOCTb, WIYIUYI0 Ha BhIAENIeHMe Teila B HeM. [IpeBpilaer
JM nojle3Has MOWIHOCTh aKKyMyJsaropa TewioByw? [louemy npu OpicTpoit 3a-
pAOKe aK KyMYIIATOPa HY>KHO cllelualisHo 3a6oTHThes 06 oTBOJIE Teruta?
¢ 8.3.44. barapes ¢ 3.40.c. 4 B u BHyTpeHHMM conpotueieHueM 1 OM BXOIMT
B cocraB HeMsBecTHOH nenu. K nomwocam BGartaped MNoaxIiloyeH BOJIBTMETD,
OH noxaspiBaeT HanpskeHue 6 B. Onpermesniute KOMMYECTRO TEIIOTHI, BhIfE-
JAowWecsa B eTHHUILY BpeMeHH Ha BHYTPeHHEM CONpPOTHBIIeHHH BaTapeu.
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K 3adaue 8.3.44 K 3a0aue 8.3.46 K 3a0aue 8.3.47

8.3.45. B chepuueckom xonpencatope eMxoctH C I0ae pHBACTCSL HOCTOSH-
Hoe Hanpsxewue V. OnpemenuTe KOMUYECTBO TEIUIOThI, BbIAC/IAMOLIEHCA R
€IMHALlYy BPEMEHH Ha KOHMEHCATOpe, eC/IM yIelibHasA NPOBOIMMOCTL Cpembl,
3aNONTHAWIIEH KOHOEHCaTOp, A, a ee [MITeKTpUuecKas IIPOHMLAEMOCTh.
€ ~1. .
¢ 8.3.46. 3oHO, npencTaBnAWILIMA COGOH MeIOHYH0 CeTKy, 3a3eMIICH 4Yepeda
cONnpoTHBIeHHe R M NMOMellleH B NYYOK 3IEKTPOHOB, CKOPOCTh KOTOPBIX Ha
GOJBIIOM paccTOSHMM OT 30HAA paBHa u. ONpejeluTe KOIHUECTBO TEIUIOTHI, BbIF
pgelsolleificas B e[MHMIly BpeMeHNM HpH OOMOapIMpoBKe 30HHA J1eKTPOHAMH
€CJTH TOK 33a3eMIIeHMA paBeH [.
¢ 8.347. lllap pamMyca g depe3 compoTuBieHHe R coemuHeH ¢ 3emueil. My
OeCKOHEYHOCTH Ha HEr0 €O CKOPOCTBIO U HANIETAeT NMYYOK IMEKTPOHOB, UHCIC
YacTHI[ B €IMHUILle 00beMa KOTOPOTO N, . OTNpeleliHTe NpeelibHbIA 3apAl 1APa.
CwiTaTh ckOpocTs yacTHil GoOmsLION (nodyMaiTe, IO CPAaBHEHHIO C KAKOH Beln
Y HOM) .

8.3.48* TewioBas MOWIHOCTD CIMPATH 3TEKTPOWIMTKH JIMHEHHO 3aBMCH
OT pa3HOCIH TeMIlepaTyp CHHpalu U KoMHaTtHoro Bo3nyxa: N = k(T — T,
ConpoTHBIleHHe CIMpalH TOXE JMHEHHO 3aBHCMT OT 3TOH pa3HOCTH: R,
= Ry [1+ a(T — Ty)], rme Ro — CONMpOTHBIIEHHE CIMpaTH NPH KOMHATHQ
Temreparype. Jlo Kako#l TeMllepaTypbl HarpeeIcsi CHpalip NPH NPONYCKaHP
yepe3 Hee Toxa [?
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§ 8.4. KoupmeHcaTopsl H HEJTHHENHbBIE JJIEMEHTBI
B JIEKTPHYECKHX LENAX

o 8.4.1. Cxembl wLellell NMOCTOAHHOTO TOKA ¢ KOH/EHCAaTOpaMH HaHbl HA pH-
CyHKe.

a. Onpegenute 3apsaj  koHueHcaTopa eMKkocth 4 MK® B CTauMOHapHOM
peXHMe.

6. UeMy paBHO HampsDrenie Mexay Toukamu A u B B cTallMGHapHOM pe-
#1me? UTo nmoxaxeT BONBIMETP ¢ BHYTPeHHHM colipoTHBNeHHeM S5 KOM, eCiiu
€ro MOAKJIIOYHTh K TouKamM A u B?

206

K 3a0aue 8.4.1

8. OmpeleuTe CTaHOHAPHOE HAMPsXKeHHE HA BceX KOHIEHCATOpAax, eCiid
1RCe COMPOTHBIEHUS O JHHAKOBHI.

8.4.2.K 3akpelvieHHLIM BHELHUM [UTACTHHAM TOJKJIIOUEH MCTOYHHMK 3TalOH-
HOTO HanpsaxeHua Fy. WamepseMoe HanpsixkeHue V MOJIaeTCA Ha HUKHIOW BHeL-
111010 TIACTMHY M TOMABHXHYK BHYTPEHHIQN, HMEIOWYW Ty Xe TUIOManb, YTo H
nHeLHUe TUTacTHHBE. TTOABIKHYI0 IUTACTHHY HepeMeLIalT B 3330pe, OKa JEHCT-
3VIOLIAA HA Hee EKTPHYECKas CHla He OGPAaTHTCs B HylIb, U U3MepAOT pac-
CTOSIHME X OT Hee OO HMOKHed BHenrHeil nmactunsi. Haftmure V, ecou paccrosnue
MEXKITy BHeWMMMM IDTacTUHAMM [, a pasMepbl IacTHH MHoro 6olblle 3T0-
1o paccrossMa. Kak HM3MeHHTs cXeMy HOJKITHOYEHHS, YTOGBI M3MEPATh HANps-
KeHHA V > Vy?

o
V” -0
o z Z‘)

K 3a0aue 8.4.2

8.4.3. na u3MepeHMA HANpPAXKEHAs ITIPHMEHAITCA BOJILTMETPHI LBYX TH-
(0B MEKTPOMATHMTHBIE, U3MepAIOLIME HallpsOKkeHHe 110 TOKY, JTPOXOMAIEMY
1-pe3 pamKy npubopa, M 3INEKTpOCTaTHUeCKHe, FpyGas cxema KOTOpsHIX laHa
11 pucyHke. Yepes H30JMpyloilylo NpoOKy K ABYM fapalilelIbHbIM IUIaCTHHAM
U0 IXOIMT NpoBof. IlTacTvHb! ynepXHBAOICS Ha MecTe MPYXHHOH ECTKOCTH

Mortermman npoBoasulell Kopo6ouku ¢ 5. Onpemendte MOTEHUMAT ¢ 4, €CIH
sACTSDKEHWe IPYXMHBI PaBlic x. B HepacTsSHYyIOM COCTOSHHH NPy MBI pac-

|0sIHHE OT IUIACTHH JO CTEHOK KopoGouk# [ miomans wactus S > 12, x?.
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K 3a0aue 8.4.3 K 3a0aue 8.4.4 K 3a0aue 8.4.5

O 8.4.4, Onpenenute pa3’HOCTh MOTEHIHATIOB MexAy Toukamu A u B, Kakum
BOJITMETPOM €€ cilenyeT u3amepAts? Kaxue 3apanbr OydoyT Ha KOHIEHcaTopax
TIPH TIPUCOCHAHHEHHH JJIeKTpOMarHuTHoro BonbTMeTpa? IloueMy amexTpomar-
HUTHBIA BOJIBTMETP TEM JIyuille, YeM OOTIbIE €r0 BHYTPCHHEe COMPOTHBIIEHHE,
a NEeKTPOCTATHYECKUH BOJIBTMETP — YeM MEHBLLE ero eMKOCTh?

¢ 8.4.5*% Haiimure KOJMYECTBO TEIUIOTHI, BBINCIIUBLICHCA Ha Ka>XOOM COIIpO-
THBJIEHHH NOCTle 3aMbiKaHMs Kiltoya. OgMH KOHJEeHCcaTop BHauasle ObUT 3apsmKeH
[0 HampskeHus V,a BTOpOH He GbUI 3apsOKeH.

¢ 8.4.6* Haitmite KONMUECTBO TEIUIOTHI, BHIIENMBLICHCS HA CONPOTHBIIEHHH,
eCIIH NpH NOOYepeHOM H3MEeHeHHM eMKOCTH KOHzeHcatopoB or C go (2
saTpauwnBaercst pabota A. IlepBOHauaIbHBIN 3apA KAXIOTO KOHOAEHCAaTopa g.

— "l_;:j—‘

i Ik

K 3adaue 8.4.6 K 3a0aue 8.4.7

N

¢ 8.4.7. Kakoit 3apsaj, NpoTeyeT Yepe3 raflibBAHOMETP NOCTIe 3aMbIKaHHA KITIOY4,
Kakoe KOMHYeCTBO TEMWTOTHE BRIIEINTCA HA CONIPOTUBIIEHHH?

¢ 8.48. [IHoj uMeeT BONDBT-aMIIEPHY!0 XapaKTepUCTHKY, M30GpaxceHHYIO F
pucyuxe. Tlpu manpsxenudw V, nMon oixpbiBaercia. KoHpmeHcatop BHauan
He 3apsxeH. Kakoe KoMHUeCTBO TEIUIOTHI BHINEJIUTCA Ha CONMpPOTHBIIEHUH NMOCH
3aMbIKaHMA Kio4a?

¢ 8.49. Kaxoe KONHYeCTBO XMMHMUeCKOH JHEPrUM 3amMacaeIcs B aKKYMYIAT
pe NOCe 3aMbIKAHKA KJ1104a B 3JIEK TPHUYECKOH 1[eITH, K30 6paske HHOH Ha PHCYHK.
Kaxoe K0ITHuecTBO TEIUIOTHI BBIACTIACTCA NIPU 3TOM?

8 ~ 04]- [ _/——r——L v
QD . —l— d)g J

K 3a0aue 8.4.8 K 3adaue 8.4.9
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8.4.10. Batapea ¢ 3.1.c. & COCIOMT M3 7 NOCIENOBAaTENbHO COETMHECHHBIX
OJMHAKOBLIX JIeMeHTOB.- Kak HyHO 3apsaxkarh KoHgeHcaTop eMKoctH C, uT0GhI
NOTEpH COCTABIUIM HAUMEHBIUYI BO3MOXHYIH0 [ONI0 3aNMaceHHON 3Hepruu?
Kaxosa 3ta gona? ,
¢ 8.4.11* HavanpHple eMKOCTb M 3apsAf KOHIEHCATOPa C'H q. EMKOCTh KOHJIEH-
caTOpa HAYMHAKT U3MEHATH CO BPeMEHHEM TaK, UTO TOK B IeNH OCTaeTCA MOC-
TOAHHBIM H paBHbIM /. BriuMcTHTE MOIIHOCTB, MOTpeBNifieMylo OT TeHEpPaTopa,
M CpaBHHMTEe ee C MOLIHOCTbIO, MOrIowaemMoi KoHneHcatopom. [lovemy cpas-
HUBaeMble BeTUIMHbI Pa3THuHbI?

:87 P,
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P D
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K 3a0aue 8.4.11 K 3a0aue 8.4.12 K 3adave 8.4.13

O 8.4.12. B uenu Tever mocrosHHeM ToX. Kotiou pasmbikaioT. Yepes xakoe
Bpems 3apsAl Ha KOHJeHcaTope M3MeHHTca Ha 1/1000 mepBoHavallbHOH BellM-
quHb?

¢ 8.4.13*% Koy 3aMpIKAOT MOOYEPENHO € KaXIbIM M3 KOHTRKTOB HA OUYEHb
Mallble OMHAaKOBbIE NPOMEXYTKH BpeMeHH. MaMeHeHHe 3apaga KOHOeHcaTopa,
IPOUCXOJsAllEe 3a BpeMs KakKIOrO BKIIOYeHUs, odeHb mano. Kakxoi 3apsap
OKaXeTcd Ha KOHJeHcaTope Nocite GONBLIOTO uMcnia nepexsirdeHui? Onpene-
JTMTe 3apsAl KOHJEHCATOpa B Clydae, KOrJa Bpems, B TeYeHHe KOTOPOTO 3aMK-
HyTa NepBas liellb, B K pa3 MeHbille BPeMEHH, B TEYEHHE KOTOPOTO 3aMKHYTa
BTOpas Lelb.

+ 8.4.14*% Ha Bxop cXembl NOJANTCH MEPUOMMIECKH NOBTOPAIOWIMNECA IPAMO-
YTOJIbHbIE AMITYIIbCBI HanpsxeHus V. ITponosiaitessHOCTE KMITyNIbCa T, TEPHOL,
noBtropenus 7. UMnysnscel NMOAAIICA Yepe3 [HOJ, KOTOPbIH MOXHO CUMTaTh
HilealTbHbIM KilouwoM. QupeliefiMTe HanpsOKeHHWe, YCTAHOBHBLUEECH HAa KOHJIEH-
caTope, eC/IM 33 KaXKHBA [EepUOJ HANPSKEHME HAa HEM M3MEHMTCS OYeHb Malo.

v 4

VD ————

T 1 b
K 3a0aue 8.4.14

8.4.15*% Koumencatop emxoctu C, 3apsikeHHBI [0 Hampskewus Vg, mocne
WIMBIKAHMS KIIIQUa pa3psxkaeTcsl yepe3 colpotuBieHue R. Kax cBssaHa cko-
POCT M3MEHEHHsT HANDSXeHUA Ha KouleHcatope dV/d: ¢ HanpsikeHMeM Ha
nem? Yemy paBHBI HampsikeHHe Ha KOHZIEHCaTOpe M TOK B LieNU yepe3 BpeMA
: 110CTIe 3aMbIKaHH A KITroua?
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$ 8.4.16. BxiioueHHe HEOHOBOHM NaMIbI OCYLIECTBAAECTCA C MOMOIUIBI0 CXEMBI,
noxasaHHON Ha pucyHke. [locie 3aMbIkaHMsA KIIl0Ya KOHOEHCATOP HauyHeT 3aps-
xaTtbcs. Korma HanpsikeHMe Ha KOHOEHCaTOpe JOCTMIHET HEKOTOPOTO 3Haye-
HUs V, maMna 3aropuTcA. MUHHManbHOe HANPsHXKEHHE Ha Jiamile, NP KOTOPOM
oHa eme ropur, 80 B; mnpu >Tom TOK uepe3 nmammy 1 MA. 3.m.c. GaTaped
120 B, 80 B < V' < 120 B. Ilpu xakoM cONMpOTUBIeHHH Nammna OymdeT cranuo-
HapHO ropers (He GydeT racHyTs)?
O 84.17* Kax 3aBHCHT 4YacToTa TeHepaTopa, HM30GpakeHHOTO Ha PHCYHKE,
o1 Hanpsbkenus V'? HeoHoBas mamna 3aropaetcs NpH HAINpPsDKEHHH V), UM racHer
npu Hanmpsokermu Vo < V. ConporuBienHeM ropsilieil jlamnbl 1ipeHeGpeys.
¢ 8.4.18. a. Mexny mwiacTHHaMi KOHIOEHCATOpa € IOCTOAHHON CKOpPOCTBIO
U [OBMXEICA PaBHOMEpPHO 3apsKeHHas TOHKas IUTacTHHA, 3apsd KoTopoi g.
Onpepenuie TOK B lleNH, €CIM KOHJEHCATOp 3aMKHYT HAKODOTKO, 4 paccIos-
HHMe MeXy IUTacCTMHaMH d.

6. U3aMeHnTCcst MM pe3ylibTaT, eCliM BHYTPH KOH/EHCATOpA NMEpHeHINKYIIAPHO
IJIACTHHAM CO CKOPOCTBI0 U ABHXKETCS TOYeYHAs YaCcTHUA ¢ 3apAnoM g7
¢ 8.4.19. Mexny oGkjagKami IUIOCKOTO KOHOEHCATOpa, pa3Mepbl KOTOPBIX
a X a, HAXOMMTCA IUIOCKAaA IUIeKTpHYyeckasd [UIACTHHA TAKOTO >Ke pa3mMepa,
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3aNOJHAKIAA Bech oObeM Mexkay HHMHM. JHoneKTpuueckas POHHIAEMOCTh
TUTAacTHHBI €, ee ToNMHA d. Mexay oBxilafxKaMH NojaepXUBAeTCA MOCTOSIHHOE
nanpspkeHe & . Kakoil ToK HpmeT B e KOHAEHCATOpa, eciTH IUIAacTHHY ¢ MOC-
TOSHHOA CKOPOCTbIO U, HalpaBlleHHOM BIONb ONHOA M3 CTOPOH OOKIIAAOK,
BBIHHMMaIOT U3 KOHZeHcaTopa?

8.420. [Ipu NMONMOXMUTENILHOM HALpPSXXEHMH V' Ha AHOOe TOK uepe3 IHOM

/= aV?; npu OTpULIATETbHOM HANPSKEHHH TOK Yepe3 HEro paBEH HYIO.
Haligute TOK B Llemu, ecliM JTOT OMOJ, uUepe3 CONpPOTHBIeHHe R [MOIKNioueH
K Batapee ca.1.c. & .
O 8.421. luon ¢ BONBT-aMIIepPHON XapaKTepuCTUKO#l, H300pakeHHOW Ha pH-
CyHKe, NOJICOegMHUIIN K Gatapee ¢ 3.10.c. 6 B uepe3 conporuBnenne 1,5 xOMm.
Onpepenute ToKk B Uend. [IpM KakoMm cONpPOTHBIEHMH OMO[ TepecraeT pabo-
TaTh Ha NPAMOJIMHEHHOM YYacTKe XapaK Te PUCTHK !



I'TIABA 9
MNOCTOSIHHOE MAIHWUTHOE IIOJIE

§ 9.1. UunyKunsa MarHUTHOT'O NOJA.
IefictBHE MarHHTHOTO T0JIA HA TOK

9.1.1. Ha muueiinpii npoBopHuk wiHHb! 10 cM, pacrmonoskeHHbId NepleHIH-
KyJAApHO MAarHMTHOMY NONio, JeifictByeT cwia 15 H, ecnd T0x B NpoBOAHMKE
paBex 1,5 A. Halimite MHIyK1IMI0 MATHUTHOTO NOJIA.

9.1.2. Ha 3apsp 1 Kn, gBrxyiusiica co ckopocTIsio 1M/c, B MarHUTHOM MoJie
peiictByer cwia 10 H. 3apan msuxerca nop yrmom 30° K HanlpaBicHHIO HH-
JAYKHHH MarHuTHOTO Nojis. UeMy paBHa HHOYKIMsA 3TOTO nojs?

9.1.3. Ha nuueiinplii npoBOOHMK WIMHBI [, pacnoNiOKeHHbI HepIeHIMKY-
JIAPHO MATHATHOMY HOJI0, HeHCTBYeT cwia F, ecliM TOK B NPOBOIHMKE
paseH I. C xaKoit Crilof MarHuTHOE mosie 6yaeT AefcTBOBaTh HA: ¢a) M3OTHYTBIA
HOJI, yIrJIOM ¢ TIPOBOTHUK IVIMHbBI I + L, eClM IWiockocTs M3ruGa nepneHmuKy-;

JIApHa MarHATHOMY IOJII0, a2 TOK B NMPOBOAHHMKE paBeH [ 1*); 6*) npoBomHuK
B BH/E TIOJIyOKPYXHOCTH papuyca R, o KoTopoMy Teuer ToK [, ecsid mwioc-

KOCTb INOJIYOK PYXHO CTH TIepREHOUMK yIIApHA MarHHTHOMY NOMi0?

¢ 9.1.4* B npAMOYroiibHY 10 K10BeTy, Be NPOTHBONOMNO)KHBIE CTEHKH KOTOPOH |
‘MeTa/UIHYeCKHe, 2 OCTAllbHbIE CAENAHbI U3 H30JIATOPA, HATMT EKTPOJIMUT, IUIOT-
HOCTh KOTODOTO p, yieldbHasdA NpPOBOMMMOCTh A. K MeTallluueCKHM CIeHKaM

KIOBeThI TIPHIOXEHO HanpshkeHHe V, 1 BcA KioBeTa NOMellleHa B OJIHO POIHOE

BePTHKAJIbHOE MArHMTHOe Nojle MHAYKIMH B. Onpefiendre pa3HOCTb YpOBHEH

MUOKOCTA OKOJIO HEMETANTHYECKHMX CTeHOK KioBeTol. J[IMHA KIOBETHl 4,

LMpHHA b,

9.1.5. B BepIMKalbHOM OJHOPOOHOM MAarHHTHOM NOJIE HA [BYX TOHKHX
HUTSAX NMOJBEIeH rOpH30HTANbHO NMpoBofHUK Maccel 0,16 kxr u miHHBL 80 cM.
KoHip! nposofiKa NpH NOMOUM MGKHX NIPOBOAOB, HAXOMALIMXCA BHE NOJIA,
NOACOeIMHEHb! K HCTOUHMKY Toka. HaliiuTe yroi, Ha KOTOpBI OTKJIOHSIOTCH
OT BepPTHUKAIH HHTH NOJBECa, €CiIM NO NPOBOOHMKY TEYeT TOK 2 A, a MHIYKUHA
marHuTHOTO nojis 1 Ti.

*) Ha PHMCYHKAX KPYXOK C TOYKOH O3HaYaeT, YTO MHAYKLHA MardKUTHOro mona (wy
TOK) HallpaB/ieHa Ha HAC, KPYXKOK C KPeCTHKOM — OT Hac.
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¢ 9.1.6. KBagparHaa paMKa ¢ TOKOM 33aKpeIUIeHa Tak, YTO MOXET CBOGOIHO
BpAlaThCA BOKPYI TOPH3OHTAIBHO pACIONOXEHHOH cTopoHbl. Pamka Haxo-
JIMTCA B BepTHKAIbBHOM OOHOPOJHOM MATHMTHOM IoJle MHOYKIMHB. Yron
HAKJIOHA PaMKH K TOPH30HTY &, ee Macca m, JJIHHa cTOpoHs! ¢. Haitmure Tok
B pamke,

9.1.7. B 0gHOpPOOHOM MATHHTHOM IIOJIe IOMECTHIH MPAMOYTOIBHYI0 PAMKY
¢ TOKOM. WHOYyKUHA MarHutHoro mons B mnapajiiensHa IJIOCKOCTH PaMKH.
[T10manp paMKH S, TOK B HeH [

a, Jlokaxwure, Yyr0 MOMEHT CWJI, HeHCTBYHOUMHA Ha paMmKy, N = BM, roe
M =IS — MarHUTHBIA MOMEHT PaMKH.
~ 0. Jlokaxute, 4TO MOMEHT cWI, OeHCTBYIOINMA Ha paMKy B Clyyae, KOrma
WHIYKIHSA MAarHHTHOIO TOJA HallpaBileHa TaK, KakK M300pa’keHO Ha pHCYHKe,
pased N = [B X M], rie M — marHdTHbI#i MOMEHT PaMKH, MOZYJlb KOTOPOTO
paBeH 1S, a HallpaBIeHHE Ne pHeHIUK YJIAPHO [NIOCKOCTH paMKH.

/

—

0 o8 o'

|
K 3a0aue 9.1.7 K 3a0aue 9.1.8 K 3adaue 9.1.9

9.1.8% B 0aHOpOJHOM MAarHMTHOM HOJIe MHOYKUHH B HaXOmHTCH KBagpat-
itlafg paMKa ¢ TOkoM. Macca pamkHu m, TOK B He#t /. Onpenenure YacToTy CBO-
0O IHBIX KONebaHU# paMKH BOKPYT OCH 00

9.19. Tpeyronbuaa TPOBONOUHAA PaMKa C TOKOM MOXeT Bpa].l.laTbC}I BOK-
PYr FOpH3OHTANBHOH Och OO’ , mpoxopsmieil Yepe3 BEPLIMHY TpeyrONbHUKA.
Macca eMHUILBI UTHHBI npoaonoxn p, TOK B pamke [, Pamka HaxomuTca B Mar-
HUTHOM NOJIe HHAYKUMH B, HalpaBleHHOM BIONb Nons TsoxecTH. Onpenenure
v 'OJ1 OTKIIOHEHH A ITTIOCKOCTH TPEYTONbHUKA OT BEPTHK &TH.
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9.1.10. Jlokaxure, Yyt0 MOMEHT CWI, OeiicTBymMA Ha M100y10 JUIOCKYIO
PAMKY € TOKOM B OIHODOJHOM MarHHTHOM liojle HHOyKumu B, N = [B XM].
¢ 9.1.11. a. TlpososoyHasi paMKa B BUJE OKPYXHOCTH C TOKOM MOXET Bpa-
IIAThCS BOKPYI TOPU3OLTATIBHOW OCH 00' . Macca emMHMIbI JTMHBI IPOBOTIOKK
p, TOK B paMke /. Pamka HaXOJMIcs B MarHMTHOM NOJle MHAYKIMH B, Hanpas-
JIEHHOM BIONb NoisA TskecTH. OmnpefeiMTe Yron OTKIOHEHMA INIOCKOCTH OK-
PY’KHOCTHU OT BEPTHKAIH.

6* IlpoBoioydas pamKa B BHJE OKPY>XHOCTH HUMeET IO Mame1py NMpoBo-
JIOYHYI0 TIepEMBIUKY, MapajlfieJIbHyl0 TOPH3OHTAJILHOH OcH 00' , BoKpyr Ko-
TOpOil pamMKa MOXeT Bpamarbcs. Macca eIMHMIBI IJIMHBI PAMKH H IEPEMBIY-
KH OJMHAKO0Ba U paBHa p. Tok, BXxoJsmHA B paMKy, pased /. Pamka Haxomu1-
Cc B MAarHuTHOM [O/le MHOYKUMU B, HAnpaBjeHHOM NapaIeNnbHO MONK TH-
swectH. Ha xaKoil yros oT BepTHK&IH OTKJIOHHTCA pamka?

K 3a0a4e 9.1.11

¢ 9.1.12. Butok paguyca R COrHyimM no JuameTpy NIOA NPSAMbIM YIJIOM H IO-
MEeCTWIH B OJHOPOHOE MATHHTHCE NOJle HHIYKIMU B Tak, Yro O[Ha M3 IUloc-
KOCTel BHTKA OKa3alaclL paclOfIOXEHHOH MO YI/OM a, Apyrag — Hon yInom
nf2 — o K HampaBneHWto MHaykuud B. Tox B Buike /. Onpenenure MOMEHT
CHJI, JeH CTBYIOILMX Ha BUTOK .

9.1.13% Karymka, [0 BHTKaM KOTOpPOH TeueT TOK, BEPTHK&IbHO CTOMT
Ha mrockocTd. OOwMi Bec KaTyuku P, YHCAO BUTKOB 1, pagyc R, TOK B BUTH
kax /. Ilpu Kako#l HHOYKUMH OHOpPOOHOTO MATHHTHOTO IIOJIA, HATl PaBIIEHHOTO
rOPH3OKTAIILHO, KaTyllKa MO I Je CTBHEM 3TOTO MO A ONpOKHHETCA?
¢ 9.1.14. Konsuo pamyca R, no koTopomMy LHHPKYIHpyeT TOK [, TIOMeCTHITH
B HEOJHOPOMHOE aKCHAJIbHO-CHMMETpUYHOe mojle, Ochb KOMAblia COBHApaeT ¢
OChl0 CHMMeTpuM MarauTHOoro mnons. Mupgykuusa maruutdHoro nonsa B, peiicts
BYIOIIETO HA TOK, HAallpaBlieHa Noj, YITIOM & K OCH CHMMeTpPUH NoJis. Macca Kok
ua m. Onpedenure ycKopeHue KOJblia.

K‘aadaue 9 112 K 3a0aye 9.1.14
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9.1.15¥ IlpoBopsilee KOIBLO MOMECTHIIM B MAarHMTHOE IONie, NMEPNEHIAKY-
napHoe ero miockoctd. Ilo xomsny mMpkynupyer 1ok /. Ecniu mposonoka
KOJIEla BBIJEPXKNBAET HA paspbiB HAarpy3Ky F, 10 IpH KaK ot MHAYKLUHH MarHUT-
HOTO ToNs KoJsuo palopserca! Pammyc konbua R. JleficTBHEM Ha KOJIBLO
MarHMTHOTO NOJA, CO3JABaeMOT0 TOKOM [, IpeHeGpeys.

§ 9.2. MarnaTHOe 1101e ABHXKYILET'OCA 3apsana.
HHOoyKuMss MarHMTHOT'O 1101 JIHHeilHoro Toka *

¢ 9.2.1. JnexkTpUuecKOe MNONe HANPAXKEHHOCTH E 3apsamon, JABMIKYILMXCA CO
CKOPOCTbIO V ok ) , CO3[aeT MarHUTHOe NoJie, HHOYKLMA koToporo B =K [v X E].
Koapduumenr K paBed pgeo B CU n 1/c 8 CT'C, roe ¢ — ckopocrs cBeta. Jo-
KaXHTe, 4T0O MArHUTHOe B3aUMOMEHCTBHME ABYX ABWXKYIIMXCA 3apsnoB clabee
MX 371K TPHYECKOTO B3aHMOIEHACTBUA.

9.2.2. Monssysacy ¢opmMynoit M3 MpedsiOymied 3afauM, HaigMrTe pacnpefe-
JicHMe MHIAYKHHM MarHMTHOTO IIOJIA BOKDYT OeCKOHeuyHOH 3apskeHHOH HHTH
¢ JIHHeMHOH IWIOTHOCTBIO 33pA/Ia P, €CJIM HHTDb JBHXeTCA B NMPOJOJIBHOM Hallpas-
‘IeHMH CO CKOPOCTbIO U .

9.2.3. Hafimure pacnpeneneHHe MHIyKUMH MarHHTHOrO NOJA BOKpYT Gecko-
HEYHOTO MPAMOTO MPOBOJA, IO KOTOPOMY TeueT TOK /.

9.2.4. Ha epuuuny MIMHBI MPAMOTO IIHHHOIO NPOBOKA C TOKOM CO CTOPO-
1Bl BTOPOTO TNPOBOJA C TAKMM e TOKOM paefictByer cuna 2,5 . 1077 H. Pac-
CTOsIHHEe Mexay npoBojgamu 1 M, ok B npoBogax | A. UeMy paBHa MarHMTHasA
[POHHMIIaEMOCTD 3TOH cpenp1?

9.2.5. Ilo xaxaoMy M3 YeTbipeX UIHHHBIX NPAMBIX NapaUleIbHBIX NPOBOI:
HUKOB, MPOXOIIUMX Uepe3 BeplIMHBl KBajapara (cTopoHa kBaapara 30 cm)
IepHEeHIMK YIISIPHO ero IIOCKOCTH, Teuer ToK 10 A, mpuuyeM 1o Tpem npoBog-
HMYKAM TOK TeyeT B OXOHOM HAIpaBIIeHHH, a 1O YETBEPTOMY — B NPOTHBOINO-
10>xHOM. OnpenenHuTe HHOYKIMIO MaTHHTHOTO NOJIA B EHTpe KBazdpara.

9.2.6. Imuuuble NpsAMble IPOBOAA € TOKOM [epeceKanTca NOJ NPAMbIM yrI-
toM. Onpefenute MHOYKLIHMI0O MAarHHTHOTO IOJA B TOUKE C KOOPIHMHATAMM
v MY, eCITH OCAMH KOO PIMHAT C1yKaT NPOBOa, a TOK B IpoBoaax /.

9.2.7. IInuHHBle NpAMble NPOBOAA C TOKOM IepeceKaloTcsa NOJ, YITIOM .
HaligMTe MHAYKIMI0 MAarHATHOIO TOJIA HAa NPAMOH, NPOXOHAIIEH 4epe3 TOUKY
licpeceyeHusa NMpOBOAOB TNepIeHIUKYNAPHO MM oBouM. Tox B mpoBomax 7.

9.28. a. Ucionp3ysn ¢opmyny, npuBedeHHy0 B 3afjave 9.2.1, onpepenure
HHJIYKIMI0 MATHHTHOTO TOJIf, CO3[IABAEMOIO 3apANOM g, ABHXXYLUHMCH CO
. KOPOCTBI0 V, Ha DACCTOAHUH 7 OT 3TOrO 3apapa. Papuyc-BekTop r oGpa3syer
.0 CKOPOCTBIO V YTOJI Q.

*) Ecnu B 3ajade He yKa3aHO 3HaueHHe MaTHHTHOH TIPOHMLIaeMOCTM Cpeflbi, CUMTalTe
- paBHOH eIMHHUE.
**) EciM cieUMAasbHO He OTOBOPEHO B 3ajaue, CHHTalitTe v € c.
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K 3a0aye 9.2.1 K 3adaye 9.2.8

¢ 6. OmpemenuTe HHOYKIMIO MarHHTHOIO MOJA IPAMOrO INPOBOJA [UIMHBI
[, mo xOTOpOMY TeueT TOK [, Ha pacCcTOSAHUM 7 OT iposoda, ecnu !l < r .. Pamuyc-
BEKTOp F 00pa3yer c IPOBOJOM yTojl ¢.

9.2.9. Jokaxure, 4T0 Ha OOJBIINX PACCTOSHUAX OT OBYX IOCIEOOBATEND-
HO COeIMHEHHbIX YYACTKOB mpoBoma /| # [, B0 KOTOPHIM T€YET TOK, MATHMT-
Hoe mose ONM3KO K MarHUTHOMY MO0 yvyacTka mpoBoma ! =1, +1,, Ho Ko-
TOPOMY Te4eT TOT XKeé TOK.

9.2.10, Ilo xonmsuy pamuyca R tever Tok /. Onpenenure MHAYKUNK0 MarHuT-
HOTO MOJIA B LIEHTpe KOJIbIla H Ha €ro OCH Ha PacCTOSAHMU /I OT LEHTPa KONblA.

9.2.11. Bo ckonbko pa3 yMeHbIUHTCA HHOYKIUA MAarHMTHOTO MOAA B LEHT-
Pe KOJIblia C TOKOM, €C/IH €[0 COTHYTh IO JHaMeTpy noj ymioMm ¢? TOk B KO-
Ile He MEHsAeTCH.

9.2.12. IlpoBox, fmexamuil B OJHOH TWIOCKOCTH, COCTOMT M3 HBYX UIHHHBIX
OpAMBIX NapalIe/IbHBIX YYACTKOB, CBA3AHHBIX IOIYOKpYXHOCThIO. [Io mpo-
Bomy TeueT tox /. Onpepnenvre MHOYKUHIO MarHMTHOTO NOJA B NEHTpE NOy-
OKPYKHOCTH.
¢ 9.2.13. JInunsbii NpsaMO# NpOBOA ¢ TOKOM / UMeET y4acTOK B BHJE NMONIY-
OKPYXHOCTH pamHyca R. Onpenendre MHOYKIMIO MAarHMTHOTO NOJIA B IEHTpe
NOJTYyOK PyXHOCTH.

— —

7> R ] —= N
\Yi
K 3a0aue 9.2.13 K 3a0aue 9.2.14

O 9.2.14* Ilpamo#t mpoBOn HMeeT BUTOK pamuyca R. Ilo mpoBomy Teuer
tok /. Onpenenure HHOYKIHMI0 MarHUTHOTO TIOJIA B LEHTpe BUTKA H Ha €ro ock
Ha PacCTOHHMK /1 OT ero UEHTpa.

9.2.15. a. MeraiHueckoe KOJBUO pasopBaloch, KOrga TOK B KONblE Oput
I o. Coenanu TOUHO TakOe K€ KOJNbLO, HO W3 MaTepHana, Ipefiell NpOYHOCTH KO
TOPOTO B fecATh pa3 Gonplle. KakoH TOK pasopBeT HOBOE KONBUO?

6* Kakoff TOK pa30opBeT HOBOe KONBUO, cleflaHHOe H3 310r0o GOonee INpow
HOTO MaTepuata, eI BCe pasmepbl HOBOTO KOJbla B [Ba pa3a Goslbpllie pac
MEPOB CTaporo?
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9.2.16. Onpenenure HHOYKUMI0 MalHATHOTO TNOJNA Ha OCH KOHTYp&, MarHur-
HUTHBII MOMEHT KOTOpOro M, Ha GONBINHX PACCTOAHHAX A B Cly4YaAx, Korua
KOHTYp TPENCTABIAET coBOoil OKpYXHOCTb, KBafpaT, IPaBHILHLIN TPEYroJbHHK.
¢ 9.2.17* Onpepenurte HHOYKUHI0 MATHHTHOTO NHOJIA NPAMOYTONBHOH pam-
KH ¢ TokOM I B TOuke A, Haxofsuleiica Ha pPACCTOSIHHHM 7, MHOTO OONbiieM
NMHHEHHBIX pa3sMepoB PaMKH, Paimyc-BEKTOp 7 06pasyer C IIIOCKOCTBIO PAMKH
yron a.
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K 3a0aue 9.2.17 K zadaue 9.2.19

9.2.18* MarHuTHOe TOJNE TUIOCKOIO KOHTYpa C TOKOM Ha GOJNBIMX pac-
CTOAHHAX OT HErO ONpeAEIAeTCA MATHHTHBIM MOMEHTOM KOHTYpa H He 3aBH-
cHT OT €10 dopmpl. Jok axaire 310.

9.2.19% a. BHyTpH GONBLIOrO KBafipaTHOTO KOHTYPa C TOKOM DaBHOMEPHO
paclpefieNieH0 MHOIO KBaJpaTHhIX MHKPOKOHTYpOB C TOKOM. MarHHTHbIA
MOMEHT KaXKEOTO MHKPOKOHTYpa M. Jlokaxmre, YTO Ha PacCTOSHHH, MHOTO
BOJIBIIEM PACCTOAHHA MEXIY MHKPOKOHTYDaMHM, MHOYKLHA HX MArHHTHOTO
HOJIA COBMANAET ¢ MHOYKIMeH MArHHTHOTO MOJNA GONBILOTO KOHTYpa, MarHut-
HBIH MOMEHT KOTOPOro nMy, rie n — YHCIO MHKPOKOHTYPOB BHYTPH GOJbLLO-
10 KOHTYpa,

6. Tonkasn KBafpaTHas IUIacTHHa, pa3Mepnl koropot a X a X h (h €a),
HAMATHMYEHA B HallpaBJICHHH, NEPNeHIMKYIApHOM ee IulockocTH. WHnoykuusa
MATHUTHOTO IO B LEHTpe IIacTHHBl B. Omnpenmenure MArHMTHBIA MOMeHT
¢;IMHMIIBI 0GbeMa BellecTBa IUTaCTHHBI.

9.2.20. A3 HamMarHHYEHHOTO XeJIe32 BBIPE3ATH IUIOCKHH TOHKHH [HUCK pa-
wyca R u tomummer k. TInockocTs mcKa NepNeHIHKYIsApPHA HATIPABJICHHIO Ha-
MATHHYMBAHMA. MarHHTHRII MOMEHT eOMHHMIBI oObema xenesa M. Onpenenn-
'¢ HHAYKUHI0 MarHUTHOTO TOJIS Ha OCH JHCKa Ha PAacCTOAHUH [ OT ero HeHTpa.

9.2.21. OueHHre HHOYKUMIO MAarHUTHOTO NOJsA B UEHTpe IUIOCKOrO Kenes-
MO0 KOJBHA TONMIMHBI | CM C BHyTpeHHMM pagdycoM 10 cM H BHeUHHM
prmycom 20 cM. Bee aTombl Jxenesa OpHEHTHPOBAHEL BAONBL OCA KONbLA, Mar-
MMTHBIA MOMEHT aTOMa KeNle3a paBeH 24, = 1,85 10723 I/Tn.
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9.2.22. UuaykiMa MarHUTHOTO MONA B LEHTPe TOHKOLO CTAIBHOIO HaMars
HHYEHHOTO BIIONIb CBOEH OCH JHMCKa pajMyca R paBHa B, JTOT muck noMemiarr
B OJHOPOOHOE MAarHUTHOe TOMe ¢ MHAYKUHeH By, KOTOpOe He MeHseT MAarHuT-
HOro MOMeHTa JMcka. KKak HyXHO OpUEHTHpPOBATb JUCK B 3TOM MarHUTHOM
nomne, yroGsl MOMEHT CWI, NEHCTBYOIMA Ha Hero, GpuT MakchMaTbHbiM? YeMy
paBeH 3TOT MOMeHT?!

9.2.23., Cwia B3aUMOAEACTBUA JIByX TOHKMX HaMarHMYeHHBIX KBaJpPaTHBIX
IUTacTHH, pacIOIOXKeHHbIX HAa PaccTOAHHH H Opyr Hap Apyrom, paBHa F. Pas-
Meppl nacTMH @ X @ X h . OueHnTe MarHHTHbIH MOMeEHT eIMHHIIbL 06beMa IuTac
THHBI, €CJTH TOMUHMHA 1acTHHb A € H.

§ 9.3. MaruuTHOe 110JIe TOKa,
paclipeZiefIeHHOTO 1O TIOBEPXHOCTH WIH TIPOCTPaHCTBY

9.3.1. HUcnone3yas ¢opmyly, NpuBeneHHylo B 3amave 9.2.1, onpegenure
HHIYKLHK MAarHMTHOTO TOJIA BOMIM3M paBHOMEPHO 3apsKeHHOH IUIaCTHHbI,
KOTOpas ABHXETCA CO CKOPOCIbIO U BJIONb CBOEH IWIOCKOCTH. [IoBepXHOCTHA%
IUIOTHOCTD 33psAna IUTaCTHHBI O.

9.3.2. Haiiite MHOYKIMI0 MArHHTHOTO MOJIA BHYTPH IUIOCKOTO KOHJIEH-
caTopa, OBHXYILETOCA CO CKOpOCTbi0 9 M/C MapaiiiellbHO CBOMM ILIACTHHAM.
Paccrosinue mexpy mmactuHamu 10 MM, Hanpsskenue Ha Hux 10 kB.

9.3.3. UeMy paBHa MHOYKUMA MAardHUTHOTO NOJIsi 6eCKOHEYHOM NJI0CKOCTH, 1A
KOTOPOH HIET TOK IUHEHHOH IIOTHOCTH i ?

9.3.4. llo nByM NapanienbHsIM IUIOCKOCTAM TEKYT B OIHOM HAlpaBIICHH
TOKH, JIMHEHHasA MIOTHOCTb KOTOPBIX iy M i,. OnpemenuTe HHOYKUNI0 MarHHUT
HOTo MOJNA MEX/Y INIOCKOCTAMM H BHE HHX,

9.3.5. Ilo nByM mapansiesbHbiM LMHaM TedeT ToK /. IlupuHa umu b MHOT
Gomnblle paccTOAHMA MeXIy HMMH. UeMy paBHa cHMIla, MEHCTBYIOIAA HA eINHE
1y [JIMHBI LIHHBI?

9.3.6. a Uepes mwiacTuHy ImpAMOyToiibHOTO ceueHus 4 X b (@ < b) mpomyct
71 1ok I. Mogynb npomonbHO# ynpyrocm naactukbl E. Onpenmenure, Ha CKOJ
KO yMEHBLIHTCA pa3Mep @ NoJ, AeCTBHEM MAaTHUTHBIX CHIL

6. Markas mems “Teuer” mpu masnennu 4 - 107[Ia, a cTanb — NpH [aBieHE
5 - 10®Ma. OuexuTe MHHMMAJIBHYI0 HHAYKIHIO MAarHHTHOTO NOJIA, MOJ AeicTBal
eM KOTOpOro 0yayT 'teus’ Meqp U CTamb.
¢ 9.3.7. o nnockoi NOBEPXHOCTH, H30OpaXXEHHOH HA PUCYHKe, TeYeT TOK Jik
HelfHolt 1wlotHocTH {. Jlokaxaite, yTo COCTAaBAAOILAA MHOYKIMH MarHHTHOT
NoJnA, TNapajulellbHasgs TMNOBEPXHOCTH M MepINeHOUKYJIAPHAsA HallpaBJIeHHIo
onpepenserca dopmyiod By = naiQ2f4n B CUu By =i /e B CTC,rpe 2 — ¥
JIECHBIH yTOI1, TOJ, KOTOPhIM BUIHA TIOBEPXHOCTb.

9.3.8. Ucnonb3ys dopmyny By = poi /47 u3 3apauu 9.3.7, peumre cnemyk
1He 3a7aYH.

a. Onpenenute MHAYKLUNI0 MAarHUTHOTO MOJIA GeCKOHEYHO JUMHHOM momnod
ILMpHHBI 2h B TOUKe HAap CpemHeH JTHHMEH MOJIOChI Ha PAcCTOSHHH A OT 3Th
JIMHHH, €CIIH BOOMb HOJOCHI TEYeT TOK JTMHEHHOMN MIIOTHOCTH i.
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K 3a0aye 9.3.7 ' K 3a0aue 9.3.10

6. Onpenenure MHAYKUNIO MarHHTHOTO NOJIA BHYTPH GECKOHEYHO [UIHHHOTO
IIWIMHIIPA, N0 NOBEPXHOCTH KOTOPOro TeueT MOIepeyHbId TOK JIMHEHHOH IIIOT-
HOCTH . 3aBHCHT JIM 3TOT Pe3yJIbIaT OT (GOPMBI II0NIEPEYHOrO CEUCHHA LHITHHAPH-
4CCKOH NIOBEPXHOCTH?

8". [lo NpAMOMY JUTHHHOMY NPOBOJHHMKY, CeYeHHe KOTOPOTO — MpPaBWIbHBIH
'PEYTONILHUK €O CTOPOHON 4, TeueT TOK IUIOTHOCTH j. Onpe/iennrte MHIYKLMIO
MATHUTHOT'O 110714 Ha pebGpax NPOBQAHMKA.

9.3.9. Kakyw cuny HATSXXeHHS BbI3bIBAeT B BHTKAX UTMHHOTO COJIEHOHAA
tok /? Yrcnno BHTKOB Ha e[IMHULLY [JIHHBI COJICHOM/IA N, ero pamuyc R.

9.3.10*. To nOBePXHOCTH NOMYGeCKOHEUHOTO KPYTOBOTO 1IMIMH/ApA pajiHyca
R Teuer nonepeuHblf TOK THHEHHOM IUIOTHOCTH i,

a. OmpenienuTe COCTABIIAMIYI0 HHAYKIHY MarHUTHOTO TIOJIA BJOJb OCH LH-
.IMHTIpa B KpailHeM ero ceueHHu A4’

6. Kak 3aBHCHT HHOYKIUHA MarHUTHOTO NIOJIA Ha OCH LMJIMHIPA OT PaCCTOAHUH
'] H X go ero xoHua? Uemy paBHa 3Ta MHIYKUMA Ha GOJbLIMX PAaCCTOAHHAX
oF UMITUHApa?

9.3.11*. a. ClIOLUHOM IMIMHAD BHIPE3aH M3 HAMATHHYEHHOTO JI0 HACILLEHHMA
AcTle3a TaK, YTO €ro OCh COBMAfacT ¢ HanpaBJieHHeM HaMarHMUMBaHuA. JJokaxu-
¢ JKBHBAJIEHTHOCTh MATHHUTHOTO NOJs 3TOTO IDUJIMHApA MO0 MONepeyHOro
UKa, TEKYUIEro MO €ro MOBepXHOCTH, JIMHEHHaA NIOTHOCTh KOTOPOro paBHa
"1aTHUTHOMY MOMEHTY eMHHUIIBI 0ObeMa xelle3a.

6. U3 mIMHHOrO CTepiHA, HAMarHHYEHHOTO JIO HACBILIEHHS BHOJb OCH, BBIpe-
saJIH KYOHK Tak, YTO OJHO H3 pebep KyOHKa GbUIO HanpaBJieHO BJOMb HallpaBiie-
1M HAMarHMYMBaHHA. Bo ckonbko pa3 MHAYKLUHS MarHHTHOIO ITOJIA B LiEHIpe
yBuka 6yfer MeHblle MHIYKIMH B cTepxHe?

B. Omnpepenure MHIYKIMIO MarHHTHOTO NOMA B LIEHTpE LUMIMHApA [JIMHbI [ U
i yiuyca r. MarHMTHBIH MOMEHT elMHMIUBI 06beMa xene3a paBeH M. UeMy paBHa
yra MHOyKia npu r </? nipu r>[?

r. Penmre npenbigyulyio 3ajauy B cilyuae, eclld 10 OCH LMIIMHApa NpocBeplle-
.1y OTBEPCTHE MAJIOrO panMyca.

9.3.12. Toukue KBafparTHble IUIACTHHBI, pasmepbl KOTOphIX 4 X a X h
t € @), HamMarHuueHbl O HACBILICHMA B HaNpaBieHUH, MepHeHANKYIAPHOM
AX TIOCKOCTH. B 1eHTpe ka0t MIACTHHBI MHAYKIUMA MaIHHTHOTO nons By.
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Yemy Gymer paBHa MHAYKUHA NOJS BHYTPH [UTHHHOTO Tpf-
MOYT'OJIBHOTO CTOJ10a CeyeHus @ X a, cOOpaHHOTO M3 ITUX
IW1acTUH?

¢ 9.3.13. B mnuHHBIA COMeHOHO ¢ TOKOM 0,5 A moMecru-
M UMIHHIOpHYecKUH ¢GhepPOMATHUTHBIA CTONOUK C Y3KHMH
nosiocTAMH. UHCHO BHTKOB Ha equHULY MJIMHBI COJIEHOH-
ga 10, mMarHuTHas NpOHHBaemocTh ¢peppomarHeruxka 600.
OnpenennTe MHOYKUMIO MarHUTHOTO NMOJAA B IPOIONbHOH
H TonepedHoit onoctax (B Toukax A u B).

9.3.14. lucx paguyca R u BbIcOTHI A <€ R, coenaHHBIA
K 3adaue 9.3.13 M3 MaTepHaya ¢ MarHMTHOH NpOHMI@eMOCThio u = | + K,
Kk €1, NOMecCTWIH NUIepeK OTHOPOOHOrO MAarHMTHOTO
noyis MHOYKHuM B,. Ha ckonbko MHOYKUMA B neHrpe fucka 6yner OTIMYaThCA
oT Bo?

9.3.15. lupkynauua HHOYKIMH MOCTOAHHOIO MarHMTHOIO MOJIA MO 3aMKHY-
TOMY KOHTYpY B BaKyyMe paBHa TOKY Uepe3 NOBepXHOCTb, OPAHHUEHHYO 3THM
KOHTYPOM, YMHOXEHHOMY Ha (. IlpHBenuTe mpuMephbl, NOATBEpKAAOILHE
3TOT 3aKOH. Penmite, Hcnons3ys ero, crepyiomue zagauy.

a. [lo GeckoHeuHO WIMHHOMY NMPAMOMY IpPOBOAY pamuyca r TeueT Tok [.
Tox pachipefiesieH paBHOMEpPHO TI0 CedeHuIo posona. Haiaure uHgyKumio Mar-
HMTHOTO 0N BHYTPH M BHE NIPOBOJA.
¢ 6. Tlo pyMHKOI 1LMPOK Off IIKHe C MOTIePeYHBIM Pa3MepOM @ TeUeT TOK, PaBHO-
MEpPHO paclpefe/ieHHbI IO cedeHHIo npoBoaHHuKa. [ImoTHocTh Toka j. Kak 3aBu-

CHT HHAYKHMA MArHHTHOTO NONS OT pPacCTOAHUA X OO CPelHed INIOCKOCTH
HIMHB1? ~

K 3adaue 9.3.15

a/? a/?

9.3.16. Uepe3 TopoMpambHBIA CONEHOMI, HMelWMH N BHTKOB, IIPOTEKacE
Tox I. BHemHuit pagryc Topa R, BHyTpeHHHil r. Onpenmennte MHHHMAJIBHYIO By
MAK CHMA/TbHYI0 MHIY! LHI0 MarHMTHOTO NOJ1A BHY TPH COJIEHOMAA.
¢ 9.3.17. a. Tok I 1geT 0O [UIMHHOMY NPAMOMY INIPOBOMY, NepIEeHIHKYIAP»
HOMY NIpOBOMsUIeH JUIOCKOCTM, M pacteKaeTcs mo Heil. Onpedenurte pacnpefies
JIEHHe MarHHTHOTO MOJIA.

6. IltuHHbIA NPOBOM C TOKOM [ NepeceKaeT NPOBOASUIYI0 IIIOCKOCTh B NEp«
NEHIMKY/IAPHOM efl HampaBjieHuM. TOK, yXOIAumil Ha IWIOCKOCTH, paBeH I’
Onpenenure pacrpeleneHHe MATHHTHOTO NOJIA B 3TOH CHCTEME.

B. KoakcuanbHbiit xaGeb BXOOUT B chepUUeCKYI0 TONOCTh TaK , KakK U300pa-
XeHO Ha pucyHke. HalilHTe HHTyK M0 MATHUTHOTO TIOJIA BO BCEM NPOCTPAHCTBEy
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K 3a0aue 9.3.17

¢ 9.3.18*%, Tok [ no gnuHHOMY NpAMOMY NPOBOAY BXOIOHT B NPOBOOHUK Iep-
NEHOMKYNAPHO €ro NMOBepXHOCTH K PABHOMEPHO pacTekaeTca 1o Hemy. Kak 3a-
BHUCHT MHIyKUMA MAaCHHTHOTO NOJNA BHYTpH NPOBOOHMKA OT YIJa f H paccTod-
HUA 7?7

¢ 9.3.19. PacnpellenieHde TOKa B [ABYX B3aHMHO NepNeHAMKYAAPHBIX IUI&CTH-
HaxX TONMHBI /I TIOKa3aHO Ha pHucyHKe. B oGnacru nepeceyeHHs IIAaCTHH TOKa
weT. Hapucyiite rpadpux 3aBHCHMOCTH MHOYKIHH MarHUTHOTO MOJIA OT X,

%
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K 3a0aye 9.3.18 K 3a0aue 9.3.19

7

> 9.3.20. B GeckOHeuHO# IUTacTHHE TOJLIMHBI A BhIpe3alH HUWIMHIOPHUYECKYIO
fI0MTOCTs pamuyca h/2, och KOTOpOil NapansensHa IOBepXHOCTAM IUTacTHHbL. Bo
nceM oOweMe IJIACTHHBI, 33 MCKIIIOYCHHEM IIOJIOCTH, TeYeT TOK, HanpaBJjleHHbIH
w/1ofbp ocH momocru., Haiimure pacnpeneneHue HMHOYKUMM MarHMTHOTO MNOJIA
si10b NpAMOA UA, KoTopas MPOXOOUT Yepe3 OCh MONOCTH M NepNeHOUK Yy IpHa
11OBEPXHOCTAM IIacTHHBI. [I1oTHOCTD TOKaA j.

9.3.21%. OnpenenuTe HHAYKIWI0 MarHHTHOTO NOJIA B AJIMHHOM IMJIMHOpHYEC-
KWOH NONOCTH, PACHONOKEHHOH BHYTPH HMIHHIPHYECKOTO NpPOBOOHMKA, €C/H
2Ch MOJIOCTH NapasiyieNIbHa OCH [POBOOHHKA M OTCTOMT OT Hee Ha paccrofHue d.
lok pachpelieieH paBHOMEPHO MO ceueHHIo NpoBogHuka. ID1oTHOCTH TOKaE j.
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K 3a0au4e 9.3.20 K 3a0a4e 9.3.22

K 3a0aue 9.3.24

¢ 9.3.22*. a. JiBa mwimMHOpa paguyca R, OCH KOTOpPBIX HAXOAATCA HA pacCros-
HHUH @ OpYT OT ApYra, nepeceKalorcs, KaK MOKa3aHo Ha pucyHke. Uepe3s 3alurpu-
XOBaHHbIe 0Onactd BOONbL Ocell B NPOTHBOMOINIOXHBIX HANpPaBIEHHAX TEKyT
TOKH, IUIOTHOCTb KOTOPbIX * j. Haiijure MHOYK M0 MArHMTHOTO Mons B obnac-
TH, JIEXKAILEH’ MeXIY 3aIITPUXOBAaHHBIMH OBNaCTAMH.

6. Hcnonp3ysa pe3ynbTar Npedblayiuei 3amaud M MpHMEHAA MeTOH Npeldelb-
HOTO Ilepexona, Haiiaure npH @ —> 0, j - °° pacnpeneneHHe JIMHEHHOM IITOTHOCTH
TOKa Ha NMOBEPXHOCTH WWIKHIPA pajxyca R, KOTOpoe JaeT OOHOPOMHOE BHYTPH
LUHJIMHApPa MarHMTHOe Holle MHAyKIMU By. Kak cBA3aHa MakcuManbHag JIMHEH-
HasA MIIOTHOCTb TOKA ¢ HHAYKLMeH mons By ?

9.3.23*. IInockoCTH BHTKOB KPYIJIOTO COJIEHOMIA HAKIIOHEHBI MOJ, YITIOM a
K ero ocd. Tok coneHonpa I, WHcno BUTKOB Ha e[MHHIY €TO JUIHHBI 7, PANH-
yc R. Omnpepenvite MHEYKNIHI0O MarHHTHOTO TOJS BHYTPM TaKOTO COJleHOUMA.
¢ 9.3.24*. JInuHHDIH WATHHIPHYECK U XKeJTe3HBIH cTepXXeHb pafgHyca 7 HaMarHu-
YeH B MarHMHTHOM HOJie, IePHeHINKYIIAPHOM OCH CTepXHsi. MarHUTHbBI MOMeHT
enMHHNBl 00beMa crepxHA M. Kak 3aBHCHT MHOYKIMA MarHATHOTO MOJA OT X
Ha PacCTOAHUAX, MHOTO MeHBIIMX [IJTMHBI CTEPXKHA?

§ 9.4. MaruuTHLEN MOTOK

¢ 9.4.1. Ungykuus omHOPOTHOTO MAaTHUTHOTO MOJIA paBHa B,
a. YeMy paBeH MarHMTHBIH NIOTOK Yepe3 KBaapaT cO CTOPOHOH @, MIIOCKOCTH
KOTOPOTO pacnonoxeHa Mof yrnoM 60° K HampaBleHHio MarHMTHOro monsa?
6. UeMy paBeH MarHHTHBIH [TOTOK Yepe3 IUIOCKYIO0 MOBEPXHOCTh IIOMmAny S,
KOTOpas pacloyioXkeHa NOJ, YIIIOM & K HANPaBJIeHUI0 MarHUTHOTO Nona?
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© 9.4.2, OnpegenuTe MarHATHBIM MOTOK Yepe3 BhieNIeHHBIN Ha PHCYHKe yyac-
ToK cdepbl paguyca R. MHoykuua MarHHTHOTIO mons B HanpaBiieHa BOOJIb OCH
CUMMETPHH 3TOTO y4acTKa.

9.4.3. TloxaXuTe, YTO MATHUTHBINA [TOTOK , CO3JaBaeMblil INIOCKOCThIO ¢ JIMHEH-
HOW IJIOTHOCTBIO TOKa i, Yepe3 M0y 32aMKHYTyH0 NOBEPXHOCTb paBeH HYII.

9.4.4*. Jloxaxure, YTO MarHUTHBIH [OTOK, CO3MaBaeMblil 371eMEHTOM ToKa,
uepe3 J1o6yI0 3aMKHYTY10 IOBePXHOCTb PaBeH HYIO.

9.4.5. llnockas rOPH3OHTANbHAA TPAHHULA HE/THT MPOCTPAHCTBO HA [BE YaCTH,
B HmkHed YACTM MHOYKUMSA MarHHTHOTO IOJIA paBHAa Hymwo. Jokaxwure, uro on-
HOpogHOe moJyie BOJM3M MOBepXHOCTH B BepXHell YacTH HanpaBJIeHO mHapal-
:IeJIbHO eif.
> 94.6. Ingykuua MarHHTHOTO NOJIA B, mepexons uepe3 IIOCKYK NOBepx-
HOCTb, MEHAET YTOJ1 HakJIOHa K He# ¢ & Ha (3. Bo CkoNbKO pa3 M3MEHHTCHA MHIYK-
uus nonsa? UeMy paBHa JInHelHast MIOTHOCTb TOKA Ha HOBEPXHOCTH?
> 9.4,7*. [InockocTH, nepeceKalUKecss MoM YINIOM ¢, OeaAT NpOCIPaHCIBO Ha
ueThipe OONMacTH. MarHutHoe Hojie B Ka(ao# obnacté ogHoponHo. B oBnacrax
[ w 3 MHOYKIMA TONA TApaleNbHa UIOCKOCTH CHMMeTpHH AA’, Hanpapnena

L7
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K 3a0aue 9.4.6 K 3adaye 9.4.7

K 3adaue 9.4.8
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B OOHY CTOpPOHY M paBHa co0TBeICTBeHHO B M B;. Ompepenurte MHOYKIMIO
nosns B obnacrax 2 u 4.

¢ 9.4.8. a. CocrapnfAnmas UHIYKIMU aKCUAJIBHO-CHMMETPHYHOTO MarHUTHOIO
TNIONfA, HampaBlieHHasd BJOJIb OCH CHMMMETPHH IOJIA, NUHEHHO 3aBHCHT OT X:
B, = Byx/xy, Toe Xo u By — nocrosiHHble. OnpenenuTe 3aBUCHMOCTb pagyanh-
HOM COCTaBIANIEH HHIYKUMM TOJA OT pacCTOAHUA J0 ocd. Kak 3aBHCHT yron
HaKJIOHA TOJIA K ero ocd CUMMeIpun oT x u r? Hapucyiite nuHuM MHOYKUMH
3TOTO MOJIA.

6. CocraBnsiouas HHIYKUMM MarHHTHOTO HOMA B Npedbloylieil 3agade MeHA-
eTCA BJIOJIb OCH IO 3aKoHy B = By (x/xo)". Onpenenute panuanbHY0 COCTaBIA-
1y MHOyKuuM nons. Kak onpenenuts B, B 06uiem ciyuae,korga By, =By f (x)?

9.4.9. CocraBinsAolas UHOYKUKMY MAarHUTHOTO ITOJISA BIOJE OCH GeCKOHEYHO-
ro UWIHHOpA paguyca R MeHAeTcs Kak BoX/X, BHYTpH WWIMHOpa, a BHe — 3Ta
COCTaBJIAIOLIAA paBHAa Hymwo. Kak BHe MWIHHIpa 3aBHCHT pamuayibHas COCTaB-
NIAKIAA HHIYKIMY OT pacCTOAHUA 0 ero ocH?

9.4.10*. a. Onpenienute MarHUTHLINA NMOTOK Yepe3 MOBePXHOCTb MONTY0eCKOHeY-
HOTO LMIHHAPA, 0 KOTOPOMY HUPKYIHPYeT HOMePeYHBIH TOK C THHeAHOM M1oT-
HocThio i. Paguyc unnunppa R.

6. C xako# cHIOH MPUTATHBAKICA NMOJOBHHKU JJIHHHOTO COJICHOMOA C TO-
koM I? Panuyc conedHoupa R, UMCIIO BHTKOB Ha eJUHUILY JUTHHBI COJIEHOMA M.

9.4.11. JlBa MIHHHBIX CTep)XHA, HAMarHHUEHHBIX B NPOHONBHOM Halpapie-
HUH, TPUTAHYIUCh OPYT K OPYTY CBOMMHU Topuamu. s toro uyroGel oTopsath
UX IPYT OT Opyra, HY)KHO NPWIOXWIb B OCEBOM HalpaBieHuu cuiy f. CeueHue
CTepXHeil OIMHAKOBO, Inomams ceveHus S. OnpenenuTe HHOYKUKUIO MarHHTHO-
I0 MOJIfi B MeCTe COeIMHEHUA CTePXKHEH.

9.4.12. B HeoDTHOPOOHOM MATHUTHOM IIOJIe HaXOJWTICH CONMEHOMI C TOKOM J.
Uncrmo BUTKOB HAa eIWHUNY AJHHBI COleHOMaa M. MarHMTHeINA NMOTOK, BXOOALIMA
M BBIXOJAIIMHA Yepe3 TOpUbI COJIeHOMIa, paBeH cooTBeTcTBeHHO @) u @, . Ompe-
gejinTe CUITY, JedCTBYIOIIYI0 Ha CONeHOU], BIOJb ero OCH,

9.4.13. B3aumHO#l MHOYKTUBHOCTHK [JBYX KOHTYPOB Ha3bIBaerca Ko3ddu-
LIHEHT MPONMOPUMOHATIBHOCTH MeXIy TOKOM B OJHOM U3 KOHTYPOB U CO3[aBae-
MBIM MM MAarHHTHBIM [IOTOKOM, IIPOHM3BIBAIOLIMM BTOPOil KOHTYp. Onpenenu-
Te B3aMMHYI0 UHIYKTHBHOCTh: @) ABYX KpYTOBBIX KOHTYpOB paimyca r 4 R,
PaCIOJIOXKEHHBIX Ha OOHOH OCH CHMMETPHH HAa PACCTOSAHMM OpYT OT gpyral >r,
R; ©) niuHHOrO COJNIeHOMZA PafMyca r, COOCPXKALIEro N BUTKOB HAa eOMHULY
IUTUHBI, ¥ KPYTOBOTO KOHTYPa, OXBaThIBAKOLIEr 0 3TOT COICHOUI U COOCHOTO eMy.



IJIABA 10
JABHUXEHUE 3APAXEHHBIX YACTHH B CJIOXHBIX IIOJIAX

§10.1. [IpMxense B 0HOPOHOM MarHHTHOM HOJIe

10.1.1. IpotoH, yckopeHHbIH HampsikeHneM 20 kB, Bneraer B ogHopon-
Hoe MarHuTHOe noJie HHOyxuuH 0,1 Tn nepmenpuxynspHo nomwo. Haifnure pa-
IOUYC OKPYXHOCTH, [10 KOTOPOi BHXETCA IPOTOH B MATHUTHOM IIOJie,

10.1.2. JnexTpoH, ycKOopeHHbIH HampsxeHueM 200 B, aBmkercs B MarHur-
HOM mojie 3emnu, HHOyYKmMA koroporo 70 mxTn. Hajijaute pammyc okpyxHoc-
TH, N0 KOTOPOH HBHMXETCA 3JIEKTPOH, eCiii CKOpOCTh €rO IepHeHOHKYJIApHa
MarHHUTHOMY NOJIr0 3eMIH,

10.1.3. a. Onpepesiute yacToTy o6GpaieHus (UHKJIOTPOHHYI0 YaCTOTY) YacTH-
11bI MAcChl M C 3apANOM ¢ B MATHHTHOM I10J1e HHOYK1HH B.

6. Onpedenute HMKJIOTPOHHYIO YaCTOTY 3JieKTPOHa B MATHMTHOM TIOJIe HHIYK-
uu 1 T,

10.1.4. Kax OTHOCATCS paguychl TPaeKTOPH OBYX 37IeKTPOHOB C KHHETHYeC-
Koil 3Hepruet K, u K,, eciid OJHOPOAHOE MAaTHUTHOE IOJIe NepNeHIHKYJIAPHO
uX ckopocTu?

10.1.5, Uepe3 xakoe Bpems Iociie NepBOil BCTpeyn NPOU3OHMIET BCTpeya IBYX
3apsDKEHHBIX YACTHI, OIBHKYIIMUXCA NMepHeHOMKYJIAPHO MarHMTHOMY IIONII0 WH-
nyxnun B? [lpu mepBoii BCTpede YaCTHLbI ABUTAMCH B3RHMHO e PIEHOHK Y JIAp-
HO. 3apAn vacTHu, ¢, Macca m. BlauMopeiicTBueM npeHeOpedb.

10.1.6. C momowpi0 kamepbl BuibcoHa, NOMellleHHOH B MarHurHOe NOJie
MHOYKIHH B, HaGnmiogaT ynpyroe paccefiHMe O-YacTHIL Ha AXpax OeHTepHs.
Haioure HauaibHyHo 3HEPTHI0 O-UACTHIIBI, €CIH PaIMyC KPHBH3HbI HaYaJIbHBIX
YYacTKOB TPaeKTOPHH Aipa U Q-YACTHII [TOCTIe PacCeAHHA OKAa3aJiCA PaBHBIM R,
O6e T1paekTopMM JiexAaT B NJIOCKOCTH, NepNeHAHKYJIADHOH HHIYKIMH MarHWI-
HOT'O [OJIA.
> 10.1.7. ek TpoH BIleTaeT B 06JIaCTh MarHHTHOTO NOJIA WIMPHHBI /. CKOpOCTH
5JIeKTPOHa V NepNeHOAKYJIAPHA KaK WHAYKuMH nons B, Tak ¥ rpanvnam obiac-
4. [Top, xakuM yTIIOM K TpaHMIle 0GNAacTH 3JIEKTPOH BBUJIETHT M3 MATHHTHOTO
nojs?
¢ 10.1.8, Ha pucysnke u306paxeH NpoCTEeHIIHA Macc-ClIEeKTPOMETD, HAAYK A
MarHuTHoro nonsa B koropoM 0,1 Tn. B nonm3atope A o6pa3yioTcs HOHBI, KO-
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TOpble ycKopsorca HampskeHneM 10 kB, Tlocie moBopora B MarkMTHOM Ione
MOHBI TONajiaoT Ha (OTOMIACTHHKY M BBI3BIBAIOT ee MovepHeHue. Ha xaxom
PacCTOSIHMM OT IelM OYIYT HaXOIuThc Ha (OTOMIACTHHKE MOJIOCHI HOHOB
1H*, 2H*, 3H*, *He*? Kaxoil gomxHa GbITh LIMPHHA LIEJH, YTOGHI MOTOCHI
voHos '¢0* u 'SN* pazpgenmunucs?
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¢ 10.1.9. B ycrpoficTBe miA olpelelleHUA H3O0TOMHOIO COCTaBa HOHBI Kaus
39K* u *!K* cHavanma ycKoOpSIOTCA B 3NIEKTPHUECKOM IO, a 3aTeM IomNaga-
10T B OJHOPOOHOE MarHMTHOe IoJle HHAYKLMH B, NepHeHIuKYIApHoe Hanpasie-
HHMIO MX OBIKeHUA. B mpouecce ombita M3-3a HeCOBEPLUEHCTIBA alNapaTyphl yc-
KOpsAIolliee HanpsXXeHHe MEHAEICA OKOJIO CBOEro CpelJHero 3HaUeHMA Ha BeJIM-
yuHy * A V. C KaKo# OTHOCHIENIBHOl MOrPeliHOCTBI0 A V/Vy HyXHO MOIAepXH-
BaTh HNOCTOAHHBIM 3HAYCHHE YCKOPAIOLIETO HANPSKeHUs, YTOObI Cllelbl MYUYKOB
H30TONOB Kanug Ha ¢oTornacTuHke O He NMepek prIBANUCDH?

¢ 10.1.10*. U3 Touku 4 €O CKOPOCIbI0 U BBUIETANT YaCTHUUbI, HMeSA Malplil
yrinoBod pa3bpoc S, u ganee OBMXYTICS B OTHOPOOHOM MarHHTHOM IOile
HHOYKUOMHM B nepneHaukynapHo emy. OnpepennTe, Ha KaKoM PacCTOAHMU OT
ToukH A cobepercA NMyYOK, M OLEHHTe B 3TOM MeCTe ero MolepeyHsidl pa3mep.
Macca vactuu m, 3apag q.
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10.1.11. B opHopooHOe MaTHMTHOe NOJIe MHOYKUMM B BieTaeT mojg yriom &
K TOJII0 CO CKOPOCTBIO U YacTUIIa Macchl m ¢ 3apanoM q. Haitmute paguyc u miar
BUHTOBO JIMHHH, 10 KOTO POl IBIKeTCA YaCTHLA.

10.1.12%, Bgonb 0JHOPOZHOTO MATHUTHOIO MOJIA MHAYKUHM B ¥3 ooHO# TOY-

KM CO CKOpPOCTBbIO U BbIIETAlOT 371eKTPOHbI, HMeA Malblil YrJIoBoil pa3bpoc da,
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OnpepenuTe, HA KAKOM PacCTOAHMK OT MecCTa BblleTa MyuoK OyHeT uMeTs MUHH-
MaJibHBIi TTOMe peYHBIA pa3Mep, M OLeHHTe ero. '
¢ 10.1.13. a. BakyyMHOe yCTpOHCTBO COCTOMUT M3 COOCHBIX IMIIHHApa paguyca R
H TNPOBOJIOYKHU, NMOMellleHHbIX B INPOIOJIbHOe MArHHTHOe MOoJle MHOYKuuu B,
Ilpu HarpeBaHuM NpPOBOJIOUKH C €€ TIOBePXHOCTH BBUIETAKT 3JIEKTPOHBI ¢ KHHe-
THYECKOj 3Heprueil K; mpu 3T0M BO BHEILIHe# Helld MeXOy MHIKHOPOM U ITPOBO-
moux ol nporexaet Tok /. Hapucyiite 3aBucumocts / ot B, Haligute 3HaueHus 5,
TIpU KOTOPBIX TOK B BaKyyMe paBeH HYJIIO.

6. Ha pucyHke u306paxkeHs! ABe 3aBUCHMOCTH [ OT B mipH pa3nnuyHoM [aBlle-
HuM Py u P, octaToumsIx rasoB. Kakoe maBnenue Gonbire?

7\

o\

K 3a0aue 10.1.13

10.1.14. [Isa snex TpoHa ABWXKYTCA € 0IMHAKOBOH 10 MOMYJIK0 CKOPOCTBIO U B
OIHOPOIHOM MarHMTHOM ToJle. B HEeKOTOPBIA MOMEHT pacCTOAHHE MEXAY Hu-
MM paBHO 2R, a CKOPOCTH 3IIEKTPOHOB MepHeHINKYIIAPHAI MATHUTHOMY MO0
M IIPAMOi, coeqUHAOIIEN 3MeKTpoHbl. [IpU KaKoi MHIYK UMM MarHUTHOTO MONsA
PACCTOAHUE MEXIY JIEKTPOHAMH OCTaHeTCA HeH3MeHHbIM?

10.1.15. [To op6ute pagmyca R BOKpYyT HPOTOHa Bpamaercs anekTpoH. Kak
M3MEHHUTCA yYacToTa oOpailieHuA 3JleKTpOHAa MO 3TOH Xe opOHTe, ecnm CHCTeMa
OymeT moMelleHa B ¢j1aboe MarHUTHOE MOJie MHAYKUMH B, HanpasieHHOe BHOIb
OCH BpalleHusA?
¢ 10.1.16. Kakoe HanpsbkeHue HY>KHO TPUIIOXKUTD MeXXay oOKIIaJKaMu IUITUHL-
PHYECKOro KOHOeHCaTopa, Yrobbl OH ’3aXBaTHII Ha OpOMTY” 37IeKTPOHbI, MPO-
[eUIMe YCKOPAILIYK pasHocTs moreHuuano V7 KoHpeHCaTop HaxoOgurIcs B
OIHOPOMHOM MarHUTHOM II0Jle MHOYKUMH B, HanpaBieHHOM BIOIb OCH KOH-
NieHcatopa. PaccTosHMe Mexnay oOKNagkamu KoHgeHcatopa A MHOIO MeHblle
cpedHero paaMyca KoHugeHncatopa R.
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¢ 10.1.17. a. B miockoM kOHOEHcaTope ANMHBI /| HaNpsXeHHOCTb 371K TPHYeC-
KOTO nosst paBHa £, a UHOyKUMA MAarHHTHOTO IOJIf, HallpaBjieHHOTO BAOIL E,
paBHa B. ¥ BXopa B KOHIEHCATOp HMeeTCA PAJIMOAKTHBHBIA MCTOYHHK, HCITyC~
KalpolMA 3IeKTPOHBI ¢ pa3sHbIMH ckopocTAMH. M3 Hux dopmupylor ToHKH
MYYOK, KOTOPHIH IPOXOJHT Yepe3 KOH[IEHCATOp, 2 3aTeM NoNajaeT Ha ¢oTg-
IUIACTHHKY, PaCNONIOXKEHHYI0 Ha paccrosinuu L 3> 1. Kaxyo iuHuto-cnien “’Bbruep-
TAT” 911eKTPOHbI Ha (POTOIUTACTHHKE, €CIIH OTKJIOHEHHA MX OT MPAMOJIMHEHHOR
TPaeK TOPHH MaIbi?

6. Hafimute NMHHIO-CTIEN 37IeKTPOHOB Ha ¢oTommactuike g B = 1 Tn,
E=5-10° B/m,] =5¢cm, L =50 cm.

B. [Ipu GomnpHIOH CKOPOCTH 37IEKTPOHA €r0 Macca 3aMeTHO H3MEHSIETCH; COoT-
nacko dopmyre Jloperua m = m, [\/1 — 2, rie § — OTHOIEHHE CKOPOCTH TEKT-
POHa K CKOpOCTH CBETa, M, —MaccaIlokos 35ieKTpoHa. Perunte 3apavy 10.1.17a
¢ yyeToM 3 deKTa H3MeHEHHA MaCCh AJIEKTPOHA.

10.1.18. Onpepenure BpeMs ycKOpeHHA MPOTOHA, BXOAALIETO B LEHTP YCKO-
puTenA ¢ KHHeTHYeCKOil dHeprueil K, eciiH ycKoOpsiollee HampsXeHHe Ha
OyaHTaX IHKJIOTpOHa V, MHOYKuMA MAarHMHTHOTO TNOJIAi YCKOpHTens B, ero
paguyc R. BpeMeHeM IBHXKEHHA NPOTOHA MEXJLY IyaHTaMH YCKOPHTeNA Npe-
Hebpeds. .
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© 10.1.19. IlnacTHHbl MIOCKOTO KOHOEHCATOpPa C LIMPMHOM 3330pa MexIy
HUMHM d PaClONOXEHb! MepleHANKYNAPHO MArHATHOMY MO0 MHOYKUMM B.
Oxono xaroda pacrmonoxeH MCTOYHHK MeUIeHHBIX IeKTPOHOB, BbUIETAOLUHAX
B pa3sHbIX HANPaBJIEHHMAX K NuacTHaM. [Ipy Kakom HampsixeHHU Ha KOHMeHCa-
tope 31eKTpoHbI 6ynyT pokycupoBaThcs Ha aHome? UeMm ompenenserca pazmep
aTHa?

© 10.1.20. Onpenenute, KaKylw MaKCHMaJbHyl0 CKOPOCTb Pa3oBbeT 3apsKeH-
Hoe Tello, CKOJIb3fillee M0 HAKJIOHHOM MIOCKOCTH B MarHATHOM MOJie HHMOYK-
auu B ¥ B mone 1AxeCTH. Macca 1 3apsij Tena m u q. MarHuTHOE NoJIe Mapasiesis-
10 HAKJIOHHOH MJIOCKOCTH M MePNeHIUK yASPHO MO0 TAXeCTH. YTONl HAKIIOHA
TIIOCKOCTH K TOpH30HTY &. KoabduumeHT TpeHus Tena o miockocTsb u.

% 10.1.21. PaHOMepHO 3apsikeHHoe KONBLO pamguyca R, MHHeHHAS INIOTHOCTD
3apsAna KOTOPOTO £, ABUKETCH COOCHO 3K CHANIbHO-CHMMETPUYHOMY MarHUTHOMY
NOMIG CO CKOPOCThI0 V. PajnanbHas cocCTaBisAloman MHAYKUHAM MarHUTHOTO TO-
;171 HA PaccTOAHUM R 0T ocu paBHa By . Omnpelennte MOMEHT CUJl, HEACTBY IOLIMX
Ha KOIIbLO.

10.1.22*, JJoxaxuTe, YTO MpupamieHMe MOMEHTa MMIyTbca AM Konbua B
3agave 10.1.21 MpoNopuUMOHAIBEHO NMPHPAIEHHI0 TOTOKA MAaTHUTHOM MHAYKUMH
uepe3 Konbiuo AD: AM = (1/2m) QAD, rne Q — neKTpuuecK il 3apA KOJIbIA.
J5is MOKa3aTenbCTBa BOCMONB3YHTECH TEM, YTO MUTOK MAaCHUTHOM MHIYKLMH Ye-
pe3 GOKOBY10 NOBEPXHOCTD LMIIMHAPA paBeH Pa3HOCTH OTOKOB Yepe3 ero TOPILb.

10.1.23*, Kakyio MHHHUMaIbsHY0 CKOPOCTb HYXHO COOOIIUTE pPaBHOMEpHO
3apSDKEHHOMY HelpOBOIALIEMY KOJIbLY, PaclolIO)KeHHOMY COOCHO aKCHallb-
HO-CMMMeTPHYHOMY TOJII0, B/IOJIb OCH 3TOrO TOJIA, YTOGbI KOJIbIIO NepeMeCTH-
J10ch U3 obnacT OJHOPOOHOrOo MArHUTHOTe mossg B; B o6GnacTs OQHOPOTHOIO
nonA B, B, > B, ? Paguyc komsua R, 3apsn @, Macca m.
¢ 10.1.24. a. IneXTPOH ABHXEeTCA B 0GHOPOJHOM MATHHTHOM MOJIE IO OKPYX-
HOCTH. Uepes Hero MpPOBOMAT N0OYI0 IPYTY OKpYXHOCT, ock OO’ KoTopoi
HanpapjeHa BOOJb MarHuTHoro mojs. [Tokaxwmre, uto cymma M+ (1/2m)ed,
rie @ — MoTOK MarHUTHOTO TIONA Yepe3 ITY OKPYKHOCTh, 2 M — MOMEHT HMIYJib-
ca MIeKTpoHa OTHOCHTENsHO ocH OO’ , He 3aBHUCHT OT MOJIOXKEHHA IIIEKTPOHA.

0. [okaxute, uro cymma M + (1/27) ed He MeHSeTCA B Cilyyae OBWXeHUSA
2]1eKTPOHa B OTHOPOJHOM MAarHMUTHOM IOJIe IO BUHTOBOH JIMHUH.

% 10.1.25. Obnactu I n II OByX OOHOPOAHBIX OJTHOHANPABIIEHHBIX MArHMTHBIX
foneil ¢ MHOYKiMed B; u B, MMeET 0CeCHMMETpHUHBIN TOHKHi mepexon AA',
B KOTOPOM MAarHMTHOEe TMoJle HMeeT OONbLIYI0 PafuaIbHyl0 COCTaBIAIOLIYIO.
MeKTpoH B obnactv ] OBMXeTCA BHOJIb MAarHUTHOTO MOJIA Ha PaccTOAHMU R
OT OCH CHMMeTpuM mnepexopa. Kakoil MOMeHT MMIYNbCa OTHOCHTENIBHO OCH
CHMMETPUH NpHoGpeTaeT MeKTPOH NpH Nepexome u3 obnactu I B obnacts 1717
(CoXpaHAeTCH JIM MpU ABHKEHHH ITOM 4aCTHIIBI TOCTOSAHHON cymma M + (1/21) e D
{cM. oGo3HaueHus B 3agave 10.1.24)7?

> 10.1.26%. JloxaxkuTe, uTo M3MeHeHHe MOMEHTa MMIIYJIbca JJIEKTPOHA MpPH
IBHDKEHHH eTr0 OT TOUYKH A 0o Touku C B aKCHAJIBHO-CHMMeTPHYHOM MarHHTHOM
(107le OTHOCHTEJIBHO OCH IOJA PABHO pPa3HOCTH MAarHMATHBIX IOTOKOB Yepe3

ceyeHMs §; M S5, YMHOXEHHOI Ha e/27. 2%7
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K 3a0aue 10.1.25 K 3a0aue 10.1.26
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K 3a0aue 10.1.27

¢ 10.1.27*, Kakas yacTh 21eKTPOHOB, UCIIYLIEHHBIX BO BCe CTIOPOHBI PaguoOaK-
THBHO IbUIMHKOM, PaclIoONIOXeHHOW Ha OCH MarHWTHOH JIOBYLUKH, OCTaHETCA
BHYTpM 3T0H noByuiku? HMHaywkuus MarHMtHOro HONA BHYTPU JIOBYIIKH B,
BHe ee B, > B,.

10.1.28%. Onpepennte MHHUMANBHbIA PaJIKyC, KOTOPHIH MOXeT HMeTh YYOK
3NIEKTPOHOB IPH Iepexole U3 MoJiA C MHOYKOHeH B, B Nolle C HHOYKUHUeH B, .
Ocu cUMMeTpyy NlepeXOJHOTO NONA K IyYKa CoBNajaioT. Pamuyc nyuka B none
B, paBeH R, CKOpOCTb [lyuka B None B, napansie/ibHa MHIYKUMH.

K 3a0aue 10.1.29
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¢ 10.1.29*, B CWibHBIX MarHHUTHBIX NOJIAX 3MEKTPOH ABHXETCA IO BHHTOBOM
TMHWH, “HaBUTON ™ Ha JIMHHIO MarHUTHOTO noJif. Jlokaxute, Yro B Ciiyyae, KOTaa
D3JIMYC BUHTOBOH JIMHHK HACTOJIBKO Majl, YTO IOJIe BHYTPH Hee MOXHO CYMTAaTh
OIHOPOTHBIM, IPOU3BENeHNEe KBAPaTa pafguyca BUHTOBO# JIHHUH Ha HHOYKIIHIO
MarHMTHOro Moy He MeHAeTcA.

§ 10.2, lpeitpoBoe MBrOKEHHE YACTHIE

2 10.2.1. [IpoctpaHcTBO pa3spmeneHo Ha [Be OONAacTH IJIOCKOCTBIO. B omHoi
obnacTi co3MaHO MarHWTHOe MOJle MHAYKUMH B;, B Ipyroil — muaykmmu B,,
iIpMYEM TOJIA ONHOPOIOHBI U MapaulenbHbl Opyr Apyry. C MiocKocTH pa3geria
NAPNEHIUKYIAPHO el CTapTyeT MEKTPOH CO CKOPOCTBIO U B CTOPOHY OGNacTH
¢ huoykumeit nons 5 ;. Onuunte nanbHefilee OBIKeHKME 3/le KTpoHa. Onpelens-
Te cpelHIOI (IpeidOBYI0) CKOPOCTb MepeMelieHUsA 3MeKTPOHA BHOMb TPaHHMIIb]
pabIena MarHUTHBIX MOMNe, TPOHUIAE MOM [I7TA Hero.
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K 3a0que 10.2.1 K 3adaue 10.2.2

> 10.2.2*. Ouenute ckopocts Apefipa 3nmeKTpoHa NONepeK HCOTHOPOBHOTO
MarHUTHOTO MOJIf, KOMIIOHEHTbl MHAYKHHMH Kotoporo By, = 0, B, =0, B, =
=By (1 +ax).CkopocTb 31eKTpoHa U, U <€eBy/(am,).

% 10.2.3. O6bnacTH OTHOPOOHBIX MaTHUTHOTO M 3NeKTPUYeCKOTo Monel passe-
AeHpl TpaHHUEed — INIOCKOCThIO. MarHMTHOe 1OJie MHOYKuuM B NapasuienbHo
IUTOCKOCTH pa3spesia. JleKTpyuecKoe MoJie HanpsXeHHOCTH E Ne pleHOMK yIAPHO
IJIOCKOCTH pasfiena. B snekrpuueckoe mose Ha paccTOsAHHM ! OT FpaHUIB] TOMe-
LuaeTcA YacTHLI@ Macchl m ¢ 3apsanoM q. HapucyiiTe TpaeKTOpHIO 3TOH YacTMIibI.
Haitnure cikopocTs Apeida uacTvibl BOOIb NPOHHIAEMOM IUIA Hee rPaHUIB! pas-
Jlena noseH.
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K 3a0aue 10.2.3 K 3a0aue 10.2.5

10.2.4, BaauMHO mNeplneHOMKYJAPHbIE 3MEKTPHYECKoe M MATHHMTHOE MOJA
Ha3bIBAOTCA CKpelleHHbIMU. Kakyro HauanbHY CKOPOCTh MOJIKHA UMETh 3aps-
XKeHHasA YacTHI@ B HallpaBJIeHWH, lle peHOUKYIAPHOM OGOMM IONAM, UTOoObI ee
ABHXEHHE B CKPEILEHHBIX MOJIAX 0CTaBAaJIOCh NpAMonuHeAHbIM? HanpsxeHHOCTh
WEKTPHUeCKOro noJif £, *HAyKuuA MarHHTHOTO 1o B,
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¢ 10.2.5. B ckpemeHHBIX JIeKTPUYeCKOM M MAarHUTHOM nonsix E u B vactuua
“npeiidyer” nonepex oGoux noseii. Yemy papHa gpeiidosas CKOpOCTb YacCTHIpI?
10.2.6. Yemy paBHa ppeiidoBas CKOPOCTb 3apskeHHOM YaCTHIbI, TBHXYILEH-
A MOTNIEPEK MIEKTPHUECKOTO M MATHUTHOTO MoJleii, ecnu yron mMexny E u B pa-
BeH a?
¢ 10.2.7. Jdoxaxwute, YTO 3apskeHHAA YacCTHIA B CKPEIEHHBIX 3JIeK TPHYECKOM
H MarHHTHOM IONAX OBpaliaerca ¢ YACTOTOM w = ¢B/m BOKPYT ueHTpa, KOTO:
phlil OBHOXKETCA ¢ OpeiipoBOil cKOPOCTBIO (M TO3TOMY CKOPOCTb YaCTHLBI B JIKF
Goit MOMEHT BpeMeHHM PaBHA BEKTOPHOH CyMMe JIHHEHHOH CKOPOCTH Bparug-
HUA BOKPYT MFHOBEHHOTO LEHTpa U IpefihoBOi cKopocTH).
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K 3adaue 10.2.7 T Ksadawe 10.2.8

¢ 10.2.8. Inockuit KOHOEHCAaTOp MOMEIEH B OOHOPOOHOE MarHMTHOE MQJie
MHIyKUMM B, mapaiesnpHoe miacTuHam. M3 TOUKM A BBUIETAHT IEKTPOHB B
HaNpaBJIeHUH, [IepleHIUK YIAPHOM MarHUTHOMY moso. HanpskeHde,, TpHI0KeH-
Hoe K IIIacTMHaM, papHO V. [lpu xakoM yCiIoBMM a/leKTPOHBI 6YOYyT MPOXOIMTH
Yepe3 K oHOeHcarop?

¢ 10.2.9. Ha nnockue aHOJ M Kartofl, pacCTOSIHUE MeXAY KOTOPhIMH d, NOJaeT-
CAl BbICOKOe HampsbkeHne. CHCTeMa HaXOMTCA B MAarHUTHOM IOJIe HHOYKIMH B,
MapasensHoM UIOCKOCTH 37eKTpomoB. OnpefenuTe, NpH KaKoM HalpsxeHHA
37IeK TpOHBI JOCTHIHYT aHoma . HaliiuTe sTo HanpsikeHue, ecni B =0,1 Tin,d =2cm
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K 3a0aue 10.2.9 K 3a0aue 10.2.10

¢ 10.2.10. IyeKTpoH OBHXKETCA CO CKOPOCIBIO U IOINepeK OZHOPOMHOIO Mar-
HHTHOTO NOJNA ¢ uHOyKuwed B. BxiouaeTcs 3jeKTpuyeckoe HOJie HAMpsikKeH-
Hocth FE, xoTopoe NeplNeHAMKY/IAPHO MAarHUTHOMY IOJI0 M HANpaBJIeHO NO.
YIJI0M (& K CKOPOCTH MIeKTpoHa. Onperesiute ganbHeiillee ABMKeHUe 3JIeKTPOHA.

10.2.11. Hafigute ckopocCTs apeiicda YACTHLBI C 3apAOM ¢ B e pIeHOMKYIAp-
HbIX JIpYT OpYry MArHHTHOM MOJie MHIYKIMH B ¥ mone MOCTOAHHOW CHIbI F.

10.2.12. Hajimure npedi¢oBy0 CKOPOCTh 3IEKTPOHA M IPOTOHA B MOJIE TAXEC-
TH ¥ MAarHUTHOM IoJjie 3eMIH, HHOYKUMA KoToporo paBHa 0,7 - 10~% Ty. Mar-
HUTHOE TOJIe NeplleHAHK YIIAPHOE MOJI0 TAXKECTH.

.



I'JIABA 11
AJIEKTPOMATHUTHAA HMHIAYKIIUA

§ 11.1. iBmxeHHe MPOBONHMKOB B NOCTOSHHOM MarHMTHOM Mole.
AneKTpoABHIraTeNH

11.1.1. Mexy KaKHMH YacTAMH CaMOJIeTa BO3HMKAeT MAKCHMAJIbHOe HaNps-
XK¢HHE 3NIEKTPHYECKOTO MONA H3-33 €r0 ABHXXEHHA B MarHHTHOM Nnne 3emin?
¢ 11.1.2. Tonepex marHutHoro mosyiA WHEykuuu 0,1 Tn nBuXKercs co cko-
poctbio 1 M/c mpsamo# nposop, WmvHsl 0,3 M. UeMy paBHO HanpfXeHHe 3JIEKT-
PHHECKOTO MOJIA MeXIY KOHUAMH TPOBOIHHKA?
¢ 11.1.3. Meramuyeckuit Gpyeok, pasmepst kotoporoa X b X ¢ (b <€ g, ¢),
OBIDKETCA CO CKOpPOCTbI0 U B MAaTHHTHOM IIONe HHAYKIMH B Tak, KaK MOKa3a-
HO Ha pucyHke. Halinyre pasHocTh moTeHIManos Mexuay GOKOBBIMH CTOpOHAMH
6pycka H MOBepXHOCTHYI0 ILIOTHOCTb 32PANOB Ha HHX.

)
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K3zaoaue 11.1.2 K3adaue 11.1.3

11.1.4*. IIpeanornoxuM, 4TO aTOM MOXXHO TIPeACTABHTh KaK LIAp pafuycar ¢
PaBHOMEpHO paclipeelleHHhIM OTpPHLATEIIbHBIM 33pAAOM, B LIEHTpe KOTOPOTO
HAXOOMICA TOYeYHOE AAPO C MOJIOKMTEIIbHBIM 3apanoM Ze. Haipnure, ¢ Kako#
CKOpOCTBIO MOXET, He pacmafasAch, HIBHTaTbCA TAKOH aTOM NONEpPEeK MarHUTHOrO
IIOJIA C HHAYKITHEH B, )

11.1.5*. OrpuuatesnbHble HOHBI Bomopopa H™ BreTalor nocme yckopeHHsA
X JNeKTPHYECKHM [IONleM B NoONlepeyHOE MArHHTHOe mojie MHAyKimH 40 Tn.
OueHnre, pH KaKoH Pa3HOCTH MOTEHLMAJIOB, YCKOPAKILEH 3TH HOHBI, OHH ellie
He pa3pyMI2lTCA MAarHMTHBIM [OJieM, JHeprua CBA3H BHELIHErO 3MeKTPOH2 B
OTpHUATENbHOM HOHe Bofopona 0,72 3B ~9 - 10713 IIx.
¢ 11.1.6. MarHuTHAS MHOYKUHA B e pIeHIAK yNApHa INIOCKOCTH TPOBONOYHOR
KBafpaTHOR pamku. Haiinure pacnperneneHHe HanmpsHkeHHOCTH 371K TPHYECKOIO
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TI0JiA BOONb NPOBOAA PAMKH, €C/TH OHA OBMXXETCA TONepeK HOJNSA ¢ MOCTOAHHOM
CKOpOCTBIO U.

¢ 11.1.7. MHoyKuusA NOCTOAHHOTO MAarHUTHOTO IOJIA U3MEPAETCA C TIOMOLIBIO
KBaJpaTHOM pamMKH, pa3Mepbl KOTOpoil ¢ X 4, Bpauiawuieica ¢ yIJIOBOH CKO-
poctbio w. Ocbh ee BpameHHs NepleHAMKYIAPHA HANPABIIEHUID MaTHHTHOTO
Hojif. AMIIUTYIA 3IMCKTPHUECKOTO Hallpf)KeHUA, CHUMAeMOTO ¢ PaMKH, paB-
Ha V. HaliguTe MHOYK M0 MarHUTHOTO TIOMA *).

K3aoaue 11.1.6 K 3a0aue 11.1.7

¢ 11.1.8. IIpamoyronbHas pamka, pasMepbl KOTopo#t @ X b, nomereHa B mak-
HUTHOe Tofie MHOYKLMU B, IpuyeM B HAYaIbHBIA MOMEHT BpeMeHH ILIOCKOCED
PAMKH TepNeHONKYJIApHA JIMHUAM oA, Pamka BpaujaeTca ¢ yIJIoBo#M cKo-
pOCTBIO W.

a. Iloctpoiite TpadMk 3aBUCUMOCTH TOKa, TeKYIIETO B paMKe, OT BpeMeHH.
ConporuBrenye pamMxu R.

6. Kak 3aBUCHT OT BpeMeHU MOMEHT CHJI, HeOGXOMHMBIA A NOAEpKaHUA
TIOCTOAHHON CKOPOCTH BpariieHUA paMKu?

K 3adaue 11.1.8 K 3adaue 11.1.9

¢ 11.1.9. KsagparHsiii 3aMKHYTBIi BUTOK IPOBOJIOKH, IJIMHA CTOPOHBI KOTO-
poro b, a CONpPOTHBJICHHE eIHHHLB! IUTMHbI P, TPOXOOMT C TOCTOAHHOH CKO-
POCTBIO U 33a30p 3JIEKTPOMATHHTd. MarHUTHOe MoJle B 33a30pe OJHOPOIHOE, eT0
MHOYKLUA paBHa B. CunTas molle BHe 3TOTrO 3a30pa PaBHBIM HYIIIO, OIIpeieNIuTe
3HE PTHI0, IPEBPATHBILYIOCA B TEIIO, [UTA CIIYY4eB, KOTa HPOTAXEHHOCTD 3330 pa
@ B HATIpaBJIEHMM [ABM)KEHUs BUTKa MeHblie b U Gonblle b, a B Ne pIeHIUKYIAD-
HOM HATIpaBIIeHUH — GOmbIle b.

*) B§ll.1,11.2 HHAYKIKHE! MarHUTHOrO IOMNS TOKA B IpoBoaax INpeHeOGpeyb.
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¢ 11.1.10*. MeTasutuuecKuit cTepxkeHb AB, CONMPOTHBIIEHNE €IMHULBI [UTHHBI KO-
TOpPOro p, OBMXETCA C ITOCTOAHHOM CKOPOCTbI0 U, MepHeHOHKYIIApHOH AB,
3aMblKas [BAd upeanbHbplX mpoBogHuka OC u OD, o6pa3yoiiux ApYT ¢ ApYTom
yrojt a. inuna OC paBHa ! u AB 1 OC. Bcs cucteMa HaXOQUTCHA B OHOPOIHOM
MOCTOAHHOM MAaTHUTHOM IOJie MHAYKIMH B, NepneHOMKYIIAPHOM IUIOCKOCTH
cucrembl. Haiiiure monHOe KONMHYeCTBO TEIUIOTHI, KOTOPOE BBIAENIUTCA B melu
32 BpeM# OBWXeHHA NpyTa o1 Touku O no touxu C

s

T Y B
Mz w7t
T
K 3a0aue 11.1.10 K 3adaue 1].1.12

11.1.11. B ogHoM U3 $HaHTACTHYECKUX POMAHOB IMPEITAranca MpoeKT eKT-
POCTaHIMK, MCIONb3YIOLieH JHEPruld MOPCKMX TeYeHHWH M MarHUTHOe [IOJe
3eMmM. B okean NorpysxeHsl [qBe TOPH3OHTalIbHble METAJTIMYeCKHe IUIACTHHBI
nnomamu S = | km?, pacrnonoxensple Ha pacctoauun L = 100 M ofHa Hag Ipy-
roii. Mopckas Bofa, o0safgaowas yaenbHsIM collpoTuBiIeHHeM 0 = 0,25 OMm ' M,
TeyeT C BOCTOKA Ha 3alajl cO CKOPOCTBIO U = ] m/c. MaruuTHoe none 3emnu B
NaHHOM MecTe OJIHOPOJHO, HATIpaBIIEHO C 10Ta Ha CeBep, @ HHAYKIMA 3TOro MNo-
na B = 10"* Tn. B pe3y;braTe Mexcay IITACTHHAMH TOMBJIAETCA HaNpmKEHHE,
a eCJIM MX COeMHUTD NIPOBOAMH C BHeELIHEH HArpy3koi, TO B Hell BbIdeNAeTCH
MorHocTs. OnpeeNiuTe MAKCHMaIbHYH MOIIHOCTD, KOTOPYK MOXHO MOJYUHTh
TaK M obpasomM.

> 11.1,12*%. B MarHMTOOMHAMHUECKOM TeHepaTope MeXmy MIOCKMMH napan-
IETBHBIMHA 37IEKTPOAAMH, paclooXeHHBIMHM Ha PacCTOAHUMU A = 10 cM apyr or
ApyTa OBWKETCA pacKajleHHbIH ra3, IpoBOAMMOCTb KOTOPOIO IPONOPLUHOHATbHA
otHoctd. [lnomans kaxmoro snexTpona S = 1 M?. MaruuTHoe mojle reHepa-
ropa MapajlyieJIbHO MIIACTHHAM M TepleHIUK yIApHO [a30BOMY 1{OTOKY, HHAYK-
uus a1oro nona B = | Tn. [lpn Bxode B reHepartop ckopocts rasa v = 2000 M/c,
poBoauMocTs A = 50 Cm/m. Onpegenure MaKCHMANbHBIA TOK M MaKCHMallb-
HOe HanpsKeHUe TeHepaTopa.

> 11.1.13. Tlo npoBopasieil leHTe MIHpHHBI d TeuyeT TOK [. JleHTa HaxomMrcs
B MAaTHHUTHOM [OJle MHOAYKUMH B, HampaBreHue mond NepNeHOMKYJAPHO ee
IsIocKocTH. Haiinute pasHocTh MOTEHHUATIOB MeXmy ToYKaMu I U 2 JIeHTHI,
CCIIH ee TOMIIMHA PaBHA /1, a 0ObeMHasA MJIOTHOCTb 3apA/IA HOCUTeJNeHd TOKA Ha
tle#t paBHa P,

> 11.1.14. a. Yckoputens miasmel (perbCOTPOH) COCTOMT U3 [IBYX Napaniens-
HBIX MACCHBHBIX MPOBOTHUKOB (peJbCOB), NIEXANIMX B NIOCKOCTH, NepleHIn-
KYTAPHO# MarHUTHOMY MO0 HHAYKuMH B. Mexny toukamu 4 u C B Bogopoze
IOMKMIaIoT 3TeK TpHYecK Ul pa3pan. Tox / B pa3psfe NopaepxUBaeTcA OCTOAH-
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K3a0aue 11.1.13 K 3a0aue 11.1.14

ueiM. Tlox pmefictBMeM MaruuTHOrO mons oGnacth pa3psAna (IWIa3MeHHBIH CTryc-
TOK) TiepeMellaeTc, pa3roHAACh K KOHIAM DEJIhCOB H CPBIBasch ¢ HUX. Yemy
PaBHa CKOpOCTh IHIA3MeHHOTO CTYCTKa, ecJIM ero macca m? PaccTosiHHe Mexny
penbcamu /. JIIMHA yvyacTKa, HA KOTOPOM IPOMCXOOHT YCKOPEHHE NIa3Mel,
paBHa L.

6. Peumre 3amauy mia cnyuass B=1Tn,? =0,1 m,L =1m,I =10 A; B nas-
MeHHOM crycrke cofepxutca 10! 3 nonos Bomopona.
¢ 11.1.15. B 1pybe nmpsAamoyroibHOro ceveHuss @ X b HaxogWIcA ra3 MIOTHOC-
TR p. BeprukansHbie CTeHKH TpyObl — H30ATOpBI, TOPH30HTaNIbHbie — 3TIEKTPO-
msi. B opHOoM H3 KOHIOB TpYyObl 3aHraoT paspsj, locne ¥ero ToK [ mommep-
XHBAETCA NOCTOAHHBIM. BO3HuKIIas oONacTb ropeHHs pa3pAna MAarHWUTHBIMH
CHIAMH BTAJIKHBaeTCA BHYIpb Tpybnl, “crpebaa” mnepes coboit ras. Onpepe--
TMTe YCTaHOBHBIIYIOCSI CKOPOCTb NNa3sMeHHOH “nipoGkH’™, cYHTaf, YTO OHa BCe
Bpems Gonbllle CKOPOCTH 3BYKa B rase. MarHHTHOe 10Jle HHOYKUHMH B nepnexnu-
KYJIAPHO BEPTHKAIBHBIM CTEHK2M TpY6BI.

K3aoaue 11.1.15 K3aaoaue 11.1.17

11.1.16. ToHkoe mnpoBonsmlee KOJbLO MOMEIUEHO B MArHHTHOE mone B,
TepleHIHKYNApHOE TUIOCKOCTH Konbua. Paguyc Konbua yBelnHuHBaeTCA ¢ NOCTO
AHHOM CKOPOCThIo U. OTipeiesIHTe 32BHCHMOCTD TOK2 B KOJIbllE OT BPEMEHH, eC.

B HauajbHBIA MOMEHT CONpOTHBIIeHHe Kombua R, , a pamuyc xoneua rg . [lnor
HOCTb M IPOBOOMMOCTh MATepHaI2 KOJbIA NpPH pAcIAKEeHHH He MEHANTIC
¢ 11.1.17. Burox mwiomanu S pacronoxeH INepleHANKYNApHO MarHUTHO
om0 HMHAYKuMM B, OH 3aMKHYT Yepe3 ralbBaHOMeTp C COMPOTHBIIeHHeM R
Kakoii 3apsy IpoTedeT Yepe3 3TOT FaNbBAHOMETP, CIM BHTOK 10OBe pHYTb napand
IeTIbHO nosmo?
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¢ 11.1,18*, Karymxa paruymka MarHMTHOTO ITOJIA HM3TOTOBJIEHZ M3 MedHOTO
nposofa muaMerpa 0,2 mMM. Pagnyc katymxu 1 cM. YpenbHOe CoNmpoTHBIIE-
Hue 1,7 - 1078 Om * M. JaTuux onpenenseT MHIYKIHI MarHATHOIO MO 110 3a-
pAy, KOTOphIH NpoTeKaer Yepe3 KaTylIKY, 3aMKHYTYI0 Ha TallbBaHOMeTp, KOT-
[2 ee BHOCAT B MAarHUTHOe IMoJle TaK, YTO OCh KaTYIIKH COBIA/IaeT C Halpapje-
nieM ronsa. Onpepernure MHIYKIMIO MarHHTHOTO TOJA, €CTIH 4epe3 ranbBaHo-
MeTp, KOT/I2 KAaTYIIKy BHECIIH B Tolle, poTex 3apsaa 1074 K,

\—.—_)__
© —vwoes — —

K 3a0aue 11.1.18

¢ 11.1.19. B ofHOpOAHOM MarHMTHOM HOJE UHAYKIMH B HaXo[dATCA IBE BEPTH-
KajbHble pPedKH, PAaclONOXeHHble B IMOCKOCTH, MepNeHOUKYIAPHOH JTHHAAM
nons. Ilo peilkaM, paccTofHHE MeXIY KOTOPBIMH PaBHO /, MOXET CKOJb3HTh
IpoBOAHHK Maccel M. Ompenenure yCTaHOBABLWIYIOCH CKOPOCTb 3TOT0 NPOBOM-
HHK2, ecH BepXHHE KOHUbl peeK 3aMKHYTBI Ha compoTuBieHdHe R. B xaxme
BU/IBI 3HEPTHH TIePeXOaUT paboTa ¢HUIbI TsKecTu?
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K 3adaue 11.1.19 K 3a0aue 11.1.21

11.1,20*. Onpepenure B 3amaue 11.1.19 3aBHCUMOCTb CKOpPOCTH TPOBOIHH-
K2 OT BpeMeHH NpH HYJeBOH HAYaNBHOH CKOPOCTH B Cllyyae, KOTa BepXHHe
KOHI[BI peeK 3aMKHYTbI: 8) Ha CONpOTHBIIeHHE R; 6) Ha eMKkoctb C,
> 11.1.21. B ocecHMMeTpHYHOM MAarHMTHOM IIOJIe TeNO MOXHO YCKOPATS,
NOAJEPXKHBAsA B BHTKe, CBA3IHHOM C TEJIOM W OpHEHTHPOBAHHOM IepleHIH-
KYJIAPHO OCH CHMMeTpHH IONA, MocTogHHbIA TOK /. JloxaxuTe, YTo npHpanie-
HHE KHHETHYECKOH 3HEPTrHU Teja BMECTe C BHUTKOM IIpOINOPLHMOHANBHO MPHpa-
UIEHHI0 MACHATHOTO [MOTOKAa Yepe3 BHTOK, M HAlgHTe Ko3G(HIMEHT Ipornop-
1{LMOHATILHOCTH.

11.1.22*, B mMarHuTHOM noJsie ¢ GOJBILIOH BBICOTHI MajgaeT KONbIO PaTHy-
ca a U Mmaccel m. Conporusnense xonsua R. Ilnockocrs konbiua Bce BpeMA
ropu3odTansHa, Haliiute yCT2HOBHBLIYIOCH CKOpOCTH MafieHHA KoJIbLia, €CiH
HCPTHKANIbHAA COCTABJIAIOILAA MHOYKIMY MaTHHTHOTO TIONIA H3MEHAETCA C Bbl-
coTo# o 3akoHy B =By (1 + ah). 275



O 11,1.23%, B none TAXECTH MOMELIEHO BEPTHKAIBHO METAJUIHUCCKOE KOJIBLO.
MeTammyeckwit crepxendb ATHHEL L H Maccs! 71 INAPHUPHO 33KpeIUICH B LEHTpe
KOTBIA H KacaeTch ero ApyruM KOoHuoM. OQHOpOoZHOe MarHUTHOE NoJie MHIYK-
MM B nepNeHouMKyNApHO IIocKocTH Konbia. [lo xakoMy 3aKOHy Hamo MeHATh
TOK B CTepXHe, YT0OBI CTepXKEeHb BPAMIATICA PARHOMEDPHO C YITIOBOH CKOPOCTBHIO
W, €CNIK B HAvATIbHbIA MOMEHT CTIepXeHb HAXOMWICA B BEpXHEM NOJIOXeHHH?
Tpennem npeneGpeys,

K 320ave 11.1.23 K 3aoaue 11.1.24 K 3aoaue 11.1.25

0 11.1.24. Ha pucynke wu306paxeHa MOOeJib OBWIaTeNifi MOCTOAHHOLO TOKa,
J.n.c. Garapen &, HEOYKUMA MAarHMTHOTO MoNA B, compoTuBIleHHe uenu R, k-
Ha nepeMbIdka L.

a. Onpenendre yCTaHOBHBLIYIOCA YTJIOBYI0O CKOpOCTh NEPEMBINKH M TOK B
LEIH, €CITH CWIa TPEHUS B TTOOBHKHOM KOHTaKTe F,

6*. HaiiguTe 33aBHCHMOCTD YITIOBOH CKODOCTH IE€PEMBIYKH OT BPEMEHH, €CITH
ee Haya/lbHas CKOPOCTb PaBHa HYIII0, a TPeHHEM MOXHO IpeHeOpeus,
¢ 11.1.25%. TlpoBonAiuMA OHCK BpamiaeIcs ¢ YrioBOH CKOPOCThIO ) B OFHO-
POINHOM MAarHHTHOM [OJIe MHAYKUMH B, NepneHOUK yIAPHOM MIIOCKOCTH AMCKa.
Uro moKaxeT aMIepMeTp, BKIHOYCHHBIH dYepe3 comporuBieHue R? Haiimure
TOK, eciii R = 1 Om, pamuyc pucka r = 0,05 M, w = 27 - 50 pan/c, B =1 Tn.
O 11,1.26*. Ha ocn O mwapHupHO 3aKpeleHa ONHOM CTOpPOHOH KBajpaTHasd
ApOBOJIOYHAs paMKa, pasMepbl KoTopoi @ X a. Bokpyr 3roi xe ocu Bpaiaerca
C YINIOBOH CKOpOCTBI0 Wy MAarHHT, CO3JAIIUA B 00NacTd, rme pacHoONOXeHa
paMKa. pagMaibHOe MarHWTHoe mojie. Onpepnenurte YrioBYI0 CKOPOCTb PaMKH,

K 3adaue 11.1.26

€CJIM COMpOTHRIIEHHE €TMHHIBI ee [UTHHbI O, MOMEHT CWIbI TpeHHA M, 2 uHmyic
1A MarHUTHOTO NOMNA Y ¢BOGOAHOTO Kpad paMKH B.

11.1.27. ToueMy 3MeKTPOOBHraTeNlb MOXET CTOPEThb, €CJIM OCTAHOBHTH erv
. potop?

11.1.28. YacTora poTOpa M€K TPOABHTATENA MOCTOAHHOIO TOKA, BKIIIOYEHHC
ro B menb 6atapen ¢ 3.4.c. 24 B, npu nonHoM conpotusneHun uenu 20 OM pam
Ha 600 mun~! ipu Toxe B Hend 0,2 A. Kakyw 3.0.c. pa3oBbeT TOT Xe [ABUT
Tenb, paboTas B KauecTBe THHAMO-MAUHHB! ¢ YacToTo# 1200 Mun~!?
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11.1.29. Kaxyio yactory pa3oBbeT 3JIeKTPOABHIrarells NOCTOAHHOIO TOKA C
TOCTOAHHBIM MArHHTOM, BKJIOYEHHRIR B NENb € 3.0.C. & NPH NONHOM conpo-
THBJICHHH LenM R, ecny, paGorad B KadecTBe AMHAMO-MalIMHBI, OH Pa3BHBA-
eT 3.J0.c. & OpH uacrore f? MOMeHT CHIIBI TpeHHS Ha OCH [BHratens pased M,

11.1.30. Kaxkymwo 3.0.c. pa3sBHBaeT AMHAMO-M2IIMHA NMOCTOAHHOIO TOK2, eclii
npu comporuBiieHdH uenu 300 OM Ha BpaiieHHe poTopa 3aTPaYMBaeTCA MOLL-
Hoctb 50 BT, a noTepn Ha TpeHHe coctapiifloT 4% no MomHocTH? Kakyio Momt-
HOCTh [UIA MOIJEPXaHUA TOH Xe YacTOTHl HeoOXOOMMO 3aTpauMBars MpH CO-
TpoTHBJIeHUH nenu 60 Om?

11.1.31*, fxopsA nByX OAMHAKOBBIX 3JIeKTPOABUrareseil OCTOAHHOTO TOK2
COOCHBI H eCTKO COeNMHeHbl Apyr ¢ ApyroM. K o6MorkaM sIKopeid NOOKIo-
YeHbl OJMHaKOBBIE HMCTOYHMKH Toka ¢ 3.4.c. &. Ilpu atom yrmoBasa ckopocts
Bpaienus fKopeil 06e3 Harpy3KM paBHa wp. EcnM OBMratesid 3aTopMoO3WTh,
TO TOK B AKopax 6yner paBeH Ip. OOHH M3 MCTOYHHMKOB IePEKIIOUWIH TaK,
YTO BPpAILaolIde MOMEHTBI [IBUraTeliell CTATH IpOTHBONONOXKHEI, Kakoi MoMeHT
HYXXHO NPWIOXUTh K COeNUHEHHbIM RKOPAM IJIf TOTO, YTOOGBbI OHM Bpallanuch
¢ 3afaHHoii yriioBoH ckopocrnio w? Tpenue B AsuraTensax npeHeGpexuMo Ma-
10; MarHHTHOe I10JIe CTATOPa COIMAETCA MOCTOAHHBIM MATHHUTOM.

11.1.32*, Opun KoHel NPOBOAA TPAMBAHHOW JIMHHH HAXOOHICK MOJ OCTOAH-
HBIM HAMpsXXeHUeM V OTHOCHIENbHO 3eMiH. Ha kakoM paccrosiHum or 3toro
KOHHA JIMHHM HAXOOMTCH TpaMBa#, cHaG>keHHBIA OBYMsS OOMHAKOBHIMH [IBUTa-
TEJIAMH, U C KaKOH CKOpOCTbI0 OH OBHXKETICA, eCIM IIPH MOCIIeIOBaTeNIbHOM
BKJIIOYEHHH eTO /[IBHTaTesledl TOK B JIMHHH paBeH [;, NpH napaninensHom — I,
a CKOpOCTb TpaMBaf NpU TAKOM MepeKIIoYeHHH He M3MeHserca! Cuna Tpe-

#uf F, compoTuBiieHHe eOMHULB! IMHBI MPOBOIA O, CONPOTUBIIeHHe OGMOTKH
KaXKmoro AsHrarena R.

§ 11.2. BuxpeBoe 3aneKTpHIECKOE NoJie

11.2.1, Yemy 6bIn paBeH MAarHUTHBIA MOTOK Yepe3 INIOWIa/lb, OTPAHHYEHHYIO
3aMKHYTBIM KOHTYPOM, €CJIH TIpH paBHOMe pHOM YOBIBaHHM 3TOr0 MOTOKA B Te-
JeHMe | c 10 Hy/is B KOHType BO3HHKaeT 3.J.c. HHOyximu 1 B? 100 B? 1 CI'C?

11.2.2. UHpoykuus ogHOPOOHOrO MarHATHOTO M0JIs BHYTPH LHIIMHIpA pajiuy-
ca r=0,1 M JIHHeHHO BO3pacTaeT co BpeMeHeM: B = at (ko3dpduumedTr a =
=107% Tn/c). MarauTHOe moNe HAaNpaBJeHO BIOJb OCH LMIHMHApa. UeMy paBHa
HATIPSAXKEHHOCTh BUXPEBOTO 3MeKTPHYECKOTQ MNonsA Ha paccTosvud [ = 0,2 M ox
\-CH IHITHHApa?

11.2.3. MlpoBoasimee Kobuo, HMeLIee [0 AHAMETPY MepeMBIUKY C JIEKTPH-
¢CKOIli JIAMIIOYKO#, IePeMeILaloT B MarHUTHOM Iojle CONIeKONIA ¢ TOKOM TaK,
iTO IUTOCKOCTb KOJIbLa NepleHONKyIAPHA OCH COJIEHOH/IA, @ MepeMbIYKa C JIaM-
OUKOW NMEPNeHANKYNApHA HalpaBileHHI0 CKOPOCTH NBIDKEHHA Konblia, B nono-
ASHHAX Kojbla A U B 1aMIoYKa CBeTHTCH, a B nonoxeHun C racHer. OGbAcHHTE
HabnromaeMbId a¢pdeKT.

11.2.4. HHgykuuMA MarHMTHOTO NOJA BHYTPH LWIMHOpAa pagHyca 8 ¢M BO3-
pacTaeT cO BpeMeHeM IO 33aKoHy B = at? (xosboduuuent a = 1074 Tn/c?).
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K 3a0aue 11.2.3

MarHuTHoe INoJie HampaBNeHo BAOJb OCH HWIMHApa. UeMy paBHa HampsikeH-
HOCTH BHXPEBOTI'O 3K TPHYECK OTO T10J1A Ha paccTosHuu / = 0,1 M OT OCH LMIHHI-
pa B MOMeHT BpeMeHH 1 = 1¢? £, =4 c?
¢ 11.2.5. lo nByM GeCKOHEYHBIM HAPAJLIENBHBIM ILIOCKOCTAM TEKYT OIUHAKO-
Bble [0 MOIYJI0 H IPOTHBOMNOJIOXKHbIE [0 HANPaBJleHUIO TOKH. JIMHeHHasA MIOT-
HOCTh 3THX TOKOB H3MeHAETCA MO 3aKoHy j = at. Haiimure pacnpemerneHue Ha-
HOPAXXEHHOETH BHXPEBOTO 3NEKTPUYECKOTO IOJIA MeXTY 3THMH IIJIOCKOCTAMH.

11.2.6. Yepes coneHoup AnuHel /o = 20 cM H pagdyca r = 2 cM TeyeT CHHYCO-
unaneHbli Tok I =Jysin(2ave), roe Iy = 10 A, » = 50 . Uncno BUTKOB B cone-
Houpme 7, = 200. Haiinure pacnpeneneHde HaNpsAXKeHHOCTH BUXPEBOTO 3JIeKTPH-
YeCKOTro TONA BHYTpH cojleHouma. Kakoi aMNNMUTyIb! HANPAXKEHHe CO3AET ITO
moNe B KaTylKe MUHBI [ = 5 c¢M H paguyca ¥ = | cM, IIOMeeHHOH BHYTpb
COJIeHOMIa BIIoMb ero ocu? UKciio BHTKOB B 3To# Katyuike n = 100.

11.2.7. CxopocTb U3MeHEHHA MATHUTHOTO MOTOKA Yepe3 MOBEPXHOCTh, Orpa-
HHYE HHYI0 3aMKHYTBIM KOHTYPOM, PaBHa ¢ .

a. Oupenenure 3apAf Ha KoOHfeHcaTope eMKOCTH C, KOTOpBIH BKITIOUEH B
3TOT K OHTYP.

6. B KOHTYp BKIIIOYeHBI [IBa KoHeHcaTopa eMmkoctd C; u Cp. Ompenenute
3apAn Ha o6KanKax KOHIEeHCaTOpoB. '
¢ 11.2.8. a. B KoHTYp, HMEOILKH BH OKPYXHOCTH ¥ HAXOHNAUIMHCA B OTHO-
PONHOM MarHUTHOM IIOJIe, BKIIOYeHbi ABAa KOHZeHcaTtopa emkoctu C; u (.
KoHTyp coemuHAKOT Mo OHaMeTpy NepeMBINKOWl — HpoBomHUKoM ab. Onpeme«
adTe 3apAd Ha OOKJAAKaX KOHIEHCATOPOB, €CIIH CKOPOCTh H3MeHEHNS MArHUT+
HOTO TIOTOKA Yepe3 KOHTYp PaBHa ¢.

A4
V4 /

K 3aoaue 11.2.5 K 3a0aue 11.2.8
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6*. Yemy Gbur 6b1 paBeH 3apAn Ha OOKIIafIkax HONOJTHHTENIBHOTO KOH[IEH-
catopa eMKOCTH (3, BKIIOUEHHOTO TaK , KaK H300paxeHO Ha pHCyHKe?
¢ 11.29. Ha pucyHke w306paxkeHbl MIOCKHe GHIYpbl, COeNaHHble U3 MPOBO-
JIOKH, CONpOTHMBIEHHE eIHHHUBI [THHBI KoTopoH paBHo 1 Om/M. Onpepenure
TOKH B HHX, €ClH (HTypBI NOMeILEeHbl B OHOPOIHOE MarHHTHOE MOoJIe, KOTOpoe
MeHseTCcs BO BpeMeHH. CKOpoCTh U3MEHEHUA MarHHTHOTO NMOTOKa Yepe3 equHH-
1y nnouramu 0,1 B6/ (m? - ¢).

h
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s
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ANGO° 807\ ,q[]
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a g g
K 3a0ave 11.2.9 K3a0aue 11.2.10

¢ 11.2.10. B uens 3neKTpHYECKOTo KOHTYypa BXO[IMT CONMPOTHMBIEHHe R H He-
3apsKeHHbIA K OHOEeHCcaTop eMKOocTH C.

a. Jlokaxute, 9410 3apfAn Ha KOHIEHCATope B Npouecce MOABIIEHMSA, a 3aTeM
HCYe3HOBEHH MAarHMTHOTO IOTOKAZ Yepe3 KOHTYp He NPEBBILIAET BeNHUMHbY
T/ (CRz), roe T — BpeMA CyLECTBOB2ZHHA 3TOT0 MarHMTHOTo NoToka, ¥ —
ero MaKCHMaJIbHOe 3HaueHHe.

6°*. Jlna onpenernieHust MOCTOAHHOTO TOKa [, TEKYIIETO B KOHTYpe B TeyeHue
BpeMeHH T, MpH HAITHYHH B 3TOM XK€ TPOMeXyTKe BpeMeHH Nle peMeHHOTO TOKa,
BBI3BAHHOTO 3NEKTPOMATHWTHOH HWHIAYKIIMEH, M3MEpAIT NOTeHUUaNn eMKOC-
™™ V focne Toro, Kak BCe TOKH HCYE3HYT, a 3aTeM OLEHHBAIOT HOCTOAHHBIA TOK
no ¢opmyne I = CV/T. Oupenenure MaKCHMAIIbHYI0 TOrPEIIHOCTh TAKOM OLEH-
KH B CiIy4ae, KOT[a aMILUTHTyZ1a lepeMeHHOro ToKa B k pa3 Gorbite /.
¢ 112.11. B a3nexTpHuecKHi KOHTYp BXOHAT KOHOeHcarop eMKoctH C =
= 0,01 Mx® u ason D ¢ conpoTHBNEHHEM B MpsMOM HampaBieHHd R = 100 Om,
8 ofpaTtHoM — paBHOM OeckoneuHoctu. Ilociie KpaTKOBpeMeHHOTO NOABNEHHSA
BHYTPH KOHTypa MArHWTHOTO NOJIA KOHHEHCATOp OKAa3ajiCA 3apsXEHHBIM [I0
unoteHuuana V= 0,5 B. Onpenennte Mak cHMaJibHbIi TOTOK MarHUTHOA MHOYK-
[{(MH, KOTOPbIH IPOXOIMII YePe3 KOHTYp.

— 5

] /

K 3adaue 11.2.11 K 3a0aue 11.2.12
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¢ 11.2.12. JneKTpOMarHuTHasA NMyIIKa COCTOMT M3 [BYX IJIMHHBIX IUTacTHH,
KOTOpbie 3aMBIKaI0TCA MeTaJVIH4eCKOH MNONepeyHol MIIAHKOH MAcChl M1, UMEIo-
el cKOJb3AIMe KOHTAKTBI ¢ IIacTHHAMHU. Paccrosiive MexLy NnacTuHaMH .
IMupuHa maacTuH d MeHbille DJTHHBL TUIaHKH, HO CYIleCTBEHHO Oonbile /.

a. Kak momxHO MeHATbCA BO BPeMeHH HANpsAXKeHHe, NOIABaeMOe Ha MIIACTH-
HbI C JIEBOW CTOPOHBL, YTOGHI IJI2aHKA ABUIAJIach BIPABO ¢ MOCTOAHHBIM YCKO-
penueM a? ¢ yckoperuem bt ?

6. Kak nomKHO MEHATHCA HANpsOKeHHe, MOMABaeMOe Ha NIACTHHB! LIMPH-
Hbl 10 cM, pacronoxeHHble Ha PacCTOSHMU | cM, 4TODB! Ha OAnMMHE 1| M ycko-
pHTb INaHKy macesl 10 T' o NepBOil KOCMHUYECKOH CKOPOCTH NPH e PABHOMeP-
HOoM yckopeHun? IIpH yckopeHHH, KoTOpoe NMPONOPHUOHANIBHO KBafpaTy Bpe-
MeHH?
¢ 11.2.13* Ilnockas cIHpanb ¢ OYeHb GONBIIMM YUCIIOM BUTKOB 1 M HapyX-
HBIM pafiiycoM F HaxOOWTCA B OIHOPOJHOM MATHUTHOM IIONE, MHAYK LIMA KOTO-
poro MepleHOMKYJISApHA IJIOCKOCTH CIHpald M U3MEHAETICA MO 3aKoHy B =
= Bocos wr. Haiipure ».4.c. MHOyKUMH B cIMpasiH. Paccrosnue Mexay BUTKa-
MH CIIHPAITH OfJHO U TO Xe.

11.2.14*. Ha HempoBOAAILLEM KOJIblie MACChI 71 U Paidyca r PABHOMEPHO pac-
Npenened 3apad q. Konmbno MoxeT cBOGODHO BpaliaThbeA BOKPYT CBOei OcH.
B HayanbHBIH MOMEHT KOMBIO TMOKOHTCA. B neHTpanbHoi obmactu xonbua pa-
muyca | < r uMeeTcA NEPHEHIUKYIAPHOe TIOCKOCTH KOMbla MAFHUTHOE HOjey
HHOYKUHMA KOTOpPOTO paBHOMEpHO yMeHbiaercA a0 Hyns. Kakyw yrnosyx
CKOpOCTh TMPHOOpeTeT KOMBIO K MOMEHTY Mcye3HOBeHHA nona? UsMenutca iy
pe3ynbTaT, eCId MHAYKuMs B 6ygeT yMeHbIUATbCA OO Hy/ii HepaBHOMepHo?
MHpykuMeir MarHMTHOTO MNOJIA, CO30aBaeMOH BPAaUIAOUIUMCA KOJIBIIOM, Mpe
HeOpeub.
¢ 11.2.15*%. Bue mwiMHApa paaMyca Fo WHAYKIUA OJHOPONHOrO MAarHUTHOT:
TIOJIA HapacTaeT JIMHEHO BO BpeMeHH: B = af. Kak fomkHa MEHATLCA BO Bpemeé
HU MHIYKIMA OJHOPOJHOIO MAarHMTHOrO MOJA BHYIPH UMIMHIPA, YTOObL MK}
POH [BUTaNCsA 110 OKPYXHOCTU paguyca r >ro? Ilpu ¢ =0 sneKTpoH NOKOHTCA

11.2.16*. B omHOpPOAHOM MarHMTHOM HoIlE 37eKTPOH ABWXKETCS 10 OKpyX
HOCTH OIpefefieHHOro pajuyca. YMeHbIIaeTCA UMM YBENUUMBAETCA Pafuyc Kpk
BU3HbI TPACKTOPHA IMEKTPOHA IPU MEIJIEHHOM BO3PACTAHMM MHIYKIHHM Ma
HUTHoro nonaA?
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K 3adaye 11.2.13 K 3aoaue 11.2.15 K3adaque 11217

.280



¢ 11.2.17*, MuayKumMa MarturHOTO TIOJIA HATIpaBiiena BHOJIb OCH Z ¥ 3aBHCHT
OT pacCTOAHHMA [0 3TOM OCH TaK, KaK H300paxeHo Ha pucyHke. Ha kakom
PACCTOSIHHM OT OCH Z BpalllaeTcs 31eKTPOH, KOTOPBIH TIPH BO3PacTaHHH 10Jis
octaeTca Ha cBoed opOuTe? Bo CKOJBKO pa3 yBeJHYMBAETCA 3HEPIHA 3TOrO
JJIEKTPOHa TNpPH [ECATHKPATHOM yBeJIMueHMH uHAyKuuu mona? Kak 6Gyayr
JIBUT4aThCA MPH BO3PacTaHHH IIOJIA 3JeKTPOHbL, KOTOPHIE ABUIaJIUCh O APYTHM
KPYTOBBIM op6utam?

11.2.18*%. Ha noBepXHOCTH [IMHHOTO CIUIOLIHOTO HCMPOBOMSIIErO UHIHHIPE
paluyca r paBHOMEDHO paclpefelieH 3apsj, LIOBEPXHOCTHAaf IIOTHOCTH KOTO-
poro 0. BHelHee oIHOPOJHOE MarHUTHOE TIOJle HHAYKUMM B HanpasiieHo BOOJb
OCH UMNIMHApa. Onpedendre ynIOByW CKOPOCTb BpallleHUA UWIMHApA NOCie
BBIKITIOYeHHA” BHeUIHeTro HoJIs. [IOTHOCTD BelecTBa WMITHHIPA 0.

11.2.19*. [lpy ycKOpeHHH 3apsf0B BOJHHUKAOT BUXDPEBbIE 3JIEK TPHYECKUE
110151, HalPSAXXEHHOCTh KOTOPbIX, €CIIH IIpeHeOpeub H3myyeHHeM, TIPONOpLLHOHAIb-
Ha yckopennio. [lootoMy Ha ABHXYIIEHCH C YCKODEHHEM @ 3apsfl CO CTOPOHBI
JTHX DNeKTPHUECKUX Iosedl peicTByer cuna F =m, a. Kosdduument npo-
IIOPLMOHATILHOCTH M, . MOXHO H23BaTh 3JEKTPOMATHUTHOH MacCOH 3apsya.

a. Bo ckonbKkO pa3 3JleK TPOMATHUTHass Macca 37eKTPOHA MPOBOAMMOCTH B
JUTMHHOM corieHoHze paguyca 0,1 M ¢ 4M¢IIOoM BHTKOB Ha e€[IMHHUILY JUIHHBI COJie-
wouma 10° m™! Gosbirte maccel cBoBomHoro aInekTpona? CeueHHe TpoBona
cosleHouzia 1 MM?, YMCIIO 3JIEKTPOHOB MPOBOAMUMOCTH B eiMHHIE O6beMa MaTe-
pHana coneHonna 1023 cm 2.

6. KaxkuMmH napaMeTpaM# [I0JDKeH 00514/1aTh COJIEHOH[, YTOOBI 3JIeKTpomar-
HHTHasg Macca J71eKTpOHa B HeM Obula paBHa Macce CBOBGO/IHOTO 3JleKTpoHa?
Uhcro 3MeKTpOHOB NMPOBOAMMOCTH B €[IMHHIE ODbeMa maTepHasia COJIEHOHMAa
1023 cm 3.

11.2.20%. Oupepennte MMEeKTPOMATHUTHYH MA4CCY IUIOCKOIO KOHIEHCATOpa
eMKOCTH C, 3apAKeHHOTO [0 1IOTeHUHana V, 1ipd PaBHOMEPHO YCKOpPEHHOM
.BHOKEHHH €r0 BOOJIb TIACTHH.

11.2.21%. DxcliepuMeHTBI Ha BCTPEYHBIX IEKTPOH-IIEKTPOHHBIX IyuKax
IHOKa3aJI4, YTO 3apsAll UIeKTpoHa paclipejelleH B 06IacTH, pa3Mepbl KOTOpOH
vienbie 107!'® M. Ouenute BepxHHMi npeien 3IeKTPOMAarHUTHOM Macchl ek T-
pOHA.

§ 11.3. B3anMHass HHIY KTHBHOCTB.
HunykTuBHOCTE npoBogHHKOB. TpaHcdopmaropsl

11.3.1. BHyTpH pIMHHOIO COJleHOMJa C TOKOM [ HAXOHHTCA IJIOCKHUH 3aMK-
HYTbIH KOHTYp CeueHHsi S, IUIOCKOCTb KOTOPOTO PpacmloJIOKeHa IOJ YIJIOM «
. OCH coieHouaa. YHUC10 BHTKOB Ha eJHHHIY IUTHHBI ColeHouza n. Onpemenu-
'¢ MarHHTHBIH MOTOK Yepe3 3TOT KOHTYP M B32HMHYK MHIYKTHBHOCTh KOHTYpa
[ COJIGHOHTA.

11.3.2. Butok pagmyca r COTHYJIM IO JHameIpy NHOJ 1IPSAMBIM YTIJIOM H IIo-
\ICCTHJIM BHYTpPh [UIMHHOTO COJIEHOMI2 TaK, uTO OIHa M3 IUIOCKOCTeH OKazajach
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lpsinwt

K 3adaye 11.3.2 K 3adaxe 11.3.4 K 3a0aue 11.3.10

PacTIONIOMEeHHON K OCH CONIEHOUSIA TION, YITIOM @, a pyrasi — Nofl, YTom 72 — a.
UNCNo BATKOB Ha e[UHMILY JUTUHBI colleHoupna 71. YeMy paBHa B3aMMHAs HHAYK-
THKBHOCTh COTHYTOTO BHTKA M cojleHoupa?

11.3.3. BayTpr IIHHHOro CONEHOMIA COOCHO €MY DACIIOJIOXKEH COJIeHOHN
pammyca r. Uncrno BATK OB BHyTpeHHero coneHouna V. Yncno BHTKOB Ha edMHHIY
IUIMHBI BHEIUHEro coneHoupa n. Yemy paBHa B3aMMHasA HMHIYKTMBHOCTb 3THX
coneHounos?
¢ 11.3.4*. Koporkuii cojiedoun panuyca R paclionOXeH BOKPYT IJIHHHOTO
coneHoupa pamuyca r. OCH CONEHOMIOB COBNafalT. Yncno BHTKOB Ha eIMHHIY
IUTMHBI [UTMHHOTO COJIEHOMAA 7, YMCIIO BUTKOB KOPOTKOrO cojleHonpa V. Uepez
KOpPOTKHI coneHoH TedeT Toxk [ =/ sin wt. Ompenenure HaIpsiXeHHe H2
KOHIAX JUTHHHOTrO CONCHOMNA.

11.3.5. a. Uemy paBHa MHIYKTHBHOCTb COJIEHOW[2 pagMyca 7 W miuuHei [ >r?
UnCHO BHTKOB Ha eJJMHULLY [JTHHBI COMNlEHOMTA 1.

6*. Tlonyunte dopmMyny mia MHOYKTHBHOCTH COJIEHOMIA, He NpeHebOperas
BIUsAHHEM Ha HHOYKTHBHOCTb MAcChI 3lIeKTpOHa M1, . CeyeHHe NIPOBOJIA CONEHOH:
ga S, WACNO 3IEKTPOHOB HPOBOLMMOCTH B edHHUlle o6beMa NMpOBOAHHKAE 7.
Mo>HO 511 ipeHeGpeub 3TUM BIHAHKEM HAa MHIYK THBHOCTb KaTylIeK, HCIIONb3ye-
MBIX B pagMoTexHuke?

11.3.6*. BuyTpennuii paguyc oBMOTKM UIHHHOro coieHouna ri =0,05 m,
BHELIHUA paguyc rp =0,1 M, YMCIO BHTKOB Ha €IMHHMLY UIMHBI COJICHOMIA

= 10 000. OnpepennTe RHOYK THBHOCTh €MMHKIBI [JTHHbI CONIEHOHA.

11.3.7. O6bveM [OJIMHHOTO TOHKOCTEHHOro coneHowpa v =10 5, MHAYKTHB
Hocth L =0,01 I'n. Ha comenonp mopamu Hampsokenwe V = 10 B. Uepes xaxo
BpeMsi [OC/e TIOJaun HANPAXKEHHA MHIYKLUMA MArHHTHOIO MOJIA B COJICHOMT
craHeT pasHo#t B =0,1 Tn?

11.3.8. Onpenenure HHIYKTHBHOCTD €IMHHIbI [THHBI IBYXIIPOBOHON TNHHE
COCTOsALIEeN U3 ABYX TOHKHMX IUIOCKHX LiHH wwHpuHbi d = 0,1 M, pacnosioxeHHb"
Ha PacCTOAHMH h =5 MM Apyr oT Apyra. [1o iMHamM JIMHHK TEKYT PaBHBIE [0 MC
AYJI0, HO IPOTHBOTNIOJIOXKHO HAMpaBlICHHEBIE TOKH.

11.3.9*. JipyxnpoBojgHasi NHHHA COCTOMT M3 [IBYX KOaKCHAIBHBIX TOHKH
UMSTHHIPHYeCKHX 0oBOJIoueK pagmyca ry ur, (r; <r;). IllpocTpaHcTBO MeXL
HMMH 3aTIOJIHEHO BELIECTBOM C MAarHMTHOM HpoHMuaeMoctslo p. Hafimure n
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OyKTHBHOCTb JTHHMM Ha eJnuuuy OiuHbl. [lo oBosoukam TeKyT paBHBIE MO MO-
Iy’110, HO IIPOTHBOIIONOXKHO HAMPABIIEHHbIE TOKH.

¢ 11.3.10*. Ha ocu TOHKOIt IPOBOASALLIER IMITHHAPHYECKOH 0GOIIOYKH palnyca
r, pacronoXxeH NpOBOI pafHyca r,, MarHMTHasg MPOHULAEMOCTb KOTOPOro U, .
[pocTpaHCIBO MeXIy HHMH 3aIO/IHEHO BELIECTBOM C MAarHMTHOM NpoHHuae-
MOCTBIO {4, . HaliiuTe MHAYKTUBHOCTL NIMHUY HA eOuHULY OuHBL. Tok B mposo-
7le paBHOMEPHO pacHpefielieH N0 CeYeHHI0, paBeH 0 MO/yJI0 Y IPOTUBOMONOXKEH
110 HaIpaBJIEHHI0 TOKY IMITHHIPHYECK Oif 000ITOUKH.

11.3.11*%. Haiigute HHOYKTHBHOCTb Ha eOMHMIY [JIMHBI [BYXMPOBOIHOM
JIVHUH. JIMHUA COCTOMT W3 [BYX NapaJUTeIsHbIX IPAMbIX IPOBOLOB pajuyca 7,
pacCTOAHME MEXNY OCEBHIMH JNUHUAMH KoTopelXx h > r. Tlo nposomam TexyT
paBHbIE IO MOMy’ni0, HO IPOTHBOMOMOXHO HalpaBsieHHble TOKU. MaruurtHoro
II0J1si BHYTPH IIPOBONIOB HET.

11.3.12. Bce pasmepbl NPOBOJHUKZ yBeJMuwid B k pa3. Bo ckombko pa3s

M3MEHUTCA UHAYKTHBHOCTS IPOBOTHHUKA ?
& 11.3.13. Yemy paBHa HMHIYKTHBHOCTb IBYX [UIMHHBIX COJIEHOHIOB pafuyca
ri H ry, COEIMHEHHBIX TaK, KaK IIOKa3aHO Ha pucyHke? BuyTpeHHM# conenous
umeeT Ay [, BHewmHMi —/,. UHC/IO BUTKOB Ha eOMHHIY [UIMHBI BHYT-
PEHHEro COoJI€HOMIA M1, BHEIUHEIO —#n13. PaccMoTpute cnyvau, xorma Hanpasiie-
HUA TOKOB B BUTKAaX 00OHX COJIEHOMIOB OIHHaKOBBI H IPOTHBOINONOXKHBI.

K 3a0que 11.3.13

11.3.14. Ilenp cocCTOMT M3 ABYX HOCII€ZOBAaTeIbHO COeJUHEHHBIX KaTylueK
VMITYKTUBHOCTH L, W L,. B3aumHasa wHnykTHBHOCTs Kaftymek L ,,. Haiinure
1iOJIHY 0 MHOYKTHBHOCTb LIETIH.

11.3.15%. Ha ooMn cepaeyHMK HaMoTaHbl IBe KATylUkH. WUHOyKTMBHOCTH
CHKIOH U3 KaTyllleK B OTHENsHOCTH L, u L,. UemMy paBHa MX B3aUMHasA HH-
'y KTHBHOCTD? PaccesiHMEM MarHMTHOTO ITOJIs IpeHeOpeyb.

- 11.3.16*. B mepBuuHoii 06MOTKe TpaHchopMaTopa TeueT Tok [ =Jgsin wr.
MArHUTHBIA TOTOK, CO3[aBaeéMbId 3TUM TOKOM, IPaKTHYECKH ITOJHOCTBIO IpPO-
XO[MT uepe3 JKeJe3Hblid cepllevHUK TpaHcdopmaTopa. MarHuTHas npoHuuae-
\OCTh cepreyHuxa u. Oipepenure 3.01.C. MHAYKIMH BO BTOPHYHOH pa30MKHYTO#
1OMOTKe, eCITM YKCII0O BUTKOB B INIepBHYHOH 0OMoTKe V|, 2 BO BTOPUYHOH --

= ] b A'l]mlgm“
. [ - ~— o
psinemt EE #, M’étt . K 2206
0
(e
K 3a0aue 11.3.16 K 3a0aye 11.3.20
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N2. Kakoe Hanpskedue nojaercs Ha mepBuuHylo oGMoTKY? CeueHMe ceppey-
HUKa TpaHchopmatopa S. IpdeK TUBHAA UIHHA Ce plie YHHKaA /.

11.3.17. Tox B nepsuuHOH 06MOTKe TpancdopMaTOpa paBHOMEPHO YBENTH-
yuBawT. [0 Kakomy 3aKOHYy MeHsSEeTCSl HalpsDKeHHe BO BTOPHYHOM oBMOTKe?

11.3.18. flokaxmTe, 4To B UIeanbHOM TpaHcopMaTope ¢ 3aMKHYTOH HaKo-
POTKO BTOPHYHOH OGMOTKON HMeeT Mecto cooTHouwlenue I,/I, =N, /N,, roe
Iy nl; — 10kH,a Ny u N — 4HCI0 BUTKOB B 0OMOTKAX.

11.3.19*. a. [louemy OmacHo 3aMbIKaHHe XOTS 6bl OIHOTO BHTKA BTOPHYHON
06MoTK M TpaHchopmaTopa?

6. 3aMbikaHMe BHTK2 BTOPHYHOH OBMOTKH IPHBOIMT MHOIJA K BBIXOLY M3
CTpOA NepBHYHOM 06MOTK H TpaHchopMaTopa. [oyeMy 310 TpoucxoauT?
¢ 11.3.20. OGwacaure  YCTPOHCTBO  /1aBOPAaTOPHOrO  peryiupoBOYHOIO
TpaHchopmaTopa, H300pakeHHOTO Ha pucyHKe. Kak MeHfeTcA HanpsiKeHHe Ha
BbIXoJie TpaHchopMaTopa IIPH NepeMelieHd KoHTakTa K BieBo?

11.3.21. [ouemy narpysxeunsiit Tpaichopmatop ryaur? KakoBa ocHoBHas
YacTOTa 3BYyKa, ecd TpaHcGopPMaTop BKITIOYEH B IIPOMbILIIEHHY0 CeTh?

11.3.22. 3aueM ceprmeuyHHK TpaHcdopmaTopa coOMpalT U3 OTAENbHBIX IUTac-
THH?

11.3.23, Jisa NUTaHUA JJIEK TPUYECKOr0 3BOHKAE IOJIL3YHTCH MOHHXAKMIMM
TpaHcopmatopom. IloyeMy OOBIM4HO KHOIIKZ 3BOHKA BKJIIOYEH2 BO BTOPHUHYIO
LeTb, 2 HepBUYHASA LeNb OCTAETCS NMOCTOAHHO TIOAKJTI0YEHHOH K ceTH?
¢ 11.3.24. Ha xene3Hplii cepHeuHHMK HaMOTaHbli ABe KAaTylUKW. MarHHTHbl#
NOTOK, CO3/12BaeMblH KaXO# KaTyLIKOH, He BHIXOAMT U3 CepHeUHUKa H [IENHT-
cs MOPOBHY B €ro pasBeTBieHMsX. [Ipu BxriroueHuM katymku / B uens mepe-
MEHHOTC TOKa ¢ HanpsxeHHeM 40 B Hanpsxenue Ha karyuke 2 pasHo 10 B.
Kakoe Hanpsxenue 6yneT Ha pasoMKHYThIX 3aMMax KaTylUKHU I, ecliu Katyiy-
Ky 2 BKITIOUMTS B 1ieTib IIePeMEHHOTO TOKA ¢ Hampsixenuem 10 B?

—q 4 ©
=37 2{?
P s § /JP
O—atrd [ e

K 3a0aue 11.3.24

11.3.25*. MmeTcs HBa OIMHAKOBBIX WIealbHBIX TpanchopMaropa ¢ OguHar
KOBBIM KO3bduumeHToM TpaHchopmaunn 1 : 3. [lepBuunas o6MOTKa OgHOr
M3 HHX COEAMHEHa NMOCTeJOBATeIbHO CO BTOPHYHOH BTOPOTro, M CBOBOMIHBIE KO
1Bl ITHX OGMOTOK BKITIOYEHB! B CETh NEPEMEHHOTO TOKA C HanpsxeHHeM 100
Bropuunas ofmorka nepBoro TpaHcGOpMAaTOpa MOCIENOBATENHHO COEMHMHE
C NepPBHYHOR 0BMOTKO#M BTOpOro. OnpeenuTe aMIUIHTYTy NEPEMEHHOTO HAMP
KEHW S MEXJY IPYrHMH KOHIAMH 06MOTOK



§ 11.4. dnexTpHUeCKHe NENH NEPEMEHHOr0 TOKA

11.4.1. Batapesa 6e3 BHyTpEHHEro CONPOTHBIICHUA MOAKIIIOUEHA K CONEHOUXY
MHAYKTHBHOCTH L. Onpenenure 3aBHCHMMOCTb TOKa B LM OT BpeMEHH, eclld
3.0.c. Gatapen & . Haiigute paGoTy GaTapeH 3a BpeMsA 7. B kako#l BHI SHEpruau
IIpeBpalnfaercs 3Ta pabora?

11.4.2. Kak OOIKHO MEHATBCA HANPSIKEHHE B AIEKTPHYECKOM LieNH, COCTOA-
uleH M3 ToCIeoBATeNIPHO COeIMHEHHBIX KATYIIKH MHIYKTHBHOCTH L H compo-
THBNIEHHA R, uToGbl TOK B Hel: a) JIMHEHHO BO3pactat: I = at; 6) MeHsIcs
cuHycouaanbsHo: [ =1 sin wt.
¢ 11.4.3*. Ilpu nepexofe BeulecTBa B CBEPXIPOBOMALIEE COCTOSHHE TONBKO
HeBo/bLIas YacTb ITEKTPOHOB [POBOOWMOCTH [BHIXKETCHA, He MCHbITHIBafg IIPH
3TOM COMpPOTUBJIEHUA. TOK B CBEpXIIPOBO/AILEM COJICHOHIE MHIAYKTHBHOCTH L
*’3aMycKanT”’, NOAKIIYAsA K COJICHOWY Ha BpeMs ! MOCTOSTHHOE HanpsKeHHE.
MakcuManbHBIA TOK B cojleHoHpe /. Onupepenute BepXHMH INpenen KolMyecTsa
TEIUTOThI, BHIOEJIAOIKEAC B COJIeHOMAE IIpHM 3anycke B HeM Toka. [lepen nepe-
XOIOM B CBepXHpOBOZsllee COCTOAHHME CONpPOTHBIIEHHe cosieHoMpa Gnuto R.

% ;{ 3 bl A

K 3agaue 11.4.3 K 3a0aue 11.4.5 K 3adave 11.4.6

11.4.4*. l'esepatop ¢ 3.m.c. & =& ¢ sinwt B MoMeHT ¢ =0 MOMAKIIOYAIOT
K KaTylIKe MHAYKTHBHOCTH L. OTipefienuTe 3aBUCHMOCTb TOKA B LM oT Bpe-
MEHH. AKTHBHBIM COIIPOTHMBIIEHHEM LeNH MOXHO lpeHeGpeus. OGbacHATE no-
TYYeHHBIH pe3ynbTat.
% 11.4.5. B cxeme, HOKa3aHHOH Ha pUCYHKe, muon D M KaTylIKa MHIYKTHB-
woctd L npH nmomMouM Kinoya K MOAKIIOYAITCA K HCTOYHMKY NEpeMEeHHOTo
HanpsokeHds V = Vgcos wt. B MmoMmenT Bpemenr ¢ =0 ximog K 3ambikaercs.
OrnpenenuTe CHITy TOKa B KaTylIKe Kak ¢yHkImio BpemeHH. [locTpoiite rpagux
yToR GyHkimH. JIMom M KaTylKy cUMTaTb HOEaNbHBIMH. BHYTpeHHHM compo-
TUBJIEHHEM HCTOYHHKa HpeHebpeys.
> 11.4.6. B uemn, cocToslueil M3 3apsDKEHHOTO KOHMEHCATOpa eMKocTH Co
W KaTyIIKH HHOYKTHBHOCTH L, 3ambikaloT kniou K. Tlo kakoMy 3akoHy moymkHa
H3MEHSATBCA BO BPEMEHH €MKOCTh KOHMEHCAaTOpa, yToGbl TOK B IIENH HapacTan
1IPAMO HPOTIOPUMOHAIBHO BpeMeHH !
+ 11.4.7. B w306pa>keHHOH Ha PHCYHKe LieIIH KOHIEHCATOp eMKOCTH C 3apsKeH
‘10 Hanpskenus Vy. CHauama 3ambikator Kitiod K. B MOoMeHT, korna Tox yepes
KaTyUIKy WHOYKTHBHOCTH L [OCTHraeT CBOEro MAaKCHMaJIbHOTO 3HauyeHHs,
3aMBIKAT Ko K, ¥ pa3MeIKalT kiou K, . KakuM okaspisaetca HauGonbluee
SHaY€HHe HANPsDKEHWA HA COHPOTHBIIEHUM R 7
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K 3a0aue 11.4.7 K 3a0aue 11.4.10 K3aoaye 11.4.11

11.4.8. a. B xakoil MOMEHT HMCKpUT pyGHIBHHK — TIpd 3aMbIKaHHMH Wil
npu pasmeikaHud? IloyeMy MCKpeHHe NpeKkpaliaeTcs, €Clu NMapalllellbHO py-
OHMNBHUKY BKJIOUMTH KOHIEHCATOP?

6. Kako# eMKOCTH KOHIEHCATOp HY)XHO MOJCOEIHHHTD MapajuIeNbHO KaTyll-
K€ MHAYKTHBHOCTH L, 4TOGBI NMpH pasMbIKaHHM KIl0Ya HalpsOKeHHE Ha Hel He
yBelMuHitoch Oonee yuem B N pas, eclM 4yacTOTa HampsokeHHA B ueny v. Ompepe-
TIMTE 3TY eMKocTb B cityyae v = 50 ['u, L =0,1 'y, V= 10.

11.4.9. Uctounuk ¢ 3.0.c. & H HyneBbIM BHYTPEHHHM CONPOTHBIIEHHMEM B
MOMEHT BpemeHH ¢ = 0 MOOKITIOYaT K [NOCHeNOBATENbHO COEOHHEHHBIM KAaTyll-
Ke HHOYKTHBHOCTH L u KoHzeHcaTtopy emkoctd C. Hailmute MakcumMamnbHbIiA
TOK B LIENIH H MaKCHMAJIbHbIN 32pAL KOHIeHeaTopa.
¢ 11.4.10. Hajligute MaxkCHMaJbHBLHE TOK B KaTyIUKaX WHAYKTHBHOCTH L |
u L, nmocne 3ambikaHHa kitouya K B yenH, H306pakeHHON Ha pUucyHKe. EMKOCTh
KoHJeHcaTopa C, HaYalbHOE HamnpsikKeHUe Ha Hem V.

0 114.11*. B cxeme, u306pakeHHOH HA DHCYHKE, B MOMEHT BpeMeHH f =0
3aMbiKkaT KMoy K. OnpefdenuTe TOK B UEMH, €CIIH HCTOYHUK /12€T: a) HOCTOSAHHOE
Hamnpsikeuue Vo ; 6) KOCHMHYcOMAansHoe HampsxeHHe Vo cos wt. Oupelenute
MaKCUMAaJIbHbIA TOK, ecii Vo =100 B, L =107% Tu, C= 107 O, v=w2n=
=50 lu.

¢ 11.4.12. a. Ha BexTOopHO# Auarpamme ToK [ =1J, cos wt ONpefenseTca Kax
TIPOEKIMA Ha Och X BeKTopa o, KOTOphIii BpaliaeTca BOKPYr TOUYKH O ¢ yrio-
BO# cKOpOCThI0 w. Kak pacnoroxeHsl Ha ITOH ke AHarpaMme BeKTOPbI NaJleHust
HaTIpsKEHHs NP [POTEKaHUH 3TOTO TOKa Yepe3 CONPOTHBIEHHE R, KaTywky
uHOyKTHBHOCTH L M koHpeHcaTop emkoctH C? Uemy paBHbI aMIUIHTY bl BEK TO-
pOB HanpskeHus?

6. Hcnonb3ys BEKTOpHYI0 IMarpamMmy, OIpeHe/InTe MaleHHEe HaNpKeHUs
B LeMHM IOCNENOBaTeNbHO COENUHEHHBIX KaTYINKH WHOYyKTMBHOCTH L, compo-
THBJIeHHs R M koHpeHcatopa eMmkocTH C M COBHT a3 mMeXay TOKOM H Hanps-
KEHHEM B 1ENH, ecId TOK B LieMH MeHAeTCA KOCHHYCOMMANbHO: I = I cos wt.

/) 5
w! l 12A
w~7 4
60°
1208
K 3aoaye 11.4.12 K 3a0aye 11.4.13
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O 11.4.13. 3nayeHHa HANPSIKEHHA, "TOKa M CABHIa (a3 MEXOY HANpPSKEHHEM
¥ TOKOM B LENY HArpy3KH [OKA3aHbl Ha BeKTOPHOH guarpamme. Ompenmenute
aMIUTMTYAY 3.71.C. MCTOUHHKA, ecid R = 10 Om.

¢ 11.4.14. Haitnure yCTaHOBHBLIMACA TOK B LieMH, H300paXXeHHOH Ha PHCYHKeE.
¢ 11.4.15. MNonbepure UHAYKTHBHOCTD JApoccensA TakK, Yrofbl aMILTATYNA Ha-
npsxesna Ha peixofe ¢wibTpa npu dacrore 100 I'm Gema B 10 pas meHsie
aMIUTHTy/IbI Ha BXOZE.

10 mc® Dmxc®@
— 1 T

K 3a0aue 11.4.14 K 3a0aye 11.4.15

¢ 11.4.16*. Umeetca daszoppaimatensHas uens, K knemmaMm A ¥ B noaBonurcs
HanpsokeHue V =V, sin wr. Kakoe HanpskeHMe cHUMaeTca Cc KjiemMmM M u N
npu R¢Cy =RC?

11.4.17. Hajigure yCTaHOBMBIUMECS TOKH B 37MEKTPHYECKHX lieTAX, H300pa-
JKEHHBIX Ha pHUCYHKe. BHyTpeHHee CONpPOTHBIIEHHE HCTOYHHMKOB HAIPSDKEHHA
paBHO Hymio. OnpepenuTe CPEHION MOIHOCTD, BRIJENAIILYIOCA B LETAX, eCiTH
80 =200 B, R=100 Om, C=10"* @, L =1 I'n. YacToTa HManpsKeHHs HCTOY-
H¥Ka » = w/27 =50 Iy,

o,

A % -
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K 3a0aue 11.4.16

K 3a0a4e 11.4.17

11.4.18. TlociienoBaTenbHO € MEKTPOIUIMTKOH B FOPONCKYIO CETh MOMNKITIO-
YAJIM KATYIUKY HHIYKTMBHOCTH. [IpH 3TOM MOIMHOCTh IUIHTKH YHana B [1Ba
pa3za. Hafinure MHOYKTHBHOCTD KAaTYLIKH, €C/IM aKTHBHOE CONPOTHBIICHHE TUIHT-
KH 50 OM.

11.4.19. 3nekTpUyecKas LeNb, COCTOALLAA H3 JIBYX KaTyLUeK HHIYKTHBHOCTH
i JTAMITOYKH, TIO[KITIOYEHA K FeHepaTopy liepeMeHHoro HanpspkeHus. Ecnu B on-
HY M3 KaTylleK BIBHHYTb JXele3HbI CepAeTHUK, TO CBEYECHHE J1aMITOUYKH YCHIH-
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BaeTCs, €C/IM e CEepIeYHHK BIBMHYTh BO BTOPYI0 KaTyIUKY, TO CBeYeHHE JIaM-
nouxy ocnabepaet. COCTABbTE CXEMY BO3MOXHOM 3JIeKTPHYECKOM LIEH.

¢ 11.4.20*. HauznpHoe HampskeHHe Ha KoHZeHcaTope eMKocTH Co paBHo Vo, a
xoupencatop emxoctd C He 3apsxeH. Uepes kakoe Bpems mocne 3aMbIKaHUA
kmoua K npobreTcA KoHfgHcaTop emKkocTd C, ecau ero npoboi mpoucxomut
1IpH HalpsikenuH V7

K

f £, 13}z ~|-c L, L
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K 3a0aue 11.4.20 K 3a0aue 11.4.21

¢ 11.4.21, a. JlokaxHTe, YTO B OBYX [apanjieNpHO COeOMHEHHBbIX KaTyLIKax
uHOyKTHBHOCTH Ly u L, cymma LI + 1,1, He menserca. Hanpasjienune To-
KOB [I0K23aHO Ha PUCYHKE.

¢ 6. Kounencatop emkoctu C, 3apskeHHbIH 0O HaupspkeHusa Vo, paspsokaercs
yepe3 KaTylIKy HHOYKTHBHOCTH L. Kakoil MaxkcuWMajlpHBII TOK MOXHO 110-
Jy4MTb B KaTyIUKe HHIYKTHBHOCTH L, ecilM 3aMKHyTh Kimiod K B MOMEHT,
KOrla TOK B MHOYKIMBHOCTH L ; MakchmaleH?

¢ 11.4.22%. a. B MOMeHT, KOIfla TOK B KaTyllKe HHOyKTHBHOCTH L, Gbul
pasen I, ximou K 3aMKHyH. Kakoe KONHYECTBO TEIUIOThI BBIAENMTCA Ha COILPO-
THBJIEHUM R mocne 3aMbIKaHAA KiTioua?

K
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K 3adaue 11.4.22 K 3a0aye 11.4.24

6. Ilpu 3amxHyTOM Kmtoue K TOK B KaTylllKe HHOyKTHBHOCTH L, paBen [y,
a B MHOYKTMBHOCTH L, paBeH J,. OtpefienuTe, B KaxHx lipefenax GydeT MeHATH-
¢ TOK B KaryllKax MHOYKTUBHOCTH L; W L, mocrne pasMmbikauus Kiioua K.

11.4.23*%. U3-3a HanHyusa aKTHBHOTO CONPOTHBJICHHA TIPOBOLOB B Koneba-
TeJIbHOM KOHTYDE, cOCTOAIEM M3 KoHAeHcaTopa eMKOCTH | MK® U KaTyuIky
UHIYKTUBHOCTH 1 MkI'H, aMIUIMTyOa TOKa 32 | McC yMEHbIIWIACh B [iBa pa3a.
OnpezieJiuTe CONPOTHBIIEHHE IPOBOIOB.
¢ 11.4.24*. B kone6aTeslbHOM KOHTYpE, COCTOALIEM M3 NOCAEIOBATEIIBHO COE-
IMHEHHBIX CONPOTHBJIEHHA R, KaTylIKU WUHIyKTHBHOCTH L M KOHOEHcaTopd#
eMkocTH C, IPOUCXOMAT 3aTyXawlHe KoneGaHust. 3a HEKOTOPOE BPEMsA AMILTH»

T T T T T T
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TyNa TOKa B KOHType yMeHBIUWIach OT 3HaueHHa [, Jo 3Hauenus I,. Kakoe
KOJIMUECTBO TETUTOThI BBIAEIMIOCH 32 3TO BpeMA Ha COIPOTHBIIEHAM !

¢ 11.4.25%. Ipy pachnpOCTpaHEHHH CHHYCOMJ@IbHbIX BOJIH B OECKOHEYHOH
L C-uenouxe ¢a3a koyebaHUil Halps)KeHHsA B KaxIOM Yy3jle OTCTaeT Ha ¢ OT
¢haspl KONeGaHUil B IpenllecTByolieM y3ne. OnpefieinTe 3aBHCUMOCTh ¢ OT W,
L,C. Uemy paBHa CKOpPOCTb paCNpOCTPaHEHHA CHHYCOMHATIbHOH BOJIHBI MO
L C-uenouke, eci mnuHa syeiikn [ ? UeMy paBHa 3Ta CKOPOCTb HPH MajblX w?

§ 11.5. CoxpaHeHyle MarHHTHOTO NMOTOKA.
CBepXnpoBoHHKHY B MarHUTHOM IOl

11.5.1. Tlouemy mpy pedopmauuu CBepXNPOBOHAILETO KOJIBLA C TOKOM
TTOTNHbIA MarHMTHBIHN ITOTOK Yepe3 KOJIbLO coxpaHsaeTca?
¢ 11.5.2. JlnuHHyw UWIMHIPHYECKYI0 MeTaJIIMYECKYI0 OGONOUKY pajiuyca
ro, KOTOpasA HaxOOWIach B MOCTOSHHOM MAarHMTHOM IIOJIe MHIOYKUMH B, Cka-
a4 B3pbiBoM. OnpefenuTe HHAYKUHI0 MAarHMTHOTO IOJA BHYTpHM CKaToi oBo-
JIOYKH, €CJIM €€ PaJiMycC CTal paBHbIM /. AKTUBHBIM CONPOTHBIIEHHEM OGOJIOY-
KH TIpeHe6peub.

K 3adave 11.5.2 K 3a0aue 11.5.6

11.5.3, Bo ckoibko pa3 U3MeHHMTCA TOK B [BYX YHAAJIEHHBIX APyl OT Apyra
TOHKHX CBEPXIPOBOIALMX KOJIbHAX C OIHOHAMpaBJIEHHBIM TOKOM NpU HX
COBMellieHHR?

11.5.4. Kora B KOpOTKO3aMKHYTBIH CBEepPXIPOBOAALIMIA [JTHHHbIA CONEHOU
C TOKOM BCTaBWIM CBEDXIIPOBOMSILMIA CTEPXEHb, TOK B CONEHOHIE yBEH-
yniicA B TpH pa3a. OnpefenuTe, BO CKOJBKO pa3 CeYeHHE CONeHOMOa GOJbilie
CeYEHHUA CTEPXHA.

11.5.5. KopoTko3aMKHyTbIi IMHHBIA COJIEHOMZ, C TOKOM I, clenaHHbIH
M3 CBEPXIPOBOMHHMKAZ, CKANM TaK, YTO €ro [IMHA YMeHbLIMNach B TPU pa3a.
Kak usmMenurca tok B conedHoupe? llar BuTKa cosieHOM[I2a MHOTO MeHbLIE ero
panuyca.
¢ 11.5.6%. JLTuHHBIA K OpOTKO3aMKHYTbIil CBEPXIIPOBOASAIIMA COTIEHOUA BJIBH-
raT B MarHUTHOEe MOJle HMHAYKUMH B, IO YIIOM & K HallpaBJIEHHIO NMOMNA.
Kak pacripefielMTcs MHIAYKUMS MarHATHOrO MOJS B COJIEHOMJE, €CITH OH JIHLIb
HAIIOJIOBUHY BOU/IET BO BHeLIHee mose?

11.5.7. CsepxnpoBopsuiee KONBIUO HHAYKTHBHOCTH L, B KOTOPOM Teder
TOK [y, BHOCAT B OQHOPOOHOE MardMTHOe NOJe UHOyKUMU B,. Haimure TOK,
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KOTOpbIH OymeT mporekaTe IO Kojblly. HopManb K IUIOCKOCTH KoOJbua cOc-
TaBNseT C HANIpaBlieHHeM ION A Yroll & pajidyC KOJIbila 7.

11.5.8. B nocrosHHOM OQHOPOHHOM MOJie HHOYKUMH B BOKpPYT CBOEIO JHa-
METpa, OPHEHIUPOBAHHOIO MEPHEHOHKYJIAPHO MOJIO, BPAlUaeTCA CBEPXIIPO-
BOJAlllee KoJIbHO. MHOykTHBHOCTh Konbua L, ero mmamerp D. Onpenenute
aMIUTHTYAY NIePeMEHHOro TOKa B KOJIbLE.

11.5.9. JInuHHB KOPOTKO3aMKHYTbIH CBEPXIIPOBONALME CONEHOUL COOCHO
HaJeny Ha eme Gonee OJIMHHBIA CTaNbHOW UWIHHAp, CeYeHHE KOTOpPOTO B [Ba
pa3a MEHbIE ceueHus coneHousa. Ha cKONBKO M3MEHHTCS HMHIYKUMS MAarHHT-
HOrO MOJA BHE M BHYTPH YacTH CTaJIbHOIO LHJIMHIpA, HAaXOAMIeHcs BHYTpH
COJNICHOHOA, €C/IH MAarHMTHOEe TMOJle CONEHOHJA MHOro GOJpllie MAarHHTHOTO
IIOTIA HACBILLIEHHUA CTAIH B o?

11.5.10*, CkBo3b KaTyUIKy CeYeHHsl S M [UTHHbI i, M3TOTOBNIEHHYIO M3 CBEDPX-
NPOBOJSIIEH MPOBONOKH, MPOJETACT C MOCTOAHHON CKOPOCTLIO CBEPXIIPOBONA-
LM CTepXXeHb ceueHHa o ¥ pyuHbl /. Hauepiure rpadux 3aBHCHMOCTH TOKa B
KAaTyLIKe OT MOJIOXKEHHsI CTePXKHA, eclH KaTylIka 3aMKHYTa HaAKOPOTKO U Ha-
YanpHbIA TOK B Helt [o. PaccMmorpute cnyuau: a) [ >h; 6) I < h. KpaeBnimu
3 dexTamMu npeHedpeys.

0 11.5.11%, BuluMciMTe MHAYKTHBHOCTb JIMHHOTO COJIEHOM[Z pafiHyca F H
IMHBL |, HOMEUIEHHOro BHYTPh JINHHOM CBepXmpoBogsalledi TpyOnl paauyca
R Bpose ee ocu. Uncito BUTKOB cornieHonma V.

!
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K 3a0aue 11.5.11 K 3adaue 11.5.12

0 11.5.12. Mnockas MenHas LIMHA, cedeHHe KOTOpoH ¢ XA =100 X1 mm ma-
pauTeNibHa FOPHM3OHTAILHOA MOBEPXHOCTH CBEpXIIpoBOAHHKaA. Kakoi ToK HyXHO
NponycKarh Yyepes IMHY, 4ToObl OHA He Majasa Ha CBEpXIPOBOJHHK 7

11.5.13*. Yepe3 minHHbIA DPAMOM MPOBO/, KOTOPHIA HAXOMUTCS HAa BBICOTE
h Ha;j CBepXIIpOBOJALIEH IUIOCKOCTBIO, IpoNyCcTUnH Tok /. UeMy paBHO Mak-
CHMaJIbHOe MAarHHTHOE [aBJICHME HA MOBEPXHOCTb cBepxipoBoxuuka? C Kakoi
CHJION AENCTBYeT CBEpXNPOBONHHK Ha eJUHHLY IUTHHBI ITpoBoaa’?

11.5.14. JmunHbI# COTIEeHOM], C PA3OMKHYTHIMH KOHIAMH pPacrloNOXeH BOOIb
NOCTOSIHHOIO MAarHMTHOrO MNoJia ¢ MHOykuued B =2 Tn. Yucio BHTKOB Ha
eMHKILY JUTHHEI cONeHOMIa 7 = 1000 M~ . C xaxo# cKOPOCTbI0 POTIETEN CKBO3b
3TOT COJICHOMJ [JIHHHBIA METaIMUECKHA CHAPAL pagHycar =9 cM, eciTH MaKCH-
MaJlbHOE HaNpsAXeHHe, KOTOPoe MOABWIOCh HA KOHIAX coneHoupa, V' = 100 xB?
ColpoTHBNEeHHEM MeTaJlla CHapana NpeHeGpeus.

11.5.15*. Tlouemy oTBer 3amaud 11.5.14 He 3aBHCUT OT (HOPMBI KOHIOB
cHapsapa?
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o 11.5.16*. Korga IMIHHOPHUECKHHA METAJUIHYECKHH CHAPA, MAacChl M, [UTHHBI
! ¥ paguyca r, NeTALMHA CO CKOPOCTBIO Vg, HAXOMWICA BHYTPH COJIEHOMAa C
ykHclIoM BMTKOB N, pnuHoi L u paguycoM R <, B coneHoupe co3JajiH Tok I,
a 3aTéM ero Lenb 3aKOpoTHNH. Ha cKoNbKO yBETMUMTCA CKOpOCTh CHapsapa,
BBUIETEBLIErO 3 coneHousia? ConpoTUBIIeHHEM MeTalla mpeHeOpeub.

K 3adaue 11.5.16

¢ 11.5.17*. Ha GonbUIOM pPacCTOAHHM OT IUIMHHOM CBEPXIIPOBOMALIEH KpYT-
70# TpyGhl pamuyca 7 COOCHO C HeH pacnoioXkeHa KOPOTK03aMKHYTas CBEpX-
NpoBOAsAILaA KaTylika ¢ TokoM /. UHciio BHTKOB B KaTyuuke /N, muHa xa-
Ty [ >r, pagdyc r/2, Macca Karyurku m. Kakyw CKOpOCTb HYXHO co006-
LWMTH KaTyllKe, YTO GBI OHa IpOJIeTENIa CKBO3b 3aK pelUIeHHY0 TpyOy?

K 3a0aue 11.5.17

¢ 11.5.18*, Kakoii MHHHMAJIBHOH CKOPOCTHIO JOMXKEeH O6NamaTh CBEpXIpOBO-
OALMHA TOHKHH CTEp>KEHb ceyeHHA S, QnuHbl | ¥ Macchl m, 4TOGBI BlleTETh B
NPOIONIBHOE MarHUTHOE NOJIE HHAYKIMM B?

—, e

R — ] ————
——— \\‘\
K 3adaue 11.5.18
¢ 11,5.19. JnuHHaa MeTa/iMyeckKas TpyOka, MMewllLas Y4YacTOK pajMyca r;
s Yy4YaCTOK pajuyca r,, TlOMelleHa B/IONb OJHOPOAHOTO MAarHHTHOTO IOJA HH-
HyKuMH B. Ha ckonbko H3MEHHTCS SHeprus CBepXIPOBOOAILETC CHapAnda

pazmuMyca ro M JJIMHBI [ 2> 1y, ry, TIETAIIETO BAOMB OCH TPYOKHM, IIPH NEpeCceyeHHH
Ve

e

K 3a0aue 11.5.19

MM TpaHHIBl MEXMAY yyacTKaMu TPyOKM pasnuyHoro paguyca? BrnusnueM corl-
POTHBIIEHHS MeTaslla Ha IpOIecc B3aMMOMIENHCTBHA CHApAKA ¢ TPYOKO# npeHe6-
peub.

¢ 11.5,20, JIByxKaHaIbHbIA MarHHTHBIA IiepepacripelieIuTeNb SHEPIHH CHAps-
[I0B HMeeT CJIeIyIONIyI0 KOHCTpYKIHIo, JIBe MeTannuyecKHe TPyGh! ¢ IIPOpe3bio
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K 3a0aue 11.5.20

COeMHEHDbI METAaNTHIECKUMH NEPEMBIMKAMHU TaK, KaK H306paxkeHO Ha PUCYHKE.
OnHopoJHOe MarHHTHOE IOJie MHOYKLUMM B HanpaBieHo BIONb ocH Tpy6. Broois
OCH KaxJoN TpyObl IBHXKYTCA OIMHAKOBBIE JUIMHHBIE CBEPXNpOBOMALUHE CHa-
pansl, OOUH M3 CHapAMOB, HMEWIUMHA CKOPOCTh 3V, IOTOHAET BTOPOM cHapsf,
HMeIoHMiA ckopoctb V. JmMHAa xaxporo cHapsana I, cevenue S, macca m. Ceue-
HHe Kaxxao# TpyGbl S. Omnpepnenyre CKOPOCTb CHAPAMIOB NOCIE HX B3aHMOMEHCT:
sus. ConpoTUBNeHHeM TpyObl npeHeGpeys.

11.5.21. Penmre 3amayy 11.5.20 B ciyyae, eciy Macca NepBOro CHapsja
m;, a BTOPOTO My, & CKOPOCTb CHapsAfloB paBHa COOTBETCTBEHHO VU; M VUi
(Ul > U, ) .

11,5.22*, JloKaxuTe, 4YTO CBEPXIPOBOMSLIEE KONbIO HHAYKTHBHOCTH L,
HajleTalollee CO CKOPOCTbI0 U HAa COOCHOE €My MAarHMTHOE Mofle, OTpasHICa
9THM TIOJIeM, €CJIM KMHEeTHYeCKas SHepTHA Konbua GyaeT MeHbiiie ®?/21, roe
d — MaKCHMAaJIBHBIH NOTOK MarHUTHOTO NOJIA Yepe3 KOJbIo.
¢ 11.5.23*. MenHoe KONBLO pajiuyca 7 ¥ MacChi 1 BUCHT HAa HUTH, COBEpLLas
MaJible KpYTurnbHble KonebaHus ¢ nepvojoM 7. HMHOyKTMBHOCTb Kojbua L.
Kak H3MeHMTCsa mepHo[ KoJjleGaHMi KONbLA, €CNIH €ro MOMECTHTb B IOPH30H-
TAIBHOE OJHOPOJHOE MarHMTHOE IoJIe HHAYKLWM B, napajulesibHOE ITOCK OCTH
KONbla B TOJNOXeHHM paBHOBecHA? MOMEHT WHepIUMH KOJbLUA OTHOCHIEIIBHO
OCH, MpoXomsue# mo nuamerpy, pasedH J. CompoTuBneHHeM konbla HpeHed-
peyb.
¢ 11,5.24*. CeepxnpoBogsuias Kopo6ka pasjielieHa Ha [IBe paBHbIe YacTH TaK-
e CBEepPXIpOBOJsALLEH Ile peMbIYKO# TONMIMHbL d. Pasmepsl KopoOkH NoOKa3aHbl

777777

K 3a0aue 11.5.23 K 3a0aue 11.5.24 K 3a0aue 11.5.25
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Ha pucyike (h<a,1). Ilo kopobke B HampaBleHHM, NMEPNEHIUKYISIPHOM
nepeMblyKe, UUPKYIMpYeT TOK, /MHeHHas IUIOTHOCTh KoToporo . C Kako#
yacToTO# OymeT KoneGaTbcA INEepeMbIuKa, €CTTH €l COOOIUTh HeGONbLIy CKO-
POCTH B HallpaBJIeHHH, IIOKA3aHHOM Ha pucyHKe? Macca nepeMBbIuKH /1.

¢ 11.5.25*. Mexay NBYMs CBEPXIIPOBONAWMMH ILHHAMH C TOCTOSHHOM CKO-
POCTBI0 Vo ABIKETCS NOPIIEHb IO HaNpaBJIEeHHI0 K MepeMbIYKe Macchl m, 06-
pasys CBepxNpoBOAAIUYI0 uenb. HaiiiiTe MakCUMaJIbHYI0 CKOPOCTb I€peMbIY-
KM, €CTM B HayaJbHBIH MOMEHT OHa IOKOWIach, TOK B UENH ObUI paBeH [y, a
PaccTOsHHE MEXIY TOPIHIHEM M llepeMbIuKo#f GbUio paBHO x. MHIyKTHBHOCTD Ha
eqUHHLY uMHBI NHMH L . Tpenuem npedeOpeds.

11.5.26*. Buytpu mpoBodsmiell LUMAMHIPHUECKOH OGONOYKM CO3MAHO Mar-
HHTHoe mnoJyie. O6onouke coobuiaeTcs CKOPOCTh ¥ TaKMUM oOpasom, 4TO OHa
HauWHaeT CKHMAaTbCH K OCH, He Tepsas cumMeTpud. Hafimure MaxcumaibpHywo
HHIYKUHK MariMTHOro HOJIs, KOTCpas MOXeT ObITb NOJy4YeHa TaKHM CIIo-
coBoM, ecli HayanbHas MHOYKUMA By = 10 Ti, v =3 KM/c, HauaNbHBIA paTAyC
obBomouxu ro =20 cM, ee TomuuHa A = 0.5 cM, IWIOTHOCTh MaTepuaia obonou-
kU p=8,9 r/cm3. Haitnure M3KCHMAaJIbHOE MarHMTHOE HaBJICHHE, MEHCTBYIO-
uee Ha oOONOYKY. 3NEeKTPHYECKHM COIIPOTHBIIEHHEM OOOJIOUKM NpeHeGpeys.

11.5.27*. BueliHee MarHMTHOE IOJe HHAYKUMH B, B KOTOPOM HaXOMMICA
ONMHHaA MOEIBHO INpOBOAsumas TpyOKa, NOJHOCIbIO CT€HKaMH TpYOKM He
IKpaHHpYyeICA M3-33 TOrO, YTO Macca 3NEKTPOHOB KoHeuHa. [lone vactuuHo
IIPOHHKaET BHYTph TpyOkH. OCb TpyOKHM HallpaBjieHa BOJIb MarHUTHOrO MoJ4d,
ee pagHyc r MHoro Gornbllle TONIIMHEI CTEHOK /. UMCNIo 371eKTPOHOB NpPOBO-
OAMOCTH B eOuHHue oOGpemMa MatepHana TpyGkHU 7,. PaccuuTtaiite WHOyKIMIO
ToNsA, MPOHHKIIIEro BHYTph TpyOKH, B cniyyae B =10 Tn,r =1 MM, 2 =0,1 MM,
n, =10°% cm 73,

11.5.28*. Ecnu [UIMHHBIA W[I€aJIbHO NPOBOMAIUMA TOHKOCTEHHDBIH IMIHHID
PacKpyTIHTb BOKPYr CBOEH OCH, TO BHYTpM LWIWHApPa BO3IHHUKAET MarHUTHOE
none. Hafigure ero uHAOYKIUMIO, €CITM YIII0Bas CKOPOCTb LWIKHH/PA .

§ 11.6, CBs13b NePEMEHHOTO JIEKTPHYECKOrO MOJSA ¢ MATHHTHBIM

¢ 11.6.1. CornacHo 3aKOHY 9EKTPOMAarHUTHOH MHAYKUHM IepeMeHHOe Mar-
HUTHOE TI0JIe IIOPOXKHAET BHXpEBOE JNEKTpHYeckoe mone. TOUHO Tak e mepe-
MEHHOe 3NIEKTpHYECKOe ToJie NOPOXKAaeT BHXPEBOE MarHUTHOE INOJE, HO INpH
M3MEHEHHH YIeKTPUYECKOro MOJNA HalipaBlieHHe BeKTopa B 0Gpasyer mpasblit
BHHT ¢ HanpasiienueM Bektopa dE/dt. KoadduumeHT xe IpoNnopUHOHATIBHOCTH
B CI'C, cBa3bIBalOILMA 95TH NonsA, B 000MX ABNEHMAX OAHHAKOB. [loyb3ysch
ITHM CBONCTBOM 3JIeKTpOMarHutHoro mnois, onpenemte B CI'C u B CH 3aBHu-
CHMOCTb LMpPKYNAUMH HHOYKUMH MarHWTHOro IOJA MO 3aMKHYTOMY KOHTYpPY
OT CKOPOCTH U3MEHEHUA NOTOKA MMEKTPHUECKOrO CMEHIEHHs Yepe3 3TOT KOHTYp.
2 11.6.2. a. IImockui KOHAEHCATOP JIBHXKETCHA CO CKOPOCTbIO U, KaK NMOKa3aHOo
Ha pMCyHKe. HanpsKeHHOCTb 3MeKTPHYECKOIo IOJNA MEXY IUIaCTHHamMH FE.
Onpefienure CKOPOCTh KW3MEHEHHA NMOTOKA 3NEKTPHYECKOro TOJA yepe3 Ip#-
MOYTONBHBIR KOHTYp abcd ¥ UMPKYNAUMI0 MHOYKIMH MAarHHTHOIO IONA IO
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K 3adaue 11.6.1
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K 3adaue 11.6.2 K 3a0aue 11.6.8

9TOMYy KOHTypy. Kak cBs3aHbl Apyr ¢ IpyroM HCKoMble BenuudHnl B CH?
B CI'C?

6. [IpuBenuTe NpUMephl, NOATBEPXKAAIOLIMe MPOOPIHOHATIBHOCTD LIHPKYIIst-
UMM HWHOYKUMM MAarHMTHOrO TONs MO KOHTYpY CKOPOCTH M3MeHeHHs MOTOKa
9NEeKTPHUECKOro MONA 4Yepe3 NOBEPXHOCTb, OrpaHHYEHHYI ITHM KOHTYDOM.

11,6.3. UeMy paBeH MOTOK IJIeKTPHYECKOrO CMemieHMsi 4Yepe3s IUIOLIAib,
OrpaHHYeHHY 0 3aMKHYTbIM KOHTYPOM, €CJTH IIpH paBHOMEPHOM YOBIBaHMH 3TO-
ro MoTOKa [I0 HyJIs B TeyeHHe 1 MKC B KOHTYpe BO3HHKaeT UUPKYNALHKA HHAYK-
MU MaruutHoro mons 0,001 Tn - M?

11,6.4*, MaruuTHOE NoOJIe NPH pas3spsafe KOH/IEHCATOpa CO3NAETCA HE TOJIBKO
TOKOM B NMPOBOJHHKE, HO H U3MEHAIUIMMCS 3IEKTPHYECKHM TIOJIEM B NIPOCT-
paHCTBE Mexqly oOKIaJKaMH KOHJEHCAaTopa, MPHYEM H3MEHAIOMEeCA MEKTPU-
YeCKOe NMoJNe Co3/laeT TaKoe MarHUTHOE NOJIe, KaK eCiiH 65l MeXIy O6KI1agKaMu
CylIeCTBOBANl TOK, PABHBIA TOKY B poBomHKKe. Jlokaxure 310.

11.6.5. HampsxeHHOCTb OJHOPOJHOIO N1EKTPHYECKOro MNOJNA BHYTPHM IUIOC-
KOro KOHAgHcaTopa ¢ obknagxkamu pamguyca 10 cM JIHHeHHO pacTeT CO BpeMe-
Hem: E=at, rne a=9-10'° B/(M-c). UeMy paBHa MHIYKIMA MarHHTHOIO
TH0JI BHYTPH KOHICHCATOPa Ha PACCTOSIHMM 5 CM OT €ro ocu?

11.6,6. B xoneGaTensHOM KOHType BO30ymunyu CBOGOIHbIE KoJieGanus. Bo
CKOJIbKO Pa3 MaKCHMaJlbHas HHIYKUWS MarHHTHOTO TONSA BHYTPM IUIOCKOrO
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KOHMeHcaTopa MeHbIlle MAaKCHMalIbHOW HHAYKHYH MarHMTHOTO IHOJA B KaTyll-
Ke MHOyKTHBHOCTMY Pammyc IUTacTHH KOHIIEHCAaTOpa r, pacCTOAHHE MEXTY HUMH
h, nI¥Ha KaTYWKHU L , YUCII0 BUTKOB V.

11.6.7. Ilnockuii KOHJEHCATOpP, HANPSDKEHHOCTH 3JIEKTPHYECKOro IOJId
BHYTPH KoOToporo E, mBHXeTca co cKopocTblo v. CkopocTk o6pasyer yron o
¢ IulacthHamu. KakoBa HHOYKUMA MarHMIHOIO MonsA BHYTPH KoOHpOeHcatopa?
¢ 11.6.8, [Ipu pBMxeHWHM NapalneNibHO NOBEPXHOCTH METANIa pPaBHOMEPHO
3apsOKEHHON IUIACTHHBI CO CKOPOCTBI0 U BO3HHKAaeT MarHHTHOe IOJieé MHOYK-
uuy B. OnpefennTe NOREPXHOCTHYIO IUIOTHOCTD 3apAaa IUTaCTHHbI.

11.6.9. BHyTpH IUIOCKOro KOH[EHCATOpa MapalelbHO ero ofknagkam
OBIDKETCS CO CKOpPOCTbIO U MPOBOAsAINAA TUIaCTHHA, TOJILUMHA KOTOpoH paBHa
TIOJIOBMHE pacCTOAHHA MexXOy oO6KiIagkaMH KoHmeHcatopa. Ha oBkinagkax
KOHJICHCATOpa NOoaHepAHBAETCA HaNPAXKEHHE V', pacCTOAHHE MEXIY HUMH /.

a. UeMmy paBHa MHOYKLMA MarHMTHOTO MOJiA BHYTpH Npomomuuka? Mexmy
IBHKYIIAMCS NIPOBOJTHHKOM H o6kagkaMu KoHAeHcaTopa?

6. Kak M3MeHHTCA MHAYKIHMA MarHHTHOIO MOJIA B INIACTHHE, eCJIH TPOBOMTHUK
3aMEeHHTb TUITEKTPHKOM C JTH3JIEKT pHYECK OHf TTPOHULIAEMOCTBIO € 7

11.6.10*. B HemopaBMXHON MUINIEKTPHYECKOH cpefle ¢ MOHINEKTPHYECKOH
MPOHHUAEMOCTBI0 € ABMXKETCH MapaUIENIbHO CBOMM IUIaCTHHAM IUIOCKMH 3apsd-
XeHHBIA KoHAeHcatop. Kak M3MeHMTCA MHOYKIMA MAarHHTHOIO TONA BHYTPH
KOHJIeHCcaTopa, ey cpefa GyfeT ABUraTbes BMeCTe ¢ HEM?
¢ 11.6.11*. a. HanpskeHHOCTb 3M1eKTPUYECKOTO MONA BHYTPH KpyMIoro Ioc-
KOIO KOH/IEHCAaTopa, 3allOJIHEHHOIO BELECTBOM ¢ AIeKTPHYECKOH NpOHHMIae-
MOCTBIO €, JIHHEHHO pacTeT co BpeMeHeM: £ = at. OnpegenuTe HHOYKIMIO Mar-
HHMTHOTO II0JIA BHYTPH KOH/IEHCATOpa Ha PACCTOSHHMM r OT €10 HeHTpa.

6. Hanpaxenue Ha ofKknafakax IUIOCKOTO KOH/eHCaTopa JIMHeHHO pacTeT co
BpemeHeM: V = at. Paguyc o6knamok rg, pacctoanne Mexnay Humu h. [lo ocu

— &
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K 3a0aue 11.6.11 K 3a0aue 11.6.12

KOMH/IEHCATOpa BCTABJIEH JM3IEKTPHYECKHH UWIHHODP PagHyCa r C OU3NIEKTpH-
YeCKOM TPOHHIaeMOCTbI0 €. OnpeleNMTe HHAYKIMIO MarHUTHOIO TMOJNA Ha BOKoO-
BO# NOBEPXHOCTH IWIKHIPA H Ha Kpalo K OHJIeHcaTopa.

¢ 11.6.12*. TInocKHMit H30NHPOBAHHBIN KOHMEHCATOp, IUIACTHHBI KOTOPOTO —
napaliieNbHble MeTa/UIMYeCKHE KPYTH pajuyca r,, 3alloJIHEH BemecTBOM, MCK-
T04as HEHTPAIBHYI0 IWIMHIPHUeCKYIo oGracTb pamuyca r. KoHmeHcaTop pasps-
KaeTCs Yepe3 3TO ReinecTBO. Tok paspsAgku paseH /. Onpele/IuTe 3aBHCHMOCTD
MHIYKIMH MArHMTHOIO TMONAA BHYTpH KOHAEHCATOpa OT pPACCTOSHHA 10 OCH
xoHpaeHcaropa. [loctpoiite rpayux 3ToH 3aBHCHMOCTH.



TJIABA 12
QJIEKTPOMATHUTHELIE BOJIHE]

§ 12.1. CBoiicTBa, H3TTyUeHHE K OTPAKEHHE 3TIEKTPOMATHMTHBIX BOJH

©. 12.1.1. Ha pucynke H306pakeH MOMEHTATIbHBIA CHUMOK® 37IEKTPOMArHUT-
HO# BoOJHbI. [lonb3ysck mpaBwioM GypaBukka, ONMpefeyuTe, B KAKOM Hampae-
JIEHHH PACTIpOCTpPaHAeTCS 3Ta BOJIHA.

£

K 3a0aue 12.1.1

12.1.2. Kak H3MeHHTCs HanpaBJeHHE PacnpoCTpaHeHHs MIEKTPOMAarHHTHOH
BOJIHBI, €CJIM B BOJIHe H3MEHHUTCSI Ha IPOTHBOIOJIOKHOE HallpaB/IeHHeE: a) MH/IYK-
M1 MATHUTHOTO NOJIst; §) HaNpsHXeHHOCTD K TPHYECKOTO [omsA?
¢ 12.1.3. Ha pucynke HM3006pakeHO 3TeKTpHuecKOe MOje IUTIOCKOH CHHYCOH-
AanbHOM BOJIHBI B HyJeBOH MOMEHT BpeMmeHH. HampasieHne pacnpocTpaHerus
BOJIHBI ¥ Ka3aHO CTpeNkoH. Kak 3aBHCHT HaNlpsOKEHHOCTb 37IeKTPHYECKOrO TNOJis
OT KOOPMHHATHI Z H BpeMeHH 1?7

12.1.4. JIse cvHyCOMIATbHBIE BOJIHBI C OMHOMN MONSApU3alMel

z z
E, sin[w(t— —)+ cpl] u E; sin[w( - —) +¢2]
¢ c

HaKJIaJIbIBAOTCA OpYr Ha fipyra. YeMy paBHa aMIUTHTY[a HallpsSOKeHHOCTH JIEKT-
PHYECKOrO TNOJIs pe3yabTHpyloweid BoiHbI? Uemy pasHa ¢a3za 3Toit BOJHbI?
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12.1.5. JlBe mwiockHe CHHYCOMMaJibHble BONHBI, aMIUIHTyAa KoTopeix Ejp,

HMEKT 4acTOTy COOTBETCTBEHHO W H w + A, A € (v, ¥ pacpOCTPaHANTCA B Of
HOM HampaBlleHHH, Hak/IajpiBasch APYr Ha jpyra. UeMy paBHa MaKCHMalbHas
AMIUTMTYa pe3y/ibTHpylomed BONHbI? Ompenenute pacrpenesieHHe cperHed
IUIOTHOCTH JHEPrHH pe3YNbTHpylomeH BOJIHbI BJO/b HANPABIIEHHA PaCHpOCTpa-
HEHMsA BOJIH.
O 12.1.6. JneKTPOMArHMTHAA BOJIHA 3aHHMAET MPOCTPAHCTBO MEXIly [BYMA
napasebHpIMM  GeCKOHEUHBIMH IUIOCKOCTAMH AB H A'B'. H306paxeHHbIH
YYaCTOK M€K TPOMArHHTHOIO MOJIA ABHIXKETCA CO CKOPOCTHIO CBETA ¢ B HAaMpaB-
TIEHHH, TepeHOUKYIIApHOM TWIOCKOCTH AB. HampseHHOCTb JJIEKTPHYECKOro
nonsa BonHbl E. IIpMmeHAA 3aKOH JJIeKTPOMATHHUTHOH MHIYKUHMH K NPAMO-
YrOMbHOMY KOHTY Py baa'b’, onpejennte HHIYKIHIO MArHUTHOTO TOJs BOJIHbBI
BCHhuBCIC.
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12.1.7*. Pewuute 3apmauy 12.1,6 B cJiyuae, ecliM BOJHA pacHpOCTpaHseTcs B
Cpefie ¢ IMINEeKTPHYECKOH MPOHUIIAEMOCTbI0 €. CKOpOCTh BOJIHBI B cpefie ¢/\/e.

12.1.8*%. Ucnosnb3ysa 3aKOH MeKTPOMATHHUTHOM MHIyKIHH M CBA3b IlepeMeH-
HOTO eKTPHYECKOro TOJIA ¢ MarHMHTHbIM NMoileM (cM. 3amauy 11.6.1), noka-
XHMTE, YTO CKOPOCTb pACMpOCTpaHeHUs BOIIHbBI B cpefle C /[IHIEKTPHYECKOH
TPOHMIIAEMOCTbIO € H MArHUTHOM NPOHUIIAEMOCTBIO U paBHa ¢/\/ I €.

12.1.9*. Kak cBsi3aHa HaNpsKeHHOCTb 3MEKTPHYECKOro TOJA BOMHbI E
C MAarHHTHOM HHOyKUMed B ¢ cpeme ¢ AHMEKTPHYECKOH MPOHHLAEMOCTBIO €
M MarHMTHOH MPOHHLAEMOCTbI0 ?
¢ 12.1.10. Ha pucyHke H306paxkeHo pachpefesieHte BOOIb OCH Z HAaNPsKEHHOC-
TH NIEKTPHYECKOro MOJA OeryliMx HaBCTpeuy Apyr APYTY IUIOCKHX 37eKTpo-
MArHMTHbIX BOIIH B Hy/leBOM MOMeHT BpeMeHH. Hapucyite rpaduku pacnpe-
[ieIeHHsl HalpsO>KeHHOCTH E ¥ MHOYKUMM B mosei 3THX BOJIH B MOMEHT BpeMe-
au a/2c¢, afc, 3ajc. UeMy paBHO OTHOILEHME IHEPIHHM FIEKTPHYECKOTO MNOJA
M 3HEPTMH MAarHMTHOrO HONA K OOIIed 3Hepru¥ B 3TH MOMEHTBI BpeMeHH?
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¢ 12.1.11. a. OpsopofHOoe 3IeKTpHyeCcKoe MoJie HANpsXeHHOCTH E 3aHMMaeT
IPOCTPaHCTBO Mexay GeCKOHeUHpIMM IUIOCKOCTAMM AB u A'B’, paccrosnue
MeXZy KOTOpbIMH d. ITO moJie 06pa3oBalloch NMPH HANIOXKEHHH OBYX IUIOCKHX
31eKTPOMArHHTHBIX BOJIH. OMpeneNnuTe 3TH BOJIHbI, €CITH HAMPAKEHHOCTD eKT-
PHUYECKOro nonsa £ napajuieflbHa NJIOCKOCTAM.

6. Ha kakue 3eKTpOMAarHMTHbIE BOJHBI MOXHO Pa3T0XHTb MarHHTHOE
TojIe MHAYKIUA B, cOCpeoTOueHHOE MexIy TUIOCKOCTAMH AB ¥ A" B'? Unpayk-
IMA MarHHTHOTIO NOJIA B mapaiielbHa IVIOCKOCTAM.

12.1.12. a. Bokpyr ABHXYyILErocs 3apsAkKeHHOrO Tella BOZHHKAeT MarHMTHOE
noJie, a BOKPYT HEMOABHXHOIO — HeT. [I03TOMy NMpH MrHOBEHHOH OCTaHOBKeE
OBUraBlIerocs Tela MarHMTHOe Moje cTaHeT “NHUINHEMM”. OHO HpeBpallaeTcs
B WIEKTPOMarHMTHble BOJIHBL. TakuM 06pa3’oM, Mpouecc UITyYeHHsA INEKTIpo-
MarHMTHBIX BOJIH MOXHO pPacCMaIpHBaTb KaK IpOLecC NMOABIICHHS JIHIIHMX
ToJied NMpH M3MEHEeHHH CKOPOCTH 3apskeHHOro tenga. OcoGeHHO MpOCTIO 3TOT
npoliecc OMMChIBaeTCA WIS Clyyas IUIOCKOrO KOHAeHcaTopa. Eciiy 3apsikeHHbIA
KOHIEHCATOp ABWXETCA CO CKOPOCTbIO U NapalljielIbHO CBOMM IUIaCTHHAM, TO
HHOYKUMA MAarHHTHOro Hojisi B B HeM CBf3aHA C HAIpPSXKEHHOCTbIO 3eKTpH-
yeckoro mons E coothouwenueM B = (v/c?)E. Ilpu MruoBeHHO#H OCTaHOBKe
KOHJIEHCaTOpa 3T0 MAarHHTHOE TOJIe MOXHO CYHTaTh CYMMOH OBYX 3JeKTpo-
MarHMTHBIX BOJIH ¢ MHAYKUMeH % B, OBMXYIUMXCA B NPOTHBOMOJIOXNKHBIX Hall-
paBIIeHMAX MEPHEHAUKYIAPHO TIACTHHAM.

a. Omnpepnenure Hanmps)XeHHOCTb YIEKTPHUECKOrO TNOJIA B KaXOOH BOIHe.

6*. KakoBa 3Heprus BOJIHBI, MCHYLIEHHON 3apanoM (), paBHOMEpPHO pac-
TpefieNIeHHBIM [0 ABHXYyLIedca cdepe pagvyca r, NpH ee MTHOBEHHOH oOcCTa-
HoBKe? CKopocThb c¢epsl I0 OCTaHOBKH V.

B. HanpseHue, npwioxeHHoe K [BYM NpOBOMAM, pa3fesleHHbIM BO3MYyLl-
HBIM MPOMEXYTKOM, TOBBILIAIH A0 TeX MOp, MOKa MeXOy HUMH He MpOCKO-
UHJIa MCKpa, B pe3yJibTaTe Yero B MPOBONAX BO3HHKIM KosneGaHMA TOKa, NMpH-
BefllllMe K MOABJIEHHIO 3TEKTPOMAarHUTHBIX BONH. OUeHHTe, BO CKOJIBKO pa3
HOJIKHA YBEJIHYHTLCH MOILHOCTb MEKTPOMAarHHTHBIX BOJIH, eC/IM HaMpsKeHHe
npoGos YBEITHYMTh B 1BA pas3a.
¢ 12.1.13. 3apsxeHHbI IUTOCKMH KOHMEHCATOP pACKaYMBAIOT, NepeMemiast
ero TMapaJlIeNIbBHO IUlacTHHaM. C yBemHYeHHEM 4acTOTHI KojleGaHHMit v cpenHsas
BHTEHCHBHOCTb | H3nyyaeMpIX KOHIEHCATOPOM IEKTPOMAarHWTHbIX BOJIH CHa-
Yajla yBe/lMYMBAaeICs, MOTOM YMeHbLIaeTcA [0 HYJIf, 3aTeM ONATb YBETHUM-

298



Ty

K3a0aue 12.1.13

BaercA ¥ T.J. Yem oObsicHACTCA TakOe ueperOBaHHe MHTCHCHBHOCTH H3Nyye-
Hua? [lpu kakMx 4acToTax KOHIIEHCAaTOp He M3nydyaeT 3HeprHuio? OueHHTe yac-
TOTy, IpKk KOTOpPOH HaGmopatorca 1-H ¥ k- MaKCHMYMBbl U3y UeHUA.

¢ 12.1.14*. 3apskeHHas ILIaCTMHA, HANpPAXKEHHOCTb DJIEKTPHUYCCKOro NOJNs
KoTOpO#l F, IBUrasch MapajiyielbHO caMOH cebe cO cKOpOCTbIO U, CO3[1aeT Mar-
HUTHOE TNOJle MHAYKuMH B = (v/c?)E. T10I7TOMy NpH YMEHbILEHHH CKOPOCTH
TUIACTHHBI HAa BeJIMYMHY dU B OKPY>KalOLEM ee NPOCTPAHCTBE BO3HUKAET ~IHMLLI-
Hee” MarHUTHOe MUK pornone” MHAyKuMu dB = *(dv/c?)E. CyMMHpYACb, 3TH
“MHK pOnonaA’’ faloT JeKTPOMarHUTHY 10 BOJIHY, HaIIpAXKeHH OCTb 3J1eK TPHYECK OT'0
T0J11 KOTOPOH 3aBHUCHT JIHLIL OT CKOPOCTH TIACTHHBI:

EH3J] (t: x) = CBH3J1 (tv x) =
=(Cvt—x/c/cz)E = (vt—x/c/c)E-

UHpmexc ¢t — x/c O3HauaeT, 4TO MpH BLIYMCICHHH HANPSXKeHHOCTH NOJSA Ha pac-
CTOSIHMM X OT IJIaCTHHBI 3HaYEHHE ee CKOPOCTH Hy>XHO GpaTh B MOMEHT BpeMeHH
t — x/c. HanpuMep, HalpsAXKeHHOCTD JTeK TPHUECKOTO MOJIA U3JTYYEeHUSA TUTaCTHHRI,
CKOpOCTb KOTOPOH paBHa Ug Sinw!?, Ha PAcCTOAHMM X OT IUTACTHHBI B MOMEHT
BpeMeHH ! paBHa (Vo/c)sin[w(¢—x/c)] E, Tak KaK CKOpPOCTb IUTACTHHBI B MO-
MEHT BpeMeHM ! — Xx/c ObliapaBHa Vg sinw (¢ — x/c). JlokaxuTe clpaBeiu-
BOCTb QOPMYINBI £y 5 (2, X) =(Vs_ x/c/C) E Doia cnyyas, KOra CKOpOCTb U MCHAET-
A TaK, KaK N306paxeHO Ha PHCYHKaX.

2 Y
4 I[ 4,
® U 1//7 - -
—
®
) .l‘f 0 ty ¢ 0 ty #
b A

K 3a0aue 12.1.14

12.1.15*. Ucrnonb3ys dopmyny Eyan =(Ur_x/c/c)E, NpUBEfIeHHYI0 B 3a/iaye
12.1.14, pewMre clemyolIxe 3a0auH.

a. OmpepenuTe HANPAXEHHOCTb eKTPHIECKOTO MONSA B IUIOCKOH BOJIHE,
M3JTyyaeMOH TIIOCKHUM KOHJIEHCATOPOM IMpH ero ABMXKEHUM C MOCTOAHHBIM YC-
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KOpPeHUEM &, HANPaBJIeHHbIM MapajuICIbHO ero IiacTuHamM. Paccroanue mexay
TWIaCTUHaM¥ d, HanPsKEHHOCTD JTEKTPUYECKOrO NMOJIA BHYTPH KOH[eHcaTopa E.

0. JlHeHHAaA MJI0THOCTb TOK2 Ha MJIaCTUHE MeHSAETCA CHHYCOHIAJILHO ¢ aMIUTH-
TynoH iy. Onpenenuie 8 CU u B CI'C amMmiuTy iy HaNps>keHHOCTH JJIeKTpHYec-
KOTO {i0il8 8 BOJIHE, H3JTyYaeMOHR JTOH TUIACTHHOM.

B. Oupeneiinte KOIPGHUIMEHT OTPAXKEHNA ITEKTPOMAIrHUTHON BOJIHBI, MaaK)-
IeA Ha TOHKYK NpPOBOIAALLYI IUIEHKY MNCpPNCHOMKYSIAPHO e NOBEPXHOCTH.
Tonuyya nineHKH X, YUCIO 3JIEKTPOHOB NMPOROIHMOCTH B edMHMLE OGbema
N, ,4acroTa BOIHE V,
¢ 12.1.16. [Ipn pa3aBHOKEHMH OBYX NMApalyIelTbHBIX MOJYNMpPO3DPAYHBIX 3€PKalb-
HBIX IUT4CTMH HHTCHCHBHOCTb 3JIEKTPOMATHUTHOIO H3IyYeHHsA, MpOllle/lliero
CKBO3b JTH {UIAaCT{HBI, IEPHOAMYECKH MEHAETCA B 3aBUCHMOCTH OT PaCCTOSHHA
Mexny HUMH. OObsicHUTe JTO sBJIeHMe M ONpefeNHTe, NMOb3yAch PHCYHKOM,
WINHY BOJIHLI Na;1a10M1ero U3ilyueHus. U3ltyyeHue pacnpocTpaHseTcs MepleHay:
KYJSAPHO IUIACTHHAM,

O 12.1.17. AMIUIHTY 2 HAMPSXKEHHOCTH MEKTPHYECKOTO MOJIA EKTPOMArHUT-
HOH BOJIHBI, OTPaXKEHHOH OT MpOBOJALIEA NNCHKH, TeM 6ollbile, 4eM TONLIE
nnevka, Ha pucyHke nmpuBereHa TUIHUH4 3aBHCHMOCTb @MIUTUTYbl OTpPaXKCH-
HOM BOJIHBI OT TONIUMHBI TUIeHKH. B HauasipHpiit MoMeHT (B oBmactu x < xy)
aMIUIMTY/Ia JIMHeAHO 3aBHCHT OT TOJ/ILUMHB] TUICHKY X, 33T€M JIMHENHAsd 3aBHCH-
MOCTb Hapyllaercs, ¥ B o0nacTd x > X, aMIUIMTYy/ia OTPXCHHOM BOJIHbI MaJIo
OT/IMY2ETCA OT aMIUTHUTY/Ibl Mafaollel BOsIHbL £y . OGBACHUTE Ty 3aBHCHMOCTb.

12.1.18*. OueHurte yGUHY NPOHMKHOBEHHS B INPOBOJHMK NepPHEHOMKY-
JAPHO MNajamielf Ha €ro NMOBEPXHOCTh INMEKTPOMArHWTHOM BonHbl. UYactoTa
BONHBL ¥ = 105 I, 4MCI0 9MeKTPOHOB NPOBOOUMOCTH B efMHHIE 0O6beMa
n, =10%*? cm73,
¢ 12.1.19. IIpu [OcTaTOYHO GOJIBIIOM uYHMCIIe IIEKTPOHOB MPOBUJHMMOCTH
B elHHMIEe O6GbeMa METAJIa COCTAaBAWLIAS HANpPSIXKEHHOCTb 3JIEKTPHYECKO-
rO MOJIsA BOJIHBI, MapajulelibHasi NMOBEPXHOCTH MeTallla, ocnabiseTcs NMpakTH-
YyeCKH 10 HynA. [loaToMy pelueHMe 3amauM O B3aMMOJEHCTBMHM JJeKTpOMar-
HMTHOR BOJIHBI C METATIIOM CBOIIMTCA K OTBICKAHHIO BOIIM3M €ro MOBEPXHOCTH
IBYX TaKHX OeryuiMx BOJIH, HaJIOKeHHE KOTOpBIX AaeT Hy/eByl COCTaBIIAI-
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YK HAaNpsKEHHOCTH JICKTPHYCCKOIO MONs BNOMbL NoBepxHocTH. Taxmmu
)1CKTPOMArHHTHBIMH BOJIHAMH ABJAIOTCA 1IPH NEPNEHARKYIAPHOM MaeHHH
Ha METallIIMYECKYH TOBEPXHOCTh [IBE€ BOJIHBI: OJIHA PE&IbHO [IBHXKETCH B NPOCT-
palcIBc BHe MeTanna, a gpyraf, GUKTHBHasA, 'NepeBepHYT4an’ BOJHA LBHXKCT-
CH HaBCTpedy NMEpBOH BHYTPH McTailiia (Ha pHCYHKe 2Ta o6Gnacts BMmecTe ¢ GHK-
THBHO# BOMHOM HAaXOMMTCA cnpaBa OT MIOCKOCTH AB). PUKTHBHAA BOJIHA CTa-
HOBHTCA PeapHOH, KAaK TONBKO OHA BBIXOMMT 3a rpaHuLly AB, rje oHa Haka-
/IBIBaETCA Ha TiepByro BOMHY. Hamoxxenne 21X BONMH cleBa oT muockoctH AB
[aeT HyJIeBYK HaNpsXEHHOCTb NIeKTpHYecKOoro nois Bo:Ns AB W, cnegoBa-
TeNbHO, pellaeT NOCTABJICHHYIO 3a0ayy.

Vcrons3ysa OMMCAHHBIA MpHeM, HAH/IMTC HAIPAXEHIIOCTb DNEKTPHUECKOIO H
HHIYKIHI0 MarHUTHOTO MOJNA BOIM3A MeTANNHYeCKOH TIOCKOCTH B MOMEHT, KOT-
/12 BepIlMHA NafialolIei BOJIHBI IOCTHIAET ILIOCKOCTH AB.
¢ 12.1.20. Crnoit HOTOIMYNBCHH HAHECEH HA 3epPKANIbHYI0 METATUIMYECKYI0 MOM-
n0kKy. [lpM HOpMaIbHOM NajeHUM CBeTa Ha paccTOAHMM 107° MM OT meTan-
SIHYeCKOH MOBEPXHOCTH IPOHMCXOUMT MOuYepHeHHe 3MYJIbcHH. QOBACHHTE 310T
addexr. Onpenenure MIMHY BOIHBI CBeTa, MAafdloEro Ha METAUTHYECKYIO
noBepxHOcTh. Ha KakoOM paccTOAHHMM OT TMOBEPXHOCTH MOJUIOXKKH OyzeT Haxo-
JIMTHCA BTOPO# CNOH NoYepHEBILEHA IMYJTbCHH?

12.1.21. Ha meTasuiMyeckyw CTeHKY MNapgaer NepleHOUKYJAPHO ee NOBepx-
HOCTh THOCKAA MIeKTPOMArHHTHasA BOJIHAa. HamnpspkeHHOCTs 371eK TPHYecKOro
uona ponsel £. Onpeaenure B CU u CI'C -iMHe#iHy0 NMOTHOCTh TOKAa B CTCH-
K¢ M IaBJIeHHE BOJIHbI Ha Hee.

12.1.22. AMNIHTYOa HaOpsXCHHOCTH JMeKTPHYeCKOro MoJA ILIOCKOH cH-
1lycOMpAaisHOA BOMHbl paBHa E,. Kakoe cpe/Hee paBlieHHe OKa3biBaeT I3Ta
BOJIHA Ha IUIOCKYK0 MeT&LIMYeCKYI0 CTeHKY MpH HOPMAllbHOM MNafgeHHH Ha
1ee?

12.1.23. Yemy paBHO maBiieHHe COJIHEYHOTO H3INMYUEHMA H4 3epKaTbHYI0 MO-
BepXHOCTs BOMHM3H 3eMIH IpH HOPMaJIBHOM NafeHHMK Ha 3epkaito? [lpu nageHuu
W3TyyeHHs Ha 3epkaio nox yriom 30°? TINOTHOCT, MNOTOKA JHEPrHH COJIHCY-
HOTO M3NyyeHHA paBHa 600 B1/m2.

12.1.24*. OneHuTc MAKCHMAIBHBIA pa3Mep AJIOMHHHMEBBIX NBUIHHOK, KO-
10pbie B KOCMHYECKOM IpOCTPAHCTBE MOJi HABIEHHCM COSTHEYHOTO HNTyye-
1IMA yganssikcs 6p1 oT ConmHLa.

301



| i

K 3a0aue 12.1.25 K 3a0aue 12.1.27

¢ 12.1.25. Monesysick METONOM, H3TOXeHHBIM B 3amave 12.1.19, mokaxwure,
YTO YrOJl TNafncHUs MICKTPOMATHUTHOM BONHBI paBeH YMy oTpaxeHHs. Pac-
CMOTpHUTe clyyau: a) BexTtop E majlarouiet Ha MeTals 3NeKTPOMArHUTHOMR BoI-
Hbl MapajUleneH MeTATUYeCKON MOBEPXHOCTH; 6) BeKTOp B 3neKTpOMarHur-
HOH BOJIMBI Napa;..1efleH MeTA/UIMYECKOH MOBEPXHOCTH.

12.1.26. Cpennee paBleHMe MIOCKOH CHHYCOMOAILHOW BOJIHBLI, NamdioLiei
HOf YITIOM (@ Ha METWUTHYECKYI0 MOBEPXHOCTh, paBHO P. OnpegeiuTe aMOIUTY-
Oy Halps>KeHHOCTH 3 1eKTPHYECKOro NOJIA ITOM BOJIHBL.
¢ 12.1.27*%. Meron PMKTHBHBIX BONMH (cM. 3amauy 12.1.19) MOXHO HCHOMb-
30BaTh M UIA pelIeHHs 3a0da4yd OO0 OTPaXeHHH 3JIeKTPOMATHMTHOM BOJHBI OT
OBHXXYULEACA 00 CKOPOCTHH U MeTaJuIMycCKOd MOBepxHOCTH. [ pellueHus
9TOH 3ada4yH HYXHO nMogoGpars GUKTHBHYI0 BOJIHY TaKHM OBGpa3om, 4TOGH!

OHa, BOWAsA B ODNacTh BHe MeTald H

CTdB pealbHOM, IIPH HAJOXEHWH Ha mMa-
£ parouyio BOJNHy pdasana 6p1 B CI'C Ha-
& : NPAXEHHOCTb JNIEKTPHYECKOTO HONA, B
v/c pa3 MeHbLUYI0 MHIYKUWH MarHATHO-
10. OGBACHUTE ITO YCIIOBHE.

12.1.28* Ha mewxymymwes co cko-
POCTBIO U MeTaINTHYECK Y10 CTEHKY MagdeT
NEpHEHANKYSIApHO ee MOBEPXHOCTH IJIOC-

"0 2 7 Kas JJIEKTpOMarsdutHasa Bojna. Hanpsa-
£ KEHHOCTh JIEKTPHUYECKOrO NOJIsi BOJIHBI
£y E. Kaxoe mapnenne B CH u CI'C oka-
p 3pIBaeT BOJIHA HA CTeHKY?

760 - 12.1.29. Yacrota CcHMHycOMOaNbHOM
é‘ A BOJIHBI, NIAHalollled Ha OBIKYUIYIOCS Me-

TAJIMUCCKYH CTEHKY MeplleH IUKYNApHO
ge TOBEPXHOCTU, NPU OTPAXKEHUH Me-
HAetca Ha A. IlepBoHayaNbHas yacToTa
K 3a0aue 12.1.34 BOJIHBI V o . OTIpedeNnTe CKOPOCTh CTEHKH.
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12.1.30. AMIIIHTYOa BOJIHBI IPH OTPaXKCHHH €e OT OBHXKYLIeHCA HaBCTpeuy
META/VIMYECKOR CTEHKH yBelWywlach B k pas. Onpepenurte cKOpOCTb CTEHKH.

12.1.31. Moyemy npu nepexofe 3INMGKTPOMATHUTHOR BOJIHBI Yepe3 IUIOCKYIO
rpaHHlly BaKyyM — HeNpOBOAAINAA cpeda: a) NepHeHAHWKYIAPHAA TpaHHie
COCTaBJ/IANMIAA HAMPAXKEHHOCTH INMEKTPHYECKOro MOJA yMeHbLIACTCA B € pa3,
a yapaitesibHasgs He MeHseTcd; 0) NepHeHIHKYNAPHasA IPaHHUlle COCTaBIIAIOIIAA
VHIYKOMH MArHHTHOTO TONA He MEHAeTCA, a NapaliielibHag yBeIUYUBacTCAd B
A pa3? e — OMINIEKTPHUECKas, U — MarHHTHas APOHHLIAEMOCTb CpelblL.

12.1.32. Kak ™meHserca ¢pa3a BOJIHbI, OTPaKEHHOH OT IUIOCKOH IpaHHubI
pa3gena OBYX OHIMIEKTPHKOB C JHIIEKTPHYECKOH NMPOHMIIAEMOCTBIO €; H €3
B cnyuae €; < €,7 B Ciiyyae €; > €,? BoslHa NagaeT NepAeHOUKYJISAPHO MIIOC-
KOCTH pasfiena.

2.1.33. [IokakKTe ¢ NMOMOUIbI0 3aKOHA COXPaHEHHsA IHEpIHH, UTO B Cde-

pUYECKOM BOJIHE, H3/TyyaeMOH TOUEYHBIM HKCTOYHMKOM, aMIUTMTYZA HANpPAXKEH-
HOCTH 3NIEKTPHYECKOTO TOJNSA ¥ MHIYKUMM MArHMTHOTO TOJIS BOJIHBI YGbIBaeT
O06p4THO NPONOPUHOHATIBHO pPACCTOAHHIO OT MCTOYHHMKA, eCJIH JHEePrHA BOIHBI
He NPITIOmaeTca cpeioi.
o 12.1.34. Ha pPHCYHKe H300pa>keHO paclipeleJieHHe 3JIEKTPHYECKOTO MOJA
oByx 6Geryumx cdepuyeckMx BOJIH B HYJIeBOH MOMEHT BpemeHH. M306pasnte
pachpeqelleHHe NIEKTPUYeCKOro NONA B MOMEHT BpemeHH rofc. Kakum Gy-
HeT pachpeleieHHe JMeKTpUYecKOro AonA npu ! — °0? OlpeldelHTe HEpPruio
3THX moJeit,

§ 12.2. PacnipocrpaHeHHe 3JIEKTPOMATHHTHBLIX BOJH

¢ 12.2.1. Cornacko npuHuvny I'ioiireHca — ®DpeHensa Kaxabid yyacTOK (GpoH-
Ta BOJIHBI SBIAETCA HCTOYHMKOM BTODHUYHOH cdepuueckoit BOIHbIL Orubaro-
13 3THX BOJIH [13eT HOBbIi QpPOHT BOnmHb. TIOKaxMTe, HCHONB3YS ITOT NPHH-
LMI, YTO: a) TUIOCKHH (PpOHT 37eKTPOMATHHTHOH BOJIHBI AepeMeiliacTca co
CKOpPOCTbI0 CBeTa ¢ B HalIPaBIIEHHH, NepHeHIUKYIAPHOM IUIOCKOCTH (PpOHTa;
6) papuyc cdpepHyeckoro ¢gpoHTa 3a Bpems 7 BO3pacTaer Ha 7¢.

12.2.2. Kak H3MeEHsAI0TCA MTHHA K CKOPOCTh BOMNHBI IPH Nepexofie ee B cpely
€ MoKasaresieM NpenomMiIeHnsa n? MeHAeTCA JIH YacToTa BONHBI?
¢ 12.2.3. C nomowsio npuHnuna [rofreHca — @peHenss JOKaXHTe, 4TO IpH
Ta[iIeHHH TJIOCKOH BOJIHBI Ha IPaHHUly pa3jela ABYX Cpef: a) yroil najeHus
paBeH YDy OTpaxeHHa (o; = @;3); G) OTHOLueHHe CHHYca yIila MaJileHHs K CH-
Hycy yITia MpeJIOM/IEHHsA PaBHO OTHOILUEHHI0 CKOPOCTH BOJIHbI B NepBOil cpede
K CKOpPOCTH BOJIHbI BO BTOPO#H cpee (sina; /sinog =v;fvs).
¢ 12.2.4. Haiigute yrisi, onpedeNnsiolue HANpaBlleHUs] MHHHMYyMOB H3Iyye-
HMA, €CITH [UI0CKas BOINTHA MaJjjaeT MepIeHIUKYJIAPHO Ha wwielb WKMpHHLI b. [iiu-
Ha BOTHb A < b.

12.2.5. llnprHa mMTpUXOB NMGPPAKUHOHHOR PELIETKH MHOTO MEHbIUE AJTHHBI
BOJIHBI. BO CKONBKO pa3 yBeTHUMTCA MHTEHCHBHOCTb M3NyYECHHs B HanpaBJleHHH
MaKCHMMyMa HITYYEHHA, €CITH YHCTIO LHTPHXOB OH(PPaKLHOHHOM PELICTKH yBe-
JTHYUTD B k pa3?
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12.2.6. Ha crexnaHHyl0o OHGPAaKUMOHHYH PpelIeTKY, uMeomyo 200 JTHHHY
Ha 1 MM ¥ MOKPpBITY0 TOHKUM CJI0eM 30J10Ta, afaeT oUeHb Y3KUH NYyUoK K -1~
nyvenns memu (A = 1,541 - 107'° M) mopn yrmom 20" k ee noBepxnocTd. Onpe
HeTINTe pa3HOCTh YITIOB OTPaXKEHHs MEXOy NyYyKaMH NepBOIO M HYJEeBOI
nopanka.
¢ 12.2.7. Ha orBepcTHe pamuyca r magaeT NEpPHEHOMKYJIAPHO €ro IIOCKOCTE
IWIOCKasA CUHYCOM[AIbHAasA BONHA. JTHHA BojHbl A <r. VIHTEHCHBHOCTb BOJIHb
MO OCH OTBEpPCTHA NepHOAMYECKH MeHgeTca. Ha Kakom paccTofiHMM OT erx
IIEHTpa HAXOOWICA TocCTenHui makcuMym?! OmpemennTe paccTOAHHE MEXIT
MaKCUMYMaMH MHTCHCHMBHOCTH Ha PacCTOAHHMH Z OT LEeHTpa OTBEPCTHA, ecil¥
PPNz >r.
¢ 12.2.8. Ecny kpyInoe oTBepcTHe (HAlpHMep, HPHCOBas nuadparma) yBenlk-
UMBACTCA TAKHUM 00pa3oM, yTO pajuycC e€ro, paBHABIUWHCA paguycy OOHOH 3¢
Hbl OpeHeNns, DOCTHraeT paguyca ABYX 30H, TO B TOUKe A HHTEHCHBHOCTb M3/

b
\r\
i ;
: i
!
H
i

Q — |4 T I
A
—_—
20 z -
E‘ | —
K 3a0aue 12.2.7 K 3a0aque 12.2.8

304



UeHMA 3HAUHTENIBHO yMEHBIUNTCA, NajlasA [0 HYJIA, XOTA MOTOK M3ITYyeHHA depes
OTBEpCTHE BO3pacTaeT MoytH B gBa pa3a. Kakum oBpazom cornacyiworcs 3Tw
;iBa ¢pakTa?

12.2.9*. Ha skpaH, UMelownWA KpYrioe OTBepcTHe, MajaeT MapaiielbHbIA

llyyoK cBeTa. PafHyc oTBepcTUA COBHAmaeT ¢ paguycoM LEeHTpaTbHOH 30HbI Ope-
HCJA 1A TOUKH A (CM. pHC. K Mpelployied 3afnaue) . Ucnone3ya rpagHueckun
MeTO[, ONpedesIuTe, BO CKOJBKO pa3 HHTEHCHBHOCTH CBETA OT LCHTPaIbHOH 30-
HbI OONbIlle UHTEHCHBHOCTH CBeTa, NMPUXOOMBLIEro 6bI B 3Ty K€ TOUKY, €CJIH
OBl He DBUTO DK paHa.
O 12.2.10. U306pasute Ha rpadke 3aBUCHMOCTb HHTEHCUBHOCTH CBETa B TOY-
ke A OT pamHyca OTBepCTHsA, IepeK PbIBAIONIETO NapanslelIbHbIA NOTOK H3NYyYeHHA
¢ JutHHOM BONHsI . Paccrosnme or Ttouku A [0 uen1pa oTtBepctus b. UHTen-
CHUBHOCTh U3NyueHUs B motoke /.

K 3q0a4e 12.2.10

12.2.11*. a. Ha pucynke H300paxceHa MIOCKAA CTEKJ/IAHHAA IUIaCTHMHKa C
JAUEPHEHHbIMH KOJIBIEBBIMHA YYaCTKaMH, JTOH TIUIACTHHKOH MepeKpbuld MNa-
pa:UIeJIbHBIA IyYOK MOHOXPOMATHYECKOTO CBeTa € [UIMHOM BoJIHbI A. Oka3sa-
10Cb, YTO 3auepHEeHHbIe KOJIblA IUIAaCTUHKH COBMAM C YETHBIMHM 30Hamu Dpe-
HelIs s oceBol Touku A. Kak U3ameHWTack HHTEHCHBHOCTh CBETA B 3TOM TOUKe?

6. [lapannensHbIA MyYOK MOHOXPOMATHYECKOTO CBeTa MEPeKpPbUIM IJIAaCTHH-
IKOW, B KOTOpPOI 3auepHEHHbIE KOJbIEBbIE YUACTKH 3aMEHEHBI CIIOAMM OUINEKT-

@ I

K 3adaye 12.2.11

pUKa, N3MeHAWero ¢gasly npoxoidued BoiHbl Ha 7. Kak M3MeHHIach UHTEH-
~MBHOCTb CBeTa B TOUKe A B 3TOM clyuae?

12.2.12*. PaccuuTaiite aMIUIHTYdy @ JJIEMEHTApPHON BTOpHYHOM BOnHbI ['toii-
icHca — Openena. (AMMIINTYyda ¢ TPONOPUMOHANIBHA aMIIMTyne A [epBUY-
'I0OW BOJIHBI, fOUIEfILIeH OT teMeHTa AS, mWwiomagu 3Toro 3jieMeHTa H 06-
PUTHO TIpOMOPUHOHAILHA 7, T.e. @ = cAAS/r. JIna onpeneneHus ¢ cpaBHUTE
IMIUTATYly TUIOCKON BOJIHBI B KaKOH-NHGO TOUKE M aMIUIMTYAY, PACCUMTaH-
1yio o Metony {peHens, B 310 e TOuKe, KOTHa B KauecTBe BCAOMOTraTellb-
HOH TOBEPXHOCTH B3AT PPOHT IIOCKOH BOJTHBL.) 305



K 3a0aue 12.2.12 K 3adque 12.2.13

¢ 12.2.13. a. OueHHTe pa3Mep CBETOBOro TATHa Ha JIyHe OT Jla3epHOrO ny-
ya. JIazep Haxonutca Ha 3emile, pamuyc ero Jyua 10 cM, IJIMHa BOJIHbI 1075 ¢cm.
(I'panuna NsATHa OLEHHBAETCA M3 YCUIOBHA, YTO B OGNIAacTH NATHA NYYH, UOyHIME
OT OT/EeJIBHBIX YUACTKOB BOJIHBIL, He TACAT APYT IpYra.)

6. OueHHuTe pa3sMepbl AHTEHHBI paapa,HM3JIyYaiolIero TpPeXCaHTHMETPOBBIE
AUIeK TPOMarHHUTHbIC BOTHBI BHYTpH ymia 0,01 pap.

12.2.14. Ouenure MHUHHMAIbHBIH pasMep NMpejiMeTa Ha MOBEPXHOCTH 3eMITH,
KOTOPBIA MOXHO cdoTorpadupoBath €O CHYTHHKA, JIETAWIETO Ha BHICOTE
200 kM, a Tak)ke MUHMManbHbIA pasMep NMpejMeTOB Ha JlyHe M Ha Mapce, Ko-
TOpble MOXHO chOoTOrpadHpOBaTh C OKOJIO3eMHOH OpOHTbI. Pa3pelaroias
¢HocoBHOCTh GOTOMIEHKH He OrpaHHYMBAET YeTKOCTH M306paXkeHA.

12.2.15. a. PackarnieHHas HHTb HaKasia 3J1eKTPHYECKOHN JIaMITbl HMeeT K PacHbIH
OTTEHOK, eC/Ii CMOTPETh Ha Hee 4epes MaToBYo OBEPXHOCTh WIadoHa. Obbsac-
HHTe JTO ABJIEHHE.

6. [Touemy kpacHbI¥ CBET MEHbLIE PacCCEUBAETCA TYMAHOM!?

B. [ToueMy mHeBHOe HeGO ronyGoe?



IJIABA 13

IFEOMETPHUYECKAA OHTHKA. POTOMETPHA.
KBAHTOBAs ITPHPOIJA CBETA

§ 13.1. IlpsiMomnHHelHoe pacnpocTpaHeHHe H OTpa)keHHE CBeTa

13.1.1. Onpegenute ofiacTb NONMHON TeHH OT KPYITIOTO KapaH[Allla, ecld
HCTOUHMKOM CBeTa CIIYKHMT LWIMHIPHUECKAA Ta3ocBeTHan Jamna. Kapaupaiu
Y J1aMIa PacloslOsKeHbl TapaJUTeNIbHO APYT JIPYTY.

13.1.2. MartoBas JnexkTpHuccKas JlamMIOYKa B BHOE 1lapa AHaMETpPOM 6 CM
ocBeuaeT rIobyc guameTpa 26 ¢M. Onpenenure HaMeTp MOJHON TeHH H MG-
;lyTeHH 1100yca Ha cTeHe. Pacctosnue ot rnoGyca [0 naMmouku 1 M, Ao cre-
HbL 2 M.

13.1.3. ”KomHaTa, B koTOpyto BcTynun YBan MBaHOBHuY, Gbula cOBEpLIEHHO
TeMHa, HOTOMY UTO CTABHHM ObUTM 3aKPbIThI, H COTHEYHBIN 1y, IPOXOLA B OBIPY,
CIeTTAHHYI0 B CTaBHE ... yJapsfcb B POTHBOCTOSAILYI0 CIEHY, PUCOBAI Ha Hel
necTphlit naHawadT U3 ... Kpelll, JePeB M Pa3BellleHHOTO TU1aThd, BCE TOJNBKO
B obpawendom Bune” (H.B. I'ocons. TloBects 0 TOM, Kak Moccopwicsa UBan
MBanosuy ¢ UBaHom Hukudoposuuem) . OGbsacHNITE 3TO ABNIeHHeE.

13.1.4. B wropax, 3aTeMHAMMX KOMHATY, O§p4a30BAIOCh MaJeHbKoe OT-
BepcTHe. B OTBepcTHe 3arNsAHYNO COJIHIE, M MO CTeHe TONON3 KpyIibil “3aii-
quK”. Tlouemy ¢opma 3ailunka He 3aBUCHT OT GOpPMBI OTBEPCTHA (TPEyroib-
f1oe, KBagpatHoe) ? B kakoM ciiyuae HOABHTCA 3aBHCMMOCTb OT (GOpPMBI OTBED-
ctna? (Tot xe 3dpdexT MOXHO HabIOOATH NMpPH MOMOIIM MATEHBKOIO OCKOJI-
K4 3epKana.)

13.1.5. [locTpoiiTe NM3oGpaxkeHHe NpegMeTa B IWIOCKOM 3epKane. M3o6paxe-
HUE OKa3bIBAaETCA NMEPeBepHYThIM CHPaBd HaJleBO MO OTHOUIEHUIO K MpeameTy.
ItoueMy >xe 3epkano He “HepeBOpaunBaeT’ H30GpakeHHe cBepXy BHU3Z?

13.1.6. BbicoTa uenoBeka h. Kakoil MHHUMAIILHON BBHICOThI HYXKHO €My B3ATh
JepKaNo, yToGbl YBUICTh CBOE H306paxkeHHe B MOJHLIA poct?

13.1.7. 3a0bIBLIasA TeOMETPHUECKYIO ONTHKY [eBYIUKAa pacCMaTpUBAeT CBOC
n3o0paxkeHHe B MajleHbkOe 3epkaibllc. UYTo6Gpl pasrismeTs OQHOBpeMEHHO
OOJIBILYI0 Y4CTb H300parkeHHA, OHa TO MOJHOCHT 3epKaslblie K caMOMy IHIY,
10 yoanser ero. O6bsAcCHUTE OeBYLIKE, KaK MEHAeTCs pa3Mep BHOMMON 4acTH
IMIIa B 3aBUCHMOCTH OT PacCTOAHUA 00 3epKaIbLA.

13.1.8. [loctpoiite H300pakeHHe NpeaMeTa B OBYIPAHHOM 3epKajle ¢ YI-
1omM Tipu Bepiunte 90°. Uem oTIHuUaeTCA ITO M306paxcHHe OT U306paxeHHs B
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IWNOCKOM 3epkane? 3epkajio pacloNoXKeHO B yIiy KOMHaTbl, M3 KaKUX TOYeK
KOMHATbl MOXHO BHIETH CBO€ M300Opaxenue?

13.1.9. Tpu npaMOYIonibHBIX 3epKaia OJMHAKOBOTO pa3Mcpa CICHKEHbI B
TpEXTpaKHylo NMpu3My ¢ OTpaxkalowel BHYTpeHHe#l mnosepxHOcTbio. IlocTpoiite
H300paxKeH e MpeaMeTa, paclollOxeHHOTO BHY TPH NTPH3MBL.
¢ 13.1.10*. [MonmyuwinHOpHYECKOE 3epKalo MOMECTWIH B LUMPOKHH Nyyox
cBeTa, MAYUMi Mapa/UieNbHO IUIOCKOCTH CHMMETpHM 3epkaia. Haiigute mak-
CHMAJTBHBIA YIon MeXmy JyuyaMu B OTpaXXEHHOM OT 3epkKaia myuke (yron
PacXOXKHIEHHA) .
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13.1.11. Ecnu Mexay TOYEYHbIM MCTOYHHKOM M 3KPAHOM IOMECTHTb TPYGy
C TTafKON BHYTpeHHell MOBEPXHOCTHIO, TO Ha JKpaHe BO3HUKHET CHCTeMa KOH-
HEHTpHYeCKHX Konell. O6bACHHTE MPHUKHY HX BO3HHUKHOBEHHS.
¢ 13.1.12. Co CTOpPOHBI OCHOBAHMS MyCTOTENOIO KOHYCa BBICOTBI A ¢ MAJIbIM
yIJI0M TIPH BEpLIHHE OTpe3and HeGOJNbLIOe KOJIbIO M MOMECTWIH B Mapajieiib-
HpIi TyYOK CBETa, IUMPOKOH YacTblo B CTOPOHY Myuka. Ha kakom pacctosuun
OT KOTIbNA ChOKYCUPYIOTCA OTpa3MBLIHeCT OT HEro J1yyH cBeTa?

13.1.13. Onpepenute GOKycHOe pacCTOAHHe cdepHUecKOro 13epkana pa-
nuyca R.

13.1.14. TlokaxuTe, YTO €CJIM PACCTOAHMA OT IpenMeTa M M30GpaskeHHs 110
¢$hOoKyca BOTHYTOTO 3epKana paBHbi {; M Ip, T0 {,1; = % et — dokycHoe
paccTOsiHue 3epKana.

13.1.15. TIpenmer pacmoyioxeH Ha [JIaBHOW OINTHYECKOH OCH BOTHYTOTO
sepKasia Ha pacctrosHuM 60 cM oT monoca 3epkana. Onpepenure GoKycHoe
paccTosiHMe 3€pKana, ecIH H3006paxkeHHe NmpegMeta AeHCTBHTENBHO H YBelHYe-
HO B MONTOpA pasa.
¢ 13.1.16. Ha BorHyroe 3epKal0o MNajaeT CXOOAIUMACA KOHHYECKHH MYyyOK
cBeTOBbIX Nyued. Ha xakom pacctosnuu oT PoKyca mepeceKyIcsa OTpakeHHble
TlyuM, ecly panguyc 3epkaia 80 cM, a MpOOOIKeHWe JTyue#t MepeceKaeT IJIaBHYI0
OTITHYECK Y10 OCb HA PacCTOAHMH 40 cm OT 3epkana? _

13.1.17. HeitcrBuTenpHOe H306paXceHHe MpeMeTa B BOTHYTOM 3€pKajle mpe-
BHILLIAET MO CBOMM pa3MepaMm INpeaMeT B TpH pa3a. [Jocne TOro kak mpegmer
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K 3a0aue 13.1.19

OTOOBHHYIH OT 3epkana Ha 80 cM, ero H300paskeHHe CTAIO B [Ba pa3a MeHbLUe

npenMera. Haiimute pokycHoe paccTosiHMe 3epKaia,

> 13.1.18. TlocTpoiiTe u300paxeHde NpPAMOYTOibHHKA C [UTMHHOH CTOpOHOH

R/2, nexame#t Ha ocu cdepuyecKOoro sepkaina ¢ paguycoM KpHBHU3HbI R. Tle-

PCOHAA CTOpOHA NPAMOYTO/IbHUKA HAXONMTCA Ha pacciosHuMM R/2 OT nomnroca

3epKajd.

> 13.1.19. TocrpoiiTe U306pa>keHHe NMyYyKd CTPENOK, BBIXOAAIWMX M3 LeHTpa

KPHUBH3HbI chepHyeckoro 3epkata. KOHIbI CTPEJIOK JIEXAT Ha 10JIyOKPYXHOCTH.
13.1.20*. Kakoil ¢opMbl mOmxHA GbITh OTpaxcatollas NOBEPXHOCTh, YTOOBI

OHa coBGHpasia Bce NapailebHble IYUH B O HOHA TOuKe?

§ 13.2. Mpenomienne cBeta. PopMyna JIMH3bI

13.2.1. Puiba Bupgutr ConHue 0O yrjiom 60° K noBepxHOcTH Bojbl. Kakosa
nactoawasn Beicota Connua wan ropu3oHToM? [loxasatens mpenomieHHs BOMbI
1,33.

13.2.2. a. Kaxywasaca rmyGuHa sogoema 3 M. KakoBa ero ucTdHHas riyouna?

6. Camoner npomeTaeT Haj NOTrpY3uBIUelicA Ha HeBonbllylo TNYOHHY NOmg-
ROJHOW noakod Ha BbicOTe 3 kM. Kakol nokaxeTca BbIcOTa camollera ApH
HAOII0IEHHH C TOAKH?

13.2.3. Ynutka pa3mepa @ CMIMT Ha A&TbHel cTeHKe HMPAMOYTOJILHOIO aKBa-
nHyMa WHpHHBL /. Bo CKONbKO pa3 H3MEHUTCHA BHANMbIA YIIIOBOH pa3Mep YIUT-
WH, eClTM U3 aKBapuyma cyiMTh Bony? HaGnropaTens pacnofioxwica Ha paccTos-
iiMH L oT aKBapuyma.

13.2.4. OTHOCHTelIBHBIH NOKa3aTeNb MpeJIOMIEHNS Ha TpaHuue BO3OyX —
<TeKJIO paBeH 1,5, a Ha rpanulie Bo3gyx — Bopa 1,33. Uemy OH paBeH Ha rpa-
HiLUEe BOIA — CTEKJI0?
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13.2.5. a. Onpepenure yroJl NOJIHOrO BHYTpPeHHETO OTpakeHHs MIA ajiMa3a
(ny = 2,4), wia somgsl (n, = 1,33) 4 wiA aitMasa, NOTpy>KeHHOIO B BOAY.

6. IToyemy HeGoJlbiliMe Ny3bIPbKH BO3/AyXa B Boae cepeGpuctbie?
O 13.2.6. MoxHO Jiu yBHIOeTh uTo-HUByOp Yepes JIBe cMEXKHble FpaHH CTEKSIAH-
Horo Ky6a? [lokasatens npeaomneHun crekna 1,5,

7 ”
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K 3a0aue 13.2.6 K 3a0aue 13.2.7

O 13.2.7. Kakum pomxeH ObiTh BHeWHHH pajmyc u3ruba CBeTOBOdA, CHE/IAH-
HOro M3 INPO3DAayYHOro BelecTBA ¢ NOKA3aTejieM IpesIOMIICHUA M, 4TOGhI MpH
OMaMeTpe CBETOBOJA, PABHOM [, CBeT, BOLE/LIMIA B CBETOBO/, ITe pleHMKYJIAp-
HO TUIOCKOCTHM €TO NOMepevyHOTo CeYeHMs, paclpoCTpaHsICH, He BBIXOAA Yepe3d
GOKOBYI0 MOBepXHOCTh HAPYXY 7

¢ 13.2.8. W3 muexcuriiaca M3roToBleH KOHYC ¢ yITIoM Npu BepiuuHe 2«. Ha
OCHOBaHWe KOHyCa NajaeT NAapanlefibHeld NyuoK cBeTta. ONuumTe NOBemdeHHe
cseta. [loxasarenb npenomiieHyu s Miekcuriaca 1,5.

¢ 13.2.9. Ha ropuaoHTanbHOM MIOCKOCTH 3a4e pHeH Kpyr pamuyca R. B ueHnrtpe
Kpyra BepTHKa1bHO CTOWT, OMMpasch BEPUIMHOH HA ero LEHTP, CTeKJISAHHBINA
kouyc. [Toxasatens npenomieHus crekna n > 1,5. Yron pacTBopa KoHyca 2a =

-
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= 60°, paguyc ocHoBaHus R. Ha Kpyr cMOTPAT ¢ BONIBLIOTO pacCTOAHHA BAOITb
ocH KoHyca. KakoB ero Buammbli paguyc?

13.2.10%. EciM cMOTpeTb Ha KalWUIApHYW TpyOKy cOOKY, TO BUIMMbIH
BHYTpeHHH#t pamuyc Oypmer paBeH r. KaKoB MCTHHHBIA BHYTDEHHMA paluyc?
IToxa3aresnib NpeOMIIEHHS CTEKIIA M.
¢ 13.2.11. MNpr KaxoM MHHHMA&IBHOM YIJie MajleHus jiyYa CBeTa Ha CTONKY
NJIOCKHX MPO3PauHBIX IUIACTHH, IOKA3aTeNib NPeJIOMIEHHA KaX/I0H U3 KOTOPhIX
B k pa3 MeHblue, YeM Y BhillieiexKaulel, Ty4 He npoAneT ckBo3b cronky? Moxasa-
TeJIb PeIOMIIEHHA BepXHeH MUIACTHHBI M, IMCIIO TUTaCTHH V.

13.2.12. Tokazatens npeloMIeHUA aTMOC]EphI NMNAHETbl YMEHbLIAETCA C
BbICOTOM /1 Haj ee MOBEePXHOCTbIO O 3aKOHy N =ny — och npn h <nja. Paguyc
madetsl R, Halgure, Ha KakoW BbICOTe Haj MOBEPXHOCTbIO IUIAHETHL JIyd,
MCTYIEHHbIH TOPH30HTANbHO, ByaeT 0GXOMMTDh IUTaHETY, OCTaBaACh BCE BpeMA
Ha 3TOH BBICOTE.

13.2.13. Kax BBITIADHT OKPYXaIOmIMA Hac MHP C TOYKM 3peHus pbibbl?
¢ 13.2.14.a. Yepe3 KnuH ¢ MaIbIM YIJIOM & MpPH BEpUIMHE NPOXOOMT nyy
CBETa, KOTOPbIA NepleHaMKYsApeH NepeiHell rpaHu KiuHa. JloKaxuTe, 4T0 yron
OTKJIOHEHHA JIyya OT NepBOHAYAILHOTO HaNpaBJieHHs NpHOIH3MTENIbHO paBeH
(n - 1) a. Moxasatenp NpeTOMIEHAA KITHHA N,
¢ 6. Yepe3 KIHH ¢ MaJbIM YITIOM O IIpH BepIuMHe MPOXOAMT JIy4 CBeTd, KOTO-
pblii TajaeT NOJ MAlbIM YITIOM Y K HOPMaIu K MepefHeil MOBe pXHOCTH KIIMHA.
JloxaxwTe, 4TO Yrosn OTK/IOHeHMA Jiy4ya CBETA OT e pBOHAYAIBHOTO Hall paBlIeHHA
npuGnu3nTenbHo paBeH (n — 1) . [ToxasaTtens npefoMIeHHA KITHHA 1.

B. BpiBegure dopmyny mif GOKYCHOTO pacCTOAHUA TOHKOH JnuH3bl. Paguyc
KPHBM3HBI NIOBe PXHOCTH JIMH3b! R U R, MOKa3ateNib Npe/IOMICHHA MaTepHala
JIMH3BI M.

13.2.15. a. Hailigute ¢oKycHOe paccTOfHME OBOSKOBBIMYKJIOH JIMH3bI C
paguycoM Kpuu3Hbl 30 CM, H3TOTOBIEHHOH M3 CTeKJia C MOKa3aTtesieM MpesioM-
seHus 1,6. UeMy paBHa ONTHYeCKas CWIA JIMH3bI?

6. OmHa NMOBepXHOCTb JIMH3BI, H3TOTOBJIEHHOM M3 CTEKJIa C NOKasaTesieM ,
npenomwienusa 1,6, miockasa, gpyras — chepuueckaa. OnTHueckad cwia JiMH-
3b1 1 gnTp. OnpenenuTe pamuyc KpPUBH3HBI chepHUeCKO# MOBEPXHOCTH JIMH3bI.

13.2.16. U3 crexna ¢ noxa3atesieM mpesiomreHud 1,61 W3roTOBHIM IBOAKO-
BBINYKJIYI0 JTHH3Y C OAMHAKOBLIM pAaIHYCOM KPHBH3HBI 0OCHX MOBepXHOCTEH.
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OnrtHueckas cwia IuH3bl B Boge 1,6 mirp. Halimute pamdyc KpUBU3HBI MOBEDX-
HOCTeH JIMH3BI.

13.2.17*. Jlunsy ¢ poxycHbIM paccTOSHWEM f U paIHycaMH KPUBM3HBI I
M r; BCTPOMIM B CTEHKY aKBapHyMa TaK, YTO IOBEPXHOCTb JIMH3bI ¢ PaguHyCoOM
KPHBH3HBI 7, HAXOOMTCHA BHYTpPH aKkBapHyma. [lokasaternb NpelOMIeHH A BOABI M.
OnpepennTe Ha KaKoM pacCTOAHUM OT HMH3bl CHOKYCHPYeTCA MapassieSibHbIH
NY4YOK CBETA: a) BXOAAWMA B aKBapuyM; §) BBIXOAAMIUA H3 AKBAPHYMA.

13.2.18. Onpegenure HOKyCHOE PacCTOAHME Y4aCTKA CIEKJIAHHOH TOHKO-
cTeHHO# cdepsl paguyca R W tommunsel 6. [Moka3atenp npelomineHus creksan,

13.2.19. IInockonmapansensHad IUIACTHHKA COCTABJICHa M3 [BYX CTCKJIAH-
HBIX KJIMHBEB C MaJIbIM YITIOM . [[OKa3aTenb MperiOMIIeHHA KIHWHbEB M) U N, .
Ha mjacTMHKy HOpMaIbHO NOBEDXHOCTH NajfaeT Illapalie/ibHbli MYYOK CBETA.
3a rIacTUHKOM paclonioxkeHa coGUpalolas JIMH3a ¢ GOKYCHBIM PAacCTOSIHHEM f.
B doxarpHol miuockocTH NMH3BI Haxoguics 3kpaH. Ha ckonbko cmecrurcd
CBETJIafl TOUKA Ha 3KpaHe, eciiM yOpaTh MIACTHHKY ?

13.2.20* Ha miockywo MOBEPXHOCTb CTEKIISHHOTO MOMYUMIMHIpa Nafaot
noz yrinom 45° CBETOBBIE JTyUM, JIEXAIIHE B ITOCKOCTH, e PreHIUK Y J1 1 PHOR OCH
MOJIYIWIHHAPA. M3 Kxakoi yacTd GOKOBOH IMOBEPXHOCTH MOIYUMTHHOAPA OyayT
BBIXO/MTb J1yuH cBeTa? [loKa3atellb MpeOMIIEHHSA CTEKIIa A,

13.2.21*. ToHkMH NY4YOK CBeTa, NMPOXOAAILUN Yepe3 UEHTP CTEKIIAHHOTO
mapa pamuyca R, dokycupyeTca Ha paccTtofiHHM 2R 0T ero uenrpa. Onpenenu-
Te II0Ka3aTesib NPejloMIeHH CTeKIa.

13.2.22. Ha 1oHKY10 cdepHuecKyio KOXBY, MOMeeHHYI0 B dMIKOCTb, NIafaeT
NapajyiesbHbI TOHKHH NYyYOK CBE€Ta TAK, YTO OCh MYUKa IPOXOJUT Yepe3 LEHTp
Kon6el. Ha mpoTHBOMONOXKHOM CTOpoHe KOJOBI MyYOK MMeET IHaMETP, BABOE
GonbIIMA OuaMeTpa Ny4YKa cBeTa, Mapatomero Ha xonby. Kakos noxaszartens
IPeTIOMITEHMA XXUIIKOCTH, B KOTOpY!0 IIOTpy»KeHa konba?
¢ 13.2.23. ToHkuit yyoK CBeTa, MpOHA Yepe3 MONYHIAPUHE H3 CTEKIIA ¢ MOKa3a-
TeJieM IIpeJIOMIIeHHsl M, COBMpaeTCA Ha PAaCCTOAHMH X OT BBITYKJIOA NOBepX-
HOCTH. Ha KakoM pacCTOAHMHM OT NJIOCKOH NMOBEPXHOCTH NONyapus# cobepyrcd
JIYUM, eCJIM IYYOK IYCTHTb C OOPaTHOM CTOPOHbI?

§ 13.3. OnTHueckue CHCTeMBI

¢ 13.3.1. Ha pucyHkax moka3aHbl B ONpejleSIeHHOM MacuiTabe Npeamersl W
dokycel nHH3. [locTpoiiTe M306paxkeHHa 3THX NpeaMeToB, YeMy paBHO yBelH-
yeHHe B Ka)XXIOM ciryyae?

¢ 13.3.2. [Toctpoitte H306parkeHUA CTPeJIOK.

13.3.3. HcTouHHK cBeTa Haxo[gUTCA Ha paccTORHHM 90 cM OT 3kpaHa. ToHKas
coOMpalofiafn JMH3a, paclHoJIOKEeHHAs] MeXIy 5KpPaHOM M HMCTOYHMKOM, [aeT
YeTKO€e W30GparieHHe MCTOUHMKA Ha JKpaHe B ABYX HoyoxeHuAX. Onpenenute
(GOKYCHOe pacCTOfiHHE JIMH3BI, €CJIM PACCTOSHHE MeXJIy MOJIOKEHHAMH JIMH3BI,
HaouIMMH uYeTKOe n306paxeHue, 30 cM.
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13.3.4. Ha xaKkoM pacCTOSIHMH OT JIMH3bI DaclloNiOkeH MpelaMeT, eclii pac-
CTOSIHME MeX<Iy MpPeAMeTOM H er0 meACTBHUTENbHBIM U3006pake HHEM MHHHMAIb-
10? QOKYCHOe pacCTOSHHe NTHH3bI f.
> 13.3.5. Ha ontuuecko# ocu AB coBupatoueii JIMH3bI pacloNOXeHO MIOCKOe
3epKasble, Bpauiaomeeca ¢ YIIOBOH CKOPOCTbI0 w BOKPYF OCH, MpOXOHsiei
yepe3 TOUKY A M NepHeHOUKYIAPHOA MIIOCKOCTH PUcyHKa. Ha sepkanbue napa-
eT NMapajUleNlbHBIA MYYOK Jy4YeH, KOTODBIH NOCTe OTpakeHUA OKYCHpPYeTCs Ha
sk paHe. QoxycHoe paccrosiHue nuH3sel f. Hailimure ckopocrs cBeTOBOTO NATHA Ha
JKpaHe B MOMEHT, KOIJIa OHO NMepeCeKaeT ONTHYECKYI0 oCh. [T0CKOCT IKpaHa
TepIeHANK YIApHa OTITHYeCKOR OCH.
> 13.3.6. [lpenmeT B BUme OTpe3Ka IMHbL ! pacHoNIOKEH BIONb ONMTHYeCKOH
OCH coBHpatolLieil THH3BI ¢ POKYCHBIM pacCTOsHUEM [, naloite i AeACTBUTENbHOE
u306parxeHde Bcex ero Toyek. CepeIMHa OTpe3Ka pacnonoXXeHa Ha PacCTOSHUH d
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or nuH3bl. Onpegenure NpONOILHOE YBeNHuYeHHe npenmera. Kakum 6Gymer
yBeNHYeHHe NpeMeTa B cllyyae, Korga pasmep / <€ f?

13.3.7. HzoGpaxenne npegMera Ha MAaTtoBOM cTekie ¢oToanmapara MpH
doTorpapupoBaHuH ¢ pacCcTOAHHA 15 M MONyuYHNIock BhicoTbl 30 MM, a ¢ pac-
cTOosiHUA 9 M — BoIcoThl 51 MM. Haiimute poKycHoe paccTosfiHue 0ObeKTHBA.

13.3.8. B TeueHHe KaKOro BpeMeHH MOXeT GbITh OTKPBIT 3aTBOP ¢oToamma-
paTa IpH CbeMKe NpbDKKa B BoAy ¢ BhIUIKH? ®oTorpadupyercs MoMeHT HOrpy-
XeHud B BOmy. Bricora BbikH 5 M, portorpacd Haxopurcd Ha paccTOAHUH 10 M
oT npbiryHa, O6bexTHB annapata uMeeT ¢pokycHoe paccroAnue 10 ¢m, Ha Hera-
THBE JONYCTHMO pa3MbITHe H306paxkeHnd 0,5 MM,

13.3.9. OGbeKT cheMKH IBHXXETCA Ha KHHOKaMepy €0 ckopocthio U. C KaKoi
CKOPOCTbI0 HYXHO MEHATh OKYCHOe PACCTOAHHE OGBEKTHBA U INTyOHHY KHHO-
KaMepblI, YTOObl pasMep H300pakeHHA OCTaBancA HeM3MeHHBIM, €CIH YBeJiHue-
HHE, [aBaeMoe KHHOKaMepo#, paBHO k?

13.3.10. IIpu dororpadupoBanum JlyHbl MONYUeHO pa3MbITOe H30GpakeHHe
B BHAE OvcKa pamuyca 7. Peskoe u3oGpaxeHne JIyHbl uMeno 6bl paguyc 7;.
Onpegenure, Ha KaKoOe PaCCTOAHHE HYXHO CMeCTHTb (OTOMIACTHHKY, YTOGHI
n306paxkeHWe Ha Hell MONyuMwstoch pe3kMM. QoKycHOe pacCTOAHMe JHH3BI f,
nuametp D. OGnactbio M306GpakeHHA CUMTaTh OGJIACTH MOMAfaHHA cBeTa Ha do-
TOIIaCTHHKY.

13.3.11*. H3oGpaxeHde MpenIMeToB, yHSaleHHbIX OT ¢oroanmapara Ha pac-
CTOSHHE OT 2 710 4 M, NONYYHIIOCh [JOCTATOYHO YeTKHM npH quadparme 4. Onpe-
HeNHTe TPaHHLy pe3KocTH (riiyGHHY pe3KOCTH) NipH auadparMe 2 u 8.

13.3.12. Kakse ouxH BbI NpomuileTe GAH30PYKOMY YelIOBEKY, KOTOPBIH
MOXeT YHTaTh TeKCT, PACIIONOXEHHBIN OT Iia3 He ganee 20 ¢M, a KaKHe JalbHO-
30pKOMY, KOTOPBIH MOXeT YHTaTh TeKCT, PacIONIOXEHHBIH OT rijia3 He GIHxe
50 cm?

13.3.13. Bau3opykuM HNH NafbHO30PKHM #ABJdeTcA YeNOBEK, HOPMAIbHO
BUAAWLMH B Bome? '

13.3.14. H3sBecTHO, YTO €C/IM B JIMCTOUKE TEMHON GyMaru aKKypaTHO IIpOKO-
JIOTh MaJleHbKOe OTBEpPCTHE, TO Yepe3 3TO OTBepCTHE MOXKHO pacCMaTpHBaTh
MenHe OOBEKTbl C YBEITHYEHHEM B HECKONMbKO pa3. OOBbACHHTE 3TO SABIEHHE.

13.3.15. Ha oBGomxe siymbl uMeeTcs Hapmych X 10, T.e. Nyna yBelHuHBaeT
YITIOBOH pa3Mep paccMaTpHBaeMoro o0beKTa B pecaTh pa3. Ompepenurte ee
doxycHoe paccrosHue.

13.3.16*, OctpHe KOHyca ¢ yrioM 20 pacCMaTpWBAaeTICA Uepe3 NHH3Y ¢ ¢o-
KYCHBIM pacCTOAHHEM [, PacIONOXEeHHYH Ha DAcCTOAHMH @ OT BepPUIHHBI KO-
Hyca (2 < f). KakuM BUmeH yron koHyca yepe3 IuH3y? Och JMHMH3bI IPOXONMT
Yepes OCb CHMMeTPHH KOHyca.

13.3.17. Onpepenute MakCHMambHOE YBeNHYEHHE, ¢ KOTOPbIM BMAHA pbibka,
nnasawinad B chepHIeCKOM aKBapHYMe.
¢ 13.3.18. a. Ha ¢pokycHOM paccTosHud [ OT JMHH3BL PacNONOXeHO IJI0CKOe
sepkano. Haiimure, Ha KaKOM pacCTOSAHHM OT NMH3BI GyHeT HaAXOOMThCA U306pa-
XeHMe NpeaMeTa, PacHONIOKEHHOTO HA PACCTOAHNM @ OT JIHH3BI.
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6. Ilnockyrw CTOpOHY IUIOCKO-BBINYKJIOH IHH3bI, (OKYCHOE PacCTOAHHE
rxoropoit f, nocepeGpwin. Haidinute ¢okycHoe paccTofHHe MONYYMBIIErOCS
3epKasa.

13.3.19. okycHoe paccrofHue ABYX TOHKHMX NTMHH3 paBHO [ u f,. UeMy paB-
HO (OKYCHOe pacCTOsIHHE CHCTEMBI M3 3THX [BYX JIMH3, COOpaHHBIX BMeCTe?
UeMy paBHa onTHYeCKas CWIa 3TOH CUCTEMBI?

13.3.20. CucremMa cOCTOHT M3 BYX OJMHAKOBBIX JIHH3 C 00med ONTHYECKOH
oceto. Paccrossne Mexny nuu3amu [, pokycHoe paccrosnde nun3 f. Haimute
(pokycHoe pacctoflne cucTeMbl, ecin [ < f.

13.3.21. IOse nuu3bl ¢ $POKYCHBIM paccTofAHHeM 30 CM HaXoAATCA APYr OT
dpyra Ha paccrofaHuM |5 cm. Haiiute, OpM KakHX NOOXEHHAX MpeIMeTa
CHCTEMa fIaeT JeHCTBHUTENIbHOe H306parke HUe .

13.3.22. PaccenBaromas nuH3a ¢ poxycHpiM paccrosiiMeM 0,6 M pacmono-
XeHa TaK, YTo OfMH U3 ee POKYCOB COBMAfAaeT ¢ MOMWOCOM BOFHYTOrO 3epKana.
Onpenennure PoKycHoe paccTosfiHuMe 3epKalid, €ClIM M3BeCTHO, YTO CHUCTeMa [a-
¢T MHHMoe H300pakeHHe mpedMeTa, MOMEIEHHOTO Ha JT1000M pacCTOSHUH [e-
pen, nuH30H. HU300pakeHne co3faeTCA ny4aMH, BTOPHYHO MpOLUEIIMMH Yepe3
SIMH3Y MOCTIe OTPAXEHUA HX OT 3epKana.
> 13.3.23. Onrtuyeckas cucTEMa COCTOMT M3 COGHMpalolied JIMH3bI ¢ POKYCHbBIM
pacCTOAHHEM [ ¥ 3epKalbHOIO IIapHKa pajguyca R, IeHTp KOTOPOro HaXoIUTCA
Ha ONTMYeCKOM OCH IIMH3bl Ha paccTOAHMM d oT Hee. OnpedenuTte paccTosiHue
OT JIMH3bI 10 TOYEYHOTO MCTOUHHMKA S, PaCcMOIOXKeHHOro Ha ONTHYe CKOH OCH CHC-
TeMbl, IPH KOTOPOM H306paxkeHHe HCTOYHHKA COBHANAeT C CAMHM HCTOUHHKOM.
> 13.324*. B BorHytoe cgepuuecKoe 3epkano paguyca R HalWTO HEMHOIO
Heu3BeCTHOH uaxoctd. Ilpy 3ToM OKa3anochk, YTO ITa ONTHUECKASA CHCTEMA MPH
HEKOTOPOM MOMIOKEHHH MCTOYHHKA JaeT OB [CHCTBHTEIBHBIX H300paxeHHd,

K 3a0aue 13.3.23 K 3a0aue 13.3.24
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OOHO M3 KOTOpHIX COBMAMAET C CAMHM HCIOYHHKOM, @ APYroe OTICTOUT OT Hero
Ha paccrosuuu /. Haliiute mokasatens NpeOMiIeHUA JKHIKOCTH.

13.3.25*, JIBe TOHKME IUIOCKO-BHINYKIIble JIMH3BI, GOKYCHOE PACCTOAHHE
Ka)XXKOOH K3 KOTOPbIX B BO3AyXe PaBHO [, NOMELIEHbl B ONMpPaBy TaK, YTO HX BHI-
NyKIble MOBEPXHOCTH conpukacaiorcs. OnpenenHte $OKyCHOe PacCTOAHHE Ta-
KO CHCTEMB!I B XHIAKOCTH ¢ [MOKAa3aTeleM npenomneHua n, Cu4TaTh, YTO BHYTPH
OIpaBbl >XMIKOCTh He Momagaer. Kak H3MEHHTCA OTBET, eCJIM >KHOKOCTh TOHa-
net mexay nun3amu’ Ilokasartesb NperoMiTeHHA CTeKIIa, H3 KOTOPOYO CHETAHbI
JIMH3EL, Ng .

13.3.26, U3oGpaxetne JIyHb1, MONyYeHHOE C MOMOLLBIO TEJIECKOIA, B [TePBOM
cnyyae (hMKCHpYeTCA HelTOCPENCTBeHHO Ha (GOTOIUIEHKY, @ B APYroM ¢oTOrpa-
bupyercsi ¢ NOMOIbI0 KaMepsl ryGuHbI /, 06 beK THB KOTOpOit uMeeT oKy cHoe
paccrosinie f. Bo CKOJbKO pa3 OTIIHYAIOTCA pa3Mepbl H300parkeHuA?

13.3.27. ®okycHoe paccTofHHe OObekTHBa Teneckomna f. Bo ckonpko pa3s
H3MEHHTCS ero YIIOBOe yBeJInYeHue TpH HabImone HUH OGLeKTOB yOaJieHHbIX OT
TENECK OIla Ha KOHeYHOe paccTOfHHe a?

13.3.28. Mukpockon uMeeT OGBEKTHB H OKYSIp ¢ (OKYCHBIM PaCCTOAHH-
eM [y U f, coorBercTBeHHO. Ha CKONMBEKO HIMeHUTCA yBeJIHUEHHE MHKPOCKOIIA,
€CIIM PACCTOAHHE MeXAy 00beKTHBOM M OKYIIAPOM yBenHuuTh Ha I ? Bo cxonbko
pa3 W3MeHMTCA yBeJMYeHHe MUKPOCKOIMA, eClIM BCe ero pa3Mepbl, BKIIIOYAA H
pa3Mephl JIHH3, H3MEHHTb B K pa3?

§ 13 .4. DoroMeTpust

13.4.1. CornacHo HOpMaM OCBEIIEHHOCTb paboyero MecTa Alig TOHKHX paGoT
gomxHa 6bITb He MeHee 100 nk. Ha xaxoit MakcuManbpHO# BbICOTE OT paGoyero
MecCTa JoJxHa OblTh MOMELIICHa TaMma, cuia ¢ceet1a Kotopor 100 ka?

13.4.2. OcBellieHHOCTH NMIOCKOM MOBEPXHOCTH B TOUKe, Onmxaiiiueit k Tovey-
HOMY HCTOYHHKY cBeta, 200 nk. Kakosa ocsemeHHOCTh B TOUKAX, Ifie yrod fa-
[IeHHA TTyya ik HopMayu mosepxHocth 30°,45°, 60° 2

13.4.3. Hag noBepXHOCTbIO Ha BBICOTE 2 M PaclONIOXeH TOYEUHBIH UCTOUHHK,
cuna cpera Koroporo 120 kn. Ha paccrossuu 1| M OT MCTOYHMKA ITepIieHOMKY-
JIAPHO MOBEPXHOCTH HAXOOMICH NJIOCKOe aBCONIOTHO OTpaxkawiuee 3epKarno.
Onpenennre OCBEMIEHHOCTh MOBEPXHOCTH HEMOCPEICTBEHHO IO HCTOYHHKOM.
¢ 13.4.4. ToueUHsI# HCTOYHHK CHIBI cBeTa ] PaclolioXeH Ha BBICOTE A Haj ro-
PHM30HTATIBHON NOBEPXHOCTHIO. Hag MCTOYHHKOM HaXOOMTCA IIIOCKOE 3epKailo,
MapajjlesibHOe MOBepXHOCTH. Kak 3aBHMCHUT OCBeIleHHOCTb MOBEPXHOCTH He-
NOCPeACTBEHHO MO HCTOUHHKOM OT pacCTOSHHMA X MEXDY 3€PKaIOM M MCTOY-
HUK oM?
¢ 13.4.5. Jxpad ocetliaeTcs MapaUlelbHBIM MYYKOM ceeta. Kak u3MeHurcs
OCBELIEHHOCTb 3KpaHa, eclI Ha IyTH myuedl TOCTaBUTb IIPU3MY C YIJIOM O H CTO-
poHoit AB, napanensHoft 3k paHy? Hapucyiite rpaduk uameHeHHst OCBere HHOC-
TH BIOJIb 3KpaHa.

13.4.6. Ouenure, BO CKONBKO pa3 OCBEIeHHOCTb O[HOM WU TOHK >Xe IOBEpX-
HOCTH B JIYHHYI0 HOUp B IOJTHONYHMe MEHbllle, YeM B CONHeyHBIH OeHb? Bricota
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Jlyupr m Conupa Ham ropm3oHTOM oauHakoBa. CuM1ath, yro JlyHa paccemBaet
BeCh MafaloiMii Ha Hee CBET paBHOMepHO Mo Bced Nonycdepe. [Ipuusaty pac-
croanne oT Jlywer Ho 3emuu pasHbIM 400 000 xM, pagmyc JlyHsl — paBHBIM
2000 kM,

13.4.7. Ilydox cBeta uHIeHcHBHOCTH [ NMaJaeT Ha MNOCKO-ApAIUIEbHYIO
I;1aCTHHY 1O HOpPMAIH K ee noBepxHOcTH. [IpeHebperad NornomeHeM U cymuTas,
uT0 KO03hPHUHEHT OTPaXKeHHUs CBeTa Ha KAXKIOW M3 HOBEPXHOCTEH IUTACTHHbI
B 00yl0 CTOpOHY paBeH k, ofpeliesNTe HHTEHCHBHOCTh MYYKa, MpOLUEILEro
CKBO3b Hee.

13.4.8*. UckyccTBeHHplid ciyTHuUK 3eMiH paguyca | M, ocseteHHbIR ConH-
ueM, BufeH ¢ paccrosuua 300 kM xak psapgosad 3se3na. OLeHMTe paccTOgHHE
10 TaKO# 3Be3[Ibl.

13.4.9. IIns nokauuu noBepxHocTy BeHepsl ¢ 3eMiu U [IUIA IpHeMa CHCHaMa ¢
MCKYCCTBEHHOIO CNyTHHMKa BeHepsl MCIONb3YyeTCs OMMH H TOT XK€ NPHEMHHK,
[IpPHYeM YypOBeHb NPHHHMAEMOrO CMIHajla B TOM M [IPYTOM CIIyuae O[HHAKOB.
OueHHTe, BO CKOIBKO pa3 MOIIHOCTb NepenaTyuKa Ha CYTHHKe MeHbille MOLI-
1HOCTH H3]1yyartens JIOKaTopa.

13.4.10. CorpynHux T'AU pna onpeneneHusi CKOPOCTH aBTOMOBHIIA HCIOND-
3YeT M3NYyaTenb IMEKTPOMAIHNTHBIX BONH M NPHEeMHHK. R — NpenenbHOe pac-
<TOSTHHE OO0 ABTOMOOWIIA, NIPH KOTOPOM NPHEMHHK (GHKCHPYET OTpaXKEHHbIH
curHas. JloOuTens GBICTPOH e3[1bI MMeeT TOYHO TaKOM ke MpHeMHHMK. OueHHTe,
> KAKOI'0 paCCTOAHUS OH OOHapy>xuT paboTy Hanyvarend.
> 13.4.11, UYto npounsoiiger ¢ H300paxeHHEM, [1aBaeMbIM JIHH30M, eCll BepX-
11010 TOJIOBUHY JIMH3BI 3aKPACHTh YePHOH KpacKoH?

13.4.12. Kak n3MeHHTCA OCBemieHHOCTh M30GpaxeHus ConHua, masaeMoro
II/IOCKO-BBITYKJIOH JTMH30#, ecli¥ JIMH3y paspe3ath MO OMAMETPY M CIOXHTb
1/IOCKHMH CTOPOHAMH?

134.13. Tlepen cdepuueckum 3epxanoM paguyca R, B $pokyce KOTOporo
11aXOOMTCA TOYEYHBIA HCTOMHHK cBeta S, Ha BBICOTe i Haf OChi0 3epkana SO
iloMellieHa HeGoOMbINasA TMaCTHHKA, IVIOCKOCTh KOTOPOH NepNeHOMKYIApHa OCH.
Halure oTHOLIeHHWE OCBelICHHOCTEH JIeBOM M NpaBOM CTOPOH IIACTHHKH, €C-
mh<€R,I.

13.4.14*. ToueyHsIil HCTOYHHK CBETA S PAacHONIONeH Ha paccTOAHHH a4 < 4f 0T
i1ockoro 3kpasa. Kak u3MeHHTCA OCBerieHHOCTb 3KpaHa B TO4Ke A, €ClIH Mex-
.ly HCTOYHUKOM W 3KPaHOM MOCTABMTH JTHH3Y C (POKYCHBIM paccTofiHWeM f, Ha
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K 3adaue 13.4.13 K 3a0aue 13.4.14

paccToAHMH X oT HctouHHMka? IIpM KaxuM X ocBemeHHOCTh B TouKe A Oymer
MAK CHMAaJIbHOM?

13.4.15. ToueuHbli MCTOYHMK CBETd C NOMOILbIO TeNeCKONa, MMEIMIETO
00bexTHB auametpa Dy, MoxeT ObiThb 3aMmeueH ¢ paccroadua Lo. C xakoro
PacCTOAHHA MOXHO PacCMOTPETh ITOT K MCTOUHHMK B TelleCKON ¢ 0OBbeKTHBOM
nxametpa D?

13.4.16*. MoXHO /1M ¢ TIOMOIIBIO JIMH3bI HIIH 3€pKajia MOJyYHTh TAKOE U30-
Gpaxxende CorHua, ApKOCTh KOTOpOro mpemsiitaet spkocts ConHua? Kakyio
MaKCHMAJIbHYI0 OCBELIEHHOCTh M300paxkeHMss CONHLA MOXHO IOJYYHMTH C MO-
MOUIbI0 BOTHYTOTrO 3epKaia gvamerpa D M pagMyca xpuBm3nsl R? fApxocts
noBepxHoctH ConHua B,

13.4.17. B ¢okyce chepHuecKOro 3epkana MOMemeH COCYyHd, COmEpP KalllUi
100 r Boapr. KakoB gomxkeH O6bIThb muaMeTp 3epKasa, YyroObl BOAZ BBIKHIENa
Yepe3 | MHH, eClM 3epKasio HampaBuTh NpAMO Ha Comntue? IInoTHOCTE MOTOKA
aneprun ot Contua 0,14 Br/cm? . lotepamu nipene6peus.

13.4.18*. Ilo u3pectHOR NereHae >kuten CHpaKy3 IO PyKOBOACTBOM Ap-
XHMefAa COXITH Kopabnd puMckoro ¢roTa, GpoxycHpysa Ha HHX cBeT Coitna
C NOMOIIbK IUIOCKMX 3epKalbHpIX LMTOB. [IpMHMMas, yro gMaMeTp IMiUTa
d =1 M, paccTosinue 10 Kopabneit x = 500 M ¥ TeMmepatypa, NpH KOTOPOH 3a-
ropaetcA gepeso, T ~ 1000 K, oneHnTe HeOBGXOAHMMOE YUCIIO IMTOB.

13.4.19. B xpbluke 3aKkpbITOro AmMMKa, BbICOTa KoTOporo 1 M, HMeeTcA
Kpyrioe oTBepCTHe. M3MeHHTCA JIM OCBeIIeHHOCTh JHa [OJ, OTBEPCTHEM, €CIIH B
OTBEpPCTHE BCTaBHTb JIMH3Y, ONTHYecKasd CWia KOTOpoi paBHa | amrp? Ammx
CIOMT MOJ OTKpBITHIM HeGOM, paBHOMEDHO 3aTAHYTbIM NeNeHOR OGNaKOB.

13.4.20. Tloyemy npu HaGiogeHHM B TeleCKOI ApPKUE 3Be37bl BHIHBI gaxe
aHem?

13.4.21*, Kyxa ¢ororpadupytor B OByX Maclltafax, MOOHOCA amNapaT Ha
pacCTOfHHe, paBHOE CHayasia TPOHHOMY, a 33aTeM MATHKPATHOMY (GoKyCcHOMY
paccTogHH0 0ObekTHBa. Kak HYXHO M3MeHHTh AMaMeTp IHacdparmMbl 0OBEKTH-
Ba, 4T0GbI OCBEUIEHHOCTh H300paXkeHHA Ha MleHKe B 0GOMX CiiyYasaxX Gpuia OfH-
HakoBo#? Juametp nuacdparmel B 0GOMX CIIyYafiX MHOIO MeHbllie PacCTOAHHA
[0 XKyKa.

13.4.22*. Kakas BplgepxKa HyXHa NpH ¢GoTorpagHpoBaHUN YepTexxa C JIH-
HelHBIM YBeNHYeHHeM k;, eClH IpH ¢oTorpadMpoBaHHH C yBeIHUYeHUEM Ko
YCTaHaBJIMBAeTCs BbIIEPXKa £, 7
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13.4.23*%. UHTeHCHBHOCTb CBeTa MafgKa Ha PacCTOSHHM L yMeHpUIMNAch u3-32
rymana Ha 10%. Pamnyc xanens TyMaHa r. OueHHTe KOIMYECTBO Karienb TyMa-
Ha B e[HHIE 00beMa BO3[IyXa.

13.424%, B OpIMOBOI 3aBece M3 HeMpO3pauHbIX YaCTHMIl PafMyca 5 MKM npu
cogepxkannn 0,004 r Bewectsa B 1 M> Bo3myxa BMAMMOCTb cocTasiset 50 M.
Cxonbko BellecTsa B 1 M3 BO3MlyXa pacHbUIAeTCA HCTOYHHKOM 3aBeCHI, CO3[Ial0-
IUAM YacTHUBI pamuyca 10 MxM, ecnu BHIMMOCTh IPH 3TOM COKpauiaercs
10 20 m?

13.4.25*. B cucreMe ONMTHYeCKO# CBA3M NIy Nas3epd, Nepedalollui uHbopma-
1{MI0, UMeeT BHMJ KOHYca ¢ yrjioM Npu Bepumte 10~% pap (yron pacxomumoc-
TH). B npueMHOM yCTpOicTBe cBeTOBasA 3Heprus GOKyCHpyeTcs Ha ¢oroane-
MEHT C MOMOILLBI0 JIMH3BI apamerpa 1 M, Oxa3sanochk, YTO TIPH M3MEHEHMH pac-
CTOSTHUA MEXHEY MepeaTyuKoM M NpHeMHHKOM ¢ 5 no 10 KM cUIHasi, pUHH-
MaeMbIil ¢ (OTO3NEMEHTa, YMeHBUMIICA B B3 paja (K3-33 MOIJIOILEHHA CBeTa
8 atMocdepe) . Bo ckoibkO pa3 H3MEHHTICS CHTHAN NPH YBEJHYEHWH PacCTOA-
uug ¢ 10 go 20 km?

§ 13.5. KsanroBas nmpHpoJia cBeTa

> 13.5.1, UyscrBuTeJIbHOCTb (HOTOIUIEHKHM HACTOABKO BETHKE, YTO KaXObli
(pOTOH Bhi3bIBaET Ha He#l MOsABNeHMe uepHOro msArtHa. Tpu doTorpaduu KBaipa-
ra MONyYeHbl Ha [UTMHe BoiHHI 5 - 107° cM. Paamepnr n3o6paxenus 10 X 10 cM.
Ouennte, nonb3yacs popmynod Mnanka e = hv (h=6,62 * 10727 3pr - ¢ —
nocrosnHHaa flnanka), ocBenieHHOCTb GOTOIUIACTHHKH B Ka)XXIOM ciyvae. Bpema
cpabatniBatms 3aTBOpa poToanmapara 1077 ¢.

aq g g
K 3a0aue 13.5.1

13.5.2. IBe napanesibHbie MeTAJUIMYECKHE TUIACTHHBI HAXOIATCA B BAKYyMe.
lla 3a3eMIeHHYI0 TACTHHY NafaeT NMOTOK YIAbIPa(HOIETOBOrO HINYYEHHA yac-
10Th ¥, KOTOpOe BBIGHBAET C ee NOBEPXHOCTH 3MeKTpoHnl. Tox 3THX 3nexTpo-
OB 3aBUCHUT OT HalpsDKeHMs, IOI2BaEMOr0 Ha BTOPYIO IUTACTHHY, TAK, KaK H30-
upaXkeHo Ha rpaduxe. Onpenenure U3 rpaduxa pabory BbIXOOA 3EKTPOHOB H3
11 PBOH TUTACTHHBI.

13.5.3. [Ipn cronKHOBEHWH NO3UTPOHA C 3NEKTPOHOM Y4ACTO IMPOHUCXOMMT
'HHHTWIALNA 3THX YACTHII: OHM MPEBPAILAIOTCA B [1Ba Y-KBAHTA 3JICK TPOMATHHI-
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K 3a0aue 13.5.2

HOTO M3nyYeHusa. B kakoM ciyyae JHeprus 3THX Y-KBaHTOB OyJeT OIHHAKOBa,
a caMM OHM GyAyT OBMraThCs B NPOTMBOMOJIOXHbIX Hanpapiehuax? Yemy Oyner
paBHa MaKCHMaJlbHas 4aCTOTa TAKHX Y-KBAaHTOB?

13.5.4. a. [Ipu pacnage m-Me3ona o6pa3zoBasioch ABa ¢GOTOHA C IHeprHed €,
M €5, KOTOpHE JIETAT B MPOTHBOMOJIOXKHbIX HampasneHuax. Onpepenurte cko-
pocTh pacnaBlleroca Me3oHa. CBA3p Mexay Hepruel M HMIyIbcoM s ¢oTo-
Ha MMeeT BHI € = pc¢, Ile ¢ — CKOpOCTh CBeTa.

6. IIpu pacnaze HeHTpanbHO# uyacTHupl OOHapyXeHO ABa GoOTOHA, NETALMX
noR yraamu 6, u 0, K HanpasieHHI ABWKeHHA vacTuibl. Ompemenute cko-
pOCThb pachHaBlleHCA YaCTHIbI.
¢ 13.5.5. a. 7-KBaHT 37IeKTPOMAarHHTHOIO H3NyYe HUA YaCTOTHI V', CTONKHYBILHCh
¢ HeMOJBKXXHOH YACTHIEH, Hayan ABHIaTthCA INOA YriioM 0 K mepBOHavyaJIbHOMY
HanpaBneHuio. [Ipu 3tom YacToTa KBaHTa yMeHbIMIach Ha Av < p. OnpesennTe
MACCY 3TOit YaCTHIBI.

6. ©®OTOB Y4CTOTHI ¥ CTOJIKHYBIIMCh C HelIOJBUXKHBIM IJIEKTPOHOM, HauMHAET
JBMIAThCA MO YIJIOM f K HepBOHayaybHOMY HamnpasieHuio. Ofpemennre uame-
HEHMe YacTOThl (OTOHa, ecnu hv <€ m, ¢*

)

K 3a0que 13.5.5

13.5.6*. AToMsl, NeTANIME CO CKOPOCTBIO U, HCHYCKAKT B HAIPaBJIEHHH CBOE-
ro ABWXeHHA GOTOHBI ¢ YacToTOi v. KakoBa yacTtoTa HOTOHOB, HCMYCKAaEMbIX B
HalpaBJleHUH: a) MPOTHBOIOJIOKHOM HAMpaBJICHMIO JIBHXeHUA aToMOB; §) mep-
NeHOMKYJIAPHOM HalpaBjleHHI0 IBMXeHMd atoMoB? MMIynbc ¢oroHa MHOrO
MeHblIlle WMITY/IbCa aTOMA.

13.5.7. Ceer, nanyyaeMbIil ¢ HOBEPXHOCTH 3Be3Mbl, IPHXOOUT K HabmiomaTes=
710 ¢ MEHBIIEH, YeM MPH M3JTyueHuH, YacToToR, M3MeHeHue 4acToThl TeM Oolib=
Ile, Y4eM MacCHBHee 3Be3[a M MeHblle ee pamuyc. Uem ob6bAcCHAeTCA ITOT 3~
dext? [loyeMy ero Ha3bIBAIOT KPacHBIM CMellie HHeM?
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K 3adaue 13.5.9

13.5.8. Onpenenure KpacHoe cMelleHHe. IUIA 3Be30bl Macchl M M paguyca R,
CCIIM YACTOTa CBeTa HAa MOBEPXHOCTH 3Be3np! paBHa v. OueHHTe KpacHoe cMe-
weHue 1A ConHua B BHAMMOI 0611acT ero uanmydeHus. Kakve spdexts mewra-
10T 0GHApYXHTb KpacHoe cMellleHye B M3yuyeHHH ColHua?
¢ 13.5.9%. bomnbume maccel BewlectBa Bo Bcenennodl Moryr ¢okycupoBaTbh
CBET OT yHaJleHHbIX 00BexTOB, 06pa3ys “IpaBUTAUMOHHYI0 JHH3Y . OueHuTe
(hOKYCcHOe pacCTosTHHe IIApOBOH rajlakTHKH paamyca R ~ 20 000 nk u macchl
M~3 10" M- (rme Mc — macca Conuua), CYMTas, YTo Macca B raJlakTHKe
pacrpefiesieHa paBHOMepPHO.

11 3akas Ne 370



OTBETbI

I'JIABA |. KHHEMATHKA

§ 1.1. [IBuKeHHe ¢ MOCTOAHHOW CKOPOCThI0

1.1.1. v =200 m/c.
1.1.2. v =0,7 KM/C; Ha OIr0-BOCTOK.
1.1.3. v=3M/c; B1MoOTHOTONKA K 2 M OT GOKOBOMN CTEHBI.
1.1.4. Ha pacctosinnn 1.15 M oT cueTunka 4.
3IA_2tB"tC L 3tA—2tB—~tC
1.1.5% 40=L —«—— , 1p=ty - — ————.
2([A—IB) 4 Z(IA—-IB)

1.16. I'=1l(v - u)/(v+u).

1.1.7. v=c(ry —7)/(1, + 7).

1.1.8. v' =v(w — u)/(w — v).
¢ 1.1.9.a. Ilpu t <//u rpaHdua obGnacTM - KOHYC ¢ BeplUMHOMN, Haxouiule#cs Ha pac-
CTOSIMMH vu! OT KOHUA CTepXHsl, Mepexofdumifi B Kacawolyklcs cro chepy paauyca ut.
Ipu t > 1 /v — cdepbt c LEHTPAMH Ha KOHUAX CTepXHA U paadycaMu uf n u (f —1/v) c kaca-
TeJibHOM K HUM KOHHYECKOM OBEPXHOCTHIO. G*. Cos a = u/v.
¢ 1.1.10% U3 obnactu, orpaHuyeHHOW yrnom a« = 2artcsin(#/v) ¢ sepluHHoff B Touke A,
OHcceKTpHca KOToporo — Locce.

1.1.11% v=cl/JI* —c* ar? .

1.1.12. u =v/sina
¢ 1.1.13. Cm. puc.

1.1.14. OpauHara 1 aGeuncca TOYKH epeceueHUsl TPaHKOB X =Vl HX, =@ + U(f— £ )/2
NaloT BpeMS H KOOPOMHATY TOUKM COyAapeHus 4actuu: ¢ =(2a —vut,)/v, x" =2a - vz,
¢ LL.15. Cm.puc.; 6) vep =0, B) yep =1 M/c.
¢ 1.1.16. Cm. puc.
¢ 1.1.17. Cm. puc. g) BO3BpallleHHE Jlyya 110 KoOpAMHATe X 3aHHMaeT oOuYeHb Manoe
BpeMH, COOTBETCTBEHHO Ha eOMHALY UTHHBI JTIIOMHHECUHPYIOLEA MOoBEPXHOCTH IKpaHa
nonafaetT Mallo JeKTpoHoB, CM. pHC. 6) MpH fy/fx=m/n. rme m u n — Jio6bie Lenble
yKcna.

vsin a ++/¢? - vicosta

2

1.1.18% x =2lv

c? v

1.1.19. g = 2a. B HanpaBneHHH, APOTHBONOJIOKHOM HayankHOMY.
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Keorsery 1.1.23

1.1.20%, 1g,;- Zmuink, zac moun o CGGULR REIBIC YHCHA.

[0 0. R o A P N N

10220 Arfr i YR

1.4.23% O™ pae. e e Loaihia 8 SGR00M MECTY dd pAC Tkt
HOK, Gongutem 2R, u p sty 0t TR s g > AR, B GOM Mucte Ha pud
CreHoi, Soapiuem L 2N pasites T pa 4R L >2R

v bz, Jfowkentie « nepememiofl ckopoctsin

P2hoyep ™ -u Hoetrad i DO SPANMIe pasaena,
I

L

~
Vo=l

,

1.2.2.0=12¢c, x= 14 «
. v 4/ - b
L23.L = + = - Ll
’
1.2.4. JlwboA 1padur. € #IMLEDHOM S COPAKIRTLL 34 YKAZHGIOC BpeMSt Ma 1Y w1 v ¢
HAGOLIIMM R AOH L sxacit it 15 Mg

1258 x>l v, M
£.2.60 x = le)e,i, .

327, CPeutifin cauiih U Lnean 1 i A, & KinigsilaA CKOPOCTD Ny JiIcBaY .
1.2.8*. v=\/La
1.29. v=VA.
a,mpic? T, kM
7t

/./70—1-1_l o 6‘r

4 8 )7 XA b=

190} N
/' -~
2..
L. H L d 1 1 L
4 4 12 1Llc 4 8 12 Kte

Koraery 1.2.15
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2 2
138, L= 96

(tgg - tga).
Cos «

1.39. v=/L@+g).
2
13.10. H="2 (cosa — u)tga.
g
2v?
g(tgp+tga)

1.3.12*. m = 7 xr.
v? vt~ 2gv%y —gx? v? gx?

1.3.13%. a) tgp = > . 6) y = —2? el B) Uvyn =
=g +/x? +y?).

At
13.14. xgy = (VCOSQ) At; Yoy = (Using) AL — g

1.3.11. L =

2

—gAt-t,

TOe t— BpeM, Npollefiuee MOCIe BLUICTa BTOPOTo Tesa. OTHOCHTENbHAS CKOPOCTh MOCTO-
AIHHa, HalpaBJileHa BEPTHKAILHO BHU3 ¥ PaBHa M0 MOOYMIO gA .

1.3.15. v =+/2nRgn/sin2a, rae n — noOGoe HaTypalbHOEe YKCIO; fpn a = 0 CKOPOCTDb

MOXeT GuTbmoﬁon 10 MOIYJIIO. Tk
1.3.16%. 1 = (2ufg¥ctga mpmr vc05a < \/2glsma, t= —ctgo:( -1l —-— g8 )
: vtcose
pu vcosa > +/2glsina.

1.3.17. v, =gAtsina, v, =g Atcosa.
1.3.18%, R=¢g T, T,/2/2.
13.19% v=Js[2H-h)+L].
1.3.20. v, =1675 km/y, a, = 0,034 m/c?,
vy = 838 kM/u, ay = 0,017 m/c?.

1.3.21. v=+/zR =8 xm/c.
1.3.22%. 2 < (4 + ) v?/2nl

¢ 1.3.23. Cm, pre.
1.3.24. Ha (\/_/2) 0*M/c; Ha5-10"% pap;
w=5-10"%¢c'.
1.3.25. a =~/k? +k*¢4)r? .
1.3.26. v =+/gr.
1.3.27*. v =+/5gR.
1.3.28. 27,5n 42,4 xm; 18,3152 km; 9,21 73,4 kM.
1.3.29. a = (v* /R) cos’ .

Koreery 1.3.23

§ 1.4. lpeoGpasobanue Ianuies

1.4.1. B cucTeMe 0TcyeTa BTOPOTo Kopabns neppuiit ABHKeTC MO NpAMONR BRONL BEKTO-
pa v, — v,. [lepieHguKynsap, onyuieHHeI# Ha 3TY MpAMYIO U3 MECTOHAXOXACHRA BTOPOTO
KOpa6is, # 6yneT HAMMEHBIINM paccTOSHHeEM.
¢ 1.4.2.CMm. puc.

. 1.4.3. ToyHo Takylo e, KaK ¥ HabJlopaTens, ABMK yliniica ¢ yacTHue# A.
¢ 1.4.4. CM. puc.

1.4.5.a. Bempo pOmKHO GbITh HAKIIOHGHO B CTOPOHY ABMKEHMS MIathOpMEl NOn yr-
JIOM ¢ K BEPTHKAIR: 18 =ufv. 6. u = 10\/3_M/c.
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Korsery 1.4.2 Korsery 1.4.4

4.6 Vpgaxce =v V3

2L\ v? - ulsinta
14.7%. t=——7————

2 2 - Baonn Tpaccht.
vt —u

14.8.a)Av=—-2@+u). 6) Av= - 2(v - w). (IIpoekuns Ha HanpasleHHe HavaJbLHOM
CKOPOCTR CYMTAETCA [TOJIOKHTENLHON) .

1.4.9. 2)u =v. 6)u =/v® + duwcosa + dw? . B)u =~/v? + 4uw cosa cosp + 4w’ cos? 5.

1.4.10. v=/v* +u®*2(R -r).

1.4.11. t =2/u?[g* +2h[g.

1.4.12. [IpoeKLRst CKOPOCTH Ha MOPH3IOHTAJIHOC HAMIPAB/IEHHE Uy = v — 2u; NPOeKUHsA
CKODOCTH Ha BEPTUKaJILHOE HaflpaBlierue vy, = (2n — 1) Lg/(v — u).

1.4.13, n= (v, +v,)/2R.

1.4.14%*, sina =u/v.

1.4.15%. u =v/3.

1.4.16. B HOBO# cHcTeMe OTcUeTa reOMETpPRA MyUKOB, a 3HaYMT, W O6JIacTh KX Mepeceve-
1131 Te Xe, YTO K paHbuse. CKOPOCTh YyacTHIL He 00 A3aTe/ILHO HAMpaBJieHa BAOJL MyYKa.

1.4.17. By/1 +v? fu® pa3. MameHurcs.

1.4.18% o =60°, I =200+/3 ~ 345 m.

§ 1.5. [IBHKEeHHe CO CBA3SAMH

LS.k vg=2v,.
152, ve=wR; vp =w (R 7).
15.3. u=vy 3.

1.54. 2=gctga.
1.5.5. CM. puc.

Korgery 1.5.5
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r>k =R

UV N7

Korgery 1.5.8 Koreery 1.5.15

1.5.6. (-2,8; 3,1).
1'57a“AB'”\/— 6. u, =Ju? -v*.
¢ 1.5.8.Cm. prc.; 2 = (* /R"r ra =R +rY[r, ry = (R =r)?r.
159% u =L, w =——U-——; BOpaBO Npu cosa > r/R, BIEBO
Rcosa —r Rcosa ~r
npr cosa < r/R.
1.5.10. TpaekTopus Toykn 06ona KoJeca NPOXOAUT 1O AYaMeTpy LMITHHIDA.
1.5.11. a. Ooun oGopor. 6. Ha 4 MuH.
1.5.12. a = 4w*K.
1.5.13. u =vcosa,
1.5.14*. B uenTpe KBafpaTa yepes BpeMA ! =afv.

o 15.15.Cm. puc; vg =203 t/L* +vit’ .
15.16. u =v*t/JL* —v*1* .
1.5.17. w = (usin®a)/H.
1.5.18*. w' =w/2sin?(a/2).

15.19. v=uR/\/R* —h*.

1.5.20. d =7 (R* —r?)/(t).

I'JIABA 2. ITHHAMHKA

§ 2.1. 3axonn1 HeroTOHA

2.1.2. F=2mi/t* =0,16 H.
2.1.3. F=mgly/(L).
o 2.14.a=g(T, —T)/(T, - T).
21.5. T=F{d —x/I).
A
g 7 7
l " a
7
O ——O

Korgery 2.1.4
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216. t=T(m, +m,)/[a2m, +m,)].
2.1.7. m=m,[ (t/t,)* —1].
2.18. m,/m, =(F, - F)|(F - F,).
2.19. t=nat(1 ++/1 - 1/n); t,; =10 c.
m, —m, _ 2mym,
21.11. a4, ¢, =g ————» T, = —————¢, T, = 2T,. llONOXHTENIEHOE HAaNpaB-
m, +m, m, + m,
neHHe YCKOpeHHH OTBevaeT OllycKaHuIo rpy3a m, .
2.1.12. a=3,3mMm/c?, T~1,1-10°H
2.1.13. YckopenMe BepXHero 1uapa paBHO 3g, yCKOpeHUe HIbKHMX — HYJIO.
Fm, F Fm,
2.1.14.x = s a, = s _—_—
k(m, +m,) m, +m, m,(m, +m,)
2.1.15. xpaxe =ma/lk; +k,); Fimaxe =¥ Xmaxes F2maxe =K1 ¥make:
2.1.16. x=F(k, +k,)/(k,k,).
2.1.17. F=m, g/u; a =g(m — my)/m.
¢ 2.1.18. Cm. puc.

a, =

£ H)
60t
T T |
40 ; A
/4 -
l: ' mg/Vl+,u2
20y , :
) |
. L ! «
0 20 40 S0 80TH arctqu /2

Koreery 2.1.18 Korsery 2.1.20

> 2.1.20. Cm. puc.; 1'7‘.,.p =mgsina TpR tga < #;FTp =umgcosa MNpH tga > 4.
2.1.21. appaxc =& cosa —sina).
2vsina
g sin*a — pu? cos? @) '
2.1.23. a = (F/m) (cosa + using) — ug, ec)I¥ 370 Bhip®KEeHKHe GOJbLIE HyIIs, HHave @ = 0.

. pcosp
2.1.24.2 =g(smﬂ — m

2.1.22. t=

). npn u < tg g sin (a/2); a =0 npu u > tg §sin (/2).

Im, —m, |g—~ F;

2.125.a=0mpu im, —m, 1g<Frp; la|= e

B npu 1m, —m, g > Fyp.
2,1.26*. g =a +arctgu.

um,g 1 —u? _ m? +m?
—‘1+“1 3 Toum = BE "_2—":

2.1.27%. Ty = ————=> a=arctgpu Opr m, > m,
\/l +p2
m,—-m, 1-4°
———————nopr m, <m; ——-
F"(m1+mz) p 1 m21+y2
2.1.28.B /10 pa3.
2.129. u~04; 1 =50Mm.

a = arctg
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2.1.30%.a. F>u(m +m)gt"/ 2im, 6 2 _Fy —pmg
.1.30%. a. o = . . =0 5
! ! Fy—-u(m, +m)g ' my
my
a, = ug m '
2
2um,g(m, + my) F
2.1.31.IIpn F < ! ! =F, a =gq =q =—
P m, +2m, [ 1 neB 1 npas ~ 42npas 2(n, +m,)
F-umg um, g
Fz2F =15 | =q =a = 1° .
opnr o 42mpas m, 1 7ne 1npaB 27eB m, + 2m,

2.1.32. F=mg cosa (sina - u cosa) Npr u < tga; F=0 opu p=>tga.
2.1.34. a=0,7 xkr/m.

2.1.35*% v=u—+/(u/x)(mg — F).

2.1.36% F=gmy.

2.1.37. KpyuHsle; v =~ 5,5 m/cC.

2.1.38. v, ~ 0,25 m/c; v, ~ 0,01 M/c. jg
2.1.39% Tlpy Ru~ 4 -10°* m?/c.

v

2.140.d = v? +u?,
2ug .
2.1.41. Bpaiamowascs. :
* = _— 2
2.1.43% v wRF/\/F.’l.p F?. Koreery 2.1.57

2.1.44% v=utga//u® — tgla.

2.1.45% u=v/2.

2.146. F=2T.
FM+ 4m) M
2.1.47* Yckopeuus rpysoB ! —-3:4, = ——8 ——; a4, = ————— ;
F 2mM +2m) 2m(M + 2m)
a, =—————.
M+2m

m, gtgla/2) m,g
2.1.48. a, = ;o a, =

m, +2m, tg?(af2) my, +2m, tg*(af2)

2.1.49*% a=gtga; m=m,sina/(1 - sina)*.

2,150. M=mtga/(tgp — tg a).

2.1.51% a =gsin(a/2).

2.152. m, =ma,/a,.

2.1.53. Jns BepxHero aprka N, = l/2 mg , OnsA HWKHero N, = 3/ ,mg.

2.1.54. F=mgv*/r. Bin3kn K NapaGonaM, KacaloOLMMCs OKPYXKHOCTH U3HYTPM; CHa-
PYXKH.

2.1.55. T=2mv?/L

2.1.56. T=Muw?l; Ty =Muw?*l + mw?(* — x*)/2L
o 2.1.57. cosa=g/(w*R) npu g/(w*R)<1; =0 npr g/(w*R)> 1.

gtgp

2158, w=y —MmMmM8M8M8M8M8 .
I(sinB + sina)

330



2.159.1 = (1 —mw?/k)R.

2.160*. R=R /(1 —~-mw*/4n*k) npn w < 2nv/k/m; npn w > 2a/k/m  kombuo
HeOTPaHHYEHHO PACTATHBAETCA.

2.1.61*% u=mg/2naT - mw?R).

2.1.62. a=arctg(w®/Rg). 14
2163. w, =0 npu € > ug/R; w; =*g*/R* -~ ¢*)' npu e <pg/R

u atiga
2.164. v=+/pgR; f=arctgu; — = f—-—,

v u(l- ptge)

Rgsina(tgo +pu)
2.1.66%. vMuu =V — ; v = 10 Mm/c.
utga — 1

2.1.67*. w>/gV2/R

& 2.2. Bmnynsc. Heurp mace

221, u="h v

2.2.2. Fyp = F3.

2.2.3. 1 =2[psin(a/2)]/F; moa yraom = (m+ a)/2 K HaYaIBHON CKOPOCTH.

2.24% m=F At*[16L. ByXHo NMOCTPOHTh MO 3IKCIEPUMEHTATEHEIM JAaHHLIM Ipadux
3aBHCHMOCTH BPEMEHH MPOJIETa OT HANPAXKEeHUA HCTOUHHKA.

. mu(sina — u cosa)
225% t= opu tga > u; mpH tga € u SALIMK He COIBMHETCH.

p(m+ Mg
22.7. my[m, = (U, —u,)/(v, —v;). HyKHO y4ecTb HM3MEHECHHE CKOpDOCTH 3eMIIH.
2.2.9%u, =F t /my; u, = v— Fyt,/m,.
2.2.10, m=m,/3.
2.2.11. u, =u, =0,2v.
2.2.12. Ha paccTosiHuH 4 L 110 TOPH3OHTANIH OT Iy WKH.
2.2.13. S/L = 35/36.

n
2.2.14. ws—" Jur + 2.

m,

2.2.15. p=+/p? + 2p,p,cosa +pl.

nyy, +myv, +m,v,

22.16.V =
m, +m,+ m,

2217. 1 =lm,[(m, + m,); L,=1m,[(m + m,).
2.2.18. TpaekTopHA HacTHUBI MOJIYYAETCA PACTsKeHHeM ¢ KoxpdHuMeHTOoM Moaobua 2

TpaeKTOPHH YaCTHI[BI, Macca KOTopo# 2m.
2.2.19.OKpy>XHOCTH, LEHTp KOTOPLIX NEXMT B LEHTpe MacC CHcTeMbl CTaHUMA —

KOCMOHABT. Paiiycbl OKpYXHOCTeH:

Ry =Rm,[(m +m,), R,=Rm{(m, + m,).
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y=ovmik; x'=/x% + moifk.
@, E,.=F?[8k.
. L0 naufoonuiet cure. K')ror\'w ML AT
HACKOILK O TOIBOIISeT pdSN‘J‘( AN SO

Tty R UTUKRE pATaP L TL S

e UL, WA W IEE aeE
G. s HALCHHAS Y TPY TAS DHCPTUS BYIe: At i

S =mgleosa: K'=mgl(coso  u vn

G2.h =0 2801 - petgo)].

13.0= 4gh T3 A/m.

AV A gl

v ]\'m' 7'1!']

EOAPER L VY. V /
AT =y l(:lnl-R s a).

W e =2J0 T 7/m.

'3 iiemkyiueecs no vpy6Ge,

20.5in 8 = vsin o/\/vt +2¢0.

fi:
S22t gE — ppp— |13 (T S csTa
\] --",“"‘lU2 2

SN Boppene# Ronenxuedt. Hpuve v vw a0y

DOTHIE R [ Rery KA LK,
1 -2mg
T mg

ot = Smg oot etepkisty S 6 o
il

i

5 As . F =
S Lo .
Atga - )

2nRmyg

IBE ] T e /T R T T

4r R2+ll

Y R amg(l LK)

V¥ Feamgeosa(3sine — 2 1py sin w2 2 307 0 pae 272
' 31 v=\"2g".
- 3.32%, A =2npmu?.

3334 K=K e 2B

§ a2 pxfam,

3. U H AU B W A S R O F1oLient sl ey

WACTD ABHAKCHNS ;
T[\%T/ﬁ npu K < Fox,
CIK[E + x, /) mpu K > F X,

335 F=kqQfr*; npn qQ >0 011.1.-'|v<mm|m.:, tpu gl -6

HDUFHN UL,
339, Het. N

3
40 llpu E > 0 ofizacts mpwmkenus ¢ [ —{ | +\/l 4

[#
2 E
Al =1/l +—
v

E

L\'
— Ju pu K <G o ek
%
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2.3.41. h=2mg/k.

2.3.42. h=2mglk; v=g/m/k.
2.343. H, =3, h H, = % h.

2.344.k=megx [[2(/17 + x5 — 1)?].

2.3.45. F=mg(l + /1 + 2k(k = I)jmg).

2.346. F=(n,+ m,)g.

2.347% x = (m/k)(g — a); Xpaxe = Mk (g +/2g2 — 2%).
23.48% F=ug(m_+ m,/2).

2.3.49. m=um,[2.

§ 2.4. Jneprun cucremsl. [lepenava sneprun. MomHoCTh

2.4.1. B npwkyuue#ica cucTeMe OTcHeTa CHIIa HATA)XXEeHHUA coBepluaeT paGoTy. Her.

2.4.2.K =m,v*/2 - FL

243* K, =%k(x, +x )x,; K, =%k(x, +x,)x,.

244% A4, =mutl2 —mv*[2; A, =~ mu’. :

24.5. A=2Fr{l - 2sin(af2)]; a=60°.

2.4.6*. Cymma paGoT B38MMHBIX CHJI 3aBHCHT TOJIHKO OT U3MEHEHKA PACCTORHUA MEXIEY
YaCTHHAMH.

24.9.x=vVmf3k.

248.v' = \/-2_9.

249% v= 4z

2.4.10%. xpu01c =451

2Mgh 2Mgh
vy =V ————— +2gH - h).

24.11% v, = tg a
M+mtgla

M+mtgla ’
4 kR

24.12%, v= —\/—.
3 3

24.13*. F="/, mg.

24.14*. h ~ 025 m.

24.15*.K' =001 K.

24.16. v, = (I -I)Vk{2mcose; x=(I - ;) sin a.

2.4.17. a. [Tlpu mocrymnare/IbHOM ABHXeHHH. YCKOpeHHe LeHTpa MacC H cyMMapHas
BHeUIHsIS CHIIA [T CHCTEMbI CBA3aHEF MOXAY cOGOH TaK e, KAK M M5 OTHENbHON YacTHURI.

2.4.18. u=v?[2¢l,
2.4.19.v=V2h(g — T/m); K =mgh, Egpay, = Th.

2.4.20%. x =Lm*{(M? - m?).
2421 by =1y Iaxce = I + FIk.

umg cos o
2422%. x= ———— npu p<tgo;
k
umg cos o tga
X= — —— |1+ 1—2(1————) npu tga < u < 3tga;
% u
2mg sin
X=————— qnp¥ p>3tgo.
k
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2.4.23. KuHeTrdeckas sHeprus yacTuusl K = m(u + V)?/2, roe u — ee cKopocTh OTHOCH-
TCNIBHO UeHTpa Macc, a ¥ — CKopOCTh LIeHTpa Macc. B cyMMe 1O BCeM YacTHLAM CHCTEMBbI
csiaraeMble m uV [aIOT HYJb. R

2.4.28. Kyparee = F*/2k; Upgarce = 2F? /K3 vogs = FN/(m, + my)[(km, m,).

2.4.25. Tlpu cKopocCTH LIeHTpa Macc, paBHO#M Hymo.

2.4.26. AW=FIL

24.27. AW=F(l - Ft*/2m),

24.28*. AW=F*m}/[k(m,+m,)*]; U= AW/2; K=Fl+ F*mm,/[k(m, +m,)*].

24.29. A = mu?. TlonoBHHa pa6oTl MOET Ha yBeIHUeHHe BHYTPeHHEH 3HepTHH.

24.30. AW/A = p/(tg a + p).

. mm,
243L.W=W, + W, +———— (¥V, — V,)?; Her.
2(m, + m,)

2.433. Q=m@?/2 —gh).

24.34. Q=m,gh (m, —m,)/(m, + m,).

2.4.35. 0=2mgR(1 — VT —I?J4R*)/1 — I*]4R*.

2.4.36. E~200 MIx.

2.4.37. m ~ 3 kr.

2.4.38. B 8 pas.

N

2N
2439%. v=pgr mpu t < t, = N/mp’g*; v= ;—(t - 2mu’g’) NpH t>¢,.
2440 N=mygw(l —w/wy); m=m,/2.
2441 . m=n,m,/(2n,).
2442%. v = 50 KM/q a = arcsin (\/—/4)
24.43*. N=pS(v — c..vR)2 wR.
2.4.44. n=20/(v t u).
2.4.45. N=mgu/2.

§ 2.5. CTOoTKHOBEHUA

25.1.m;/m, =1, na.

2.5.2%. a=n/2.

253 u,fu=(k — 1)/ (k+1); u,fu=2k/tk+1).

2.5.4. Macca HeHTpoHa 6/1u3Ka K Macce elitpoHa (my~ my/2), NoaToMy TIOTepH 3Hep-

UHH TIpM YNpYTHX CTONIKHOBEHHUAX ¢ aeRTpOHAMH 3HAUMTeNBHO GOJIblle, YUeM [PH CTONKHO-
BEHUAX C TSXKEJTLIMH ANPaMH CBMHIIA.

255.m=~/mym,.
2.5.6. cos f = v, v, Cos a/(ulx/vf +ul —u?).
25.7.v; F2v—wv;; vy =2v—v,.

2.5.8. Hoce moGoro HedeTHOro YHCNIa CTOITKHOBEHUH CKOPOCTH
. (m, —my)v, +2m,v, . (m, —m)v, +2m v,
vy T vy T

m,+m, m, +m,

liocne no60Tro YeTHOr'O —~ PaBHBI HAYANBHBIM.

m,m, m,m,
259% v, =v\——m8 ; v, vV —m48M8M .
m (m, +m,) my(m, +m;)
my +m,
2.5.10. tgp=tga
m, —m,
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2.5.11. d = 2/2R.

2.5.13. [Ipa GimxaffiIMX 1Iapa MoNyyaT CKOPOCTH v, = v COS & M v, = v §in «, HalpapJtH-
Hple 110 B3aHMHO NepleHAHKYJIApHBIM CTOpOHaM suedKH, a NepBoHa4YabHO nnuranmnfﬂca
wap OcTaHOBHWTCA. B pmankHe#ieM npoMcXONMT INepepaya 3THX CKOpocTe#l  clleqylofiium
1IapaM, HaXOAAUIMMCS B COOTBETCTBYIOLUHX psAlax.

25.14.t=t,—t,_; =24t

2.5.15.t = (2R cos a)/v.

m, sin’(a+ @) — sin’g
2516, — = ——————— . m, - Macca HaleTalollleff YacTHLbI, M, — Macca
m, sin® o
noKosuecs YaCTHIbL.
2.5.17%. sina=m,/m,.
2.5.18*%. u=2m, uc03a/(m +m,).
25.19.m,=m, (p’ + pl - 2pp° cos &)/(p; — p?).

v

™
2.5.20. u =Jv*+ (v+uy)*; yronnopopora y =— +arc tg
2
2.5.21* v=/2gh(1 + m,/m,).

/ m, 2m, m, —m,
25.22.v, =0; v, =v OpH v > Yy = 2gh(1 +——); v=v VT —

m, m, + m, m, +.m,
npH v < v,. 3Mech ul — CKOpOCTh TOPKH, v, — CKOPOCTE Teja.

2ng1 2ng1 2m,
2.5.23*. u,-— Y f—— \/ mgl 3+ —

Uy + v

m, m, + m2 1t m, my
kim, + m,) m, —m, kim, + m;)
2524, u=x\——m; u, = x v ; u, =
m,m, m, +m, m,m,
2m, kim, + m,)
= x 5 dareM u, = 4; u, =0 HT.O
m, +m, mym,
m,U mU
25.25. hyyake= ——————— 5 Hopmage = —m———
mg(m, + m,) m,g(m, + m,)

2.5.26. B 1,5 pasa.

2.5.27. K = 35,7 x2B.

2.5.28. Eygn = E(1 + mg/m).
2.5.29. Eygm =~ 27,2 3B.

2Em, 2Em,
2530, vy, sNV——m——— ; Y, =V —mmm .
my(m; + m,) my(m, + m,)

3531 E= pim; + pimi — 2p,p,m,m, cos 6

2m m,(m, + m,)

2.5.32. E=Ksing, sina,.
2.5.33. E=4,1 MaB.
2.5.34%, cos a=(p* -~ 2mE)/(p* +2mE).
2.5.35. h/h, = [(m, — m,)/(m, + m;)]?.
2.5.36. Q/K /O3 - m,/m,).
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2.5.37. 0, =2/Q,m(v — 2/Q,/m).

Fl Fl 1
2.5.38% v, =V — (1 +1/n); up=N[—""— u,,—»\/— IpH 1 — o,

m m(l+ 1/n) ' m

2.5.39. tgg=tga — 2u npu tga> 2pu; B NPOTHBHOM ciiyyae g =0.

§ 2.6. Cuna TAroTeHus. 3axonsl Kensepa

2.6.2.a= K/R*,rne R ~ paccTosiHMe oT IjtaHeTsl 10 Conuua, K - mocTosHHAs.

2.6.3. b~ 700 xm.

2.6i6. ITo NpUBeIeHHEIM TAaHHEIM v = r2g/2M ~ 5 - 107'! H - M2 /Kr?, 4To CPaBHHUTEIIEHO
GM3KO K pe3yJ/IbTATaAM TOYHBIX M3MepeHHuH.

2.6.7.M~6-10%* xr.

268. M~2-103° kr.

2.6.10. B 9,3 paza.

2.6.11. B 6 pas.

26.12. R = (ymo/w) /3.

2.6.13. T, =~ 0,7 roga.

2.6.14*. T=2n/R¥[y(m, + m,).

26.15.m/mg=u=r3/T?.

2.6.16. w? =3ym/I3.

2.6.17.v, = 7.9 kM/c; v, = L,7xm/c. T, = 84 mun; T, ~ 105 mMun.

2.,6.18.p =2my /vy m/R sin(a/2).

2.6.19. F=3mv?/4R.

2.6.20. AN ~ 9 -10° H.
O 2.6.21.a. R ~ 42 - 10® xm. 6. ”BoceMepka™, “kacawomasics” 60-X napanneielt ¢ Togxol
caMolIlepeceyeHHs Ha 3KBATOPe.

2.6.22. AU=yMmh/R(R + h); (mgh — AU)/AU =h/R.

2.6.23*. v~ 4,5 km/c. 60°
2.6.24. u =+/v? — u%.

N
2.6.25. B 10 pa3s MeHbie. N
2.6.26.v, ~ 11,2 kM/c; v, ~ 2,4 xM/c. N/ .
26.27. Av=(/2 - Do. - 7]

2.6.28. h ~ 57 kM.

2.6.29. ppaxe = 3H*/(Bny).
2.6.30*. v=+/3ym/R.
2.6.31. v~ 42 kM/c.
2.6.32%, v ~ 16,7 km/c.
2.6.33%. vy ~ 32 KM/C. Koraery 2.6.21
2.6.34, U= - 2K.

2.6.36*. S =% vrt sin a.

2.6.37. wy/wy = 45.

2.6.38*. p=R+\/1 +2yM/RV.

2.6.39%, V=v(Q2yM/rv? — 1); R=r/QyM/[rv? -- 1), M - macca Bemnu.

2.6.40% E= yMm/(rg + ry) .

26.41*. R, /R, =2u?[v?.

2.6.42*%. dv=yMd p/ugry. BekTop dv HANPABIEH K UCHTPY LIAHETHI,

2,6.43* MOMEHT CKOPOCTM (BeKTOpHOE IpPOHM3BCIEHUe CKOPOCTH HA PAAHYC-BEKTOD,
NMpoBefcHHBIA M3 LIEHTpPa OPOMTHI) 30HOA TAKOW KE, KUK H MOMCHT CKOPOCTH CTAHUMH;
IIpH TIOBOPOTE 30HOA M CTAHUMH Ha OAUHAKOBBLIA YO} OLMHAKOHO HIMCHATCA M BEKTOPDI
cKopocTelt. U3 HeH3MeHHOCTH MOMEHTa CKOPOCTH 30HIa: up = (¢ - Vsina)r crmeayer. 47o
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r=p/(1 — esina), Tne e = Vju. Tpue < 1 TPaeKTOPHs 30HOA — 3MIAMIC, pU ¢ = | — napa-
Gona, npu e > 1 ~ runep6ona.
2.6.44* Tlpn V < y;

i i o arcsi “
= , =——.; - n——.
"n utV £ u—V 14 ¢ vV

¢ 2,6.45* 3ra cxopocrs NapasieNbHa Gonbllof ocH W NMepneHOMKynsApHa Bekropy V),
nozromy V, = Ju? Z V7. Tak kak
1 pu?
6= 3 Catrm) = 5y

TO @ = YM/V? (u3 ypaeHeHus u?/p = ~yM/p* mia Kpyrosoll opbGUTH] CllelyeT, uTo pu’ =

= yM ). OxoHuaTensHo V, = \/yM/a.
Y
P ~ T~ - eI -~
e vi/u N - .
/7 ; \ 4 \
i GNP AR r A
[ v 1 9 |
\\ r,'.,/l t II
\\ Z ~ /
\\\\ = \\\N ’/,/
Koraery 2.6.45 Koraery 2.6.46

¢ 2.6.46*. CKOpOCTS '3aMeTaHUR"" IIOIIATN
das M

1 1
—=— bV, =—p .
dt 2 ° 2 a

(CM. peureHne 3agaun 2.6.45) . Tlepuon obpallleHHA CIIy THUKA
T=2nab/bV, = 2na/%| ¥ M

,  MoxHo peluTh 3Ty 3amauy, He oGpauiasich K pellleHMIo 3amayn 2.6.45. PamMyc KpMBU3-
HBI Op6UTHI B BepluHe Gombiliol ocH aunca R = a/k? = b? [a, [losromy

v? via M Mp:  dS 1 . 1 b M
—_—— D —— = — r = , —— = — = _
R b AT " a 2" 72 P
[lepHon obpamnieHHs CNIyTHHKA
ab 113/2
T=2n 2n

ds/d: B M
2.6.47.B1910r.

3/2

R

2.6.48% 1 = n\/ﬁ-[i<l +—°—)] .
g 2 R

2.6.49*. t ~ 65cyT.
2.6.50%. Av = 70 mM/c.

yMm(R3 — R?)
(R, +R,)R?R:

26.51. F =
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ym? ymM(3R?r +2r%) 3
26.52%. N = - i R = I2R,.
852 N = R(R* - r?)? °

2,6.53*. ¢ ~ 1,8-10'? [la.

§ 2.7. BpauieHHe TBEPAOroO Tena

2.1 K, /K, = 32.

2.7.2, K = mR*w?/2. Ym-xcm 3HepTUs MeHbllle.
27.3. M=mR*w/t; M = mr*w?/(4nN).
2.74.¢t = wR/(ug) n = WRIAnug).

2.7.5

15% J = mr¥ +mir
2.76. 7 = WR(l e W[4ngu(l +u)].

= WIR(1+ p?)/[8ngu(l +p)].
27.9*. w = |m, —m,1gR/¢ +m;R* + m,R?).
2.7.10. P, = mg/2 —Jw/l; P, = mg/2+Jw/l.
2711, a = Fl@m, +m,); w = F/(m,R).
2,712, a = '/,gsin a. F.,.'J '/, mg sin e.
27.13*. T = '/, mgsina.
27.14% v = \fgl(sin o — 2 cos a).
2.7.15. ¢ = 2m,g/(2m,+ m,).
2.7.16. J = mr®(gt?*/2h - 1).

o, R, —m,R)R, (m R, —m,R,)R,
2.7.17. a; = H = -
7 “TE J+m R} +m, R} o i J+m R} +m, R}
J+m,R, (R, +R,) J+mR (R, +R,)
= 5 T, =
Tos M8 G R +m, R 2T M T R +myR?
g 1 mg
2718. 4= ———; T = ————
18. a 1+J/mr? 2 1+mr2jJ

2.7.19%. a = g/2.

2.7.20%. cosa>r/R. :

2.7.21*. Cm. puc. t = w R/(ug). Q/E = 1/2.
2.7.22%. t = v,/(3ug). Q/E = 1/3.

v
/ey R~ :
@ RfZug) £
“ .
(/2w, -__\__..:___

wpRf(2pg) ¢
Koreery 2.7.21
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2.7.23%, ¢t = v/ug
2.7.24. w » 3v/i
2725, wy = owy v By g B0
2.7.26. « = 57 Mg

27270 N < A m gy, g

2.7.28%, N = muldld7 o+ 257

FATEN M,

- z
2.7.29. cos i = e ek G e AL
RO oy ¢
o=t 17/2.
i . N N
oo . w
2730, w 5 — - B o= -
KA “aa
2.7.31%, w = u'lR
2.7.32% w0 g, e Wb L Ihes, s Y
2.7.33 u o~ myufmy s e = 2y elhfim R

2734, w s lmurfen RE x Dao et

2.7.35. Aw = owmfH/ Bogacrtaer wo {Etm RIS, poa

27360 < LBy a

2.7.37. Ha sanul ‘Tasoll Berens  Bocon P a1 8 Uy Vs et e - CuLpo-Bog s -
HEIM f18CCATOM.

2.7.38% m . 41016 Kk

2.7.39% a. "TopourT upminausiy Jehopried 3esust 2 oanhaee oo
NA3HBIBUIOT  OTHOCHICALHO DO (v iod wan Coaiine v sehv e a0 .
6. Mpuams & armocdepe 3eMuiM DRBOATLT K LB ICHHE MGMCHTR VR L L CraDaiahng
CYTOUNOC BPALICHHC. '

2.7.40%, v = /gl
2,741 Q = Y ot

Imliv?
2742, cosa = | - memmm e o

gldmy +3mjung *m o
2.7.43%, Hla paccrosttun 3, { or pynu,
2,744, F' = FnRxfl - 1), Hpu & - ¥
2,7.45. Tlocrie Niepaoro Y;@pd CiROPOCTL dgeilipon: pasio i poee ) vy b i
TOM OHH BPAW@IOTCA B HPOTHUEONOJMOKHLIC CIOPOULL 51 ~UBOH i 0000thie fu. 1.
Cryers Bpems nl/2 (@, + v APUUBOIILL BTODOH Y007 Bpet@ltn B p0in i b
1 2 ¢ i i
TEITH HOJETHT € TEMH KE CKOPOCTAMA, WFO ¥ T HepBOL oy 12

/ 3m, 2
2.7.46% 1 = IIK—-
m

Fom, s

27475 M = titu ~ WRIR.
2,748 N = mu  wRIYRw. v = uli = sl do

§ Z.8. Cratnka

1. 7= 98H, " = 13811.
2. F = 09811
3. - T m
2.8.4. Coceinme MUk 06pasyot yio: 1307,
2.8.5. m, = m,sino/[sin(/R - «j).
2.86. T = 26H; o = arctg (3/3).
2.8.7. x = 54k
l,=21,-1,.

289. T = mg/2twwe; T = mg/2 sina.
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Aoimoioal 60 0 ky, U-Ax?/2,

k=in(y/xy)?. Het, He 3aBUCHT.
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3.1.6. v = x,V g/l

3.1.7. n = R/

3.1.8%. m = 2gEx}/(lv}).

. mg x*
319. U= w— .
1 qQ qQ ZqQ) qQ .
t = —_
3LI0% U = oo (L+x Y Iox L /" Tael® "

1= v neoLim/(qQ).
3.1.11. m = 2(kcos*a) x/g.

2 R 2
3.1.12. a.F=-—%g-x. 6. R’ = R i S

73 3
3.1.13. v =

Am gR
m Y2t

31145, @ = %L JE .
L h
yo g / xo g
3.1.15. = 1+—)-, = Vil +—3}-~.
1.15. v, X, ( %o )1 v, = Y, L 7o ) j

3.1.16. mg(1 +x2/1*) > F > mg(l —x3/21%).

3.1.17. x, = R\/Z4J3N.

§ 3.2. Ilepnon 1 yacToTa CBOBOAHKBIX KOIeGaHHH

3.2.1. a. TlonoXenHe paBHOBECHs Tpy3a HAXOOUTCS HAa ypOBHe LieHTpa Kojeca, F =
= —mQ?*x. T = 2n/Q. CKopocTs 6ymeT To#l Xe Mo MONYJIO, HO H3MEHHT HaNpaBJieHHe

Ha [IPOTHBONOTIOKHOE, CMellieHHe HIMEHNT 3Hak. 6. 2 = /k/m, R= Xy
3.2.2. T = 2n/ alfs.

3.2.3. Ilepron ymeHBLUHTCHA BABOE.

3.24. Nns cnyvaes a, @ T =2n/m/(k, +k,); pns 6 T = 2n/m(1/k, + 1/k,). OT pa
CTOSHHMA MeX/Iy CTEHKaMH He 3aBHCHT.
3.25.1 = 244 cm.

3.26. T = 2#/1/(g sin a).
3.2.7. a. F = mg[(T,/T)? —11.06. F= mg~/ (T,/Ty - 1, cosy = (T/T,)?, 3mech

¢ — YIOJl OTKIIOHeHHA OT BEPTHKAJIH HOBOTO MOJI0OXKEeHHA paBHOBECHA.

Korgery 3.2.7
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3.28. r = 30 km.
3.29. ar, = 2muH; Ar, = Te.
3.2.10. F = mw?l/2.

3211 w = /q0Q/ (e, mi®).

3.212. t = 42 myn.
3.2.13. t = 42 mun.
3.2.14. w = / 2pg/l.
3.2.15%. r = 22 ¢c.
/2 1/4
3.2,16%. T = 2 (————————) .
T g +a? — 2agsina
2 !
3.217%. 7= =2
Q R+
3.2.18. w = k/m - 2.

w
3.219. w = /g Ml —mx)/(MI? + mx?).
3.2.20. w* = g/l + k/4m. KBagpar uacToTsl BO3pactaeT Ha k/4m.
3.221. M = m(g/w?R - 1).

3.2.22. a) ¥ = g/\/R? — 12, 6%) wf = g/RT —17/R?.
3.2.23. w = Vk/2m. )

3.2.24. w = Vg/2R.

3.2.25. w = Jk/u, roe p = mom,[(m, +m,).

3.2.26. wyp/wn, = v 3/2.

3.2.27% w,/w, = V' 11/3.

3.2.28. T = 22/ IM/[(M + m)g].

3.2.29. a)z=1\/11’.6)z=ﬁ\/z.

2 2k 2 2k
3.2.30. 7 = I, [(T/T,)* - 1].

3.231% w = J6k/m.
3.2.32% w, =/ Mg/ml, w, = 2w, = 2/ Mg/ml.
3.2.33. T = 22/ 12z
3.23¢4*, T = 27/ Hfg.

3.2.35. w = J2/H.

r k
.2.36%, = —_—
3.2.36%. w 7 Y3

3.237%*. m ~ 900 T.
§ 3.3. FapMoHHYeCKOe JBHIKeHHe

33.Lv=-dwsinwt, a=-Auw? coswt, F=—-mw?x = —Amw? cos wt, k =mw?.

3.3.2.a)x =5sin (3,13¢).6)x = 5cos (3,13 ¢). CMmellleHe H3IMepSAeTCHd B MUIIIHMET-
X, 2 BpeMs — B CeKYHIaX.

3.33.T=0,06c.

3.34.r = n/dw.
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335.T=n1g Q1 +1/J2).

"3.36. T=nRlg + Jrlp).

33 7% t=x \/775'; He U3MeHHTCH,

3.3.8%. t =7/ m/2=RAp).

3.3.9. ®okycupyIOTCE Ha pacCTORHHAX | = (0 +12) v, «/ m/k roe n - uenoe YHCIO.
3.3.10. Yucno nepeceyeluit paBHO Uenoft YacTH BeluynHbl (J/v,) JeR.

4 ]
23311, T=— oy —.
3 g
3.3.12. I =Acos [n(1 ~ T/T)].

3.3.13. ¢ =[1r +2arctg/ _me ] \/i.

2kH - h) P
n /1 s /1 v’
3314, t=—/— npu v</pgl, t= — +/——arccos— npu v >/ ugl, rme
2 g ug ug v
v = vt —ugl.

3.3.15%. w=2R/r4 npu A>» R, w=1/3 npu A = 2R, YBeIMUUTCH.

. d / k
3.3.16. u= ———— —, THe N — leJloe YHCIIOo.
7(2n+1) m

3.3.17. t=T/4 + 7/2,

3.3.18. a) x= ’:—g (cos w t — 1). 6)x=(L:§ +I) (cos wt - 1). Ock x HanmpasieHa

BepTHKAJIBHO BBepX, Hayajio OoTcYeTa — B HAYaNBHOM NOJIOKeHHH.

. / k ./ k
3.3.19. x = mmv cos t, x Y in t.

= s
+M m+M VEG+m) m+M

3.3.20. C MoMeHTa MepBOro yIapa IIapHKa O CTEHKY B TeueHHe NMOJyMNepHOMa NPOHCXO-
IMT CXKATHe W BO3BpallleHHe IPYXXHHBI B HeleOPMUPOBaHHOE COCTOSHHe. 3aTeM NPOHCXo-
O¥T BTOpPOH YOap B MOMeHT, KoT/a MpYXuHa He NedhOpMUPOBaHa, NOCIie YeTO UIAPHKH HauH-

HAIOT [IBHTATLCS C IOCTOSHHOHU cxopocThio v. [lepon T = 2w/ m/2k.

m m m
3.3.21%, v, =——1 v(l + —2 cos wt), v, =———— v(l — cos wi).
m, +m, m, m, +m,

3.3.22. Fpaue =2F; 7= T/2.

3.3.24%, 4= 4} +_:_: - 2’1°F cos wt,. llputy = n(2n + 1)w, TOe N — Uejloe YHCIIO,
aMIUTHTY Oa HauGonbias; MpH ¢ = 2an/w — HaMMeHbLIAA,

3.3.25%, x, =u/mjk.

3.3.26%. Mlpu u > ug/ mjk Cpa3y HaYHYTCH FapMOHHYeCKHe KoneGaHHs ¢ amIuuTynoH
A = umg/k, IpH MeHBUINX U YCTAHOBSTCS KofleGaHus ¢ ammntyno#t A =u </ m/k.

3.3.27%, u = kl/(4Mgn).

3.3.28, BC=g(M +m)/(Mw?).
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3.3.29. F= —mw?x = —mw?A cos (wt + ), HaHGONbilee IO MOLYIIO 3HauYeHHe CHIIBI
mw?A mocTHraeTcs B MOMEHT BpeMelH ! = (Tn — y)/w, rae n — LeJI0e YHCTIO.

3.3.30. Tlpn w?A > g rpy3 NOACKAKHBAET, 3 €ro OTPHIB OT [OBepXHOCTH MeMGPpaHBI
NpOUCXOOMT BhIlUE ee CPEMHETro MOMOKeHH .

3.331. A = F/(mw?).

3332 h =A+g/2w? + WA /28 mpn WA >g.

3.3.33% A =(g/w?)/a'n? +1,rmen — uenoe yuco.

3.3.34% pu ammnutyne A > 107'! cM  yckopeHHe Topua INIACTHHKH MHoOro Gollblie
yckopeHus g = 9,8 M/c, koTopoe MoxeT oGecleYuTh TpeHHMe, NTO3TOMY TIpy3 IpaKTHYec-
KM OCTaeTCA Ha MecCTe, NOYTH He BJIMAA Ha Yacroty. [lpw aMmnuryme 4 < 107! cM - rpy3
ABIKETCH BMeCTe C TOpLOM H BjiMfeT Ha YacTOTY 3aMeTHRIM oGpa3om.

Vmaxc = ™/2w =~ 1,57-10°¢ m/c.

3.3.36%. ucp = mw, tg a/(2u).

§ 3.4. Hanoxenne xoneGanuii

3.4.1. ByneT npoHcXonHTh HalloXkeHHe TapMOHHYECKHX KONMeGaHMI Mo TOpH3OHTATIH H

BEpTHKAIM C YaCTOTaMH w, = «/2k,/mu w, =+/2k,/m. llpuk, #k, npsamonuHeittoe
IOBWXKeHHe BO3MOXHO TOJIBKO IO BEPTHKAJIH M FOPH3OHTAIH.

3.4.2. Teny, oTKIIOHeHHOMY OT TNOJIOKEHHS paBHOBecHS Ha pacTOAHHe 7, HYXHO B Ha-
NpaBJleHHH, NEPIEHIHKYJISPHOM HANlpaBIEHHIO OTKJIOHEHHs, COOGLUHTE CKOPOCTh U = wr,
rae w= </ k/m. T=2n/w.

3.4.3. a. TpaexTopus — 3nuIc c NonyocamMd A M v/w. Ilpedensl M3MeHeHus pac-
cTofgHMA oT v/w no A.

6* TpaeKTOpHA — SIUIMIC C IOIYOCAMH

1 v? vi\2 x 2
TG RN e e |

w

3.44. 20 = /6. . .

3.4.5% llpu 2¢ = 7n, TOen - Welloe YHCNIO, HA 3KpaHe BHOEH OTPE3OK; npu 2p =
= t7/2 + 2nmn — OKpyXHOCTb. [IMHA Moy ocelt 3Munca paBHa A+/2 cosy u A2 sin ®.

3.4.6. OnaMnc ¢ ocAMY Mo BepTUKANH ¥ TOPH3IOHTANIH,

3.4.7. O1pe3oK, paclonoXeHHBIH Ifo OUATOHANH 3KpaHa, MpeBpaTHTCA B BRITIHYTHIA
Mo 3Toft OMArOHAaM 3JUIMIC, NOJYOCH KOTOPOTO IOCTeNleHHO CPaBHAIOTCH HO [UIHHe. 3a-
TeM MOABHTCA OKPYXHOCTh, KOTOpasd HayHeT NPeBpauiaThci B 3JUTHIC, BLITSHYTHIM BIOJb
Apyroft IHArOHANH 5KpaHa, u T.0, Yepe3 Bpems 271/§) BeCh UMKI IOBTOPMTCH.

348. T, : Ty=1:2, 3aHckmoueHueM c1yyas e, xorfa Ty : Ty=2:1.

349.Ecmu Ty : T), = p:q,THe puq — Uelble YHCTa, To 33 Bpems pTy = qTx Tou-
Ka BepHeTCd B CBOe HauaneHoe monoxeHue. Mpu Ty = Ty TpaeKTOPHA TOYKH — ILTHIC.

3.4.10. wy twy = piqg=3:4, _ .

3.4.11% pyyyy =2F/(M +m +m,), 3a uckniodenrem cryuast/ m, /m, =p/q, raep n
q — Uellble HeYeTHhle YHCIA.

3.4.12%. F=k[A, cos (w!+¢,)— A, cos (wt + )] Eyaxe = KJ2) [A} + A2 -
- 2A1Az cos (g, — )l Ecp = (k/4) [A? + A; - 2A1A1 cos (‘Pg -~ ¢l HPH Y3 =1 =
= 7 CpedHsds SHepTHsA MPHHUMAaeT HAMG oJIbIUEE 3HAYEHHE, IIPH ¢, — v, = 0 — HaHMeHbllee.

> 3.4,13%, F =2kA sin<“”2_ < t)sin<°"’2+ < t).Ecp = (k/4) (A7 + A2).
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Korgery 3.4.13

3.4.14. N=% F A sin p.

34.15. 3, w, =/ 3k/m, w, = JEk/m.

6. v, =% u(cos w,! +cosw,t),v, =¥ u(cosw, t — cos w, I);
X, =x, = (1) v(1fw, +1/w,); Ax =vfw,.

B. v, Sv(2cCosw,! —Cos w, ), v, Tv(2COs W, —Ccosw,!);
x, =x, =v2/w, +1/w,); Ax=2vfw,.

3.4.16%. JIBn.eHHe aTOMOB 6y[deT CyMMOM CredylOILMX IBMOKEHHH: 8) BCe aTOMBI IBH-
KYTCA IIOCTYMaTesbHO CO CKOPOCTBIO Uy ; 6) aTOM yriepopa HelMOUBIDKEH, & CKOpOCTH aTo-
MOB KMCJIOpOfia PaBHBI 110 MOAY/IO W NPOTHBOMOJNOXHO HANpaBlieHbl: ”ol =1y, COSwW, I,

w; = «/ k/M; B) aToMBI KUCIIOpOJa OBIKYTCS C . OfHHAKOBOH CKOPOCTBIO v,COSwW,! Ha-
BCTpeYy aToMmy YITlepofa, CKOpOCTb KOTOpPOro paBHa

M \/' 1 2
—v; —- L, =VEkl{— +—).
v, - COS w,!l, W, <M po

CMmelieHHe aToMa KHCIIOpOJa B CTOpOHY aToMa yriepoa

jug | M | v, 1 1 1
Ax = +1+2—) =—-u<—+—).
w, m w, 2 W, W,

V(W +wy) (W] - wyw, +w})—gl g’
3.4.17%. xpaie = , L= .
Wy w, [(w] +w}) - 2] I(w, w,)?

3.4.18. k =m(w® - w3)/2.
3.4.19. A5 2=(1/2)(4 £ B); wy 3 =2n/r /T
§ 3.5. BpiHyxaeHHble M 3aTyXxawuue xoneGanus
¢ 3.5.1. Cm. puc.
¢ 3.5.2. Cm. puc.

¢ 3.5.3%. Cm. puc. Ecnu ypaphi cneayiot gpyr 3a IpyroM 4depe3s NPpOMeXYTKH BpeMeHH T,
TO aMIUTHTYja

v, np 2
A"=\/_°+ >+x:.

w mw
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Korsery 3.5.1 Korgery 3.5.2
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Korgery 3.5.3

@N\R

Ecnu yepe3 mpoMexxyTKH T, /2, To aMIIIMTyZa

v D 2
]
Ap = \/<_ + — + X3 s HeueTHBIX N,
w mw
2 R 2n
° 4+ x, OAA YeTHRIX N, W= —T .
]

w?

Ay =

3.5.5. Oxomo 63 cmM.

3.5.6. BLIGOHMHBI Ha IOpoOTe CO CTOPOHEl BBe3[ad PACIOIOKEHR pexe, YeM CO CTOPOHKI

BLIC3OA.
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3.5.7. 0o M3MeHeNA RAPod W CKUPOCih Mot e it ©0 e oy Gl
3.5.8. C pocTOM amM:iinris bl YBOLMUBIO 0 0 o o :

Ccd ¢ IIPUPOCIOM BHEPTHI Mz i Vo
3.5.9. N=he?,

TR IO 03 TR I

kx? mu? s

d
3.5.10%, —< e I LU S

dr 2 / :
¢ 35010 pe. g Hociie GIHHGLELe o Y P T R : 2
KOMEGAHURA; PUC. 6: FpT DO AOTARCCh 5 b Mo L e Ve e e
Kda KoAeGauui, 2 3aieM, Kol Murnred 3 T v oL, - [T D

MHA 33 HepHOL, AMCIOUIMME 6D 1 b feies e

1
\
T
I
’
-
1
-1 w
P
[
¢
A

Koraery 3011

3.5.14. Ilpy yw, = L
3.5.15. CkopoCTIb OCHMIUTATOPA MeHbILE 13 M2, 17~ it Cr HaW 6009 ey
3.5.16. 3a 7, oHeprusg yMeHLIIMICA BUCIPOpO. Ju cpera 5,0 vacptnd | Melibiil
¢ BIBOC.
¢ 3.5.17. Cwm. puc.
3519, y= 102 ¢!, w=aw - 107 o Horpaukocis s s L nn
10 3aBUCHT OT MANIO# BCAMIUHEBL Yiv.,.
3.5.20.a. vy =107 ¢t 6.9 = /b )
3.5.21%.a. Q0 =w,/Q2v), n= /2. 6. [IpuMepHo B 50 pas tipn 7 16" & 1onkie B
1,5 pasa mpu Q =10°,

p
3.5.22% vyge =

NEWINTERN L ¢

2

I~ exp (- 2myjw)

Unjaxe = 2Pp/m mpu 2my/w > 1

Upraxe = 2wp/QQmym) mpu 2my/w < 1.

3.5.24. 4 = F,[(mw?).

3.5.26.2. A=F,/[m(w? ~ w?)], w, =Jk/m. 6. A4 =F,/[m(w? ~ w)]. w, = k/m.:

3.5.27% A =F,/[m(w? — wl)]. BenmuHHbl B 1 p 1I0ABMPAKTC T2K, YTOGLI B MOMEHT
BpeMeHM [ = 0 BBLILOMHAIHCH HauyasnibHkle yCIOBRHA X(0) = X4, v(0) = v,

3.5.28*%, x, = F,/[m(w? — w?)], v, =0. TOrma B = 0,
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BO3pAacTalouiell aMIUIMTY0M NJIaBHO yMeHblllaeTcs M yCTaHaBJIMBAIOTCHA BLIHYXIeHHble KO-
neGaHuA. XapakTepHoe BpeMs YCTaHOBJIEHHS paBHO BpeMeHH 3aTyxaHusd CBOGOMHEIX
KxoneGaHuit 7= 1/y, Koraa uX aMIUIMTY/Ia yMeHbIlIaeTCS B € Ppa3.

3.5.36.a. F= —-24ymw, sin (wot — 9). 6. A= —Fy/(2ymw,); B w, /2y pas.

3.5.37. v =F,/Q2xqwm).

3.5.38. w, =550c?, y=50c™t, @=355.

3.5.39. Okono 10° c.

3.5.40. v = w A/ 2m.

3.5.41*. CkopocTb YacTHL CIyCTA BpeMs ¢ Hocle BhIeTa v = (F, /mw)(l — cos wt); ux
CpemHAfl CKOPOCTh Vep = Fy/mw; HauGoMbILAA CKOPOCTD Uyaxce = 2F, /mw pocturaercs
ITHMH YacTHLEMH Ha paccrosiMM (F/mw?)m(2n + 1) OT HCTOYHHMKA, THe n — lenoe YHCIIo.

CKOpOCTD YacTHL, HCIyLIeHHBIX B MOMEHT BpeMeHH ¢ = n/w, v = (Fy/mw)(cos wt — 1);
X Cpe[IHAA CKOPOCTh Vep = F /M w; HaMBOMBILAA CKOPOCTD Vpyaice = 2Fg /Mw mocturaercs
3THMH YaCTHLAMH 110 IPYTYIO CTOPOHY OT HCTOYHHKA Ha TOM XK€ PACCTOSHHH.

CKOpOCTb YaCTHU, HCIIYIIEHHBLIX B MOMEHT ¢ = /2w, v= (F,/mw) sin wt; WX cpemHsAs
CKOpOCTE vgp = 0; HAauGoMbINasz CKOPOCTE 3THX YACTHL U paye = F /mw pocruraeTca Ha
paccTosHuu F,/mw? oT HCTouHMKa.

3.5.42%. Uuknonna; cpenHss CKOPoCTh vep = Fo/mw Hanpasnewa mo ocu x. Ecm
npu t = 0 vy =-Fy/mw, a vy = 0, T0 4acTHua GynHeT [BHIaTECHA MO OKPYXHOCTH pa-
nuyca r = Fylmw?.

§3.6. Hedopmanuu 1 HanpskeHnsa. CKopocTs BOMH

3.6.1. F/k; (N — 1)F/k.
3.6.2. YpenwuurcaiHa 10714 M.
3.6.3. k =ES/L, F=ES(AL/L).
3.6.4, k= Ea.

¢ 3.6.5. C™m. puc. I = 3mm.
3.6.6. Ot 10® go - 0,5 - 10® Ma.
3.6.7. F=5:10* H.
3.6.8.Ha1,2-10™* m.
3.6.9. Al = mal/(2ES).
3.6.10. w = Ee*[2 = 0? |2E.

. n? Ea*
3.6.11°% Ay = — :
o0’ Al
\
6 S :
_____ _ |
I
N |
’ .
i W L
/i
e ! o
B N
: \l | | | -
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3.6.12%, v=k/(k + 2k,).

3.6.13%. v =2k [(k, +2Kk,).

3.6.14. Ysenuuusactes. p = 0.5.

3.6.15. k= 3(1 - 2v)/E.

3.6.16. Bo3pacter mnpumepHo Ha 30 M. [lnoTHocTs Bomsl Gonsiue Ha 50 kr/m?, DHeprus
B euKmLe o6bema 2,5 ¢ 10° Ix/m2,

3.6.17. Topu3oHTa/IbHAA COCTABNAKIUAA CHIBI HATSOXEHHA HMTH PaBHa F; MO HaKIIOHy
HeT'OPH3OHTANBHOTO YYacTKa HHTH HAXOMATCH BepTHMKaNbHble COCTaBISIOUIHE CHITbI HAaTsXKe-
Hiisl, 10 HUM — TpeByembie CHIIbL
> 3.6.18. Cm. puc. Cunbl, OpUIOXKeHHbie K TOYKam u3ruba /, 2, 3: F, = —-F b/L, F, =
“ Fo(b/L +bJl), Fy = — Fyb/l.

/-‘
5
BT 2
£ 7 J foo
I 7 2 ] _1;, 3
rb
E/v
Korsery 3.6.18
3.6.19, u=--ce.
3.6.20. a. dp/dr = — pc?e. 6. F=Fye; ¢ =~/F,/p.
3.6.21.a.¢=—b/L, w=Eb?*[(2L*); u= — ce =cb/L. 6. ¢ =+/E/p.

3.6.22.a.dp/dr = pcuS = — pc*eS. 6. 0= - Ee, ¢ =/E/p.

3.6.23. 5 kM/c. MBIC/ICHHO BbIIESIMM TOHKHit CTepXeHb B IMcTe cTany. Ero nonepeuHsim
CMCILEHHAM “MelalT’’ cocellHMe yvacTKH fucTa. JecTKOoCTb TAKOIO CTepxkHA Gonblie,
‘ICM CTePXHA co cBOGOAHOA 6OKOBOR NOBEPXHOCTHIO.

3.6.24. 500, 1400 v 340 m/c.

3.6.25.¢ = p(P ~ Py)/[po (0 — py)].

3.6.26*. Tipu cxaTuw, niasHo y6uiBapoemM K QPOHTY BOJHBL, CKOPOCTb 3BYKa Gollblie
v Borec ynaneHHbIX y4acTKOB, BOIMYILEHHS CPellbl OTOHAKT ApYyT Apyra. B cryuae paspe-
KCHHS Y HaNbHUX yYacTKOB CKOPOCTh 3BYKAa MeHblle, OHH OTCTAIOT, BO3MYLIEKHe PaciIbl-
naeres. .

3.6.27%. Cm. puc. CKOpoCTE 4acTHIL ¥ BLICOTA MOABEMA YPOBHS BOMAL! B Oerylueit BolHe
BH3aHBl COOTHOWIEHKEM u/c = Ahfh. TlpupaBHUBaeM CKOPOCTb K3MEHEHHS UMIY/IbCa pa3-
HOCTH CHN JaBnedus; phcu = pghah. Otcrona ¢ = </gh.

wl
3.6.28.c7 ————— | 11 < = w,l, = 0,510 %I,
¢ 2arc sin (w/2w,) P W= wo €3 Wby o &

Koregery 3.6.27
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§ 3.7. PacnpoctpaneHve BOJH

3.7.1. p = pchS.
Apc | Ap
3.7.2.a.q, = z, = —_— X =—
qp=Apct. O.v p L,x p 1

3.7.3. P(¢y - rfe), roer - paccTosiHue 10 NaTyuKa.

3.7.4. IInotHoCTL NOTOKA UMAY;IbCA qp = pCl (xy —ct).

3.7.5. F= 1400 H.

3.7.6. u=F/S\Ep, e=— F/SE; p' = p(1 + F/SE). Umnynsc p=0,5Fr, p' = Fr; ouep-
rus W=0,5F27/S\Ep, W' = F*7/SJEp.

3.7.7. A= 12,5 - 10° [Ix, K/A4 =0,25.

¢, ¢ F ;
o 3.7.8.Cm.puc; u=—22 "L o = R0, ¢, =Fylp;-

e re, Fy
F
A ut A
C’t czt A o oy i AT E
Koreery 3.7.8 Koreery 3.7.18

3.7.9. Bepruxansusie cuibl Fy 3= (pv* — F)b/L n F, = 2(F - pv*)b/L. Nlpu v =</F/p
CHJIBI, JEHCTBYIOIUME Ha CTPYHY, CTPEMATCS K Hy/lO — CTPYHa “He IIPOTHBMTCA” u3ruby.

Eciiu CHIBL cO CTOPOHBI KOMEYEK TEM WJIM HHbIM 06pa3omM (DMKCHPOBaHLL, TO NMpH v ~/F/p
HeOTpaHMYECHHO pacTyT nedOPMaLIMH CTPYHBI.

3.7.10. Cxopoct BofH “m3rnba” u BO3MYylleHHs COBHAlyT, 4To NpHUBeNeT K pe3Ko-
My YBE/WUYeHHIO aMIUIMTYZAbl BOJIH B UIMHe. JTO B CBOI0 ouepelb MOXET NPHUBCCTH K
paspbiBY LUUHBL

3.7.11. CKopoCcTh JIOIKKM ¥ CKOPOCTL BOJHBI, KOTOPYW Bo30yXpmaeT Jlogka B peke,
COBIA;TH.

3.7.13. Nnockuit dppoHT. Hampasnenue pacnpocTtpaHeHust obpasyer yrojl a ¢ Hopmalblo
K rpanuile pasnena cpen (sina =c/v).

3.7.14.a, =q, sina, =(c,/c,)sina

3.7.15. llym peuratene#t pacnpocTpaHseTcsi MeasieHllee (POKTa yIapHOH BOJIHbL, Co3Ma-
BaCMOH CBEPX3IBYKOBBIM CaMOJIE€TOM.

3.7.16. sing, =¢, /c,.

3.7.17. V3MenuTCY HampaniIcHKue TONBLKO Npe/IoMIIeHHOR BOJIHBL:

. vLsin o,

sin @, = ——F——
¢, tvsina,

[l ¢, U C, -~ CKOPOCTH 3ByKa 13 HCIIOJBY)XHOM BO3yXe M BOME, v — CKOPOCTH MOTOKA
BO3AYXa, a, - YToJ NafcHus.

3.7.18. a Bomee ynancunuie 0 Geopera yuacTku (POHTA BOJIHBI ABMXYTcA C Oonbureit
CKOPUCTBI, deM Meltee vitalienubie. [Tostomy yron mexay ¢poOHTOM BOJIHBI H Geperom
wGinsl camoio 6o o vMetinpiac ot C 6, CM. pHC. .
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Koraeery 3.7.19 Koreery 3.7.20

v 3.7.19. Ha rpanuLe pasaena rinyGuH BO3MOXHO [TOJIHOC BHYTPEHHEE OTpaXKeHHC,
5 3.7.20*. Cm. puc., Ha KOTOPOM MOKAa3aHbl **3BY KOBBIE Jlyuk’’, KOTOPbIE OPTOIOHALHEI K
BOJIHOBLIM NOBEPXHOCTAM; B HANpaBfleHWW BeTpa 3BYK HACT NOUTH BAOJL MOBCPXHOCTH
3eMIiiy, 2 B NPOTHBONOJIOKHOM HaNpaBJIeHUM YXOHOHT OT Hee.

3.7.21. v = v, /(1 - v/c).

3.7.22. ¥1,2=" (1 £ v/e); v, =py|l — (Wfc)cosal.

§ 3.8. HanoxeHne H OTpameHne BONH

3.8.1. B mepBoM cnyuyac (cM. puc. 4 K 3azaue 3.8.1) xuHeTWdecKas SHEPTHs paBHA Hy-
f}0, a moTeHumansHag SHeprus U=2E. Bo BTOpoM cnyuae (cM. puc. 6 K 3agaye 3.8.1)
KuHeTHYecKasg 3Heprrd K = 2E, amnoTeHLMaNbHAsi paBHA HYJIO.
¢ 3.8.2. PasGeraouivecs BosHb nedopmauuu c € = - 0,5 - 1073
¢ 3.8.3. Cm. puc.

—— >

P t=5-10%
? 5em
0510 }__J_J_I._ z - \
401073 fe e~~~
u/e
t=510"% .
o250 —=——=—~-
05703 ~-1— z
Scml&om |5om -
Korsery 3.8.2 Koraery 3.8.3

> 3.8.4.Cm. puc. P=2pcwA coswt. [NMMHa BONHbI A = 2mc/w. BGIM3N CTEHKY — y3en
CKOPOCTH K MyYHOCTh fAaBfienus. [lepsoift y3enm maBreHWs OTCTOMT OT CTEHKH Ha paccTof-
HUU A /4. ,

3.8.5. CMm. pHC. B ycIOBRM 3a7ia4u. B “HemepeBepHyTo#” BO/He cMellleHHR 3HAK dedop-
MAIMK NPOTHBONOJIOXeH 3HAKY fAehOpPMallMY Najaouielt BOTHLI.
© 3.8.6. 4 = vy/2w. Ha KoHIE CTepKHA — MY4HOCTB CKOPOCTH M y3en Habienus. IlepBriit
y3ceJl CKOPOCTH OTCTOHMT OT KOHIA CTePXKHS Ha paccTosHuK Af4 (cM. puc.).

3.8.7. Tlpu oTpaKeHMM BOJHBI OT BHYTpEHHeH TIOBEPXHOCTH CTEK/Ia B HeM BOSHHKAeT
061acTh BLICOKOTO HANPSDKEHUA (PacTsxeHus) .
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i
: |‘//4
\ A2 Y- i
4r = !
Korsery 3.8.4 K oreery 3.8.6

3.8.8%. u=2P/pc=250m/c, I=cr/2=1cm.

1 L 1
3.8.9%. l=—i-<L——%arc sin—~ )=7(1—7arc sinai). I=L[2 mpu a4 > o,
1)

To

{=L/4 npuo, ~o0.

3.8.10. P = pcu = 3,9 - 10° amm. Curia, npuiiOXKeHHAas K TOPIly CTEPXHS CO CTOPOHBI CTeH-
KH, IOPOXJacT B HeM BoJHY oKarus. Hoxonasa 0o ceo6odHOro Topua, oHa oT Hero oTpakKaet-
csa. OTpaxeHHas BOJIHA SABJIAETCA BOJNHON pacTshKeHusA. [IpM HaloKeHHMH Opyr Ha Apyra
OTp@keHHON BONHLI ¥ BOMNHEI, NOPOX/AaEMOH AEHCTBHEM CHIIBI CO CTOPOHHL CTeHKH, nedop-
Malusg Hc4e3aeT, a CKOPOCTb YYacTKOB CTePXKHS MeHseT 3Hak. Korma ¢poHT oTpaxcHHOR
BOMHE! [OXOMHT [0 CTEHKH, BeCh CTePXKeHb OKa3blBaeTcH HeleOPMMpOBaHHLIM M KOH-
TAaKT ero co cTeHKolt MpeKpaiaeTcs. Bpema KoHTakTa 7= 2//c=4 - 10 %c.

381L vy=v vp=vll - 2/L 1.

38.13* v, =0, v, =0l /i,.

Uotp _ Ve B, —/p,E, Unp - WJE p,

3.8.15. D= 4p,c,[pyc, = 1,1-1073,

3.8.16. Tlpu HanmnMKM MpOKnapkKi Ko3$QHUMEHT MPOXOXIEHUA BONHEL, MPHHUMaeMONR
AaT4nKoM, yBenmuuBaetca oT 0,25 no 041, ToaBnaoTca BTOpUYHBIE CHTHANBL (T'IX0-CHT-
Hanel''), crefiylolliHe Opyr 3a OpYroM ¢ HHTepBanoM 2//c, MOWHOCTL KOTOPHIX yGhlBaeT
B reomeTpnyecko#t nmporpeccuu. Ilpn BricoKo#t YacToTe clle0BaHHA CHTHAIOB “’3XO0-CHTHa-
NBI” Hallarawotces Jpyr Ha Opyra, Toriaa nogbopoM TOJLLUHMHBL NPOKNAgKH MOXHO A06HTECS
MOYTH NMOJTHOTO NPOXOXKIEHUS HIIM OTPOXKEHHUA CHIHana.

2

3.8.17. n=<M) . L=2le,/c,.
0,6y tpycy

3.8.18*. L=2lc,/c,. n=1. Her.

3.8.19. 1, = 1,25mm, [, = 2,5 MM,

3.8.14.

§ 3.9. 3ByK. AKyCTHYECKHE PE30OHATOPBI

3.9.1. A=c/v=6,6 M.

3.9.2, I=c/4v=82,5¢cM.

3.9.3. c=2l/v.

394. v, = 6,8em/c, v, = 6,8-10"*m/c, x, = 0,11mMm, x, = 1,1:-107m, P, =

=3-10"%am, P, =3-10""2am.

3.9.5%. I>3 kBr/m?.

3.96*. F = 2Lpcv. Tipn w <€ ¢/L NPOUCXOOMT MOMTH NOMHOE BhIpaBHUBAHHe [aBIICHHA
B CTpYye BO3/lyxa, IOITOMY H3NydeHMHe 3Byka cnaboe.

39.7. E = 2nR*w?4%pc. AMMINTYOa O8BNEHUA B BONHE OOPATHO MPOMOPILMOHANEHA
PaCCTOMHHIO /10 LIEHTPA 11apUKa.
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3.9.8*. a [Ie pas6erawiupecs BOMHLI: CKOPOCTH

F, x
coswl| 1 ¥ —
28pc c
(OTCHET KOOPAHHATHEI X HaYMHACTCH B CEYEHHMM, I'€ pAacrolioKeH HCTOYHHMK AeHcTBHA

cunel F) u pedpopManun

e=7Tufc

u=

6. Mexay NCTOYHHKAMH CHJIbl BO3SHHUKIET CTONYAA BOJIHA:

BHC HCTOMHHKOB — [1B€ pasﬁeraloumeCﬂ BOJIHEL :

F, wl (t x )
u= cos coswit——
Spe 2c ¢
(OTc4eT KOOPAMHATHI X HauMHaeTcs B TOUKE, PACHONOKEHHON NMocepeivHe MexXay HCTOYHH-
kaMK cwisl F). Ecnu Ha paccroamuu ! yMelaeTCs YeTHOe YUCIIO NMOJTy BOJIH -- MOILHOCTD
Pe3yneTHPYIOMIEH BOJHEL MaKCHMATLHAs, €CJIH YMEWAeTcs HeueTHoe YMCIIO NOJIyBOJH -
MOLUHOCTD pe3yILTHPYIO il BOJIHBI paBHA HYJTIO.
3.9.9%. Tpu I=(1/4+n)x; wpu I =(3/4+n) A, A= 2nc/w.
3.9.10. L = 2, ¢=Lw/4nm.

3.9.11% a. Y3nnl Hanpsxenudt HaXOOATCH Ha PacCTOSHHAX OT CBOGOMHOrO KOHLA, KpaT-
HEIX A/f2.

__ %S
°  sinQaL/An)
. CM. puc.; w =2mnc/2L, rae n — uesoe YMUCNO, € = wA/2T — CKOPOCTh 3ByKa, MoXHO.

6.C
3.9.12. v, =n- 2500 I'u, Ha paccTosiHHM 25 CM OT €ro KOHILOB.
3.9.13. YMeHnIaTcA B ABa pasa.

* _ A, _ 2w
3.9.14%. 4 L/ T sl

3.9.15. v=c¢/2L = 8,25 T,

3.9.16. Ilpy M3MEHEHMH BRICOTEI CTOJI0a BO3[yXa, HaXOALLerocAd B COCYy/le, MeHAITCH
Cr'0 PE30HAHCHBIE YaCTOThI. 3BYK yCHIIMBAETCA MTPH YMEHLILICHNH pa3sHOCTH MeX Iy YaCTOTOM
KaM epTOHA ¥ OIHOM M3 pPe30HAHCHLIX YacToT cTos6a Bosayxa.

3.9.17. 50, 250, 450m n 1.4

i
3.9.18. vg )-‘-‘ 300 T'u; ng) =150Tu
&S/ %

o

e —
S

1 i 1 P
e/l mc/ Smc/l &
Korgery 3.9.11
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3.9.19. Yrobul Habop cOGCTBEHHRIX YacTOT MHCTpYMeHTa 6bUT KaK MOXHO Gorade. ToH
NOHIDKACTCA C yBeNHYeHHEM Pa3MepoB.

3.9.20. B 3ByyaHHe roiioca BHOCAT BKJaf cobcrBennnle kone6anus Bo3ayxa. CooTBer-
CTBYKLIME [JIMHEI BOJH B [elTHEBO-KHMCNOPOHHOM cpeme GyAyT HeM3IMEHHBLI, a YacTOTHI
BO3pacTYT MPH pocTe CKOPOCTH 3BYKa. OGnit ToH ronoca nossickres. YactoTa ke kone6a-
HHMH KaMepToHa He H3MEeHHTCs, TOM e yacToTh GyaeT U 3BYK.

3.9.21, F=41*v*y =144 H.

3.9.22. Oxono nyyHocreft cmeuwlenntt Ha paccrosinum [/6 win I/3 OT KOHUOB CTpYHBbI.

3.9.23. W3-3a TpeHHs MeXOy PYKOI M cTepXHeM BO3HMKHYT Gollblide MOTEpH 3HEpIMM,
OHu HaMMeHbIlMe N CePEIHHbI CTePXKHA , e MMEETCH y3ell CKOpoCTed, HaWGOMblMe —
U1 €r0 KOHILOB, I'i¢ NyYHOCTh CKOpoOCTel.

3.9.24*. OcuoBHble MOTEPH HEPTHH CBAIAHMI C IEPEXONOM BOMHLI H3 OfHOM cpefki (can-
¢up) B gpyryio (Bo3nyx). Koadduuuent npoxoxaenua D = 4pnoan"noan/pcand>ccand> =
=0,7-10"* (cm. 3apavy 3.8.15) . MoTepu yBenuuyarcs npumepHo B 10* paa.

3.9.25* . MowHOCTL TIPOXOIALLCH BONHEI COCTABIAET OfIHY M Ty e 070 OT MOIUIHOCTH
najaouiet He3aBUCUMO OT TOT'O, MAeT 3BYK M3 BO3/AyXa B BOOY WIM H3 BOILI B BO3AYX,
NpH 3TOM [O0J1A 3Ta BeckMa Maiad. HMuoe neno — masnenue. Tlpu oTpaxenHs 3ByKoBoOH
BONHBI B BO3/iyXe Ha IpanHlie ¢ Boao# oGpasyerca NMy4YHOCTh HaBJieHHA, [IOITOMY B MPOXO-
Osuled B BoAy BOMHE HaBJIGHWe NOUYTH B [ABa pa3a Gonbllie, YeM OaBjicHHMe B Magaolleft
3ByKoBOH BomHe. (PaccMaTpmBaeM TONbKO HOPMa@IbHOE MaJEHHE BONHLI Ha TPAHHUY OBYX
cped; B OpPYrMX Ciyyasx KayecTBeHHO KapTuHa Ta Xe.) Korpga xe 3ByKoBas BOJNHa namaeT
Ha TpaHHIly pa3geia M3 BOOEI, TO Ha 3Toi rpaHmue ob6pasyeTcs y3en AaBneHHsA, H B MPOXO-
Aflllefl B BO3AyX BOJIHE IaBfieHHe MOYTH PaBHO HyJMIO. IT0 NMpUGIMKeHHOe OObIACHEHHE
OCHOBAaHO Ha TOM, YTO pc [UIA BONMHEI M BO3MlyXa OTHHMYAIOTCA BO MHOTO pa3 (NpHMepHO
B 330 pa3). MoxHO TOYHO pacCuMTaTh M3McHeHMe HaBneHus. [lapjleHHC B NpPOXOMALUcH
BOJIIHE B NepBoi cpene

2p,c,

P R A S S—
p1Cy TP 0

mpl PmmZv

rae Phan2 ~ AasneHMe najapouled Bombel Bo Bropo# cpene. Ilpu nepexone u3 Bomabl B BO3-
OyX [aBjleHHe yMeHblIaeTcs npuMepHo B 150 pas.

N
3.9.26*. M=Y"" cigw \/-;31—.

I'JIABA 4. MEXAHHKA HHUAKOCTH

§ 4.1. daBnenne B XUAKOCTH
4.1.2. F, =2000/2H. F, = 0.

41.7*. o=—— ——P.

o 4.1.8%. Cuma F,, nefictByollad Ha €OMHHUY JUIHHLI OKDY)HOCTH NOIEPEYHOr0 CedeHMA
COCHMCKH, MeHbllle CHIbl F,, JAeHCTBYIOLLCH HA SAMHULY ANMHHLI NEPHMETPa €€ NMPOAoILHOTO
CeuyeHHS.
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Korgery 4.1.8

Y
Korgery 4.1.23 Koraery 4.1.24
d} - d?
4.1.9. Ha paccrosnun I = ~—L1 2 _ 4 BIIEBO OT UEHTPA NATKK.

d? +d+d}
4.1.10. h = 727 cm.
4.1.11. F;=4392H; Fp=4314H; Fg=4353H; F=78H.

4.1.12%, F=1,, pga®> (33 h — 2 a) + % Pa* /3.

4.1.13*. Cocrapnaoume CHb, napasiesibHasA ¥ NeplleHAMKYNSpHas OHY cocyna:

— .3 : _ 3 P 1, h 2
Fy=a’(p—py)gsina, F,=ap,g -p—-cosa+ ——2—sma+—a— +Pa?.
0

RI
4114, x= H——(l+——)(———l)h
r

4.1.15. =85 cm.
4.1.16. h=10,1 m.
4.1.17*. m=1,7R?p.

1 2
4.1.19%. 4= (h +71 rE )pgi.

4.1.20*. HaBneuwue P, MoxiHo HallTH M3 yC/IOBHMA PaBHOBECHA BBHIZENEHHOro Ha PHCYH-
K¢ TOHKOT'O LMITHHpHYe CKOT'o o6beMa: cila MPUTSOKEHHs 3Toro o6beMa K 1eHTPY fiaHeTsl,
paBHas NpOU3BENeHHIO Macchi oGbeMa HA YCKOPeH He NolA TMKEeCTH B UeHTpe o6beMa, ypas-
HOBELIMBAaEeTCA CHNOH AaBlIeHMA, AelicTByIOllel Ha HiDKHee cedeHue,

P=2;myp*(R* —r?), P,=%3nyp*R>.
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4.1.21. B HanpaBneHHH yCKoOpeHHs CoCyaa.
4.1.22. g= o — arctg u.
0 4.1.23*. Nasnenne P (x) MOXHO HallTH U3 YCIIOBHA, YTO CHNA MaBIIeHUS Ha BHyTpeHHee
OCHOBaHHE BEIfE/IEHHOrO Ha PHCYHKe TOHKOro LWIMHApHUeCKOro ofbeMa paBHa muw?y,
rae y — DPAacCTOSHME OT LeHTpa LUMIMHAPA 4O OCH BpauleHWd, M — Macca BLUIENIEHHOT'o
obnema: P(x) =% pw?[(R — x)* - uR?].
1 w?
0 4.1.24, y=——x3,
2 ¢

§ 4.2. InaBanve. 3axoH ApxuMena

4,2.1. P=mg/S+P,.

422 h H(p-p,)/(pg p[

4.2.3. H=(m - p nS)/[S(p, - p,)]-
o 4.2.4*. Ecnu npH ManioM N0BOPOTE TapaiieNlenMnena BOKPYT OCH, MPOXomsuleit uepes
TOYKY (), MOMEHT CHJI, DEHCTBYIOUIMX HAa Napajulenenunen, Oyner uanpaBJlieH B CTOpouy,
NPOTHBONONOXKHYIO Hanpanneumo HOBOpPOTa, €ro MHOMoXeHHe ycToMdupo. JTO ycClloBHe

BEINOJIHAETCA HpH  — > ( - )
-, [4 . »
Vi »

.,___,_.’Z__-{../____ 'Q_. —
pu— Py ” 4 y p— -
- ” ” I
. —_ 4 - 4 -

V4 Ve L4

Koreery 4.2.4

4.2.5. A =34 Ix.
4.2.6. V= 147 cm®,
4.2.7. p=1,5 rfem®.
4.2.8. o\ /p; =p,/ps.
4.29%. x=4m/[np(d? +d3)] .
4.2.10. F=9,8-10"°H.
4.2.11. F=2/3)nripgl + 2r/).
4.2.12. F=1,2-10"%H.
4.2.13. p=(2/3) rfcm3.
4.2.14. F=mg/\/3.
4.2.15%, 0. F=pgR(H +%:L)*. 6. F=YpgL(H + R)*.
4.2.17. m=520r.
4.2.18%. m=9, n(R? +r)3 2,
42.19*. m, =4 pa®(6+ Stga+tg’a); m, = Y4 pa(6 — Stga — tga).
4.2.20*%, T=3mg/72.
1 A »p r

2
4.2.21.a. Q=1 kIx. 5'Q=1rr’pth[ +—2—71—: 1+F>]

4.2.22.Q= 4/, nR*pgH = 410 JIx, p -- NIIOTHOCTE BOMABL.
4.2.23. A =2,5-10° Ibx.

4.2,24*. 3. Cmoxer [r/em?| = 1+—A——————>(1—i>-
et - f R -2H-2a+1 I
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4.2.25%, F=4%3nr* (R - r) pw?.
4.2.26. w=+/(gtga)/[R - (+Psina].
4.227. F=%(m, — m,) w*R.

§ 4.3. [Isnxenre HACATbHOMN KHIKOCTH

4.3.1. 28,5; 27,0; 25,6 m/c. Ha nsenanuaTeli sTax.

4.3.2. AT=2ghpSs.

433. N=pV(gh+ V?/28?).

434. a MWs-sa pasHuusl pgaBeHMH B ceueHmAaX I B 2 Ha XKMAIKOCTb, Haxos-
UYIOCS MEKAY OTHMH CEUEHMSIMM, B HANpaBeHHM ee ABIDKEHMs [eficTBYeT pesyis-
TUpYOWMAs cMNa fAaBNeHMA, GONBLIAS CHIBI, AeACTBYIOLlEM CO CTOPOMB! YYacTKa A.
6. F=(1/2)pv*S, (1 - S,/8,)%.
¢ 4.3.5. Haenenue B cocyae P; = P, + pgx, naBnenue B Tpy6ke Py = P, + pg(x — H).

4.3.6. F=J2(P + pv*)S.

4.3.7. v=+/2FS/[p(S —s’)].

4.3.8. x =51
1
4.39. h=— ) ]
2g vaN
— Ri
4300 g=—P P o ap=_ B, e
et et iR - ® pR* —r7)+por* ©0F

4.3.11%, PasMepbl NpOAONBHOTO CEYeHMs CTPYH yBennyarcs B 2 pasza. CKopocTh nono6-
HBIX YYacCTKOB B CTpye YBeJIMMHICA B \/—Z-paa. TMo3toMy ¢GpoC yBENWUMTCH B 2\/—2- paza.

2]
PylH-h)
]
4
— 3
T AV
"y{.,_.*—: /.;Q &
Korteery 4.3.5 Korsery 4.3.13

4.3.12%. Ctpyn 6ynyT nogoGHui. Bce pasmephl CTPYH NPH MOHIDKEHHMH YPOBHS BOIBI
yMeHruatcs B H/h pas, ckopocrk NOAOBHLIX YYacTKOB B cTpye YMeHbumrcs B «/H/A pas.
[osTomy cKOpPOCTH NOHIKEHNA YpOBHA yMenbiuutes B (H/h)? /H/h = (H/h)sl2 pas.
¢ 4.3.13. U3 3aK0Ha cOXpaHEeHHA 3HEePrUM cleflyer, YTo CKOPOCTh BBIJENEHHBIX Ha PHCYHKE

yuyacTKoB 2, 3 cTpyH Ha IU1oCKocTH 6yaeT paBHa CKOPOCTH yuacTKa / v, a H3 3aKOHa CoXpa-
HEHHs UMIYINbCA CIeAyeT, 4TO

s =h(l+cosa)/2, h,=h(l-cosa)/2.
O 4.3.14%, Hykuo mepeffTH B CHCTEMY OTCYeTa, B KOTOPOW TUI&CTHMHLI IBWKYTCA BIONB
CBOMX IUIocKOCTelt. B 31Ot cHcTeMe mnacTHHBI 6yAyT OBUraThLCsS KAaK OBE BCTPEUHBIE CTPYH,

u306paxeHHbIe Ha PUCYHKe 4. VX ABIKeHHe Hal M HOA IUIOCKOCTHO OO0’ HoBTOpseT ABWKE-

HYe CTPYH, pacCMOTpeHHO! B 3amade 4.3.13. 3aTeM HyXHO BEPHYTHCS B HPEXKHIOI CHCTEMY
oTcyeta (0).

v, = v tg(a/2), v, =vctg(a/2).
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Korgery 4.3.15 Korgery 4.3.17

o 4.3.15%, Konyc; oosa=(R? — r®)/(R? +r?).

4.3.16*. 3agaua cBomurcs K 3amave 4.3.15, ecnu HepeiTy B CHCTEMY OTCYCTA, B KOTO-
poit BcTpeuHble cKopocTH GpoHM M cTpyM MeTama GyHyT paBHbl [0 MOAYNIO. v = lkM/c.
o 4.3.17* h = lcos (t\/gT). P = xpg/2 B BepTHKanwHON vacTh TpyO6kH, P = ypg/2 B
FOPH30HTAILHOH YacTH TpYO KH.

4.3.18*. a=g(/S)>.

4.3.19. E=PV.

2 P/R?
3 p\r

4.3.21* Ecnu atmochepHoe faBNeHHe He B COCTOSHMM COOGMIMTL BOAE CKOPOCT,

PaBHYI CKOpPOCTH KPOMKH BUHTA v, TO 32 KPOMKOH MOXCT NOABUTLCA II0/10CTh; v > 14 m/c.

4.3.20%. v= — 1> , 0 — INIOTHOCTb BOMBI.

§ 4.4. TeveHue BA3KON KHUAKOCTH

¢ 4.4.1. Cwia, c KOTopo# C:10U KUAKOCTY OCHCTBYIOT OpYI' Ha [APYra Yepes eAMHULY IUTO-
Wany NoBepxHocTu pasnena AA', F = ndu/dx. llpy cTalMOHAPHOM TCYEHUH Pe3ysLIUpYIO-
was cusaa, nelcTBYOWAsA Ha coMf KUAKOCTH Moy MoObIMH [I0BEpXHOCTAMY paslciia
AA' v BB, pasia Hymo. TTo3ToMy I'DaIMEeHT CKOPOCTH Be3e OAMHAKOB M paseH v, /A,
a CKOPOCTb Ha PacCTOSHuM X OT HENOABKHON MIOCKOCTH paBHa vyx/h, 0 < x < A, F =
= nu,/h.

44.2. v=@P2)xth - x), 0<x<h; Q=@/12n)h>.
4.43%.a 0=Upg/3h)sina. 6. a~ 8- 10-*pag,
4.4.4% v=2mgA*/(nr* hn).
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__;_:_:___—..: = _—___—:__—_._—__:r—_..A'
_F - = - I - =
[ e I

B === ___—_—"—_—ﬂ"—BI

Vo
Korgery 4.4.1

4.4.5. a) PeaysibTupyollias cUita JIABJICHUS H4 TOPLbL BBIICJIICHHOIO LKTUHAPUUCCKOTO
06hema KHUAKOCTU P - mx ? ypasHOBelMBacTCs cHiolt Baskoro Tpenus 2nxl ndv/dx . Tlosto-
My dofdx = - xP[(2n), 0 <x <R 6*) v=(Pl4nl)(R? - x?). OB6LeM KWLIKOCTH. flepeTe-
KAOLICH B cAuHuLy BpeMcin. () = wR*P2/(8nl)

44.6. =T

4.4.7*. 1= 32nl/(pgd *sin @).

Koreery 4.4.5 Korgery 4.4.8

4.4.8.2) MOMeHT CHJI. Q¢ ACTBYIOIIMX 10 LW/IHHAPHYCCKO W I'PUHULC PABICTL MOKAY CITOA -
\MOKWIKOCTH, HE 3dBUCHT OT pajdyca LWIMHIPA X. FdK KdK TO4LKO B 3TOM Cllydae pesyiib-
| MP YOI MOMCHT CWJI, HCHCTBYIOIIMX Ha MUIAKOUTH MOKIY /JABYMSs UIMHAPUUCCKHMH
H)BEPXHOCTSIMH, PABCH HyJTO U KHMIKOCT b IBIDKCTCH CTALMORapHO. Hooromy

_ 5 dwye dewy M -
My=-xdmiome—g =M T S TSR
M (1 1Yy M o 1 )
* = —— e —— = — e
67 wx 411'r1<.)c7 R, ¥ 4mn \r? R*/

449. F=P,S. - P,S, - p0®S,(1- 8,/S,).
§ 4.5. TIOBepXHOCTHOE HATAKEHHE KHAKOCTH

45.3. r= 05 cm.

4.5.4. F=2(o, - 0,)L

455. a=k(2nR -1)/2R.
45.6. 0 Ax~2Va/la. 6.n=4.
4.5.7. a= 2,1 em.

4.5.8. a=Yarpgh.

4.5.9. Mennuie 0.2 em/c?.
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0 4.5.10%. Ha pucynke n306pakeHbl CHITbI, JeHCTBYIOILMe HA yYaCTOK IUTACTHHBI eIHHMY-
HOWR [ANMHLI (BOMHBIE CTPe/IKM), M CHIBI, IeHcTByiOIMe Ha y4yacTky OGokoBOH mnoBepx-
HOCTH XHIKOCTH elHHMMHOM ANvMHLI (KHpHBIe cTpenku): Fy, - Hckomas cuna, mg -
CHNa TsKecTw, HeHcTByOlUas Ha mwiacTuwy, Fo = pgxl u F) =pgx?/2 — CHNBI, BBI3LIBAC-
Mble OTpHIATe/TEHBIM [IaBJIeHHEM KHIKOCTH, ¢ — NOBEPXHOCTHOE HaTskeHHe. M3 ycnosus
paBHOBecHA G OKOBOM MOBEPXHOCTH XHIKOCTH ClleyeT, 4To

Fy=pgx*/2=0-acos8, cos8=1-pgx*|2a.
W3 ycnoBus paBHOBECHS ITaCcT MHBI MM eeM
Fy=F,+mg+20sin0 =mg+pgx(l+2\/a/pg — x2/4).

Korsery 4.5.10 &

45,11, m=0,55r/cm?.

4.5.12.a. h=+/2a(1 —sin 8)/pg. 6.h=3,9MMm.
45.13.a. x =2sin(6/2W/o/pg. 6. x=5,4MM.

45.14% . a, x=\/2p*(aM * Omra— o) , €CTM Oy SOyt Oy X=0, ecnu oy >
PP — P 8 ’
2 oyt O pe OKOITO 2,5 KM2.

4,5.15%. BepTukanshad cocTaBifiollas CHITbl IOBEPXHOCTHOIO HATDKeHHs PABHA MepH-
MeTpY MOMEPEYHOI'O CeYeHHs NANoYKH, YMHOXEHHOMY Ha o cos 9. [losromy obbem xuu-
KOCTH, MOOHATON MOBepPXHOCTHBIM HAarsDKeHHeM, He 3aBHCHT OT (OPMBI MONepedHoro
CEeYeHM sl MA/IOUKH, a 3aBHUCHT OT ero HepHmerpa. -

4.5.17. Pygxec = 20/R + pg(h + R), Py = 20/R + pg(h - R).

4.5.18. R = a/(pgx)

1 1 )
4.5.19. P=pP, + 20\ — + .
Pot 20\ g * -
4.5.20. Oxono 3 1.
4.5.22% h=ry/ 2t t 0 d

g~0, -0, 0*—(a, —a,)? ’

4.5.23. R=rR,/(Ry - . a=120°.

4.5.24*%. m=nr*(ph+ 20/Rg).

4.5.25. h=0,14 mm.

4.5.26. A=1,4-10"%Ox.

4.5.27*. B Tonuko#t ctpye cymma (1/2) pv? + pgh + o/r (31echb p, 0 B v — NNOTHOCTB, MO-
BEPXHOCTHOE HaTsDKeHHe M CKOPOCTb CTpyM, a 7 M 7 — paauyc CIpyM M paccTosiHHe [0
KpaHa) He UaMensercs. i =~ 2 oM.

3
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§ 4.6. KanunnspHsle aB/leHua

4.6.1.6. HauyTpu.

4.6.2.h=2a/pgR; A=4nc?*/pg; U=2na?/pg UYacTb 3HepruM ICPCXOOMT B TeILTO.
4.6.3. r= 1,5 MKkMm.

4.6.4%. a. V= nrla/(4nh). 6. V=11 m?/c.

4.6.5.4=04%.

4.6.6. r, = —1,5MM, r, = 1,5 MM,

2 2
4.6.7. Ax=—a, eciu 0<x<h——a;
P8 P8
2a
Ax=h-x, eecrts h— — <x<h+—; x,=h+—
per ogr

4.6.8. ry = 2r/cos 6.

4.6.9% w=(2/1)Ja/rp.

4.6.10. x=2h, ectu I>h; x=1+h, ccom I< h.

4.6.11% r=17°C.

4.6.12. CmaurparoLas X UOKOCTL GyoeT OBMUTATLCA B CTOPOHY y3KOM YacTH Kanuuispa,
HCCMAaYHBaOIas - B CTOPOHY ero LIMPOKOM YACTH.

16 16 16
4.6.13%, x—~—[l 1-Ji- =2 ® i x=H a< —2
pgaH ?

pgaH pgaH?® pgab

[+2
4.6.14. x =———(cos 0, + cos8,).
pgA

4.6.15. F=ao(l - cos@).
4.6.16%, F=2a0%/(pga?).
4.6.17*. h =al/(Spg), T=2a/h/z.

I'JIABA 5. MOJIEKYJIAPHARA OM3UKA

§ 5.1. TennoBoe ABHXKeHHE YACTHLL

5.1 K=58-1072" bk, v/(v? >~ 1,5-10"*m/c.

5.1.2. B pBapasa.

5.1.3. m> 0,01 Mr.

5.1.4. xH =~6,4-10"%m.

5.1.5%. Ar*7cM.ﬂpu T=100K d=~4cm.

5.1.6. Jlcrkue, 1.e. GoJice MOMBMXHbIC YacTHLBL. GbICTPee MPOXOIAAT CKBO3b liepelropol-
Ky. [lo3ToMy cliadana BhIpaBHMBaeTCA UMCIIO JIEPKHX YacTHL, B eduliMue o6beMa. ¥ paBnc-
HUC B CCKIIMH, IC HAXOMWINCH TSKesIble YACTHIIBI, YBETHUHBACTCH.

5.1.7. PHe/PHz = 1/V2.

5.1.8%. N,/N, = (u,fu) /2,
5.1.9% ' =nr.

5.1.10, B L?/R? pas.

S N, = NJT, /T, +T,). N, =NJT, /T, +/T,). B cropony nepBoro

00 bema.
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§ 5.2, Pacnpenenelme MOJIeKYy Nl ra3a mo CKOPOCTAM

5.2.1.a N=13-10"%n 6.N,=13-10""m"2; N,=13-10"°m"3
522 N =62 10"c-vx'3. N,=12-10%cm"3,

523, )N, = 108 em™3, 5)N, =~ 2-10**m™3

5.24. T=21 K.

5.25. n= 0 13.

5.2.6. - 1073

5.2.7%. TLM ncpaTypa OyneT yMCHBLIATECA.

L L=1—(1
5.2.8% 1L In(+ +27>

5.2.9. v=300m/c.
5.2.10. v=hw/2n.

5.2.ll.u.f'=le(> 6. f =_ )

5.2.12. f(w)=1/v, npu v, <v<2u,,, f(u)‘O B OCTaIbHOW oOmacT¥ 3HaueHMA wv.
Qynkuus pacnpeileiicRus f(v) CNBHHCICH Ha Av = Fr/m B o6macTh 6SnBUIMX cKOPOCTeit,

r Fr / Fl
5.2.13*%. a va,—u’f——-. Vnmake SVt —— +tAv, 1 =n. 6 ng =V 1+ 2—5 |
om U m___ . mv
sl S "
Vataxe = (0 + Av) e &y A L+ S AW AL 2 —— a'=

mv + Av)? my my* '

=pn/ 1+2

5.2.14":1. yMLHbUIlvlTC}I B exp (2Fla/m) pa3. 5. p = pyexp(-~ mgh/kT); He wume-
HHUTCH.

5.2.15. m=10"xkr, r=10"°m.

5.2.16. h, =~ |1l xm, h, = 123 km.

5.2.17°%. a nan exp(Aq/kT) 6.n=10"%cm

§ 5.3. CronkHoBeuns monexyn. [lpoueccnl nepenoca

5.3.1. d~03nm

5.3.2. I~ 60um.

5§.3.3. v, =6-10*%c ! - em™?, p, »3:10%%c"" - oM
5.3.4. YBennuwioch B 1,5 paza.

§35. 1, ~ [ 4RI, + (R, +R,)¥n 1" I, ~n ' [4RIn, + (R, + R )n, | '.
5.3.6% t=~ 30nc.
5.3.7‘. n= ZﬁrAB/(rA + rB).
¢ 5.3.8.a. Topu3OHTanBHYI0 CHOMHWYHYIO Tnowanxky AB. Haxomswywocs Ha BblcoTe A,
fiepeceKaeT cBEPXY BHM3 MOTOK PaiMOAKTMBHLIX aTOMOB, MNOTHOCTHL KOTOPOIL OLCHA-

Baercs no ¢opmyne W, = vynp4a/2, toe vy CKOPOCTb, OMMIKAA K CPCOAHCKBAIPATHY-
Holt (v} =\/kT7m, 4 Rpsp = all+ ) - 4dCIiO ATOMOB B COMHHLC 06bCMa HA BBICOTE

Korgery 5.3.8



i+ A, TInoTHOCTB XC MOTOKA ATOMOB, HAYWIETO clin3y. W, = v ny, /2 ~kTIm a(h—-N 12

~

PeaynbTHpylowiast IWoTHOCTb MOTOKA PaiHOAKTHRHLIX aToMOB Hu 3emmio W = W, — W, =~
~ arJkTm.

6. D=~ 12 mxm/c.

5.39. D=nD D,/n,D, + n,D,).

5.3.10%, t~L/D m= DSp/L

5.3.11.a PeweHue 3afaud aHATOTMYHO pelleHw0 3anauv 5.3.8a: W ~nahkJkT,/m
He wamenurcs. 6. B 6,2 pasa.

5.3.12. W = 12 BT, t=2uy, Ma-aa KOHBEKILMH BO3OyXa.

5.3.13% « =

Ky

iz t . 17272

1+——[1+ \/“‘)/] 1+%[1+("_’,/£)/}
K, K,

Hy
5.3.14, ¢t =n1t.

§ 5.4. PaspexxenHbie rassi.
B3aumope cTBHe MOMEKY NI ¢ IOBEPXHOCTBIO TBEpAOro Tena

54.1. p=10**¢c' - cm™?, Ap/ar~10H.

5.4.2, ¥Ymennuuresi B 1 - k/2 pas.

5.4.3.F~narinmv®. ’

$.4.5. F= 4rr* Pu/u/(3RT), roe-R - razoBas NOCTOSAHHASA.

5.4.6. F=Ps/2.

5.4.7. F~= PSu\/u/(3RT).

5.4.8.Tloxa nnuHa ceoBomHoro npoGera Mosiekyn raza GoJibllle PacCTOSHHA MEXIy
AVMCKAaMH, MOMCHT CIBI BA3ZKOTO TPCHUSL 32BUCHT OT DasncHus. ¢ = (g, /P,)P.

549. W =wr/ry)?

5.4.10*. Tlpu oCBelUCHUH TUTACTMH TeMICPATYpa 3a4¢pHCHHON NOBEPXHOCTH CTAHOBHMTCA
Bbille, YeM 3cpKanbHOW. [looTomMy B pailpeskeHHOM raje IaBIcHMe Ha Hee HECKObKO
YN BegTyLuxa GyIeT Bpaiarhcs B CTOPOHY 3epKAILHO I MOBepXHOCTH.

5.4.11* F~ 10"%H.

5.4.12, v~ 1 M/c.

5.4.13*. P~ FT,/[S(T, - T)].

5.4.14*. p, =P T,/T.

5.4.15%. P'=P(1+/3) 27314 1 = T3

5.4.16%, w = 15mAaT/3k T/

5.4.17. leHy mejrerus TeMIUCPaTYPHOR WKWIbI HY)KHO yMCHBIIHKTDL B </ 14 pa3.

5.4.18. m=~ 0,1 xr.

5.4.19%. 1 =~ (W, /W, nns)!/2.

5.4.20.B cnyuae @ TennOnpoOBOOHOCTb He MEISCTCA: B ciydae 6 - yMeHBIUaeTcd B
N pas.

§ 5.5. YpaBHenHe COCTOSIHHA HASATBHOIO rasa

5.5.1. B Tpu pasa.

55.2. V=P, V, - P V)P, -P).

558.3. am=mk - Dn/(n — 1)

5.54*. P=P, + mgh/Q2nr®lL).

S8, V= 850 n.

5.6, x=(1/2)L(1 + pgL/2P).

S, P— 1,166 MIa.

5.5.8. Ar=140°C,

5.5.9. B paGouem pexume, Korga ra3 B GajsToHe Harper, ero DasjleHUe He HODKHO IPCBbI-

1114Th a'moc(bepHoe
5.5.10%, T=9/T,

UIUIU-
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5.5.11. n=@-P)V,/P, V.
55.12 n=DF/P)
o In(l+ V/vy'
5.5.13. He 3aBucwur.
5.5.14. Copenka KONTHT M3-3a HEZOCTAaTKa KMc/opona. BepTHkanbHas cTexigHHaA TPyG-
Ka BbI3bIBAET NPHTOK KUCIIOPOAA K IUTAM eHH FOPCITKH.
5.5.15%. aP=1371a
2V, + S+ 2x)
5.5.16. T=T, AT EETR
5.5.17. P=1146 rila.
5.5.18. Vu/Vy=19.

5.5.19. x--!I+H+ \/<+H+—3\ 41H}

|_ P&t

Po+PgH

20gh ho P,
2Po+Pgh ' ' 2 P, '

5.5.20. x= (H,, - H)(

h
55.21.a. H= 7(1 +

5.5.22. x=a/2.

55.23* P=P, + pgH.

5.5.24* P, -017\ma P, = 0,18 Mila.
55.25. N, o

55.26". m= 210[‘/M

5.5.27. Fye/Fn, = 25/27.

5.5.28. M=135m.
5.5.29. r=15cm.
5.5.30. m=uP, V(T - Ty)/(RTT,).
5.5.31. V=15m3,
5.5.32. N=0,28. P .
ulPyr+ 4o)
55833. T=T, ——— - )
o wPor— 36pRT, , roe R — raoBas OCTOANMHAA
34,3 _,3
5534, o=l it
4 r*—r}-r?
55.35. T =2a/mi/(2P,S).

55.36. v, =Vv3/v,.
-
A

r, b = — —

b o - - e e -

Vi V2
Korgery 5.5.36

&
<
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§ 5.6. [lepBoe Havano repMoanHaMHKH. TennoeMKoCTD
S56.0. ey =en, = kT, ey 0= €cn, = KT
5.6.2.U, = 0,25 JIx. U. = 0.2 MJbx.
5.6.3. He naMeunniace.
PIV|+P;V1 P|V|+P2V7

564.P= , T=T,T, B, — .
v, o+, PPV T, +P,V,T,
5.6.5. B hwa paza. N
PV, m, 3PV, m
566, pacc SV ——— Vamake ™ ———

mm, +m,)’ m,m, +m,)

5.6.7. Tyaxe = To P+2mu?/3R, rae R - rasosas nocTOAHHAS.

5.6.8. v=10m/c.

5.6.9. [lpn pacuivpeHun 6¢3 MOABCOCHUS TClLTa ra3 coBepiacr paboTy W oxJakmacTed.
5.6.10. INpu 1306 ap uue CKOM DACLIUPCHHH.

5.6.12.2) A=PV:. 6) A =3,PV.

5.6.13. A =460 Ix.

5.6.14. Q= [cV, (P, - P)+(c+R)P, (V. - V)]/R, roec R -rasoBas nocTOAHHASA.
5.6.15. 4 =26 xlix.
5.6.16. A = 240 x.

5.6.17.0 = 794 xJIx. A =227 x]lx.

5.6.18. 4 ~ R(JT, — /T;)%

3/2
Mu? ) ( 3P, V, )
6.19.T=T — ) v == .
S °<I * 3P, V, "\ 3P, V, +Mu®

5.6.20. 4 ="/, vR(T, -- T,).
5.6.21. A1 ~10°C,

3/5
S PS S S/PS\ 3PS
5.6.22% Ugprce =\Agﬂ[l LA P—] Uppagce = \A;H[ ) Pl

1-=-{-— il
Mg Mg Mg 2\ Mg 2 Mg

5.6.23% V= VeV Apun = SPo Vol (VolVy) s _ 1]. Kaxpelit xoMmipeccop co-
sepuaeT paboTy Apgy/2.

5.6.24. 0 = 370 xIx. AU=290 xllx.

5.6.25, Kucnmopon. Q+c¢T, +RT,(1+F/2P,S)

.6.26*. = + < =¢ /p. S T= 0 v 0

5 T=T,+QlcnpuQ<Q, =cT, F/P, C(L7 F/P.S) + R(L* FI2P.5)
+fIPeS)npu Q> Q,.

5.6.27.Q0 =10 pgSh*.

5.6.28% c=( ! +—3—)R; L —

1-n 2

5.6.29. OxnaxmaeTcs.

5.6.30%. ¢ = 2P, V,/T,.

5.6.31%. x = (3/5) H (1 - PS/Mg).

(1+

§ 5.7. HcTevyenue rasa
5.7.1.v= \/ZCPT/#-

5.7.2% v =/T(k + DRT](kp, +u,).
5.7.3%. 2. T~ 3150 K. 6. v ~ 3 xm/c.
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5.74.a) v ~ 52kM/c; 6) v =5,7km/c; B) v = T km/c.

5.7..m= Mg/\IZCPT/u ~ 38 1/c.

- 1/2
5.76 .v={——m |1 | —— .
sy - 1) P,

5.7.7%. T~ 120K, v =~ 1370 m/c.
5.7.8%. T=193K. P ~0.35 MIla.

2 2 __1
5.7.9% v = v 1 [1 Pz+\/<:+ Pz> - iu] F = pSv (v’ —v),

1+ ) v pSv?

roe p=Pu/RT.
§ 5.8. BepOATHOCTh TEPMOZHHAMHYECKOTO COCTOAHMUS

5.8.1.at=1/4.6. t=1/8, .1 = /2"
58.2. a.p, =1/4,p,=1/2.6.p=1/2.8.p, =3/8,p, = 1/8.
583.a.p=0 -V /vy 6. V=V, - 10-2N)

5.84%.p~107°"°, ¥ ~10"'7 - 107!% cm®.
¢ 5.8.5. a. Ha pMcyHke RBMXeHHe MO TPaeKTOPHH pa3BepHYTO 3epKANbHLIMH OTOGpaxe-
HUAMH B OBWXeHHC MeXAOY OAByMsA MNapanjieJIbHbIMH INPAMBIMH. COOTBCTCTBYIOI.U.HC TOYKH
TpaeKTOpHi OTMeueHbl ODHHAKOBLIMY GykBamu. W3 3TOr0 pHCyHKa cllepyeT:

1 k
v o= ———x—usz\/Z—; A ﬂey[tg<zﬂ+A>n 1]

2A'B TR
roe kun— LeJIbI€ YHCNa, HE UMEIOLLIHE oﬁmer‘o JOCIINTe 1A,
tg(n/4 + A) — 1 =k/n;  h, ~2aalk, h, =0.

6. HeBeposTHo, uTo6ei tg (n/4 + A) — 1 6BUT TOYHO paBeH mpocToit OpoGH, HanpuMep
0,03, Tak xax BOGIH3H 3TOTO YHCIA MOXeT GbITh CKOIBKO YIOQHO OPYTHX YHCEII, HAlIPHMEp
ydcen tuna 0,03 + \/2—/n, N - U2JIO€ YHMCIIO, KOTOpble CKOJBKO yIOOHO MAano OT/IHYaloTCH
or 0,03. 3TH yHCna Ha3BLIBAKOTCHA MPPALUOHATBEHBIMM, U B MaTeMaTHKe JOKajbIBaeTcs, 4Io
MHOXECTBO 3THX uMcell 6ojlee MOLIHO, 4€M MHOXeCTBO IpocThix Apo6Gelt. EciiH uHcio up-
PALMOHANILHO, TO TPAEKTOPHS He 3aMKHYTa. p = S/a®.

- = 3
B.p=V/a®. , ,
B8 BB

Korgery 5.8.5

5.8.6% a v svaJ1—1/m?; tga=m, tg(a+d) —1=k/n, h, =2aalk, h, =0.
6.p=S/a’.B.p=V/a.

5.87. r~ RvA; v~ tH/R nipn H>R, r' ~ tR/H npu H< R u '~ npu
H~R.

589.p= /v

5.8.10. 4 = 200 k]Ix.

58.12% B(1 - V*/K* Y pas,
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A v
a i/
a /]
Korgery 5.8.14
5.8.13% B10%% 10%* pas.

> 5.8.14. a. BepOATHOCThL COCTOSIHHHA, KOTOPbIe OTIHYAIOTCA TONBKO MOTEHUHATBHON 3Hep-
rvel, OMMHaKoBa. Ha pMc. 4 M @ NpHBemeHbl OBa COCTOSHHA MIEANLHOTO ra3a, HAMOMOBH-
Y 3aMOMHAMLIETO 0 AHHAKOBbH 00BEM H MMEIOLIME OHHAKOBYIO' BEpOATHOCTL. Hlepefimem
W3 COCTOSIHMSL 4 B COCTOSIHHe 8 IpM NOCTOAHHOM! TeMInepaType, 11051b3YfACh ABYMSA MOpLU-
HAMH TaK, KaK 310 M306paxeHo Ha pucyHkax. UameHeHUe norapudma BepoATHOCTH cOC-
rogHUs 1pu TakoMm Nepexonde AS =NU/T+ Nk linc, roe N — uHcno MoJIeKyn rasa, ¢ —
OTHOLUEHHe 3HaUeHHMI [aBjIeHUs Tas3a Hag M Nod LITPUXOBOHR JIMHHCH, pasmensouieit 06-
JTACTH ¢ Pa3HLIM MloTeHUManoM. Ho AS paBHo Hymo. 3HauHT. ¢ = exp (- U/kT).

5.8.15. HepeaneH.

5.8.16. Hepeanen. Peanen.

5.9.2,
5.9.3.
5.9.4.

595.2,6,8 aS=-—" R m{
u

S=1,2 xlIx/K.

A
AS =7 xIx/K.

§ 5.9. Bropoe Ha4yano TEPMOAHHAMHUKH

3,6. A8 = (m/u) RIn 2,

Vs

8

(")

5.9.6%. AS ~ 20 Ix/K.
5.9.7%. AS ~ 60 Ix/K.
5.9.8.AS=(PV/T)n 2.
0 Q0 5 (T, - T,)?
99% 4 AS= - 2L+ 2= p L 27 -
3 4 T T, 2 T, T, e -0, u O,
1CMI0ThI, NEpedaHHOE€ HAaTrPeBaTC/IIO H XOJIOOHIIBHHUKY 33 OIMH UHKIJI.
R[_ P,V PV 1% 14
L AS=—[3—2 2 43 Lt 422 4,0 L xo].
o 2[ PV, "BV, v, T °TV,
2/3
2(T, - T,)In(P, /P
5.9.10".a.n=1—< V‘) . 6. n= (T, - T)n®,/P)
V, S(T,-T,)+2T,In(P,/P,)

5.9.11. He cyuiectByer.
5.9.12. MoxHoO.
5.9.13.7n~ 198%, n, = 30%.

- KOIIHWYCCTBO
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5.9.14. [Ins mo6oro TemnoBOTo iMKIIMIECKOI'0 NTpoilecca
—QH/TH'*'Qx/Tx)O‘ QH -Qx=A4, n= A/QH,

rie Ty u Ty — TemnepaTypa COOTBETCTBEHHO HarpeBaTells ¥ XONOMMIBHUKE, — Q) U Oy
KOJIHYECTBO TeNNOThI. MepedaHHOE HArpCRATeNli0 M XOJOOWILHMKY 33 O[MH uMkd, A —
paboTa 3a oaMH UMK M3 npuBeldeHHBIX cOOTHOLIeHUH cnienyeT, uTo K.ILA. n< (Ty - Ty) /Ty,
npuieM 3HaK PaBeHCTBA uMceT MecTo B ciiyuae Q,/Ty — Ox/Ty =0, 1.e. Korga 3uTponus
He MeHACTCA.

5.9.15. Ilpu peToHauuy Bo3pacTaeT SHTPOMHSA CHCTEMBI.

5.9.16. 4 ~ 33 kIIx.

59.17.4=~3-10'* IIx, t ~60cyT.

$.9.18*. A=C[T- T, — T, In(T/T,)].

5.9.19% A=C,T, +C,T, - (C, + CT,C1/(C*CI T ICAC) o 33 sepie.

5.9.20. l’lonucmcx

5.9.21. Qpaxe =A(1 - )/n.

5.9.22. N=0,29MBt, N' = 0,11 Br.

5.9.23.m= 5 kr.

5.9.24*% N =138 Br.

5.9.25% 4 = 46 x][Ix.

5.9.26. Her. [Ipoilecc ANKTCA IO Tex MOp, MOKA He NMPOU30MAET HachlllleHHe OKPyXalo-
Lefl cpelinl BOASAHBIM NapoMm.

§ 5.10. ®a3oBbie nepexoapl

5.10.1.t =1y,

5.10.2. Her.

5.10.3. B cocyne 6e3 KpBIIKY BOOa ¢ MOBEPXHOCTH HMcmapsercs, Ang 4ero tpefyercs
HOOTMOJIHHTE/TbHOE KOJTHYECTBO TETJIOThI.

5.10.4. Ap~10°® Ma.

5.10.5. 13 % Bompl.

5.10.6. Cmeck 109,5 r Boant ¥ 30,5 rbaa npu 0° C.

5.10.7.m =98 r/c.

5.10.8* x ~ 0,11 m.

5.10.9. a. [loka B KacTplolle ecTh Boja, Temmnepatypa nHa nopsanka 100° C. 6. MoxHo.

5.10.11. Mexny noBepXHOCTBIO PacKalleHHOM MIHTHI M Kamleft o6pasyeTcsa npocioitka
flapa, 3aTPyAHAIOIUAA TOABO/, TEMIA K Bofe.

5.10.12. Hu3kas TemmepaTypa BO3fyXa B cocyle JIbloapa MOOOEpPXKHBACTCA KHIEHHEM
BO3[yXa, a HHU3KasA TeMmepaTypa TBepOOH yTJIEKHCIOTbI — CHIBHBIM HMCIapeHHEM e¢e C
MOBEPXHOCTH.

5.10.13. [IpoHcXoOHT HCHApEeHHe JibOA B CYXOM BO3RYyXe.

5.10.14. v =~ 8 m/c.

5.10.15%. YernipexxJTOPHCTLIt yrilepon BhIKHMaeT B 25 pa3 GeicTpee.

5.10.16. Uto6ni NpeAOTBPATHTh KOHAEHCALIMIO Napa.

5.10.17. Henbas.

5.10.18. ITpn xpUTHYeCKOH TeMIepaType XHIKOCTb H Nap Hepa3JIMuHMBI.
5.10.19. Brictpee.

5.10.20.m=11,7r.

5.10.21. P = 0,2 MITa, 4 = 35 xx.

5.10.22. 7 =0,37P,.

5.10.23. Av=mART/{Py(uq +RT].A=maRT/(uq + RT).
5.10.24%. 7 = 580 M.

5.10.25. 5% BompL.

5.10.26. 6 % nuaa.

5.10.27.a. n =exp(mgh/RT) = exp(2ma/pr). 6. Ah =15 cMm.
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5.10.28. A7 = 29\, oPy/TRP=23°C.
2

5.10.29. YMeHbUIMTCS B ABa pa3a.
5.10.30. P= P,(R/r)*.
5.10.31%.P=2P,(R/L)*.
5.10.32.2.Bm</n pas. 6.P=200P,.
5.10.33.2 = 1,0 m/c?.

5.10.34.m, = 1,7 xr/c, m, =170 xr/c.
5.10.35*. T~ 1720 K.

§ 5.11. TennoBoe H3nyyeune

5.11.1.a. ® ~0.2 xB1. 6. ¢ = 89 MB1/M2.

5.11.2.T, =600°C, T, ~2000°C.

5.11.3*. w=17.56-10-1¢ T* Ihi/m>.

5.11.5. a. KBapu, B OT/IHYMC OT CTajM, MOYTH He MOrjoLiaeT Bmmem CBeT, [IO3TOMY
MpH HarpeBaHHHK OH B BUIKMOMN oG/1acTK H3JTyuaeT 3HaYuTeIbHO crabee.

6. B oTnHuKe OT YepHOTO yIJis, NOYTH MOJHOCTHIO MOTJIOLIALIEr0 BUAKMBINA cBeT, Geblit
MeJl 3TOT cBeT oTpakaeT. I1o3TOMy npu HarpeBaHMM Mell H3/y4aeT 3HAYUTeNbHO MeHblle
CBETa U BBIMALKT Ha POHe CHIIBHO K3JTy4aloWIeTo YT/t TeMHBIM.

$.11.6%a. T=T,/°V2. 6. T=/(T? + T?)/2.

5.11.7.a. T=T,\/e (R/2L)*. 6. = 1.7 KBT/M?.
5.11.8.a. T =200, 70, -35°C. 6.® ~4 - 10°® Br. 5. T=140°C.
5.119.T=24K.
5.11.10. T = 20°C
€, €,
5.10111% 0= —————— oS(T! = T}).

€ te; —€6;

50112, T ' =T/4%/2. 6.n=32.

T,
5.11.13*% T= —2—— |
2/6,5 + 4R/r
h 4
5.11.14*. T = \/T,‘ - T +[ T, + . d (T,‘ -TH —] .
So Sd>
5.11.16.a. 0= ——— . <—— - —)
2aR*mc nmc

5.11.17. a. Ha XBOCT KOMeTBl OeHCTBYeT OaBlieHHe COMHeyHBbIX Jyde#t. 6. r = 1 MKM.

TI'JIABA 6. JJIEKTPOCTATHKA

§ 6.1. 3axon Kynona. HanpsixeHHOCTb 31€KTPHIECKOTO NONA

aF=18-10*H. 6.F=23-10""H. B 4,17-10°? pa3.
q~1,05-10"%* Kn = 3,16 - 10* CIC.
aE=1B/mM=33-10"%CIC. 6. E=3-10° B/m=10CrIC.
Ha paccrosiHuu 1 M E, =9 - 10'°B/m = 3 - 10°CI'C; Ha paccTosinuu 20 M E, =
-2,25-10° B/m=7,5-10* CIC.

Ha 3apan 0,001 Kn F, =9-10"H, F, = 2,25 - 10 H:

Ha 3apan 1000 CIC F, =3 -10° gun, F, =7,5- 10° onu.

6.1.5.F =2,56-10° H.

6.1.6. g =3,5-10° Kn.

1.1
1.2,
1.3,
1.4,

el
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q,(49, +q,) _4,4q, +q,)
16me /2 2T 16me It
6.1.8. Ha paccrosauuu x =/ \/q_,/(\/q_, ++/q,) or Japsana q, . lla. Het.
6.1.9. q =1/8re,mg.
a \

1
6.1.10. T = ? .
T 4ne,l? (Q 33/
AL g=2arctg (@/Q)V?,a=n — 8.
A2, r=1,4.10-2 cM.
13.w=¢V (V2 - 4)/(Bre,ml*).
4% G = 32me,mgR 2/ Q.

g Jat + 1t

6.1.7. T,, =

oo o
——

6.1.15. k = .
32ne,a (Vad +1* - 1)
? 9 3
6.1.16%, T= —L (—- £) .
Bre,l 4 3

6.1.17.E, =0, E, = Qh/[4me, (R? +h*)*'?].
6.1.18*. E = pl/[4me,x (I +X)].

6.1.19. AVE = of6e,; - 6) E = (0, - a,)de,: 8) E = af2e,: 1) E=
= Je? + 62+ 07 a0, - 0,0, —0,0,/3,: 0% E=ph(l - cosa)fe,; CME=
= \/i-lp/IZG,,.

6.1.20.6. Nla.

6.1.21.a. ¢ =/100. 6.4 =90.
§ 6.2. [T0TOK MaNpHKEHHOCTH eKTprueckoro nois. Teopema Maycca

6.2.1.a. d=FEl?/2. 6.d=-Fh®, ®=Eh*.

6.22.0=Ecosa-n(R? —r?).

6.24. F=090.

6.2.5.a. F, =F, =qo/2e,, E=0/2¢,. 6. F=aqlde,.
0 6.26.2)E=0npur <R,E=0Qf/(dne,r?) upur > R; 6) E=p/(2neyr); BYE =0f2¢,;
r)E=pr/3e, npu r <R;E=pR*/(3¢,r?) npnr > R; ) E =prj2e, npur < R, E =

= pR*[(2¢,r) npur > R; e) E = px/e, ipu x < h/2 (x ~ paccTOAHMe OT LEHTPAaNLHOR InOC-
KOCTH IacTHHLI) ; E = ph/2¢, npu x > h/2.

6.2.7.2) p=2E,¢,/r; 6) p=Eye,/r.

6.2.8%. Cuma, meficTRylOlIan Ha BhideNleHHY rpaHs Ky6a, F = o [ E,dS. roe fE,dS
MOTOK Yepe3 3Ty I'PaHb HaNpXeHHOCTH 3J1eKTPUYeCKOTO MMOJA, CO3[ABacMbift OCTAaLHLIM
RATHIO TPAHAMH. B KavecTBe 3aMKHYTON MOBEPXHOCTH MOCTPOMM KYG, HeMHOTO GONBILK
pauHoro. Toroa mce ulecTh 3apAXeHHBIX I'paHelt HAOT [OTOK HampsKeHHOCTH 3MeKTpHYecy
KOTO 10N Yepe3 BCe LeCTb CTOPOH NOCTPoeHHOH NoBepxHOCTH @ = qfe, = 6al * /e, a yepe
OHY rpaHs ®' = al?/e,. Ho

Q' = fE,, dS+al’/Ze°,
OT MMATK OT BhileNleHHOR

rpaHefl  IpaHuK
cnenosaTensHo,
[Enas= 2 _ ol o
€ 2e, 2e,



Lﬂ ______ Uap
J&, ]
i
E
0 7 r
. ’ﬂ [
Z:?a b ; Yummip
i
!
0 R ”
ﬁ t.t_- _____ nacmune
2 &y 1
/1
7 A ﬂ72+ z
_ 4
28,

Korsery 6.2.6

3uaumT, cla F=0%1%/2¢,. AHaNOrMMHO paccyxpas, A TeTpasapa MHONyyiHM F =
V301 /8e,.

6.2.9. Mexxny nnockocraMu E, = afe,, E; = 0. BHe nnockocre#t £, =0, E; = ofe,.

6.2.10. E, = (a/e,) sin (a/2), E, = (a/e,) cos (af2).

6.2.11. Epjarec = phle,.

6.2.12. E 4 = phf6e,, Eg=ph/3e,, E(r)=pr/3e,.

6.2.13*. B mo6oit Touke BHYTpH MONOCTH HANpPSXEHHOCTH 110/ HampapJieHa BOJL NPS-
VIOH, CoemHHAOLIER LEHTPBI Li1apa U nonocTH, ¥ E = pl/3e,.

3
BHe nonoctu E = L x + 4 | opu 0 <x <l-r;
3e, ¢-x)

E=-" [ re ] l+r<x <R

= x - —— r<x :

3¢, x-n* | ™"

£= 2 [R’ r? ] >R
=——|—— - ——— | mnpi x>R
e, L2 x-n2 ) ™"

6.2.14*.a. E=pl/3¢,. 6.0 =3¢,E cosa, I'lie & — yroan Mexay HanpaBjieHHeM NOJA K
. TMYCOM, NPOBEJICHHBIM B TOUKY Ha cepe. Opaxe = 3¢, E

§ 6.3. [NoTeHUMAT INMEKTPHYECKOTO NOJIA.
[MpOBOAHHKH B HOCTOAHHOM TEKTPUUECKOM NONe
6.3.1.a. v=10" M/c. 6. v = 1,25 - 10° M/c.

6.3.2.2. Ap=850B. v=1/3-10"M/c. 6. v =8,8 - 10° m/c.
6.3.3. ¢=2,7-10° B.

6.3.4. o =\/2 q/(ne, ).
6.35.Ap~-11,9B."
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6.3.6. p=13,5xB =45CIC.

6.3.7. ¢ = Q/(4meyR) . Hert. a.

6.3.10. 6. Eyjarce =1Q/(Ame R?), Eypgun = Q/(4neqR?). B. E = p (2mb).

6.3.11. o =(a, +0,}/2,0] = (0, — 0,)/2, 037 — (0, — 0,)/2, 0} =(0, + 0,)/2.
6.3.12. a. A¢=377CFC= 11,3xB. 6. Ap = 18,8 CTC = 5,65 xB.

6.3.13. ¢, — m——-[(a,-—a YCh, thy)+a,(h, —hy)l.

6.3.14. £,, = o/a; E,, = /b,

6.3.15. a. HanpsaxeHHocTh nons B6aM3KM BepxHeldl niacTuMst Ey = ob/fe, (@ + b) |, B61H-
3K HWKkHelt £y = aa/[e, (@ +b)]. COOTBeTCTBEHHO [IOBEPXHOCTHaA IIOTHOCTh 0p =
= —agbfl@ +b), oy=~aa/la +b).

6. q, = —qb/a + b); qp = —qal@ +b).

6.3.16. Q' = -Q, o =Q/(4nR?), E=(Q +q)/(4ne,L?). Her. Her.

6.3.17*. NlopepXHOCTb MONIOCTH HMeeT 3apAn —~4, a8 NOBepXHOCTh POBOIHHKA HMeeT 3a-
pan q, KOTOpeIA (3a HCKIMOYeHHeM OGnacT¥ BOIM3M KOHLOB [pOBOAHWKA) PAaBHOMEPHO
pacnipefiefisieTcA MO NOBepXHOCTH nposopgHuka. [fostoMy £ = 0 npu 0 < x < r, £ ~
= q/(Qme,xL) mpu r <x <R, £=0 npu x > R; X — paccTOsAHKe OT OCK

6.3.18. [ToBepxHOCTHAA IUIOTHOCTD 3apAfa Ha COOTBETCTBYIOLIHX YYACTKaX MOBEPXHOCTH
NMPOBOJHKKA OCTaHETCA MpexHel.
¢ 6.3.19. Cm. puc.

5
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Koreery 6.3.19

6.3.20. p, = q/(4meyr), v, =q/(8Bme,r), ¢, =0,
6.3.21. q, = -8neyr g, q2, = 16me 7.
6.3.22. v, =9 (R, - R,)/R,, Y2 =¢R|/R1-

q q 11
6.3.23. E£=0, p=0 npu r >R,; E= , 9= (————) <r<R,;
¢ P : dmeyr? ¢ 4re, R, npuR, <r<R,
E=0, ¢= .
" yr npu r <R,
) q R.> q ( Rl> qR,
6.3.24. E = 1-=L), o= 1- 2 Vnpur>R,; E= - ——1
dne 1 ( R, )% dmeyr R, ™" : dme R,r
]
=—-—g—<l-ﬁ>nnR <r<R,; E=0 =0 npu r <R
¥ dme, R, r P ! 2 i P v
r 2 3
6.3.25. E=—L o= 2 (R’_-’—>npu 0<r<r g=-lR_ ,__°
3¢, 2¢, 3 3eor? 3e, ¥

nmpu r > R.
6.3.26. Ap=pR*[6¢c,, Ap=pR*|4e,, Ap=ph?/8e,.
R 2 2 2
6.3.27. qp———(’ln—-+r——-x— MpH 0<x<R;w=pr
2 2 2e,

R
In—npur<x <Ry
X .

6.3.28. F = 0*/(16me, h?).
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6.3.29. F=30%/(32me h?).

6.3.30. Her. F=q%(2/2 — 1)/(32n¢,/?).

6.3.31*, ¢ =q/(4me, L).

6.3.32*. 0 = —qR/L.

6.3.33. Ypenuuntcs Ha F=Qq/(4ne,L?) npu L > R; He uzmenmtcs npu L < R.

6.3.35.h = 3g*R?/(16n% e, pgr®), rie A OTCYHTHLIBAETCHA OT LEHTPa 1LAPA.
6.3.36. Q' =qQ/(Q - q).

6.3.39. YBenuuntca B TpH pasa,

6.3.40. C = 4me, R.

§ 6.4. KoHaeHcatopbsl

6.4.2. a. YpenHunnacey B YeTbipe pasa. 6. YMeHBLIHTICA B [1Ba pa’a; yMEHBIUMTICA B 1 pa3.
6.4.3.2.C=¢,5/d. 6.C=53cm=59n0.
6.4.4. 2. YBenMuuTCS B MOATOpa paza. 6. YBenuuutca B 1 +.5'/2S pas. B. He namenurcs.

R,R
4.5.C=dmey ——2— .
6.4.5. C = 4mne, R, - R,

-1
6.4.6.C=4 [1 ! d ]
AOLTAS | R TR, R,R, - 1

6.4.7%. C=2me,!/In (R, /R)).

€qal 1d
6.4.8% C = (1 + )
d 27 R?

649.a. C= C,C,/(C, +C,).C =C, +C,. 6.C =% C B.C=7,C r.C=
S5 - 1DC m =% C
6.4.10. g = x¢, SE.

6.4.11. AV =

v, +V,).
d+a

6.4.12*, a. Ypenuuutca B nonropa pasa. 6. YBeAHYHTCA B [Ba pasa.
6.4.13, Aq = gx/d.

caerV (Cd+25°S>4"
At — = — )
Vo Cd + ¢, S

6.4.15, F = 4,4-10"* H. Her.

6.4.16. Ypenuuutcs B k pa3. YBenuuutcs B n? pas.

6.4.17. a) W=4 4 MDx; 6) W=2meyr, 7, V2 /(r,—r); B) W=me, I V?/In(r,/r,).

6.4.18, a. A =0%d/(2¢,85). 6.A4=0%dx/[2e,a*@—x)]. B. A3 =Q*d/(4¢,.8); Ag =
dx/(2eya®).

§ 6.5. InexTpHYeCcKOe AaBneHHe. JHEPTHSA INEKTPHYECKOTO NOAA

6.5.1.a. F=02S/2¢,. P=0%/2¢,.6. 0 =€ E. P=¢,E*/2( CU), P = (1/87)E* (B
IC). B. P=4425 T, o = 8,85 MKK1/M?.
6.5.2. Ymenbumrcs B 1 + 02 /(2 Pye, S?) pas.
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6.5.3. Tlo Teopeme T'aycca onpefenyM NOBCPXHOCTHYIO MJIOTHOCTL 3apsifia HAa TpaHuile
pasfena Icnelt: o = ey E. Hcnoinp3ys NpUHUMI cyneplo3ulKy,

E'—a/Ze°=E, E'+ al2e, = 2F,

HalifleM HaNpshKeHHOCTh BHenndero nonA; E' = %/, E. Cuna, xoTopas IeAcIBYeT Ha 3apif,
NpUXOIAIMACA Ha eIHHHLY NUIOLIANH IOBEPXHOCTH pa3jicnia NMoicH, T.e. AaBaeHue CO CTOpo-
POHEI BHettero nons P=E'0 =3/, ¢, E?. Jina nonett E n —2E, aHanorwuHo paccyxad,
nonyunm o = —3 e, F u E' = ~ E. Takum oGpa3om, BO BTOPOM  cflydae  TOBCPXHOCTHas
MIOTHOCTD 3apsifia B TpY pa3a GOoMbllc, HO HANMPSHKEHHOCTh BHELLUHETO OIS B TPH pa3a MeHb
we. NosToMy snexTpudeckoe faBieHKe OyneT TeM xe: P = E'a =3/, e E2.

6.5.4. P = p*h*[2e,.

6.5.5. P=Q*[(32n%¢, R*) (cM. pellienuc 3a0auu 6.5.3) .

6.5.6. P=¢,R*V*[[2r*(R — r)*].

6.5.7. p = 27R\/ 2¢,P.
6.5.8*%. a. F, =qafde,, F,=</2qa/8¢,, F,=+/3qa/16e,; E, =0olde,, E,=

=2 o/8¢y, E, =/3 0/16 ¢,. 6. E = Rpl4e,.
6.5.9%. F=Q*(R* —h*)[(32me,R*); g = -Q/2.
6.5.11. A =2FadS.
6.5.12. 2. a=¢ E, P=¢,E?[2.6. A=¢,E*hS/2.
6.5.13. A = a?Sh/2e,.
6.5.14, A=¢,ShE (E, ~ E).
6.5.15. W=0%/(8me,R) (B CH); W=0Q?/2R (8 CTC).
6.5.16.7r = 14-107'% M.
6.5.17. B 1400 pa3.
6.5.18% W = 30%/(20 e, R).
6.5.19. A = Q*/(8 ne, R).

Qz
6.5.20. A = (1 -N-¥3),
8me, R
6.5.21. B n pa3.
n(n-1)
6.522. A, =34, Ay = ———A
6.5.23% 4’ = 6A.
6.5.24* A' = /2 A
6.5.25. AW = Q*/(4 we ).

6.5.26%. A = (0,49, +Q,4¢,)/2.
6.5.27*. a) F=2Q%dc(d—c)|e,a®(2d—c)*1;6) F=e,acV?*/[2dd-0)l.
6.5.28. A = Q%ab/[2 Se, (a + b)].
6.5.29*%, F = g*Sd[(8n%e,r?).
o 6.5.30*. HanpsbkeHHOCTB MoMst 3apsiloB, paclipefeneHHbIX Mo chepuyeckol  oGonouxd

OTBEPCTHE B KOTOPOH 3aKpbITO MpoGKOH, B HEHTPC cephl paBHa HYMO U MOXCT ObITh NMpejy
cTaBJieHa B Bulle

E(0) = Enpodxu + Ecdeps 6e3 npobxn = 0.
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Tates
Korgery 6.5.30

llpy A < v < R none npoGky ABIseTcd NOMCM OHIIONA, HANPSXKCHHOCTD MOJIS KOTOpPOT'O
1 Toure O pasHa Lypoicn (0) =9°A/ (2me, R ). [Nocne ynanenus npoGicu Mepepacipencie-
1iMe 3apA0OB Ha ocTaBlue#cs vyacTH cdepuueck ot 0OOIIOUKH NP A <€ 7, R GyLCT lle3HAYH-
(¢/IBHBIM, U A1 OUEHKH MOXHO CUHTATh, YTO

E) = Ecgepsi 63 mpobku ™ "‘Eupoﬁku = —q'a/Q meg R).
[lo Teopeme [Maycca q’ =—qr*/4R*. C yueToM JTOT'0 UMeeM
E0) = ¢*r*Aj(8 e, RY).
§ 6.6. InexTpHuecKoe NOJE NpH HATMYKK AHUINEKTPHKA

6.6.2.p = 174-107%7 Kn-m.
6.6.3. pcp = 1,4-107°* Kn-m.
6.6.4. opp =t o(e — 1)/e. HampsxeHHOCTE HONA:

E = o/eje - B OuacKTpHKC,
E = o/e, - B 3asope.
I"13HOCTh NOTEHLHAOB MeXAy MiacTHHAMU

V = (o/eg)d -h+h/e).

6.6.5. E = E, /sin>a + (cos’a)/e.
6.6.6. YBenuuuIcs B € pa3.

6.6.7. € = 2.

6.6.8.9q = (¢-1)CV.
e—1 e—1

6.6.9. AV = V. AV = ————— V.
e+1 e(n—-1)+1

6.6.10. AV = k(e — 1) V/n.
6.6.11. C = ¢ (e, +¢,)5/2d.
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€€ 6, 5 €, — €

6.6.12. C = : Quon = ——— 4
e,d, +e.d, €, €,
€od, (e — LUS, — §)) +eped; S,
6.6.13. C = .
dx(dn ‘dz) + dxdz
6.6.14. p = —q/(e, Sd).
€, (e,-1)
6.6.15. a. Kuumy. 6. F,=——— F,. 8. F~ y: F~1jrd. 1. B (R/r)® pas.
€ (e, - 1)
(e - 1)SQ?
6.6.16. F = 5.
8nle,eR?
eo(e—l)SdE’sianx ) eo(e—-l)SdE’sin’a
6.6.17*. M= ; A=— .
2 2e
(e - DO _ (e-1Q
6.6.18. OBHYTP = — 4 "er3 , OpHelIH -:;:E— . Cm. PHC.

£
e M Y

(_7__7+__
__4ne, \R &R er

6.620%, F = — — — -
e, b l2tx(e—D

6.6.21. h = (e — 1)V?/(2pg d?).
6.6.22. h = (e - 1)0*/(2e,€pES?).

g* e-1
6.623. W= — ——

2C €

vie
6.6.24. W = e - 1.



2 w 172
6.6.25%. v = [-— ] E ~ 10° B/m.

(e, —¢,)C
6.6.26. [iunonbHble MOMEHTRI B IH3NeKTPHKE OPHERTHPYIOTCA B 3NIEKTPHUYCCKOM fIOle ¢

3ara3npiBaHueM; € = 2.

e—1

6.6.27.a. V'= V. 6.AT ~ 107° K.

6.6.28. r = 0,12 HM.
6.6.29. p = 4 ne,r*E.
6.6.30. ¢ = 1 +4 nrin,

I'TIABA 7. ABUWKEHUE 3APAXKEHHBIX YACTHUL B IJTIEKTPHYECKOM II0JIE

§ 7.1. IBmxeHne B NOCTOAHHOM IIEKTPHYECKOM NoJie

7.1.1. Korna HauanbHasg cKopoCTb YacTHLB! HAMpaBlicHa BAOAb NPAMOH cUIoBOH MMRHU.
7.1.2, t =0,56 Mk¢; x =2,8m.
713. E=(d - vt)m/qt?.

/ 2qEd / 2qEd
714.u = v/ 1 + ; g =tgay 1l + ——,

mv muy?sin® @

7.1.5. B nBa pasza.

7.1.6. K=gEl/[2cos? altga + tgB)].
7.L.7. N = neUbl* [(2movd).

7.1.8. ¢ = 10-'7 Kn.

7.1.9. g = arctg (\/ 1 +sin® a/cos a).

7.1.10*% 128 = tga/1 +e(yp, — ¢, )/ (Mmgv? sin® a).

7.1.11, ¥V = 19 xB.

7.L12*% V = (V,/2)In(R,/R,)).

7.1.13. CxOpOCTb He K3IMCHHTCA, a BpeMs [IpolleTa NO3UTpoHa 6yneT Gonbiue. [losuTpoH
~oxeT BoOGLie He floneTeTh 10 TOYKK B, ec/TH ero HayanbHasg KHHeTHYeCKas 5Heprua K, 6y-
1CI MeHbLIle ey, .

7.1.14% '=¢/3.

7.1.15. /n.
eQ ,1 1 4

7.1.16, K—+-0mpu /< 2R; K= (— + - —) npu ! > 2 R, YcenoBuem Mutw
4ne, \R  I-R I

“.UILHOCTH GyneT NPUXOM 3MeKTpOHA B CPeANOI0 TOUKY OTPE3KA, COeUUHAIOLIEI'0 UCHTpPBI
pep, © HYNeBOR CKOpPOCTHIO.

qQ(m+M) ]
2 meo RmMy? .

2R
7.1.17% ¢ = ——[1 —
. v
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7.1.18. v = \/qEl/m.

TA19. T = 2a\/ml/(2qF).
7.1.20. T = 2n/ml/(mg + qF) npu mg + gE > 0: T=2n/mi/\/(mg)*+(qE)*.

7.1.21. w = \/qQ/Qwe, mi*).

qQ¢ + 1) 4@ +1)
7.1.22% w=— npu < mg.
! 4dne, mh3l dne, h?

g qQ mie
7.1.23%, T=2ﬂ‘<——+ ———————) npH ——‘ZQ— > —mg.
R 32me,mR? 32me, R?

7.1.24%, A1 = me,R(m u?)? [(26*C).

7.1.25% o« = n/4; 6 ~ 4K(Aa)?/eE.

7.1.26. k = 1/2d.

7.1.27.6.p, =q,q9,/(2me ur). B.1 = 34-10""* ™
7.1.28%. k = 1/2¢,.

§ 7.2. GoxycupoBKa 3apsxeHHBIX YaCTHI,

7.2.1. ¥YBeniMunTh B OBa pa3sa.

m mee
722)«=u—2- rz°npux<1;

2mee,
=[l+v cig \/ fipu x >
2mee,

7.2.3. a. B k pa3 ymeHbuintcs. 6. B & pa3 yBesnyurCs.

71.25.y =y, f/(xy - f).
O 7.2.6. a. He 3aBucut. 6*. ECin 35eKTpoH ABIKCTCA 1O TpacKTOpUK. OJNHM3KOR K Mp
MO#t AA’. TO 1IOMEPCYHBIA UMIIY JIbC, KOTOPbIH NOAYYHMT JICKTPOH B 0GI4CTH OTBCpCTHS, 61
30K K p) =ed/(2nrv),rmc ® = #r?E ~ NOTOK HalmpsLKCHHOCTH  MICKTPHYCCKOIO 110
uepe3 NOBepXHOCThL UMIIMHIPA paguyca ¥ B 06/1acTH OTBCPCTHH. U - CKOPOCib  JACKTPO
B 3TO# o6nacTu. PokycHoC paccTosiHue f= r-meu/pi = 2mpv?/ek = —4d. (3Hak MuH

e : -e
A--»-r—-----~-::y/:- ~ = =A
Ha — ¥
__________________ = - —— -—

\\’
’
‘
Korgery 7.2.6



y f 03HayaeT, Y10 NPOHCXOUHT paccciaHne 3/ICKTPOHOB.)

. 4 Vo Vo Vo Vo
7.2.7 .f=?d 1+— 27-+2\/—V 7+1 — 1} |npu ¥V <8V,. Ha paccros-
v .

uun 8d V,/V or neppoit o6knankumpn V > 8 V.

7.28% f=d@Vv,/V)>
¢ 7.2.9. YacTnua Macchl m, HMeIoLLAd 3apA0 ¢ W IpoJleTalolad CO CKOPOCTLIO v Yeped 3a-
pAXKeHHbIR Wap, MONTYYHT OT ONA WIapa NONepeYHbIl UMDyTILC Py = gAq /(2 megvX), rae
x € R — MHHMManbHOE PacCTOAHME MeXNY YacTHUel M LeHTPOM wapa, Ag = wx?p 2R - 3a-

mv1l RV,
PHI yYacTKa Wiapa, Buipe3aHHOro WHIIHHAPOM paguyca X; f=— —=——
’ Py x 2V
+ +
+ + 4+
+
s +
* f + §& + + ‘ZI
AR S I Sire S
N 1
+ +t o+
+ +
+
Korsery 7.2.9
7.2.10. Ha pacctoatuu = 2R(V,/V) or uentpa ciep.
1
7.211% x » ——————— roe f = 2R (V,/ V).
a/f - 1L

7.2.12. AE| = (a - b)*/16d%.
7.2.13. V = v,/ 241
7.2.14%. f = 4VQ2E, - E)/IE, - E,)*.
§ 7.3. [sibkense B nepeMeHHOM 3JIEKTPHIECKOM IIoNe
7.3.1. t = 2mgl/(eET).

A
7.3.2. ) 2eV € l;r <u< /2ev + eAVr :
m

e Me me mel

6) v, = AV < V.
7.3.3. vaaxe = 10° T'n.

7.34. a. § = LI/(2vd). 6. § = 0,09 mm/B.

7.3.5. OKpyXHOCTb paidyca 5 cM.

7.36. v > 1/ 2eV/m,.

7.3.7. V = nbvr/28.

e 13f2

7.3.8. S et

rge n — uenoe 4ddiIO.
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V, 2e m
7.3.9%. Aa = o/ [ - ( J e)]}
3.9%. Aa ta.rctg{ maV 1 - cos{ wl TV

dw

7.3.10. a. v=wl/(2nn). 6*. Ab=4neVyn/(mew?d), roe n — uenoe yucnoO.
ek, ek

7.3.11. lvpage | = lcosyl, vep = oS .
ew Mmew

7.3.12%, K =0,4 x3B.
7.3.13*. H3-3a yXola U3 MIa3MhI 3MeKTPOHOB, YCKOPEHHLIX BBICOKOYACTOTHBIM JMIeKTpH-

YeCKHM TI0JIeM, MOTeHUMAn ee OGydeT YBelHYMBAThCA [0 TeX NOp, MOKa He MepecTaHyT
2

. 2¢E} /E,
BLIXOOMTE H3 Hee [@Ke CaMble GHICTPbLIE VEKTPOHLL. V = =l — ).
MeWy \ w

7.3.14%, A = ¢E,[[me/(w? — w3)? +447W? ).
7.3.15%, ¢ = 1+41rnee’/[me\/(w’ —wh)? + 492w,

§ 7.4. BaaumopeiicTBre 3apsKEHHBIX JACTHIL

e A—-1

Vanemer A

74.2. v = Je (4 + V2)/(Bne,mea).

7.4.3% vpfve = \/(melmp) 4/ 2+1)~0,01. 1 OLEHKH MOXHO CUHTRTL, YTO JIer-
KHe TMO3UTPOHHI yClleloT Y#TH [aeKo Nipexe, YeM MPOTOHbI CABKHYTCA C MeCTa.

7.44. rygm = €*/(dnegmgu?).

7.4.5. rygm = e*/[negme(v, +v,)2.

7.46. v = J4,4,0n, +m,)[2ne,m,m,R, *+ R;)].

7.4.7. rygm = de?/(e* + 4meymevtd cos ).

7.4.8% o = /2.

7.4.9% v = \/q*/@8ne,md).

10J2-1) mv}  q*QV2-1)
o 7.4.10% v = p, \/; ——M——Q— npu L > . Ecn BMecTor

7.4.1, v =

8ne,muid 2 16me,
[BYTPaHHOIO YIria B TOUKY A NOMECTHTS 32pAL +g, TO B O6JIACTH BHe IPOBOIHUKA JTeKTPHA

Uarq\l--—-%-___.%q(%

Korgery 7.4.10
yeckoe TONle, & CNlefOBaTeNbHO, M CHIILI He H3MeHSKTCA. JTo NMO3BOJieT PAacCMOTpeTw
JIBHKeHHe CHCTEMEI H3 UeThIpeX 33apAHoB, H306paxeHHON HA pUCYHKe.

74.11. v = \/4e’r’/-[;r_eome(4r’ +RY)* 2],
7.4.12. Kyguw = Ze?/(8me,r).
7.4.13% Kym=e'2 ~  2)/(4ne,r).
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7.4.14% nyp = (V2 - Dm/M+ 2.
7.4.15% vypm = 2v.
7.4.16. Hepo3zmoxeH.

7.4.17%. r, = /’ + )
MuH 21reo (21re° )

49’0 -n

74.18% m =

2 ’
rl[u2 +v? +2uv cos (o + ) — ey W sina—usinﬁ)’]

74.19%. 1t = 2/ 21¢,.
7.4.20. v > \/qQ(m + M)/(2ne, RmM) npu qQ > 0; mobasmpk qQ < 0.
2
7421, v = 220 /( M, ) - QqM
m

+M m+M 21re°Rm(m +M)

7.4.23%, v, = \/qZ/(aﬂe,,mz) vep = Uiep = Va2 /(241re°m1)
7.4.24. v = \Jg?m 2R = 1)/[2me, RIM(M + 2m)].

R QZ ) —_—
7.4.25. x = — <————— —-1), R{————— — 1.
x 2 \ 4ne,umgR? Imaxce \/ng <\/41re  umgR? )

_ hycos’a [ q?
mg 8ne, (H - hy)H sin a
74.27. W = 3¢%/(32ne,l).
7.4.28. k = [q*/2me,0, 1,10, +1, +21,).
7.4.29. vpawe = v/1 +q2[(4me, Rmu?).
Qz
4ne R
2 4 a2 PR
Q% +q _ (ng + 41rR20(2—22/3).
8mey R 8me, V2R

7.4.31. 3apan 6ymeT konebaTbcsd BOONB OCH LMIMHOpHYECKOro oTBepcTHA. Ero cko-
pocTb MaKCHManbHa B Touke O.

7.4.32%, v=\/—2—gh[l ~ So*/(4¢,mg)] npumg > So*[2ey; v = \/Z;ng_’ﬁu_’g npu
mg < Sar’/Zeo - .

74.33. v = —— -
v 4 ne,m ( )

7434‘.v=v0\/1—— R
2
74.35%. T = 20/ 4ne,ml®/N/ 2 g2

7.4.36%. a) 3neKTPOHB U HOHEHI PasmeNsIOTCA NOJHOCTHIO. JJIeKTPHUECKOe Tojle HOHOB
1'; = neh/2e, OCTaHOBHT 3NIEKTPOHBI uepe3 Bpems

7.4.26%. h (l-pctga) —mg(l —ptga) ]

7.4.30. a) W = = nRpv? + + 4nRe(2 - 22/3).

w]-b

4
6) W= 3 #R*pv? +

t = 2e,meuf(e*hn); v = e*hn/(Be,mev).
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Korgery 7.4.36

¢ 6) YacTh MOHOB 4 JJIEKTPOHOB 00pasyeT Ha IpaHMuax cJiod 3apskeHuble 06.acTH
(CM. pHC.), NEKTPHYECKOE (10fIe KOTOPhIX BbI3bIBAET I'APMOHMUECKOE IBHXKeHHe OCHOBHOMR

MACChI 3NIEKTPOHOB ¢ Meprouom T = 27/ ein/ (c,mep). Tlo3ToMY 31eKTPOHDBI OCTAHOBAT
cr uepe3 Bpema ¢ =T/4 = (n/2)Jelnfe,me; v = 1/4L.
JIABA 8. JNIEKTPHYECKUIN TOK

§ 8.1. Tox. l[lnotHocTs TOKA. TOK B Bakyyme

8.1.1. a. I ~ nec/l = 0,02A. 6. I = \Je*][16e,me(xr)*| = 0,0012A.
8.1.2. v = Iifq.

8.1.3, I = 2¢qFav = 1,3-10* A

8.1.5. v = 0,4 cm/c.

8.1.6.j = ev.

8.1.7.j = —engv.

8.1.8. I = sjsina = 10A.

819.1=8-10"¢

8.1.10. p = ]/u

8.1.11. E ~ I|Qnur) = 1,5-10° B/m; | ~ (8merv?/(3eE)|'/? ~ 0.1 m.
8.1.12%. a) p, = Lolo , TIe X ~ pacCTOHHUe 1O NMepelHeRt ceTKH. B) p, = 25

Vv — 2eExim,
npu x < x, = mev)/(2eE); p= 0 npu x > x,. 1o 32BHCHMOCTH p, OT X HaxOnMT
HauGoNbLIAA HANIPAXKEHHOCTD O 32pAAa MeXLY CeTKaM¥:

1 o 0, Mev?
e

E, = J ppdx = 2250
2, 0 e ek

flonem 3apsana nyyka moxHo TpeHeGpeus, ecnd £, < E. Korpa E, cpaBnumo ¢ £,
pomeuy/ (eyeF) =~ E, Heobxoaumo ero yuuThiBaTb. OTcloa oueHka p, =~ ce ,E*mg
8.1.14. Kpusass T, CcOOTBeICTBYeT HW3KOTeMIepaTypHOMY KaTody, a kpusad T,

BBICOKOTEMIIEpaTypHOMY.
8.1.15. Lcnu 6st None Ow1N0 He GIM3KO K HYIIO, TO BCE JNIEKTPOHB! C JTOH Ppany
YXOOHMIK 6bl MM B CTOPOHY aHOHA, WM B CIOPOHY KaTola B 3aBUCHMOCTH O 3HaKa Il.

384



I d 1
B.LLI6%. p = — /e = 1,75 10°¢ Ki/m?.

§ ZeV Jx Jx
flpu x — 0 NIOTHOCTL 33pAna p —+ <, TeM He MeEHee 3apsll, MPHXOOALIMACH HA eIHHHLY
d
nowanu (0= fpdx), orpaHuyen: o= 3,5 - 10 "5,/d. OrpanuueHo NO3TOMY M HauGONbILee
0

3JilayeHHe HaNpshKeHHOCTH MOJNA NPOCTPAHCTBEHHOrO 3apAna: £' = o/2e,. B manHom cnyuae
E' < V/d w pedcTBMeM MNpPOCTPAHCTBEHHOrO 3apsaa MOXHO INpeHeBpeus.

4 4 2¢ 22
BLITE n= —; j =2 ¢ JZ2 1=
me

3 9 d?

8.1.18%, InoTHocTs 3apsina BO3pacTaeT B /1 pa3, a TOK — B 11
8.1.19. j = i/(2nr).
2I TR 21 ! !

- /= —, roe | — paccTosiiMe OT cepenMHbI
dxr? r27 7 Agp? oy P P
oTpe3ka AB 0o TOYKH, B KOTOpO# ofipedesnsiercs j; r — paccTosiHde OT A Wik B Ao 3To#
TOYKH. B nepsom ciyuyae TOK HepleHOMKY)isIpeH IUIOCKOCTH CHMMETPHH, BO BTOpOM —
.IeXKHUT B Hell, TlonHble TOKH Yepe3 INIOCKOCTEL paBHLI COOTBeTcTBeHHO [ M 0.

21 h?

6./ = yys — —5 , Pler — paccrosiide OT HCTOUHKKA TOKA JI0 TOUKH, B KOTOpO#
nr r

olfpefensercs j.
8.1.21%. j = qul/nr3.

3/2 pa3.

8.1.20. a. j, =

§ 8.2. [IpoBogumocts. Conporusnenue. UcTOYHHKH 3.7.C.

8.2.1%. a. A = e®npr/me. 6. 7= 2,4-10""%c.
8.2.2%. AN/N = 1,5 -107"5.
8.2.3. f— —ne*vf A,

8.24. I = mewrasfer = 1,7 MA.

8.2 5 MameHeHne Mol NPOUCXOJHUT CO CKOPOCTLIO CBeTa.

8.2.6* OtHollleHHe x/A TOYTH ONMHAKOBO [JISl 5THX MeTa/lTOB. TeopeTHUYeCKasn OLeHKaA:
k[N = w?k*T/3e?, rie k — nmocrosuHas Boneumana, T - TeMllepaTypa, e - 3apail HOCHTelled
ToKa.

8.2.7. E = j/n; V, = (jl/Ncosa; V, = njlf2\.

8.2.8. ¢ = €,/ (1/A, ~ 1/A}).

A, A ) 1 1
8.29. tga, = — tga;; 0 = ¢jcosa,| — — — |,
A A A,
8.2.10. p = €,i/Aa. A
8.2.11. a. I = Q,/e,p. 6*. Q = Q, exp (—t/e,p). 1
8.2.13. I = ASV/I; R = I/AS.

8.2.14. Ry = (l + 1_>, Koteery 8.2.22
nr

1 l !
RII=—(,‘ + =5 );
i R raX,

Iy = VIRy, In= V/Ryy mpu |r, ~r, | < I, 1,.

8.2.15. R=0,0566 Om.
8.2.16*. R=R, /cos® a.
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8.2.17%. I=4mwAV; R=1/(4nrA). £l '
8.2.18%. R =0,14 Om. ¢

i
1 1 1 R
8.2.20. R = (— ~ ——); o -
4nn \T, Ty i L 1 :
St et 4
Y O 7
€ ’ P d
8.2.21%, C=eey /AR Hert. \
¢ 8.2.22*. IneKTPOIL! JOMKHEI KacaThed teHTpa Elk- i
NINaCTHHEI C pa3HBIX CTOpOH. ¢ ( ! VF i
1
1 7 2 | Pt
8.2.23. K= - me<—-——) =2.10"% 38, T F—tm—— ]
2 en,S i
8.2.24*. 1= FI/qR, v=FI*/q*R. P
8.2.25.a. v = quR/L 6. p=FIfa NI |
8.2.26.V =W/e; I, g.cc =ev.llpu R < W/e*v ' YR
TOK He MEHACTCE C MIMEHEHHEM HArpy3KH. -'l‘—'C—_.': pom ey —p
8.2.27%. I=1,0 - JV/V,). T
o 8.2.28. Cm.puc. W=El. Koraery 8.2.28

8.2.29. & =1,13B.

8.2.30. & =1,07 B. EcTb NpHTOK Telna OT OKpyxXalollelf cpenpl.

8.2.31. »=1,5:10 2 Mons.

£.2.32*, KoHpeHcaTop He pa3psSnMTCs NMOMHOCTBIO H3-32 NOSBJEHHS XHMMYeCKOH mpo-
THBO-3.11.C., BO3pACTAIOWEH NIPH Y BENHYEHHH YHCIIA BOJTH.

8.2.34*, k = V/28.

§ 8.3. JnexTpHueckHe uemu

8.3.1. r =1, 5u 50 xOm.

8.3.2. r =200m.

8.3.3. V =1«kB. :

8.3.4. B cxemax 4,6,0 RpHGOPhI NOKAKYT yMeHbILIEHUE TOKE, B £XeMe 2 — BO3pac-

TaHHe TOKa, B CXeMe ¢ TOK He H3MehseTcH. B cxeme 6 BepxHult aMnepMeTp nokaxer
BO3IPACTAHHE TOKA, HIDKHHHA NMokaxeT OTCYTCIBHe H3IMEHEHHA TOKa.

8.3.5. a. AV/V = R/(R+7r). 6. AI/l = r/(R+7).

8.3.6. 1,/I, =10/64, V =~ 40 B,

8.3.7. 100 Om,

8.3.8. Bonbiuee.

8.3.9. ¥=48B; I=15 A.

8.3.10. r, = rR,/R,; coxpansercs.

83.11. Ry =V, /I,; R=V,V [, V, ~L,V,);

Ry =WV, I, =V, V,I, -V, V. I,)/L,(V,I, = V,I,).

¢ 8.3.12%, lpuBeneM YacTb CXEMBI, BKIIKMAWLIYK HCKOMoe colpoTBieHue. K yanam 4
¥ O noxgxmoynm Gatapero, a K y3nam C v O —~ BonbTMeTp, k yanaM Cu A, C u B — amnep-
MeTphl, 8 yansl A u B coetuHeHs! nposonoM, Tox yepes conpoTHeineHHe R pased Iy + Icop.
Toraa R = V/(Icq+Icg), rue V — nokasauue BobTMeTpa.
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Korgery 8.3.12 Koragery 8.3.19

8.3.13. R=70m.
8.3.4.2. r=/IR. 6% r=(V3—1DR 8. I, =12 -3)""! uepes conporusme-

Hue 2R; Iy =12 — /3)""1(/3 = 1) uepea compotunenme R, n — HoMep muehKH,

R,

=(/3+ DR
8.3.15%. R, =9r; R, ="%,r.
8.3.16. Ha yyactke a: V=& -I(r +R). 6: V=—-8&-I(r +R). @g: V=g +8&, -

—I¢,+r,+R).2: V=8 -8& —I(r, +r, +R).

8.3.17. 8 =34,3B; r=1,430Mm.

8.3.18. baTapes c 3.0.c. & = 10 B ¥ BHYTpeHHHM COMpOTHBIIeHHeM 7 = 14 Om.
8.3.19. Cm. pHuc.

8.3.20. I=10A, r=200m; &=200 B, r=200m.

8.3.21. I=80 A.

8.3.23.1, =I,R,/R,; I, =I,(R, +R,)/R,; V=I,(R,R, + R,R, +R,R,)/R,.

¢ 8.3.24. C™m. puc.

A
754 2,54 \ %2 ,i i
OV 54 i
55A 454 ;
Y%i 9
2A P}
Koraery 8.3.24 Koreery 8.3.25

8.3.25.a. V=5ir; R= 5/5 r; [=6i0 6.CM.puc. [="/,i; R="%/,r. B.RAB="3/., r;

Rep= *,r.

8.3.26.1=8 A,
8.3.27%.a.7="/,i; R="/,r. 6.R="/,r. B. Ryp=2/ir;Ryc=r.
8.3.28. a=(8&,r, +&,r,)/(r, +r,)=21 B, r=r,r,/(r, +r,)=3,75 OMm.

V=0; 1=0,75 A.

wh
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8.3.36. R =9(n — 1y. 328 -1/28

83.37. r=JRR;. o—if —o

8.3.38. 2 u 100 B; 20 u 0,1 Br. Tok noyru
He U3MeHHTcA, MOLIHOCTL Xe BO3pacTeT noy-

TH BOBOE. ll{ *_||_
8.3.39. § =42 mMm?; npumepHo B 10 pas.

8.3.40. N=(& - I"\I; R=r. T e [° T e [°
8.3.41. N,=125 Br; N, = 80 BT; V,= 45Br. {ll :Ir
8.3.42%. Tlpu r=R.
8.3.43. Np= (V — 8)&/r; Ny = (V — &)*/r. o/ 5/5“

Ecnu & > V/2,70 nojesHas MOIHOCTL Gollh © |= ir O

We TensoBOH. Koraery 8.3.29

8.3.44. N =4 Br.

8.3.45. N =ACV /e,

8.3.46. N =I(m,v*[2¢e - IR).

8.3.47. q =4n’e,a’en,Ru, v »a*e*n.R/m,.

8.3.48%. T=T,+R,I*/(x — [*Rya), x>I*R,a Tlpn x <I*R o Temneparypa T He-
OrpaHMueHHO BO3pacTaeT.

§ 8.4. KoHpeHcaTophb! H HellMHelHbIE JIEMERTh] B JICKTPHYSCKHX LEeNAxX

8.4.1. a. ¢q=8-10"*Kn.6. V¥=60B. 8. 100B, 50 B, 50 B.
8.4.2. V=V x/l; noMeHATH MCCTAMH UCTOUHHKH.

X ckx

8.4.3. w4 = vp +2(1 =) —.
2 €S

‘Rl Cl

844. vgy—yg = &( ) H3MepaTh €€ HYXHO 3MEKTPOCTATHYECKUM

R, +R, €+,
BonsTMeTpOM. ¢, = C, R, &/(R, +R,); q, = C, R, &/(R, + R,). B 3ToM ciyuae yMeHsluaeT-
CA BIIMSHHe 3THX BOIBTMETPOB Ha 3JIeKTPHUECKYIO Helk.

cv? R, cv? R,
= e ———— 3 w T — ——,
4 R, +R, 2 4 R, +R,

8.4.6. W=4 - ¢*/C

8.4.7%. q=C&; W=(g?/4.

8.4.8. W=C@&-V,)/2, 8 >U,; W=0, & <V,.

8.4.9. W=(C(V - 8)&;, W=C(V — 8&)*/2.

8.4.10. CHayajia KOHOeHCATOp HYXHO 3apsDKaTh OT OIHOIO 3MIEMCHTA, IIOTOM OT IBYX
MOCTIe1OBATENLHO COEIMHEeHHLIX U T.O, Torma noTepu 3HepruM COCTAaBAT 1/n momo 3amaceH-
HOH 3HeprHH.

8.4.11*% N .=1Iq/C > Nx = Iq/2C. It BenvuKHBI OTNHYAKTCA OpyT OT Opyra u3-3a pa6o-
TbI, COBEPILIAEMOIi MPH U3MeHEHHH eMKOCTH KOHIeHcaTopa.

8.4.12. Yepes 7 = 107® RC.

B.4.5%. W,

& R, +8&,R &R, +k&,R,
8.4.13% g = [EAP! LAl P 11 24
413%a = C =2 TR, 17C TR Tg,
8.4.14%. V= V,Rr/¢T+R7).
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8.4.15% - — = kV_c V=V, 8xp<— ;’C_>
I= K—°— exp(- z
R RC
8.4.16. R <40 xOm.
— VN
8.4.17%. v =<RC In —— V:‘) .
8.4.18.a. I = qu/d. 6. Her.

8.4.19. I=e (e~ 1) &av/d.

1 &
8.4.20, [ = —— + —
2a R? R

-

8.4.21. Ha BonrT-aMIepHOft XapaKTepHCTHKE 1IpOBONHM NpaMylo [ = (& — V)/R

1
2aR?

& 2
c%) -
R

4
2
4 Il 1 ]
aq 2 4 & 8 vo
Korgery 8.4.21
&* |%
R
TOUKa

UX NepecedeHHs JiaeT Tok 2 MA. [IpoBops cOOTBeTCTBYIOLIME NpAMBIE YCPe3 KOHULI MpSMO-
/InHelHOro yyacTka XapaKTepHCTHKH, HaxonuM, uTo Nipu R < 0,3 kOMm n R > 3 xOm puop,
tiepecraer paboTaThk Ha NP AMOIMHEHHOM YY4CTKE BOJILT-aMIIEpHON XapaK TepHCTHKH.

I'JIABA 9. MNOCTOAHHOE MATHUTHOE MNOJIE

§ 9.1. AnayKuus MarsMTHOro MOJs. [leHCTBHe MarHMTHOTO NOAS HAa TOK

100 Tn.

.1. B=
.2.B=20Tn

I L?
9.1.3. a) F, =F-[-’ \/|+1—2_

9.1.4%, Ah=aMVB/bpg.
9.1.5. a= 45°,

9.1.6. I=(mg/2aB) ctg a.
9.1.8%. w=+/6BI/m.
9.1:9. tga = IB/(4p8).

cos y

.6% F, —2F——

i

9.1.10. PaMKy ¢ TokoM pa3o6beM Ha TpameLeHRdILHbie MHKPOKOHTYDPHI ¢ TOKOM [ Tak,

74
po

|

~d

LT

Al

A\

b

L

Korgery 9.1.10
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KaK M300paxeHo Ha pHCYHKe. MOMEHT CHJI, JeHcTByIolMHi Ha Bce MUKPOKOMTYpPBI, NIPH
Ah —( coBnanaer B Nipeneiie ¢ MOMEHTOM CH, IEHCTBYIOLUUM Ha PAMKY C TOKOM:
N -- [ZBX aM;] = [Bx ZAaM;] —— [BX M].
ah—0 i i Ah—0

oLl et B .. n(4+mIB
W1, . a. = —_—- LgEas ——
BT e BOT 40+ m@+meg

§ 9.2. MarHMTHOEC NOJIe ABHXKY LLEF OCA 3apA/a.
UHAY KUMA MarHHTHOrO fOJA JIHHeHHOr o ToKa

9.2.2. B= pypv/2nr,roe r — paccTosiHHe IO HHTH.
9.2.3. B=p,I/2nr,rner — paccTosHHe 0O NpOBOIA.
9.2.4. u=1,25.

9.25.8=1,88-10"% Tn.

9.2.6. B = ﬂ( i, l).
2n x Yy

9.2.7. B =7“—°I- VP +DB +21 1, cosa, rne | — paccTosHMe O TOUKHM IMepeceueHHus
ud

NMpoBOIOB.

= _MoQV . _ kol - Mo Il
9.2.8.a. B - sina. 6.8 yy [Ixr], B yypus sin a.
9.2.10. B = iy I/2R; By = uo IR?[[2(R? +h?)3/?).
9.2.11. n = sin (a/2).

sl
9.2.12.8= 52 (1 2).
9.2.13. B = po I/4R.

» o Bedm— 1)

9.2.14%. B, = ~— ;

5, o bl 1 LR 2R? 172

R | ® AR T REAR T aRPR)?

9.2.15.a. I=1,/10. 6% I=2I,/10.

9.2.16. B = uoM/2nh®.

9.2.17*. B=pu,M\/1+ 3 sin®a/4nh®.
¢ 9.2.18%. JIBa mTOCKHX KOHTYypa ¢ TOKOM [, HMelOIlMX pa3Hylo GopMy, HO OLHHAKOBYIO
wionanb, pazobbeM Ha KBAanpaTHble MHKPOKOHTYPBl ¢ TOKOM TaK, KaK M306paxelo Ha
pUCyHKe. WHIOYKUMS MAaTHHTHOIO IIOJisl, CO30aBaeMOro JTUMH MHKDOKOHTYPaMH, IpH
Ah —( copmajaeT ¢ HHOyKlnelt KOHTYPOB, BHYTPH KOTOPBIX HAXONATCS MHUKPOKOHTYPHL.
MaruuTHOe nose paccMaTpHBaeMBIX KOHTYpOB Ha GOJBIIOM paccTOAHHHM GIIM3KO K MO0

3%0
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Korsery 9.2.18

OT/IeJILHOTO MHKPOKOHTYypa, YMHOXEHHOMY Ha YMCIIO MHKPOKOHTYDOB BHYTPH KaX[OTO
KoHTYpa. Ho 3T0 nmpousBeleHMe NpH Ak — (0 y KaxX[IOro KOHTYpa CTPeMHTCS K OOHOR
4 TOM Xe BellMiHHe, TaK KaK YHCIIO MHKPOKOHTYPOB 3aBHMCHT JIMIUbL OT IUTOLLAOM KOHTYpA.
¢ 9,2,19% a. Ha pMcyHKe KaX[Ibl# MHKPOKOHTYp ¢ MOMeHTOM M, OKpyXXeH KOHTYpOM
¢ Tokom [ =M [a®. Ha paccTOSHHAX, MHOTO BOMBILMX paccTOSIHHMA MeX[1y COCeOHHMH
MHKPOKOHTYpaMH, NoJIe MHKPOKOHTYPOB CTPEMHMICH K NOMO OKPYXAWOIMX MX TOKOB [,
KOTOpOE COBMNa/iaeT ¢ 110JIeM TOKa [, Tekyllero no 60boMy KOHTYpy. MarHUTHbIH MOMEHT
TaKoro KoutypaM = IB? =M B*/a* =nM,.

ER I S
———+——+——+—-+——-
EWERIEIIENE ]
B S

© f]t{]ﬂ{]+{]+{]

———+——+——+——+——-

[}4[}*Eyfﬁywﬁ}

-——+——+——+——r——-

[}!EMMEMM[}%E}

Koreery 9.2.19

6. MarHuTHOe nojic TOHKOM MIacTHHbI BJIM3KO K MarHHTHOMY MOS0 KOHTYPHOTO TOKa
I =hM, roe M — MarHWTHBI# MOMEHT elMHMLbl 0GbeMa BellleCTBa FUIACTHHBE. Ho MHIYK-
UMS MATHHTHOTO Tons B cBs3aa ¢ [ cooTHolleHueM B =pu I «/B/ma. Tosromy M =
= naf(uah/8).

9.2.20. B = u, MR*hI[{2(R? +1)%/?].

9.2.21. B=4,9-107? Tn.

9.2.22. Bextop B, po/KeH GhiTh NapasesieH MOBCPXHOCTH JHCKA. N=2nBB,R*[u,.

9.2.23. M = \/nu, HF|(2ah?).

3N



§ 9.3. MaruuTHOe noJNe TOK2, pacnpeneeHHoro
110 NOBEPXHOCTH HIIM MPOCTPAHCTBY

9.3.1. B=Y p,ov.

9.3.2.8=10"'"Tn.

933.B=1p,l

9.3.4. Mexxny mmockocTaMu B =% u, (i, —1,), BHe nnockocTefl B =+ Yau, (I, +i,).

9.3.5. F = pu 1% [2b.

9.3.6.a. A= u,al?/(12Eb®).6. B, ~10Tn, B, ~35 Tn.

9.3.7. B =uyeoEl v =uyiS2/4m roe E| =0Q/4me, — COCTABNAOUIASA HAMNPSIKEHHOC-
TH 3MeKTPHUECKOTO MO HOCHTENel TOKa, HepPreHIUKYIAPHas MOBEPXHOCTH, g - MX IIO-
BEPXHOCTHAS MWIOTHOCTE, U - CKOPOCTE.

9.3.8.a.8B = Y, u,i. 6. B= g i; He 32BHCHT. B®. B = boaj/4-/3.

9.3.9. T=Yau,nRI*.

9.3.10*%. a. B =u,I82/4n, TOc § — TelleCHBIR yToi, MOJ KOTOPLIM BHlA HOBEPXHOCTb
uMnMHOpa (cM. 3ajavy 9.3.7). B cedeHur A4’ TelsecHbI# yron £ = 2n, Mo3TOMY B = Yo u 1.

1 1 1
6.B= ~pu, il - —— |, B - - —u i(R/x )2.
2 ( \/1+<R/xl)’> x e 400

B= -;—ﬂoi(l"' ——1 ___>, B — u,l.
V1+R/x,)? X,
¢ 9.3.11*. a. MarudtHoe 1IOJie LMIMHAPA CKJIafblBaeTcsi M3 MATHWTHLIX MONel TOHKMX
IHCKOB TOMIUMHLI A, Ha KOTOpble MOXHO Da3OMTh 3TOT UMAMHOp. MarHWTHOe JKe roJje
KaXKIOro OMCKa COBMA/IaeT ¢ MarHUTHBIM MOJIEM TOKA, TEKYWIETO ¢ JTHHeWHOH NITOTHOCTHIO
M (M -- MarHUTHBIA MOMEHT cOMHHUULI 0Gbema Xcrie3a) MO BHellUHelt TOBepXHOCTH OUCKa
(cM. pelleHHdc 3ana4n 9.2.19%).

yY-—-——--
1~

I

|

Korgery 9.3.11

6. HamnpasieHue MHOYKUMH MarHHTHOT'O MOns B LeHTpe KyGHKa coBllajaeT C Hampas-
nieHHeM HaMaTHWYMBaHMA. Mopynb 3Toro BekTopa GyHeT BO CTONBKO pa3 MeHbllle MOLYJIs
HHAYKLUHKR MaTHUTHOTO [OJI1 BHYTPHM CTePXHS, BO CKOJbKO pa3 8w/3 (TenmecHsl#t yron,
o[ KOTOPBIM BUIHE GOKOBble I'paHu KyOuka I — 4) Meubite 4, T.e. n= 1,5 pasa.

= .——_“OM : - —_—u M B 4 “uMI
V1 +a4gin? (r/t)»o (r/l)w 2r
uoMr?

1
r.B=uM<1————-—->;B B
’ JT+40/)? em—o 2 /1)~ oo
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9.3.12. UHOy KUK MATHUTHOTO TOMSA BHYTPH NPSAMOYTONIBHOro cToi6a 6y/1eT BO CTOMBKO
pa3 Goubille B, BO CKOJbKO pa3 4 7 Gonkllie TeJIeCHOro yIia, IOJ KOTOPhIM BHIOHBL GOKOBbIE
I'PaHK IIACTHHBI M3 ee LeHTpa. B = maB,/ 24/2h).

9.3.13.B=6,28 - 10™* Tn, B; = 0,377 Tn.

9.3.14. AB= B xh/2R.

93.05.a. B=u,Ix/2nr?, 0<x<r; B=p,I2nax, x>1.
6.B=p,xj,x<al2;B=u,aj2, x>al2.

9.3.16. Bpgaxce = o NI/2wr, Byyyny = wo NI/ 2R,

9.3.17. a. Ham mmockocTelo B = po//2wX, TUHUM HUHOYKIMM MarHUTHOTO TONs COBIIA-
JAI0T ¢ JMHUAMH HHAYKUMM TONsl GECKOHEYHOro MpsMoro MpoBOLA; MON ILIOCKOCTBIO
B =0

6. Hap mimockocteio B = p, 1/2nx, non nnockoctbio B =p, (I —1')/2nx.

B. BuyTpu xabens B = p,1/2nx, Biie Kabens B = 0.

9.3.18*%. B = (u,I/27nr)tg(8/2).
0 9.3.19. CMm. puc. Byaxc = uohij/2.

P

P S
i

I
!
|
|
{

|
0 2 bz
Korsery 9.3.19 Korgery 9.3.22

9.3.20. B =.?jx, 0<x<h/2, B= % hj(l - 4—2—), x> h/[2, roe X — paccTosiHUe

o ToukH O.
9.3.21*. B = u,/d/2.
¢ 9.3.22%.a. B=p,jaj2.6.i= 2B,sing/u, ,Iyaxc = 2B, /4s. CM. pHC.
9.3.23*. CocTaBasolIasg HHAYKIMA MaTHUTHOr O NOJA BEOb OCH CO-
nieHoupa B = pynl, a COCTaBNAXINAS HWHAY KLU MaTHUTHOro NOJIA, Hep-
1 d MICHIUKynsipHa ocH coneHoupa, B| = (y°ﬂ1/2) ctg .
[~ ¢ 9.3.24%. JIna onpedcleHUst OKBUBANCHTIILIX NMOBEPXHOCTHBIX TOKOB
‘ i (cM. petueHue 3agayd 9.3.11* a) UMIMMHOP HY>XHO pa3GUTL Ha TOHKHe

1l CIOHM, ONMH W3 KOTOpBbIX M300paxeH Ha pucyHKe. IlmockocTH croeB
'- i HOMDKHbL! ObITH NepTCHAUMKYNAPHBl HANpaBJICHHUIO HaMarHWUMBAaHUA.

N B=puM2upux<r; B=(uM2)/x) npux>r.

! ” § 9.4. MarHMTHEI NOTOK

,——-1- L
) 9.4.1.a. ®=+/3Ba%/2.6. » = BSsin a.
9.4.2. =B - nR*(sin? o - sin?p).
Koraery 9.3.24 9.4.6.n =sina/sin 8, { = (B/uy)cosa(l — tg a ctg g).
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a, _ VB +Bi+2B B,cosa
2cos(a/2)

o 9.4.7*.B, =B, =B,

a,
S,
A--: -4
8, 8s
Korsery 9.4.7
o 9.4.8. a. B, =;—B°€:, tga=%§-, cM. pHc. 6. B, =;—-n30_;_0 (x_i') "—l' B, -
= -;-rBo-Z—;.

9.4.9. Tak KaK MarHMTHBIfi IOTOK paguansHo# cocTaBidIIe# HMHIYKLUHH NONS BHe
UWIKHOPA COXpaHAeTcd, HHIyKUMA MarHuTHoro nonst Byaer ybblBars Kak oR/r,toe r -

paccTOsIHME [0 OCH UWIMHApPa, o = B, R/2X, - panMankHag COCTaBNIAIOIAA HHIYKUHH
MAarHHTHOTI'O NONA BﬁﬂH3H ﬂOBerHOCTH lJ.HJ'lHHlea .
»)
o
2iA

W

Koraery 9.4.8 Koreery 9.4.10

¢ 9.4.10*. a. Ha nocTatoyHo GOJILIIOM PAacCTOAHMH OT KOHLA LAIMHAPE MHAyKUHUsS Mar-
HHTHOTO nona B, = u,i, a3 MarHMTHEIR IIOTOK B ceyeHHH mR? paBeH 7R?B,. Yacts atoro
noroka (¢,) BEIXOOMT M3 LUM/IMHIPA yepe3 ceueHre AA4', vacte (d,) — yepes BokoByio
noBepxHOCTh: mR*B, = &, + &,. Otcioia &, = wR?B, — ®,. Tak kax B ceveHun 44’ By =
= B,/2 (cM. pemenue 3amauu 9.3.10%a), to ®, =nR*B, =nR?*B,/2 n &, =nR*B /2=
=, miR?/[2.

6. Cuna, nefictBylolias Ha BhiZeNeHHEIH yYacTOK O/fHOM MOJIOBMHBI COJIEHOHOA B OCEBOM
HanpaBJIeHHH, AF" =B AS nl=nl=A®, rie A® — MarHUTHLI! MOTOK OT [Apyro#l MONOBY:
HBI COSIEHOM[A uepe3 3TOT yuaroK. llosromy momHas oceBas cuna Fy = nl - @, rae noAHg
MAIrHHTHEI# NOTOK OT BTOPOH MO0 BHHBI CONEHOKOA Yepe3 NOBEPXHOCTD NMepBoH N0JI0BHHE
® = u, wnlR?/2. 3Hauut, Fl=uem(IR)/2.

9.4.11. B=/2u, F/nR *.
9.4.12. F=nl(®, — ®,).
94.13.a. L =y, n(*R)2[1*. 6. L =p,nnr?.
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I'JIABA 10. JBUXXEHHUE 3APAXEHHBIX YACTHU B CJTOXKHBIX NMOJIAX

§ 10.1. IpmxeHue B OQHOPOIHOM MarHUTHOM Molle

10.1.1.R = 0,2 m.

10.1.2.R = 0,68 m.

10.1.3.2. w=qB/m. 6. w2 =1,75 - 10** ¢7*.
10.1.4. R, /R, = VK, /K.

10.1.5. t =2wm/qB.
10.1.6. K = 3(¢BR)* [4mp,.
10.1.7. sin & = e Bl/mgv nipu eBfm, < v/l; a = nupu eB /m, > vl.
10.1.8.x, = 0,29 ™M, x, =04l M, x, = 0,5 ™, x, =0,58m, Al =3,7 Mmm.
10.1.9. AV/V, < 0,025.
10.1.10%./ = 2mv/(qB), Az = mv(6 a)* /(49 B).
musin « 2mmucos «
. 1L1lLRs ———8 — , hs—————— .
10.1 2B 4B
10.1.12%. x = 2wm,v/(eB), Ay = mm v{6)*/(2eB).
¢ 10.1.13.a.Cm. puc. B > B, =2/2m K/(eR).6. P, > P,.

Y
b

2, b
Korgery 10.1.13

10.1.14. 8= e, ¢ .
er léme,vR

10.1.15. w = w, —eB/2m,. o
10.1.16.V'= 2Vh/R — Bh/2eV/m,.

mek moE eBIL\
10.1.17.2.y = —5— z*. 6. =1,1-10m? 2% B.y= —= /+( ) .
Y UBIL Yl 1107725 By eB’ILz ‘ mgc

m, (e'B*R* \
10.1.18. ¢ = "—L(—— ~K)\.
e*BV \2my X
eB*d?* 1
2n'm, Kk* ’
CKOPOCTBIO JIEKTPOHOB.

10.1.20. v = (mg/qBu)(sine ~pcosa) IpH u < tg ;v =0NpU p > tg a.
10.1.21. M = 2nR?pvBp,

10.1.23*. v = Q(B, — B,)R/2m.
10.1.25. M=%, QR*(B, — B,). Coxpansercs.

10.1.19. V = roe k=1,2,... Pa3Mcp naTHa onpenensieTcs HavyanbHOH
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’ ﬂ].
Korgery 10.1.26

¢ 10.1.26*. Bpems [BIDKeHHMA 3JEKTPOHA 4epe3 BhIENEHHBIA HA PHUCYHKe YYaCTOK ! =
= Alfv,rme v ~ MPOEKUMS CKOPOCTH Ha INIOCKOCTH, NMPOXONSMUYIO Yepe3 HEro M och,
H3MeHeHHe UMMy/IECa B HANPaBlieHUH, MeplieHIMK YA IPHOM 3TOM IJIOCKOCTH, Ap; = —¢B, v
Alfv = —eB; Al=—-¢A®/2nR, rme A® - MarHUTHLI TOTOK Yepe3 yuacToK. MiMeHeinte
MOMeHTa umnynkca AM = RAp, =—(e/2n)AD, nostomy M, — M, = (e/2a)}(d, — D,).

10.1.27%.n = 4 (1 - )/Bl/B, ).
10.1.28*.r = R<\/B, /B, .
§ 10.2. OpeitdboBoe nBUKerHe YacTHI
10.2.1. vgp = 20(B, - B,)/[n(B, + B,)].
10.2.2% vy = am,u?fe B, .
| 2mEl 2\/qlE

0 10.23.CM.puc. R= — / S | ppy= ———
B q W 2 Jqi B+ n/mE

s

Korgery 10.2.3

10.2.4.v = E/B.
10.2.5. Upp = E/B.

10.2.6. Upp = (E/B) sin a.
10.2.8. v < eBh/4m, vunu v = V/hB.
10.2.9. Vv =eB*d?*[2m,, V=35 .10° B.

10.2.10. B cucreMe Koop/iHHAaT, OBwxyiucics ¢ fipeiidoBoit ckopoctrio E/B, anexTpor
NBHXETCS 110 OKPYXKHOCTH panHyca

’

mpv ) E E?\'/?
zb—,rnev=(v"+2§—cosa+g; .

10.2.11. vy = F/gB.
10.2.12. v, = 8- 107" m/c, vp = 1,5 - 1073 m/c.
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I'JIABA 11. JNIEKTPOMAIrHUTHAR HHAYKUUA

§ 11.1. IBwxenue NpOBOAHHKOB B NNOCTOAHHOM MRrHHTHOM IloJle.
OnexTpoaBHraTENN

11.1.1. Mex1y KOHIXaMU KPBUTBEB.
11.1.2. V = 0,03 B.
11.1.3. V=vbB; 0 = ¢,vB.
11.14*. v < Ze/(4me,Br?).
11.1.5*%. V <7 MB.
11.1.6. E = vB.
11.1.7.B=V/a* w.
¢ 11.1.8.a. Cm. puc. 6. M = @*b2B?w/R) sin? wt.

7 Iy=wab B/R
VA o ity ey N -

ANWANWANA
IV VS VAV

Koreery 11.1.8

T=2m/w

11.1.9. W= R*vab/2p, a <b; W=B*vb?/2p,a > b.
11.1.10%. W = (B*I*vtg a)/2p.

11.1.11.N = wB)*SL/4p = 1 Br.

11.1.12%. 1= ABvS = 10 kA, V=vBh =20 B.
11.1.13. V = IB/ph.

11.1.14. 2. v =~/2BHL]m. 6. v ~ 1,1 - 107 m/c.
11.1.15. v = /IB/ob.

11.1.16. Iy = 2772 Bu/[R, (r, + vD)].

11.1.17. O = SB/R.

11.1.18. 8=1,1 - 107* Tn.

11, 1,19, v'=gmR/(B1)?. B Temno.

mR B!I?
111.20%v() =g oo [1 - e""(" mR ’)];

v(t)y=gtm/(m + CB?I?).
11.1.21. k=1
11.1.22%. v = mg R/(B, ma*a)*.
11.1.23%. I = (mg/BL) cos wt.
28 (1 2FR _2F
BL? BeL )’ BL

2& 3B%L?
8%, w(t)=——= |1 - ¢ - ).
w0 =3 [ xp( 4mR >]
11.1.25%. I = wBr3 /2R = 0,4 A.
11.1.26*. w =w, — 4 Mp/@@*B?).
11.1.27. Tlpu ocTaHOBKe poTOpa B LellH IOTEYET MAKCHMAJIBHBI# TOK, Tak Kak GylieT
OTCYTCTBOBATD 3.J1.C. HHILYKLIHH.

11.1.24. a. wycy =
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11.1.28. & = 40 B.

2xMR
11.1.29.7=f, (i - —",—i)
8, &3
11.1.30. & = 120 B. N = 240 Br.
11.1.31. M=281, w/wj. _
2, ~1,)+R@I? - I?)
203 - 1) ’

11.1.32%. 1=

v=(,/2F)[2V - 1,(2pl +R)].
§ 11.2. BuxpeBoe a1eKTPHYECKOE TOjIe

11,2.1. ¢ = 1 B6, 100 B6, 300 B6.

11.2.2. E=ar?/21=2,5 - 107% B/m,

11.2.3. B nonoxexdun C H3-3a AKCHATBHOW CHMMETPHM MAarHMTHOro NMONS MOTOK MHAYK-
LMK Yepe3 KoJIbLo He MeHAeTcA. [103ToMy B KOJbIe He BO3HHKaAeT 3.1.C.

11.24.E, =64 -10"* B/m, E, =2,56 - 1075 B/m.

11.2.5. E = p,ax, rhe x — pacCTOSHHE OT CpefHel THHHUH.

11.2.6. E = (uynvnyI,/1,) x cos(2nyt), roe X—paccTOAHHE OT OCH KaTyILKH; &, =0,12B.
' .G
11.2.7.2.q=Cy¢.6.q, ¥q, = T+, ?

. ") C,(Cy, — Cy)
11.28.a.q, =C,§ L 42=C, .6%q, = 200 %_
1 2 3

11.2.9. 6.7 = 1,44 MA. 6.1 = 3,5 MA, ToK Yepe3 epeMbIYKy paBeH HyJ. 8. I, = 2,73MA.
I, =178 MA, I, = 0,95 MA.

11.2.10. 6% AI < Ik T/RC.

11.2.11. ®dpapee = VRC=5-1077 B6.

11.2.12.a. V, =t/2u,ma*[(hd), V, =13+/32u, mb?[(9hd).

6. V, =(8,7-10° B/c)t, V, =(1,2-10'* Bfc*)r?.

11.2.13*, & = (nr*/3) n B, w sin wt.

11.2.14*%. w = qBI*/2mr?) . He usmeHnrcs.

11.2.15%. B(t) = at (1 +r2/r}).

11.2.16*. YMmenbuaerca. C poOCTOM HHAYKLHMH MarHUTHOTO IMONA pacTyT chimkl JlopeHua
M CKOPOCTh 3/1eKTpoHa. OIHaKo HOCIeqHAI—HENOCTATOYHO GRICTPO OJIA TOT0, YTOBHI 3eKT-
POH OCTaJICA HA OKPYXKHOCTH TOT'O )Ke Paguyca.

11.2.17%. 1 = 3r,/4. B 100 pa3. Ecnu HavanwHbI# pagmyc r <!, 37eKTpoH Byner aBu-
FaThCA 110 CXOOAUICHCA K HeHTPY CIHpalu, npur >/ — Mo pacXxomAlleiicss CIHpaTH.

11.2.18% w=20B/[r(p + 2u,02)].

11.2.19%.3. B 2,6-10'? pa3.6.a5r~7-10"'* M?, rfie n — YHCJIO BUTKOB Ha eMHHLY
IVIMHBI CONIEHOMMA, r — pajiiyC COJIEHOMMa, S — ceuyeHHe NPOBOJIA.

11.2.20%. my py = €4, CV 2 = CV?/c?, rae ¢ — cKOPOCTB CBeTa.

11.2.21%. my 5, ~ 10727 kr.
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§ 11.3. B3auMHaA MHAYKTHBHOCTD,
UnayxrusrocTs nposoguukos. Tpanchopmaropu

113.1, 0 =u,ISnsina, L,, =u,Sn sin a.

113.2. L, = (uonr®n/2)(cosa + sin a).

1133, L, , = pyonr®nN.

1134%. V=pynr*nNwl, cos wt.

11.3.5. L = u nrin?l. 6*. YpaBHeHMe ABIDKEHHS IeKTPOHA B COJIEHOMAE

Ho en,vS = I. [lo3ToMy nepBoe ypaBHeHHe MOXHO TepellIncaTh B BHIe

myl dI
e*n,S / dt

Ee=V=<L+

3uaumr, L' = L + m,l/(e*ngS). Moxuo.

1136% Latfsyontr? +r,r, +r2)n? = 2,3 ['i/m.
113.7.¢ = B\/o/(V /o) =8,9 - 1077 c.
11.38.Mlpuh €«d L =p, h/d =63 - 107® I'u/m.

113.9%. [ = Bboy I
2n 1,

113.10% L= 22 + 20, 1n "—:)
it L=2
T r
11.3.12. Ysenuunrcs B k pas.
313 L=por(riril, +ndril, +2n,n,r31,);
Lyspgnniril, +ndril, —2n,n,r3l,).
11314.L=L; +L, +2L,,.
113.15% L,, =/L,L,.
11.3.16*. &, = (un, N, N, S/ I, wcoswt.
V, =G N3 SID Iy wcoswt.
11.3,17. V, = const.
11.3.21,v= 100 ',
11.3.22. Yro6u1 yMEHLLUKTE ToKH DYKO.
11.3.24. V = 10 B.
11.3.25*. V=60 B.

§ 11.4. DneKTpHuecKHe Uefly flepeMEHHOTO TOKa

114.1.7(¢)=&t/L,A=8&%7*/2 L. B 3Hepr{io MarHUTHOTO IIOTISL.
114.2.8)V=a(Rt +L). 6)V =1, (R sin wt + Lwcos w?).
11.4.3*. Wyawe = (LD?*/Rt.

114.4*.1(t)=(8,/wL)(1 — coswt).
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L=Vpfwl , T-2rfw.

|
T 2T Jr 47 ¢t
Korgery 11.4.5

¢ 11.4.5.Cm. puc.
11.46.C(1)=C, (1 — £2/2L C,).
11.4.7. V paxe = Vo RVCIL.
11.4.8. a. Tlpu pasmpikanmm, 6. C=1/[27vN)> L] = 1 M.
11.4.9. Iyaxc = 8VCIL, dmaxc =28C.

/ CL,
11.4.10. I, yagce = V Z"(m—) Iy maxce = V\/L @, +L )
11.4.11%. a) I = V, v/CIL sin wot, rae w, = 1N/LC.
6.1I= ———YLL(UJ sinwyt — wsinwt); ————-K(!———~48KA
. I (w: — wz) ° ° b s IMakce Liow—wgl
o 11.4.12.a.CM.puc. VR =Rl,, Vi =wlly, Ve =1/ wC.
: L -1/wC
6) Vo = I VR + (WL — 1/wO)?, g =arcte i—RE—._
[
L,
L,
Korgery 11412 Korgery 11.4.19
11.4.13. &, =208 B.
8 (WLC-1)
11.4.14.1(8)= ——F——F— .
® wl2-wWLO cos i
114.15. L =28 TH.
C,R
11.4.16* V = V,sin (wt — ¢), Toe ¢ = arctg —(—w(gRﬁi

11417, a I = 0, Ig = (8,/R)sinwt, N=200BT. 6. Ig = (&,/R)sinwt, ic =
= — 8, wC(sinwt+ cos wif) , N =200 Br.
11.4.18. . =0,16 T,
¢ 11.4.19. Cm. puc.
11.4.20* Ecmu Ve, ¥ V¢ — pasHOCTL MOTEHUMANIOB COOTBETCTBEHHO H2 KOHfeHcaTope
Co u C, 2] — Tox B KOuTYpE, TOrm2 Vi Ve=Ldlldt =V, coswt, w = \/—CC [(C+Cy).
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Ho (¥, ~ V) Cy = V¢ C. N3 3TUX ypaBHEHMHA HAXOOUM
Ve=(1+CICy)™ Vo (1 - coswt).

Mostomy mpu V < 2 V, (1 + C/C,) ™! npo6o# NpOUCXOOMT Yepe3 Bpems

1 cC\V
7= —arccos{l —[ 1+ — ) —],
w Cy/V,

anpu V>2V, (1 +C/Cy) ™" xoHpeHcaTop eMKOCTH C He NpoGuBaeTcs.

11.4.21. 6. Ecnu I, u I, — TOKH Yepe3 KaTyIIKH MHOYKTHBHOCTH L, M L,, a w=
= l/\/(L +L,)Cu I, = Vo/w[,l,Toma L1, +L,I,=LI,,I, - I, =1, cos wt. U3 3TuX
ypaBHeHH# HaxouM

/ C
(1 +coswt)ly, Iyaxe =2V, .

“1
L, +1, L, +L,

I, =

11.4.22% a, L, I, + L, I, =L, I=(L, +L,)],, roel, — ycTaHOBUBIIHACA TOK Yepe3 Ka-
TYLIKH MHOYKTHBHOCTH L, M L,.
1 1 L,L
=L J* o (L. + L]} = 1%
5 L 7 L r Ll 2(L, + L)
6.071, pol, -2, _Iz)/(1+L1/L1); orl, nol, +2(I, - 1,)/ (1 + L,;/L,).
114.23*.R=14-10"?
11.4.24* W l/z(L + CR? )(I2 — I2 o .
11.4.25%. p = 2 arcsin (wy/LC/2). v = wl/p npn w < 2/J/LC; v =1/{/LC npu w <
< 1V/LC.

2

§ 11.5. CoxpaHeHHe MarHHTHOIO MOTOKa.
CBepXnpoBOIHHKH B MarHHTHOM mole

11.5.2. B=B, (r,/r)*.

11.5.3. YMcHBIINTCA B ABa pasa.

11.5.4. B nonTopa pasa.

11.5.5. YMeHRIUNTCSA B TPH pa3a.

11.5.6*, MensieTcs TOJTBKO OCeBas COCTABJIAIOLIAA UHAYKLUHMH MAarHUTHOTO nons. B o6-
S1aCTH BHEIIHETO HOJIA OHa paBHa 12 B, cos o, a BHe 3To# oGnact — %2 B, cosa.

11.5.7. I=1, — (nr*/L) B, cosa.

11.5.8. I, =nD*B/4L.

11.5.9. BHe cTanbHOTO LWIMHApa HHOYKUMA YMeHHIIWTCA Ha Y2 B,, BHYTpH Hero yBe-
nmyuTca Ha 2 By .

11.5.10*. Cm. pHc. X — KOOpAMHATa MepeJHETO TOpLA CTEP)KHA, OTCUHTBIBAEMasA OT Ha-
uaja KaTyuiKH,

I, I,
a. Iyaxe = 1”—_ oS 6. Ivakc = —1 —oljSh
I 7
Immcc 1 Tvaxce ' h

| | |
| | L

Tn ! ha I h hz

a b

Korgery 11.5.10
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r2 NQ
11.5.11*. L= uovrr‘(l - 1—2—’) T
11.5.12.1 =a\/2pCugh/u° = 380 A, pcy — NNOTHOCTb MeSH.
¢ 11,5,13"%. MarxHTHOe Hojle Hall CBeXMpoBOAAIER MIoCKocThio A4' coBnagaeT ¢ mar
HMTHBIM TOJlEM, KOTOPOe SIBNISIETCH pe3yNLTaTOM HalloXKeHWSA MATHHMTHBIX FloNlefl NpAMOTe
npoBoja ¢ Tokom [ U MpoBoda ¢ TOKOM (- I}, CHMMeTPHUYHO PACTIONOKEHHOTO NOM Noc
KocThio AA’, MarHuTHOTO NoNs Haj MnockocThio AA' Her. [oatomy P = u 12 /[2 (mh)? )
B3aumopeHcTeHe €O cBEPXIIPOBOOSAILCA MNOCKOCTHIO INMHHHOTO NPOBOJA C TOKOM [ 3KBM
BaJleHTHO B3aMMOREACTBHIO OBYX NPOBOJOB, HAXOIAWIMXCA Ha paccTOAHWM 2h Apyr or
HOpyra, TOKH B KOTOpHIX TeKyT B IIPOTHBOTIONOXHRIE CTOpoHbL. [losTomy f = uoI*/ (4nh),

s

-/
Koreery 11.5.13

11.5.14, v=V/(zr*nB) = 2 xM/c.
11.5.16*. U3 3aK0HUB COXpaHeHNs 3HePrHH U MarHHTHOTO MOTOKA B COJIEHOHAE CllemyeT

1 1
B} (W-w)+ Emvg =3 B’W+%—mv’ ’
Ko

Zu,

B, (W - w)=BW,

rae B, = uo, NI/L. 1 B — MaKcHMaJTbHAA HHAYKHHSA MATHHTHOTO OIS B COJIEHOME [0 M 1ocs
BblIeTA CHapaps, W = 7R*L u w = nr?] — ofbem coneHoMIa W cHapama. M3 mpuBeneHHEL
ypaBHEHHI nollyyaem

sv e VTR WID 10 SATRD - v,

11.5.17% v = NIr/rpo/(121m).

11.5.18*, Ilpx BXoAe B MarHHTHoe NoJie B CBEPXIPOBONSALLEM CTEpKHE BOZHHKAET TO¥
CO3JAIOIHA BHYTPH CTEpXHsA Nolle, HHAYKUHA KOTOPOIO paBHa MO MOAYNI0 HHAYKlk
BHelllHeTo MOJIA M HanpaBjleHa NpoTHBoNonoxkHo cfi. PaGora Mo CO3MAHMIO ITOTO TOF
A = B*Sl/2u , paBHA M3MeHEHHIO KMHETHYECKOM 3HeprMHM cTepkHi. OTCIOmA Upmy

= BN/S1 (ugm).
11.5.19. MaruuTHbI#! OTOK B MOGOM CCUeHHM TpyOKM NpH MpolieTe CHApsga He K

MeHAeTcA:
nriB=n(i-r3)B,, nriB=n(3 ~r})B,.

HcnoneloBanne 3TUX ypaBHeHHR W 3AKOHA COXPaHeHHs] SHEPTHH JacT
AK=({B*2u)lrt/ed —ri)y—-rb103 - r))].

115.20. v, =v,v, = 3v, eccnu mv? < B?ISs?*/[4p, 2S -5) (S - 9] v, =3v,v,
=y, ecnumy?® > B*ISs?|{4u, RS -5) (S -9 ).
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11.5.21. v, = v,, v, =v,,

W, ~v,)? B*iSs?
eCilu ;

1/m, +1/m, 2,28 —5)(S— %)
, 2myu, +(m, — m,)y, , 2myu, +(m, —m)v,
v, = , U, = ,
! m, +m, 2 m, +m,

W, —v,)? B?Ss?
eCITH

Um, + 1/m, = 2u,285-5)(S—5)
11.5.23*. T' =T/ /1 + B** T*/4LJ.

11.5.25% v=v, (1 +/T+ Lxi3/mul).
11.5.26*. B= B, + 2ugpv* A/Br, = 500 Tn, P = B*[2u, ~ 10'* a.
11.5.27*, YpaBHeHHC OBHXCHHS eKTpOoHA B TpyGKe

dv . r d(B-B")

me — =ek=e

dt 2 dr

roe B M B' — MHOYKUMA BHEIIHero MarHUTHOTO TOJA M MOJA, CO3AaBAEMOTO ABHXYLIMMH-
¢ anexTpoHaMH, [TostoMy mev = er (B — B’)/2. C gpyroll cTopoHsl, en, vh = j, B' =
= puof, roej — MHHeMHas MIIOTHOCTE ToKa. U3 moc/eHUX ypaBHEHHMA Oy YaeM

j = ehB/(2mg+e ruyneh),
meB

azatem B— B’ = =5,7-10"° Tn.
me+etru,ngh/2

11.5.28*. B = 2mew/e.
§ 11.6. CBA3b nepeMEHHOTrO 3JIEKTPHYECKOTO TOJIA C MarHH THHIM

1 dN dN
116.1. Cg = T (B CIrC); Cp=u,ye, i (8 CH). Cg — UMPKYNAUMA MHIYKUHH

MAarHuTHOroO nojufd, N — nortok JTEKTPHYECKOro CMelleHH A, ¢ — CKOpOCThb CBETA, €, H My —
WIeKTpHieCKad H MarHUTHas MOCTOAHHLIE.

dN
11.6.2, a. d_ = vlE, Cg = py€evlE,
t

11.,6.3. N = 9-10° B- ™.

.11.6.4*, Mo 3akoHy Taycca HOTOK 3MeKTPHUECKOrO CMElleHHs BHYTpH KOHIeHcaTopa
N = Q/e,, roc 0 - 3apAd KOHOEHCaTopa, @ CKOpPOCTh M3MeHeHHMA NMOTOoKa %/:I—— =

1 dQ 1

= — — =— I, rge ] — ToK B uend. [103ToMy UMpKYJISALMA MHAY KUHH MaTHHTHOTO HOMA
e, dt €
) 0
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dN
Cp = py€g— =Hh,I coBmamaeT c umpKymiuyeit HHLYKUMH MAarHHTHOTO TONIA, KOTOPYK
dt

6u1 cosman Tox L.

116.5. B = 2,5-10"¢ Tn.

11.6.6. n = 4= Nr/L.

11.6.7. B= p,e,Evcosa,

11.6.8. 0 = B/(u,v).

11.6.9. 2. B = y e, v V/h BHYTpH NpOBOOHUKA, B = —uge,v V/h mexny MpoBOIHHKOM
H o6KnanKaMH KoHOeHcaTopa.

6. YMensumtcas (e +1)/ (e — 1) paa.
¢ 11.6.10* Cm. pMc. B mepBom crlyyae ¥3-33 TOKa NOMSPHU3ALHMH, NPOTEKAIOLIETO Yeper
KOHTYp abb'a’, uMpkynsiuus BeKTOpa WHOYKUHH MAarHUTHOro TONA Yepe3 3TOT KOHTYr
6ymeT B e pa3 Bonblle, YeM Bo BTopom cnyyae. [losTomy nBrokeHHe cpellbl BMeCTe ¢ KOHTY
POM YMeHbLI2eT HHIYKLUHIO MarHUTHOTO IO B € pa3.

|
r B
Koreery 11.6.10 Korsery 11.6.12

11.6.11*% a. HHOyKuKA MarHUTHOTO NOJISl, BHI3bIBAEMasl MepeMeHHBLIM 3JIeKTpHYeCKHM:
nosiem,

B, = nrtapge,[(2mr) = pgeqar/2.

VHIyKUMA MarHHTHOTO MOJIfA, BRI3RIBAEMOrO TOKOM MONAPH3IALMH NHINEKTPHKA, B € — 1
pa3 Gonbie: B, = (e — 1) B, . TlostoMy

B =B, +B, =eB, = uyeqear/2.

Ho€eaa Vr Mo€oaV
6. Bl.-.—._.o_._o_.__., B, =_°.°_[,-1(€_1)+,-:].
2h 2hr,

¢ 11.6.12*. CM.puc. By = u,Ir/(2mrd),



I'J714BA4 12. QNEKTPOMATHHTHBIE BOJIHbBI

§ 12.1. CroitcTBa, H3nyyeHne H OTpaxKeHHe 3TEKTPOMATHHTHBIX BOJAH

12.1.1. B HanpaplleHHs OCH Z.
12.1.2. a), 6). U3MeHHTCS HA IPOTHBOINOJIO XKHOE.

12.1.3. E=E, sin [3?\1 @~ cr)].

12.14. £, =\/E? +E? +2EE, cos (g, - v,),

z E, sing, +E, si
0= u( — __)+ arctg l’ [ 2 SNy, )
¢ E, cosy, +F, cos g,

12.1.5.E=2E0,w=—-1— E} cos? <r~-z)A+¢ .
2 ¢

12.1.6. B=E/c (8 CH), B=E (8 C['C).
12.1.7*. B=E J¢/c (8CH), B=E/< (8 CrQ).
12.1.9%. B=E</eufc (8CW), B= E/er (8CTC).

¢ 12.1.10. Cm. puc. 1/2, 1/2; 1,0; 1/2, 1/2.

_12.1.11. a. [IBe nnockye BONHBI, Geryliye B MPOTHBOMONMKHEIX HanpasieHHAx. dnuHa
BOJIH d, HaNPSXXEeHHOCTB 3/IEKTpHUeCKOTro NoNA B BOTHe £/2.

6. Ha nBe mjockve BOJIHLI, pacnpOCTpaHSIoLIMecH NEpeHANKYIAPHO NTOCKOCTAM AB 1
A'B' B NpOTHBONMONOKHLIX HalpaBNeHnAX. HHOY KIS 3MeKTpHUeCKOTo o3 B BONHe ¢B/2.

£
£ s
bof~ [
a
2a Zz a z
£,
£ i e
7Y
£y
B
R z z
‘ £
2
Eprm <
a
2a z a z

Koregery 12.1.10
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Lyg
2 ¢
¢ 6* Ipu ocranoBke cdephl B 3HepTHIO H3JlydeHHA HepefigeT B 3HEPTUs MarHHTHOXO
nond. B mio6oit TOuKe WHOYKUMA MAardHHTHOTO MoONA ABKXKYLIlerocda 3apspa paBHa B CI'C
HaTIpsHXKEeHHOCTH 3JIeKTpUYeCKOro nois, yMHoxXeHHOR Ha (v/c) sin 6. [losToMy aHeprus,
TMepelllefiluas B u3MydeHue, 6blna 6Ll paBHA 3HepTHH 3NeKTpUYecKoro nona Q*/2r, ymHo-
XeHHOM Ha (v/c)?, ecnu 6bI He GsIMO MHOXHTeNd sin 6. M3-3a 3TOr0 MHOXHTENH 3HEpPrUf
MAar{uTHOTO M0JIA YMeHbLIAeTCA ellie B NOJITOpa pasa,
Takum oGpazom,

2 2
w=2Z (%)2 (8 CrO), w=—2_ (%)2 (8 CH).

3r 12ne,r

12.1.12, a. Eyay =

B. HanpsxeHHOCT, “NUIUHMX™ Noneit yBemWuHTcA B nBa pasa. HMamyuaemas sHeprus
MponopuUnoHansHa KBagpaTy HampsmkeHHocTH. [To3ToMy MOIIHOCTE M3NyyeHH A yBelIMUUTCA B
yeThIpe pasa, ’

12.1.13. UnTepdeperunest HanyueHHd OT pa3HbIX IITACTHH.

1
Vi =—2— k. vl z%(k +—2-),

k - uemoe uucro.

¢ 12.1.15*% a. CMm. puc. B MOMeHT BpeMeHH ! B TO4YKe A HaNpsKeHHOCTh 3JTEKTpHYECKOo-
ro mons uinydenus Eyusn =FE, +E,,rne £, * E, — HanpAXeHHOCTh TOJA B BOJIHe, H3Jly-
YaeMO#t BepXHe#t H HIDKHel NnacTHHaMU:

Koreery [2.1.12 Korgery 12.1.15

3HauuT, Eyan = E, + £, =adE[2c?.
6. Eyay = oCio/2 =iy /(2cey) (BCN);  Eyan =2ni,/c (8 CIC).
B. B anextpuueckom mone BOnHH E, sin wt (w = 2mA) CKOPOCTH 3TEKTPOHOB U

E,
Mew

cos wt. AMIUINTYOa HalpAXeHHOCTH 5NeKTPHUECKOro 110718 B BOfHe, H3Nyyad
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ek, nee

—_— . KoapdpnuneHT oTpaxceHus
Mew 2ce,

MOR 3THMH 3NeKTpoHamy, Eyqy =

k =(Eyan/E,)* = [nee® x[(dmmeveyc)]?.

MOXHO TakXe HaTn Ko3(hHUMEHT OTpaxkeHHd, OlpeldesIHB Ha CKONBKO ocnaburcs
BOJIHA MOCTe NMPOXOXOEeHNHA MieHkH. B 3ToM criyvae clienyeT y4ecTh BTOpHUHOE H3Jlyve-
HHe 3NTeKTPOHOB, BLI3LIBAEMOE WX B3aMMONEMCTBHEM C BOJIHOM, yke HCHYyLUIEHHOR 3TH-
MH Ke IEKTPOHaMH MpH B3aMMOZeHCTBHH ¢ napaiolle BonHo#. M3-3a HanoxeHHR Ha
BOJIHY, NipolWleAWyl0 MJIeHKY, BTOPHYHOro HM3JlyueHus, MOYLIEro B MpOTHBodA3e, MHTEH-
CHBHOCTb BOMHBI YMEHBILIAETCA, 8 M3-32 HANlOXEHHs HA Hee IEpBHYHOIO H3J1yYeHHE, HOYLUIETO
co coBurom ¢asel w/2, yBenwunBaercs. IlepBoe BnusAHMe B OBa pa3a cuiibHee BTOpOI'O.
[Mo3ToMy HHTEHCHBHOCTbL BOJIMBI NOCNE MpOXOKOEeHHA MICHKH YMEHBIIHTCH Ha BeJTHYHHY,
PaBHYI0 HHTEHCHBHOCTH OTPAKEHHOR BOJIHLI.

12.1.16. A =4-10"% c™m.

12.1.17. o mepe yBensuedus TOAMIMHBI IVIEHKH B OTpaMKeHHe HIJIy4YeHHS BOBIIEKAeT-
csl Bce GoNbllee YHCIO 3INMEKTPOHOBR W aMIUIMTYN3a OTpaKeHHON BOJIHLI JiHeMHO pacTeT
(o6nacte x < x,). JInHeliHast 38BUCUMOCTb AMIUIHTYObl OT TOJILMHHLI MAEHKH HApYlLideTCH
B Cllydae, Korga AONA OTPAXKEHHOIO H3Jly4YeHHH BellKa. JTO UMeEeT MeCTO OpH X > X,.

12.1,18*. A = 4nm,ve, ¢/(n e?) = 107F em.

12.1.19. E=0, B=2E/c.

12.1.20. A =4-10"% ¢cM, x=2-10"° cm.

12.1.21. j=2¢e,cE, P=2¢e,£? (BCH):

j=cEy2n, P=E?*[2n (BCI().

12.1.22. P=¢,E]}.

12,1.23. P =2 mlla, P =0,5mMlla.

12.1.24*, r ~ ] MKM.

O 12.1.25. Cm.puc. a) E'=-E, B'=B 6)L'= E.

A N (ﬁ ,/ £ N 8’ II
’ ’
£ Ye 8 /ﬂ\f
4 /4
’
a é

Koraery 12.1.25

12.1.26. £ =/ Pe, cos® a.
12.1.27%. Cuna, mefcTByiowias Ha 5NEKTPOH, ABMXyLMHCE BOOJL METALHYeCKOH Mo-

BepXHocTH, pasHa B CI'C F= e(E ——:— B) =0. [oaromy E/B = v/e.

+ 1 T+
Y ecm; pe—E2 E1Y

12.1.28%, P=2¢,E2
28 G0 T 8n c -

(BCIQC).
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12,1.29. v=ca/(2v, + 4).

k-1
12.1.30. v =¢ ;_‘.—1 .

¢ 12.1.3%. a. HaBenmeHHbIe Ha [UIOCKOI IpaHHlle 3a-
pAOB CO3JAIT 3JIeKTPHNECKOE Tofle, MEPIEHAMKY-
nApHoe Iuiockolt rpaHuue. [loaroMmy B € pas ymeHs-
WwaeTcs JIUib NepleHAUKYIAPHAs COCTaBAOWAd Ha-
NpAXEeHHOCTH 3IEKTPHYECKOr 0 NMONs BOJHLL

6. HaBeneHHbie NOBepXHOCTHLIE TOKH CO3JaI0T Ma-
THUTHOE NTone, HHAYKUHA KOTOPOro IiapaiielikHa Mo-
BepxHocTH. [losToMy B 4 pa3 YBeIHYHBAETCA JMUIL
napajnenbHas COCTaB/AIOLIAA HHAYKUHHY MarHUTHOTO
nons BOJHLL

/A P Vs P

¢
VY, Y/

v 7 7 7 Y
v % 2
S N N N

N
SN 2N X
\Y
N N N N

Korgery 12.1.31

12.1.32. C pasHpIX CropOH rpaHMUbl pas’fiefla HalpsKeHHOCTh 3MEKTPHYECKOro U MH-
OYKUMSA MarHuTHoro Toned opuHakoBel: EF — Ey =E,, B+ B, = By,aB = E\/;, fe,

B, =E°\/e_,/c, By -‘-E,,\/;/c (cm. 3zamady 12.1.7*). M3 »sTHX ypaBHeHu#t cnenyer

]

g .

o0

rp  2n, 3n  4n
Korgery 12.1.34

2rp

700

E JE = e, - Ve )& e; +/e,). ipu Ve, <+Je; sHakm E, u E ONMHAKOBEL, a TP

€ >

o 12.1.34, Cm.puc. BCTC W, =7/, E}r3, W, = 2E%r3,

§ 12.2. PacnpocrpaneHne 3NEKTPOMATHHTHBIX BOJIH

€, — NpOTHBOIOJIOXHKL. JTO 03HayaeT, 4To B MepBoM ciyiae dasa oTpaxeHHO!
BOJTHBI He MeHAeTCH, 2 BO BTOPpOM cnydae MeHAETCA Ha m.

12.2.2. [InuHa BOIHBI M ee CKOPOCTb YMEHBILIAIOTCSA B 1 pas3, YacToTa He MeHsleTCH.

12.2.4. sinay = ka/b, roe k — 1enoe uncro.
12.2.5. B k? pas.

12.2.6. Aa=13,5".

12.2.7. 1 =2 /n

12.2.8. YBeNHUHTCA HHTEHCHBHOCTD M3NYYEHHS B IPYTHX TOYKAX.

12.2.9*. B yeThipe paza.
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see ‘AM...M...—)
VAb  2VAb roVAD r
Korgery 12.2.10

¢ 12.2,10. Cm. pHuc.

12.2.11* Ypenuunnacs B 100 pas (a) u B 324 pa3a (6).

12.2.12% ¢ = i/A, a = A A Si/rA (yMHOXeHHe Ha i O3HaYaeT COBMI a3kl BTOpHUHONK BOJI-
HBI Ha 7/2).

12.2.13.a.R~ 1l kM. 6. R~ 1,5m.

12.2.14. 1 ~ 1M, 0,5 kM, 150 k™.

12.2.15. a. Tony6as yacTb CHeKTpa H3NYYeHHA HHTH pacCeHBaeTCHd Ha MaTOBOI HIOBepX-
HOCTH CHJBHee. B. M3-32 UIYKTyalu# NNOTHOCTH aTMoOc(epHOro Boszyxa roiyyfas yacts
CIIeKTpa pacceuBaeTCHa CHIbHee.

I'JIABA 13. TEOMETPHYECKASA OIITHKA. ®OTOMETPHA.
KBAHTOBAA NIPHPOAA CBETA

§ 13.1. [IpamonHHeitHOe pacNpOCTpaHEHNe H OTpaKeHHEe CBeTa

& 13.1.1. Cm. puc.
> 13.1.2. Cm. puc.
> 13.1.3. Cm. puc.

13.1.4. Ha creHe nony4aerca usobGpaxkeHne ConmHua. B cnyvyae, xorna pasmep OTBepCTUA
OyneT 6onbiue H306pakeHHA COJHLA Ha CTeHe.

Dbnaeme nonKOG MENY

N
b om
Socm

Korsery 13.1.1 Korgery 13.1.2

Koreery 13.1.3



13.1.5. 3epkano He “nepeBopaunBaer” u3oGpaxceHue. Ho HenpospadyHbIft NpelMeT Ka-
METCH HaM MepeBepHYTHIM CIIpaBa HaseBO, TAK KaK OGLMMHO OTPaXEHHYIO 3epKanoMm CTopo-
My MBI BUOHMM TONBKO B CIIyYae, eciy MpeamMeT pasBepHy T Ha 180°,

13.1.6. H=h/2.

13.1.7. He mensercs.

13.1.8. B pe3synsraTe ABOAHOrO OTpaXeHHA NOJyYaeTCH HellepeBepHyToe H30GpaxeHue.
U3 mobo#t TouKM KOMHATBI.

13.19. Yxa3aHue : MOCMOTPHTE B KalleRAKOCKOI.

13.1.10*, «=120°.
¢ 13.1.11. Xon nyue#t noxa3zaH Ha pucyHKe,

T
A A
YK
AR VA
7
A

Korsery 13.1.11

r/2 |

o

Korgery 13.1.18 ’ Korsery 13.1.19

13.1.12. x = h/2.
13.1.13. f = R/2.
13.1.15. f=36 cM.
13.1.16. 1 =20 cm.
13.1.17.f =48 cm,
¢ 13.1.18. Cm, puc.
¢ 13.1.19. Cwm. puc.
13.1.20*. INapaBonoun BparueHus, eCTiM eI0 OCL HapanyeNkia Jyyam.

§ 13.2. llpenomnenne cBeta. BopMyna AMA3HL
13.2.1, a = 48°,
13.2.2.a. h=2,66 M, 6. h =4 KM.

L+l
13.2.3. YMeHbUIKTCA B

n pas.
L+nl
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13.24.n = 1,13.

13.2.5. a. g = 24,6°, ag=49°, 0gp= 33,7°.

6. M3-3a monHoro BHYTpEHHEro OTpaxKeHHs TIyyelt oT My3nipel.

13.2.6. Her.

13.2.7. R=In/(n - 1).

13.2.8. Npu a > arccos (2/3) cBeT yXe NMpH MepBOM OTPOKeHHH YACTHYHO BBIAMET H3 KO-
Hyca. Ilpu a < arccos (2/3) cBeT cHayana GydeT LENMKOM OTpaXKAThCS OT GOKOBOH Mo-
BepxHOCTH. [locne KaKIOro oTpaXeHHsA YTONl MEXOY JIY4OoM ¥ HOPMANIbIO K IIOBEPXHOCTH
KOHyca 6yneT yMeHBWIAThCH Ha 2o, ¥ 4Yepe3 HECKONBKO OTpasmeHHR cBeT choBa 6ymer
YXOIHTbL H3 KOHYCa Yepe3 ero IIoBepXHOCTh.

13.2.9.r=R/2.

13.2.10*, ' =r/n.

13.2.11. sina =n/k¥ 1,

. 1% |
13.212. H = ?('&_’ R‘),
1 /1 1
BB —= (- D(—+ _>
F R, R,

13.2.15.a. F = 0,25m, D = 1/F = 4 pnrp. 6. R = 0,6 m.
13.2.16. R = 0,26 m.

1 1 n—1 1 1 n—1
13.217% a) — = — — .6)—=—— .
x nf nr, x f r
1 R?
13.2.18. f = — —
(n-1) &

13.2.19. A = a(n, —n,)f.

13.2.20*. U3 uacT GOKOBON NMOBEPXHOCTH NONYUMIMHADPE, OTPAHMUEHHON YIIIOM a =
= 2 arcsin (1/n).

13.221%. n = 4/3.

13.222. n = 3/2.

13.2.23. y = x/n.

§ 13.3. OnTHYeCKHE CHCTEMBI )

¢ 13.3.1.Cm.puc.: a) k=1/2;6) k = 3/2;8) k = 1/4;r) k = 3/4.
¢ 13.3.2. Cm. pHc.

13.3.3. f = 20 cm.

13.34.1 = 2f.

13.35. v = 2wf.

f? N
13.3.6.k=———————-——;k~< ) npu I - 0.
@-r)y—i*/a a-f

13.3.7. f = 3/Tm.
13.3.8. t = 5 mc.
13.3.9. df/dt = vk/(1 - k), db/dt = vk.
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Korgery 13.3.1

f‘
v
_— 5 -—

Koraery 13.3.2



r,o—r
1 a

13.3.10. K nuH3e Ha paccTofsHue | = ——— f;  OT 7MH3BI HA paccTosHue [ =
D/2+y,

ry =Ty

D/2-r, '

13.3.11% 23M < 1, <32mMm; 1,6M <!, < 8m.

13.3.12. D, = -5 gnrp, D, =2 antp.

13.3.13. Cunsho 611u30pyKull,

13.3.14. OrBepcTye orpaHHuMBaeT paGouylo MIIOLIAAb XPYCTaTHKA H [103BOJIAET PACCMAT-
PHMBAThL IpeAMETRI, YOaNeHHbIe OT I71a3a MeHee YeM Ha 25 cM. YBenuucHHe Gymer kK = 25/x,
rie X — paccTOsHueE.

13.3.15. f = 2,5 cM.

13.3.16% tga'=(1 —a/f)tga

13.3.17. k = 2.

13.3.18.a. I=f@—2f)/a-f). 6. f'=f/2

. L 11 1
13.3.09. f'= ———; —= — + —.

13.3.20. f’ =~ f/2 + 31/4 o1 nepBo#t NHH3BI,
13.3.21. Ha paccrosiuuH, npepniutaomeM 10 cM ot 6mwkafiiefi nHH3BI.
13.3.22. f > 0,6 M.

d-R)f af Fd

13323, x, = ——— , x, = nmpud >R+ F; x=
d—R-f d-f d-F

npuF <d <R+F,

npu d < F pelleHHd HeT.

13.3.24% n=R/(R - ).
n nng— 1)

13.3.25% f,=— f: ;= ———
2 2(n, — 1)

13.3.26. h,th, =( - NIf.

13.3.27. Ypennuurca B a/(@ - f) pas.

13.3.28. Ha 25//f,f,; yMenbumzca B k pas.

§ 13.4. doTomerpus

134.1. h=1 ™m.
134.2, £, =130 2ax, E, =71:K, E, =25 nk.
13.4.3. E=411xk. L

(1A% + (h+2x)%]
1344, E=

h*(h + 2x)* -
13.4.5. Cwm. puc. AR ) [Z 2
13.4.6. B 80 000 pas. ‘
13.4.7. I'=1(1 — k)/(1 + k). ~2L,

£ 4 Korgery 13.4.5

13.4.8*% x ~5cB. jer.
13.4.9. N'/N ~(R/r)*, roe R - panuyc BeHepbl, a r — pacCTOAHUE oT 3eMIIH Lo BeHepsl,
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13.4.10. x ~ R*[r, rme r — XapaKTepHELI pa3Mep aBTOMOOMIIA.

13.4.11. OcheiieHHOCTh H300GpaXKEHMA YMEHBLIMTCA: BepXHe 4YacTH CTPEeNKH-
npeNMeTa — HeCKONbKO Golblile 4eM B IBa pa3a, HWXKHEH — HECKONBKO MEHbIIIE YEM B [ABa
pasa.

13.4.12. YBenuuurtcs B ABa pasa.

13.4.13. Epep/Enpas = (R/2D)?.

a'f? .
13.4.14% E=E, . Tpu x =a/2.
xf— @ -0 -N]? '
13.4.15. L=L,D*/D?.
13.4.16* HeT. Eppycc =BaD?/R2.

134.17. D=1,8° v,

4x? Ty
(—— ) =~ 770, rae To = 6 -10° K — temneparypa noBepxHoc-
T,
C

13.4.18* N ~

d1
TH CoOnHua.

13.4.19. He n3MeHHuTCA.
13.4.20. Pe3ko yBenHYMBaeTCs CBETOBOM MTOTOK OT 3Be3Mbl K IN1asy.

13.4.21%. d, = ¥/, d,.

k, +1 2
13.4.22% ¢, =t,<————) .
k, +1

134.23* n~ (10ar?L) "',
13.4.24* p=0,2r/m°.
13.4.25*. B BoceMs pas.

§ 13.5. KsauroBas npupoja cBerta

135.1. E, ~ 107¢ Bt/m?, E, ~ 4-10"¢ Br/m?*, E, =4-10"% Br/m2.
13.52. W=hv —eV,.

13.5.3. CKOpOCTH 3NMeKTPOHa H MOIUTPOHA HAOMKHB! GLITH paBHB! [0 MOAYMIO W Ipo~
THBOIIONIOXHO Hampasnensl. v = 1,24 -10% T,

€, — €, sin(, +0,)
1354. 2. v=¢c ———. 6. v=¢ ————
€, t e, sing, + sing,
hv? hv?
13.5.5. a. m=(1 — cos@) 6. Av=(1 —cos8)
ctav mec?

13.5.6*. a) lpu ucnyckaHuu ¢oTOHA B HANPAaBNEHHH ABHXKEHMSA aTOMa

my? m — Av)? hv

= + hv+e, mv =m@- Av)+
2 2 ¢

1
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IlpH MCTIYCKAHHH OTOHA B HANIPABIICHUH, IPOTHBONONONKHOM HEMPABNECHHIO JIBHMCH NN
11OM4a,
muv? m+ A'v)? ho'

= + hv+e, Mmu=m+Av) — . 2)
2 2 ¢

B (1) 1 (2) m —mMacca atoMa, Av U A'v — H3MeHEHHe CKOPOCTH, € -- H3MCHEHHC BHYT-
peHHelt 3HepruM aToMa, v’ -- HckoMast yacToTa doTtoHa. IIpH Av, A'v <v u3 (1) # (2) cne-
lyer, 4ro

1 -v/e

v =y
1 +v/e

6)Y v =v(l - v/o).
13.5.7. TlpuTsxeHneM POTOHOB B 3BE3E.

13.5.8. Av=vyM/(Rc?), y - TpaBHTaUMOHHAA NoCTosHHad. Ave = 10° Tu. Tem-

l0Boe ABHXeHHe aTOMOB Ha ITOBepXHOCTH CONHUZ BIIHAET Ha YAaCTOTY H3NyyaeMbIX HM
(OTOHOB B Gorbllel cTeNMeHH. YeM IPaBHTALHOHHOE Nofe.
13.5.9% f~R¥c*/(64M) ~10° nk.
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