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NPEANCIIOBUE

3agayy¥ Ha BCTYNHTEJbHLIX IK3aMeHax N0 (U3MKe AA0TCA AAS TOro,
4106 NPOBEPHTb, HACKOJBKO I'Ty60KO NOHMMaeT abUTYPHEHT CYWHOCTb
(H3HYeCKHX 3aKOHOB M ABJEHKH, yMeeT /M OH NPaKTHYECKH NPHUMeHATb
3HAHHA B KOHKPETHOM QH3HYECKON CHTYaUHH, BBIGHpaTh NPaBHIbHBM NYTh
pelleHus 3aaayu, 060CHOBLIBATL €ro, AeAaTb HeO6XOMAHMbIE BLYHCIEHHS.

OnbiT NOKa3biBaET, YTO pelleHHe 32ay BbI3HBAaET y aGHTYPHEHTOB HaH-
6oabliKe 3aTPYAHEHHS, 0COGEHHO eciH B 3afade HeoOXOAMMO HCI0Jb30-
BaTb OPMYJbl ¥ 3aKOHB H3 Pa3HbIX pasfesoB Kypca (H3IHKH.

Lesb naxHOro nocobus — MOMoyb NOCTYNAIIHM B BY3bl 0606WHTL H
3aKpenHuTh 3HaHHA 06 OCHOBHBIX METOaX pellleHHs 3a7ay N0 pa3jiH4HbIM
pa3fesam Kypca QU3HKH.

[Toco6ue umeeT caenyoulyio cTpykTypy. B Hadane kaxaoro naparpada
nawoTcs o6uiHe YKalaHHs 0 Hauboslee paUMOHAIbHBIX MeTOAaxX H NpHemax
pelleHKs 3afay, NPHBOAATCA Ba)KHeHlUHe 3aKOHB K (QOPMYJIbl, NPHMEHse-
Mble IIPH DelleHMH 3THX 3afay. 3aTeM Ha NpHMepax NOKasnBaeTcs, Kak
NpaKTHYeCKH N0Jb30BaTbCH OMHCAHKbLIMH MeToAaMH. [asee caenyor 3ana-
YW 45 CaMOCTOSTENbHOTO PELIEHHSA, MHOTHe H3 KOTOPHX Npeaiarajnch Ha
BCTYNHTeNbHBX 3K3aMeHaX N0 QH3HKe B Pa3JHYHBIX BLICIIHX y4yeGHbIX 3a-
BeJleHHAX.

A6uTYypHEHTY pekoMeHAyeTcs paboTaTh B TaKOH NOCJeN0BaTeNbHOCTH:
1) NOBTOPHTH N0 WKOILHLIM Y4EOHHKAM H APYrdM yde6HbiM NI0COBKAM Teope-
THYECKHMH MaTepHas JaHHOro pasgena; 2) 03HaKOMHTHCH C PeKOMeHIaUK si-
MH N0 pellesHIo 3afay, IPHBOAMMLIMH B 3TOH KHHre; 3) Kaxaywo 3agady,
PacCMOTPEHHYIO B KayecTBe NpHMepa, NMONBITaTbCH CHaYyaja PewnTh camo-
My M TOJBbKO 110C/Ie 3TOT0 BHHMaTesbHO pa3obpaTb NpHBeAeHHOe B KHHre
peluexye; 4) caMOCTOSITEbHO PELIMTD 3a[aqH N0 JaHHOMY pasiesy.

Kaxpas ¢pH3nyeckas 3agaya umeeT cBOH ocobeHHocTH. [lostomy, NpH-
CTynas K PelWeHHIO 3aayH, HYXHO BHHMAaTe/bHO MPOaHaJH3HPOBaTh ee,
yTo6b YeTKO NMpeACTaBHTL cebe onucaHHoe B HeH sBJAEHHE WJIH npouecc,
pasobpaTbes, KaK OH NPoTeKaeT, BCNIOMHHTb, KaKHe 3aKOHOMEDHOCTH Je-
%at B ero ocHoBe. CliefyeT BbiSICHHTb, KAKOBH HauaabHoe H KOHeYyHoe Co-
CTOSIHMA [pouecca, KakHMH NapaMeTpaMH OHH OMHCHIBAlOTCH, YTO AaHO,
yTo Tpebyerca HaiiTH. HyxHo caenaTs cooTBeTcTBYOWMI PHCYHOK (Cxemy
3JeKTPHUYECKON LeNK, YCTAaHOBKK K T.N.). DTo obneryaeT aHalH3 W pelue-
HHe 3alay4H.

[Tocae BbIiICHEHHS (H3HUYECKOR CYLIHOCTH 3afa4H Hal0 COCTaBHTb CH-
CTeMY YpaBHeHHH, YHCIO KOTOPbIX PABHO HMCIY HEH3BECTHLIX BeJMYUH,
PellHTD ee B O6LIEM BHie, T.e. MONYYKTb pacyeTHyio Gopmyay. 3aTeM npo-
BepSeTCs MPaBUIBHOCTb 3TOH QORMYynbl JEHCTBHSMH C eluHHuaMH (H3H-
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yeckux penuuuH. ([Togpo6Hee 06 3ToM cM. B Hadane rnasbi “OCHOBB KKHe-
MaTHKK”.) B naHHOM noco6uM Takas NpOBepKa He AaeTCsl, TaK KaK 3TO
3HaYUTENBHO YBENHUUIO 6b1 06beM KHUrH. HO NpaBH/IbHOCTbL OKOHYATElb-
Hoit opMyibl cleyeT NPOBEPATh BCErAa, B TOM uHCle, pa3yMeeTcs, ¥ Ha
sk3amere. UToObl Jlerye 6bi10 fe1aTh TaKyl MPOBEPKy, B MPHI0XEHHSX
AdHbl onpefeasoulHe ypaBHeHUs, 0603HAUEHHSA H OnpefeleHHst OCHOBHBIX,
AOTONHUTENbHBIX H HEKOTOPbIX NPoH3BoAHbIX eauHHu CH.

[Mocne nposepku pacueTHOH (OpMyJbl B Hee HaAO0 MOACTABHTb YHCHO-
Bble 3HayeHHs (PH3UYECKHX BEJHYMH H BbIMHCAHTbD HCKOMBIHA pe3ysbTaT ¢
YU4ETOM MpaBH AeMCTBHIl Han NpubanKeHHbIMHM uncaamu (cm. npua. 1).
PacueTn y106HO NPOH3BOAMTE C NOMOUIbI0 MHKPOKa/bKYJAATOPa. B naHHOM
Noco6uH A5 KPATKOCTH NOACTAHOBKA 3HaYeHHM H BBIYHCJECHHSA He NPHBOARAT-
Cfl, a cpa3y nocfe pacyeTHoit (PopMyJibl A3aeTCs pe3y/bTaT BhlYHCAEHHIL.

3agauu AR CaMOCTOATENbHOrO PELUCHHS COAEPMKAT, KPOMe 3alahHbiX
3HAYeHHIl BeJHYHH, Bce HeOOXOAHUMBIE 3HAUEHHA (PH3HUECKHX BEJHYHH, KO-
TOpbi€ AAI0TCS B CNPABOUHKIX Tab/IHUaX, T.€. 331a4H NPHBOAATCS B TAKOM BHIE,
B KaKOM OHH OOBIYHO MPEeRIararoTCs Ha BCTYIHTEJbHBIX IK3AMEHaX.

B psise cayuaes pjisi KpATKOCTH BMECTO MOAYIS (PH3HYECKOH BeJHYHHbL
FOBOPHTCS IPOCTO O BeJHYHHE. 3To He N0MXKHO BH3bBATH KAKHX-IH60 He-
AOpA3yMeHHH, TaK Kak Mo 0603HayeHHAM ICHO, 0 YeM HAET Peyb: BEKTOp-
Has ¢H3Hyeckas BenHyHHa 0603HayaeTcs GYKBOH CO CTpe/IKOil Hal He#l, a
MOMlY/Ib 3TOH BENHYHHBL — TaKoOH ke 6ykBOH, Ho Gea cTpeskH (HanpuMep:
F — cuna, F —moayab 3Toil cuibt).

B oTBeTax Ko BceM 3afla4aM IS CaMOCTOSITEIbHOTO PeLleHHs AaHbl pac-
yeTHbe GOPMYJibl U 3HAYEHHS] HCKOMBIX BEJHYHH.

[ToaroToBKa K BCTYNHTENbHOMY 3K3aMeHY MO (PH3HKe — BaXKHLIA 3Tan B
COBEPLIEHCTBOBAHHHM M yray6neHHu 3HaHHi abutypuenTa. [Tostomy asTOp
Cyesl BO3MOXHBIM BKJIOYHTb HEKOTOPbie 3afa4H, CBA3aHHble C BONPOCAMH,
KOTODble He BXOAAT B MpPOrpaMMy [/f MOCTYNAOUMX B By3bl, HO BIMOJHE
AOCTYNHBL V15 BRIMYCKHHKa cpeaHeil wkonol. B xauecTse npUMepa MoxHO
npuBecTH npasuna Knpxroga, konbua HeloTosa, adppext Komnrona.

TpeTbe M3manHe 3HaYMTENbHO AOMOJHEHO H MepepaboTaHo ¢ yyeToM
MHOTO/IETHEr0 OfbiTa HC01b30BaHUA NOCOOGHA Ha NOArOTOBHTEIbHBIX OTAe-
JIeHHAX BY30B, B JHUESX, THMHA3HAX, CPEAHHX WIKOJaX H TEXHHKyMaX.

ABTop Bhipaxaet rny6okyio 61arogapHocTb pelleH3eHTam: KOJIIeKTHBY
Kaeapbl o6uieit pu3nky Benopycckoro rocy1apcTBeHHOr0 yHHBEPCHTETA H
axudo poueHty M. M. JKoanepeenuy, a Takke yuuTeno GH3IUKH cpefHed
wxoanl Ne 49 r. Muncka M. A. 3a6enuHckoMy 3a nose3Hble 3aMedyaHHs H
COBETHI, CNIOCOGCTBOBABLIHE YIYYLIEHHIO NOCOBUS.

OT3miBBI H N0XenaHUsA Npocb6a HanpasnATh No aapecy: 220048, Munck,
npocnekt Maweposa, 11, usgatenscrso “Buuusitias wkona”.

Asmop



1. MEXAHUKA

1. OCHOBbI KWHEMATWUKU

MeToanueckmne ykasaHusi K pelleHunIo 3aaay

[lpu pellenHH KHHeMaTHUeCKHX 3alay MOJe3HO NpHAep-
KHBaTbCA CJELYIOILEro NOPSAKA BLIIOJHEHHA 3a[laFHBIX OeHCT-
BHH.

BHuMaTe/IbHO TIPOYHTAB 3aAady, NpoaHaJW3HPOBaTh YCJ0-
BHe. BrimucaTh OCHOBHBE 3HA4YeHHs 3aJaHHHIX BeJHUYHH, 2
TaKXKe HEeKOTOpbie NONOJHHTENbHBIE IaHHBlE, BbIABJIEHHBIE IPH
aHanM3e 3afayd (HanpMMep, OJHOBPEMEHHOCTh Hauyala JBH-
XEeHHS TeJ, PaBEHCTBO KOODAMHAT TeJ B MOMEHT HX BCTPeyH
MT. ).

CnenaTh CXeMaTHUeCKHH 4YepTeX, OTOOpaXKaIWHH OnH-
caHHoe B 3ajaue ABHxeHHe. M306pa3nTh Ha HeM TPaeKTOPHIO
IBHXEHHS, BEKTODBl CKOPOCTH, YCKOPEHHS, NIepeMEeLeHH .

BribpaTb cHCTEMY KOODAMHAT, CBA3AHHYIO C TEJIOM OTCYETa,
M0Ka3aTh [10J0XHTENbHOE HallpaBleHHe KOOPAHHATHBIX OCEH.
KoopauHaTHble 0CH BHOHpPAIOT Tak, YTOOB NPOEKUHH BEKTO-
POB Ha HUX BbIpaX<alHch BO3MOXHO 60Jiee TPOCTHM 06pa3oM.
Bri6paTth Havano oTcyeTa BpeMeHH.

CocTaBHTb AJISl JaHHOTO ABHXKEHHS YDaBHEHHS, OTpaxalo-
LiMe B BEKTOPHOH opMe MaTEMaTHYECKYIO CBA3b MEXIY H30-
6paKeHHbIMH Ha cXxeMe (QH3HYECKMMH BeJHYHHaAMH. UToO6bI
clle1aTh pacueThl, HYXKHO 3aNHcaTh 3TH ypaBHEHHSA B CKaJsip-
HOH (opMe, T. €. B NPOEKUHAX Ha KOODAHHaTHble ocH. [Ipn
3TOM He06XOAHMO YYHTHIBATh, UTO NPOEKLHSA BEKTOPa Ha 0Cb
CUHTAETCsl MOJIOXKHTE/BHOH, €C/IH OT MPOEKUHH Hadaa K 1po-
€KLHH KOHIlA BEKTOPa HYXKHO HATH 110 HalpaBJeHHIO OCH, H
OTPHLATE/bHON B IPOTHBHOM CJjyyae.

PelIHTh COCTaBJEHHYIO CHCTEMY ypaBHEHHH OTHOCHTEJb-
HO MCKOMBIX BEJHYHH, T. €. MOJY4YHTb pacyeTHble GOpMYJbL.
3atem [Quis NPOBEpKH NPAaBHALHOCTH pacdyeTHbIX GopMys B
IpaByIO YacTb KaXAOH H3 HUX BMecTO 0603HaueHHH QH3ude-
CKHX BEJHYHH HYXHO MOJACTaBHTb 0603HaYeHHA €HWHHL 3THX



sBeauunn B CH, npoussecTy Ham HUMH HeoOXOnHMbie feHCT-
BHA K YOEAHUThCS, UTO IOJYYEHHOE B pe3yJ/bTaTe 0603HauUeHHue
eIMHHLIBl COOTBETCTBYET HCKOMOH BeslHuHHe. Ecan Takoro coot-
BETCTBHS HET, TO 3TO 03HA4aeT, YTO 33a[aya pelleHa HeBEPHO.

Han o603HaueHnssMu e IMHHL PH3MUECKHX BEAMYHH MOKHO
IPOH3BOAHTL AEHCTBUA YMHOXEHHS, [eJI€eHHs!, BO3BEIEHHS B
CTelleHb M H3BJe4YeHHs KOpHs. [leMCTBUSA CJ0XKeHHs ¥ BbIUM-
TaHHUA 3TUX 0603HAYEHHH He HMeIOT CMBICJA.

Ecan B npaBo#t yacTH pacyeTHOH OpMyJbl HMeETCs al-
re6panyecKas CyMMa, TO HYXKHO CHauaJja MpOBepHUTb, OfHHa-
KOBO JIH BBIpa)KalTcs yepe3 0603HaueHHs eHHHL ClaraeMble.
Ecau oniHakKoBo, TO COOTBETCTBYIOLIEE BhIpaXKeHKe HAo No1-
CTaBHTb B (OpPMYJy BMECTO CYMMbl, @ 3aT€M [POH3BECTH OC-
TanbHble feficTBUA. [TosicHHM 9TO Ha npuMepe.

B pesyJbTate pellieHus 3afauM NoayuyeHa pacueTHas ¢op-

MyJa
_ Jo? +2gh
g b
rae ! — BpeMs; U — CKOpPOCTb; g — YCKOpeHHe CBOGOAHOTO

naneHus; h — Bucota. [IpoBepuM, faet au 3ta gopmyaa ean-
HuLy BpeMeHu. CHavyana npoBepHM KaXK0e C/araemoe:

O = (2) =% [ellh] = %n =2

C

Cnaraemsoie BhIDAXKAIOTCA OAHHAKOBO. CJIEIIOBaTEJIbHO,

2
V2 +2gh 3 \[1::2

g - a T¢
2

[Toayunsnn obo3nayeHne earHHLIB BpeMeHH, COOTBETCTBYIO-
liee MCKOMOH BesMuMHe, 0603HauYeHHe KOTODOH CTOMT B Jle-
BOM 4acTH popMyasl, T. e. ¢ = [t].

[Ipn Tako# npoBepke pauMOHaNbHO NPHMEHAATb B 0603Ha-
YEeHHUSAX eIMHHUL TOJbKO TOPH30HTAJbHYIO YepTY, TaK KaK 3TO
o6sieryaeT NpaBUJbHOE BLIMTOJHEHHE HEOOXOAUMBIX AeHCTBHH.

Y6eauBuInCh, YTO pacueTHble POPMYJIbl JAIOT eIMHHMIIBI HC-
KOMBIX BEeJIHYMH, Hafo MOCJe 3TOr0 BbPa3HTb BCe 3adaHHBble
3HaueHHs BeJHuHMH B eqHuuax CH, noacrtaButh B pacueTHble
¢dopMyJbl ¥ npousBecTH BeiuMcaenHd. [Ipy noncraHoske un-
CJIOBBle 3HayeHHsl BEJHUMH CUHTAIOTCSA MOJOKHUTENbHBIMH, TaK
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KaK 3HaKH MPOeKIHHA BEKTOPOB Y4YTeHBI MpPH 3aMHCH ypaBHe-
HHUH.

[lpoaHanu3upoBaTh pe3yabTaT U CHOPMYJIUPOBATH OKOH-
yaTeJbHbIM OTBET.

OCHOBHbI€ 3aKOHb! ¥ hOpMyIbl

[Ip# nepeMeHHOM ABHXEHHH C NOCTOSHHBIM YCKOPEHHEM CKO-
pocmb meaa 8 A0600 momenm gpemenu ! onpefensercs ypasHe-
HHEM

U =0gy +at,

TAe Uy — Haya/lbHas CKOPOCTb; @ — YCKOpeHHe.

SToMy BeKTOPHOMY YpaBHEHHIO B CJIyuae [BHXKEeHHA Ha I1J10CKO-
CTH COOTBETCTBYIOT [Ba YPaBHEHM# [JIfi [IPOEKUMII CKOPOCTH U, M
v, Ha koopauHaTHble ock OX u OY:

Up = 0o + ayt, v, = vy + ayt.

Koopdurnamoe: meaa 8 210608 momenm gpemenu t ONpelensioT-
Cfl YpaBHEHHAMH:
2 2
a,t a,t
X = xp F ot + =, y=yo+"0y’+y7»

TAe X, Yo — KOOPAMHATHI B Haua/lbHbIH MOMEHT BpeMeHH. ITH ¢op-
MYJIbl [IpHMEHHMBI /151 ONHCAHHS KaK NPSMOJHHEHHOT0, TaK H KPHBO-
JMHeRHOro ABHXeHHA. BaxHO JHLlb, 4TOOL YCKOpeHHE BbLIO0 [0CTO-
IHHBIM [10 MOAYJIIO M HanpaBJieHHIO.

[Tpu @ = 0 npuBeseHHble Bhille YPaBHEHHS LA CKOPOCTH M KO-
OpAMHAT OMHCHIBAIOT PABHOMEPHOE [IBHXKEHHe.

Tpoexyus nepemeujernus S Ha och OX

2 2
2 Uy — Vg,

2a,

t
Sx=00xt+ax2 » Sy T

X
Cpedmm cKopocmb — BEKTOpHasa BeJIHUHHA
(v)=5/1,

tae § — [lepeMelleHHe, KOTOpPoe GbINO COBEpPUIEHO 332 MPOMEXYTOK
BpeMeHH f.
Cpeduan ckopocmp npoxoxcdenus nymu — CKalNspHas BeNlHYHHA

vcp=l/t,

rae [ — nyTb, NPORIEHHBIH TEJIOM 32 IPOMEKYTOK BpeMeHu f.



[Tpn paBHOMepHOM ABHXEHHM Tesa MO OKPYXKHOCTH paaHyca R
AuneldHas ckopocme

v=2nR/T =2nRn = wR,

rae T — mepHoa BpallleHHs; N — YacTOTa BpalleHHS; () — yrjosas
CKOpOCTb!

©=2n/T =2nn.

Yckopenue NpU paBHOMEDPHOM [BHMEHHH TeJsla [0 OKPYXHOCTH
(yenmpocmpemumenvroe, Wiu HOpMaAbHOE, YcKOPEHUE) HANPAB-
JIEHO K LEHTPY OKpy»HocTH. MoayJab 3Toro yckopenus

a, =v*/R=w?R

B cayuae nepasHomeprozo dBumerus Tela NO OKPYXHOCTH
YCKOpeHHe B JaHHOH TOUKe TPaeKTOPHH eCTb BEKTOPHAN CyMMa ABYX
COCTaBJIRIOLHX:

a=a,+d,,

ie d, — UEHTpOCTpeMHTesibHOe (HOpMallbHOE) yCKOpeHHe, KOTo-
pOe HAMpaBAeHO K3 3TOH TOUKH NO paauycy (HopManu K KacaTelb-
HOM) K LIEHTPY OKDYXKHOCTH M XapaKTepH3yeT GLICTPOTY H3MeHe-
HUSL CKODOCTH 10 HampaBJeHHIO; 4, — kacameabroe {manzenyu-
aAbHOE) YyCKOoperue, KOTOpOe HalpaBJeHO NO KacaTeJbHOH M Xa-
pakTepuayeT GLICTPOTY H3MEHeHHS MOAYJS ckopocT. Mosyab ueH-
TPOCTPEMHTE/IbHOMO YCKOPeHHS @, = v2/ R, Tiie U — MOAY.b CKOPOCTH
Tesla B AAHHOH TOYKe TPaeKTOPHH; R — paaHyC OKPYMKHOCTH.

Mogaynb yckopeHus
a=+a? +al.

[Ipy paBHOMEpPHOM ABHXXKEHHH N0 OKPYXHOCTH a, =0, a = a, =
=v2/R.

Kaaccuueckui 3axkon caomerus cxopocmedl: CKOPOCTb Tesa
OTHOCHTEJIbHO HEeMONBH)XHOH CHCTEeMbi OTCYeTa paBHa BeKTOPHOM
CyMMe CKOPOCTH TeJl2 OTHOCHTEJIbHO ABHXYLUEHCH CHCTEMbl OTCHEeTa
M CKOPOCTH [ABHXYLUIEHCA CHCTeMbl OTHOCHTEJbHO Heno/BHMHOM:
U=0"+4

Mpumepbl pelueHus 3agay

1. KosoHHa MOTOUMKJIHCTOB ABHXETCS MO LIOCCE CO CKO-
poctbio v = 10 M/ ¢, pacTsiHyBLIMCh Ha paccTosiHKe [ = § KMm.
M3 xBocTa ¥ roJioBbl KOJOHHbI OQHOBPEMEHHO BbI€3XKAIOT Ha-



BCTpeuy APYT APYry ABa MOTOLMKIHCTA CO CKOPOCTAMH v =
=20 M/c ¥ vy =15 M/c cooTBeTCTBEHHO. 3a KaKoe BpeMs
NepBbI MOTOUMKJHCT JOCTHTHET I'OJIOBLI, @ BTOPOH — XBOCTA
KOJIOHHBI?

PemweHue J[IBXKyuylcs CHCTEMY OTCYETa CBSXKEM C
KOJIOHHOH. 33 Hayao KoOpAHHAT O’ PHMEM XBOCT KOJIOHHBI,
a 3a [0JIOXKHTE/IBHOE HarpaBJle-

Hee ocu O’X’ ~ Hanpasienue Y
LBMXeHHsi KOoJoHHH (puc.1).
HenopsrxHylo cHcTeMy oTcue- |
Ta CBSXKEM C 3eMJIeH, Haydajo

koopauHaT O COBMECTHM C TOY- 0,/ ////////////AJ

KOH, rlie HaXOQHJCS XBOCT KO-

¥y
JIOHHBl B MOMEHT Bhl€3la MO- X
TOUMKJIMCTOB, NOJOXKHUTEIbHOE V%
HanpaBsieHne ocu OX Takoe 7 0
Xe, Kak 1 ocH O’X’. O6o3Ha- |
YHM yepe3 yf M 0§ CKOPOCTH 7
TepBOTO ¥ BTOPOTO MOTOUHKIN- /7770777772077 77770777 X
CTOB B ABHXYUIEHCS CHCTEME Puc l
OTCYeTa.

s

CornacHO 3aKOHy CJIOXKEHHSI CKOPOCTeH, y =uf +0,
U9 = v§ + v, OTKYyJa:

Y =0 -0, V5=10Uy~0.

Hajinem npoexuuy BeKTopoB of M v Ha ock O’X’, yuHTHI-
Basi IPH 3TOM, 4TO Hé)OEKuHH Pa3HOCTH BEKTOPOB paBHAa pas-
HOCTH MX NpOeKuMi (Ha OHy M Ty Xe 0Cb):

W=v-v, —U)=-vp—U, WIH 0§ =vy +U.
3anuuleM ypaBHeHHe, BbIpaXKaiollee 3aBHCHMOCTb KOOp-
AOMHATbI 1€PBOTO MOTOLMKJ/IHUCTA OT BPEMEHH ¢:
x{ = (v —olt. (1)
B MoMeHT BpemeHH ! = {| MOTOLMKIHCT JOCTHIHET [OJNOBbI

KOJIOHHbI; ero KoopauHaTa x{ = . Ha ocnoBanuy ypasHeHusi
(1) monyuum [ = (v; — v)t, oTKyZa

ty=1/(v, - v). (2)

3aBHCHMOCTD KOOpIHHATH BTOPOr0O MOTOLMKJIHCTA OT Bpe-
MEHH BHIPA3HTCH ypaBHEHHEM



x5 =1~ (vg + 0. (3)

B MomeHT BpeMeHH t = t9 BTOPOH MOTOILMKIHCT JOCTHIHET
XBOCTa KOJIOHHBI, KoopauHaTa kKotoporo xj = 0. Corsacho
ypasHenuio (3), nonyaum 0 = [ — (v + v)ty, OTKyna

t2 = l/(UZ + U). (4)

ITo popmynam (2) u (4) naigem: t; =5-10%¢, t5=2- 102 c.

3Ty 3aady MOXKHO PeLIHTh UHaye. PaccmaTpuBas aBrxeHHe
KOJIOHHB MOTOLMKIHMCTOB OTHOCHTENbHO HEMONBHUXKHOH CHC-
TeMH OTCYETa, 3aMHUIIEM YPaBHEHHS [l KOOPJHHAT TIepBOro
(x1) u BTOpOrO (X9) MOTOLMKAKCTOB, @ TaKXKe [Js1 KOOPAMHAT
rosioBul (x3) ¥ xBocTa (x4) KOJOHHBL:

x1=vlt, x2=l—02t, X3 =1+ut, x4 = 0L

B MoMeHT BpeMmeHM ! = t;, Koria NepBbH MOTOLMKJIHCT
1

JIOCTUTHET TOJIOBbl KOJIOHHBI, 6yeT HMETb MECTO PaBEHCTBO

X1 = x3, T- €.

Ultl =1 +Ut1, tl = l/(vl —U).

BTopofl MOTOUMKIHCT AOCTHTHET XBOCTA KOJOHHBI B MO-
MEHT BpeMeHH ¢ = fy, [IPH 3TOM X9 = Xx4. CrnenoBaTeNbHO,

1—02t2 =Ut2, t2 = l/(02 +U).

Taxum 06pa3oM, HE3aBUCHMO OT BHOOPa CHUCTEMBI 0TCYETA
pe3yJbTaT MoJy4yaeTcst OfHH U TOT XKe.

2. JIsa noesna UAyT HaBCTpeyy APYT APYTY CO CKOPOCTSIMH
u; = 12 m/c n vy = 18 M/c. Tlaccaxup nepsoro noessa
3aMeyaeT, YTO BTOPOH [10€3/ [IPOXOAUT MHMO HETr0 B TeueHHe
t = 8 c. KakoBa pauna [ Broporo moesaa?

Pew e HHe CXeM ABHXKYILYIOCH CHCTEMY OTCYETA C
NEePBHIM [10€3[0M, 332 HayajJo KoopauHat ()’ IPHMEM MeCTo-
HaxoXJeHHe [1aCCaXKupa, 3a [0JOXKHTENbHOE HanpaBeHHe OCH

O’X’ — HanpaBJ/leHUe IBHXXEHUA BTOPOTo noe3na. Henoasux-
Hasl CHCTEMa OTcyeTa cBsi3aHa ¢ 3emielt (puc. 2). Cornacho
3aKOHY CJIOXEHHS CKOPOCTel, Uy = 0§ + Uy, TI€ 0§ — CKOPOCTb
BTOPOTO 110€3/1a OTHOCHTENbHO nepBoro. OTCI0Na U4 = Uy — 7} -
Haiinem npoexumio Bektopa u3 Ha och O’X”:

vh =v9 —(-1) = vy + .
10
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B MoMeHT BpeMeHH ¢ KOOPAHHATA XBOCTa BTOPOro noesfa
x' =1+ vy + 1)t

B MomeHT BpeMeHH ! = {;, KOTla XBOCT BTOPOro noe3sa
IpOXOAHUT MHMO facca)upa nepsoro noesaa, x’ =0, T. e.
0=~/ + (vg + v)t;. Otcrona

[ = (02 + Ul)tl-

[loacTaBMB YHC/IOBLIE 3HaYeHHUs, noayunM [ = 2,4 - 102 M.
3. B mope aBuxKyTCs Ba KOpPabiisi CO CKOPOCTAMHU U H 0o

nop yrioM o Apyr K apyry. Haiith ckopocTs Broporo kopabas
OTHOCHTENBHO MEPBOTO.

P e w e H n e. [IBRXxy1ylocs cucTeMy KoopaHHat X'O’Y’
CBSDKEM C IePBHIM KOpabJieM, [IPHHSAB 3a M0JI0XKHUTENbHOE Ha-
npaeaeHue ocu O’X’ HanpaB/eHHe CKOPOCTH NEPBOro Kopabas
(puc. 3). HenogsuxHas cuctema koopauHaT XOY cBsizaHa ¢
Boaoil. B cucteme X’O’Y’ BTOpO# KOpabab IBHIKETCH CO CKOPO-
cThio 04. COracHo 3aKOHY C/IOXKEHHS CKOPOCTeH, Uy = 0§ + Uy,
OTKyZa U5 = Uy — 0y . B npoekuusx Ha ocH KoopauHat O'X’ u
0’Y’ noayuum:

Upyr = Ug COSOL— ), U, =UgSINCL

3Has IPOEKLMH BEKTOPA U4, HAXOMUM €r0 MORYJIb:

v = yJ(vg cosa —9))? + (vy sina)? = \ﬁf + vg - 2yv9 cos QL.

Hanpasaenre Bekrtopa 52’ ompefenseM yriom f, ans Ko-
TOPOT0 HAXOAUM:
Uy Up COSQ — 4

v w/uf + vg - 20,9 cosa

cosP =

1



4. CamoJer B3seTaeT C a3poapoMa nof yraoM o = 30° K
TOPU3OHTY C TOCTOSHHOM cKopoctbio v = 60 m/c. Kakou
BBICOTHI A JOCTHTHET OH 4yepe3 ¢ = 10 ¢ K Ha kakoe paccTos-
Hue s (B ropH30OHTaNbHOM HaNpaBJeHHH) YAANHTCA OT MecTa
B3JleTa?

PeweHue CucreMy KOODPAHHAT CBSDKEM C 3eMJeH,
NIOMECTHB Haya/J0 KOOpPAMHAT B TOUYKY B3JI€Ta, HalpasHB OCb
OX ropusoHTanbHo, a ock OY BepTHKainHO BBepx (puc. 4).

4 . Y*
v
Yeh o .
L v
R 2
¥
% B
g x5 X% I X
Puc 4 Puc b

Bupaanm 3aBHCHMOCTL KOOPAHHAT CaMoOJieTa OT BPEMEHH!

X =U,t =vtcos, y=u,l=utsina

B MomeHT Bpemenu ¢ =t 6ynmet x; = s, y; = h. Cnenona-
TeJIbHO,

s = vt cosq, s=5,2~102 M,
h=ut sina, h=30-102 M.

5. Katep nepecekaer peky. CKOPOCTb T€UEHHS 7, CKOPOCTD
KaTepa OTHOCHTEJILHO BOMbI Up. [Tof KakuM yriiom & K Gepery
LOJXEH HOTH KaTep, YToOb epeceds PEKYy: 33 MHHHMaJbHOE
BpeM#; N0 KparyaimeMy nyTH?

P e w e H ne. Hemogsuxuyto cucremy koopaunat XOY
CBSDKEM ¢ GeperoM, MPHHSIB 33 HayaJo KOOPAMHAT TOYKy O,
M3 KOTOPOH KaTep HauMHaeT [ABHMraThCsi, M HanpasHB ocb OX
1O TeUeHHIo, BoJb 6epera, a ocb OY neprneHfnkyafapHo Gepe-
ry (puc. 5). OTHocuTensHO cucTeMb KoopauHaT XOY xatep
LBHXETCS CO CKOPOCTbIO D = Uy + ¥;. HafineM npoekuuu Bek-
Topa v Ha ocu OX u OY:

Uy =Up COSA+ ), v, =UgSinw.
12



3anyuweM ypaBHeHHS, BbIpaxalouide 3aBHCHMOCTb KO-
OpAMHAT KaTepa OT BPeMeHH:

x =y +ug cosa), y=(vysinalt.

KaTtep nocTHrHer npyroro 6epera B MOMEHT BPeMeHH t = f|,
Korna y = L, rne L — wrpHHa peku. CaenoBaTeJbHO, Bpems,
HeOBXONMMOe [UIA repecederHs pekd, ¢ = L/(uvy sinct). OHoO
6yneT MHHHMaJbHBIM M1py sina =1, T. e. o = ®/2. D70 03Haua-
€T, YTO KaTep JO/KEH JepXXaTbh KypC NEpreHAHKYIAPHO Oepery.

Uro6ul nepeceyb peky Mo KpaTyadiueMy nyTH H3 Toukd O
B TOYKY A, KaTep N0/DKeH HATH Tak, 4ToGbl BHIIONHAIOCH pa-
BeHcTBO x = 0, T. e. () + vy cosa)t = 0. OTcioaa HaxonuM
cosa = —v; /vy, T. €. KyPC KaTepa Jo/DKeH ObITb TaKMM, YTO-
65l BHIOMHAIHCH YCA0BHS o > /2 H |cosa] = 1y /vy. Creno-
BaTeNbHO, Nepeceyb PeKy N0 KpaTyaniieMy MyTH KaTep CMO-
KET JIUWDb NIPH CAEAYIOWHMX YCIOBHSX: vy > 1y, B =1/2.

6. Teso GpouieHo BepTHKaJbHO BBepX ¢ HayalbHOH CKO-
pocThio Ug. Uepes kakoe BpeMs rocJe Hadana ABHXEHHUS H C
KaKOH CKOPOCTbIO TeJsIO MPOHMAET TOUKY, HAXOAALLYIOCS Ha BhI-
cote h? KakoBbl MakCHMaJsbHasl BHICOTA 104beMa TeJa H Bpe-
Ms nosieta? CoOnpoTHBJIEHHE BO3AyXa He Y4HTHIBATh.

P e w e H ¥ e. KoopauuatHywo ocs OY HanpaBHM BepTH-
KaJbHO BBEPX, HayaJo KOOpAHHaT O COBMeCTHM C TOUYKOH
6pocanus (puc.6). BpeMs 6yneM OTCUMTHIBATL ¢ MOMEHTa
6pocaHuf. Toraa KOOpAMHaTa Tesla H NPOEKLHs ero CKOPOCTH
Ha ocb OY B MOMEHT BpeMeHH ! PaBHbI COOTBETCTBEHHO:

y:uot—gt2/2, Uy=00—gf. (1)

s touxu A, HaxomsmeHcd Ha
BrHICOTE A, § = h. PewnB xBagpaTHoe
ypaBHeHHe h = vyt — gt /2 otHOCH- -
TEJILHO ¢, TIOJIYYHM [1Ba 3HAYEHHS:

A
v —,’vg —~2gh H

h=———, g
d Al s
v +\’v§ -2gh ’
tg = — 21—
g g
e X
Takum o6pasom, Teso nobSuiBaer 7
B Touke A [Bax/bl: MepsLlii pa3 B
MOMEHT BPEMEHH ¢, ABHrASICh BBEPX, Puc 6
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M BTOpOH DPa3 B MOMEHT BpeMeHH !y, ABMrasch BHM3. CKo-
POCTb Te€Ja B 3TH MOMEHTH BPeMEHH Ofpefe/uM, NOACTaBUB
3HaueHus !| M ly BO BTOpOe ypaBHeHHe cucTeMbl (1):

Uy =Up—gh = ,/vg —2gh, @)
U2y =g - gly = —110(2) - 2gh

W3 nocnennux dopmyn Buaxo, uto |vg| = ly|, T. e. Moxyn
CKOPOCTH TeJ1a [PH IBHXXEHHMH BHM3 paBeH MOIYJI0 CKOPOCTH
Tesla B 3TOMH )Ke TOYKe NPH [ABHXKEHHH BBepX. DTO CrpaBefH-
BO /IS JIOGOM TOYKM TPAaeKTOPHH. B 4acTHOCTH, A/ TOUKH
6pocanus (A = 0) a ocHoBauuu popmya (2) noayunm: v, = vp,
gy ==V, [vj] = [vz| =0, T. . MOLYaBL cKOpOCTH Tena B Mo-
MeHT NajleHust PaBeH MOLYJI0 CKOPOCTH B MOMEHT GPOCaHHs.

Bpems nogbema Tena f3 onpeaesiM M3 YCJAOBHS, UTO B BEPX-
Heil TOYKe TPaeKTOPHUM CKOPOCTh paBHa Hymo: 0 = vy — gts.
Otciona t3 = vy/ g.

MaKcHMa/bHYIO BHCOTY N0OAbeMa HailieM, OACTAaBUB 3Ha-
yeHHe t3 B mepBoe ypaBHeHue cucteMsl (1):

g4

2
H=ugty - £3 =2
0 2 2g"

YuutsiBasi, 4TO B MOMEHT [ajleHNUsl KOOPAMHATa Tesla paBHa
HYJIO, HaHaeM BpeMs MoJeTa: vgly — th/ 2=0, oTkyaa {4 =
= 2ug/ g. (Btopoii KopeHb t4 = 0 COOTBETCTBYeT MOMEHTY Gpo-
cauus.) TakuM o6pasom, ty = 2t3. CrenoBaTensHo, BpeMsi najie-
HHSl Tesla paBHO BPEMEHH €ro MobeMa 10 BepXHel TOUKH Tpaek-
TOPHH.

7. OpHo Tes0 GPOLIEHO C MOBEPXHOCTH 3€MJM BEPTHKAJb-
HO BBEDX C HEKOTOPOi HayaJbHOM CKOPOCTHIO, a APYTroe naja-
€T C BHICOTHl h 6e3 Haya/JbHOH CKOpPOCTH. [IBHXKeHHs Hada-
JIUCb OMHOBPEMEHHO M MPOUCXOAAT MO OAHOHN mpsamol. Haltu
Haya/lbHYyI0 CKOPOCTb [IEPBOTO TeJa, €C/H H3BECTHO, YTO Ye-
pe3 NpoMeXYTOK BpeMeHHM ! Nocje Hayaja ABHXKEHHS pac-
CTOSIHHE MEXAY TeJaMH PaBHO §.

P e w e H u e. 3a Hayas0 oTCcYeTa IpHUMeM TOYKY Gpoca-
HHsl, KOOPAMHATHYI ock OY HanpaBUM BepPTHKalbHO BBEPX
(puc. 7). Toria B MOMEHT BpeMeHH ! KOOPJHHATH [EPBOTO H
BTOPOro TeJsl PaBHB COOTBETCTBEHHO:

Yy = vgt —gt2/2, Yo = h ~- gt2/2,
rae Uo — Ha4yaJbHas CKOpOCTb HepBOI‘O TeJa.

14
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Pacctosinne Mexay TenaMH paBHO Pa3HOCTH HUX KOOPAH-
HaT: S = yp —y; = h — vgt. Otciona vg = (h — s)/¢.

8. [lBa BenocuneancTa OJHOBPEMEHHO HAya/ld [ABHIKEHME
110 HAaKJOHHOH MJIOCKOCTH: OINH, UMeSl HauyaJbHYI0 CKOPOCTb
vg; = 4,0 M/ ¢, paBHO3aMe[IeHHO* MOJHMMAaEeTCH BBEPX C YCKO-
peHneM, MofyJb Kotoporo a; = 0,10 m/c2, apyroii, umes
HaYaJbHYI0 CKOPOCTb Uge = 1,0 M/ ¢, paBHOYCcKOpeHHO** cITyc-
KaeTCsl BHU3 ¢ YCKOPEHHeM, MOIYJb KoToporo ag = 0,40 m/c2.
Uepes xaxkoe BpeMsl t OHU BCTPETATCH M Kakue MyTH S| U S
NPOHAET KAaXKAHH [0 BCTPEYH, ec/IM B HaUaJbHbli MOMEHT pac-
CTOSIHHE MeX1y HMMH xg = 150 m?

P e e #Hue. Hayano koopauHaT cCOBMECTHM C HayaJbLHOH
TOYKOH ABHXKEHHS [1epBOro BeJOCHNeaucTa, ock OX Hampa-
BUMM 110 HanpapJeHuio ero asrmxenns (puc. 8). Torna 3aBucu-
MOCTH KOOPAMHAT [1ePBOTO X BTOPOrO BEJOCHIIEAHCTOB OT Bpe-
MeHH BHIPA3sITCAl YpaBHEHHSIMH:

Xy = Umt - a1t2/2, X9 = Xg — 002t - 02t2/2.
B touke BcTpeun A x| = X9, NOITOMY
001t —a1t2/2 = Xo — UOZt - 02t2/2.

Otciona (ag — a)t2 + 2(vg; + vge)t = 2xg = 0. Pewns 310
KBaJpaTHOE YpaBHEHHe OTHOCHTEJBHO f, MONy4YHM

* Pagno3amednenHbim Ha3bBAETCH NPAMONHHERHOE ABHIXKEHHe C fo-
CTOSIHHbIM YCKOpDEeHHEeM, MPH KOTOPOM MOAYAb CKOPOCTH YMEHbLIAeTCH.

** PagHOyCcKOpeHHbIM Ha3biBaeTCs NPAMOJIHHeHHOe ABHXKEHHE ¢ NOCTO-
SIHHBIM YCKOpPEeHHEeM, NP1 KOTOPOM MOAY./b CKOPOCTH yBeJHYHBaeTCs.

15



_ vy + ugp) + ¥{vg; + vg)? +2x0(ay —ay)
- | '

t

[MoacTaBUB 3HaUE€HUA BeJHYHH M MPOM3BEIs BLIUUCJIEHUS,
noayunm t| = 19 c.

BTopoii KopeHnb 3TOro ypaBHeHus t9 < 0 oT6pachiBaeM Kak
He UMeIMi GU3NYECKOro CMbIC/IA NpH NaHHOM Bbi6Ope Ha-
yana otcuera BpeMeHH. IlepBuil BesocHMEANCT NpPOMAET RO
BCTpEUH NyThb

5| = x1 = vgih —a1t12/2, s; =58 m,
BTOPOH BEJIOCHIIENHCT — NyTh
S9 = X9 — 51, 59 = 92 m.

9. Teno, naparoiee 6e3 Ha4aIbHOH CKOPOCTH C HEKOTOPOH
BHICOTH! f{, MpoLILIO nocaeanue Ay = 30 M 3a Bpems £y = 0,5 c.
Onpepnenurs BLICOTY NafeHHus k| 1 Bpems nafenus t|. Conpo-
THBJeHHEM BO31yXa NpeHeOpeyb.

P ew e Hue 3anHayano xoopauHaT npumem Touky O,
HaxofsiIylocst Ha BbICOTE A| OT MOBEPXHOCTH 3eMiH, ock OY
HalpaBUM BepTHKaibHO BHH3 (puc. 9).

g Vom0 7 Bpemsi 6ymeM OTCUMTHIBATH C MOMEHTa
. Hayaja [ABMKeHHs Tesa. B HauanbHbli
g MOMeHT BpeMeHH o = 0, v, = 0. [Ipoex-
uMs yCKopeHus Ha och OY a,=g. Torna
h, ypaBHeHHe, BbIpakawollee 3aBHCHMOCTb
KOODAMHATHl Tesna OT BpeMeHH, Oymer
HMeTb BHI

hy y=gt?/2. (1)
TN B MoMeHT BpeMeHH f| — t5 KOOpAM-

v HaTa Tesa 6yneT paBHa

_ gl —1)’

Puc?9 hy = hy = 9 . (2)

Korna Ttesno ynaper Ha semamo, y = hy, t = ;. Cornacxo
ypasHenuio (1), hy = gt12/2. [MoacTaBuB 310 3Hauenue h; B
ypaBHeHue (2), moayyum

ﬁ —~ hoy = -——g(tl —t2)2

2 2 2

Orciona nociie npeo6pa3oBaHuil HailaeM
16



_ e
tl - 3 + gtz .
TNpoussens BhuHCaeHHS, noayunm: A; = 2+ 102 M, ¢, = 6 c.

10. CamoJer 128 B3fleTa A0/KeH NPHOOPeCTH CKOPOCThb
u= 250 xM/ 4. CKONbKO BpeMeHH AIMTCS PA3rOH, €C/H 3Ta
CKOPOCTb AOCTHraeTcsl B KOHUE B3JEeTHOH MOJOCH AJHHOH
[ =1000 m? KaxoBo ycxopeHnue camoseta? KakoBa cpeaHss
CKOPOCTb CaMoJjieTa Ha 3TOM yuyacTke? [[BriKeHHe camosera
CYHTaTh PABHOYCKOPEHHBIM.

Pe w e n e Hauano xoopauHaT COBMECTHM C UCXOQHBIM
noJ10)keHHeM caMoJieTa, ocb OX HanpaBuM BOJb TPAEKTOPHH
(puc. 10). Bpems 6yneM o1-
CYUTHIBATH OT MOMEHTA Ha-

YaJia 1BH>eHus1. Toraa ypas- / .

HEeHHsl, BbIpaXKalolLHe 3aBH- i B

CHMOCTb KOODAMHATHl X H g g,

[IpOEKUHH CKOPocTH v, ot 0 ¥’ oA

BpeMeHH, 6YLyT HMeTb BUA: Puc 10
x=at?/2 v, = at. (1)

B xoHue nosocet x = [, v, = v, t = ¢t;. [logcrasus 3tH
3HaueHHs B ypaBHeHus (1), moayuum:

I=at?/2, v=ay.
OTciofa HangeM:

ty=2l/v, a=v2/(20). (2)
CpenHsisi CKOPOCTb CaMoJleTa Ha 3TOM yqacTke
Ucp=l/t1=0/2. (3)

Bripasus [ 1 v B equnruax CH, noayuum no gopmyaam (2)
n@):t;=29¢c,a=24 m/c? Vep = 35 M/ c.

11. Jludr, nopHMMascy paBHOYCKOPEHHO B TEUEHHE NePBOTO Npo-
MeXyTKa BpeMeHH {; = 2 ¢, JOCTHraeT CKopocTH v; =4 M/ ¢,
C KOTOPOH NPOJ0J/KAET NIOLLEM B TeUeHHe BTOPOro NIPOMeXyTKa
BpeMeHH fo = 4 c. 3aTeM JUPT ABHKETCH PABHO3aMEIJIEHHO H K
KOHLLy TPeThero NpoMexyTKa {3 = 3 ¢ octaHaBauBaerca. Onpese-
JIUTb BHCOTY foabeMa JHdTa. PelTh 3agauy Takxke rpagHyeckH.

Pewe H e Boicora nogpema nudra

h=hl+h2+h3,
17



rae hy, ho, A3 — NyTH, NPOHAEHHbIE JHPTOM 32 MPOMEXYTKH
BpeMeHH f|, {9, 3 COOTBETCTBEHHO.

Y4uTHIBaS, YTO B TeUEHHE [1ePBOT0 H TPETbEro NPOMEXKYTKOB
BpeMeHH JU(T ABHrajcs ¢ MOCTOSHHBIMH YCKODEHHAMH, Hal-
IeM CpeflHHe CKOPOCTH JHU(TA HA yyacTKax h; U A3 Kak mojy-
CYMMBb! HayaJbHBIX H KOHEUHBIX CKOPOCTEH:

0+y v _u+0 oy

Uepl = T3 T 9 Uep3 T T 2
[TpoiineHHtle 3a BpeMsi ] U I3 MyTH PaBHbI COOTBETCTBEHHO:

= U = = uls
hy = vepity = 5 A3 = vepaty = 55,

3a BpeMs !y, ABHrasicb paBHOMEPHO, JIH(T Npole] NyTsb
hy = v tg. TaxuM 06pa3oM, BLICOTA NOABEMA JHPTa

t t
h=212_1+01t2+.vl2_3_=%(t1 +2t2+t3),h=26M.
Pewnm 3anauy apyrum cnoco6om. [TocTpoum rpaduk 3a-

BHCHMOCTH NpPOEKLMH CKOPOCTH JHdTa Ha ock OY, Hanpas-
JIeHHY!0 BEpPTHKaJbHO BBepX, 0T BpeMeHH ¢ (puc. 11). Bu-

Vy,N/[
4 4 4
}.
2F
]-
i i 2 [
9 7 2 3 4 58 7 8 9tc
Puc. il

coTa noabeMa JUPTa A YHUCIEHHO paBHA IJIOWIALM Tparne-
uun OABC:

i+l +13 +1¢
h=’—%01 =%(t1 + 2ty + 13), h = 26 m.

12. Teno, ABHTASACH C NOCTOSIHHBIM YCKOPEHHEM H3 COCTOSA-
HUS NOKOS, NPOLLN0 HEKOTOPBIH NyTh. YeMy paBHO OTHOLIe-
HHe cpelHeH CKOPOCTH Tesa Ha BTOPOH MOJIOBHHE MYTH K
cpeflHeH CKOPOCTH Ha NepBOH IOJOBHHE NYTH?

18



Pewenue. Ilycts!— myTs, mpoiinenHslii Tesom. Toraa
CpeflHHe CKOPOCTH TeJla Ha NepBOH U BTOPOH MOJOBHHAX MYTH
PaBHbl COOTBETCTBEHHO!

Ucpl = l/(2t1), Ucp2 = l/(2t2)1

rie ti, to — NPOMEXYTKH BpPEMEHH, 33 KOTOpble MPOMAEHBI
nepBasi U BTOpasi MOJOBHHBI MYTH.

Ecau a — yckopenue Tena, 10 [/2 = atl2/2, OTKYyZa
t=4l/a.

AHanoruyHo HafifieM, YTO Bech NYTh [ TeJIO NPOLLIO 32 Bpe-
Ms t = 2{/a. CnegoBatesHo,

tp=t—t; = [E-JL = [L(2-1).

Hckomoe oTHOLIEHHE CPEIHHX CKOPOCTeH

Uep2 4 Ucp? =94

Uept fg? op

13. Teno 6poleH0 BepPTUKANABLHO BBEPX CO CKOPOCTHIO Ug =
=10 M/c. Ha kakoi BbicoTe CKOpPOCTb Teaa OyAeT B n =
= 2 pa3a MeHblue? ConpoTHBIEHHEM BO3yXa NpeHebpeds.

PeweHune Hauano koopanHAT COBMECTHM C TOYKOH
6pocanus, ock OY HanpasuM BepTHKaAbHO BBepX (cM. puc. 6).
Bpemst 6yieM OTCUHTHIBATE ¢ MOMeHTa Opocanus. Toraa 3aBu-
CHMOCTb OT BpeMEHH KOOPAMHATHI TeJa U MPOEKLUHH €r0 CKO-
pocTH Ha ocb OY BHIPa3siTCA ypaBHEHHAMH:

y=vgt ~gt2/2, v, = vy~ gt. (1)

Mpu v = vy/n koopauHaTH Teda y = h, ¢ = t|. Ha ocHoBa-
Huu ypasuenui (1) momyumm:

h =gty — gt /2, (2)
vg/n = vy — gt. @3)

Beuipasus ¢ u3 popmyast (3) u N0ACTaBUB ero B Bhipaxe-
uue (2), nonydum nocse npeoGpa3oBaHHN M BbIYHCIEHUH

2
h= 1"—(l—i), h=38wm

=2 ®

14. BenocuneaucT exaa no NPSAMOJHHEHHOMY Y4acTKy
mocce co cKopocThio v = 15 m/¢. Koraa o mopasHsiics ¢
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aBTOMOGH/IeM, TOT Hadaja ABHUIaTbCA M3 COCTOSIHHMSA IMOKOS
paBHOYCKOpeHHo. HalTu cKopocTb aBTOMOGHIISL B TOT MOMEHT,
KOT/la OH JOTOHHT BeJOCHNEAHCTA.

PeweHue CoBMECTHM Hauyas0 KOOPAMHAT C Hayalb-
HOH TOYKOH TPaeKTOPHH aBTOMOOMJSA. 33 NOJOXKHTENbHOE
Hanpasnaenue ocu OX npuMeM HanpaBJeHHe CKOPOCTH aBTO-
Mobuns u Benocuneucta (puc. 12). Torga aBMXKeHHe aBTo-
MOOHJIA OMUCHBAETCA KHHEMAaTUIECKHMH YpaBHEHUAMH:

x9 = at?/2, vy = at,

rae @ — yCcKopeHHe aBTOMOGHJISA; U9 — €r0 CKOPOCTb B MOMEHT
BpeMeHH L.

Ry
BN
>~

Pune 12

Koopamnnara Benocuneancta. x; = vf, Tak Kak OH ABHXKETCS
paBHOMepHO. B MoMeHT BpeMeHM f = I, Korga aBTOMOGH.Ib
OOTOHHUT BEJNOCHIIeNMCTa, HX KOOPAMHATHI OYAYT OAMHAKOBHI,
T. €. X| = xg9. C/1e10BaTe/bHO,

oty =at? /2. (1)
CKopocTb aBTOMOGHJIS B 3TO BpeMs
vy = aty. (2)
U3 ypasuenus (1) noayuum
2u; = aty. (3)

CpasuuBas Bblpaxenns (2) u (3), Haxomnm vy = 2vy, vy =
=30 mM/c.

15. Jlpurasch NpsMOJIMHEHHO paBHO3aMelJeHHO, TeJo B
HayajbHBIH MOMEHT BPEMEHH HUMeJI0 cKopocTb ug = 0,40 M/ c.
B TeueHune nATOH CEKyHAb OHO mpoul1o MyTh Iy = 0,31 M.
Haiitu Moaysb yckopenHs Tesa M NyTh, NPOMAEHHBIH TeJIOM
[0 OCTaHOBKH.

Pewesnue Bubepem ocb OX Tak, utobsl OHa 6blna
COHanpaB/ieHa ¢ BEKTOpPOM . TOraa NpoekiHH HadalbHOH
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CKODOCTH vy M YCKODEHHMS g Ha 3Ty OCb — COOTBETCTBEHHO
Vox = Ug, G, = —a. [1yTs, npoiinenHsiil TeJ0M 3a Bpemsi 5 =5 ¢,

_ 2
15 = UOtS - at5 /2,
a 33 BpeMs t4 = 4 ¢ TENO NPOXOAUT NYTh
— 2
ly =voty —at;/2.

[TyTb, npoiigeHHBIH TENOM B TedeHHe ATOH CEKYH/H,

a(t3 - 1)

lgs =I5 = lg = vglts — tg) — =

OTcrona HaleM MOAYJb YCKOPEHHS Tena:

2(U0(t5 - t4) lys)
212

(1)

[Tycts T — BpeMs, 3a KOTOpO€ TeJO OPOLLIO NyTh [ 10
0CTaHOBKH. Toraa

= vot—a12/2‘ (2)

3aBUCHMOCTD IPOEKLHMH CKOPOCTH OT BPEMEHH BhIPAXKAET-
cst popmyaoit v, = vy — at. B MoMenT octaHoBku v, = 0,
t = 1. CnepoBartenbHo, T = vy /a [NoactaBuB 3TO 3HaYeHHE B
BupaxeHnue (2), moayuum l— 4 2/(2a). B 3Ty Qopmyty nos-
ctaBum 3HadeHue (1) u HaPUleM NyThb, NPOMAEHHBIN TEJIOM [0
OCTAaHOBKH:
u(t5 - 13)

= 4(v0(15 —t4)—[45). (3)

pasunbuocts popmya (1) u (3) npoBepum AeHCTBHAMY ¢
eMHULIAMH BEJHUIHH

(oolltl =% - c=m, (L]l =m, [Mﬁl&s)} =% =1d,
o) <
L =n={l

M

[Toc/sie MOACTAHOBKM YHMCJIOBBIX 3HaYeHHH M BbIYHCACHHH
nonyuum: a = 0,02 m/c2, [ = 4 m.
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16. Teno nBHXKeTCs MO rOPH3OHTANBHOH FJOCKOCTH MNPsi-
MosuHeHHO co CKopocTwio vy = 30,0 M/ ¢. Yepes t; = 20,0 ¢
nocJje Hayana AeHCTBHsI NIOCTOSTHHOH CHJbI OHO TpHobpertaeT
ckopocTb vy = 20,0 M/ ¢, HanpaB/eHHYIO B O6PaTHYIO CTOPO-
ny. Haiitu monynb nepemerueHusi, coBeplleHHOro TeJOM 3a
3TO BpeMsi, IPOHAEHHBIH TEJOM TyTb H MOLYJb YCKOPEHHSI.

Pewenue. Hauano xoopanHat coBMecTHM ¢ Toukon O,
B KOTOpPOY HAXOAKJOCH TeJ0 B MOMEHT Hauasna AeHCTBHS NO-
CTOSHHOH CHJIBI, ¥ BpeMsi 6yeM OTCUHTBIBATH C 3TOTO MO-
MeHTa. [lycts ock OX coHanpaB/ieHa ¢ BEKTOPOM CKOPOCTH Ty
(puc. 13). IMocKosbKy HalpaBJ/eHHe CKOPOCTH M3MEHHJIOCH Ha

Y
192/

[ 5ul

=1
<
-
<

M
<

Puc. 13

NPOTHBOMNOJIOXHOE, TO 3TO 3HAYHT, YTO NOA AEHCTBHEM NOCTO-
SIHHOH CHJbl Te/0 ABHMIaJoch C MOCTOSIHHBIM YCKODeHHeM a,
TNpHYeM BEKTOPHl a H U HampaBJjeHbl NPOTHBOMOJOMXHO APYT
Apyry. [IBrxenHe Tes1a 6yAeT ONHCHBATHCA KHHEMATHYECKHMH
YPaBHEHHSIMH!

X =xp+ vt +agt/2,
Uy =gy + ayl. (1)
[Tpoekuns BekTOpa nepeMeluenus § Ha ocb OX paBHa U3-
MeHEeHHIO KOODAMHATHI X!
Sy = X — Xo = Upgl +a,t2 /2. (2)
U3 ypasuenus (1) nadinem
a, = (v, ~vg, )/t (3)
Y, NOACTABUB 3TO 3HaueHHe B BbipakeHHe (2), noayuum

(vx —on)tz = Ugx t U

2t 2 =t (4)

Sy =Ug,t +

B MOMeHT BpeMeHH f
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_ Yo t U

Six = 2 tl‘
B BhIGpaHHONM CHCTeMe KOOPAMHAT Ug, = Ug, Up, = —U|,
CJIe/I0BaTeJ/IbHO,
Ug -0
Siy = ”oz—tl, S1x = 100 m.

Tak kak Tes1o iBHKeTCs o ocH OX, MOAy/b epeMeleH s
S1 = ‘Slx| =100 m.
Kak BupHo 13 puc. 13, nyTb, NpoHeHHHII TeJIOM 32 BpeMs ¢,

= ‘Slxl * 2(l32x| - lslxl)- (5)
Bocnoab3osabBlukch BrpaxenreM (4), Haiinem

_ Yox t Wy
Sox == 5t (6)
rae f9 — MOMEHT BpeMeHH, B KOTOpHI ug, = O (Hampassenue
BEKTOpa CKOPOCTH H3MEHSJI0Ch Ha MPOTHBOMONOXHOE).
Ha ocroBauuu ypashenus (1) monyunum O = vy + a,to,
OTKy/a

ty = —vy/ay. (7)
Cornacho ¢opmyne (3),
a, = (—Ul —Yp )/tl' (8)
TlofcTaBuB 3T0 3HaueHHe B Bolpaxxenue (7), noayuum
t2 = Uotl/(vl + Uo).
B ¢opmyay (6) nopcrasum vy, = vg, g, = 0 H 3HaUeHHe
to. B pesynbrare 6ynem HMeTb:
Ugtl

$2x = Qg o) 52 180 m.

[To ¢popmyae (5) monyuum [ = 260 M.
Ucnonb3osas Beipaenue (8), naliieM Mofynb yCKopeHus
Tena:

9 - Y

— 1, a=25 Mm/c2.
1

a=la.|=

17. Teno ABHranoch NPsIMOJIHHEHHO C NOCTOSTHHOM CKOpO-
ctbio vg = 10 M/c. B HeKOTOpHII MOMEHT BpeMeHH Ha TeJslo
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Hayana AeHCTBOBAaTb CH/a, COO6IIAKOWaA eMy YCKODeHHe,
Mofy1b KoToporo a = 2,0 m/c2, a HanpasnenHe NpoTHBOMO-
JIOXKHO BEeKTOpY ckopocTy. HalThH Modyb nepeMelleHHA Teia
yepes t| = 7,0 ¢ nocne Hauaja AeHCTBUA CHJbLL H NYTh, NPOK-
HeHHBIA TeJoM 3a 3TO BpeMms.

Pewemnue. [cnocob6 (ananurnueckuit). Hauano koop-
JAMHAT COBMECTHM ¢ Toukoil O, B KOTOPOH Tes10 HaXOfHMOCh B

a MOMEHT BpeMeHH, KOorjia Ha-
.2 7 yana felicTBOBaTb CHJa, OCb
t x,‘;z - oX HAaNpaBHM TaK Xe, KaK 1
5 BekTop 7, (puc. 14, a). Co-
W CTaBMM YypaBHeHHA, Bbipa-
1R XKalolHe 3aBUCHMOCTb KOOp-
A AMHATH Tesla X U MPOEeKUHH
4 CKOPOCTH U, OT BPEMeHH:
2 8 2 2
2 73 5\[7 ne x=voi~£t—, (1)
% . B 2
U, =

v — at. (2)
Puec 14
Hatinem koopanHaty Tena
B MOMeHT BpemeH# ¢} = 7,0 c:

x| = vpl —atl2/2, x =21 M.
Monyab nepemelieHHs
s=|x - xg, s=21 m
[Ipu ¢t = ¢} npoekUHs CKOPOCTH
v, =vg —aty, v, =-4,0Mm/c.

Mul BugHM, uto Uy, > 0, a v, < 0. CnegoBartenbHO, Ha-
npaB/ieHHe BEKTOPa CKOPOCTH H3MEHHJIOCh Ha MTPOTHBOMOOXK-
noe. HaiineM, B Kakoil MOMEHT BpeMeHH {9 3TO npousouio. B
3TOT MOMeHT Ug, = 0, T. e. 0 = vy — aty. Otcrona

ty =vg/a, ty =5,0 c.
B 3TOT MOMeHT BpemMeHH KOOpAHHATa
x9 = vgty — at%/?, x9 =25 M.
Tenepb U3 pucyHka BHAHO, YTO TEJOM NpOHAEH NMYTb
[=x9 +(xo —x1), =29 M.
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Il cnoco6 (rpaguueckuil). [poekuus ckopocTH Ha ocb OX
v, = yg — at.

[Tocsie MoacTaHOBKM YHCJAOBBIX 3HAUYEHHH MMOJAYUHM
v, = 10 — 2t.

[MocTpoum rpaduk 310l pyukuuu (puc. 14, 6). [1poekuus
nepemellteHHs Ha ocb OX paBHa anreb6panueckod cymMMe MJ0-
waneit tpeyroasiukos AOB u BCD, npuuem nJowans nepeo-
ro U3 HHX 6epeTcs cO 3HAKOM «ILIIOC», 2 BTOPOr0 — CO 3HAKOM
«MHHYC»:

Sc=2°510-2(7-5)-4=2lm

CrnenoBaTensHO, MOLY/b NepeMellieHHs s = [s,| = 21 m.

YTo6H HAHTH Ny Tb, MPOHAEHHBIH TEJOM, C0XKHM MJIOWALH
3THX TPeYroJIbHHKOB, CYHTAs MOJNOXKHTENbHOH He TOJNBKO IJ10-
wanp tpeyronsuuka AOB, Ho u Tpeyroabhrka BCD:

N L7 _ey. 4 =
I=5-510+5(7~5) 4=29m

18. Paccroanre s =18 KM MeXxay AByMs XKeJe3HOLOPOXK-
HBIMH CTaHUMSMH 110e3[ POXOAHT 3a Bpems ¢ = 20 muH. [lep-
Bbie {| = 5 MHH OH HMAeT PaBHOYCKOpeHHO (6e3 Haya/lbHOM
CKOPOCTH), a 3aTeM — paBHO3aMe/lJIeHHO, [I0Ka He OCTaHOBHTCS.
OnpenenuTb yCKOpPeHHe MOe3fia Ha MyTH pasroHa.

Pewewnune. Ilyctss; —nyTh, NpoifieHHbIH N0€3/I0M 34
BpeMsl I, @ So — NyTb, NPOHJEHHbIH A0 OCTAHOBKH 33 OCTaB-
weecs Bpems ¢ — ¢;. Toraa

s =s; + so. (1)

3a Bpewmsi t], NBHrasiCb C YCKOpPEHHeM a, 10€3J IPOXONHT
nyTb

S| = at12/2, (2)

npHo6peTas CKOpOCTb y = at|. JABHrasch, fAajee paBHO3aMeNl-
JIeHHO, 10e3/] IPOXOAHT NyThb

S9 = Ucp(t - tl)’

roe Ucp — CpenHsAs CKOpOCTb noes3aa. Tak kax npu a = const
_ Ul+0 U _ atl

Yep 2 2~ 2
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TO
o= 1), ®
[oactasus Bhipaxenus (2) u (3) B pasenctso (1), nosy-
YHM

at12 at]
S = 9 +?(f‘t1).
Otcrona yckopenHe noesfa a = 2s/(tt;). Buipasus snaueHHs
3afannbix BesHuuH B CH M nonctaBHB MX B mocaenHow ¢op-
myay, noayuum a = 0,1 M/ c2.

19. Kamenb 6poCHIIH ¢ BHIUKH B FOPH3OHTANbHOM Harpas-
jeHun. Yepes f; = 2,0 c OH ynan Ha 3eMJII0 HA PACCTOSHHH
s = 40 M oT oCHOBaHHS BbIIKH. ONpeaeaHTb BLICOTY BLILIKH
h, HavyalbHYI0O Uy H KOHEYHYIO U CKODOCTH Kamus. Haiith
ypaBHeHHe TpaeKTOpHH KamHs. CONpoTHBJEHHE BO3fyXa He
Y4HTHIBATD. :

Pewenue Touky, H3 KOTOpOH 6polleH KaMeHb,
npHMeM 32 Hayano KoopaHHat O, ock OY HanpaBuM BepTH-
KaabHO BHH3, ocb OX — ropusontanso (puc. 15).

Y ckopeHne cBOGOLHOTO MaJeHHS C TeYeHHEM BpeMeHH He
H3MeHsieTCH, IO3TOMY [BH)KeHHe KaMHS, KakK H J1060e IBHXe-
HHe C NIOCTOSHHBIM YCKODEHHeM, ONHChIBAeTCH YPAaBHEHHAMH:

2
2 a,t
a,l _ y
X = Xq+0gxt + =, Y= Yo + Uyt + =, (1)
7 X
7 4
i 4
= 7
777 ST 7777 777 7
S
A
Y‘!
Puc.lb



Uy =Ugyx +ayt, Uy, =g, +ayt. (2)

M3 puc. 15 Buano, uto xp = 0, y5 = 0, vy, = vy, a, = 0,
=0, a, = g. [Tostomy ypasnenus (1) u (2) sanxwewm Tax:

x=upt, y=gt’/2, (3)
Uy =0p, Uy = gt (4)
B MomeHT najenus KaMHsl Ha 3eMJl0 y = A, X =5, 1 = £,

Ha ocHoBanuy ypaBHenwu#i (3) nonyuum: s = vgty, h = gt2 /2.

CnepoBarensho, vg = s/t;, vg=20m/c, h = 20 m.
Hcnoabays ypasuenus (4), MOXHO HaWTH MOAYJb CKO-
POCTH B J1i06OH MOMEHT BpeMeHH !

U= U%+U§ =\/v(2)+gr2t2

B momeHT MageHus Ha 3€MJII0 MOAYJb CKOPOCTH KaMHA

Uy =,/v(2) + g%k v, =28m/c

Hanpasnenne KOHeYHOH CKOPOCTH ONpefenfeTcsi Yriom
NafeHUs O, 3HaueHHe KOTOPOro HaHaeM M3 YCJOBHSA

[ [
t a——° =2 tga=

OTKyOoa O = 45°.
YTo6bl NONYYHTL YpaBHEHHE TPAEKTOPHH KaMHSA, HYXHO

X
n3 ypasHenHs (1) uckaounTs Bpems. Tak Kak ¢t = % TO

g
y=3 2x2 DT0 ypaBHeHHe IOKasbiBaeT, YTO KaMeHb OymeT

}.IBPII‘aTbCﬂ o BeTBH Napabo/bl ¢ BePUIHHOH B ToukKe Gpoca-
Hus. Takas TpaekropHs obpasyercs B pe3ynbTaTe CJAOXKEHHS
[BYX JBHXXEHHI: PaBHOMEPHOTO NBHXEHHS CO CKOPOCTHIO Ug
B FOPH30HTaJbHOM HaNpaBJeHHH H cBOGOJHOro NafeHHs 6es
HayalbHOH CKOPOCTH B BePTHKaJbHOM HalpaBJeHHH.

YuTaTesio NpeaiaraeTcsi CaMOCTOSITENbHO PELUHTD 3TY 3a-
nauy, Bbi6paB ocb OY, HanpaBJeHHYI0 BEPTHKAAbHO BBEPX H3
ToukH O, a ocb OX — Tak Xe, KaK ¥ B [IPHBEfEHHOM Bbille
pelueHHH.

20. Bom6apOHpPOBLUMK MHKHPYET Ha Leab oA yriom o = 60°
K FOPH30HTY GO CKOpOCThbIO Uy = 540 km/4 H c6pachiBaeT
6omOy Ha BbicoTe A = 600 M. Ha xakoM pacCTOSIHHH § OT LesH
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B COPH30HTAJbHOM HaMpaBJeHHH Haao0 OCBOGOIHTbL GomOy,
4yTo6bi OHa monana B ueab? CONpoTHBIEHHE BO3yXa HE YuH-
THIBaTb.
Pemwenue Bobepem cHCTeMy KOOPAHHAT TaK XKe, KaK
M TpH pellieHHH Npefblly-
g weit 3anaun (puc. 16). Boi-
AR X MHLeM HavyalbHble YCIOBHA:
% x0=0, yo =0, vg, = vgcosa,
N vgy = vgsina.
N Bom6a nrxeTcs ¢ nmocro-
< N SIHHbIM YCKOpEHHeM 4 = g,
N TI03TOMY Ha OCHOBAHHH ypaB-
N venuil (1) u3 pelwenHs mpe-
N ObIAYUIEH 3aflayH 3aBHCH-
AN MOCTb KOOPAHHAT GomObl OT
% oD BPEMEHH BLIPA3HTCS ypaBHe-

0 700, HASIMH:
S

Y x =(ygcosa)t, (1)

Puc. 16 y = (vg sina)t + gt? /2. (2)
Bom6a nonagiet B Leb B HEKOTOPHI MOMEHT BPEMeHH ¢ = tr,

TIpH 3TOM y = h, X = S. YUHTHBAsA 3TO, Ha OCHOBAHHH ypaBHe-
uus (2) noayuaem

h = (vg sina)t, + gt2 /2.

Orciona Haigem BpeMs NMafeHHs GOMOBL:

—yg sina + ng sin a + 2gh
t; = 2 .

[oncTaBus 3nauente ¢, B ypasuenHe (1), Halinem paccros-
HHe OT LeJH B TOPH3OHTANIbHOM HalpaBJeHHH:

) (—Uo sino + ng sin? o0 + 2gh)cosa
g

YuTtaTenio npeAsiaraeTcs pelHTh 3Ty 3aJauy, HalpaBHB OCb
OY BepTHKa/NbHO BBEPX.

21. Teno 6poleHO MOA YIJIOM Oy K FOPHU3OHTY CO CKOPO-
CcTbio Ug. OnpesienHTb: KOOPAHHATH K CKOPOCTb Tesla yepes f ¢
nocJje 6pocaHHs, BpeMs N0JeTa, MaKCHMaNbHYIO BLICOTY MOAb-
ema, JaJbHOCTb N0JIETa B TOPH30HTalbHOM HalpaBJeHHH, CKO-

28
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pPOCTb Tela B MOMEHT NaJeHHs; HAaHTH ypaBHeHHE TPaeKTo-
puu. ConpoTHBAEHHEeM BO31yXa NpeHeGpeys.

PeweHue Bubepem cHCTeMy KOOPAHHAT C HA4aJIOM B
TOYyKe Opocanus Tena, ocb OY HanpaBUM BepTHKAJbLHO BBepX,
oceb OX — ropusontanbno (puc. 17). 3a nayasno oTcyeTa Bpe-
MEHH NIpHMeM MOMeHT 6pocaHHs Tesa.

Y

RAR<t

<4
o, o 7«
&<
2y
X

Tty

Puc 17

Teno ABHXKETCH C NOCTOAHHBIM YCKOpEHHEM a= é’, nosTo-
MYy €ro ABHXE€HHE OMNHCbIBACTCA KHHEMATHYCCKHMH ypaBHe-
HHAMH!

2

a,t?
x=x0+voxt+—a"21 , Y =Yg+ oot + —%— (1)

Uy = Uy +ayt, v, =0p, +a,t: (2)

[Tpu BLIGpaHHOH cHCTeMe KOOPAHHAT HMeeM: xg =0, yg =0,
Uy = YpCosg, Yo, = vgsinag, a, =0, a, = —g. [losTomy,
COrJIaCHO ypaBHEHHAM (10), yepes t ¢ nocse 6poCaHHs KOOPAH-
HaTH Tesa OyAyT TakHe:

x =gt cosa, (3)
y =vygtsinog — gt2/2. (4)

B 310T MOMeEHT BpeMEeHH MOLYJlb CKOPOCTH TeJ1a U = U% + Ug .

Cornacho ypasrenmsm (2), v, = vg cosag, v, = g sinag — gt.
[Tostomy

v= ng cos? o + (ug sinag — gt)? =

= vg ~Qupgtsinog + g2t?. (5)
Hanpassneniie BeKTOpa CKOPOCTH ONpefe/sieTCs YoM O
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v ygsinag — gt t
_ %y _ Y 0~ 8 _ g
tga= Uy, vg Cos Ao tgag - vgcosog (6)
B momeHT nagenus tena y = 0, t = {, rne ¢{; — Bpems
nosera. Ha ocHoBanuu ypasuenus (4) umeem

0 = vty sinag — gt2 /2.
Orciona

th = 2ugsinag/g. (7)

3Hauenue f; = 0 COOTBETCTBYeT MOMeHTy 6pOCaHHs, TaK
KaK B 3TOT MOMeHT Toxe y = 0.

Bpemst nogbeMa 1o MakCHMa/IbHOM BLICOTHI ¢ HaliieM M3 ypas-
HeHHs /ISl Uy, YYMTbIBAs, YTO B BepXHEH TOUKE TPaeKTOPHH
v, = 0,t=1t: ‘

0 =ygsinog — gy,
OTKyAa
t =g sinao/g.

MakcuManbHyio BbICOTY mogbeMa H onpefenum M3 ypas-

HenHs (4), MOACTABUB B Hero | BMeCTO t:

Ug sin2 Qg _g(uo sinao J2 _ Ug sin2 (o 1)
g AN 4 2¢
HanphocTh moJieTa s HabieM U3 ypaBHenHs (3), y4uTh-

Bas, YTO B MOMEHT MajeHHa x =5, = t:

H=

_ 20fsinagcosay  ofsin2ag

4 4

Ha ocHoBaHHH MoJiyyeHHOro pesy/bTaTa MOXHO CHeNaTb
BbIBOJI, UTO IpH 3aJlaHHOH HayaNbHOH CKOPOCTH Uy HaH6O.Mb-
mas AaabHOCTH Noseta GyfeT npu sin 2ag =1, T. e. NpH yrae

° '
6pocanus 45°. TIpn sToM s,y =05 /g -
Monyab H Hanpap/jieHHe BEKTOPa CKOPOCTH gy, B MOMEHT

nafiexHs HaigeM, [OACTABHB 3HaueHHe ¢ U3 dopmyast (7) B
dbopmyast (5) u (6):

Uy = \/vg - 2uygt, sinag + g2t§ =

. 2
2y, sina 2u, sina
=% - 2v08 Og °+g2( Og 0) =1,

S
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) 2uq sinag
) vgsinog —g—————
Ug sing — gty g
Ug €OS g Ug COS g

tgo, = = ~-tgag.
Takum 06pa3oM, MOAYNb CKOPOCTH Tela B MOMEHT Majie-
HHSI PaBeH MOJYJII0 HaYalbHOH CKOPOCTH H oL, = —0(-
YTo6bl HOJYYHTb YPABHEHHE TPAEKTOPHH TeJa, HY)XHO HC-
KJIIOYHTH BpeMsi ¢ U3 ypasHenuit (3) u (4). Us ypasuenus (3)
HaizeM t = x/(vg cOsO) H, IOACTABHB 3TO 3Ha4YeHHe B ypaB-
Henue (4), nonyyum

y=xtgagy — x2.

203 cos? oo

Kak uspecTHo, rpadukom GyHKUHH y = ax? + bx npu a < 0
ABNsteTCq NapaboJa, obpallieHHast BHITYKIOCTHIO BBEPX H IIPOXO-
[Suas yepe3 Havyano KOOPAHHAT. TakHM o6pa3om, Teso, 6poLleH-
HOe TIofl YIJIOM K TOPH3OHTY, ABHXKeTCS o napaGoye. 310 ABH-
YKeHHe MOXXHO NPEICTABHTbL KaK Pe3yJbTaT CJOXKEHHS [BYX [BH-
YKeHHii: pABHOMEPHOrO ABHXXEHHS BAOJb 0cH OX CO CKOPOCTbIO
Ugx Y ABHXKEHHs BEPTHKAJIbHO BBePX C HayalbHOH CKOPOCTHIO
Ugy M YCKOpeHHeM g, HaNpaB/eHHbIM BEPTHKAIbHO BHH3.

B 3aknioueHHe 0TMETHM, UTO ABHXEHHe Tesa, 6pOLIeHHOro
BEPTHKAJbHO, MOXHO PacCMaTpPHBaTb KaK YacTHHIH caydad
HABHXXEHHS Tesla, GPOLIEHHOrO MO YTJIOM K TOPH3OHTY, NpH
sToM g = /2. (CpaBHUTe pe3ynbTaThl, MOJy4YeHHbIe [IPH pe-
LIeHHH 3TOM 3aiayu H 3a1auH 6.)

22. Teno 6polleHO MO YIJIOM Oy K FOPH3OHTY C Hayalb-
HOH CKOPOCTbIO 7. HaHTH H3amMeHeHHe BeKTOpa CKOPOCTH Tesa
3a BpeMs noneta. ConpoTHBaeHHEM BO3[lyXxa peHe6peyb.

Pewenue IlycTs g, — CKOPOCTb TeNa B MOMEHT
nageHus. Torga H3MeHeHHe BEKTOpPAa CKOPOCTH 3a BpeMs I10-
neta Av = o, —Ug. Haliiem 3Ty pasHOCTb BEKTOPOB reomet-

puuecks (puc. 18). B pemenus npensiayluei 3agayu nokasa-

Y
= . B
Y i
x% (o3
0 A N X
DA av
4
Puc.18
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HO, 4TO fo,} = |otg| ¥ MOLYJIb CKOPOCTH NajeHHs Tena paBen
MOJYJII0 €T0 HauaJbHOH CKOPOCTH, T. €. |Uy] = [vg]. YuuTbIBas
570, Haxoaum u3 AABC MOLYAb H3MEHEHHS CKOPOCTH!

[Av| = 205 sinog.

O6paTrM BHHMaHHe Ha pa3/ddHe 3anHced: Av ob6o3Haua-
eT H3MeHEeHHe MOJLYNs CKOPOCTH (B pacCMaTpHBaeMOM cayyae
Av = Ajp| = 0), a |AG| — mMonynb 3MeHeHHs BEKTOpPa CKOPOCTH.

23. [pa Tena 6polileHb BepTHKaJbHO BBEPX C OAHHAKO-
BbIMH HayaJbHbIMH CKODOCTAIMH Oy H NPOMEXYTKOM BpeMeHH
mexay Opockamu T. [lepBoe Teso 6polieHO C NOBEPXHOCTH
3eMJIH, BTOpOe — C HeKOTOpoH BbICOTH hg. Yepea Kako# npo-
MEX YTOK BpeMeHH Tesia OKaXXYTCH Ha OJAMHAKOBOHW BbICOTE?
ConpoTHB/IEHHe BO3[yXa He YYHTHIBATb.

P ewe nyne Hauano xoopauHat O cOBMECTHM C TOYKOR
6pocanus nepsoro Tesa, ocb OY HanpaBHM BepTHKa/IbHO BBEPX
(prc. 19, a). BpeMsi 6yzeM oTCUMTHIBATD C MOMEHTa 6POCaHHUS
nepBoro Tena. Torna 3aBHCHMOCTH KOOPAHHAT MepBOrO U BTO-
poro Tesl OT BpeMEeHH BbIPA3ATCH yPaBHEHHAMH:

n =UOt“gt2/2,
yo = hy + vyt —17) — gt — 1) /2.

a J
4 %)
)’v’)/z']
1 2
1/ 2
1%
v
7 hy
q /703
MV{/ |G 10 T t 7
4
Puc. 19

B moMeHT BpeMeHH ! = t;, KOr/la Tesla OKAXYTCS Ha OfHU-
HaKOBOF BbICOTe, KOOPIHHATHI HX 6yayT 0aMHaKoBbl (y| = yo),
no3TOMY
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2 (4 -1)2
ugly - 52_1 = ho +00(t1 —1) - 5—12———
OTciona
=% ,1_h
tl = 2 + 2 Pre
U h
OTBeT cripaBefsIMB NPH YCJIOBUH —gg + % > E%'

B 3aBucuMOCTH OT 3HAaYeHHH T, Uy M hg Tesla MOTYT BOOG-
e He OKa3aTbCsl HA OAMHAKOBOM BbicoTe (MCKIIO4as, pasymeert-
csl, UX MOCJenoseTHoe npeGbiBaite Ha 3emie). ITO XOPOLLO
BHIHO, €CJIH NOCTPOHTb rPadHKH 3aBUCHMOCTH KOOPAHHATHI
OT BpemeHH st Kaxknoro teaa (puc. 19, 6). Ipu HexoTOpBIX

3HaueHHsX T, vy M hgy napaboasl / U 2 MOTYT He UMeTb 06-
umx Touek (npu y > 0).

24. Teno 6poleHo CO CKOPOCTbIO Ug MOA YIJIOM 0O K Ha-
KJIOHHOH MJIOCKOCTH, KOTOpasi 06pa3yeT ¢ rOPH30HTOM yroa f3.
OnpepenuTb BpeMst 1oJieTa M MakCHMaljbHOe yja/leHHe TeJa
OT HaKJOHHOH MJockocTH. ConpoTHB/IeHHe BO3yXa He y4H-
ThIBaTb.

P e we Hue 3aHayano koopauHat O npHMeEM TOUKY
Opocanus tesa, ocb OX Hanpa-
BHM BJOJIb HAK/IOHHOH ILJIOCKO-
¢TH, ocb OY — no HopMaJH K Helt
(puc. 20).

Yckopenure co6onHoro naje-
HHA g He H3MEHFeTCS C TeYeHH-
€M BpeMeHH, NI09TOMY, KaK H s
JI060TO ABHXXEHHS C NOCTOSHHBIM
YCKOPeHHeM, ISl IBHXEeHHS JaH-
HOTO TeJsa CIpaBefiIHBbl KHHEMa- Puc 20
THYeCKHe yDaBHEHHS:

a t? a
X =xg+Up,t+ ‘T,y=yo+00yt+

Uy = Vg + Ay, vy =g, +ayt.

M3 pucynka suaHO, 4TO xg = 0, yo = 0, vy, = vgcosayg,
vy = Vg sinog, a, =g, =gsinP, a, = g, =-gcosP.Tom
UTaBHM 3TH 3HaYeHHs B KHHEMATHYeCKHe ypaBHeHHS:

gsinf 12
0 )

(1)
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y = (vgsinog)t - gﬁ;iB-tz. (2)

v, = vgcosag +(gsin P,
v, =g sinag — (g cosP,

I

Bpems nonera {; HahaeM M3 YCJOBHSA, UTO B MOMEHT Ma-
LEeHHsA KOOpAMHATAa y CTAHOBHTCH PAaBHOM HYJIO:

gcosp

(vp sinag )ty — =512 =0. (3)

2ug sinag
gcospP
Bropo#l kopeHb ypaBHeHHs (3) paBen HyJ0, UTO COOTBET-
CTByeT MOMEHTY 6pocanus.
YuHTHIBasA, YTO B MOMEHT NMAJEHHS X = S, Ja/JbHOCTD MoOJie-
Ta S HaiilleM, NOACTaBHB 3HaueHHMe ¢, B ypaBuenue (1):

2yg sina sinP ( 2yg sina 2
s = vg cos a0t 4 £ ( 0 0),
gcosfP 2 gcosP

Otcrona ty =

[Tocne npeo6pa3oBanuii MONYYHM
2v(2) sinag coslag — B)
gcos2 B

S:

Ecnu p=0,105 v% sin2aq /g, 4TO COOTBETCTBYET CAY-
4a, paCCMOTPEHHOMY B 3ajave 21.

Ins HaxoXAeHHS MaKCHMAlbHOrO yaajieHHs Teja OT Ha-
KJOHHOH TJIOCKOCTH B ypaBHeHHe (2) mogcTaBHM 3HauyeHHe
BpeMeHH NoAbeMa |, KOTOpOe HaleM H3 yCJIOBHS, YTO B BbIC-
WeH TOYKe TPAeKTOPHH MPOEKLHMs CKOPOCTH Ha ock OY cTaHo-
BHTCS paBHOH HyJIO:

vg sinag — (g cosP)ty = 0.

Orciona
¢ = Up sinlg
1 gcosP -
Torpa, yuntbiBasn, 4To B 3TOH TOYKe y = h, nojy4yaem

b= Ug sin? g _ gcosB(uypsinog ]2

gcosf 2 geosp /)’

WJIH nocJie npeo6pa3oBaHui

B o= 0(2) sin? ag

2gcosf
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25. OnucaTb Xxapakrep fABWXeHHs “, :
TeJla, rpaguK 3aBHCHMOCTH KO- Ly
OPAMHATHI KOTOPOro OT BPEMEHH H30-
6paxen Ha puc. 21,a (OA u BC -
y4acTkH napa6os). Haueptuts rpa-
(hDHKH CKOPOCTH M YCKOPEHHUSl, COOT- An
BETCTBYIOLIHE JAHHOMY ABHXEHHIO.

Pewenue CooTBeTCTBYIO- Y
l{He rpadHKH OKa3aHbl Ha puc. 21,

6, 8. Ilpy nocTpoeHHH X yuTeHo,

4TO B TeYEHHe NPOMEIKYTKA BpeMe-

HH oT 0 0 {| TeNno ABHranochb pas- L o
HOYCKOPEHHO, OT !| 0 l9 — paBHO- U r
MEpHO, OT o A0 {3 — paBHO3aMen- !,
JIEHHO, OT {3 10 {4 — HAXOAHJOCh B
COCTOSIHMH IOKOSI.

26. HaiiTn /MHHeRHY10 CKOPOCTb U
H LIeHTPOCTpeMHTeJbHOe YCKOpe- s | 0
HHe a4 TOYeK Ha IIOBEPXHOCTH 3eM- g L r
HOTrO L1apa: Ha 3KBaTOpe; Ha LWIKHPO-

Te ¢ = 60°. Pagnyc 3emnu R npu- Puc 21
HATb paBHbLIM 6400 KM.

PeweHue Ha>sksarope nuHellHas cKopocTb no6oi

TOYKH

N>

S
=~
o

~

vy = 2nR/T, (1)

rae ¢ = 24 u = 86 400 ¢ — nepyox CYTOYHOro BpallileHHs 3eMJH.
LleHTpocTpeMHTeNIbHOE YCKOpEeHHe

2
_ % _ 4n’R? _ 4x’R
TR T Rz T2 @
Ha wHpoTe @ TOYKH ABHXKYTCSI IO OKPYXKHOCTH pafHyca
r = Rcos¢ (no napannesnu) c JHHEHHOH CKOPOCTBIO
2nR cos
vy = o ? (3)

U LEHTPOCTPEMHTENbHBIM YCKOpPEHHEeM

2 2
_ Y% _ 4n°Rcose
Qg =" =" 3 (4)

[ToncTasu B $popmyas (1)—(4) uMcnosble 3HadeHHs, M0-
nyunm: vy = 465 m/c, ag = 0,034 m/c?, vy, = 233 M/,
ag = 0,017 m/c2.
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3agaum gnA cCaMoOCTOATENbHOro pelweHnn

27. [lewexon NepeXoiMT AOPOTY CO CKOPOCTBIO U = 4,2 kM /U
no mpAMoi, eoctapaswuel yroa oo = 30° ¢ HanpasJieHHEM
JoporH, B TeueHue Bpemenu t = 60 c. Onpenesautb WHPHHY
JOPOTH.

28. [BHxeHHe MaTepHAJbHOH TOUKH OMHCbIBaeTCH ypaB-
HeHHAMH x = 2 + 4f u y = | + 3{, B KOTOpPBLIX BCE€ BEJHUHHLI
BolpakeHbl B eHHLax CH. HalHTH cKopocTh TOUKH M ypaBHe-
HHe ee TPaeKTODHH.

29. CxopocTb TeuenHs pekd v = 2,0 kM/4. MoropHas
NOfKA WAET NPOTHB TEUEHHs CO CKOPOCTbio U = 15 kM/u
OTHOCHTeJIbHO 6epera. OnpefesHTb CKOPOCTb OTHOCHTEJIbHO
6epera H OTHOCHTEJIbHO BOJbl, €CJH JoAKa 6yJaeT ABHraTbCs
0 TEYEHHIO. ‘

30. Kopabab, nuna xotoporo L = 240 M, gBHXeTCS npsMo-
JIMHEMHO B HEMONBHXXHOM BOAE CO CKOPOCTbIO U = 36 KM/ u.
Katep npoxofuT paccTosiide OT KOpMb IBHXKYLUETOCH KOpab-
Jsi 10 ero Hoca v o6patHo 3a Bpems f = 70 c. Onpenenutb
CKOPOCTb KaTepa.

31. Y3 nyuktoB A ¥ B ofHOBpPeMeHHO HaBCTpeuy APYT
ApPYry HayanW ABHraTbcs ABa BenocHnemucrta. [locne Toro
KaK OHH NOBCTpeYaJHCb, MePBHIH BeJOCHIEJHCT yepe3
t; =10 ¢ npu6ein B nyHKT B, a BTOpoH, npoexas s = 100 m
3a ty = 40c, npubun B nyHkt A. OnpepesnTb CKOPOCTH
BEJOCHIIEAMCTOB, €CJIH X ABHXEeHHe GblI0 PABHOMEPHBIM H
OPSAMOJIHHEHHBIM.

32. Ioean pavuon [ = 120 M gBHXeTCH O MOCTY PaBHO-
MEpHO CO CKOpocTblo v = 18 kM /4. 3a kakoe Bpems noesf
NpOHAET MOCT, ec/iH [IHHa MocTa L = 480 m?

33. ABTOMOGH/Ib H BEJIOCHIIEAHCT PAaBHOMEPHO JBHXYTCS Ha-
BCTpeyy APYT APYTY CO CKOPOCTSMH COOTBeTCTBEHHO Uy = 10 M/¢
M Up = 5 M/c. PaccTosiiHe MeXAy HHMH B HauyaibHbii MO-
meHT BpemenH | = 300 m. [padruecky U aHaIHTHYECKH omipe-
ReJHTb MeCcTO H BPeMs BCTPeYH aBTOMOGH/S H BeJOCHIEe[H-
cra. MaMeHHTCcs 1M MecTo BCTPEYH, eCJIH HX CKOPOCTH ByRyT
B 2 pa3a 60JblIHMHU?

34. Paccrosnre Mexjy ABYMS JONOUYHBIMH CTaHIHAMH
MOTOPHAs JIO[Ka POXOJHT IO TeUeHHIO pekH 3a fy = 10 MHH,
a NpOTHB TedyeHHA — 3a !y = 30 MHH. 3a Kakoe BpeMs 3TO
PaccTOsiHHE NPOMNUIBIBET MO TeYEeHHIO ynaBlUMH B BOAY Craca-
TeNbHbIA Kpyr?
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35. Paccrosinne s mexny nynkramu A H B paBHo 80 Km.
M3 nyHkra A B HanpaBiieHHH AB Buie3Kaer coO CKOPOCTbIO
v; = 50 kM/u MoTouukaucT. ONHOBpeMEHHO M3 NyHKTa B
Bble3)KaeT B TOM )K€ HalpaB/eHHH aBTOMOGHIb CO CKOPOCTBIO
v9 = 30 kM /4. Yepes Kakoe BpeMsi T H Ha KaKOM PacCTOSHHH
S| OT TOYKH A MOTOLMKJIHCT AOMOHHT aBTOMOOHJbL? PelnTb
3afiayy aire6panyeckHM M rpadHyeckuM cnocobami.

36. Kannu noxnas, najarolipe otsecHo, 06pasyioT Ha OKHe
FOPH30HTANbHO ABHXKYILEroCcs TpoJJeH6yca moJsochl Mojg yr-
goM o = 30° k Beptvkaau. Kakosa ckopocTh majeHus Ka-
neJsib, eCaH TPoaeHbyC ABHXKETCS NPAMOJHHEHHO C IOCTOSIH-
HOM cKopocThbio v = 50 M/ c?

37. Ha paccrosinuu [y = 200 M OT CTaHUHH 3JeKTPOnoesy
MeTpO, MAYWHH CO CKOPOCThbio vy = 30 M/c, Hayan TopMmo-
3HTb C ycKOpeHHeM a = 5 M/c?. Ha KakoM pacCTOSIHHH OT
CTAHLUMH OKaXKeTcs noesf yepes ! = 7 ¢ nocje Havyajla TOPMO-
JKeHHs?

38. [lepBulil BaroH TpoHyBLLIErOCs ¢ MeCTa noesfa rnpolued
MHMO HeMOABHXKHOTO HabJoaTel1si, CTOSIBLIErO y Ha4yajla 3To-
ro BaroHa, 3a BpeMms f|, NMOCJeJHHI BaroH — 3a Bpems fo.
Cunras IBH)KeHHe [10e3/la PaBHOYCKOPEHHbIM, 110€3/ AJIHHHbIM,
a BarOHbl OfIHHAKOBBLIMH, HAHTH BpeMs ABHXXEHHS BCero rnoes-
12 MHMO Habaopfatens.

39. Teno HauvHaeT ABMTATbCA BAOJb NpAMOH 6e3 Hayanb-
HOI CKOPOCTH C MOCTOSIHHBIM ycKopeHHeM. Uepes ¢ = 30,0 MHH
yCKopeHHe Tesla MeHsleTCsl [0 HanpaBJeHHIO, OCTaBasiCh Ta-
KHM >Xe 1o MoayJio. Hepe3 Kakoe BpeMs oy OT Hayala ABHXKe-
HH#l TeJIO BEpPHEeTCs B HCXOAHYIO TOUKY?

40. [Ipvrasicc paBHOYCKOpeHHO, MaTepHajbHas TOYKAa B
nepBble BAa PaBHLIX MOCJENOBATe/bHbBIX NPOMEXYTKa Bpeme-
HH 10 T = 4,0 ¢ xaxapl#t npoxoanT nytH [{ =20 M H [y = 30 M.
OnpenenuTb yCKOPeHHe H HavaJbHYI0 CKOPOCTb TOYKH. -

41. Cro6oaHo najatwliee TeJso npouinio nocaepuue [ = 63,7 m
3a T = 1,0 c. C kakoH BLICOTHl Magalo Teao?

42. [Ipuratend pakeThl, 3aNyLIEHHOH BePTHKaJNbHO BBEPX
C MOBEPXHOCTH 3eMJH, paboTa/lH B TeyeHHe BpeMeHH { =
= 1,0 MHH ¥ coob1aNH pakeTe NOCTOSSHHOE YCKOpeHHe a = 3g.
Kakoii MakcuMasnbHOH BbICOTH AOCTHINIA pakeTa? Yckope-
HUe CBOGOAHOrO NajeHHs g CYMTaTb MOCTOSTHHbIM M paB-
uoiM 9,8 M/ c2. ConpoTHBJIeHHeM BO3/lyXa NMpeHe6peds.

43. Teno, 1BUrasch paBHOYCKOPEHHO, 3a nepBble £} =50 ¢
CBOEro ABHeHHs npouwwto nyTb [; = 100 M, a 3a nepsble ¢y =
=10c — [y = 300 M. OnpeennTh HauaJbHY!0 CKOPOCTb TeJa.
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44, JIurasicb paBHOYCKOPEHHO 6e3 Haua/bHOH CKODOCTH, Te-
J10, TIPOMAS HEKOTOPBIH MyTb, TPHOBPENO CKOpocTh U = 14 M/ c.
Yemy 6bl1a paBHA CKOPOCTb TeJsa, KOTAA OHO [POLUJIO TOJOBH-
HY 3TOTO MyTH?

45. Teno 3a BpeMst t = 6 ¢ nepemecTHAoCh Ha § = 270 cm.
[TepBLle TpH CeKYH[Ib TeJO ABHIaJ0Ch C IOCTOSHHBIM yCKOpe-
HHeM, a NnocJefHHe TPy — paBHOMepHO. Onpele/HTb Hayamb-
HYI0 CKOPOCTb T€jia, eCJiH 3a NATYI0 CeKyHIy ero nepemelne-
HHe S5 = 40 cm.

46. Teno nBHXETCSH H3 COCTOSHHA NOKOS PABHOYCKOPEH-
Ho. OnpenenuTb, BO CKOJbKO pa3 NyTb, NPOHAEHHHIH 3THM
TeJIOM 32 BOCBMYIO CeKyHAy, O6yxeT 6oJblue NyTH, NPOHLEHHO-
rO 33 TPeTbio CEKYHIy.

47. [Ipa noe3jia NpOLUJIH OfAMHAKOBLIH MyThb 33 OJHO H TO
xe BpeMs. OflHaKO OIMH NOe3/, TPOrasicb C MecTa, npoLes
MyTh PaBHOYCKOPEHHO C ycKopenueM a = 3,0 cM/ c2, a apy-
roi T0e3fl NOJOBHHY MYTH €] CO CKOPOCTbIo Uy = 18 KM /4,
a PYTyIo NONOBHHY — CO CKOPOCTbIO U9 = 54 km/u. Haiit
NyTb, NPOHIEHHBIA KaXIbIM I10E30M.

48. Tesno Ha BepeBKe NOJAHHMAJNH OT [IOBEPXHOCTH 3eMJIH C
ycxopenHem a = 2 M/ c? BepTHKanbHO BBepx. Uepes Bpems
t; = 5 ¢ Bepeska o6opBasacb. PaccuHTath, CKOJILKO BPeMEHH
TeJIO IBHTaJIOCh 10 3eMJIH T10CJIe TOTO, KaK 060pBajiaChb BepeBKa.

49. AToMOOH/Ib NpoeXan MOJOBHHY IYTH CO CKOpPOCTbIO
v] = 60 kM /4. [To/IOBHHY BpeMeHH, 3aTPa4eHHOTO Ha Peono-
JIeHHe OCTaBLIEHCS YacTH NYTH, OH ABHTAJICH CO CKOPOCTBIO
ug = 15 KM/ 4, a Ha NIOC/IEIHEM YYACTKe — CO CKOPOCTBIO U3 =
=45 kM /4. HaliT cpenHiol0 CKOPOCTb NMPOXOXKIAEHHS BCETrO
NyTH.

50. PacctosiHHe s = 18 KM Mexly AByMsi CTaHLHSAMH IO-
€31 POXOJHUT CO CPefiHel CKOPOCTBIO Uy, = 54 KM/ 4, IpHYeM
Ha Pa3roH OH TPaTHT {; = 2 MHH, 3aTeM HIeT C NOCTOAHHOH
CKOPOCTBIO M Ha 3aMejjieHHe J0 MOJHOH OCTAHOBKH TPaTHT
to = I mun. OnpefilenuTh HaHBOJbILYI CKOPOCTb Noe3ja.

51. [lpy KakOH NOCagoOyHOHM CKOPOCTH CAMOJIETH MOTYT
NPH3EMAATbCA Ha N0CcagoYHoH nosoce gnuHoi [ = 800 M npH
TOPMOXeHHH ¢ yckopeHHeMm a = 5,0 M/ c2?

52. C BbiwKH BhHCOTOH A = 10 M mpbiraeT CnopTCMeH H
yepe3 T = 1,8 ¢ magaer B Bogy. Ha ckonbko cOnpoTHBJIEHHE
BO3[yXa yBeJH4YHBaeT BpeMs najenus? HauanbHyo CKOPOCTb
NPHHATbL PABHON HYJIIO.

53. Kamenb nagaer 6e3 HayaabHOH CKOPOCTH B LIAXTY.
Yepes T = 6 ¢ cabillieH 3BYK yaapa kamust 0 fHo. Onpene/uTs
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rjy6UHY LWAaXThl, CYUTAA CKOPOCTb 3BYKA U NMOCTOSIHHOH M paB-
noit 330 M/ c. ConpoTHB/IEHHE BO3LYXa HE YYHTHIBATD.

54. Ha crepxeHb aannoii [ = 0,9 v Hajera 6ycHHKa, KOTO-
pas MOXeT IepeMmellaTbcsi 10 CTepXkHIW 6e3 TpeHHs. B Ha-
YalbHbIH MOMEHT O6yCHHKa HaXO[HJacb Ha CepeiHHe CTepX-
H. Crep)KeHb Hayasl ABHTaTbCsA NOCTYNATEJbHO B TFOPHU30H-
TaNbHOM MJOCKOCTH ¢ yckopenHem a = 0,6 m/c? B Hanpas-
JIeHHH, COCTaBJAOLIEeM CO CTepXHeM yroa o = 60°. Yepes
CKOJIbKO BpeMeHH 6YCHHKa ynajgeT CO CTepXHS?

55. PaccTosiHHe Mexay AByMsi CBOGOAHO MaAaOIHMH Kall-
JSIMH 4Yepe3 BpeMs { = 2 c mocje Hayasna NageHHS BTOPOH
Kanad 6bi1o [ = 25 M. Ha ckonbko nosgHee Hayana najgarhb
BTOpas Karusi? ConpoTHBIeHHeM BO3qyxa npeHebpeysb.

56. Teno cBo6GomHO magaer Ge3 HayalbHOH CKOPOCTH ¢
BbICOTH A = 270 M. PasfesuTb 3Ty BBICOTY Ha 3 YacTH, TakHe,
yToGbl Ha NPOXOXKJEHHE KaXJIoH H3 HHX 1moTpe6oBanoch Obl
OfHO H TO e BpeMs. ConpoTHBIEeHHEe BO3lyXa He YYHTBIBATb,

57. INoab3ysach rpadUKOM 3aBUCHMOCTH NPOEKUHH CKOPO-
CTH MaTepHaJbHOH TOYKH OT BpemerH (pHc. 22), MOCTPOHTD
rpadHK 3aBHCHMOCTH ee KOOpPAMHATHl OT BpeMeHH. B Hayanb-
HblH MOMEHT KOODAHHATa TOYKH PaBHA HYJIO.

V]IH/[
?

Puc. 22 Puc 23

58. MarepHa/ibHast TOYKa MOXKeT NepeMelaTbCsl NPAMO-
auneitHo Bosb ocH OX. Ilo usBecTHOMY rpadHKy 3aBHCH-
MOCTH NPOEKIHMH U, CKOPOCTH faHHOM Toukw (puc. 23) mo-
CTPOHTb I'padHKH 3aBHCHMOCTH NpPOEKIHH @, YCKOPEHHS H
KOOPAMHATH X TOYKH OT BpeMeHH, cuuTasi, uTo x = O mpu
t=0.

59. Teno 6poleHO BepPTHKaNbHO BBEPX ¢ Ha4Ya/lbHOH CKO-
pocTbio vy = 24 M/c. Kakoii nyTb nposiger TeJo 3a Bpems
t; = 4,0 c? ConpoTusieHye BO3yXa He yUHThIBATE.
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v 60. Ha puc. 24 npuse-

A A IeH rpadUK CKOPOCTH Tena,
/\ JABHXYLUerocs NpAMoNHHeH-
0 g s Ho. IlocTpouTth rpaduk ero
\ nepeMeLleHH s ¥ YCKOPeHHs,
eclIH TpeyroibHHKH OAB,

c BCD, v DEK paBHbl.
Puc 2% 61. [Isa Tena 6poluentl

BEPTHKa/NbHO BBEPX H3 OHOH
TOYKH, ONHO BCJEA 3a APYTHM C NMPOMEXYTKOM BpeMeHH
T = 2,0 c. Hauanbhas ckopocTs vg 060HX Tesl OAHHAKOBA H
paBua 50 M/c. Uepe3 CKOJBKO BpeMeHH H Ha KakKOH BbICOTe
Tesna BctpeTaTcsi? ConpoTHBNEHHe BO3ZlyXa He YYHTBIBATb.

62. Y3 omHoM TOYKH onHOBpeMeHHO 6pocaloT ¢ OAMHAKO-
BBIMH CKODOCTSIMH U ABa Teja: OfHO BepPTHKA/NbHO BBEpX,
BTOpOe TOpH30HTanbHO. HaHTH paccTosiHHe MexIy TesaMH
yepe3 NMPOMEXYTOK BpeMeHH T nocie Gpocanusa. ConpoTHs-
JleHHe BO3/lyXa He y4HTbIBATb.

63. C kpuilun goma Beicotor /1 = 20 M BepTHKaNbHO BBEPX
6poLeH KaMeHb co CKopocTbio vg = 10 M/c. Onpegennts
CKOPOCTb KaMHs Ha BricoTe h = 10 M Hag 3emniell © CKOPOCTb
ero B MOMeHT yaapa o 3emsio. CONpoTHBJEeHHe BO3AyXa He
YYHTHIBATb.

64. CkopocTb Tena, 6polIeHHOr0 BepTHKaJIbHO BHH3 C He-
KOTOpPOH BBICOTHI, yepe3 ¢} = 1,0 ¢ yBeqHYHJACL IO CPABHe-
HHIO ¢ HavyanbHOH B n; = 6,0 pa3. Bo ckonbko pas yBesHuHTCA
ero cKopocth yepes 9 = 2,0 ¢ nocne 6pocka? ConpoTHBJeHHe
BO3/yXa He YUHTHIBaTb.

65. C HenoABHXHOr0 OTHOCHTEJNIbHO 3eMJIH BepToJieTa c6po-
cunn 6e3 HauyanabHOM ckopocTH Teno. Cnycts ¢; = 1,0 ¢ 6bl10
cbpolueHo Toxe 6e3 HayaJbHOH CKOPOCTH BTOpoe Teno. Omnpe-
HeNHTb PAcCTOSIHHe MeXJy TeJaMH uepe3 9 = 2,0 ¢ oT Havana
najenHs nepsoro Tena. ConpoTHBIeHHe BO3/lyXa He YYHTHIBATE.

66. OnpefenHTh HavyaNbHYIO CKOPOCTb, C KOTOPOH TeJso
6poLieHO BEPTHKAJIbHO BBepX, €CJH TOYKY, HAXOAAULYIOCS Ha
BbicoTe A = 60 M, OHO MPOXOAHA0 2 pasa C MPOMEXYTKOM
BpeMeHH T = 4,0 c. ConpoTHBJIeHHe BO3lyXa He yYHTHIBATb.

67. Teno, 6polieHHOe BepTHKANbHO BBEpPX, BEPHYJOCH B
TOUKy 6pocanus yepe3z T = 10 c. KakoBa HauaJibHasi CKOPOCTb
TeJa? Ha Kakyio MakCHMalbHYIO BBICOTY OHO MOJKHMAaNOCh?
ConpoTHBNEHHe BO3[yXa HE YYHTHIBATh.

68. AspocraT MOAHHMaeTCsi BEPTHKANLHO C MOCTOSTHHOM
ckopocTbio vgy. K ronmone aspocrata nmpHBsi3aH Ha BepeBKe
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rpy3. BepeBky, Ha KoTopol OH nojBelleH, Nepepe3antt B TOT
MOMEHT, KOTla Ipy3 HaxoAu/csi Ha BucoTe hg. CKoabKo Bpe-
MeHH Irpys 6yleT nafaTb Ha 3eMaw? Kakas cKopocTs O6yner y
HEero NpH CONPHKOCHOBEHHH ¢ 3eMJyel? CONpoTHBIEHHEM BO3-
ALyxa npeHe6peyb.

69. Tauk, ABHXYWHHCS CO CKOPOCTbIO Uy = 36 KM /4, npH-
TOPMa)XHBaeT O/IHY H3 TYCEHHL] TaK, YTO OCb ee BEeIyLUero KoJje-
Ca HayMHaeT [ABHraThCsi BIEPEM CO CKOPOCTbIO Ug = 32,4 kM/ u.
Paccrosnne mexxny rycenuuamu [ = 2 M. [Tog KakuMm yriom K
NepBOHAYaNbHOMY HalNpaBJeHHIO ABH)XeHHs OyleT ABHraTbCs
TaHK yepe3 f = 2 ¢?

70. Teno, nHaxopsiweecs B Touke A Ha Boicote H = 45 M ot
3eMJIH, HauyHHaeT cBOOOAHO nafnaTh 6e3 HauyaJbHOH CKOPOCTH.
OnHoBpeMeHHO M3 TOYKH B, pacnonoxeHHo# Ha h = 21 M
HHXe ToYkH A, 6pocaloT Ipyroe Teso BepTHKaJbHO BBEpX.
OnpenenHTh HayalbHYIO CKOPOCTb BTOPOTO TeJia, €C/IH H3BECT-
HO, uTo 002 Tesja ymagyT Ha 3emJio ofHoBpeMeHHOo. Compo-
THBJIeHHeM BO3Ayxa npeHebpeus. [Ipuusite g = 10 M/ c2.

71. Isa Tena 6pocaioT ¢ BHCOTH A = 20 M CO CKOPOCTbHIO
vg = 15 M/ c kaxnoe. C KaKMMH CKOPOCTSIMH Tesla YIaLyT Ha
3eMJII0, eCJH NepBoe TeJo OpollieHO BepTHKaNbHO BBEpX, a
BTOpOe — TOpH30HTaNbHO? CYHTaTh YCKOpeHHe CBOGOAHOIO
nagenus g = 10 m/c2. ConpoTHBienHe BO3LyXa He Y4MTHI-
BaTb. 3afauy pelWHTb Ge3 NpHMeHEeHHS 3aKOHA COXPaHEHHs
SHEpTHH.

72. Teno, naxogsitieecs Ha Boicote H = 80 M Hax 3emJel,
6pOLLIEHO TOPH3OHTANBHO C HAYaJIbHOM CKOPOCThIO Ug = 15 M/ c.
Ha#iti ckopocTb Tesa B MOMEHT, KOI1a OHO OKaX€TCS Ha Bhl-
cote h = 60 M Hag 3emJel. ¥cKopeHHe CBOGOLHOrO NMageHHs
nprHATL paHbiM 10 M/ c2. 3anauy peliHTh 6e3 NPHMEHEHHS
3aKOHa COXpaHeHHs 3HeprHH. COnpoTHBJIeHHEM BO3yXa Ipe-
Hebpeub.

73. HaliTH Haya/nbHYIO H KOHeYHYI0 CKOPOCTH KaMHs, 6po-
LWeHHOTO FOPH30HTAJBHO C BbicoTH [/ = 5,0 M, ecs1H no ropu-
30HTaNH OH npoJeTtes pacctosiHie s = 10 M. ConpoTHBeHHe
BO3[yXa He YYHTbIBATb.

74. Isa Tena GpolieHbl C OOHOH H TOH XK€ CKOPOCTHIO MOL
yriaMH o ¥ /2 — o K ropu3onty. OnpelennTb OTHOLIEHHe
HaHGOMbLIHX BBICOT NMogbeMa 3THx Tes. COnpoTHBNEHUe BO3-
AyXa He Y4HTHIBaTb.

75. Teno, 6polieHHOE MOJ HEKOTOPHIM YIVIOM K IOPH3OH-
TaJbHOM TJIOCKOCTH, MajgaeT Ha Hee yepe3d T = 2 c. Kako#
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Hau6oJbllUel BICOTHl OHO f0ocTHrano? ConpoTHB/EHHE BO3Y-
X2 He YYHTHIBATb.

76. KameHnb 6powren mog yriom o = 30° K rOPH30HTY ¢o
ckopocTbio Uy = 10 M/c. Uepes cKosbKo BpeMeHH KaMeHb
6yneT Ha BoicoTe A = | M? ConpoTuB/ieHHe BO3AYXA He YuH-
TbIBATb.

77. Ha kako# BbICOTe BEKTOD CKOPOCTH TeJa, 6pOLLIEHHOro
Mof yrioM og = 45° K rOpH3OHTY C HadaJbHOH CKOPOCTBIO
vp = 20 M/ ¢, 6yeT COCTABAATD € FOPH30HTOM yroar & = 30°?
ConpoTHBJeHHe BO3yXa He YUHTHIBATD.

78. C BLICOTH & Haa MOBEPXHOCTHIO 3€MJIH TeJ10 GPOIIEeHO
MO/l YIJIOM K FOPU30HTY €O CKOPOCTbIO Up. Yemy paBHa CKo-
pOCTb, C KOTOPOH TeJIo MajaeT Ha 3eMato? 3anady peluHTh 6e3
NpUMeHeHHUsl 3aKOHa coXpaHeHHsi 3Hepruu. CoNpoTHBJEHHE
BO3[yXa HEe Y4HTbIBAaTh.

79. Ilpu paspyuieHdH Bpallalomedcs 4acTH MallHHbl oc-
KOJIKM MOFyT OTJleTeTb nog yraoM ¢ = 60° K ropH3oHTY €O
ckopocThlo U = 3 M/ c. Kakoil MHHUMAanbHOM BHICOTHI Hajlo
MOCTABHTh OTPaXkieHKe Ha paccTosHuM [ = 0,5 M OT MalliiHbI,
4T0o6Gbl OCKOJIKM He BblieTesd 3a mpenessl orpaxaeHus? Co-
NpOTHBJIEHHE BO3JyXa He YYHTHBaTh.

80. [llapuk BepTHKa/JbHO MajaeT C BbICOTH A = 2 M Ha
HaKJOHHYIO TJIOCKOCTh ¥ ab6COJIIOTHO YIIPYro OTPa)KaeTcs Mom
yrJioM, paBHbIM yraly nagenus. Ha kakoM paccTosiHHH OT Mec-
Ta MajleHHs OH CHOBAa YAApHTCH O Ty XKe MJIOCKOCTb? Yroij
HaKJIOHa MJIOCKOCTH K ropudoHTy o = 30°. CompoTHB/EHHE
BO3/yXa He yYHTHIBATb.

81. U3 onHoM Touku ogHOBpeMeHHO G6polueHbl aBa Tena
Mo yraaMu ¢y = 60° ¥ a9 = 45° K FOpPH3OHTY ¢ Ha4a/bHbIMH
CKOPOCTSIMH COOTBeTCTBeHHO vy = 40 M/c u vy = 50 m/c.
TpaektopHy Tes sexar B OfHOH MJIOCKOCTH. Ha kakoM pac-
CTOSIHUM APYT OT Apyra OyayT HaxoauTbesd Tesa yepes § = 3 ¢?
ConpoTHBJeHHe BO3lyXa He YYUTHIBATb.

82. JlaHbl KMHeMaTHueCKHe ypaBHEHUS [BHXKEHHA TeJa:
x = Rsinwt, y = Rcoswt. Haltu ero TpaekTopHio H ycKope-
Hue (Moay/ib v HanpassieHue). KakoB cMblc/l TOCTOSAHHBIX R U @ ?

83. Bo cKOJBKO pa3 yrnoBas CKOPOCTb 4acOBOH CTpPeJKH
6oabliie YrJ0OBON CKOPOCTH CYTOYHOrO BpPALIEHUs 3eMJH?

84. Kaxywo nMHeHHYy10 CKOPOCTb MMEIT BepXHHE TOYKH
o6ona BeJOCHIENHOro KoJeca, eC/H BeJIOCHNEeNHCT eleT Co
ckopocThio v = 20 kM /u?

85. OnpenmennTh paguyc MaxoBUKa, eCJH MpPH ero Bpa-
EeHHH TOYKH Ha o6oie MMelT cKopocTh v; = 6,0 M/¢, a
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TOYKH, HaxopslMecs Ha [ = [5 cM 6snxe K OCH, — CKOPOCThb
up=55m/c

86. as wnndoBkY netaneil Ha abpasuBHOM Kpyre CKO-
pPOCTb ¥ KpaMHHX TOYeK 3TOro Kpyra JOJKHA ObiTb paBHOH
94,2 M/ c. OnpeseauTh HEO6XOIUMYIO YACTOTY BPALIEHHS, €CIH
nuameTp Kpyra d = 0,3 m.

87. Crepxenb pauHoit [/ = 0,5 M Bpawaercs ¢ 4acToToi
n =2 ¢! Bokpyr ocu, npoxonsuleit Yepes cTepxeHb NepreH-
JMKYJsipHO emy. LleHTpocTpeMuTeNbHOE YyCKOpEHHE OJHOIO U3
KOHLIOB cTepxHs @ = 16,1 M/ c2. Onpeneauts JuHeiiHYI0 CKO-
pOCTb IPYroro KOHUA. .

2. OCHOBb! AUHAMUKH

MeToaun4eckue yKa3aHuns K pelueHunio 3aaa4y

[pu pelweHuy 3anay no AUHaMHKe NPSIMOJUHEHHOTO IBH-
JKEHUsl CJlelyeT CHaya/a BbISICHUTb, KaKHe CHJbl eHCTBYIOT
Ha HHTEepecYyIole HAC Tesa, H U306pa3UTh 3TH CUJIbI HA PHCYH-
Ke, BbIOpaTh cUcTeMy KoopauHaT. KoopnuHaTHBe ocH BblGH-
PaIoT TaK, YTOOb! IPOEKLHH CHJ U YCKOPEHHH Ha HUX BHParka-
JIHCb BO3MOXHO Gosiee npocThiM o6pa3om. [asee, s Kaxuo-
o TeJla B OTHEJbHOCTH Ha OCHOBaHHH BTOpPOro 3akoHa Heioto-
Ha COCTaBJSIIOT YPaBHEHUS IBHXKEHUsl B BEKTOPHOH dopme:

A+F +.+F, =ma,

e F, F, ..., F, — cujbl, feHCTBYIOlIHE Ha TeJO; m — Mac-
ca Tesa; @ — ero ycKopeHue. 3aTeM 3alUCHIBAIOT 3TH ypaBHe-
HUsl B CKaJasipHo# ¢dopMe, T. €. B IPOEKUHSAX HAa OCH KOOpIH-
HaT:

Ay +Foy +. .+ Fy =may,, Ay +Fy, +.+ Fy =ma,.

Ecau nBu>xeHHs Tes1 B 1aHHOHM 3ajaye B3aHMOCBA3aHLl, TO
HaNo HAUTH YpaBHEHUS /ISl KHHEMAaTHYeCKUX BEJHYHH, OTpa-
¥alollle 3Ty cBsi3b. [loayyeHHYIO CHCTeMY YPaBHEHHH perua-
IOT OTHOCHTENbHO HCKOMBIX BEJHUYHH.

CnenyeT oTMETUThb, YTO BTOPOH 3akoH HbloToHa naer Bo3-
MOXKHOCTb HAHTH TOJIbKO YCKOpeHHsT Tesl. CKOPOCTH H KOOPAHHA-
Thl TeJl OTpeNesiioT JHILb [P 33JaHHU HadaJbHbIX YCJIOBHH.
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B 3ajauax, rjie y4HTHIBAETCS TPEHHE, HYXXHO HAXOHUTh CHIY
HOPMAJbHOH PEaKLMU ONOphl, ONPEAeNsIOUly0 CHAY TPEHHS.
Jl1st 3TOr0 COCTaBASIIOT ypaBHEHHe HA OCHOBAHHH TOrO, YTO
BIOJIb KOOPAHHATHOH OCH, NepPHeHAUKYISPHOH HanpaBJeHHIO
CKOPOCTH NPSAMOJIMHEHHO ABMXKYLIErocs Tesa, yCKOPeHHe OT-
CYTCTBYET, U I03TOMY CyMMa MIPOEKLHH CHJI Ha 3Ty OCb paBHa
HYJTIO.

3anayd N0 AHHAMHEKE JBHXKEHHUS [0 OKPYXKHOCTH pelaloT
TaK )Ke, KaK ¥ 3a/1auyH 110 IHHAMHKE NIPSIMOJHHEHHOIO ABHKe-
HHSl, IPH 3TOM NPSIMOYIONbHYK CHCTEMY KOOPAMHAT palHo-
Ha/bHO BHIOHpATh Tak, 4To6H OfHa u3 ocedl (HanpuMep, OX)
6bl1a HalpaB/ieHa H3 TOUYKH, B KOTOPOH HAaXOAMTCS TeJo, M0
paluycy K LEHTPY OKpy»HocTH. TOria 1 py paBHOMEPHOM, U
NpH HEPABHOMEPHOM NBMXKEHHH 1O OKPYXXHOCTH NpPOEKLHs
YCKOpeHHsl Ha 3Ty 0Cb paBHa MOAYJIO LIEHTPOCT PEMUTENbHOIO
(HopMmaJibHOTO) yCKOpeHHSs: @, = a, = v*/ R, rie v — MoayJb
CKOPOCTH TéNa B JaHHOH TOUKE TPAeKTOPHH; R — Paluyc OKpYX-
HOCTH.

OCHOBHbIE 33aKOHb! U hopMynbl

Mepeeui 3akon Heromona (3akon unepyuu): BCsKoe Teso co-
XpaHsieT COCTOSHHE MOKOS HH PaBHOMEPHOro NPAMOJIHHEHHOro JBH-
XKeHHA O TeX MOp, MOKA BO3JeHCTBHE CO CTOPOHBI APYFHX Tesl He
33CTaBHT €ro H3MEHHTb 3TO COCTOAHHE.

HHepyuanvrbie cucmemvt omcuema — 3T0 CHCTEMBl OTCYETa, B
KOTOPBIX BbIMOJIHAETCA NepBHi 3akoH HbloToHa.

Bmopoi 3axon Heromona: cymMa QedCTBYWOILIMX HA TeJO CHJ

pPaBHa NPOH3BeEHHIO MACCHl M 3TOro TeJa Ha ero YCKOpeHHe a.

F =ma,
rme F=R+FK +.+F,.
Jpyras ¢opmynnpoBka BToporo 3akosHa HbloToHa: vaMeHeHHe
HMNYyJbCa TesNa 32 BpeMsA Af PaBHO MMIYJbCY JeHCTBYWOILEH Ha
TeJIO CHAB F 3a 3TOT XKe MPOMeXYTOK BpeMeHH:

Ap = FAt,

rie Ap = muy — my; — W3MEHeHWe UMMyJbCa Tesa; ¢y, Up — Ha-
Ya/jbHas H KOHeYHasd CKOpOCTH TeJa.

Tpemuii saxon Hetomona: cuibl, ¢ KOTOPHIMH Tesla JeHCTBYIOT
ApYT Ha ApYyra, paBHbl N0 MOAYJIO H HANpaBJ/eHsl N0 OHON NPIMOi
B [TPOTHBOMNOJNOXKHbBE CTOPOHBI.
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3aK0H 8CEMUPHOZ0 MACOMEHUS: CHIIA B3AUMHOTO TIPHTSIKEH HSA
IBYX MAaTepHaJbHbIX TOYEK NpPAMO [PONOPUHOHANLHA NpOHU3Bese-
HHIO Macc 3THX TOYeK H 06PaTHO NPONOPLHORANLHA KBAAPATY pac-
CTOSIHHA MeXay HHMH:

mymy

f2 '

F=G

rae G = 6,67 - 1071 H - M2/kr? - rpaBuTaudoHHas nocTosHHas.
Cuna maxecmu F, — 3To cula NpUTAKEHHS Tesla 3eMel:

F, = mg,

rZe m — Macca Tela: g — ycKopeHHe CBOGOLHOTO NafeHHA.
Yexopenue c606001020 nadenus y TIOBEPXHOCTH 3eMJu

g=GM/R,

roe M — macca 3emay; R — ee paguyc. Ha BricoTe A Haa noBepxso-
CTbI0 3eMaH
gn=GM/(R+ h)2

Bec meaa — 3To cuna, ¢ KOTOpOH Teso BCAeACTBHE NPHTHXKe-
Hufl K 3emsle DeHCTBYeT Ha TOPH3OHTANbLHYIO ONOPY WM BepTH-
KaJbHKi ToBec, YoepXHUBAKUIHe ero 0T CBOGOAHOrO nageHusl.

[Tromnocms ogxHopoaHoro tena

p=m/V,

roe m — Macca Tena; V — ero obbeMm.
Cunra mpeHus nokos uMeeT MaKCUMalbHoe 3HaueHUe

Frp.n max = KN,

rze b — KoapduuueHT TpeHus; N — cisla HOpMalbHOM PeakUMH OIOPHI.
Cuna mpenun cKoAbICEHUR

FTp = uN.

3axon T'yxa: npu ynpyroit fedopMauuy pacTikeHus (cxatus)
CHJA YNPYroCTH NpPONOPUHOHANbHA BEKTOPY yAJIHHeHUs (cKaTus)
U MPOTHBONOJOXKHA eMy 10 HanpaBleHHIO:

Fynp = kAL,

rae £ — Ko3(phuuMeHT ynpyrocTH (»KecTKOCT).
Ecnu F — npunoxenHas cuna, [ — BauanbHaa AddHa tena, S —
NJI0WAbL ero nonepeyHoro ceyeHus, TO

F=ES|ay,
lo

rae £ — moayas ynpyroctu (Moaynb FHOura).
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Mpumepbl pelweHns 3aaay

88. [ToxbeMHbi# KpaH MogtuMaeT Nty Maccod m = 1000 kr
BePTHKA/IbHO BBepx ¢ yckopenueM a = 0,2 m/c?. Onpepe-
JIMTb CHJly HaTAXKeHUS KaHaTa, yAepXH-

Y BAIOLLEro MJAUTY.

Pewenwue Hanaury geficteyor
CHJIA TSXKECTH F ¥ Cu/ia HATSKEHHS Ka-
nara T (puc. 25). KoopauHatHylo oCb
OY uanpasuM BepTHKanbHO BBepX. Co-
rJ1acHo BTOpoMy 3akoHy HeloToHa, 3a-
f MHILeM ypaBHeHHe B BeKTOPHO# dopme:

T+F =ma.

~4

T 0 70y Jns npoekurit Ha ocb QY monyyum
ypaBHeHHe B CKaJApHOH (opMe:

Puc 25

T, + F.,=ma,

Tak kak Ty T,F.y=—-mg, a,=a, umeem T — mg = ma.
Otciona T = m(g+ a) T =1-10* H.

89. Mo neiicTaueM cuibl F, HarpaBJIeHHOH BJIO/1b FOPH30H-
Ta/JbHOH MJIOCKOCTH, 110 ee NMOBePXHOCTH HayHHaeT CKOJb3HTb
6e3 HayaNbHOH CKOPOCTH Teslo Maccolt m =4 Kr u yepeat =3 ¢
nocJ/ie Haua/a ABHXKeHHUs nprobpetaet ckopocts v = 0,6 M/ c.
Ha#tu cuny F, ecau kosdpopuumeHt TPEHHUS MEXJY Te/IoM H
niockocTblo L = 0,2.

Pemwmesnue Hareno neictsylor yeThipe CHJbL B
rOPU30HTANLHOM HalpaBJeHHH — cy/la F ¥ cuia TpeHHs FTP,
B BEPTHKA/bHOM — CHJA THXECTH F = mg W CUMa HOPMaJb-
HOH peaKuyH MJIOCKOCTH _N.

3a MoJIoXHTe/bHOE HanpasJie-

Y Hue ocd OX npuMeM Hanpasie-
HHe ABHXKEHHs Tena, och OY
N HanpaBMM BePTHKa/NbHO BBepX
g, F (puc. 26).
“F::"—’ CornacHO BTOPOMY 3aKOHY
07 Z X Herotona, cocraBuM ypaBHeHHe:
mg " - ~ _
Puc 26 F+Fp+F +N=ma
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B npoexuusix Ha ocb OX nonyuum F — Fr, = ma. O1ciona
F=F+ ma (1)

Monyab cunbl N HaiifieM no BTOPOMY 3aKOHY HbloToHa,
COCTaBHB ypaBHeHHUe B NpoeKlusx Ha ocb OY:

N, +F,, = ma,.

Hockoabky N, = N, F,, = -mg, a a, = 0 (yckopeHue
Teaa nepneﬂnuxynﬂpﬂo ocH OY) o N—-mg =0, N=mg.
[Tostomy, yuursiasi, 4yto F = p N, noayyum

FTp = pmg. (2)

Tak Kak Tes0 ABUraJocb PaBHOYCKOPEHHO 6e3 HauasbHOM
CKOPOCTH, TO B MOMEHT BpeMeHU { CKOpPOCTb TeJa v = at.

OTclona
=y/t. (3)

oncraeuB 3nauenus Fo, u a us popmys (2) u (3) 8 dop-
myay (1), a satem UHCJIOBLIE 3HAUEHHS 3a/laHHBIX BeJHUHH,
oM y4uM

F=m(pg +v/t), F=9H.

90. [To Hak/MIOHHOM NJIOCKOCTH € yIJIOM HAKJOHA O CKOJIb-
3UT BHU3 6pycok mMaccod m. Hailltu ero yckopeHue, ec/u Ko-
3¢¢dUUMeHT TPeHUs! 6PYCKa O MIOCKOCTb PaBeH .

P e wen ue Hanpasum ocb OX BrOJb HAKJIOHHOH
IIOCKOCTH, a ocb OY — NepreHAuKyAPHO MIOCKOCTH BBEPX
(pwuc. 27) Ha 6pycok neHcTBYIOT TPH CHJIBL: CHJIA TSKECTH
F, = mg, cuna HOPMaNbHOH PEaKUHH MJIOCKOCTH N H cuJIa

TpeHHs FTp. CoraacHo BTopoMmy 3akoHy HeloToHa,
F+N+F,=ma
CocTaBuM ypaBHeHHE B IIPOEK-
uMsx Ha ocb OX:
Fopy+ N+ F

TPX a/\f‘

Ho F, = mgsina, N, =0, Fr, , =
=~Fyp, =—pN.Ilostomy mg sina —
— WN = ma,. Orcrona

mg sina — uN (1)

ay = m : Puc 27
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Moayab cuasl N Ha#igeM, Kak 4 B Npefblaylled 3agaue,
COCTaBHB B NpOeKUMsX Ha ocb OY ypaBHeHHe, sBAfOLIEECS
clefcTBHEM BTOporo 3akoHa HblotoHa: N —mgcosa=0.
Orcrona N = mg cosa. [loactaBuB 3To 3HayeHue B GopMyay
(1), noayunm

a, = g(sina - pcosa).

AHanus 3ToH (GOpMYJBl MOKa3biBaeT, B UACTHOCTH, YTO MNPH
otcytctBuH TpeHus (u = 0) a, = gsina.

91. Teno nBMXKETCA MO TOPH3OHTAJBHOH IJIOCKOCTH MOA
OeHCTBUEM CHJbl F, HanmpaBJeHHOH MOJ YIJIOM O K FOPH30H-
1y. HavanbHas ckopoctb paBHa Hyno. Halith yckopeHue Tena,
eCJsIH ero Macca paBHa m, a Ko3P@HUMEHT TpeHHUs MeXAy Te-
JIOM ¥ IJIOCKOCTBIO paBeH L. [Ipn kakoM MopyJe CHJbI ABHIKE-
Hue 6yNeT PaBHOMEpPHbBIM?

PeweHue. Hareno nefictpy-
Y 10T YeThblpe CH/bL: cuia f, cuna Tpe-

7 Hus Frp, cuna txkectn Fr = mg u

. Ul CHJ1a HODMA/IbHOH PeaKuHH mioc-

& o kocth N (puc. 28). 3a noJoxu-

g 7777777 TellbHOe HamnpasieHue och OX
F IpUMEM HAamnpaBJeHHe ABHXKEHHs

Puc 28 tena, ocb OY HanpaBuM BepTH-

KaJIbHO BBepX.
CoraacHo BTOpoMy 3akoHy HbloTOHa, cocTaBUM YpaBHe-
HHUe B BeKTOPHOH Qopme:

1:'+A7+F“Tp+m§=m5.

B npoekunsix Ha ocb OX nonyunm ypasHenue F coso — Frp =
= ma,. OTciona

Fcoso - F,
a4 = — (1)
Moaynb cHaBL TpeHUS
Frp = BN. (2)

Monynb cunpl N HakljgeM M3 ycaosHs a, =0 (8n0OMb OCH
OY tesno He aBuxkertcs): N —mg + Fsina = 0. Orciona

N =mg -~ Fsina. (3)
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Ha ocHosauuu dopmya (1)—(3) nonyuum
a, = %(cosa +usina) - pg.
IBuxeHue 6ynet paBHOMepHHM npu a, = 0, T. e.

Fi(cosa + psina) — umg = 0.
Orciona
__ umg
1 ™ cosa+psina”

92. K 6pycky Macco#t m = 6. Kr, JeXaueMy Ha FOpU30H-
TaJbHOH MJIOCKOCTH, mpuaoxeHa cuna F = 8 H, Hanpas-
JeHHasi mox yraom o = 45° k ropusoHty. KosadpouumeHr
TpeHHs 6pycka o miaockocTe B = 0,3. Haittu mMonyap cuabl
TPEeHHS U CKOpOCTb 6pycKa uepe3 ! = 2 ¢ nocje HavaJja
LeHCTBHUS CHJBL.

Pewenune Ha6pycok nedcTByrOT YeTbipe CHJ/bL CHJA
F, cuna tpeus Fy,, cuna tsxkecrn Fp = mg W CUaa Hop-
ManbHOM peakuuu maockoctd N (cm. puc. 28). B 3anaue Hu-
4ero He CKa3aHO O JBHXXEHHH Tesa.

[TpennosnoxuM, 4To B yYKa3aHHbIH MOMEHT BDEMEHH TeJ/0
ABHXKETCSl B MoJioxutenbHoM Hanpasaenuu ocu OX. Torna,
paccy»zasl Tak e, Kak U [IpH pelleHHH NpeblAyueH 3a1auy,
Mbl TIONYYHM

- F : _
a, = m(cosa+usma) ug.
[ToacTaBHM 3HauEHUS BEJNMYHH M BHYHCJUM:
a, = %(cos45° +0,3sin45°) = 0,3 - 9,8 = =2 M/ 2.

[Moayuuau a, < 0, 4To NPOTHBOPEUHT CAEJAHHOMY TPeato-
aoxeHnw (a, > 0). CrenosatesnbHO, TEN0 NOKOUTCS, T. €. €ro
ckopocTb v = 0, a cu/a TPEHUS SIBJISIETCS CUJOH TPEHHSs Mo-
kos. Ilas npoekuuit Ha ocb OX nonyuum (¢ yuerom TOro, uto
a, = 0) ypassenue Fcosa—F, =0, otkyna
Frpq=Fcosa, Frpp =6 H

93. Ha ropusoHTanbHOM cToJle JeXaT JBa CB3aHHbIX
HUTBIO IPy3a, Macchl Kotopsix m| = 0,3 kr ¥ my = 0,7 kr. K
rpy3aM [PHJI0XKEeHb TPOTHBOMOJNOXKHO HANpaBJeHHble CHIbI
Fy=1HuFy,=2H, nuunu 1eACTBUA KOTOPHIX COBNAAAIOT
¢ HUTbIO. HafiTH, ¢ KaKUM yCKODeHHeM ABHXKYTCS IPy3bl H ¢
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KaKOH CHJ/IOH JeHCTByeT HUTh Ha KaxAab# rpys. TpeHue He
yuuThiBaTh. HHTh CuHTaTh HEPACTAXKHMON H HEBECOMOH.

Pewerue O603HaYUM BCe CHJbI, AEHCTBYIOLIHME Ha
rpysbl, ¥ BhifepeM cucteMy Koopauuat {(puc. 29, a). 3anu-
lIeM, COIMIaCHO BTOpoMYy 3akoHy HbloTOHa, ypaBHeHus ABH-
JKeHHsl Tpy30B:

}31 +N1 +'f‘1+m1§=m1&1, ﬁz +N2+7-‘2+m2§=m252,

rae Ny, No — cu/bl peakuuH onopsl; 71, Tp — CHJIBl HATSKEHHUS
HHTH, IeACTBYIOLUME HA NepPBblil H BTOPOH IPy3bl COOTBETCTBEHHO.
Inst mpoekuuit Ha ocb OX ypaBHeHHS NPUMYT BUI:

Ty = Fy=mayy, Fy — Ty = moay,. (1)

HepacrsxiMocTh HUTH 03Ha4aeT NMOCTOSHCTBO ee [JHHbI.
[TockosbKy rpy3sl epeMellaloTCs TOIBKO BIPaBO, TO pa3HOCTh
MX KOOpAMHAT, paBHAs NJHHE HHTH, OCTaeTcsl MOCTOSHHOH,
T. €. X9 — x| = const. (B 3agauax no kMHeMaTHKe U THHAMHKe
TeJa pacCMAaTpHBAIOTCS KaK MaTepHasIbHbie TOUKH H TOJBKO
IVIS HAJISIAHOCTH HMX M3006paXkaloT Ha PUCYHKax B BHJe KBal-
paTHKOB, KPYXKOUKOB H T. I.) B3siB npousBoaHyo o Bpeme-
HY JIeBOH U MpaBOil YacTeM MOCJENAHero PaBeHCTBA, M0MY4YHM
x{ ~ x4 =0, unu x{ = x4. Bo3bMeM ele pa3 NpOH3BORHYIO MO
BPEMeHH, MONYYHM X{'= X5, T. e. aj, = Gg,. TakuM o6pasom,
U3 YCJIOBHUSl HEPACTSKUMOCTH HHUTH CJIefyeT, YTO YCKOPEeHHs
CBSI3aHHBIX TeJ KM BCEX TOYEK HUTH OIUHAKOBBHL:

Al = A2x = Ay (2)
Hoxaxem Tenepb, uro MOAyJH cun T; u Ty paBHbl, ecau

HUTb HeBecoMa. O6o3HaunM uepe3 F3 cHay, Ae€HCTBYIOLIYIO
Ha HHUTb CO CTOPOHBI epPBOTO TeJla, a yepe3 F4 — CO CTOPOHBI

a J
Y -
f, A
. AN VA
Pl g A
g L Fi
¥y mg mg
Puec 29
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sroporo (puc. 29, 6). CornacHo BTopoMy 3akoHy HbloToHa,
ypaBHeHHe [ABHXXEHUS HUTH UMeeT BUJ

ﬁ3 +F~‘4 = m&,

rje m — Macca HUTH; @ — yckopeHue. [Tocko/bKy HHTb HeBe-
coma, Tom = 0. Torna F3 + Fy = 0. CnesoBarenbto, Fy = —F.

CornacHo Tpetbemy 3akoHy HbloToHa, ¢ KakoH cusoil Tes1o
HefcTBYeT Ha HUTb, C TAKOH Ke N0 MOAYJI0, HO HanpaB/JeHHOH
TIPOTHBOMOJIOXKHO CHJIOH, NEUCTBYeT HUTb Ha Teso. [lostomy

Ty =-Ff3, Ty =—F4. Ecan yuectb Teneps, 4ro F3 = —F,, To
nonyuum T; = —T5. CnenoBarenbHo,

T, =Ty=T. (3)

Takum 06pa3omM, U3 YCJOBUSI HEBECOMOCTH HHTH CJEAyeT,
YTO TaKast HUTb NefICTBYeT Ha CBSI3aHHbIE T€Na C CHAAMH, PaB-
HbIMM 110 MOJYJIIO H MPOTHBOMOJOXHLIMH 10 HAMPaBJEHHIO.

Mepenuuwewm ypasHenust (1) ¢ yuetom pasencts (2) u (3):

T—-F,=ma, Fo — T =mqa.

Peurus 3ty cucteMy ABYX ypaBHEHMH, MOJyYUM:

F-A _ Amg + Fmy

= ,a=08m/c2 T=08H.

my+mso’ my + mo

94. Yepes 6s10K, MacCOH KOTOPOTO
MOJXXHO NpeHe6peyb, IepeKUHYTa HeBe- %
coMasl ¥ HepaCTsXKUMasi HUTb, K KOH-
11aM KOTOpOH MojBelleHbl IPy3bl my = Y
= 2,0 kr ¥ mg= 2,1 kr. HauasnbHble cko-
POCTH rpy30B paBHbl HyJl0. KakoBo me- | -—.-141
peMelieHHe rpy3oB 3a Bpemst T = 3,0 ¢? L
Kakopa cuna natskenust Hutu? C ka- -
KOH CHJIOH AaBUT HHUTb Ha 6JIOK? l
Pewedue Cunsl, gedicTByoume g
Ha rpy3bl, a TaKXKe BbI6PaHHOE HaMpas-
JeHue KoopauHaTHOH ocu OY nokasa- g
Hbl Ha puc. 30. Hauano koopauHar co- [:|
BMelLIEHO ¢ HaYa/bHbIM MOJIOXKEHHEM Jie- g
BOTO T'Py3a. A .
CoraacHo BTopoMYy 3akoHy HbioTo- B
Ha, 3anulieM ypaBHeHHe JABHUXKEHHS 1151 o
KaXK10TO TPy3a: Puc 30

=i
Sl

—
g .
)
>
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Ty +mg = ma, Ty +mog = mydy.

[TockonbKy HUTH HEpAcTsXKHMa U HeBecoMa, TO a; = ag = a,
T, =Tg=T. C yueroM 3TOr0 COCTaBJIIEM YPaBHEHHS ABHXKe-
HUS I'PY30B B NPOEKUHAX Ha ocb OY:

T—mg=ma, T— mog = —moaq,

rae a — yckopeHue. BbluMTasi 43 nepBoro ypaBHeHHsl BTOpoe,
noJay4daem

glmy — m) = alm; + my),
OTKyZla
_ &glmy - m)
- m1+m2

YpaBHeHHe 117 KOOPAMHATHI JIEBOrO IPy3a 3alHUIeTCs TaK:
y=at?/2.

B MoMeHT BpeMenu T y = s. Takum o6pasom, MoayJb ne-
peMelLeHH s

2 (my — my )2
= av _ &my-m)tv
5 Aom 7 mg) " S 1,1 M.

CHJ’ly HaTAXKeHHUSd HUTH HaﬁﬂeM H3 ypaBHeHHH JABHXEHUA
JIeBOI'0 Tpy3a:
2mmag
mj +mg’

T=mg+a= T=20H.

Ha 6710k aeHcTBYIOT CHJIbI HAaTSXKEHHS HUTH ﬂ’ H fQ’ , a TakK-
e cunia peakurd ock N. BroK HaxonuTCst B paBHOBECHH, CJIEA0-
BATeJIbHO, ﬂ' +T3+ N=0.Takkak Iy=T1 =T, T3 =T, =T,
TO A1l poeKuM#H cua Ha ock OY noayuum N — 2T = 0, oTKyzna
N =2T.

[To TperbeMy 3akony HbloToHa cHila, ¢ KOTOPO# OCb AeHCT-
ByeT Ha 6JI0K, paBHa IO MOAYJIO ¥ NPOTHBONONOXHA N0 Ha-
MIPaBAEHHUIO CHJe F, ¢ KOTOPO# 6JI0K AaBUT Ha oCb: N = —F .

CnepoBatensHo, F = N = 2T. TloacrasuB B 31y dopmyay
BblpakeHHe a5 T, HaHaeM:

_ Ammog
- mp+ mg’

F =40 H.

95. Tesnno Maccolt m| ABHXKETCS BBEpX [0 HAKAOHHOM NJo0C-
KOCTH IOJ leHCTBHEM CBSI3aHHOTO C HHM HeBeCOMOH H Hepac-
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TSXKHMOH HHTbIO I'Py3a Maccolt mo. HauanbHble ckopocT Tena
M rpy3a paBHbl HYJK, KO3DQHIUEHT TPeHUsl TesJa O IJIOC-
KOCTb i, yros Hak/OHa IJjockoctd & . Onpenenutsh yckope-
HHe, C KOTODHIM JIBHXKETCS TeNO, U CUJY HATSIKEHUS HHUTH.
Bsiok HeBecom U Bpalaetcs 6e3 TpeHUsI.

Pewesnue Hareno, nBuxylieecs no HaKJIOHHOH
TJIOCKOCTH, IEHCTBYIOT CHJa TsDKeCTH Fr| = m g, cuna HaTs-
KeHHsl HUTH T}, cuiia TpeHust Frp ¥ cua Peakuuu NJI0CKOCTH
N. Ha rpys neficTBYIOT cuia TsecTH Fo = mog M CcHaa

HatskeHust HUTH To. CoryacHo BTopoMy 3akoHy HbioToHa,
ml,§+f] +ﬁTp + N= ml&l,
Ty + mog = mody,

Tae d;, do — YCKOPEHHe TeJla U IPYy3a COOTBETCTBEHHO.

ITockonbky HUTb HeBecOMa U HEepPACTSXKHMa, TeJO U I'Py3
ABHXKYTCSl C OJMHAKOBbIMH [0 MOAYJI YCKODEHHSMH, T. €.
a=ag=aul| =Ty=T.

BuiGepem /s Tes1a cHcTeMy OTCYeTa Tak, 4ToObl Hauaso
KOOpAHHAT COBMANaJ0 ¢ HHXXHUM KOHLOM HAaKJOHHOH MJIOCKO-
ctH, ocb OX 6blna HampaBJieHa BBEPX BJOJb MJIOCKOCTH, OCb
OY — nepnesdnukyJsipHo el (puc. 31). 3anuwem ypaBHeHue
[ABHXKEHUS Tesa B NPOeKUMUsAX Ha ocb OX:

Tix t Ny tmg, + FTpx =mag,.
Yuureisas, yro Ty, =T, N, =0, m|g, = —mgsina, F, =
= —FTp = —uN, a;, = a, nosyyaem

T~ mgsina — uN = mya. (1)

Puc 31
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YckopeHHe rpysa BO BCeX HHepUHaJIbHBIX CHCTEMax oTcye-
Ta OQMHAKOBOE.

Juns rpysa BruibepeM cuctemy KoopauHat X'O’Y’ Tak, uto-
6bt ocb O’Y’ 6blna HanpaB/ieHa BepTHKalbHO BHHM3. B 3rol
CHCTeMe YPaBHEHHe JBHXKEHHs IPy3a HMeeT BUI

myg = T = mya. (2)

Pewns oTHocuTenbHO @ cucremy ypasHeHud (1) u (2),
HaizeM

_ mog ~pN - mgsina

- my + mg :

(3)

B Hanpasnenuu ocu OY yckopeHue Tesa paBHO HYJIO, TMO-
stoMy N —mygcosa =0, orkyna N = myg coso. [Toncrasus
3To 3HaueHue B popmyay (3), nosyuum

_ glmg —m(sina + pcosa))
- my; + my :

(4)

Ortctona BUIHO, 4TO OMUCAHHOE B 3ajade aBrxeHue (npu vg = 0)
MOXeT GbITb PEaNH30BaHO NIPH my = my (sin o + P cos ).

U3 dopmyn (2) u (4) HaligeM Momyab cHJIbl HATSKEHHS
HHUTH:

mymog(l + sin o + . cos )

T =
m; + my
96. Ha ropusoHTanbHOH MJOCKOCTH PacroJioXKeHbl TPH
CBA3AHHBIX APYT ¢ APYroM HHTAMH 6pYyCKa MaccaMH m, mg U
mg. Ha HUTH, NpHKpensieHHO# K 6PYCKY Macco¥ M) H NepeKu-
HYTOH Uepe3 HelOABHXHbIH 6J10K, MOABEIIEH IPY3 MacCoH my.
Halitn yckopeHue 3TOM CHCTeMBbl ¥ CHJB HaTAXEHUs Bcex
Hutell. TpeHHe He y4yHTbIBaTb, Maccoil HuTeH M 6J0Ka mnpe-
He6pedb, HUTH CYHTATh HEPACTSXKUMBIMH M HEBECOMBIMH.
PeweHue Cunnl, nedctsyroune Ha 6pycky, uzobpa-
)eHbl Ha puc. 32. Ecau rtena cBf3aHbl HEBeCOMBIMH H He-
PacTHKHMBIMH HUTSMH, TO MOLYJIM CHJI HAaTsXKeHHS /151 KOXKIO0H
HUTH paBHBI Mexay co6oH U Bce Tesa ABHKYTCH C OLHHAKOBbIM
no moayJo yckopenuewm. [Tostomy Ty =T, Ty =T,, T{ =Tj,
a), = a9, = asy = a, a4, = —a. YYUTHIBas 3TO, 3aMHCLIBaEM B
npoekuusx Ha ocu OX u OY ypaBHeHUs NBHXKEHHS LIS Kax-
aoro 6pycka W ans rpysa:

Tl - TQ = maq, T2 - T3 = moa,
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L 5 A L
Rl L T 7
mg mg mg A
mg
Puc. 32

T3 =mga, —-myg + T = —mya.

CkJaaplBasi MOWIEHHO NepBble TPU yPAaBHEHUS U BbIUHTAs
3ateM 4eTBepToe, MoJyyaem

myg = (m; + my + my + my)a,
OTKyZa

ma&
mp+mg+m3+my’

[MoncTaBUR 3TO 3HAYeHHE YCKOPEHHS BO BCE YDABHEHUs IBH-

KeHUS, HauuHasi ¢ MocCJegHero, HaHjeM CUJbl HaTSKeHHSA

HHUTEH:
Tl =

my+mg +m3 my + mgy

m4gm1+m2+m3+m4’ 2= m4gm,+m2+m3+m4’

T3=

m3

(LT P ————

97. B xabuny md(p'ra noMellleH AUHAMOMETP, K KOTOpOMY
noagelleH rpy3 Maccoit m. KakoBHl mokasaHus avHaMoMeTpa
B caenylowmux caydasx: 1) audr nokonres; 2) nudT nogHUMa-
eTCsl C YCKOpeHHeM al, HanpaB/eHHbIM BBEDX; 3) JUPT ONMycKa-
eTCS C YCKOpeHHeM dq, Hanpas/eHHBIM BHU3 (ag < g); 4) audr
CBOGOJHO MNanaeT?

Peuwenue KoopauHatHylo oce OY Y j
HalpaBuM BEPTHKAIbHO BBEPX (puc. 33). '

Ha rpys pgeHcTBywoT ABe CHJBL cHsa Z
tskecTH F, u cuna ynpyroctu F (nuHa-
MOMETp MOKa3blBaeT MOAYJb 3TOH CHJIBL).

Bocnosnb3oBaBKch BTOPLIM 3aKOHOM A .
HetoroHa, 3anmuiiem ypaBHeHUE ABHXKe- g X
HUS B BEKTOPHOH opMe: Puc 33



F-F =
a 3ateM B mnpoekuusx Ha ocb OY: F — mg = ma

=m(g + a,).

y» OTKyza

B nepsom cayyae a, = 0, nostoMy 1HHAMOMETD MOKaXeT
Fo = mg. Bo Bropom cayyae a, = a;. CnegoBarefbHo, F| =
= m(g + a;). B TpetbeM ciyuae ay = —ay, noatomy Fo = m(g -
- ay). B uerseprom cayyae a, = —g ¥ F3 = m(g = g) =
T. €. HacTynaeT COCTOSIHHe Hesecomocm

AHanu3upysl ToJyueHHble pe3yabTaTbl, MOXKHO CleJsaThb
BbIBOZ, YTO BeC Tesia (oKa3aHHsl AMHAMOMETpa) 3aBHUCHT OT
YCKOpEHHs1, C KOTOPBIM ABHXETCA JHMT: NPH YCKOPEHHOM IBU-
YKeHWM BBepX BeC TeJsa YBeJH4YHBaeTCs, NPH YyCKOPEHHOM [BH-
YKeHHH BHU3 — yMeHbIUaeTCs, NpH cBOOOJHOM MaAeHHH — pa-
BeH Hyqwo. Jluwb npu a = 0, T. e. ecnu JUPT MOKOHUTCA HAH
ABWXKeTCA paBHOMEPHO, MOAY/b Beca paBeH MOAYJI0 CHJb
rxectd (F = mg).

[Tpennaraem unrtaTeNl0 CAaMOCTOATE/IBHO PACCMOTPETh CJle-
aylolHe caydau: JUPT ABHXKETCA BBEPX 3aMe//IEHHO C YCKO-
peHHeM ag; NHPT ABHIKETCS BHU3 3aMe[J/IeHHO C yCKOPeHHEM
ay; JHPT NBHXKETCS BHU3 YCKOPEHHO C YCKOpeHHeM ag = 2g.

98. Teno maccofi m = 40 r 6bi0 6pollieHO BePTHKANBHO
BBePX C Ha4ya/bHOH CKOPOCTBIO Ug = 30 M/ ¢ ¥ noCTHIIO Bblc-

YA el TOYKH nofabema yepes £y = 2,5 ¢. Cun-
Tasi CHJly CONPOTHBJIEHHS BO3AYyXa Fc, neucT-
. BYIOLLYIO Ha TeJIO BO BpeMsl ofbeMa, TI0CTO-

ENf SIHHOM, HaTH MOZY/b 3TOH CHJIbI.

PeweHue KoopaunatHyo ocb OY

Lo HampaBMM BepTHKa/bHO BBepx (puc. 34). Ha
i1l TeJIo AEHCTBYIOT [BE€ CHJIbL: CHJIA TSXKECTH F
7 H cuJa conpoTHBJaeHus Bo3nyxa F.. Corvac-
! HO BTOpOMY 3aKOHY HbloToHa, ypaBHeHHe ABH-
! XEHHS B BeKTOpHOH cpopme MMeeT BHA
g
X F, +F. = ma,
Puc 34

a B npoekuuax Ha och OY npumMeT BHA

~mg = F. = ma,. Ortciona
Fe = m(-a, - g). (1)
Urobr HAalTH MpOeKUMIO YcKopeHUs Tesa Ha ocb OY, Boc-
Mosb3yeMCsl ypaBHEHHEM LISt CKOPOCTH: U, = g, + a,l. Yuu-
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ThiBasl, YTO Ug, = Ug U B BbICUIEH TOUKE NOIbEMa U
nosny4aem

y=0,t=tl,

a, = ~vg/t;. (2)
Ha ocHoBatuu dopmya (1) u (2) Haxonum:
F.=mlvy/t, — g), F.= 88 1073 H.

99. HaxonﬂmaﬂCﬂ Ha MIafKoM M0Jy A0CKa CBsi3aHa ¢ Je-
XKalUM Ha HeH 6pyCKOM HUTBIO, IEpEKHHYTOH Yepe3 HeBeco-
Mbiit 610K (puc. 35). Macca nocku M, macca 6pycka m, Ko3¢-
(duLMeHT TpeHUs Mexay HUMH paBeH H. C KaKuM yCKOpEeHU-
eM 6yfeT JIBUraThCs 10CKA, eCH MPHAOKUTbL K HeH TOPH30H-
TalbHO HAMpPaBJEHHYIO CHJY F? HHTb CYHTATh HEBECOMOH H
HepacTsHKUMOH.

)
; 7
. #
[ Troz
é r 1 F
7 Frpi mF
L Y /A
My
Puc 35

Pewenue Hanocky aefictsyioT cuna F, cuna Hats-
KeHusl HUTH T, cunia TpeHust fr,), CHIA TSKECTH Mg u cuaa
HOPMaJIbHOH peakuHH Omnopsl Nl, Ha GpYCOK — CHJIBI T, mg,

Ny u cuna F, Tp2> PaBHas Mo MORYJIO CHIe F Tpl ¥ HalpaBJieH-
Hasl IPOTHBOIOJIOXKHO eH.

CornacHo BTopomy 3akoHy HuloToHa, 3anuieM ypaBHeHHS
JBXKEHHUS] TOCKH H 6pycCKa:

F+T+FTPI+M§+N1 = Maq, F‘TPQ +f+N2 +mg = mdy,

e @, — YCKOpeHHe JI0CKH; @9 — YcKopenue 6pycka. OHu mpo-
THBOTIO/NIOXKHBI 110 HanpaBneHmo Y PaBHbI 110 MOIYJIIO: @) = —dy,
a, =aq = a.
B npoekuusix Ha ocb OX ypaBHeHHA NPHUMYT BHUA:
F-T-Fpy=Ma, —T+Fp=-ma
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YuutsiBas, uto Frp) = Frpp = UNg = umg , monyyuwm:

F-T—-umg=Ma, -T +pumg =—ma.
Orcrona ciaenyert:
_ F-2umg
T Mem

Takoe yckopenue GyzeT TONLKO NPH yc10BUM F > 2umg. [lpu
F <2umg nocka 1 6pycoK OCTaHYTCSl HelOIBHMKHBIMH.

100. [Ba rpysa maccamu m; = 4,0 xr u my = 1,0 xr
CBSI3aHBl HUTBIO, NIEPEKUHYTON yepe3 BJOK, KOTODPBIX MIPHKpe-
TJIEH K BepLUMHE TIPU3MBl, U MOI'YT CKOJIb3UTb 110 I'PaHAM 3TOH
npuambl. HauanbHble CKOPOCTH Ipy30B paBHBl Hyaw. Haiitu
ycKopeHue rpy3os, ecid a = 60°, B =30°, a koapdUuUHeHT
TPeHHUs rpy3oB o miockocth U = 0,20. Maccoit 610xa u Tpe-
HUeM Ha ero ocCH rnpeHe6pedb, HHTb CUHTATb HEBeCOMOH M
HepacTaXUMOH.

Pe w e Hu e Hapuc. 36 nokazaHel cUCTEMb! KOOPIUHAT
XOY u X'O’Y’, BoibpaHHble 1718 MEPBOrO U BTOPOrO Ipy30B
COOTBETCTBEHHO, a TaKXKe 0603Ha4YeHbl BCe CHJIBI, JeACTBYIO-
lllMe Ha rpy3bl, B IPEAINOIOKEHUH, YTO JIeBbI IPY3 IBHKETCS
Baosb ocw OX BHU3, a npaBblid — Brosb ocu O'Y’ BBepx mno
npusme. Ho BepHO JIM 3TO mpeanonoxeHye?

B 3ajaue HUuero He CKasaHo O HalpaB/IeHHH [BHXKEHHS
FPY30B, a €r0 HYXHO 3HaTb, YTOGb! MPAaBUJIbHO YKa3aTb Ha-
NpaBJeHUs CHJl TPEeHHS.

Yrobbl BLIACHUTD, KyNa ABHXKYTCS IPY3Hl, OyneM paccMaTpu-
BaTh X M HUThb KAaK YacTH OHOH cHcTeMbl. BHyTpeHHHe cuubl
B3aMMO/IEACTBUSA I'PY30OB U HUTH He MOrYT COOGLIMTL YCKODeHHe
CHCTEeMe Kak equHoMy uenoMmy. [lpeamnosioxum teneps, 4yTo CHa
TpeHust Frp1 v Frpo HeT, a ecTb TOMBKO cuitbl TskecTH. Moznyib

Puc 36
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COCTABJAIOWEN CHJbL TSXKECTH myg BAOJb JIEBOH [PaHH paBeH
mgsina =4-9,8sin60°= 34 H, a cu/bl THKECTH Mog BLOJb
NpaBoy rpaHH paBeH mogsinP =1-9,8sin30°= 4,9 H. Tak kak
mygsina > mogsinf, Jesbiil rpy3 6yaeT ABUraThCs BHHU3 MO
npH3Me, a npasblil — BBepX. [Ipu Haauuuu cusn TpeHus rpyss
OYLyT ABHMraTbCs TOYHO TaK XKe, IIOTOMY YTO CHJa TPeHHUH,
BO3HHKAWOWAs [IPH IBHXKEHHUH TeJa, He MOXKeT U3MEeHUThb Ha-
TpaBJieHHe ero CKopocTH. Tenepb Mbl MOXXeM NPABHJIbHO yKa-
3aTb HanpaB/ieRUs CUN TPpeHHUs Fi,) M Frpo, 4TO M cllesaHo Ha
pPHCYHKe.
CocTaBUM /151 Ka/0ro rpy3a ypaBHeHHE IBHKeHUS B BeK-

TOpHO# (opme:

mlé + Nl + Tl +FTP1 = mlt'i,

mag + Ng + Ty + Frpo = mya.

B npoexuusix ra ocu OX n O’X” ¢ yyetom toro, uro 7 =T7,
ajy = a9y =a, Fp) = PNy, Fryo = PNy, ypaBHEHHS NIPHMYT
BH:

mgsina — T — uN| = mya, (1)
T —mogsinp — puNg = moa. (2)

HUckmouus u3 ¢opmya (1) u (2) T, Haiinem

_ glmysina — mg sinP) - w(N; + Ny)
a= my + mg ’

(3)

[MockosbKy. IpoeKUMst YCKOpPeHUA JeBoro rpy3a Ha ock OY
a, = 0, a mpaBoro Ha ocb O'Y’ ag, = 0, to
Ny -mgcosa=0, Ny —mogcosB=0.
Orcrona
Ny = mgcosa, Ny = mog cosB. (4)

U3 dopmya (3) u (4) Haxonum:

g = gml(sma—ucosa)—mz(smfhrucosﬂ)’ a=47 M/CQ.

my + mg

101. C kakoit cpenHeil cunod F AaBUT Ha IJ1€40 PYyYHOH
nyJsemeT NpH cTpedbbe, ecau macca nyad m = 10 r, ee cko-
poctb npu Bbinete v = 800 M/ ¢ ¥ CKOPOCTPEJIbHOCTD MyJieMe-
Ta n = 600 BbLICTPEJOB B MHUHYTY?
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Pewenue CornacHo BropoMy 3akoHy HeloToHa,

FAt = Ap,

rie Ap — u3MeHeHHe UMNyabca 3a Bpemst At. B npoekuusix Ha
ropH3oHTaNbHOE HalpaBJeHUe 3Ta GOopMysna NMPUMET BUJA
FAt=Ap.

3a BpeMsi At uMINyJbc MyJb U3MeHsieTcst Ha Ap = mun.
[Mostomy, yuutsiBasi, uto At = | Mun = 60 c, HaxonuM:

F = mun/ At, F = 80 H.

102. [llapuk maccoét m = 20 r najaet co CKOPOCTHIO U} =
= 5,0 M/ ¢ Ha CTa/bHYIO [UIUTY ¥ OTCKAKHBAET OT Hee B MPSIMO
NPOTHBOTIONOXXHOM HAMpaBJEeHHH CO CKOPOCThIo Ug = 4,0 M/ c.
OnpenenuTb MOAY/b U3MEHEHHs] UMIYJbCA WIADHKA U MOLYJIb
cpenHelt cuAbl, neHCTBYIOLIEH HA WIAPHK BO BPEMS y/1apa, ecJu
coypapeHue pauaoch T = 1,0 - 1072 ¢. ConpoTuB/EeHHEM BO3-
n1yxa npeHebpeus.

Pewenue Boubpas Ha-

L4 npassenus oceit OX u OY tak,
I3 Kak NMOKa3aHo Ha puc. 37, yKa-
MV XeM BeKTOPH MUMIMYJ/bCa WIapHKa
no u mocie yaapa. Mamenenue
Wy 7 ¢ UMIyJ1bCa IapHKa — 3TO BEKTOP
. N Ap = pg — p| = mUy — muy.
Puc 37

Monyss 3T0r0 Bektopa

|a5] = J(ap,)? +(ap, )2,

rae Apy, Ap, — npoexuuu BexTopa Ap Ha ocu OX u OY
COOTBETCTBEHHO.

Haxomum: Ap, =0, Ap, = muvg, — muy, = mug + mo) =
= m(v, + vy). CnefoBaTenbHO, MOy 1b U3MEHEHHS] UMIYJIbCA
LIapHKa.

|Ap| = m(y; + vy). (1)

CorJaacHo BTOPOMY 3aKOHY HbloToHa, U3MeHeHUe UMMTYJb-
Ca Tesla paBHO UMMYAbCY cHabl. Ha mapuk neficTyior Bo Bpe-

Ml yaapa Be CHJbL: CHJa HOPMaJbHOH peakuud MIHTh F u
cusa TskecTH mg. IToaToMy Ha OCHOBaHHMM BTOPOro 3aKoHa
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HoloTona Ap = (1:‘+ mé)t. B npoekuusnx Ha ocp QY umeem
m(v, + vy) = (F — mg)t. Orcona

F=M+mg. (2)

[onctaBuB YKCI0BBIE 3HAaYEHHA BeaUuHH B popMyasl (1) u
(2), nonyuum: |Ap| = 0,18 kr - M/c, F = 18 H.

O6paTuM BHHMaHHe Ha TO, YTO MOAYJb H3MeHEHHS HM-
nyJbca |Ap| ¥ H3MeHeHHe Moay/st BEKTOpA p, OMpefessieMoe
KakK Ap = py — p|, — 3TO pa3Hble BeJH4YHHbl. B 1aHHOM onbiTe,
Hanpumep, |Ap| = 0,18 kr - m/c, Ap = py — py = mug — mv| =
=mlvg — vy) =-20- 103 kr - m/c.

103. lodep aBTOMOGHAS pe3KO 3aTOPMO3HJ MPH CKOPO-
cti vy = 72 kM/u. Yepes Kakoe BpeMsi T aBTOMOGHb OCTa-
HOBHUTCS, ecu Kosthduiuent tpeHus p = 0,60? Hemy paseH
TOPMO3HOH NyTb [ aBTOMOOUAA?

12 /
N
frg §§/ V: rmv=0
% 77 ] /' Z 1
my

Puc. 38

Pewenue Koopaunarnywo ocb OX BeibepeM Tak,
4TOGBl BEKTOP CKOPOCTH U GblJ HampaBJieH B CTOPOHY M0JI0-
XKHUTEJbHOro HanpasaeHus 31oil ocH (puc. 38). Hauano koop-
AMHAT COBMECTHM C MOJOXEHHEM aBTOMOOWJS B TOT MOMEHT,
Korjia wodep HaxKas Ha TOpMO3, H BpeMs 6yleM OTCUHTHIBATD
C 5TOro MOMeHTa. Toraa IBHXKeHHe aBTOMOGHJIS ONHCHIBaeTCs
KHHEMaTHYeCKHMH YDaBHEHHSIMHU:

x = vgyt + a.t?/2, (1)
U, = Uy T a4, (2)

rjie X — KOOpAHHATa aBTOMOGHISL B MOMEHT BpeMeHH t; vg, = Uy,
Uy, @, — TpoekuMH Ha ocb OX HawanbHOH CKOPOCTH, CKOpO-
CTH B MOMEHT { ¥ YCKOpPEHHS COOTBETCTBEHHO.

Ha aBToMO6uAb IeHCTBYIOT CHMIa TSXKECTH mg, CHJa HOp-
MasibHOH peakuuu N ¥ cuia TpeHust Fr,. CornacHo BTOpomy
3akoHy HbloToHa, cOCTaBUM ypaBHeHHe B BeKTOPHOH dopMe:
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ﬁTp+N+m§:m&,

a noToM A5t ipoekwi Ha oc OXn OY: —F,=ma,, N—mg=
= 0. OTcrona HaXoaHM:

== Frp/m, N=mg.
YunteiBas, uTo cuia TpeHust Fr, = pN = pmg, noaydaem
a, =-ug. (3)

B MoMeHT ocTaHoBkH aBTOMOoGHst =T, v, = 0. Ha ocHo-
BaHuH ypaBHenus (2) ¢ yuetom pasencTBa (3) mosyuum
0 = vy —pgt. Otcrona

14
1= 2. (4)
(4

B momenT octanosxu x = [. [logctaBus 3T0 3HayeHHe, a
taxxe (3) u (4) B ypasnenue (1), naiinem

pgr? 9 ug002 ”(2) )
l=vr——=v—°——(—)=—. 5
0 2 Oug 2 \ug 2ug (

Ipoussens BbiuKcaends no gopmyaam (4) u (5), noay-
yiM: T = 3,4 ¢,/ =34 m.

104. I'pys maccoirt m = 5,0 kr nepemeruaercss BBepX Mo
HaKJOHHOH MJIOCKOCTH ¢ yr/ioM HakjoHa & = 30° 1 ko3ddu-
ureHToM tpends U = 0,05. K rpysy napansesibHo 0CHOBaHHIO
npuaoxena cusa F = 50 H. Haiitu yckopenue rpysa.

PeweHue DBrubepeM cucTeMy KOOpIMHAT TakK, YTOOHI
och OX 6bizia HanpassieHa BBepPX BLOJIb VIOCKOCTH, a ock OY —
nepneHankyaspHo el (puc. 39). Ha rpys geificTsyioT cuaa
THAXECTH mg, CHJa HOPMa/NbHOH PeakUHH NVIOCKOCTH N, PH-

Pwuc 39
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noxeHHast cuaa F W cuna tpenus F,. Ha ocHosanum BTOpO-
ro 3akoHa HeloToHa

F+mg+Fy, + N = ma.
CocTaBuM ypaBHeHHs s TpoekurH cua Ha ocd OX u OY:

Fcosa—mgsina — Fp = may, (1)
N —mgsina — Fsina = 0. (2)

U3 ypasuenus (2) naiinem N = mgcosa + Fsina, Torza
FTp = puN = plmgcoso + Fsina). [TogcTaBuM 3TO 3HaueHHe
B ypasnenue (1):

Fcoso —mgsina — p(mg coso + Fsina) = ma,,.

OTcona

a, =-f—l(cosa—usina)—g(sina+ucosa)_ (3)

OueBufHO, 4TO TIPH BEIGpPaHHOH CHCTeMe KOODAHHAT MOMY./b
yckopeHHst a = a,. [lo popmyae (3) monyunm a = 3,2 m/c%.

105. ARTOMOOWNb HAUHHAET ABHTaThCH C MAKCHMAJbHbIM
YCKOpEHHEM M3 COCTOSIHHSA MOKOS BBepPX 10 HAKJIOHHOH MJoC-
KOCTH C YIJIOM Hak/oHa O 1 Ko3QpuuHeHTOM Tpenus p. Hail-
TH BpeMs T, 32 KOTOpoe aBTOMOGUNb npoiaeT nyTh [. Cunold
COMPOTHBJEHHS BO3AyXa H CHJOH TPeHHs KaueHHs mNpeHeb-
peub.

Pewmwesn e Bubepem cucTeMy KOODAHHAT Tak, YToObl
Hayaj10 KOOPJAHHAT COBMAAAJ0 ¢ TOYKOH, H3 KOTOPOH aBTOMO-
6usab Hauaa auratbesi. Ocs OX HanpaBHM BBepX BAOJb M1710C-
KocTH, a och QY — nepnenaukyaspno eil (puc. 40). Bpems
6yneM OTCUHTHIBATh C MOMEHTa Hayaja ABHXXEHHS aBTOMOOGH-
as1. Torga 3aBUCUMOCTb KOOPAHHATH aBTOMOOGHIA OT BpeMeHH
BbIPA3HTCA YPaBHEHHEM X = axt2/2, Tak Kak vg=0.Tlpu =1

KoopaxHaTa x = [, mo3Tomy [ = a)c—c2 /2, oTKyna

t1=\2/a,, (1)

rie a, — TPOeKUHs BeKTopa
YCKOpeHHs1 aBTOMOGHIs1 HA OCh
OX. Ty npoeKuHo Mbi HalleM
no BTopoMy 3akoHy HetoTona.




Ha aBTOMOGH/Ib AeHCTBYIOT TPH MOCTOSIHHBIE CHJIBI: CHJA
TSXKECTH_mg, CH/Ia HOPMa/bHOH peakudd omnopsl N H cHaa
TpeHus F . B nanHoM ciydyae cvna TpeHHs — 3TO CHJsa Tpe-
HUSA noxon LNeHCTBYIOLIAs Ha Befyllide KoJeca CO CTOPOHBI
nopory. [IpenATCTBYS NpOCKaab3hiBAHMIO, 3Ta CHJA Hampas-
JieHa Brepe ¥ NPHBOAHUT B ABHKEHHe aBTOMOBH/Ib, T. €. 3TO
eCTb TaK Ha3blBaeMasi CHJa TArH. 3aMeTHM, YTO HePelKo MOX-
HO YCJBIWATb OTBET, YTO CHJAA THATH AEHCTBYET CO CTOPOHBI 1BH-
raTesis, a YKasaHHas Bhille CHJA TPeHHs HarnpaBjieHa NpOTH-
BOMOJIOXKHO CKOPOCTH aBTOMOOUJAS. DTO, KOHEYHO, HeBepHO.

CoraacHo BTopomy 3akoHy HbioToHa,

IETp+mé+[§/=m[i.

B npoexuusx Ha BoiGpaHHble OCH ypaBHeHHS NBHXXEHUS
O6YOYT HMeTb BHA:

Frp —mgsino=ma,, N—-mgsina=0.

Yuutbias, 4to Frp uN peLIHM OTHOCHTE/TBHO @y NOJY-
YEHHYIO CHCTEMY ypaBHeHuu H HalzeM

= g(cosa ~sina).

[ToacraBue 3To 3HauenHe B Bupaxkenue (1), moayuum

N ) z\/ 2
Vg(ucosa —sina) glu-tgadcosa

W3 3toil popMyabl BUOHO, YTO aBTOMOGHIL CMOXKET €XaTh BBEPX
10 MJOCKOCTH MNPH YCIO0BHH {ga < .

106. Ot noe3na, HAYIETO MO FOPH30HTAABHOMY YYAaCTKY
NYTH € NOCTOSIHHOM CKOPOCTBIO Up, oTuenuaack 1 /3 cocrasa.
Uepe3 HeKOTOpoe BpeMsl CKOPOCTb OTLENHBIUHXCS BaroHOB
yMeHbWHach B 2 pasza. CuuTasi, YTO CHAA TATH NPH pa3pbiBe
COCTaBa He M3MEHHJ/ach, ONPENeHTh CKOPOCThb FOJIOBHOH yac-
TH noe3na B 3ToT MoMeHT. Cuaa COMPOTUBJAEHHS ABHXEHHIO
TIPOTIOPLIHOHA/bHE CHJE TSXKECTH W He 3aBHCHT OT CKOPOCTH.
KostbduureHT conpoTHBIeHUs ABHIKEHHIO PaBeH OTHOLIEHHIO
MOLYJSl CHJBl CONMPOTHBJEHHS K MOAYJK €HJAbl HOPMasJbHOH
peakuuH ONopbl.

Pewenue Hapuc 41 cxematHyecks nokasaHol noess
Maccoi m, ero rosloBHas 4yacTb MAacCoH m;| H OTUeNHBLIAACH
4acTb MaccoH mqy. [lonoxHTeNbHOE HanpaBaeHHe KOOPAHHAT-
Ho ocH OX coBnajaeT ¢ Hanpas/JeHHeM IBHXEHHS 10e3]a,
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Puc. 41

ocb OY Hanpasaena BepTHKanbHo BBepX. Bpems 6ynem or-
CYMTHIBATb C MOMEHTA OTLENKH.

Ho oTuenky noesn wen paBHomepHo. CnefoBaTenbHo, Bbi-
TOJIHANIOCH YC0BHE PaBHOBECHS

F+F. +N+mg=0,

rae F — cana tard; F, — cuna CONMPOTHBAEHHS ABHXEHUIO;
N — cHna HOpManbHO# PeakuHd NyTH; mg — CHa TSKECTH.
CnpoexTHpoBaBs cHabt Ha ocH OX u OY, noayunm: F = F =0,
N-mg=0,orkyna F = F, N =mg.

st noe3na cu1a conpoTHBiIeHHs! IBrKeHHIO F. = uN = pumg,
roe B — Ko3(Q(@HUHeHT CONMPOTHBIEHHS NBHXKEHHIO, YYHMThI-
BAIOIIHH CHJy TPEHHS KauyeHHs, CHNY TPeHHS Ha 0CsHX, CHAY
COMNpOTHBIEHHS BO3LYyXa.

[l oTuenuBlIeHCS YacTH CH/a COMPOTHBJIEHHS Feo = Umog,
I/ TOJMOBHOH YacTH Fy = Wmg. YuuTHBas, 410 F = umg,
my =m/3, my =2m/3, nonyuaem:

Fo =F/3, (D
F, =2F/3. (2)

Taxk kak cHJa THACH NIpH paspuiBe He H3MeHHJ1ach, TO TOJN0B-
Hasl yacTb CTana ABHraThCsl C YCKOPEHHEM H yepes Bpewms !
focse OTUEeNKH ABHralach Co CKOPOCTBIO U, KOTOPYK MOXHO

ONpeneHTb H3 KHHeMaTHYeCKOro YPaBHEHH s B NPOEKUHAX Ha
och OX:

v = vg t a,ty, (3)

rae a, — MPOeKUMs YyCKOPEeHHs Ha 3Ty OCb.
CocTaBHM Ha OCHOBaHHH BTOpOro 3akoHa HbioToHa ypas-
HeHHe IBHXEHHS FOJIOBHOM YacTH:

F+ ~C1+1§/1+m1§=m&.
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3anpiieM ypaBHeHHe B NpoeKuusix Ha ocb OX:

2

— - 2p
F=Fg=may nvmF - 3F=3

ma,,
otxkyaa a, = F/(2m). TlogcTaBus 370 3HaueHHe B GopMyJy
(3), nonyunm

Uy =y + Ftl /(.‘Zm) (4)

CocTaBHM Tenepb ypaBHeHHe IBHXKEeHHS OTLENHBILEHCS
YacTH, Ha KOTOPY!O B TOPH30HTA/JbHOM HalpaBaeHHH NeHCTBY-
eT TOJIbKO CHJa COTpOTHBJIeHHs F.o. CorlacHO BTOpOMy 3a-
KOHy HbloTOHA, UMNYJbC 3TOH CHJBI PaBeH M3MeHeHHIO HM-
nyJabca Tea:

Feoty = mgvg ~ maty,

T4e Uy — CKOPOCTb 3TOH 4acTH B MOMeHT BpeMend f|. Jlis
npoexuxi Ha ocb OX ypaBHeHHe OyneT MMeThb BHI

—Feot| = mouy — mauy,.

IMoacTaByB B 3TO ypaBHeHHe 3HaueHusi mo = m/ 3, ug = vgy/ 2,
F.o = F/3 n pewus ero, noayyum F = mug/ (2t}). 1o 3Ha-
YeHHe NOACTABHM B BbipaxxeHHe (4) u HafimeM v} = 5ugy/4.

107. B BaroHe, ABHXKYLUEMCS] TOPH30HTAJIBHO C IOCTOSIH-
HbIM yckopeHHeM a = 3,0 M/c2, Ha NPOBOJIOKE BHCHT IPY3
Maccoit m = 2 xr. OnpefenuTb CHIY HaTSKEHHS] TPOBOJIOKH H
YroJl ee OTKJIOHEHHS OT BepTHKaJH. [py3 oTHOCHTEbHO Baro-
Ha HEMOABHXEH.

Pewenne HenogsuxHyw cuctemy KoopauHat XOY
CBSDKEM C PE/IbCaMH TaK, YTO NON0XKHUTENbHOE HanpaBJeHHe OCH
OX coBragaer ¢ HanpaB/leHHEM BEKTOpa yCKOPEHHSl @, a 0Chb
OY HanpasuM BepTHKa/ibHo BBepx (puc. 42). Ha rpys neiictsy-
y 0T CHJIa TSDKECTH mg W CHIa
HaTsKeHHs npoBosiokut T . Ha

R OCHOBAaHHH_ BTOPOrO 3aKOHa
T z Heiotona T + mg = ma. Co-
= CTaBHUM yDaBHEHHS LIS Tpo-
@ Ll O eklMit Ha ock OX u OY:
[ ]
0 7 Tsina = ma,
Puc 42 Tcosa—mg = 0.
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Pewus sTy cuctemy ypaBHeHUH, Hadlem:
T= m\/g2 +a?, T=21H, a= arctg? oa=17°.

108. lllapux Maccoil m nogselleH Ha HUTH. B HaTaHyTOM
COCTOSIHMH HHUTb PACMOJOXHJ/Y FOPH30OHTA/IBHO H OTIYCTHJH
1wapyK. BelBecTH 3aBHCHMOCTb CH/bl HaTAXeHHs1 T HHUTH OT
yryia O, KOTOpbii HUTh 06pa3yeT B JaHHbI MOMEHT C TOPH30H-
Ta/lbHBIM HanpaBaeHHeM. [1o BoiBeneHHON popmyne HAUTH cuay
HaTsDKeHHs] HUTH A8 CJyqasi NPOXOXKAEHHS IIapHKa depe3
TI0JI0XKEeHHEe PaBHOBECHSI.

PeweHue Ilycts B HekoTO-
pblfi MOMEHT LIAPHK HAXOAUTCS B
ToyKe 2 M HUTb COCTABJ/sieT C TOPH-
30HTaJbHbIM HarnpaB/jeHHeM yros o
(puc. 43).

[Ilapuk nBHXKETCS HEPABHOMEPHO
[0 OKPYXHOCTH, pafHyc KOTOpOH
paBen aaune [ nuTu. Ha wapux neit-
CTBYIOT CH/a HAaTsKeHWs] T HUTH H
cuna Tskeetd mg. CornacHo BTopo- mi
My 3akony Heiotona, T + mg = ma,
rae @ — yckopenue. Hanpasus ocb Puc 43
OX 13 TOUKH 2 BROJIb HUTH K LIEHTPY
OKPY>KHOCTH M CIIPOEKTHPOBAB Ha 3Ty OCb CHJbI H YCKOPeHHe,
NOJNYy4HM YpaBHeHHe

T =mgsina = ma,. (1)

[Ipu HepaBHOMEDHOM [BHXKEHHH 110 OKPYKHOCTH YCKOpeHHe
d =a, +a, TAe a, — UeHTpocTpeMuTebHOe (HOpManbHOE)
YCKOpeHHe; G, — KacaTesibHoe (TaHTeHLHanbHOE) yCKOpeHHe.
C/ef0BaTebHO, @, = @,y +aq-Hoa, =a, =v" /I, ar, =0,
nostomy a, = v2/l, rie v — MOAyAb CKOPOCTH lIAPHKaE B TOY-
ke 2. [ToncTaBuB 370 BhipaxkeHHe B ypastenue (1), nonyunm

T = m(gsina+%). (2)

CkopocTh LIapyKa B Touke 2 onpefesnuM, HC0ab3Yys 3a-
KOH COXPaHeHWsl MeXaHHUYeCKOU 3HepruH. YporeHb AB ort-
cyeTa NOTeHUHalbHOH 3Heprid BhuiGepeM TakK, uToObl OH
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npoxoaua depes Touky 2. O603HaYMM A BBICOTY TO4KM [ Han
ypoBHeM AB.

CornacHo 3aKOHY COXpaHeHHs MeXaHHYECKOH JHEprHH,
Eyy + Ey) = Ep + Epyp, (3)

rae Ey) = mgh, Ejp = 0 ~ noTeHuumanbHas SHeprus Luagm(a B
toukax |/ u 2 cooTBercTBenHo; Ey; = 0, Epp = mv?/2 ~
KHHEeTHYeCKasl SHeprus Lap1ka B ToUKax / ¥ 2 cOOTBETCTBEHHO.

YuuTeiBas, uto h = [sina, Ha ocHoBaHMH paBeHcTBa (3)
nonyuaem mglsino = mv® /2, otkyna

v? /I =2gsina.

[onctasus 310 3Hauenue B popmyay (2), nonyuum Uckomyto
3aBHCHUMOCTb CHJIbI HaTshKeHHs T oT yria o:

T = 3mgsina.

B uwacTHOCTH, npH NMpoXoXAEHHM LIApUKa Hepe3 MoJoxe-
uue pasHosecHs (Touka 3) a = 90°, nostomy T3 = 3mg.

109. lapuk, npuKpenneHHbIH K HEBECOMOH U HEpPacTSKH-
MO HHUTH, ABHXXETCH B FOPH30HTAJbHOH [JIOCKOCTH [0 OK-
PY>XXHOCTH C NOCTOSHHOH CKOPOCTbio (KOHHYECKUH MasiTHHK).
PaccTosiHMe OT TOUYKH NMopBeca A0 FOPH30HTAMbHOH MIOCKO-
ctd paBHo h. HaliTd nepuon obpalueHHs Liapdka.

Pewenwue [lycTh & — yroa, cocTaB/isieMblil HHTbIO C
BepTHKa/bio (puc. 44). Ha wapuk feficTBYIOT ABe CHJBL CHJa
HAaTSXKEHUs HUTH F o cuna TaKecTd F. = mg, rie m — macca
mwapuxka. HanpaBMM KOOpAHHATHYO
ock OX BROMb pagvyca K LEHTDPY OK-
pyxHocTd Oy, a ocb QY — BepTHKab-
Ho BBepX. [lo BTopoMy 3akony Hbio-
TOHa

F +mg = ma,

rae @ — HEeHTPOCTPEMUTENbHOE YCKO-
penue. Ero moayns a = v2/ R, rne v —
JMUHeHHas CKOpPOCTb liapuka; R — pa-
QHYC OKPYXHOCTH.

Jas npoexuuit na ocy OX noay-
Y 4pM

. = 2
Puc 44 Fsina = mv?/R. (1)
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Boosae ocu OY ycKopenHs HeT, IO3TOMY CyMMa NpPOEKUHH
CHJ Ha 3Ty OCb pPaBHA HYJIO:

Fcosa—mg =0, unu Fcoso = mg. (2)

Pazpnenns nounento paserctso (1) Ha pasenctso (2), no-
Ny4YHM

tgo = 0% /(gR). (3)

JluueitHas ckopocTh wapuka v = 2nR/T, rze T — nepuox
obpauienus. [loxcTaBum 3To 3HayeHne B Gopmyay (3):

tga = 4n2R/(gT?). (4)
C apyroy cTOpoHBI, KaK BUAHO H3 pHc. 44,
tga = R/h. (5)
U3 dopmya (4) u (5) nonyuaem
R/h=4n’R/(gT?),

OTKYZA2 HaXONHWM HCKOMBIH nepHoA 06palieHHs;
T =2nJh/g.

[Tony4yeHHbIH pe3ybTaT NOKa3blBaeT, 4TO NepHoA obpauie-
HHSl KOHHYECKOT0 MasiTHMKA 3aBHCHT TOJBKO OT PACCTOSIRUSA A
MeX[IY NMJOCKOCTbIO BPALIEHHS H TOYKOH MOABeCa U OT YCKO-
peHHsl CBOGOJHOro MajeHHsi ¢ H He 3aBHCHT OT IJHHBI HHUTH,
Macchl [AapHKa, Paadyca OKPYXXHOCTH U JHHEHHOH CKOPOCTH
LIapHKa.

110. Tank maccoit m = 5,0 - 104 xr nBHXeTcs Mo MOCTY
PaBHOMEPHO cO cKopocTbio v = 10 M/c Papnyc xpuBH3HEI
MocTa R = 500 M. Ha#iTi cuay, ¢ KoTopo# TaHK LLeHCTByeT Ha
CepefHHy MOCTa, €C/IH MOCT: a) BOTHYTHIN; 6) BEINYKAbIH. C
KaKoH CHJIOH JeHicTBoBasl OBl TaHK Ha TJOCKHH MOCT?

_ Pewenwne Harank 1eACTBYIOT ABe CHJbL CH/A THXECTH
F, = mg ¥ cnna HOPMa/bHOH PeakuHH MocTa, KoTopas paBHa
B nepsom cayuae Ny (puc. 45, a), Bo BTopom Ny (puc. 45, 6)
H B TpeTbeM N3 (puc. 45, 8). CornacHo TpeTbeMy 3aKOHY

HetoTona, cuna F, ¢ KOTOpoH TaHK AeHCTBYeT Ha MOCT, MO
MOLYJi0 PaBHa CHJle PeakudH MOCTa U HanpaBjieHa BepTH-
KaJbHO BHH3.
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g A

myg -~
- ' mg
4
Puc 45

Cuay peakuuH MOCTa B KaXK[OM CJyuyae HaileM H3 BTODO-
ro 3axoHa HbiotoHa. [lprmMeM 3a Hayalo KOOPAHHAT BEPXHIOIO
TOYKY MOCTa W HanpaBHM ocb OY B cayuasx «a» U «6» K
LUEHTPY OKPYXHOCTH O] H B c/ayuae MJOCKOro MOCTa BEPTH-
KanbHo BBepX. COCTaBHM, COrJIacHO BTOPOMY 3akoHY HbioTo-
Ha, ypaBHeHHsl B BEKTOPHOH (popMme:

Ny +mg = may, Ny + mg = mag, N3 +mg =0,
riae @), dg — UEHTPOCTPeMHTeNbHOE yCKopenue. [lo Moapyuio
a) = ay = v2/R. B npoekuusx na ocb OY umeem:

Ny-mg="2 mg—Ny= "2, Ny—mg=0.

Orclona HaxooHM:
N —m( +ﬁ) N —m( —i) Ny = mg
1 g 'Yk 2 g =) 8 .

C TakHuMmH Xe 10 MOIYJIO CHJIAMH TaHK ueﬁcrgyer Ha MOCT:
Fy=N;=50-10%H, Fy = Ny = 48 - 104 H,
F3=N3=49' 104H

OTMETHM, 4TO U B cCjay4ae «6» (MOCT Bbln}’K.leIﬁ) MOXXHO

6b110 661 ocb OY HanpaBuTh BBepx. Torga 4Jsi MpoeKUMH Ha
3Ty OCb IOJYYHJH 6bl YpaBHeHHE

Ny — mg = —mv?/R,
KOTOPOe PaBHOCHJILHO NPHBENEHHOMY BHILIE.
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111. Ha cxoasko poskeH ObITb MOA-
HAT BHELIHHH peJsibC HaJ BHyTPEHHHUM Ha
33KpYTJIeHUH XKeJe3HOAOPOXKHOTO MyTH,
yToObl 60KOBOE JaBfeHHe Ha pebopibl
Kosec (BbicTynawowasi yacts o6oaa Ko-
Jleca, KOTopast IpeloXpaHsieT ero oT CXo-
nac peﬂbca) 6bLTO PABHO HYJIIO, €CJIH Pa-
uyc 3akpyriaeHns R = 800 M, cKopocTb
noesga v = 72 km/u? I_I_IHpHHy [ konen
XeJe3HOH JOPOry CUMTaTh paBHOH 1,5 M,

Pewenue Koraa GokoBoe naese-
HHe Ha PeGOPLI KOJleC Ha 3aKPYTJ/IeHHH Puc. 46
OTCYTCTBYET, Ha BaroH JeHCTBYKT ABe
CHMBl: CHJA TSKECTH F, = mg W CUMa PEaKuuH DesnbCoB N
(puc. 46). KooanHaTHy}o ocb OX HanpaBuM K LEHTPY 3aKpyr-
Aenns, a ocb OY — BepTHKaJbHO BBEPX.

Cornaco BTOpoMy 3akony HbwToHa,

N+mg=ma.
B npoexuusx Ha ocb OX nmeem
Nsina = mv? /R. (1)

Yro6el Haititi N, npoektHpyeM cuiibt Ha ock OY H, yUHThIBaS,
yto @, = 0, nonyyaem N cosa — mg = 0, otkyna N = mg/coscx
[TogcTasum 3T0 3HauenHe B ypaBHenue (1):

mgsina _ g,y
cosa R

Orclona

'l 2 30
ig —gR,u—arctggR,a— .

BHelunu# penbc 10/KeH ObITh NOAHAT Ha BHICOTY A = Isina,
h=175cm.

112, HeGosabwoe Teso HauWHaeT cOCKanb3biBaTh Ge3 Tpe-
HHSl BHH3 ¢ BBICLIeH TOUKH noJycgepri paanyca R. Ha xaxkon
BLICOTE OHO OTOPBETCS OT MOBEPXHOCTH Nosycgepbi? Compo-
THBJEHHE BO3[yXa HE YYHTHIBaTh.

Pe we nue. Korna teno nsuxkercs 6e3 TpeHHA 10 MI0-
BEPXHOCTH_ MOJyCOepbl, Ha HEro AEACTBYIOT [Be CHJbL CHAA
TSDKECTH F. = mg M cH/a peakuuH Omnoph N (puc 47).

Bropoii 3akon HbioToHa 3amuiieM Tak: mg + N =ma, rne
a4 — yCKOpeHHe B JlaHHOH TOYKe TpaekTopud. HanpasuM ocb
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P uc. 47

OX 13 3Toll TOYKH MO pagHycy K LEHTPy noaycdepnl. s
NPOEKUUH CHJA ¥ YCKOPEHHS Ha 3TY OCb NOJYYHM

mgcoso.— N =ma,.

[1pu ykazanHoM HanpaBaenuu ocd OX npoekuus a, ycko-
peHHs d paBHa MOAYJI0 LeHTPOCTPEMUTEIbHOIO (HOpMabHO-
ro) yckopeHus: a, = a, = v*/R, rie v ~ MOLYAb CKOPOCTH
tena B Touke 0. CaenoBarennHo,

mgcosa— N = mv? /R.

B moMeHT oTpbiBa Teaa oT noaycpepsl N = 0, nostomy
mg cosa = mv”® /R, oTkyza

gRcosa =02 (1)

[lpuuumMas Bo BHHMaHMe, uTo Rcosa = h, dopmyay (1)
MOXKHO 3anicaThb TakK:

gh = v2. (2)

Jlnst HaxoxaeHUst CKOPOCTH U B MOMEHT OTpPbIBa BOCIO/b-
3yeMcsl 3aKOHOM COXpaHeHHUS MeXaHH4YeCKOH 3HepruH. Ypo-
BeHb BC oTcueTa noTeHUHAAbHON 3HEPrUU BoibepeM MPOXoas-
wHM yepe3 Touky O. [TockoNbKy HauajlbHas CKOPOCTb Tena
paBHa HYJIO H TPEHHE OTCYTCTBYET, TO [IOTeHUHANbHAS 3HEP-
THS [OJHOCTBIO NIEPEXOIHT B KHHETHUYECKYIO:

mg(R — h) = mv? /2.

Orciona 2g(R — h) = v2. [MoncTasus 310 3HaueHue v2 B pop-
myay (2), noayuum gh = 2g(R — h), otkyna h = 2R/ 3.
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113. [Onsi nmogroToBkH Jaet- v
4YHKOB-KOCMOHABTOB K Iepe- w
rpy3KaM NPHMEHSIOT CrieliHalb-

Hble ueHTpUdYrd. [lpu kakod
4acToTe BPAIUEHHS UeHTPUPY-

TH pagdyca R = 5 M cruHKa g
CHOeHbS NAaBUT Ha JeTyHka ¢ G X
TaKOH e CWIOH, KoTopasi Bo3- 7
HHMKaeT TpH YCKOPEHHH pake-

Thl @ = 3g?

Pewexue HarTenos Puc 48
pakeTe, OBHXYIUEHCS BepTH- ~
KaJnbHO BBepPX C YCKOpeHHeM a = 3g, OeHcTBYIOT cuaa F,

HanpaBJ/ieHHasi BEPTHKa/lbHO BBepX, U cuaa TspkecTH mg. o
BTOpOMY 3aKkoHy HbioToHa

F + mg = ma.
YpaBHeHHe nas npoekudd Ha ocb OV, mosoxuTesbHOE

HanpaB/eHHe KOTOPOH COBMajaeT C HanpaBJjeHHeM YyCKope-
HHUS 4, uMeeT BUA F — mg = ma, oTKyAa

F=m(g+ a) =4mg. (1)

Tlpu BpawenHd ueHTpHdyrd cuaa F, ¢ KOTOPOH CIHHKA
CHIeHbs NABMT Ha JeTurka (puc. 48), coobaeT eMy LeHTpo-
CTpeMHTe/IbHOe YycKopeHHe. Ha ocHOBaHHHM BTOpOro 3akoHa
HeoToHa, poekTHpys cuasl F U mg Ha ock OX, uMeeM

F = mw?R, (2)

rge ® — yraosasi ckopocTb. OHa CBsi3aHa C 4acTOTOM Bpalle-
HHS 71 COOTHOLIEHHEM

o = 27n. (3)

Monctasus 3nauenus (1) u (3) B ypasrenue (2) u pewus
€ro OTHOCHTEJBHO 71, MOJYUHM:

n n‘/;,n 0,5 ¢

114. Bo ckosbKo pa3 nepHop o6pallieHHsi HCKYCCTBEHHOTO
CTMYTHHKA, COBEpLIAKIUEro ABHXXEHHe 110 KPYroBoil opbuTe Ha
BHICOTE A Hajl MOBepXHOCThio 3eMiH (pamuyc 3emau R), npe-
BbILUAeT MEPHOA CMYTHHKA, 0Opalllaiolierocss B HeMoCpeacT-
BeHHOH 61M30CTH 0T ee noBepxHocTH (A =~ 0)?
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Peuwenwue BnepsoM ciayyae cCnyTHHK ABHXXETCH [10
OKPYXXHOCTH pandyca R + h. Monyns yCKopeHHs CyTHHKa

a= mf(R +h),

Tle () — YrJI0Basi CKOPOCTb. TO yCKOpeHHe Cooblaer crnyT-
HHKy CHJla TAFOTeHHs 3eMJH, HalpaB/JeHHAas K ee LeHTPY.
Mopaysb 3TOH CHJB

mM

F=GGimt

rge G — rpaBUTauMOHHAsN MOCTOSAHHAS; M — Macca CNYTHHKA,;
M - macca 3eman. ~
[To BTOpOMY 3axkoHy HbioTona F = ma. CinenoBaTesbHO,
17151 NPOEKUMH Ha OCb, HaNPaBJ/IEHHYIO K IEHTPY OPOHTHI, HMeeM
mM
G

T mml2(R+h). (1)

[Tepuon obpaiuenus 7| cBsi3aH ¢ YrJI0BOH CKOPOCTBIO CO-
orHowenneM ®; = 21/7). [ToocTaBHB 3TO 3HaueHHe B ypas-
Henue (1), nonyuum

4n2(R + h)
G ~ 2 = 2 . (2)
(R+Hh) Ty

Bo BTOpOM ciyyae CnyTHHK ABHXXETCH MO OKPYXKHOCTH,
PafKyC KOTOPOH NpHOGJH3HTENbHO DaBeH pagHycy 3emad R.
Paccyxpas aHaloruyHo, nosyyaeM ypaBHeHHe

2
G = 4R (3)

) 2
R? T
Pasnenus nounendo ypasHenue (3) na ypasHenne (2),
6yneM uMeThb
(R+h)? _ TR
R? THR+R)

OTciona

115. HckyccTBeHHBIN CNYTHHK 3anylueH B NJIOCKOCTH 3€MHO-
ro 3KBaTOpa Tak, YTO BCe BpeMs HaXOAHUTCS Hall OfHOH U TOH Xe
TOUKOM 3eMHoro wapa (reoctauuonapubiil cnytHuk). Haiitu
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pacCTOsIHUE OT MOBEPXHOCTH 3eMAH [0 CIyTHUKA. YcKopeHue
cBO6OAHOrO TafieHHs y noBepxHocTH 3emau g = 9,8 M/ c2. Pa-
anyc 3emad R = 6370 km.

Pewenne Ilycts r — paccTosinue oT ueHTpa 3eMJH 10
CNyTHHKA, m — Macca cnyTHHKa. CHaa TAroTeHus coobiuaer
CNYTHUKY LIeHTPOCTPeMHTeNbHOe ycKopeHHe. Ha ocHoBaHHH
BTOpOro 3akoHa Heiotona

G—";TM = ma?r, (1)

rane G — rpaBHTauHoHHasA NocTosiHHasA; M — Macca 3emay;
® — YrJI0Basi CKOPOCTb CIYTHHKA.

CrnyTHHK Bce BPEMSl HAXOAUTCHA Haf OQHOHM M TOH XKe TOy-
Ko 3eMHoro wapa. Cjlef10BaTeNbHO, YyIa0Bast CKOPOCTb COYT-
HHMKa paBHa YIJIOBOH CKOPOCTH BpalleHHsl 3eMay BOKPYT CBO-
el OCH:

o =2n/T, (2)

rie T = 24 u — nepHof BpaiueHns 3eMJH.
[Moncrasus 3nauenue (2) 8 ypasaenne (1), noayuum

G__M_ - 4n’r
r 2 ’[‘2
YMHOXHB H pa3fieIUB JIEBYIO YaCTb 3TOTO BhIpaXXeHHs Ha
RZ, 6yneM UMeTh

2
GMR__-Aﬂ‘

R? r? T2
R2 2
Tax kak G% =g, 10 —ng = 4;2', oTKyza

g’['2R2
r= ?/_417
CrnenoBaTenbHO, pacCTOSIHHE OT MOBEPXHOCTH 3eMJH [0
CTyTHHKA
gT2R2

h=r—R=-7;——ah=&24mM
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3agaum AnA caMoOCTOATENbLHOro peLueHus

116. CxopocTb noe3aa maccoit m = 500 T npu TopMoxKe-
HHY yMeHblIaeTcsl B TeyeHde T = | mMuH oT vy = 40 kM /4 o
vy = 28 kM /u. CunTas yCKopeHHe Noe3a1a NOCTOSHHLIM, Hail-
TH CHJy TOPMOXKEHHS.

117. Cuna F = 30 H npusnoxeHa k Teny Maccou m = 5,0 kr
nox yraoM o = 30° kK ropu3oHTY. Teso LBUXKETCS N0 FOPH30H-
TanbHOM nockocTd. Koapdpuumnent tpenus pu = 0,20. Boruuc-
JHUTb CKOpOCTb Teaa uepe3 ! = 10 ¢ nocse Hauana AeHCTBHA
CH/Bl H NYyTb, NpoHAeHHBIH 32 3To BpeMs. HauanbHas cko-
poctb Tena vg = 0.

118. Jlpa npuBA3aHHHIX K KOHLIAM HHUTHU OpycKa, Macchl
koTtopbix m) = 0,5 kr 1 my = 0,3 Kr, ABHXKYTCS N0 FOPH30H-
TaJbHOH TIOBEPXHOCTH NOJ AeHCTBHEM [OPH30HTANbHOH CHJIbI
F =4 H, npunoxenHolt ko BropoMy 6pycky. C KakuM ycKope-
HUeM IBHXYTcs 6pycku? KakoBa cH/la HaTsXKeHHS CBA3bIBAIO-
el ux HUTH? KoaddHuneHT TpeHus Mexay 6pycKaMH H mioc-
KocThio U = 0,1.

119. Teno maccoit m = 20 kr TAHYT ¢ cuaoi F = 120 H no
ropH3oHTaNbHOH NoBepxHocTH. Ecan 3Ta cuna npunoxena nox
yraoM o = 60° K rOpPH30HTY, TO Te/10 IBHXKETCH PaBHOMEpPHO.
C xakHM yckopeHHeM 6yneT ABHIaTbCSl TEN0, €CIH Ty XKe CHay
NPHJIOXKHTb TOA YIaoM oy = 30° K ropH3oHTYy? YcKopeHHe
cBoGoaHoro nagenus g = 10 M/ c2.

120. Ha Teno Mmaccoit m B TeueHHe BpeMeHH ! feHCTByeT
NOCTOSIHHAs cHMa F, HampaBieHHast ropH3oHTanbHO. Koad-
(HUMEHT TPeHHs TeJa O TOPH3OHTANbHYIO TOBEPXHOCTb, Ha
KOTOpPOH OHO JIeXHT, paBeH L. Kakoil myTs npo#igeT Teno 10
OCTaHOBKH? HauanbHas CKOpOCTb Tesa paBHA HYJIO.

121. Teso Maccoll m = | Kr 6polieHo MOA YIJIOM K FOpH-
3omy B HauBhiclell TOYKe TPaeKTOPHH YCKOpeHHe TeJ1a 6bi10

12 M/c2. Kakas cuna CONPOTHB/IEHHS NeHCTBOBajga B
3TOT MOMEHT?

122. HailiTH yckopeHHe TeNl U CHJbI HAaTSKeHUs HUTeH B
ycTpolcTBe, H306paxkeHHoM Ha puc. 49. Maccel tem: m =
=100 r, my = 300 r. Macco#l HuTell, 610KOB H CHJIOH TPeHHS
npeHebpeub.

123. Jlse rupu maccamu m; = 4,0 xr 0 mg = 3,0 kr
NOABElIeHb! Ha KOHIAX HEPACTSXKHMOH HHTH, NepPeKHHYTOH
yepe3 HeNmoABHXHbIA 6J0K. MeHblas rUps HaXOAHTCH Ha
h= 2,8 M uuxe, yeM 6osbas (puc. 50). OnpenenuTs ye-
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m,

m,
m, 2

Puc. 49 P uec. 50

pe3 Kaxkoe BpeMsl THDH OKaXKyTCsl Ha OJHOH BLICOTe, eCjH
AaTh ¥IM BO3MOXXHOCTb ABHraThcst 6€3 HauaabHOH CKOPOCTH
MoA AeNCTBHeM CHJ TsxkecTH. Maccoll HHTH M 6710Ka npe-
Hebpeyb.

124. Teso macco#t m; = 3,0 KT CKOJIb3HT 10 FOPH30HTAJb-
HOH TJIOCKOCTH NMOA JAeHCTBHeM rpy3a Mmaccod my = 1,0 kKr,
NPHKpPeIJIeHHOr0 K KOHLY HepacTSAXHUMOH HHUTH. HuTb npuBs-
3aHa K TeJy Maccoil m; H NepeKHHyTa yepe3 HeMOABHXKHHIH
60K. OnpenenuTb yCKOpPeHHe CHCTEMBI M CHJY HaTsXKeHHs
HUTH. TpeHueM, Maccoit 60Ka U HHTH TpeHe6peyb.

125. Ilpa rpy3a mMaccaMu m; U mgy, COeJHHEHHbIX HeBeco-
MOH H HepacTSXXHMOH HHTbIO, IBUXKYTCH 10 [V1afKo#H MJIOCKOC-
. Koraa cuna F = 100 H 6bn1a nprJloKeHa K NpaBoMy rpysy
Maccol my, cHsia HaTsKeHHs HUTH T 6bina pasHa 30 H. Ka-
KOH GyleT CHJa HaTAXeHHA HHUTH, eCJH cHy F NPHIOXKHTD K
JeBOMY Ipy3y?

126. Kakas TpeGyeTcsi cuia, YTOOB CTAJBHOH CTEpXKeHb,
AJuHa Kotoporo [ = 1,0 M ¢ Muolanb NONepeyHoro ceyeHus
S =1,0 cM2, ynnunuts va Al = 1,0 mm? [IpH Kakoil HaHMeHD-
lWeH Cusle CTepXKeHb Pa3opBeTCs, ec/IH Npejes NPOYHOCTH CTall
Cnp =7,85" 108 [Ta? Monyss Onra crami E =216 - 1010 [Ta,

127. BepTrkanbHO CTapTyoOlUAs pakeTa pa3BHBaeT CHIY
TArH F B TeyeHHe BPeMeHH T, 3aTeM [ABHraTeJib BhIKJIIOYaeT-
csi. OnpenenuTh, yepe3 Kakoe BpeMsi Mocje cTapTa pakeTa
BepHeTcs Ha 3eMato. Macca pakeThl /1, ee H3MeHeHHe He YuH-
ThiBaTb. CONPOTHBJ/IEHHEM BO3[yXa H U3MEHEHHEM YCKOPEeHHs
cBOOOAHOro MafeHHs C BHICOTOH NpeHebpeyb.
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128. TpaxTop, ABHrasch B TOpPY C YI/IOM HaKJoHA O., TAHeT
caHd Maccod m. Ha nmyTd s cKopocTb caHeH yBeJH4YHBaeTCo
OT Ug 0 . CuuTas Ko3QOHUHEHT TPEHHs CaHeH O JOpory
PaBHBLIM M, HAHTH CHJY THATH.

129. OnpenenuTb Maccy rpy3a, KOTOPbIH HYXXHO COPOCHTD
¢ aspoctara Maccoit M = 1100 xr, ABHKYyllerocs paBHOMePHO
BHH3, 4TOGBI a3pOCTaT CTa/ ABHIaTbCs ¢ TAKOH XKe 110 MOAYJII0
CKOPOCTBIO BBepX. ApXHMeaoBa CHJa, JeHCTBYIOUAs Ha a3po-
crat, Fp =1 - 10*H. Cuay conpoTuB/eH#s Bo3AyXa PH NOAbe-
Me ¥ CIyCKe CYUTaTh OAMHaKOBOH. YcKopeHHe CBOGOAHOrO
nanesus g = 10 m/c2.

130. K rpy3y maccoii m; = 20 kr, HaxoasueMycsl Ha Ha-
KJIOHHOH MJIOCKOCTH, NDHBA3aH IIHYDP, KOTOPBIY repeKHHYT
yepe3 610K, 3aKperJeHHbId B BepIIHHE TJIOCKOCTH, K IPYrOMY
KOHLY LIHYpa MOJBEIleH IPy3 Maccod mo = 4 kr. C KakuMm
ycKopeHHeM OyLyT OBUraThCs IPy3bl, €CJIH YroJl HaK/IOHa NJoc-
koctd o = 30°? Kosdpduuuent tpenus p = 0,2. Maccot
IIHYpa M 6J0Ka npeHe6peub.

131. Yepes HeBecoMElil 610K, KOTOPBIH MOXXeT BPalIaThCs
6e3 TpeHHs BOKPYT HEMOABHXXHOH FOPH3OHTANbHOH OCH, fepe-
KHHYJIH HEBECOMYIO H HEPACTSDKMMYIO HHTb, K KOHLAM KOTO-
poit noasecHaH aBa rpysa (cm. puc. 50). [ps KakoM oTHowUIe-
HMK Macc 3THX IPy30B CHJa, QEACTBYOWas Ha oCb 6JIOKa,
6yneT paBHa cHJse TAXKECTH, AeHUCTBYMOIWEH Ha rpy3 GoJblued
Macchl?

132. K 6pycky Maccod m| = 2 r, JexaueMy Ha cToJe,
TNpUBSI3aHA HepacTXKUMasi HUTb. Ko BTOPOMY KOHLY HHTH,
NepeKHHYTOH Yepe3 YKpeNnJ/eHHBIH Ha Kpat cToJa OJ0K, NpH-
BfI3aH rpy3 Maccoit mo = 0,5 kr. OnpefesnTb K03PHLUHEHT
TPeHHs 6pycKa 0 CTOJ, eCJIH, ABHrasich 6e3 HayalbHOH CKOpO-
cTH, 6pycok 3a BpeMsi ¢ = 2 ¢ npowe nyts s = 1 M. Macco#
HUTH, 6J0Ka H TpeHHeM B Osi0Ke NpeHeOpeyb.

133. K xoHuaM HepacTsHXKUMOH HUTH, NepeKHHYTOH uepes
HEeroJBHXHbBIH 6JI0K, NPHKPeN/eHbl THPH MaccaMH my = | kr
H my = 2 xr. OGe rupy ABHXKYTCS ¢ ycKopenueM a = 3,27 M/ c2.
Hariti yckopenne cBo6OAHOrO NafeHHs AJs JAHHOTO MeCTa.
Macco#t HUTH, 6/10Ka ¥ TpeHHEM B 6J0Ke npeHeOpeyb.

134. Ha xoHuax HepacTsHKHMOH HUTH, MepPeKHHYTOH Yyepe3
HeMOABHXKHBIH 6J10K, moaBelIeHsl Tena Maccod m = 240 r ka-
xpoe. Kakyio Maccy no/KeH HMeTb 106aBOUHBIH IPY3, noJjo-
XKEeHHBIH Ha OHO W3 TeJ, YTOOBI Ka)XKA0€ W3 HHX NpOLLIO 3a
Bpems { = 4,0 ¢ nyts s = 160 cm? Maccor HuTH, 60Ka H
TpeHHeM B 6J10Ke NpeHebpeysb.
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135. Yepes Bpamatowuicst BOKPYr FOPH30HTAJNbHOH OCH
610K NepeKKHyTa HeBecOMasi HepPacTsHXKHMas HHTh, K KOHLAM
KOTOPOH NpuBA3aHsl rpysel my = 0,5 kr v my = 0,6 kr. Haitu
CHJY, C KOTOPOH 6JI0K JaBHT Ha OCb NPH ABHXXEHHH IPY30B.
Maccoi#i 6710ka 4 TpeHueM B 6J0Ke npeHebpeub.

136. YenoBek nepepBHraeT rpy>xeHble CaHH € MOCTOAHHOH
CKOPOCTBIO C MOMOILLI0 TBEPAOr0 CTEPXKHHA, COeIHHEHHOTO C
CaHfIMH H PacnoJ/oXXeHHOro nop yraom o = 30° K ropr30HTY.
OnxHakoBble 1M cHabl F| ¥ Fy HYXXHO NPHJI0XKHTE K CaHAM
ANsl UX Nepe/IBUXKeHHs, eCM HX ToJKaThb nepejl coGOH UM
TAHYTb 32 cO60H? Bo CKO/MbKO pa3 ogHa cuna GoJblue APyroH?
Kosddrurent Tpenns cane#t o gopory p = 0,10.

137. lllapuk macco#t m npukpe- .

IJ1eH ABYMs HHTi({MH oum—;axoaoﬁ '”

anvHbl K nocke (puc. 51). ¥Yron
MeXLy HUTAMH o . Kakumu 6ynyt N{/J/@
CHJIBl HAaTSXKEHHS KaXKIOW HHTH,

ec/d JI0CKa, OCTaBaschb TOPH30H-

TaJbHOH, CTAHET JBHTaTbCsl BBEPX

C yCKopeHHeM a? «

138. Topu3oHTanbHad cTpys
BO/Ibl YA2pseTcsi 0 BePTHKANbHYIO
creny. Ilocsie ynapa Boja cTekaer Puc 5
no cTeHe BHM3. HafiTu cuiy, ¢ Ko-

TOpO# CTPYs AeHCTBYeT Ha CTEHY, eC/d NJOoIIafb NonepeyHo-
ro ceyeHHs cTpyH S = 5 cm?, a ee ckopocTs v = 8 M/c.
[TnoTtHocTb BOfipl p = 1 - 103 r/wm3.

139. Metanauueckus wapuk maccoit m = 20 r, cBo60OIHO
najiatolHi 6e3 HayabHOM CKOPOCTH ¢ BhICOTH 2 = 1,3 M, ynaps-
eTCsl YNPYro 0 FOPH30HTa/bHO PACNONOXKEHHYIO CTalbHYIO TJIH-
TY 4 OTCKaKHBaeT OT Hee B NPOTUBOMNO/IOKHOM HanpasjeHUH C
TaKoH e N0 MOAY/II0 CKOpocThio. Hafit cpennioio cuay, ¢ KoTo-
po#l luapvK [NeHCTBOBaJ Ha THTY, ec/H TPONOKHTENBHOCTD
ynapa ¢t = 0,10 c¢. ConpoTHBieHHe Bo31yXa He YYHTHIBATh.

140. ABTob6yc mMaccod m = 4 T TporaeTcs C MecTa M Ha
nytd [ = 100 M npro6peTaer ckopocth v = 20 M/c. Cusa
tart £ = 10 xH. Ha#iTH cuay conpoTHB/IEHHS IBHXKEHHIO,
CYHTas ee NOCTOSTHHOM.

141. Tlpu GbicTpOM TODMOXKEHHH aBTOMOOH.ISA, MMeBIIEro
CKOpoCTb ¥ = 72 ¥xM/4, ero Kojeca Ha4ajd CKOJIb3HTb MO
3emJe, He Bpalasch. KosddrHureHT TpeHus MeXay KoJecaMH
v 3emsed B = 0,40. Kako#l nyTh mpoiaeT aBTOMOGHIb C MoO-
MEHTa Haya/na TOPMOXXEHHS L0 MOJHOH OCTAHOBKH?
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142. ABToMOOHAb Hayan IBHraThCsl C YCKOPEeHHEM ag =
=3,0 M/ c2. Tlpu ckopoctu vy = 60 kM/4 ycKopeHHe a; =
=1,0 M/c2. C xaxo# CKOPOCTbIO GYNeT ABHraThCsi aBTOMO-
GH/Ib PH PaBHOMEDHOM JBHXXEHHH, ec/i¥ CHJa TATH ABHraTe-
Al IOCTOSIHHA, & 061Last CHJ1a COTPOTHBJ/EHHS IBHXKEHHIO NPOo-
NOpUHoHaNbHa CKOPOCTH?

143. C xako# MHHHMaJbHOH CHJIOH HYXHO TSAHYTb 3a Be-
peBKy, 4To6bl caHkH Maccol m = 30 Kr paBHOMepDHO JBHIra-
JIUCBb IO TOPH30HTaNbHOMY acanbTy, ecaH KO3(hhHUHEHT TPe-
HHS CKOJILXKEHHS N0N03beB Mo acdansty g = 0,60?

144. K 6pycky Maccoil m = 5 Kr, KOTOPHIH JIeXXHT Ha ropH-
30HTaJIbHOH TJIOCKOCTH, MPHJAOXKEHa Tol yrioM o = 60° K
TOPH30HTY CHJIa, MOYJIb KOTOPOH BO3pacTaeT [pPONOpPLHOHab-
HO BpeMeHH 110 3aKoHy F = k¢, rne k = 3 H/ ¢c. Haiiti Moayib
CHJIN TPeHHs Yepe3 { = 4 ¢ nocsie Hayana aedcTBHs cHJbl. Koad-
¢GHUMEHT TPeHHsT MexIy OpYCKOM H mjockocTbio | = 0,3.

145. K koHuaM OfHOPOLHOrO CTEPXKHS NPHJOXEHH [Be
TNIPOTHBOMNOJIOXKHO HanpasseHHble cuibl £ =40 Hu Fo = 100 H.
OnpenenHTb CHIY HaTsXKEHHS CTEPXKHA B IIONEPEYHOM ceye-
HHH, KOTOpOe JeJIUT CTEePXKeHb Ha iBe YacTH B OTHOWIEHHH | : 2.

146. Haifity 3aBHCHMOCTb MOAY/A CHJBl TpPeHHH, HeHcCT-
BYIOILIEM Ha Teso Maccod /M Ha HAKJOHHOH TJIOCKOCTH, OT
yraa o (puc. 52). KosppuureHT TpenHs paseH H.

v M/
& \
7
/4 4
m
2
a
0 . X
f z 3 4 5 6 71t
Puc 52 Puc. 53

147. Tlnockas wai6a, KOTOPYH TOJKHYJIH BAOJb HAKJIOH-
HOM IJIOCKOCTH, CKOJIb3HT IO HeH, ABHrasichb BBEpX, a 3aTeM
Bo3BpalyaeTcs K MecTy 6pocka. ['padux 3aBHcHMOCTH Moy s
CKOpocTH 1aNGbl OT BPeMeHH Mokxa3aH Ha pHc. 53. Haiitu
YroJl HaKJIOHa MJOCKOCTH K FOPH30HTY.

148. Hak/10HHas NJIOCKOCTb COCTABJSAET C TOPH3OHTOM YToJl
o = 15°. [lo Hell BBepX MYCKAOT ¢ HHXKHEH TOUKH IMJIOCKYIO
wanby, KoTopasi, NOAHNABIIKHCh Ha HEKOTOPYIO BHICOTY, 3aTeM
COCKaJb3bIBAET MO TOMY XK€ NMyTH BHHU3. KakoB xo3ahdHuHeHT
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TpeHust Wai6bl 0 MJIOCKOCTb, €C/AH BpeMs cnycka B n = 3 pasa
6osbllle BpeMeHH NOgbeMa?

149. Ha Kaxywo BbICOTY MOXeT MOAHATLCA aBTOMOOHUMb €
paboTalwWMM ABUraTeseM No JeAssHOH rope, COCTABJAAWEH €
TOPH3OHTOM YyroJ O, ecJH y Hayaja NnoabemMa OH HMeJs CKo-
pocTb Ug? KoapduuHeHT TpeHHs1 paBeH U, npHyeM U < tgo.

150. Ha aBTompoMe aBTOMOGH/IM HCNBITHIBAIOTCH Ha CKO-
pocT v = 120 xm/ 4. [Tox KakkM yrioM & K ropH3oHTy (pHc. 54)
LOJKHO ObITb HAKJIOHEHO IIOJIOTHO AOPOFH Ha MOBOPOTE C pa-
AHycoM 3aKkpyraeHds R = 110 M, uTo6bl ABHXKeHHe aBTOMOGH-
N5 610 HauGosee Ge30NacHLIM JaXe B TOJO0JeaHLY?

Puc 54 Puc b5

151. C kaxo# CKOpPOCTbIO JOXKeH OBHTAThC aBTOMOGHJIb
[0 BHINYKJIOMY MOCTY, HMEIOWeMY pPafHyc KpHBH3HH R = 60 M,
4ToGb! B BepXHeH TOYKe TPaeKTOPHH JaBleHHe Ha J0Pory Gbl10
B n = 3,0 pa3a MeHbllle, 4eM NPH ABHXKEHHH Ha TOPH30HTAJIb-
HOM yuyacTke?

152. Pagryc KpUBH3HB BOTHYTOTO MoCTa paBeH R. Mac-
Ca HauGO/bLIEro HeNoABHXXHOIO IPy3a, KOTOPbIA MOXET Bbl-
AepxaTb cepellHa MOCTa, m. IIpH KaKoi CKOPOCTH ¥ ABHXY-
Lerocsi o MocTy rpy3a maccoit m/n (n > 1) Moct paspy-
LIHTCS ?

153. [1nanera npeacrap/isier Co60H OIHOPOAHBIH Wap, MJIOT-
HocTb KoToporo p = 3 - 103 xr/m3. Kakos nepuoa obparuenus
HCKYCCTBEHHOTO CITyTHHKA, ABH)XXYLUErocs BO/IH3H ee NMoBepXHO-
cti? 'paBuTauMonHas noctostuuas G = 6,67 - 10711 H - m2 /xr2.

154. Haiiti pagHyc oKpPy>HOCTH, 10 KOTODOH aBTOMOGHIb
MOXET JBHIaTbCS CO CKOPOCTbI0 U = 36 kM/y, eclH MHHH-
MaJibHBEIH KO3 @PULHEHT TPEHHS CKOJbLXKEHHS, NPH KOTOPOM
aBToMOOM/IL He «3a”ocHT», L = 0,20.

155. ITnockoe Tesno maccoii m = 4 xr ABHXxeTcs 6e3 Tpe-
HHSl IO KPyroBOMY »KeJ100y, pPacloJIO)KEHHOMY B BePTHKaslb-
HOHM TJIOCKOCTH TaK, YTO AHaMeTp, NPOBeJeHHbIH H3 TOYKH A
(puc. 55), ropusoHTanex. OnpeneanTb CHIY, C KOTOPOH Tes0
IeHCTBYeT Ha Xkejob B Touke B, ecad oHO myuieHo 6e3 Ha-
4aJbHOH CKODOCTH H3 TOYKH A.
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156. [NpuBsasauublil K HUTH guHoH [ = 0,4 M rpy3 mMaccol
m = 0,2 kr BpalaoT B rOPH30HTAJIbHOH MJIOCKOCTH C MOCTO-
SIHHOH CKODOCTbIO TaK, YTO HHTb OMHCBIBAET KOHHYECKYIO M0-
BEPXHOCTb. [IpH 3TOM yroJ OTK/JIOHEHHS! HHTH OT BepTHKaJH

= 30°. Ha#iTn yrsiioBy10 CKOPOCTb rpy3a M CHJIY HaTsKeHH$
HHTH,

157. [llapuk, noaBeleHHbIH K HEBECOMOH HHTH, IBHXKETCS
TI0 OKPYXHOCTH B FOPH30OHTA/NBHOH MJIOCKOCTH C [TOCTOSTHHOH
CKOPOCTBIO (KOHHYECKHH MasATHHK — CM. puC. 44). [lnHHa HUTH
['=1,14 M; yroJ, cocTaBleHHbIH HUTbIO ¢ BePTHKaJbI0, o0 = 30°.
Ilepuon Bpamenuss MastHuka 7 = 2,0 ¢. Halitn yckopeHue
cBOOOMHOTO MafeHHS.

158. B BaroHe moespa, HAyllero paBHOMEpPHO CO CKOPO-
ctbio v = 20 M/ C N0 TOPHU3OHTANLHOMY 3aKPYTJIEHHIO Kenes-
HOJOPOKHOTO MYTH, MPOH3BOAHTCA B3BellHBaHHe rpy3a Mac-
COH m = 4 Kr C MOMOIIbIO AHWHAMOMeTpa, MOABelleHHOro K
noToJKy BaroHa. Bec P rpysa okasancs pasHbiM 39,4 H. Onpe-
AeJIUTb PaAHyC 3aKpYrJeHHs.

159, JleTurKk 1aBHT Ha CHIeHbe Kpecsa caMoJieTa B HHX-
Hell Touke nmeTaH HecrepoBa ¢ cunolt F = 7200 H. Macca
nsetynka m = 80 kr, paguyc netan R = 250 m. Onpenenntsb
CKOpOCTb CaMoJieTa.

160. Paguyc Jlyns npubausutensto B n; = 3,8 pasa MeHb-
e pagvyca 3emad, a Macca JlyHsl B ng = 81 pa3 MeHblue
Macchl 3eMad. Haith yckoperue cBoBoaHoro nageHust Ha JIyHe,
ec/IM U3BeCTHO, yTo Ha 3eMse g3 = 9,8 M/ c2. Bo cxoabKo pas
HY>KHO H3MEHHMTb HayalbHYI0 CKOpPOCTb, 4TOOH OpolleHHoe
BEPTHKAJbHO BBEPX TeJ0 NOJHAJIOCH Ha TaKylo XKe BLICOTY Ha
JIyHe, Kak H Ha 3eMJe?

161. MaTepranbHas Touyka Maccod m = 1,0 X paBHOMepHO
ABHKETCS 110 OKPYKHOCTH CO cKopocTbio v = 10 M/ ¢c. Onpe-
AeNUTb MOAYJb U3MEHEHHsI UMIyJbCa 3TOH TOYKH 3a OfHY
YyeTBepTb MEepHO/a BpAlEHHS.

162. Ha kako#i yros Hago OTKJIOHHWTbL HHUTb C MOABELIeH-
HbIM Ha Hel Ipy3oM, YToObl NPH MNPOXOXKIEHHH IOJOXKEHHS
pPaBHOBeCHS CHJAa HaTSXKeHHSl HUTH Obia B 2 pasa GoJblie
CHJIbl TSIXKECTH Ipy3a?

163. Teno maccoit m = 0,1 kr Bpamaercs B BepTHKaJIbHOH
IJIOCKOCTH Ha HUTH AnuHOH [ = 1 M. Ocb BpalleHUs pacnoJo-
’KeHa Haj moJoM Ha BhicoTe H = 2 M. [lpn nmpoxoxaeHuu
HH)XKHero I0JIOXKeHHS! HHTb oOpbiBaeTcsl, W TesJo MajiaeT Ha
non Ha paccTosiHMH L = 4 M (no ropu3oHTand) oT TOYKH
o6pbiBa. OnpegesnuTh CHJTy HAaTSXKEHHSI HWTH B MOMEHT ee 06-
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peia. ConpoTuBieHHeM Bo3yXa npeHeGpeun. Y CKOpeHHE CBO-
6omHOTO NageHusl g cuuTaTh paBHbIM 10 M/ c2.

164. Ha HeBecoMOM cTep:KHe BUCHUT rpy3 maccod m. I'pys
OTKJIOHSAIOT Ha yroa o = 90° ¥ otnyckaiot. Haiitu cuny Hats-
XKEeHHS CTEPXKHS B MOMEHT NPOXOXKAEHHUS UM M0JIOXKEeHHS PaB-
HOBECHS.

165. Illapuk maccoit m = 100 r nomsemeH Ha HUTH. B
HaTSHYTOM NOJIOXKEHHH HHUTb PacloJoXHI4 FOPU3OHTABHO U
OTNYCTH/M WapHK. UeMy paBHa CHJIa HATSKEHHSI HUTH B MO-
MEHT, Koraa oHa o6pasyeT ¢ FOPH30HTA/IbHbIM HalpaB/eHHeM
yron o = 30°? Kakod MpoyHOCTBbIO HA pa3pelB JO/KHA 06sa-
IaTh HUTb, 4TOOBI OHA He oGopBanack? Hutb cuntath HeBeco-
MOH ¥ HepacTSXKHMOU.

166. Benocuneguct eget 6e3 NpocKa/b3bIBAHUS [0 OKPYX-
HOCTH paguyca R co ckopocTbio v. HaliT yroa Mexay nuoc-
KOCTbIO BEJIOCHIENa U BePTHKAJbIO.

167. Topu30HTaNbLHO PACMONOXEHHbIH IHCK BpalllaeTcs C
yacrtoroit n = 0,25 ¢~ ! Bokpyr BepTHKabHO# ocu. Han6o4b-
llee paccTosiHHE OT OCH BpallleHHsl, Ha KOTOPOM TeJslo yAep-
’KHBaeTcs Ha AucCKe B paBHoBecuH, r = 10 cM. Uemy paBseH
K03 (HIHEHT TPeHUS TeJsla O AUCK?

168. Yama B dopMe noay-
ceps! paguyca R = 0,8 M Bpa-
11aeTCS C NOCTOSAHHOMN YTrJ0BOH
CKOPOCTBIO BOKPYT' BepTHKaJb-
Hoit ocu (puc. 56). BmecTte ¢
yalledl BpallaeTcs LIAapHK, Je-
XallUi Ha ee BHYTpeHHeH Mo-
BepxHOCTH. PaccTosiHue oT ma-
pHKa 10 HibKHeH TOYKH Yallik
paBHo ee paauycy. Onpenenutsb Puc 56
YIJIOBYIO CKOPOCTb yauH. Tpe-

HHeM TNpeHeGpeyb.

169. Ha s3kBaTope HEKOTOPOH NJaHETH Tesa BeCAT BABOE
MeHbllle, YeM Ha noJwoce. [IJOTHOCTh BellecTB MJAHETH
p=30- 103 xr/m3. OnpenennTs neprof BpallleHHs MaHeThl
BOKpPYT coGcTBeHHON ocH. ['paBuTauMoHHas noctosinHas G =
=6,67 - 1071 H - m2/xr2.

170. Onpenenuts Maccy CoJiHuUa, 3Has, 4TO CpPelHSAS JH-
HelHas cKopocTh 3eMs Ha opbute v = 30 xm/ ¢, a paauyc
op6uth 3eman R = 1,5 - 108 xm. [paBuTauMOHHAS NOCTOSH-
vas G = 6,67 - 1071 H - M2 /kr2.
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171. CnyTHHK [JBHXXeTCSI BOKPYT HEKOTOPOH NJIaHeThl 1o
KpyroBoit op6ute paanyca r = 4,7 - 109 M co ckopocTbio v =
=1-10% m/c. KakoBa cpensisi IJIOTHOCTh NJIAHETHI, €CJIH ee
paguyc R =15 - 108 m? I'paBHTauMoHHas nocTosiHHas G =
=6,67 - 10711 H - m2/«kr2.

172. JIBa HMCKYCCTBEHHBIX CMYTHHKAa 3eMJIH ABHXKYTCA B
ONHOM HafpaBJeHHH CO CKOPOCTSIMH U] H Uy MO OKPYXHO-
CTSIM, JIeXAalIKUM B OJHOH MocKocTH. Onpenenuts MHHHMAJb-
HOe pacCTOosiHHEe MeXay cnyTHHKamu. Pagnyc 3eman R, ycko-
peHHe cBOOOJHOrO MaJeHHsl Ha MOBEPXHOCTH 3eMJH gy.

173. Kakywo cuay TArd foJoKeH pa3BMBAThL ABHMraTe b Ha
HCKYCCTBEHHOM CNyTHUKe 3eMJH sl Toro, YTobb OH ABH-
rajcsi no op6ure paguyca R co CKOPOCTbIO, NpeBbiaoLIeH
B I pa3 CKOpPOCTb CBOGOJHOTO ABHXXEHMs MO 3TOH opbure?
Macca 3emau M, macca cnyTHHKa m, TpaBUTaLHOHHAsA M0-
cTossHHasa G.

174. Kakum gomxeH 6o Gbl ObITH NEpHOI BpalleHus 3eM-
JIH BOKpYT cBoel OcH, yToObl TeNa Ha 3KBaTOpe HaXOAUJIHCh B
COCTOSIHHH HeBecoMocTH? Pamuyc 3eman R = 6370 km.

175. HaiiTn nepByio KOCMHYECKYIO0 CKOPOCTb [JIS MIaHEThl,
Macca Kotopoil B n; = 3 pasa 6oJsblile MaccH 3eMJIH, a paguyc
GoJiblile 3eMHOTO B 19 = 2 pasa. [lepBylo KocMHUYeCKylo CKoO-
POCTb ANISt 3eMJH CUMTATh paBHOM U, = 8 KM/ c.

3. 3AKOHblI COXPAHEHUA B MEXAHUKE
MeToauyeckue ykasaHus K peweHuIo 3aaay

[lpu pelneHun 3amay ¢ NpUMeHeHHEM 3aKOHA COXpaHEHHSsI
UMIyJbCca HeoOXOAMMO CHayala YCTaHOBHTb, SIBASETCS JH
NaHHas CHCTeMa TeJl 3aMKHYTOH, 3aTeM clieJlaTh CXeMaTHYeCKU#
YyepTexX M 0603HAYHUTb Ha HEM BCe H3BECTHblE CKOPOCTH TeJ.
Hanee BbIOMpAIOT NMPSIMOYTOJbHYIO CHUCTEMY KOOpPAHHAT TaK,
4TOObl MPOEKLHNH CKOPOCTEH Ha KOOPAMHATHbIE OCH BHIPaXKa-
JHCb N0 BO3MOXXHOCTH MpOLLE.

Ecan cucteMa Tes 3aMKHYTa, TO ypaBHEHHsl COCTaBASIIOT
Ha OCHOB2HHMH 3aKOHA COXPaHEHHsl UMIy/bCa CHaya/la B BeK-
TOpHOU hopMe:

myoy + Mmov9 +...+m,0, = const,
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4 3aTeM B CKaﬂﬂpHOﬁ, T. €. CyMMa HpO&KLlHI':i HMIIYJIbCOB BCeX
Te€J CHCTEMbI HA JIK)6y}O OCb COXpaHseTcs HeH3MeHHOH:

M + moUogy + .. ¥ mpup, = myuy, + Mooy + ..+ mpliyy,
mlvly + ﬂlQUQy + ...+ mnvny = mluly + mQqu + ...+ mnuny,

THe My, Mg, ..., M, = MACCHl TeJ CHCTEMBL, Uiy, Uy, --r Upnys
Uy Ugys +s Upy — NPOEKIHMH HAYATbHBIX CKOPOCTEH 3THX Tel
(no 3aumonmeiicTBHs Tes1) Ha och OX u OY cOOTBETCTBEHHO;
Ui U9y, o Uy, Ulys Uy, -y Upy — TPOEKLMH KOHEUHBIX
ckopocTelt Tes (nocjie B3aHMOIEHCTBHS).

3aKOH COXpaHEHHsl HMNY/AbCa BBINONHSAETCS M B TOM CJY-
yae, KOTZa Ha TeJa CHCTeMbl JEHCTBYIOT BHEUIHHME CHJbI, HO
HX BEKTOPHAsi CYMMa PaBHa HYJI0.

Ecau cHcTeMa He 3aMKHyTa, HO €CTb TaKOe HalpaBsJeHHe,
YTO CyMMa MPOEKLMH BceX BHEIIHMX CHJ Ha Hero paBHa HYJIIO,
TO CyMMa MpOeKUHHA HMIYJbCOB BCEX TEJ CHCTEMbI HA 3TO
HanpasJieHHe OCTAETCS NOCTOSHHOM.

3aKOH COXpaHEHHSI HMNYJbca MOXXHO MPUMEHHTH TaKXKe
pH AEACTBHU BHEIIHHX CHJ Ha CHCTEMY, eCIH B3aUMO/EHCT-
BHE TeJsl CHCTeMbl TIPOMCXOUT OYeHb ObICTpo (Hanpumep, yaap,
B3pLIB, BEICTpea). B 3ToM c/iydae mpomo/iKuUTebHOCTb B3au-
MOIeHCTBUSI CYUTAeTCs] OECKOHEUHO MaJso, MO3TOMY MOXKHO
npeHeGpedb UMNYJAbCOM BHEIIHMX CHJ H PacCMaTpUBaTh CHC-
TEMY KaK 3aMKHYTYIO.

Eca# 4Hca0 HeM3BeCTHBIX 6OJbllie YHCJAa COCTAaBJEHHBIX
ypaBHEHHH, HYXHO 106aBUTH K HUM YpaBHEeHHsl, CBSI3bIBAIOLIHE
KHHeMaTHYEeCKHe BeJHYHHb], U PElINThb 0/yYEHHYI0 CHCTEMY
ypaBHeHHH. '

3anayu Ha npUMeHeHHe 3aKOHA COXPAHEHUs] SHEPTHHU B Me-
XaHHKe pellaioT Mo CAENYIoLIeMY [1aHy: IeJalT CXeMaTHyec-
KHil yepTeX; BHIOMPAIOT YPOBEHb OTCYETA OTeHIHANbHOI SHep-
THH; H300PaXKAIOT HA YepTexe CUJbl, NEACTBYIOUIHE Ha Tela,
CKOPOCTH TeJl M BBICOTH! TeJl Haj YPOBHEM OTCYETA NOTEHLM-
aJIbHOM 3HEpPrHH B HaYalbHOM M KOHEYHOM [10JOXKEHHSIX.

Ecay cHcTeMa 3aMKHYTa, TO COCTABJSIOT PABEHCTBO

Ex + Epp = Egp + Epg,

rae Eyy, E;| — cOOTBETCTBEHHO KHHETHYECKAS U MOTEHUHANb-
Hasl SHepPrsl CHCTEMbl B Haya/jbHOM COCTOSIHHH; Epo, E o —
KHHETHYeCKasi W TOTEHIHa/IbHAsl SHEepPTHSl CUCTEMBl B KOHeu-
HOM COCTOSIHHH.
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Ecau npH nepexofe CHCTeMbl H3 HaYa/lbHOTO COCTOSIHUA B
KOHEeYHoe Ha TeJsa AeHCTBOBA/H BHEIUHHe CHJIbl, @ B CHCTeMe
AefiCTBOBAJH CHJIbl TPEHHS, TO COCTaBJISAETCA PABEHCTBO

(Ewg + Ep) — (Eyq + Ep1) = A+ Aq,
rae A — paboTa BHEWHHX CUJ; Ay, — paboTa CHJI TPeHHs.

Ecau xonHyecTBO HeHM3BeCTHHIX BeJUYHH OoJblle YHcaa
COCTaBJIEHHHX ypaBHEHHH, TO K HUM cjefyeT A00aBHTh JHEO
yPaBHeHHS], COCTaBJIeHHbe Ha OCHOBe BTOporo 3akoHa Heio-
TOHa M 3aKOHa COXpaHeHHs UMNYJbCca, MHO0 KHHeMaTHUeCKH e
ypaBHeHHS. 3aTeM CHCTeMy YPaBHEHHH pelllaloT OTHOCHTEJbHO
HCKOMBIX BEJHYHH. ‘

OcHoBHbIe 3aKOHbI ¥ hopMy bl

Hmnyabc meaa Maccoi m, OBHXKYLIErocs CO CKOPOCTHIO T,
p=mu.
Hmnynavc cucmemor mea paBeH BEKTODHOH CyMMe HMIY/bCOB
BCeX Te/l CHCTEMbL,

3aKOH cOXpaHeHus umMnyabCca: HMIYALC 3aMKHYTOH CHCTEMb
TeJl 0CTaeTCH MOCTOAHHBIM MMPH JIOGHIX B3aUMOLEHCTBHAX 3THX TeJ:

Pewer = mli}l + mgag +...+ mnan = const.

Pa6oma nocmoannoi cuasst F
A = Fscosa,

Tfle S — MOAYJ]b MepeMellleHHs; O — YroJ MexAy BEKTOPAMH CHJIbI
F n nepemewenns s.
Mouwnocmes
N=A/t unu N = Fycosa,

rae A — pa6oTa, coBepllleHHas 3a NPOMEXYTOK BpeMeHH f; F —
MOLYNb CHJb; U — MOAYJb CKOPOCTH; O — yrosl Mexay F W .
Kunemuuecxas anepeaus meaa Maccod m, LBHXYLIETOCH CO

CKOPOCTBIO U, .
Ey = mu?/2.

Teopema 06 usmeHneHuu KuHemuseckoi 3Hepzuu: M3MeHeHHe
KHHeTHUYeCKOH SHeprux Tesa paBHO paboTe paBHOLEHCTBYIOLIEH CHIL,
[IPHJIOXKEHHBIX K Tey:

Ek2 - Ekl = A.
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[Tomenyuansbras snepeus menra Maccoil m, NOAHATOrO Ha BbI-
COTY h OTHOCHTENBHO HYJEBOTO YPOBHA,

Ep = mgh.

[Tomenyuanvrasn snepeus ynpyeo deopmuposarnozo mera
(cxkaToll way pacTRHYTOH NpYXKHHbL

E, = k(A /2,

rae k — xo3thoduunedt ynpyroctd (Kecrkoers) Tena; Al = abco-
JioTHan nedopmauus.

3aKkon COXpaHeHus 3Hepauu 8 Mexanuxe: TOJHAA MeXaHuye-
CKas 3Heprus 3aMKHYTOR CHCTEeMbl TeJs, B3aUMOAEHCTBYIOLIMX CH-
JIaM{ TATOTEHHS H YNPYTOCTH, OCT2eTCH HeM3MeHHOH:

E = Ey + E, = const.

Hamenenue noanoii mexanudeckoil 3nepeuu cucmemst PaBHO
paboTre BHELIHHX CHJI:
E2 - El = A.

Hamenenue noanotl mexanuseckol snepeul 3amMKHymod cuc-
memst, 8 Komopod mexdy meiamu OGelcmeyom Culbi MPeHus,
paBHO pafoTe CHJ TPeHHs:

Ey - Ey = Ay,
Koagpuyuenm noneznoezo deiicmeus (KI111)

n=A,/A,,

rne A, — nonesnas pabota (uau nosesHo npeoGpasoBaHHas 3Hep-
THA, MolwHoCTb); A, — 3aTpauenHas pabota (sHeprus, MOLLLHOCTL-S.

Abcorromno ynpyzum ydapom HasblBaeTCs TaKOE KpaTKOBpe-
MEHHOe B3aHMOAEHCTBHe TeJ, MoC/Je KOTOPOro TeJa NOJHOCTbIO
BOCCT2HABJHBAIOT CBOIO HOPMY, 4 HX CyMMapHas KHHeTHYeCKas 3Hep-
rHA He H3MeHsieTcs. [IpH a6coNOTHO YNPYroM yaape BHITIOJHAIOTCS
33KOH COXDaHEHHS MMIYJbCa W 32KOH COXpaHeHHSl MeXaHHUYeCKOH
3HepTHH.

Abcoaromno neynpyzum yoapom HazblBaeTCA TAKOE KpaTKoBpe-
MeHHOe B3aWMOLEeHRCTBHE TeJl, 1I0CJie KOTOPOro CoyaapAlollHecs Teaa
o6pasyloT equHoe TeJlo, ABHXKYLleecs C OfpefeseHHOH CKOPOCThIO,
a cyMMapHasi KHHeTdueckasi SHeprus Tesl ymeHblwaercs. [Ipu a6co-
JIIOTHO HeyNpyroM yaape BIUMONHACTCA 3aKOH COXPAHEHHS HMIYJIb-
ca, 2 MexaHHYyecKasi JHeprusl He COXpaHsfeTcsd, YacTb ee Mpespa-
LIAeTCs BO BHYTPEHHIOO 3HEPTHIO Tes.
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Mpumepb! peweHun 3anay

176. Tlyast BbleTaeT U3 BUHTOBKHU B TOPU3OHTANBbHOM Ha-
npasJenuu co ckopocthio u; = 800 m/c. Kakosa ckopoctb
BMHTOBKHM NpH OTHaue, ecau ee macca B 400 pa3 Gosiblue Mac-
cbl Nyau?

PeweHnue. IlycTs nosoxurensHoe Hanpas/eHHe OCH
OX coBnagaet ¢ HanpaB/ieHHeM CKOPOCTH NYJH B MOMEHT Bbl-
neTa U3 BUHTOBKH (puc. 57). B 3ToM Hanpap/eHHH BHellHHE

4

m, mé a

Puc 57

cuibl He neficTByoT (conpoTHB/eHUEM Bo3ayXa npeHebpera-
€M), M03TOMy, COTJIaCHO 3aKOHY COXPaHeHHsl HUMIyJbCa,
p| + po = const, Te p; — WUMIYJIbC NYJIH; po — UMIY/bC BUH-
ToBkH. ClleioBaTeNbHO, CYMMa MpoeKuuit Ha ocb OX uMnyJb-
COB BHHTOBKH H MYJH [0 BbiCTpPeJa pPaBHa CyMMe NpPOeKUHH
HX HUMIYJbCOB MOCJe BbiCTpesa:

MUy T MoUgy = M|, + Molg,.

Tak kak v, =0, vo, =0, uy, = uy, T0 Myu| + mouy, = 0.
Orcrona

m
gy = T UL gy = -2m/c.

MuHyc o3nayaeT, YyTO HanpaBjleHHe BEKTOPa CKOPOCTH BHH-
TOBKH iy MPOTHUBOION0XHO HaNPaBJEHHI0 BEKTOPa CKOPOCTH
Myau 4.

177. MaabyuK CTOHUT HeMOABHKHO Ha JbAY PSAOM C CaHKa-
M. Macca Manbunka M, macca caHok m. Ma/buHK ToJKaeT
CaHKM H coo0lllaeT UM CKOPOCTb ¥, 2 CaM ABHXKeTCsl B IPOTHBO-
T0JI0’KHOM HarpaBJeHHH. Kakylo pa6oTy coBepllina ManbyHK?

Peuenue CosepmieHHass MalbuyiKoM pa6oTa paBHa
H3MeHEeHHI0 KMHeTHYECKOH 3HePrdH CaHOK W MaJ/lbuHKa:

2 Md? 2 Mo?
A=(—”‘—§——O)+ 2*—0 =mo” T

2 2
rAe U} — CKOpPOCTh, C KOTOpOl:l CTaJ ABHraTbCH MaJlb4HK.
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3a nosoXHTebHOe HanpasJjenve ocH OX npuMem Ha-
npaBJ/ieHHe CKOPOCTH CaHOK. [IpHMeHHMB 3aKOH COXpaHeHHUs
MMNY/bCa, COCTABHM ypaBHeHHe B NpoekUHsx Ha ocb OX:
mv — Muy = 0, otkyaa v; = mv/M. TloacraBus 310 3Have-
HHe B BolpaXKeHHe /s paboThl, MONYUHM

A:ﬂ’i(1+—"‘—).
2 M

178. Tlynsa maccoit m = 10 r, neTsllasi CO CKOPOCTHIO
v = 800 M/ ¢, nonagaet B AepeBo H yraybasietcsi Ha § = 10 cMm.
Haiiti cuny conpoTHBieHHs fepeBa ¥ BpeMsl ABHXXEHUS MYJIH
B epeBe, CYHTasl 3TO ABHXXEHHE PaBHO3aMelJeHHbIM.

Pemenue VaMmenenue kuHeTHYECKOH SHEPTHH MYyNH
paBHO paboTe CHJbI CONPOTHBJEHHSI:

0- mv2/2 = A. (1)

BEKTOp CHJIbl CONPOTHBJIEHUSA I:C HanpasJieH NPOTHBO-
MIOJIOKHO BEKTOpY NepeMelieHHs §, I0O3TOMY

A. = Fscos180° = —Fs. (2)
Ha ocrosanuu Beipaxennit (1) u (2) noayuaem:
Fo=2 F =32 xH. 3)

BpeMs aBuXXeHHs NYJau B depeBe ! = s/vcp, rae vep ~
CpPeaHsisi CKOPOCTb. [10CKOMbKY ABHXKEHHE PaBHO3aMeIJEH-
HOe, TO Cpe/Hsisi CKOPOCTb PaBHA M0JYCyMMe Hava/bHOH H
KOHe4HOi CKOPOCTed, T. €. Uep = (v + O% 2 = v/2. CnenoBa-
TeJbHO,

t=2s/v, t=25-10"%¢. (4)

Ty 3afauy MOXHO peliuTh Apyrum cnocoboM. Mamenenue
MUMOyJbCA MYJH PABHO HMIYJbLCY CHJbl CONPOTHBJAEHHS:
Ap =F.t.

B npoekuusax Ha KOOPAHHATHYIO OCb, MOJIOXHTE/NbHOE Ha-
npasJieHHe KOTOPOH COBNAfaeT C HaNpaBieHHeM cHJbl F., 3TO
ypaBHenue umeet Bua 0 — (- mv) = F.tum mu = F. Toraa
F.= muv/t. TloncraBuB cilofa 3HadeHue t U3 popmynsl (4),
nonyuum BeipaxkeHHe (3).

179. DnexTpoBO3 NMpPpH ABUXKEHHH CO CKOPOCTLIO U =
=72 kM /4 norpebasier mownocts N3 = 600 kBt. Onpene-
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JUTb CHJY TATH 3JeKTPOBO3a, eciiu ero Kos(p@uuueHT mMo-
Je3Horo gedcteua U = 80%.
Peuenue TIlonesHas MouHOCTb 3/eKTPOBO3a

N, = Fu. (1)

Ilo onpenenenuto KI1J] paBeH oTHOILEHHIO N0/1€3HOH MOLLL-
HOCTH K 3aTpavyeHHOH, T. e.

n=Ny/N;. (2)
Ha ocHosanuu dopmya (1) 1 (2) nonyunm:
F=nN,/v, F=24 103 H.

180. Kakywo MuHHMalbHYIO paboTy Hag0 COBepPIUHTD, 4TO-
65l OMHOPOAHBIA Ky6, HAXOASIIUACS HAa TOPH3OHTAbHOH MJoC-
KOCTH, NepeBepHYTb € OAHOH TpaHu Ha cocefHiow? Macca
Ky6a m = 100 Kr, anuHa ero pebpa [ = 50 cm.

Pemenue DBbygem nepeBopaunBarb Ky6 Tak, 4ToObl OH
He OTpPBIBAJICS OT FOPH3OHTANbHOH MJIOCKOCTH H He CKOJIb3WJ
no Hedl. [1yctb A9 — MaxkcuManbHas BbICOTA, HA KOTOpOH 6y-
OeT HaxXOAWTbCs UeHTp TskecTH C Ky6a npH nepeBopauuBa-
uuu (puc. 58). ¥posenb AB Hauana OTcYeTa NOTeHLHANBHOH
3HepriH COBMECTHM C TOPH3OHTAJNbHOH IJIOCKOCTbIO. Toraa
coBepllieHHast pa60Ta paBHa U3MEHEHHIO IOTEHLHANbHON SHep-
rvu Kyb6a:

A= Ep2 - Epl = mgh2 - mghl = mg(hQ - hl)
YuurbiBasi, uto hy = [/2, hy = (2 /2, nonyyaem:
J2 -1

2
Hafinennas pa6ora MUHHMalbHA, IOTOMY YTO NpH APYTHX

cnoco6ax mepeBopayMBaHus (HarpuMep, ¢ OTPHIBOM OT MJO-
CKOCTH) BbicOTa hy 6yneT NpUHMMATb GOJbIUME 3HAYeHHs,

A= mgl, A = 98 Ix.

S Y . =
A} :
A/} 77 77 A

Puc. 58
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cJegoBaTensHo, pabora A 6ynet yh
GoJibllieil, yeM B PacCMOTPEHHOM
caydae.

181. B pe3ynsTare B3phiBa KaMeHb
paaJeTaeTcs Ha Tpu YactH. [lBa Kyc- -

)

Ka JIETST MO NPSIMbIM YIVIOM JPYT K al x
ApYTY: KyCOK Maccod m; = | xr — co X
ckopocTeio v = 12 M/c, Kycok
Maccol mg = 2 KT — CO CKOpOCTbIO A P>
4, A

ve = 8 M/ c. TpeTnit KycoK otsera-
eT co cKopocThio vy = 40 M/c.
KakoBa ero macca ¥ B KaKoM Ha- Puc 59
NpaBJeHHH OH JEeTHT?

Pewenue. Cucrema cocTout u3 Tpex tes (0CKOIKOB).
BHewHell cuiol siBAsieTcs cuaa TsKecTH. Ho Tak kak Bpewms
pa3pbiBa KaMHsl O4EHb MaJjlo, HMIYJbC BHEIIHEeH CHJIbl MOXKHO
CUMTATh PaBHbIM HYJIO, a CUCTEMY, CJe[l0BaTe]bHO, — 3aMK-
HyToH. [10o3TOMY HMNyJbC KaMHSl 0 pa3pblBa paBeH CymMe
MMITYJIbCOB OCKOJIKOB TOC/Ie pasphiBa: p = Py + Py + p3. Io-
CKOJIBKY p =0, To p; + po = ‘f?3- )

3Has HanpaB/ieHusi BEKTOPOB py M Py W UX MOLYZH p) = myuy,
Po = = mqvg, HAIEM IOCTPOEHHEM BEKTOD D3 (puc. 59). Kax Buz-
HO M3 DHUCYHKA, p3 = p12 +p§, sina = py /p3. YUNTHIBaS, YTO p3
= m3v3, HAXOAHM:

- \/P12 +p3 = Vmy)? + (myvy )2
v3 v3 ’

mj

m3 = 0,5 kr,
. Mol
a = arcsin —2%, o = 53°.
m3u3

3Ty 3a1ayy MOX>XKHO pelIHnTb HHaye. Ha ocHoBaHMH 3aK0HA
COXpaHeHHs HMIyJbCa

P1+py +p3 =0
CocTaBHM ypaBHeHUs B Npoekuusix Ha ocd OX u OY:
0=-p, +p3, 0= —p2+ p3y

T p3y, P3y — MPOEKUKMH BeKTOpa py Ha ocu OX u OY coot-
BetcTBeHHO. OTCI0Ma p3, = Py, P3, = P2
Monyab BekTopa pg

p3 =[P}, + p3, = ot + % = Jmp)? + (myvy ).
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Tenepb, Kak W npH pellleHHH MepBLIM cnocobom, Hanaem
mg = 0,5 Kr.
Bexrop p; o6pasyet ¢ ocbio OX yros

o= arctgizu—Q, o =53°.
mo

182. Haiitu paboty cunnt F = 30 H, B peayabTate gedct-
BHSl KOTOPOH I'py3 Maccoil m = 2 KI NOAHHMAETCS 110 HAKJIOH-
HO# MIOCKOCTH Ha BBICOTY h = 2,5 M ¢ ycKopenvem a = 5 m /c?.
Cusa neficTByeT napasiiesbHO HAKJOHHOH MJOCKOCTH. Tpenu-
eM O [JIOCKOCTb NnpeHebpeyb.

Pewenwue. Ilycts I — an1Ha HAK/JIOHHOH MJOCKOCTH.
Toraa pabora cuibl F

A=Fl=F-2 (1)

sina’

Uro6bl HalTH Sin A, COCTAaBHM ypaBHeHHe ABHXEHHS Tpy-
3a Bgoab och OX (puc. 60): F — mgsina = ma. Otcrona
sina = (F — ma)/(mg). Ioxctasus 370 3HaueHHe B GOpMY-
ay (1), nonydum:

__ Fmgh
A= F-ma’

A =74 x.

183. TlpsamoyroabHast siMa, NAoWAAb OCHOBAHUSI KOTOPOH
S ¥ ray6uHa h, HanoJoBHHY 3anoJHeHa Bogod. Hacoc BhKa-
YyHBaeT BOAY U INOJAeT ee Ha I[OBEPXHOCTb 3eMJH Yepe3 LH-
JHHApHYecKylo TpyOy pamuyca R. Kakylo paboTy cosepruun
Hacoc, ecJi OH BbIKayaJ BCIO BOLY 3a BpeMs T?

Pewe nue CopepmenHas paboTa paBHa H3MEHEHHIO
NOJHOH MeXaHUYeCKOH SHepTHH BOMBL:

Puc. 60
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A = (Egg + Ep) = (B + Ep)), (1)

rae Eyy, Epp, Ego, Epp — KuHeTHUecKast ¥ NOTeHLHA/bHAs
SHEepr{si BObl B HA4YaJbHOM H KOHEYHOM COCTOSIHHSX.

HyuneBoit ypoBeHb noTeHUHaNbHOH 3HEPrHH COBMECTHM C
oHoM siMbl. Torga B Ha4anbHOM COCTOSIHMH LEHTP TSKeCTH
BOJIbl HaXOUTCH HA BbicoTe h/4 Haj 3TUM ypoOBHEM, a B KO-
HeyHOM — Ha BblcoTe h. [loatomy

h 2
Epl = mgz, EP2 = mgh, Ekl = 0, Ek2 = ﬂ;—, (2)

rae m — macca BOfbl; U — CKOPOCTb, ¢ KOTOpPOH BOjJa BhITEKaeT
H3 TpYOhi.
Macca Bogbl

m=pSc, (3)

rme p — MJoTHOCTh Bomel. C Jpyroil cTopoHsl, m = pnRZut.
IToatomy pS% = pnR%v1, otkyna

v= 21:81:21 ’ (4)

[oacTasus 3HaveHus BenuuuH u3 opmya (2)—(4) B BH-
paxenue (1), HaiineM paGoTy, COBEpIIEHHYIO HACOCOM:
S343
A=3pgSH% + L 27
8 Pg 16 n2¢2p4
184. I'py3 HauMHaeT CKOJb3UTh C Ha4albHOH CKOPOCTHIO
U BBEPX 110 HAKJOHHOH MJIOCKOCTH, HMelomeil Ay [ U Bbl-

coty h (puc. 61). Kosdppuuuent TpeHus paseH . Kakoii nyTsb
S MpOHIeT rPy3 A0 OCTAHOBKH?

P uec. 61
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Pewenue lM3MeHeHHe MeXaHHUYECKOH 3HEPTHH Tpy3a
paBHO paGoTe CHJIbl TPEHHA!

(Ek2 + Ep2) - (Ek1_+ Epl) = A'rp~ (1)
3a HysneBo#l ypoBeHb MOTEHUHaJ]bHOH 3HEPrHH MpHMeM
0CHOBaHHe HakJIOHHOH mockocTH. Torna
= 2 — = —
Ekl = m00/2, Epl = 0, Ek2 = 0, Ep2 = mghl,

[Ae A; = BBICOTA, HA KOTOPOH HAXOAHTCS IPY3 B MOMEHT OCTa-
HOBKH, U ypaBHeHHe (1) npumer Buz

mghl - mv%/? =A
Pa6ora cuibl Tpenus
A;p = Frpscosl80° = —Fops.

TP

C yyerom 3TOro 6yaeM UMeThb
mgh) - mo2/2 = —Fps. (2)
Cuna tpenust Fr, = UN, rne N — cuna HopManbHOH pe-

aKUMK niockocTH. Kak mokasaHo B peweHHH 3agadd 90,
N = mgcosa. Tlosromy

FTp = umgcosa.,

Kax BugHO u3 pHCyHKa, coso = Vi2 — k% /1. Cneposa-

TeJBHO,
Frp = umg¥22 (3)
W3 nopo6us tpeyronsuukos OAB u ODC cnenyet h) /s =
=h/1, oTKyna
hy=hs/L (4)
MoacTasum 3Hauenus (3) u (4) B ypasnenue (2):
hs _ mv vh-hy

mgi — = = =<5
g7 3 wmg —
PewB 310 ypaBHeHHEe OTHOCHTENBLHO §, MOJYUYHM

2
vp!

§ = ———F————

2¢(h + V2 -r?)’
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185. CaHKH Cbe3kalT ¢ ropbl BLICOTOH A H C YIJOM Ha-
KJOHa O ¥ ABHXKYTCS Aajblie 110 rOPH30HTaNbHOMY Y4aCTKY.
KoaddHuyeHT TpeHuss Ha BceM MyTH CaHOK OAMHAKOB H pa-
BeH . OnpelenuTb pacCTosiHHE S, KOTOPOEe MPOHAYT CaHKH
10 TOPH3OHTANBHOMY y4aCTKY [0 MOJHOH OCTaHOBKH.

Peuenne H3MmeHeHHe MeXxaHHUECKOH SHEPTHH CAHOK
paBHO paboTe CHN TPeHHS] Ha HAKJIOHHOM M TOPH3OHTANbHOM
yuactkax (Azp; 1 Aryp). Tloteruuanbhyio srepruio Gynem ot-
CYHTHBATH OT OCHOBAHHS ropei. Toraa nony4um ypaBHeHHe
0 - mgh = Ay + Arpo v

— mgh = =F; 11l = Frpos, (1)
rae ! — g/KMHa HakJOHHOro yuyactka. Kak BuaHo u3 puc. 61,
I=Hh/sina. (2)

CHJa TpeHHS Ha HAaKJOHHOM yyacTke (CM. pelleHHe mpe-
AbILyile 3afaqH)

Fppy = umgcosa, (3)

CHJI2 TPEHHS Ha TOPH3OHTANLHOM y4acTKe
Frpp = umg. -(4)
[oncrasus 3nauenus (2)—(4) B ypasnenne (1), nosyunm

- h
mgh = pmg(cos a)——sma + umgs,

s = h(L- ;)
p otga

STOT OTBET UMeeT CMBLICA JIHIbL OpH W < tga, B NIPOTHBHOM
Cllydae caHKHM He CABHHYTCA ¢ Mecta (s =

186. Teso Maccoil m; = 2 Kr ABHXKeTCS MO TNIaAKOH ropH-
30HTa/IbHOH MOBEPXHOCTH CO CKOpPoCThio U = 4 M/ C U Haro-
HfIeT BTOpPOE TesJo Maccoit mo = 10 Kr, ABMIXKYLLEECs CO CKOpO-
ctbio vy = 1 M/ c. HaliTh ckopocTH Ten moc/ie CTONKHOBEHHMS,
ecH yaap 6bl1: 1) abconoTHO HeynpyruMm; 2) abcogoTHO
ynpyrum. Tesna ABHXyYTCS 0 OZHOH NPSIMOH; yAap LeHTpalb-
Hbl, T. e. CKOPOCTH TeJ HanpasJ/ieHsl BOOJb JHHHH, COEOH-
HSOLEH HX LeHTpbl Macc.

Pe uenue PaccMoTpum cHawana nepsulfl cayyail. B
pe3y/bTaTe abcosIOTHO Heynpyroro ygapa ofa Tesa HauHHa-

OTKYyZa
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Y 10T OIBHTATLCA C OXHOM W TOH
xe ckopoctbio 4 (pHc. 62).

- -

4 # Tak kak Bgoab ocd OX cussl

- He gmelicTByloT (TpeHus Her,
Y. . .

i ml g el 160 MOBEPXHOCTb [MIaflKast), TO

CyMMa MpOoeKUHH HMIYJ/bCOB
TeJ Ha 3Ty 0Cb COXpaHsieTcs,
4/7'71g _ T.e.CyMMa IPOeKUHH HMMY/Ib-
(mpemlg  coB 0OOMX TeJ A0 ynapa pas-
Ha NpoeKUHH oOllero MMMy Jb-

Pue. 62 ca Tes TocJje yaapa:

1 ]
g 1777774777, (/777777777 777777777 X
g

m101x+ MoUy, = (ml + mg)ux.
Tak kak vy, = vy, vy, = Uy, TO

u, = Tl =9 y/c
x my + mg T X ’

[Moayuunn u, > 0, a 310 03HayYaeT, 4TO NOC/e COyAapeHHs
Tesla OYayT ABUTATHCH B MOJOMKHUTENLHOM HanpasaeHuH ocH OX.
Bo BTOpOM cnydae ymap 6bl1 aGcomoTHo ynmpyruM. Cae-
LOBaTe/JbHO, CYMMapHasi KHHeTHYeCKasl SHeprus Tej o yaapa
H [10CJie HEero He U3MEeHSIeTC s
mlvl2 mzvg m1u12 m2u22

2 7 T g T S

rfe Uy, Uy — MOAYJH CKOopocTeH TeJ nocse yaapa. Kpome Toro,
KaK H B [IePBOM CJyudae, COXPaHSeTCSl CyMMa NMPOEKUHH HM-
nyJabcoB Ted Ha ock OX:

myvy + Mol = MUy, + Molig,. (2)
Mpeo6pasyem ypasHenus (1) u (2) x Buzy:

ml(vl2 - u?x) = HIQ(IJ%X ~ 02 ) (3)

mi(vy = upy) = molug, ~ vy). (4)

Pasgenus nounenHo ypasHenHe (3) Ha ypaBHeHue (4),
NOJIy4HM
Uy T U = uge Uy, (5)

YMHOXHM JIeByI0 M TIpaBylo 4acTH ypasHenHs (5) Ha my
U3 MOMYYEHHOTO ypaBHeHHsi BoiuTeM ypasHerHe (4). B pe-
3yJabTaTe 6yaem HMeTb
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01(m2 - ml) + ulx(mz + ml) = 2m202,
OTKyZa
_ (my~mo)u| +2mguy
- my +mo

Uyix (6)
Ins HaXoXAeHUs U, YMHOXHM 00e yacTH ypasHeHus (5)
Ha m|, @ 3aTeM CJI0XXHM MO4NleHHo ¢ ypasHenHeM (4). [Tony-
4UM
2”1101 = Ltzx(ml + m2) + 02(”11 - m2),
OTKy1a
_ (mg = mp)ug +2myyy

Ugy = . (7)

my +mg

Moactasus B popmyas (6) u (7) uucnoBble 3HaYeHHS Be-
JUYHH M TIPOM3Beds BLIYMCIAEHHS, moaydum: u), = =1 M/c,
Ugy =2 M/ c. DTO 03HAYAET, YTO MEPBOE TEJO CTAN0 ABUATh-
Csl B OTpHLATeJbHOM HanpaBjeHHd ocH OX, a HampaBileHHe
ABHXKEHHS BTOPOro TeJla 0CTajloch MpexxHWM. Moay.b ckopo-
CTH BTOPOTO TeJsla YBeJHYHJICH.

187. Teno maccolt m; ynapsiercsi abCOMOTHO HEYNpPyro o
Teno Maccoit mg. HaliTv fonto ¢ notepsiHHOM pH 3TOM KHHe-
THYECKOH 3HEepPTHH, eCJM Teso Maccod Mg 10 yaapa Obllo B
[oKoe.

Pewenne. [oas norepsiHHOH KHHETHYECKOH SHEPruu

- )
9= = g5 (1)

rae Eyy, Ego — KHHETHYECKas SHeprusi CHCTeMbl COOTBETCT-
BEHHO [0 W N0CJe COyaapeHHs:

2 2
mu (my + mo)u
Eyy = L, Ep = 022 (2)
2 2
U] — CKOpOCTb MEpPBOro Tena A0 YAapa; 4 — CKOPOCTb TeJ

nocsne aBCOMIOTHO HEYNpYroro yaapa; NpHMEHMB 33aKOH CO-
XpaHeHHsl HMIYJbca, Halnoem

u= mlvl/(ml + m2) (3)
(cM. peleHHe npefbIAyllel 3anaqn).
[oncrasus 3nauenus (2) u (3) B popmyay (1), monyunm
q = my/(my + my).

ITa 10151 KHHETHYECKOH 3HEepTHH lepeisia BO BHYTPEHHIOI
SHEPrHI0 COYNAPSIOIHXCS TeJl.
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188. KameHb 6polieH 1104 YoM K TOPH30HTY CO CKOPOCTbIO
0o IlpeHeGperasi ConpoTHBIEHHEM BO3AYyXa, ONPe/esHTh, Ha
KaKoH BbICOTE OT TOPH30HTa CKOPOCTb KaMHSl YMEHbIUHTCS
B/BOE.

Pewe nue CornacHo 3akoHy COXpaHeHHUS 3HepPTHH,
10JIHasi MeXaHU4ecKasi SHeprusl KaMHsl 0CTaeTcsl OCTOSHHOM.
[1puHsiB 32 Ha4yaJo oTCcyeTa NOTEHUHAIbHON SHEepPrHH MoBepX-
HOCTb 3eMJIH, COCTaBHM ypaBHeHHe:

med

2
—_— = +ﬂ_7
2 mgh 2

rae h — UcKoMmas BbICOTa; U = 00/2 — CKOpOCTb KaMHs Ha
3TOH BhicoTe. Toraa

Otciona h = 30(2) /(8g).
189. OnpereanTh KMHETHYECKYI 3HEDPTHI0 Tesla MaccoM
m = 1,5 Kr, 6polLlIeHHOr0 ropU3OHTANbHO CO CKOPOCTbIO Uy =
=20 M/ c, B KOHIle YeTBEpTOH CeKyH[bl ero ABUXKeHHUs. [1pH-
HATb g = 10 M/c2. ConpoTHBIeRHeM Bo3ayXa NpeHeGpeuyb.
PeweHnne Kak nokasaso B pelleHHd 3agadd 19,
MOMyJlb CKOPOCTH TeJla B MOMEHT BpeMeHH ! YIOBJIeTBOpSET

COOTHOLLEHHIO % = 0(2) + g%t%. TosToMy KnHeTHuecKas 3Hep-
THSl B TOT MOMEHT

m? (v + &%)

Ex =75 2

,E,=1,5"10% Ox.

PewnM 3Ty 3apauy apyrum cnoco6oM. B MmomeHT GpocaHus
Teslo 061a0aJ10 KHHeTHYeCKoH 3Heprued Eyg = mv%/? H He-
KOTOpOH MoTeHLUHaJbHOH 3Heprueil. K MoMeHTy BpeMeHH ¢
TeNo HaXOAHJOCh HHXe YPOBHs GpocaHus Ha Ah= gt?/2,
No3TOMY ero NOTEeHUHaNbHas 3HepPrus yMeHbUIMJAach Ha
AEp = mgAh = mg2t2 /2. C/le10BaTesbHO, Ha OCHOBAHHH 3a-
KOHa COXpaHeHHSl SHePrHH Ha CTOJIbKO XKe yBeJHUYHJach KH-
HeTHYeCKas dHeprus TeJsa:
ﬂ+ mgt? B m(v(% + g2t2)

2 2 2

Ek = EkO + AEp =

MBI oTy4HIH TOT XKe pe3ysbTaT, YTO H NPH PellIeHHH nep-
BbIM CIIocoboM.
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190. Teno 6poluieHO BepTHKaJbHO BBEPX CO CKOPOCTbIO
vg = 49 m/c. Ha kakoii BbICOTe €ro KMHETHYECKAsl SHeprHsl
Oyner B 2 pasa Gosblie noTeHuHanbHOH? COMPOTHBJIEHHEM
BO3Jyxa NnpeHebpeusb.

Pewenne. DBynemorcunThiBaTh NOTEHUHAIbHYIO 3Hep-
THIO OT IOBEPXHOCTH 3eMJH. B MoMeHT 6pOCaHHSi MOTEHUH- -
anbHas Heprus tena £, = 0, a ero KHHeTHYeCKas 3HEprus
Eyy = mv%/2. Korga Ttesno 6yneT HaxoAHTbCH Ha HCKOMOH
BbICOTE A, €r0 NoTeHUHabHas sHeprus Epy = mgh, a KuHeTn-
qeckas Eyo = 2Ey = 2mgh.

Mo 3akoHy coxpaHeHHsi MOJHOH MeXaHH4YeCKOH SHeprHu

Ekl + Epl = Ek2 + EPQ.
Takum o6pasom, mu3 /2 + 0 = 2mgh + mgh, oTKyza

02
h=-2 h=41m
6g

191. ['py3 maccoit m; cockanb3biBaeT Oe3 TpeHHs ¢ Ha-
KJOHHOM HOCKH Ha HeNOABHXHYI miaatdopmy. C Kako# cko-
POCTbIO HaYHET JBUraThCsl MIAaTHOPMa, KOraa rpys VhaaeT Ha
Hee? Macca naaropMel mg, BHICOTA HAYaNbHOTO MOJOXKEHHS
rpysa Haj ypoBHSIM I1aTopMbl paBHa A, YroJ HaKJOHA NO0CKH
K rOpH3oHTy . TpeHHe OTCYTCTBYET.

Pemenue. Broabocn OX (puc. 63) BHeluHHe CHAbE He
LEeHCTBYIOT, NIO3TOMY CYyMMa INpOEKLUHH HMIYJbCOB rpysa ¥
NNaTPOpPMbl Ha 3TY OCb OCTAETCS NOCTOSHHOM:

myoy cosa = (my + mg Jug,,

rae vy — MOAYJb CKOPOCTH Ipy3a B MOMEHT MafieHHA Ha nJar-
¢opMy; vy — NPOEKUHS CKOPOCTH Uy, KOTOpYio OyneT MMeTb
naardopMa nocse nafeHus rpysa. Orcroaa

g I 7

Puc 63
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my Cos
Ugy = ———.
2x my + mo (1)
Haiinem Teneps v Ha 0OCHOBAHHH 3aKOHA COXPaHeHUs 3Hep-
rUH. DyldeM OTCYHTBIBATbH MOTEHHUHAJBLHYIO SHEPTHIO OT YpOB-
= mp2 .
Hs maatdopmul. Torna mgh = my; /2, otkynma v = [2gh.
[oactasus 3To 3Hauenue B popmyay (1), noaydum

oo = my J2gh cosa
2x mo+my

192. B nokosiuniics mwap maccod M = 1 Kkr, KoTopsiil npu-
KpemnjeH K KOHLY JIerKoro Hec)XMMaeMoro CTepXKHS, 3a-
KPeNJeHHOro B NojBece Ha ILAapHUPe, NoNajfaeT nyJs Maccol
m = 0,01 kr. ¥Yron mexkay HanpaBJeHHeM NOJETa NYJIH H JH-
Huell cTepxHs o = 45°. [locne ygapa nmyast 3acTpeBaeT B
ape, M LIap BMecTe C MyJeH, OTKaYHYBUIMCh, TOAHUMaeTCS
Ha BhcoTy A = 0,2 M OTHOCHTENbHO MEepBOHAYAJBHOrO MOJ0-
eHusi. Haittn ckopoctb nysu v.

Pemenne BropusoHtarnpHoM Hanpas/ieHHH Ha MyJo
H lIap BHeIIHHEe CHJbl He JeHCTBYIOT, IO9TOMY CYMMa Npoek-
MR UMIYJbCOB MyJd W Iapa
Ha ocb OX (puc. 64, a, 6) octa-
eTCsl HEU3MeHHOMH: |

musina = (M + m)y,

TAe U — CKOPOCTb Iapa cpasy
nocje nomnagaHust nyau. Or-
cioaa

p = Memhu (1)
Puc 64 msina

Cornacho 3aKOHY COXpaHe-
HHs 3HEPCHH, TP MAKCHMAJNbHOM OTKJIOHEHHH

(M + m)u?
2

oTKyfia u = /2gh . [oacTaBus 3710 3HaueHue B hopmyay (1),
NONy4HM:

= (M + m)gh,

p = Mrm)y2eh v=6"-102m/c.

msinot

193. Ha rnagxoit ropu3oHTanbHON NOBEPXHOCTH HA HEKO-
TOPOM PAacCTOSAHHH OT BePTHKA/NbHOA CTEHKH HAXOAHTCS LIap
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Maccoit M. BTopoii map Maccoil m ABHXKETCs OT CTEHKH K
nepsoMy wwapy. Mexay wapaMi MpOHCXOQMUT LEHTpaJbHbIA
ynpyruii yaap. Ilpu Kakom cooTHolieHHH Macc M W m BTOpOH
ap nocjie yaapa AOCTHTHeT CTeHKH H, YIPYro oTpasuBIIHCh
OT Hee, JOTOHHUT nepBuli wap? Ob6a mapa HaxogATcsl Ha of-
HOM NepneHAHKyJasipe K CTeHKe.

Pemenue [Ilycts gy — ckopocTb BTOpOro mapa o
yAapa, u; ¥ uy — CKOPOCTH COOTBETCTBEHHO NMEPBOTO H BTOPO-
ro wapos nocJe yaapa. [Ipu ynpyroM ynrape cymmapHast KuHe-
THYECKasl S3HePris COXpPaHseTCs:

mi _ Muf | mif (1)

2 2 2

IMycTb nmosoxHTeNbHOE HanpaBieHHe KOOPAHHATHOH OCH
COBNajJaeT C HalpaBJieHHeM BEKTOpa Ug. TaK Kak BAOJb 3TOH
OCH CHJbl He feHcTBYIOT (TpeHHsl HeT), CyMMa NpOeKUHH HM-
NYyJbCOB LIAPOB HA Hee COXpaHseTcs:

mug = Mul - muy. (2)

Cucremy ypassenuii (1) 1 (2) nocsie npeo6pasoBauuii 3a-
nULIEeM B clefylolleM Bije:

m(vg — uglvg + ug) = Mu12, m(vg — ug) = Mu,.

Pemns 3Ty cucTeMy OTHOCHTEJBHO 4 M Ug, NMOJYYMM [1Ba
oTBeTa:
1) u; =0, ug = vg;
2) u; = 2muyg iy = (M—m)vo-
M+m M+m
[TepBblit 0OTBET COOTBETCTBYET CHTYALUMH A0 CTOJKHOBEHHS
11apoB, BTOPOH NaeT 3HauYeHHs CKOPOCTeH LIapoB MocJe yaapa.
Uro6bl BTOpOIi 11ap nocJje yNpyroro 0Tpa’keHHs OT CTEHKH
MOT OTHaTb NepBbIA 11ap, He06X0AHMO BbINOJHEHHE YCJOBHS
Uo > uy, T. €.

(M - m)yg S 2muy
M+m M+m’

Orclofa nosyyaeM HCKOMOE COOTHOLIEHHE MacC IIapoB:
M>3m.

194. Ha ropH3oHTa/bHOM y4yacTKe NYTH JJOKOMOTHB Pa3BH-
BaeT MOCTOSIHHYIO cuy Tsard F = 3,5 - 10% H. Ha yuacTke
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nytH anusoi [ = 600 M ckopocTh noeaaa maccoii m = 1,0 - 106 kr
Bo3pacTaer ot v; = 10 M/c no vy = 20 M/c. Onpenenuts
K03 HUHEHT COMPOTHBAEHHS ABHXEHHIO, KOTOPLIH paBeH
OTHOLUEHHIO MOAYJS CHJbI COMPOTHBJEHUS K MOAY/IO CHJbI
HOPMaJlbHOH peaKlMH PeJbCOoB.
Pewenne HaocHoBannu teopeMbl 06 MaMeHeHMH
KHHEeTHYECKOH 3HeprHH COCTAaBHM YPaBHEHHE:
2 2
D% D0 A+ A, (1)
2 2
rae A; = Fl — pa6ota cuawl Tsith; A9 — paboTa cuab conpo-
THBAEHHS: Ag = F lcos180° = —F.; F, = uN — Moay/ib CHAbL
CONPOTHBJIEHHA; L — KO3(PHUHEHT COMPOTHBJEHHUSA ABHXKe-
HHIO; N — MOAY/b CHJBI HOPMa/JbHOM peakLWu onopbl. s

npoekuu#i cus Ha ock OY (puc. 65) umeem: N — mg = 0.

14

N

=

‘ |

- -

i F A 1% £

by

T
0 L s
| ™

mg

/ \
Puc 65

free—

CnemoBatenrHo, F, = umg.
[oncrasus 3nadenust A; u Ay B ypasrenue (1), nonyynm

2 2
muvj _ ﬂ - _

Orciona

2 _ 2
mg 2lg

195. Tenexka ¢ NeCKOM KaTHTCS CO CKOpOCTbio v = 1 M/ ¢
110 TOPH30HTaNbHON NoBepxHocTH. HaBeTpeyy Tenexke neTut
uap Maccom m = 3 Kr co CKOpOCTbIO Uy = 8 M/ ¢, HanpaBJieH-
HOH mog yriaoM o = 60° k ropu3orTy. [locae Bcrpeun ¢ Te-
JIeXKoH Lap 3acTpeBaeT B necke. C KakoH CKOpPOCTbIO W B
KaKyI0 CTOPOHY MOKATHTCA TeJleXKa [1ocje BCTPeUH ¢ [Wapom?
Macca tenexku ¢ neckoMm M = 10 kr. Cusioff conpoTHBEHHS
KaueHHIO TeJIeXKH MOXKHO npeHebpeys.

102



Pewexnune. KoopannatHywo och OX HanpaBuM ropH30H-
tanpho (puc. 66). Baosb 3To¥ ocH BHeIHWE CHJIbI He AeHCT-
BYIOT, [103TOMY CYMMa [IPOEKUHH HMIIY/IbCOB TeJEeXKH Y 1Iapa
Ha ocb OX ocTaeTcsi HEW3MEHHOM:

Mu, + mug, = (M + m)u,,

rae u, — NpoeKuust Ha 0Cb OX CKOPOCTH TeJIeXKH ¢ 3aCTpsB-
KM B Necke wapoM. Tak Kak vy, = v, U, = —Up COSQ, TO

My —mug coso = (M + m)u,,
OTKyna
_ My —muy cosa
N M+m

Uy ,ux=—0,2 M/C.
Munyc yKasblBaeT Ha TO, 4TO TeJsIeXKa [IOKaTHTCS B OTPHLa-
TeJIbHOM Hanpasiierun ocu OX, T. e. TPOTHBOTNOJOXKHO Iep-

BOHa4aJ/ibHOMY HafipaBJ/IEHHUIO IBMXKEHMUS.

Y
YA -
F
A
myj
Puc. 66 P uc. 67

196. Ilox neficTBHEM MOCTOSIHHOW CHJbl TeJO MacCoH
m = 100 kr nogHMMaeTCs Ha BbICOTY A = 15 M B TeuerHe T =
= 10 ¢. Onpenesutb paboTy 3Tolt cuabl. HadanbHas ckopocThb
Tesia paBHa HYJIO.

Pewenue Koopaunatuywo oco OY HanpaBHM BepTH-
KaJbHO BBEDX, a2 Ha4ya/lo KOOPAMHAT PacllC/IOXHM Ha NoBepX-
HocTr 3emau (puc. 67). Ha Teno pefictBytor cuna_F u cuna

TsKecT™ Fp = mg. Pa6oTa, coBepuiaemast cunoil F,
A = Fh. (1)
YrobGb! HaHTH Moy JAb CHITE! F, COCTaBHM Ha OCHOBAHHH BTODO-
ro 3akoHa HbloToHa ypaBHeHHe [JBHXKeHHUS B BEKTOPHOH dopMe:
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F+mg =ma,
a 3areM B npoekuusx Ha ocb OY:
F = mg=ma, (2)

rae @, — TNpoekuus yckopeums Teaa na ock QY. 3Ty npo-
EKI[MIO Hal[eM M3 KUHEeMaTHYECKOTO YpaBHeHHst AN KOODAH-
HaTHl § = ayt2/2, y4uThiBas, 4to y = A npu t = 1. [lonyunum

ay = 2h/12 . TlogcTaBuBs 5To 3HAUYeHHE B ypasuenue (2), nai-
aeM

F=mlg+2h/1%).
Teneps, cornacho dopmy.e (1), nonyyum:
A=mlg+2h/1®)h, A=1,5"10% Ix.

197. Jletsiuas ropHsoHTaIEHO CO CKOpocThio v = 400 M/ ¢
nyast nonagaeT B 6pycoK M 3acTpeBaeT B HeM. Kakoe pac-
CTOsIHHe NPOHJET MO rOPH3OHTANLHON MOBEPXHOCTH 3TOT 6pY-
COK OT TOJIYKA MYJH, eciu ero Macca B n = 99 pas 6osblie
macchl nyan? Havanpnast ckopocTe 6pycKa paBHa Hy /10, a Ko3¢-
GHUMEHT TpPeHUs Mexay OpycKoM M noBepxHocThio U = 0,1.

Peuwenne B pesyaprate nonaganus nyau 6pycox c
3acTpsBlleld B HeM myJsieH npuobpeTaeT HEKOTOPYIO CKOPOCThb
i (puc. 68). [lpoiias paccrosiHue I, 6pYCOK OCTaHOBUTCS MOA
neicTBUEM cubl TpeHusi. Ha ocHoBauuu teopemni 06 n3meHe-
HUHM KMHETHYeCKON 3Hepruu

Eyo — Eyy = Agp,

rae Eyg, Ey| — COOTBETCTBEHHO KOHEYHOE W Haya/lbHOe 3Ha-
YeHHS] KHHeTHYeCKOH 3Hepruu 6pycka; ATp — paboTa cuJjnl

Y
. N | ¥
L -
m 7 A I F
(=— s = N
0////7///////7/////// ////1 UUILILL oL X'
7
(Mrm)§ (M+m)§
Puc. 68

104



TpeHus. YuuThiBas, 4to Eys =0, Ey; = (M + m)u? /2, A=
= =Fqpl, nonydaem

(M + m)u2/2 = F,l. (1)

Haitnem mopynib cusibl tpenms o, = uN. CnipoexTrposas
cuaibl Ha ock OY, 6yneM UMeTb:

N-M+m)g=0, N=(M+ m)g.

CnenoBaTebHO, FTp = uw(M + m)g . TlogcTaBuB 3TO 3Haye-
Hue B ypasHenue (1), noayuum

(M +m)u® /2 = uM + mgl,
oTKyla

1=u®/(2ug). (2)

YTo6bl HaHTH MOAYAb CKOPOCTH U, COCTABHM YpaBHeHUe
AJS TPOEKUME HMITY/IbCOB TeJl Ha ock OX Ha 0CHOBAHHH 3aKO-
Ha coxpanenus umnynsca: mv + 0 = (M + m)u. OTciona

— - v
W= Ham = MimeT (3)

O6paTuM BHMMaHUe Ha To, 4YTO Bosb ock OX meHcTBYeT
BHeIIIHSAS CHJIa — CHJIa TPeHHs, HO NPUMEHHTb 3aKOH COXpa-
HeHMS UMITYJIbCA MOXHO, TaK KaK AJHTeNbHOCTh B3aHMOAEHCT-
BHS TeJl BeCbMa KpaTKOBpeMeHHa U M03TOMY BJAHSHHEM BHeLl-
HUX CHJl MOXXHO MpeHebpeyb.

[oacTasus Tenepsb 3nadenue (3) B Bripaxkenue (2), ¢ yue-
ToM ycaosus M/ m = n Haiinem:

-9 _ |=8wm
2uln +1)?2g”’

198. Tlox KakKuM YIJOM K TOPH3OHTY Hafo 6pOCHTb Ka-
MeHb, 4YTOOBI €ro KHHeTHYeCKasl 3HePrusl B TOUKe MAaKCHMaJb-
HOro nopbeMa coctanasna 1 = 0,25 ero KHHeTHYECKOH 3Hep-
ruu B Touke 6pocanus? ConpoTHB/eHHe BO3LyXa HE YYMTHI-
BaTh.

Pewenne B Touke MakcuManbHoro nogveMa v, = 0,
v, = vg cos g (cM. pertenne 3agaun 21). 3necs vg — HavaL-
Hasi CKOPOCTb; (g — YroJl, COCTaBJIEHHbIH BEKTOPOM HadaJb-

HOM CKOPOCTH g ¢ ropu3oHToM. ClenoBaTesibHo, B 3TOH ToY-
K€ CKOPOCTb KaMHS
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2 2

v =4JUx +U, =Ugcosag,
a ero KHHeTHYECKasl 3Heprus
mug cos? ot
Ej =0

B TOuKe OpocaHusi KaMeHb UMeJl KHHeTHYECKYI0 3HepPTHIO
Eyo = mug 2 /2. Wcnonbsys 3apansoe yenosue Ey = nEg, no-
Jydaem

mug cos? ot _ mod

2 2’

OTKYaa Oty = arccos+/m, o = 60°.
199. OnpenesuThb, KAKOH CKOPOCTHIO JOMKHO 06]1a0aTh TeJ0
B Touke A (puc. 69), yTo6ul nepeMecTHThCs B TOYKY C W TaMm

ocTaHoBHTbesl. KosdhdHuueHT TpeHus Npu ABHXEHHH Teja
u=02CD=h=05m AD=r=10m.

s

- ' mg
Flp1 v

r

Puc. 69
Pewenne I3meHeHHe MeXaHHYECKON 3HEPIUH Teja
paBHO paboTe CHJ TPeHHs:

(Epo + Ep2) (B + E, D= Aq, (1)

rae Eyy, E,| — COOTBETCTBEHHO KWHETHYECKas H MOTEHLM-
asnbHast sHeprus Tesa B Touke A; Eyo, Ep — B Touke C.

3a Hy.leBO# ypoBeHb MOTEHLMAJbHON 3HEPTHH NPHMEM
OCHOBaHHe HaKJOHHOM MIocKocTH. Toraa

E, =0, Ey = mgh. (2)
OueBHAHO, UTO
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Ek2 = O, Ekl = mv2/2. (3)

Pa6ota cua Tpenus

Ary = Ay + A

Tp Tp2s

rie Arp) — paboTa CHibl TPeHHs F pl Ha yuacTke AB; App ~
paboTa cHAbl TPeHHSA F Tp2 Ha yqaCTxe BC. Moaynu 3tux cn.n
paBHBI cooTBeTCTBEHHO: Fryp = UN, Fpp = PNy,

M3 puc. 69 nerko HaWty, yto N| = mg, Ny = mgcosa.
CnenoBarensHo, Frpy = umg, Frpo = pumg cosa. Toraa pa6o-
Ta CHJ TpeHUs

Arp = Frp1sc0s180° + Frpolcos180°= —umgs — umglcosa,

rae | = BC = (r — s)/ cosa, nostomy
=_ - r=s =-
Ayp = —pmgs—pumg ——_ COSQ=—jmgr. (4)

[MoacTaBuM Teneph sHadems (2)—(4) B Bripaxenue (1) u
noayyuM mgh—~ muv* /2 = —umgr, oTKyaa

=2g(h+ur), v=7wm/c.

200. B6ausu poporu 06-
pasoBasiach JiefifiHasi TopKa ¢
BbIE3/IOM Ha MPOE3XKYIO YacTb.
[ToBepxHoCTb FOpKH NpeacTas-
aseT cob0H MJAOCKOCTb, CO-
CTaBJSIIOIYIO ¢ TOPH3OHTa/b-
HHIM HamnpasJjieHHeM yroJ o
[Ipoesxatouie#t MuMo HOPOXK-
HOH MalllMHe YAaJoch MOCHI-
naTb TOPKY CHH3Y 110 MOJOBH- Puc. 70
HbI BHICOTHI ecKOM. KoadduiumenT TpeHHs CKOJbXEHHS Io-
Jlo3beB CcaHok o Jeq ¢ neckom W = 0,5. [IpeHebperas Tpernem
CaHOK 0 Jien 6e3 Mmecka, HaHTH MaKCHMaJbHOe 3HaYeHHe yria
O, IPH KOTOPOM CaHKH He CMOT'YT HOCTHYb OCHOBAHHWS FOPKH,
CbeXaB ¢ ee BepIIMHB 6€3 Haya/lbHOH CKOPOCTH.

Peuwenue. [loTenunanbhyio sHepryio 6yneM OTCYHTBIBATE OT
OCHOBauMst ropku CD (puc 70). Canku Maccoit m o61afawT B8
Toyke A NoTeHUHabHO! SHepried £, = mgh v KUHETHYeCKO#
E,, = 0. CirepoBateJibHO, NONHast Mexaﬁuqecxaﬂ 3HEpPrusl CaHOK
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E = Ekl + Epl = mgh

3HayeHUe NMOJHOH 3Heprun 6yaeT TaKUM e W B Touke B,
HaxofsileHcs HA TMOJOBHHE BHICOTHI, MOCKOJbKY Ha y4dacTKe
AB Tpenus Her. HaunHasi ¢ 3TOR TOYKH, HA CAHKM AEHCTBYeT
CHJ1Aa TPEHHS CKOJIbXKEHHS

Frp = uN = umgcosa.

Mycts caHkH ocrtanasauBaoTcs B Toyke C. Torga n3me-
HeHHe MX NOJIHOH MeXaHUYEeCKOH 3Hepruu paBHo paboTe CHAbL
TpeHusl Ha yuyacTke nytu BC:

(Ek2 + EP2) (Ekl + E ) ATp

YuuThiBas, 4to

Exg =0, Ejp =0, Ay = —pumgBCcosa = —umg 5 h —cosa,

— h
noayyaem mgh = umg—gtga, OTKyZa
o= arctg%, o =14°.

201. JlepeBsiHHni map Maccod M neXHT Ha TOHKOH MoJ-
craBke. CHH3y B LIap nonafgaer nmy/s MaccoH m, JeTsuas
BepTHKaJbHO BBepX, H npobusaet ero. [Ipn atom wap nox-
CKaKHBaeT Ha BHICOTY A. Ha kaxyio BHCOTYy mogHHMaeTcs
nyJs Haj MOACTABKOH C IIAPOM, eC/]H ee CKOPOCTb Nepen
yaapom o wmap 6uJsia paBHa v? ConpoTHBJeHHEM BO3LyXa
npexebpeys.

Pemenmue IlycTb u; — CKOpoCTb Ny/H HenocpeACTBEH-
HO MocJe npoJieTa ee CKBO3b wuap, H — BBICOTA, HA KOTOPYIO
nogHaaack nyas. CoBMECTHM C NMOACTABKOH HYJIeBOH YPoBeHb
NoTeHUHANBHOR 3HeerH Torpa, cornacHo 3akoHy coxpaHe-
HHSl SHEePrHH, mu; 2 /2 = mgH . Orciona

H=u2/ (2g). (1)

Yro6nl HAHTH 4}, COCTABHM Ha OCHOBAHHH 3aKOHA COXpaHe-
HUS MMIyJ/ibCa ypaBHeHHe (CyMMa NpoeKuyil MMITY/1bCOB YW U
wrapa Ha ocb OY, HanmpaBJeHHYI0 BEPTHKA/IbHO BBEpX, 10 YAapa
W NIOC/Ie HEro O0CTAeTCH MOCTOsIHHOM): mu + 0 = muy + Mus,,
OTKYZA

up = (mv — Musg)/ m,
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rie 4o — CKOPOCTb IIapa cpasy e Iocje B3aUMONEHCTBHS C
nysen.

Ha B3aumopeficTBytolie Tes1a AeHCTBYIOT B BEPTHKAJABHOM
HanpaB/JeHWH BHeLlHWe CHJIW — CHJIBl TAXKECTH, HO 3aKOH CO-
XpaHeHHsl UMNYJAbCa NPUG/MKEHHO BHIMOJHAETCS, TAK KakK
BpeMsl B3aUMOAEHCTBHSA MyJM W LIApa o4YeHb MaJo.

Ha ocHoBaHuM 3aKOHa COXpaHeHUS SHEPTHK COCTABUM /s

11apa ypaBHeHHe: Mu% /2 = Mgh, otkyna uy = \f2gh . Cneno-

BaTeJbHO,
uy = (mo - M\[2gh)/m.

[TogcTaBuB 3To 3HadyeHHue cKopocTw nyau B Gopmyay (1),
HaWaeM

H= (v - % 2gh)2/(2g).

202. Teno Ha4YHHAET CKOJ/Ib3UTb BHH3 10 HAKJOHHON NJ0C-
KOCTH, COCTaBJSAIOLIEH C FOPU3OHTOM yroa o . B HuXHeH Tou-
Ke TeJsI0 YiapsieTCsl O CTeHKY, NOCTaBJeHHYIO NepneHIHKYAAPHO
HANpaBJIeHHIO ero ABHXKeHHs. ¥ aap abcoatoTHo ynpyrui. Onpe-
AEJAUTh KO3QPHULUHEHT TPeHNst NPH ABHKEHUH Tena, eC/IH Noc-
Jie yiapa OHO MOAHSJIOCH JI0 NOJIOBHHBI NepPBOHA4aAbHOH BHI-
COTHIL.

Pemenue HameHeHue MexaHWUeCKOH 3Hepruu Tesa
paBHo paboTe CH/H TPEHHS:

E2~E1=ATpv (1)

rae Ey, E9 — nonnasi MexaHH4YeCKasi 3Heprus tesa B Toukax A
u C coorBerctpenHo (puc. 71).

4 N
A
) h
s B LY,
v o
Puc 71
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[Tpu a6conOTHO YIPYroM OTpaXkeHHK OT CTEHKH B TOYke B
HanpaBJleHHe BEKTOpPa CKOPOCTH TeJsla H3MeHSeTCs Ha MpOTH-
BOTIOJIOXKHOE, @ MOAYJb CKOPOCTH OcTaeTcsl mpexHuM. Kune-
THYECKasi SHeprusi He H3MeHseTCs.

Monysib cunibl TpeHHS [pH ABHXKEHHH Tesla BHH3 W BBEPX
onuH M ToT Xe: Frp = pmgcosa. Hanpasnenne BekTopa Fi,
Kak B NepBOM, TaK H BO BTOPOM CJydae COCTaBJseT ¢ Ha-
npasiendeM nepemeleHus yroa 180°. ITostomy paboTa cunbl
TpeHHs

A= Frpll + 11)cos180° = —umg(l + ) cos o,

rae [, [} — MOAY/JM TepeMeleHus! Tesa NPH ABHXKEHWH €ro
BHH3 M BBEPX COOTBETCTBEHHO.

Kak Bupno w3 puc. 71, [ = A/sina, |} = h/(2sina). Yur-
ThiBast 3TO, MOJy4aeM :

A =- 3umgh
P™ 2tga (2)

B Toukax A u C KuHeTHUecKas 3Heprus TeJia paBHa HYJIO,
NO3TOMY MOJIHAs MeXaHHUYeCKasi J3Heprus Tesa B 3THX TOYKaX
pPaBHa NOTEHUHANbHOH 3HEPTHH:

E, = mgh, Eo = mgh/2. (3)
Monctasum 3nayenus (2) u (3) B suipaxenue (1):

mgh —-m h=_3pmgh'
2 2tga

Orcrona u=tga/3.

203. Kakyio paboTy HYXHO COBepPIIMTb, YTOOLI NpPYXHHY
KecTKocTbio B = 600 H/ M, pacTsnyTyio Ha x = 4 cM, A0N0J-
HUTeJbHO pacTsHyTh Ha Ax = 10 cm?

Pewenne PaboTa, coBepuieHHasi IPH pacTSKEHHH
NIPYXHHbI, paBHa H3MeHEHHNIO ee NOTEHIMA/bHOH 3HEprHH:

_ ke + AxP® p? _ R(2x + Ax)Ax _
A—EPQ—EPI——Q——-——;———Q-—,A—S,UJK.

204. Ha HeBecoMOH 1 HepacTsDKHMOK HUTH AJHHOM [ BH-
CHT wapHk. Kakyio MHHHMalbHYIO CKOPOCTb Uy B TOPH30H-
TalbHOM HanpaB/ieHHH HeoOX0AHMO COOOUIHTD LAPHKY B TOY-
ke I (puc. 72), 4tobbl OH chenan NOAHHE 060POT B BEPTH-
KaJbHOH nyockocT? ConpoTUBJeHHE BO3AYyXa HE YYHTbIBaTh.
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Peuwenune. BBepxned Touke 2 V,
TPAeKTOPHHU LIAPUK J0JDKEH HMeThb He-
KOTOPYIO JINHEFHYIO CKOPOCTD g, B [1PO-
TUBHOM CJ/ydyae OH HayHeT NanaTh M3
3TOH TOYKM BEPTHKAJIbHO BHH3.

[lo_BTopoMy 3akony HbioToHa
mg+T =ma, rie T — CHla HaTsKe-
HUS HUTH B TOYKe 2, @ — YCKOpeHue B
3ToH Touke. CKOPOCTb ¥y MHHHMMAaJbHA 1
npu T =0, 1. e. mg = ma. [Ipoexuns Puc 72
YCKOPEHUsi @ Ha 0Cb, HANPaBJIEHHYIO
M3 TOYKK 2 BAOJIb HUTH K LEHTPY OKPY>KHOCTH, PaBHa MOLYJIO
LLEHTPOC TPEMUTENBHOTO YCKOPEHUS @, = v/ [, IPOeKLHs BeK-
Topa g Ha 3Ty ocb paBHa g. CiiefoBaTe/bHO,

- mg=mv§/l. (1)

~

BleeM CYHTATDh, UTO B TOYKE 1 [IapHK HAXO0ANTCS HA HYJ€e-
BOM YPOBHE HOTGHuH&JleOﬁ SHEPTHH. Tor11a 10 3aKOHY CO-
XpaHeHHs! 3HePrHH

ml  mod

> o 2mgl. (2)

Pewn coBmecTHo ypasHenus (1) u (2), noayunm

U = 1/5gl

3apaym ANA CaMOCTOATENbHOrO peLlueHus

205. ITyas macco#t m = 10T, neTamas co CKOPOCTHIO Uy =
=800 M/ ¢, nonanaer B K0CKy ToamuHol d = 50 MM u Bbljle-
TaeT H3 Hee CO CKOPOCTbio vg = 100 M/ ¢. Onpeneants cuay
CONPOTHBJIEHHUS AOCKM, CYHTAS 3Ty CHAY NOCTOSHHOH.

206. Llenb Maccoli m = 5 xr, jexauyio Ha ctoje, 6epyT
33 O/IMH KOHell H paBHOMEPHO NOJHHMAIOT BEPTHKAIbHO BBEPX
Ha BBICOTY, [IDH KOTOPOH HHXKHHH KOHEL OTCTOHT OT CT0J1a Ha
pacCTOSIHUM, PaBHOM aJHHe Lenu [ = 2 M. Yemy paBHa paborta
no MoAbeMy LEfHn?

207. Kakyto MHUHHMa/IbHYO paboTy He06X0ANMO COBEPLUNTD,
yTo6bl Teserpadubiii cton6 Maccoit m| = 200 kr, x BepluHHe
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KOTOPOTO MPHKpen/eHa KpecToBHHa Maccok my = 30 kr, ne-
peBeCTH W3 FOPH30HTAJbHOTO MOJOXKEHHS B BepTHKaNbHOE?
Hnuna cronba [ = 10 M.

208. Kakyio paGoTy RY>XHO COBEpLINTb, YTOGbBI NOAHATb
rpys Maccoit m = 30 kr Ha BbicoTy A = 10 M ¢ ycxopeHHeM
a = 0,50 m/c2?

209. Kakyto paboty coBepuiaeT 3/1ekTpoBo3 3a T = 10 MuH,
nepeMellast o ropu3OHTaJbHOMY NYTH COCTaB MacCcoh m =
= 3000 T ¢ NOCTOAHHOM CKOPOCTbIO U = 72 KM/ 4, €ClIH Ko3-
¢uureHT conpoTHBaenus asrxenuo U = 0,005? Koadpduun-
eHT CONPOTHBJIEHUS [IBHXKEHHIO PaBeH OTHOUIEHHIO MOAYJs
CHJIbl COTPOTHBJ/IEHHS K MOAYJIO CHJBl HOPMaJIbHOH peakuHH
OMOpHI.

210. Canky Maccol m COCKaJb3blBAIOT C BEPIUMHbI TOPbI
BLICOTOM A W, MPOHAS HEKOTOpOoe PAcCTOsiHWe, OCTAHaBJ/HBa-
10Tcs. Kakyio paboTy Haflo COBEPLIHTD, YTOObI BTAILLUTb CaHKH
110 TOH XKe TPaeKTOpHH 00paTHO Ha BepPLIHHY Topbl?

211. Yenosek Macco¥ m| = 60 Kr npbiraer ¢ HeNoABHKHOM
TeNeXKH Maccol mg = 30 Kr, CTOsIlIeH HA peabCax, B Halpas-
JIeHHH BIOJb NyTedt. [pu 3TOM Tesexxka nepemeruaeTcs B po-
THBONOJIOXHYIO cTOpoHY Ha § = 2,0 M. Cunras Ko3QhHUHEHT
TpeHWs npu ABWXKeHuu Teaexkku P = 0,10, nadith paboty,
KOTODYIO COBeplUaeT YeJIOBEK IPH MPBRKKeE.

212. Teno Maccolt m = 1 Kr gBHKeTCS NPAMOJHHENHO TaK,
YTO 3aBHCHMOCTb €r0 KOOPAHHATHl OT BpeMeHH OMHCHIBAETCS
ypasuenuem x = 10 + 20f — 4¢2, B KOTOPOM BCe BeJHYHHbI
BbipaxeHsl B eAnnHnax CH. OnpenenuTs KHHETHYECKYIO SHep-
THIO 3TOrO TeJsa yepe3 { = 2 ¢ Noc/e Hayajaa ABHXKEHUS.

213. Bpycok mMaccoit m = 1 KI MOKOKUTCS HAa FTOPH30OHTaNb-
HOH Wwepoxosatoir nosepxHoctu (puc. 73). K HeMy npuxpe-
- TNJeHa NMPYXHHA XKEeCTKOCThIO
F k = 20 H/m. Kakyo paboty
HaJI0 COBEPIIHTD ANf TOTO, YTO-
Obi CHABHHYTb C MecTa Bpycok,

Puc 73 pacTsar¥Bast Npy>XHHY B FOPH30H-
TaJbHOM HalpaBJIeHHH, eCJ/IH KO-
st @uUHEeHT TPeHHs MexXay 6pYCKOM 1 MoBepxHOCThiO UL = 0,2?

214. Teno maccoit m = 2 Kr paBHOMEpHo NMepeMelligeTcs
0 FOPH30HTA/JbHON TMOBEPXHOCTH MO AeHCTBHEM CHJbI, Ha-
npaB/eHHOR Mo yraoM o = 45° K ropusoHTy. [Ipu nepeme-
weHud s = 6 M 3ta cuna cosepuaer paboty A = 20 Ix.
Haiitu Ko3ddHuMeHT TpeHHs Tena 0 MOBEPXHOCTb.

TTTTT7 7777777777/ 77777777 777777777777
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215. Jlogxa CTOUT HeNoABMXKHO B cTosideH Boae. UesoBek,
HaXoAsllMiCcA B JIOAKe, NePeXoauT ¢ Hoca Ha KopMy. Ha ka-
KOe pacCTOsiHWe MepeMecTHTCS J0AKa, eClH Macca yesJoBeKa
m = 60 kr, Macca J0fKH my = 120 Kr, gnuna goakn [ = 3 M?
ConpoTuBJ/ieHye BObl He YYHTHIBATh.

216. OxoTHUK cTpeasieT ¢ Joaku. Kakyio ckopocTs npHo6-
peTaeT JioAKa B MOMEHT BBICTpeJ/a, eCJM Macca OXOTHHKa ¢
aogxkoit M = 100 kr, macca gpo6u m = 40 r u cpeanss Ha-
yasbHasi CKOpOCTh apobu vg = 400 m/c? CTBON pyxbs BO
BpeMsi BbICTpeJsia HanpaBaeH nog yrjaom a = 60° K ropu3oHTy.

217. TpeTbsi cTyNeHb pakeTbl COCTONT H3 PaKeThl-HOCHUTEJIS
Maccot M = 50 Kr u roIoBHOTO 3alIMTHOrO KOHYca Maccon
m = 10 kr. KoHyc or6pacbiBaeTcs Bepell C2KaTOH NPYKHHOM.
[1pn ucnbiTanusx Ha 3eMJe ¢ 3aKpeM/eHHOH PaKeToM NpYXH-
Ha cooblana KoHycy cKopocTb vg = 5,1 M/ c. Kakosa Gyner
OTHOCHTeJIbHAsl CKOPOCTb KOHYCa U PaKeThl, eC/IM HX pasfiele-
HUe NMPOU30HAET Ha opbure?

218. Cuapsn maccoii m = 40 kr, JeTeBIUIHHA B FOPH30HTab-
HOM HamnpaBJ/ieHHHM CO CKOpocThio v = 600 M/c, pasopsancs
Ha 2 qacTu Maccamu m; = 30 kr u mg = 10 xr. Bonbiuas yacTs
CTajla ABHraThCsl B NpEeXKHEM HaNpaBJeHHH CO CKOPOCTbIO
v; = 900 M/ c. OnpenenuTb MOAYb 1 HANPaBAEHHE CKOPOCTH
MeHbllel YacTH cHapsija.

219. Jlpa naccaxupa ofMHaKOBON Maccon m = 70 kr Ha-
Xo[fiTCst Ha MJAaThopMe, CTosilieH HEMOABHXHO Ha pelbCax.
Macca naardopmbt M = 280 kr. Kaxkablii naccaXup HauuHa-
eT 6eXaTb ¢ OAMHAKOBOH OTHOCHTE/bHO MJAAT(OPMH CKOPO-
etbio u = 6 mM/c. Haiith ckopocTb, KOTOpYyIO npuobpeTaer
nnatdopMa, ecH OHH CIIPHITHYT: a) B OfHY CTOPOHY OiHOBpe-
MeHHO; 6) B pa3Hble CTOPOHBI OTHOBPEMEHHO; B) B OAHY CTO-
POHY M0C/Ie10BATe/1bHO; T) B PasHble CTOPOHbI I0C/Ae0BaTeNb-
HO. B caydasix «B» ¥ «I» BTOpOH MaccaXkup HaymHaer Gexathb
rnocJie TOro, KaK CIpbIrHET TepBblit.

220. [1noT Maccol m| MJbIBET MO peKe CO CKOPOCThIO U].
Ha nnot ¢ 6epera neprneHmuKy/sipHO HanpaBAeHHIO ABHKe-
HUS TJIOTa MNpbiraeT YesJOBEK MACCOH Mg CO CKOPOCTHIO Usg.
OnpenenuTb CKOpocTb msioTa ¢ yejoBekoM. Cunoi Tpenus
nJ0Ta o BOAy npeHe6peyb.

221. JIsuxyuHices WwWap cTaJdKHBAeTCs ¢ MOKOSIUMMCS La-
pom. Tlocne yaapa Moayab MMIyJbca KaXaoro M3 mapos pa-
BEH MOAYJIO0 HMMyabca cucTeMbl 40 yaapa. Onpeaenuts, noa
KaKHM YIJIOM Pa3JjeTaroTcs Laphl.
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222, B npsMyo npH3My, Macca KoTopo# M, a nonepeyHoe
cedyeHHe MnpeactabisieT co60H paBHOGeApeHHLIH [IPSMOYTOJb-
HbI TPEYroJIbHHK, NoNagaeT WapuK Maccod m < M, netswmi
FOPH30HTA/NbHO CO CKOPOCTbIO U, M MOC/]e yJAapa ABHXKeTCs
BepTHKa/bHO BBepX (pHc. 74). CunTas yrap abcoOTHO yrIpy-
TMM, HaHTH CKOPOCTDb WIapHKa 0j; H NPH3MBI Uy NOCJE ynapa.
ConpoTHB/IeHHEM BO3/lyXa H TPeRHEM IIPH3Mbl O TOPH30HTa/Ib-
HYIO NOACTaBKY npeHe6peyb. Jlo ynapa npr3Ma NOKOMAACh.

, A

| m
' V m
————
i, 7 m
Puc 74 Puc. 75 Puc. 76

223. Tlyas, neTsuias ¢ onpefeeHHOR CKOPOCTbIO, yray6-
asietces B powathid Gapbep Ha [/ = 10 cm. Ha ckoabko yriy-
6uTCS B TOT XKe Gapbep TaKas Xe MyJisl, ©Melolas BABoe 60Jb-
myto ckopocTb? Cuaia conpoTHBieHHs 6apbepa B 060uX CJy-
yasix oJHHaKoBas.

224. Teno maccoit m = 100 r nagaeT ¢ BHICOTH A = 5 M Ha
yauly NpYXKMHHBIX BecoB (puc. 75) U cXKUMaeT NPYXHHY XKe-
cTKocThio k£ = 1 - 103 H/M ua sennuuny x. Onpeaenuts x,
€CJH MacChl Yalllh M TMPYXHHHBIX BECOB NpeHebpeXxHnMo
MaJbl.

225. Teso Maccoit m = 1 KT 6pOCHJ/IH ¢ HEKOTOPOH BLICOTHI
C HayaJbHOH CKOpocTbio vy = 20 M/c, HanpaB/eHHOH Noa
yriaoM o = 30° k ropu3onTy. Onpenenuts KHHETHYECKYIO SHep-
THIO Tesla Yepe3 T = 2 ¢ nmocJie Hadyasa ero gsrKenusi. Conpo-
THBJIEHHEM BO3/yXa npeHebpeyb.

226. Ha neBecoMoM cTepxne aanHo# [ = 75 ¢M ykpenae-
HbI B2 OJHHAKOBBIX Iapa Maccon m Kaxaund. OavH Wap yx-
perlieH Ha KOHLE CTEPXKHS, APYroi — nocepenuue (puc. 76).
CrepxeHb MOXeT KoJe6aTbCsi B BEPTHKaJbHON NJOCKOCTH
BOKPYT ToukH A. Kakyio ropusoHTa/bHYI0 CKOPOCTb HYXHO
COOOLUHTD HHXKHEMY KOHILY CTePXHS, YTOObI CTEPXEHb OTKJIO-
HWJICS [0 TOPH30HTAJIBHOTO MOJIOXKEHHSA?
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227. lllapux noaseleH Ha HEBECOMOM NIPSIMOM CTEepIKHe.
Kakyio MMHHMaJbHYI0 CKOPOCTb B FOPH30HTAJbHOM HaMpas-
JleHNH Heo6XO0AHMO COOBIHKTh aPHKY, YTOOLI OH ciean noJ-
HbIH 060POT B BEPTHKA/bHOH MJIOCKOCTH?

228. HaliTh KOJMYECTBO TEMJIOThI, KOTOPOE BbIAEAHJIOCH [IPH
abCoJIIOTHO HEYNpPYroM COyAapeHHH ABYX LIapOB, ABHIaBIUMXCS
HaBCTpedy aApyr apyry. Macca nepsoro mapa m; = 0,4 kr, ero
ckopocTh v; = 3 M/c. Macca BToporo wapa my = 0,2 xr,
CKOPOCTb Uy = 12 M/ c.

229. Bpycok Maccoit my OBHXeTCS MO I'/IafiIkOW rOPH3OH-
TaNbHOH MOBEPXHOCTH cO cKOpocTbio Uy. [lyas maccoir my,
JleTeBllIast B FTOPH30HTA/bHOM HaMpaBJeHHH CO CKOPOCTBIO Ug,
3acTpeBaeT B 6pycKe. Yros Mex/ay BEeKTOPaMH oy ¥ vy o = 90°.
OrnpeneanTs, Kakoe KOAHYeCTBO TeMJ0Thl BbIAEINUA0Ch B 6pyCKe.

230. Csaio Maccoit m| = 100 kr 3a6uBaloT B 'PyHT ¢ Mo-
MOLIBIO KOTIPa; NpH 3TOM I'py3 Maccoil my = 300 Kr cBoGoaHO
nagaer ¢ BoicoThl H = 4,0 M H npH KaXX/0M ynape cBast onyc-
kaetcst Ha £ = 10 cm. OnpefieINTb CHIY COMPOTHBJEHHUS IPYH-
Ta, CYMTasi €€ MOCTOSIHHOM, [Jisl IBYX CJy4aeB: a) yaap rpysa
Korpa 0 ¢Baio aBCoJII0THO YIPYTHK; 6) yaap a6CcoioTHO HeyT-
pyTHIL.

231. Illap maccoit m), ABMXYIIHHCS CO CKOPOCTbIO U MO
rOPH30HTa/NbHON MOBEPXHOCTH, CTAJKHBAETCS C HETOABHIKHBIM
IIapOM Maccoit my. Mexay 1apaMu NMPOHCXOAHT a6COIOTHO
ynpyrud ueHTpaibHbiil yaap. OnpeaeiuTb CKOPOCTH IIApoB
nocje yaapa. :

232. CaMmo/ieT NHKMpPYeT BePTHKaAbHO BHH3 C BBICOTHI
hy; = 1,5 KM 110 BblcOThl A9 = 500 M. Ero HayasbHas ckopocTb
v, = 360 kM/4, a npu BbiXoAe H3 NMUKe U9 = 540 km/4.
HaiiTh cuay conpoTuB/eHHsi BO3fyXa, CYHTasi ee MOCTOSH-
HoH. Macca camonera m = 2,0 T, gBurateib camoJjieTa He
paboraeT. YckopeHne cBoGONHOro najeHuss g CYHTaTb pas-
upiM 10 M/ c2.

233. Kamenb 6poliien Mof yIioM K TOPH3OHTY € BbICOThl A
C HayaabHOH CKOPOCTbIO Ug. C KaKoH CKOPOCTbIO KaMeHb yMa-
JI€T Ha OBEPXHOCTb 3eMaH? PeluuTb 6€3 npHMeHeHHst KHHeMa-
THYeCcKUX ypaBHeHHH. ConpoTHB/eHHe BO3ayXa HE YUNTbIBATh.

234. [1yns, neTsiuias co CKOPOCTLIO U, NPOOGHBAET HECKO/b-
KO OIMHAKOBBIX [0COK, PAacMO/IOXEHHBIX Ha HEKOTOPOM pac-
CTOSIHMH ApYr oT apyra. B Kakoil no cyeTy nocke nyas 3a-
CTPSIHET, €CJIM ee CKOPOCTb MOCJe MPOXOXKAEHHS NepBOi 10C-
ku v; = 0,80¢?
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235. [lyns maccolt m, JeTAillasi FOPH3OHTAJBHO CO CKO-
PoOCTbI0 U, moONajaeT B fALMK C MeCKOM Maccok M, nmojse-
IIEHHBIH HA XKeCTKOM HEBECOMOM CTepXHe NJWHOH [, KoTo-
PhIll IIaPHUPHO YKPENJeH 32 BepXHUM KoHel («6anincTu-
YeCKMil MasiTHHK»), H 3acTpeBaeT B HeM. CTepeHb MOXeT
BpalaThCsi BOKPYT rOPU3OHTA/NbHOH OCH, NepreHANKYJ/s1pHOH
HanpaBJ/JeHuIo ckopocTH mnyaH. Ilpene6peras paamepamu
SILLIHKA, OMNpefe/IuTh MaKCHMaJ/IbHBIA Yro/l OTK/JIOHEHHS CTepXK-
Hfl OT BEPTHKAJH.

236. C BepxHeli TOYKM HAKJOHHOH MIOCKOCTH MJHHOW
[ = 18 M, o6pasytolieii ¢ ropu3oHTOM yroa o = 30°, CKO/b3UT
Tesno Maccort m = 2,0 kr. Kakoe Ko/iM4eCTBO TEMIOTH BblAes-
eTCSl MPH TPeHHM Tesa O MJOCKOCTb, €CJM HauajibHas CKO-
POCTb Tesia paBHa HYJIIO, a Y OCHOBaHusA v = 6 m/c?

237. Kamens Maccoéi m = 20 r, BHINYUEHHWE BepTHKA/b-
HO BBEPX M3 POraTKH, Ppe3HHOBBIH XKI'YT KOTOPOH OblI pacTs-
HyT Ha Al = 20 cM, nomHsiics Ha BeicoTy A = 40 m. Hatitu
K03 duuHeHT ynpyrocTH xryTa. ConpoTHBeHHe BO3lyXa He
YUMTHBATS.

238. Teno maccoit m = 1 kr, GpoleHHOe C BHIUKH B IOpH-
30HTA/bHOM HAMpaBJeHkH co CKopocThio vg = 20 M/ ¢, ynajo
Ha 3eMJIIO Yepe3 NMPOMeXyToK BpeMenu ¢ = 3 ¢. OnpeneanTs:
KMHETHYECKYIO 3HEepPTHIO Tesla B MOMeHT yaapa o 3emato. Co-
NpPOTHBNEHHE BO3yXa He YYHTHIBATb.

239. KoHbkoGexerl Maccoit M = 60 r, cToss Ha Jbay, 6po-
caeT B FOPH3OHTA/NBHOM HaNpaB/eHHH wwaiby maccoit m = 0,3 kr
co ckopocThio v = 40 M/ c. Ha Kakoe paccTosnHe oTKaTHTCS
TP 3TOM KOHbKOGEXell, eC/H KO3QPHIHEHT TPeHHs: KOHBKOB
o aeg B = 0,004?

240. Jetans, o6pabaTbiBaeMas Ha CTaHKe, NPHXHMAeETCs
¢ cunoit F =1 103 H k mandopansHOMy KaMHIO THaMeTPOM
d =4 - 107! m. Kakast MOIHOCTb 3aTpayHBaeTcs HA LIHQOB-
Ky, €C/H Ko3(hDHIHEHT TPEHHA KaMHs o feTanb [ = 2 - 1071
¥ KaMeHb BpalUIAeTcs ¢ yacToToit n = 2 ¢~1?

241. Heb6ouabloe Tes0 cOCKaAb3bIBAeT 10 HAKJIOHHOMH MJI0C-
KocTH ¢ BoicoTl H = 1,2 M. HaksoHHas niocKocTh nepexoauT
B «MepTByio netio» (puc. 77). Haittu pa6oTy cH/ibl TpeHHs,
€CJIH H3BECTHO, YTO CHJIA, ¢ KOTOPOH AeHCTBYeT Teso Ha IeT-
JI0 B BEepXHeH TOYKe, paBHA HyJio, Macca Teaa m = 10 r,
paaunyc netad R = 0,4 M. YcKopeHue ¢cBO6GOIHOTO NafeHHA g
cunTaTh paBHbiM 10 M/ c2.

242. C kakKo¥ HaHMeHbllIeH BbICOTH JO/IXKeH CKaThIBAThCS
BEJIOCHIIEANCT, He Bpalllasi nenanei, 4Tobbl MpoexaTh M0 JOPOXK-

116



—ﬂ %{EJ
{
777] .

Puc 77 Puc 78

Ke, HMeloleit popMy «MepTBO# neTau» pamuyca R = 4,0 M, He
OTPHIBAsICh OT AOPOXKKH B BEpXHel TOYKe MeTJH?

243. I'py3 Maccolt m = 2 Kr, NafaiolHii ¢ BHCOTH A = 5 M,
TIPOHHKAeT B MATKHH IPYHT Ha r1y6uny [ = 5 cM. Onpenesntsb
CPeHIOW CHAY conpoTHBAeHHs rpyHTa. ConpoTHBIEHHE BO3-
AyXa He YYHTHIBATb.

244. B 3akpenyieHHYI0 BepTHKa/bHYI0 TPyOKY BCTaBjeHa
HeBecoMast PY>XHHA, BePXHUH KOHell KOTOPOH NPHKperieH K
MOABIXKHOMY nopuiHio Maccoit M (puc. 78). Huxuuil KoHel
NpYKHHbI ynHpaetcs B Axo Tpy6ku. IIpyxuna cxara a0 am-
HBl [ ¥ yIep>KHBaeTCsl B CXKaTOM COCTOSIHHH C NIOMOLUBIO 3allieJl-
kH. Ha nopiuenb nosoxuau wmapik Maccoki m. Ha kxakyio Bbico-
TY MNOACKOYHT LIAPHK, eCJIH 0CBOGOAUTL NMPYXKHHY, CABHHYB 3a-
wenky? [IpyxvHa B HeieOpMHPOBAHHOM COCTOSHHH HMeeT JUTH-
Hy L. XKecTkocTb Npy>XHHB k. TpeHueM npeHe6Gpeub.

245. C KaKo# Ha4aJIbHOH CKOPOCTbIO HE06X0AMMO 6pocaTh
BePTHKa/JIbHO BHH3 Teso MaccoH m = 2,0 kr, yTo6H yepes
t = 1,0 ¢ ero KHHeTHYecKasl 3Heprus £y 6biia paBra 2,5 KIDx?
YckopeHHe CBOGOIHOTO NajieHHst NPHHATL paBHHIM 10 M/ c2.
ComnpoTHB/IeHHeM BO3lyXa npeHe6Gpeyb.

246. KameHnb nagaer ¢ BoicoThl A = 20 M 6e3 HayasbHOM
ckopocTH. KakoBa 6yner CKOpoCTb KaMHSl B TOT MOMEHT, KO-
I7a ero noTeHUHaJbHas 3Heprus ymeHbluuTcs B n = 2,0 pasa
10 CPaBHEHHIO C NIepBOHAYaANbHLIM ee 3Ha4eHHeM? CompoTHB-
JieHHe BO3/lyXa He YYHThIBATb.

247. Tenexxxa maccoi my = 50 Kr ABHXKETCH CO CKOPOCThHIO
v = 2,0 M/ ¢ N0 ropu3oHTa/ILHON NoBEPXHOCTH. Ha Tesexky ¢
BHICOTH A = 20 cM nagaeT rpy3 Maccok mg = 50 KT K ocTaeTcs Ha
Tesiexkke. HalTv Bife/HBLLIEECS NPH 3TOM KOJIHYECTBO TErJIOTHI.

248. lpa Tena maccamu m; = 1,0 kr u mg = 2,0 Kr 1BH-
XKYTCAl N0 B3aHMHO NepNeHAHKYJspHbIM HalpaBAeHHAM CO
ckopoctsiMi v = 10 M/c M vy = 15 M/C COOTBETCTBEHHO.
[Tocne coynapenus mepeoe Teso ocTaHaBsiHBaeTcs. Kakoe
KOJIMYECTBO TENJIOTHI BbIAEJHTCS NPH yaape?
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249. [opH30HTAaNBHO JeTALIas Nyns Nnonajiaer B AepeBsiH-
HBIH 6pyC, JieXKaluk Ha INaaKoH ropH30HTaNbHOH MJI0CKOCTH,
1 npo6ueaer ero. OnpenenuTb, Kakas 4acTb 3HEPrUH MyJiH
nepewna B tennory. Macca nyan m = 10 r, macca 6pyca
M =1 Kr, Ha4a/bHasi CKOpOCTh NyJu vg = 500 M/ ¢, cKOpocTs
nyau nocJsie Bbieta v = 300 M/ ¢.

250. Teno 6pocHIH MOA HEKOTOPLIM YIVIOM K FOPH30HTY ¢
HayaJbHOM CKopocTbio vg = 15 M/c. Ha kakofi BhicoTe ero
KHHeTHYeCcKasi 3Heprusi B n = 3 pa3a MeHble HayajJbHOH?
ConporuenenneM Bo3lyxa npeHebpeus.

251. Ot noespa maccod M = 600 1, Baywero ¢ NocTosH-
HOJ CKOPOCTBIO 110 NIPSIMOJIHHEHHOMY FOPH3OHTa/IbHOMY Y4acT-
Ky NMYyTH, OTpRIBAeTCs MoC/JAefHMH BaroH maccodt m = 60 T.
Kaxo#t nyTb 10 OCTaHOBKH NpPOHAET 3TOT BAroH, ecjH B MO-
MEHT ero OCTAHOBKH [10€3] ABHXKETCH C NOCTOSIHHOM CKOpoO-
cthio v = 40 kM /4? MomnocTs N TerJioBo3a, BeyLIEro co-
cTas, noctosHHa K pasHa 10 MBr. KosdduureHT conportus-
JIeHHUS ABHIXKEHHIO PaBeH OTHOLIEHHIO MOALYJISl CHJIbI COTIPOTHB-
JIeHHs K MOZYJII0 CHJ/Ibl HOPMAJIbHOH PeaxLMK PeJbCoB.

252. llpa rpysa maccamu m; = 10 xr u mg = 15 kr cBo6oa-
HO nojBelleHH Ha HUTAX A/uHoM [ = 2,0 M Tax, YTo compHKa-
caloTcs APYr ¢ ApyroM. MeHblinii rpy3 OTKJIOHHAH HA yroJ
o = 60°. OnpenenuTs, Ha CKOJLKO H3MeHHNACh NMOTEHLHA/b-
Hasi 3Heprust rpysa M Ha KaKylo BbICOTY MOIHHMYTCH TPY3bl,
ecJI¥ OTKJIOHEHHBIH IPy3 OTNYCTHJIH U NOCJe yapa Ipy3bl ABK-
XKYTCsl BMecTe.

253. 1o HAaK/IOHHOM NIOCKOCTH CHHU3Y BBEPX MYCKAlOT TeJ10
¢ Haya/JbHOM CKOPOCTbIO vy = 2 M/c. [TonrsBLWNCE Ha HEKo-
TOPYIO BBICOTY, TeJIO COCKaNb3hIBAET [10 TOMY e MYTH BHH3.
Kaxosa 6yneT ckopocTb Tesia, KOra OHO BepHeTCSl B HUCXO[-
HYI0 TouKy? KospduunenT TpeHHs MeXAy TeIOM H IJ0CKOCTHIO
p = 0,4. Yros HakJoHa MJIOCKOCTH K ropusoHty o = 30°.

254. Onpene/MTb MOLLHOCTb, PA3BHBAEMYIO JI€KTPHUECKOH
Nebelxoii, eC/IM OHA TSHET IPy3 PABHOMEPHO BBEPX 110 HAKJIOH-
HOJ MJIOCKOCTH, COCTaBJsOIEeH ¢ ropu3oHTOM yroa a = 30°.
Hmnyabe rpysa p = 3 - 103 xr - M/c, Xo3dpHUMEHT TpeHHs
u=02

255. OnpeesuTb MOIHOCTb MHAPOTYPOHHBI NPH YCJIOBKH, YTO
3a BpeMs t = 1 ¢ ¢ BricoTsl A = 100 M nanaet V = 250 M3 Bozb.
KT typ6unbt 1t = 90 %. [Tnotocts Boasl p = 1 - 103 kr/m3.

256. PakeTa c paboTalouUM JBHTaTeseM <«3aBHCJ/a» Haj
noBepXHocTbio 3eMau. KakoBa MOLIHOCTb, pa3BHBaeMast ABH-
ratejieM, eC/ld Macca pakeThl /1, 8 CKOPOCTb HCTeYeHHsl ra3oB
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M3 [BUraTessi pakeThl paBHa v? MlaMeHeHneM Macchl pakerhl
3a CYET HCTeYeHHsl Ta30B MOXKHO npeHebpeyb.

257. [1sa tena 6pocatot ¢ BbICOTH A = 20 M CO CKOPOCTBIO
vg = 15 M/c kampoe. C KaKUMM CKOPOCTSMM Tesla ynagyT Ha
3eMJ110, ecJId NepBoe Teslo GpOLIEHO BepTHKAILHO BBEPX, a BTO-
poe — ropu3oHTaIbHO? COMpOTHBIIEHHE BO3YXa HE YYHTHIBATh.

258. Msiy maccoit m = 100 r oTnycTHAH Ha BhICOTE A = 2 M
Hag nosoM. Kakoe KoJMYeCTBO TEMJIOTHI BBIAE/INJIOCH NIPY Mep-
BOM y/lape Msiia O [0Jl, eC/IM BPeMsl MeXXAY NepBbiM M BTOPHIM
ynapamu Msiya o oal T = 1,2 ¢? ComnpoTHBieH e BO3yXa HE YUMUTEI-
BaTh. Y CKOpeHHe CBOOOIHOIO NajieHHs g TIPHHSATL paBHbiM 10 M/ ¢2.

259. [lyns maccolt m momafaer B LEHTP JeXalero Ha
Kpaio CToJa Wapa u 3acTpeBaeT B HeM. Omnpefe/HTb CKOPOCTh
apa B MOMEHT Yyflapa O MoJl, eC/H MyJs JeTeNa B FOPHU30H-
Ta/JbHOM HaMnpaBJ/eHHH CO CKOPOCTBIO U M BhICOTa cTona H.
ConpoTuB/eHMeM BO3flyxa NnpeHebpeyb.

260. I'nagxast ropka maccoit M HaXoAMTCsi HA IJIafIKOM
ropu3oHTabHOM noay (puc. 79).

Ha ropky nosoxuiam u oTmyctH- 3
Jn 6e3 Tonuka wanby Maccol m.
OTHolenne Mace n = m/ M =
=060, H=13mMuh=050m H
KakoBo paccTosiHue oT a6l 40
rOpKH B MOMEHT MajfleHHs WaH6LI

Ha noJa? B MOMeHT oTAeseHHs OT
TOPKH CKOpOCTb MIaW6bl Hampas-
JleHa ropu3oHTanbHo. ConpoTus- Puc. 79

JleHHe BO3JlyXa He YYUThbIBATh.

261. [Tyas maccoit m = 20 r, jeTsas FOPHIOHTAJBHO CO
ckopocTeio v = 400 M/ ¢, nonapmaer B wap Maccol M = 5 kr,
No/BellIeHHbIH Ha HEBECOMOW H HePaCTSIKMMON HUTH QJIHHOM
[ =4 M, " 0TCKaKMBaeT OT Hero TocJje YNpyroro LeHTpaibHO-
ro yaapa. OnpenenuTts yroJ, Ha KOTOPbi OTK/IOHSIETCS HUTh.

262. Yactuua, KnHeTHYeCKasi 3Heprus KoTopol paBHa E,
CTaJIKMBaeTCst a6COJIIOTHO YIPYTO C TaKOH XKe HeToABHXKHOK
4acTHLIEN W OTKJOHSETCS OT NepBOHAYAJIBHOIrO HaNpaBAeHHS
Ha yroa a = 60°. OnpeaenuTb KMHETHYECKYIO SHEPTHIO KaX-
JI0¥ YACTHIH NT0CJe COYAapeHHS.

263. Teno Maccodt m, ABHXKYIIeeCs CO CKOPOCTBIO U, Ha-
JleTaer Ha MOKOsileecs BTOpoe Teso H nocie abCooTHO Y-
PYroro CTOJKHOBEHHMS OTCKAaKHB3eT OT HEro CO CKOPOCTHIO

TII7777777777. LSS

U9 = %vl nog yraoM o = 90° K nepBoHa4yaNbHOMY HarpasJe-
HHI0 ABH)KeHMsl. OnpenenHTh Maccy BTOPOTO TeJa.
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4. OCHOBbI CTATUKH

Metoauueckue YKa3aHus K peuweHnto 3agay

3agayn Ha pPaBHOBECHE PELIAOT N0 CJAEAYIOIEMY IJIaRY.
HenawoT yepTex B 0603Ha4YaOT Ha HEM BCe CHJbI, A€HCTBYIO-
e Ha paccMaTpuBaemoe TeJo. 3aTeM BBIOHPalOT CHCTEMY
KOOPAKHAT, IPK 3TOM KoopaHKaThble ocu OX u OY Ranpasas-
10T TaK, YTOObI IPOEKLHY CHJ Ha HMX BbIPaXKaAHCh 10 BO3MOX-
HocTk Gojsiee npocto. HaxoasT npoekuuu Ha ock OX u OY
BCEX NEHCTBYIOUIHX HA TeJO CHJ H COCTABAAIOT YPaBHEHUA:

R, +Fy +.+ Fp =0, (1)
Ry +Fy +.+F,, =0 (2)

CocTaBAAIOT ypaBHEHHE /Il MOMEHTOB CHJI OTHOCHTENLHO
OCH BpallleHHf:

M+ Mg +... + M, = 0. (3)

ITpn 3TOM MOMEHTBI CHJI OTHOCHTENBHO AAHHOK OCH 6epyTces ¢
pPa3HBIMH 3HAaKaMH B 3aBHCHMOCTH OT HalpaBJ/leRHs Bpallie-
HHUA Tesa. MoxHo, HanpuMep, CYHTATh MOMEHT CHJB MOJO-
XKHTEJbHbIM, €CJIH B OTCYTCTBHE IPYTHX CHJ 3T3 CHJIa MOXeT
NOBEPHYThb TeJo 0 YacOBOH CTpesiKe, a OTPULATEJbHBIM —
€CJIH [IPH TeX >Ke YCAOBHSX OHa MOXET BLI3BaTb NIOBOPOT TeJsla
NPOTHB YaCOBOH CTPEJKH.

B yyeGHbIX 3agauax o06bIYRO pacCMaTpHBAIOTCH TaKHe CH-
TYalHMH, KOTAA BCe CHJLI, NPHIOXKEHHLIe K TeJy, leXar B of-
HOH nyI0CKOCTH. [To3TOMY MOXXHO PacCUHTHIBATL MOMEHTbI CHJI
OTHOCHTEJbHO HEKOTOPOH HENOJIBHXHOH OCH, NPOXoIsiieH
yepes3 IIPOM3BOJIBHO BHIOPAHHYIO TOUKY NepPNeHAHKYASPHO 3TOH
naockocTH. Ecau B 3anaue He yKa3aHa oCb BpallieHHSs, TO ypaB-
HeHHe [/ MOMEHTOB CHJ COCTaBJISIOT OTHOCHTEJBHO N1060H
OCH, BbIOPAHHOH TaK, YToObI Yepe3 Hee NPOXOJHJH JHHHH JeH-
CTBHS HEH3BECTHBIX CWJ. Torga MOMEHTH 3THX CHJ OTHOCH-
TesbHO BBIOpAaHHOH ocH Oy4yT pPaBHB HYJO, H U3 YpaBHeHHH
(1)—(3) HaxomAT HEeH3BeCTHYIO BEJHUKHY.

Perrenne 3afay Ha HaxoXAeHHe LIeHTpa TSKECTH TeJsla CBO-
IOUTCSl B OCHOBHOM K COCTABJIEHHMIO YpaBHeHHS A/ MOMERTOB
cua. Ec/iM npu/oXuTh B LIeHTpe TAXECTH Tesa CHNY, Hanpas-
JIEHHYIO BEDTHKA/NbHO BBEPX H PaBHYIO [0 MOAYJIO CHJe TH-
YKeCTH, TO TeJo OylleT HaXOAUTbCS B PAaBHOBECHH H, CJle10Ba-
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TeNbHO, CYMMa MOMEHTOB BCEX CHJl OTHOCHTEJIBHO OCH, Mpo-
XoAsiLleH yepes UEHTP TKeCTH (HaM yepes JOOYIO APYryio
TOYKY), 6yaeT paBHa Hyat. COCTaBMB H PEWIMB ypaBHEHHe
(3), MOXXHO HaHTH MOJNOXKEHHE LEHTPA TSIKECTH.

[Tonoxenue ueHTpa TSXKECTH TBEPAOTO Tesa COBMAZaeT ¢
M0JI0XKEeHHEM €ero LIeHTpa Macc.

OcHOBHbI€ 3aKOHbI U (hopMynbl

TTre4om Cunbt OTHOCHTENIBHO OCH HasbiBaeTcs paccTosdue (171Ha
NepreHanKyAspa) OT 3TOH OCH [0 JMHHH NeHCTBHS CHJbL.

Momenmom cuabi OTHOCHTEJbHO OCH HasbiBaeTCs NpoH3Beje-
HHe MOLYJMsl CHJbl HA ee MJe40 OTHOCHTENbHO 3TOH OCH:

M=FlL

Ycaosus pasnosecus meepdozo meaa:
1) cyMMa Bcex BHEWHHX CHJ, JeHCTBYIOLIMX Ha Tes0, paBHa
HYJIO:

F+F +.+F, =0;

2) cyMMa MOMEHTOB BCeX BHEWHHX CHJl, ZeACTBYIOLHKX Ha Teo,
OTHOCHTEJIbHO N1060H 0CH paBHa HyJMIO (NPagus0 MOMEHMOS), T. €.

Mi+My+ ..+ M, =0.

[Ipu BBIMONHEHHH 3THX YCJIOBUH TENO MOXKET JHOO HAXOAMTbCSH
B NoKoe, 160 ABHraThCs PaBHOMEPHO NMpsMONUHeHdHo, 11460 paB-
HOMEPHO BpailaTbCs BOKPYT OCH, MPOXOAsLIEH yepe3 ero LEHTP
TSXECTH.

Mpumepb! pelueHns 3agay

264. Teno maccort m = 200 kr nepementaercs paBHOMEp-
HO 110 TOPH30HTaNbHOH MOBEPXHOCTH NOJ AE€HCTBHEM CHAH F,
HanpasJeHHOH mog yrioM o= 30° K ropuaonty. Onpeaenuthb

3Ty CHJAY, eclH Ko3(dHUHEHT TpPeHHS Tesla O NOBEPXHOCTb
npu asmxenuu p = 0,30.

Pewewnue Hareno gefictByor cuna F, cuaa Hop-
MaJIbHOH peakUuH Onopbl N, CHJIa TSXKECTH mg W Cuia Tpe-
uus Fr,. 3a monoxureabHoe Hampasienne ocH OX npumem
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v HanpaBJieHHe ABHXeHHs TeJa,
ocb OY HanpaBuM BepTHKalb-
. no seepx (puc. 80). Ilo ycuo-
b BHIO 3a7la4Ml TeJO [BHIKETCH
oI PABHOMEPHO, 1. e. HaXonutes
B PaBHOBECHH, CJ1€[I0BATE/bHO,

BbITIOJIHSIETCS YC/10BHeE

™
Puc. 80 F+N+Fp+mg=0.

[ToaToMy CyMMbl NpPOeKUHH 3THX CH HAa KOOPAMHATHblE OCH
OX u OY paBHbI HyJ10:

Fcoso - Fry =0, (1)
N + Fsino. — mg = 0. (2)

Us ypaBHeHHﬂ-(Q) HaxopuM N = mg — Fsino H, y4uThl-
Bast, uto Frp =N, noacrasasieM B ypasHenne (1):
Fcosa — u(mg — Fsina) = 0.
OTciona
F=—F+t% _ F=59 102 H.

cosa +yusina’

265. Uto6bl BBITALMTb aBTOMOOHIb, 3aCTPSIBILHI B IPA3H,
wodep npHBsA3aN OAHH KOHell Tpoca K aBTOMOGHIIIO, a BTOPOH
K CTOsllleMy BrepefH AepeBy, NpeABapHUTeNbHO HATAHYB TPOC.
3aTeM OH MofolIeN K cepe/lHHe TPOCa M CTal OTTATHBATb ero
B TOPH30HTa/NbHOM HanpapJjeHHH ¢ cHaoil F = 500 H, nanpas-
JIEHHOH MNeprneHAMKYJIsipHO Tpocy. PaccTosiHHe Mexay aBTo-
mo6useM H fepeBoM [ = 52 M. HaiiTh cuay HaTsikeHHs Tpoca
B MOMEHT, KOrfa wodgep npoasHHy/cs Breped Ha s = 0,52 M.

PeweHue. IIpu oTTArMBaHHMM TPoca B HEM BO3HHKAIOT
cuabl HatskeHHst T) n Ty, HanpaB/eHHble BAO/Mb TPOCa OT
toukH O (prc. 81). Tak xak cuna F npHioXeHa B CepefHHe
TPOCa M HaNpaBJ/leHa NepneHAuKyaspHo AB, To MOAYJIH CHI
T, v Ty MOXHO cunTaTh OfiHHAKOBbIMH: T| = T9 = T.

Touka O HaXONMTCs B PaBHOBECHH, IO3TOMY CyMMa NIPOEK-
uiit cun F, T} u Ty Ha n06yi0 KOOPAHHATHYIO OChb PaBHa
Hymo. CnpoeKTHPOBAaB 3TH cHibl Ha ock OY, 3anueM ycio-
BHE PaBHOBECHSI:

2T sina- F=0.
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y HanpaBJ/ieHHe ABHXeHHs Tela,
ocb OY HanpaBuM BepTHKa/b-
. no seepx (puc. 80). Ilo ycuo-
F BHIO 3a7a4YM TesO [BHIKETCH
Ty PABHOMEPHO, 1. e. HaXonutes
B PaBHOBECHH, CJ1€[l0BATE/bHO,

BbITIOJIHSIETCS YC/10BHeE

"
Puc 8 F+N+FTp+m§=6.

[TosToMy cyMMbI MpoeKUHH 3THX CHJ Ha KOOPAMHATHbIE OCH
OX u OY paBHbl HyJ10:

Feoso - Frp =0, (1)
N + Fsino. — mg = 0. (2)

U3 ypabuenus (2) vaxoguMm N = mg — Fsino H, yuuTh-
Bast, uto Frp = PN, noacrasnsieM B ypaBhenue (1):

Fcoso — p(mg - Fsina) = 0.
Ortcrona
F=—X"€ _ F=59-102H.

cosa+usina’

265. UTo6Hl BbITAUIHTb aBTOMOOMIIb, 3aCTPSABLIHH B IPA3H,
wogep NpHBA3a/l OAHH KOHEL TPOCa K aBTOMOGHIIIO, a BTOPOH
K CTOsIlLIEMY BepeaH AepeBy, NPeABAPHTENbHO HATAHYB TPOC.
3aTeM OH MoOfolIe K cepefiMHe TPOCA H CTas OTTATHBATb ero
B FOPH30HTa/NbHOM HanpasseHHH ¢ cunoit F = 500 H, nanpas-
JIeHHOH NeplNeHAHKY/ISAPHO Tpocy. PaccTosiHMe Mexfiy aBToO-
mo6uneM H gepeBoM [ = 52 M. HailTh cuay HaTsikeHHs Tpoca
B MOMEHT, KOrfa odgep NpoaBHHy/cs Breped Ha s = 0,52 M.

PeweHue IIpH oTTArHBaHMH TPOCA B HEM BO3HHKAIOT
cuabl HatskeHMss T; W T, HanpaB/eHHble BAONb TPOCa OT
toukn O (puc. 81). Tak Kak cuna F NpHIOKeHa B CepelHHe
TPOCa M HanpaBJ/leHa NepneHAuKyasapHo AB, To MOAYJIH CHI
Ty v Ty MOxHO cuHTaTh OfHHAKOBbIMH: T| = T9 = T.

Toyka O HaXoAHTCst B PABHOBECHH, IO3TOMY CyMMa NIPOEK-
udit cun F, T} v T Ha nmo6ylo KOOPAHHATHYIO OCb PaBHa
Hymo. CpoeKTHPOBaB 3TH CcHibl Ha ock OY, 3anuleM ycio-
BHE PaBHOBECHS:

2T sino.— F = 0.
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T_O-F

Puc 81

F ; ocC
Tciopa T = ———. Kak BHaHO , =2 H
Orciona Tara Kak BMOHO H3 pHCYHKa, Sino 64 Ho

OC = s, OA = 1/2, nostomy sina = 2s//. CaegoBaTesbHo,
=Fl r_12.103
T v T=13: 10° H.

[lo nocsenneit hopMyse MOXHO ONpeAe/HTb, BO CKOJIbKO
Pa3 cH/la HaTsDKeHHs! TPoca NPeBOCXOAHT ycHJ/He wmodepa:

T [

n - F - E.
B paccMmaTpuBaeMoM cayuae n = 25.

266. llap maccoit m BUCHT Ha BepeBKe AJHHOM [, IpHKpe-
TJIEHHOH K IJIafikod cTeHe. HafiTH cHay, ¢ KOTOpOH wap Aa-
BHUT Ha CTEHY, eCJIH ero paauyc R.

PeweHue Haiap nefAcTByIOT TPH CHJBI: CHMa TAXKeE-
cti F; = mg, cuila HaTsKeHHst BePeBKH T H CHiIa HOPMallb-
HO# peakumu creHsl N. (Cuna TpeHHs OTCYTCTBYeT, IOCKOMbKY
cTeHa rnankas.) Tak KakK Wap HaXOAHTCH B
PaBHOBECHH, CyMMa MOMEHTOB BCEX CHJ OT-
HOCHTEJIBHO JOGOH OCH paBH2 HyJ10. MoMeR-
Tol W1 £ 1 N OTHOCHTe/NIBHO OCH, NPOX0Asi-
weH yepe3d Toyky (O, paBHbl HyJIO, NOTOMY
4TO MJIe4YH 3THX CHJ paBHbl Hyaw0. Cilenosa-
TeJbHO, MOMEHT CHJAbB T OTHOCHTEJbHO
Touky O TaKxKe PaBeH HYJIO, 3HAUHT, JIHHHSA
AeHACTBHSA ee NIPOXOAHT uepe3 LEeHTp luapa.

KoopauHatHyo ocs OX HanpaBiM ropH3oH-
TanbHO, ocb OY — BepTHKanbHO BBepX (puc. 82).
[1lap HaxOAHTCS B PaBHOBECHH, NO3TOMY BBI- Duc 82

=y

Ny
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nosHsercs ycaosde T + Fp + N = 0. B npoekuusax Ha ocH OX
n OY 3To ypaBHeHHe faer:

N -Tsina=0, Tcosa—mg=0.
Otciona N = mgtgo. Y3 tpeyronbnrka AOB Haxonum:

_ 0B _ R - R
18 =g = Ju+R?-R — VE+2Rl"

Toraa

N = __mgR
V2 ior

CornacHo TpeTbeMy 3aKkoHY HbloTOHa, cHala, ¢ KOTOPOH Wap
OABMT Ha CTeHY, PaBHa No MoAy o N H HanpasJjeHa B POTH-
BOMOJIOXKHYIO CTOPOHY.

267. Llunuuapuyeckas Tpy6a Masoro qHaMeTpa, HMeLLas
maccy m = 2 - 103 xr, sexut Ha semae. Kakyio HanmeHblyio
CHJY Haj0 NPHJIOXKHTb, YTOOH MPHMOAHATL TPYOY 3a OAHH H3
ee KOHLOB?

Pewenwue Yrobn npunogHsite TPyOy 3a OAHH H3
ee KOHLOB, HYXKHO NPHJIOKHTb K 3TOMY KOHIly HEKOTOPYIO CH-

{ ay F, HanpaB/IeHHYIO BBepX
{2 (puc. 83). Ilycts | — AnuHa
Tpy6n. Torpa Touka npuio-
JKEHHS CHJIbI TSKeCTH (LeHTp
TSXKECTH) HaxXoUTCS Ha pac-
ctosiHKM [ /2 OT KoHua Tpy-
m§ 6bl. YuHTHIBasi 310, COCTaB-
JfieM ypaBHeHHe MOMEHTOB
Puc 83 CHJI OTHOCHTEJBHO OCH, NpOo-
xonsule yepe3 Touky O:

mgl/2 — Fl =0. Orciona F =mg/2, F=1-104 H.

268. Banka maccoit -m; = 600 kxr u anunolt /] = 4,00 M
nokoutca Ha onopax A u B (puc. 84), paccTosiHHe Mexny
kotopuiMi Iy = 1,00 M. K cBo6oaHOMY KOHLy 6a/KH nogselleH
rpy3. Baska nasuT Ha onopy B ¢ cuioit Fg = 7,35 - 103 H.
OnpenenuTbh Maccy rpysa H cHiy, ¢ KOTOpok 6ajka AaBHT Ha
onopy A.

Pewenmne Hao6anky ¢ rpysom meHcTByIOT YeTbipe
CHJIbL: CHJIA THKECTH 6allku m g, CHJla TSKECTH IPy3a mog M
cuast Ny u N g HopMaibHo# peakumu onop A u B. ITo Tpetse-
My 3aKorY HeloToHa cuiel Fy H Fg, ¢ KOTOPbIMH 6a/Ka AaBHT
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VAN

Z

Z

4L/2 A 7
’"Ii 1% 7 % 7

mg

4

Puc 84

Ha onopbl (Ha pHCyHKe He MOKa3aHbl), PaBHH 10 MOAYJIO CH-
1aM Ny u Ng, 1. e.

Fq =Ny, Fg=Npg, (1)

H_HMe]OT HanpaBJieHHs, MPOTHBOMNOJIOXKHbIe HanpasJIEHHAM CHJI
NA H NB‘

Banka HaxomHWTCS B PaBHOBECHH, MO3TOMY CYMMa MOMEH-
TOB BCeX }IeﬁCTBleUIHX Ha Hee CHJ OTHOCHTeJbHO JI000H ocH
paBHa HyJIO. CocTaBuMm YpaBHeHHE AJiI1 MOMEHTOB CHJI OTHO-
CHTEJIbHO OCH, MpPOXOAsulel yepe3 onopy A nepneHguKyJsp-
HO NVIOCKOCTH yepTexKa:

NBI2 - mlg(ll/.‘?— 12)- mgg(ll - 12) =0.
Otcioga ¢ ydetom paBeHcTs (1) noayumm:

_ Fgl -meg(h/2-b)
glh-b)
3anuweM yc0BHe PaBHOBECHS TeJa B POEKUUSAX Ha Bep-

THKa/NbHOe HanpasaeHHe: Ny —mog — mg — Ng = 0. OTcio-
A4, YYUTbIBas paBeHcTBa (1), noaydaem:

Fq=Fg +(m +my)g, Fq=137-10% H.

269. Ot serxoro ToJ4YKa Tes0 Haya/lo PaBHOMEPHO CKOJIb-
3MTb BHM3 MO HaKJOHHOH NJOCKOCTH C yIJIOM HaKJoHa O..
Haiith ko3 duLMeRT TPEHHS CKOMbXKEHHS.

Pewenne Hareno aefictByoT TpH cujbl: CHIa
TSDKECTH_mg, CHJa HOPMaNbHOM peaKUMH omopbl N M CH/Ia
Tperust Fr,. Koopannathywo ocb OX HanpaBuM BAOJb HaK/NOH-

mo , mg = 50 Kr.
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Puc. 8 Puc 86

HOM MJIOCKOCTH BHH3, a ocb OY — mepneHAMKyJ/IAPHO NJIOCKO-
ctH BBepx (puc. 85). [To yc/10BHIO TeJ10 IBHXKETCS PaBHOMEp-
HO, MO3TOMY CYMMBbl npoekuuit Ha ocu OX ¥ OY Bcex cuJa,
NeHCTBYIOLIHX Ha TeJIO, PaBHblI HYJIO:

mgsino - Fr, =0, (1)
N —mgcosa =0. (2)

Cuna Tpenus ckobxenus frp = UN, rae I — Kosddnum-

eHT Tpenus. W3 pasenctsa (2) nailnem N = mg coso. H, n0a-
cTaBHMB 3HaueHue Fr, B dopmyay (1), monyunm

mgsina — pmgcoso = 0.

Otciona HalaeM MCKOMOe 3HaueHHe KO3(P@HIHEHTa TPeHHA:
L=tgao.

270. OnnopopHbif cTepxXeHb OA ynupaeTcsl OLZHHM KOH-
LIOM B YTOJ1 M yliepXHBaeTcs 3a APYroil KoHen KUTbIO (puc. 86).
Macca cTepXKHsA m, a YroJ ero HakJIoHa K TOPH3OHTY paBeH O
HaliTH cualy HaTsiXKeHHsl HHUTH, a TaKXke CHJbl, ¢ KOTOPHIMH
CTepKeHb AABHT Ha NOJ H Ha CTeHY.

Pewenue Hacrepxenb 1eACTBYIOT YeThipe CHJIbL:
CHJIa TSXKECTH mg, CH/Ia HAaTAXEHHAA HUTH T, CHJIBl HOPMaJib-
HbIX peakKuu# noja N| u cteHnl Ng. Tak Kak cTepxeHb Haxo-
AHTCAl B PABHOBECHH, TO

mg+T+N; + Ny =0.
CymmMbl npoekuri 3THX cua Ha ocd OX u OY paBHbl HyJIO:
Ny —Tsina =0, (1)
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Ny -mg +Tcosa=0. (2)

CocTaBUM ypaBHeHHe AJIsi MOMEHTOB CHJ OTHOCHTEJbHO
OCH, npoxojsiied yepe3d TOUKy A:

mg(cosa)l/2~Tl=0,
rae [ — pavHa ctepxHs. M3 3Toro ypaBHeHUs Hailnem

T - mgcosa
—

[ToacTaBuM 310 3HaueHHe B ypaBHenus (1) u (2):

_ mgsin2a _ mg(l+sin? )
Ny === M=———".

CornacHo TpeTbeMy 3aKOHY HbloTOHa, ¢ TaKHMH MO MOAYJIO
CHJIaMH [aBHT CTepXKeHb Ha CTeHY H MOJ.

271. OpHopoAHbIH cTepyKeHb AB npHKpenJeH K Be pTHKalb-
HOH CTeHe MOCPeACTBOM IIAapHHpa A M ylepxKUBaeTcs noj yr-
JoM o0 = 60° K BepTHKaNK ¢ MOMOLUBIO HEBECOMOH BepeBKH
BC, obpaayroueit ¢ Hum yron B = 30° (puc. 87). Onpenenunts
CHJTy HaTsKeHHsl BEPEBKH, a TAK)Ke MOAYJ/Ib K HanpaBJ/eHHe CHJlbl
PeakLUMH [apHHPa, eCIH H3BECTHO, YTO Macca cTepxHs m = 2,0 Kr.

PeweHue Hacrepxens felcTByIOT clepylolite
CHJIBL: CHJIa TSXKECTH Mg, TIPUJIOXKEHHAs! K CepeiHHe CTepXKHs
M HanpaB/leHHasi BEPTHKAJbHO BHH3; CHJIa HATsXKEHHS BEPEB-
ki T, npuJloxeHHas B Touke B M HanpaBJleHHas BAOJb Bepes-
KM; CHJIa peakUMH lwapHupa N . Mo-
LyJb M HanpasJeHHe cHAbl N HeH3-
BECTHBI, IO3TOMY Ha PHCYHKe OHa He
NOoKa3aHa. 3anullleM YCJOBHe pPaB-
HOBECHsl B BEKTODHOH (popMe: Z

mg+T+N=0,
a 3aTeM B NpoeKuMsix Ha ock OX U 7 a0
oY:
N, -Tsinle-p)=0, (1) * ra
Ny —mg+Tcos(a—-B)=0. (2) 5

Y
C
Y,

CocTaBUM ypaBHeHHe A/l MOMEH- ~ 8
TOB CHJl OTHOCHTEJNBHO OCH, MPOXO-
Asilied yepea TOUKY A: Puc. 87
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mg(sina)l/2 - TlsinP = 0, (3)

rae [ — AJIMHa CTEPXKHSA.
W3 ypasrenuit (1) u (2) HaBipewm:

N, =Tsinle~B), N, = mg — T cos(a - B).

Mopnyab cuabt N

N= N2 +N2 = J(Tsinla - B))? + (mg — T cos(a - B))° =
= JT2 + m2g? — 2mgT cos(a - ). (4)

U3 ypasnenus (3) caenyer:

_ mgsind _
T__Q?iﬁﬁ_’ T=17 H.

[MoacTaBuB noaydeHHoe BoipaxkeHue T B dopmyay (4),
nocJje npeo6pa3oBaHHH M BHIUMCJIEHHH MOJYYHM:

N = mg [1+ s’ _sinacos@=) = _gg
4sin“ B sin B

Hanpasnenve BekTopa N omnpegensieTcsi yrjoM Y, KOTo-
pHIF 3TOT BeKTOp cocTasasieT ¢ ocblo OX. Ilo 3HadeHusM npo-
ekunid N, 0 N, HaizeM

tgy = N, _mg- .Tcos(a—B)v
N, T sin(a - B)
Moncrasus ciopa T = mg sin o./(2 sinB), noayuum nocse npe-
00pa30BaRHi:
2sin B - sina cos(a — B)
sin asin(ec — B)

tgy = , tgy=§, y = 30°.

272. JlectHHUa OnHpaeTcsi OAHMM KOHLOM O BepTHKaJb-
HYIO TVIafKylo CTeHy, a Apyrum — o 3emiaw. KoadduuueHnTt
TPeHHs JeCTHHLUB! 0 3emuio = 0,4. LleHTp TsXKeCTH NeCTHH-
Lbl HaXOAMTCA Ha ee cepenrne. OnpenesuTb HaHMEHbLHH yroa
O, KOTOpHIH JIeCTHHLa MOXeT 06pa3oBaTh ¢ FOPH30HTOM, He
COCKaJ/b3blBas.

PeweHue HaunecTHHuy fedcTBYIOT CHIA TAXKECTH
mg, cunbl HopManbHbix peakuuii Nj u No cTeHbl ¥ 3eMiH,
cuna tpenus Fr, (puc. 88). JlecTHnua HaxoAWTCs B paBHo-
BECHH, caeloBaTesbHO, mg + N + Ny + FTp =0, noatomy
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I
4

Y
Puc 88 Puc. 89

CYMMBl NPOeKIHH BceX cHal Ha och OX u OY paBHH HYJK:
Ny = F; =0, Ng — mg = 0, niu

Nl —},LNQ =0, (I)
NQ —mg=0. (2)

ITycTb / — nonHa JecTHHULL. Ha ocHoBaHMM paBeHCTBa Hy/Io
CYyMMBl MOMEHTOB BCeX CHJI OTHOCHTEJIbHO OCH, NPOXOAsilieN
yepe3 TOYKY B, COCTaBMM ypaBHeHHe:

Nylsino — mg(cosa)l/2 = 0.
Orciona

tga = mg/(2N}). (3)

Boipaaus us ypasHenus (2) Ny = mg M [OACTaBHB 3TO
3HaueHue B ypaBHenue (1), Hafinem N; = umg. Iloxcrasus
3TO BhIpaxkeHue B popmyay (3), nolyuum:

a= ardgili’ a=51°.

273. OpnopoaHas 6anka Maccol m = 140 kr noapemieHa
Ha ABYX KaHatax (puc. 89). KakoBbl cuibl Hatsikenusi T v Ty
KaHatoB, ecit AC=[;=3 M, CB=1ly=1m?

Peue rue bBanka HaxogHTCs B PaBHOBECHH, N0ITOMY
CyMMa MOMEHTOB BCeX [eHCTBYIOLMX Ha Hee CHJl OTHOCHTEJIb-
HO OCH, NPOXOoAsilied yepe3 TOUKY B, paBHa HyJI0:

Tl(ll + 12)- mglg =0
OTcrona

5 3ax. 1525 129



(!
T = E2 (1)

- 11 + [2 ’
OTHOCHTeJIbHO OCH, HpOXO[LﬂIueﬁ yepes TOYKY A, CyMMa
MOMEHTOB BCEX CHJI TAKXKe paBHa HYJIIO!

mgll - TQ(II + 12) =0.
OTciona

_ _mgh
Th=1vy (2)

Mogctasus B popmyanl (1) 1 (2) uMca0BLle 3HaYeHHs Be-
nuumH, noayunm: Ty =3 - 102 H, T, =1 - 103 H.

Cuny Ty MOXHO Gbl10 Gbl HalTH MHave (mocJe TOro, Kak
HaieHa cuaa T}), BOCNOJb30BABIIKMCH yCJIOBHEM PaBeHCTBa
HyJ10 CYMMbl TPOEKLUHH BCEX CHJ Ha BePTHKa/bHOe HamnpasJle-
nue: Ty + To — mg =0, otkyna Ty = mg — T;.

274. Yetnlpe 1m1apa MaccaMHu my, mo, M3 K M4 HajeThl Ha
CTEpXeHb TaK, 4TO HX LEHTPHl HaxOAATCS Ha OAHHAKOBbIX
paccrosinusx [ apyr ot gpyra. Macca crepxua m. Onpepe-
JMTb NOJIOXKEHHE LEHTPA TAKECTH CHCTEMBI.

Pewenue IlpeanonoxuM, 4To ueHTp TAXKeCTH Haxo-
AMTCS HAa PACCTOSIHHH X OT ueHTpa Jesoro wapa (puc. 90).
Ecau noctaBHM B 3TOM MecTe onopy, To cHcTeMa 6yaeTt Haxo-
AMTbCA B paBHOBecHH. CllefoBaTe/IbHO, CyMMa MOMEHTOB BCeX
CHJ OTHOCHTEJbHO OCH, NPOXOoAsliel uepes JoOyilo TOYKY,
GyneT paBHa Hymo. Ha cHcTeMy feHCTBYIOT CHJIbI TSIXKECTH
WapoB mg, mog, M3g, myg, CTEPXKHSA mg ¥ CHIa HOPMasb-
HoH peaxuuu onopbl N. CyMMa MOMEHTOB 3THX CHJI OTHOCH-
TeJIBHO OCH, Npoxodsied yepe3 Touky O, paBHa HyJO:

mogl+mg 15l +mgg -2l + myg -3l - Nx =0.

3
N
X
L . ya . ! ,
@) (1) G4Y {
m’i - ”’.9‘ /77,; mqi
mg
Puc 9
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CyMMma npoekUHH Beex CHJ Ha BepTHKajbHOe Harpas.e-
HHE TaKxKe PaBHa HYJIO:

N —-mg—-mg—-myg—m3g—myg=0.

PewnB cucTeMy ABYX ypaBHeHHH, HalleM

_ {mg +15m+2m3 + 3my)!
- m+m;+mo +m3+my

275. OnpenenuTb NoJ0OXKEHHE LIEHTPa TAXKECTH OAHOPOA-
HOW Kpyr/io¥i nacTHHB paguyca R, B KOTOPOH BbiPe3aHO KBaj-
paTHOe OTBEpPCTHE CO CTOPOHOM @ = R/2 Tak, KaK N0Ka3aHo
Ha puc. 91.

PeweHHe. Pacnonoxum
NJ3aCTHHY € OTBEPCTHEM Tak,
yTO6GH OChb CHMMeTpPHUH Oblia

v y
rOpU30HTA/NbHA, M MPENNOoJ0- %//1
MM, UTO Bblpe3aHHbIH KBajpar ﬁ

//

noMelleH Ha npexHee MecCTo.
Torna CHJIa THAXKeCTH BCelro TeJa

mg = mg +mog,

TIe m;g — CW/Ia TAXeCTH KBaf-
paTa, NPU/OXEHHAs B LEHTpe s
KBafipaTa, mog — CHJa TsXKe-
CTH MJAcTHHKH C OTBEpCTHeM, Puc 91
NPHJIOXKEHHAsE B HCKOMOM LeH-
Tpe TsxecTH C.

OTHOCHTeNbHO OCH, TIpOXoasiled Yepe3 oOLIMH LeHTP TH-
xect O, cyMMa MOMEHTOB BCeX CHJI TSXKeCTH PaBHa HyJlo:

mgR/4 — mogx =0,

rae x — pacctosinke oT TodkH O a0 Touku C (LeHTpa TsKecTH
MJaCTHHKH ¢ oTBepcTHem). OTclona

[TyeTh A — TonMHA NNACTHHKY, P — MJIOTHOCTbL MaTepHa-
Jla, U3 KOTOPOro OHa M3roToBJjeHa. Toraa:

my = p(%)zh =£’i—2’1,

2
Mo =m-m = nR2h——pR—h=—l- R2h(4m —1).
2 1=P 7 4P
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[Moacrasus B Gpopmyay (1) m; U mo, HOSy4HM

— R
x= 44 -1)’

276. CucTeMa, cOCTOSIAN M3 HENOABHIKHOIO H MOABHXK-
Horo 6JokoB (puc. 92), Haxoautcs B paBHOBecHH. K Herop-
BHXKHOMY 6J10Ky nogBeiieH rpy3 macco#t m; = 20 xr. Hafiru
Maccy rpyaa mg, CHJIY HaTSXKeHHS HHTH H CHJY, HeHCTByIO-
LLly}0 Ha OCb HeMoABHXHOro 6J0Ka.

"

i

Puc. 92 Puec 93

Pewe rue [lpyMpaBroBecHH CHCTEMBI CyMMa Mpoek-
uui Ba ock QY cHa, JeHCTBYIOWKX Ra OJIOKH H Tesla, PaBEa
HYyJI10:

2T - mog =0, N-2T; =0, T-mg =0, (1)

rae T = T| — MOLy/Ib CHJIbI HaTsXKeRHst HUTH; N — cHala peak-
LHH OCH HenmoABHXHoro 6joka. CornacHo TpeTbeMy 3aKOHY
HeloToRa, Ba ocb 310ro 610Ka AeiicTByeT cuaa F = N. Torna
3 ypasHeRuit (1) Haiizem:

T = mg, mo = 2m1, F = 2T,
T=2-102 H, my =40 xr, F=4-102 H.
2717. [lBe npy»KHHH, XeCTKOCTH KoTopbiX k| = 400 H/ M u
ko = 600 H/ M, coeannennl nocnenosatensno (puc. 93). Ka-

KO NOJIKHA OBITb KECTKOCTh NPYXKHHBI, KOTOPOH MOXXHO OBbLJIO
6bl 3aMEHHTb 3Ty CHCTeMy H3 ABYX NPYXHH?
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Pew e nue. IlpynocienosaresbHOM COeHHEHHH MpY-
MHH CHJIbl HaTSIXKEHHS! HX OJIMHAKOBBl H DaBHbBI M0 MOAYJIO
npuaoxeHHod cuie F. ITo 3akony ['yka

F = kAl (1)

rae B — XKeCTKOCTb CHCTEMbI (a 3HAUHT, ¥ XKEeCTKOCTb [IpYXKH-

HBI, KOTOPOH MOXHO OblJI0 Gbl 3aMEHUTb 3Ty CHCTeMY); Al —
abcomoTHad OedOPMalHs CHCTEMBI:

Al = Al + Aly; (2)

Aly, Aly — nedopmauust Kaxao# NPyKHHbL.
[To 3akony ['yka
F = RAL, F =kyAly. (3)

W3 soipaxcenuit (1)—(3) waxomum: Al = F/k, Al = F/k,
Aly = F/ky. TlofcTaBuB 3TH 3HaueHus B paBeHcTBo (2), mo-
JY4HM

OTKYJAA k = kle/(kl +k2), k=240 H/M

278. I'py3 maccoit m = 40 kr BUCHUT Ha ABYX Tpocax: AO H
BO (puc. 94, a). Tpoc BO ofpa3yer ¢ FOPH30OHTAJbHBIM Ha-
npasseHdeM yroa o = 60°. HalTH cH/Ib HaTsXXEHHS TPOCOB.

a J ﬁ\
Sl S i sy
2 67 g
7
7
Z
2 7
% 7
; s

0 A -
A % OF X
7. m 7

Puc 94

Pewenue Krtouke O npuioxkeHbl CHIBI HATAXKeHHS
TpocoB 7} K Ty, HanpasJ/eHHbIe BO/Ib TPOCOB, a TaKXe CHJ/a

F, paBHas cunie TsxxecTH rpysa (puc. 94, 6) KoopaunatHywo
ocb OX nanpaBum Brosb Tpoca AO Bnpaso, a oce OY = Bep-
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THKa/JbHO BBepx. Touka O HaxomuTca B paBHoBecHH. Creno-
BaTeabHO, T} + Ty + F = 0. TlosToMy cyMMbl npoeKUHH BCex
LeHCTBYIOLIMX Ha Hee cHa Ha oct OX n OY pasHHl HYJIO:

Tycosau—Ty =0, Tysina—mg =0.

Orciona Tj = Z£ 5..__ T, =4,5-102 H, T, =2,3-10° H.

sina

279. Lnnunnp Maccon m = 150 Kkr yaepxHBaeTca Ha Ha-
KJIOHHOH IJIOCKOCTH C IOMOUIBIO JIEHTH, C OQHOHM CTOPOHbI
3aKpenJeHHOH Ha HaKJIOHHOW IIJIOCKOCTH, a ¢ APyroH Hanpas-
JIeHHOM NapaJjuiedbHo muockoctu (pHc. 95, a). Haitu cuay
HaTsXKeHHS JIeHTbl. YT0Jl HaK/JIOHa MJIoCKocTH & = 30°.

PeweHHe. BoibepeM HanpaB/eRHs] KOOPAHHATHLIX OCEH
OX v OY TtaK, Kak nokasaHo Ha puc. 95, 6. Ha wMaunap
AEHCTBYIOT CHJIA HaTSXKEeHHUs JIEHTHl F, CHJla HOpMaJIbHOH pe-
aKuuK onopsl N M CHia TSKECTH mg [TockonbKy UMIHEADP
HaXOAHTCS B PaBHOBECHH, TO 2F + mg + N = 0. CrenoBatess-
HO, CyMMa NPOeKLMH BCeX CHJI Ha KaXAyl0 U3 OCel KOOpAMHAT
AOJXKHA PaBHATBLCS HYJIIO!

2Fcosa— Nsina =0, Ncosa—mg + 2Fsina = 0.

Pewns 3ty cucTeMy ypaBHeRHH, NOJNyYHM:

sin o
F=ﬂ%—gF=&T1WH.
3Ty 3aJayy MOXKRO PeLiHTb APYrHM crioco6oM. OTHOCHTeNb-
HO OCH, I'IpOXOLLﬂLLLeH qepes TO‘{Ky 01, CyMMa MOMEHTOB BCeX
CHhJA paBHa HyJI}O H.neqo CHJIBL mg OTHOCHTEJIBHO STOH OCH

2 d

2y
Ny

lr

nal}
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I = Rsina, rae R — paauyc unnunapa. [lnevo cuiet F, npuio-
XKEHHOH K LMJAHHAPY cBepXY, I9 = 2R. CorsiacHO npaBH/Iy MOMeH-
TOB, UMeeM —mgRsino + F-2R =0, otkyna F = mgsina/2.

280. HepaBHonseure Bechl ypaBHOBECHJIH, MOJIOXKHB LO-
MOJIHUTEJIbHBIH IPY3 Ha OAHY H3 uaw BecoB. MOXHO JH Te-
nepb MOJb30BATbCA 3THMH BeCaMH /s B3BELIHBaHHS TaK Xe,
KaK H paBHOMIeuMMH? Maccol KopoMbicaa npeHebpeus.

Pewenue BaBewnBaHue — 3T0 onpejeseHHe MacChl H
Beca TesJa C NMOMOLUbI0 BecoB. [leiiCTBHe pbIYaXKHBIX BECOB
OCHOBAHO Ha YCJIOBHH PaBHOBECHS TeJla ¢ HeNMOABHXKHOH 0Cblo
BpaweHus. [lyctb Ha JeBOM Yalle BeCOB HaXOQHTCA B3BelIH-
BaeMoe TeJO, a Ha NpaBol — ypaBHOBelIWBAlOWas THPA
(puc. 96, a). Ha neByio uaiy geficTByet Bec Tesia P}, Ha Te0 —
CHJIa TSXKECTH myg W CHJa HOPMaJbHOM peakuuu dauwu Nj.
IMockoabKy Teso MOKOMTCH, MOLYJ/b CHJbI PeaKUHH YallH pa-
BeH MOMYJIIO CHJIbl TaXecTH, T. e. Nj = myg. Ho, cornacho
TpeTbeMY 3aKoHy HbloTOHa, cH/la peakUuH yalld MO MOAYJIO
paBHa CHJe, ¢ KOTOPOH TeJO AaBMT Ha yaiwy (Becy Tesa):
Ny = P. CaepoBaTenbHo, Bec Tesa

Pl =mg. (1)

Ha npaByio uawy geiicTByeT Bec rHpH P,. Paccyxnas ana-
JIOTHYHO, MOJydaeM

P2 =mqg. (2)
[Ipu paBHOBeCHH BHINOJIHSETCS YCJIOBHe PaBEHCTBA HYJIO
CyMMbl MOME@HTOB CHJI P U Py:

—P111 + PQ[Q = 0, HJIH Plll = P2[2,

a { 0 { i 4 0 A
= 7
ﬁ, 177,5 ﬁz ”729. [7; i ﬁ
W Ve
Puc 96
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rae [y, lg — nyieyd 3THX CHJl OTHOCHTEJbHO OCH BpalleHHH,
npoxoasiied yepes Touky O.

Ecau sech pasHonseune (puc. 96, a), T. e. L =1l =170
MpH PaBHOBECHH Bec Tesla paBeH Becy rHpH: P| = Py, Y4HTHI-
Bast popmyant (1) u (2), MOXKHO TakkKe yTBEPKAATb, YTO MPH
3TOM Macca TeJla paBHa Macce THDH: m| = mg. TakuM obpa-
30M, C MOMOLIBIO PbIYaXHbIX BECOB MOXHO ONPeNeJHTb Kak
Maccy, Tak H Bec TeJsa.

PaccMOTpHM Tenepb ONHCAaHHYIO B 3afaue cHTyalHmw. [lycTb
HepaBHOMJIeUHe BeChl YPaBHOBECHJIH, TIOJIOXKHB Ha JIeBYIO Hauly
JIOTIOJIRHTeNIbHbIH Tpy3 BecoM Pg (puc. 96, 6). TIpx 3TOM BHI-
NOJIHAETCSA yCJI0BHe

Ml = M2, (3)

rae My, My — MoLy/1M MOMEHTOB CHJI, AEHCTBYIOLUMX Ha YallH.

JonycTum Teneps, YTO Mbi NOJOXKHIH Ha KaXKAylo yauy no
rdpe onrHakoBoro Beca P. Hapymmrcs i npH 3ToM paBHOBe-
cue? [IpeanoJioxuM, 4TO OHO He HapymHTcs. Torga gomxHO
BHINOJIHATbCA yenoBue M + Pl = My + Ply, 0TKyza ¢ yue-
ToMm paBeHcTBa (3) nonyuuM [ = Iy, YTO NPOTHBOPEYHT YCJIO-
Buio. CilefloBaTe/IbHO, PaBHOBECHe HapyWHTCA. TakuM obpa-
30M, 3THMH BeCaMH HeJb3sl MOJb30BaTbCH TaK XKe, KaK H paB-
HOMJIEUHMH.

B 3akiiouende 3gech yMecTHO OOpaTHTL BHHMaHKe Ha TO,
YTO BeC TeJsla MOXXHO ONpEeAEJIHTb TaKKe C NOMOLUbBIO TIPYXHH-
HbIX BecoB. [1py>KHHHBIE BeCbl OTJHYAIOTCS OT PHIYAXKHBIX TeM,
YTO Ha HHX BeC Teja ypaBHOBEUIMBAETCH CHJIOH YNpyrocTH
NPYXHHBl, PaCTAHYTOM NOABEWIEHHHM K Hel (WK cxaroil
NONOXKEeRHHIM Ha Hee) TesoM (puc. 97).

281. CrepxeHb, COCTaBJEHHBHH H3 ABYX OAHOPOAHbIX KyC-
KOB OJMHAKOBOH NJIMHHI, SIBJISIETCS OCHOBAaHHEM paB-
HOCTOpOHHero TpeyrosbHHKa (prc. 98, a). Macca
OZIHOTO KyCKa CTep2KHs! BiBOe GOJIbliie MacChi APYroro
Kycka. CTepxeHb NoABellleH 32 KOHLb! Ha [BYX HeBe-
COMBIX HHUTSIX, KOTOpble C/yKaT GOKOBBLIMH CTOPOHA-
MH 3TOr0 TpeyroJibHHKa. Kako#t yros & o6pasyer crep-
XeHb C TOPH30HTOM B MOJIOXKEHHH PaBHOBeCHs?

Pewenue. IlockoabKy cTepkeHb HaXOAHTCS
B PaBHOBECHHM, CYMMa MOMEHTOB BCeX CHJ paBHa
Hyo. Ha cTepxenb 1eACTBYIOT Y€Thipe CHJLL: CHIIbL
HaTsKeHHs HUTel T U Ty, CHNa TSXKeCTH mg, NpH-
JIOXXEHHas K MeHbIleMy 110 Macce KyCKy, M CHia




Puc. 98

TSXECTH 2mg, NPUJIoXKeHHas K KYCKy BABoe 6oJiplieil Macchl
(puc. 98, 6). [lns onpenesieHKsi MOMEHTOB CHJl YAOGHO BbI-
6paTh oCb, NPOXOASILYI0 uYepe3 TOuKy moaseca O, Tak Kak
yepes Hee NMPOXOAAT NHHHK AEHCTBHSI HEU3BECTHHIX CHI T) 1
Ty, H, CNelloBaTe/bHO, MOMEHTH 3THX CHJ paBHb HyJo. Ha
OCHOBaHHH NpPaBHJIa MOMEHTOB COCTaBHM YypaBHeHHe:

2mgly — mgly =0, (1

rae [y, /| — TMAeuH CHJ COOTBETCTBEHHO 2mg W mg OTHOCH-
TeJBbHO OCH, Npoxoisiuer yepes Touky O.

Jast raxoxaenus {} u [y npoBenem K3 ToukH O nepnexan-
Kyassp OA Ha ropH3oHTanbHOe Hanpas/ieHHe. Toraa naeyo

I, = MB - AB.
U3 AOAB naxonnm: AB = [cos(o. + B), rne [ — AivHa HUTH
(u cTepxnus); B = 60°, Tak Kak TpeyroJbHHK PaBHOCTOPOH-
nun. U3 ADMB naxoaum MB = DBcosa.

TlocKosbKY CHila mg npHUOXKeHa NocepeauHe TOHKOM yac-

i EK cTepxHs, a cuna 2mg — nocepeaune KB H, Kpome
toro, EK = KB, To ED = DK = KC = CB = |/4. CnenoBa-

TeJNbHO,
MB = —Z-lcosoz, h = -i—lcosoc —lcos(o +B).
Kak BuaHO u3 puc. 98, 6,
ly = AB -~ BCcosa = [cos(o + B)—%lcosa.

Moncrasup sHauenusi /) u Iy B ypaBHenne (1), nonyunm
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1 - 3 - -
ngl(cos(oz +B) - 5 cos a) rngl(4 cos o — cos(a + B)) 0,
WIH TI0CJIE MPeOoGpa3oBaHHit

3cosacosB—3sinasinB—%—cosa=0. (2)

Tak kax B = 60°, To cosP =1/2, sinp = v/3/2. [oncra-
BHB 3TH 3HaueHHs B ypaBHeHHe (2) M pelMB ero, MoJyuyuM

o= arctgsjl5 =6°.

282. Jfoka3aTb, 4TO UEHTP TAKECTH MPOH3BONBHOTIO MJOCKO-
O TPeyrobHHKA HaXOAHTCA B TOUKE NepeceueHHsl ero MejnaH.
PeuweHue Pa3o6beM TpeyroibHUK JHHHSIMH, Napad-
JesbHbIMU cTopoHe AC, Ha GoJbIIOe YHCA0 TOHKHX MOJIOCOK
(prc. 99). Kaxayo H3 NMOMOCOK MOXHO MPHOIHKEHHO CUH-
TaTb OfIHOPOAHLIM CTEPXKHEM, LEHTP TAXKECTH KOTOpOro Je-
XHUT Ha ero cepefuHe. CienoBaresn-
8 HO, HEHTp TAKECTH TPEYrojibHHKa Ha-
XOAgHTCcsL Ha MeauaHe BD. Pasbusas

TPEeyroJbHHK TakKHM e o6pa3oM Ha

AT AT _E NoJIOCKH, napajuenbhele BC, npHxo-

! H MM K BHIBOLY, UTO LIEHTD TAXKECTH ero

A "::'Z-.:!Eiil' - OJKEH HAXORMTBCS HA MefHake AE.

OTHUM [ABYM YCJOBHMSAM YAOBJETBOpPSET
Puc 99 ToJIbKO TouKa O nepeceueHHsl MeJHaH.
Hrak, ueHTp TsXKecTH MJOCKOro Tpe-

YTOJIbHHKA HaXOAMTCS B TOYKE MepeceyeHHsl ero MeHaH.

283. LluanHap COCTOMT M3 ABYX PaBHbIX HacCTef: MEAHOH M
anoMuHdeBoi. JiuHa uuaunapa { = 0,8 M, nioTHoCTh Meny Py =
=8,9 - 103 kr/m3, I0THOCTL aMmoMHHHS po = 2,7 - 103 kr/m3.
Haiiti nosoxeHue LeHTPa TsXKeCTH UMIHHAPA.

{
X r L/2
4
-1
\ \
’7’13 m,g
4 {,
Puc. 100
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Pemenue Uenrpn txectn C; u Cy MenHOR H
aIOMHHHEBOH YacTeld UHJIHMHAPA PacnoJoXKeHbl Ha ero OCH Ha
paccTosinuax [/4 oT ocHoBauuil (pHc. 100). llenTp Tsxec-
1 C BCero UM/IHHAPA HAXOAUTCS Ha €ro 0CH Ha PAcCTOSIHHH X
OT J1eBOro OCHOBaHMs. Ec/H 3aKpenuTh BeCch LUHAHHAP Ha OCH,
npoxoasiuieil yepes ToukKy C nepneHAHKYJsPHO MJIOCKOCTH
PHCYHKA, TO OTHOCHTENIbHO 3TOH OCH 6yneT BbINOJHATLCS YC-
JIOBHe PaBHOBECHS: aJre6paHyecKasi CcyMMa MOMEHTOB CHJl m; g

W mog PaBHAa HYJIO, T. €.
mogly —mgh =0, D

rae [, lp — nueyd CHJl OTHOCHTENbHO 3TOH OCH.
M3 pucyHKa BuaHO, 4TO
1 o 2=t 2 (2)
Maccol m| H mg MefHOH H aJIOMHUHHEBOH HacTel LMJIHHA-

pa BbIpa3uM yepe3 MJIOTHOCTH M 06beMbl (06bEMbl HX OLHHa-
KOBBI):

my = p1V, my = ng. (3)
Ionctasus Buipax<enus (2) u (3) B ypasnenue (1), noay-
YUM
o240
_ Npy+3p2)
O1ciona x = Wprapg) X 0,3 m.

3apaum Ansa caMoCTOATESIbHOMo pelleHUs

284. BepTHKaJAbHO PAcnoNoXXeHHasi NPYXKHHA cOeHHseT
1Ba rpy3a. Macca BepxHero rpysa mj; = 2 Kr, a HHXHero
mo = 3 kr. Korza cHcteMa nopBellleHa 3a BepXHHH IPy3, AJH-
Ha npyxHHbl /; = 10 cM. Ecan xe cHcTeMy noctaBHTb Ha
MOACTABKY, AJIHHA NPYXHHbl OKa3blBaeTCA PaBHOM /g = 4 cM.
Onpenenutb AIHHY Hene@OopMHPOBAHHON MDY KHHbI.

285. K KOH1aM OfIHOPOJIHOTO CTePXHS AJHHOK [ = 1 M H
maccon m = 0,8 Kr npuUkperieHsl B2 MajeHbKHX LIApHKa,
Macchl KoTopbix my = 0,2 kr 1 my = 0,25 kr. CrepxeHb Mo-
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XKeT MOBOPaYMBATLCH BOKPYI OPH3OHTAJbHOM OCH, Haxons-
wercs Ha paccTosiHuu [} = 0,3 M OT IapHKa MeHbllleH Macchl.
YT10o6bl cTepkKeHb OB PACMOJIOXKER FOPH3OHTANBLHO, N0 lia-
pHK GoJblileil Macchi MoAcTaBaeHa onopa. Halitu cuny, neict-
BYIOLLYIO Ha ONoOpY.

286. OgHOpPOAHBIH MAacCHUBHBIM CTepXeHb € yKpenJeHHbl-
MH Ha ero KoHLax rpysaMu m; = 5,5 Kr 4 mg = 1 KT HaXOJHT-
Csl B PaBHOBECHH, eCJIH ero noAnepeTb Ha PacCTOSIHHH, PaB-
HoM 1/5 ero piuHsl, ot Gosee TsiKesoro rpy3a. Kakosa mac-
ca cTepxHsA?

287. K KOHLIaM rOPU30HTAJIbHOrO cTepXKHS AnuHON [ = 0,8 M
M Maccoil m = 2 Kr nofsellleHbl ABa Ipy3a: clleBa Maccoil my =
=1 kr, cnpaBa maccoil mg = 3 kr. Ha Kakom paccrosinuu co
CTOPOHB GoJiblileld Macchl cjefyeT NOANePeTh CTepXeHb, UTO-
6bl OH OCTaJICSl B PaBHOBECHH?

288. KoHlbl cTepxHs, Maccoi KOTOPOTO MOXKHO NpeHeo-
peub, MPHUKpeNJIEHbl K ABYM BePTHKAaJbHO PacIOJIOKEeHHBIM
Npy>XHHAM OAMHAKOBOH AJMHHb. CTepxeHb NPH 3TOM 3aHHUMa-
eT FOPH30HTaNbHOE NoJoxeHHe. 2KeCcTKOCTb NepBoil NpyxH-
HH k; = 6 H/M, Bropoit ky = 4 H/M. PaccTosiHue Mexay
npyxuxamu [ = 2 M. Ha xakoM paccTosiHuM OT nepBo# mpy-
YKHHBl HY2KHO TIOBECUTb IPY3 K CTEPXKHIO, HTOOH OH OcTajcs
FOPH30HTAJbHBIM?

289. I1pu B3BelIMBAHHH HA HEPABHOMJIEUHX PbIUAXHbBIX Be-
cax macca Tena (no cymme Macc ypaBHOBeIIHBAIOLIMX THPb)
0Ka3ajlach Ha OfHOH uallle BeCOB PaBHOM m; = 2 Kr, a Ha
Apyroit mg = 8 kr. Hafitu ucTHHHyl0 Maccy Tena. Maccoi
KOpOMbICJ/Ia npeHebpeub.

290. I'pya Maccoit m = 10 Kr nepeMe11ialoT paBHOMEPHO M0
npsiMO¥ B FOPH30HTAJNbHOH MJIOCKOCTH, MPHJArasi cHIy, Ha-
npaeJjeHHyw nop yraom o = 30° K ropusoHTy. OnpenesnnTsb
MOZYJIb 3TOH CHJIbI, ecau Ko3bduuueHT TpeHus p = 0,20.

291. Ha nsnatdopmy Ky3oBa rpy3oBoro aBTOMOOH/S Ha
BhICOTY A = 1,2 M N0 HaKJIOHHBLIM Opyckam asuHo# [ = 2,0 M
paBHOMepHO TAAHYT rpy3 Maccoi m = 300 kr. Kosdduunent
Tpenus ckoabxeHust B = 0,20. Onpeneautb cuIy TSHIH, Ha-
NpaBaeHHYIO NapajjleNbHO GpycKaM.

292. Ha nocke pauHod ! = 64 cM CTOHT CIOWHOH LH-
JIMHAp, Y KoToporo BeicoTa B n = 3,0 pa3a 6oJblile AHaMeTpa
ocHoBaHHs. Ha KaKylo HanGoJblLyI0 BBICOTY MOXXHO MOJHSATH
O/\MH M3 KOHLIOB AOCKH, YTOObl LUJHHAP He ONMPOKHHYJICS?

293. JlepeBsinHbli 6pycOK HaXOQUTCS HA HAaKJIOHHOM nJoc-
kocti (puc. 101). C kakoil HauMeHblled cuAOl F HYXHO
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X
A/ ///
Puc. 101 Puec 102

NPHKaTb 6PYCOK K HAKJIOHHOM MJIOCKOCTH, YTOOW OH OCTaBaJ-
cfl Ha HeH B nokoe? Macca 6pycka m = 2,0 kr, JJHHA HaKJIOH-
Hol nyockoct [ = 1,0 M, BricoTa ee £ = 0,60 M. Koadduuu-
eHT TpeHHs OpPyCKa O HaKJIOHHYI0 miockocth B = 0,40.

294. I'py3 maccont m = 5,0 Kr HaXOAHTCH Ha HaKJOHHOM
MJOCKOCTH, obpasywouteit yron & = 30° ¢ ropusontom. K rpy-
3y NPHJIOXKEHa CH/Ia F, HanpaB/eHHas BOJb HaKJIOHHOH nJoc-
koctu. KoadduumeHT TpeHus rpysa o miockocts B = 0,20.
OnpenennTh MOAYJ/Ib NPHJIOKEHHOR CHJIBI, €CJIH TPy3 Nepeme-
IIAeTCA PAaBHOMEPHO BHH3 NO NMJIOCKOCTH.

295. K BepxHeMy Kpalo LOCKH AJIHHON L 1 Maccoit M npu-
6UT 6pyCcOK, AJHHa KoToporo [ u Macca m (puc. 102). Hocka
3aKpernJeHa B Touke O M NPHCJIOHEHA K CTeHKe MO Yrjom C.
K ocHoBaHHIO. [IpH KakoH ropH3oHTambHOH cuje F, NpHJO-
»KEHHOMH Ha BbICOTe A, paBHOBeCHe JOCKH He HapyLIHTCH, eCJIH
CTEHKY ybparb?

296. Ha crose nexxut ogHopoaHas nenoyka 4HHOH /. HacTsb
ee CBelUIMBaeTCs CO cToJa. KakoBa MakcHManbHas AJIHHA CBe-
IUHBAIOWEACA YacTH, ecd KO3O(PHUUMEHT TpeHHsa MexXa1y ue-
NOYKOH Y CTOJIOM PaBeH U?

297. C KakoH MHHHMaJbHOH CHJIOH, HampaBJeHHOH TOpH-
30HTaJbHO, Hafl0 NMPHXKATb OPYCOK K BepTHKAJbHOH CTeHe,
4yTOoOLI OH He COCKOJIb3HYJ BHM3? Macca Gpycka m = 6 Kr,
KO3GPHUMEHT TPEHHSA Mexay 6pyckoM u crerod p = 0,1.

298. JlBoe pabouyux HecyT OpeBHO, Macca KOTOpPOro
m = 50 kr. OauH nonfepx1BaeT 6peBHO HA PacCTOSHUK [} = I M
OT €ro KOHUa, a BTOPOH — MPOTHBOMNOJIOXHBIA KOHell 6peBHa.
Nnuna 6peBna [ = 5 M. OnpefesnTb CHJbIL, C KOTOPbIMH 6peB-
HO AEHCTBYeT Ha Kaxaoro pabouero.
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{ 299. OgHoponHas focKa Maccoil
M = 1 Kr JIeXXHT Ha CcToJe TakK, Kak
e wim rokasaHo Ha puc. 103. Tpys xakoi
Macchl HafO MOJOXHTb Ha MPaBhIi
Puc 103 KOHel| JOCKH, 4ToObl JeBHIH ee Ko-

Hell HadaJ/l NOAHHUMATbCA?

300. [ipeps, BoicoTa KoTOpod H = 2 M, iupHHa [ = 1 M ¢
macca m = 32 Kr, nojpelleHa Ha ABYX NeTAAX, HAXONALLMXCSA
Ha paccrosiHHM @ = 20 ¢cM OT BepXHero M HIXKHEro Kpaes
nBepu. C KaKo# CHJIOH IBepb TAHET BEPXHIOW MeTJI0 B OpH-
30HTa/IbHOM HanpaBJIeHHH?

301. OnHOpORHBIA cTepXKeHb [IOKOUTCS, ONHPAACh HA [1af-
KyI0 CTeHy M luepoxoBathiit noa (puc. 104). Macca crepxHs
m = 10 xr, yroq Mexny crepxHeM K nosoMm O = 45°. Hafitu
CHJly TPeHHS.

302. OnHopoanbiit crepxxeHb AB onupaercs Ha Lepoxo-
BaThlii mon M raagxkuii peicTyn C (puc. 105). Paccrosinue
AC = 0,75AB. Tlpu kakom Ko3pPuULHEHTEe TPEeHUs CTepXKeHb
6yneT COCTAaBAAThL € MOJIOM yrol O = 45° B NOJIOXKEHHH paB-
HOBeCHs?

303. OnHopopHBIH CTep)XeHb ONHUM KOHLOM YyNHPaeTcs B
BEPTHKa/NbHYIO CTE€HY, a APYyrol ero KOHell YAEPXXHBaercs ¢
MOMOLUbLI0 HHUTH, LJHHA KOTOPOH paBHA [JHHE CTepXHSA
(puc. 106). ITpu KaKHX yraax o cTepxeHb 6yneT HaXOKMTbCSA'
B PaBHOBECHH, ecIH KO3QPULIHEHT TPEHHS MeXAY CTePKHEM
u cte”olt b = 0,3?

304. OpHoponnas 6anka maccott m = 60 kr ¥ oJHHOK
1= 4,0 M onupaeTcsi 0 MAgKHE N0 K BHICTYN B, HaXO#sAWHE-
cs1 Ha BbicoTe A = 3,0 M Hap nosioM (puc. 107). Banka o6pasyer

a
A

ATLAAIAAA A IR AWM

Puc 104 Puc 105
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yroa o = 30° c BepTHKaJbIO U ynepxHuBaeTcsi BepeBKoi AC,
NPOTSHYTOH Y CaMOro nosia. BeIYKCIKTD CHIy HATSXKeHHs! Be-
PeBKH, CHJIy PEaKLHMH NoJa K CHJIy peakuuH BuicTyna B.

305. ToHkas onHOpoaHas AOCKA JIEXHUT, Kacaschb CpeqHei
TOYKOH MOBEPXHOCTH nonycdepst paguyca R = 2,0 m (puc. 108).
Ilpu xakoif HaWMeHbllel BHICOTE A LEHTPA TSMECTH HOCKH
(OT ropU30HTANBLHOTO OCHOBaHHs moNycheps) 10CKa He ByneT
COCKanb3biBaTb ¢ MoJycepsl, ecld KOIPPUUHEHT TPeHHSA
u = 0,80?

306. OnHopopHas 6anka AJAHHOHK [} = 4 M OJHHM KOH-
LOM LIaPHUPHO NPUKpEIeHa K BePTHKaJIbHOH CTeHe H ynep-
XHBaeTCsl B FOPH30HTAJNbHOM IOJOXEHHH TPOCOM, NPHBS-
3aHHBLIM K Apyromy ee koHuy (puc. 109). Macca 6anku
m = 500 xr, p1uHa Tpoca [p = 8 M. Onpenenutb cUay HaTs-
XEHHS Tpoca.

b

£y

NN\

Puc 108 Puc 109
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307. ToHkHH OZHOPOZHBLIA CTep-
JKeHb [APHHPHO YKperJieH B Touke A
u ynepxupaetcst Hutbio BC (puc. 110).
Macca cTepxHsi m, yros ero HakJo-
Ha K TOPU30HTY paseH O . HalTtu
CHJly HAaTS2KEHHS HHUTH, a TaKxe Mo-
AyJb K HanpapJieHHe CHJbl PeaKUHH
lapHHpa.

308. Ha xakyioo MakCHMajbHYIO
BBICOTY MOXET NOLHATbLCS YeJOBeK

Puc. 110 Maccoi m = 75 Kr no necTHHHE AJH-

Ho# [ = 5 M, npHCTaBJIEHHOH K rian-

Ko# cTeHe? MaKcHManbHaR CHI1a TPEHUR MeXAY JeCTHHLUEHR U
nosioM Fr, = 300 H, yronn Mexny JiecTHHuE# K noioM & = 60°.
Maccoii necTHHUB npeHebpeys. -

309. KakoBa nonxHa O6biTb MHHMMaJbHas cuaa F
(puc. 111), npunoxeHHass K OCH Kojleca MacCod m H pajuy-
coM R u HanpaB/leHHasi FOPH3OHTaJNbHO, 4TOGBl OHa MOrJa
MOAHATb KOJECO Ha cTyneHbKy BricoTolt A (A < R)? Cuurats,
YTO NPH MOBOPOTE KOJMECO He MPOCKa/b3blBaeT.

310. [IBa opHOpOLHBIX WIapa, aMIOMHHHEBHIH W UHHKO-
BBIM, OBHHAKOBOro pagHyca R = 10 cM ckperJieHbl B TOYKe
KacaHus. HaliTy paccTosiHHe OT UeHTpa TSAXKECTH 3TOH CHC-
TeMbl 0O UEHTPa UHHKoBOro wapa. [InoTHOCTL anoOMHHHSA
p1 = 2,7 - 108 xr/wm3, niotHocTs uMHKA py = 7,1 - 103 kr/ M3,

311. YeTslpe 0gHOPORHBIX WIapa MaccaMu my = | kr, mg =
=05 kr, mg = 7 Kr, my = 3 KT yKpeneHbl Ha HeBECOMOM
CTepKHe TaKHM 06pasoM, UTO HX LEHTPbl HAXOAATCS Ha paB-
HbIX pacctosinusax d = 0,2 M gpyr ot apyra. Ha#th monoxe-
HHe LeHTPa TAXKEeCTH CHCTEMB.

312. OnpepesHTh NOJIOXKEHHE LEHTPA TAXKECTH OZHOPOL-
HOH KPYIJ/Io# IJIaCTHHKH panuyca R = 30 cM, B KOTOPOH BbIpe-
3aHO OTBePCTHe BABOE MeHbLIEro paguyca, Kacawouieecs Kpas
nnacTHHKH (puc. 112).

-

Puc. 1ll Puc 112
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313. [lBa omHOpPOAHBIX WIAapa M3 OZHOTO H TOrO XKe Mare-
pHana, paguychbl KOTOpeIX Ry = 3 cM, Ry = 2 cM, CKpen/eHbl B
TouKe KacaHHs. Ha KakoM paccTOSHHHM OT TOUKH CKperieHHs!
HaXOMMTCA LUEHTP THKECTH CHCTEMbI?

314. B 18yx BepliMHaX PaBHOCTOPOHHETO TPeyronbHHKA,
CTOPOHa KOTOPOro paBHA @, INIOMELIEHbl IIAPHKH MaccoH m
KaXxuelid. B TpeTbell BepluKHHe HaXOgMTCH WApPHUK Maccod 2m.
[ne pacmosioKeH 1eHTP Macc 3TOH CHCTEMbl?

315. [ipa Tena A u B, Macchl KOTOPBIX m| = 1,5 KT U my =
= (0,45 Kr COOTBETCTBEHHO, MOLBELIEHb Ha HUTAX K JETKOo-
MY KODOMBICJY, MJI€YH KOTOPOro HMeloT miHHy /| = 0,6 M 1
Iy = 1 M, npuuem Teso A JeXHT Ha MOy (puc. 113). Ha
KaKOH MHHHMaJbHBIH yroJ O cjenyeT OTK/IOHHTDb NogBecC TeJs1a
B, uTo6bl MOC/IE €ro OTNYCKaHHS Tes0 A 0TOPBAJOCh OT MoJa?

316. OpnoponHbi#t wap mMacco#t m = 10 Kr ynepxuBaeTcs
Ha INIafKoH HAKJOHHOH MJIOCKOCTH BEpeBKOH, YKpeIlJIeHHOH
Han TI0cKoCTbio (puc. 114). Yroa Hak/IoOHa MIOCKOCTH K ro-
pusonTy & = 30°, yroa MeXpy BepeBKOH H Ha-
KJOHHOH mJocKocThio B = 45°. OnpenenuTh
CHJY, ¢ KOTOPOH [1ap NABHT HAa HAKJIOHHYIO MJI0C-
KOCTb.

317. OnHoponHbIR CcTepxeHb COrHYJMH moce-
penMHe nmoj TPSIMbIM YIJIOM M MOABECHIM Ha
apHHpe 3a ONHH U3 KoHlos (puc. 115). Halitu
yroJ O MeX<1y IpHKPeIvIeHHOH 4acThio cTepK-
HA ¥ BEPTHKAJbIO. Puc 115

/
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5. XKWAKOCTU U FA3bl

MeToauueckue ykasaHus K pelleHuto 3aaay

B 3apauax, cBsi3aHHBIX ¢ onpejesieHHeM HIPOCTATHYECKOro
HaBJIeHHs, UCTIONb3YIOTCA 3aKoH [lacKass u ClIenCTBHSA 13 Hero.
CpenaB cxeMaTHYeCKHH uYepTeX, HYXHO H306pa3HTh HAa HeM
YPOBHH, 3aHHMaeMble XXHIKOCTbIO MO yCcJOBHIO 3amauH. Ilo-
BEPXHOCThb HYJIEBOrO YPOBHSA BbIOMpAIOT TaK, 4ToObl OHA MNpO-
XOOMJIa 10 caMOK HHXXKHeH rpaHuue pasfea cpei. 3aTeM Ha
OCHOBAHMH CJIEACTBHA K3 3aKoHa [lackans cocTaBAAIOT ypaB-
HeHHe paBHOBECHS XHIKOCTH

PA= DB (1)

rae p4, pg — NOJHbIEe NaBJeHHs B Toukax A U B, pacnoJ/ioxeH-
HBIX Ha IOBEPXHOCTH OJHOTO YPOBHS B TIOKOSILUEHCS XKHUEKOCTH.

Ec/iu 110 yCNI0BHIO 3afa4l TIPOMCXONHT NEpPeSHBaHHE XKHL-
KOCTH M3 OJIHOI 4aCTH COCY/A B APYTYIO, TO K COCTABIEHHOMY
ypaBHeHHi0 (1) MOXHO 106aBUTh YCJOBHE HECKHMAeMOCTH
KULKOCTH:

AV, = AVy,

rie AV}, AVy — cooTBeTCTBEHHO yMeHblIeHHe o6beMa XHJ-
KOCTH B O[HOH 4acTH COCYAa K yBeJHYeHHe ero B APYro
4aCTH.

3aTeM COCTAaBJIEHHYIO CHCTEMY YPaBHEHHUH pellaloT OTHO-
CHTEJIbHO HCKOMOH BeJHYHHBI.

3ajauu Ha paBHOBeCHe TeJl B XKHAKOCTH HJIH rase pellaioT
0 TaKOMY Ke MJaHy, KaK H PacCMOTPeHHHIe Bbillle 33a1auH Ha
CTATHKY.

Ecnu no ycnoBHio 3a7auy Teso ABHXKETCS ¢ MOCTOSHHAIM
YCKOPEHHEM B XHAKOCTH HJIM rase, Hy>KHO COCTAaBHTb YpaB-
HeHHe JBUXEHHR Ha OCHOBAHHH BTOPOro 3akoHa HbloToHa Tak
Xe, KaKk H NpH pellleHHH 3aja4y Ha JHHAMHKY.

OcHoBHbIe 3aKOHbI U (PopMyIibl

Hasrenue — ckansipHas ¢u3HuYecKas BelH4HHA, paBHasi OTHO-
WeHHI0 MoLyisi cHbl F, ReficTBylollel MepneHAHKY/sSPHO NOBEDX-
HOCTH, K nuoimagt S 3To#l NOBEPXHOCTH!
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p=F/S.
Tudpocmamuuneckoe dagaenue BHYTPH XUAKOCTH Ha raybuHe h
p = pgh,

Tie p ~ MJIOTHOCTh XKHAKOCTH; g — yCKOpeHHe CBOGOJHOroO Mage-
HHS,

Ioanoe dasaenue BHYTPH NOKOSLEHCS XKUAKOCTH Ha [y6HHe b

Pa = Po +Pgh,
/

roe pg — AaBJEHHE HA OTKPBITOH NMOBEPXHOCTH.

Hopmaavnoe ammocgeproe dagaenue py = 760 MM pr. cT. =
=101 325 Ma.

3axon [Tackaas: paBieHue, NPOU3BOAMMOE HA MKHIAKOCTb WJIH
ras, nepegaercs 6e3 H3MeHeHHs 110 BCEM HANpaBJEHHAM B Kakaylo
TOUKY MHAKOCTH MJIH rasa.

Cpednss cuaa, ¢ KOTOPOH XKHUAKOCTb JABUT HA MJOCKYIO 60OKo-
BYIO CTEHKy cocyia,

Fer = PusSers

TAe p, — AaBJieHHe XHAKOCTH Ha ry6HHe UEHTPA TSXKECTH XHI-
KOCTH; S.; = MIOWAAb MOBEPXHOCTH CTEHKH.

Apxumedosa cuna, HefcTBYOWAs Ha Telo, MOTPYXEHHOe B
MKHAOKOCTb HJIH ras,

Fp =px&Vr

FE Dy — NJOTHOCTb XXHAKOCTH, VT — obbeM ﬂOI‘Py)KeHHOﬁ YaCTH
TeJa. ATa cHaa NPHJIOKEHA B UEHTPE THAXKECTH BHTECHAEMOro 06b-
€Ma XHAKOCTH ¥ HaNpasJ/eHa [0 HOPMAJH K OTKPHITOH NOBEPXHO-
CTH XHAKOCTH.

NpuMmepsbi pewexHns 3agay

318. [ns npu6IHxKeHHOro onpeleseHHs aTMoc(epHOro
AaBJIeHUs B3SLIM CTEKNAHHYIO TPYOKY IVIMHOK [ U MOTpy3HJIH
ee BEPTHKAaJbHO Ha Fy6HHY H B XUIOKOCTh MJIOTHOCTHIO P.
3akpblB BepXHUK KOHell TPyOKH NaJiblieM, BbIHYJIH €e U3 XHJl-
KocTH. BricoTa cTos16a XKHAKOCTH, ocTaBlIelcs B TpyOke, paB-
Ha h. UeMy paBHO aTMOoC(hepHOe NaBJeHHe?

P e w e H ue. Korna tpy6ka 6bis1a norpyxeHd B XHIKOCTh
(puc. 116, a), cTon6uK Bo3ayxa anuHol [ — H Haxoguics npu
aTMoc(hepHOM IaBJIeHHH, TaK KaK pg = PB = Pary. 110C/I€ TOTO
KaK TPYOKY BLIHYJH U3 xuIKocTH (puc. 116, 6), cTonbuk Bos-
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gyXa JMHOK [ — h HaXONMJICS TNPH HEKOTOPOM NABJEHHH p,.
Touku A| u B| HaxogaTcsi Ha OOHOM ypOBHe, O3TOMY P = ppg,

WIH P, = P, — pgh. OTcrona
Px = Parw — PER.

Tak kak TeMnepaTypa Bo3fyXa NOCTOSIHHA, TO HAa OCHOBa-
HHH 3aKOHa boins—Mapuorra

Pary ([~ H)S = (pyry - pgh)(l - h)S,

rae S — nJuowanb nonepeyHoro cevyeHus Tpyoku. Orcrona

P = pgh(l - h)
at™M H-h

319. B cocyn ¢ BepTHKa/lbHbBIMH CTEHKAMH M MJIOLLAAbIO
AHa S HaJiWTa XHIAKOCTb MIOTHOCThIO p. Ha ckosbko n3me-
HHUTCS YPOBEHb XMIKOCTH B COCyJle, €CJIH B HEro OMyCTHThb
TEJIO NPOU3BOJIBLHOM (OPMBI MacCOH m, KOTOpoe He TOHEeT?

Pewenue Tenonnasaer, cregoBaTebHO, apXHMe0Ba
CHJNa paBHa CHJe TsKecTH: Fy = mg. KulkocTb neAcTByeT

Ha TeJIo ¢ CUJIOR Fj , HanpapJ/leHHOH BepTHKalbHO BBepX. Co-
rJ1acHO TpeTbeMy 3aKoHY HbIoToHa, Tes10 NeHCTBYeT Ha KUA-
KOCTb C TaKOW 2Ke MO MOAYJIO CHJIOH, HampaBJeHHOH Bep-
THKaJbHO BHHM3. TakuM 06pas3oM, Teso, MJABAIOILEE B XKHA-
KOCTH, yBeJHYHBaeT CUMy, AeHCTBYIOILYI0 Ha JHO COCYyHa, Ha
AF = mg. Ho camo TeJsio He KacaeTcst IHA, MO3TOMY 3Ta CHJIa
u3MeHsieTcs 6/1arofapst H3MEHEHHIO NaBJIeHHS XHUIKOCTH. Ecau
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YPOBEHb XHIKOCTH B COCyIe NMOHAJICH Ha Ah, TO JaBleHHe
yBEJMUMIOCh Ha Ap = pgAh, a cuna, DeACTBYIOIAS HA HHO
cocyna, Bo3dpocna Ha AF = pgSAh. [lostomy pgSAh = mg,
oTKyna Ak =m/(pS).

320. Manblii nopuleHb CHAPABIMYECKOrO Npecca 3a OMH
Xof onyckaeTcs Ha pacctosHde A; = 0,20 M, a 60.1b10R NOP-
weHb NogHKUMaeTcs Ha by = 0,01 M (puc. 117). C kakoit cu-
JIOR IeRCTBYET NPece Ha 3a)kaToe B HeM TeJlo, eC/IH Ha Malbli
nopiieHb AeicTByeT cuaa Fy = 500 H?

Pewewnue CunaF cosnaer ganenue p = F| /S|, rne
S| — naowape Manoro nopuHa. CornacHo 3akoHy Ilackans,
Takoe Xe faBJeHHe OyfeT ¥ B GOJbIIOM UMJIKMHApe mpecca.
CnepoBaTebHO, Ha 60JIbLION MTOPLIEHb CO CTOPOHBI XKHAKOCTH
AeRCTByeT CHJIa

F2=p32 =F132/Sl, (1)

rae Sg — mJowanb 60abIIOrO MOPUIHS.
3anuiueM ycloBHe HECXKHMAEMOCTH MHAKOCTH:

Ha ocHopauuu papencts (1) u (2) noayuum
Fy = Fiy/hy, Fy =10:10* H. (3)

C Takoii e CUJIOH IeHCTByeT Npecc Ha 32)KaToe B HEM TeJo.

Z
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Puc 117
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Ananus ¢opmya (1) u (3) nokasbiBaet, 4To THApaBJHYe-
CKHH Tpecc faeT BHIMIPhILI B cue B So/ S| pa3, HO He maet
BbIMIphIIa B paGoTe. B camom pene, u3 gopmyasi (3) noay-
yuM Fihy = Fohy. Ho R = A — pabota cunsl £, Fyhy = Ay —
pa6ota cunbl Fy. loatomy A; = Ag.

321. B coobwamwimuecs cocyabl HalHTa PTYTh, a NOBepX
Hee B OMH COCYX Ha/MHT cTonb Macna BhiCOoTOM b = 48 cM, B
Apyroi — CcToJ6 KepocHHa BeicoTOH ho = 20 cM. OnpepenuTs
Pa3HOCTb YPOBHEH PTYTH B 060HX cocynax. [lnoTHOCTL Macaa
p; =0,9 - 103 kr/m3, kepocuna p, =0,8 - 103 kr/wm3, pTyTH
p3 = 13,6 - 103 kr/m3.

Peurenue DBubepem B KauecTBe MOBEPXHOCTH OZHOTO
YPOBHS IIOBEPXHOCTH, NPOXOASAILYIO 10 CAMOH HH)XXHel IpaHH-
ue paszena Xuukoctedt Macqo — pryThb (puc. 118). XKuakoctu
HaxonsTCs B PABHOBECHH, MO3TOMY JlaBJIeHHE B TOUKax A U B
3TOH MOBEPXHOCTH OMHAKOBOE: Py = pg. YUNTHIBASA, 4TO

PA = Pary + P1€M, Pp = Pary + P28Ry +p38h3,
MOXXHO 34IIHCAaTh:
Pary t P18M = Parn + P8R + p3ghs.

Otciona hy = (pihy — poho)/p, h3 = 21072 m.

322. Bec Tesa, MOrpyeHHOr0 B XHIKOCTb HJIOTHOCTHIO
p;» PaBeH P|, a MOrpy»KeHHOro B KHAKOCTh INIOTHOCTBIO Py, =
Py. OnpenienuTh MJIOTHOCTD T€JIA P .

Pewe Hue IIpeanosokuM, uTo Tel0 NoABEIIEHO HA
HeBecoMoi HUTH B xuakoctH (puc. 119). Ha Teno neficTByior
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TPH CHJIBI CHJIA TSXKECTH mg, apXHMeoBa CHaa ﬁA H CHJa
HaTskeHust HUTH T . Teno naxonutcs B paBHoBecHu. Chego-
BaTeJIbHO, CyMMa JeHCTBYIOUINX Ha Hero cul T + Fy + mg = 0.

Hanpasus kooppuHaTHyio ocb OY BepTHKaJbHO BBEPX H
CNPOEKTHPOBAB Ha Hee CHJbl, nosiyuum T + Fy —mg = 0. OT-
ciona T =mg — Fyu.

O6o3Haunum o6bem Tena uepe3 V, torna Fp =pgV, rae
p— moTHOCTh XupKocTH. CllefoBaTeNbHO,

T=mg-pgV =g(lm-pV).

Monyab cubl HaTsXKEeHHs! HUTH paBeH MOZlyJli0 Beca TeJa:
T = P. TaknM o6pa3oM, nosyuyaem Clefyroulyo GopMyny s
onpeje/eHHsl Beca Tesa MacCOH m B XHIKOCTH, MJIOTHOCTb
KOTOpPO# p:

P=(m-pV)g. (1)
Ha ocHoBanuu dopmyani (1) MOXKHO 3anucaTh:
P =(m-pV)g, Py=(m-pyV)g.

PasnenuB neBble M npaBble 4acTH 3THX ypaBHeHHH Ha V u
yuutbiBas, uto m/V = p, nonyunm:

P/(gV)=p-py, 2
P /(gV)=p—p,. (3)

Pewus cosMmectHo ypasHerus (2) u (3), HaiineM NIOTHOCTL
Tena:

b= Popy — APy
P-RA

Takum 06pa3oM, NIOTHOCTh Te/la MOXKHO HAHTH NyTeM B3Be-
UIMBAHUA €ro B ABYX Pa3/HUHBIX XHAKOCTAX, IJIOTHOCTH KO-
TOPBIX H3BECTHBI.

323. Kycok Meranna maccoit m = 1,0 xr, 6ynydH norpykeH-
HbIM B GeH3uH, Becut P; = 9,3 H. B nexotopoM pacteope oH
BecHT Py = 8,8 H. Onpenennthb NIOTHOCTb PAaCcTBOPA poy, €CIAH
NJIOTHOCTb 6€H3UHA p| = 7.2 - 102 kr /M3 4 NIOTHOCTD MeTan-
Ja foJble NJIOTHOCTEH 6€H3HHA H pacTBOpA.

Pewenne. [lpu peluenun 3agauu 322 nonyyeHa popmy-
aa (1) nns onpenenedus Beca Teaa B XKHAKOCTH. Ha ocHoBa-
HHH 3TOH HOPMY/IH MOXKHO 3aNHCATh:
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Pi=mg—p gV, Pp =mg —pygV,

UJIH
mg— P, =pgV, mg—Py =pygV.
OTcrona
mg-h _ P = (me - Pl =14-10% 3
mgP sy P27 Tmgop P2Th Kr/ M3,

TaxuMm cnoco60oM MOXHO Ha NPaKTHKE ONpEeLe/iUThb IJIOT-
HOCTb pacTBopa.

324. IpamoyronbHbIR MeTalaH4YeCKH# OpyCOK, MJOTHOCT
KOTOPOToO py, MAOIWAb OCHOBAaHHS S M BbICOTA hy, JIEXKHUT Ha
IHe cocyma. B cocya HaauTa 10 BBICOTH hg > h| XHAKOCTb
MIOTHOCTbIO po. HalTH cuay, ¢ Koropod OGpyCOK NaBHT Ha
IHO cocyaa.

Peu enue Bosmoxubl aBa cayudas: | ) 6pycok HenaoT-
HO TIpHUJeraeT K AHy Cocyna; 2) 6pycoK npuieraer K AHy Tak
MJOTHO, YTO XUAKOCTDb NOJ Hero He moprekaet. PaccmoTpum
KaX[bllt ciyyall B OTHENBbHOCTH.

1. CHu3y Ha 6pycoK neHCTBYeT CHJa CO CTOPOHBI XKHI-
KOCTH. 3Ta cuaa GoJbllie CHUIB, 00YyCNOBIeHHOR AaBJjieHHeEM
KHIKOCTH CBepXy, MOITOMY «BO3HHKaeT» apXHMelOBa CHJa.
Taxum obpa3oM, Ha 6PYCOK NEHCTBYIOT B 3TOM Cjydae Tpu
CUJIBL: apXuMefioBa cunla Fy , cuna TskecTH F, = mg U cuia
peakuuu nHa N; (puc. 120, a). Ycnosue paBHOBecHs 3anu-
wercs B BUIE

13

F.+Fp + }\71 =0.
a y J
o s ol I
iy il R —_‘
__Tf_::__:_: g ~h
S R 7 Wi A .
R i _
S - _
r 0 X
I3

Puc 120
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B npoekuusx Ha ock OY nonyuum Ny + Fy — F, = 0. Otcio-
ma Ny = F, — Fy.TakKak F, = mg = p;Shig u Fp = pyShy, T0

Ny =(p) - py)Sgh.

[To Tpetbemy 3akoHy HbioToHa ¢ Tako# xe 1Mo MomyJio
CHJIOH NeHCTBYeT 6PYyCOK Ha IHO cocyna, T. e. Fpy = N,

2. CHu3y Ha 6pycOK He eHCTByeT CHJa CO CTOPOHbI XKH-
KOCTH, MoatoMy Fp = 0. CBepxy e Ha 6pycox OeHCTByeT
cuna, o6yCJ/IOBNEeHHAs JaBJeHHEM XUAKOCTH U aTMochephl:

K= (p2g(h2 - h’l)+ Parm )S.

(O6patrM BHMMaHHe Ha TO, 4TO B MIEPBOM CJydae CHAa, 06y-
C/OBJIEHHas NaBJeHHEeM XHUIKOCTH CBEpXy, yYyTeHa B apXu-
MenoBoii cunte: Fp = Fo — Fy, rne Fg — cuaa, obycaoBieHHas
JlaBJIeHHEM XHAKOCTH CHH3y.) Ha 6pycok nelcTBYIOT Takke
cuna Tskectd F, u cuia peakumu aa Ny (puc. 120, 6).
CnpoexkTpoBaB cuabl Ha ock OV, 3anuuiem ycaoBHe paBHO-
Becus 6pycka: Ny — F, — F = 0, uau

Na —p1Shg —(pog(hy — by) + ppry )S = 0.
Otciona
No = Sglpihy +pylhy = 1)) + Pary / ©)-
C TakoH Xe Mo MOLYJIO CHJIOH NeHCTByeT 6DYCOK Ha . IHO:
FB2 = N2.

325. B cocyne HaxoasiTCs IBe HECMEUIKBAKOLIKECHA XKHAKO-
CTH, MJIOTHOCTH KOTOPBIX PasJHyHbl: P; < Py. Ha rpanuue pas-
AeJla XUIKOCTER IIaBaeT OJHOPOAHHH NPSMOYTOJbHLIN 6Dy-
COK, TMOTPYXXEeHHBIH LeJHKOM B XHEKOCTb. [I10THOCTE p3 Ma-
TepHasa Opycka GoJblie MJIOTHOCTH P BepXHeH XHEKOCTH,
HO MeHblIe IIOTHOCTH Py HWXKHeR XUAKocTH (p) < p3 < py).
Kakas 4acTb o6bema Opycka OyneT HaxoZMTbCS B BEepPXHEH
KHEKOCTH?

Pewe#Hue O60o3naunm pasmepsl 6pycka a, b u [
(! <a, I <b, a>b). TlycTb BepxHsas rpaHb GpycKa HAXOAUTCA
Ha BBICOTE x Haj rpaHMued pasnena xunxkocTeit (puc. 121).
Torna o6veM 4acTu 6pycKa, HaXoLAUIEHCS B BEPXHEH XHIKO-
ctd, V| = abx. ClenoBate/ibHO, B BEpXHEH XHUIKOCTH HaXo-
AUTCS 4acTb o6neMa

Vl_abx_x. (1)

153



Ha 6pycok nercTBytOT TpH
CHJ/IBI: CHIA TSDKECTH F. = mg =
— = = psablg, cuna F, neficTByIO-
11ast Ha BEPXHIOIO [PaHb, H CHaa
[7‘2, LeHUCTBYIOLIAs Ha HHXKHIOW
rpaHb. Tak Kak TeJsO T/1aBaerT,
ey TO BBIMOJHAETCS yCJIOBHE paB-
== nosecuss Fp + { + F{, = 0.
= == = Jns npoekuuit Ha ock OY
S ——— NoJIyYHM
0 X F-F-F =0 (2

Puec 121
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Ha pepxHioto rpanb ge#cT-
ByeT cHaa

F = (p1g(h — x) + pyry Jab,
Ha HUXHIOIO TPaHb — CHJA

Fp = (plgh + pQg(l - x)+ Patm Jab.

Moxcrasus 3Hauenus F, F, u F, B dopmyay (2), noay-
yuM nocse npeobpasopanuil (pa — py)x = (py — p3 ). Orciona

x _P2—93

I pa-p (3)
Cpasrusas dpopmyasi (1) u (3), Haxonum

W_p-p

V. pe-p

326. Kakyio paboTy Hy»KHO COBEpIIHTb, YTOObl MeJJIEHHO
MOTPY3HTh B XXHAKOCTb Ha rAyOHHY H BepTHKaJIbHO OpHeH-

THPOBaHHMLIH OAHOPOAHBIH LHIHHAP MIOTHOCTBIO P, BLICOTOH A

U nuameTpoM d, ecsii MJOTHOCTb XHAKOCTH Pg H Nepef TMo-
TPyXeHHeM HH)XHee OCHOBaHHE LHJHHAPA Kacaaochb Io-
BEPXHOCTH KHUAKOCTH? [lnoTHOCTL XHAKOCTH GoJbllie NJIOT-

HocTH unauaapa (py > py).

PeweHue Ilpy norpyxenud UHIKHAPAa Ha HeEro,
KpOMe CHJIBl TsDKeCTH [, M NPHIOXKEeHHOH CHJbI, AeHCTBYeT
apXHMeZ0Ba CH./1a, HanpaB/ieHHas! BepTHKanbHO BBepx (puc. 122).
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[Toxa UMAHHED MOrPyKaeTcs B d
XKHIKOCTb JO BEPXHEro OCHO-
BaHHSl, apXHMexoBa CHJIA JH-
HeHMHO BO3pacTaeT OT HyJs 10 F;;,fl
MaKCHMaJIpHOro 3HaueHus Fp. ]
[TosToMy mepeMeHHYIO apxu- |
MeIOBY CHJy NpH NepeMellie- —
HHH S| = A MOXXHO 3aMeHHTb  —
cpenHell apXMMeNOBOM CHJIOH:

P72 "2
cyuTas ee MocTosiHHOK. Uro-
66 MensieHHo (paBHOMepHO)
TMOrpy»arb UMJIHHAD, K HeMY
HYXHO NPUIOKHTD TAKYI0 CH- — — —F§ — —

Jay F|, uto6bl BBINOJHSAIOCH
ycJioOBHe paBHOBeCHsi Puc 122

Fc 0+FA F t‘:- - - —

A+F +Fp=0.
CHPOEKTHPOBaB BCe CHJIbl HA BEPTHKaJIbHOE HanpasJj€HHe,
NOJIY4YHM
R+F -F, =0

Orciona A = F,, — F;. Cosepuaemas 3Toi cuioii pabota
A =Fsy, uau
Al = (FA/2 —FT)h.
Korza umauHzp NOJHOCTbIO HAXONUTCS B 2KHIKOCTH, apXHMe-
10BA CHJla NOCTOsIHHA. [103TOMy NpH nepeMelieHHd so = H — A
K UWJHHADPY HYXHO NPHJIOMHTb TaKylo CHJY, YTOOH BbINOJ-

Hsilocb paBeHcTBO Fo + F. — Fp = 0. CaenopatedbHo, Fy =
= Fp — F, . Pa6ota 3T0#l CHJIbI

Ag = Fysg = (Fg — F)(H - h).
Besi paboTa, coBepuiaeMast IpH NOrPyXXeHHH LMJIMHIpA,
A=Al +A2 = (FA/2_FT)h+(FA -—FT)(H -h)=‘
= Fp(h/2+ H) - F,H. (1)
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YuuntbiBas, uto F, =mg =p|Vg, Fo =pogV, rae V -
o6bem uuauHApa, Gopmyay (1) MOXHO nepenucarth Tak:

A= gV(th/Q + (p2 - pl)H)

[ToacTaBuB Clofa 3HayeHue V = 1td2H/4, Hakigem paborty, co-
BEpLUAEMYIO [IPH TIOTPYIKEHHH:

h
A=Lnd®gH(®2 +(p, - pH).

327. Onpenenuth MHHHMAJbHBIE 06beM HalNOJHEHHOrO
BOJIOPOMIOM L1apa, KOTOPbIK MOXeT NOAHATb YeJOoBeKa MacCoH
my = 70 kr Ha BbicoTy £ = 100 M 3a Bpems t = 30 ¢. O6uias
Macca 060JIOYKH uIapa W KOpP3WHB mg = 20 Kr, NJIOTHOCTDb
BO3[yXa ¥ BOIOPOMA NPUHATb PABHbLIMH COOTBETCTBEHHO p| =
=13 kr/mM3 u pe = 0,10 KI‘)JM3. ConpoTup/ieHHeM BO3AyXa
npeHebpeus.

P e w e H u e. HanpaBum koopauHaTHyl0o ocb OY BepTH-
KanbHo BBepx (puc. 123). Brosb 3Toit ocu wwap pBHKeTCs
PaBHOYCKOPEHHO, MO3TOMY

- 2
h=ayt /2,
Tie a, — NPOEeKuHst YCKOpeHus wwapa Ha ock OY. Orciona
a, =2h/t%. (1)

Ha mwap neficTByIoT ciefyiotise CHIbL:
e CHJIA TSXKECTH YeJIoBeKa m; g, 0GO0JIOUKH
{ ) U KOP3HHbl mgyg , BOLOPOAA m3g , apXH-
Nomeef MenoBa cuia Fj. CocTaBHM Ha 0CHOBa-

\eed HHH BTOpOro 3akoHa HbloToHa ypasHe-
-l — HHe JBHXKEeHHS lIapa:

FA + mlé + m2§ = ma.
Ins npoekuu#t Ha ock OY nonyunm

Fpo —mg—meg —m3g =
= (my + mg + m3)a,, (2)

The m3 — Macca BOROpoZa.
[lycte V — Hckombill 06beM 1apa.
Puc 123 Torza




Fa =pigV. my =pyV. (3)
MoncraBus 3Hauenus (1) u (3) B ypaBHerue (2), noayuum
P18V — mg — mog —pagV = (my + my + poV)2h/t%.
Ortclona HatgeM o6beM Mwapa:

V= (my + my ) (2h + gt?)
g2 (p) - p2) - 2hp,

, V=77 M3

328. PaccuntaTh, KaK M3MEHHTCS NOTEHUHAJbHAs 3Hep-
THSl MOTPYXEHHOro B XXHIKOCTb Telsla, eC/lH ero MOAHsTb B
KUAKOCTH Ha BHICOTY. A. [INOTHOCTL XKHUAKOCTH py, TIOTHOCTh
Teda pg, o6bem Tena V.

Pemenue. Ilpumem 3a HysneBol ypoBeHb NOTEHUHANb-
HOH 3Hepruu ypomeHb gAHa. [lycthb
T€JIO HaXONHKJIOCh Ha BbiCOTe A Hag
ypoBHeM fHa. UTo6bl IOAHATL TeJo
Ha BHICOTY f = hg — A}, HYXHO NpH-
JIOXHUTb K HeMy cuay F (puc. 124).
Pa6ora 3Toit cHabl paBHa H3MeHe-
HUIO MeXaHH4eCKOH 3Hepruu TeJa:
A=AE, +AE,, rne AE,, AE, —
H3MeHeHHsl COOTBETCTBEHHO KHHETH-
4eCKOH H NoTeHUHAJbHOH 3HeprHH.

Ecau tesno nogHHUMaeTcst paBHO-
MepHoO, To AE, = 0, cllegoBaTeJbHO, Puc 124

A=AE,. (1)

Jlnst papHOMepHOro MOAHSATHSA Tesla K HeMY HYXXKHO NPHJIO-
XKHTb TaKYIO CHJY, YTOOLI BBITIOJHSJIOCh YCI0BHEe PABHOBECH ],
T. €. CyMMa NPoeKUHi BceX CHl Ha BepTHKaJbHOe HarpasJ/eHHe
6bna paBHa Hymo: F +Fp —mg =0. Orciona F =mg — Fy.
[Ipu nepemeuteruu h pabora stoii cunst A = Fh unu

A= (mg - Fp)h. (2)

C yueTtoM ToOrO, 4TO M = poV, Fao =p gV, Ha ocHOBaHHUH
pasercTs (1) u (2) MoxHo 3anucaTh:

AE, =(py - p1)gVh.
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Ecmn pg > py, To AE, > 0 — noTeHunanbHasi S3HEPrHs yBe-
JHYHBAETCS; eCH Pg < Py, TO E, < 0 —~ noTeHuHanbHas sHep-
rHsi ymeHbluaetcsi. [1py HepaBHOMePHOM MORHATHH H3MeHEeHHe
TIOTeHLIHA/IbHOH 3HepPrHH OyAeT TaKHM Xe.

®opmyay (1) MOXKHO MepenycaTh Tak:

Eyy - Ey =(mg — Fp)hy —(mg — Fp)hy.
Tax xax npu i = 0 (na nne) E;, = 0, nonydaen:
E, = (mg — Fy)hy, Eyp = (mg — Fp)hy.

C.nenoaaTe.ano, noTteHuvaJJdbHass 3HEPrusi TteJla, HaxXxopns-
nlerocss B XKMAKOCTH Ha BBICOTE H ot HYJIEBOTO YDOBHSl 3HED-
THH, BbIpaxKaeTcs TaK:

E, = (mg—Fp)H. (3)

329. B Gaxe HaxopuTcs Boja. PacnofioxxeHHbIH y ee 1o-
BEPXHOCTH KaMeHb Obll 6pollieH BePTUKaJbHO BHH3 B BOAY C
Ha4aJbHOH CKOPOCTBIO U K OMyCTHJCH Ha AHO. Macca kaMHA
m, o6veM V, Bopa HaauTta no BoicoThl H. Kakoe xonndyecTBO
TETJIOTH! BbEJUIOCH NPH NMAafeHHH KamHs?

Peme Hue Ilo3akony coxpaHenus 3Hepruu MexaHuue-
CKast 3HEPrHsi KaMHs NPeBPaTH/IACh B BhIle/IMBIIeeCs KOJIHYe-

CTBO TENJIOTHI:
Q = Ek + Epv (1)

rae £, Ep — COOTBETCTBEHHO KHHeTHYecKas M MoTeHUHab-
Hasi 3HeprHsl.

JIHO nmpuMeM 3a NOBepXHOCTb HYJIEBOTO YPOBHS NMOTEHLH-
anbHOH 3Hepruu. Torna Ha ocHoBauHH dopmyasl (3) us 3a-
fauu 328 noTeHuHa/NbHas 3HEPruUsi KaMHs B Haya/lbHOM CO-
CTOSIHHH

"E, =(mg - Fp)H.

[Mockonbky Fj = p;gV, rae p; — NJIOTHOCTb BOAHL, TO

E, =(m-pV)gH. (2)
KuHeTuueckas 3Heprus KaMHsl B MOMEHT 6pocaHus
Ey = mv3/2. (3

Yuutsisas gopmyas (1)—(3), nonyyaem

Q= mvg/Q +(m-pV)gH.
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330. CrexsiHHBIN WIAPHK MafaeT B BOAE ¢ yCKOpPeHHeM
a = 5,8 m/c2. HaiiTu nIOTHOCTb CTEK/A, eCAH TJAOTHOCT
Boxnl p; = 1,0 - 103 kr/m3. Tpeuue He y4HTHIBATS.

Pe w e nue Hawapuk neficTBYIOT CHMa TAXKECTH mg H
apxumenoBa cuaa F, . HanpasBum ock OY BepTHKa/bHO BHH3
(puc. 125). CocTapHM ypaBHeHHe NBHXKEHMS IIAPHKA B BeK-
TOpHOH ¢opme:

mé + FA = ma.

Jas npoekuu#t Ha ocb OY noayuyum

mg — Fy = ma, (1)
rIe m — macca lapHKa.
0 X g X
T = s~ — —TF —
— 4 —_ 4! —
A N S — -t T —
T — 1) — — i st oy = la
O — T Ym§__
—_-— /77; _— —_ —_—
I I £ S — s — —
Y )4

Puc. 125 Puc. 126

[lycts V — o6bem wapuka, py — naA0THOCTL cTekaa. Torna
m =poV, Fo =pgV. logctaBus 3TH 3HaueHus B GopMmyny
(1), nonyuum poVg —p|Vg = paVa, otkyna

po =p1g/(g —a), py =2,5-10% xr/m3.

331. Cocyn ¢ XKHAKOCTBIO, NJIOTHOCTh KOTOPOH P, NafaeT ¢
yCKOpeHHeM a, HanpaBJeHHBIM BHH3. Onpenenuth faBneHHe
KHAKOCTH Ha ryOHHe A H CHNy, C KOTOPOH XXHAKOCTb NaBHT
Ha IHO cocyna. BeicoTa ypoBHs XHaKocTH B cocyae H, mio-
mwaap AHa cocyna S.

PemeH He DBbeiuM BHYTPH XKHAKOCTH CTOJNOHK
BHICOTOH A M muowanbio ocHoBaHus Sy (puc. 126). Ha rero
EEUCTBYIOT CHIIA TSXKECTH mg U cuna F, oGycnoeHHas fase-
HHeM H HampasneHHas BBepX. Ock OY HanpaBuM BepTHKAJNbHO

159



BHHS3. YpaBHeHHe IBHXXEHHS] CTOJOHKA XHUIAKOCTH, COMJacHO
BTOPOMY 3aKOHY HblOTOHa, HMEeT BUL

mg + R =ma.
B npoekuusix Ha ocb OY nonyunm
mg - F, = ma, (1

rie m — Macca CTon6HKa MMUAKOCTH.

[lycTs p — nasneHue Ha ray6une h. Torna A = p§. Kpo-
me toro, m = pSjh. IlosTomy ypasuenne (1) MoxHo nepenu-
caTh Tak:

pSihg — pSy = pSiha.

Otcwona p = plg - a)h.
CuJa, ¢ KOTOPOH XUAKOCTb NEHCTBYET Ha JHO COCYA,

F =p(g -a)HS. (2)

Ananus dopmyan (2) nokassiBaer, 4TO CUMA, C KOTOPOH
XHIKOCTb IEMCTBYeT Ha HHO cocyna, TeM MeHblle, yeM 60Jb-
we yckoperHe cocyna a. Ilpu a = g (cBo6opHoe nagenue)
F =0, 1. e. HacTynaeT cocTosiHHe HeBecomocTH. [Ipu a > g
KHAKOCTb OyAeT CBOGOLHO NanaTth ¢ yCKOPEHUEM g, @ CoCya —
¢ 6O/BIINM YCKOpPEHHEM, BCJeACTBHE Yero XKHUIKOCThL BbIKET
U3 cocyna.

332. Cocyn ¢ XKHAKOCTHIO IBHXKETCS TODH3OHTAJILHO C YC-
KopeHneM a. Kak pacrnosiokeHa npu 3Tom cBoGogHasi Mo-
BEPXHOCTb XKHUAKOCTH?

PeweHue BopgeauMm TOHKHH TOPH3OHTAJBHBINR CTON-

. OMK MHOKOCTH MJHHOH [ H

Y1 £, TUIOLIAJbIO IONEPEYHOTO ceye-

HHS1 S, NPOBELEHHOTO TepIeH-

— =& AHKYJISIPHO HAMpaBJIeHHIO ABH-

— XeHus Xunxkoctu (puc. 127).

— CocraBuM fJs1 3TOTO CTONGH-
— Ka ypaBHeHHe ABHXeHHS:

‘Fi = F1+F2=m5,,

il = roe F, 5 — cuns, obycios-
o JIeHHble [aB/leHHeM Ha CToJ-
0 6HK COOTBETCTBEHHO CJIeBa H
crpasa.




[ns npoeKuu# Ha ropH3oHTanbHYI0 ocb OX moayyHm
Fl - F2 =ma. (1)

Tak kak Bmpoab ocu OY ycKoDeHHs HeT, ZaBJi€HHe Ha [Jy-
6uHe h onpeneJisercs no popmyne p = pgh. Ilostomy nasane-
HHe Ha CTONIGHK clleBa p, = pghy, CTipaBa py = pghy. Macca
paccMaTpPHBAEMOro CTONOHKA XHAKOCTH m = pS/. YunThiBas
3TH 3Ha4eHHus, Mepenuiiem ypasHedue (1):

pghS — pgheS = pSla.
Orcrona
g(hl - h.2) = la,
HJTH

Ho (M — hy)/l =tga. CaenoBarenbHo, MOBEPXHOCTb XKHA-
KOCTH OyZleT npeacTaBasTh co60H MIOCKOCTb, HaK/IOHEHHYIO
K TOPH3OHTY Togx yriom o = arctgla/g).

333. [psimoyrosbHbli MOHTOH, Macca koToporo M = 700 kr,
uMeeT LAUHY [ = 5 M, wupuuy d = 3 M u BricoTy h = 0,7 M.
Hasitu ocanky noHtoHa 6e3 rpysa 4 npegesibHyI0 IPy30nogbeM-
HOCTb NpH BbicoTe 60pTOB Hap BaTepauuued ~; = 0,2 m. liot-
HocTs Bogel p = 1 - 103 kr/mM3.

Pemwe nue Hanourton 6es rpysa aeHCTByOT cHia Ts-
xecth Mg u apxumenosa cuna Fp (puc. 128, ). Ou naxonut-

Cfl B PABHOBECHH, CJIefioBaTeNbHo, Fp + Mg = 0, nosToMy cyM-

Ma NPOeKUMH 3TUX CHM Ha ocb OY paBHa Hymo: Fy — Mg = 0.

Haxonum:

a g
A

-
Far

Ny
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Fp =pgV,
rae V — o6beM morpyKeHHoH B Bopy 4acTH noHToHa. [Ipu
ocazike Ag 31oT 06beM V = hgld. CnepoBaTelbHo,

FA = pghold, pghold - Mg = (.
Orclona ocajika NOHTOHA 6e3 HaTpy3Ku

ho = M/(pld), hg =5-1072 m

Ecau Ha nouToHe Jexut rpys maccoil m (puc. 128, 6), To
yc/10BHe paBHoBecusi OyzieT UmeTb BHL Fa ~ (M +m)g =0.
[Ipn sTom Fpy = pgld(h - hy). CnenoBatesibHo,

pgld(h—h) (M +m)g = 0.

Otciona m=pldlh—h)-M, m=1T7 " 103 kr.

334. B 6ak ¢ XHAKOCTbIO ONyllleHa [JMHHasi TPyOKa AHa-
MeTpoM d, K KOTOPOH CHH3Y IJIOTHO NpHJeraeT IHCK TOJIIH-
Ho# h u nuaMetrpom D > 4. [InoTHoCTh MaTepHana IHCKa Py
Gonblile [OTHOCTH XHAKOCTH po. Tpy6Ky MenseHHO MOAHH-
matoT BeepxX. OnpenesnTb, Ha KaKOM YPOBHE JHCK OTOPBETCS
OT TPYOKH.

P e w e n ne Haauck neficTByloT TpH CHJH: CHJa Fl,
06yc/oBJIeHHasi aTMOCQepHBIM H THAPOCTATHYECKHM J[aBJle-
HHSIMH, HallpaBJleHHas BepTHKaJlbHO BHH3; cuia Fy, 06ycJ0B-
JeHHas THAPOCTAaTHYECKHM IaBJeHHeM H Hanpas/eHHas Bep-
THKa/lbHO BBepX; cHia TskecTH mg (puc. 129). duck oro-
pBeTcs OT TPYOKH B TOT MOMEHT, KOTIa OYAEeT BbINOJHATbCH
yClIOBHe pPaBHOBeCHS: cyMMa mpoekuui Ha ock OY Bcex cHi,
LeACTBYIOIMX Ha JUCK, PaBHA HyJoO, T. €.

mg+FR-F,=0. (1)

Buipazum monysnn cun Ff u Fy. Cnna F peficTByeT Ha
BepXHee OCHOBaHHe JHCKa, KOTOpPOe HaXONHTCH Ha paccTos-
HHAH H OT MoBepXHOCTH XHAKOCTH. J{aB/IeHHe Ha 5TOM YpOBHe
pi = PogH + pary » THE Pagy — aTMOCHEPHOE naBnexHe. [1pH sTOM
CHJa, 06yCJI0BNeHHas aTMOCGhePHBIM [aBleHHeM, IeHCTBYeT Ha
BCe OCHOBaHHe, a CHJ1a, OGYCJIOBIeHHas THA OCTaTHHECKHM AaB-
JeHHeM, — TOJIbKO Ha MJIouianh S = nD? /4 — nd? /4. Caeno-
BaTeJIbHO,

2
R = ngH(ng nZ )+paTM 11:2 : (2)
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v d
[ -— - — ] *
———] Y=
[ —— f ——1
= g — ==
[ T Y F— == —
v X
Puc 129
Mozyab cunbt F
Fy = paS = pg ngZ :

3nech p, — naBneHHe Ha rany6uHe H + h, Ha KOTOPOH Ha-

XOIMTCS HIXKHee ocHoBaHHe mucKa. Ho py = pog(H + A) + pyry»
NO3TOMY

2

Fy = (pog(H + ) + pyry) 22— (3)
Macca gucka

2
m=p\V =p —n?—h- (4)

Toxcrasus Tenepb 3nauenus (2)—(4) B ypasnerue (1),
NOMy4HM

2 2 2 D2
P1E2-hg + pogH( - = B-) 4 pam 2 -

2
- (p2g(H +h)+ pam)lt?_ =0,
HJIK NOCJIe OYyeBUAHBIX MpeoOpa3oBaHHH
p1D2h + poH(D? — d?) — poD?(H + h) = 0.

PewB 310 ypaBHeHHe OTHOCHTeJbHO H, 6yneM HMeThb
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335. M'unpasauyeckud npecc, 3anonHeHHbm BOLOH, HMeeT
nopuisy, naotany kotopsix S; = 200 ecm? 1 Sg = 20 cm2. Ha
6osbiI0M NOpLUEHb MOJOXKHAM Tpy3 MaccoH m = 60 kr. Ha
KaKyt0 BHICOTY MOAHHMETCH nocne 3TOTO MaJjbli MOpilieHb?
TlnotHocTs BoAsl p = 1,0 - 103 kr/m3.

PeweHne JonyctuM, 4TO B OTCYTCTBHE TPy3a MaJbli
TNOpLIeHb Npecca HaXonuJIcs Buille 6ostbiioro Ha A (puc. 130, a)
B COCTOSIHMH paBHoBecHs. [IpH paBHOBeCcHH JaBJjeHHe B TOY-
Kax A u B, npuHajpieammnx noBepXHOCTH OJHOTO YPOBHS,
OLIHHAKOBOE: p4 = ppg, HIH

mg _

S

THe my, mg — Macchl GOJbLUIOTO M MaJoro MOpLIHEH COOT-
BETCTBEHHO.

£ +pgh, (1)

a i )
hy| (29
> =
n\ \nd =
) S5y |~ =
- 5, =
—1A4= -8 -
=7 = o=
— -] = i .5 -6
T —— ey
Puc. 130

[Tocsie Toro kak monoxunu rpy3 (puc. 130, 6), manniil nop-
UIeHb TOAHSA/ICA Ha HEKOTOPYIO BHICOTY A9, a GOJbLIOR omyc-
THACS Ha A|. 3anHLIeM JJIs 3TOr0 COCTOSIHMS YCJIOBHE PaBHO-
BECHSl KaK PaBeHCTBO [aBJeHHH B To4YKax A| u B noBepxHo-
CTH OZHOTO YPOBHS: pg = Pp , HIH

(my + m)g — Mg

+pglh +h+hy).

Sy S
[Tocne npeo6pasopaunit ¢ ygetoM ycaosus (1) nomyuum
m/S| = phy + pho. (2)
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M3 ycnoBUS HeC)KUMaeMOCTH XXHUAKOCTH CJAefyeT, 4YTO
Sihy = Sghg. Otciona Ay = Sghy/S;. ToncTasus 3TO 3Haye-
Hue B ypaBHeHue (2)  pewHs ero, Haigem:
hy NESAL hy =27 m.

336. Onpenenuth 06bEM KyCKa Mend, KOTOPbIH B BOAe
umeer sec P = 20 H. [TnoTHocTs Menm py = 8,9 - 103 xr/m3,
TIOTHOCTb BOMb Py = 1 - 103 xr/m3.

PeweHue Bocnombayemcs BbBeneHHOH NPH pellleHHH
3anaun 322 dopmyso# A/ Beca Tesa MacCOH m B XKHIKOCTH,
MJIOTHOCTb KOTOPOH p:

P =(m-pyV)g,

rae m — macca Kycka mMeiH; V — ero o6beM. YuHThIBas, 4TO
m = p|V, noayyaem P =(p)V - poV)g, otkyna
v=—_—__ v=26-10""u
glpr - p2)

337. Teno o6vemom V = 1500 cm® npu B3BelwMBaHUH B
BO3[lyXe Ha DaBHOMJEYHX DBIYaXHBIX Becax OHJIO YPaBHO-
BeLeHO JaTYHHBIMH rMpsAMH Maccod my = 1700 r. Halti maccy
YpaBHOBELIMBAIOWHX THPb NDH B3BeLIMBAaHHH 3TOTO TeJaa B
BakyyMe. [lnotHocTb JatyHn p; = 8500 xr/wm3, naoTHocTb
BO3NyXa pg = 1200 r/m3,

Pewenne. IlprB3semwnsannn B Bo3nyXe Ha OLHY Hawy
BECOB [eHCTBYeT Bec Tela P, Ha Apyryio — sec rupb P (cM. pe-
weHHe 3anayn 280). [Ipn paBHOBECHH Ha PaBHOIIEUHX Becax
6yneT BHINOJHATLCA paBeHCTBO P = Py,

Ha ocHosaHnu dopMyabt (1) n3 peurenns sanauu 322 3a-
TMHLIeM BbIPaXeHHs /51 Beca TeJla M I'ipb B BO3LyXe:

P =(m-pyV)g, B =(m —poVylg,

rie m — Macca tena; V| — o6beM rupb. Tak Kak V; = m;/py,
TO

B =m(-py/p)g.
[Tpu paBHOBecHH B Bo3nyxe P = P, T. e.
(m—poV)g =ml-py/pye.
OTclona HaXxofHMM MacCy TeJja:
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m=m(l-py/p;)+poV, m=1702 r.

[1pn B3BelWIMBAaHHMM B BaKyyme apXUMe[OBa CHJa paBHa
Hymo. Ha onHy W3 yaw neficTByeT BeC Tena, yUCJEHHO paB-
HbH mg, Ha APYTYl0 — BeC YPaBHOBEIUMBAIMOUIHX THPb, YHC-
JIEHHO DaBHBIH mMog, NIPHYEM mo # my. Y CJIOBHE PaBHOBECHS
B 9TOM CJIy4yae HMeeT BUA mg = mog, OTKyNa mg = m. Takum
06pa3oM, Macca YpaBHOBELINBAIOLLIMX THDPb NIPH B3BeLIMBaHHH
B BaKyyMe paBHa Macce TeJa.

338. B XHMAKOCTH MIOTHOCTBIO p; TJIaBaeT MOJbIH (Iap
o6beMoM V, M3roTOB/IEHHbIH M3 MaTepHala MJIOTHOCTBIO pg.
KakoB 06beM MOJIOCTH LIapa, ecqM H3BECTHO, YTO 06beM MO-
TPYXEHHOH B XXHUAKOCTb 4acTH wapa coctaBaser n = 0,75
BCero obbema lwapa?

Pewedwue Hawap neiicryior cnna tsixecty mg u
apxumenoBa cuia Fp (puc. 131). IockonbKy wwap miasaer,
TO BHIMOJHSIETCS yc0BHe pasHoBecust mg + Fp = 0. Cneno-
BaTeJbHO,

mg = FA, (1)
rie m — macca wapa. Ecan V,; — o6beM mosoct wapa, To
m = p2(V - Vn )

Monyab apxumenosoit cuabl Fy = p1gV), roe V| — o6bem
NOrPYeHHOH B XKHAKOCTb YaCcTH LIapa.
IMoncraBus 3HadeHust m 1 Fp B BupakeHne (1), noayynm

pa(V ~Vy)g = pigV

HJIKW C YYE€TOM TOTO, 4YTO Vl =nV,

Puec 131
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Orciona V,, = V(1 - np/py).

339. K xoH1ly OZHOPOAHOTO cTepKHst Maccoli m = 4,0 r
noABelleH Ha HUTH ajllOMHHKEBbIH WApPHK pagryca R = 50 mm.
CrepxxeHb KJaNyT HAa Kpal CTaKaHa ¢ BOLOH, 1O6HBAsACH TaKO-
ro M0JI0XKEeHHUS PaBHOBECHS, MPH KOTOPOM NOTrpyxKeHHOH B BOLY
OKa3biBaeTCs MOoJOBMHa wapHka (prc. 132). Onpenenwts, B
KaKOM OTHOLIEHHH [eJHTCS [IJIHHA CTePXKHS TOUKOH ONOPHI.
TnoTHOCTh amomunus py = 2,7 - 103 kr/m3, nnotHocTs BOAH
pp = 1,0 - 103 kr/m3.

Pemenne Hacrepxenb neficTBYIOT CHIa THXeECTH
mg, CHJIa HOPMAaNbHOH PEaKUHMH onopul N H CHJa HaTAXeHHs
HHTH T . CTepKeHb HaXOOUTCS B PABHOBECHH, MO3TOMY CyM-
Ma MOMEHTOB BCeX CHJI OTHOCHTE/bHO OCH, NPOXONSALIEN He-
pe3 Touky O, paBHa Hymo. O603HauuM /| ¥ [9 OJHHB HacTeH
CTep2KHsl, Ha KOTOPble €ro AeJHT TouKa onopsl. CHJa TAXKeCTH
mg TpuJI0XKeHa B Touke C, feflied cTepxeHb nonosaam. Torna
yCJIOBHE DaBHOBECHS MOXKHO 3amHCaTh TaK:

b+
mg(l - A22)-Ty =0,
HJIH
mgly —mgly - 2T = 0.
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PaznenuB 310 ypaBHeHHe Ha [, NONyYHM
!
mgll—mg—2T: 0,
1
OTKyla

b _ 2T
T_HTnE‘ (N

Monyab cuibt Hatsxernst T paseH MOLyJo CHAb T,
KOTOPOH HHMTb AeHcTByeT Ha wapkk. Ha wapuk IlEHCTByIOT
elle JBe CHJbI: CHJA TSXECTH myg H apXMMeloBa CHJa Fy.
[ToCKO/MBKY LIAPHK HAXOLMTCS B PABHOBECHH, TO

i':A +f’+m1§=6.
CnenoBate/bHO, CyMMa NpoeKUHH 3THX cui Ha ock OY paBHa
HyJI0:

FA +T’—m1g= 0,
WK ¢ y4etom Toro, uto T/ =T,

FA +T—mlg=0, (2)
THe m; — Macca liapHKa:
V = o6bem wmapuka.

quTbIBaH, 4TO B BOJ€ HAXOAHMTCA I1OJOBHHa LIapDHKa, Ha-
XOIHM MOLYJb apxnmenosof{ CHJIHL:

Fp =pagy- (4)

Ha ocHoBanuy Bhipaxenui (2)—(4)

T= Vg(2p; - p2)

O6beM wapuka V = %nR3, O3TOMY
T = 2nng(2pl — P2)
—

TMoncrasus teneps 510 3Hauenue B popmyay (1), Hainem, 4to
IVIHHA CTEePXKHs LeJHTCS TOYKOH ONOpbl B OTHOLIEHHH

b _ 1+ 4nR3(2p, - p2), b _ 16.
/I 3m l[
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3apauv Ana caMoCTOATENbLHOro pelweHnsn

340. [lnuHHas BepTHKa/bHAs TpyOKa NOrpy»KeHa OMHHUM KOH-
LIOM B COCYA ¢ pTyToio. B Tpy6ky HanmBaiot m = 0,71 Kr Bogsi.
OnpenennTs H3MeHeHHe ypOBHS PTYTH B TpyOke. [lnameTtp Tpy6-
ket d = 0,06 M, nnotHocTs prytd p = 13,6 - 103 kr/m3.
ToaMHON cTeHOK TPYOKH npeHeGpeyb.

341. B nonsonHO# YacTH cynHa 06pa3oBajoch OTBEPCTHeE,
niowans kotoporo S = 5,0 cm?. OTBepcTHe HAXOLUTCS HUXKeE
ypoBHs Bofbl Ha A = 3,0 M. Kakas MuHKMasbHas cuaa TpebyeT-
cs, 4TOObl YIePXKaTh 3aMJ1aTy, 3aKPhIBAIOLLYI0 OTBEPCTHE C BHYT-
peHHe#l cTopoHbl cyasa? IlnotHoeTs Bombl p = 1,0 - 108 kr/ M3,

342. Ha kakoil rny6HHe B OTKPBITOM BOfOeMe [aBJeHHe B
n = 3,0 pa3a 6osblie HOPMaNbHOrO aTMOCHEPHOTO AABJICHUA?
TaotHocts Bomwl p = 1,0 - 103 kr/wm3, Hopmanbhoe atmo-
cepHOe LaBieHHe py cuMTaTh paBHbM 1,0 - 10° [Ta.

343. B OTKpHTHIN LIHIHHAPHYECKHHA COCYH HAJHTHl PTYTh
M BOZa B PaBHBIX MO Macce KosaHyecTBax. Obias BHCOTA ABYX
caoeB XxuakocTel h = 29,2 cm. OnpeneanTb naBaeHHe XHAKOC-
Teil Ha mHo cocyna. IlnotHocTs pryTH Py = 13,6 - 103 kr/m3,
MIOTHOCTb BOAK Py = 1,00 - 103 kr/m3.

344. OTKpHITYI0 C 06EHX CTOPOH Y3KYI0 LHIHHADHYECKYIO
Tpy6Ky anuHo# [/ = 80 cM [0 MOJOBHHB MOrPYKAlOT BepTH-
Ka/lbHO B PTYTb. 3aTeM 3aKphIBalOT BepXHee OTBepPCTHE B Tpy6Ke
¥ BHIHHMAIOT ee H3 pTYTH. IIpH 5ToM B Tpy6Ke ocTaeTcs CTOM-
6HMK pPTYTH BhicOTOH A = 22 cM. UeMy paBHO aTMOCGepHoe
nasaenne? IlnotHocTh pTyTH p = 13,6 - 103 kr/ M3,

345. LinarHapuueckas TpyOKa ¢ 3anasiHHbIM BEPXHHM KOH-
1OM OMYyCKaeTCsl BEPTHKA/JAbHO B PTYTb TaK, YTO 3aNasHHbIH
KOHell COBMajiaeT ¢ MOBEPXHOCThIO PTYTH B cocyle. IlIpy sTom
BBICOTAa BO3AYUIHOTO CToJ6a B TpyGKe paBHa A. Onpene/nHThb
LJAHHY TPYOKH. ATMOcepHOe NaBJIeHHE PaBHO Pypy, IVIOTHOCTD
pryTtH p. TeMnepaTypy CUHTaTb MOCTOSSHHOK.

346. AxBapuy™m f0BepXy HanosiHeH BofoH. C Kako# cpen-
HeH CHJIOH NaBHT BOA2 Ha IMJOCKYK BEPTHKAJIbHYI CTEHKY
akBapuyMa minHo# [ = 50 cM u BbicoTo# A = 30 cm? Ilaor-
HOCTb Bombl p = 1,0 - 103 kr/m3.

347. Cuapsig maccoit m = 8,0 kr BbleTaeT H3 CTBOJA OpY-
IHS co cKopocThio v = 700 M/ c. OnpeneanTsb KaBaeHHe MOPO-
XOBbIX I'a30B BO BpeMsl BHICTpeJsa, CUMTas IBUXKEHHe CHapsiaa
BHYTPH CTBOJIa PaBHOYCKOpPeHHbBIM. CHJla CONPOTHBJIEHHS IBH-
XeHHW cHapsina F, = 16,2 xH, ni1nHa Hape3Ho# yacTH CTBOJIa
[ =3,0wm, quamerp d = 77 mm.
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348. [ly6oBblil LIap J€XHUT Ha HEe COCYNA ¢ BOAOH, NpHyeM
T10JI0BMHA €To HaxoauTcsi B Boge. C KaKo# CHJIOHN AaBHT Ha [HO
cocyzia uiap, ecsau B Bosfyxe oH Becutr P = 5,9 H? ILliotnoctb
ay6a p; = 0,8 - 103 kr/m3, Bomst py = 1 103 kr/m3. Buitan-
KHMBaKIe! CUA0H BO3ayXa npeHebpeyb.

349. B Bosnyxe Bec kunbl xaonka P = 1519 H. Onpege-
JHUTh BeC 3TOH KUl B BAKYYMe, €CJIH TIOTHOCTh XJIONKA B KHIIe
p; = 800,0 xr/mM3, a mIOTHOCTb Bosmyxa py = 1,225 kr/md.
BaBelnBaH1e NPOU3BOAMIOCH C TIOMOLbIO NIPYXXUHHBIX BECOB.

350. [loawi# wap, OTANTHI W3 YyTyHa, NJaBaeT B BOJe,
NOTpPY3UBLIHCh POBHO HanosoBHHy. HaliTh o6beM moJsocTH
wiapa, ecJH Macca wapa m = 5 Kr. [lnoTHocTh yyryHa p; =
=78 - 103 kr/m3, Bonst py = 1 - 103 kr/m3,

351. B Boanyxe Bec Kycka npo6ku Py = 0,15 H, Kycka cBHH-
ua Py = 1,1 H. Ecant 31 KyckH cBfi3ath, MOABECHTb K AMHAMO-
MeTPY U ONYCTHTb B KePOCHH, TO IHHAMOMETp MOKaxeT Py =
= 0,6 H. Onpenesntb MIoTHOCTb py NPobkH. [1n0THOCTL cBHHIIA
po = 11,3 - 103 kr/m3, kepocuna p; = 0,8 - 103 kr/m3.
ApxumenoBoii cHI0M B BO3JlyXe TpeHe6pedb.

352. Bbicota Ma0OCKOM JbAWHBL Hajl ypOBHEM OKeaHa h =
= 2,0 M. Onpee/iNTh TOMIMAY BCel JILAHHBI, €CJIH MIOTHOCTh Jbja
py = 0,90 - 103 kr/ M3, okeanckoli Bopsl py = 1,03 - 103 kr/ m3.

353. HaliTn MHHIMaNbHYIO MacCy TPy3a, KOTOPBIH HYXHO
MOJI0XKHUTb Ha MJIOCKYIO JbAHHY, YTOObl OHa MOJHOCTbIO TTOrPy-
3unach B Bony. [liomanp abauee S = 1 M2, ee TomupHa d =
= 20 cM, IOTHOCTD abla p; = 0,92 - 103 kr/m3, naotHocTs
Bogbl py = 1,0 - 103 kr/m3.

354. Kakum nomkeH GuITh MEUHHMAaAbHBIE 0GbeM MOJOCTH
V|, xeJse3Horo 6ys 1S TOro, 4yTo6bl OH MOr 11aBaTh Ha 10-
BepPXHOCTH Bogbl? O6beM 6ysa V, nIoTHOCTD XKefe3a p;, WIOT-
HOCTb BOJBI po.

355. Ha koHuax nerkoro ctepxHs JaHHOH [ = 20 cM mo-
MellleHb! [Ba LI1apHKa: NepBblil U3 CBHHLA, BTODOH M3 aJIOMH-
uus. CTepkeHb LIAPHUPHO 3aKpeMnJeH NocepefinHe U ONyLIeH
B BOLY, IJleé OH HAaXOLHTCS B PaBHOBECHH, 3aHHMasi TOPH30H-
TaJbHOe NojoxeHHe. Ha CKOABKO HYXHO MepeasuUHYTb 0O
CTepaKHIO BTOPOH WApHK, YTOOb PaBHOBeCHe BOCCTAHOBUIOCh
B Bosnyxe? TlnotHocts cBuHUa p; = 11,3 - 103 kr/m3, amo-
MuHHS po = 2,7 - 103 kr/m3, Bonut py = 1,0 - 10° kr/m3.

356. Cocyn ¢ Bojno¥ ypaBHOBelleH Ha ONHOW M3 uailiex
pbluaKHbIX BecoB. B cocyn onycKaloT noiBenleHHbIH Ha HUTH
MeTa/IHYeCKUii 6PYCOK MacCOl m TaK, YTO OH OKa3blBaeTCH
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NOJIHOCTBIO MOTPYXKEHHBIM B BOJY, HO He KaCcaercsi CTEHOK M
IHa cocyna. I'py3 Kako# Macchl U Ha KaKY10 HalKY Hafl0 MOJ0-
KHTb, 4TOObl BOCCTAHOBHUTb paBHoBecke? [110THOCTL MeTas-
J1a py, BOH pPo.

3%7. Ha gamax norpyeHHBIX B BOLY PaBHOIJEYHX BeCOB
HaXONATCH aMiOMHHHEBHIH U KeJe3HbIH WWaphl, Macchl KOTO-
PHIX ONMHAKOBH H paBHBl m. OnpeneauTb MacCy CNJIOLIHOTO
IIapa M3 MefH, KOTOPHH Hajo A06aBMTb /ISl BOCCTaHOBJIEHUS
paBHoBecus. [lnoTnocTh amomunus p; = 2,7 - 103 kr/m3,
xenes3a p, = 7,9 - 103 kr/m3, menu pg = 8,9 - 103 xkr/ M3,
ponsl py = 1 - 103 kr/m3.

358. K xopoMuic/ly paBHOM/IeYHX BECOB MOABELIEHbl ABa
CTUIOMIHBIX ORHOPOLHBIX IIApHKa PaBHOW MacChl, CHeJaHHBIX
M3 pasHbIX MarepHanoB. Ecan onHOBpeMeHHO MOMECTHTDb OAHH
M3 LIapHKOB B JXHAKOCTb TIOTHOCTbIO p; = 1 - 103 kr/m3, a
APYToil — B KHAKOCTb TIOTHOCTBIO py = 0,8 - 108 kr /M3, To
paBHOBecHe coxpaHHTcA. CYHTas, 4YTO TJIOTHOCTH LIAPHKOB
60JibllIe MJIOTHOCTEH XKHUAKOCTEH, HAaUTH OTHOLUEHHE NJOTHO-
cTed LIapUKOB.

359. Mertanauyeckuii 6pycoK NJaBaeT B COCYAE, B KOTO-
pbIH HaJKWTa PTYTh, a NIOBepPX Hee — Bofa. IIpu 3TOM B pTYTh
6PYCOK MOrpyxeH Ha oy = 1/4 cBoeil BEHCOThI, a B BOLY — Ha
a9 = 1/2 sbicoThl. Halitn nmiotHOCTb MeTa1a. [110THOCTD pTY-
™ p, = 13,6 - 103 kr/ M3, nioTHOCTL Bomkt py = 1 103 kr/ M3,

360. [1raBatoliiee B PTYTH TeJIO NOTPY»KeHo B Hee Ha g = 0,25
cBoero o6beMa. Kakas yacth n9 o6beMa Tesa 6yner norpyxeHa
B PTYTb, €CJIH NIOBEPX PTYTH HAUTh CJOH BO/B!, IIOJHOCTBIO 3aKphI-
BatomHit teno? IlnorHocTs pTyTH py = 13,6 103 kr/ M3, Bofbl
po = 1,0 - 103 kr/m3.

361. B upnHHAPHYECKHX COOGLIAKUIMXCA COCYAaX Haxo-
murcs pTyTb. OTHOLIEHWe [MaMeTpPOB COCYNOB n = dl/dz =
=0,25. B y3KkHil coCyl HalHBAlOT BOAY; BbICOTA CTO6A BOAB!
h = 80 cm. Ha ckoabko onmycTUTCH ypOBeHb PTYTH B Y3KOM
COCYZle ¥ Ha CKOJIbKO OH MOAHKHMeTCS B LIKpOKoM? [110THOCTH
o py = 1,0 - 108 kr/wm3, prytu py = 13,6 - 108 kr/m3.

362. B coobuamwupecs cOCyAbl HaJHTa PTYTh, NOBEPX
KOTOpOH B OIMH U3 COCYNOB HaauTa Bojga. Passoctb gfposneﬁ
pryTH Ak = 20 mm. [lnorsocTs pryTu py = 13,6 - 10° kr/ M3,
BOJbl po = 1,0 - 103 kr/m3. HaiiTi BBICOTY CTo6a BOJBL.

363. B n18yx coO6IAILKUXCA LHIHHIPUYECKHX COCYLAX
C OJHHAKOBBIMH TIOMEepeyHbIMHY CeHeHHAMH MJIOWAanbl S =
=1 - 1072 M2 naxomutcs pTyTh. B ONHH H3 COCYNOB NOBEpX
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PTYTH Ha/JMBAalOT Bony Maccolt m; = 20 Kr v OonyCKaloT B Hee
nJaBath Ipy3 Maccoit mg = 7,2 kr. Ha ckosbko nopHumercs
ypoBeHb pPTYTH BO BTopoM cocyne? ILnoTHOoCcTh pPTYyTH p =
=13,6 - 103 xr/m3.

364. lllapuk maccoft m = 40 r nnaBaeT B OOHOM M3 IBYX
OIMHAKOBBIX LHJIHHAPHYECKHX COOOGLIAIOMMXCH COCYAOB, 3a-
noaHesHuX Bopok (puc. 133). ITaomans nonepeyHoro ceye-
Hus Kaxporo cocyza S = 20 cm2. Ha CKOMBKO M3MeHHMTCS
ypOBeHb BOJbI, €CAH BLIHYTb WapHK? [110THOCTL BOObl p =
=1,0r/cMs.

Puec 133 Puc 134

365. [Ipa UMAHHAPHYECKHX COCYAA COEAUHEHH Y IH3 TOH-
Koit Tpy6Koii ¢ kpanoM (puc. 134). OnuH cocyn MeeT oAy
nonepeuHoro cedenus S; = 15 cm2, Bropoit — Sy = 5,0 em2.
CocCyzinl 3anmoJIHEHH BOROH: MEPBHIE 10 BHICOTH A; = 20 cMm,
BTOPOH 10 BLICOTH Ay = 40 cM. KakoB 6yneT ypoBeHb BOfibl B
COCYMiaX, ec/ii OTKPHTb KpaH K B coeiHHHTENbHON TPyOKe?

366. Jletanp 0T/INTA K3 CTJIaBa XKene3a H Hukeas. Onpene-
JIHTb, CKONMbKO TPOLEHTOB MO 06beMy COCTABJSIOT XKese30 M
HHKeJb, a TaKXKe 00beM BCeH [eTanH, eclii B BO3AyXe NeTalb
BecHt Py = 33,52 H, a B Boge — Py = 29,60 H. [lnoTHOCTD
xenesa p; = 7,9 - 103 kr/ M3, uukens py = 8,9 - 103 xr/m3,
Bomu py = 1,0 - 103 kr/mM3. ApxuMenioBy ciay B BO3ZlyXe He
YUHTHIBaTb.

367. bpacner maccoit M = 80 r cnenaH u3 cnyaBa 30J10Ta
" cepe6pa. BuuucauTb Maccy 30710Ta, cogepxatierocs B 6pac-
JleTe, pacnoiarasi CJefyOUHMH JaHHEMH: MJIOTHOCTb 30J10Ta
p1 = 19,3 r/cM3, mnotHocTh cepe6pa py = 10,5 r/cm3; npu
NOTpYXeHHH 6pacyieTa B BONY, HaXOAALIYIOCH B COCYLE C Bep-
THKaJbHBIMH CT€HKaMH H TUIOLIANbI0 OCHOBaHUA S = 25 cm?,
ypoOBeHb BOALI MOAHHMaeTcs Ha A = 2,0 MM.
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368. CornacHo xeJaHHI0 CUPAKy3CKOrO BaacTHTENs, APXH-
MeJl LOJKeH OblJ Onpelie/IHTh COfepKaHHe 30J0Ta B KOpOHe,
COCTOSILLEH H3 30JI0TBIX U CepeOpPsIHBIX YacTel, He pa3pyuias
ee. Ilast aToro Apxnmen B3BeCH/ KOPOHY B BO3AyXe H MOJy4H/
Bec P; = 25,4 H, a 3atem B Boze, nonyurs Bec Py = 23,4 H.
3Hasi JIOTHOCTD 30/10Ta, cepebpa U BoxH (COOTBETCTBEHHO
p; =193 1/eM3, py = 10,5 r/cem3 n pgy = 1,00 r/cmd),
OnpefenHThb, Kak U ApXHMe[, MaccCy 30JI0Ta, COAEPHKALLErocs
B 3TOH KODOHe. Y CKOpeHHe cBOOOIHOTO Nafile s CYNTaTh paB-
HeM g = 10,0 M/ c2.

369. B nuanHaprHYecKoM cocyae ¢ He CMelHBalOLIeHCs ¢
BOJIOH XHIKOCTHIO, TUIOTHOCTb KOTOpPOH p = 1,2 r/cm3, npu
teMneparype ¢t = 0 °C nnasaeT nbguHKa Maccoi m = 1 kr. Ha
CKOJIbKO H3MEHHTCS] yPOBEeHb 3TOH XKHAKOCTH B cOCyle, KOTAa
nbauHKa pactaet? [Tnowans ocHosaHus cocyna S = 0,1 M2,

370. Tennoxon, BOAAS B raBaHb, BHIPY3HJ 4YacTb IPy3a;
NPH 3TOM €ro ocamka yMmeHblmujach Ha h = 0,6 M. Haidtn
Maccy rpy3sa, 0CTaB/JeHHOI'O TEMJIOXOLOM B raBaHH, eC/H IJIO-
adb MOMEPeYHOro CeyeHHsl TelJIOXOla Ha ypOBHE BaTepJH-
HiH S = 5400 M2. TlnoTHoCcTb Bombl P = 1 - 103 kr/m3.

371. OnpenenuTh HAHMEHbIYIO TJIOALb JIOCKOH JIbAHHbI
tTomuuHo# d = 40 ¢cM, crnoco6Ko¥ ynepKaTb Ha Boze desioBe-
Ka Maccoit m = 75 kr. [lnoTHocTs baa p; = 0,9 - 103 xr/m3,
BOABI §2 =1-103% kr/m3.

372. Ha nnoty, coctosieM H3 n = 20 oaMHakoBHX 6peBeH,
MOXHO [1epeBO3HTb I'Py3 MakcHMaabHOH Maccoil m = 1800 kr.
OnpeneayTh MAOTHOCTb APEBECHHBl, eCAX 06beM_Kaxaoro
6pesHa V = 0,3 M3, a noTHOCTb Bowl py = 1 - 103 xr/m3.

373. IIns B3ATHA npo6bl IPYHTA Ha AHO OKeaHa Ha CTaJb-
HOM TpOCe onyckaioT npubop. Ha#iti npenensdyio ray6uny
MOTPYKEHHS, ecsy TNpenes TMPOYHOCTH HA pPas3pHB CTaH
Onp =48 108 IMa. Macco# npuGopa 1o CpaBHEHHIO ¢ Maccoil
Tpoca mpexe6peus. [TnotHocTs ctamd p; = 7,8 -+ 103 kr/m3,
TIOTHOCTb OKeaHCKO# Bombl py = 1,03 - 103 xr/mM3.

374. Macca wapa-30HAa3, BKAIOYAS Maccy rasa B HeM,
m= 50 kr, a o6veM V = 110 m3. lllap cBsizan ¢ 3emJeil
BepesKoil. [InoTHocTb Bosmyxa p = 1,3 xr/m3. Kakoso Hars-
XeHHe BEepPeBKH, KOTZla OHa: HaXOMHTCA B BePTHKaJbHOM IO-
JI0XKEHKH; N0J IeHiCTBHEM BeTpa OTKJIOHH/ACh Ha yroa a. = 30°
OT BEpPTHKaMH?

375. ToHKHE OTHOPOIHBIH LIHAUHAPHUECKH CTePXKEHb BepX-
HHM KOHLIOM KpenuTCA K WapHHpy. CHH3Y NOJ CTePX€EHb MOJ-
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BOIMTCSA BaHHa ¢ BONOH. CTepkeHb
HaKJIOHSETCH TaK, YTO B BOJe Ha-
XOOUTCA NOJOBHHA €ro JJHHbI
(puc. 135). OnpeneaHTs MIOTHOCTD
MartepHaia crepxHs. [110THOCTD
Bomsl p; = 1,0 - 108 kr/m3.

376. B osepe Ha raybuhe h =
= 5,0 M HaxoNHTCH TEJO Maccoy
m = 2,0 kr ¥ o6bemoM V =1,0 x
x 103 cm3. Kakas pa6ota fo/mkHa
ObiTh COBEpUIEHA NMPH ero Moxbe-
Me Ha Boicoty A = 5,0 M Han mno-

Puc 135 BepxHOCTblo Boab? [lnoTHOCTD
- Bomel p = 1,0 - 103 kr/m3.

377. Co nHa Bomoema ry6uHOH A = 11 M nmOonbeMHBIM
KPaHOM paBHOMEpDHO NOZHHMAKT O6eTOHHBIH KyO MaccoH
m = 2200 kr. OnpeneauTh MexaHHYecKywo padoTy IO MOAbe-
My 3TOro Ky6a L0 KacaHHs ero BepXHeH IPaHH NOBEPXHOCTH
ombl. [TnoTHOCT, GeTona p; = 2,2 - 103 kr/m3, Bomnt py =
=1,0 - 108 kr/m3.

378. OnHopogKsasi mpsMas NpH3Ma, TIOWIab OCHOBaHMSA
koTopo#t S = 1 M2 u BhcoTa A = 0,4 M, NIaBaeT Ha MOBePXHO-
CTH BOJIbl TaK, YTO B BOJIE HAXOAHTCS MOJIOBHHA ee o6bema. Hal-
TH MHHHMaJbHyl0 paboTy, HeoOXOOHMYIO Uil MOJHOIO MOrpy-
KeHHst NPHaMbl B Bony. [lnotHocTb Bogw p = 1,0 103 xr/ m3.

379. Ha kakyo ry6HHy NMOTPY3HTCS Teslo NIPH NaneHHH B
BOZY C BBICOTH F M 32 KaKoe BpeMsi OHO BCII/IBIBET HA MOBepX-
HOCTb? TpeHHe Tesna o BO3AyX W BOAY He YYHTHBaTb. [110T-
HOCTb BOMbI Py, TMJIOTHOCTb Tea py < p;. HawanbHas cko-
pocTb Tesa vg = 0.

380. C kaxo# BHICOTH NMaja’n WAapPHK, eCJH OH NOTPy3HIcs
B BONY Ha riiy6uny h = 0,1 M? [1noTHocTh wapHka p; = 0,4 x
x 103 kr/m3, ero HauanbHas ckopocth vy = 0, TMIOTHOCTH
Bombl pp = 1,0 - 103 xr/m3. Conporusnennem Bosmyxa
BOAbI NpeHebpeub.

381. CnowHO# ORHOPOAHBIH CTeKJSHHbIH WApPHK 06be-
mom V = 0,5 cm3 paBHOMepHO nanaer B Bofe. Kakoe konnye-
CTBO TeNJOTH BbIAEJHTCH TNPH NepeMelleHHH IIapdKa Ha
h =6 m? TlnoTHOCTb cTekna py = 2,5 - 103 kr/ M3, Bomsl py =
=1,0 - 103 xr/m3.

382. Cxonbko Oynet BecuTb rups maccolr m = 1,0 xr,
B3BellMBaeMasl Ha NDYXXHHHbIX Becax B rOHAOJE€ a’3pocTaTta
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Mpu €ro paBHOYCKOPEHHOM MOAbEME, eCJIH Macca FOHLOJb €
o6o0ukoit M = 500 xr? O6osnouka umeer o6bem V = 1000 m3
W Hallo/IHEHa BOLOPOLOM, IOTHOCTD Kotoporo p; = 0,10 kr/m3.
T1oTHOCTD BO3RYXA py = 1,3 kr/m3.

383. Pe3nHoBHIE Msiu, Macca KOTOpPOro m ¥ paguyc R,
NOTpy»KaloT NOA BOAY Ha rIy6HEY A W OTIycKawoT. Ha Kakyio
BbICOTY, CUMTasi OT NOBEPXHOCTH BOAbl, MOANPLITHET MAY?
[TnoTHocTh Bozkl p. COMPOTHB/IEHKE BOAK M BO3AyXa NPH ABH-
KEHHH He YUHTbIBAThb,



II. MOJIEKYJISPHAS! ®U3UKA

6. OCHOBbI MONEKYNAPHO-KMHETUYECKOW
TEOPUWU. UREATIbHbLIN TA3

MeTtoanuyeckune yKa3aHuA K pelieHno 3aaau

3ajaud Ha ra3oBble 3aKOHbl MOXHO pellaThb MO CJedylolue-
My TNJIaHy.

Ecan B 3anaue 3azaHo OfHO cOCTOsIHHe rasa U TpebyeTcs
onpenesnTb KakoH-1H00 nmapaMeTp 3TOrO COCTOSHHSA, HYXHO
BOCMOJIb30BaThcA ypaBHeHHeM MenneneeBa—KinanefipoHa.
Ecau 3HaueHHs faBiieHHs B 06beMa SIBHO He 3a/laHbl, UX BHpa-
JKAIOT Yepe3 3aflaHHble BeJHUYHHBI, MOACTABJISAIT B 3allMCaHHOe
ypaBHEHHeE H, PelIHB ero, HaxoAAT HeH3BECTHbIA MapaMeTp.

B ToM csyyae, KOTZa B 3afaye pacCMaTpHBAIOTCA [Ba pas-
JHYHBIX COCTOSIHHSA a3a, HY)KHO YCTaHOBHTb, H3MEHAeTCH JIK
Macca ra3a [py Nepexole U3 ONHOTO COCTOSHUS B [pyroe.
Ecnu Macca rasa octaercsl NOCTOSTHHOM, MOXKHO 3alHcaTh ypas-
HeHue Knaneiipona (ypaBHenHe o6belnHeHHOrO ra3oBOro 3a-
koHa). Ec/iM e 1pH MoCTOsHHOM Macce B JaHHOM mpouecce
He U3MeHsleTcsl Kako#-1n60 u3 napametpos p, V uuu T (nas-
NieHHe, O6BEM, TEMIIEPATypa), IPHMEHSIOT ypaBHEHHE COOTBET-
ctBytowero 3akoHa (Ie#i-Jlioccaka, llapna wan Borns—Ma-
proTta). EcaiM B ABYX COCTOSIHMAX Macca rasa pasHasi, 4Js
KaXIO0r0 COCTOSTHUSA 3aMHCHIBAOT ypaBHeHne MeHzeneeBa—Kna-
nelpoHa. 3aTeM CHCTEMY YpaBHEHWH pellaloT OTHOCHTENbHO
ACKOMOH BeJHYHHBL.

MoaspHylo Maccy BelecTBa MOXHO HAHTH C MOMOLUbIO
NepHOLHYECKOH cucTeMbl 31eMeHToB J{. M. Menpeneesa. Ha-
npuMep, XuMHyeckas Qopmyna yriexucsaoro rasa COq. Ilo
TabJHlUe HaXOAHM, YTO OTHOCHTE/bHAasl aTOMHasl Macca yrie-
pona MpHOJAH3KWTENbHO paBHa 12, kuciopoxa — 16. 3Hayur,
OTHOCHTENbHAS MOJIEKYJIipHasi Macca yrJeKHcJoro rasa
M,=12 + 2 - 16 = 44. CnenoBatesbHO, €ro MOJsipHast macca
M =44 - 1073 xr/ mous. )

[Ipy pelueHHH 3afay Ha NMapbl ¥ BJAXKHOCTb NMPHMEHSIOT
3aKOHbl MpeanbHoro rasa (Boins—Mapuotra, Feii-Jlioccaka,
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[Hapas, [anbToHa), ypaBHeHus KnaneiipoHa, MeHnesneesa—
Knanefipona. OnHako HY»XXHO 06paTHTb BHUMaHHE Ha CJenylo-
e 0co6eHHOCTH:

1) mapaMeTpbi IBYX PasJHUHBIX COCTOSIHUE HACBIILIEHHOrO N1apa
He MOAYHHSAIOTCA 00beHEHHOMY Ta30BOMY 3aKOHY, TaK KakK B
3THX COCTOSIHHSIX HACHILL|EHHBIHA Map UMeeT pa3JHuHYyl0 Maccy;

2) 1o 3anaHHOM TeMnepaType HACHILEHHOrO Mapa MOXKHO,
MOJIb3ysich TabJIULAMHK, HAaHTH ero MJIOTHOCTb U NaBJ€eHHE;

3) 1o 3anaHHOi Temnepatype T| HEHACHILIEHHOrO Mapa H
ero To4ke pochl T, MOXHO ¢ MOMOLWbl0 Ta6IHL HaHTH a6Co-
JI0THYIO BJIa)KHOCTb TaK KaK NpH TemnepaTtype T, 5TOT nap
CTaHeT HacChILEHHbIM;

4) napaMeTpbl KaXA0ro COCTOSHHS HACHILIEHHOTO Napa CBsl-
3aHbl MeXly co60l ypaBHeHHeM MenneneeBa—Knanefipona.

B 3ajayax, CBI3aHHBIX C CHIaMH NIOBEPXHOCTHOT'O HaTsXKe-
HHA, HeOGXOAHUMO YYHTHBATDb, YTO 3TH CHJIbl HAaNpaBJeHbl BAOJIb
MOBEPXHOCTH XKHAKOCTH NePrneHANKYIAPHO JHHHY, OTPaHHYH-
Balolllel 3Ty NMOBEPXHOCTb, H CTPeMATCA COKPaTHTL ee. B ka-
NUIISpax CMavdBalollye XUAKOCTH MOAHHMAIOTCSA, 3 HecMa-
YHBalOLUIHe — OMYCKAITCA.

OcHOBHbIe 3aKOHbI U (POpMynbI

Koauuecmso sewecmsa
m_- N

YVEM TN

rae m — Macca Betuectsa; M — ero moaspHas macca; N — uucio
Montekys; Np — noctosnuas Asoragpo: Ny = 6,02 - 102 moms™!.

OcHosHOe ypagHeHue MONEKYALPHO-KUHEemU4eckou meopuu
udearvHoz2o 2a3q:

1 2
p= ~mO"(”KB) ’
3
rae p — AaBJieHHe rasa; mg — Macca MOJIeKYJbl; 1 — KOHUEHTPALHs
MONeKYJ; (v,,) — CPedHsAst KBaAPAaTH4HAs CKOPOCTH MOJIEKY.I.
Cpednas keadpamu4unas CKOPOCMb MOAEKYA 2a3Q

<UKB) = \/@z J—%T»

rae <02) — CPe[HWH KBApaT CKOPOCTH MOJEKYJ]; & — rOCTOSAHHAsA

Boabumana: £ = 1,38 - 10723 Ik /K; T - TepMOAHHAMHYECKAs
(a6comoTHas) Temnepatypa rasa.
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Cpednas KuHemuyeckas dHepeus NOCMYyNamesbroeo dsuxe-
HUA MOAEKYAbL 2a3a

(Ey=34T.
2
3asucumocme 0asreHus 2asa om KOHUEHMPARUU €20 MOAe-
Kya u memnepamypb. Bhpa)kaeTcst GopMyJon

p = nkT.

Ypasnenue cocmosanus udearvroeo easa (ypasnenue Mende-
sreega—~Kaaneipona)

V=mpT
Pr=m

rae p — RasjeHue; V — obbem; m — Macca rasa; M — moaspHas
Macca rasa; R — ynusepcanbHas (MonfipHasi) rasoBas NocTofHHAS:
R = 8,31 Jx/ (Moas - K); T — TepmonuHamMHueckas TeMIepaTypa rasa.
3akon boidaa—Mapuomma: pns rasa faHHOH Macchl NpH Mo-
cTostHHOM Temnepatype (m = const, T = const — H30TepMUdecKuil
npouecc)
pV = const.

Jns 066X ABYX COCTOSIHHMIA ra3a npy H30TEPMHYECKOM fpouecce
p1V1 = peVe.

3akon leid-Jlioccaxa: pns rasa faHHOH MacCHl NIPH NOCTOSIHHOM
gasnenud (m = const, p = const — H3obapuuikt npouece)

V=V +at)=VeaT, uan V/ T = const,

rne V — o6bem rasza npu ¢ °C; V) — o6bem rasa npu 0 °C; o — TeM-

" l -
nepaTypHbif K03hdHLHEHT 06BEMHOTO PACILHpEHHST: O = 73 K1 ms
BCEX ra3os.

Jlnsa niobbix EBYX COCTOSIHMH ra3a npH H206apHOM mpoliecce

W hn
T

3axon Ulapaa: pas rasa faHHOH MacCH NPH NOCTOAHHOM 06D~
eme (m = const, V = const — uzoxopHmlit npouecc)

p = po(l+yt) = pgyT, wm P/ T = const,

rae p — naBJieHHe rasa npu ¢ °C; pg — paeaenue rasza npu 0 °C; y —

TeMnepaTypHHH KO3()PHUHEHT AaBJeHHs: y. = 2—;3- K- pas scex
rasos.
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Jnsa 06X ABYX COCTOSHHMI rasa IpH M30XOPHOM mpouecce

ﬂ=p_2
n o

Ypasnenue Kraneiipona (o6vedunennviil 2a3o8oiil 3aKon): 15
rasa faHHoi Macchl (m = const)

pV/T = const.

Ins 1106HX ABYX COCTOSHHH

Py _ poVe
T [}

Tepmodunamudeckan memnepamypa
T =1+ 273,15,

rpe t — temnepartypa llenbcus. MiameHeHHe TepMOAHHAMHUYeCKOH
TeMIepaTyphl paBHO H3MeHeHHIO TemnepaTtypsl Lleabcus: AT = At.
Hopmanonoie ycrosus: naBnenve py = 101 325 Ia (760 MM pr. cT.),
Temnepatypa Ty = 273,15 K (0 °C).
3akon Jaremona: faBieHHe CMECH XMMHYECKH He B3aUMojed-
CTBYIOUIHX HAE€a/NbHbIX [330B PABHO CyMMe MapuUHa/ibHBX AaBJeHHH
3THX rasos:

p=pytpat .. tp,

OmnocumenrvHas 8AAKHOCMYb 8030yxa

¢=L1m%)
Po

rie p — napudajbHoe AaBJieHHe BOLASHOTO Napa, CONepKAUlerocs B
BO34yXe NpH LaHHOH TeMmepaType; py — AaBJeHHe HAaCHLIEHHOro
BOASIHOrO Napa NpH TOH XKe TeMneparype.

OTHOCHTENbHAA BAAXKHOCTb MOXKET GbiTh ONpeseeHa TAKXKE Mo

dopmyae

(p = L . lm%,
Po
rae p — a6COAIOMHAR BAAHHOCMb 8030Jyxa NpH AaHHOH Temnepa-
Type (Benuuuua, paBHasi MacCe BOASHOrO Napa, COLEepIKailerocs B
I M3 Bo3nyxa); po — TVIOTHOCTb HACHILIEHHOrO BOASHOTO Napa NpH
TOH Xe Temmeparype.
Cura nogepxHocmHo20 HAMANCEHUS HUIKOCMU

F =ol,

rge ¢ — MNOBEPXHOCTHOE HATAXeHHeE, | — pyuHa TPaHULb! MOBEPXHO-
CTHOTO CJI0A XHAKOCTH.
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Boicoma nodusamus (Wnu onyckanus) xudkocmu 8 Kanuaiiape
_ 206cos®
h=
pgR

rfe B — KpaeBOH yroJ; g — yCKOpeHHe CBOGOZHOrO MajeHus; R —
paauyc kanuaasipa. [1pu nonsoM cmaunsannu 6 = 0, a npu noJHOM
HecMauMBaHuH @ = 180°.

»

Npumepsbl pelseHna 3agay

384. BuiuHCIHTL MacCy OFHOH MOJIEKY/b KHCJIOPOAA.

Pewmenne. BonHom mone mo6oro sewectsa (Teepno-
T0, XHAKOTO WJIH Ta3006pa3HOr0) CONEPHHTCH ONHO H TO XKe
YHCJI0 MOJIEKYJ WM APYTHX CTPYKTYPHHIX ennHul (Hanpumep,
aTOMOB, HOHOB), PaBHO€ YHCJIOBOMY 3HAYEHHIO MOCTOSHHON
ABorazpo

Np = 6,02 - 1023 monp~1,
Eciu M — MonspHasi Macca, TO Macca OHOH MOJIEKYJIhI
mqg = M/NA (1)

Jlns kucaopoga M = 32 - 1073 kr/ Mosib. CirefoBaTenbHO,
Macca OfIHO MOJMEKYJH Kucopona mg = 5,3 - 10726 kr.

Mo dopmyne (1) MOXKHO HaliTH Maccy ONHOH MOJEKYMH
n1060T0 BeLeCTBa, 3Hasi €r0 MOJISAPHYI0 Maccy.

385. 3a Bpems t = 10 cyT H3 CTakaHa MONHOCTbIO HCAPH-
aocb m = 100 r Boabl. CKOJIbKO B CPeHEM MOJEKYJ BbIIETAN0
C TOBEPXHOCTH BOAH 33 1 ¢? _

Pew e Hue. [lycth B cTakaHe conepxkanocb N Mmone-
KyJa Bonbl. Torga 3a Kaxayio CeKyHAy BHJIETalo B CpefHeM
n = N/t monexyn. OueBnsiHo, yt0o N = VN4, rie v — KoJau-
4eCTBO BelleCTBA BOALI B cTakaHe. [10ckobKY Macca Boanl m,
T0ov=m/M, rne M= 181073 xr/Monb — MONspHas Macca
Bonbl. CnenoBaTeNbHO,

~MNA 41018 -l
n=—g=.n 4 -10%° ¢

386. PeanHoBHI# 113ap COLEPXKHUT 2 N1 BO3LyXa, HAXOAS-
werocs npu temneparype 20 °C 1 atMocdepHOM naBAEHHH
1 - 105 IMa. Kakoii 06beM 3afiMeT BO3LYX, ecqH Liap GyneT
onyiueH B BoLy Ha ray6uny 10 m? Temnepatypa Bonu 4 °C.
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Boicoma noduamusn (nav onyckanus) xudkocmu 8 Kanusiipe
_ 20c¢o0s6
h = 8B T

pgR

rae @ — KpaeBoH yroJ; g — ycKOpeHHe CBOGOFHOro najeHus; R —
paauyc kanuaasipa. [1pu nosxoM cMaunsanuu 6 = 0, a npu noJHOM
HecMauuBaHuu 9 = 180°.

»

Npumepbl pelueHUsa 3anayd

384. BbiuHCIHTL MacCy OFHOH MOJIEKYJIbl KHCJIOPOAA.

Pewenne. BoanHoMm mone m1060ro sewectsa (TBepno-
T'0, XKHIKOTO WJIH Ta3006pa3HOr0) CONMEPIKHTCH OHO H TO XKe
YHC/I0 MOJIEKYJ MJTH APYTHX CTPYKTYPHBIX enuHull (Hanprmep,
aTOMOB, HOHOB), PaBHO€ YHCJOBOMY 3HAYeHHIO MOCTOSHHOM
ABorazpo

Np =6,02 - 102 monn1.
Ecau M — MossipHasi Macca, TO Macca OfHOH MOJIEKYJhl
mg = M/NA (1)

Ilas xucnopona M = 32 - 1073 kr / MOsb. Cef0BATENbHO,
Macca OJIHOH MOJMEKYMH KHcnopona mg = 5,3 - 10726 kr,

Mo dopmyne (1) MOXKHO HaliTH Maccy ONHOH MOJEKYMH
nM060ro BellecTBa, 3Has €ro MOJNSPHYIO Maccy.

385. 3a Bpems t = 10 cyT H3 CTaKaHa MONHOCTbIO HCIAPH-
aock m = 100 r Bogpl. CKOJILKO B CpeiHEM MOJIEKYJl BbIJIETAJIO
C MOBEPXHOCTH BOAH 3a | ¢? _

Pew e Hue. [lycth B cTakaHe conepxanoch N Moae-
KyJ Boasl. TOrAa 3a Kaxaylo CeKyHAY BbUIETANO B CpefiHEM
n = N/t monexyn. OuesnnHo, uto N = VN4, rne v — KoJau-
4eCTBO BEIIECTBa BOAbl B cTakaHe. [1ockonbKy macca Bonn m,
Tov=m/M,rne M=18-1073 kr/monb — MOJIIpHas Macca
Bonbl. CnenoBaTelbHO,

MmNy 41018 o1
n=—s.n 1010 ¢—L,

386. Pe3nHOBHIA Wap COAEPKHT 2 N1 BO3NYXa, HAXOMS-
werocs npu temneparype 20 °C n aTMocepHOM NaBIEHHH
1 - 105 IMa. Kakoit 06beM 3aiiMeT BO3LYX, ecaH Liap GyneT
onyiueHd B BOAy Ha ray6uny 10 m? Temnepatypa Boau 4 °C.
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JlaBnenvem, 06ycC/0BIeEKLM KPUBHU3HOH NMOBEPXHOCTH, Ipe-
He6peyb.

Pewmwesnue I[lycTs 1o norpyxesus B BOLY BO3LYX B
wape uMes o6vem Vy, Temnepatypy T, faBieHue p, a nocae
MOTPYXEHHA — cOOTBeTCTBeHHO Vo, To, po. [lockonbKy Macca
BO3JlyXa He U3MeHsleTCfl, TO BHIIOJHAETCH OObeAUHEeHHbIH ra-
30BbIN 33KOH:

Vi _ paVa

Ha ray6ure A nonHoe nasieHye
P2 = PEh + Pans

rne p=1- 108 kr/mM3 — nnoTHocTs Bomel. [lom TakuMm xe
IaBJeKHeM 6yfeT HaXOAMThCA M BO3AYX B LIape, MOrPYKeHHOM
Ha 3Ty ry6uHy. {0 NOrpyXeHus NaBneHHe BO3AYXA P = Pury-

[lonctasus 3HaueHus p; ¥ pg B Gopmyay (1), noayuum
nocsie OYEeBHAHBIX NPe06Pa30BaHHi W BBIMHCAEHHH:

Paru¥1T2

- =q-10-4 u3
V2 TI(PE’H'Pam)’Vz 9-10 M*.

387. B 3anasgHHOH ¢ ONHOrO KOHIA JJIHHHON y3KOH CTek-
JSIHHOH TPy6Ke, pacnosoXeKHOH rOPH3OKTAAbKO, HAXOLAHT-
cfl CTOAGMK Bo3ayxa nanHol [, = 307 MM, 3anepThi# cTON6H-
KOM pTyTH LiuHo# [ = 216 MM. Kakoli 6yneT oJMHa BO3LyLI-
HOTO CTOJIOMKA, ecad TPYOKY NMOCTaBHTb BepPTHKAJbHO: OT-
BEepCTHEM BBepX; 0TBepcTHeM BHH3? ATMocdepHOe naBieHHe
Pary = 747 MM pT. c7. [InoTHOCTS pTyTH p = 13,6 - 103 K /M3
PTyTb H3 TPYOKH He BHIIMBaeTCH.

PeweHue EcnuTpybka pacnosnoxesa ropu30HTaIbHO
(puc. 136, a), 06beM BO3AyXa B 3aKPHTOH YACTH TPYOKH H ero
LaBJieHHe BHpPA3ATCA TakK:

Vi=1US, 01 = Dary

rie S — niaowaab NonepeyHoro ceyeKus TPyOKH.

Ecsim Tpybka pacrionoxeHa oTsepcTHeM Baepx (puc. 136, 6),
06beM BO3AyXa B 33aKDHITOH 4YacTH TPYOKH M ero naBjeHHe
PaBHH COOTBETCTBEHHO:

Vo = 13S, pg = parw + &L
rae P — IJIOTHOCTb PTYTH.
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Puc. 136

[TockonbKy Macca W Temmepartypa BO3flyXa He H3MeHSIOT-
csl, To, corjacHo 3akoHy Boins—Mapnorra, p;Vy = poVs,
HJIIH

Parul1S = (Pary + PEDISS.
Orciona

/!
ly = Parutl .
2 Paru + PE! ( 1 )

Ecau Tpy6Ka pacnosoxena orsepctiem Buu3 (puc. 136, 8),

o6beM BO3ayXa B 3alepTOH YaCTH H ero naBjeHHe BbIPasATCH
Tax:

V3 = I3S, p3 = paru — pEL
[To 3akony Bouas—Mapuorra py V| = p3V3, uan

Parul1S = (pary — PEN1S.
Orcrona

Iy = Panh (2)
Paru — PE!

ITonCTaBHB YHCIOBbIe 3HAYEHHS, ONYYHM: o = 238 - 1073 M,
I3=432 1073 m. '

3ameuasnue Pacueruse dopmyas (1) u (2) moxuo ynpocTurs,
BHPA3MB AABJeHHe CTON6A PTYTH BHICOTOM [ K aTMocepHoe LaBreHHe B
MHJAMMeTPax pTyTHOro ctonba. Toraa:

l
ly = Lal _ 938 yu, I = Pah 430
Pam t Parm —

OnHako, ec/iH 6b B TpyOKe Gblaa He PTYTh, a Kakan-1HO0 Apyras xHA-
KOCTb, TaKoe yNpolleHHe Hepo3MoxHo. Takidm obpasom, popmyan (1} u
(2) nBas0TCH O6WMM pelueHHEeM, IIPUIOGHBIM /st JI60H XKHAKOCTH.
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388. Cocyn, comepxawmit m; = 2 r reausi, pasopsasncs
npu temneparype ¢; = 400 °C. HaliTy mMakcuManbHyto Maccy
a30Ta, KOTOPLIH MOXKET XPaHUTbCA B TAKOM COCYJe IpH TeM-
nepatype ty = 30 °C ¥ nATHKpPAaTHOM 3anace MPOYHOCTH.

PeweHwue ][las reaus B MOMEHT pa3pbiBa COCyna
ypaBHeHHe COCTOSIHHA OyleT uMeTb BHJ

p V= %IRT], (1)

rge V — ob6bem renusa; M, =4 - 1073 kr/moas — ero MOJsip-
Has Macca; Ty = 400 + 273 = 673 K — tepMonnHaMuyecKas
TeMnepaTypa B MOMEHT paspblBa.

Jlnsi a30Ta B YCJOBHAX XpaHEHHS] yYPaBHeHHe COCTOAHUSA
3anuieTcs Tak:

poV = —/’Ef;mb, (2)

rne Mo = 28 - 1073 kr/moab — MoasipHas Macca a3oTa;
To= 30 + 273 = 303 K — temneparypa asora.
Pasnenus nounenHo pasenctso (1) Ha (2), noayuum

o mTiMy
p2  mTeM,
Orcrona
—_ mhiMy
= — 2z 3
i LM (py/ ps) (3)

Ilopcrasus B q)ong.ny (3) uncaoBble 3HAUEHHA H 12 / pPo =9,
HaligeM mg = 6 - 107° kr

389. baanoH comepXHT CKaThlii ra3 npd TeMmnepatype
ty = 27 °C u naBaenuu p; = 2 Mlla. Kakoso 6yner naenenue,
ecsu U3 GansoHa BHOycTUTh 1 = 0,3 Macchl rasa, a TeMnepa-
TYpPY MOHH3UTb J0 tp = 12 °C? _

PeweHue PaccMOTpHM 1Ba COCTOSIHMA rasa: 1o
pa3pexeHus u nocie, KOTAa octanoch 1 — n Maccel. [Tapamer-
phl KaXJ0ro U3 3THX COCTOSIHMH CBSi3aHbl ypaBHeHHeM Mek-
nejeeBa—Knaneiipona:

_m _(I-nm
p1V = 4 RTy, poV = ——RT),

rie V — obbeM rasa; m — macca; M — MoasipHas macca; py,
Ti, pa, T9 — cOOTBETCTBEHHO JaBJieHWe W TeMrepaTypa rasa

JI0 ¥ nocJie BbIyCKa.
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PaspesnvB nouneHHO nepeoe pPaBEeHCTBO Ha BTODPOE, MOJY-
UM
AP [
py  (-nTy’
OTKyZa
py=1=neily ’;I)PITZ’, po =1 Mla.

390. l'as HaxoauTCA B LMJIHHApPE N0J HEBECOMbIM IOpLU-
HeM, MJowanb Kotoporo S = 100 cm2. Ilpu Temmepatype
T, = 280 K na nopuiexb noJ0XH/H rupto Maccold m = 10 xr.
IIpy 3ToM mopiueHb HecKobKO omycTHIAcA. Ha ckombko HyX-
HO HarpeTb ra3 B LHJIHHApe, uTOObl MOpPLUEHb OKa3ajcs Ha
npexHel Bbicote? ATMocdepHoe paBnenne p; = 101 klla.

PeweHue B nepsoHaualbHOM COCTOSHHH H mocie
HarpeBaHHA ra3 3aHMMaeT OfiMH U TOT Xe o6beM. Macca rasa
nocrosiiHa. Cile0BaTe/1bHO, HA OCHOBaHHH 3akoHa lllapss

p1/ Ty = pe/To, (1)

rae py, Ty, po, To — COOTBETCTBEHHO AaBJIeHHe H TeMIepary-
pa rasa B HayaJbHOM M KOHEYHOM COCTOSTHHSAX.

['upst Maccoil m, noJoXKeHHas Ha MoplleHb, CO3[aeT 106aBoY-
Hoe JlaBeHHe p = mg/ S, nostomy po = p; + p = p; + mg/S.
Ioacrasus 310 3HaueHHe B Gopmyay (1), moayunm

ho_ 1 mg)
a1 + 5
OTKYynad

AT=T2—T1='—n§g-‘;17:‘~, AT =27 K.

391. HavepTtuth rpaduk H3MeHeHHs NJIOTHOCTH rasa B H30-
6apHoM mpouecce ¥ rpadHK 3aBUCUMOCTH MJOTHOCTH rasa ot
AaBJeHHsl B U30TePMHYECKOM IpOLecce.

Peuwenue U3 ypaBuenns Menneneepa—Knaneiipona

m
pV = "MRT,
yuuThiBas, uto m/ V = p, Nony4HM BhlpaXKeHHe LA MIOTHO-

CTH rasa:

_ oM
p_RT’ (1)

orciona pT = pM/R.
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Vi Vg

U T 7 P
Puc. 137

Ipu n3o6apHoOM npouecce npasas 4acTb paBeHctsa (1) ecTb
BeJHuHHa nocrosHHasA. CaenoBartenbHo, pT = const. [Tosto-
My rpaMK H3MEeHeHHs MJOTHOCTH rasa B U306apHOM mpouec-
ce 6yneT MMeTb BHJ, MOKa3aHHbIM Ha pHc. 137, a.

Ecan npouecc nsotepmudeckuii, To U3 popmy.nt (1) nony-
UHUM

pP_M
P

RT
B 3TOM BHIpa)KeHHH NpaBas yacTb — BeJHYHHA MOCTOAHHAR
npu T = const. [Tostomy p/p = const. CienoBaTedbHo,
rpapMK 3aBHCHMOCTH IJOTHOCTH P rasa OT [aBJeHHs p B
H30TepMHYECKOM IIpolecce npenctaBiager cobod MPAMYIo
(puc. 137, 6).

392. Tlpu remneparype ¢ = 36 °C naBreHHe HaCbILUEHHOr0
BOASIHOTO napa pg = 5,945 k[la. BaaxkHblil Bo3nyx mpH 3ToM
TEMMepatype, OTHOCHTEJIbHOM BaaxHocTH @ = 80 % M nasae-
uuv p = 101,3 x[1a 3anumaer o6bem V = 1 M3, Onpeneants
ero Maccy.

Pewenue MaccaBraxHoro Bo3ayxa paBHa CyMMme
MacChl m; BOASHOrO mapa W Macchl Mg BO3yXa:

m=m1+m2. (1)

[TycTb p; — naBsieHHe, KoTopoe okasbiBaj Obl BOASHOH map,
ecau 66 BO3AyX oTcyTcTBoBas (mapuyansHoe naBieHHe napa),
P9 — IaBJeRHe, KOTOpOE OKashiBas 6bl BO3AYX, eC1H Obl napa
He 6bi10 (MapuManbHoe naBieHHe Bo3nyxa). Toraa Mo 3akoHy
JanbToHa laBneHHe BJaXKHOro BO3fyxa p = p; + pg, OTKynla

p2=p - pr- (2)
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3anuuieM ypaBHeHHsl COCTOSIHHS AUTA 11apa H st BO3AyXa:
=M = M
piV = M RT, poV = M, RT, (3)

rie My, My — MossipHBIe Macchl COOTBETCTBEHHO BOASHOrO
napa u Bosayxa; T = (36 + 273) K = 309 K - repmonunamu-
yeckas Temnepatypa. M3 ypasnenuit (3) Haxomum:

- v _ v
my = piMy 7. mo = poMopr. (4)

Jlas/leHHe BOASTHOTO Nnapa p; = @pq, rae ¢ = 0,80 — otHo-
cuTesbHas BJaxKHocTb. [1o3TOMy, corsacHo paseHctBy (2),

po = p — @pg - [oficTaBUB 3HaueHHs AaBJeHHH Py H po B HOP-
myasl (4), nonyunm:

my = @po M %, mg = (p — @po)My %- (5)

Ha ocnosanuu dopmy. (1) u (5) Hailnem Maccy BJaaxHOTO

BO3AyXa:
_ thpo( ( p ) )
m=-2 M+ 22— =1 M |.
RT 1 PPo 2

[MopcTaBus B 3Ty hopmy.sy YHCI0BbIE 3HaYEHHS 331aHHbIX Be-
avuud 1 My = 18 - 1073 kr/mons, My = 29 - 1072 xr/ Moas,
R = 8,31 Ix/(monb - K), nonyuum m = Ikr.

393. B sakphiToM cocyne BMeCTHMOCTbI0 V = 2 M3 Haxo-
autces my = 0,9 kr Bogbl ¥ my = 1,6 kr Kucjaopona. Hairu
LaBneHHe B cocye npu temneparype t = 500 °C, 3Has, yTo
IIpU 3TOH TeMrepaType Bcsl BOAA IpeBpaiaeTcs B nap.

Pewenue. Ilocne ncnapeHus Bojbl B COCYAE HaXOQUT-
Csl CMecb IBYX ra30B — BOJASIHOrO mapa W kucjaopoja. JlaeJje-
HHe CcMecH

p=p1+p (1)

rae p; — JAasjeHHe BOASAHOrO Napa; pg — JAaB/eHHe KHCJIOPOsa.
Y3 ypaBHenus Menpeneesa—KnaneiipoHa nmeem:

m m
p1 = v RT. P2 = 3y RT. (2)
Ha ochosanuu ¢opmya (1) u (2) nonyuaem
() @
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rne M; = 18 - 1073 kr/wmosb, My = 32 - 1073 kr/mosb —
MOJISIpHBlE MacChl BOASIHOTO Napa H KMCJIOPOJa COOTBETCTBEHHO.

Moncrasus B BoipaxkeHue (3) 4HCIOBble 3HAYeHHS, MOJY-
yum p = 3 - 10° [Na.

Ha ocHosanuu popmysinl (3) MOXHO NOYYHTb BhIpaXKeHHe
NI MOJIIPHON Macchl ra3oBod cMecH. [lepenuiem gopmyay
(3) B TakoM Buje:

[,
oV = (E+E)Rr. 1)

O6o3naunm tenepb yepe3s M, MOJSAPHYIO MacCcy CMecH H

3anuuieM ypaBHeHHe MeHpeneeBa—KnaneifipoHa nas cmecu:

pY = Tr e R 5)

Cpasuus Buipaxenust (4) u (5), Hailnem dopmyay nas Mo-
JAPHOI MacChl CMeCH NBYX [a30B:
___m+m
MCM - m/ My +mo/ My "

HerpynHo noka3aTb, 4To B c/ly4ae CMecH f Pa3IHUHBIX
ra3os 31a GopMyJia HMeeT BHI

my+mg +..+my,

Mew = m/ My +mg/ Mo +..+m,/ M’
rae my, mo, ..., M, — Macchl OT/AEJbHbIX [a3oB, COCTABJSAIO-
WHx cmecs; My, Mg, ..., M,, — MoJigpHBIE MaCChl 3THX ra3os.

394. BeuepoMm TeMmmepatypa Bo3ayxa 6ba ¢t = 16 °C,
OTHOCHTeJIbHas BAAXHoCTb 65% . Houblo TeMnepaTypa Bo3ny-
Xa roHH3uaachk 10 {9 = 4 °C. Buuta am poca? Ilpu temnepatype
16 °C nJI0THOCTb HAChILIEHHOrO BOASHOTO Mapa pg; = 13,6 1/ M3,
ampu 4 °C ~ pgo = 6,4 r/md.

PeuweHue HacblieHHsi nap — 370 nap, HMeHH
MaKCHMaJbHYIO MJIOTHOCTh NPH AaHHOH TeMmnepatype. IlosTo-
MY, 4TOGObI Y3HaTb, OblIA JIH POCa, HYKHO HaHTH IVIOTHOCTb p|
BOJASIHOTO 11apa MpH TeMrepartype !{ H CPaBHHTb ee C IJIOTHO-
CTbIO po HACHILEHHOTO BOASHOTO Mapa NpH Temnepatype lo.
Ecan py < pgo, Map KOHAEHCHPOBATbCA He OyAeT (He 6yner
pocbl). Ecan ke p; > pgo, TO poca Gyaer, npuyeM macca
napa, CKOHIeHCHpoBaBlllerocs U3 obvema V,

m ={(p; — po2)V.
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Tak kaK OTHOCHTe/bHasl BJIAXHOCTb @ = p;/poj, TO p; =
= @pg; = 0,65 13,6 r/M3 = 8,8 r/m3. CpaBHuBasn 310 3Haue-
HHe ¢ pog = 6,4 r/ M3, nenaem BuIBOA: poca 6blaa, NPHUEM H3
V = 1 m3 Bnaxuoro Bo3fyxa cKonjaeHcHpoBanocb m = 2,4 r
napa.

395. Haittu a6comoTHYI0 U OTHOCHTEJBHYIO BJIaXXHOCTb BO3-
AlyXxa B KOMHaTe 1pH TeMnepatype ¢ = 20 °C, ecan Touka pochbl
to = 9 °C. Kak M3MeHUTCSi OTHOCHTEJbHAs BJaXKHOCTb IPH
NOHHXeHHH TeMmmepaTyphl 1o t3 = 16 °C, ecau abcomoTHasn
BJIa)XHOCTb OCTaHeTCs npexHel? [1n1oTHOCTH HachiLieHHOro
BOARHOro Mapa npH TeMmepatypax t;, {5 U f3 paBHbl COOT-
BeTcTBEHHO: po; = 17,3 - 1073 kr/ M3, pog = 8,8 - 1073 xr/m3,
poz = 13,6 - 1073 xr/m3.

Pewenue [lpu remneparype t9, KoTOpas siBnfeTcs
TOYKOH POCH!, BOASHOH Map B KOMHaTe CTaHOBHTCH HACHIILEH-
HbM. [110THOCTB p; 3TOro mapa H3BecTHa. TakKylo Xe IJ0T-
HOCTb MMeeT 3TOT Map NMpH TeMneparype {|, T. €. IpH TeM-
neparype #; a6CcoJIOTHas BJAXHOCTb BO3AyXa p; = pgy =
=8,8 - 1073 kr/m3. OTHOCHTENbHAR BAAXKHOCTb NPH 3TOH
TeMmeparype

¢, =L .100%, @, =51%.
Pol

HpH TeMmIieparype t3 OTHOCHTeJIbHAA BJIAXKHOCTb
93 =23 .100%.
P03

Tak kak mo YCJIOBUIO abCco/moTHaA BJAXKHOCTb OCTajach

npexHed, To p3 =p;. CienoBatenbHo, U3MeHeHHe OTHOCH-
TeJbHOH BJAXKHOCTH
AQ =03 — ¢ = 2L -100% - ¢, Ap =14%.
Po3

Taxum 06pa3oM, ¢ MOHHKEHHEM TeMepaTypbl OTHOCHTE/b-
Has BAaXHOCTb Bo3nyXa Bo3pacter (A@ > 0) Ha 14% u cta-
HeT paBHOH 65%.

396. bansnon pasjeneH neperopoikod Ha e yactH. B
nepBoil 4acTH BMeCTHMOCTBIO V| HaxoAuTcs WieasbHbIA ra3
noj AaBneHHeM pi, UMelolH TeMnepartypy 7. Bo BTOpoit
4acTH BMeCTHMOCTbIO Vo HaXO#HTCA TaKOH XKe ras noj AaBJe-
HHeM po, UMeloIHi TeMnepaTypy T9. Kakoe naBnenue ycra-
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HOBHTCS B 6aJ/IOHe, ec/Id 1eperopoaky yopath, a TeMmepary-
py rasa cienatb pasHo# T?

P e ui e 8 u e. Iocne Toro kak y6epyr meperoposky, ras
3aiimeT o6beM, paBHbill V| + V5, a Macca rasa B GansoHe
6yner paBHa m; + mo. YpaBHeHHe COCTOSAHHSA rasa UMeeT BH]

p( Vl + VQ) = %”Q—RT,

roe M- MOJIApHas Macca raaa; R - YHHBepCaJbHAaA ra3osas
MMOoCTOAHHAaA. OTClOlla HaxoiuM JaBJjieHHe:
_ {my +m9)RT 1)
MW +Vs) -

[IpumennB ypaBHeHHe MengeneeBa—Knanefipona K rasy,

HaxofsllileMyCsl B MepBOH H BTOPOH YacTAX COCYAa ¢ Mmepero-
POLKOH, HalaeM:

m_mh m_pVy

M~ RT,' M T
CJ10XXHB 3TW ypaBHEeHUS, MOJYyYHM

_ MY | Vs
+mo=M[B1, 22
I R(Tl Tz)

Ioacrasus 370 3HaueHue B popmyay (1), 6yneM umeTs

- P1V1+P2V2 T
P=\1 "R Ji+w’

397. Ilpu HopMaldbHHX (pU3HYeCKUX ycaoBuax (pg =
= 101 325 Ia, Ty= 273,15 K) nutotHocTs Bo3myxa pg = 1,3 xr? M3.
Ha nekoTopoii BeicOTe flaBeHue Bo3ayxa p = 1,1 - 104 I3, a
tremneparypa T = 220 K. Onpegenuts NIOTHOCTh BO3AyXa Ha
3TOH BHICOTE.

Pemenue Cuurasg Bo3AyX HAeaJbHbIM Ta30M, H3
ypaBHeHusi MenpeneeBa—KnaneipoHa

=m
pV = MRT,

rie M — MoJasipHasi Macca, HailieM IJIOTHOCTb BO3fyXa NpH
temnepartype T U fiaBJeHHH p:
M

-m
P=v = %&T
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[Tpy HOpMa/BHBIX YCJOBHAX MJIOTHOCTb BO3LyXa

— oM
PasnennB JeBbie H npashle uacTH ypasHenui (1) u (2),
NOaYUHM

P _rT

po poT

OTC!O).la HCKOMasd IVIOTHOCTbL BO3AyXa

=po 2T, p=18-10"" xr/m3
p=por P=1 Kkr/ M3,

398. B Gaanone Bmectumocthio V = 1,0 - 10~3 M3 Haxo-
AMTCH ra3 nod naeJdenueM p = 5,0 - 10% [Ta. CkonbKHMH Xo-
OaMH TOpILHEeBOr0 HacoCa, BMECTHMOCTb Kamepbl KOTOPOro
Vo = 200 cM3, MOXHO 0TKa4aTh BO3AYyX H3 GaJ/ioHa 1O AaBJe-
HHA p, = 6,65 I1a? [Ipouecc oTKaukH NPOHCXOMHT NPH MOCTO-
fIHHOH TeMmeparype.

Pewenue [Ilepen nepBuM X040M MOPLIHA Hacoca ras
3aHHMaeT o6beM V npu naBienuu p. [1py nepsoM xoze nopiu-
HS ras 3amnoJHHT o6beM, paBHLIH CymMmMe BMecTHMocTeH GaJ-
JOHa M KaMmephnl Hacoca, T. e. V + Vj, a naBnende craHer
paBHbIM p|. [lockonbKy Temmepartypa rasa 4 ero Macca npH
3TOM HeH3MeHHbl, TO, COIMIacHO 3akoHYy DBo#ns—MapuorTa,
pV=p(V+ Vp). Orcrona

_ vV
Py = pV+V0

3aTeM ras M3 KaMephl Hacoca ynajseTcs B atMocdepy, H
HayHHaeTCA BTOPOH XOX MOPIUHSA; MPH 3TOM Ha4yajbHOe faBJe-
HHe OYZeT paBHO p), a B KOHIle NTPOLIeCcCa 3acacbiBaHHA — po.
CHoBa mpuMenHB 3akoH Boina—MapuoTTa, nonyuum:

- - vV _ V2
PV =pV+ Vo) oo = pry e = Pl

Paccyx(naﬂ daHaJIOTHYHO, HaﬁAeM, UTO MOoCJe TPEThEro Xxona
naBJieHHe

- V. _ v3
P3 = P2 V+ - p(V+V0)3'

[Mocne n-ro xona nopHs OaBJ€HHE B COCYyaE
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[IponorapudmupoBaB 3TO ypaBHEHHe M PeIIMB ero 3aTeM OT-
HOCHTEJbHO 1, MOJYYHM

iglp, /p)
= ==t = 49.
eV n 9

V+Vo

399. MeTannuyeckoe KomblO, BHEIHHHH IHaMeTP KOTOPO-
ro d; = 54 MM, a BHyTpeHHHH d| = 50 MM, NOIBECHJH TODH-
30HTaJIbHO Ha IpyXHHe X)ecTkocTbio 2 = 1,1 H/ M. TIpu 3Tom
NpyXHHa yLJIHHHAAch Ha A} = 15 mM. 3aTeM KOJbLO NpHBe-
JH B CONPHKOCHOBEHHE C IIOBEPXHOCTbIO XKHIKOCTH H CTalH
Me[JeHHO OMYCKaTb COCYH € XHAKOCTbIO. B MOMEHT oTpbiBa
OH Hee KoJblla YIJIHHEHHe NpPYXHHB Alp = 40 mM. Onpege-
JHTb NOBEPXHOCTHOE HaTAXKEHHE O XKHIKOCTH.

Pemenue JloCONPHKOCHOBEHHS C XHAKOCTbIO CHIA
TAXKECTH mg KOJIblla yPABHOBEIIHBAIACh CHJIOH ynpyroctu F
NPYXXHHBI, H MO3TOMY

Fl = mg. (1)

[Ipu oTphiBe KOJblLIa OT NMOBEPXHOCTH XKHAKOCTH Ha HeEro
Ilex':lCIBleT HalpaB/ieHHas BEPTHKaJbHO BBEPX CHJa ynpyro-
CTH F2, a TaK_?Ke CHJa TAXECTH mg H CHJa NIOBEPXHOCTHOr'O

HaTAXEHHUA F3, KOTOpbleé HampasJleHbl BEPTHKaJbHO BHH3,
No3TOMY
Fy=mg + F3. (2)

JHMHa JHHHH, orpaHHYHBalIOILEH NTOBEPXHOCTb XHAKOCTH,
paBHa CymMMe [UIHH Hapy>XXHOH H BHYTPeHHel OKpYXHoCTeH

Koabua, T. e. ntd) + ndy. CnegoBaTenbHO,
F3 = 0'1[((11 + d2) (3)

Moactasus B ypasHenne (2) snauenus (1), (3), A = kAj
H Fy = kAlp, nonyunm kAly = kAl +on(d) +dy). Orciona
_ k(AL - AL)

_85.10~2
= ﬂq+@),c_8510 H/m.

400. KakuMm nomxeH ObITb AHameTp TPyOKH pTyTHOro 6a-
pomeTpa, uToObl nonpasBka Ah, BHOCHMasti B €ro MOKa3aHHA ¢
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YYETOM KallM/IAPHOro ONyCKaHHs PTYTH, Obina paBHa 3,0 Mm?
[ToBepxHOCTHOE HaTsKEHHE PTYTH G = 472 MH /M, ee nnort-
HocTb p = 13,6 - 103 xr/ M3,

Peuwenue. IloxgpefictBHeM CHJ TOBEPXHOCTHOTO HATH-
XKEeHHUs pTyTb B TpyOKe, AHAMeTp KOTOPOH d, ONMyCTHUTCA Ha

=20 _ 40
pgR  pgd

~ 4o = . 10-3
OTcrona Haxooum d pgAh’d 4,7 - 1079 M.

3agaqum ANA CaMOCTOATENbHOro peuieHun

401. CKOJIBKO MOJIEKYJI CONePXKHTCS B HACHILEHHOM BOISI-
HOM Iape MaccoH m = | KI' U CKOJIKO B HEHACHILEHHOM BOAS-
HOM fape, UMeILEM TaKylo Xe mMaccy? MossipHas Macca BOAbI
M =18 - 1073 xr / mosb. [TocTosnuas Asoranpo Ny = 6,02 x
x 1023 monp~1.

402. Bonopon Maccort m = (0,3 r HaxomUTCA B COCYyJ€e BMe-
ctuMocTbio V = 2 11 nox masiendem p = 200 kl[la. Onpene-
JIMTb CPeJHIO KBAaJPAaTHYHYIO CKOPOCTb H CPEIHIOI0 KHHETH-
YeCKYI0 3HeprHio NOCTYNaTeNbHOro ABHXEHHsA MOJIEKYJT BOLO-
pona. MonspHas macca Bogoposa M = 2 - 1073 kr/moub,
nocrosHHas Asoraapo N = 6,02 - 1023 moms~!.

403. Haiitu KOHUEHTpaUHIO ra3a NpPH HOPMaNbHBIX YCJIO-
BusxX. [locTostnHas Bosbumana k£ = 1,38 - 10723 Mk /K.

404. [Tox xakHM JaBjeHHeM HaXONHTCA B 6asyIoHe KHUCJIO-
pol, ecJIH BMEeCTHMOCTb 6asioHa V = 5 J1, a cpefiHssi KHHETH-
YyeCKasi 3HEepPrHsl ITOCTYNAaTeJbHOTO ABHXKEHHMS BCEX MOJEKYJ
Kucaopona £ = 6 kJIx?

405. OnpegenuTb Maccy BOAOPOAA H YUCIO MOJIEKYJ, CO-
JIepxaimxes B cocyae BMecTHMocThio V = 20 51 npu naBJne-
uuM p = 2,5 - 10° [1a u temnepatype ¢ = 27 °C. MoaspHas
macca Bogopona M = 2 - 1073 kr/ Mosb. YHHBepcaibHas ra-
3oBas nocrosHHaa R = 8,31 Jx/(moab - K). [TocTosiHHas
Asoranpo Ny = 6,02 - 1023 momb~1,

406. T'a3 maccoit m = 2,0 xr 3aHumaer o6veM V = 9,03 M3
npyu gasneHnu p = 100 klla. BuuucinuTh cpefiHiol KBafpa-
THYHYO CKOPOCTb MOJIEKYJ 3TOrO rasa.

407. bannon smectumocTbio V = 50 11 comepxut m = 2,2 Kr
YTJIEKHCIIOro ra3a. bansioH BbiepKUBaeT AaBJeHHE HE Bhille
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p = 4,0 MIla. Ilpx kako#t temmepaTtype 6a/j10H MOXeT paso-
pBatbca? MoaspHas Macca yraekuciaoro raza M = 44 x
x 1073 xr/mosb. YuHBepcanbHas rasoBas NOCTOsHHag R =
= 8,31 Ix/{(moab - K).

408. Unanugpuueckuit cocyn soicotoit [ = 40 cMm pasge-
JIeH Ha IBe YaCTH HeBeCOMbIM TOHKHM NOPLIHEM, CKOJb3AILHM
6e3 TpenHA. [lopwenb HaxoaUTCA Ha BhicoTe i = 26,7 cM Hajg
AHOM uMJHHApa. [lox nopuiHem HaxoQHTCs BOAOPOA, a Haj
NOpUIHeM — ra3 ¢ HeH3BeCTHOH MOJADHOH Maccoi. Macca
5TOro rasa paBHa macce Bojopoaa. HanTtu moasipHylo Maccy
rasa. Moaspuas macca sogoposa M; = 2 - 1073 xr/ Moub.
TemmnepaTtypa rasor ogHHaxKoBas.

409. B Bozxe Ha ray6HHe Ay = 1 M HaxoaHTCcR Wapoobpas-
HhIH Ny3bipek Bo3ayxa. Ha kakod riy6HHe 5TOT nysbipek HMeeT
B/IBoe MeHbLuHil paguyc? IlmoTHocts Bomst p = 1 - 103 kr/m3.
AtmoctepHoe naBaente pg = 1 - 10° [1a. Temneparypa Boabl
MOCTOSAHHA W He 3aBUCHUT OT riy6HHbl. JlaBieHHeM, 06ycioB-
JIEeHHbIM KDHBH3HOH NOBEPXHOCTH, npeHebpeyb.

410. ToHKOCTeHHbIH Pe3HHOBLIH 1ap Maccod mg = 50 r
HamoJIHeH a30TOM H IOrpyKeH B 03epo Ha riy6ury A = 100 m,
rfe Temnepatypa Boabl t = 4 °C, H HaXOAHTCS B PaBHOBECHH.
Ha#itn maccy asora. ATmocdepHoe naBsienne pg = 760 MM pr. cT.,
MoasipHas Macca asora M = 28 - 1073 kr/monb, yHHBepcab-
Hag rasosas nocrosiiHas R = 8,31 JIx/(momb - K), mior-
HocTb Bombt p = 1 - 103 kr/m3.

411. B kabuue KocMuueckoro kopabas «BocTok-2» Temnepa-
Typa Bo BpeMsi nojera Kosebanack ot £ = 10 °C go typ =22 °C.
Ha cko/bko mpoleHToB H3MEHSIOCh TIPH 3TOM faBJeHHe?

412. Ha V-T-guarpamme usobpa-

XeH Ipouecc, KOTOpLIH npousowen ¢V f
ra3oM npH NOCTOSIHHOM JaBJe€HHH H
noctosiHHOM o6beMe (prc. 138). Kak
IIPH 3TOM H3MEHHJach Macca rasa?

413. B 6annoHe 6bl1 HeKOTOPbIH
ras. [locse Toro xak M3 6ajnoHa Bbl-
NyCTHJH YacTb rasa, TeMneparypa ra-
3a yMmeHbUIHJAachb B 1 pas, a jaasJjie- g Z 21 T
HHe = B k pa3. Kakasi yacTp rasa Bbl-
nyieHa? Puc 138

414. U3 6ammona BMecTumocTbio Vi = 0,20 M3, comepxa-
1ero HaeasbHbIH ras IpH TeMmeparype T, = 273 K nox nas-
JeHneM p; = 2,0 - 10° Ila, BuimycTH/AH YacTb rasa, Kotopas
3aHsa TIPH HOPMAJbHLIX yca0BHAX o6beM Vo = 1,0 mM3. [To-
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cJle 3TOro JaBJeHHe po B 6asoHe cTano pasHuM 1,4 - 10° [Ta.
Onpene/HTh TeMnepaTypy rasa, ocTabuierocsi B 6ajioHe.

415. Onpenenntsb MNJIOTHOCTb HAEAIBHOIO ras3a NpH TeMre-
parype ¢ = 100 °C u naBnennu p = 1 - 10° [1a, a Takxe Maccy
OIHOM MOJIEKYJBl 3TOro rasa, eciH ero MoJspHas Mmacca
M = 32 - 1073 xr/monb. YHuUBepca/ibHas ra3oBasi [IOCTOSIH-
naa R = 8,31 JIx/(monb - K), nocrosinnasi Asoragpo Ny =
=6,02 - 1023 manp™ ).

416. OnpenenxTh MJIOTHOCTb CMECH, cojepxaliel m; = 4r
Bofopoa U mo = 32 1 Kucnogona npu temneparype t =7 °C
1 obweM aasaeHHu p = 1 - 10° [Ta. Monspnas macca Bofopoza
M| =2 - 1073 kr/Monb, kncnopopa Mo= 32 - 1073 kr/ monb,
yHHBepca/bHas rasosas noctosnnas R = 8,31 Ik / (moab - K).

417. Jo xakoro naB/eHHs HaKadaad yT6oabHBIH MAY BMe-
ctuMocThio V = 3 71, ecan npu aToM 6buio creaadHo N = 40
KayaHWH [OPILIHEBOro Hacoca? 3a KaXKjioe KauaHHe MAY 3a-
XBaThBaeT M3 atMocdepnl Vg = 150 cm3 Bosnyxa. Brauane
MAY 611 nycToit. ATmocdepHoe nabnenue pg = 1 - 105 [Ta.

418. [lapnenue pg Bo3zyxa B cocyne 6ui10 pasto 1,01 - 10° [Ta.
[Tocse Tpex X0[O0B OTKAaYHBAIOLIEro MOPIIHEBOro Hacoca aaB-
JeHue Bo3dyXa ynano no 3HaueHus p = 2 k[la. Onpegennts
OTHOUIEHWe BMECTHMOCTH COCyla K BMeCTHMOCTH LMJHHAPA
MopUIHEBOro Hacoca. TemmepaTypy BO3JyXa B Npouecce OT-
KauyKH CYMTAThb MOCTOSHHOH.

419. Cocyn BmectumocTbio V = 10 1 HanoJHUAM rasom
npu naBJenuH p = 2+ 10° [la. Haiitn maccy Boan, KoTopas
BOHAET B COCYA, €CJH Nod BOAOH Ha raybuHe A = 40 M B
caMoH HW)XHeH yacTH ero Oymer cleslavo oTBepcTHe. ATMo-
cepHOe JaBAeHHE p,ry = 1+ 10° [Ta. [lnoTHOCTb BoaH p =
=1-103 kr/m3. VameHeHHeM TeMmepaTyphl BOABI C ITyGH-
HOH npeHebpeyb.

420. C Kako# MaKCHMaJIbHOH CHJIOH NPHKHMaeTcs K Tesy
yesioBeKa 6aHKa, IpHMeHsieMas B MEIHLHHCKOH NPaKTHKe A4
JledeHUs, ecan auametp ee orpepcTHs d = 4,0 cM? B MomeHT
NpHKJabiBaHHsA 6aHKH K TeJy BO3AyX B HeH IPOrpeT 10 TeM-
nepatypul ¢; = 80 °C, a TeMnepartypa oKpy»aioLUero Bo3ayxa
to = 20 °C. ArmocdepHoe naBreHue p,r,, = 1,0 - 10° [la.
MameHeHnem o6bema Bo3nyxa B OaHke (us-3a srarusanus
KOXH) npeHeGpeysb.

421. B 6mopue Ha/llMTa BOAA, a CBEPXY CTABHTCS NepeBep-
HYThIH BBEPX JHOM HarpeTbli CTaKaH ¢ TOHKHMH CTeHKaMH.
Jo Kakol HaHMeHblied TemnepaTypbl T} no/okeH GbiTh Ha-
rpeT CTaKaH BMecTe C HaXOASIMMCH B HEM BO3JAYXOM, UYTOGHI
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nocJie OCTbiBaHUA 10 TeMIepaTypsl T9 OKpyKaloLLero BO3LyXxa
BCH BOJla OKasasach 6bl BTAHYTOH B cTakaH? Macca BOAH m,
NJOTHOCTb BOAbl P, aTMOC(epHOe AaBjieHHEe p,.., IUIOLIA/lh
NoIepeyHoOro ceyeHUs cTakana S, BoicoTa £. O6beM HaNUTOH
BOZBI MeHblile BMECTHMOCTH CTaKaHa. SIBJieHHAMH UCTIapeHHH,
NOBEPXHOCTHOrO HaTsXXeHHA U pacliiperHs CTaKaHa rnpeHe6-
peub. Baloane cUUTaTh WLMPOKHM, TaK YTO BbICOT2 HANHTOH B
Hero BOZBl MaJa.

422. ]IBa cocyna, COOepXallliX OJHH M TOT XKe ra3 npu
ONMHAKOBOH TemIlepaType, COelHHeHbl TPYOKOH ¢ KpaHOM.
BmectumocTH cocynos Vi u Vs, a naBnenHs B HUX p| H po.
Kakum 6yneT faBieHHe rasa nocje TOro, Kak OTKPOIWT KpaH
COeZHHUTeNbHOH TPyOku? TeMnepaTypy rasa cUHTaTh MOCTO-
SHHOM,

423. B pacrnonoxeHHble BepPTHKaJbHO CoO6lLalolIHecs
UHJHHAPHYECKHe COCY/IhI, TepBblil H3 KOTOPBIX HMeeT IJIOLIa b
nornepeyHoro ceyeHHs Sj, a BTOPoH So, HANMH/IH XHIKOCTD.
3aTtem nepBHIH COCYA 3aKPLUIM H HaXOAAUMHACA B HEM BO3AYX
HarpeJy oT TeMnepatypul T 1o TeMnepatypbl To, B pe3yJbTa-
Te 4Yero ypoBeHb XHAKOCTH BO BTOPOM COCY/le ITOAHANCA Ha
BeMMUMHY h. Onpepenntb temnepatypy 7o, eCM H3BECTHO,
YTO HayajbHbIl 06beM BO3lyXa B 3aKpbITOM cocyne Vi, atMo-
cepHoe naBNeHHE P,.y, [VIOTHOCTb XHAKOCTH P. TelJIOBbIM
pacliMpeHHeM COCYa H XHAKOCTH npeHebpeyb.

424. Boanyx HaXOAUTCH B OTKPLITOM CBepXy BepTHKalb-
HOM LHJIMHAPHYECKOM COCYZe MOJ NMopuiHeM mMaccon m = 20 Kr
¢ maouaabio nonepeudoro cevenus S = 20 cm2. [Mocae Toro
KaK COCY[ CTaJHd ABUraTh BEPTHKAJbHO BBEPX C YCKOpeHHEM
a= 50 m/c2, Bricota cTon6a BO3yXa MeXJy NopuiHeM |
JHOM COCyJa yMeHbILHJachb U cTana cocrasisatb o = 0,80
HayajbHOU BmIcoTbl. CYMTAs TeMIepaTypy NMOCTOAHHOH, HAll-
TH N0 3TUM A3aHHLIM aTMocdepHoe NaBjeHue. TpeHreM Mexay
NopLHeM U CTeHKaMH COCyJla ITpeHebpeys.

425. ITo razonposony Tedet ra3 npu aasiednu p = 0,83 Mlla
u temneparype 7 = 300 K. KakoBa ckopocTh rasa B 1py6e,
ecsi 3a BpeMsi T = 2,5 MHH yepe3 ronepeyHoe ceueHHe TPy-
6b mowaaeio S = 5,0 cm? nporekaer m = 20 Kr ra3a? YHu-
Bepca/bHas rasosas nocrosHHas R = 8,31 ik /(momb - K),
MoJiipHas Macca rasa M = 40 - 1073 kr/moub.

426. OTHOCHTENbHAA BJAXXHOCTb BO3AYXa B NOMelleHHH
¢ = 63%, Temneparypa t; = 18 °C. Jlo Kaxkoil TeMnepaTypsl
Hajlo OX/NaAMTh GueCTAUIMH NpeaMeT, YTOOb Ha ero NoBepXHo-
CTH MOXHO 6bl10 HabJ/0faTh OCaX<lleHHe BOASIHbIX MapoB?
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,llasne}me HachlIeHHOro BOASHOTO napa npu 18 °C paBHo
20,7 - 102 Ma, opu 10 °C - 12,3 - 102 a, npu 11 °C -
13,1 - 102 Ia.

427. Bo3nyx B noMeilleHHH UMeeT TeMnepaTtypy ¢y = 24 °C
1 OTHOCHTEJIbHYIO BA2XHOCTb @ = 50 %. OnpenenuTs Brax-
HOCTb BO3JlyXa Mocjie ero oxJaxieHus no tp = 20 °C. IIpo-
LecC OXJaXKAeHHUsS CYUHTaTh H30XOpHuM. JlaBJeHHe HACblLeH-
Horo BofisiHoro mapa mpu 24 u 20 °C — COOTBETCTBEHHO
Por = 2943 Ila u pgy = 2330 Ila.

428. Han NOBEPXHOCTHIO IUIOILANIBIO S = 5,0 km?2 cuoit
BO3yXa ToJumHoi A = 1000 M umeer Temnepatypy ¢; = 20 °C
npU OTHOCUTEJBHOH BAaXHOCTH @ = 73%. Bo3anyx oxaanua-
csi go temmepatypsl fp = 10 °C. Ha#ltu maccy Bhinasuiero
noxnas. [11oTHOCTb HacChILEHHOrO BOASHOIO Iapa MpH TeMie-
patypax {| U ty = COOTBETCTBEHHO pg, = 17,3 - 1073 kr /M3 u
pPo2 = 9,4 : 10_3 KF/M3.

429. Kanopudep nogaet B nomeinenne V = 5,0 - 10% M3
BO34yXa IpH TeMneparype f; H OTHOCHTENbHOW BJIAXHOCTH
@y = 60%, 3abupast ero ¢ yauupl npH TeMmmeparype fo U OT-

HOCHTEJIbHOH BJ2XHOCTH @9 = 80%. CKoabKo BoOAbl Jo-
MOJIHUTEJBHO HCrapsieT Kajopvdep B I0oAaBaeMblii BO3LYX?
[Tpu TeMnepartype {; NIOTHOCTb HACbILIEHHOTO BOASHOTO Mapa
por = 15,4 - 10’3 kr/m3, a npu Temnepatype ts = pgy = 9,4 X
x10~3 kr/m3

430. Onpenenmb JlaBJleHH e HACLILEHHOTO BOAAHOIO Napa
npu tTeMneparype t = 17 °C, eciii B KOMHaTe BMeCTHMOCTbIO
V = 50 M3 npu oTHOCHTeILHOI BaXHOCTH @ = 65% H yKa-
3aHHOH TeMnepatype Haxoautcsi m = 0,476 Kr mapoB BOfbL.
YHuuBepcanbHas rasosas noctosiknas R = 8,31 [k / (mosb - K),
MoJsipHas Macca Bogel M = 18 - 1073 kr/moab.

431. Cmemanu V; = 1,0 M3 Bo3xyxa ¢ OTHOCHTE/BLHOI
BAAXKHOCTBIO @) = 20% wu Vo=20 M3 BO3[lyXa C BJAXHO-
ctbio @o = 30%. O6e mopumu GblIM B3ATH NIPH OAHHAKOBBHIX
Temnepartypax. OnpeaesuTb OTHOCHTENbHYIO BJA2XHOCTb IO-
Jy4YHBLIEHCS CMeCH.

432. [lpoBonoyHast paMka ¢ MOABHXKHOH nepemanuﬂoﬁ
aanHo# [{ = 8,0 cM 3aTaHyTa MblUIbHOH nueHkoH. Kakylo pa-
60Ty NPOTHB CHJI IOBEPXHOCTHOIO HaTs)KeHHs Hajo COBep-
WU Th, YTOOH PACTAHYTb MieHKy Ha [s = 2,0 cm? [ToBepxHoCT-
HOe HaTsKeHHe MJIeHKH ¢ = 4,0 - 1072 H/M

196



433. U3 cocyna depe3 BepTHKaJbHYIO TpYOKY, BHYTpeH-
HHH nMaMeTp KoTopoH d = 3,0 MM, 32 HEKOTOpOe BpeMs Bbi-
TEKJIO MO KaraM MoJoko maccolt m = 50 r. OnpefenuTb Ko-
JHYECTBO yNaBUIMX Kanesb. [loBepxHOCTHOE HaTsXKEHHE MOUTO-
xa ¢ = 47 mH /™. CunTaTh IMameTp WIEHKH KalJid B MOMEHT
OTpbIBa PaBHBIM BHYTPEHHEMY IHaMeTpy TPYOKH.

434. M3 nnoxo 3akphiTOoro KpaHa KanaeT soga. Onpese-
JUTb MacCy BbiTeKUIeH 3a { = 24 4 BOAK, eCJIH BpeMst MeXAy
OTpbIBaMH 6rxainx Kanenb T = 1,0 ¢. Inamerp werKy Kan-
JI1 B MOMEHT ee OTPbIBA CUMTaTb PABHLIM AHaMeTpy TpYObl KpaHa
d = 10 mM. [loBepXxHOCTHO® HaTsXeHHe Boabl G = 72,7 mMH/ m.

435. PazHocTb Ah ypoBHEH PTYTH B ABYX COOOLIAIOILHXCS
BEPTHKAJIbHBIX KalHJJIApax, AMaMeTpbl Kotopbix d; = 0,5 MM
1 dy = 1 MM, paBHa 1,5 cm. OnpenennTtb NoBepXHOCTHOE Ha-
TshxenHe pryTH. [lnoTHocTs pTyTH P = 13,6 - 103 kr/M3.

436. B Bony Ha HHYTOXHO Manyio rayGUHY OnylLeHa Bep-
THKaNbLHO KalHJJspHast TPyOKa, BHYTPEHHHH AHaMeTp KOTO-
poit d = 1,0 mM. Onpegennte maccy Bowefweld B TpyGKy
Bogbl. CMauHBaHHe cyHTaTh nojHbM. [loBepxHOCTHOe HaT-
XexHe Bogel 6 = 72,7 MH/ M.

7. TENNOBLIE ABJIEHUA.
OCHOBb! TEPMOAUHAMWKA

MeToauyeckue ykasaHusA K pelieHuio 3agad

Ecau B 3anaye paccMaTpHBaeTCsl IPOLECC Mepejadl 3Hep-
MM OT OJHHX TeJ K IpYruM Ge3 coBepuieHHsi pa6oThi (TemJo-
06MeH), HYXHO Ha OCHOBAHHH 3aKOHA COXPAHEHHs M Ipespa-
ILEHHS SHEPTHH COCTaBHTb ypaBHeHHe TemJosoro 6asaHca:

Qor = Qnonyq’

rae Qur — KOMHYECTBO TEIJIOTH, OTAAHHOE OJHHMH TeJaMH;
Quosyy — KOJHUYECTBO TENJOTHI, NOJy4eHHOe APYrHMH Tena-
mH. Ecan 3anan KIIJ tennoo6mena, 1o NQyr = Quosyy-

Ecau BHyTpeHHss sHeprus U cucTeMsbl H3MeHsIeTCSA BCel-
CTBHE COBEpIUEHUS CHCTeMOH MeXaHH4Yecko paboThl A; Han
BHEUIHHMH TeJIaMH, TO COCTaBJRETCS ypaBHEHHE

-nalU = 4,
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rae N — KITJ] npouecca. (B Takux 3afayax TenjooOMeH Mex-
Ay TeJaMu OBLIYHO HE YYHTBIBAETCS.)

. Ecsiu BHYTpeHHss 3Heprus cUcTeMbl yBeJHYHBaeTcs B pe-
3y/AbTaTe TOro, YTO BHEUIHHe Tesa COBepLIAIOT Haf Hel Mexa-
HHYecKylo padoty Ay, 10 AU = nAy.

3anucaB 3atem BbIpAXEHUA OJd Qo'r’ Qnoﬂyq, AU, Al H
Ao, NOACTABJAIOT UX B NpHBeNEHHbIE Bbillle yDABHEHHS U pe-
L1a}0T OTHOCHTEJbHO HCKOMOH BEJIMYHHBI.

[Ipumensis mepBblil 3aKOH TEPMOAMHAMHKH, Hafo YYHTbI-
BaTh, 4YTO B ero ypasHenud Q = AU + A kaxpas H3 BeJHYHH
MOXKeT ObITb JTHGO MONOKUTENBHOH, 160 OTPHUATENLHOH, JHG0
paBHOH HYJIO B 3aBHCHMMOCTH OT XapaKrepa npouecca. Ecan
CHCTEMA MOJyYaeT KOJMMYecTBO TemnoTol Q, o Q > 0, ecau
otaaet, 10 Q < 0, ecau temnoobmena Her, Q = 0; AU > 0,
eCcJ/IM BHYTPEHHss 3Heprusi CUcTeMbl yBesuuBaetcs, AU < 0 —
ecad ymenbtuaetcs, AU = 0 npu HeH3MeHHOH BHYTpeHHeH
sHeprud; A > 0, ecau cucrema coBepiuaeT paboTy Haj BHeLl-
HUMH TestaMi, A < 0, ec/id BHelliHHe TeJla COBeplialoT pafory
Han cucremoii, A = 0, ecnu paboTa He CoBepluaeTCs.

Ipy n3o6apyom npouecce Q= 0, AU=#0, Az0.

Ilpu usortepmuueckom mpouecce T = const, BHyTpeHHss
sHeprus rasa He uamenserca (AU = 0), nostomy Q = A, 1. e.
BCe nepegaHHoe CHCTEME KOJIHYECTBO TEIJIOThl HAET Ha COBEp-
leHHe pa6oThl HAjl BHEILHHMH TeJaMH.

I1pu nsoxopuom mpouecce o6bem rasa V = const, nostomy
A=0u@Q = AU, t. e. BCe coo0llLUEHHOE a3y KOJHYECTBO
TeMJIOTbl UIeT HA yBeJUUYeHHe ero BHYTPEHHEH 3Hepruu.

[lpu agnaGatHoM mpouecce TemnooGMeHa Het, @ = 0 u

nostomy A = —AU, 1. e. pa6oTa, coBepuiaeMasi ra3oM, paBHa
yOblIH ero BHYTPeHHEH 3HepruH.

OcHoBHble 3aKOHbI U hopmynbl

Brympennaa snepzus o0noamomnozo udeaivrozo zasa, Mo-
JIAPHasi Macca KoToporo paBHa M, a macca m, HaxoguTcst no ¢op-
myne

- 3m
U= 2MRT,

rie R — yHHBepcanbhas rasopas nocrosHHas; 7 — TepMOLHHAMH-
yecKas TeMliepaTypa rasa.
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Paboma, cosepuwaeman 2azom npu e2o pacwupenuu oT oGbe-
Ma V| 10 o6bema Vo B 11060M npouecce, BRIYHCASETCS 110 opMyJe
Ve
A= jpd v,

Vi
rae p — AaBJeHHe rasa.
Paboma, cosepuiaeman 2asom npu uzobaprom pacutupenuu,

A=p(Vy -V|) = pAV.

Koauwecmso menaomot, Heobxodumoe 0an Hazpesanus meaa
Maccolt m ot TeMnepaTyphl T} 1o TemnepaTyphl T9, NOACUMTHIBAET-
cq 1no ¢opmyse

Q=cm(Ty - T)),

rae ¢ — yaeJbHasd TenJIOEMKOCTb BelluecCTBa.
Tenaoemxocms meaa Maccoh m

C = mc,

TIe ¢ = YIeNbHas TENJOeMKOCTb BellecTBa.
Koauvwecmso menaomot, Heobxodumoe das moeo, umobel pac-
nAQBUMb KPUCMAAAUMECKOE MEA0 MACCOH m,

Qus = Am,

rae A — ydenbHas TeIN0Ta NaaBieHus. [IpH KpHCTaNIH3aUUH BbI-
AeNnsieTcsl TaKoe YKe KONHUYECTBO TEeIJIOThHL.

Koauvwecmso menaomet, neobxodumoe OAn npespauienus 8 nap
HUGKOCMU Maccon m,

Qnap = rm,

rAe r — yfjelbHas TelJoTa napooGpasoBaHHs >XuakocTH. [lpn
KOHAEHCAUHH BbIAEJAETCA TAKOE >Ke KOJIHYECTBO TENJOThHI.

Koarudecmso mensomet, 8bidennemoe npu nOAHOM C20PAHUL
seujecmsa Maccon m,

ch = qmv

rie ¢ — yAeNbHast TeNJOTa CrOPaHHA BelUleCTBa.

3aKoH coXpaneHuA u npespaujenus IHepauL; BO BCeX Mpouec-
cax, MPOHCXOASALUMX B TIPHpOJe, IHEPrHs He BO3HHKAET M3 HHUEero u
He y{Cye3aeT, a JHIWb NepefaeTcs OT OAHHX Tes K APYTMM HJIH Npe-
BpalllaeTCsl M3 OJHOTO BHAA B APYroH.

[Tepabiii 3ax0H MepmMOOUHAMUKI: KOJHYECTBO TEMJOTH, Mepe-
JaHHOE CHCTeMe, pACXOIyeTCsl HAa H3MeHeHHe ee BHYTpeHHel 3Hep-
THH ¥ Ha COBepllieHHe CHCTeMOH paGoThl Haj BHEIIHHMH TeNaMu:

Q=AU+A
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Kosgppuyuenm nosesnozo deiicmsusn mennrogozo dguzamens

n=A_4-@
Q Q
rae A — pa6oTa, coBepiuaeMas ABHrateneM; @, Qo — KOMH4eCTBO
TEMJIOTH, COOTBETCTBEHHO MOJyyeHHOE ABHraTejeM OT Harpepare-
Js1 K OTAAHHOE XOJIOAHJIBHHKY.

Maxcumanonoe 3nauenue KITJI mennogozo dsuzameirs paBHo
KITJ upeanbHO# Tena0BOH MalUMHBEL

_h-T

MNmax = T ,

rae Ty — TeMnepartypa HarpeBaTest; To — TeMNepaTypa XOJOAHIb-
HHKa.

Bmopoii 3akon mepmodunHamuku: HeBO3MOXKHO NepeBecTH Te-
IIOTY OT GoJslee XONOAHOM CHCTEMBl K Goslee HarpeTod NpH OTCYTCT-
BMY APYr¥X OJHOBpPEMeHHHX H3MeHeHHH B 0O6eHX CMCTeMax HJH B
OKPY>KaIOLMX Tesax.

Mpumepsl pewenus 3agay

437. B natynublit KanopuMerp mMaccoit my = 100 r, conep-
XawHni mo = 250 r Boagnl npu Temnepatrype T; = 280 K,
onmycTHaH Teso maccoit m = 200 r, HarpeToe o TeMmepaTyphl
T, =373 K. B pesyabrare TennoobMeHa yCTaHOBHJACh OKOH-
yarenpHas temnepatypa 7 = 293 K. Onpegenutb yaeabHyo
TENJIOEMKOCTb BellleCTBA, H3 KOTOPOTO H3TOTOBJEHO TeJIO.
Y peabHasi TennoeMKocTh JaTyHU ¢ = 380 Ik / (kr - K), Boant
co = 4190 ik / (xr - K).

Pewenue. IlpuoxnaxneHuH TeJ0 OTAAET KOJIHYECTBO
TETVIOTH

Q=cm(T, -T),

a KaJIOpUMETD ¥ BOAA ITOJYYAKOT KOJHUYECTBO TEIJIOTBHl COOT-
BETCTBEHHO

Q =ceym(T=Ty), Q = comy(T -T).

Ha ocHoBe 3akoHa coxpaHeHHs 3HEPTHH COCTABAAEM YPaB-
HeHHe TemuioBoro 6anadca: Q = Q + Qp, HIH

cm(Ty = T) = eym (T = Ty) + como(T - Ty).
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OTC}OJ_Ia HaxoauM YAeJbHYIO TEIJIOEMKOCTb BElieCTBA, U3 KO-
TOPOro HU3roTOBJIEHO TeEJ0:

_ leymy +comg (T - Ty)
€= m(Ty - T)

, ¢ = 882 I/ (kr - K).

438. Cmemmnsaor m; = 300 r Bombl OpH Temmepatype
t; =10 °C u my = 400 r nbga npu Temnepartype to = —20 °C.
OnpemeauTh YCTAaHOBHBLIYIOCH TeMIEpaTypy CMecH. Yaein-
“Hafl TeNAoeMKocTb Bofbl ¢; = 4,19 - 103 Ik /(kr - K), abga
co= 2,12 - 103 IIx /(xr - K), yneabHas Tennorta niabiaenus
abga A = 330 - 103 Ik /xr.

Peutenue Tak Kak KOHeUHOE COCTOSIHHE He O4EBH/IHO,
GyneM peliaTh 3afavy nosranHo. [TogcuuTaem cHavana KoJu-
YeCTBO TEMIOThH, HeoGXOoMUMOe /15 HarPeBaHHS JbJa [0 TeM-
nepatypbl naasaenus tp, = 0 °C:

Qg = comy(t,, — 1), Qp =16960 JIx.

Tenepb HaliieM KOJHYECTBO TEMJOThl, KOTOPOE OTAAET BOJIA,
oxaaxpasce go 0 °C:

Q] = Clml(tl —tml ), Ql =12570 IL)K

[Ipu BBIUMCAEHHH yuTeHo, 4yTOo Af = AT .

Mul BHAMM, 4TO A5 TOrO, 4TOOB! HarpeThb Bech Jef g0 0°C,
HegoctaeT Qo — Q) = 4390 [Ix. Takoe konn4ecTBO TEMAOTHI
BBIIENTUTCSA TIPY MpeBpalleHHH B Jlefl HEKOTOPOH 4acTH BOALI
maccoil my:

Q -~ Q =Amg,
OTKYZa

mg = (Q2 _Ql)/x, my =13 .

Takum o6pa3oM, B KOHEUHOM COCTOSIHHH B cocyne Oyaer
mg + m3 = 413 r apga 1 m| — mz = 287 r BOAK NpH TeMNepa-
type t =0 °C.

439. B cocyn, copepxammit m; = 10 Kr Bogs NpH TeMIe-
parype 71 = 293 K, Bauau mq = 7 Kr pacnjaBjieHHOro CBHH-
1a, B3ATOr0 NpH Temneparype naasaenust T, = 600 K. Ipu
31OM o6pasoBasock Am; = 0,05 xr napa. Kakaa remnepatypa
YCTaHOBHTCS B COCYAE IOCJe TOro, Kak CBHHeN OTBepieeT?
YneabHbie TENJIOEMKOCTH BOAbI H CBHHLA — COOTBETCTBEHHO
c; = 4190 I/ (kr - K) 1 cg = 130 JIx/(xr - K), ynenbHas
TeJI0Ta MapooGpa3oBanus Bofbi r = 2,26 - 106 [k / kr, yres-
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Hasi TeruioTa miassenus ceunua A = 30 - 103 Ik / kr. Temo-
€MKOCTbIO COCY/a NpeHebpedb.

Peuw e s ue KoaudecTBo TensoThl, 0TAaHHOE CBHHLIOM
NpH ero OTBEepAEeBaHHH H OXJAXKIEHHH OT TeMIlepaTypbl OT-
BepaeBanusi T, 10 yCTaHOBUBLIEHCS TeMnepaTypsl T,

Ql = )\an + CQ”!Q(T““ - T)
KosuuecTBO TenoThl, NOJyueHHOe HCNApHUBLIeHCs] BOIOH,
Qo = ¢|(T, = T))Am; + rAm,

rae T, = 373 K — Temnepatypa KuneHHs BOJbI.
KosnyecTBO TemnuoTsl, MoJydeHHOe HeHcrapuBlieicsi BOJOH,

’ Q3 = ¢;(my — Am)(T - Ty).
CocraBum ypaBHeHHe TemoBoro 6anatca: Q = Qp + Q3 , W
Amg +como (T, ~T) =
= c (T, — T))Amy + rAmy + ¢ (my — Amy (T - Ty).
PeuB 310 ypaBHeHHE OTHOCHTeNIbHO T, NOJydHM:

M2(k + C2Tm|) + clmlTl - (CITK + r)Aml
ci{my — Amy) + comg

T=

,T=3-102K.

440. B xanopumerpe npu temneparype ¢; = 0 °C Haxonu-
Jjock my = 500 r Bomel ¥ m; = 100 r ba. CKOMBLKO BOASHOTO
napa npu temneparype o = 100 °C 6buo BnylleHo B Bofy,
eCJIM B pe3yJibTaTe BeCb Jie[ PacTasiyl H B KaJlOpHMeTpe yCTa-
HoBHJIach TeMneparypa ¢ = 90 °C? TensioeMKoCTh KajlopuMeTpa
Cy = 1600 Ik / K, yneabHas Tenjiora napoo6pa3oBaHHusl BObI
r =226 108 JIxx/xr, yiesbHas TemsoTa NJaBJeHHs Jbla
A= 3,3 10° IIx/xkr, yAeJibHasl TEIJ0eMKOCTb BOAbl ¢ =
=4,19- 103 I/ (xr - K). TloTepsmMu 3Hepruu B OKpy»alo-
ULyt cpeny npeHe6peus.

Peuienue KoauyecTBo Tensotsl, 0OTAaHHOE BOASHBIM
NapoM Maccoi my MpPH ero KOHAEHCAlHMH U OXJaXKaeHHH 06pa-
30BaBLIeHCs] BOABl OT TEMIEPATYpbl KOHAEHCAMH 10 YCTAHO-
BUBLIeficsi TemnepaTtypsl T,

Q =rmy +cmy(Ty ~T).

KonuuecTBO TEMIOTH, MOJydEHHOE JIbJ0M, BOIOH, 006pa3o-
BaBUICHCS U3 JIbjJa, BOAOH, HAXOAHUBILEHCS B KajopHUMeTpe, U
KaJIOpUMETPOM,
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Qo =Amy +em (T =T +cmg(T-T) + C AT - T).
Ha ocHOBaHMM 3aKOHA COXpaHeHHsi M MpeBpalieHHst SHep-
TMH COCTaBJIfeM ypaBHeHHe TerIoBoro 6anatca: @y = Qy, UM

rmy +cmy(Ty —=T)=2dm, +(cm; +cmy + C T =T)).

OTC}OILa HaxXoguM Maccy rapa:

_dmy +lelmy +mp) + COT = T))
My = r+c(Ty-T)

, my = 0,2 xr.

441. Aptomo6unb pacxogyer m = 5,67 xr GeH3uHa Ha
s = 50 xm nytu. OnpefenuTh CPpeHIOI0 MOIIHOCTh, Pa3BHBae-
MYIO [IPH 3TOM [BHTaTesIeM aBTOMOOHJIsl, €CJH CpelHssi CKO-
pPOCTb ABHKeHHs Uep = 80 kM /4 u KIJ gBuratens 0 = 22%.
YnenbHas Tensota cropaHusi OeH3uHa ¢ = 46 - 106 Ik / kr.

P e weHue Pa3suBaemas ABuUTraTesieM CpelHss Moll-
Hocts N = A/t, rne A — nonéstas pa6ota, coBeplueHHasi 3a
c4eT TeIUIOThHI, BbiE/HBlIeHCS NpU cropaHud OeHsuua; ! —
BpeMsl, 38 KOTopoe pacxonyetcsi 6eHsun. [lpu cropanuu Gen-
3MHa Bbie/IsleTCsl KOJIMUECTBO TemloThl § = gm. Y4uTbiBas
KI1[, nonyyaem A = ngm.

[TyTb s aBTOMOGHJIb TPOXOKT 3a BpeMsl { = s/vcp. Cneno-
BaTeJIbHO, '

N = nqmvcp/s, N=26"-10%Br.

442, B Taoulyio JbAMHY NONajaeT nyJjs, JeTAIaa CO CKO-
poctbio v = 1000 M/ c. Macca nyad m = 10 r. Cuuras, yro
NO0JIOBHHA 3HEPTHH IyJIH TOLLIA Ha pasgpobJieHHe Jbaa, & apy-
rasi MoJIOBMHAa — Ha €ro IJaBjlesue, HaUTH Maccy pacTasiBlLUero
Jibja. YiebHas TennoTa niasieHds abga A = 3,3 - 10% Ik /kr.

Pewenue KoauyecrBo Tennorsl, 3aTpaueHHoe Ha
nJjaBjieHHe Jbla, Q = Amj, rle m) — Macca pacTasBlIero
abga. C Apyro¥i CTOpPOHBI, 3Ta TelJOTa NOJydaeTcs 3a CyeT
NOJIOBHHBI KHHETHYECKOH 3HEPrHH NyJH:

Cnenosarenbho, muv? /4 = Amy, 0TKysa Macca pacTasiBlie-
ro Jbaa

m =%, m =7,8-10“3 K.
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443. C kaKoi BbICOTHI ynaJ 6e3 HauyalbHOU CKOPOCTH CBHH-
LOBBIH LIAP, eCJIM NIPY NajJeHHW TEMNepaTypa ero NnoBbICHIACh
Ha AT = 10 K? Cuurars, uto 80% 3Hepruu uiapa nouuio Ha
ero HarpeBanue. CONpoTHBJIEHHEM BO3yXa npeHebpeun. Y eb-
Hasl TeroeMmkocTb cBuHua ¢ = 130 Ix / (kr - K).

Peuenue [loTeHuuancHasi 3Heprus liapa Maccou m
Ha BbicoTe h Ej = mgh. D1a 5Heprus yaCTHYHO 3aTpayeHa Ha
yBeJiHueHHe BHYTPEHHEH 3HepruH llapa NpH yaape o 3eMlo.
Ha ocHOBaHuM 3aKOHA COXPaHEHHS U NpeBpallleHHsl SHepruu
COCTAaBHM pPaBEHCTBO:

nmgh = cmAT,

rge N = 0,8; ¢ — ygenbHasi TenjoeMKocTb cBMHUIA. OTciona
HaXOIUM BHICOTY:

h=%§, h=17-102 m.

444. B uunuuape npu tremneparype ¢; = 20 °C Haxogurcs
m = 2 Kkr Bosnyxa. Kakasi pabota 6yeT coBepllieHa NnpH H30-
GapHOM HarpeBaHWH BO3/yXa A0 TeMrepaTypul fo = 120 °C?
MounsipHas Macca Bosfyxa M = 29 - 1073 xr/moi.

Peurenue. IlpuunsobaprHom pacummpenuu pabora rasa

A=pAV, (1)

rie p — naejeHue; AV — uaMeHenue o6beMa.
3anuuiem ypaBHenue MenaeneeBa — Knanefipona mia nByx
COCTOSIHUE BO3/1yXa:

le =%RTI, pVQ =%RT2.

BhluuTas nousieHHO U3 BTOPOro ypaBHEHHs NepBoe, NOJy-
yaem

p(V2 - Vl) = %R(TQ ~ Tl) (2)

Ho Vo — V| = AV, noatomy Ha ocHoBauuu pasencts (1) u (2)
HaXOJIHM:

= LR(T, - T), A=57-10* Ix.

445. B Tensou30JUPOBAHHOM BBICOKOM LHJHHAPHUECKOM
cocyie Ha PacCTOSIHMH A OT [HA BMCMT Ha HHMTH [OpLIEHDL
maccoil m (puc. 139). [Nox nopluHeM HAXOAUTCA V MOJb Ufe-
aslibHOro rasa. [laBneHue NMoj NOPIIHEM B HAYaJbHbIH MOMEHT
pPaBHO BHeUIHeMy faBJIeHHIO, TeMnepaTypa rasa 7T,. 'a3 Ha-
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rpeBaeTcs cnupasblo. Kakoe konnue- p77777777/4

CTBO TEIJIOTHl HYXXHO TNOABECTH K

rasy, urto6bl NopuieHb NogHAJICS 10 2

BEICOTH! 2h OT gHa? Tpenue oTcyTCT- m

ByeT. BHyTpeHHsIn 3Heprus MoJis -

raza U = C}7)’, yHHBepcaJFI)bHaﬂ raso- 222222

Bas NocTosiHHast R, yCcKopeHHe CBO- 2T

60HOTO NafeHus g. " ——
Peurenue. IlonepBoMy3ako- =« g

HY TepPMOArYHAMHKH cOOOUIEHHOE a3y

KOJIH4YeCTBO TeIJIOTH

Q=AU+ A, (1)

rne AU — u3MeHeHHe BHYTpPeHHeH
3Hepruu rasa; A — pabora, coBepliIeHHas [a30M NIPOTHB BHeLL-
HUX CHUIL.

Ha nopuiens npu pacumpenun rasa AeHcTBYIOT 1Be BHelI-
HHE CHJIbl: CHJIa TSDKECTH mg U CWia, o6ycJioBeHHas BHeL-
HHUM [aBJIEHHEM p; U paBHast pS, rae S — NJoLLaab NOPLIHS.
[TonHumas nopuieHb OT BRICOTH A A0 2k, ra3 coBepuiaeT paboTy

A= (mg + pS)h. (2)

Puec. 139

HameHeHHe BHYTPEHHEH 3HEPTHHU rasa
AU = C(T2 - Tl)’

rae To — KOHeuHasi TeMnepartypa rasa; 7| — Haya/lbHas TeM-
neparypa.
Jlo HarpeBaHus ra3a ypaBHEHHE €ro COCTOSTHUSA HUMeeT B[

piSh = VRT,. (3)

Hocne noaBoaa TeIJioThbl nopulem, NOAHANCH, HUTH HE HA-
TAHYTA U ra3 HAXOAHUTCS 1101 JaBJieHUeM, paBHblM CyMME€ BHEII~
Hero aaBJjieHHs U JaBJIeHUSA, 06yCJIOB.ﬂeHHOI‘O CHJIOfl TAXKECTH
NOPLIHSA:

pa=p +mg/S.

YpaBHeHMe COCTOSIHUS [d3a TEMEPb 3aNUILETCS TAK:
(p; + mg/S)2hS = VRT,. (4)
Pemas coMecTHo ypasHerus (3) u (4), naxonum

Ty = 2T, + 2mgh/VR.
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Torna
AU = C(T; + 2mgh/VR). (5)

Kpome Toro, u3 dopmya (2) u (3) naiinem
A = mgh + VRT,. (6)
[opcrarus 3nauenus (5) u (6) B Buipaxende (1), nosyuum
Q = (C + vR)T; + mgh(1+ 2C/(vR)).

446. Ilpy 430TepMHUECKOM pACUIMPEHHH 3a30Ta Maccod
m =100 r, umesutero temnepatypy T = 280 K, ero o6nem
yBequuusicsa B 3 pasa. Haiitu: paboty, coBeplLIeHHYIO ra3oM
NpU pacUIMPEHUH; U3MeHeHHe BHyTPeHHeH 3Hepruyu rasa; Ko-
JIHUECTBO TEIJIOTH, COO6IIeHHOe rasy.
Peureuue HsypaBHenus Menneneera—Knanefipona
HaXouM
_ mRT
P="mv>

OTKyJa BufHo, uto npu T = const

H30TepMHUECKHH Tpouecc) AaB-

5 JieHue rasa y6oiBaeT 06paTHO I1po-
A nopurMoHabHO 06beMy (puc. 140).
Pa6ora rasa uncjieHHO paBHa 1Jo-
c uany Gurypsl, orpaHUdeHHOH Ipa-

P W KoM 3a1§)ncuMgcm p = f(lg),
a ocbto V u oTpeskamu ab u cd,
g v - V' uycrieHHO PaBHBIMH JaBJICHHAM P

W py9 B HaAuyajibHOM H KOHEUHOM
Puc. 140
coctosinunax. Cle0BaTebHO,

Vp Vy /T Vo
= = [m — m dv _
A= [paV = [28LdV = SLRT [4V =
4 v v

e}

LN

MousipHast macca asora M = 28 - 1073 kr/ mous, Vy /V; =3,
R = 8,31 Ik / (moab - K). [lonctaBus B nociieH00 GOpMyy
uMCJioBble 3HaueHHs, nojdyuum A =9 - 103 IIx.

Hamenenue BHyTpeHtei suepruu AU = 0, Tak kak T = const.
ClienoBaTesibHO, COIJIACHO NEPBOMY 3aKOHY TePMOJUHAMHKH,
coOB1IIeHHOE a3y KOJMuecTBO TemoTel Q = A =9 - 103 JIx.

447. Tennoso# npouecc, rpadMx KOTOPOro H3o6paXkeH Ha
puc. 141, coBeplaloT HaA HAeaNbHbIM Ta30M, MacCa KOTOPOTO
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ocTaetcsl nocrosiHHoi. Onpe- 7
LEJIUTh, KaK H3MEeHsJ1ach TeM- 2
neparypa rasa Ha yyacTkax
1-2,2-3, 3—1. BusicHuTh, Ha
KaKHX y4acTKax a3 noJy4dan
HEKOTOpOe KOJIUYECTBO TeMJ10-
Thl U Ha KaKUX OTAaBal.

Peumenue Hsrpaduxa s
BUHO, UTO Ha yuyacTke [—2
JaBJjieHHe Ta3a NPsIMO NPOINop- Puec 141
LIMOHANLHO 06beMmy: p = aV,
rae a = const — KO3 QUUHEHT NPONOPUUOHAIBHOCTH,

Ha ocHoBauuu ypaBHenust MeHpneneeBa—Knanefipona no-
JIy4HM

~
A

<
<

2 _m
aV ———MRT,
OTKyna
_aMy2
T———-mRV )

Takum o6pasom, ¢ yBesnuueHueM o6beMa V rasa ero tem-
nepatypa Bo3pacTalia, BHyTPeHHssl 3HEPrUsi yBeJUuMUBaaach,
1. e. AU > 0. Ilpu 3ToM ras, pacluupsisicb, CoOBeplIas IoJio-
XUuTesbHyio paboty: A > 0. CorjiacHo NnepBOMY 3aKOHY Tep-
MOJMHAMHUKH, Q;_, = AU + A. CniegoBaresibto, Q-5 > 0, 1. e.
Ha yyacTke [—2 rasy coo6u1aoch HEKOTOPOe KOJIMYEeCTBO Tel-
JIOTHI.

Ha yuactke 2—3 coBepliiajicst H30XOpHBIEi IIpoLiecc, 03TOMY,
corjiacHo 3akoHy Hlapas,

pe/ To=p3/Ts,
OTKYyza

Ty =T, 23
3 2P2

[Mockoabky p3 < pg, To T3 < Ty, u BHYTPeHHSAs] 3HeprHs
ra3a Ha 3TOM yuyacTKe yMmenbuuaach (AU < 0). B usoxopHom
npouecce pabora raza A = 0. CnegoBarensHo, Qy—3< 0, 1. e.
ra3 oTaaBajl HEKOTOPOE KOJMYECTBO TEMJIOTH.

[Tepexon u3 coctosinus 3 B cocTosiHUe | MPOUCXOMHUI MPH
noctosuHoM gasienuu. [lo 3akony leit-Jlioccaka

V3/T3 = V]/Tl,
OTKYyaa

207



Y
T =737;—-

O6beM rasa ymenbliancsi, nostomy A < 0 u Ty < T3,
creposatenbio, AU < 0. Ha ocHoBaHuM nepBoro 3akosa Tep-
MOAMHAMUKH NPUXOAMM K BbiBoay: Q3—; < 0, T. e. ra3 Ha
yuacTtke 3—1 0TnaBan HeKOTOpPOe KOJHYECTBO TelJIoThl.

448. a3 coepuiaeT Kpyroso# npotuecc, rpaguk KOTOporo
u3obpaxeH Ha puc. 142, a. Kakas pa6ora MoxeT ObITb CO-
BepIleHa 33 OIMH LMKJI IPH TAKOM Ipollecce, eCJIi HaHMeHb-
uast teMnepatypa rasa ¢y = 0 °C, a nanboabluas t3 = 127 °C?
I[lpu temnepatype ¢| o6beM rasa V; =5 a, npu t3 V3 =6 1.
Konuuectso rasa v = 0,5 MoJib, yHuBepcasibHasi ra3oBast no-
crosuuas R = 8,31 JLx/(monb - K).

PeweHye. H3obpasum 3TOT nponecc B KOOPAUHATAEX P,
V (puc. 142, 6). 3nech pabora, coBepluaemas ra3om pu pac-
IIMPEHHH, T0JIOXKHTE/IbHA M YHCJIEHHO paBHaA IIOIAAH, orpa-
HUYeHHOH rpadukoM pgo = p3 = const, oceio V u oTpeskamu
ab u cd. PaboTa, coBepliiaeMasi IPH CKaTHH, OTPHLIATEbHA U
YHCJIEHHO PaBHa IUIOIAM, OTPaHHYeHHOH [paHKOM py = pg =
= const, ocbio V u otpeskamu ae U fd. CrenoBatesbHO, CyM-
MapHasi pa6oTa, coBeplleHHAsi [a30M, PaBHA Pa3HOCTH 3THX
nJiotafes, T. €. YHC/JEHHO PaBHA IVIOUIANH NPSIMOYTOJbHUKA
bcfe:

A=(p2—P1)(V3—Vl). (1)

3anuuieM ypaBHeHHe MenneneeBa—Knaneiiposa s co-
CTOSIHUH, KOTOPHIM Ha IpaUKax COOTBETCTBYIOT TOUKH [ U 3:

p1V1 = VRTl, p3V3 = VRT3.

a g

v P
W 4 3 2 3
Y
2 f
y, 17 _’_Z
// ///
///
al a d
0T LT v, v, v
Puc. 142
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W3 mepBoro ypaBHenus ciefyet, uto p; = vRT;/V,. U3
BTOPOr0 YPaBHEHHS, YUHTbIBAsl, YTO p3 = P, HAXOAHM

pe = VRT3 /V3.

[TonctaBuB 3HaueHUs p| U po B Buipaenue (1), mosnydum:
A= vR(E-E)(vg, ~V), A=5-10 Jix.
Vi ¥

449. TepmeTuuHblil cocya BMecTHMOCTbI0 V = 0,25 M3 co-
JEPXKHUT a30T nof aaBneHueMm p; = 120 k[la. Kakoe naBnenue
YCTAHOBHTCSI B COCy[e, €CJId a30Ty COOGUIMTH KOJUYEeCTBO
tenstotel Q@ = 8,4 k/x? MossipHas TemjoeMKOCTb a30Ta B
panubix yenosuax C = 21 Jix/(monb - K). Yuusepcanbhas
rasopast nocrosiuias R = 8,31 Lk /(momb - K).

Pe w e Hue. HarpeBaHue npoUCXOAUT NPH NOCTOSTHHOM
o6beme, 03TOMY, corjacHo 3akouny Hlapas,

pi/T = pe/To,

rne Ty, To — HaualbHasi ¥ KOHeuHasl TEMIIepPaTyphl a3oTa.
OTciona

T
P2 =P17T- (1)

Hcnone3ysi ypaBHenue MenneneeBa—Knaneiipona, Haiinem
Ha4a/bHYy10 TeMNepaTypy:

1%
T = ﬂ_, 2
1= 78 (2)
tme v = m/M — KonvuecTBo BellecTBa a3oTa.

ITpu usoxopHoM npouecce pa6oTa rasa paBHa HyJio. [lo-
3TOMY, COIJIACHO NMEPBOMY 3aKOHY TePMOAHHAMUKH, H3MEHEHHE
BHYTpPeHHEH 3HePruu a3oTa paBHO COOBLIEHHOMY eMy KoJinue-
ctBy TenJsioThl. [IycTh TeMnepartypa rasa ysesinuujach Ha AT .
Torna Q = vCAT, oTkyna

AT =92
< (3)
CnenoBaTesbHO, TeMNepaTypa cTajia paBHoit To = T + AT.
Haiigem oTHoleHue
T; T, + AT
2 -t = 1 + A_T_
Ty Ul n
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Yyureias snauenus (2) u (3), nonyuaem

AT _ QR
L Cvp'
Torna
n QR
o1+ 9R
n - oun (4)

Ha ocHoBanuu shipaxenuit (1) u (4) umeem:

R
P2 =Py +*27’ pe =13-10° Ma.

450. B BepTHKaJIbHOM LEJTMHAPE BMECTHMOCTbIO V = 200 cm?
104 TsKeJILIM TOpUIHEM HAaXOQMTCs a3 IpU TeMIeparype
T = 300 K. Macca nopurast m = 50 kr, ero nsowanb S = 50 cm2.
Jns noebilileHusi TeMnepatypbl raza va AT = 100 K emy 6bu10
c0061u1eHo KoanyecTBO Tensotl Q = 46,5 k. HaliTH uame-
HeHHe BHYTpeHHel 3HepruM rasa. ATmocdepHoe aBjeHHe
po= 1,0 - 105 Ia. TpeHue He yuuTbIBaTh. ¥ CKOpeHHE CBOGOM-
HOTO NajJeHHs g NPHHATH paBHBIM 10 M/ c2.

Peurenwue. CornacHo nepBoMy 3aKOHy TepMOJIHHAMH-
KH, KOJIMYeCTBO TEILIOTH ), Mo/iBeieHHOe K ra3y, pacxoayet-
CA Ha Hu3MeHeHHe BHyTpeHHeH 3Heprum AU u coBeplleHHe
paGotbl A Haj BHelIHUMH TeJaMu: Q = AU + A. Otcroaa

AU =Q - A (1)
['a3 pacluMpsieTcsl Npy NMOCTOSIHHOM J1aBJIeHHH
= ne

coBeplias npu 3tom paboty A = pAV, niu

A=(po + ng)AV, (2)

rie AV - usmeHenue o6bema rasa. CorsacHo sakoHy leit-
Jlioccaka,

v _V+AV

T T+AT’
OTKYyZa

AV = VAT

[Toncrasus 3To BopaXkeHde B hopMyay (2), nonyuum
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VAT
A=(po +ZE) AT (3)
Ha ocHoBanuu Buipaxenust (1) u (3) nonyuum:

- mg\ VAT -
AU = Q—(po +ZE)YAT | AU =33 Ix.

3agauun AN CaMOCTOATENbHOro pelweHus

451. Yrobel oxnanuts V = 4,5 a1 Bombl OT TeMNepaTyphl
ty =30 °C no t; = 10 °C, B Bogy 6pocaioT KyCOUYKH Jiba NpH
temneparype f3 = 0 °C. Halitu maccy Jsbaa, HCO6X0}1HMOI‘O
IS oXnaXkaeHus Bogpl. IlnoTHOCTs Bogbl p = 1 - 103 kr/ M3,
ylle/ibHasi TEMJIOEMKOCTb Boabl ¢ = 4190 le/(Kr K), yrens-
Hasi TeIUIOTa [UIaBJleHUs abga A = 3,3 - 10% D /K.

452. B cocyn, conepxauui m; = 2,35 Kr Bofsl IPU TeM-
neparype T| = 293 K, onyckaioT KyCoK 0Ji0Ba, HarpeToro a0
temnepatypsl T9 = 503 K. Temnepatypa Boasl B COCy/e NOBbLI-
cunach Ha AT = 15 K. Boiuucnuth Maccy onioBa. Mcnapenu-
eM Bogbl NnpeHeGpeub. ¥YjesibHasi TEMNJOEMKOCTb BOABl €| =
=4,19 - 103 Iix /(xr - K), onosa ¢ =2,5 - 102 Ik / (xr - K).

453. Harpetywo »kene3Hyw 60JIBAHKY NOCTAaBUJIH Ha Jief,
uMetoui TeMnepatypy ¢; = 0 °C. B pesysbrarte oxsaxaeHus
6osBankd 1o 0 °C nox Heft pacruaBusioch my = 460 r abaa.
KakoBa 6le18 TeMmepaTypa HarpeToH OGOJIBAHKH, eCJiH ee

Macca mo = 3,3 Kr? YaeJibHas TEMJOEGMKOCTb XKeJje3a ¢ =
= 460 H)K!(KI‘ K), ynenbHast Tensiota nJiaBsienus Jbga A =
=3,3 - 10° I/ kr.

454. [lpu HOpMasnbHOM aTMOC(epPHOM JaBJIEHHH HEKOTO-
pY10 MaccCy BOAbl HarpeBaloT A0 TeMNepPaTypsl KUINEHHS, Npo-
nycKasi yepe3 Hee nap npu Temnepatype t; = 100 °C. Bo
CKOJIbKO pa3 YBeJIUUHTCSl MacCa BOAbl, KOTAA OHA JOCTHIHET
TeMneparypel kunenusi? Hauanbuas temnepartypa Bogbl £y =
=20 °C, ee yne/ibHasi TENJOEMKOCTb H y/leJbHasi TEIJIOTa Napo-
06pa303amm — cooTBeTcTBeHHO ¢ = 4,19 - 103 I / (xr - K),

= 22,6 - 10% I / xr.

455. B KaJopumetp Hanuto m; = 2,0 Kr BOAHI IpH TeMIle-
patype t; = 6,0 °C u nosioxeH KyCOK Jbfa Maccod mg =
= 2,0 kr, Temnepartypa Kotoporo to = —20 °C. KakoBo 6yner
COMIepXKHUMOe KaJIODUMETPa I0CJ/ie YCTAHOBJIEHHS! TerJOBOrO
paBHOBecHs? TeN0eMKOCTHIO KaJOPHMETPa U Ten1006MeHOM
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¢ BHELLUHEH cpeno¥ npeHebpeyb. ¥ ne/ibHasi TENJ0eMKOCTb BO/IbL
c;=4,19- 103 Lk /(xr - K), nmbaa cg = 2,1 - 103 I/ (xr - K),
yae/JbHas TemioTa NJaBjeHus abga A = 3,3 - 10° Ik / kr.

456. B cMech, cOCTOSAIILYIO U3 JIbJa MACCOH M| = 5 Kr ¥ BOAbI
Maccoit mo = 4 Kr npu temnepartype t; = 0 °C, BnyckaioT Bogs-
HOH map Maccoit mg = 0,5 xr npu Temneparype to =100 °C.
OnpenenuTbh TeMnepaTypy CMecH { U Maccy my pacTasiBIIEro
JbJa. YielbHasi TeNJ0Ta NJaBjeHus abga A = 3,3 - 10° [k / k.
YiennHas TemioeMkocTb Bogsl ¢ = 4,19 - 108 11 x/(xr - K).
YienbHast TerioTa napoo6pasosanms Bofbl 7 = 22,6 < 10° [k / kr.

457. B kanopuMeTp, B KOTOPOM HaXOAMUTCs BOAA Maccoi
my npu Temnepatype 7|, BAMBAIOT pacliaBJieHHBbI MeTasll,
Macca KOTopOoro mo, a TeMIepaTypa paBHa TeMIepaType NJaB-
jgenusi T, ,. Ilpy 5TOM TeMnepatypa Bofbl B KajiopumeTpe Io-
BbllllaeTcst 10 T9, @ YacTb BOAH BhikUnaeT. ONpefesiHTh Maccy
BbIKHIIEBLIEH BOALL. ¥Y/ie/bHasi TeNJ0eMKOCTb BOMB Cy, yAeJb-
Hasl TeNJIOEMKOCTb METaJl1a Cg, YaeJbHasi TeIIOTA I1aBJIeHHUA
MeTasjia A, yieJbHasi TenJoTa napoo6pasoBaHus Boabl 7, TEM-
nepatypa Kunesus Bogbt 7T.

458. C KakoM CKOPOCTbIO JOJ/KHA YHApHTbCS O Nperpagy
CBHMHIIOBasl Ny/si, yToObl OHA pacIaBWJIACh, €C/iM J0 yAapa
temnepartypa nyau 6buta T = 373 K? Ilpu ynape Ha narpesa-
Hue nyau uget N = 0,60 ee sHepruu. Temneparypa naasse-
uua ceuHua T, = 600 K, ero ygenbHas Tem10eMKoCTb ¢ =
= 130 Ik /(xr - K), ynenbnas Tennota naasnenus A = 30 x
x 103 JDx /K.

459. CBUHIOBas myJs, JeTaulas TOPHU3OHTANbHO CO CKO-
pocthio vy = 500 M/ ¢, mpo6uBaet 1OCKy Ha BhicoTe h = 2,0 M
HaJ MOBEPXHOCTbIO 3eMJIH, He U3MeHsid HalpaB/leHusl CBoeH
cxopoctid. Ha KakoM paccTosiHuM OT HOCKM NyJisi ynajer Ha
3eMJII0, eCJIM TIPH IBHXEHUH yepe3 N0CKY OHA HarpeBaeTcs Ha
AT = 200 K? Cuuratb, 4TO BCS TENJIOTA, BHIEXBIIASACS MPU
ABHXKEHHMH Yepe3 NOCKY, NOUlIa Ha HarpeBaHHe NyJu. Yaelb-
Hast TennoeMkocTh cBuHua ¢ = 130 [k / (xr - K). Conporus-
JIEHHeM BO3yxa MpeHe6peub. :

460. [Toe3n maccot m = 1000 T n1pu TOPMOXKEHHH C YCKO-
pennem a = 0,2 M/ c? ocranoBuicst yepes T = 100 c. Kakoe
KOJMHYECTBO TEMJIOTHl BhIAE/IHJIOCH IPH TOPMOXKEHUH ?

461. Pabouuii 3a6uBaeT B JOCKY XKeJIe3HbIH I'BO3/b MacCOH
m = 50 r u yaapsier npu 3TOM n = 5 pa3 MOJIOTKOM, Macca
kotoporo M = 0,5 kr. UMny/bc MO/IOTKAa HEMOCPeaCcTBEHHO
nepen ynapom p = 6 xr - M/ c. Ha ckoabko rpanycos uarpeert-
Csi TBO3MIb, €CJM BCS BhbIAENHMBIUASICS NIPU yaapax TelJioTa fio-
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LUId Ha ero HarpeBaHMe? YesibHasi TENJOEMKOCTb XKeJje3a
¢ =0,45 kx/ (xr - K).

462. Jlasep uanyuaeT CBeTOBble MMIYJIbChl C 3HEprued
W =0,1 x. Yactota nosTopenuss umnyybcos v = 10 Iu.
KI1] nasepa, onpesnesisieMblit OTHOIIEHHEM H3/yyaeMOl 3Hep-
ruu K notpebuisiemoi, N = 0,01. Kako#t 06beM Bogbl HYXHO
NpoKauaTh 3a T = | 4 yepes3 OXJIAXKAAOLLYIO CHCTEMY Jla3épa,
uto6bl BOJa Harpesach He Gosiee ueMm Ha At = 10 °C?

463. Haiitu maccy Jibaa, umetoliero temneparypy ¢ = —10 °C,
KOTOPBIH MOXXHO PacTONUTh 33 T = 10 MHH ¢ NOMOLIBIO 3JIEKTPH-
YeCKOro HarpeBateJis, paborawoluero npu Toke cunokt / = 3 A ot
cetu ¢ HanpsbkenueM U = 220 B? KI1]] narpesatens 1 = 80%.
¥nenbHas TennoeMKocTb Jbga ¢ = 2,1 - 103 Ik /(xr - K),
yaesibHasi TerJioTa MJaBJieHus Jbga A = 3,3 - 105 Il / k.

464. B xacTploslo HaJuIH XOJIOAHOU BOABI [IpH TeMnepa-
type t; = 10 °C u mocraBusu ee Ha 3jeKTporyiuTy. Uepes

BpeMsi 1; = 5,0 MuH Boja 3akunena. Uepes CKOJIbKO BpeMeHH
nocJjie HayaJsia KMIeHHs BOJa TNOJIHOCTbIO HCNapuTcs? ¥ aelib-
Hasl TemIoeMKocTb Bogpl ¢ = 4,19 - 103 JIx/ (xr - K), yaess-
Has Temsjota mapoo6pasoBaus Bomel r = 2,26 - 106 Dx / kr.
KuneHue npoHCXOOMT B OTKpPBLITOH KacTpioJie NpPH HOPMalib-
HOM J1aBJICHHH.

465. Onpenems KI1J1 Harpeparens, pacxomytoutero m = 0,08 kr
KepOCHHa Ha HarpeBaHue mo = 3,0 kr Bomel Ha AT = 90 K.
YieslbHast TEMIOTa Cropanus Kepocuna ¢ = 4,2 - 107 I / xr,
yaelibHasi TerJioeMKOCTb Boanl ¢ = 4,19 - 103 ik / (xr - K).

466. lns pacnaasnenuss m = 1000 Kr cTanu ucnoJsib3yer-
cs1 ajiekTponeyb MoutHocThio P = 100 kBt. CkoJibko BpeMeHH
NPofOJXKAETCs NJaBKa, eCJM CJHUTOK A0 Hayaja IJaBjieHHs
Hago Harpetb Ha AT = 1500 K? YpenbHast TensoeMkocTb
cranu ¢ = 500 Ix /(xr - K), ynenbHas Teriora njaBiaeHus
cranu A = 2,7 - 10° [k /kr.

467. BepTuKaNbHbIH UMJIMHAP C TSPKeJbIM IOPILIHEM Ha-
noJieH asoToM, Macca kKotoporo my = 0,1 kr. Ilocse yBeau-
yenusi Temnepatypel aszota Ha AT = 100 K noplueHb nogusi-
cs Ha Beicoty A = 0,1 M. Han nopuiHem Bce Bpemsi COXpaHsieT-
cs1l HopMabHOe aTMochepHoe naBJenue pg = 1 - 10° ITa. ITio-
wagb nopuas S = 0,02 M2, Onpeneuts Maccy NopuiHs. YHu-
BepcasibHas rasosasi noctosHuas R = 8,31 Ik / (monb - K),
MoJisipHasi Macca aszota M = 28 - 1073 kr/wmonb.

468. OnpenenuTs U3MeHeHHe BHYTPeHHelH 3Hepruu rasa,
B3siTOr0 B KoauuectBe vV = (0,5 MOJb, IPH HArpeBaHHUH ero
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py NMOCTOSIHHOM AaBJieHUH oT Temnepatypol Ty = 300 K no
temnepatypst To = 320 K, eciiv rasy 6510 coo611jeHO KoHye-
ctBo TemoThl @ = 290 [x. YHuBepcanbHas ra3obas Nocro-
sunas R = 8,31 x/(moan - K).

469. HaiiTu BHYTPEHHIOIO SHEPrHI0 OHOATOMHOrO rasa,
3aHKMaiolero o6bem V = 2 M3 npu gasienuu p = 200 klla.

470. VgeanbHul ra3, KoOJUYECTBO BelleCTBA KOTOPOro
v = 0,5 Monb, U3 cocTosinus ¢ Temneparypod 7 = 100 K pac-
IIMPsieTCsl H306apHO, a 3aTeM H30XOPHO NePexXoiHT B CO-
CTOSIHUe C Ha4dalibHOW TeMnepaTypo#i. Bo cKoJibko pas us-
MEHHUTCS [IPH 3TOM O06bEM rasa, ecjiv [Jisl NepeBoIa ra3a us
HaAuyaJbHOrO0 COCTOSIHMS B KOHEUHOe K HeMy IOJIBeJIH KOJIH-
yectBo Temaotht Q@ = 831 Jx? YHuBepcanbHasi rasoBas
noctosinHas R = 8,31 Jx/ (moab - K).

471. Boiuucauth paboTy, KOTOPYIO COBEPILUT a3 NpH H30-
6apHoM HarpeBaHuu ot t; = 20 °C go t9 = 100 °C, ecau on
HaXOAUTCs B BEPTHKAJIbHOM [MJIMHAPHUECKOM COCYAE, 3aKpbl-
TOM TOABHXKHbIM TOpIIHEM ¢ IJIOMIAfAblO NOMNEePeyHOro ceue-
nua S = 20 cm2 u Maccoli m = 5 kr. [lepBoHauanbHblil 06beM
rasa V =>5" 1073 M3, atmoctepHoe nassienue py = 1 - 109 [1a.
TpeHuem npene6peus. ‘

472. B BepTHKaJIbHOM UMJIMHAPE BMecTUMOCTb0 V = 2 1
MO/ TsKeJIbIM TNOpLIHEM HaXOAUTCs ra3 npu temmneparype T =
= 300 K. Macca nopuas m = 50 xr, ero miomams S = 50 cm2.
Temnepatypy rasa noesicuaun Ha AT = 100 K. Ha#itu usme-
HeHUe BHYTpeHHEH 3HepruH rasa, ecjiM ero TelJIOeMKOCTb
C =5 JIx /K. Atmocdeproe naBnenue py= 1 - 10° I1a. Tpe-
HHe MOPLUHSA O CTEHKM He yuuThBaTh. [Ipuuath g = 10 M/ 2.

473. [lns HarpeBaHusl HEKOTOPOr0o KOJIM4ECTBA HIEAIbHOIO
rasa ¢ MoJisipHoii Maccoit M = 28 - 1073 kr/monb va AT = 14K
NpH NOCTOSIHHOM faBJjieHHH NoTPe6oBaNoCh KOJHYECTBO Tell-
Jothl @ = 10 k. Uto6bl 0X/1agMTh ra3 [0 HCXONHOH TeMIle-
paTyphbl TIpH NOCTOSIHHOM 00 beMe, He06X0IUMO OTHATb OT HEro
KosMuecTBO TemoTH Q9 = 8,0 k. Halitu maccy rasa. Yuu-
Bepca/ibHast rasoBasa noctosiHHas R = 8,31 JIx / (mosn - K).

474. Ta3, B3t npu temneparype T = 100 K B xonuye-
CTBE V = O MOJib, CHayaJla HarpeBaloT NPH NOCTOSIHHOM 00b-
eMe TaK, YTO TepMOAHHaMuuecKasi TeMIlepaTypa rasa Bo3pac-
TaeT B 1 = 3 pa3a, a 3aTeM CXKHMAIOT [IPH NOCTOSIHHOM [1aBJe-
HUH, [OBOAS TEMIIEPATypy A0 NEePBOHAYaJbHOIO 3HAYEHHSI.
Kakasi pabora coBeplieHa npu CXaTUM? YHHBepcajbHas ra-
30Bas noctositdas R = 8,31 /x/(moab - K).
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475. HallTd yIesibHYIO TENJIOEMKOCTh OHOATOMHOTO Mfe-
a/bHOTO a3sa B M300aPHOM C, W M30XOPHOM Cy MpoLeccax.
Mounspuas Macca rasa paBHa M, yHUBepca/ibHasi ra3oBas Io-
CTOsIHHasl paBHa R.

476. Ilpu u30TePMHYECKOM paClIUPEHHH HIealibHbIH a3
coBepuinst paboty A = 25 Jx. Kakoe Ko/MyecTBO TENJIOThHI
coo011ieHo rasy?

4717. Tlpu agnabaTtHOM CXKATHH OJHOATOMHOIO HealbHOro
rasa 6bisia coBeplieHa pabora A = 900 Jx u Temneparypa
rasa yBenuuuaach Ha AT = 24 K. Onpegenuts KojnyecTBoO
BEIeCTBA 3TOrO a3a. YHHUBepCasibHasl [a30Basi NOCTOSIHHAs
R = 8,31 Ix/(moasb - K).

478. B uuMMHAPUYECKOM COCYAE MOJ JIEMKHUM NOABHIKHBIM
MoplLIHeM HaXoguTcst V = 1,5 MoJsib ugeanbHOro 0fHOaTOMHO-
ro ra3a npu temneparype ¢ = 27 °C. Kakoe xoauuecTBo Ten-
JIOTHl HafI0 MOABECTH K ra3y, utoObl ero 06beM yBeJMUMJICS B
n = 3 pasa? TpeHueM NOPIIHs O CTEHKH cocyaa npeHebpeys.
YuusepcaJibhas rasosas nocrosHuas R = 8,31 Jix / (monb - K).

479. VigeanbHbll ra3 B KOJHYECTBE V = 5 MOJIb, UMEBILIHH
Hauanbuyio temnepatypy 7 = 300 K, usobapHo paciuupuiics,
copepuius paboty A = 12,5 - 103 JIx. Bo cxosibko pa3 npu
3TOM YBeJHUHJICs 06beM rasa?

480. l'eauit maccoit m = 10 r Harpesu va AT = 100 K
NpPH NOCTOSIHHOM AaBjeHuU. ONpefesUTb KOJHUECTBO Tell-
JIOTHI, NepelaHHOe a3y, U3MeHeHHe BHYTpeHHeH 3HeprHH U
paboty rasa npu pacuiuperuy. MoJisipHas Macca resua M =
=4 - 1073 kr/moas. YuuBepcajbHasi rasoBasi NOCTOsIHHas
R = 8,31 JIx/ (Mo - K).

481. Ta3, 3aHuMalowHil IpH gaBeruy p = 1 - 10° [a 06s-
em V =0,1 M3, uso6apuo pacuuupsercs. [Ipu 3tom ero Tepmo-
JMHAMHYecKasi TEMIIepaTypa yBeJlIMYUBaeTCsi B 1 = 2 pa3a, a
BHYTPEHHsA 3Heprusi uamensiercss Ha AU = 26 xJx. Haiitu
MacCy YrJisi, KOTOpbli Heo6XOAUMO CXKedb Jist 3TOro, eCJIM Ha
HarpeBaHMe rasa 3atpauuBaercsi M = 0,2 KosuyecTBa TerJo-
Tbl, BbIICJISIIOLIErocsl IPK CTOPAaHUU. YesbHas TenJjaoTa cro-
pauus yras g = 30 Mk /kr.

482. Tlpouecchbl, NPOUCXOASIIME B LHJIUHAPE TENJIOBOro
JBUraTeJIsl C MealibHbIM ra3oM, H306paXkeHbl Ha AMarpaMme
p — V (puc. 143). UsBectHo, uto To = 500 K, T3 = 450 K,
T, = 300 K. Haiith, Ha cKoJIbKO Ke/bBHH TeMIlepaTypa B TOU-
ke | OT/MYaeTCst OT TeMIepaTypbl B TOUKe J.
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Puc. 143 Puc 144

483. Ha puc. 144 nzo6paxkeH rpadux npotiecca, npoBoay-
MOTO ¢ MfeasbHbiM rasoM. O6beM rasza nocrosHeH. Halitu
TOYKH, B KOTOPbIX Macca ra3a MaKCHMaJjibHa ¥ MHHHMAJIbHA.

484. Wpeanbuan TenJoBasi MaliuHa, pa6oramolias npu
HOPMaJIbHBIX YCJIOBUSIX OKPY2KAIOLIETo BO3yXa, KOTOPHIH 1Jisl
Hee SIBJIIETCS XOJIOAMJIbHUKOM, NOAHUMAET Tpy3 Maccoit m =
400 kr. Pa6ouee Tes0 MalIMHBI NOJIy4aeT OT HarpeBaTess C
temneparypoi t = 200 °C koaudectBo Tenyoth @ = 80 kJx.
Ha xakyio MakcHMa/bHYIO BRICOTY NOAHHMAeT rpy3 3Ta Tel-
JioBast MmauMHa? TpeHHeM npeHebpeyb.

485. Urto6b! pUHSATH BaHHY, Heo6XoanuMo Harpets V = 200 1
BOAbl OT TeMmepartypsl ¢} = 7 °C go TeMnepatypsi {9 = 47 °C.
Eciy Takoe KOJIHYECTBO TeMJOTH COOBIMTL HAEaJbHOH Ten:
JIOBOH MalilnHe, paboTatouiedl npH TeMrnepaType HarpeBares
tg ¥ XOJIOMMJIBHHKA [, TO C HOMOIIlblO 3TOH MAUIMHB MOXHO
NoAHATD TPy3 Maccoit m = 4,2 - 10 xr Ha Bucoty H = 10 m.
OnpepenuTh O 3TUM [laHHbIM ylleJIbHle TETJIOEMKOCTb BOIHI.
TnotHocTs Bogwl p = 1 - 103 kr/ M3, YckopeHne cBoGOgHOTO
nagenus g = 10 M/ c2.

486. Temnepatypa ra3os, 06pa3yiolIMXCsl NIPU CTOPAHHH
TOMJIMBA B UMWJIHHAPAX ABUraTenst aBToMobuns, t; = 827 °C,
TeMIepaTypa BHIXJOMHHX Ta30B Iy = 97 °C. CkoJbKO KuJjio-
MeTpOB Mpoe/eT ¢ IOCTOSIHHOHM CKOPOCTbIO aBTOMOGHIIb, UMEIO-
ui B 6ake V = 40 a Tommsa €CJIH y[eJibHas TenJoTta cro-
paHust TomauBa q = 46 - 108 Tk /kr, NJIOTHOCThH_TOTJIMBA
p =710kr/m3, a cuna COMPOTHBJICHUS IBHKEHHIO F ocraer-
CAl MOCTOSIHHOW U 110 MoxyJiio pasHoii 1,7 - 103 H? Isuraress
CUMTATh HjealIbHOH TEIUIOBOH MalllMHOM, paboTallled ¢ Mak-
cuMasibHo Bo3MoXXHbM KT

487. Tlpu pacumpenun rasa TernJioBast MalIHHa coaepmae'r
pa6oTy, NpH 3ToM 06beM Tasa yseauuuBaercst ot V) = 11073 m3
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10 Vo =2 - 1073 M3, a naBnenue nuueiiHo y6uiBaeT oT p| =
=6 - 10% I1a no py = 4 - 105 [Ta. OnpenenuTs H3MEHeHHe
BHYTpPeHHEH 3Hepruu ra3a npu ero pacluuperud v KI1I ren-
JIOBOH MalllHHbl, €CJIH HW3BECTHO, UTO KOJIHYECTBO TEMJIOTHI,
TOJy4eHHOe 32 LMK/ TeIlJIOBOH MallHHbl OT Harpesartes, @ =
= 1 kJbx, a oTaaHHOe X0J0AHABHUKY Q9 = 0,8 xJIx.



lil. OCHOBbI IJIEKTPOAUHAMUKU

8. ANEKTPOCTATUKA
MeToauyeckue ykasaHus K pelueHuio 3agad

IIpu pemtenuy 3agaq o B3aHMOJEHCTBUY TOYEYHBIX 3aPS0B
HYKHO, ClleJlaB DHUCYHOK, 0603HauuTb Ha HeM CHJIbl, AeHCT-
BYIOllIHe Ha HHTepPeCYyUIHH Hac 3apsa. Ecau no yciioBHio 3a-
Ia4yH 3apsii HAXOAUTCS B [10KO€, 3alIHCHIBAIOT yCJIOBHE PABHO-
Becus 3apsiga (Tak e, KaK ¥ /sl MaTepHaNbHON TOYKH B
MexaHuke). Ecnu 3apsg neukeTcsi B OHOPOHOM 3JIKTpHUe-
CKOM TI0JI€, COCTABJIAIOT ypaBHeHHe ABMXenus (TaK e, KakK H
B MeXaHHKe).

Ecau B 3agaye peub umet o paboTe CHJl 3JI€KTPUUECKOIO
noJis Haj 3apsaoM, cjiefyeT COCTABHTb YPaBHEHHE Ha OCHOBE
3aKOHA COXpaHeHHsl W TpeBpauleHHs 3Hepruu. [lpu B3aumo-
INeHCTBHH 3apsPKeHHDBIX TeJ U IPOUCXO/ISIEM IIPH 3TOM Iepe-
pacrpefiesieHHH 3aps0B ypaBHeHHe COCTABJSIOT COIJIACHO
3aKOHY coXpaHeHwus 3apsina. [lonyueHHylW cuctemy ypaBHe-
HUIl PelIaloT OTHOCUTEJIbHO UCKOMOMH BeJIMYUHbL. '

[lpu peureHuu 3agay o B3aHMOAEHCTBHH 3apsKeHHDBIX Tell
O6LIYHO UCTOJIb3YIOT GOpPMYJIibl, YCTaHABJIHMBAOLIHE CBSI3b Me-
KAy 3apsiiaMHd H [oTeHUHanaMd. Eciu 3afaHa clioXXHast cxe-
Ma COefMHEHHUs! KOHJeHCaTOpOB, HAO IONBITATbCS] 3aMEHHUTD
ee IPyrof CXeMoH, 110 KOTOPOH MOXKHO JIe[KO YCTaHOBHTb THR
coenvtenus (napanjesibHOe, OCAENOBATEIbHOE MM HX KOM-
GuHanuu). MHorma asis 3TOro 0CTATOYHO HAYePTHTh CXeMy
HEeCKOJIbKO HHaue. B apyrux ciyyasix Takyw 3aMeHY MOXHO
cenath [yTeM COeIHHEHHS Ha 3aJaHHOH cXeMe TOUYeK C OfH-
HAKOBBIM NOTEHLMAJOM; [IPY 3TOM 3apsiibl Ha KOHIEeHCaTopax
¥ Pa3HOCTH NOTEHIIHAIOB MeX1y 00KJanKaMH He 6yayT H3Me-
HsiTbes. [locne npeo6pa3oBanus cXeMbl YCTaHABIUBAIOT CBS3b
MeX[Iy 3apsilaMH, pPasHOCTSMH I[IOTEHLHANI0B H eMKOCTAMH
KOHIEHCATOPOB.
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OCHOBHBbI€ 3aKOHbI ¥ OopMynbI

3akon Ky/lOHdI CHMJ1a B3aUMOAEHCTBUSA ABYX HEINOABHKHbBIX TOYEY-
HbIX 33apsAAA0B MPAMO NPONOPLUHOHAAbHA HpOH3BEAEHHK)MOﬂyHEQ 3apsi-
J0B H O6paTHO NponopUrOHaNbHa KBAApPaTy PaCCTOSAHUA MEXKAY HHUMH:

F = plalle]
Ef2 '
1
4neg
AH3JEKTPpHYECKAsA MPOHHULIAEMOCTb Cpelibl; €9 ~ 3JICKTpHUieCKas no-
CTOsIHHas:

rne k=

— ko3bduumueHT nponopudoHaasHocty B CH; € —

gg=—"1— ®/mM=885-10"7 ®/m.
4r-9-10
3akon coxparerus 3rexmpuyeckozo 3apsda: B 3aMKHYTOH
(3n1exTpUUeckH HBOJIHpOBaHHOﬁ§ cUcTeMe afrebpanyeckas cymMMa
3apsiIOB BCEX YACTHLL OCTAaeTCsl HEM3MEHHOM.
Hanpaxernnocme arexmpocrmamuyecko2o noas 8 OAHHOU mouke

rae F — CcH/a, ¢ KOTOPOH mose ACHCTBYET Ha MOJOXKHTeNbHbIH TO-
YeyHblH 3apaa q(, MOMELEHHbIH B 3Ty TOYKY.

[punyun cynepnosuyuu noaei: ecid B JaHHOH! TOYKe NPOCTpaH-
CTBa Pa3/HiHble 3apsKeHHbIE YACTHLb CO3AAI0T MOJIs, HallPAKEHHO-
cTH KoTophix £y, Ey, ..., E,, To pe3yNbTHPYIOWIAA HAMIPIKEHHOCTb
noJisi B 3TOH TOUYKe

E=E+E +.+E,.

[losepxrnocmnan naomuocme 31eKmpudeckozo 3apaoa

6=4q/S,

rae ¢ — 3apsj, paBHOMEpHO paciipefe/ieHHbIH 110 NOBEPXHOCTH TeJa
naowanelo S.

Hanpsanxennocme ssexmpocmamuiecko2o noas mo4e4Hozo
3apada q Ha PacCTOSIHHH 7 OT Hero

£l
41u:0£r2
rae € — AM3JIEKTPHUYECKasl NPOHHLAEMOCTb CPehbl.

Hanpaxcennocme sarexkmpocmamuieckozo noas 6ecKoxe ol
PABHOMEPHO 3APANCEHHOL NAOCKOCMU
__ld
= ’
2808
rie G — [0BePXHOCTHasl IJIOTHOCTb 3JEKTPHUYECKOro 3apsija.
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Hanpsaxennocme sarexmpocmamudeckoeo noas memanrude-
ckoil 3apaxcenHol cgepvi paguyca R Ha paccTosnHuu 7 2 R OT
LeHTpa cepbl

Eo_ld
4m»:oer2

rae g — 3apsia coepsl. BuyTpu chepst (r < R) E = 0.
llomenyuaa snekmpocmamuiecxkoeo noars 8 0aHHOL mouke

(p=Wp/q0,

rae WP — MOTeHUHaNbHasi JHEPrHs, KOTOPOi o6safaeT 3apsa g,
TIOMELEHHBIH B 3TY TOUKY.

[lomenyuan noas, co30aHHO020 HECKOALKUML MOYEYHbIMU 3Q-
pAdamu, paBeH aare6paHueckof cyMMme MOTEHUHAJIOB MOJeH, CO3-
[aBaeMbiX B aHHOH TOUKe KaXX[IblM 3apROA0M:

Q=0 +Qs +..+Q,,

rae @; >0 npu q; > 0; ; <0 npu ¢; < 0.
[lomenyuaar arexmpocmamu4ecko2o noAs mMO4e4HO20 3apA-
da q Ha PacCTOSIHHH r OT Hero
__ 9
Q= .
4reger
[lomenyuan 3rexmpocmamu4ecko20 noAf MemaALuieckol
3apaxennoll cgpepor paguyca R Ha paccTosinuM 7 2 R 0T uenTpa
cdepsl
___1
- H]
dmeger

rae g — 3apsapg cgepnl.

BuyTpu cepb moTeHuHMas BO BCeX TOUKaX TaKOH ke, Kak Ha
noBepxHoCTH cepul (r = R).

Paboma, cosepwaeman 3sexmpocmamudecKum nosem TNpH
riepeMelleHHH 3apfaa ¢ M3 TOYKH C MOTEHLHMAIOM @) B TOYKY C
TIOTEHLHANOM @,

A= qlo; - ¢2).

Caa3b Memdy HANPANEHHOCMbIO 00HOPOOHOZO 3aeKmpuue-
CKO20 NOAS U PA3HOCMbIO NOMEHYLAA08 BhIPAXKAeTCs (POPMYJIOH

E =(¢, - 92)/d,

rae @) — ¢9 — PasHOCTb NOTEHLHAJIOB MEXAY TOYKAMH, HaXOoAsLH-
MHCA OJHAa OT ﬂp)’[‘Oﬁ Ha PACcCTOAHHWH d BJ0JIb JIHHHH HANPSIXEHHOCTH
noJisi.
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Jarexmpuueckan emkocms*® npogodHuka — ¢U3HYeCcKas BeJu-
YHHA, paBHas OTHOLIEHHIO 3apsAa ¢, COOGLIEHHOr0 NPOBOAHHKY, K
ero noTeHuHany ¢:

C=q/0.
Jaekmpuueckas emkocmes KoHdencamopa
C=q/U,

rae g — 3apsa Kosjexcatopa; U — HanpshkeHHe MeXay OOK/ajaka-
MM KOHAEHCaTopa.

Emkocmo nposodsaweii cpepot paguyca R, Haxopsieics B cpe-
A€ C AM3JEKTPHYECKOH NPOHHLAEMOCTbIO €,

C = 4megeR.

Emkocmp naockoeo kondencamopa, NAOWAAL KaXAO0H T/IACTH-
Hbl KOTOpOro S, a paccTosiHHe MeXAy HHMH d,

C= GEOS/d,

rge € — AH3JEKTPHYECKas NIPOHHIAEMOCTb AUIEKTPHKA, 3aM0/HA0-
LIero MPOCTPAHCTBO MEXAY MAACTHHAMH.
Ob6uyan emKocms KOHOEHCAMOPO8, COEOUHEHHbIX NADAALEALHO,

C=C+Cy +..+C,.
O6wan emxocme KoHOeHcamopos, coedunenHbix nocaedosa-
meabHo, onpefeseTcs no QopMyne
1_1 1 1

=—+ =

c a & ¢,

JHepeus 31€KMPUHECKO20 NOAA 3APAHCEHHO20 KOHDencamo-
pa eMxocTbio C

2 2
W = U _qa _cu’ , \
2 2C 2
rae U — HanpsbkeHHe Mexay ero 06K/1aiKaMH, g — 3apsfi KOHAEHCATOPA.

Mpumepbi pelwleHnA 3anayd

488. B Bo3ayxe Ha HEKOTOPOM PACCTOSIHUM APYT OT Apyra
HAaXOMATCS [Ba OfIMHAKOBRIX MaJleHbKHUX LIapHKa, HMeIUINX
sapagnbl ¢ = +0,5 MKKn u g9 = —0,1 MkKn. [llapuku npusenu
B CONPHKOCHOBEHME, a 3aTeM Da3[ABHHYJHM Ha DacCTOsiHHE

* BMeCTO TepMHHOB ¢3JIeKTPHUECKA eMKOCTb», «3/IeKTPHUECKHH 3a-
PAll» NPUMEHAIOTCA KPaTKHe (POPMbII «EMKOCTb», «32pajy».
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r =10 cM. Haittu cuny B3aumomeicTBUs wapukoB. [Qu3iek-
TpUyecKas NPOHHLAEMOCTb BO3AyXa € = |.

Pewenue Ilocne cCONPUKOCHOBEHHUSA IIAPHKOB HX
3apsiflbl CTadM OAMHAKOBbIMH. IIpH 3TOM, COrnMacHO 3aKoHy
COXpaHeHMA 3apsla, CyMMa 3apAf08 WApHUKOB 0CTaNacCh HEU3-
meHHOH. CneoBaTe/bHO, NoC/e COMPUKOCHOBEHHS 3apAl Kax-
IIOro 1I3PHKa

q =((11 +(]2)/2.

Hlapuku 6yayT B3aUMOAeHCTBOBATb C CHUIOH

F=—@ 1L @*ral p_36.402y

dmeger?  4mey  der?

489. Jlpa 0qHAKOBHIX MaJleHbKHX apuKa Maccoim =04 r
Ka)X<bli NojseleHbl Ha HENPOBOASALIMX HUTAX AMHHON [ = 1 M
K onHoil Touke. [Tocse Toro Kak wapukam G6bl1H COOGLIEHD!
OAIMHAKOBbIe 3apsifibl ¢, OHH PA3OLUIHCh Ha pacCTosiHUe 7 = 9 cM.
OnpenenuTs 3apagbl WAapHKOB H CUY HATsAXeHHS HUTH. [u-
3/leKTpHUeCKas NPOHHLAeMOCTb BO3ayXa € = 1.

Pewenue Hakaxnwil wapuk (puc. 145) nefictsyior
C/IeNYIOUIHEe CHAbL CHJA TSXKECTH fmg, CHNA HATAKEHHs HUTH
T u cuna psaumoneinctBus F. lllapuk HaxonuTcs B paBHOBe-
cud. CnenosatenbHO, BHIONHAETCS YCI0BHE

mg+T+F=0,
/
y
[
T
7
" -
1 a

Puc. 145
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NO3TOMY CyMMBbI NpoeKuuit cua Ha ocd OX v OY paBHbI HYJIHO:

F-Tsina=0, Tcosa—mg =0,
HJIH
Tsino.=F, Tcosa = mg. (1)

Pasnenus pasenctsa (1) nouseHHo nepsoe Ha BTOpoE, 11o-
JYUHM

tga = F/(mg).

Tak kak yron o man, To tgo =sina = —r—{E = Erl' NO3TOMY

r = F

2l mg’ 2)
ITo sakony Kynona

2
F=_121_
4neoer2

IMogcTaBuM 3TO BolpaXkeHHe B paBeHCTBO (2):

OTKyZa

=r f“golﬂ, g =110"8 Kn.

V3 ypaBrenus (1) Haitnem MOLy/ b CHIbI HATSXKEHHS HUTH:

T M _ mg __ 2mgl T=410"3H.
cosa |1-,2/(42) 4 -2

490. B BepiMHax npaBHJIbHOTO TPEYTOJbHHKA PacCrlONOXeHb]
O/IHHAKOBbIE [IOXHTeJIbHbIE TOUeuRble 3apsnbl ¢ = 3,2 - 1078 K.
Kakolt oTpuuartensHbli 3apsi Hajgo NOMECTHTb B LUEHTP Tpe-
YroMbHHKa, uTOOb BCA CHCTEMA 33apsA0B HaX0AUMach B PaBHO-
Becrn? CrcreMa HaxoguTes B Bosayxe (€ =1).

Pewenwue Hakaxisi sapsan q, Haxoasalyics B
BepIUHHE TPeyroMbHUKa, JeHcTBYIOT cuanl Fi, Fp n F3 co cTo-
POHEl OTAe/IbHBIX Tpex 3apsnos (puc. 146). ITo 3akouy Kyio-
Ha HalZeM MOAYJH 3THX CHJ:

2
N N R (1)
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rue kz_l_; r=a_~/§_ - pac-
47l'£0 3

CTOSIHHE OT BEpLUIHHBI IO LEHT-

pa NpaBUJBLHOIO TPEYTOJIbHHKA.

[lpu paBHOBEeCHH CYyMMa 3THX

CHJ paBHa HyJIIO:

Fl + F2 + F3 =0.
X CrepoBaTenpHO, CyMMa 11po-
Puc 146 eKLUHH CHJI Ha Jo6YyI0 KOOpIH-
HaTHYI ocb paBHa Hy.wo. Cos-
MeCTHM HayaJlo KOOPAHHAT ¢ BepIUHHOH TPeyroJbHHKa, a OCH

OX u OY HanpaBuM TakK, Kak [0Ka3aHo Ha puc. 146. Ias
npoekuui cua Ha ocb OX noayuum

Fycosa+ Fycosa—F =0. (2)

(PasencTBO HymO CyMMBl IpoexuHH cHa Ha och OY ouesun-
HO, TaK Kak Fy sina = Fysina v Fy = F3.) U3 pucyHKa Bua-
Ho, uTo O = 30°, nosTomy cosa = cos30°= J3/2. MNoncra-
BHB 3TO 3HaueHHe H r = a/3/3 B pasenctsa (1) u (2), noay-
YHM 1ocsie OUEBHIHBIX NPeo6Pa30BaHHH H BHIUHCJ/IEHHH:

(qll=q—?’ g} =18-10"% K, ¢, = ~1,8:1078 K.

491. [IBa 0fHHAKOBbIX MaJeHbKUX LUAPHKA NOIABECHJIH Ha
HHTSIX paBHOH IVIMHbI, 3aKpeNJeHHbIX B OfHOH Touke. lapu-
KaM COOBUIMJIH ONHHAaKOBble OJHOWMeHHble 3apsnbl. [locae
3TOrO WapHKH NOTPY3UJIH B XKUAKHH IM3JEKTPHK, IVIOTHOCTD
Kotoporo p;. IlnoTHocTb WwapHKoB py. Halith nusnexTpHye-
CKYIO IPOHHLAEMOCTb CPefibl, eCJIH yroJl PacXOXAeHUS HHTel
B BO3[yXe paBeH (., a B XHIKOCTH .

Pewenmne o TOrPYKeHHS B MHIKOCTb Ha KaXKIblH
LIADHK [1eHCTBOBAM CHIA TSXKECTH Mg, CHIa HaTSKEeHHS HUTH Tl
W cua oTTanKusanus F (puc. 147, a). TockosbKy IAPHK HaX0-
IMNICS B PABHOBECKH, TO BBINIOJIHAIOCH YCJIOBHE mg +T1+F = 0.

Hns npoekuuit Ha ocu OX u OY cua, nencrsyloumx Ha
LAPHK, TIOJNYYHM:

Tlsir19‘2—=F1, Tlcos923= mg.

Orciona, pa3ne/HB NOYJEHHO NepBoe ypaBHEHHe Ha BTOpOe,
NOJYYHM
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Y
A

s

2
M
_— __,'_. 2—
— .. 4@ X
— __1mF g

Puc. 147
R =mgtg. (1)

Korna wapuku norpyessl B XHukocTs (puc. 147, 6),
Ha KaXbli M3 HUX DeHCTBYIOT C/EYIOIIHe CHJb CHMa TH-

KeCTH mg, CHNa HaTsDKeHusl HUTH Ty, apXuMeoBa cuia Fp
M cHna oTTankuBanus Fp. M3 yc/ioBUsl paBHOBeCHs 1apHKa
mg + Ty + Fp + Fp =0 caenyer:

ﬁ—mg—FA.

Ty sing =FK, T cos s =

Orcrona

Fy =(mg-FA)tgg. @)

Monynb apxuMenoBoit cunel Fp = p1gV, rae V — obbeM
wapuKa: V = m/po; m — Macca WapHKa; pg ~ ero NAoTHOCTb.
Torna

Fy =pigm/ps.

TloncTtasus 3TO BulpaXkeHHe B Gopmyay (2), nonyuum

F = mg(l -2 )th. (3)
P2 2
[lo 3akony Kysnona
2

4T550f12 ’ 4T550f2

>
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rfle ¢ — MOIYJb 3apSifia KaXIOro WApHKa; € — AU3JIeKTpHUec-
Kasl MPOHML@eMOCTh XUaKkocTH (a5 Bodpyxa € = 1); r, ro =
PAacCTOSHMS MeXIY LUAPHKAMHU B BO3[YyXe H B XKHIKOCTH COOT-
BETCTBEHHO. _
Pa3nenuB NousieHHO [Ba MOCAENHUX PaBeHCTBA, HalineM

2
=fifn
&= F (fzj ) @)
Kak BugHo u3 puc. 147,
n= 2[sin%, ry = 2[sing, (5)

roe | — pnMHA HMTH.

3amenuB B dopmyne (4) Bemuunnpt Fy, Fo, r| ¥ ro ux
seipaxkenuamu (1), (3) u (5), nonyuum nocae npeo6pasosa-
HUH

200, O
sin®=tg—
P

(l - E‘—J sin2p—th

P2 2 72

492. /IBa ToYeuHbIX 3apsiga q; = +2,5 - 1078 Kn u qo =
=-0,91 - 1078 Kn naxogsites Ha paccrosHuu [ = 6 oM apyr
ot Apyra. OnpenesuTsh NoNOXKEHHE TOUKH, B KOTOPOH Hanps-
JKEHHOCTb NOJIsl paBHa HY.JI0.

PeweHue. PesyrbTupyooluas HanpsKeHHOCTb B 060K
TOYKe M0Js

£ =

E=E +Ey,
rae E), Eo — HanpsKeHHOCTH NoJlell, CO3aBaeMbIX 3apsiiaMH
q) ¥ g9 B 3Toil Touke. OueBugHo, uto £ = 0 TONBKO B TOH

TOUKe, B KOTOPOH BeKTOpbl £| U Eg paBHbI 10 MOIYJIO H NIPOTHBO-
TIONOXKHEL TI0 HanpasaeHHio. B no6oit Touke A (puc. 148), koTo-

{ X
b B8 E | b - .
90 5 ) <0 £y D £y
A L.
\ o
£
Puc 148
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pasi He JIeXHT Ha NpAMOH, NPOXOASLIEH 4Yepe3 3apsiibl, pe-
3yJIbTHpYIoLIas HanpsXeHHocTs £, # 0. PaccmoTpuM Hanps-
XKEeHHOCTb B TOYKAX MPSIMOH, COeNHHAIOLIeH 3apAMLL.

B mo6oit Touke B Ha npsamol ceBa ot q Eg # 0, Tak Kak
1] > lg2|- B 060t Touke C, pacnonoxeHHO! MeXay 3apsjia-
MH, BeKTOphl Ejc ¥ Eoc HampasJ/eHbl B OfHY CTOPOHY, [O3TO-
MYy HX CyMMa OTJHYHA OT HyJs. TakuM 06pa3oM, Mb HpHXO-
I¥M K BbIBOLY, UTO HCKOMAs TOYKa [ JIeXKHT Ha NPsIMOH, Npo-
XOAsIeH yepe3 JaHHble 3apAibl, CIIpaBa OT 3apsiia ¢ Ha He-
KOTODOM pPacCTOSIHUM X OT Hero. B aToii Touke E|p = Eop Ui

|a1] - |92]
4nege(l+ x)?  4megex

>
O1ciona

1]ae| -2
= , x=88-107“ m.
* ] - Vol g

493. J1sa ToueuHbIx 3apsiga ) > O u g9 < 0 pacnonoxeHsl B
BO3[YyXe Ha DAacCTOSIHMH d ApYr oT gpyra. HalTtu HampsikeH-
HOCTb H MOTEHLIMAJ [10JIsl, CO3[1aBaeMOro STHMH 3apsilaMH B TOY-
Ke A, Haxo[sIEHCA Ha DaCCTOSAHUH 7| OT MOJIOXKHTEILHOTO 3aps-
JIa ¥ Ha PaCCTOSIHMHU ry oT oTpuuatessHoro. (Touka A He JexuT
Ha TPSIMOM, COeAMHSIOILEH 3apsilbl ) U o, d <1 +1p.)

Pewenue CormacHo NpHHUMNY CYNepPIO3HUHH [TOJEH,
B Touke A (puc. 149) HanpsXeHHOCTb 3JeKTPHYECKOro NOJs
E = Ey + Ey, rne Ej, Ey — HanpsiXXeHHOCTH MoJeH, co3aaBae-
MBIX B 3TOHM TOYKe 3apsiiaMH ¢| M g9 cooTBeTcTBeHHO. Cil0-
xuB BekTopsl Ej v E9 1o mpaBusy nmapajsienorpaMma, Hai-

JeM MOayab BeKTopa E, BOCIOJb30BABILIHCH TEOPEMOM KOCH-
HYCOB: E

E=E? + E} - 2E\Ey cosa,

q q
I‘}IEE1= 12, — |2|2;
41!89!’1 41!80!2
"12 + - d2
cosoL = A—<=
21y

B Touke A noTteHuMana noJs
P =@ + @9, [A€ @), Qg — NOTEH- ;05 0:<0
LMaJbl [ToJIeH, Co3/1aBaeMbIX B 3TOH
TOUKEe 3apaiaMH ql H g9: Puec. 149

227



‘7, qz — q1 - q2

+ + (pl 411:8071 ’ (pQ 47580/2 ’
A
fal 47 494. [pe napasenbHbie MeTan-
8 ¢ JHUYEeCKHe IVIACTHHH, MVIOLIANb KaX-

JOH U3 KOTOPLIX PaBHa S, HECYT No-
JIOXKHTeNbHble 3apsbl ¢ H go < q;.
x  PaccTosiHue MeX [y M1aCTHHaMH MHO-
Puec 150 ro MeHbllUe HX JMHEHHbIX Pa3MepoB.
OrnpenesnTs HaNPSKEHHOCTL 3JeK-

TpocTaTHYecKoro noas B Toukax A, B u C (puc. 150).
Pemenue B moboit Touke npoctpancTBa (Mexny
N1aCTHHAMM H BHE MX) HanpsKEHHOCTb M0Js, COTJIaCHO MPHH-
UMMy CYMeprno3WLHMH, PaBHa BEKTOPHOH CyMMe HampsiKeH-

HOCTEH noJiel Kaxno# naactunsl. [Tostomy

EA=EI'+E§, EB=El+Eé, EC =EI+EQ,

rae Ey, E{, Ey, E{ — HanpsKeHHOCTH 3JeKTPOCTaTHUECKHX
nosied COOTBETCTBEHHO NEPBOR M BTOPOHM MJaCTHH CrpaBa H
CleBa OT HHX.

Hanpaeum koopauHatHyio ocb OX nepneHaKy/aspHO Taa-
ctHaM. CIpOeKTHPOBAB BEKTOPH! HAMIPSXKEHHOCTH Ha 3TY OCb,
noJMy4rM:

EAx =-—(E{+Eé), EBx =El _Eév ECx =E1 +E2'

[Tockonbky pasMeph M1aCTHH BENHKM 110 CPaBHEHHIO ¢
PaCcCTOAHUAMH OT HHX 10 PacCMaTPHUBaeMhIX TOYeK, Hampsi-
EHHOCTH MoJiel 3THUX MJIAaCTHH MOXHO BBIUMCJSATH TaK JKe,
Kak aas OeckoHeuHol nJyockocTH. [Tostomy
S 92

Eo=Ff =2 = R
27 72 T 960 26068

E, = El = Sy, __ &
1 17 2ege ~ 2€46S°

rae ¢y, Go — NOBEPXHOCTHHIE IWIOTHOCTH 3apsloB; £ = AH3JEK-
TpHYeCKasi NPOHHLIaeMOCTb Bo3ayxa: € = 1. CrenoBatesbHo,

Ep =-2*% p _9-% =hta
Ax 2e0eS ' BX T Tgges ' TCx T TogueS

495. IlonoxuTeNbHO 3apsXKeHHBIH MeTalIUYecKUH ap
(puc. 151) cosnaer mone, HanPsXKEHHOCTb KOTOPOro B Touke A
E; = 100 B/m, a B Touke C — E3 = 36 B/m. KakoBa Hanps-
XKEHHOCTb [0/l B TOUKe B, J1exalllell nocepedHe MeXIy To4-
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kaMu A u C? Illap Haxogut-
Cfl B BO3AYXe.
PeuweHHue O603Ha-
YHM PacCTOsIHME OT LieHTpa
wapa O po Todek A, Bu C
yepes ry, ry H r3 COOTBETCT-
BeHHO. Torga HanpsiXeH-
HOCTb [10J1 B TOUKe B

_ 4
E2 41teoer22 ’ (1)

rAe g — 3apsn Liapa; € —
JAH3MeKTPHUECKas TNPOHHU-
LaeMoCTh BO3ayXa: € = 1.
YuurwiBas, uro AB = BC,
Haiizem Puec 151

’3“’1=’1+’3. (2)

rn=n+
2 1 5 9

HanpskenHocTd monst B Toukax A u C paBHBl COOTBeT-
CTBEHHO:

PR B T
U™ Sregers” % dmeger?

BblpaSHM oTCloga PACCTOSAHHUA 1| U rg!

q q
n= ’— n = /-—
1 4negek;’ 3 4negeE,

YuutbiBas 3TH 3HaueHus, no popmyae (2) Haxonum

=1 /L 1 ’L
2= 2V amege (‘/;1' * Ey ) (3)
MNonctapus 3uauedre (3) B popmy.ay (1), noayuum nocne

npeo6pa3oBaHUE H BBIUHCIEHHIL

_ 4E\E;
El + 2JEIE:3 + Eg

Ey , Ey =56 B/m.

496. 1o npoBoOYHOMY KoJbLy paavyca R = 10 cM pasHo-
MepHO pacrpefieNieR MoJoXHTeIbHbIH 3apsn ¢ = 5,0 * 1079 Kn.
HafiTi HanpsXKeHHOCTb 3JIeKTPOCTATHUYECKOro MOJS Ha OCH
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KOJIblla B TOUKAX, PACIOJOKEHHBIX OT LIeHTPa KO/blia Ha pac-
crosiusax [ =0, lp = 5,0 cM, I3 = 15 cm.

Peu e nue PasobbeM KoabLUO HA OTPE3KH, MaJjble 10
cpaBHeHHIO ¢ paccTosiHueM r 10 Todkd A (puc. 152). Toraa
3apsl Ag, HaXOAAIMICS Ha KaXIOM OTpe3Ke, MOXHO CYHTaTh

+
44
+
+
r - -
+/ 4\ oF, of
+ 0 + X X t_-'.
S af
+ + Afz
+ +
+a ’+ +

Puc. 152

toyeuHbiM. OH co313eT B ToUKe A noie HANPSXKEHHOCThIO AE,
MOAYJb KOTOPOH
AE=_—21
4neqer
CorJlacHO ApHHUMITY CYTIEPNO3ULMH, Pe3yNbTUPYIOIAs Ha-
NPSKEHHOCTh B TOUKe A paBHA BEKTOPHOH CyMMe HampshKeH-
HOCTell noJiell, cO31aBaeMbIX B 3TOH TOUKe KaXKAbIM OTPe3KOM
¢ 3apsjoM Ag. - _
Pasnoxum BekTop AE Ha gBe COCTaBJIsOLLHE: AE;, na-
NPAaB/JEHHYI0 BAOMb OCH KoAbla, H AFy, HanpaBJAeHHYIO nep-
NeHAUKYAsApHO 3TOH ocH. [lpH Cl0XKeHUH BEKTOPOB Hamnps-
»KE@HHOCTH [0JIeH, CO3[aBaeMbIX BCEMH OTpe3KaMU B Touke A,
CYMMa COCTaBJSIOLIMX, HAaNPaBJ/eHHbIX NePIeHUKYJJIAPHO OCH,
MOJIYYHUTCH PABHOKM HYJIO. 3TO OOBICHAETCH TEM, UTO ANSA Ka-
XIOTO OTPE3KA C 3apsIOM Aq CYLIECTBYeT IHAMETPaJbHO [po-
THBOMOJNOXHLIA OTPE30K € 3apsifoM Aq’ = Aq, N0O3TOMY

AE, + AE5 = 0.
Clle0BaTeIbHO, Pe3y/bTHPYIOIIAs HanpsDKEHHOCTb E B

TouKe A paBHa CyMMe COCTaBASIOLIMX, HANPAaBJEHHBIX BAOMb
OCH KOJIbLI3, 3 MOLYJb HAaNPSDKEHHOCTH B TOUke A paBeH cyM-
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Me Monyne}"{ 3THX COCTABAANOIMX, TaK KakK HanpaB/leHUA UX
OJHUHAKOBbI.

: A
TMoctoabky AE; = (AE)coso = —=%—cosa, To
' TEQGEr
=—4 __cosa.
4Tl€0€f

M3 puc. 152 sugHo, uto

r2=R2+12, cosa=1/VRZ +12.
YuuTteiBas 3To, nosyyaeMm

ql ql

 amege(RZ + 2 dmege(R? + )32

ITo sTo# popmyne BoluMCAsieM MOLYNH HANPsXKEHHOCTH B TOY-
KaX, HaxXofslMXCs Ha paccrosHuax [; = 0, lp = 5,0 cm,
[3=15 cm, yuutbiBas npd 3toM, uto € = 1 (Bo3gyx) u
1/(4neq) = 9109 H M2 /Kn?. Tonyuaem: E; = 0, Eg =
=1,6-103B/m, E3=1,2-103B/m.

497. Kakylo paboTy Hafo COBepLIHUTb, YTOOLl MePeHecTH
ToYeyHblH 3apsif ¢ = 6 HKA H3 6eCKOHEUHOCTH B TOUKY, Haxo-
BALTYIOCS Ha paccTossHUH [ = 10 ¢M 0T NOBepXHOCTH MeTaNHu-
YyeCKOro lIapHKa, oTeHllnan koroporo ¢ = 200 B, a paauyc
R = 2 cm? llapuk HaxonuTcs B Bosgyxe (€ = 1).

Pewenue Pabora A, KOTOPyi Hano COBEPLIUTh, YTOOLI
nepeHecTH 3apsijl U3 TOUKH C MOTEHLHANOM @ B TOUKY C NOTEH-
LMAIOM @9, OTMHYAETC OT PaGoThl A, 3JeKTPOCTAaTHYECKOTO

nonst Tonbko 3HakoM: A = —A;. A tak xak A = q(@q — @), TO

A =—q(g; — ¢9) = qlog — ¢y). (1)

B paccmaTpuBaeMoM ciyuae HaydadbHAsh TOUKA HAXOLUTCHA
Ha 6ecKOHe4yHOCTH, no3Tomy ¢; = 0. HaiigeM noTenunan ¢q B
KoHeuyHo# Touke. [lycTs Q — 3apsin wapuka. Torna NOTeHILH-
aj wapuka

(p = L’ (2)
4neqeR
a MoTeHIMa] B KOHEYHOH TOYKe, HaXoAsllieHcsl Ha paccTos-
HHH [ + R OT ueHTpa 1yapHKa,
- Q
P2 4neqe(R + 1) (3)
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PasnesiuB nousnenHo paBencTso (3) na (2), Hailnem

R
92 =707 (4)

Ionctasus B dopmyay (1) sHaueHus @ = 0 U @9, no-
JIYUHM:

R -
A=372  A=2.1077 Ox.
R+!

498. IlpoBoasaLiMi Wap Ha3JEKTPH3OBAH TaK, YTO NOBEPX-
HOCTHas MJOTHOCTbL 3apsina paBHa 6. Ha paccrosiuuu [ ot
MOBEPXHOCTH lWlapa NOTEeHuMas nojs paBeH ¢. KakoBa ewm-
KocTh wapa (map HaxomuTcs B Bosayxe)?

Pewe nue EMkocts npoBogsiero mapa

C=41t£0R, (1)

roe R — pamuyc wapa. Uto6ul HalTH pajdyc Wapa, 3anuieM
BBIpAXKEHHE [JI51 MOTeHUMAa a NOJs Ha PacCTOsiHUH [ OT no-
BEPXHOCTH wapa (7. e. Ha paccTosiHuM R + [ OT LeHTpa wWapa):

— q
¢= dneg(R+ 1)’

rue g =0S — 3apsia wapa; S = 47R? - nmnowans nosepx-
HOCTH wwapa. [ToaTomy

_  oR?
(p - €0(R + 1) )
OT1clona

OR? — gegR — gegl = 0. (2)

PewwB 3T0 KBagpaTHOe ypaBHEHHE OTHOCHTEJbHO R, moay-

yuUM
R=‘—"f°—(1+ /1+4_°l). (3)
20 PEg

Bropoii xopeHb ypaBHenus (2) oTpHuaTesbHbIE, BDU3M-
YECKOTO CMBIC/Ia He HMeEeT.
IloncTtaBus 3Hauenue R u3 dopmyan (3) B (1), Hailnem

€MKOCTb llapa:
C = Zmte (1 + fis iﬂ)
o €09 /)
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499. Onpenenutbh NmoTeHuHas GOJbUIOH WAPOOOPA3HOH
KarJid, noJyuuBlIelcs B pe3yabTate causuus n = 1000 onu-
HAKOBLIX WIAPOO6PA3HbIX MaJbIX KaleJsb BOIbl, Ka)as U3 KO-
TOpbIX 6blja 3apshKeHa A0 moTteHuuana ¢ = 0,01 B.

Pewenue TJloTeHuyan Ha NoBepXHOCTH GOJbLWIOH
mapoo6pasHoit Kanau (¢ yderom € = 1)

q (1)

Pl = TreR’

rae g, — 3apsA Kanau; R — ee paauyc.
[ToTeHuHan Ha NOBEPXHOCTH MaJIOH Kanu

_ 4
®= 4negr’ (2)

e g — 3apsfd Kalliu; r — ee pajuyc.

Ec/H 11 OfMHAKOBBLIX Kame/b CAHBAIOTCHA B OfHY, ee 3apsl
g1 = ng. C yueToM 3TOro MOJNYYHM, Pa3[e/HB MOUJEHHO pa-
BeHcTBO (1) Ha (2),

@
®

OueBuaHO, 4TO 06beM GOJBILIONH KANJH paBeH cyMMe o6be-
MOB MaJblX KaleJb:

=ng (3

Otciona r/R = 1/¥n . TloncTaBHB 3TO 3HaYeHHe B COOTHOLIE-
wue (3), noayuum:

O =gz ® @ =1B

500. OxpHoponHOe 371eKTPOCTaTHUECKOE NOJe, HaNpPsXKeH-
HocTb KoToporo £ = 1 - 10 B/ M, o6pasopaHo 1ByMs 3apsxken-
HbIMH [ApaJIeNIbHBIMY [1ACTHHAMH, PaCToNOXeHHbIMH Ha pac-
CTOSIHHM d = 2 ¢M ApyT OT ApyTa B Bo3ayxe. KakoBa pasHocTb
MOTEHUHANOB MexXay njacTHHamu? Uemy 6Oyner paBHa pas-
HOCTb MOTEHUHANOB, €CJM MEXAY [JAaCTHHAaMH MapanienbHo
MM TIOMECTHTb METaNJIHUeCKHH JHCT ToNuIuHoR d= 0,5 cM?

Pe urenue Bocnonbayemess GopMynod, yCTaHaBJAHBAIO-
el CBSA3b MEXAY HAaNpsXKeHHOCTbIO E OHOPOAHOrO 3JeKTpH-
YeCcKOro noJis H pasHocThbio noTexuuanos U: £ = U/d. Ot-

ciofa
U= Ed (1)
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T
I I8
==
%l |4 A
Puc. 153

Ec/HM Mex/y M1aCTHHAMH 1apasljelbHo UM OMEeCTHTb Me-
TannuuecKuil auct ToawuHoi dy (puc. 153, a), ato npuseget
K 06Pa30BaHHIO ABYX N0CAENOBATENbHO CORAMHEHHDIX KOHAEHCa-
TOPOB C PAacCTOSIHUAMH MeXIy 06KIaaKamu do 1 d3 (puc. 153, 6).
EMKOCTH 3THX KOHIEHCaTOPOB:

€S S
G =%, Cy = E(‘Z , (2)

rie S — naollaab ogHol muactuHbl. Ilyets C — ux o6luas
€MKOCTb NpHU NOCJe0BaTeNbHOM COeHHeHHH. Torna

1_1,1
c ¢ ey
OTKyaa

_ GG

TG +G

ToncraBass ciona 3uavenus (2) u yuurtmsas, yto dg + dy =
= d - d,, nony4aem

_ €0£S
C= e (3)
O6o3HauuM yepes Cp eMKOCTb KOHfeHcaTopa, 06paso-
BAHHOTO [BYMS 3aps’KeHHbIMH NIaCTHHaMH 0 BHECEHHUs Me-
TaNIMYeCKOro JKMcTa. 3apsij KOHAEHCATOpa /10 U [oC/ie BHeCe-
HHSA JIHCTA OJKH U TOT XKe, TaK KakK KOHJEHCATOP OTKJIIOYEH OT
uctouHHka Toka. Ilostomy g = CoU = CU;. Otcrona

Uy =CyU/C. (4)
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Moncrasus B dopmyay (4) Cy = goeS/d, a Takxke 3Ha-
yenus (1) u (3), noc/e oueBHUAHBIX Npeo6pa30BaHHE NONYYHM:

U =Ed-d), U =2-102B/m. (5)

Gopmyast (3) u (5) nokaspiBaioT, 4TO BBEfEHHE MNPOBO-
Asllled MIaCTHHBI TOMLMHON d MeX1y 0O6K/NafKaMH KOHjeH-
caTopa 3KBHMBANEHTHO YMEHbIUEHHIO PacCTOSTHHSI MeXay o06-
KJ13aKaMH Ha 3Ty TOJUMHY. B OTKIOYEHHOM OT MCTOYHHKA
TOKa KOHAEHCATOpe 3TO MPHBOAHT K YMEHbIIEHHIO Pa3HOCTH
[TOTEHLIHANOB MeX1y 0OKJAaIKaMH.

501. Toukn A u B (puc. 154) HaxopsTcs Ha PacCTOSIHHAX
ri = 40 cM U r9= 12 cM oT 6eckoHeyHOHM MJOCKOCTH, Ha
KOTOPOH paBHOMEDHO pachnpeeneH ro-
JIOXKHTEbHLIN 3apsa. PasHocTs noTeH-
uxaioB U mexay 3THMH TOYKaMH paB-

Ha 1200 B. Haiity noBepxHoCTHYIO

MJIOTHOCTD 3apsifia Ha MJIOCKOCTH. 2 4
Pewenue. DBeckoHeunas mioc-

KOCTb, PaBHOMEPHO 3apshKeHHasi ¢ Io- d £

+ o+ 4+ + + o+

BEPXHOCTHOM MJIOTHOCTBIO 3apsifa 6 > 0,
cO3JaeT B BaKyyMe OIHOPOAHOE 3Jek- Puc 154
TPOCTAaTHYECKOEe MoJle, MOAYJb Hampsi-

YEHHOCTH KOTOpOTO

-
250 ’

THe € — 3NeKTpHYecKas NOCTOsHHas; gq = 8,85 - 10712 o /m.
Orclona

o = 2¢yE. (1)

B OHOPOAHOM IIoJie HaNpsXKEeHHOCTb KU pa3HOCTb NOTEH-
1HaJa0B CBA3aHbl COOTHOLUEHHEM

E=U/d,

rme d — paccTosiHHe MexAy ToukamH A M B Bionb auHuH
HanpsiXKeHHOCTH noJsl. JIMHHH HanpsiKeHHOCTH NepreHaHKY-
JISIPHBI 3apsKEHHOH MJIOCKOCTH M HanpaBJeHbl BJeBO H Bpa-
BO OT Hee. M3 pHCyHKa, rje mokasaHa ToJbKO OfHa JHHHS
HanpshKeHHocTH E, BHAHO, uTO d = ry — rj. Cllefl0BaTeJbHO,

E=_U (2)

rn-n
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Tonctasus Bhipaxenue (2) B dpopmyay (1), nonyuum:

28U 5 -27.1077 Kn/m2.

n-n

g =

502. Kanesbka MacJa, 3apsiKeHHasi OTPHLATEIbHO, [IoMe-
l[eHa MeX1y MNJIacTHHAMH TOPH30HTaJbHO PAacMoJIOXKeHHOro
JIOCKOro KOHAeHcatopa. HanpskeHHOCTb 3/1€KTPOCTaTHYeCKO-
ro noss nopo6pana Tak, 4TO KameabKa nokouTcs. Omnpene-
JIHTb 3apsil KaneJbKH, €CJH Pa3sHOCTb NOTEHLHAJOB MEXALY
naacTHHaMH KowgeHcatopa U = 500 B, paccrosiHue Mexmy
naacturami d = 0,50 cm, panuyc Kanenpky 7 = 7,6 - 1079 ¢
[I0THOCTL Macna p = 0, 90 - 103 kr/M3.

PeweHHe Hakanensky, Haxofsuyocs B 3/IEKTPOCTATHYE-

CKOM N0Jie KOHAeHcaTopa, aeH-
n crBylor gge cabi (puc. 155):
CHJa TAXKECTH mg W CHia
F = gE co CTOPOHK 3J1eKTpO-
<0 ctatuyeckoro noas (m — mac-
ca KalnesbKH, ¢ — ee 3apsa).
[Tockonbky Kanesbka Haxo-
- - - = AUTCA B PaBHOBECHH, CYyMMa
0 —~ MPOEKUHH 3THX CHUJ Ha OCb
OY, HanpaBlieHHYK BepTH-
Puec 155 KaJibHO BBepX, paBHa HYJIO:
gE — mg = 0. Orcwona

q=mg/E. (1)
Macca xaneabku m =pV, rae V = 4nr3 /3 — ee obvem.

HanpsxeHHOCTB 3nempocramqecxoro noass E = U/d. oa-
cTaBuB 3nauyeHust m U E B dopmyany (1), noayunm:

_ 4nr’pgd _ . 10-19
=—p — 9=16 107" Kn.

+  +

|t

503. Ha Toueynbii 3apsia, HaXxoAALMACA BHYTPH KOH/EH-
caTopa, AeHCTByeT HeKoTopas cuia. Hanpsikenue Ha KoHaeH-
catope U = 10 kB, ero emkocts C = 100 Mx®. Bo ckosbko
pa3 yBeJIMUHMTCS CHJA, AeHCTBYIOLIas Ha 3apsij, ecid KOHAeH-
caTop B TedeHue BpeMend { = 120 ¢ moasapsikaTb TOKOM,
cuaa kotoporo / = 0,10 A?

Pemwenune O6031a4uM UYepes g 3apsj, HAXOAALIKUCS
BHYTPH KoHaeHcaTopa. [lycts F| — CHJa, JeHCTByOLIas Ha
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3apsill [0 MOA3apPsAKH KOHIEHCAaTopa, 1:‘2 — mocJe nop3apsam-
k. Torma

R =qEy, K, = 4Ey, (1)

rae E;, E9 — MORyJH HanpsHKeHBHOCTH 3JEKTPOCTAaTHYECKOro
NoJs KOHAEHCAaTOpa B M1ePBOM H BO BTOPOM CJy4asix:

El=l;—l|— E2 =lo—zl, (2)

» EEO

G], O9 = IOBEPXHOCTHbIE IIOTHOCTH 3apsiia.

Mycts S — nnomanby 06kNafKK KOHOEHCATOpa, ) — Ha-
Ya/NbHbIH 3apA] KOHAeHcaTopa. 3a BpeMs { 3apsj KOHAEHCATO-
pa yBeaMyHTCs Ha Ag = It ¥ CTaHeT paBHbIM g9 = ¢y + /. Che-
AOBATeJbHO,

! q + 1t
O] =%, Gg =2 _—.
S (o) S (3)
Ha ocuoBanmu Buipaxenuit (1)—(3) noayuum
) It
= =1+
R o

a TaK Kak ¢ = CU, 1o

B _ it B _
Feleds, F=13

504. INposopsuwwmii wap A papuyca Ry = 10 cM 3apsaguau
Ro noreHuMana ¢; = 2700 B ¥ OTK/IIOYHJIM OT HCTOYHHKA
Toka. [locse atoro miap A coeaMHHJIH NPOBOJIOKOH, eMKOCTbIO
KOTOPOI MOXKHO NpeHebpeysb, ¢ He3apsKEHHbIM NTPOBOASLUMM
mwapoM B paauyca Ry = 5 cm. Illapbl HaxoasiTcsi B BO3ayXe.
OrnpenenuThb: HaYanbHLH 3apsia Liapa A; 3apsabi ¥ NOTeHLHAbI
1IAPOB 110C/1€ COeAHHEHHS; SHepruio o60HX LIapoB TMocJje Co-
eMHEeHHs]; SHEePTHIO, BbIAEJIHBIUYIOCS TPH COEAHHEHHH.

Pewenue Emkocru wapos A u B:

Cl = 4negeR), C2 = 41!808R2,
1

re €0 = — o3 ®/wm; € =1 (Bo3ayx).
Havanbuuiit 3apsa wapa A
@ = 0\C) = 4meoeR @y (1)

[Tocne coepriHeHHs 3apsig Ha wapax A U B pacnpeneautcs
TaK, 4YTO MOTEHUHaN @ UX 6yneT oguuaxos. [lycTh go — 3apsn
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wapa B nocJe coenuHenus. Torga Ha wape A ocTancs 3apsia
q{ = q; — go. YcI0BHe paBeHCTBa NOTeHLHaN0B OyAeT HMEThb
BHL,

L ) f-9 _R
== =%y =1
G Co 9 Ry
Orcrona
- _qiRke (2)
Q=R iR

HOTEHuHaJT 113apoB noc/se COeANHEeHHA
? G (R +RIC ¢ R+Ry’

DHepryus Wapos nocne coenrterus W = q¢/2 UM ¢ yue-
Tom paBeHcTB (1) u (3)

_ 2meoeqPRY (4)
Rl + R2 ’

DHeprusi, BblAeNUBLIAsICS [IPH COeJHHEHHH, PaBHA Pa3HOCTH
SHEprHi 1apoB A0 H Mocse COeJHHEeHHUS:

W =Wy -W. (5)

Tak Kak 10 cOoeflMHeHUs 3apsikeH 6bl1 TOJBKO 1map A, To

2
Wy = C‘% = 2megeR, 7. (6)
TloactaBus sHaueHus (4) u (6). B dpopmyay (5), nonyunm
= 2 R

TMoncTaBUB YKMC/IOBble 3HaYeHHs BeJuuuH B dopmyast (1)—
(4), (7), nainem: ¢, =3 - 1078 Kn, g =1 - 1078 Kn, ¢f =
=2-1078Kn, ¢ =2-103B, W=3 1075 Ik, W, = 1x
x 1075 IIx. |

505. Hariti eMKocTb 6aTapeHd KOHIEHCAaTOPOB, COeAHHEH-
HbIX [0 cCXeMe, IpHBefeHHOH Ha puc. 156, a. Bce koHpen-
CaTopbl HMEOT oJ1HaKoByw eMKocTb C = 11 M.

Pewenwue Hapuc. 156, 6 usobpaxena cxema, 3KBu-
BaseHTHas AaHHOH cxeMe. Konpencaropsl Cl, C2 u C3 coenu-
HeHbl MocJ/enoBaTtesbHo. YIx obmas emxocts C’ = C/ 3. Ila-
paJsieIbHO 3TOH UenH nojkJiodeH kKoHgeHcatop C4. 3Ha-
YHT, eMKOCTb LUEMH MexAy Todkamu D u E
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2

_,”_” n 2 3

(== [44— F{ )—j-ﬂ-f LH—-IHH

[6

(3
Puc 156

C"=C"+C=4C/3.

Teneps UMeeM cxeMy, H306paeHHYyI0 Ha puc. 156, 8. Em-
KOCTb 3Tol Gataped Cg HalgeM u3 GopMmyJbl A1s MOCAEHO-
BaTe/IbHOTO COeIHHEHHs! KOHIeHCaTOPOB:

OTKyZa
1 -
Cs
506. Kongencatopsl emroctsmu C, 2C u C, coequHeHH
no cxeMe, npuBegeHHOH Ha puc. 157. EmMkocTh 6atapen He us-
MeHsieTcsl P 3aMblKaHuH Kiaoua K. Onpenenuts eMkocts C,.
Pew e nue HaiigeM cHayana eMKocTs 6ataped npH

PA30OMKHYTOM KJIKOYE. Ecau CoeqHHEHbI NOCAen0BaATE/IbHO 1BA
KOHJIEHCATOpPa €MKOCTAMH Cl H CZ’ TO MX 00611asi eMKOCTh

C,C
C o S
06[1.[ C\+C2

Bocnonnsyemcst 3Tolt ¢dopMyJsolt ¥ HafifieM, YTO NpH pa-
30MKHYTOM KJ/OYe e€MKOCTb BepXHell BeTBH, COCTOsIUEH H3

L v
Il 1
Ll I}_—

]

&

Puc 157
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MOC/eJ0BaTeNbHO COeJHHEHHBIX KOHIEHCaTOPOB eMKOCTAMH C
u 2C, paBHa
c-2C _ 2C
C+2C 3

EMKOCTb HHXXHEH BeTBH, COCTOAIlEH H3 MOC/ed0BaTebHO
coelMHEHHbIX KoHIeHcaTopoB eMKocTsMH C, u C, paBHa
C.C
C,+C’

BepxHssi ¥ HHXHSAS BETBH COEAMHEHH MeXAy co6oH ma-
pannenbHo. IToatoMy emKocTh 6aTtapen

F_2 c.C 1
C—3C+C,+C' M

[IpH 3aMKHYTOM KJo4ye KOHaeHcaTopul eMkocTsMH C u C,
COe/lMHeHbl NapaJje/bHo; HX obluasi eMkocTs paBHa C + C,.
Konpnencatopsl eMkoctamMu 2C u C Toxe coefMHHeHbl Napan-
JleNbHO; Ux obluas eMKkocTb paBHa 2C + C = 3C. BeTsH, eMKo-
ctd kotopeix C + C, u 3C, coegHHeHbl MOCAENOBATEJLHO.
3Ha4HT, NpH 3aMKHYTOM KJI04e eMKOCTb 6aTapeu

., _ 3C(C+C) _3C(C+C)
¢ T3C+C+C,  4C+C, (2)

(H)o yeaosuio C/ = C”, No3TOMy Ha 0CHoBaHHH dopmya (1)
u (2

C,C _ 3C(C+C,)
C.,+C 4C+C,

2
3C+

PewnB 310 ypaBreHHe oTHOCHTeJbHO C,, MOJYy4YHM 3HaYeHHe
nckomoi emkoetd: C, = C/2.

507. [IBa KoHieHcaTopa OJMHAKOBOH eMKOCTH 3apsiiHJH
no Hanpsixenui U = 100 B u Uy = 200 B cooTBeTCTBEHHO,
a 3aTeM OfHOMMEHHO 3apsiKeHHble 0OKJIaKH KOHIEHCaTOpoB
COeHHHJIH nonapHo. Kakoe ycTaHOBHTCS HanpsiXeHHe MeX-
Ly obK1agKaMu?

Pewenwue. Ilyets C— eMKOCTb OHOrO KOHZEHCATOPA.
EcaH coefHHHTD [Ba TaKHX KOHAEHCATOpa NapajJesbHo, No-
ayuuM 6atapeio emKocToio C; = 2C.

Jo coeprHeHHs Ha KOHAeHcaTopax 6biu 3apaasl ¢y = CU|,
go = CUy. Iocne coeqvHeHHs CyMMapHbIH 3apaf ¢ = q| + go =

= C(Uy + Uy ). CnefoBarenbHo, MeXIy OOK/IalKaMH HanpsKeHHe
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_U+U,

-4 -
U_C—I 5 , U =150 B.

508. [Ipa xongencaropa Cl n C2 emxoctamu C| = 2 Mk®
u Cy = 3 Mx® umeioT 31eKTpHueckue 3apsiasl q; = 4 - 1078 Kn
M go =9 - 1076 Kn. PasHouMeHHO 3apsiKeHHble OBKJaIXH
KOHIEHCATOPOB COEeXHHHJH MONapHO 7
(puc. 158). Onpenenutsb 3apsia Kaxio- |
ro KOHIeHCaTopa nocje COefHHeHHS.

PeweHue Ilocae coennnenus
pPa3HOHMeHHBIX 06KJIaJ0K KOHILeHCaTo-
poB OOLIMH 3apAN ¢ = q9 — q-

O6uiast eMKOCTb ABYX NapaJJienbHO
coenvHeHHbIX KoHAeHcaTopoB C = C| + Puc. 158
+ C9, a HanpsXKeHHEe Ha KaXIOM KOH-

{Z

-1+

pescarope U = % = %;gi, Y4UTHIBas 3TO, HAXOAHM 3apSbl
1+ Lo

Kaxaoro KOHaeHcaTopa nocJje CoOeaHHeHHU A

,_ _Glg-q) , _ _ Colgy - q)
A=GU="¢ e =Yg

g =2-107% Kn, ¢4 =3-107° Kn.

509. [Ipa 01HHAKOBHIX NJIOCKHX BO3LYWHBIX KOHAEHCATOPA
CoefMHeHbl NMOCAELOBAaTEJbHO H MOAKMIOUEHB K HCTOYHHKY
3JeKTpHyeckoro Toxa ¢ nocrosHHol DJC. BHyTps ogHoro us
HHX BHOCAT AH3JEKTPHK, AH3JEKTpHYecKas [IPOHHLAEeMOCTb
KoToporo € = 4. JIH3/eKTPHK 3aMoJHAeT BCe NMPOCTPAHCTBO
‘Mexay obxkaankaMH. Kak U Bo CKOIBKO pa3 H3MEHHTCs Hamps-
XKEHHOCTD 3JIEKTPOCTATHUECKOTO NOJISA B 3TOM KOHJEHcaTope?

Pewesnwue. Ilycts U — HanpskeHHe, NOANEDKHBAEMOE
MCTOYHHKOM TOKa Ha 6aTapee, COCTOfLIEH U3 ABYX NOCJe0-
BaTeJbHO COEIHHEHHBIX KOHAEHCATOPOB eMKOCTbIO C KaXKAbIH.
Torpa HanpspkeHue Ha KaXdaoM M3 HHX paBHo U/2, a Ha-
IpSKEHHOCTb NOJSA B KOHAEHCATOpe

El"—'U/(Qd), (1)

rae d — paccTosiHHe MeXAy NJIaCTHHaMH KOHAEHCaropa.

[Tocne BHeCeHUs] MU3/MEKTPHKA B OLHH M3 KOHAEHCATOpPOB
eMKOCTb €r0 YBEJHUMTCS B € pPa3, U HAaNpsSKEHHs Ha KOHIeH-
catopax G6yLyT paBHbl COOTBETCTBEHHO!
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3

_9 _9 _U

U=¢ Va=gc=7%

re ¢ — 3apsAf Ha KOHJEHCATopax.
HcTtounuk BKJOYEH, NO3TOMY

U=U1+U2. (2)

Toncrasus sHauenus U; u Uy B dopmyay (2), nonyyum
Us = U /(e +1). CiienoBatenbHo, Tenepb HaMpsKeHHOCTb N0Js
B KOHJIEHCATOpe C IU3JIeKTPHKOM

_U__u (3)
Eq = d (e+Dd’

Pasnenus nousnento pasenctso (3) Ha (1), nonyyum:

Ey _ 29 Eﬁ_04
E e+l’ EF o

510. [Tnocku#l Bo3AyIIHBLI KOHAeHCATOp eMKocThio C =
= 3,0 Mx®d coenuHeH ¢ HCTOYHHKOM MOCTOSIHHOrO Hampsike-
uas U = 20 B (puc. 159). Kakyio mexaHuueckywo paboTy
HA/[0 COBEPIIHTD, YTOGBI pACCTOSAHHE MeX-
Ay o6KJaKaMH KOHIEHCATOPa YBENIUYUTh

+ _1f B n=3,0 pasa? Kakyw pabory cosepiua-
v —  eT IIp¥ 3TOM MCTOYHHK? PaccMoTpets 1Ba
X cayuas: 1) nepen pasnBuraHueM o6Knanox

. KOHJIEHCATOP OTCOEAHHSIOT OT HCTOUHHKA,

Pue 159 T. e. ko4 K pasoMkuyt; 2) kmou K Bee

BpeMSsl 3aMKHYT.

Pemwe#Hue Paccmorpum cHavana nepBhid ciayyad.
3apsiKeHHBIH KOHIEHCATOP OTCOEHHEH OT HCTOYHHMKA, I03TO-
MYy 3apsl ¢ KoHeHcaTopa ocTaeTcs nocTosHHbIM. Jlo pasnsu-
ranusi 06KJIa0K 3HEPrusi KoHAeHcaTopa

_
W=

[Tocne pasgeuranus o6KAaJOK eMKOCTb KOHAeHCATopa
yMeHblMjaack B n pa3 (3to ciaenyeT U3 ¢GopMysibl €MKOCTH
nJ0CKoro xouaeHcaropa C = eeOS/a’). CnenoBatesibHo, 3Hep-
rust KOHJeHCaTopa NPH 3TOM YBEJHUYHJACh B 1 pas:

2
nq
Wo = —.
27 7%¢
MexaHnyeckass pa6oTa paBHA H3MEHEHHIO 3HEPrHH KOH-
AeHcaTopa:
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2
Ayey =AW =W, -W, = ;’_C(n -1).
YuuteiBag, yro ¢ = CU, nojyuaem:

Ayex = 9121_2(’1 -1, Ayex =12~ 1073 Ix.

Pa6ora Hctounnka Hanpsikenus A, .. = 0, TakK Kak oH oT-
KJIIO4eH. _

Bo Bropom cayuae knwou K 3aMKHYT, NO3TOMY NOCTOSIH-
HBIM OcTaeTcs Hanpsikehue U Ha KoHfleHcaTope. DHeprus KoH-
AeHCcaTopa A0 pa3ABHraHus 0OKNaf0K

- cu?
‘Vl_ 2 -

Tak kak nocse pasgBHranHs oOKJIa40OK eMKOCTb KOHEHCa-
TOpPa YMEHBUIHACh B 71 Pa3, TO ¥ SHEPrusi KOHAEHCATOPA yMEHb-
IIKJaCh BO CTOJIBKO Xe pa3 H CTana paBHOH

2
W, = LU-.
2 2n

[TpH 5TOM yMeHbLIAeTCA TAKXKe U 3apsifi KOHAeHcaTopa (310
caenyet u3 dopmyabl ¢ = CU). Uepe3 HCTOYHHMK B 06PaTHOM
HanpaBJleHHH NPOXOAHT 3apsaf

6q=qy-q =SU-CU=-CU(1-1)

Ec/v HCTOYHMKOM HAMNpsKeHUs ABAAETCH KOHAEHCATop, TO
oH 3apsxaercs. IcTOUHHK coBepuiaeT npu 3ToM paboty

Ayer =UAg = -CU(1 - %) (1)

Hsmenenne 3Hepruv KOHAEHCAaTOopa

—W._W = CU*_cut_ _cul(i_1
AW =Wo - W =2 2 2 (1 n)‘

ST10 U3MeHeHHe PaBHO CyMMe MeXaHH4eckow paboThl u pa6o-
Tl UCTOMHHKA, T. e. AW = A, ., + A,.;. Orciona cienyer,
9T0

n

Auex = AV = Ay = =1 1)+ CUZ(1- 1) =
= CU%(1-7) @)
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B pesysbrate Bhumcetui o gopmysaam (1) u (2) noayunm:
Ayer = —8,0 - 1074 Ik, Ayey = 4,0 - 1074 IIx.

511. B onHoponHoM 3JIEKTPOCTATHYECKOM MOJIE, BEKTOP
Hanps>KeHHOCTH E KOTOpOro HanpaBjieH BePTHKA/JIbHO BHHS3,
pPaBHOMepHO BpalllaeTCs LIAPHK MacCoH M C NOJOXHTeNbHHM
3apAOM ¢, NOJABeLIeHHbIH Ha HUTH AJMUHONM [. YTros oTK/IoHe-
HUS HHUTH OT BePTHKaJW paBeH o. Ha#te cuay HaTsxeHuUs
HUTH H KUHEeTUYeCKYIO 3Hepruio Wapuka.

Pewenue. Koopaurarthylo ocb OX HanpaBuM ropusoH-
TanbHo X LeHTpy Op OKpyXHocTH, a ocb OY — BepTHKalbHO
BBepx (puc. 160). Ha wapux neiicTByIOT TpH CHIbL: CHJA TsXKe-
CTH mg, CIJia CO CTOPOHBI 3JieX-
TpocTaTHueckoro noas F =qE

¥ cuna Hatshxenus vute T. [lo
BTOpOMY 3aKoHy HbioTona

v

™y

m§+13+7"=m&,

rae @ — LEeHTPOCTPEMHUTENbHOE
yckopeHne umapuka. Moayab
5TOTO yCcKopenHs a = v?/R,
rie v — JuHeHHas CKOPOCTb
LIapHKa, a R — pagHyc OoKpyx-
HOCTH.

CripoeKTHPOBAB CHJILI H yC-
KopeHue Ha och OX, nonyunm

Purec 160

, 2
Tsina=m<%-. 1)
R
Broab ocu OY wapHK He gBHKeTcs, IO3TOMY CyMMa Mpo-
eKUHH CHJ Ha 3Ty ocb paBHa Ry/mo: T cosa—mg —qE =0.
Ortcrona cunia HaTsSXKeHHd
— mg+qE
cosa

W3 pucynka Bugsno, uto R = [sina. [loacrasue 3to 3nave-
HHe ¥ 3HaueHne T B ypasrenue (1), nonyunm

(mg + qE)sinat _ 2
cosq " sina”




Orciona HangeMm KHHeTHYEeCKYIO 3HePruio WapHKa:

2 (mg+ qF)sin® a
W, = mv g )
k 2 2cosa

512. DjexTpoH BJeTaeT B MJIOCKHH FOPH3OHTANbHBIH KOH-
NleHCaTop MapasJjieJibHO ero IJIacTHHAM CO CKOPOCTBIO Uy =
= 1,0 - 107 m/c. HanpsxenHoCTb Nosist B KOKJeHcaTope E =
= 100 B/ cM, nviHa konaencaropa [ = 5,0 cm. Haiitv Momyanb
W HanpabJjieHHe CKOPOCTH 3/1eKTPOHA B MOMEHT BhlJI€Ta ero 13
KoHpeHcatopa. Ha cKoJibKo OTK/IOHUTCS 3JI€KTPOH OT MepBo-
HayaJ/IbHOrO HarpaBJeHHs ?

By

+ + + + + +

Y‘}

Puc 161

Pewenue CoBMeCTHM Hayajio KOOPAHHAT C TOYKOH, B
KOTOpOW HaXOAWJCH 3JIeKTPOH B MOMEHT BJIeTa B KOH[EHCa-
Top, ock OX HanmpaBHM FrOPH30HTAJbHO, 0Cb OY — BEPTHKA/IbLHO
BHH3 (puc. 161). B 310l cHCTEMe KOOpAKHAT ABHXEHHE 3JieX-
TPOHAa MOXXHO MPEACTAaBHTb KAaK pe3ysabTaT CJOXKEHHWS IBYX
NpAMOJIMHE HHBIX IBHXXEeHHH: PaBHOMEDHOTO ABHXEHHS CO CKO-
POCTBIO U B FOPH3OHTANbHOM HaNpaBJIeHHH H PaBHOYCKODEeH-
HOTO ABHXXEHHS C HEKOTOPHIM YyCKoperHeM 4 BaoJb ocu OY.
Hannyne yckoperus Broab ocH OY o6bAcHsAeTCS TEM, YTO Ha
3JIEKTPOH B 3TOM HanpaBJ/ieHHH IEHCTBYeT 3JeKTPHUIECKas cua
F = eE, rne e — 3apsn saekTpona: e = 1,6 - 10718 Kn. (Cu-
JIOH TSXKECTH, JEMCTBYIOIEH HA 3/1eKTPOH, NpeHebperaeM no
CpaBHeHHo ¢ cuilol F.)

[Tpoekumio yckopeHuss a Ha ocb QY HalpeM 1o BTOpoMy
3akoHy HbloroHna:

eE = mea,, a, = eE/m,,
roe me — Macca 3JeKTpoHa: me= 9,1 - 10731 kr.
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Brimuwem HauaneHele yenoBus: xg = 0, yg = 0, vg, = g,
gy = 0. 3HaueHus NPoEKUHMH YCKOPEHHS Ha OCH KOOPIMHAT:
a, =0, a, = eE/me. Torna YpaBHeH¥s, onpefesioulre 3a-
BHCHMOCTb KOODIHHAT X, Y H MPOEKUHH CKOPOCTH U, U U, OT

BpeMeHH, 6yIyT HMeTb BHL: Y
x=uvgt, y=eEt? /(2m,), (1)
v, =g, vy =eEt/ m,. (2)

B MoMeHT BblsleTa 31€KTpOHa H3 KoHIeHcaTopa x = [, y = A,
t = t;. Ha ocHoBanum ypasHennii (1) v (2) monyumum:

2
=L, v, =B p=_BL p_99.102
Up myUg 2meuo

MO}IyJIb BeKTOpa CKOPOCTH v 3JIEKTPOHA B MOMEHT BHJIeTa

2
vg+(°’—51) L v=13-107 m/c.

meVo

Hanpasnexne BeKTopa CKOPOCTH OMpeNeNseTCs YoM o.
Kax BuAHO K3 pHCYHKA,

tgazu_y=__ a = arctg eElz, o = 42°,

Uo mevg ’ meup

513. Mexny niacTHHAMH AJIOCKOTO BO3LYUIHOrO rOPH30H-
TaJbHO PAacCIOJIOXKEHHOTO KOHIeHCaTopa HaXOoLHUTCH 3aps-
XeHHas Karis macaa maccoit m = 3 - 1078 r. 3apsan xanaw
g =3-10715 Kn. [Ipu passocTv NOTEHIHANOB MEXIY MJIACTH-
Hamu U = 500 B 1 HayasnbHOH cKopocTH vg = 0 xanJis npoxo-
IMT HEKOTOpOe paccTosiiMe B 2 pa3a MelJeHHee, yeM IpH
OTCYTCTBHM 3JleKTPoCTaTH4ecKoro nosas. Haltu paccTosinue
Mexn1y naacTuHamu. CompoTHBJIEHWEM Bo3yXa NpeHe6peub.

Pewenue. Tlpn Haouuvu 31eKTPOCTATHYECKOrO MOJISA

— — — _ . Ha Kamawow JeUCTBYIOT [Be

= CHJIHI: CHJIa TSXKECTH mg H

0 F F— gF
' F El cuna F=qE co cTOpoHB
h mg 3JIEKTPOCTATHYECKOTO MO0JIS
} (puc. 162). Ton geiicTBHEM
Y 3THX CHJI KaIljifl [ABHXKeTCS C

YCKOpeHWeM @, HarpaBJeH-
+ + + + +  HuM BepTHKanAbHO BHH3. [lo
Pyc 162 BTOpOoMY 3akoHy HbeioTona
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mg + qE = ma.
B npoekuusx Ha ocb OY ypaBHeHHe NPHMET BHI
mg — qE = ma,,
rie a, — nNpoexuMs yckoperus Ha ock OY. Orciona
ay = (mg — qE)/ m.
[TocxoabKy MOZY/b HaNpsKEHHOCTH 3J1eKTPOCTATHYECKO-

ronoas E = U/d, rne d — paccTosHHe MeXIy NJaCTHHAMH
KOHJeHcaTopa, To

_ mg—qU/d)
y=— " (1)

KuHemaTHYecKoe ypaBHeHVe IBHXKEHUS KallJH UMeeT BH[
y= ayt2/2.
Ecay xan/is npoXodWT HeKoTopoe pacCTOsiHHe y = h 3a
Bpems ! = £, T0O
h=ayl/2. (2)

[Tpu orcyTcTBMHM moss Kanas OyneT cBOGOAHO MajgaTh ¢
YCKOpeHHWeM g, ¥ M03TOMY, PacCyXaas aHaJOrMYHO, MonydaeM

h=gt2/2, (3)

rae to — BpeMs, 32 KOTOPOE KanJs NPOHLET PacCTosiHHe A.
M3 cootrowenui (2) u (3) naxoqum

2
LY &
t2 ay’

a Tax xax 1) /ty = 2, 70 4a, = g, nau c yyerom dopmysr (1)
4 mg - q(U /d) -

m g
Peuus 510 ypaBHeRue OTHOCUTENbHO d, IONYIUM:
4qU -
d=22 d=7-10"3m
Img
514. B onHopooHOM 3/€KTpPOCTATHYECKOM I[10Jl€, BEKTOD
HaNPSXXeHHOCTH KOTOPOro HalpaejeH BepPTHKaJbHO BHH3 H
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no moayJaio paBen 10 xB/m,
HaXOMTCS 3apsXKEHHBIH LAPHK
A, nogsewenHbi# K Touke O Ha
TOHKOH W30/IHPYIOLLEN HHTH 1JH-
HOB [ = 1 ™ F HC. 163) 3apsn
wapvka ¢ = 3 - 1076 Kn, macca
m = 10 r. lapuky coobuuau Ha-
YanbHyl0 CKopocTh Ug= 1 m/c,
HarnpapieHHYO NepIeHIHKYASp-
HO BEKTOpPY HaNps>KeHHOCTH F.

Ha#ty cuny HaTsOKEHHS HUTH B
MOMEHT AOCTHXXEHHH apHKOM
Puc. 163 Kpa#Hero NoJoXXeHHs.

Peuwenue. Ilocre coo6-
LEHHs] CKOPOCTH Uq IUAPHK JABHXKETCS M0 OKPYXHOCTH, PajH-
yC KOTopo# paBeH AaxHe HUTH [. CornacHo BTOpOMY 3aKOHY
HetoTona, cyMMa npoekuuil BceX JeHCTBYIOWUMX HA LIAPHK CHJ
Ha KOOPAHHATHYIO OCb, HANPAB/JEHHYIO OT WIapHKa K LUeHTpY
okpyxHocti O, paBHa Npou3BefleHHIO MaCCbI mapm(a M ero
LEHTPOCTPEMHTENBHOTO YCKOPeHHs a = v 2/R=10v%/l.Hos
KpaiHeM TOJOXeHHH CKOPOCTb wapuka v = 0, mostomy u
CyMMa TpOeKUHH CHJl paBHA HYJIO.

Ha wapuk geHCTBYIOT TPH CHJBI CH3 HATSXKEHHS HHTH
T, cuia TAXECTH mg H CHAA CO CTOPOHBI 3J1EKTPOCTATHYEC
Koro noffg F = gE . YuutbiBas H3/J0XXeHHOE Bbillle, COCTABHM
ypaBHeHHe:

T —(mg +gE)cosa = 0.
O1ciozia

T=mereE (1)

cosa

Uro6bl HaHTH COSQL, COCTABHM ypaBHeHHe Ha OCHOBAHWM
33aKOHA COXpaHeHHs SHepruH, NPHHUMAsA 32 HyJeBOH ypOBeHb
MOTEHLHaAbHOM 3HEPriy ypoBeHb Ha4YaJbHOTO II0J0XEHH S L1a-
pHKa:

m03/2 = (mg + gE)h.
Kak Buato u3 puc. 163,

h=1[-lcosa ={(1-cosa),
N03TOMY

m03/2 = (mg +gE)I(l - cosa).
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OTcroaa

- mud

cosa = —_—.
2(mg + qE)!

[ToactaBuB 370 3HayeHHe B Gopmyny (1), nonyqum:

mvo

T=mg+gqg , T=01H.

515. B npocTpaKrcTBO, Ile ONHOBDEMEHHO JEHCTBYIOT rO-
DH30HTaJbHOE ¥ BepPTHKAIbHOE OJHODOAHbIe 3nempocramqe-
CKHe moJ, Hanpsnxe}mocm kotopbix £, =4 - 102 B/M u
E, = 3 - 102 B/ M, Bions HanpaBleHHs De3yJbTHPYIOLIETO
NoJf BleTaeT 3JeKTPOH, CKOPOCTb KOTOPOro NocJie NPOXO0X-
penus nyta [ = 2,7 MM yMeHbluaetcs B 2 pa3a. Onpenenuthb
CKODPOCTh 3nex'rpom B KOHLE MNyTH. Macca 3JIeKTpOHA

me=9,1" 1073! xr, ero 3apsae = 1,6 1019 Ka.

Pewenue Cornacko NpHHUMIY CYNePHO3HLKH, BEKTOD
HaNpPSKEHHOCTH PE3YNILTUPYIOILETO 3/EKTPOCTATHECKOrO 11015
ABJISETCS BEKTOPHOH CyMMOH Hanpmxemomen LBYX IOJIeH:

EE+E

DTOT BEKTOP €CTh AHaroHaab IPSAMOYTOJbHHKA, IOCTPOEKHOIO
Ha Bextopax E, u E, (puc. 164), ciefoBatesbHO, MORYJIb €70
E=\E2+E2.

Ha anexrtpon, BreTeBMIKH BLOJb CHJIOBOH JIMHHH pe3yJb-
TUPYIOLLEro NoJs, AeHCTBYeT HanpaB/ienHas IPOTHBOIOJOXK-
Ho BeKTOpYy E cuia F, MoayJb KOTOPOH

F=eE=eJE? +EZ. (1)

al

/.‘
f; E
v,
L
Puc. 164
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H3meHenHe KHHETHYECKOH 3HEePruM 3JIEKTPOHA PABHO Da-
6oTe JeficTBYOWeH Ha Hero BHewHeH cuibl F (cHiod Ts-
XKecTH TipeHebperaem):

mo§  mol

2 2

[TopctaBHB B 3Ty opMyay BMecTo F ee 3HaueHHe (1), a Tax-
Xe v = 209, NOJNYYHM

mos  m(2u,
= ~elyE2 +EZ.
v =,/%,/Ef +E2, vy =4-10% m/c.

516. TlsacTHHBI NIOCKOTO KOHIEHCATOPA NMPUCOEIHHEHbI K
WCTOYHHKY NocTosiHHoro Hanpsukenus U = 700 B. Haittu cuay
TOKa, KOTOpbI# 6yeT IPOXoIUTh 110 IPOBOJAM TIPH CABUIaHHH
OAHOM NJIACTHHBI BHOJb Apyro#t (puc. 165) co cxopocTbio
v=7m/c. [lnacTunb KOHJeHcaTopa KBafpaTHble MJIOLAAbIO
S = 400 cm2. PaccTosinue Mexay naactunamu 4 = 0,2 ¢M Bo
BpeMst ABHXKEeHHUs 0CTaeTcs NOCTOSIHHBIM. MeXay nJacTHHa-
MM HaxofHuTcs Bo3ayx (e =1).

Pewen ue Tlpy gBHXKeHUH NIACTHHBE H3MeHseTCH
€MKOCTb KOHIeHCaTopa, a MOCKOJIbKY HanpskeHHe MPH 3TOM
NOAJEPXKUBAETCS IOCTOSIHHBIM, TO 3aPSN KOHLEHCATOPA M3Me-
HAETCS Ha HEKOTOpYylo BelvurHy Ag 3a Bpems Af. Beaenct-
BHe 3TOro MO NPOBOLaM OYAeT NPOXOAHTL TOK CHJIOH

-

1=24 (1)

B Haua/bHBI MOMEHT BpeMe-
HHM eMKOCTb KOHJeHcaTopa C =
=¢9S/d. CnycTs npoMexyTox
BpeMeHu Al mocsie Hayana ABH-
XKeHus IIoU@nb NAacTHH, Mo Ko-
TOPO¥ OHH I[ePeKpHBAlT APYr
mpyra, 6ymet S—uvlAt, roe | —
WHPHHA NJACTHHH, a eMKOCTb

_ Eo(s - UlAt)
C2 - _—-d————.
[lpu stom 3apsn koniaeHcaTtopa
P uc. 165 YMEHBWHTCS Ha

=—Fl.

OTcrona

—
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Aq = QU - CU = U(Cy - Cy).
[ToxcTaBuB B 3T0 BblpaxkeHHe 3HaueHust C u Cy, NonyunM

Eoulet

Agq = y

Teneps no popmyJe (1), yuuTnBas, uto [ = VS, uaiinem
CHJy TOKa:

1=%@, 1=2-10° A,

517. [IpocTpalCTBO MeXAY MJIACTUHAMY MAOCKOr0 KOHIEH-
caTopa 3amnoJjiHeHO AW3JeKTPHUKOM. [Ipy HeKOTOpOH pPasHOCTH
NOTEHUHANOB MeXJy NJaCTHHAMH 3Heprust KoHAeHcaTopa
W=2-107° k. [Tocse TOro KaKk KOHAEHCATOP OTKIIOYHJIM
OT UCTOYHHKA HaNpPsKEHHS, IM3IEeKTPHK H3 KOHIEHCAaTopa Bbl-
Hyau. [IpH 3TOM NPOTHB CHJ 3/1€KTPOCTATHYECKOr0 N10J1S HAl0
6110 coBepiunTh paboty A =7 - 107 [lx. Hakitu ausnextps-
YeCKyIo NIPOHHLIaeMOCTb AM3JIeKTPHKA.

Pemwewnwue Ilycts g — 3apan koHpencatopa, C — ero
€MKOCTb [IPH HAJIMYHK JH3JEeKTPHKA MEXAy nJjacTiHamu. Tor-
Jla Heprus 3apsiKeHHoro Kougercatopa W = ¢2/(2C).

[Tocsie Toro Kax BbIHY/W QH3JEKTPHK, eMKOCTb KOHIeHCa-
Topa ymeHbiuuaack B € pas: C; = C/ €, 3apsia 0CTanCs npex-
HUM, a 3Heprus NpHHANA 3Ha4YeHHe

VamMeneHve sHepruu paBHo pa6ote BHewnux cun: Wy — W=
=A umeW—-W=A Orcionae =1 +A/W, e =5.

518. ManeHbkud WapHK Maccod m, MMelOWIKMH 3apsl ¢y,
CKOJIb3WT C BLICOTHI A 110 HAKJIOHHOH IIJIOCKOCTH, 06pasyiouied
¢ ropusonToM yroa o (puc. 166). B Bepwune npsmoro yraa,
06pa30BaHHOrO BBICOTOW A H rOPHU30HTOM, HAXOAWTCHA HeIo-
JIBHXXHBIH TOYe4HBIH 3apsf ¢o. OnpenennTb CKOPOCTD LLIapHKa

Puc 166
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Yy OCHOBaHMWS HAKJOHHOH IJIOCKOCTH, €c/ii HayajbHas CKo-
pOCTb LIAapHKa paBHa HyJi0. TpeHueM npeHebpeyn.

P e wenue HaocHoBaHUH 33aKOHA COXPaHEHHs M
npeBpalleHHs SHEPrHH COCTABHM ypaBHeHHe:

Wit +Wp1 = Wio + Wpo, (1)

rae Wiy, W,y —xuneTuueckas u nmoTeHUManbHast 3Heprus
LIapHKa, Haxonﬂmeroc;i Ha BbICOTe A Ha HAKJOHHOH IJIOCKO-
ctv; Wi, Wy — KuHeTHYecKast M NOTeHUHANbHast 3HEprus
1IapuKa y 0CHOBAHHS HAKIOKHOH MIOCKOCTH.

HyneBo#t ypoBeHb NOTeHLHaNbHON SHEPrHU COBMECTHM C
OCHOBaHHEM HAaK/IOHHO¥ NJOCKOCTH. Torna

Wpl = mgh+ qqu Wkl =0.
Bropoe cnaraeMoe B BhIpaXKeHUH AJs Wpl npeACTaBJseT
co60# NOTeHLHANbHYIO 3HeprHio, 06yClOBAeHHYI0 B3aHMHBIM

pacnoJioxeHHeM 3apsiioB ¢ H ¢o. IlycTh v — cxopocThb wia-
pHKa y OCHOBAaHHSA HAaKJIOHHOH NAOCKOCTH. Torma

Wk2 = m02 /2

B 3To BpeMs paccTosiHHe MeXXAy 3apsiaMH, Kak BHAHO H3
pHCyHKa, paBHO h/tg a. TlosToMy

tga
W., = 2192 )
P2 ™ “4negeh

C yueToM 3THX 3HaueHHH 3Heprux ypasHenHe (1) npumer Bun

mgh + 492 - my® | Gdatge
41(«805’1 2 41(«805’1 ’

Ortciona Ha#aeM CKOpPOCTh!

U—J2gh+ q“hm (1-tga).

[IpennaraeM yHTaTeN10 CAMOCTOSITENBHO ONpefeNuTb, Ha
Kakoe paccTosiHHe cMOT 6bl NpH6JM3HUTLCA K 3apafy ¢o 1ia-
puK, ecid 6bl OH CBOGOAHO majan ¢ BBICOTbI A. 3apsbl
ORHOVIMeHHBIE, 3apAL 9 YKpeIlJaeH HeNoABHXHO.

519. KapmaHHHN [103HMETp PafHOaKTUBHOr0 06ayuYeHUs
npencTtanisieT co6oil BO3NYLWIHbIH KOHAEGHCATOP, 3apsKeHHbIH
N0 OollpefleleHHOR PasHOCTH noteHuuatoB. [lox BaHAHHEM
06/yyeHUs a3 HOHU3WPYETCs, U HOHbI, TIepeMellasch K Mja-
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CTHHAM KOH/IEHCATOPa, OHHKAIOT PAa3HOCTb NOTeHIHaNoB. [1pu
o6JyuyeHUd B | peHTreH B KaXKAOM KyOGUYeCKOM CaHTUMeTpe
BO3J/lyXa NPH HOPMaJbHBIX YCAOBHMAX 06pasyetcs ny = 2 - 109
nap uoHoB. CKOJIbBKO PEeHTreH NMOKaXeT N03UMEeTp, €CJH NpH
eMKocTH KoHpeHcatopa C = 3 - 10712 & pasnocTs noTenuHa-
JoB cauauacs ¢ U = 180 B no Uy = 160 B? BmecTumocTs
xamepel V = 1,8 cm3. [TonyyeHubis pe3ynbTaT BbHIPa3uTh B
envnunax CH.

Pewe#Hue Beaegcrtsue HoHM3auuu BO3fyXa 3apsn
KOHIEHCATOPA YMEHbUIWICH Ha BeJHUYHHY

q=q1—q =CU ~CUy =C(U, -Uy).

C npyro#i cToponsl, npu 103e 1 peHTren o6Mi 3apsa Ho-
HOB OIHOr0 3HaKa, o6pa3yeMblX H3iyueHHeM B o6beme V,
qo = engV, rne e — 3apsan saektpona. CnenosarenbHo, 1032
H3J1yyeHus

X=9 =CU-U)

,X=0,1P.
90 engV

Pentren (P) — BHecHCTeMHasi eMHHUA 3KCNO3HLHOHHOH
[03bl PEHTTEeHOBCKOro u ramma-usaydyenus. B CH enunnuunest
3TOH [03H SIBASETCS KYJOH Ha KHJOrpamm (Kn/xr): 1 P =
= 2,58 - 1074 Kn/xr. Buipasum X B egunnnax CH:

X=01-258-10%Kn/kr =3 - 1075 Kn/xr.

520. B onHopozHOe 3/1eKTPOCTaTHYECKOE 110J1e, HallPSXKEeH-
HocTb KoToporo E = 100 B/ cM, nomecTHIH CHCTEMY H3 IBYX
OAVHAKOBbIX H MPOTHBONONOXHO 3apsKeHHBIX UIAPHKOB, CO-
eMHEeHHbIX TOHKHM H30JIHPYIOLHM CTepXKHeM LIHHOH [ =5 cM
(puc. 167). Macca Kaxzoro wapHka m = 5 r. MonyJb 3apsiza
Ka)xzoro urapuka ¢ = 2 - 1077 Kn. Ha kakoii yroa nosepHetcs
3Ta CHCTEMA, eCJIH UIapHKaM COO6LIMTh HayaNbHble CKOPOCTH,
paBibe vy = 0,1 M/c H Hanpas/ieHHble MepPreHAHKYISAPHO
JIHHHSAM HanpsHKeHHOCTH noJisi? CHJOH TsSKeCTH npeHe6peyb.

PeuweHHue CHIbl 31eKTPOCTATHYECKOTO M0JS NPH
MOBOPOTE CHCTeMbl OKa3hiBAlOT TOpPMo3silliee feficTBHe. Pa6ora
3THUX CHJ PaBHA M3MeHeHHIO KHHeTHUYeCKOH 3HepruH [HapHKOB.

AW, = A, (1)

rae AW, = W9 — Wj,. KoneuHoe 3HaueHHe KHHETHYECKOH
3HepruM wapukos (B MoMeHT octaHoBku) Wy = 0, Hauasb-

Hoe Wy =2- m;‘) = mvg. Cie0BaTeNbHO,
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Puc 167
AWy = ~mu3. (2)

CoBepuiaemas nosem pa6ora A = A; + Ay, rne A; u Ay —
pa6oTa npH NepeMelierr MOJOXHTENBLHOIO H OTPHLATENBHO-
ro 3apspoB coorBeTcTBeHHO. Ha puc. 167 BepTukaibHBIMH
JVHHSAMH T0Ka3aHbl 3KBUNOTEHLHAIbHEE MOBepXHOCTH. [Ipu
nepeMelleHHH NONOXHTENbHOIO 3apAfa ¢ 1oJie CoBepuIaeT pa-
6oty A = —qEd, roe d — pacctosiHue MeX[y ABYMsl KBHUIIO-
TeHLHaJbHbBIMH TNI0BepXHOCTAMM. M3 pHCcyHKa BHAHO, 4TO

1_1 1=
d—2 5 cosa 2(1 cosa).

Torna
A= —-%qu(l—cosa).
Taxy1o e pa6oTy coBeplliaeT moJie ¥ Hafl OTpULATEIbHBIM
3apsaoM ¢, T. e. Ay = A,. CaenoBartenbso,
A =24 = -qEl(1-cosa). (3)

[Noncrasus 3xavenus (2) u (3) B Bolpaxenue (1), nony-
YHUM

mv% = gEIl(1-cosa),

mof
OTKyJa cos® =] — — ChepnoBaTebHO,
q

2
o= arccos(l - m—v"—) a = 60°.
qEl
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3apayu ANA CaMOCTOATENbLHOro peweHus

521. B Bo3ayxe Ha TOHKOH HenpoBOAAUEH HUTH MOABEILIEH
wapukK mMaccol m = 2,0 r, umeromn#l 3apsn q; = 20 uKa.
Cuusy Ha paccTosiHuM r = 50 MM 110 BEPTHKANM OT HEro yxpen-
JleH OfHOMMeHHBbIH 3apan g9 = 120 uKn. Touka noaseca, 3a-
pAA ¥ WIapHK HAXOAATCH HAa OfHOH npsMod. OnpenenuTsh CHAY
HATSDKEHUS HUTH.

522. Jlpa oMHaKOBBIX TOYEYHbIX 3apsaa q; = 2 uKu naxo-
IATCS B BO3lyXe Ha PacCTOsiHWH r = 15 cm apyr ot apyra. C
KaKoH CWJIOH oHM AeHCTBYIOT Ha 3apsad go = 6 uKn, Haxons-
IHHACA HAa TAKOM )XKe PacCTOSIHHM OT KAXAOT0 H3 HHX?

523. lBa 3apshKeHHBIX [1apUKa, HAXOAAHXCS HA PacCToN-
HUH r = 60 cM Apyr oT apyra B BakyymMe, NPUTATHBAIOTCS C
cunoit F = 0,3 H. Cymmapubifi 3apsg wapukos Q = 4 MxKi.
OnpenennThb 3apsif KAXKAOT0 WIAPHKA. DJIeKTPHYECKas NOCTOSH-
Hast g =1/(4n-9- 10%) &/ m.

524. B kaxao# Bepiuune KBaapaTta Haxonmca MOJIOXKH-
TesbHbIH 3apsf . Kakoll 3apsn cienyeT NOMeCTHTb B LEHTpe
KBajpara, yTo6bl CHCTEMA 3apsAA0B HAXOAHJACh B PABHOBECHMU?

525. [sa OILHHaKOBbIX 11apyMKa, HMEIOUIHX OAMHAaKOBbiE
3apsaas g = 3,3 - 1076 Kn,

MOABeLUe bl Ha OfiHON Bbl.  LLUMLLLLLLLLLL L,
COTe Ha TOHKHX HeBeco- d
MbIX HUTSIX PABHOM IJIMHBbL
(puc. 168). Ha onuuako-
BOM PacCTOSIHUM OT 3THX ;

wapukoB ¥ Ha h = 20 cM z]& ——————— —-Q7
HHXKe MX pacrosioXKeH 3a-

psn Q. Onpenenuts 3TOT h
3apsf, eciii M3BeCTHO, YTO [
HHTH BUCHAT BEPTHKAaNbHO,

a paccTosgHHE MeEXIY HH- Puc. 168
mu d = 30 cm.

526. B n1Byx NpOTHBOMOJIOXHBIX BePUIHHAX KBanpaTa co
cropoHoit a@ = 30 cM HaxomaTcs 3apagsl ¢ = 2 - 1077 Ka.
Hafity Hanps)eHHOCTb 3JE€KTPOCTATHUECKOro MOJAA B ABYX
IPYrux BeplIMHAX KBajpata.

527. PaccTtosiHue Mexay 3apsiiaMy adnons [ = 2 MKM, a
HaINpsXKeHHOCTb N0JISl B TOUYKE, YAANeHHOH OT KaXK1oro 3aps-
na Ha pacctosinue d = 1 oM, E = 2 B/ m. Boiuucauts monyJib
3apsil0B LHIOJA.
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+ 528. JlBe 6ecKoHe4yHble OJHOHMEHHO H
A pPaBHOMEPHO 3apsiaKeHHble MJIOCKOCTH repe-

+ cexaoTcs nox npsimpiM yraom (puc. 169).
+ Ha#Te Hanpsi>KeHHOCTD 3JIeKTPOCTAaTHYECKO-
T+ + + + [Omoas B TouKe A, pacrionoKeHHOH BOIM-
3U JIMHUU MepecedeHus. Hose XHOCTHas

Puc. 169 nJI0THOCTH 3apsaa ¢ = 1,0 - Kn/M2 u

onuHakoBa 145 obeux miaockocted. [lnoc-
KOCTH HaXOASTCH B BO3}13’XE (e = 1). DnexTpuyeckas nocro-
siHHas g = 8,85 - 10712 @/ m.

529. Tlo noBepxHOCTH NMPOBOJISIIEr0 IIapa PaBHOMEPHO
pacrnpeelieH 3aps ¢ NOBEPXHOCTHOM TIOTHOCThIO . Hantu
HaNpsXKeHHOCTb N0JIS B TOYKE, HAXOASLIEHCSH OT IOBEPXHOCTH
IIapa Ha pacCTOSHWH, PABHOM €ro JUaMeTpy. DAeKTpHUYecKas
MOCTOSIHHAS PaBHA g().

530. Lapux Maccoét m = 0,1 r, uMerowui 3apsig ¢ = 9,8 HKn,
nojBelileH Ha HUTH B OJHOPOJHOM 3JIEKTPOCTATHYECKOM HoJe,
HarpsiKeHHOCTh Koroporo HampaBJleHa FOPH30HTaJbHO, a ee
moxysb E = 1 - 105 B/m. HaiiTH yros OTK/IOHeHHs! HHUTH OT
BEPTHKAJH.

531. B 1Byx BeplidHax paBHOCTOPOHHEro TpeyroJibHHKa
MoMmelleHbl OfIHHAKOBbIE 3apsifbl §; = g9 = q = 4 MKKn. Kako#n
TOYEYHHH 3apsi] HeoOXOAHMO MOMECTHTb B CepelHHY CTOpO-
Hbl, COeIVHSIOLIEH 3apsifibl ¢ H g9, YTOOLI HANpPSKEHHOCTD
3JIEKTPOCTATHYECKOTO N0/ B TPeThel BepluvHe TPeyroJbHHKa
0Ka3ajach paBHOM HYJIIO?

532. [lsa pa3HOHMEHHbIX 3apsiaa, MOJyJIH KOTOPHIX || oau-
HakoBul H paBhbl 1,8 -+ 1078 Ki, pacnonoxens B 1ByX BepuiH-
Hax NpaBHJIbHOTO TPeyroJbHUKa co cTopoHoi a = 2,0 M. Onpe-
IeJVTb HaNpsiXKeHHOCTb ¥ MOTEHLHAJ 3JeKTPOCTATHYECKOro
TnoJist B TpeTheM BeplivHe TpeyrosbHHka. OKpyxKarollas cpe-
fa — Bosnyx (g = 1).

533. B BepuirHax KBajzpaTa CO CTOPOHOM a PacoJOXKeHb!
yeTHpe 3apsia: [Ba U3 HUX MOJOXHTEJbHblEe W [Ba OTpHILA-
TeJbHble, MOAYJAH 3apsjoB OJWHAKOBLI W paBHH ¢. Onpepe-
JIUTb HATPSXKEHHOCTb 3JIEKTPOCTATHYECKOTO M0JIsi B TO4YKe
nepeceyeHHs [MaroHajel KBajpara. PaccMoTpeTh Bce BO3MOX-
Hble CayYaH.

534. Kakas pabora cosepmaercs IpH NepeHeCeHHH TO-
yeqHoro 3apsina ¢ = 2 - 1078 Ki u3 6eCcKOHEYHOCTH B TOUKY,
Haxo[sIULYIOCS HA PACCTOSIHUK ¥ = | CM OT [MOBEPXHOCTH MpPO-
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BOJISILLETO iapa pandyca R = 1 ¢M ¢ NOBEpXHOCTHOH MAOTHO-
cthio 3apaga ¢ = 1 - 1079 Kin/cem??

535. Metaanuuecku#i wap paguyca Ry = 5,0 cM 3apsikeH
no noteHuuana ¢ = 150 B. Uemy paBHa HaNpsiXKEHHOCTh MOJIs
B TOUKe, HaXoAswWeHcsa Ha paccTosnul r = 10 ¢M oT moBepx-
HocTH wapa? KakoBa 6yneT HanpsKeHHOCTh M0JA B 3TOH TOY-
Ke, eC/IM NaHHBIN WIAp COeMHHTb TOHKOI NIPOBOJIOKOH € He3a-
PSKEHHEIM LIAPOM, PajHyC KOTOPOro Ry = 10 cmM, a 3atem
BTOpOH 1ap y6pathb?

536. Kaxyio paboty TpefyeTcst COBEpWHTL A8 TOTO, YTO-
6bl [1Ba OQHOMMeHHbIX 3apsfa q; = 2 MxKn # g9 = 3 MkKn,
HaXOAALIMXCS B Bo3fyxe (& = 13 Ha pacctosHud rq = 60 cM
APYT OT Apyra, c6AM3uTh A0 paccTosHus ro = 30 cM?

537. B uenu, nokasas-

Hol Ha puc. 170, pasuocTsb | | |
NOTEHUHANOB MEXY TOYKA-  » I [[7 I I[z 8
mMu A u B U =250 B. Em-

KOCTH KOHfeHcaTopoB Cy =

= 1,5 Mx®, Cy = 3,0 Mk, |
C3 = 4,0 mx®. Haiitu cyMm- I r[j’
MapHBIH 3apsn Ha o6kaan- Puc. 170
Kax KoHpeHcatopos Cl1, C2
u C3.

538. Haiitu emkocTs GaTta-
peH, cocTosiled W3 ABYX MO-
CJIE0BATENBHO COENHHEHHbIX
KoHflencatopos (puc. 171),
eCc/ld M3BeCTHbl Nuomags S
KaXz10i 06KJIaIKH KOHIeHCa-

TOpa, paccTosiHHe d Mexnay

00K/aiIKaMK KXKI0I0 H3 KOHIEHCAaTOPOB, IW3JeKTpHYecKas npo-
HHL@eMOCTb € W30JIATOPA, 3aNOJHALWEro M0J0BHHY KOHEH-
catopa (kpaeBbie 3¢)PeKThl BO BHUMAHHE He IPUHAMATD).

539. Kako# snekTpHUyecKuil 3aps NpoHaeT Mo NpoBoaaM,
COeIMHAIWMM 0OKIaKH NJIOCKOTO KOHAEHCATOpa € 3aXKHMa-
MU aKKyMYJISTOPA, IPH NOTPY>XXeHHH xon,ueﬂcaToga B KEPOCUH?
[Tnowanp naactiHbl KonpeHcatopa S-= 150 cM#, pacctosiHue
mexay naactiHamu d = 5,0 mm, DJIC akkymyastopa & = 9,42 B,
AM3JeKTpHUeCKasl IPOHHLAeMOCTb KepocHHa € = 2,1.

540. Konpencatop eMkoctbio C; = 2 Mk® 3apsikawoT 10
Hanpsbkenus U; = 110 B. 3ateM, OTK/II0YHB OT MCTOYHHKA

d d

Puc 171
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TOKa, 3aMbIKal0T 3TOT KOHIEHCATOpP Ha KOHIEHCATOp Heus-
BECTHON €MKOCTH, KOTOPBIH IPW 3TOM 3apsiXKaeTcs 0 Hamnps-
xennss Uy = 44 B. OnpenesnTb eMKOCTb BTOPOrO KOHIEH-
caTopa.

541. [Tnockuii BO3MYIHbBIE KOHAEHCATOP, PACCTOSIHYE MEXIY
obxsafKaMu xotoporo d; = 1 cM, 3apsawau 10 pa3HOCTH IIO-
trenuranos U; = 100 B, a 3aTeM OTKII0YM/IM OT MCTOYHHKA
HanpsKenus ¥ pasiBHHY/IM 0OKIAAKY A0 PACCTOAHMA dy = 2 CM.
OmnpenenmTb Pa3HOCTb MOTEHUMANOB MeXIy OOKJanKamy Io-
CJie TOTO, KaK MX pPasgBHHYJIN.

542. Konnencarop emkoctbio C; = 3 MK® 3apsxeH 1o
pasHoctH norexnuatoB Uy = 300 B. KonpeHcatop eMxocTbio
Cy = 2 Mxd 3apsixKeH 10 pasnocTH moteHuHanoB Uy = 200 B.
PasHonMenHo 3apsixkeHHble 0OKNAIXH KOHIEHCATOPOB COeIH-
HuaH nonapHo. OnpegenvwTh CPeAHIO0 CUY TOKA, BO3HMKIIe-
ro MpH CoeNHHEHHH KOHAEHCAaTOPOB, €C/IH LJIHTEJbHOCTb €ro
npoxoxaeHus T = 1 c.

543. Ha nsie IIHPOKOTo COCYAA C XKYAKHUM AN3JEKTPHKOM,
LH3/eKTpHYecKash NMpOHHLAEMOCTb KOTOPOro €, 3aKpervieHa
IJIaCTHHA KoHJeHcaTtopa. Jlpyras nmJjacTwHa, MMelou@s BHI
6pycka BbicOTOH /1, nnaBaet Hax Hell B avasextpuxe. [laowa-
I¥ NJaCTHH OfUHAKOBLI H paBHH S. Ha xakoM paccTossuu ot
TIOBEPXHOCTH XXHAKOCTH Oy1eT HAXOAHTHCS HHXKHAS MIIOCKOCTh
6pycKa, ecyi¥ Ha MJIAaCTHHBI MOAATh OJWHAKOBLIE N0 MOAYJIIO,
HO NPOTHBOIIOJIOXKHbBIE 110 3HAKY 3apsiabl ? I110THOCTb XHI-
KOCTH p;, IOTHOCTb 6pycka Pg (p) > po). Ilosie Mexay maa-
CTHHaMH CYHTATh OAHODPOAHLIM.

544. Ilpa ofMHaKOBLIX KOHJeHCAaTOpa COeIHHHJH napal-
JIeJIHO, 3apAIHJH 10 HanpsikeHHs U) M OTKIIOYHIH OT HC-
TOYHHKA. KakuM CTajo HanpsKeHHe Ha KOHAeHCAaTOpax, KO-
rfia B OJHH H3 HHX BBEJIH IVIaCTHHY C JH3JEKTPHYECKOH Mpo-
HHLI2eMOCTBIO €, 3aMOJHAIOWYIO BeCb 06beM KOHIEHcaTopa?
545. Ha puc. 172 noxasaxa

|| 3JIeKTpHYeCKas nenb, B KOTOPOH
W [7 Hanpsxenue HcTounuxa U = 10 B,

X ‘—‘ a konfencatopsl Cl u C2 umernr
— OfHHAKOBYI eMKocTb: Cy = Cg =
"= C = 10 mx®. Kaxo#i 3apag npo#-

Y IeT 4Yepe3 HCTOYHHK IIOCJ€ 33aMbi-
T KaHHs ko4a K? Kakuu craneT npH

Puec 172 3ToM 3apsii xoHaeHcaropa Cl1?
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546. Mexny BepTHKaJbHBIMH TACTHHAMH IIIOCKOTO BO3-
LYUIHOTO KOHJIeHCATopa MoJIBeUIeH Ha TOHKOH 1e€JKOBOH HHUTH
MaJ/IeHbKMH apuK, Hecywdi 3apsn qg = 3,0 HKn. Kako#t 3a-
P Halo0 COOBIIMTL KOHAEHCATOPY, YTO6Gbl HUTh COCTAaBHA C
BepTHKaJbIO yroa o = 45°? Macca wapvka m = 4,0 r, nio-
WaAb KaXIOoH NaCTHHB KoHZeHcatopa S = 314 cm2.

547. B snekTpocTaTdecKoM I10/€e mJ0CKOTO BO3LYLUHOTO
KOHJIeHCaTOopa, MJIaCTHHBI KOTOPOr0 Paclio/oXeHbl FOPH3OH-
TaJbHO, HAXOJHTCSA BO B3BellieHHOM COCTOSIHHM KareJ/bKa Mac-
J1a, HeCylan 3apsl, paBHbIY 3apsny snexkTpoHa. Onpenenuts
pafHyc KameJ/bKy, €CJIH Pa3sHOCTb NOTEHLMaoB MeX1y naa-
CTHHAMH Koefehcatopa U = 5 - 103 B, paccTosiHHe Mexay
nnacTHiamu d = 5 - 1074 M, maoTHocTb Macaa p = 900 kr/ m3.
3apsan saektpona e = 1,6 - 10719 K.

548. 3apsxeHHHH WapKUK Maccol m = 1,5 r, IprKpernJeH-
HbIH K HEBECOMOH M30/UPYIOLIEH HHTH, IOKOUTCS B OQHOPOA-
HOM TOPH30HTaJbHOM 3JIEKTPOCTATHUECKOM MOJ€; MPH 3TOM
HHTb OTK/OHEHa OT BepTHKaiH Ha yroa o = 30° (puc. 173).
3aTeM HampasJjieHHe I10Ji MTHOBEHHO W3MEHAeTCs Ha MpPOTH-
BornosioxHoe. HaliTH culy HaTsXKeHHS HUTH B MOMEHT MaKCH-
MaJibHOTO OTKJIOHEHHS HUTH OT BEPTHKaJH NoC/e Nepekioue-
HHA MoJg.

549. [IBa ogHOHMEHHO 3apsiXKeHHBIX WapuKa Maccol m =
=0,50 r xaxnablii nolBewleHbl B BaKyyMe Ha O4YeHb TOHKHX
HeBECOMKIX, HEpaCTAXMHMBIX ¥ HEelpOBOAALIMX HHUTAX OLMHA-
koBoH AnHHE (puc. 174). Kaxnas u3 nuteit o6pasyer ¢ Bep-
THKaabo yroa oo = 30°. 3ateM Bcs CHCTeMa IOTPYXKaeTCs B
He3JIeKTPONIPOBOASLLYIO XKHAKOCTb, INIOTHOCTb KOTOPOH paB-
Ha MJIOTHOCTH MaTepHaja LIapuKoB, a AN3JeKTpHYeCKas npo-
HuuaeMocTb € = 2,0. HaliTh cuay HaTspKeHHsl HUTeH nocae

«
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Puc. 173 Puc 174
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NOTPYXKeHus B XKHIKOCTb, KakoB XxapakTep paBHOBeCHS lua-
pUKOB?

550. lllap, nuameTp KoToporo d = 1 cM u 3apan g = 1 x
%1076 K1, nometuet B Maciio niotHocTsio py = 0,8 - 103 kr/m3.
IlaoTHOCTH MaTepuana wapa py = 8,6 - 103 kr/m3. Onpege-
JIHTb HaNpaB/ieHHYIO BEPTHKAIbHO BBEPX HAIlPSKEHHOCTD 3J1eK-
TPOCTATHYECKOro MOJIA, B KOTOpOe Halo NOMeCTHTb MIap, 4To-
6bl OH MJaBaj B MacJe.

551, Kax u3aMeHHTCH YCKOpeHHe Mafaioulero WwapHKa Mac-
coit m = 4,0r, ecaiut eMy coo6IMTb 3apsn g = 3,2 - 1078 Kn?
HanpsixeHHOCTb 3/1eKTpHyeckKoro noas 3emaun E = 120 B/m
M Hanpas/ieHa BePTHKAJIbHO BHHS3.

552. Mexny niacTHHaMH NJI0OCKOTO KOHAeHCATOpa, pac-
N0JIOXKEHHOI0 FOPU3OHTa/bHO, Ha pacctosuuu [ = 0,8 cm
OT HHXHeH NJaCTHHhH <«BHCHT» 3apsiKeHHHH wapux. Pas-
HOCTb MOTEeHUHaN0B Mexay naactHHamu U; = 300 B. Ye-
pe3 CKOJIbKO CEKYH[ WAPHK yNageT Ha HHXHIOW NJACTHHY,
€CJIH Pa3HOCTb MOTEHLHAaJ0B MFHOBEHHO YMEHBUIHTCS IO
Uy = 240 B?

553. B BakyyMe Mexay NJacTHHaMH 3apsiKeHHOTO MJoOC-
KOTO KOHIEHCATOpa HAXOAHTCH B COCTOSHHM PaBHOBECHS 3a-
psKeHHbIH wapuk. HaliTu yckopetne, ¢ KOTopbiM 6yleT ABH-
TaTbCsl 3TOT UIAPHK IOCJe YyBeNUdeHHS PacCTOSIHUS MEeXIy
nnacTaHaMu Ha 10%. YcKopeHHe cBOGOAHOro mafeHus g =
=981 m/c2

554. B ropu3oHTanbHO pacnofoxeHHoM NJA0CKOM BO3Ly1Ll-
HOM KOHJeHCaTope, 3apsXKEHHOM 0 Pa3HOCTH MOTEHLHAJI0B
U =1 kB, oT nosoxutenbHo 3apsKeHHOH BepXHeH NJ1acTHHbI
N0 HanpasJieHHIO T0JIA ABHranach 6e3 HavalbHOW CKOPOCTH
yacTtHua ¢ 3apsgoM ¢ = 0,1 HKn. Koraa ona npouna Hekoto-
poe paccTosiHue, MOJAPHOCTb NAACTHH 6blla MTHOBEHHO M3-
MeHeHa Ha NpOTHBONOJOXHY0. Koraa yactiua Bce e Joc-
THTJIa HH)KHeH NJ1aCTHHBI, OHAa 06J1a1ana KHHETHYECKOH 3Hep-
raeft W, = 6 - 1078 IIx. Paccrosmue MeXIy TJIaCTHHAMH
d = 2 cM. Kakoe paccTosiHHe MpPOLLIA YAaCTHUA K MOMEHTY M3-
MeHeHHs MOJSpHOCTH MacTHH? CHJIOH TsXKeCTH, AeHCTBYIO-
eH Ha yacTHlly, npeHe6peys.

555. AnonHoe HanpsixKeHHe ABYX3JeKTPOLHOH 3/1€KTPOH-
Hoit amnbl (nuona) U = 180 B. C KaKoil CKOPOCTbIO 3JI€K-
TPOH NOAJieTaeT K aHOLYy, ec/H HadajbHasi CKOPOCTb 3JeK-
tpona (B6aM3H xaToda) paBna Hyaw? 3apsa 3JeKTPOHa
e=1,6- 10719 Kn, macca snekrpona m, = 9,1 - 10731 kr.
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556. JnexTpoH BAeTe B NIOCKHH KOHJEHCATOP, HAXOASACDH
Ha OJMHAKOBOM PACCTOSHHH OT KaXI0# NJacTHHBI W HMes
ckopocth v = 1 - 107 M/ ¢, HanpaBJieHHyI0 TapajiebHo Na-
cTHHaM. PaccrosiHie Mexay miaactuiamu d = 2 cM, AJuHa
Kax0H naacTHHbl [ = 2 cM. Kakylo HaHMeHbUIYI0 Pa3HOCTh
TOTEHLHAJ0B HYXXHO TIPUJIOXHUTD K II1ACTHHAM, 4TOObI 3J1€K-
TPOH He BbLIeTe] H3 KoHAeHcaTopa? 3apsf 3JeKTpoHa e =
=1,6 - 10719 Ka, ero macca m, = 9,1 - 10731 kr.

557. 3apsxennsiil wapuk maccolt m = 10 r, nogsewen-
HHIY HA W30JHpYIOLIeH HepacTSXKUMOH HUTH, ABIKeTCH C IOo-
CTOSIHHOH YIJI0BOH CKOpoCThio ® = 10 pan/ c 1o oKpy»HOCTH
pamuyca r = 5,0 cm (puc. 175). Tlox Toukoi nogseca A Haxo-
IOUTCH IpPYroH, HENOABHXKHbIM 3apsXKeHHbIH, WapuK B, npu-
yem paccrosuus AO u BO 1o uentpa okpyxuoctd O oguHa-
KOBBI, a yroj o = 45°. 3apsaabl 06oHX WAPHKOB OJWHAKOBHI.
Haiiti 3TH 3apagsl.

558. dneKTpoH BiIETEN B OAHOPOLHOE 3JIEKTPOCTATHYECKOE ToIe
HanpsbkentocTbio £ = 1 10% B/M co ckopocTeio ug = 8 MM/ ¢
NepHeHAMKYAAPHO CUOBHIM JHHUSM. BHUHCAUTD MOAY/b H Ha-
TnpaBJieHre CKOPOCTH 3/1eKTPOHA B MOMEHT BpeMenu ¢ = 2 HC.
Macca snektpona m, = 9,1 - 1073! xr, sapsp e = 1,6 - 10719 Ka.

559. [lBa 0aHHAKOBLIX 3apsDKEHHBIX WAPHKA, Macca Kax-
foro U3 Kotopuix m = 10T, a 3apsag ¢ = 5 - 1077 Ka, coenune-
Hbl ByMsl H30JHDPYIOUIMMH HHTAMH AavHOH [ = 10 cM u 2/
(puc. 176). CucTeMy ynepXHBaioT 3a CepefHHY AJHHHON HUTH,
a 3aTeM TouKy nopseca O HaYMHAIOT NOAHHMATb BBEpX C ycC-
KOPEHHEM d, PaBHLIM 110 MOZYJ/II0 YCKOPEHI0 CBOGOAHOTO Najie-

Puc. 176
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HHs g . OnpenennTh CHy HaTSXKEHHs KOPOTKOH HUTH, COEAH-
HsIOLEH WapHKH, BO BpeMsl HX NoabeMa.

560. DneKTpoH, ABUrasicb B BaKyyMe M0 CHJIOBOH JIHHUH
3JIEKTPHUYECKOTO T0J1s1, MOJHOCThIO TEPSIET CBOIO CKOPOCTb MEX-
1y TOYKaMmu ¢ pa3HocTbio noteHuranos U = 400 B. Onpene-
JIHTb, Kakol Obla CKOpPOCTb 3JIEKTPOHA, KOrAa OH Monasn B
3JeKTpHYecKoe mose. 3apsaa 3aekTpoHa e = 1,6 - 10719 Kn,
Macca 3JeKkTpoHa me = 9,1 - 10731 kr.

561. Kaxo#t nyTb No CH/IOBOH JHHHH NPOXOAUT O -4acTHLA
[0 TIONHOH OCTaHOBKH B ORHOPOAHOM TOPMO3SIILIEM 3JIEKTPO-
CTaTHYECKOM MoJe HanpspkeHHocThio E = 2000 B/ M, ecan Ha-
yanbHas cKopocTb ee v = 2 - 107 M/ ¢c. 3apsn O -4acTHUBI 10710
KuTenbHslt, ¢ = 3,2 - 10719 K, ee macca m = 6,67 - 10727 xr.

562. Yactuua, macca kotopot m = 1 - 1074 kr u 3apsn
g =1-1078 K11, pneraet B 0611aCTb OHOPOLHOTO 3/1€KTPOCTa-
THYECKOro noJsi wHpHHOH & = 0,1 M moa yrioM a = 45° a
Bblnetaet mog yraom B = 60° (puc. 177). Onpepenuts Ha-
YaJabHYI0 CKOPOCTb YaCTHLBI, €CJH HANPSXKEHHOCTh OAHOPOA-
Horo noast E = 1 - 105 B/M. TpaekTopHs YacTHUBI JEXKHUT B
NJI0OCKOCTH YepTexa.

I

—

T T

Puc 177

563. B naockHi _KOHAEHCATOP BJETaeT 3JEKTPOH CO CKO-
poctbio ¥ = 2 - 107 M/c, Hanpap/ieHHOH NapainenbHo 06-
KJ1aiKaM KoHaeHcatopa. Ha Kakoe paccrosinue ot cBoero nep-
BOHAYaJbHOTO HanpaBJjieHHsl CMECTHTCA 3J1eKTPOH 32 BpeMs
noJieTa BHYTPH KOHAEHCATOPa, €CJIH PacCTOsiHHE MeX1y NJa-
cTuHaMH d = 2 cM, AJHHa KOHAeHcaTopa [ = 5 ¢M U pa3HOCTb
noteHuHanos Mexay obknagkamu U = 200 B? Otnowenue
3apsaa 3/eKTpoHa k ero macce e/ m, = 1,76 - 1011 Kn /xr.
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564. DnekTpoH BIeTaeT
B OQHOPOMHOE 3JIEKTPOCTa- )
THYECKOe MoJie HANpsKeH-
noctbio E = 148 B/m (puc.
178). B HeKOTOPLIH MOMEHT
BPEMEHH CKOPOCTb 3J1€KTPO- &
Ha U HampasJjeHa Nof YoM >/
= 60° K CHJOBBIM JIHHH-

M TIOJISL 1 MOAYJb ee U =
=2 108 m/c. Haittu yron
B, non KoTopbiM OyaeT Ha-
npaBJeHa CKOPOCTb 3JeK-
TpOHa 4Yepe3 MPOMEXYTOK Puc 178
Bpemend At = 3 - 1078 c.
3apan SJIeKTPOHa e=1,6-10719 Kn, macca 371eKTPOHa M, =
9,1 - 10731 xr. Cunoit TAXKECTH 1EKTPOHA NpeHeGpeyb.
565. [llapuk Maccolt m = 2 r, UMEIOMIHH NONOXHTENbHbIH
3apsj ¢, HayHHaeT CKOJb3HTb 6e3 HayaJbHOH CKOPOCTH H3
TOYKH A 1o cohepHyecKoll nosepxHocTH paauyca R =10 cm
(puc. 179). IoTeHuuanbHasi 3Heprus B3aUMOAEHCTBUs 3apsi-
A2 ¢ ¥ HEMONBHXHOTO OTpHua'reanoro 3apsiga Q B Hayanb-
bt Moment W4 = =2 - 1073 [x. Onpenenuts noTeHuyas-
HYIO 3Hepruio B3aHMOAEHCTBHUSA 3aPSOB, Koraa 3apsi ¢ Haxo-
OHTCS B TOUKe B, ec/l¥ B 3TOM CJlyyae pe3y/bTHPYKOLIas CHJI
PeaKuH cO CTOPOHbI ChePHYECKOM MOBEPXHOCTH K KYJIOHOBCKO-
ro B3aUMOJIeHCTBHS1, IPUIOXKEHHAs K wapHky, F =0, 1 H. ¥Ycko-
peHHe CBOGONHOro NafeHHs cuuTaTh pasHuM 10 M/ c2. Tpenuem
MEeXY WAPHKOM H ceprHyecKol OBEPXHOCTbIO NpeHe6peyb.
566. [Ia omyHaKOBBIX NJIOCKMX KOHAEHCATOpa, OHH H3
KOTOPbIX BO3AYLIHbIH, a APYroH 3amloJIHEH AH3JEKTPHKOM ¢
AH3JeKTPUYECKOH NPOHULIAEMOCTBIO €, COEIHHEHD, KaK MOKa-
3aHo Ha pHc. 180, u 3apskeHnsl Ao Hanpspkenusa U. Kakyio

™y

1
Puc. 179 Puc. 180
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pa6oTy Hajo COBepIIHTb, YTOGbI H3BJEUb AH3JIEKTPHUECKYIO
IJIaCTHHKY M3 KoHaeHcaTopa? EMKOCTh BO3AYWHOTO KOH-
AeHcaTopa paBHa C.

567. AToM HeoHa HOHH3HpYETCH NPH CTONKHOBEHHH C 3JIEK-
TPOHOM, €C/IH 3Heprus 3JaextpoHa W = 21,6 3B (sneprus
HoHH3auuHn). nxHa cBo6oaHOro npo6era 3neKTpoHa B HeOHO-
BOW JlaMIe MeXAy ABYMS [10C/Ie0BaTeNbHBIMH COYAApEHHUAMH
[ =1 mm. PaccTosiHHe MeXAy IIOCKHMH 3JIeKTPOAaMH J1aMIbl
d = 1 cm. OnpenenuTts HanpsiXKeHHe, IPH KOTOPOM 3aXKHraeT-
csi HeoHoBas J1amna (6yaeT NPOUCXOAHTH POLECC HOHH3ALKH).
CuHTaTh, YTO NPH yAApe 3JEKTPOH MOJHOCTHIO lepefaeT IHep-
IO aTOMY HeOHa. 3apsii 3neKTpoHa e = 1,6 - 10719 K,
13B=1,6-10719 Ix.

568. CreknsHHas NIacTHHKA UENHKOM 3aMOJIHseT 3a30p
MeXAy 0OKJagKaMH MJOCKOro KOHAEHCATOpa, eMKOCTb KOTO-
poro npH OTCYTCTBMH MJacTHHKH paBHa Cy. KoHpeHcatop
MOAKJI04YeH K HCTOYHHKY NOCTOSIHHOrO Hanpsikenus U. Han-
TH MeXaHHUeCKyI0 pafoTy, KOTOpPYi0 HEOOXOAHMO COBEPIIHTS,
4yToObl U3BJIEYb NJNACTHHKY H3 KOHAeHcaTopa. Kakyw pabory
COBEPILHT NPH 3TOM HCTOUHHK? JlHaMeKTpHUecKas [IpoHHLae-
MOCTb CT€KJ/a PaBHA €.

569. HanpskeHHOCTb 3/1EKTPOCTATHYECKOIO NOJSA IIOCKOTO
BOBYUIHOrO KOHAeHcaTopa emkocThio C = 4 Mmk® E =10B/cm.
Paccrosinue Mexny o6knankamu d = 1 mMm. Onpeaenuts sHep-
THIO 3JIEKTPOCTATHYECKOIO 110J151 KOBAEHCATOPA H ee [IOTHOCTb.

570. OnpepeanTb KOJHYECTBO 3JEKTPHYECKOH 3HEPIHH,
nepeweule B TeNJOTY NPH COEAHHEHHH OAHOHMEHHO 3apsi-
XKeHHbIX 06KJI3a0K KOHAEHCaTopoB eMKocTsaMH C; = 2 MkD u
Co = 0,5 Mx®, 3apsxenHbIx o Hanpskewudt U; = 100 B u
Uy = 50 B cooTBeTCTBEHHO.

571. Ha naocku#t Bo3nyumHb# KOHAEHCATOP MOAaeTCsA Ha-
npskende U = 2,0 xB. [lnomanb Kaxpo# njaactuHbel S =
= 0,24 m2, pacctosinue mMexay uumu d; = 50 mm. [Tocne 3a-
PSIIKH KOHAEHCATOP OTKJIOYAIT OT HCTOYHHKA M 3aTeM pas-
IOBHraioT ero o6kJaagkH Tak, UTO PacCTOsHHE d9 MEXAY HHMH
CTaHOBHTCSA paBHbIM 1,5 cM. OnpenenuTh pa6oTy, coBeplleH-
HYIO [IpH Pa3fiBHraHHH 0OK/I3aROK KOHAEHCATOpA.

572. KonpeHcatop eMKocTbio C, 3apsiXKeHHBIH 40 Hanpsi-
xeHds U, coeHHHJM NapansesbHO ¢ TAKHM XKe He3apsiKeH-
HbHIM KoHEeHcaTopoM. OnpezfenyTh H3MeHEeHHe 3HEpPrHH CHC-
TeMbl [10CJIe COeJHHEHHS.

573. Konpencarop emkoctb C = 100 Mk®D 3apsKaioT mo-
CTOSIHHBIM TOKOM uepe3 Pe3HUCTOP, CONPOTHBJIEHHE KOTOPOro
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R = 100 xOm. Uepes kaKoe Bpems MHocje Hayana 3apsaKH
3HEprusi, 3anaceHHas B KOHAEHCATOPe, CTAHET PaBHOH 3Hep-
THH, BblleJIeHHOH B pe3HcTope?

9. 3AKOHb! MOCTOAHHOIO TOKA

MeTtoanudeckue YKa3aHuUA K pelleHnio daga4

Tlpu pelwenrH 3a1ay Ha pacyeT 3J1€KTPHYECKHX LeMel no-
CTOSIHHOTO TOKA HYXXHO Ha4epTHTb CXeMY H BHHMATeJbHO Tpo-
aHaJIM3HpPOBaTb ee: BbIACHHTD, KaK COeIMHEeHbl HCTOYHHKH TOKa,
pe3HcTOpbl, KOHAeHcaTopbl. Hepenko 3afanHyio cXxeMy noJes-
HO HayepPTHTb HECKOJIbKO HHaye, YTOOb! [IONYYHTb HOBYIO CXe-
MY, 3KBHBAJEHTHYI0 AaHHOH. [IpH 3TOM MOXHO COERHHSATb H
pPasbedHHATb TOYKH, HMeoUIHe paBHble MoreHuxasns. Ha Ho-
BOH cXeMe HaJ0 BLIAENHTb YYaCTKH, Iie BUA COeHHEHHA NPOo-
BOIHHKOB (napas/enbHoe, NOC/AeA0BaTeNbHOE HAH HX KOMOH-
HauuH) ctay odyeBHfeH. Ilocsie 3TOro HCnoJabL3yIOT HOPMYJbl
AJIf pacyeTa CONPOTHBJIEHHH, a Takxe 3akoH OMa j1a y4acr-
Ka 11eMH U AJf 3aMKHYTOH LeMnH.

Heo6xoauMo0 y4HTBIBaTb, UTO MMOCTOAHHBIA TOK Yepe3 KOH-
JeHcaTop He MpoxoiuT. Ec/n KoHAaeHcaTOp B LeNH MOCTOSH-
HOT'O TOKa COeIrHEeH NapajvieJbHO C PE3UCTOPOM, TO HAa KOH-
JeHcaTope Takoe XKe HalpsXKeHHe, KaK ¥ Ha pe3ncTope.

PacyeT cJ0XHBIX pa3BeTBJEHHBIX 3JeKTPHUECKHX LeMNeH
TIPOHM3BOAAT C NOMOIIbK NpaBHa Kupxroca, npH 3ToM AeHCT-
BHSA CJefyeT BHIIOJNHATb B TaKOH NMOCJIEA0BAaTEJbHOCTH:

1) NpoH3BOJILHO 0603HAYHTL CTPENKAMH HalpaBJeHHs To-
KOB BO BCEX Y4acTKax llenHy;

2) npoH3BONbLHO BHIGPaTh HaNpaBJeHHS 06X0aa KOHTYPOB
(ro yacoBo#l cTpesiKe HJIH NPOTHB); .

3) COCTaBHTb CHCTEMY ypaBHEHHH COIJIaCHO MEepBOMY H
BTOpPOMY nipaBH/iam Kupxroga, nps 3ToM: a) CHIB TOKOB, BXO-
OSIIMX B y3es, GepyTcsl CO 3HAKOM «ILIIOC», a CHJbl TOKOB,
BBHIXOAALIMX H3 y3Ja, — CO 3HaKOM «MHHYC»; 6) eCJIM Hanpas-
JeHHe TOKa COBMajaeT ¢ BbiOpaHHbIM HanpaBjeHHeM o6Xxona
KOHTYPa, TO COOTBETCTBYIOILEE NPOH3BeleHHe CHJbI TOKA Ha
COTpPOTHBJIEHHe 6epeTcs CO 3HAKOM «ILIIOC», €CJIH He COBMaja-
€T, — CO 3HaKOM «MHHYC»; B) DJIC cieayeT 6paTh CO 3HaKOM
«ILJTIOC», €CJIH APH 06XOAE KOHTYPA NMPHXOAHTCS HATH BHYTPH
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HCTOYHHKA TOK2 OT OTPHLATEJBHOTO MOJIIOCa K MOJOXHTeb-
HOMY, B IIPOTHBHOM CJy4ae — CO 3HaKOM «MHHYC»;

4) PEIIHTb COCTAB/IEHHYI0 CHCTEMY YPaBHEHHIl; eC/H NpH
3TOM 3HAYEeHHS HEKOTOPHIX CHJI TOKOB MOJYYATCH CO 3HAKOM
«MHHYC», 3TO 03Ha4aeT, 4YTO HeHCTBHTe/bHble HaNpaBJeHHs
3THX TOKOB IIPOTHBOMNOJIOXHLI YKa3aHHLIM Ha cXeme. Pasyme-
eTcs, NpaBuaa Kupxrogpa MoXKHO NPHMEHATb M NPH pacyeTe
NPOCTHIX Liened.

[TpH pelreHnH 3anay Ha NpeBpalleHHe 3JeKTPHUECKOH 3Kep-
THH B TEMJIOBYIO H MeXaHHYECKYI0 COCTAaBJSIOT YpaBHEHHE Ha
OCHOBE 3aKOHAa COXPaHEHHS H NpeBPalIeHHS HEPrHH. 3anaus
Ha 3JIeKTPOJIH3 pelaloT NyTeM COCTaBJEHHR YPaBHEHHH Ha
0CHOBe 3aKOHOB Papajnes.

OcHoBHbIe 3aKOHb! U PopMySbl

Cu/La NnOCMOAKKHO20 3AeKMPUHECKO20 MOKA
I=gq/t,

rie ¢ — 3apaf, (ePeHOCHMbIH yepe3 MonepevyHoe ceyeHde MPOBOA-
HHKa 32 BpeMs [.
ITaomnocme anexmpuueckozo moka

j=1/8,

rae | — cuna toxa; S — nuowab NOMEpeqHOro ceYeHHs MPOBOJHUKA.
3akon Oma 328 yuacmka yenu, ne codepwaueeo 34C:

I1=U/R,

rae | = cuna toxa, U — Hanps)KeHHe Ha 3TOM yuyacTke; R — conpoTus-
JeHHe.

Jaexmpuneckoe conpomusaenue™ nposoduuxa LIHHOH [ ¢
[OCTORHHON TJIOLIAABIO MONepPeYHOro ceyeHuss S

R=pL,
P S
rage P ~ yaejbHOe COMPOTHUBJIEHHE MPOBOAHHKA.

Conpomusnenue nposodnuxa npu memnepamype t
Ry = Ryl + 1),

*BumecTo TepMHHa «3JIeKTPHUECKOe CONPOTHBJIEHHE» NPUMEHRETCH Kpart-
Kas GopMa «COMpOTHBAGHHES, BMECTO «CHJIA 3TEKTPHUECKOrO TOKA» — «CHiia
TOKa» W T. 0.
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roe Ry — conpotuBieHHe nposogsuka npy 0 °C; o0 — Temnepatyp-
HbIH KO3 QHLUMEHT CONPOTHBEHHSI.

AHaIoOrM4HO BbipaXXaeTCs 32BMCHMOCTb YAJIbHOIO CONPOTHBIE-
HHS OT TeMIepaTyphi:

P = pgl+at).
O6uee conpomusrenue npu nocredosamessHom CoeGuHenul
npoBodHUKOB
R=R +Ry +.+ R,

rae Ry, Ry, ..., R, — CONDPOTHBJEHHA OTHCNbHBLIX MPOBOLHUKOB.
Eean Ry =Ry = ... = R,, T0o R = nR,.

O6uwee conpomusAeHLe npu napasresbHOM CoeGuHeRUU npo-
800HUKOB YNOBAETBOPAET COOTHOLUICHHIO

1 1 1 1
e i PO
R R R R,
Eciu Ry =Ry = ... =R, 10 R=R|/n
3akon Oma 0an 3amKHymod yenu:
=t
R+r’

rae /] — cuna toka B yenu, & — 3JIC uctounuka; R — conpoTusie-
HHe BHEWlHero yyacTKa Lield; 7 — BHyTpeHHee CONPOTHBJEHHE UC-
TOYHHKA.

Hanpasenue na 3axmumax ucmodHuKa

U=|R=¢ - Ir,

€CJIM BHYTPH HCTOYHHKA TOK HAMPaBJ/JeH OT OTPHUATENbHOIO MOJIO-
€2 K IIOJJOXHTEJbHOMY,; DU IIPOTHBOIOJIOKHOM HaNpPaBJe€HHHU TOKaA
(3T0 BO3MOXHO NpPHY HAJTHYHHU B Lie[TH HECKOJIbKAX UCTOYHHKOB TOKa)

U=¢€ +|[r.
Cusra moxka npu KOpoOmKkom 3ambiKaRuu UCMOYHUKA
10 =8 /f.

Cusa moka 8 yenu npu nocaedogamesbHom CoeOuUHEHUU PA3-
AUYHBLX UCMOYHUKOB

B+ 8+ E,

>

R+n+r+. 41,

rie &, &, ..., & — DJC HCTOUHHKOB; ry, Iy, ..., 7, — BHYTPEHHHeE
COMPOTUBJEHUS HCTOUHUKOB.
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Cunra moka npu nocaedosameibHom coedurneruu n o0uHaKo-
gbix ucmounuxog ¢ J[AC & 1 BHYTpEeHHHM CONPOTUBNEHHEM r

[=_n&
R+ nr

Cuna moka 8 yenu npu naparresvHomn coedunenuu n oguna-
KOBbLX UCMOYHUKOS
=&
R+r/n’
Ipasusra Kupxzeoga:
I. AnreGpanueckassi CyMMa CHJ1 TOKOB, CXOASLUUXCA B J1060M
y3ne (T. e. B TOuKe pa3BeTBeHHS NPOBOLHUKOB), pPaBHA HYJIO:

L+L+ .. +] =0
II. B mo60oM 3aMKHYTOM KOHTYpe CymMa MafeHHi HampsixeHus (7. e.

MPOM3BeJieHHUH CHA TOKOB /; Ha COOTBETCTBYIOLUKE CONPOTHBAEHHS R;)
paBHa aJjreGpanuyeckoil cymme DJIC, uMelollMXCA B 3TOM KOHTYpe:

IlRl + IQRQ +.. .+ Ian = 81 +82 +...4+ gm.

Paboma nocmosun020 3reKmpuweckozo moka
2
A=qU=1Ut=12Rt=‘-’R—t,

rie g — 3apsaj, NpollefMHii no npoBofHKKY; U — Hanpsxenue; [ —
CHJIa TOKa; { — BpeMsl IPOXOXAEHHA TOKa; R — conpoTHBJeHHe.
Mouwgnocme nocmosnnozo moka

P=qU/t=1U=I2R= U2/R.

3akon [moyas—Jlenya: xONHYECTBO TENJOTH, BblgenfiemMoe
NPOBOLXHMKOM COMpPOTHBJIEHHeM R ¢ TOKOM CUJIOH [,
Q = I2Rt,

roe t - BpeMs MMPOXOXKASCHHUA TOKA.
TToanas MOWHOCMb, DA3BUBAEMAR UCMOUHUKOM MOKa,

P=I1&=12(R+r)=-t",
R+r

rae & — DJC HCTOUHHKA C BHYTPEHHHUM COMPOTHBJEHHEM r, 3aMK-
HyTOTO Ha BHellHee COMPOTHBJIeHHe R.

MMoreanasn mouyrocmo (MOWIHOCTD, BbifesnsieMas Ha BHeELIHeM
yyacTKe UenH, COMpOTHBJEHHE KOTOPOro paBHO R)

= =£2_= N o— 2 =—K2R
R=1U=S=16-1% = LR
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Koagppuyuenm nosearnozo delicmsun (KIJ) ucmounuxa moka
_A_u_ R

P & R+r’
3axonet Papades dan arexmpoausa:
[. Macca m BemecTBa, BbIEAHBIIETOCA Ha 3J1E€KTpofe, Iponop-
UMOHA/NbHA 32pAAY 4, NpOLUIeAWeMY Yepe3 3J1eKTPOJUT:

m = kq = kit,

rae k ~ 3JeKTPOXHMHYECKUH 3KBHBAJEHT BellecTBa; [ — CHJa ToKa;
t — BpeMs ero NPOXOXJAEHHSA. ‘

I[I. dnexTpoxHMHyeCKHH 3KBHMBANEHT BelECTBA [POMOPLHOHA-
JleH ero XHMHYeCKOMY 3KBWBaNEHTY:

k= _I_M
Fn’
rae F — nocrosnnan ®apages: F = 9,65 - 10 Kn/moab; F = eNy,
e — 3apsax afexkTpoHa; Ny — nocrosuHas Asoraspo; M — monspHas
Macca; n — BaJeHTHOCTb; M/ n — XUMHYECKUIl SKBHBaJeHT.
O6sedunennnill saxon Papadesn:

m=L1Mp
F n

Mpumepbl peleHUA 3agad

574. HaiTH conpoTHBIenHe MeXIy TOYKaMH [ ¥ 2 uenew,
CXeMbl KOTOpHIX HM306paxkenn Ha puc. 181, a (R} = Ry =
=Ry= R, = R = R) u puc. 181, 6.

a

R3

/zz \

[

Puec. 181
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Puc 182

PeueHue J[nacxems, nokazaHHon Ha pHc. 181, a,
HauepTHM IKBHBaNeHTHyW cxemy (puc. 182, 6), U3 xoropoi
BHIHO, uTo pe3ucTopsl R3 1 RS coennHensl nocnenoBatesbHo;
UX obuee conpoTHBieHHe paBHo 2R. [lapannenbHo ¢ HUMH
coefnHeH pesnctop R4, conporuBnenne xotoporo Ry = R.
O61wee conpoTHBJIEHHE Y4acTKa UeNH MeXAY To4KaMH 3 1 2

R3-2=2RR/(2R + R) = 2R/ 3.

Hocnenosarenbﬂo C 3THM Y4YaCTKOM COe€IHHEeH De3HCTOp
RQ, B pe3y/bTate Yero nojy4aercs uenb, CONpoTHBJAEHHE KO-
TOpOH

R’ =Ry, +R=5R/3.

Y, HakoHel, napaJenbHO ¢ 3TOH LENbIO COeAHHEH Pe3HCTOP
R1. CaenoBatenbHo, obluee CONPOTHBIEHHE MEXAY TOYKAMH

lu?2
R;_»=R'R/(R" + R) =5R/8.

CxeMy, npuBeaeHHy0 Ha puc. 181, 6, npeacTaBuM B BHAe
OBYX OIMHAKOBHIX NapajljeJbHO COeAHHEeHHBIX BeTBeH, pas3h-
eAHHUB Touky 3 Ha ase Toukd: 3’ u 3’ (puc. 182, 6), xoto-
pble BCIeACTBHE CHMMETPHYHOCTH CXeMbl HMEIOT OAHHAKOBBIH
noreHudal. Jlerko onpeliennTb, YTO CONPOTHBAEHHE MEXAY
toukamu I u 2 (puc. 182, 6) pasHo 3R/ 2.

575. Hmeercss MOTOK MeQHOH MPOBOJIOKH, NJOLWAAbL MoMe-
péyHoro ceuenns Kotopoit S = 0,10 Mm2. Macca Bcefi npoBo-
Jokd m = 0,30 xr. OnpenenanuTb CONPOTHBJIEHHE NPOBOJOKH.
YneavHoe conpotHBiaeHHe Meay p = 0,017 - 107° Om - M,
naotHoets D = 8,9 - 103 kr/m3.
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Peu e Hue ConpoTHBieHHe NPOBONOKH AJHHOH [
R=pL (1)
Ps

Macca ngosonoxn m = DIS, rge D — naotHocts. OTCr0na
= m/(DS). loactasus 3710 3HayesHe B hopmyay (1), mo-
.rIy'mM.

R=pm/(DS?), R =57 Om.

576. AMnepmeTp, npeaHasHauy€HHLIHA [Jisi H3MEPEHHS CHJIbI
TOKa He 6ojee [, = 20 MA, Heo6X0AHMO HCNOMBL3OBATH IR
H3MepeHus cuabl ToKa 1o / = 0,5 A. PaccyHTtath CONpOTHBIE-
HHe WyHTa R, €C/H CONpoTHBJIeHHe amnepmeTpa R, = 5 Om.

PeweHnue Ecausuenu
CHJIa TOKA 60JibllIe MaKCHMAJbHOH _da
[,, Ha XOTOpYIO paccYHTaH aMmep- L.
MeTp, TO MapajjielbHO eMy BKJIIO- —%—
yaeTcs pesrctop (WyHT), KaK no- R
Ka3aHo Ha puc. 183. Ilpn sTom Iy
TOK CHJIOH [ B U€NH YaCTHYHO OT-

BEeTBJIAETCA B LIYHT!: :]

I=1,+1I,,

Puc. 183

rae /,, [, — CHJIBI TOKOB, HAYLIHX
yepe3 amrnepmeTp H wyHT. [lycTb cusa Toka B uenu / = nf,,
T.e. B n pa3 6oabuie /,. Toraa yepes WyHT HAET TOK CHJIOH

Iy=1-1,=nl,—1,=I(n~-1).

Hanpsixxenust Ha amriepmeTpe o LIyHTe OAHHaKOBble: [,R,
= IRy Orcropa R, = IR,/ I,,. CnenoBatesbHO,

w =R,/ (n—1),

rae n = [/ 1,. [lonctaBuB YykCcAOBLIE 3HAYeHHs!, HaiaeM Ry,
=0,2 Om.

77. BosbTMeTp, pacCYHTAHHBIA Ha H3MepeHHe Hanpﬂ)xe-
Hu#t o U, = 30 B, HMeeT BHyTpeHHee COMpOTHBNEHHE R,
=3,0 xOM. Haitru conpoTHBeHHe R, 106aBOYHOrO pe3HCTopa
Pewenue Ecm H3MepseMoe HanpsikeHHe 6oJblie

MakcuMasibHoro U,, Ha KOTOpOe PacCyHTaH BOJLTMETP, TO
MOXKHO [0CJI€A0BAaTENbHO C HUM BKJIIOUHTh 106aBOYHBIH pe3H-
crop (puc. 184). Ilyctb R, — compoTHBAEHHE BOJbTMETPA,
R, — conporHBnexre nobasoyHoro pesuctopa, Uy — mpenen

It
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/ H3MEPEHHUS BOJbTMETpaA,
Rz U = nU, — uaMmepsieMoe Ha-

(V) npsxeHue, B 11 pas 6
Uz — = p , B 11 pas Gosblilee
Uy U ZOMYCTHUMOTIO. HOCKOﬂbKY
BOJILTMETP H 106aBOYHBIH
y PE3HCTOP COENHHEHBI IT0C/Te-
nosarensHo, To U = U +

Puc. 184 + Un’ oTCIona

Up=U=Uy=nU— Uy = Ugln - 1).

Cuna Toka, NpOXOAsILEro Yepe3 BOJbTMETP H 106aBOUHBIH
pe3ncTop, ofHa H Ta xe. [loatomy, Hecnosb3ys 3akon Oma ans
y4acTKka uenH, 6yaem uMeTb

Uy Ugn-1
RTTR
oTkyaa R, = Ry(n — 1), R, = 27 xOm.

578. I1pu temnepatype ¢ = 20 °C conpoTHBJIeHHe NIaTH-
HOBO¥ nposoJiokH R| = 20 Om, a npy Temneparype fo = 500 °C
Ry = 59 Om. Haiite 3HaueHHe TeMIepaTypHOro Ko3hgpHuHen-
Ta CONPOTHBJ/IEHHS MJATHHBL.

PeweHye BopaxeHds L5 CONPOTHBIEHHS NPOBOJIO-
KM MpPH TeMnepatypax f; H !y HMEIOT COOTBETCTBEHHO BHA!

Rl = Ro(l + atl), R2 = Ro(l + atz),
rae Ry — conpoTHB/enHe npososoku npu 0 °C; o — rtemne-

paTypHbI¥ Ko3((dHIMEHT CONPOTHBJEHHS. Pa3enus nounaen-
HO NepBOe PaBEHCTBO Ha BTOPOE, MOJYYHM

Rl _ l+at,
R2 1+at2.
Orcrona
- R _ _
= R-R Gy _44.108 K1

579. B uenu, cxema kKoTopoH H3o6paxeHa Ha puc 185,
conpoTuBaeHHs pesuctopos R1, R2, R3 paBHbl cOOTBETCTBEH-
HO 2, 4 u 6 Om; 3JIC uctounuka toka & = 10 B, ero BHyTpes-
Hee conpotusieHue r = 0,4 OM. UTto nokaxeTt amrepMeTp?
ConpoTHBIeHHEM aMnepMeTpa npeHeGpeys.

PeweHHe [cnocob. AMnepMeTp NoKaXKeT CHIYy TOKa
{3, upywero yepe3 pesuctop R3. [lycTs /| — cus1a ToKa, Haylle-
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ro uepes pesuctop RI. B yane B R3

OH pa3BeTBJISIETCS] HA TOKH CHJIOH —{_1
Iy u I3, noatomy I,
I =1y + I3 (1) <A>
Hanpsixxenus Ha pesucrtopax J—ﬁL 8
R2 u R3 paBHbl, T. €. o —
/
IRy = I3Rs. (2) ’ J,T HRI
PeurnB cOBMeCTHO ypaBHeHHS R
(1) u (2), nonyunum | €

™

I3= IIRQ/(RQ + R3) (3) Py 185

Cuny Toka /| Ha#igeM 1o 3aKo-
1 ')
Hy OMa /151 3aMKHYTOH LeMH:

1126/(R+f), (4)

rie R — conpoTHBJeHHe BHel!HEH YacTH LelH; r — BHYTpeH-
Hee CONMPOTHBIEHHE HCTOYHHKA. YuHTbhiBas, uto R2 1 R3 coenn-
HeHbl TapangenbHo, a Rl — mocnenoBatenbHo ¢ HHMH, He-
TPYAHO HaHTH, 4TO

R= Rl + R2R3/(R2 +R3).
[MoacTaBUB 3T0 3HauyeHHe B hopmyay (4), nosydum

I = f(R2+R3)
1 (R2 + R3)(Rl + f)+ R2R3 :

Torna, cornacHo gopmydae (3), 6yaem HMeTb:

[3 - (Rz +R3)(Rl +})+R2R3 ’ [3 = 0,8 A.

Il cnoco6. Ilns yana B Ha ocHOBaHHM NepBOro NpPaBHJA
Kupxroga cocTaBHM ypaBHeHHE:

Iy =1y =13=0. (1)

O6xons koutypsl BRyCR B u BR3CRy B npoTHB YacoBoit

CTpPeJIKH, Ha OCHOBAaHHH BToporo npaBHaa Kupxroda cocra-
BHM YypaBHeHHs:

IyRy + Ir + }R; = ¢, I3R3 — IyRy = 0. (2)
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[MogcraeuB B ypasseHus (1), (2) uucnopbie 3Hauenus sa-
[aHHBIX BEJMYHH, IONYYHM CHCTEMY TPEX YDaBHEHHH C TpeMs
HEH3BEC THBIMH

I =1y~ 13 =0,
41y + 2,41, =10,
615 —4ly =0,

pelHB KoTopyo, HangeM /3 = 0,8 A.
580. Heckonbko HCTOMHHKOB TOKa COeIHHEHHl TaK, Kak
NOKa3aHo Ha pHc. 186. KakoBel MokasaHHs aMnepMeTpa H BOJBT-

meTpa? ConpoTHBJIEHHE BOJIBT-
"V MeTpa c4ydTaTh OeCKOHeYyHo
GosbumM. CompoTHBAEHHEM
amMnepMeTpa H COEIHHHTENb-
HbIX .IPOBOJOB MpeHebpeub.
PaccmoTpeThb aBa caydas: Ko-
rza BCe HCTOYHHKH TOKA OfiH-

HaKOBHl H KOrIa OHH HMEKT
pasanusble DJIC 1 pa3nHuHble

BHYTPEHHHE COMPOTHB/IEHHS.
Pemenue EcauBcen
}/\ HCTOYHHKOB OJHHAKOBBI, TO

CHJIa TOKa B uerm

Puc. 186 I = =&
nr r
TakoBo nmoka3aHde amnepMeTpa.

Kak cnegyer 13 3akona OmMa aisi 3aMKHYTOH UErH, BOJBT-
MeTp MOKaXKeT Ha 3a’KHMaxX HCTOYHHKA Hanpsbkende U = & — [r.
[ToncraBHuB Crofla 3Ha4eHHsi CHMbl TOKa, Nonyuum U = 0.

Ec/H Bce HCTOUHHKH pa3/IHuHHE, TO CHJA TOKAa B LENH
gl + 82 +..+ gn

n+nt+t.+r,

B sToM caydae BoabTMeTp nokaxeT U # 0.

581. B nemny, cxema KoTopoW npuBejeHa Ha puc. 187, co-
npoTtHBaeHHs pesctopoB R1, R2, R3 — coorBercTBeHHO R| =
= Ry = 2 OM, R3 = 5 OM, JJIC ucrounnka & = 34 B, ero
BHYTpeHHee conpoTHB/eHHe r = 1 OM, eMKOCTb KOHIEHCATO-
pa C = 20 mx®d. Onpenenutb, KakoH 3apsp ¢ NpoHIeT yepes
ka4 K rnpu ero 3aMelkaHuH.

Pewenue. [Ilpu 3aMKHYTOM KitOYe KOHAeHCAaTOP 3aps-
OHTCH 00 HEKOTOpOro HampsbkeHHs U, mocJ/e yero ToK yepes

274



pesdctop R2 npoxonoHtb He R7
6ynetr. Hanpsikende U Ha —{_1
KOHIEHCATOpe PaBHO Harpsi-

% ’ K
YKEHHIO MeXay Toukamd A u 3 ” L
B. Mexny 3THMH TOYKaMH na- A 16

paJdJI€JNbHO BKJIIOYE€HBL! pe3H- R3

cropet R1 # R3 (1ok yepes R2 —2
He Hzet). [loatomy S
RiRs [ &7
U= |
3apsn Ha KOHAEHCATOpe Puc. 187
= = RRy
g=CU=C_CJI R R

Cualy Toka Haiiem no 3akory OMa fisl 3aMKHYTOH UenH:

— &
Rle/(Rl +R3)+f'

[ToncTaBHB 3T 3HayeHHe B BHIPAXKEHHE IS 3apsifid, HONYYHM:
_ Cé& —4
1= g 4= 410" Ka
RiR;

582. DJC 6atapen & = 16 B, BHyTpeHHee CONpoTHB/IEKHE

= 3,0 OM. Ha#irn COTPOTHBJIEHHE BHelIHe# YaCTH LenNH,

ecnn U3BECTHO, YTO B Hel BbiesIsieTCsA MOIHOCTb P = 16 Br.
OnpenenuTsb KHlI 6atapeH.

Pewerue MouwHocTb, Buenssemas BO BHeLIHeH
yacTH uend (nojie3Has MOUIKOCTD), A= 12R, rie R — BHeu-
Hee conpoTHeJenre. CHay ToKa HaWfeM no 3akoHy Oma Anst
3aMKHYTOH LenH:

[=¢/(R+r).
Torna

__&R 2 _g 2 _
Pl_(R+r)2' HwiH R +(2r H)R+r =0.

[ToacTaBUM YHCJOBble 3HAYeHHWS! 3aJJaHHBIX BEJHUUH B 3TO
KBaJApaTHOE ypaBHEHHE H pEIUHM ero OTHOCHTEJbHO R:

R2+(2~3—1—1‘5§)R+32 =0, R2_10R+9=0,
Rl =1 OM,R2=90M.
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KI1[ 6yner umeTh 1Ba 3HaueHHS, COOTBETCTBYIOLIHX ABYM
HaieHHbIM 3HAYEHHSIM BHELIHEro CONMpPOTHBIEHHS:

Ry _
R i7 0,75.

_ R _ _
il —W—O»QS) Mo =

583. DJIC ucrounuka toka & = 1,6 B, ero BHyTpeHHee
conpotuBaerne r = 0,5 Om. Uemy pasen KIII nHcTounnka
npH cuye Toka [ = 2,4 A?

PeweHue. [lorHasa MomHOCTb, pa3BHBaeMast HCTOYHH-
KoM ToKa, P = [&. BHyTpH HCTOYHHKaA BblAE/SETCH MOIHOCTD
Py = P& . CnepoBatesbHO, oJle3Hask MOLIHOCTD, BHAe/seMast
Ha BHELIHEM y4acTKe LelH,

Pl =/& — IQf.
KT ucToyHuka npH cuie Toka [/
_hA_1e-rr_ . o _
n_P— I 8,1]—0,3.

584. B uenu, cxema KoTopo# naHa Ha puc. 188, 91C u

BHYTPEHHee CONpPOTHBJIEHHE NepBOro MCTOYHHKA TOKA — CO-

OTBETCTBEHHO & = 2 B u r| =

[ 6.5 = 1 Om, BTOpOro HCTOYHHKA —
II

- & =1Bury=0,50m Compo-
THBJIEHHE BHEIIHEro y4acTKa le-
R nyi R = 3,5 Om. Hafitt cuny Toka
B LIEMH M HanNpAXKeHHe Ha 3aXKH-
[ 65 MaX KaXki0ro HCTOYHHKA.
— ™ _ Pemenmnue. Januas uens
Jj CONEPXKHT 1Ba NOCJENOBATEJbHO
Puc. 188 COEAMHEHHHX HCTOYHHKA TOKa.

Bynem cunrtaTh noJoXHTe bHBIM
HanpasJ/eHHe o6Xola LeNnH NPOTHB 4acoBOM cTpesxH. Toraa

& >0, & <0, nnoauas DJC B uenu & = |%’]| — |é9|. Cornac-
Ho 3akoHy OMma, cuaa Toka
;< fal-le] (1)

R+n+n’

IMockoabky li"ll > ii"gl TOK BHYTPH [1epBOTr0 HCTOYHHKA Ha-
npasJieH 0T OTPHLATENbHOrO MOJIOCa K NON0XKHTENbHOMY, T0-
3TOMY HanpsiKkeHHe Ha ero 3akHmax

Ul =gl —lfl (2)
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BHyTpH BTOPOTr0O HCTOYHHKZ TOK HanpamJeH OT IOJIOXKH-
TE€JbHOTO IIOJII0CA K OTPHUATEJNbHOMY, NO3TOMY HANpsi2KeHHE
Ha €ro 3axumax

Uy = & +Iry. (3)

Buiuncaenus no popmyaam (1)-(3) paor: [ = 0,2 A, U| =
=2B,Uy;=1B.

585. Barapes, cocTosiuasi U3 [ABYX OAMHAKOBHX Napaj-
JeJIbHO coeflHHeHHbIX 3aeMeHToB ¢ D[IC & =2 B, 3amkHyTa
pe3ucTopoM, conpoTHBaeHHe Kotoporo R = 1,4 Om. BHyTpeH-
HHe CONpPOTHBJEHHS 37eMeHToB r; = 1 OM # ro = 1,5 Om.
Haiitu cuny Toka B KaXa0M 3/1eMeHTe H BO BCeH lenH.

Pemwenue. Ilpunapan-

JieJIbHOM COeHHEHHH OIHHAKO- } b
BhIX 371€MeHTOB 6atapesi UMeeT ‘ )
takyo xe 3JIC, kak u IJIC oxn- B /; A
Horo ajiemeHTa. BuyTpeHHee e
conpoTHBleHHe 6aTaped pac- %‘5'5
CYHTBIBAIOT MO O6LIYHOMY Mpa-
BHJY NapasienbHOro CoefuHe- I
HUs conpoTtuBnenuit. CornacHo R
3akoHy OMa, cHJa TOKa B LENH { |
(puc. 189) _
I
£ I=1A. Puc. 189

= R+nr/(n+nr)’

ITOT TOK pas3BeTBAsieTcst B Touke A Ha TokH cusofl [| U [y,
KOTOpble O6PAaTHO MPONOPLUHOHAIbHH CONPOTHBIEHHAM r| H
ro. Mmeem:

[1 + [2 = [, [lrl = [2/’2.

[NonctaBHB B 3TH ypaBHeHHs 3HAa4deHHs [, r| H ro H PelIHB
noJy4YeHHyto cucteMy, Haiipem: /| = 0,6 A, [, = 0,4 A.
586. K passoumenHslM noaiocam 6araper, DJIC kotopoit
& = 120 B u BHyTtpeHHee conpoTtuBaeHue r = 10 Owm, nox-
KJIOYeHbl [BA NPOBOJA C OAHHAKOBHIMH CONPOTHBJEHHAMH
R =20 Om. CBo6oziHbE KOHLBI NPOBOJOB H HX CepefiHHH CO-
eJMHeHbl APYr ¢ APYroM Yepe3 iBe JaMIOOUKH CONPOTHBIEHHEM
R, = 200 Om kaxpas. Hafitu cuny Ttoka, HAyulero yepes
6atapero, H CHJIbl TOKOB, MPOXOASIIKX Yepe3 JIAMIIOYKH.
Pewenue CXxema coeldHeHHs noKa3aHa Ha puc. 190.
O603HauuM Ha cxeMe HanpaeJenus TokoB [, [ u [, npoxoas-
wHx yepe3 6atapero, npoBoaa H JAaMnodkd. O6xoast KOHTypPbI
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R, ALB€A v ALyBL|A no yacoBo#

@,L CTpeJsiKe, COCTaBJsieM N0 BTOPO-
L, My npaeuny Kupxroga ypasHe-
. “7" HHS:
2 R
Z 2 Ir+I1R4pR +1B=% (1)
R, 2 2
LR+ B-IR+1,2=0(2)
A [’® 8 2 2
— ITo nepsomy npaBuny Kupx-
14 1, R roda coCTaBMUM ypaBHeHHe 1Jif
Z / 2 yana A:

I-1,-13=0. (3)

Ynpoctus ypasHerus (1) 1 (2)
¥ 106aBHB K HMM ypaBHeHHe (3),
MoJy4HM CHCTEMY TPEX ypaBHe-
HU C TPEMsI HEH3BECTHLIMH

HR+r)+ R, = &,
12(R1 +r) = IlRl’
1—11 —12 = 0

}é,r

i

Puec 190

nO,llCTaBHB YHCJOBblE 3HAYEHHS BEJHYHH, NMOJYYHM!:

307 + 2001, = 120,
2201, = 2001;,
[-1 -1y =0.

Orcrona Havigem: /= 0,89 A, 1, =047 A, [, =0,42 A.

IpeanaraeM uutaTenio pelIHTb 3Ty 3aaady, He NPHMEHss
npasua Kvpxroda, a rcnosnb3ys 3akoH OMma a/1s1 3aMKHYTOH
LIeny.

587. K ucrounnky, JIC koroporo & = 18 B 1 BHyTpeH-
Hee conpotysaende r = 0,5 OM, noak/wYeHb TPH OAHHAKO-
BbIX NMPOBOJAHHKA conpoTHBAeHHeM R = 4,5 OMm KaxnablH,
COeIMHEHHBIX [0 CXeMe, NOKa3aHHo# Ha puc. 191, a. Conpo-
THBJIEHHEeM CoeHHHTeNbHbIX NpoBojoB AC v BD npeHe6peub.
OnpenenuTb CHJbI TOKOB, POXOAAIHX Yepe3 KaxIbld Mpo-
BOJHHK.

Peuenune B3aganHo#t uenn touku A u C umMeoT
OMHAKOBbI¥ OTEHLMAJ, TOITOMY HX MOXKHO 06 BeAHHUTb. OnH-
HaKOBbIH MOTEHLHAN HMEIOT H TOUKH B, D. O6beHHHB TOYKH
A u C, a rakxe B u D, nonyuum cxemy (puc. 191, 6), na
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por |

I

Puc 191

KOTOPOH THI COeiHHE HUS NPOBOAHHKOB OueBHeH. Tenepb 3a-
Aada peuaetcst NpocTo. [1oCKOJAbKY NPOBOAHHKH COeHHEHB!
napannefbHo, HX ofiee conpoTHBaenue pasuo R/ 3. [o 3a-
koHy OMa cusa TOKa

_ &
I= R/3+r’

ITOT TOK Pa3BETBJAETCS B TOUKE @, H 110 KaXKAOMY [IPOBOAHH-
Ky NPOXOAHUT TOK CHJIOH

588. [Ipa aneMmenta, JIC kotopbix & =6 Bu & =12 B
¥ BHYTpeHHHe conpoTHeaeHHs r; = 0,2 Om u r9 = 0,5 Om,

COeNHHeHbI Napajfe/bHO H 3aMKHYThbl Ha Pe3HCTOP CONMPOTHB-
aenueM R = 4 Om (puc. 192).

Hafitu cuny Toka B KaxaoMm
3JIEMEHTE M B PE3HCTOPe. i!,é"”'
Peweuue O6038auum -
NPOH3BOJIbHO HAIPAaBJEHHs TO- A h 8
KoB cuaioft [, 11, [5. O6Xoxst KoH-
1yps BEA&B u A€,BRA J],L@f«
NpPOTHB YacOBOH CTPEJKH, HO
sTopomy npasuay Kupxroga ,1}
COCTaBHM YypaBHEHHS: I
S
Iin —Iary = &) — &, -
IR + Iory = &5. Puec 192
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Jlo6aBHM K HHM ypaBHeHHe AJsl y3na A, cocTaBJeHHOe 10
nepBoMy npasuay Knpxroga:

I +1y—1=0,

H, NOACTABHB YHCJOBble 3HaYeHHS CONPOTHBIEHHH, MOJYYHM
CHCTeMY ypaBHeHHH

0,2[1 —0,5[2 = —6,
41 + 0,515 =12,
[1 +[2 -1=0.

Pewns 3Ty cucremy, Havaem: [ = 2 A, [} = -7 A, [y =9 A
Munyc nepen /| yKasblBaeT Ha TO, YTO AeHCTBHTe/bHOE Ha-
npaBjeHHe TOKa CUJIOH /| NPOTHBOMOJOMHO MPOH3BOJNLHO
0603HaYeHHOMY.

589. NmeeTcs HeTouHuK Toka ¢ DJIC, paBHOH &, H BHYT-
PEHHHM COMPOTHBJIEHHEM r, 3aMKHYThIH Ha peoctar (prc. 193).
Bripasuts MomHocTh Py, Bblnense-
MYIO BO BHelLIHEH YaCTH LeMNH, KaK
¢yHKumio cuapl Toka /. TToctpo-
HTb rpaduk 3ToH ¢yHKuHH. [Ipn

KaKOH CHIe TOKa 3Ta MOLLHOCTD
6yneT MaKCHManbHOHR?
PewmeHHue PaspHBaeMas
HCTOYHHKOM IIOJHAA MOLLHOCTh
Puc 193 P= [&. YacTb 3TOH MOIIHOCTH

Py = [I’r BhjensieTcs BHYTPH HC-
TOYHHKA, OCTa/JbHas — BO BHELIHEH YaCTH LEIMH:

Pl=1g'—12f. (1)

|| G,f'
ll

I'paprkom 3TOH DyHKUHH fiBasieTcs napabosa, obparues-
Has BeTBAAMH BHH3. [lasi mocTpoeHHs rpadHka npeobpasyem
Boipaxenue (1):

P=—r(2-2L1+5; _f%)b,(,_%)%‘%_

Orcrona BHOHO, 4TO KooanHaTbI BepLIHHbI napabonwt (puc. 194)

I, =¢/Q2r), Py =€ 2 /(4r). CnepoBaTenbHO, NPH TOKE CH-
a0#

Iy =¢/(2r) (2)

MOLLHOCTb, Bbife/IsieMas BO BHEWHeH YaCTH LeMnH, GyLeT HMeTh
MaKCHMaJibHOe 3HauenHe: P, = &2 /(4r).

280



[lycTb BHeWHHH y4acToK 4
LENH HMeeT TaKoe CONPOTHBIe- &
HHE R, IpH KOTOPOM CHJIA TOKa
paBHa /. Torna no 3akony Oma
07151 3aMKHYTOH LlenH

[l = g/(R + f).
CpaBHHBasi 3TO BbIPaXKeHHe C
. 7 3 [
dopmynoit (2), HaxoguM, uTO > a
R = r. TakuM 06pa3oM, Mbl ipH- Puc 194

XOOHM K BaXKHOMY BLIBOAY: IO-

Je3Hasi MOLIHOCTb (MOLIHOCTD, BBE/IsleMast HA BHeLIHeM y4Ya-
CTKe 1le[IH) MakCHMaibHa B TOM CJy4yae, KOra BHyTpeHHee
CONPOTHBJIEHHE HCTOUHHKA PaBHO CONPOTHBJIEHHIO BHELIHErO
y4actka uend. Ilpn atom KIIJ nctouHHKa

n=-2_=L =05 umn=50%.

H3 rpaduka, npusenenHoro Ha puc. 194, takxke BHAHO,
YTO KaXKAOMY 3HAY€HHIO [10JIe3HOH MOIIHOCTH, KPOME MaKCH-
MaJIbHOT0, COOTBETCTBYIOT [JBa 3HaYEHHS CONPOTHBIEHUS BHELI-
Hero yuyactka uend. [IpH cHjle TOKa KOPOTKOTO 3aMbIKaHHS
lg = &/r monesHas MOIHOCTb PaBHA HYJIIO.

590. Harpesartesb KHNATHJAbHHKA COCTOHT H3 4YeTbipex
cekuuii. ConpoTusienne Kaxaon cekuud R = 1 Om. Harpe-
BaTeJb [INTAeTCs OT aKKyMyJasiTopHo# 6atapeu, 3JIC koTopon
¢ = 8 B # BHyTpeHHee conpoTuBiaeHue r = | Om. Kak cae-
OyeT MOAKJIOYHTb 3J1EMeHTHl HarpeBaTteJs, YToObl BoZa B KH-
OSTHJbHHKE Harpesachb B MaKCHMaJbHO KOPOTKHH cpok? Ka-
KOBbI NIPH 3TOM MOJIHAasi MOIIHOCTb, PacXolyeMasi aKKyMyJisi-
TopoM, H ero KILI?

PemeHue B pemennn sagaun 589 noxasano, 4to
MaKCHMaJIbHYIO TMOJIe3HYI0 MOLIHOCTb HCTOYHHK NaeT B TOM
cJlydae, KOTla CONPOTHBJIEHHE BHELIHEr0 y4acTKa LelH PaBHO
BHYTPEHHEMY CONPOTHBJIEHHIO HCTOYHHKA. C/efoBaTelbHO,
4TOGbl BOia Harpejacb B MaKCHMaJIbHO KOPOTKHI CPOK, HYX-
HO CEKIMH BKJIOUHTb TaK, YTOOH HX 06lliee CONPOTHBIEHHE 1
6110 paBHo 1 OM. 3T0 ycC/I0BHE BBINOJHSAETCS, €CJH BKJIO-
YHTb TOJIbKO OIHY CEKLHIO HJH COENHHHTb CEKUHH B [Be MNa-
paJijleJibHble BETBH 110 1B€ CEKUHH B Kaxkno#. IlpH 3ToM akky-
MYJITOpP PacXOAyeT MOLIHOCTb

e & g _ &2 —
P-I%f—ﬁ%—z—ﬁ,P—SQ Br.
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Kax nokazaHo B peiuetud 3agauu 589, KIJ] kunsatunabHuka
n =50%.

591. 9C 6arapen & = 12 B. Haubonbias cuna Toka,
KOTOpPYIO MOXeT aath 6arapes, [, = 10 A. Onpenenurb MakcH-
MaJIbHYI0 MOILHOCTb, KOTOPasi MOXXET BbIIENsAThCSl BO BHEIU-
HeH Lenu.

PemweHue B pewennn sagaun 589 nokasaHo, uto
MaKCHMaJbHasi MOILUHOCTb, KOTOPasi MOXKET BhHIAEJAThCS BO
BHelllHeH Lieny,

P, =& /(4r),

[lle 7 — BHyTpeHHee COMPOTHBIEHHE HCTOYHHKA.

U3 3akona Oma nns 3amxuyroil nenu [ = &/(R +r) sup-
HO, 4TO CMM1a ToKa 6yneT Haubosbueil npu R = O (xopoTkoe
3aMbiKaHHe). B stom cayyae [, = o= & /r. Orciona r = &/1,,,.
[MoxcTaBuB 3TO 3HayeHHe B POPMYJY MOILHOCTH, MONYYHM:!

Pim ="°”Tm, B,y = 30 Br.

592. dnexTpuuecKas MUIHTKA HMeeT conpotuBierye R = 50 Om
Y NHUTaeTcs OT CeTH, HanpshxeHue kotopod U = 220 B. KI1[
nautkd N = 0,8. CkonbKo BpeMeHH Haj0 HarpeBaTh Ha 3TOH
MJAHTKe Jefl MacCOi m = 2 Kr, B3fITHIH NpPH TeMMepaType
Ty = 263 K, 4To6bl' NpeBpPaTHTb €ro B BOAY, a NOJy4YeHHYIO
BOLY LOBECTH [0 KWMeHUs U MpPeBPaTHTb B Map? YieibHas
TennoeMKocTs abga ¢ = 2,1 - 103 Ix/(kr + K), ynenbHas
Tem/0Ta MAaBaeHust Jabga A = 3,3 - 10% IIx /«r, yaenabHas
TEUI0EMKOCTb BOfH Co = 4,19 - 103 Ik / (kr - K), ynennnas
TenJ0Ta napoo6pasoBanus Boast r = 22,6 - 105 Ik /kr.

Peuenwue Yuurusas KI1[, coctansiem ypaBHeHHe
TemnIoBoro 6ajaHca:

nQ =y, (1)

roe Q — KOJHYeCTBO TelOThl, BhefieMoe TIUTKOM; Qo —
KOJIMYECTBO TEMJOThI, 3aTpayeHHOe Ha HarpeBaHHe JbAa [0
TeMnepaTyps naasnenus Tp, = 273 K, Ha naaBneHue Jbaa,
HarpeBaHHe MOJYYEeHHOH BOAbl N0 TeMNEpPaTypbl KHMEeHHs
T, =373 K u ucnapense Boghl.

Ecny nanTka 6bli1a BKIIOUEHAZ B TeyeHHe BPeMeHH !, To

Q=21 ()

CocTtaBuM BbipaxkeHHe Ans1 Qo
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Qy = eym(Tyy ~Ty) + Am + com(T, — Ty ) +rm. (3)

Moncrasus 3nayenus (2) u (3) B ypasnenue (1), HafigeMm:
Rm(cl(TM T +A+coT =Ty +1)
nu? ’
=8 103¢c=2uy.

593. Jlpa norpeGuTensl, CONPOTHBAEHHS KOTOPHIX R| 1 Ry,
NOAKJIIOYAIOTCA K CETH NMOCTOSIHHOTO TOKA MepPBbIH pa3 Napas-
JeNbHO, a BTOPOH NOC/Ie10BaTe bHO. B Kakom cayyae notpe6-
nsieTes Gobliasi MOIMHOCTh OT ceTH? OTHeNbHO PacCMOTPeTh
caydan, xoraa Ry = Ry.

PeuweHnue. [lorpebasiemasi OT ceTH MOLIHOCTh

= U?/R, (1)

rie U — HanpsixeHue B ceTH; R — oflllee CONPOTHBIEHHE
notpebuTene.

I1pu napaasnenpHoM coegvHeHHH noTpebuTtesed ux obiee
conpoTusienne R’ = RiRy /(R + Ry), a npH nocnenosaTenn-

HoM R = R + Ry. B nepBoM ciiyyae, COr/1acHO BHPaXKEHHIO
(1), notpebasieTcss MOLHOCTb

_ U2(R1 +R2)
a BO BTOpPOM
__u?
P2 - R] +R2 ) (3)
Paanenus nousnenHo pasBeHcTBo (2) Ha (3), noayuum
2
A_R+R) R R ,os5y (4)
P RiR, Ry R

TaxuM 06pa3som, npu napajijiesbHOM NONKIOYEHHH HArpy-
30K NOTpebasieTcs 60/bIIAA MOLHOCTL OT CETH, YeM MPH T10-
cJleJ0BaTeJIbHOM.

U3 ¢popmyast (4) caenyet, uto npu R; = Ry GyneM UMeTb

1/ Py=4, 1. e. 1Be napajienbHo COeNMHEHHbIe OIMHAKOBbIE
HATPY3KH MOTPEBSIOT OT CETH B 4 pasa GOMBIIYIO MOIHOCTD,
YyeM Te )Ke Harpy3Kd, coef{HeHHble TI0CJeN0BaTeNbHO.

594. O6MOTKa 3/1eKTPOABUraTE IS MIOCTOSAHHOrO TOKa Cle-
JlaHa U3 TIpoBOfa of6muM conpoTHeieHHeM R = 2 Owm. [lo
06MOTKe paboTalollero ABHraTeNsi, BKIOYEHHOIO B CeTb €
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Hanpsioxenvem U = 110 B, upet tok cunoit [ = 10 A. Kakyio
MOLUHOCTh MoTpebasieT apuratens? Kaxkos KI1J asuratens?
Pew e HHe JdnekrpogBurare/b notpeb/seT MOILHOCTD

P=[U,P=1,1"103 Br.

YacTb 3TOH MOILHOCTH 3aTpayuBaeTCsi Ha HarpeBaHHe Mpo-
Boza 06MoTkM: P| = [2R, ocTanbHas MOWHOCTb Py — mosle3Has
(npespariuaetcst B MexaHuyecKyio MomHocTb). Ha ocHoBanuu
3aKOHA COXPaHEeHHs ¥ NpeBpaienys suepruv [U = [2R + P,.
Orciona Py = IU — I2R. CnepoBarenbHo, KI1[1 3JIeKTPOIBHra-
Tens

— IR =
n=p=T clog =08

595. 3aMKHyTas 1lenb COCTOMT M3 HCTOYHHKA ToKa, DJIC
KOTOpOro &€ W BHyTpeHHee COMPOTHBJIEHHE 7, ¥ peocTaTa (cMm.
puc. 193). IlocTpouTh rpaduKu 3aBUCHMOCTH CHJIbl TOKA B
LleNd ¥ HanpsDKeHWsl Ha 3a)XKHMaxX HCTOYHHMKA OT BHeIHero
conpoTHBJeHUs R.

Pem e nue. [lo3akony Oma /s 3aMKHYTOH Len#

I=6/(R+r).

B cooTBeTcTBUM ¢ 3TOH (opMyJso# rpadHK 3aBUCHUMOCTH
I = f(R) noxasad na puc. 195, a.

a d
I U
T e LT
é
r
0 R0 R
Puc 195

Brlpasum HanpsixeHHe Ha 32)XMMaxX MUCTOYHUKA KaK QYHK-
wio R:

— o« —e ¢ _ &
U=t-Ir=¢ R+r 1+r/R’

['paduk 3T0# GyHKUMH MOKa3aH Ha puc. 195, 6.
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596. Haiti Hanps)XeHUsi Ha KOHIEHCATOPaX eMKOCTSIMH
C, n C9 B 1eNH, NOKa3aHHOH Ha puc. 196, ec/iH U3BECTHO, UTO
NpY KOPOTKOM 3aMbIKAHMM CHJ1a TOKA, NPOXORAILETO yepe3
HCTOYHHK, BO3pacTaeT B n pas.

'L[, G

|
—

PemeHue. KOHI[QHC?ITOPH coeMHeHbl NOCJ/€10BaATENb-
HO, NO3TOMY 3apsifhl HA HUX OAMHAKOBHKI: ‘

q=C1U1 =C2U2, (1)

rne Uj, Uy — HanpskeHust Ha mepBOM M BTOPOM KOH[EH-
CaTopax COOTBETCTBEHHO.
[lycts U — HanpsheHue Ha peaucTtope (Mexay Toukamu A
u B). Torna
U= Ul + U2, (2)

TaK KaK NOC/ef0BATENbHO COeIMHEHHble KOHAEHCATOPbl BKIIIO-
yeHbl TlapaiielbHO PE3UCTOPY.
Peuns cosmectHo ypasrenus (1) u (2) oTHocuTensHo U,
u Uy, nosyuum:
U1=Cui: U2=U_C1_ (3)
1+ C2 Cl + C2

B BetBut AC|C9B TOK OTCYTCTBYET, I03TOMY, KaK clefyeT
u3 3akoHa OMa A/ 3aMKHYTOH LenH,

U=§&-Ir, (4)

rae & — JIC ucroynuka; [ — cuna ToKa, NpPOXOAAILErO Yepes
pe3HCTOP M HCTOYHHK; r — BHYTPeHHee COMNPOTHB/AEHHE HC-
TOYHHKA. ,

Cornacho yenosuwo, [ = Iy/n, toe Iy — cuna Toka npu

KOPOTKOM 3aMbikaHMH. Tak Kak Iy = €/r, TO
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I=¢/(nr). (5)
U3 popmya (4) u (5) Haxonum

Uz(l—l)‘éz (n -1

n n

Moncrasus 370 3Hayenne U B Bbipaxenus (3), HaiizeM Ha-
NpsKEHHs Ha KOHLEHCaTopax:

_ (n-1)8Cy _ (n=1)eC
LT 0C +6G) 72 T aG +G)

597. Uepes gByx3/1eKTPonHyo Aamny (IHON) ¢ MAOCKHMH
3neKTpogaMu upeT Tok cuiaoil [ = 10 mMA. Hanpsbkendue Ha
aamne U = 100 B. C kako# cuyoil 1eiCTBYIOT Ha aHO/I JIAMIIhf
Magamoiliie Ha Hero 3JEKTPOHbl, €ClH CKOPOCTb MX BOJH3H
KaToga paBHa Hynio? OTHoIleHHE 3apsifa 3JeKTPOHAa K ero
macce e/ m, = 1,76 - 101} Kn/xr.

Pemenue. [lycTh Uj — CKOPOCTb 3JEKTPOHA B MOMEHT
COyZapeHHs ero ¢ aHoaoM. 3a BpeMst { TIPH CHJle TOKA [ YHCO0
coynapeHui

N=§=l, (1)

rie ¢ — 3apsan, nepeHocuMbii N 3J1eKTpOHAMH; e — 3apsn
3JIeKTPOHa.

[To BTOpoMy 3aKkoHy HbioToHa HMOynabC cuJbl, geHCTBYIO-
el Co CTOPOHBl aHOa HA 3JIEKTPOHB! MPH COYAapeHHsX, pa-
BeH M3MEHEHHI0 CYMMapHOr0 UMIYJbCa 3J1eKTPOHOB:

ﬁt = N(me52 — mei?l ),

Tie m. — Macca 3/1€KTPOHa; Uy — CKOPOCThb 3JIeKTPOHA Nocje
coynapeHusi. B mpoekuusx Ha KOOPAMHATHYW OCh, Hampas-
JIeHHYIO OT aHO/la K KaTody, 3TO ypaBHeHWe GyldeT HMeTb BHA

Ft = N(mug + mov;),
WM C yYeTOM TOro, Yto vy = 0,

Ft = Nmevl, (2)

roe F — Monyitb cyMMapHOH CHJIbI, C KOTOPOH aHOA NeHCTBYyeT
Ha 3nekTpoHul. CornlacHo TpeTheMy 3aKOHY HbioToHa, ¢ Takol
XKe M0 MOAYJIO CHJION NeHCTBYIOT 3JIeKTPOHB Ha aHoa. M3
cootHowenH# (1) u (2) noayunm
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F =Im.u/e. (3)

Haiigem MonyJib CKOPOCTH ¥y, HCXOOS H3 TOTO, YTO H3MeHe-
HHe KHHeTHYeCKOH 3HePrHH 3JIeKTPOHA B IPOMEXYTKe MexXay
aHOOM H KaTonoM PaBHO pa6oTe 3JIeKTPHUECKOTO MOJS:

mevl/2 = eU.

Orcrona vy = ,‘2eU/me . [logcTaBHB 3TO 3HaYeHHe CKOPOCTH
B dopmyay (3), nonyuum:

F=lme [2eU _ F=34-10"7 H.
e m, e/

598. PesucTop 1 KOHlgHCAaTOP COeNHHEHbI TI0C/Ie0BATENbHO
C aKKyMYJSTOPOM; npu 3TOM 3apsifi Ha o6K/1agKaX KOHAeHca-
Topa g; = 60 - 1075 K. Ecam e peawcTop M KOHJeHCATOp
NOAKAIOYUTh K aKKYMYJSITOPY napannenbﬂo TO 3apsig Ha 06-
KJIaJKaX KOHeHcaTopa go = 40 - 1075 K. Haittu BHyTpeHHee
COTIPOTHBJIEHHE AKKYMYJSITOPA, €CJM CONPOTHBRJIEHHE Pe3HCTO-
pa R =45 Om.

Pemwenue. Brnepsom ciydae (puc. 197, a) Toxa B uenu
HeT, HanpshKeHHe Ha KoHgeHcaTtope paBHo DJIC ncrToynMKa
&, no3ToMy 3apsf Ha KOHpeHcaTope eMKocTbio C

q =CU1 =C¢. (1)

Bo Bropom ciaydae (puc. 197, 6) OTCYyTCTBYeT TOK B BETBH
ACB, HanpsixxeHHe Ha KOHJleHCaTOpe TaKoe Xe, KaK W Ha Nog-
KII0YEeHHOM K HeMy TapajuiesibHo pesucrtope, T. e. Ug = IR,
roe [ — cuna Toka. Ee Mbl HafiieM 1o 3akoHy Oma /s 3aMk-
HYTOH Lenu:

I=&/(R+7r),
rIe r — BHyTpeHHee CONPOTHBJEHHe aKKyMyJsitopa. Toraa
‘ / né
R r it
_{_—_}_-”"* R
A 1 8
| ér
L (6.
‘ﬁ
Puc 197
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U2 = ?.SR/(R+ f),
-a 3apAd Ha KOHaeHcCaTope
gy =CUy = CER/(R+ 1). (2)

Ha ocHoBanuu Buipaxensit (1) u (2) nonyunm ypaBHeHue
g9 = qR/(R+7),

PELIHB KOTOPO€ OTHOCHTENBHO 7, HalleM:
r= R(ql —q2)/q2, r =23 Om.

599. Hyrosast namna roput nox Hanpsixendem U = 80 B
n notpebaset MomHocth P = 800 Bt. Ha ckosibko noBeicHTCS
TeMneparypa NogBOAsLUHX NPOBOJOB Yepe3 NPOMeXYyTOK Bpe-
MeHH T = | MHH nmocJie BKJIIOYEHHS JlaMIlbl, €CJH NPOBOAKA
BbINOJIHEHA MeIHBIM MPOBOAOM, NMJOLLAAb MONepeyHoro ce-
yenus xotoporo S = 4 mm?2? [lon0BHHa BhIZeNHBLIErocs
KOJIMYeCTBA TeMNOTH OTAAETCS OKpYXKalouien cpefe. ¥ aess-
HOe CcOMpOTHBJeHHe Mead p = 1,7 - 1078 Om - ™, nnort-
HocTb Megy D = 8,9 - 103 kr/wm3, yrenbHas TenjoeMKocTh
¢ = 395 Ix/(xr - K).

Pewenue. [To nposogam npoxomut ToK cHnow [ = P/ U.
3a BpeMs T B HHX, COrjacHo 3akoHy Jhxoynsa—JleHua, Bbige-
JIUTCA KOJHYECTBO TEIJIOTH

2
Q =12Rr=§2_Rr,

rae R — compoTHBJEeHHe 11POBOAOB: R = pé; ! — g/YHa npo-

BO10B. Brlpasum / uepe3 o6beM V M miowans nonepedHoro
ceyeHHs1 S: [ = V/S. A Tak Kak o6bem Megut V = m /D, rue
m — macca Mead, D — ee NJAOTHOCTb, TO
[= =P
DS’ DS?’
CJlejoBaTeJLHO,
Plpmrt
=P 1
@ = Jips (1)
KonuyecTBo TemnsoTH, 3aTpayeHHOe Ha HarpeBaHHe Menu
Ha AT,
Qo = cmAT. (2)

YuyutniBas ycioBre @y = nQ, rae n = 0,5, nmosyyaem Ha
ocHOBaHHH BhipaxeHu# (1) u (2)
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Plpmt
cmAT = n——.
n U?DSs*?

OTcroga

2
AT =2PPT AT =09 K
U<ScD

600. Mcroynux Toxa, 3JIC KoToporo & u BHyTpeHHee co-
NPOTHBJIEHHE 7, 3aMKHYT Ha BHEUIHIOK UeNb. [IpH H3MeHeHUH
ee CONPOTHBJEHHS CHJIA ToKa [ B LIENM TakXKe U3MeHseTCS.
Ha#itu 3asucumocts KI1J] HcToyHHKa oT cuawl ToKa /. Ha-
YepTHTb rPaduK 3TOH 3aBUCHMOCTH.

Pewesnue. KIIJ HcToYHHKA TOKa

T]=P1/P, (1)

rie P; — MOWHOCTb, BHjessieMas Ha BHewHel uend (moses-
Hasl MOLUHOCTB); P ~ 1NoJiHas MOWHOCTb, pa3BUBaeMas HCTOY-
HukoM. [losie3Hylo MowHOCTb P; MOXHO BbIpasHTb Kak pas-
HOCTb MEXIY MOJHOH MOLUHOCTbIO H MOLHOCTbiO Ps, Bbile-
JsieMOH BHYTPH HCTOYHMKa: P} = P — Py,

[lpu cune roka [ u QJIC & 6ynem HMeThb:

P=J¢& Py =1,

rae r — BHYTpPeHHee CONMpOTHBJEHHE HCTOYHHUKA. Torna

P, =€ = I’r.
IMoncraBus 3HayeHds P| u Py B dopmyay (1), mosyyum:
I -1% 1
n—T, PIJIHT]—I gl

I'paduxom 3aBucumoct KITJ] HeTOYHMKA T OT CUABl TOKA
I sBasetcs npsamas (puc.
198). M3 pucyHka, B yact-
HOCTH, BHIHO, UTO NIPH CHJle
TOKa o =&/r, T. e. IpH 7
KOpOTKOM 3aMbikaHu, KI1J]
MUCTOYHHKA paBeH HYJIO.

601. B uenu, cxema xoTto-
poii u3o6pakeHa Ha puc. 199,
TENN0Basi MOULHOCTb, Bbife-

7

JsieMasl BO BHelHeH UenH, ¢
OIMHAKOBa MpH 32MKHYTOM
¥ pasoMkHyToM Kawude K. Puc 198
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7 Onpenenuth BHyTPEHHEE COINPOTHB-

Il,L JleHHe UCTOYHHKA, ecqii Ry = 12 Om,
R2 =4 OM.
A7 Pemw eHHeE Brigensiemas
— BO BHEIIHeH 1eNY TenJ0Basi MOlLl-
— HOCTb
P= IR,

;L K/ rae [ — cuna toka; R — comnpo-

— THBJIEHHE BHELHeH Lenu.
Puc 199 [1pu 3aMkHyTOM KJtOUe BHeLll-

HAAs 1lellb COCTOUT U3 ABYX CO€AH-
HEeHHBIX NapaJljleslbHO pe3UCTOPOB, H e€e CONPOTHUBJIEHHE, Clle-
JNOBATEJNbBHO,

R=RRy/(R; +Ry). (1)
Bo BHelHe# Llen# B 3TOM CJlyyae BbieJisieTCsi MOUIHOCTD
P =IR= (L)QR 2)
. 1 R+r '

ree & — DJIC HCTOYHMKA TOKA; 7 — €ro BHyTpeHHee COINpO-
THUBJIEHHE.

[1pu pa3aoMKHYTOM KJiioye BHELIHSs LeNb COCTOUT U3 OHO-
ro pesycTopa, CONPOTHBJEHHE KOTOPOro Ry, Mo3TOMy B Hel
BHIIE/SI€TCA MOLHOCTD

N2
P2=[22R1=( g )Rl. (3)

R1+r

YuuteiBas, uto P; = Py, Ha ocHoBauuu dopmya (2) u (3)
nofyuaem

g2R  _  E'R
(R+r) (R +rP

PelyB 310 ypaBHeHHE OTHOCHTeNBHO 7, HailzeM r = ,/RR.
[MonctaBus 3HauenHe R u3 gopmyasl (1), noayyum:

RIR
r="——————1 2 r=6 Om.
R1+R2

602. bartapesi akKyMYJ/IATOPOB 3aMKHYTa Pe3HCTOPOM, Ma-
pajjielbHO KOTOPOMY NPHCOEIHHEH KOHAEHCATOP €MKOCThIO
C = 10 mx® (puc. 200). Onpepenurs IJIC 6atapeu, ecau
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3apsf Ha KOHOeHcarope g = 4,6 X 167

%1074 K, a B peauctope Bbige- a

JaseTcsi MomHocTs P = 23 Bt u

H3BECTHO, YTO CHJla TOKa IpH r

KODOTKOM 3aMblKaHHH 6aTapeu 1

Ip=5,0 A. i
Pewewnwue 3IC paBua

CyMMe MajgeHH# HanpsKeHHs Ha R

BHEIIHEM ¥ BHYTpeHHeM yyacT- { }

Kax Hemnu: Py c. 200

&E=U+Ir, (1)

rie U — nageHye Hanpsh)keHUs Ha pe3uctope; | — CHJa TOKA B
Leny; 7 — BHyTpeHHee CONMpPOTHBJIeHHe batapey.
[lageHne HanpsKeHWs Ha pe3HCTOpe PaBHO HANPsXKEHHIO

Ha KOHJeHCaTope:
.U=gq/C. (2)

Brigensiemas B pesuctope MotHocTb P = JU. Otciona cuna
TOKa

1=P/U=PC/q. (3)
Cuna TOKa [PH KOPOTKOM 3aMblKaHHH [ = &/r, 0TKyda
r= 5/[0 (4)
Ioacrasus B ypasHenHe (1) sHauenus (2)—(4), nonyyum
e = 9 4 PCE (5)
& ct i

Peluns ypaBHenue (5) oTHOCHTe/bHO &, HalizeM:

€ = q210 & =
f = CGlo-PO € F 51 B.

603. dnexrpoayroBas neyb notpebasier Tok cusor [ =200 A
oT ceTH ¢ Hanpsikennem U = 220 B. [locnenoBaTenbHo ¢
Meybio BKJIOYEH OTPaHHUYHBAOILHH PE3HCTOp CONPOTHBIIEHHEM
R = 0,2 Om. OnpenenuTb MOWHOCTD, TOTPebASEMYIO [TEYBIO.

Pewenue CunaToka, NIPOXOAAIETO Yepe3 Pe3HCTOP,
paBHa [, Tak KaK pe3UCTOp BK/IIOUYEH MOC/Nef0BAaTeNbHO C
Meybio. 3HAaYHT, B HeM BhiAeseTc MomHocth Pp = [2R. [eus
BMecTe ¢ pe3dcTopoM noTpebaser mowmHoctb P = [U. Caeno-
BaTeJIbHO, MoTpebasieMasi Medblo MOUIHOCTb
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P,=P-R=1IU-I’R

[Tocne NOACTAHOBKM YMCIOBBLIX 3HaYEHHH BeJHYHH M0JY-
yum Py = 3,6 - 104 Br.

604. dDnexkTpuyeckast NIHTKAa MmowHocTeio P; = 550 Bt
LAs ceTH ¢ HanpsikeHeM U = 220 B 6bl1a BK/IIOYEHa B CeTh
c Hanpsixenem Uqg = 127 B. Kakast MOILHOCTb NOTpebasieTcst
MJIMTKOH APH TakoM BK/IOYeHUH? Ha CKO/IbKO HYXHO yKOpo-
THTb CMIMPaJb, YTOGH! MIMTKA MOTpebasaa MOILHOCTL Py npu
HanpspxeHuH Ug?

PeweHue [Ilpu3ananHoM Bk/IOYeHUH NOTPebasieMasi
NIUTKOH MOILHOCTD

Py =U2/R,, (1)

rae R; — COMPOTHBIIEHHE MIHTKH.

[Ipu BkAOYEHUH B ce'rb C HampsixeHHeM Ul norpeb.se-
Masi MOLUHOCTb P, = U /Ry. Orciona Ry = U /P,. Tloacra-
BHB 3TO 3HayeHue B q)opmyny (1), monyuum:

P2 = PI(UQ/UI)Q, PQ = 185 Br.

Uro6bl nauTKa noTpebisinia MOIHOCTL Py MpH Hanpsbke-
A Ug < U|, Hago yKOpOTHUTh CNMpa/ib Ha HEKOTOPYIO BeJH-
yuHy Al, T. e. lg =[] — Al. IlocKonbKy COMpOTHBJ/IEHHE CIIH-
pany MpsiMo MPOMOPUHOHANLHO ee AJHHE, TO

h-Al _Ry
I R’ (2)
[Npu Hanpsxennn Ug H conpoTHBAeHHH R9 MOILHOCTD
P =U3/R;.
Yuureisas, uto P = UZ/R), nonyuaem U2 /R =U2/Ry.
Orciona Ry/ Ry = (Uy/ U})?% TloncTaBys 3HaueHHe 3TOr0 OTHO-
weHus B popmyay (2), 6yneM uMeTh

h-AL_ (U
[1 - U/[ ’

Ai—l—(” )2 Al_ 067
W Uf_ oy T

T. €. CIIUpaNb Hafo YKOPOTHTb Ha 0,67 ee QJHHHL
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605. Ckonbko BpeMeHH HYXXHO MMpOMyCKaTb TOK CHJIOH
I=1,8 A 4epe3 pacTBoOp cosnt cepebpa, yTobul Ha N = 12 Jj0x-
Kax, CJyXalllMX KaTogoM H MMEIMX MIolaab NOBEPXHOCTH
S = 50 cM? Kaxpgas, OTJIOXMJCA CJ0i cepe6pa TOMILMHON
h = 0,058 mm? [lrotHocTb cepebpa p = 10,5 - 103 xr/wm3,
MoJisipHas Macca cepebpa M = 108 - 1073 kr / mosb, ero Banent-
HocTb n = 1. [Tocrosunas Papanes F = 9,65 - 10%* Kn/ mons.

Pewenue. [lo3sakony ®Papages macca cepebpa, oT10-
XKMBLUETOCS Ha JIOXKKaX,

_ 1M
m_FTIt’ (1)

rae ¢ — BpeMs MPOXOXIEHHS TOKa.
C npyro# cTOpOHH,

m=pV = pNSh, (2)

rae V — o6veM BbigesuBILerocs cepebpa; 4 — TOJIUMHA CJIOS.
Us soipaxenuit (1) u (2) caenyer, uto

nFpNSh
M1

606. Ha puc. 201 npencraBnieHbl rpadyKy 3aBHCHMOCTH
MacCH [BYX Pa3JMYHBIX BEleCTB, BbAE/NseMbIX Ha 3JIEKTPo-
Jax TMpH 3JeKTpPoJiu3e, OT Bpe- m
MEHH TIPOXOXAEHHS TOKA Yepe3
snekTposuT. KakoMy M3 3THX
rpaguxos (/ v 2) coorserct-
BYET BELECTBO ¢ GOJIBILMM 3J/1eK-
TPOXHMHYECKHM IKBHUBAJIEHTOM,
ec/i CUJla TOKA, NPOXOASIIEro
yepe3 3/1eKTPOJIUT, B OO0HX Clty-
yasx oguHakosa? Oteer ofoc- WPl
HOBATb. f

Pewe#Hwue CornacHo P u c. 201
3akoHy Papapes, mMacca Belle-

CTBa, BbIE/IIEMOT0 Ha 3JIEKTPOJe 32 BpeMsl ¢ NIpH CHJle ToKa /,
m = RIt, rae kB — 31€KTPOXMMHUECKHI 3KBUBaJIeHT BeleCTBa.
Orciona caenyet, uto rpaduk 3asucumoctd m = f(t) ectnb
npsiMasi, COCTABJIAILAs C NIOJIOXKUTENbHBIM HaNPaBJieHHEM OCH

t Takod yros o, uto tgo =k[/. Us puc. 201 BugHo, uTO
a; > a9 . Cnienoatensno, R11 > kol v k| > k9, T. €. BelUeCTBY

¢ 60JILILIHMM 3JIEKTPOXHMHUECKHM SKBHBAJIEHTOM COOTBETCTBYET
rpaduk /. ‘

t= ,t=18-10* ¢ =5u.
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607. Ilpu snexTposu3e pacTBOpa MeIHOTO Kynopoca Ha
KaTofle 32 HEKOTOpoe BpeMs Bbigesuaoch m = 2,0 T Meau TpH
custe Toxka [ = 0,25 A. PaccrosiHHe MexXay NpsAMOYTO/bHBIMH
snekTtpogamu [ = 30 cM, nromwadb Ka)XAOro 3JeKTposa
S =50 cm2. HaiiTi H3MeHeHHe pacXofia 3MeKTPOIHEPIHH, Tpe-
6yeMOl /151 MOJydeHHsI TAaKOH »Ke Macchl MeM NMpH TOH Xxe
CHJIe TOKa, eC/IH PACCTOSIHHE MEXIY 3J1eKTPOJAMH YBENHYUIIOCh
BABOE, a INIy6HHa NOrpy)XeHHsl 3eKTPONOB — B 4 pasa. ¥Yedb-
Hoe conpoTuBieHHe pacTBopa p = 0,33 OM * M, 3JeKTpoxH-
MHYecKuil 5kBuBaneHT mMequ £ = 3,3 - 1077 kr/Ka.

Pewenue CornacHo sakony Papanes, Macca MeaH,
BHJe/MBLUeHCS Ha KaToge, m = R[f, rne t — BpeMsi, B TeueHHe
KOTOPOTO TOK NpPOMYyCKa/lH yepe3 pacTBOP.

[TockoJBKY B IepBOM M BO BTOPOM CJyyasix Bbloeasercs
OfMHaKoBas Macca Megd NPH TOM Xe CUJle TOKAa, TO BpeMs
NpONyCKaHHA TOKA TOXe ONMHAKoBoe: | =ty =t = m/ (k[).
B nepBom ciyyae pacxon 3/1€KTpOSHePrHH

W, = I’Rt,
BO BTOpOM

Wy = I?Ryt,

rae R|, Ry — conpoTHB/IeHHe 3JIeKTPOJHTA B [ePBOM H BTO-
POM CJIyHYasix COOTBETCTBEHHO.
[lycTs d — wypuHa snekTpona, A — riy6uHa MorpyxeHus
B nepBoM cayyae. Torna dh = S u
R=pt=pL R =p-2L =p_L,
1=P3E =P "2 P74y =P3s
OTcrofa BUAHO, YTO Ry < R,. CnenoBartensHo, Wy < Wi. 3na-
YHMT, PaCXOJ SHEPTHH BO BTOPOM CJlyyae MeHbllle, YeM B Hep-
BOM, Ha BeJHMYHHY

W, =I2(Ry —R) =12 (oL _ o L)< Imel
Wi-Wy =I"HRy —Ry) =1 k/(ps pzs)‘zks'
W, - W, =15-10% 1.

3apgaum anAa caMoOCTOATENbLHOrO peweHnA

.

608. HaiiTu cpenH10l0 CKOPOCThH YNOPSIOYEHHOTO [BHXe-
HHS 3JIeKTPOHOB B MeJHOM NPOBOJHHKE, MJIOWAb ONePeyHO-
ro cedenus kotoporo S = 4,0 Mmm2, npu cuse Toka [ = 1,0 A,
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fipeanonaras, 4To KOHUEHTPALHs CBOGOIHbIX 3/1€KTPOHOB paBHA
KOHLIEHTPALMH aTOMOB POBOJHMKA. 3apsia 3MeKTPoHa e = 1,6 X
x 10719 Ka, naotHocTs Meau p=289- 103 kr/ M3, MOJIsipHast
macca Megt M = 63,5 1073 kr/moub.

609. Kaxyio OTHOCHTEeNbHYIO TOTPelHOCTh AENAT, Bbl-
YHCJIAIS COMPOTHBJIeHHE R 110 NOKA3aHHAM aMIlepMeTpa ¥ BOJIbT-
meTpa (puc. 202) 6e3 yueTa CHJbI TOKA, POXOAAIIEr0 Yepes
BOJIbTMETp? AMnepMeTp nokasbiBaeT /, = 2,4 A, BosibT™MeTp —
U, = 7,2 B. Conporussenre BonbTMetpa R, = 1000 Om.

R

Puc. 202 Puec 203

610. Korna kaioy K 3aMKHYT, conpoTuBieHue R Mexay
Toukamu A 1 B 1enu, cxema Kotopo# nso6paxkeHa Ha puc. 203,
paBHO 80 Om. OnpenesuTh CONPOTHBJIEHHE MEXIY 3THMH TOY-
KaMH, KOT[a KJoY Pa3OMKHYT.

611. ConpoTuBneHue npoBoJokH R; = 64 Om. Korna ee
pa3pesald Ha HECKOJIbKO Pa3HbiX YacTed H COeNHHHIH 3TH
YaCTH MapajuiesbHO, NOoJy4YeHHas Lellb HMesa CONPOTHBJEeHHE
Ry = 4 Om. Ha cxonbko yacTeii paspesa-
I TIPOBOJIOKY?

612. Haiitu conpoTusJ/eHHe NPOBOJIOY-
HOro Ky6a, eC/i OH BK/IOUEH B LleNb Tak,
YTO TOK NIPOXOLMT B HalNpaBJ/leHWH, I0KA3aH-
HOM Ha puc. 204. ConpoTHBJ/ieHHe KaXKI0T0
pefpa R = 6 Om.

613. B uenu, cxema KOTOpOH NpHBese-
Ha Ha pHc. 205, Ry = 1 OM, Ry = 2 O,
R3 =3 Om, Ry = 4 Om, & = 50 B. Kaxkoe Puc 204
HanpsDKeHHe MOKaXKeT BoNbTMeTp? BHYT-
pPeHHHM COTIPOTHBJEHHEM HCTOYHUKA NpeHebpeyb.

614. BonbTMeTp, pacCYHTaHHBIH Ha H3MepeHHe Hampsike-
Huit go U, = 10 B, umeer conporuBnenne R, = 400 Owm.
Haiitu conpoTuBneHHe 106aBOYHOrO PE3HCTOPA, KOTOPbIH He-
0GXOAHMO MOAKIIOYHTb K BOJBTMETPY, YTOObl H3MepATb Ha-
npsixenue 1o U = 100 B.
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Puc 205

615. [lapasiennHo amMnepMeTpy, CONPOTHBJIEHHE KOTOPOro
R, = 0,03 Owm, BK/II04ueH MeqHbIH NPOBONHMK AMHHON [ = 10 cM 1
nuaMertpoM d = 1,56 mm. KakoBa cuna Toka B Leny, ecsy aM-
nepMeTp noxaabuaaer I, = 0,40 A? YnenbHoe cCOnpOTHBIIEHHE
meny p = 1,7 - 1078 OM M.

616. AMnepmeTp, compoTuBaeHHe KoToporo R, = 2 Om,
paccudTaH Ha Toku cuioi po [, = 0,1 A. Ero Tpe6yercs uc-
N0JIb30BATH A1 U3MEPEHHS TOKOB cuaoit go [ = 10 A. Ckoub-
KO MeTpOB MeILHOH ngoeonoxn C II0WAAbIO MOTIePEYHOro ce-
yenuss S = 1,7 - M2 Heo6X0IMMO /ISl 3TOrO TOACOeHU-
HUTb K alvmepme'rpy? YpenbHoe CONpOTHBJIEHHE MENH P =

=1,7- 1078 0m - m.

617. [IBa BonbTMETpa, CONPOTHBIEHHs KoTopbix R = 4200 Om
1 Ry = 4800 OM, coeqyHeHkl NOCAEN0BATENBHO H NIOAK/IIOYEHR! K
MCTOYHHMKY nocTosiHHOro Hanpsbxeduss U = 300 B. Kaxawii
BOJIbTMETP PacCYMTaH Ha NpelelbHoe Hanpsbxkenue 150 B.
KakoBbl 6ynyT nokasaHusl BOJIbTMETPOB?

618. Ilpu nepemeuienuut 3apsiga ¢ = 20 Kn no npoBogHuky
conpotuBnennem R = 0,5 OM cosepiuena pa6ora A = 100 Jx.
HaiiTh BpeMsi, B TeyeHHe KOTOPOTrO MO MPOBOJHHKY ILies MO-
CTOSIHHBIA TOK.

619. Jlamna mowHocThio P = 500 BT paccuutaHa Ha Ha-
npsbkenve U, = 110 B. Omnpegenuts conpoTHBieHHe no6a-
BOYHOTO Pe3yCTOpa, MO3BOJSIOEr0 BKIOYATh €e B CeTh Ha-
npsxenuem Uy = 220 B.

620. [Ipa sjeKTpUYeCKHX HarpeBaTesnsl MOIUHOCTSIMH
P; =600 Br u Py = 400 Bt, paccuutaHHble Ha OQHHAKOBOE
HanpshKeHHe, COeIHHEHb! TIOCTEN0BATEbHO H BKIIOUEHH! B CETh
C TaKHM XXe HanpsbxkeHueM. Kakasi MowHocTb nortpebasiercs
NPH TAKOM BKJIOYEHHH KaXK/bIM HarpepaTeseMm?
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621. MownocTb P = 5 kBT Heo6xonuMo nepeagaTh Ha He-
KOTOpOe paccTosiHe. MOUIHOCThL MOTepb 3HEPrHH He [10/KHA
npeBbiwiath kP, rae £ = 0,1. Kakoe raubonbiuee conpoTuBie-
HHE MOXeT MMeTb JHHHs 3/MeKTporepesayH, ecld Hampske-
HHe mMexay nposogamu U = 110 B?

622. Ecnu 6aTapeio 3aMKHYTh IPOBOJHHUKOM COMpPOTHBJE-
HHeM R; = 2,0 OM, To cuna Toka B uend [} = 1,6 A, a ecan
3Ty Xe 6aTapei0 3aMKHYTb NPOBOJHHKOM C COTMPOTHBJEHHEM
Ry = 1,0 Om, To cuna toxka [y = 2,0 A. Hafitn MomHocTs
notepb Hepruy BHyTpH 6Garapen u KILJ| 6atapen B 06oux
cryYasx.

623. /Ipa onMHAKOBLIX pe3HCTOPA COIIPOTHBJ/IEHHEM R Kax-
IblH TMoAKMoYaloTesl K HeToyHHKy, JIC KoToporo & M BHYT-
peHHee COMPOTHBJIEHHE 7, CHayasa NapaJjilesibHo, a 3aTeM Mo-
c/lefioBaTebHO. B KakoM cayyae BhifeasieTcst 60bIIAS MOIL-
HOCTh BO BHeIlllHeH Llenu?

624. OnpepnenuTh HanpsIKeHUEe UCTOYHHKA, K KOTOPOMY C
TIOMOLLBIO Huxpomoeoro npoBoaa AMHHOH [ —19 2 M ¥ guamer-
pom d = 3,0 - 1074 M Ha0 OAKNIOYNTH JAMIIOYKY MOIHOCTBIO
P = 40 BT, paccuutaHHyio Ha HanpsixkeHue U; = 120 B,
uTOGHl OHA ropena H gmanbno. YpenbHoe conpoTHBNEHHE HHU-
xpoma p = 1,1 - OM - M.

625. KaKOBa MMHHMAaJIbHAsi Macca MeJHOro TpOBOAa,
npegHasHayeHHOro /s Mepefayd NOTPeGUTEN0 MOILHOCTH
P =12 kBT Ha paccrosinue [ = 100 M 0T reHepaTopa Hanpsxe-
Huem U = 220 B, ecam MolLHoCTb r10'repb 3H Sprmi paBHa kP,
roe k£ = 0,02? [lnoTHOCTb Meau D = 03 kr/m3, ypenn-
Hoe COnpoTHBJeHHe Meau p = 1,7 - 10 OM M.

626. Pesuctop conpotuBienrHeM R, NORKAIOYeHHbIH K HC-
TOYHHKY TOKa, noTpebasieT MomHocTh P. Ecau K HeMy mof-
KJIOYXTh NapajjlelbHO ellle TaKOHM )Ke Pe3xUCTOop, TO BMecTe
OHY MOTPebASIIOT TaKy1o e MolHocTb. KakoBul AJIC H BHYT-
peHHee COTIPOTHBJIEHHE MCTOYHHKA TOKa?

627. [Ise namnnl umetoT moutHocTH Py = 20 Bt u Py = 40 Br
MpH CTAHAApPTHOM HanpsixeHHH ceTH. [1py ux nocnenoBaren-
HOM BKJIIOYEHHH B CeTb C APYrMM HamnpsDKeHHeM 0Ka3aJocCh,
YTO B MepPBOH JlaMIle BHIEJSETCS TaKasl XKe MOILHOCTb, YTO U
NpH CTaHIapTHOM HampsbkeHWH. Kakasi MOWHOCTb BhigeseT-
csl TIPH 3TOM BO BTOPOH naMne? MaMeHenHeM cOMpoTHBIEeHUS
HUTEH JlaMN ¢ TeMNepaTypoi npeHebpeub.

628. DnexkTpoaBUraTesb, COMPOTHBAEHHe 06MOTOK KOTO-
poro R = 2 Owm, noax/awdeH K revepatopy ¢ JC ¢ = 240 B
¥ BHYTpeHHUM conpoTuBaeHueM r = 0,4 Om. [Ipu pabore 1BU-
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ratensi yepes ero o6MOTKH TPOXOgHT ToK cuaon / =10 A.
Haiitu KI1[] sanektponsuratens. ConpoTHBieHHE MOABOASAILMX
IPOBOJIOB NPeHEOPEKHUMO MaJio.

629. dnexTpoaBHraresb NogLEMHOr0 KpaHa paboTaeT nox
nanpsbkedem U = 380 B npu cune toka / = 20 A. Kakos
KI1[] gBuratens, ecau rpya maccod m = 1000 xr KpaH nogHu-
MaeT paBHOMEPHO Ha BhicoTy A = 19 M 3a Bpems ¢ = 50 c?

630. Hcrounuk toka ¢ JIC & = 6 B naet Tok, Makcu-
ManbHast cuna Kotoporo [, = 2 A (1IpH KOPOTKOM 3aMbiKa-
Hun). KakoBa Hau60J1bllIas MOILHOCTb, KOTOPasi MOXET OHTb
BhiZeJleHa Ha BHEWIHeM yyacTKe Liely?

631. Ilpn nogknioyeHUH pe3HCTOPA COMPOTHBJEHHEM
R =15 Om x uctounuky toka ¢ [AC & = 10 B momHocTs,
BbigeJsisieMasi Ha 3TOM pe3ucTtope, coctasasier £ = 0,75 nmoa-
HOH MOIMHOCTH. KaKyl MakCcHMajbHYI0 MOIUHOCTb MOXeT
BBIE/IMTh BO BHelLIHeH leny JaHHKH MUCTOYHHK?

632. Tpu namnouku MowHoctbio Py = 50 Bt, Py = 25 Br
1 P3 = 50 Brt, paccunTtaHHble Ha Hanpsbkenue U; = 110 B
Ka)flasl, COelMHeHbl, KaK NMOKa3aHo Ha puc. 206, H BKAIOYEHb!
B ceThb ¢ HanpshxeHneM Uy = 220 B. Onpenennth MOIHOCTS,
noTpebiisieMyto KaXXA0H J1aMIOYKOH.

—X—1

&

2208 7
3 7

P uc. 206

633. K akkymyJasTopy, BHyTpeHHee CONpPOTHBJAEHHE KOTO-
poro r = 1,0 OM, nogknoyeHa NPOBOJIOKA COMPOTHBJEHHEM
R = 4,0 OM, a 3aTeM nmapanjienpHO efl — ellle 0HA TaKas XKe.
Bo ckonbko pa3 M3MeHHTCS KOJHYECTBO TEMJOTHI, BblAEJAI0-
Ieecss B MepBO MpPOBOJNOKe, MOCJe MOAKMIOYEHUsl BTOPOH?
Bpemsi npoxoxaenHsi Toka B 060HX CJydasix OQHMHAKOBOe.

634. Ilpr peMOHTe 3JIEKTPONIUTKH ee CIHPalb YKOPOTH-
a1 Ha 0,10 ee nepBoHayabHOH AMMHHL. Bo cKonbko pas usme-
HUJIACb TIPH 3TOM MOIHOCTb HJHTKH?

635. B snekTpoHarpeBarene, paCCUHTAaHHOM Ha Hanpsixe-
Hue U = 120 B, ucnonbayercsi HUXpOMOBast IPOBOJOKA, NJIO-
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aab nonepeyHoro ceyeHus kotopou S = 0,50 mm2. C nomo-
bI0 ITOTO HarpeBaTenst Heo6xonHMoO 3a BpeMst T = 10 MuH
npeBPaTHTb B nap Boay Maccod m = 1,0 kr, B3sITyI0 NPH TeM-
nepatrype ¢; = 20 °C. Kako#i 1o/m«Ha 6bITb LJHHA NPOBOJIOKH,
ecnd KI1J{ narpeBatenst n = 0,8? YnenbHoe conpoTHBIeHHe
nuxpoma p = 1,1 - 107® Om - M, ynenbHas TemnoeMKoCThb
Boxbl ¢ = 4,19 - 103 I/ (xr - K), ylesbHasi TenaoTa napoo6-
pasoBaHus Bogel 7 = 22,6 - 10° [l /xr.

636. Kak HamMeHHTCA TeMniepaTypa MeIHOrO CTEPAKHS, eC/lH
no HeMy B TeueHHe BpemenH ! = 0,5 ¢ 6yneT NpoxoauTh TOK,
NJI0THOCTL KoToporo j = 9 A/ mm?? [lpu pacueTe npHHATH, 4TO
TENN006MEH ¢ OKPYXaIOILMMH TeJlaMd OTCYTCTBYeT. ¥ 1e/ibHoe
COTpoTHBJAEHHE Mem p = 1,7 - 1078 Om ' M, ee MIOTHOCTD
D =89 103 kr/m3, ypeabHas TemnoemkocTs ¢ = 380 [/ (kr - K).

637. Ilpu cuue toka /; = 3,0 A Bo BHeurHell uenH GaTapeu
BhiesieTcs MolHocTs Py = 18 Br, npu cune Toka o = 1,0 A —
cooTBeTcTBeHHO P9 = 10 BT. Onpegenuts 3[C u BHyTpeHHee
CONpOTHBJeHHe GaTapeH.

638. dnexTpuueckuit HarpeBaTesb paboTaeT OT CETH C Ha-
npsikenueM U = 120 B npu cune toka / = 5,0 A u 3a Bpemst
T = 20 muH HarpeBaetr m = 1,5 xr Bogel ot £} = 16 °C go
t, =100 °C. OnpenenuTh NOTepH 3HEPrHH B Tpollecce Harpe-
BaHus u KI1J] narpeBatens. YienbHasi TenjoeMKOCTb BOAbI
c=4,19 - 103 I/ (xr - K).

639. B HarpeBaTesie 31eKTPHUYECKOH NJAMTKM JBE CEKLHH.
[Ipy BrAOYEHUH ONHOH CEKLUMM BONA B KacTploje 3aKHMaeT

yepes 1; = 8,0 MuH, a Npu BKIOYeHHH BTOpOi (Ge3 nepBoit) ~

yepes 1o = 20 MuH. Uepes cKO/bKO MMHYT 3aKHNHT BOA B
KacTpioJie, ecau 0be CeKUMM BKMOYHTDH. MapajsieslbHO; Tocie-
JOBATEIbHO? ¥ C/IOBHSI HArPEBAHHS BO BCEX CJYHasiX OMHAKOBHL

640. HarpepaTesb 3/eKTpUYECKOro YalHMKA COCTOUT U3
OBYX ClupaJieid, COMPOTHBJEHHS KOTOPHIX ONWUHAKOBH. [lpu
napaJjJie/lbHOM COeIUHeHHH cnupalel H BKJAOUEHHH HX B CeTb
BOoJa B yaHHHKe 3aKumaeT yepe3 {; = 3 MuH. Uepe3 CKOJIbKO
BpeMeHM 3aKHOHT BOJa, HMeIoNlasi Ty e MacCy M TAKYIo XKe
HayaJbHYIO TeMIlepaTypy, ecly COHPanH HarpepaTels coefu-
HYUTb MOCNEN0BATENBHO H BKJIIOYHTb B Ty Xe CeThb?

641. McToyHHK TOKA 3aMblKaeTCsi OOMH Pa3 NMPOBOAHHKOM
conpotusneHreM R; = 4 OM, a Apyrod — CONpPOTHBIEHHEM
Ry =9 Om. B o6onx cayyasix KOJHUECTBO TelOThI, Bbl1e/HB-
eecsi B MPOBOJHHKAX 32 OfHO H TO Ke BpeMs, OJHHAKOBO.
OnpenenuTh BHyTPeHHee COMPOTHBJAEHHE HCTOYHHKA.
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642. Bo CcKOJIbKO pa3s M3MEHMTCSl TemnsoBas MOLIHOCT,
BhIZIEJSIOIIASCS B 3JIEKTPHYECKOH leNH, NpH MepeMeHe Io-
AspHocTH Ha kiemmax [ u 2 (puc. 207)? CuuraTh MoayJb
HanpsiKeHHsl Ha KJIeMMaxX MOCTOSIHHbIM, OMOMb HIeaJ/bHhIMH,
COMPOTHBJIEHHS PEe3UCTOPOB OQHHAKOBLIMH.

Puc. 207

643. Jlamnouka HakajiuBaHHA MowHocThio P = 180 Br
HCMo/ib3yeTcss AJs o6orpeBa akBapHyMa, COJepXKallero
V=1-10"3 M3 Bogst. 3a T = 2 MMH BOjia HarpeBaeTCs Ha
AT = 3 K. Kakas yacTb pacxofyeMo¥# JIaMIOYKOH 3Hepru Te-
psieTCs B BHE JYYHCTOH SHEPrHH? Y IeJIbHast TeN10eMKOCTb BOAibI
c=4,19-103 ix/(xr - K), naotHocTs Bomp p = 1 - 103 xr/ M3,

644. AKKyMynSTOp, BHYTPEHHHM COMPOTHBJEHHEM KOTO-
POro MOXXHO NpeHeGpeub, NOOYepeJHO 3aMLIKAIOT Ha IBa pas-
HBIX PE3HCTOpa, IPH 3TOM B NEPBOM CJy4ae CHJa ToKa /| = 3 A,
a Bo BTopoM — [y = 6A. HalTh cHay Toka, HOyilero yepes
aKKyMYJSITOP, €CJIH 3aMKHYTb €r0 Ha 3TH Pe3UCTOpHl, COenH-
HeHHble TIOCJ1e0BATEeNbHO.

645. CxeMa 3/1eKTPHYECKOH LIeNH H ee mapameTpbl MOKa-
3aHbl Ha pHc. 208. HaliT 3apsan Ha KaXxaoM KOHIeHcaTope.
BHYTpeHHHMH COMpPOTHBJEHHSMH HCTOYHHKOB TOKa MpeHeo-
peub.

646. Ecan BoabT™METp, HMEIOIMHA KOHeYHOe COMPOTHBIIE-
HHe, MOAKJIIOYEH NapajileJbHO Pe3HCTOPY COMpOTHBAEHHEM R,
TO OH MOKa3piBaeT HanpskeHue U| = 6 B, a ecau napanaess-
HO PE3HCTOpY COMpoTHBJIeHHeM Ry, — To Uy = 4 B (puc. 209).
KakoBnl 6ynyT HanpspKeHHsl Ha Pe3HCTOPax, ecJH BOJbTMETp
He nogkmoyats? DJIC Gatapen & = 12 B, ee BHyTpeHHee
COMPOTHBJIEHHE [peHeOperKUMO MaJo.
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647. Haiitu conpoTHBJeHHe Pe3HCTOpa, BKJIIOYEHHOro B
1leNb, CXeMa KOTOpPOH fnpuBeieHa Ha pHc. 210, ecau H3BecTHO,
4TO B MJIOCKOM KOHJleHCaTope HanpsKeHHOCTb 3J1IeKTPHYEeCKO-
ro nosst E = 2250 B/ M, paccTosiHue Mexay NJIacTHHAMH KOH-
peHcaropa d = 0,2 cM, DJIC ncTouHuKka ToKa & = 5 B, ero
BHYTpeHHee conpoTHBJenue 7 = 0,5 Om.

648. Ipu 3amxHyToM Kmoue K (puc. 211) Boastmerp V1
nokasniBaeT Hanpsixkedue U = 0,8%, rae & — 3JC ucTouHHKa
ToKa. UTo nokaxyT BoabTMeTphl V1 1 V2 npu pa3oMKHyTOM
KJlIoue, eC/IH UX COTPOTHBJEHHS PaBHLI?

649. OnpenenuTs 3apsa KOHAGHCATOpPA, €C/IH NMPH KOPOT-
KOM 3aMHIKaHUM HcTouHuKa (puc. 212) cuaa Toka B HeM yBe-

i
1
| ¢ R _r
—®— T
Puc. 211 Puc. 212
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JuyuBaercs B n pa3. 3JIC HcTouHHKA pPaBHA &, eMKOCTb KOH-
neHcatopa C.

650. J[lBa OnHMHAKOBBIX pE3UCTOPA CONPOTHBJEHHEM
R = 100 OM Kaxxabl, COeAHHEHHBIX NMapanielbHO, H NoCIe10-
BaTe/NbHO COEMHEHHBIH C HHMH De3HCTOP CONPOTHBIEHHEM
R = 200 OM nogxmioueHbl K HCTOYHHKY NOCTOSIHHOTO ToKa. K
KOHLlIAaM MapaJuleNlbHO COeIHHEHHBIX Pe3HCTOPOB MOAKJOUEH
KoHpeHcarop eMkocTbio C = 10 Mk®. Onpeneante JC ucrou-
HHKa TOKa, €CJIM 3apsij Ha KoHfeHcaTope ¢ = 2,2 - 1074 K.
BHyTpeHHHM CONPOTHBJIEHHEM HCTOUHHKA H CONPOTHBJIEHHEM
NPOBOLOB NpeHebpeub.

651. Hanpsiokenne Ha BHemHeM ydacTtke uenu U = 5 B,
cuna toka /{ = 3 A. [locne u3aMeHeHHs! CONPOTHBJEHHS 3TOrO
ydacTtka HanpsikeHHe Ug = 8 B, a cnna toka /o = 2 A. Haiitn
3C u BHyTpeHHee CONpOTHBJIEHHE HCTOUHHMKA TOKa.

652. [Iea pesucropa, Hc-

J.i TOYHHK MNOCTOSIHHOTO TOKa H
BOJbTMETP COeJIHMHEHbI, Kak

r_R'_1 nokasaHo Ha puc. 213. Ilpu

LI 3aMkHyToM Kiatode K BoJbT-

MeTp MOKa3blBaeT HAMPsKEHHE

u " U, = 16 B. Ecnn wioy pa-

I S s I . p

30MKHYTb, BOJIbTMETP MOKa3bl-

m Baet Uy = 20 B. Haitru 3[1C

U

HCTOYHHKA, mpeHebperas ot-
BEeTBJEHHEM TOKa B BOJbT-
Puc 213 MeTp_

653. B Lenn, cxemMa KoTopoH H3oOpaxkeHa Ha pHC. 214,
eMKocTb KoHJeHcatopa C = 23 Mx®, pe3ancTopbl HMEWT OAH-
HakoBble conpoTHBneHust R = 20 Om. 3/C 6arapen & = 12 B,
ee BHyTpeHHee conpoTuBaenne r = 2,0 OMm. Onpenenuts 3a-
Pl Ha KOHAEHcaTope.

654. AKKymMynaTop, BHyTpeHHee CONPOTHBJEHHE KOTOPO-
ro r =1,0 Om, 3apsxaeTcsl OT HCTOYHHKA HanpsbkenneM U = 24 B.
Ilpn 3apsinke yepes akkymyasitop HaeT Tok cuaoit / = 1,0 A.
Haita 3AC akkymyasitopa.

655. 3apsinka aKKyMyJISTOpa NPOU3BOLHTCS TOKOM CHJIOH
Iy = 4,0 A npu HanpsikeHHH Ha KJeMMax aKKyMyJsiTopa
U, = 12,6 B. Ilpu paspsinke akkymy/1aTOpa CHJa TOKA B LiENH
Iy = 6,0 A, HanpsieHHe Ha kaemmax Uy = 11,1 B. Haittu
CHJIY TOKa KOPOTKOT'O 3aMbIKaHHSI.

656. [Ina ncrounuka Toka c DJAC & =4Bu ¢ =6Bu
BHYTPEeHHHMH conpotusaeHusmd r; = 0,1 OM H r9 = 0,4 OmM
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coeliHHeHbl nocsenoBatenbuo. IIpH KakoM conpoTHBIEHHH
BHELIHeH LieNH HanpsikeHHe Ha 32)KMMaX BTOPOr0 HCTOYHHKA
OyzeT paBHO Hy.J0?

L/
i R ;

—{ _F

lé,/‘
|
Puc 214

657. JlBa HCTOUHMKA TOKa C BHYTPEHHHM COMPOTHBJEHH-
eM r = 0,2 OM Kaxablt H C OOH-
HakoBbiMH JJIC coennHeHbl na-

¢ 4 i 4

pannenbHo ¥ MORKMOYEHBl K pe- [ T—

sucropy (puc. 215, a). Ecau atu 6r

HCTOYHHKH CORNMHHTB fociefopa-

TeJbHO H 3aMKHYTb TeM e pe3u- 4r &r ér
cropom (puc. 215, 6), To BbigENSIO- L— F

Lasicsl B HeM MOLUHOCTb BO3pacTeT
B & = 2,25 pa3a. Onpeneauts co-
NPOTHBJIEHHe pe3HcTOpa R.

658. barapes, cocTosiias H3 HECKOJbKHX OIHMHAKOBHIX
aKKyMYJ/ISITOPOB, BKJIIOUEHA BO BHEILHIOWO Lielb, COTIPOTHBJ/IEHHE
kotopod R. IlpH kakoM 3HaueHHH BHYTPEHHEro CONpOTHBJe-
HHS r aKKYMYJIITOpa CHJIa TOKA B LienH GyneT ONHHAKOBA KaK
TIpU NOCJeJ0BaTeJbHOM, TaK M MpPH TapaJse/lbHOM COefHHe-
HHUH aKKyMyJsTopoB B 6aTapeto?

659. TpH ofHHaKOBBIX UCTOYHHKA TOKA COEIHHEHBI NoCJe-
LOBATeJIbHO H 3aMKHYThl TPOBOAHHKOM, COMPOTHBJIEHHE KOTO-
poro R = 2 Om. Ilpu 3ToM coegvHeHHH CHJIAa TOKA B NPOBOJ-
Heke /; = 2 A Tlpu napannesbHOM CoeIHHEHHH HCTOUHHKOB
B TOM >e NPOBOAHHKE HIeT TOK cusok /o = 0,9 A. Ha#tu
3/IC ¢ BHyTpeHHee COMPOTHBJIEHHE Ka)A0r0 HCTOUHHKA.

660. HcrounHky Toka, HMelollHe OJNHHAKOBble BHYTPEH-
Hue conportusiaerHs r = 0,5 OM, noakitoyeHbl K pe3HCTOPAaM,
KX Ibil M3 KOTOPBIX UMeeT conporusierue R (puc. 216). 9AC
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A 8 HCTOYHHKOB TOKa — COOTBETCT-
BeHHO & = 12 B u & =6 B.
Ha#itu conpotusienue R, npu
J Kotopom ToK B uenu ABCD re
—=_ R R = wupger.

& &, 661. DaekTpuyeckas Jam-
nouxa MowHocTbio P = 60 Br,
pacCYHTaHHAs Ha HalpskeHHe
D r U =110 B, nogxnoyena x
uctoynuky ¢ 3JC & = 120 B
¥ BHYTPEHHHM COMPOTHBJIEHH-
eM r = 60 Om. Haiith Mow.-
HOCTb, KOTOpYl0 MOTpe6JsieT JaMIOYKa NMPH TAKOM BKJOYe-
HHH. Byzet /M oHa ropeTb NMOJIHLIM HAKaJIOM?

662. Ilpu ssekTposu3e pacTBOpa CEpHOH KHCJOTH 32
t = 50 muH Buigeausnocs m = 0,30 r Bogopona. OnpenenuTs
MOUIHOCTb, 3aTPa4Ye€HHYI0 Ha HarpeBaHHe 3JEKTPOJUTA, eCsH
ero conpotrBienre R = 0,40 OM. D1eKTPOXHMHYECKHH 3KBH-
BaJleHT Bojopona £ = 0,01 - 1075 kr/Kn.

663. ns npoBepKH MPaBHILHOCTH NMOKa3aHHH aMIlepMeT-
pa ero BKJIOYAIOT MOCJAENOBATENBHO C JMEKTPONHUTHUECKOH BaH-
HoH. Kakyio aGco/II0THYI0 MOTPeIHOCTL aeT aMIepMeTp, ecH
OH MOKa3blBaeT TOK cu/IoH [ = 1,7 A, a 3a Bpemst ¢ = 2] MHH Ha
KaTofe BaHHbLI OTKJaabiBaeTcst m = 0,6 T HHKensA? DIeKTPOXH-
MHYEeCKHil 5KBUBaJIeHT HHKeas £ = 3 - 1077 kr/ Ko

664. Kaxoit 3apsg NpoXoAHT Yepe3 pacTBOp MeIHOTO K-
nopoca 3a Bpemst { = 10 ¢, ec/IH cHJIa TOKa 3a 3TO BpeMs
paBHomepHo Bo3pactaeT ot O go / = 4,0 A? Ckoabko Meau
BbieJseTCs P 3TOM Ha KaTole? DJIeKTPOXHMHUECKHH 3KBH-
panent Meau £ = 3,3 - 1077 xr/Kn.

665. [11s nosyyeHHsl MeQHM BKJIOYEHO TOCJIEA0BATEJbHO
N = 400 s3nekTponuTHYecKHX BaHH. [lnowanb KaToAHbIX MJa-
CTHH B Ka)XK10# BaHHe S = 16 M2. [110THOCTD 3/MIEKTPHYECKOTO
Toka j = 200 A /m2. Haiit Maccy MenH, nonyyaemolt 3a Bpe-
Mst £ = 24 4, M pacXOf SHeprHH 3a TO XKe BpPeMsl, ecJIH Harps-
%eHHe Ha BawHax U = 100 B. DiekTpoxHUMHUeCKHH 3KBHBa-
nent menu k = 3,3 - 1077 xr/Kn.

666. [Ipy HHKeIHPOBAHHH MOJIb3YIOTCS TOKOM, MIOTHOCTD
xotoporo j = 0,14 A/ nm2. Ckonbko BpeMeHH TpebyeTcs /s
OT/IOXKEHHS CJ108 HHKeast ToJUMHOA A = 0,05 MM? DsexTpo-
XHMHYeCKHi 5KBHBaNeHT HuKens £ = 3,0 - 1077 ko /Kn, nnot-
HOCTb HHKesd p = 8,9 - 103 kr/mM3.
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667. Kakoe Ko/IMUeCTBO (1
3/1EKTPO3HEPTHH PACXOLYeTCs '
Ha nosaydehde m = 1,0 kr
aMOMHHHSA, €CIH INEKTPOIH3 |
BeleTCst NPH HaNpsHKEeHHH - 2 R
U =10 B, a KI1[ Bceit ycra-
HoBku M = 80%? MonsipHas
Macca amoMuHuss M = 27 X
X 1073 kr/mosb, ero BaaeHT- Puc 217
HocTb n = 3. [locrosinHas Pa-
panes F = 9,65 - 10% Kn/monb.

668. B uenu, cxeMa KoTopo# npHBefeHa Ha pyc. 217, KoH-
neHcatop C2 umeer emkoctb Co = 10 Mk®D, conpoTuBieHHe
peanctopa R = 2 kOwm, nuowans nnacTHH KoHaeHcaropa Cl
S = 100 cM2, a paccTosinde Mexny HuMH d = 5 MM. Bosmyx
Mexny obkiagkamH konmeHcatopa Cl HOHHM3HpyeTcsi ¢ NOMO-
L1bI0 PEHTTEHOBCKOTO H3yuaTeisi MoWHocThIo @ = 2 - 1012 nap
HocHTeJe#t 3apsina 3a | ¢ B 1 M3. 3apsan Kaxuoro HocuTens pa-
BeH 3jleMeHTapHoMY 3apsfy e = 1,6 - 10719 Kn. Bce o6paso-
BaHHble 32 e[JHHHLY BpeMeHH HOCHTE/H I0JeTa0T A0 NIACTHH
koHpeHcaTtopa Cl. Onpegesnnth 3apain Ha KoHfgeHcatope C2.

669. B 3/1eKTpOHHO-Ty4eBOk TpyOKe CHJIA TOKA B 3JIEKTPOH-
HoM nyuke [ = 600 MxA, yckopsitowee Hanpsikenue U = 10 kB.
Hafiti, ¢ kKakoil CHIOHM JABHT 3JEKTPOHHBIM NY4OK, CYHTas,
YTO BCe 3JIEKTPOHBI MOIVIOLIAIOTCH IKPAHOM.

10. MATHUTHOE MNOJIE.
IMEKTPOMATHUFHAA MHOYKLNA

Meroguuyeckmue YKa3aHuA K pelueHuio 3anay

[Ipu pelleHHH 3agay, B KOTOPHIX pacCMaTpHBAeTCs MNPo-
BOJHHK HJH KOHTYP C TOKOM B MAarHHTHOM [10Jie, HYXXHO Ha
CXeMaTHYECKOM YepTeXke yKa3aTh HanpaBJ/ieHHe TOKa, Hallpas-
JIeHHs] BEKTOPA MAarHHTHOH HHAYKUHMH H CHJ, HAeHCTBYIOUIMX
HA NPOBOJHMK MM KOHTyp. EcaM no ycnoBHI0 3anauu npoBoa-
HHK (KOHTYpP) HaXOMUTCs B PABHOBECHH, TO, KK H IIPH pellie-
HHH 3aflay [0 CTATHKe, 3allMChIBAIOT YCJOBHS PaBHOBECHS.

3anauy Ha JBHXKEHHe 3aPsKEHHbIX YaCTHL B MATHHTHOM M
5JIeKTPHUECKOM MOJIAX PellaloT B GOJbLIMHCTBE CyuyaeB My-
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TeM COCTaBJIEHHsl YPAaBHEHHs IBHXEHHs MAaTepHANbHOH TOYKH
C y4eTOM BCeX CHJ, AeHCTBYIOIIMX Ha YaCTHLY CO CTODOHbI
MarHHTHOTO H 3JIEKTPHYECKOro noJsem.

Ecnu tpebyertcs Haiith JC HHAYKUMH, HEOOXOAHMO yCTa-
HOBHTb, U3MEHEHHEM KAKOH BEJMYMHBI — BEKTOPA MAarHUTHOH
unayxkuun (B), nnomwany nosepxHoctd (S), orpaHHueHHOI
KOHTYpOM, HJH yria () Mex 1y BEeKTOpOM B K HOpManbi K
MOBEPXHOCTH — BbI3hiBaeTcs M3MeHeHHe AP noTtoka MarHur-
HOHM HHAYKLHMH, a 3aTeM BOCNOJb30BATbCS 3aKOHOM 3JIEKTpO-
MarHHTHOH MHAYKUMH. COCTaBHB ypaBHeHHe Ha OCHOBE 3TOro
32KOHa, PeLIaloT €ro OTHOCHTEbHO HEH3BECTHOH BEJHUYHHBI.

OcHOBHbI€ 3aKOHbI U (hbopMynbl

3axon Amnepa: Ha NpoBOAHMK AJHHOM [ ¢ ToKOM cunoil /, no-
MellleHHbI B MarH4THOE MoJje, AefiCTBYET CHNa, MOLYJb KOTOPOi

F =IBlsina,

rae B — Mooysb BeKTOpa MarHUTHO# MHAYKUHH B; OO — yros Mex-
LY HanpaBJieHHeM TOKA ¥ BEKTOPOM MarHMTHO# uHmykuuu. Hanpas-
JleHHe 3TOi CHJIbl ONpefessieTCsl PAaBHJIOM JIeBOH DYKH: eC/H Jie-
BYIO PYKY PaclosIOXKHTh TaK, YTOGhI NepneHAUKyNAPHAs IPOBOAHH-
KY COCTaBJjsliollast BeKTOpPa MarHMTHOH HHAYKUMH B BXoAHaa B Ja-
[OHb, @ yeTHpe BEITAHYTHIX Najbua ObAH HanpabjieHbt N0 TOKY, TO
oToruyThiit Ha 90° GosblIOM Majel MOKa)eT HanpaBjleHHe CHJbl
Awmnepa F.

Momenm cuan, delicmsyrouux ra naoCKull KOHMYyp ¢ MOKOM,
NoMelleHHbIH B OQHOPOAHOE MarHUTHOE MnoJe,

M = ISBsina,

rae | — cvna Toka B KOHTYpe; S — miouiafb NOBepXHOCTH, OXBAThI-
BaeMoit KOHTYpoM; B — Moy/1b BEKTOPa MarHHTHOH MHAYKLUHH; O —
YrOJl MeX1y BeKTOpOM B M HOPMasbio 7 K NOBepXHOCTH.

Ilpunyun cynepnosuyuu Mazhummbix noaseil: MarHUTHas HH-
AYKUHA M0Js1, CO31aBaeMOr0 HECKOJBKHMH 3/]1eKTPHUEeCKHMH TOKa-
MH HJIH ABHXKYLUHMMHCA 3apAAaMH, paBHa BEKTOPHOH CyMMe MarHur-
HBIX MHAYKUHMH roJjieif, CO303aBaeMblX KaX(bIM TOKOM HJH [ABHXY-
H{MMCS 33psiOM B OTAEJIbHOCTH:

BoB+B+ +B,

Maenumnas undykyus noas 6eCKOHEUH020 NPAMOAUREIHOZ0
npo8oOHUKA ¢ MOKOM CUOH | B TOUKE, YAAJeHHOW OT NPOBOAHUKA
Ha paccTosiHue r,
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!
B=ppy——,
2nr
TAe W — MAarHMTHas NPOHMLAEMOCTb CPelbl; |y — MarHHTHas mo-
CTOSIHHAS: |y = 471077 Tu/m.
Mazrnumnas unOyKyuR NOAR 8 ueHmpe Kpyeo8oeo BUMKA ¢ MOKOM

B=pp, #,

rae | — cusa TOKa; R — pajHyC BHTKa.
Maerumuas undyxyus nois swympu corenouda (yuaundpu-
HecKol KAMyuwiKu ¢ moxKom)

B=uu0%l,

rie p — MarHHTHas NPOHHLAEMOCTb CEePAeYHHKa, BCTaBJIEHHOTO B
COJIEHOMA; |1y — MarHHTHasi MOCTOsIHHAsA; N — 4HCNO BHTKOB cone-
HouAa; [ — AJMHa COJIeHOHAA.

Maenumunii nomox (nomox sexmopa maerumnoi undyxyuu)
yepe3 MOBEPXHOCTH MJOLIAABID S

® = BScosa,

rae B — MofyJ/b BeKTOpa MarHHTHOH MHAYKLHH; O. = YroJ Mexmiy
BEKTOPOM B H HOPMasblo /1 K OBEPXHOCTH.

Cuaa Jlopenya — 3T0 cuna, JeHCTBYIOLLAs Ha 3aPSXKEHHYIO Yac-
THLY, ABMXKYLIYIOCS B MarHMTHOM noJje. Mogynb 3Toi CHJbL

Fp =lgqlvBsina,

rie q = 3apsA 4acTHUb; U — MOAY/b ee CKOPoCTH; B — Moay/b
MarHHTHOM HMHAYKLMH MOJIs; O — yroJ MeX1y BeKTopaMH U W B.

Hanpaeaenue cunnl JlopeHua onpegesisieTcst npasusom 1esol
pyKu: eclM JIeBYIO PYKY PacroJloXHTb Tak, yToObl COCTaB/AIOLIAN
MarHMTHOH MHAYKUHMH B, nepneHaMKy/spHas BeKTOPY CKOPOCTH
3aps)KeHHOH 4aCTHUB!, BXOAM/Ja B JIafOHb, a uYeThlpe BBITAHYThHIX
najblla HanpasjeHbl BAOJbL BEKTOpa CKOPOCTH YacTHUBl, ECJAH ee
3apsil MOJIOXKHTEJbHbIH, HJH MPOTHB BEKTOPa CKOPOCTH, €C/IH 3a-
PAA OTpHLATe/bHLIH, TO OTOrHYThIH Ha 90° Goabwoil naney noxa-
JKeT HampaBsjeHHe cHJbl JlopeHua.

3axon arexmpomacnumrol undysyuu: 3NC vHIYKUHH, BO3-
HHKalolllasi B 3aMKHYTOM KOHType, paBHa 110 MOAYJIIO H MPOTHBOMNO-
JIOXHA N0 3HAKy CKOPOCTH M3MEHeHHfi MarHHTHOrO NOTOKa depes
[IOBEPXHOCTb, OFPAHHYEHHYIO KOHTYPOM:

& =-A®
At
Munyc B 3ToH dopmyJe ciegyeT M3 npaeuia JleHua.
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Mpasusro Jlenya: BO3HUKAOUWHIA B 3aMKHYTOM KOHTYpe HHAYK-
LIHOHHBIH TOK MMeeT TaKOe HampabJeHHe, YTO MarHMTHbIH [OTOK
3TOr0 TOK2 4Yepe3 MOBEPXHOCTb, OTPAHHUYEHHYIO KOHTYDOM, IPOTH-
BofeHCTBYeT H3MEHEHHIO MAarHHTHOrO ITOTOKA, BbI3bIBAIOLIEro HH-
LYKLUHOHHBIH# TOK.

FC undykyuu 8 nposooHuKe, OBUMYUEMCR 8 NOCMOAKHOM
80 8pemeMl MAZHUMHOM noje C HHAyKUHeH B,

& = Blusina,

roe ! — Q/MMHa NpPOBOAHHKA; U — MOAYJb €ro CKOpPoCcTH; O = yrod,
COCTaB/IeHHBIH BEKTOPOM MarHUTHOH MHAYKUHH Bc Hamnpab/leHHeM
CKOPOCTH IPOBOLHHMKA.

Maenumubiid nomok yepes MOBEPXHOCTb, OrPaHHUEHHYIO KOHTY-
POM, BO3HHKAIOLLM# NPH NPOXOXKAEHHH 110 3TOMY KOHTYPY TOKa CHJIOH /,

d=LI,

rze L — HHAYKTHBHOCTb KOHTYpa.
3/JIC camoundykyuu, BO3HHKAIOWIAs B 3aMKHYTOM KOHTYype, Nps-
MO NPONOPUHOHAJIBHA CKOPOCTH M3MeHeHHs CHJIbl TOKA B HEM:

& =-LAL,
At

roe L — HHAYKTHBHOCTb KOHTYpa; Al — H3MeHeHHe CHJIBl TOKa 3a
BpeMa Af.

JHepeus MAZHUMHO20 noas moxa cuioil I, npoxogsulero o
MPOBOIHHKY € HHAYKTHBHOCTbIO L,

W=LIEZ/2

MNpumepbl pewieHUn 3agad

670. 1o nByM N/MHHBIM NapajlieJbHBIM NPOBOJAM, HaXO-
AAWMMCS Ha paccTosiHuM r = 10 cM apyr ot Zpyra B BaKyy-
M€, HAYT B NPOTHBOMNOJIOXKHLIX HANpPAaBJeHHAX*® TOKHU CHUNOH
Iy = Iy=1=16 A. OnpenesnTb HHAYKLHIO MarHHTHOTO NOJIS
B Touke A, yaaseHHo# Ha r| = 2 CM OT OQHOro NpoBoaa ¥ Ha
ro = 8 cM oT mpyroro, u B Touke C, ynaJieHHO# Ha r3 = 6 cM ot
OQHOro MpoBoJa M Ha ro = 8 ¢M OT apyroro.

*CHMBOJA o, MOAOGHHHA OCTPHIO JieTAUeH HABCTPeuy CTPesbl, NoKasuBa-
€T, 4TO TOK HAET OT PHCYHKA K uMTaTeno. Ecan ke ToK HAeT oT uHTateas
K PHCYHKY, TO 3T0 0603Ha4aeTcs CUMBO/IOM X, HAMOMHUHAIOWHMM ONepeHue
(xBocT) yaeraowen crpessr. Tak e 0603HA4AOT HANMpABJEHHE BEKTODA
MarH4THOH HHAYKUHH B.
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PeuweHue Hanpasnenus BeKTOPoB MarHHTHOM HHAYK-
uun B; u By B Touke A (puc. 218, a), a Takke B3 1 By B

touke C (puc. 218, 6) onmpenenum no mpasHay GypaB4HKa
(npasoro BuHTA).

a BA

Puc 218

CorsiacHO MPHHUKMMY CYNMepPno3HUHH, MArHUTHAs HHAYKLHS
B TOUke A

Kax BHAHO H3 pHCYyHKa, BeKTOpH B) H By HMEIOT 0IHHaKO-
BOe Harpas/ieHHe, I03TOMY MOdyJ/b BEKTOpa B4 paBeH cymme
Monyned Bektopos B n By:

Hol u 1
Ba = + Holy | Holz
A= Bl 32 2r:r1 27tr2

YuurniBas, I} = Iy = I, nonyqaem:

By = “_O’(L+l), By =2-107* Ta.
2n\n n

B Touke C pesy/bTHPYIOIHHA BEKTOP MarHHTHOH HHOYK-
LUHH Bf ABISIETCA QHArOHa/IbI0 NPFMOYroJbHHKA, TaK Kak
r? = 3 +r2 (B ofiem cnyuae, npH APYrHX PacCTOSIHHSX,
pesynb‘rupyloumu BEKTOD HHAYKUHH SIBJsieTCS AHAroHa/blo Ma-
paJ/ieJlorpaMMa, NOCTPOEHHOr0 Ha CJlaraeMblX BEKTODaX Kak
Ha CTOpOHax.)

Moaynb BeKTOpa MarHHTHOH HHAYKUHH BC HalJeM 1o Teo-
peme [1ugaropa:

309



2
Be = /BQ +BQ \[ Holy Ho’z)

27tr3 27tr4
[Tockonbky Iy = [y =1, 10
~ ! [o 2 - 5T
= =7- J.
C e % +lh, BC 7-10

671. Mposonuuk AC (puc. 219, a) maccor m = 20 r u
anuHoR [ = 20 cM mopBeuwer Ha ABYX TOHKHX IIPOBOJIOYKAX M
TNIOMelleH B OZHOPOJHOE MAarHUTHOe I10Jle, BEKTOP HMHAYKLHH
KOTOpOTrO HamnpasJ/ieH BepPTHKaJbHO BBEpX, @ MOAYJb 3TOroO
BekTopa B = 0,5 Ta. Ha xako# yron o ot BepTHKalIH OTKJIO-
HATCS NPOBOJIOYKH, MOAAEPIKHBAIOIIHE MPOBOAHHK, €C/IH 110
HeMy MpOMYyCTHTb TOK cHiol / = 1 A? [IpoBosiouky HaxonsT-
csl 3a TMpeaesoM MarHHTHOrO MoJA.

PeweHue HanpoBogHHK ¢ TOKOM, TIOMelIeHHEIH B
MarHuTHoe mose (puc. 219, 6), feHCTBYIOT CeNYIOLIHE CHIbL:
CHJIa TSXKECTH mg, lBe CHJBI HATSXKeHHs npoBosodek T H

cuna Amnepa F (cuioil Tsxectu mpososiouek NpeHe6pera-
em). KoopanHathyio ocb OY HanpasuM BOOJIb BEKTOpa Mar-
HHTHOH MHAYKUKKM B (BeprHkanbHO BBepx), ocb OX — ropu-
30HTAMBHO.

[IpoBOAHHK HAXOLMTCs B PABHOBECHH, NMOITOMY CyMMbI
NpoeKUHH BCcex neMCTBYIOUIMX Ha Hero cua Ha ock OX u OY
PaBHH HY.JIIO:

F-2Tsina =0, 2T cosa —mg =0,

HJIH
2T sina = Bll, 2T cosa = mg.

>,y

Pue 219
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Orclona, pasgesHB NMOYJEHHO NepBoe YpaBHeHHe Ha BTOpoOe,
[OMYYHM:
tga = LI arcth, o =27°.
mg mg

672. AnmoMHHHeBLIH NPOBOJ, NIOUAAb NONEpedHOro ceye-
HHsl KOTOPOTo S, COTHYT B BHJE TPeX CTOPOH KBaZpaTa H MpH-
KpenJeH CBOMMH KOHLAMH K TOPH30OHTA/JbHOH OCH, BOKPYT
KOTOPOH OH MOXeT CBOGOIHO BpallaThCsi B OQHOPOLHOM Bep-
THKaJbHOM MarHuTHoM nose (puc. 220, a). ITo nposoay npo-
nyckawoT Tok cuaoit /. Ha kako# yron o oTk/IoHHACS npoBog
OT BepTHKaNbHOH NI0CKOCTH? [110THOCTD aMtOMHUHHSA P.

Pewenue B orauuue oT npeawigymielk 3agadu B
JJAHHOM CJlydae B MarHUTHOM [0Jle HAXOAHTCS He TOJBKO ro-
PH30HTAJbHBIH POBOM, HO M MoABeCKH (1Be ApYyrHe CTOPOHHI
KBaapara). Kpome Toro, 31ech Hesib3st npeHe6pednb CHIOH TS-
KECTH MOJABEeCOK. YUHThiBast 3T0, 0003HAYHM BCe CHJbI, AeH-
CTBYIOIME HA COTHYTBI npoBogHHK (puc. 220, a@): CHJBI TH-
KECTH mg, NPHUIOKEHHHE K KAXKIOH U3 TPEX CTOPOH KBafpa-
Ta, cuy Amnepa F, feficTBYIOULYI0 Ha TOPH3OHTAJILHYIO CTO-
POHY KBajipaTa, cuabl AMnepa F| u Fy, leHCTBYIOLIHe Ha NOA-
Beckd. [lns onpeneneHus HanpasaeHud cun F M Fy Mbl pas-
JIOXHJIH BEKTOP MarHUTHOM HHAYKUMHM B Ha cocraBastouye no
JIBYM Harnpas/eHHsIM: BIOJb [OABECOK H NEPNEHAUKYNAPHO HM.

ITpoBogHHMK HAXOOUTCS B PABHOBECHH, CJI€10BATENbHO, CYM-
Ma MOMEHTOB BCEX NPHJIOXKEHHBIX K HEMY CHJ OTHOCHTEJIbHO

Puc. 220
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ocu BpaweHuss DE paBHa Hy/o. [lockoabky cuanl Fj U Fy
napaJsnue/sHbl ock DE, oM He C037al0T BPallanlero MoMeH-
Ta OTHOCHTEJIbHO 3TOH ocH. OYeBHAHO, YTO MOMEHTH! CHJI pe-
aKMH apHHPOB (Ha pHCYHKe 3TH CHJIbI He 10Ka3aHbl) OTHOCH-
TesbHo ocd DE pasrbl Hymo. O6osnauum DA = AC = CE = [.
Torna DO = EOy = [/2, ¥ ypaBHeHHe MOMEHTOB OTHOCH-
TesibHo ock DE (puc. 220, 6) 6yneT uMeTb BHA

mglsino + ng%sin o—-Flcosa=0.

Moncrapus ciona 3auenus m = pS{ u F = {Bl, nony4nm noc-
Jie npeo6pas3oBaHUi

2pSgsina = [Beosa.

Otciona tgo = IB/(2pSg).

673. Pamka ¢ ToxkoM, U3oOpaxeHHast Ha pHc. 221, a, uMe-
eT pasmepbl [ = 4,0 cm, b = 5,0 cm. Muayxuma ogxopoaxoro
maruuTHoro nossi B = 0,20 Tn. Korna paMka noBepHyTa Tak,
YTO HOpMaJlb K Hell COCTaB/IseT C JIHHHAMH MaTHUTHOH MHIYK-
uuu yron o = 30°, Ha paMKy AeHCTByeT CO CTOPOHBI MarHHT-
HOro mosist MoMent cua M =2 - 1073 H - M. Onpegenuts cuy
TOKa B paMKe.

? 18 .7
3¢ i 7
- | .
Vi

b\

|

PP o
n

B N
T2 T "
P ?

I

Puc. 221

Peme Hue CornacHo 3akoHy AMrepa, Ha KaXKIYK M3
BePTHKaJbHbIX CTOPOH paMKH aeHcTByeT cusia F = B, na-
TpaBJleHHasl NepreHAHKYJIAPHO IIOCKOCTH, B KOTOPOH Jiexat
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3Ta CTOPOHA M BEKTOP MAarHHTHOH HMHAYKUHMH B. CyMMapHBIH
MOMEHT 3THX CHJ

M= Qngma = Fbsina,

NMOTOMY YTO Il/leHo KaXX[IOH H3 CHJI paBsHO gsina, roe o —

Yyros MeXny BeKTOpOM B M HOpMaJsbio 7 K IJIOCKOCTH BHTKA
(puc. 221, 6). loncrasus ciona sHayeHue F, noay4um

M = [Blbsina.

Takum o6pa3om,

- _M -
I= Bibsina’ [=10 A.

674. Jlpa oueHb IMHHHBIX TOHKHX Napa/e/bHbIX MPOBOIA
¢ ToKaMH cujoit /| = /5 = 5,0 A pacnosioxkeHbl B BaKyyMe Ha
pacctosaHuu r = 40 cm gpyr ot gpyra. OnpegenuTb cuay,
LeHCTBYIOLLYI0 Ha €JHHHLY HJHHbI KaXI0ro MpoBoia.

Pewenue Ilpemnonoxum, yro Toku cunoh /| u Iy
HAYT B OOHOM H TOM Xe HanpasjeHuH (puc. 222). Ilpumenus
npasH/0 6ypaB4yHKa, ornpese-
JIHM HarpaBs/eHHsi BEKTOPOB
HHOYKUHH By ¥ By Maruur-
HBIX TIOIER TOKOB CHJIOH /| H
I9 COOTBeTCTBEHHO Ha pac-
CTOAHHH r oT nposonos. [Ipo-
BOL € TOKOM CHJIOH /9 Haxo-
OUTCS B 1I0Jle, CO3/{aBaeMOM
TOKOM CHJIOH /}. Mopny.b Bek-
TOpa MarHMTHOH MHIYKLHSA
3TOr0 MnoJss Puc 222

/
By =upo 5.

CrepoBaTe/bHO, Ha J1060H OTPe30K MIHHOM [ MpoBoja ¢
TOKOM CHJIOH /9 Mo 3akoHy AMrepa meHcTByeT cuna Fj, Mo-
LyJ/lb KOTOpOH

L
R =0LBl= x2 g
1= 12618 = Wuo 5>
roe pg = 4n- 10~7 TH/M — MarHMTHast TOCTOSHHASL.
Jlerko nokasarb, 4YTO Ha OTPE30K MpPOBOAA ¢ TOKOM CHJIOH /|
TaKoMH Xe IJIMHbI JeficTBYeT cuaa ff, momyas kotopoit Fp = Fy,
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a HanpasJ/ieHHe NPOTHBOMONOMXHO HaNpapJjeHHI0 cHabl F. Ta-
KUM 06pasom,
F=F=F=uuo2; F=13-10° H.
2nr

675. B o6nacTH mpocTpaHCTBA OOHOBPEMEHHO CYILECTBY-
10T OZHOPOAHbIE K MOCTOSIHHBIE MArHKUTHOE T0JIe ¢ HHAYKUHeH
B = 0,2 Tn v nepneHAHKYAsipHOEe €My 3JEKTPHYecKoe noJe
HanpshxkerHocTbio E = 4 - 10° B/ M. [lepnenankyaspHo 060-
HM [OJITM JBHXKETCS, He OTKJIOHAAChH OT NPSAMOJHHERHOH Tpa-
eKTOpHH, 3/1eKTpoH. KakoBa ero ckopocTb?

PeweHue HasnekrpoH, IBHXYyIMIACA OGHOBPeMeHHO
B MarHHTHOM H 3/IEKTPHUYECKOM TMOJIfX, JEHCTBYIOT fBE CHJIbI:

F = eE co CTOPOHHI 3J1eKTpHYe-

ckoro mosis ¥ cuna Jlopenua Fj

/ F €O CTOPOHBI MArHHTHOrO MOJIS

. 7 (puc. 223). D1 cuub HMetOT NIpo-
V - THBOIOJIOXKHBIE HalpaBJ/eHHs.
7 DNeKTPOH He GyleT OTKJIOHSATLCS

} 1 OT MPSAMOJIMHEHHOH TPaeKTOPHH,

€CIM MOLY/MH 3THX CHJ PaBHBI,

Puc 223 1. e. F = Fwm eE = evB. Or-

corav=E/B=2-10%m/c.

676. DnexkTpoH BleTaeT B OQHOPOJHOE MAarHWTHOe MoJe B
BaKyyMe CO CKOpOCTbio ¥ = | - 107 m/ ¢, HarnpasJ/JeHHOH Iep-
NEeHAHKYNSPHO JMHHAM MarHHTHOH MHAYKUuMH. OnpepesnTb
TPaeKTOPHIO ABHXKEHHS 3JeKTPOHA B MarHUTHOM [0Je, eC/H
MOZY/b BEKTOpa MArHUTHOM MHAYKUMK B = 5 - 1073 Tu.

Pemenwue HasnexTpoH, ZBHXKYIWMACS B MATHUTHOM
noJsie, fefcrTeyeT cusa JlopeHua, 3aBHCALIAs OT CKOPOCTH 3JI€K-
TpPOHA M HHAYKLUHH MarHuTHoro noas. Cuna JlopeHua nepnes-
IOHMKYJsipHa CKOPOCTH 3JIeKTPOHA, MI03TOMY OHa He COoBepluaeT
padoty. 3HaYHUT, KHHeTHYeCKass SHeprHs 3MeKTPOHa He H3Me-
HseTcsA. ClenoBaTeslbHO, He U3MEHSIeTCS H MOZLYJb €ro CKOpo-
CTH, a NIOCKOJIbKY M MHIAYKLHS MarHHTHOTO MoJsl IOCTOsIHHA, TO
monyJb cuabl JlopeHua noctosiHeH. [lox neHcTBHEM 3TOH CHJIbL
3JIeKTPOH NpHOOpeTaeT NOCTOSIHHOE LEHTPOCTPEMHTENbHOE YC-
KOpeHHe, a 3TO 03Ha4aeT, YTO 3/IEKTPOH B MarHHTHOM MoJle ABH-
)KeTCst PaBHOMePHO 1o oKpy»XHocTH. Hafiznem ee pannyc R.

Tlo BTopomy 3axony Heiotona Fy = mea, rae a = v2/R ~
LUEHTPOCTPEMHTENbHOE YCKOpeHHe. YunThiBas, uto Fj = evB,
fyneM HMeTb
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evB = mw? /R,

rae e = 1,6 - 10719 Kin — 3apsin snexrpona; m, = 9,1 - 10734 kr -
ero macca. Orcoga
R =

mevu

_o.10-2
eB’R_210 M.

677. Yactuua maccoit m, obsianawiias 3apsiaoMm ¢, BieTa-
eT CQ CKOPOCTBIO U B OJIHOPOJHOE MATHHTHOE 1oJe C HHAYKLH-
efi B noA yryiom & K JHHHSIM MariMUTHOH HHAYKuuu. Onpene-
JIHTb TPAEKTOPHIO ABHXKEHHsI YaCTHLbL.

Pew e H e Pa3noxum BeKTOp CKOPOCTH U YACTHLLI Ha
IBe cocTasasomue (puc. 224): U, HanpaBJ/IeHHYIO BIOJb JTHHHH
MarHUTHOM HHIYKLMH, H Uy, TIEDPNEHAHKYJISAPHYIO ITHM JHHHSAM.
Monynu 3THX COCTaBJAIOIKX — COOTBETCTBEHHO U] = UCOS (L H
vy =vsina.

v V4
— T~

¢

VRN
Puc 224

Ha uactuuy peiictByet cuaa JlopeHua, o6yc/oBieHHas Co-
cTasasiiowed vy. Benenctare atoro (eM. peinene 3anaun 676)
YacTHLA ABHXETCS 10 OKPYXHOCTH CO CKOPOCTbIO Uy B MJIOC-
KOCTH, TEpNeHAUKYASPHOH MarHUTHOMY noJwo. Paauyc 3To#
OKPYXHOCTH OTNpefle/IMM, COCTABHB yPaBHEHHe Ha OCHOBAHHH
BTOpOro 3akoHa HbioToHa:

2 mol

Ua 2
=m—= H UB=——.
F 2 W qUy 2

Orciona
R = mvsina/(¢B). (1)
OpnHOBpEMEHHO YacTHUA OyaeT ABHraThCsl U BAOJb TOJIS.
DTo paBHOMEpPHOE ABH)KEHHE CO CKOPOCTLIO Uj, TAK KaK COCTaB-
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NAKIAA J; He BbI3biBaeT MosBjeHHs cHibl JlopeHua. B pe-
3yJbTaTe OJHOBPEMEHHOrO IBHMXKEHHS 110 OKDYXXHOCTH H 10
NpAMO¥N YacTHUA OyaeT OBHraTbCsl MO BHHTOBOH JIMHHH, «Ha-
BHBasiCb» HA JIMHHH MarHHTHOH HHAYKLHH.

[lar BUHTOBOK JHHHH

h=uv,T, (2)
roe 7 — nepuox o6palleHHst YaCTHLBI 110 OKPYXKHOCTH:
T =2nR/vy. (3)

YyurniBas cootHowenus (1) u (3), nonysaem no popmy-

ne (2)
h =2nmucosa/(gB).

678. 'opu3oHTa/bHBIE peslbChl HAXOOATCS B BEPTHKANbHOM
OHOPOAHOM MAarHHTHOM TmoJie Ha pacctosinuu [ = 0,3 M apyr
ot Apyra. Ha penbcax JieXHT cTepxKeHb, NeprneHIHKY/IAPHbIH
uM. Kako# fomxHa 6biThb HHOYKUHMS MarHHUTHOrO MOJSA, OJS
TOro 4TOOM CTepXeHb Hayal PaBHOMEPHO ABHIaThbCA BAOJb
PeJibCOB, €CJH MO HeMY Mpomyckatb TOK cuiaoit [ = 50 A?

KoappuuueHT TpeHHA CTepXKHA

xI_ X x X o penschl B = 0,2, Macca cTepx-
Ha m = 0,5 kr.

X % X X Pewenue. Ilpu nponyc-

- Il KaHHH TOKa 10 CTEPXKHIO HA Hero

']

OeAcTByeT cHsa AMIepa, MOLyJIb
% X x x  kotopoH F = [Bl, u cuna tpe-
j A Fp, xoTopasi B JaHHOM cn{-

yae pasna WUmg (puc.225).

X X X X CrepxeHb 6yneT OIBHraThCsl paB-
HOMEDHO, €CJIH MOLYJIH 3THX CHJI

X=X X X  paBHu: umg = [Bl. O1ciona
Puc. 225 B=umg /(ll),B=7"10"2Tx.

679. [IpoBosoyHoe Kousblo pagHyca R = 5 ¢M pacnosioXeHo
B OHODOJHOM MarHHTHOM nosie ¢ HHAyKuMel B = 1 Ta tak, 4yro
BEKTOP MarHUTHOM MHAYKIMH NepneHaKYspeH MIOCKOCTH KOJb-
ua. Onpenennts cpeptiolo DJC MHOYKUMH, BO3HHKAWILYIO B
KOJIblle, eC/IH ero NoBepHyTb Ha yroa 90° 3a BpeMa A7 = 1071 ¢.

Pewe nmue Korgakoablo pacnosoxeHo Tak, 4To
BEKTOp B neprneHAHKY/sipeH NMJIOCKOCTH KOJbUa, MarHHTHBIH
MOTOK Yepe3 MOBEPXHOCTb, OTPAHHYEHHYIO KOJIBLOM,
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@, = BS = BrR?,

rae S — nJjouanb Konblia.
Ecan nosepHyTb kosbuo Ha 90°, TO MarHHTHBIE MNOTOK
@9 = 0. MameneHHe MarHUTHOTrO NOTOKA

AD = @y — & = -BrR?.
Cpe}_lHﬂﬂ CKOpPOCTb H3MEHEHHA MArHHTHOIO NNOTOKa

A® _ _ BrR®
At At

CornacHo 3aKOHY 3JIeKTPOMarHHTHOH HHAYKLHMH, B KOJbLe
BO3HHKaeT cpenHss JAC nupykuuu

<gi> = —AA(-IE =§%f—2—, <8i>= 8'10~2 B

680. CamoneT JIeTHT FOPH3OHTANbHO CO CKOPOCTbIO U =
= 1200 xm/u. HaliTH pa3aHocTb NOTEHLHANOB, BO3HHKAIOLLYIO
MeX1y KOHLIAMH KPhI/IbeB, €CJIH BepTHKaJIbHAs COCTABAAIOLIAN
MHIYKLHH MarHuTHoro nosst 3emau B, = 5,0 - 1070 Ta. Pas-
Max KpblibeB | = 40 M. UeMy paBHa MaKCHMaJlbHasi PasHOCTb
[OTEHLHANOB, KOTOPAsi MOXET BO3HHKHYTb MPH MoJeTe CaMo-
neta? [opu3oHTaNnbHasi COCTABASAOMAA HHAYKLHH MarHHTHO-
ro nons 3emnun B, = 2, - 1075 Ta.

P e w e Hue. PasHocTb noTeHIMaANOB, BOSHHKAIOLAs MEXIY
KOHLAMH KphlIbeB camosieta, paBHa DJC uuaykumu: U = §&;.
[Ipu ropH3oHTaNbLHOM MOJIeTe CKOPOCTb CaMoJieTa HalpasJe-
Ha NepreHAHKYNSPHO BEPTHKAJNbHOHR COCTABJAIOIEN HHIYKLHH
MAaTHHTHOTO NoJsi 3eMJH, NI03TOMY Pa3HOCTb MOTEHIHAJIOB

U = B,lv, U = 0,67 B. 3

MakcuManbHast pa3HocTb noreHuyanos U,
OpH AaHHHX CKOPOCTH M pa3Maxe KpbllbeB
MOXET BO3HHKHYTb TOr[a, KOrga CKOPOCTb
caMoJieta GyfieT HanpasJieHa NepreHauKyIsap- =
HO BeKTOpy B HHAYKUHMH MarHHTHOro noJs By
3eman (puc. 226). Cornacxo teopeme Inga-
ropa, Moaysb BekTopa B

B=+BZ+B2, ,

nosToMy [/, = lv‘/BFQ + Bz, U, =072 B. Puc 226
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681. [Tpososounas pamka miowansio S = 400 cm? paBHo-
MepHO BpaLlaercs B ONHOPOJHOM MArHHTHOM M0/Ie C WHAYK-
udeit B = 2,0 - 1072 Ty Bokpyr ocH, MepneHIuKyJ/IspHO Ha-
npasneHuto noas. [lepuon spauwenus pamxku T = 0,05 c. Pam-
ka coctout u3 N = 300 sutkos. OnpenenuTb MakCcHMalbHOe
3HadeHHe JJIC, Bo3HHKalOlIEH B paMKe.

Pewewnue PaccMmorpuM oguH BuTOK pamku. Ilpu
PaBHOMEpPHOM BpallleHHH ero Bokpyr ocu OO’ JDHC. 227) ¢
YIJ10BOH CKOPOCTbI0O (® MAarHHTHbIH MOTOK, NPOHH3LIBAOLIHE
NJIOMIaAb, OTPaHHYEHHYK 3THM BHTKOM, GydeT HenpephiBHO
U3MEHATbCA C TeUeHHEM BPEMeHH MO 3aKOHY

® = BScosa,

rae S — nuolllafib paMKH; O — YroJ MexJQy HOPMaJblo K NJoc-
KOCTH U BeKTOpOM B.

Bpewmst 6yneM oTcuuThBaTh ¢ MOMeHTa, Korna & = Q. To-
TIa B MOMEHT BpeMeHH [ O = Of, Clef0BaTeNbHoO,

®; = BS coswt,

a B MOMEHT BpeMeHH { + Al
@, = BScos ot + At).

3a npoMexXyToK BpeMeHH Af MAarHHTHbII NOTOK H3MEHHT-
cfl Ha
AD = Py — P = BS(coso(t + At) — coswt) =
= BS(cos ot cos WAf — sin f sin @At — cosot).
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Ecan At oyeHb Masno, MOXHO CYMTATb COSWA? =] H
sin WAt = wAt, No3TOMYy

AP = —BSwAt sin wt.

3JIC UHAYKUMH B OQHOM BHUTKE
8 =—%’=BSmsinmt. (1)

B N Burkax 3AC uunyxuuu 6yner 8 N pas Gosblue, T. e.
& = NBSwsinot, unu & = &, sin ot,

rae &, — MakcHManbHoe (amnuutynHoe) sHadenne DJIC nn-
RYKLHH:
&n = NBSo. (2)

Takum o6pasoM, npH paBHOMEPHOM BpalIEHHH TPOBO/S-
uleil paMKH{ B OHODOJHOM MAarHHTHOM MoJie B Hel BO3HHKaeT
nepeMeHHast cHHycouaanbHas IJC UHOYKLHH.

[Monctasus B blpaxkeHue (2) 3HaueHHe YII0BOK CKOPOCTH
o =2r/T, rae T — nepHon BpalleHHs] PAMKH, HAHAEM:

& =@, ¢, =30 B.

3ameTHM, 410 dopmyay (1) MOXHO MOTYdHTH NpPOLLE, BOC-
10/1b30BABLIKCh MOHSATHEM NpoH3BoaHoil. Ecau () — pyHk-
LUMst BpeMeHH, TO, KaK U3BECTHO, NPOMU3BOLHAN 3TOH QYHKLUHH
eCTb CKOPOCTb U3MeHeHHs ee B MOMeHT BpeMeHH ¢. CorsacHo
3aKOHY 3/MeKTPOMarHUTHOH HHAYKUHKH, DJC HHAYKUHH B 3aMK-
HYTOM KOHTYype paBHa CKOPOCTH M3MEHEeHHst MOTOKA MarHMT-
HOH MHAYKUHH Yepe3 NOBEPXHOCTb, OTPAHHYEHHYI0 KOHTYDOM.
[Toatomy ¢ yuetom sHaka DJIC uHayKUMH & = —D’, rne ¢’ —
npou3soaHas ¢pyHKUKK O(¢), Bripaxalolieil 3aBUCHMOCTD Mar-
HHTHOTO MOTOKa OT BpeMeHH. Tak kak ®(t) = BScoswt, To,
B3sIB MPOM3BOAHYI0 QyHKUMH ®(f) Mo BpeMeHH, NOJy4HM

& = BSwsinwt.

682. OnpenenHTh CKOPOCTh H3MEHEHHsI CHJIBL TOKA B Ka-
Tyluike HHAYKTHBHOCTbI0 L = 100 MI'H, ecanu B Hell BO3HHMKIA

3JC camonnpykuuu &, = 80,0 B.

Pemenue Haxomnm g ]|= L‘ﬁ_ﬂ, rae |2—§| ~ CKOPOCTb
M3MeHeHHs cunbl Toka. OTciona
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_lsloja

683. Ha ropusoHTanbHbBIX NMPOBOASIMX CTEPXKHAX JEXHUT
MeTannyecKas nepeMbiyka maccoit m = 50 r (puc. 228). Kosg-
(HUHEHT TPEHHs MeXIy CTePXHAMH U nepemblykodt i = 0,15.
Crep)KHH 3aMKHYTHl Ha Pe3HCTOp conpoTHsieHHeM R = 5 Om.
CHcTeMa HaxOAHTCs B MarHHTHOM MoJie, MarHHTHasi HHIYK-
LHsi KOTODOTO HanpasJieHa BePTHKajlbHO BBEpPX, a ee MOLYJ/b
M3MEHseTCA cO BpeMeHeM Mo 3akoHy B = At, rne A =5 Ta/c.
OnpenenuTb MOMEHT BpeMeHH, B KOTOPLIH NepeMblyKa HauHeT
HOBHUraTbCs MO CTepkHI. 'eoMeTpHueckue pasmepsl: [ = 1 M,
h =0,3 M. ConpoTHBJ/IEHHEM NEPEMBIYKH H NIPOBOASIIHX CTEPXK-
Hel npeHe6peub.

A4
/f/u‘x

el

"y
o

Lo

. L
L

Puc. 228 -

P e w e Hue [lpoBogsiiue cTepXHH C PE3HCTOPOM H
nepeMblyka o6pa3yoT KOHTYp. DTOT KOHTYP HaxOAHTCH B Me-
pPEMEHHOM MAarHUTHOM MoJie, MO3TOMY B HEM BO3HHKaeT MH-
AYKUHOHHBIA TOK. Crenopare/bHO, Ha NepeMbiyKy 6yneT neH-
CTBOBaTb CHJa AMnepa, MOLy/lb KOTOPOH B MOMEHT BpeMeHH {

F = IBl = IAtl,
roe [ — cunia Toxa.
_ Kpome Toro, Ha nepeMbldKy NeHCTBYIOT AB€ CHJIbl TPeHHS
Fi,, mMonynb kaxnoit u3 xotopeix Frp = UN, rae N — cuna
HOpManbHOH peaKLUHH CTepXKHS.
[TepeMblyka Ha4yHeT ABHraTbCS NIPH YCIOBHH, YTO CyMMa Mpo-
eKLMH BCeX CUal Ha ocb OX paBra Hymo, T. €. 2F, — F =0, uan
2uN - IAt = 0. (1)
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Urobbl HaliTh N, cipoeKTHpyeM cuJbl Ha ocb OY u cocTa-
BUM ypaBHeHHe 2N — mg = (. Orclona

N=mg/2. (2)

CornacHo 3akony Oma, cusa Toka | = g[/R, roe & — 31C
HHAYKUEH. [Jo 3aKOHY 3/1eKTPOMarHUTHOM HHAYKUHH

ol-le

roe AQ — H3MeHeHHe MAarHHTHOTO MOTOKa 3a Bpems Af.
Iycts t; = 0, torpa At = ¢, & =0, &y = BS = AtS,

AD = Dy — D = ALS, %’il = AS = Alh, rne S = [h — nnowane,

orpaHHueHHasi KOHTypoM. CiieoBaTeNbHO, CHJIAa TOKA

1= Alh/R. (3
Moncraeus sHauenus (2) u (3) B ypasnenue (1), nonyunm

242
umg ~ ALk = o,
O1ciona

t=HrER 50072 o
Acl*h

684. Top130HTaNbHO PaCNOJOXKEHHbIH MPOBOASKILIHE CTep-
XKeHb, COMPOTHBJEHHE KOTOPOro R H Macca m, MOXeT CKOJib-
3uTh 6€3 HapylleHHs 3JeKTPHUECKOr0 KOHTAKTA MO ABYM Bep-
TUKaJbHBIM MeHbIM WHHaM. PaccTosiHHe MeXay WHHAMH paB-
Ho [. CHM3y HX KOHLBI CO-
efHHeHbl C HCTOYHHKOM

X X X X X
Toka, JIC koToporo pas-
Ha & (puc. 229). [lepnen- x %/ £ x/ X
AHKYJASPHO MJIOCKOCTH, B ¥t // / A(
PR

- X
8

KOTOPOH HAXOAATCSH UIMHBI,

[IPHAOKEHO ONHOPOAHOE % m %
MarHUTHOE ToJe C HHOYK-

uvet B. Haltu mocrosH- X X p X x
HYIO CKOPOCTb, C KOTOPOH 4

6yneT MOQHMMATbCS CTEp-
xeHb. ConpoTHBIEHHEM

IIHH H HCTOYHHKA TOKa, a ]l.L‘f‘
TakK)Xe TpeHHeM mnpeHeb- X X X X X X
pedb. Py c. 229
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PeweH ue Hacrepxenp 1eHCTBYIOT OBe CHJBL CHIA
TSIXKECTH mg U HanpasJieHHast BBepX cHaa Amnepa F, Moaysb

KOTOpPOH
F = 1B, (1)

rae I — cuja ToKa B LeNH.
Tak kak crep)XeHb IBHXKETCS C TOCTOSIHHOH CKOPOCTBIO, TO
BLITIOJHAETCS yCJ0BHE PaBHOBECHS

F-mg=0. (2)
Kpome DJIC ucrouynuka &, B uenu geiicreyer IJC HHAYK-
uuu &;. Ilo 3akony OMa n/1s1 3aMKHYTOH LlenH CHJIa TOKa

&+ 8i
I=— (3)
CornacHo 3aKOHY 3JIeKTPOMarHMTHOH HHAYKLMH,
& = —AD/At, (4)

rae AD — H3MeHeHHe MarHUTHOrO NOTOKA 32 BpeMst Af. Mar-
HHMTHast HHAYKLHA B JaHHOM CJy4ae NMOCTOSIHHA, Cel0BATeNb
HO, AD = BAS, rae AS = Sy — §; — U3MeHeHHe TJIOLAAH, Or-
paHH4eHHOH KOHTYpOM, 32 BpeMsi Af. Kak BHaHO H3 pHc. 229,
AS = lvAt. Cnepoparensio, AP = BluAt, u Ha OCHOBaHHH
¢opmyan (4) & = —Blv. Toacrasus 510 3Hauenue DJIC un-
nykuuH B popmyay (3), nonydum

& - Blv

I = . (5)

Ha ocrosanun Brpaxenuit (1), (2) u (5) noayunm

¢ _ Bl
BIE=5% g =0,
OTKyAa
o= _ Rmg
~ Bl B

HerpynHo y6ennThcsi, 4To NPH PaBHOMEPHOM [BHXKEHHH
CTepPXHR BHU3 CO CKOPOCTbIO ¥ BO3HHKana 6bl DJC MHAyK-
uMH &; = Bly|, TaK KaK B 3TOM CJ1y4ae IJI0LHaAb KOHTYPa YMeHb-
waeTcs H no3troMy AS = [y At. Ilpepnaraem uuratenio ca-
MOCTOSITE/IbHO HAaNTH 3Ha4YeHHe V).

685. OnHo3apsiiHble MOHBI, MaCCOBble YHCJIA KOTOPHIX
A =20 u Ay = 22, pa3roHsilOTCS B 3J€KTPHYECKOM NOJ1e TIPH
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pa3HoCTH notexnuuanos U/ = 4,0 - 103 B, 3areM BseTaoT B
OfHOPOJHOE MarHuTHoe noJie ¢ uHaykuved B = 0,25 Tu nep-
MeHAMKYJSIPHO CH/IOBBIM JIMHHUSIM H, OMHCAB MOJMYOKPY>XKHOCTb,
BBIJIETAIOT ABYMS y4KaMy. OnpenesuTh pacCTosiHHE MEXIY ITH-
MM MyuKaMH. 3apsii ofHOBa/leHTHOro MoHa e = 1,6 - 10719 Kn,
aTOMHasi elMHMLa Maccel mg = 1,66 - 10727 kr.

Pewenne Halgem ckopocTd v M vy HOHOB, KOTOPbIE
OHH HMeJIH NIPH BblJIeTe H3 3/eKTpHuecKoro noss. Pabora cua
3JIeKTPHYECKOTO MOJISt PaBHA H3MEHEHHIO KHHEeTHYeCKOH 3Hep-
THH KaXX[0T0 HOHa:

el = mlvlz/Q, el = mgvg/Q.

(4] =,/2eU/m1, Uo =\/2€U/m2, (l)

rae my, mo = Macchl HOHOB:

Otciona

m = Almo, mo = Agmo. (2)

B MarHHTHOM noJe Ha HOHbl ReHCTBYIOT CHJbl JlopeHua
F.m H Fm (puc. 230), Mony/TH KOTOPBIX — COOTBETCTBEHHO

FJII =ele, an =evgB.

STH CHJBI COOOLIAIOT HOHAM LIEHTPOCTPEMHTENbHOE yCKOpe-
HHe, BCJEACTBHE UEro HOHH ABHXKYTCS MO OKPYXHOCTSM Ta-
KHX pagHycoB R| H Ry, uTO, COracHO BTOpPOMy 3aKOHY Helo-
TOHa,

eu B = mu? /Ry, evyB = mguvZ /Ry.
Orcrona

X X
x X
X X
X X
X X

Puc. 230
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[MonctaBuB B BhipaxenHs (3) anauenust (1) u (2), noay-

- YUM:
_ ,/2eUA1m0 R _ "28UA2!710 (4)
R = eB e eB ’

Tak xak Ay > A}, u3 dopmya (4) caenyer, uro Ry > Ry.
1o u nokasaHo Ha puc. 230. M3 Hero BHAHO, YTO HOHBI Bblie-
TaIOT H3 MarHHUTHOTO NOJS IBYMsl Iy4KaMH, PacCTOSIHHE MeXAy
KOTOPHIMH PaBHO Pa3HOCTH AHaMeTPOB NOJYOKDYXKHOCTeH, T. e.

r= 2R2 - 2R1 = 2(R2 hnd Rl)-

[ToncTaBHB B 3TO BHpaXeHHe 3HaueHHsi R) U Ry H3 popmya
(4), Haiizem:

r=z—‘1§—§ T':;E(JA_—\/E), r=16-10"2 u.

686. a-Yacriua BreTaeT no HopMaaH B 06/1aCThb NONepeyHo-
ro OJHOPOHHOrO MAarHMTHOro mosst ¢ MHaykumed B = 0,1 Ta
(puc. 231). Pasmep o6aactu h = 0,2 M. Haiitn ckopocts yactu-
Lbl, €CJIH T0C/1€ TIPOXOXKAEHHSI MarHUTHOrO M0/l OHa OTKJIOHH-
Jach Ha yroa @ = 30° oT nepBoHaya/IbHOro HanpasfeHus. OTHo-
lIeHHe 3apsina OL-yacTHUH K ee Macce ¢/m = 0,5 - 108 Kn /xr.

PeweHHe BMarHHTHOM Noje Ha Q-4acTHLYY AeHCTBYeT
cuaa Jlopenua Fy, Monysb KoTopo#t Fyj = quB. Jta cuna coob-
1aeT YACTHIIE [IEHTPOCTPEMHTeIbHOe YCKopeHHe a = v?/ R, rae
R — pagHyc OKpY»XHOCTH, 110 fiyre KOTOPOI ABHXXETCsl YacTH-
11a B MarHHTHOM TI0Je.

[To BTOpomy 3axoxy Hbloro-
X X Ha ypaBHeHHe [BH)XeHHs HMe-
eT BH[,

quB = mv?/R,

rAe M — Macca YyaCTHLH; U — ee
ckopocTh. OTclona

04

=1pB
4 m-
+ Kaxk BugHo u3 puc. 231, R =
m _ .
X, X = h/sing. CaenoBaTenbHO,
v=2tB  4=2.105 mM/c.
Puec. 231 m sin @
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687. M3 snekTpoHHOH NYIIKH, yCKOpS!Oillee HANPSXKeHUe
B kKotopoit U = 600 B, BbsneTaeT a/MeKTPoOH M MNonagaer B
OIHOPOLHOE MarHuTHoe noJje ¢ uuaykuueirt B = 1,2 Ta. Ha-
NpaB/ieHHe CKOPOCTH COCTaBJIsieT ¢ HAllpaB/JeHUeM JIHHHH Mar-
HUTHOH HHAYKUMH yroa o = 30°. HafiTi yckopeHHe 3JeKTpo-
Ha B MarHUTHOM rnoJje. OTHOlIleHHe 3apsiia 3JeKTPoHA K ero
macce e/ m, = 1,76 - 101! Kn/xr. ~

Pewenue Cuna Jlopehua Fj, neHcTBypowas Ha
ABMXKYUIMHCS B MarHHTHOM T0Je 3JEKTPOH, coofllaeT eMmy
YCKOpeHHe @, COHampaB/ieHHoe C 3To# cusioil. Ilo BTopomy
3aKOHy Hbl0TOHA MMeeM ypaBHEHHe ABHXKeHUs Fj = m.a, UM
B MPOEKLHUAX HA HanpasjieHue cuabi JlopeHua Fj = mqa, oT-
Kyna

a= F.Tl /me . (1)
Monyab cuanl Jloperua
Fj = evBsina, (2)

rfie U — CKOPOCTb 3JEKTPOHA, C KOTOPOH OH BhleTes H3 3JeKT-
POHHOI MYLIKH.

HaMeHnenHe KHHETHUECKOH 3HEPTHH 3/IEKTPOHA B 3/1eKTPOHHON
My1IKe PaBHO paboTe 31E€KTPOCTATHYECKOIO NOJS: mev2 /2=el.

Ot1ciona
v= V<. 3)
me

[Toncrasus 3nauenus (2) u (3) B popmyay (1), nonyuum

a=-2B[2U <4 sina, a=15-10!8 m/c.
m, m

e e

688. 13 1Byx o1MHaKOBHIX IPOBOJHHKOB U3roTOBJEHHl Ba
KOHTYPa — KBafipaTHbIH 1 KpyroBor. O6a KOHTypa NnoMelleHbl
B OfIHOH TJJOCKOCTH B M3MeHSIIOILIEMCS] BO BPeMEHH OJHODOJ-
HOM MarHHTHOM mnoJe. B KpyroBoM KOHType MHAyLMpYeTCs
noctosinHbli ToK cuIol /| = 0,41 A. Hafitu cuay Toka B kBag-
PaTHOM KOHTYype.

PeweHue Ilo3akony OmMa cHia TOKa B KPYroBoM
KOHType

[1 = gl/Rl, (1)
B KBajpaTHOM

Iy = €9/Ry, (2)
3158



rae &, & — DJIC MHAYKUMH B 3THX KOHTypax; K|, Ry —
COTIPOTHBJIEHHS KOHTYPOB. TaK KaK MPOBOJHUKH OLUHAKOBbIE,
TO Rl = RQ.

Pasnenus nousnenno pasenctso (1) Ha (2), noayuum
1,/1s = € /&, OTKya cHna TOKA B KBaAPaTHOM KOHType

Iy =1 —~. (3)

[lo 3aKOHY 3JeKTPOMAarHUTHOM HHAYKUMH Haxogum I[1C
UHAYKIUM B KOHTYpax:

_Ad, SAB . ADy __SoAB

287 e, =272
Al AL 2 At AL’ (4)

rae AB/At — CKOPOCTb U3MeHeHHs MAaTHHTHOM HHAYKLHH, O11-
HakoBasi 751 060MX KOHTYPOB H NOCTOSIHHAsl BO BpeMeHH, TaK
KaK UHAYKUHOHHbLIE TOKHM MOCTOsIHHLL; S, S — mJomany, or-
paHUYeHHBlE COOTBETCTBEHHO KPYToOBbHIM M KBaIPAaTHbIM KOH-
TYpOM.

s popmyn (4) cnenyer

82/81=SQ/31. (5)

[Iycts | — pauna mpoBogHHKa. Torma cTOpOHA KBajgpara
pasHa I/ 4, a panuyc xpyroBoro koutypa R = 1/(2r). Caeno-
BaTeJsbHO,

2 g -

a Sy = L (6)
[TosToMy, yuuThiBasi BuipaxeHus (5) u (6), 6ynem HMeTb
&,/ = n/4. Tloactasus 310 3Havenue B popMysy (3), Hainem:

Iy=%I, I =3,2-1071 A

S} =1tR2 =

689. Meranaauueckoe KoJbllo, 1HaMeTp KoToporo d H co-
NpoTHBJAEHHe R, paCnoJioXKeHO B OZHOPOLHOM MAarHHTHOM IoJie
TaK, YTO TJIOCKOCTb KOJIblLla TNepreHAHKY/sIPHA BEKTOPY Mar-
HHTHOM MHAYKUHH B. Koabllo BLITATHBAIOT B CJ0XKEHHBIH BIBOE
OTPEe30K MNpPSMOH; NPH 3TOM IUIOLIaAb, OTPAHHYEHHAsi KOHTY-
pPOM TNPOBOAHHKA, yMeHbllUaeTcsi paBHOMepHo. OmnpenenuTdb
3apsi ¢, KOTOPbI NPOHAET MO NPOBOAHHKY.

PeweHue Ilpu rebopMauuu KoJbla H3MeHseTCS
NJIOLHab, OrpaHHYeHHasl KOHTypoM. CJie0BaTesIbHO, H3MeHs-
eTCsl MATHUTHbBIY MOTOK, YTO MPUBOAMT K BO3HHKHOBeHH0 DJIC
MHAYKUHH. 32 BpeMsi Af N0 NPOBOAHHMKY NPOHAeT 3apsn
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= JAt, (1)
rae | — cuiaa UHAYKLIHMOHHOr0 TOKa; N0 3akony Oma

I =8/R; (2)

&; — 2]C unaykuud. COraacHo 3aKOHY 3JeKTPOMAarHUTHOH
HHAYKUHH,

8 = —AD/At, (3)

rie A® = ®9 — P — H3MeHeHHe MarHUTHOro NoToKa. Hauanp-
HbIH MarHUTHBHIH NOTOK @) = BSI, rge S; — miowans, orpaki-
yeHHasi KoJbLOM. Tak kak S; = td“ /4, 10 ®; = Brd? /4.

Korza Ko/1bl10 BEITSIHYJ/IH B C/I0XEHHBIH BABOE OTPE30K Npsi-
MOH, monyuuan Sg = 0, nostromy @, = BSy; = 0. Crnenosa-
TeJbHO,

AD = —Bnd? /4. 4

Ha ocnosannu dopmya (1)-(4) noayuum g = Brd? /(4R).

690. [IpoBoasIHE KOHTYP € HCTOUHHKOM TOKa, HMEIOLHM
BHyTpeHHee conpoTusiende r = (0,2 OM, HaxoguTCst B ORHO-
POAHOM MarsHTHOM moJje ¢ uHAyKuue# B = 0,1 Ta. Bektop B
TIepIIeHAHKY/IPeH MJIOCKOCTH KOHTYPa M HanpaBJeH Tak, Kak
noxasano Ha puc. 232. [IpoBoguuk AC MOXET CKOJB3HTb 1O
HanpasJ/sOIMM pesibcaM, He Tepsisi 3JeKTPHYECKOro KOHTaK-
ta. HaliTu cu/ly TOKa B LenH npH ABHXeHHH npoBoauuka AC
co ckopocTbio v = 10 M /¢ BnpaBo, eC/IH NpH ABHXEHHH €ro
B TOM )Ke HalpaBJeHHH CO CKOPOCTbiO vg = 40 M/ ¢ TOK OT-
cyrctByeT. Conporuaenne nposogiHka AC R = 0,1 Om, ero
anrHa [ = 10 eM. ConpoTHB/IeHHEM HANpaBJSIOLIHX pPeabCcoB
U CHJIaMH TpeHHs NpeHebpeub.

X X X X X X

X X X

Punc 232
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Pemwenue Ilpu gBuxenud nposonHuka AC BnpaBo
Mniolafib KOHTYpPa yBeJHUMBAETCS, U TI03TOMY B HeM, KaK 3TO
10Ka3aHo B pelleHHH 3afaud 684, Bozuukaer I JC MHAYKLHH

8l‘ = ——Blv,

rae B — mMomysnb BeKTOpa MarHMTHOM HMHAYKUMH; [ — ANHMHA
NPOBOAHMKA; U — €ro CKOPOCTh.
ITo 3akony OMa cH.Ta TOKAa B KOHType
I=8+8i — 86— Blv
R+r R+r’

rie & — 2JIC HcTOYHHKA TOKa.
Ipu cxopoCcTH v; CHIa TOKa

_ &- Bly
h=Z%r ()
TIPH CKOPOCTH Uy
_ & - BIUQ
I = R+r 2

M3 ¢opmyant (2), yuutsiBasi, uro /o = 0, naxomum AC
HCTOYHHKA TOKa: & = Bluy. IloncraBup 310 3nauenue JJIC B
Boipaxkerue (1), nosyuum:

__ Bl(vy - y) _

691. [TpoBoasiuas pamka, uMeiotias N = 500 BHTKOB nji0-
manbio S = 12 cM? Kaxuit, 3aMKHYTA Ha raJbBaHOMETP, CO-
npoTHBAeHHe KoToporo R = 5 kOM. PaMka HaxonHTCs B 0fiHO-
POZIHOM MATHHTHOM noJe ¢ uuaykiuueit B = 2 - 1072 Ta, npu-
yeM CHJIOBbIe JHHHH M0 NepHeHAHKYIsPHbI JOCKOCTH PaM-
kH. Kako# 3apsig npofizer no Lend raibBaHOMeTpPa, eC/H paM-
Ky noBepHyTb Ha 180°?

Pewenue. IlpunoBopoTe paMku B Heil HHAYyUHPYeTCS
2/C, cpenHee 3HaueHHe KOTOPOH

€ = -AD/ AL, (1)

rie AP — u3MeHeHMe MarHMTHOTO MOTOKAa; Af — BpeMms, B
TeyeHHe KOTOPOro NMpOHUCXOAHA MOBOPOT.

Cuna toka B pamke [ =¢&;/R. Tlpowenwuit no uenu 3a
BpeMsi Af 3apsf

&
q=1at= AL (2)
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HsMeHeHHe MarHuTHOIrO 1OTOKA
AD = Py - D). (3)

HavanbHblit MarHHTHBIF OTOK Yepe3 MOBEPXHOCTb, OTPaHH-
ueHHYI0 paMkoit (puc. 233, a), ®; = NBS, Tak Kak yroa o,

a J

/7

oy

N

& Tl

34

£

r

PN

Py c. 233

MeXXIy BeKTopaMH B H 7 (HOPMaJH K [I0BePXHOCTH) paBeH HYJIIO
H cosa; = 1. TTocse noBopoTa Ha 180° BekTopsl B K 1 Hampap-
JeHbl TpoTHBononoxXHo (puc. 233, 6), ag =T, cosOy = -1,
cnepoBatenbHo, @9 = —NBS. [loacrapus 3HaueHHs @y u Pg
B BepaxenHe (3), moayuum
AD = -2NBS.
Teneps popmyaa (1) npumer BHg
&; = 2NBS/(At),

W, O/ACTABHB 3TO 3HauYeHHe B BhipaxkeHHe (2), HalileM 3apsn:
q=2NBS/R,q=5" 1075 Kux. (4)

TlonesHo obpaTHTh BHMMaHHe Ha TO, 4YTO OMHCAHHBIM B
JaHHOH 3a/1aue MeTONOM MOXXHO M3MepsiTh MATHHTHYIO HHAYK-
uHio B. B caMoM fiesle, 3Hasi 4MC/I0 BUTKOB N, MJIOI@Ab BHTKA
S, conpotusierde ueny R (Opd 3ToM Hano yuuTHIBaTb H CO-
NPOTHBJEHHE raJbBaHOMETPA) U H3MEPHUB 3apsifi § C MOMOLLBIO
raJbBaHOMeTpa, MOXHO 1o ¢opmye (4) nantu B.



3agauun gnsi CaMOCTOSITENTbHOIO pPeLLeHUs

692. KeagpaTHast pamka co cropoHoit a = 10 cm, cgenaH-
Hasl H3 NIPOBOJHHKA, MJIOWAAb MONEePeYHOro ceyeHHst KOTOpo-
ro S = 1 Mm? u ynensHoe conporusaenue p =2 1078 Om - M,
TIPHCOENMHEHA K HCTOUHHKY MOCTOSIHHOrO Hanpsixkerus U =4 B
M [oMeleHa B OLHOPOLHOE MAarHHTHOe MoJe ¢ HHAYKLHeH
B =0,1 Ta. OnpeneuTb MaKCHMAJbHLIH MOMEHT CHJI, AEHCT-
BYIOLIHX Ha PaMKY CO CTODPOHBI MOJIS.

693. B onHoponHOe MarHuTHoOe MoJe C MHAYKUHeH B =
=2 - 107% T1 nepneHAUKyJsSPHO NHHHMSAM HHLYKLUHH TOMe-
lLIeH NPSIMONMHEHHBIH NPOBOAHHK ¢ TokoM cuioH / = 50 A.
Haiiti coBOKynHOCTb TOUEK, B KOTOPbIX pe3y/ibTHPYIoLast Mar-
HHTHAas HHAYKIHSA paBHa HyJ10. OnpenesnTb CHIY, 1eHCTBYIO-
L1yl0 CO CTOPOHbI MarHHTHOrO T0JIsi Ha OTPE30K NPOBOAHHKA
anuHow [ = 50 cMm.

694. Tlpsmo#t nposon anuHod [ = 10 cM, no xoropomy
naet Tox cunoit / = 20 A, HaxomHuTCcsi B OZHOPOHOM MarHHT-
HOM fione ¢ HHayKuMed B = 1 '}0"2 Ta. Kakos yron mexay
BEKTOPOM MarHHTHOH HHAYKUMH B H HanpaB/JeHHeM TOKa, eCJH
Ha TpoBOX AekcTBYeT cuaa F = 1 - 1072 H?

695. INpsiMosrHedHbIH NPOBOAHHK Maccolt m = 3 Kr, Mo
KOTOPOMY TMPOXOAHT TOK cu/Iol / = 5 A, nogHHMaeTcs BepTH-
KaJbHO BBEPX B OHOPOJHOM MAarHHTHOM MoJe C MHAYKLHeH
B =3 Tna, gBurasics noa yrjoM o = 30° X JTHHHAM MarHHTHOH
HHAYKUHH. Yepes Bpemsi { = 2 ¢ nocJie Hadasja ABHXKEHHS! OH
nproGperaer ckopocTs v = 10 M/ c. Onpenenutb AIHHY NPO-
BOJIHHKA.

696. Kectkas npoBozsllas paMKa KBaapaTHOH (OpPMbI
JIEXXHT Ha FOPH30HTaNbHOH NOBEPXHOCTH H HAaXOAHTCS B Mar-
HHTHOM Tl0Jle, CHJIOBble JIHHHH KOTOPOro napaJjijiebHbl ABYM
cTopoHaM paMKH. Macca pamku m = 20 r, J/IHHA ee CTOPOHbI
a = 4 cM, MarHuTHas HHoyKuds B = 0,5 Ta. Kako# cHusbt
MOCTOSAHHBIA TOK HYXXHO MpOMNYCKATbh MO paMxe, 4ToObl OfHA
H3 ee CTOPOH Hayana MpPHMOAHHMATHCH?

697. [lpoBonHukK aautok [ = 10 cM, M0 XOTOPOMY HIAET TOK
cuaoit / = 15 A, mepeMelaeTcsi B OQHOPOAHOM MarHHTHOM
noje ¢ HHaykuued B = 0,50 Ta nHa paccrosuue s = 20 cMm.
Onpenenuth MakCHMaJbHYI0 paGoTy, KOTOpas COBepluaeTcs
TIPH NepeMelleHHH NpoBoAHHKA. Kak npH 3TOM Ho/KeH [BH-
raThCsl TPOBOAHHK?
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698. Ds1eKTPOH ABHKETCS 110 OKPYKHOCTH paguyca R = 10 MM
B MarHUTHOM noJie ¢ uuayKuped B = 0,02 Ty, KakoBa KHKeTHue-
cKas SHeprus aJeKTpona? 3apsa snektpona e = 1,6 - 10719 Kn,
Macca 3JeKTpoda m, = 9,1 - 10731 kr.

699. DnexTpoH BJeTAET B IJIOCKHH FOPU3OHTAJIbHbIA KOK-
J€HCaTop NMapaJjelbHO ero MJIacTHHAM CO CKOPOCTHIO Uy =
=2-10"M/c. lnuna KorzgeHcaropa [ = 10 cM, HanpsKeHHOCTh
3/1eKTPOCTATHYECKOro noJisi KoHaeHcaTopa E = 200 B/ cm. Ipu
BbLIETE U3 KOHIEHCATOPA 3/1eKTPOH IONajaeT B MarHUTHOE r1oJle,
JIMHKHH KOTOPOTO TepreHaHKyJIpHbl CHIOBLIM JHHHAM 3J€KTpo-
CTaTHUYeCKOro rosst. MarHuTHas HHayKuus noas B=2- 1072 Ta.
HalTy paguyc BHHTOBOH TPAaeKTODHM 3JEKTPOHA B MarHHT-
HOM TI0JIe.

700. 3apskeHHas yacTHUA, YCKOpeHHasl Pa3HOCTHIO MO-
teduuanos U = 200 B, Bneresna B Touke / (puc. 234) B oaHo-
pOLHOE MarHUTHOe TOoJie ¢ MHAYKUHe# B = 4 - 1073 T, nep-
NEeHOMKYJISPHOH CKOPOCTH YaCTHUbl, H BbUIETesNa B TOYKe 2.
Paccrosnue [ mexxny Toukamu / ¥ 2 paBHo | M. Ha#t otHo-
lleHHe 3apsaa YaCTHIBI K ee Macce.

) X 8 X X X X
‘B.
e e 7 x x X x X
R . el
.« X X x X X
P x X X X X
» L] L - L d L d 4—!
Puc 234 Puc. 235

701. OnHopomHOe MarHHTHOe moJie ¢ HHAYKUHeH B co3na-
Ho B noJjoce wHpHHOM d {puc. 235). Tyuok 3/eKTPOHOB Ha-
NpaBAsieTCs! NePNEeHAUKYASPHO NOMOCe H JTHHHAM MarHHTHOH
MHAYKUKH. TIpH KaKHX CKOPOCTSIX 3JIeKTPOHbI He NpONeTsT Ha
APYTYI0 CTOPOHY MOJOCHI (zorpasmcn» OT «MarHHTHOH CTeH-
KH»)? 3apsill 3JeKTPOHA &, ero Macca m.

702. 3apsKeHHasi YaCTHLA BJEeTaeT B OMHOPOJHOE MarHHT-
HOE MnoJie Noj yrJoM o = 45° K IHHUAM MarHHTHOH HHAYKUHH
U JBHXXETCS N0 BHUHTOBOH JMHMM ¢ warom A = 20 MM. Mar-
HHTHAs HHAYKUMS noas B = 1 - 1072 Ty, sapsan 4acTuusl
g= 1,6 10719 K1. Onpene uTh HMMyJ/1bC YACTHLH.
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703. DeKTpOH BJeTaeT B OXHOPOAHOE MarHHTHOE IoJIe CO
ckopocTbio v = 2 - 10° M/ ¢, KOTOpasi cOCTaBASIET C BEKTOPOM
MarHHTHOH MHAYKUHH B yroa a = 60°. [lpu kakoM HauMeHb-
WeM 3HaYeHHH HHAYKUHH MAarHHTHOTO MOJsl 3MeKTPOH CMOXeT
OKa3aTbCsl B TOUKE, JieXKalllell Ha TOH Ke JIMHHH MarHHTHOH HH-
AYKUMH Ha paccTosiHuH L = 2 ¢M oT HayasbHOH To4kH? OTtHoue-
HHe 3apsifia 3JeKTPOHa K ero mMacce e/m, = 1,76 - 101! K/ xr.

704. IlpoToH BJeTaeT B OJHOPOAHOE MAarHHTHOe roJje ¢
unayxkuued B = 0,40 Ta nox yrom o = 30° K HanpasieHHio
BEKTOpa B ¥ IBHXKETCs 0 BUHTOBOH JHHHH pazuyca R = 0,50 cm.
HafiTh xuHeTHuecKylo 3HeprHio nporoHa. Macca npoToHa
m=1,67 - 10727 xr, sapsg npoTora ¢ = 1,6 - 10719 Ku.

705. DnexTpoH BJeTaeT B OJHOPOJHOE MarHHTHOE NoJe COo
ckopoctbio v = 400 kM/c nox yriom o = 60° k BekTOpy
MATHHTHOH HHIYKUMH B, MoayJb Xotoporo B =1 - 1073 Ta.
CKONBKO BHTKOB OMHIIET 3JEKTPOH BAOJb MAarHHTHOrO TOJSs
Ha pacCTOsIHHH r = 2 M? OTHOWWEHHe 3apsiia 3MeKTPOHA K ero
Macce e/m, = 1,76 - 101} Kn /kr.

706. Ilpoiins yckopsioulyo pa3HOCTb NoTeHUHanoB U =
= 3,52 - 103 B, 31eKkTpoH BJeTaeT B 0QHOPOAHOE MAarHUTHOE
noJse ¢ HHAYKuHed B = 0,01 Ta nepneHnHKy/spHO JNHHHAM
MarHHTHOH HMHAYKUHH H OBHXeTCS M0 OKPYXHOCTH paaHyca
R = 2,0 cM. BLuHCJIHTD OTHOILIEHHE 3apfia 3JIeKTPOHA K ero
Macce.

707. DnexTpoH BaeTaeT B 06/1aCTb MPOCTPAHCTBA C OMHO-
POAHBIM 3JIEKTPOCTaTHUECKHM IOJIEM HaMpsKeHHOCTblo E =
=6+ 104 B/ M nepremKy.ISpHo JHHUAM HanpsokeHHOCTH. Onpe-
LeJHTb MOLYJb M HalpaB/ieHHe BEKTOpa MarHHTHOM HHAYKUMH
ONHOPOIHOI0 MAarHHTHOrO MOJIA, KOTOpoe Haflo CO30aTbh B 3TOH
06J1acTH Asist TOrO, 4TOOBI 3/1€KTPOH MpoJseTes ee, He HCIBIThI-
Basi OTKJOHEeHHH. DHeprus anex?ona W =1,6"-10"16 IIx,
Macca agexkTpoHa m, = 9,1 - 10731 kr.

708. DneKTpoH NBHKeTCS N0 OKPY>KHOCTH pannyca R = 10 cm
B OHOPOJHOM MarHHTHOM mnoJe ¢ HHAykuHed B = 1 Ta. [la-
paJjijieJIbHO MarHHTHOMY MO0 BO36YKaaeTCs OQHOPORHOE 3JeK-
TPOCTaTHUECKOe MoJe HarpsxkerHocToio £ = 100 B/M. 3a
KaKoH NpOMeXyTOK BpeMeHH KHHeTHUEeCKasi 3HePrHs 3JeKTPOHa
BO3pacTeT B n = 5 pas?

709. HeGousbiloe 3apsixKeHHOE TeJO0 MAcCOH m, MPHKpen-
JIeHHOE K HHTH LJIHHOH [, MOXKeT ABHraThCA 10 OKPY>KHOCTH B
BePTHKaJbHOH MI0ocKOCTH. [lepneHAuKy sipHO 3TOH NJOCKO-
CTH HampaBJieHbl JHHHH MarHUTHOM MHAYKUHMH OLHOPOLHOTO
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Puc. 236 Puc. 237

° D
/ﬂ,q 4

MarHHuTHOro moJsi ¢ HHaykuueit B (puc. 236). Kakyo Muuu-
MaJIbHYI0 FOPH30HTA/NbHYIO CKOPOCTb Haf0 COOOLIMTDL TeJy B
HHXXHeH TOYKe, YToObl OHO COBEpLUHJO TOJHHH 060poT? 3a-
PsiA Tes1a NOJIoXKHTeENEeH H PaBeH g.

710. B onHoposHOM MarHMTHOM moJle C HHAYKuHeH B,
HanpaBJieHHOH BepPTHKa/NbHO BBePX, HAXONHTCS KOHHYECKHH
MasITHHK: MOABEWEHHbIH Ha HEBECOMOHN HHTH AJHHOH [ IapHK
MaCCOH /m C NIONIOKHUTEJIbHbIM 3aPSAOM ¢ PABHOMEPHO IBHIKETCS
[0 OKPY>XHOCTH B FOPH30HTa/bHOM nmiockocTH (puc. 237). Tpu
3TOM HHTb 06pa3yeT ¢ BEPTHKA/NbIO yrosl O, a LIaPHUK ABHXeT-
CSl 110 4aCOBOH CTpeJKe, eCAH CMOTpeTh CBepxy. Ha#Tu cko-
pOCTb lIapHKa.

711. MarHuTHbIN [10TOK qepes KaTyIIKy, COCTOSIILYK H3
N = 75 sutkos, ® = 4,8 - 1073 B6. 3a CKo.IbKO BpeMeHH
LO/KEH HCYE3HYTb 3TOT MOTOK, 4ToObl B KaTyllKe BO3HHK/A
cpennsst AAC unpykuun & = 0,75 B?

712. Pamxa, umeromias tioopmy PaBHQCTOPOHHETrO TPeyroJb-
HHKa, IoMeIlleHa B OQHOPOAHOEe MarHHTHOE NoJie C HHAYKLHeH
B = 0,1 Ta. [1nocKocTb paMKH COCTABJsIET C HalNpaBJjeHHEM
BEKTOpa MAarHHTHOH uWHAyKum# yroa o = 30°. Omnpegenutsb
LJIMHY CTOPOHBI PAMKH, €CJIH TIPH PaBHOMEPHOM yMeHblIEeHHH
MardUTHOrO 1oJsi 0 Hyas 3a Bg&Mﬂ © = 0,01 ¢ B pamke
uHnyudpyerces JC & = 2 -

713. B onHopooHOM MarHUTHOM 1OJle ¢ HHAYKUHeH B pac-
MoJI0XKeHa 3aMKHYTasi KaTywka auametpoM d. [1nockocTs Ka-
TYWKHY MepreHaHKyNsipHa THHHSAM MarHHTHOM MHAyKUHH. Ka-
KO 3apsi/l NpOMIeT Mo LeNH KaTYWKH, ec/ii ee NOBepHYTh Ha
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180°? I1poBosioka, M3 KOTOPOi HAMOTaHa KaTyllIKa, HMeeT J10-
L1aab N0oNepeyHoro CeyeHHs S U ynenbHoe CONPOTHBJIEHHE P.

714. Onpeae/iHTh pa3HOCTb MIOTEHUMANOB MeX1y KOHLIAMH OCH
KeJ1e3HOJOPOXKHOTO BaroKa, HMetoulel Ay / = 1,6 M, ecu Ha
TOPH30HTANLHOM YYaCTKe IyTH CKOPOCTh Moe3na v = 45 km/ 4, a
BePTHKa/IbHasi COCTABASAIOLIAS HHAYKUHMH MarHHTHOrO NoJisi 3eM-
am B=2107°Ta.

715. Ilo ropH30HTANBHLIM peJibcaM, PacnoJioKeHHBIM B Bep-
THKa/JbHOM MarHHTHOM MoJie ¢ HHAyKuMed B = | - 1072 Ta,
CKOJIb3HT NPOBOAHMK [IJHHOR /[ = | M C NOCTOSSHHOH CKOpO-
ctoio v = 10 M/ c. KoHuB pesbcOB 3aMKHYTH Ha Pe3HCTOP
conpoTHBjJeHHeM R = 2 OM. OnpeaenuTb KOJHYECTBO TENJIO-
Tbl, KOTOpPOE BblAEeJsieTCsl B pe3HcTope 3a BpeMsi ¢ = 4 c. Co-
TIPOTHBJIEHHEM PeJIbCOB H NPOBOAHHKA MpeHebpeyb.

716. C xakoH yr/0BOH CKOPOCTbIO Haao BpallaTb NMpsMOH
NPOBOJHHK BOKPYT OXHOTO H3 €ro KOHLIOB B OXHOPOAHOM Mar-
HHTHOM TI0JIe B [JIOCKOCTH, MepleHAHKYyJISPHOH CHIOBLIM JH-
HHSIM noJ1s1, YTOGK! B NpoBOAHHKe Bo3Hukaa JJIC & = 0,30 B?
JanHa npoBoaHHka ! = 20 cM. MarHHTHas HHAYKUHS 05
B=0,20 Ta.

717. lanua noaBmKHOro npoBoaHHka AC paBHa [/, ero co-
npotusienHe R (puc. 238). ConpoTHB/EHHE HelOABHKHOIO
NPOBOIHHKA, N0 KOTOPOMY CKOJIb3HT 6e3 TPeHHsi MPOBOAHHK
AC, npere6pexxHmo Manio. [lepneHaHKyASIPHO NJIOCKOCTH Mpo-
BOAHHKOB TIPHJIOXKEHO MarHHTHOe MoJe ¢ HHAyKuHeH B. Ka-
Kyio cHly F HYXHO NPHJIOXHTb K NPOBOAHUKY AC aasi TOro,
YTOOLl OH .JBHra/Csi C MOCTOSSHHOH ckopocTbio v ? CHcTeMa
NPOBOJHHKOB HAaXOMHTCS B TOPH3OHTANbHOH IJIOCKOCTH.

718. TIpoBOIOUHBII BUTOK, HMelOLME Iiowaas S = 100 cm?,
pa3pe3aH B HEKOTOPOH TOYKe, H B pa3pe3 BKJIIOUEH KOHIEHCATOp
emkoctbio C = 10 Mx®. BHTOK noMelieH B OMHOPOZHOE MarHMT-
HOe T1osie, JIHHHH HHAYKLHH KOTOPOTO MepreHAHKY/ISpHbl NJI0C-

Puc 238
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KOCTH BMTKa. MaruuTHas HHAYKUHMs N0Js1 paBHOMEDHO H3Me-
HSIETCS BO BpeMeHH ¢O CKopocThio AB/At =5 - 1073 Ta/c.
OnpeneauTb 3apsifi KOHAEHCATOPA.

719. Inockuit BUTOK M30/1HPOBAHHOIO NpoBoAa Nepern6a-
0T, MpHUAABasi eMy BHJ «BOCBMEPKH», a 3aTeM MOMEeUIal0T B
OIHOPOHOE€ MArHUTHOe MoJle NepreHAHKYAPHO CHJIOBBIM
aunuaM. Jnuna Butka [ = 120 cM. [letsn «BocbMepKH» MOXKHO
CYUTAThb OKPYMHOCTAIMU C OTHOHIeHHeM pamuycoB | : 2. Kakoi
CUJIBl TOK MpOHIET NO MPOBOAY, eC/H MoJe 6yaeT y6unBaTh C
nocTosiHHOM ckopocThio AB/At = 1 - 1072 T/ c? Conpotus-
JeHHe BHTKa R = | Om.

720. Ilposopsimit crepkenb OA naunoit [ = 10 cM Bpa-
maeTcs ¢ yraoBol ckopocThio ® = 300 pan/c BOKpyr ocH,
TNpOXONslleH Yepe3 OfMH H3 ero KOHLOB, B IJIOCKOCTH, Nep-
MeHAHKYISPHOH MarHUTHOH HMHAYKUHH B, Moay/ab KOTOpoH
B =1 Tn. CBo6oaubfl KOHELl CTePXKHsSI CKOJNb3HT HO NPOBOA-
HHKY B BHJle IyT'H OKPY>XHOCTH, PaiHyC KOTOPOH paBeH AJHHe
crepxHs. Mexay Toukoit C NpoBOAHMKA H TOYKOH 3aKpelJe-
HHSl CTEPXXHsl Ha OCH BpallleHHs! BKJIIOUeHa 6arapesi, Kak Io-
ka3aHo Ha pHc. 239. Ha sTom xe pucyHke yka3ansl Hampas-
JIeHHs] BEKTOPa MarHHTHOH HHAYKUHM B H BpallleHHsl CTepX-
Hsi. COnpoTHB/IEHHsl CTEPXKHS, TIPOBOJHHKA M KOHTAKTa MeX-
1y HHMH NIpeHe6peXxXHMO MaJibl 110 CPABHEHHIO C BHYTPEHHHM
conpoTHB/IeHHeM GaTapeH. HaHTH HanpsKeHHe Ha 3aXKHMax
6atapeH.

X X X % X 8 X

X X X X X X

Puc 239
335



721. KpanpatHast paMka co ctopoHolt / = 10 ¢M BpaulaeTcs B
OZHOPOAHOM MAarHHTHOM TOJIeé C YIVIOBOM CKOPOCTbIO ® =
= 300 pan/ c. Onpefie MTh MaKCHMANbHOE 3HAYEHHE CHJIbI TOKA
B paMmke, ecaH ee compotuBjaeHHe R = 10 OmM, MarHHTHas
uHaykuus noast B = 0,02 Ta. Ock BpaleHHs paMKH nepreH-
LHKYJISIPHA JIHHHSIM MarHMTHOH HHLYKIMH.

722, TInockuH 3aMKHYTHIH MeTa//MyeCKHH KOHTYp IJIO-
mansio S| = 10 cm? ne(popMpreTcsi B OZHOPOLHOM MarHHT-
HOM noJe, HHLYKLHA KOTOPOro B = 1-107% Ta. Ilnowans
KOHTYpa 3a BpeMst T =2 ¢ paBHOMepHO yMeHbLIaeTCst (ns1oc-
KOCTb KOHTYpPa NPH 3TOM OCTaeTcsl HepHeHLLHKgJIHpHOH CHJIO-
BbHIM JIMHHSIM T10J151) [0 BeJMYHHH So = 2 cM?. OmnpenesuTb
CHJIY TOKa, IPOXOASILUEro N0 KOHTYpPY B TeueHHe BPeMeHH T,
eCJIH COnpoTHBJIeHHe KOHTYpa R = 1 OMm.

723. KsagpaTHasi paMKa co cTopoHoi a = 50 cM noMeite-
Ha B OJHOPOJHOE MAarHHTHOE NOoJe TaK, YTO MJOCKOCTDb ee Nep-
MEHAHKY/sSPHA JHHHSM MarHMTHOH WHAyKuuH. OnpenenHTsb
MarHHTHYI HHAYKUMIO, eCJIH H3BECTHO, YTO MPH HCYe3HOBe-
HMH MarHUTHOTO noJsi B TedeHHe BpeMend T = 0,01 ¢ cpegnee
3Hauenne DJIC MHAYKLUMH, BO3HHKaWOUIeH B paMke, & = 50 MB.

724. TlpoBosoyHoe Koablo panuyca r = 0,1 M nexur Ha
crose. Kako#l 3apsig npoiineT mo KoJsbily, eCJH ero nepeBep-
HYTb C OZIHOHM CTOpPOHbI Ha 1pyryto? BepTukasbHasi COCTABJISIO-
Wwas MEAYKUMH MarHutHoro noas 3emiu B = 0,5 - 1074 Ta.
Conpotupiente Koasua R = 1 Om.

725. Katywxka, umetowass N = 100 BUTKOB, pacnosioxeHa
B ONHOPOJHOM MATHHMTHOM Tose C MHayKiHeir B = 1 - 1072 Tu.
[lnockocTH ee BUTKOB MepreHAHKY ISIPHBI mmmm MarHHTHOH
uuaykuuu. [Tnomane ogxoro Butka S = 10 cm2. Karyuwka npu-
COelMHeHa K 6a/1IHCTHYECKOMY ra/bBaHOMETPY TaK, YTO COMpO-
tuBsieHHe Bcedl uenu R = 10 Om. Ilpu noBopoTte Katyulkd Ha
Yol O uepes raJbBaHOMETP NMPOXOMUT 3apsif ¢ = 5 - 107 Ko,
Onpenesutb yroa o.

726. B onHOpPOAHOM MAarHUTHOM MoJie HAXOAUTCH 3aMK-
HyTast o6MoTKa, coctosimasi u3 N = 1000 BUTKOB kBajpar-
HOM (opMbl. JINHHH MAarrHHTHOHM HHAYKLMH NepleHgHKYIsD-
Hbl TIJIOCKOCTH BHTKOB MarsuTHas MHAYKUHS H3MeHsieTCs
Ha AB =2 - 1072 Ta 3a Bpems At = 0,1 c. JliMHa cTOPOHBI
kBanpara (BuTka) a = 0,1m, nnomanb NIONEePEeYHOro CeYeHHs!
npOBona obMoTki S = 1 - 1076 M2 , YAeJbHOe CONPOTHBJEHHE
p =1-1077 Om - M:»Kakoe KOJHYECTBO TeNIOThI Bhife/seTcs
B 06MOTKe 3a BpeMst At?
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727. [lpsamoyronbHas paMKa H3 NPOBOAHHKA COMPOTHBJE-
HueMm R = 1 OM, ABUrasach NOCTynaTeJbHO C MOCTOSHHOH CKO-
pocThbio v = 4 M/ ¢, NepecekaeT NoJaocy OHOPOLHOrO MarHHT-
Horo noJs ¢ uaykuuedt B = 0,5 Ta. Bekrop B nepneHaukyasi-
peH niockocTH paMkH. CtopoHsl pamku [} = 10 e, [y = Sem,
IIMpHHA noJiochl [3 > [y, paMKa ABHXKeTCS BAOJb CTOPOHHI [o.
OnpepenuTb KOMHYECTBO TEMJIOTHI, KOTOPOE BbIAEIHTCS B paMKe
K MOMEHTY, KOT1a OHa nepeceyeT MoJsocy.

728. Kartywka, UHAYKTHUBHOCTD

xotopo#t L = 0,06 M[H, u pe3uctop L,R,
COefMHEHbl NapaeNbHO H TIOAKIIO- YL
YeHbl K MCTOUHMKY ToKa (puc. 240).

ITo xaTywke uger Tox cuoit [ = 1,2 A. R,

Ilpu pasmbikauuu kmoua K cuna Toka ¢—nr-{"1—4

B KaTyLUKe H3MeHSIeTCsl MPAKTHUECKH
10 Hysst 32 BpeMst At = 120 mkc. On- K/ 5
penesuth cpepHiolo JIC caMouHayk- |
UMH, BO3HHMKAIOUIY!O B KaTYIIKe, H KO- I
JIMYECTBO TEMJIOThI, KOTOPOE BbIAEIHT- P uc 240

csl B KaTyllIKe M B Pe3UCTope.

729. Karywxa uHayKTHBHOCThI0O L = 25 MI'H ¥ conpoTus-
JnenveM R = 5 OM coefiHHeHa napajJesbHO C pe3HCTOpPOM, Ha
KOTOPOM MOAEPIKHBAETCS NOCTOsiHHOe HanpsbkeHue U = 50 B
(cM. puc. 240{). Haiitu sHepruto, KoTOopast BbLAENHTCA TIpH
pasmbikanuu kiawoda K. Kakasi cpenusis JIC caMouHAyKUHM
BO3HHKaeT NPH 3TOM B KaTylllKe, eCJH 3Heprust Oyaer Bbije-
JATLCS B TedeHHe BpeMeHu At = 10 mc?

730. B kaTyHiKe UHLYKTHBHOCTH CHJIA TOKA JIMHEHHO yBe-
JMYMBaeTcsi co cKopocTeio Al/At = 10 A/c. Haitru 3J1C
WHOYKUHH, BO3HHKAWILYK TIPH 3TOM B KaTYlIKe, eCJH pe3o-
HaHCHas 4acToTa V KoJseGaTesbHOro KOHTYpa, o6pa3oBaHHOrO
M3 3TOM KaTyWKH U KoHfeHcaTtopa eMkocTbio C = 100 nd,
paBHa 100 xI'u.




IV. KONNEBAHUA U BOJIHbI

11. MEXAHUYECKUE KONEBAHUA N BONHbI
MeToauyeckue ykasaHus K peLueHUIo 3aaay

EcJii B 3apaue faHa opMyJa, ONIHCHIBAIOLIAs 3aBHCHMOCTD
KOOpPAHHATHI KOMeOJMIOLerocsi Tesla OT BPeMeHH, TO BeJHYH-
Hbl, XapaKTepH3yKlHe KoJeGaHHs (aMnaHTyda, yacToTa,
¢asa, HayasbHas (a3a, NEPUOA), MOTYT 6bITb HAHAEHHI My-
TeM COMOCTaBJeHHS JaHHOH ¢opMyJbl U ee obLIero BHAA.
Crenyet 06paTHTh BHHMaHHE Ha TO, UTO 3TY (OPMYTY MOXKHO
3anHcaTbh KakK B BUAe x = x,, cos(®f + @g9), Tak H B BHIE
X = X, sin(wf + @gy), B 3aBHCHMOCTH OT BbI6GOpPa HauyaJbHOH
¢da3bl.

B 3anauax o MaTeMaTHYeCKOM MasiTHHKe HEOGXOMHMO yuH-
THIBaTb, YTO €CJH MAasTHHK HaXOAHTCA B HEHHEpPLHAJIbHOH
CHCTEME OTCUETA, T. €. B CHCTEMe OTCUeTa, KOTOPasi ABHXKETCSH
OTHOCHTEJIbHO HHEPLHAJBbHOH CHCTEMBl C HEKOTOPbIM YCKOpe-

HHeM a, TO mepHojd KoneGaHHH ero

T =2nl/g,,

rie gy — yCKOpeHHe cBOGOAHOr0 MaJeHHsi B HEHHEPLHAIbHON
cHCTeMe OTcueTa. To YCKOPeHHe MOXKHO HAHTH H3 BEKTOPHO-
ro ypaBHeHHs g, = g +(~a), rle g — ycKopeHHe CBOGOLHO-
ro nafieHHsi B HHePLHaIbHOM CHCTEMe OTCYeTa.

Hanpumep, npu HaxoXAeHHH nepHOaa KoJe6aHHi MasiTHH-
Ka, TOYKa [10BeCa KOTOPOro ABHXKETCS C YCKOpeHHeM a, Ha-
MpaBJeHHbIM FOPH30OHTANBHO, HAl0 YUHTbIBATb, YTO B 3TOM
cayyae g, = Jg? +a? . Taxoit pesyasrar noayuntes, ecau
reOMeTPHYECKH HaHTH BEKTOP g, B COOTBETCTBHH C MPHBEMEH-
HBIM Bblllle BEKTOPHbIM yDaBHEHHeM, a 3aTeM ero MOAYJb g,,.
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OcHoBHble 3aKOHbI U (hopMynbli

Koopdunama (cmewjerue om noroxcenus pagrosecus) x 2ap-
MoHuuecku Korebarouezoca mera (MaTepHanbHOR TOYKH) B Mo-
MeHT BpeMeHH ! onpefensierca Gopmynoi

x = x,, cos(w?t + Qg ),

e X, = aMIUTYyaa Kone6aHuil (MOdy b HaH6ObLIErO CMelIeHHS
Tena OT MOJNOXEHHUA paBHOBecHs); @ — Kpyrosas (UMkAHYecKas,
yrJ10Bast) 4acToTa; wf + ¢g = @ — (Pa3a KoNeGaHHH B MOMEHT Bpe-
MeHH t; @¢ — HayanbHaA (asa KoaeGanuil. Ta popmyna MoxeT
6biTh 3aMHCaHa TaKke H ¢ MOMOLIbIO CHHYCA:

X = X sin(wt + @),

rie @ = Qg + /2.

O6e GopMyJibl paBHO3HAYHbI H Pa3HYAOTCA TOJbKO HAYaJbHBbI-
MH (PasaMH Ha BenHuHHYy 7t/2.

Ilepuod xoaebanuii — 3T0 MUHHMAJbHBIA MPOMEXYTOK BpeMe-
HH T, Mo HCTeueHHH KOTOPOro MOBTOPSAIOTCS 3HaYEHHA BCeX (PH3H-
YecKHX BeJIHYMH, XapaKTepH3YIOLIHX NEePHOAHYECKHH Kose6aTelIb-
HBIH npotecc.

Yacmoma kosebanuii, T. e. YHCAO KoJMeGaHHH, COBepLUIAEMbiX
3a elMHHLY BpeMeHH,

v=1/T,
rae T — nepuoga.
Kpyzosan (yuxauseckas, yzaosan) wacmoma korebanuil

©=2nv=2x/T,

rae v — yacroTa KoJe6GaHui; T — nepuoa.
Ilpoexkyusa cxkopocmu measa, COBEPIIAIOILErO rapMOHHYECKHE
KoJleb6aHM1,

v, = ~0x,, sin(ot + @g).

[Ipoexyus yckopenus mena, COBEpLIAOILEr0 rapMOHHYECKHE
KoJeb6aHHs,

2 2

a, = —@° X, cos(®t + @g) = -0 x.

IIpoexyusn cuast, nop AelcTBHEM KOTOPOH TesIO COBEpLIAET rap-
MOHHYeCKHe KoJieGaHus,

= —kx,

. F
rie k= mmz; m — Macca TeJsa; W — Kpyrosast HactoTa.
Iloanas mexanuqeckasn IHepeun xoxle6/uou4eeoc;l meaa

E=Eq+E, =kx} /2,
roe Ek’ Ep — COOTBETCTBEHHO KHHETHYeCKas H MOTeHUHA/IbHAA 3HEeprus.
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[lepuod rkonrebanuii mamemamuyeck0zo MAAMHUKA

T=2rJl/g,

rde | — ANHHA MaATHHKaA; @ — YCKOpPeHHe cBOGOIHOrO ManeHHA.
[lepuod xkonebanuil npyMUHROE0 MAAMHUKG

T=21tJm/k,

TAe m — Macca Fpy3a, IPHKPEeNJIeHHOro K NMpPYXHHe; kR =~ XKeCTKOCTh
(kO3 PUUHEHT yNpYrocTH) NpYKHHKI

Cea3b mendy OAuNOl 80AHbBL A, CKODOCMBIO B0ANKLL U U ne-
puodom T (uau wacmomoil V) BhipaxaeTcst GopMynoH

v=A/T = Av.

Mpumepsb! pelleHus 3apay

731. MarepHasbHasi TOYKa COBeplllaeT rapMOHHYECKHe KO-
Je6aHHsl, IPH KOTOPLIX KoopaxHaTa x = 50 cos1007nt (anuua
BHIP2)KEHA B MHUJJIMMETpaX, BpeMsi — B ceKyHuax). Onpese-
JHUTb aMIJHTYLY, YacTOTY H mepHod xoJebanu. Haitn cme-
LeHHe x| Aas gasbl @ = 21/9.

PemweH ue 3aBHCHMOCTb KOOPAHHATH rapMOHHYECKH
KoJie6JIiolIecsl TOUKH OT BpeMeHH ONHCHIBAeTCs! ypPaBHeHHeM

x = xp, cos(@t + @q)-

ConocTapasisi ¢ HUM 3aJaHHOe yPaBHEeHHe, HAXOAHM, YTO aMILIH-
Tyna X, = 50 MM, HauanbHas ¢asa Qg = 0, dasa 1007t = w?.
IToacTaBus B moc/eqHee paBeHCTBO 3HaueHue o = 2n/7T, rae
T — nepuon, nonyuum T = 0,02 c. Torna yactota v = 1/7,
v = 50 I'n.

TMozcTarHB B 3anaHHOe ypaBHeHe 3Ha4enue ¢asbl @y = 27/9,
HafleM /s Hee CMelleHue:

Xy =50cos%", x; =40 mm.

732. Teno maccoit m = 0,5 r KoJe6seTcsi MO 3aKOHY X =
=10cos 2007t , roe ! BblpaXKeHO B CeKYHOAX, X — B MHJIH-
meTpax. HaHTH MakcHMabHOe 3HayeHHe BO3BPALIAIOIEH CHIIBL.

PeweHue. [Ipurapmonuyeckux KoseGaHHSIX yCKope-
HHe KoJebJIolelcs TOYKH H3MEeHsIETCS 110 3aKOHY

a, = —(n2x = —m2xm cos wt,
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ecJiM HayajbHasi (pasa paBHa Hymao. [Ipoekudsi Bo3Bpamao-
weH CHJBI

2

F, =ma, = -mw*x,, coswt.

Orciona BUAHO, YTO MAaKCHMajibHOE 3HaueHHe NMPOEKLUHH BO3-
Bpallaoied CHIbI

Fyp = —mo’x,,. (1)

M3 3apannoro ypaBHenust x = 10 cos 200wt conocraBuB ero
C YPaBHeHHEM X = X, COS ®f, Haxoaum: 200mt = wt, ® = 200,
Xp =10 MM = 10 - 1073 m. [ToncTaBHB 3HAYEHHS X, M U ©
B BolpaxeHHe (1), nonyuum F,, = —2 H. MuHyC yKa3biBaeT
Ha TO, YTO HaNpaBJIeHHe CHJbI IPOTHBOIOJNOXHO HampasJje-
HHIO cMellleHHsi. MaxkcHManbHOe 3HaueHHe BO3BpalHallled
cuam F,, = 2 H.

733. K apHamoMeTpy NOABECHIIH IPY3, BbIBEJM €0 H3 COCTOS-
HHS paBHOBeCHs! H oTiycTUiH. [1py 3TOM BO3HHKIH KosebanHs,
yacrora Kotopux vV = 2 ['i, Ha KakoM paccTOsiHUH OT HyJ/1eBoro
TI0JIOXKEHHS! OCTAHOBHTCSI YKa3aTeslb JHHAMOMETpa MocJje Mpe-
KpalleHHs: kone6aHHit? Maccy npy»XHHBI He YYHTBIBATb.

Pewmwenue Ilocae npekpaiienus koje6aHHH rpy3
6yneT HaxofHUTbCSl B COCTOSIHUM paBHOBecHsl. Ha rpys mect-
BYIOT CHJIa TsDKECTH mg M CHJa YIpyroctH F, KOTopble paB-
Hbl o MonyJto: F = mg. 1o 3akony I'yka F = kAL, rae k —
XeCTKOCTb NIPYXHHH; Al — ee ynnuHenHe. [Tostomy kAl = mg,
OTKyAa

Al =mg/k. (1)
M3 dopmysel nepHosa Kose6aHHil NPYXKHHHOTO MasiTHHKa
T = 2nm/k HaiiieM XeCTKOCTh:
k=4n’m/T?.

Tak kax yacrora v = 1/T, to k = 4n’mv?. IMoacrasus
3T0 3HaueHHe B BhipaxenHue (1), Haiinem:

Al=—2_ A=6102m
4ncv

734. OnpenenuTb YacTOTy 3BYKOBBIX Kosle6aHHH B CTaJH,
eCJIM PacCTOsIHHE MeXAY GJHKANIIHMH Pa3/IHYaIOHIMMHCS 110
dase Ha A¢ = 90° ToukaMu 3ByKOBOH BOJHB [ = 1,54 M.
CKOpOCTh 3BYKOBbIX BOJIH B cTanu v = 5000 M/ c.
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Pewenue Yacrora 3ByKoBhIX KoJebaHHH
v=u/\, (1)

rlle U — CKOPOCTh PaclpoCTPaHEHHUs BOJH; A — JJHHA BOJIHBI.
JlBe TOUKH BOJIHBEI, PACCTOSIHHE MEXIY KOTOPLIMH [, pa3iu-
yatoTcst 1o ase Ha A@ = 2rt//)A . OTcrona

A = 2nl _ 2nl _ 4]

Ap  n/2
[TonctaBuB 5T0 3HayeHHe B BuipaxeHue (1), moayuum:

v=u/(41), v=2812 I'u

735. MatemMaTHyecKUH MasiTHHK JJIHHOH [ COBepIlaeT Ko-
nebaHus B61H3M BepTHKaJAbHOHR cTeHKH. [lon Toukol monBeca
MasiTHHKa Ha pPaccTosiHuM [/ 3 OT Hee B CTEHKY 3a6UT IBO3Mb
(puc. 241). Haiitu nepuon xose-
6aHHH MasfTHHKA.

(/3 \ Pemenne. Ilepnon xoneba-
\ L HHH MasiTHHKA

i \\ T=t1+t2, (1)

e \ rne ty, t9 — BpeMsi ABHXEHHs Ma-
=g A3 ATHHMKA COOTBETCTBEHHO CIpaBa
S L g cneBa OT BepTHKanu. Bpewms t;

T paBHO MOJIOBHHe NMepHoaa KoJeba-

P u c. 241 HHH MasiTHHKA AJIMHOH [:

tl=%= E

Bpemsi {9 paBHO nosioBHHe nepHoaa KoseBGaHHI MasTHHKA
AJMHoi 2{/3:

t2 =Q=TE A
2 3g

[onctaBuB 3HaueHus ) u fo B Buipaxkenue (1), nonyuum

T=n JI(1+ i_6-).
g 3
736. B kabuHe sudTa HaXOAUTCH MaTeMaTHIECKRIT MasiTHUK.
Korna kabuna HenoxsH>KHa, nepHon ero kone6anuid To=1c. B

IBYOKYLEHCS ¢ IOCTOSIHHBIM YCKOpeHHeM Kabute nepuon 7= 1,2 c.
OnpenenuTb MOAYJIb M HanpaBJieHHe YCKOPeHHs! KaGHHEL.
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Pewmenue BHenogsuXHOH KabGHHe 1epHOA KosnebaHUH

MAasiTHHKAa
To = 2nyl/ g, (1)

rae [ — AJMHA MassTHHKA; g — YCKOpeHHe CBOGOMHOrO NajeHHs.
B yckopeHnHo aBHXKylleics KabuHe nepHon

T=2rl/g,, (2)

rae g, — yckopeHHe cBo6ogHOro nageHHs B KabuHe.

Kabuna, aBHXKyLIasCsa ¢ yCKOpeHHEM a, NPecTaBJseT co-
60l HeHHepUHaNbHYIO CHCTeMy OTcyera. MOXHO A0Ka3aTh,
uto g, = g +(—a). B yactHoctu (cm. peurenne 3apaun 97),
KOraa JUPT NOAHUMAETCA C YCKOPEHHEM 4, HallpaBJeHHBIM
BBEpX, yCKOpeHHe cBOOOAHOro NajeHHs B JH$TE paBHO IO
moaysio g + a. Ecau e yckopeHHe @ HanpasJleHO BHH3, TO B
JudTe Tesa cBOGOAHO NMAJAIOT C YCKOpeHHeM g — a. Hanpas-
JIeHHe CKOPOCTH JH$TA NPH 3TOM He HIPaeT PoJIH.

Cornacuo ycaosuto, T > T. [loatomy Ha ocHoBaHHH $op-
mya (1) u (2) npuxoaum Kk BuBoay, uto g, < g. Cienosa-
TeJIbHO, YCKOpeHue JHPTa @ HanpaBleHO BHHU3, NPH 3TOM
&= g~ a

Bossenst B KBajpart JieBble H NpaBbie Y4acTH paBeHCTB (1) u
(2) u pasgenus ux NOYNEHHO, MOJYYHM

¢ _g-a
7 g
OTKyAa MOAYJb YCKOPEHHA JUPTa
a= g(l—TOQ/T2), a=3Mm/c%

737. Ha vauky, noaBelIeHHYIO Ha NpPYXHHe XKeCTKOCTbIO R
(puc. 242), ¢ BHICOTH A MagaeT rPy3 MAcCoi m M OCTaeTCA Ha
yawke (yaap abcoOTHO Heynpyrui). OnpenesuTh aMIUIHTY-
Ay KoseOGaHHHA. MaccoH YallKu M NPYXHHb NpeHe6pedb.

PeimeHune B pesyaprare abconoTHO Heynpyroro
yA2pa 4allika ¢ rpy3oM 6yget UMeTh CKOPOCThb 4, MOAYJb KO-
TOPOH HaHAEeM U3 ypaBHEHHs, COCTABJIEHHOrO B NPOEKLHAX Ha
ocb OX cornacHoO 3aKOHY COXpaHEHUS HMIYJbCa:

my = (m + m)u, (1)

rAe m; — Macca dallky, ¥ — CKOpOCTb rpy3a B MOMEHT
nageHus, €€ Mbl Ha#ljeM M3 3aKOHa COXPaHEHHSA 3HEPruH:
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P uc. 242

mgh = mv?/2, oTKyAa v = 4/2gh . [loacTasasis 5T0 3HaYEHUe
ckopocTH B ypasHenue (1) u yuuThiBas, uto m; = 0, nonyda-
eM u = 2gh.

KuHeTHYecKasi 3Heprusi YallKH NepeXoaHT B NMOTeHLHa b
HYIO SHEpruio pacTaHyToH npy»xuHbl. CHcTeMa Gyaer coBep-
IaTh rapMOHHYECKHEe KOJeGaHHs OTHOCHTENbHO HEKOTOPOro
noJIoXXKeHUsl paBHoBecHs. OTHOCHTEJILHO 3TOrO NOJIOXKEHHS NIPY-
)KMHA B MOMEHT yfapa o6/1afaja NoTeHUMaNbHOH SHepruel

Ep = kx2/2,

[Ie X — CMelleHHe, KOTOpPOoe HalaeM U3 YCJIOBHS, 4TO B 110JIO-
eHUH paBHoBecus mg = kx. Otciona x = mg/k. Cnenosa-
TEJNbHO,

Ep1 = m?g?/(2k). (2)
KuHernueckasi 3Heprusi CHCTeMbl cpa3dy mnocse yaapa
Eyy = mu®/2 = mgh. (3)
MakcumanbHas NOTEHLHAJNIbHASA 3HEPIHA NIPY>XHHBI
Epm = kx} /2, (4)

Te X, — aMIJAHTYAa KoJebaHui.
CorsacHo 3aKOHY COXPaHeHHs SHepruu, COCTaBHM YpaB-
HeHHe:
Ekl + Epl = Epm
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WM, YUHThIBas 3Hauenus (2)—(4),

m2g? _ kx,

2k 2

mgh +

OTcrona HaligeM aMIIUTYRY KoJeOaHHH:

Xy = %\/(mg)2 +2mghk.

738. Kanun Boasbl NajanT Yepe3 OQHHAKOBbIE TPOMEXKYTKH
BpPeMEHH C HEKOTOPOW BBICOTHl Ha MJACTHHY, 3aKpelJIeHHYI0
Ha npyxuHe. Yacrora cob6CcTBeHHHX KoJieGaHHWH MNJACTHHBI
paBHa wg. HM3BecTHo, 4TO amMnuMTyAa KoJeGaHHH MNaCTHHBI
OpH 3TOM OKa3biBaeTCsl MaKCHMaJjbHOH. HalTH paccrtosinne
MeXKly OTpbiBalollerics Kanjed H GJHXKadllleH K HeH nagaro-
wed Kanue#d. ConpoTHBieHHe BO3LlyXa He YUHTHIBATb.

Pew e Hue. PaccrosHHe Mexay oTphiBalollelicsa Kanjel
u GiMXKafllel K HeH majawmouled kamjen

h=gt?/2, (1)

rge T — NPOMEXYTOK BpeMeHH, Yepe3 KOTOPbIH NafaloT KanjH,
[Tox neficTBHeM MajaloIIMX KaneJb IJAaCTHHA COBeplUaeT
BbIHY?KA€HHbIe KoJie6aHHA. TakK Kak aMIJHTYIa HX MaKCHMaJlb-
Ha, 3TO 0O3HayaeT, UTO BO3HHK pe3oHaHc. [1pu pe3oHance vac-
TOTa BHELIHeH cHJb (B JaHHOM cJIyyae 4acTOTa MajeHHus Ka-
IeJb) COBNAAAeT C YACTOTOH COBCTBEHHBIX Kole6aHHH CHCTEMBI:
© = wg. OTciona cienyer, 4TO NPOMEXKYTOK BPEMEHH T paseH
nepHoay COBCTBEHHHX KoJle6aHui miacThHb: T = Ty = 21/ 0.
[ToacraBuB 310 3HaYeHHe B GopMyay (1), monyunm

— 2 2
h=2n g/u)o.

739. I1pu KaKo# CKOPOCTH Moe3a peccopbl BArOHOB BYAYT
0c00eHHO CHJIBHO KosebaTbesl Of JeHCTBHEM TOJUYKOB KOJIecC
Ha CThlKax penbcoB? JlnuHa pesabca [, Ha peccopy AeHCTBYeT
cuna Fy, peccopa nporubaercs Ha h npu cuie Fo.

Pewenue Peccopn 6ynyr 0co6eHHO CHIBHO KoJie-
6aTbcsl NPH BO3HHKHOBEHHH pe3OHaHCa; NPH 3TOM NepPHOA
coGCTBEHHBIX KOJeGaHHH peccop paBeH NepHONY BHeLIHeH
CHJIBI, T. €. TIPOMEXYTKY BpPeMEHH MeXIy JBYMS COCeNHHMH
TOJYKAMH:

T0=T. (1)
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[pu ckopocTH noesga v TONUKH NOBTOPSIOTCS yepes Mpo-
MeXXYTOK BpeMeHH, 3a KOTOpbIH Moe3[ NMpOXOAUT NYTb, pas-
HBIH AVIHHE pesbCa:

1=1/v (2)

Ilepuon co6CTBEHHBIX KoJeOaHHH peccopshl

Ty = 2nfm/k, (3)

rae kB — XKeCTKOCTb Peccopbl; m — Macca rpy3a, AeHCTBYIOLUe-
ro Ha peccopy ¢ cusodl F|. Tak xak F| = mg, tom = F|/g.
Kectkocts £ = Fo/h.

MoacraBus 3HaueHus m H k B gopmyay (3), nonyuum

Fh
Ty =2 ’#
0 =21 Fog (4)

Ha ocHosanuu ycnosus (1) u Boipaxenuit (2) u (4) umeem

hh _ |
. |— ==
2 Fg U

OTKyaa

-t |he
o2n ¥V RA

740. MasTHHKOBbBIE Yachl, TOYHO HAYUIHE HA YPOBHE MOpH,
noaHsTH Ha BeicoTy A = 1000 M. Ha ckosibKO 0TCTaHYT OHH 3a
Bpems ty = 1 cyt = 86 400 c? Pagnyc 3emau R = 6370 - 103 m.
MafATHHK CYUTATh MaTEMATHYECKHM. ‘

Pemenwue. IlycTs  — nokasanue yacos Ha BrICOTe A MO
HCTeYeHHH CYTOK. Toraa oTcTaBaHHe 4acos

At =ty —t, (1)

rae fy — MoKasaHHe 4acoB Ha YPOBHE MOpS.
[TokasaHne 4acoB MPOMOPLHOHAIbHO YHCJY KoJebaHHH
MasiTHHKa:

t/tg = N/ Ny, (2)

rae Ny, N — unciio xone6aHHi MassTHHKA 32 CYTKH COOTBETCT-
BEHHO Ha YPOBHE MOPSl M Ha BLICOTE A.

C yBesHyeHHEM BBICOTH YMEHbLIAETCS YCKOPEHHE CBOGOAHO-
ro nafeHHs, MO3TOMY NEPHOA KoJeGaHHH MasiTHHKA yBeJHYHBA-
€TCSl, a CJIEIOBaTeNbHO, 33 CYTKH Ha BbICOTE A MasiTHUK COBEp-
LIHT MeHbllle KoJeBGaHHH, yeM 32 TO )Ke BpeMsl Ha YPOBHE MOpSsi
(N < Np), nostomy uachl otcTaHyT. OHH MOKaXYT Bpemst
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b=t Nio (3)

KaK 3TO CJAeLyeT H3 Bupaxenus (2).
Ha ypoBue mops nepuon koneGanuit MasiTHHKA

TO = Qn,/l/go ,
T =2nl/g;.

rae go, €5 — YCKOPeHHe CBOOOAHOrO NaiaeHHsl COOTBETCTBEH-
HO Ha YPOBHe Mops ¥ Ha BhicoTe h. [losTomy Ny = to/ T,
N =t,/T. CnepoBatensHo,

Ha BnIcOTE A

N_T_ |&
o T g (4)
Ho
=GcM =G_M__
g =0p &r=0p

rae G — rpaBHTalMOHHas MOCTOsIHHas; M — Macca 3eMJu;
R — papuyc 3eman. [Tosromy

&R
g€ (R+h)?

I[ToacTaBHB 3HaueHHe 3TOro OTHOWEHHs B Hopmy.y (4), moay-
uuM

N_ R (5)
No R+ h

Tenepb Ha ocuoBanuu dopmya (1), (3) u (5) Hafinem o1-
CTaBaHHe YacoB 3a CYTKH:

At—(l No)to 1 R+h)t0 Sttg, At=14 c.

741. [epeBsinublil 6pycok Maccod m = 3,2 KT ¢ NOLIAAbIO
ocHoBaHHA S = 400 cm? nuasaer B Bone. Bpycok cierka no-
TPY3HJH B Boay raybxe u ornyctuad. Haiith yactory xoJe-
6auuit 6pycka, Cusofl TpeHus npeHebpeus. [IJOTHOCTL BOABI
p=10r/cmd.

Pewenwue Ilpu paBHoBecHH Ha 6pPYcOK AeHCTBYIOT
CH/IA TSDKECTH mg M apxuMegoBa cuna Fp) (puc. 243, a) u

BHIMIOJIHsIETCS yeoBHe mg + Fpy = 0.
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§

a -
bas bz
— — X — =
i 7. S R V-
xt
P #uc. 243

IlpoBenem ock OX, HanpaBileHHYI0 BEePTHKaJbHO BHH3, C
HayanoM Ha oBepxXHOCcTH BoAbl. CIPOEKTUPOBAB CHJIbL HA 3TY
ock, nonyuuMm mg — Fpy = 0. Orciona, yuHTHBasi, YTo

Fpy =pgVy, tne V| — o6beM norpyxeHHoH 4acTH GpyckKa,

(1)

MOJIY4HUM
mg - pgV; = 0.

Ecau 6pycok norpyauts riy6xke Ha paccrosiaue x (puc. 243, 6),
TO apXHMe[oBa CHJIa CTaHeT paBHOH Fpg, a ee MoayJb
Fpo = pg(V] + xS). PasnoBecHe HapywMTcs, Ha 6pycoK Gy-
AeT AeHCTBOBaTh pe3yJbTHPYIOUIasl CHIa
i‘; = mé + FAQ.
B npoekuusix Ha ocb OX GyaeM UMeTh

F, = mg — pg(V; + xS). (2)

W3 ypasHenns (1) creayer, uto mg = pgV,. INoacrasus
3TO 3HauyeHHe mg B dopmyay (2), nonydum F, = —pgSx, HIH
F, = —kx, rne k = pgS. CnenosaTebHO, NepHOA KoJeGaHHH

p— m _ m
T—Qn‘/%—Qn /Eé?’

a 4acTtorta



3afjaum AnA CaMOCTOATENbLHOro pelleHnsA

742. Teno maccost m = 2,0 Kr coBepillaeT rapMOHHYeCKHe
Kosie6aHus mo 3akoHy x = 50cos Xt rae Bce BeNHUHHBI BHI-

paxkeHnl B eguHuuax CH. Onpeaesuth MakcHMasibHEe 3Haue-
HHfl CMeIlIeHHs, CKOPOCTH, YCKOpPeHHsi ¥ cuian. Haiitu nos-
HYIO 3HEprHIo TeJja.

743. MarepuaspHasi TOYKa COBEpLIdeT TrapMOHHUYECKHe
KoJle6aHHsl COrJIaCHO ypaBHEHHIO

x= 2cos(§t+%),

B KOTOPOM BCe BeJIMUMHH 33jaHbl B eauHHuax CH. Haiitu
nepHoa KoseGaHuH, aMIVIHTYAY H HauyajlbHYIO ¢a3sy.

744. MepaHuill apHuK, NoABeLIeHHKWH K NPYXXHHe, COBep-
IlaeT BepTHKaJbHble Kosle6aHHsi. Kak H3MeHHTCA mepHoa Ko-
JeGaHHH, eCJH K NPYXHHE NMOABECHTb BMECTO MEJHOro aJio-
MHHHEBBIH WIAPHK TAKoro e o6bveMa? [InoTHoCcTh MeaH py =
=8,9 - 103 kr/m3, amomunus py = 2,7 - 103 xr/m3.

745. Teno, npHKpensieHHOe K NpPY>KHHe, BRBEJH H3 CO-
CTOfIHHSl PABHOBECHS H OTIYCTHJIH, B pe3yJbTaTe Uero oHo
CTajl0 COBEpLIaTh FAPMOHHUYECKHe KoJieGaHHSA BAOJb FOPH30H-
TaJbHOro cTepXHsi. OnpeaesuTh OTHOLIEHHE KHHeTHUECKOH
SHEPrHH CHCTeMbl K ee IOTEeHLHaJbHOH 3HepruH mo HcTeye-
HHH BpeMeHH ! NoCJe Hauaja KoJieGaHMH, ecJH HX NepHOL
paBed T. Macco#t npy»xuHbl npeHeGpeyb.

746. I1pyxxuHa nopx AeHCTBHEM MOABELIEHHOro K HeH rpy-
3a pacTaHyJaach Ha x = 6,5 cm. Ecsin nocae atoro rpys orrs-
HYTb BHH3, a 3aTeM OTIYCTHTh, TO OH HaYHeT KoJe6aThCs BAOJIb
BEPTHKANbHOH ocH. OnpeaesuTsh Nepruoa 3THX KoJeBaHHH.

747. lllapuk, nopBellleHHBIH Ha NpPYXHHe, CMeCTHJH Ha
pacctosiiie @ = 0,01 M BHH3 OT MOJIOXKeHHsI PaBHOBECHS H
ornyctuau. Kakoll nyTh npoiimer wapHk 3a ¢ = 2 ¢, ecJH
yacToTa KoseGaHMH 3ToH cHcTembl V = 5 'u? 3atyxaHuem
npeHe6peyb.

748. I'pys maccoit m = 400 r, noxBellleHHbIH Ha NPY>XHHe
XecTKocTbio & = 250 H/ M, coBepluaeT Kone6aHHs ¢ aMIUIH-
TYNo# x, = 15 cm. Hafitu naubosbluylo CKOPOCTb Ipysa.

749. Or rpy3a, BUCSLIIEr0 Ha NPYXXHHE XXeCTKOCThIO R, OT-
HeJsileTCsl ero 4acTh Maccod m. Ha kakylo MakCHMaJbHYIO
BLICOTY MOAHHUMETCS OCTaBliasics yacTb rpy3a? ConpoTHBJe-
HHUEM BO31yXa npeHebpeub.
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750. HaliTH UMK/AHYecKHe 4YacTOThl KoseBaHUN MasfiTHH-
KOB, H306pa)kKeHHbIX Ha pUC. 244. M3BecTHO, 4TO )KECTKOCTH
NPYXXMH paBHBl R| W k9, Macca rpysa m. Maccamu npyxxuH
npeHebpeyb.

g/ﬁ A

m
! .
{
{
{
/
/ :
/(z k’ /
/
d
s '
\\,-~~~ F‘---'
m
++ + + 4+ +
Puec. 244 Puc 245

751. Jlpa MaTeMaTHYeCKHX MassiTHHKA OJIHOBPEMEHHO HAYH-
HaIOT KoJle6aTbcA. 3a OAMH H TOT )K€ NPOMEXYTOK BpeMeHH
nepebii cosepiaer Ny = 20, a BTopoit — N = 10 kosne6aHH#. -
OnpenesuTh OTHOLIEHHE AJIHH 3THX MasTHHKOB.

752. [TonoxxuTebHO 3apsXKeHHbIH IapHK Maccod m = 30 r
COBepIlaJ rapMOHHYECKHe KoJleGaHHA Hal MTOJIOXKHTEJIbHO 3a-
pSXKEHHOM 6eCKOHEYHOH rOPH30HTA/IbHOM IIOCKOCTbIO (pHc. 245).
[1pn 3TOM cHJa 371€KTPHYECKOTO B3aHMOAEHCTBHSA lUApPHKa H
naockoctH F = 0,10 H, a nepuox ero xonebauuit T = 2,0 c.
3areM LIApHK Nepe3apsau/Iib TaK, YTO ero 3apsn CTaj oTpHLa-
TeJIbHbIM, HO N0 MOAYJII0 PaBHBIM NepBOHayasbHOMY. Onpene-
JIMTb MEepHOA TapMOHHYECKHX KoJeGaHHH IIapHKa B HOBOM
COCTOSIHHH. '

753. OnpeneavTh IIHHY MaTeMaTHUECKOTO MasTHHKA, €CJIH
M3BECTHO, YTO MPH YMeHbILEHHH AJIHWHbB HUTH Ha Al = 5 cM
4acToTa KoJie6aHHil MafATHHKA yBesHuHBaeTcs B n = 1,5 pasa.

754. Yacsl ¢ MasiTHHKOM AJHHOM [ =1 M 3a cyTku (¢ = 24 4)
orctaloT Ha Af = 1 4. Ha CKOMbKO HYXKHO H3MEHHTb AJHHY
MasTHHKA, 4TOOH! Yachl MOKa3bIBaJH TOYHOE BpeMs?
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755. Jlpa MaTeMaTHYECKHX MasiTHHKa C NMEPHONAMH KoJe-
6anui T} = 6 ¢ u Ty = 5 ¢ COOTBETCTBEHHO OJHOBPEMEHHO
HauHHaIOT KoNeGaHHUs B OIMHAKOBLIX (pa3ax. Uepe3 Kakoe Hau-
MeHbllee BpeMsl (a3bl HX Kose6aHHH CHOBa 6YOYT OMHHAaKO-
BbIMH?

756. lllapuk NJIOTHOCTBIO p; MOJBELIEH Ha HEBECOMOH H
HEPACTSKUMOH HUTH IJMHHOH [ B XXUAKOH cpefie, MUIOTHOCTD
KOTOpOH paBHA po. OnpenesuTh Nepuos KoneGaHHH LIAPHKA.
TpenueM npeHe6peysn.

757. lllapuk, umerowi maccy m = 10 r u 3apan q =
= 2- 1074 Kn, noapeiles Ha HeBeCOMOI H HEPACTSIKHMON HHTH
JUIHHOH [ = 25 cM B 3JIEKTPHYECKOM I0J1e IJIOCKOro FOPH30H-
TaNbHOro KOHAEeHCaTopa. Pa3HOCTb MOTEeHUHAJIOB MeXay NJa-
cTHHaMH KoHfeHcatopa U =120 B, paccTtosinue MeXny HUMH
d = 30 cM. Uemy paBeH nepuoa Kose6aHUH LIAPHKA HA HUTH?

758. MateMaTUYeCKHH MassTHHK COCTOMUT M3 LIapHKa Mac-
coi m = 50 r, noABeIleHHOr0 HAa HHTH AJHHOH [ = 1 M.
Onpenenmb HaHMEHBUIYIO CHJIY HATSIXKEHHs HUTH, eCJIH Lia-
PHK NPOXOAHUT Yepe3 MOJNOXKeHHe PABHOBECHS CO CKOPOCTHIO

=14wm/c.

759. Tlpu Kaxko¥ CKOPOCTH Noe3fa MaTeMaTHYECKHH MasiT-
HUK aJauHOH [ = 11 cM, moaBellleHHBIH B BaroHe, OCOGEHHO
CHJILHO PaCKa4yMBAaeTcCsi, eCJH JJIHHA peabcoB L = 12,5 mM?

760. MatemMaTiuecKHH MasiTHHK KOJeGJeTCS N0 3aKOHY

X = X, cos(2mt + @¢).

KakoBa aaHMHa MafATHHKa? BeJWUHHBI B ypaBHEHHH BbIpaXqe-
Hol B equHunax CH.

761. B xaGHHe JH{Ta HAXOAHTCA MaTeMaTHUECKHH MafT-
HUK. Korna nudt HenoasuxkeH, nepHoa KoJe6aHHH MassTHHKA
To = 1 c. Onpenenuts MOAYJb H HamnpaBlieHHe YCKOPeHHs
JUGTA, €CNH MepHOA KoJebGaHHH B ABHXKYylLleMcs JupTe
T=09c.

762. Tlepuon kose6aHUE MATEMAaTHYECKOrO MAsiTHHKA Ha
ypoBHe mopsi Tg = 2 c. Ha ckoJIbKO H3MeHHTCA NepHOA KoJe-
6aHMH 3TOro MasiTHHKA, €CJIH ero MoAHAThL Ha BeicoTy A = 10 kM
Haa yposHeM Mopsi? Panuyc 3eman R = 6370 xm.

763. Pakera nogHHMaeTcs BEPTHKaJbHO BBEPX C YCKOpe-
HHeM a = 3g. CKOJIbKO MOJHBIX KOJeGaHHH COBEepLIHT NoMe-
LEHHBI B paKeTe MasTHHK aMuHod [ = 1,0 M 3a BpeMs, B
TedeHHe KOTOPOro pakeTra NoAHUMAaeTcs Ha BbicoTy A = 1480 M?
3aBHCUMOCTBIO YCKOPEHHs CBOGONHOIO NajeHHsi OT BbICOTHI
npeHebpeus.
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764. KabuHa nudTa, K NOTOJKY KOTOPOH I10ABELIeH MaTe-
MaTHYECKHH MAsITHHK IJIHHOM [ = | M, IBMKETCS C YCKOPEHH-
em a = 2,4 M/ c?, HanpaB/ienHbIM BRH3. Onpee/HTb IepHON
KosieGaHHH MasTHHKA. B KakoM HanpaBJ/leHVH IBHXKeTCS JHOT —
BBEPX HJIH BHH3? _

765. Macca koJge6aoiencs yactHusl m = 0,01 r, uacrora
xonebanu#t v = 500 'y, amnyuTyna x,, = 2 mmM. OnpenenHTs:
KHHETHYECKYIO 3HEPTHIO YaCTHLBI IPH IPOXOXKAECHHH 110J10Ke-
HHS paBHOBECHS; NOTEHUHANLHYIO 3HEPTHIO NMPH CMeLUeHHH,
PaBHOM aMILIMTY/E; TTOJIHYI0 3HEPTHI0 YaCTHLUBL.

766. MareMaTU4YeCKHH MasiTHUK, COCTOSILHH H3 CTaNBHO-
ro llapHka, AHameTp Koroporo d = 4 CM, H HHTH AJIHHOH
[ = 2,43 M, coBepluaeT rapMoHHYeCKHe KosieGaHHs C aMIVIH-
Tyno#t x,, = 10 cM. OnpeneuTb CKOPOCTD L1apHKA NIPH NPOXOXK-
JDeHHH NOJIO’KEeHHS PaBHOBeCHA M HauboJblllee 3HaYeKHe BO3-
Bpawamoouleil cuisl. IlnotHocTs cTann p = 7,8 - 103 kr/m3.

767. 3a Bpems { = 120 ¢ maTeMaTHYECKHHA MasiTHHK COBep-
wxa Ny = 120 xone6anuii. Korna anuHy MasiTHHKa yBeJHYH-
Ju Ha Al = 74,7 cM, oH 3a TO e BpeMs coBeplina No = 60
kosiebanui. HaliTh HayanbHyo HHY MasiTHHKA, €ro KOHeu-
HY!0 AJIHHY ¥ YCKOpeHHe cBOOOAHOrO NaeHHsi B MeCTe NpoBe-
IeHHs OMbITa.

768. Martematnuecku#t MasaTHHK auHo# [ = 50,0 cM Ko-
Jebrercs B KabuHe camosieta. KakoB nepHon ero kone6aHHH,
€C/Ii CaMoJeT: a) ABH)XXETCS paBHOMeEpPHO; 6) JETHT TOPH3OH-
TaNbHO ¢ ycKoperHeM a = 2,50 M/ ¢2; B) niauupyeT BHH3 NON
yIJIoM ¢ = 15° K ropu3oHTY?

769. MarteMaTHyeCKHIA MasTHHK AJHHON [ = | M YCTaHOBJIEH
B Ji(Te, KOTOPbIH NMOAHHUMAeTCs C YCKOpeHHeM a = 2,5 M/ c2,
HanpaBJ/eHHBIM BBepx. OnpefesnnTb NepHOR KojebaHHH Ma-
SITHUKA.

770. ApeoMeTp MacCOH m COCTOHT
M3 3aKPbITOTO CTEKJISHHOTO COCYHa ¢
TPY3OM H LMJUHAPHYECKOH TPYOKH,
TIJI0Iadb NONEePeyHOro ceyeHHs KOTO-
poit paBHa S. OH noMelleH B XKHAKOCTb
nnoTHOCToi0 p (puc. 246). Apeomerp
NOTPYXaT B XHIKOCTb HECKOJbKO
riry6e, 4eM 3To HY)KHO AJ14 ero pas-
HOBecHd, U 3aTeM oTnyckawT. HaiTu
nepuoj CBOOOAHBIX KoJeGaHHH apeo-
D uec 246 MeTpa. TpenneM npeHebpeub.
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771. Ha rnagkom ropusoHrasb-
HOM CTOJIe TTOKOMTCSl GPYycOK Mac-
coil M = 20 r, IpuKpervieHHbIH 1IPY- A
XKHHOH XecTkoeThio £ = 50 H/ M K W%’ é
crene (puc. 247). B 6pycok yna- 7
pAeTcs wWapuk Maccot m = 10,
ABHXKYUIHMHCS IO CTONY CO CKOpO-
ctbio vy = 30 M/ ¢, HanpaBJeHHOM BRoJb npyxuHb. CYHTast
COyHapeHHe llapHka M 6pycka ab6CONIIOTHO YNpyruM, HaHTH
aMIUITYRY KoJeGaHHE 6pycka mocJie ynapa. BpeMs ynapa
NpeHe6pPeXXHMO MaJIo [0 CPaBHEHHIO ¢ NepHOAOM KoseGaHHH
6pycka.

772, B U-o6pasHyio Tpy6Ky, IJI0WAaab
MONepeyHoro ceyeHHs Kotopoi S = 10 cM2,
HaauTa Boga Maccod m = 200 r. Ecan
BOAY BBIBECTH M3 NOJIOXKEHHs paBHOBe-
cusi (puc. 248), To ona 6yner Konebarsb-
csi. Haiiti yactoty KoJjeGauui. Ilaor-
HOCTb Bogpl p = 1 - 103 kr/m3.

773. OnHOpPOAHBIN CIJIOIHOM aepe-
BSHHBIW UMJIMHIP NJIaBaeT B BOJE B Bep-
THKAJbHOM IOJIOXKEeHHH. EcaH uHIHHAD
NPHTONHTb H OTIYCTHTb, TO OH Byaer
copepluaTh KosnebaHHs, TepHOa KOTOPbIX Puc. 248
T =1 c. Onpenenuts BoicOTY UHAHHApA. [110THOCTH BOABI
pr =1-10% kr/m3, mnotHocTb nepesa py = 0,8 - 108 kr/m3.
Cuny TpeHHs He yYHTHIBATb.

774. CxopocTb BOJIHb! BIOJIb PE3HHOBOTO LIHYpa U = 3 M /c
npu yactote v = 2 ['n. KakoBa pasHOCTb (a3 MeXxay TOYKa-
MH, OTCTOSILLIUMH APYT OoT aApyra Ha [ = 75 cm?

775. IInnHa BoaHbel A = 60 cM. Ha KakoM pacCTOSHHH ApyT
OT APYTa HaXONsTCS TOYKH BOJIHBEI ¢ NPOTHBONOJNOXHBIMH ba-
3amH Kose6aHui? Ha KakoM paccTOSSHHH HaxoAsiTCH TOYKH C
pasHOCTBIO a3 AQ = /47

776. B HeKOTOpOH cpepie pacnpoCTpaHsieTCsl BOJIHA. 3a Bpe-
Ms, B Te4eHHe KOTOpOro 4acTHua cpefp! coBepwaer N = 140
KosieGaHKH, BOJIHA pacrpocTpaHsieTcs Ha paccTosiHie [ = 112 M.
Ha#iTi anuHy BOJHBL

777. 3ByKOBas BOJIHA PacpOCTPaHH/ACh H3 BO3LYXa B BOAY.
Jnvna sToi BoHBI B Bo3ayxe A; = 1 M. Kaxosa n/11Ha 3ByKOBOH
Bo/HBI B Boae? CKopocTb 3ByKa B Bosnyxe v; = 0,34 - 103 m/c,
B Bofle — U = 1,36 - 103 m/c.

77777770

Puc 247
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778. UmetoTcst 1Ba KOrepeHTHBIX HCTOYHHKA 3ByKa. B Tou-
Ke, OTCTOsILeH OT MepBOro HCTOYHMKA Ha [} = 2,3 M, a OT
BTOpPOro Ha lo = 2,48 M, 3ByK He cJjblleH. MuUHHMMa/bHAs
4acToTa KoJMeBaHHU#, IPH KOTOPOH 3T0 BO3MOXHO, V = 1 K11,
Haiitu ckopocTh 3ByKa.

779. JIopo>XHBIH MacTep, NPUJIOXKHB YXO K pesbCy, YCJIbl-
IIaJ 3BYK HayaBILErocsi ABMKEHUS N0e3/a, a yepes t = 2 ¢ 10
Hero foHeccs T'YIOK JIOKOMOTHBA NpH oTnpasjeHHH. Ha ka-
KOM PAacCTOSIHHHM OT CTAHIMH OTIPABJEHHs HAXOAWJICH Mac-
tep? CKOPOCTH 3BYKOBBHIX BOJIH B BO3lyXe H B CTaJHM PHHATH
pasuniMH v, = 330 M/ ¢ u vy = 5000 M/ c cooTBeTCTBEHHO.

780. U3 nyukra A B nyHKT B ABa)KAbl 6blJ M0CJAaH 3BYKO-
BOHM CHMTHaJ, yacToTa Kotoporo v = 50 Iy, npuyeM B nepBblil
pa3 cKopocTb 3ByKa Gbi1a v; = 330 m/c. Bo BTopoi pas
TeMIlepaTypa Bo3yXa 6blja Bblllle, N03TOMY CKOPOCTb 3BYKa
MOBHICHJIAaCh M CTajJa pasHO# vy = 340 m/c. Uucao BosH,
YKJIa[ILIBAIOIMXCA HAa PacCTOsiHUU oT A 10 B, Bo BTOpPOH pas
OKAa3aJloCh, KaK H B NepPBbIH, LeJbIM, HO Ha ABE BOJHBI MeHb-
wre. OnpeaeNUTh pacCTOSIHHE MEXAY NYHKTaMH.

12. ANEKTPOMATIHUTHbIE KONNEBAHUA U
BOMNHbI

MeToauyeckue ykasaHuA K pelueHuio 3agay

Psan 3apay Ha 3J1eKTPOMarHUTHbIE KoJeGaHHS pelaeTcs C
npHMeHeHHeM GopMyJbl TomcoHa, a TakKe (OPMYJBl eMKO-
CTH TJIOCKOTO KOHAEHCaTopa H (OpMyJbl CBSA3M MEXIY AJH-
HOH BOJIHBI, CKOPOCTbIO pacrpocTpaHeHHs KoJeGaHHH M Ne-
progoM. I1pu 3ToM HEO6X0AHMO YYHTHIBATD, 4TO opMyaa ToM-
COHa CIpaBej/IUBa TOJBKO B TOM CJIy4ae, eCJIH AKTHBHBIM COIPO-
THBJIEHHEM K0J1e6aTeJbHOrO KOHTYPa MOXXHO npeHeGpeyb. B
nporueccax, NPOUCXOAALIKX B KoeGaTeIbHOM KOHTYpe, BHIIOJ-
HSIETCS 3aKOH COXPaHeHHs W IpeBpAllleHHs 3HEepruH.

I1pu pelleHuH 3aaa4 Ha NepeMeHHbIH TOK HEOOXOAHMO NOM-
HHTb, YTO CHJIa TOKa, HanpsikeHHe U DJIC B nensix nepeMeH-
HOTO TOKAa COBepLUIAlOT FapMOHHYECKHe KOJIeGAaHHS C pasuy-
HeIMH ¢a3amu. [ToaToMy npH nocienoBaTeIbHOM COeJHHEHHH
CHJIa TOKA Ha BCeX YYACTKaX LeNH B OAHUH H TOT )K€ MOMEHT
BpeMeHH OTHHAKOBA, A HaNpPs)KeHUEe BO BCEH LieNH, B OTJIHUHE
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OT LEMH IOCTOSIHHOrO TOKa, He PaBHO apUPMeTHUYECKOH CyM-
Me HanpsKeHHH Ha OTAe/bHbIX ydyacTKax. OHO HaXOmHTCS MO
NpaBHJY CJI0XEHHS! BEKTOPHbBIX BEJHYHH, [IPH 3TOM YUYHTHIBA-
eTCl HajJH4He aKTHBHOrO, MHAYKTHBHOTO H eMKOCTHOrO CO-
NpPOTHBJIEHHH.

OcHOBHble 3aKOHbI U (hOpMY bl

Gopuyra Tomcona:
T=2nJLC,

rie T ~ nepHon cBOGOLHBIX JEKTPOMArHHTHBIX KoJNeGaHHH B KoJle-
GaTeJbHOM KOHTYpe, COCTOSAILLUEM H3 KOHAEHCATOpa eMKocTbio C H
KaTyIUKH HHIYKTHBHOCTbIO L.

Menogennvie 3navenus 3/C e, nanpamenun u u cuast i ne-
pemern020 moKa COOTBETCTBEHHO PaBHbI:

e = &, sin(ot +¢), u=Uy,sin(ot +¢), i =/, sinot,

rae o = 2n/T = 2nv — kpyroBas (UMKAH4YeCKas, YIJIOBas) 4acToTa;
T — nepHop; v — 4actoTa; ¢ — HavagbHas ¢asa DJC uau nanps-
xenHs (HayanbHaa $as3a CHAB TOKa MpPHHATA PaBHOH HyJA);
&n, Up, [n— ammantynnsie suadenus JJIC, HaNPAXEHHS H CHAb
TOKa.

Pasnocms (cdsue) ¢pas xonebanuil CHibi ToKa { = [, sinwt u
HanpsokeHHs u = U, sin(ot'+ @) onpenenserca GpopmyaoH

wl - 1/(eC)

tgo = 2 ,

rae L, C, R — cooTBeTCTBEHHO HHAYKTHBHOCTb KaTYIUKH, €MKOCTb
KOH/[IEHCATODPA H aKTHBHOE CONDOTHBJIEHHE PE3HCTODA, Moc/eoBa-
TE/JbHO BKJIIOYEHHHX B Leflb IePeMeHHOro TOKa.

Hndykmusnoe conpomusaenue KkamyuiKy WHIYKTHBHOCTbIO L

XL =wl.
Emxocmnuoe conpomusaenue xondencamopa emxoctbio C
Xc =1/(C).

[oanoe conpomusaenue yenu

2
Z=JR2+((0L——I—) .
wC

3akon Oma 0aR 31eKmpUYecKoll yenu nepemennozo moKa.:
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U U
I =—Zl, wid I, =

JR? + (0L - 1/(@0)?

rae [, U, — aMnadTyadble 3Ha4eHHsl CHAbl TOKA H HalpPsLKEHHS,
R — aKkTHBHOe COMpOTHBAEHHe; WL — HHAYKTHBHOE CONPOTHBIE-
Hue; 1/(@C) — eMKOCTHOE cOMpOTHBREHHE.

Heiicmayrowjue 3HaueHus Culbl nepemenHO20 MOKa, HaANps-
aenus u 3J1C:

I=1,/J2, U=U,/J2, 6=6,/V2,

tpe I, U, &, — aMnadTyAHne 3HadeHus.
Kosuuecmeo mensomol, 8oidessemoe npogodHuUKOM, AKTHBHOE
COMNPOTHBJIEHHE KOTOPOro R, MPH NPOXOXK/AEHHH [10 HEMY NepeMeH-

HOro TOKa B TeyeHHe BPEeMeHH t,

Q = 2Rt

Ha MHIYKTHBHOM H eMKOCTHOM COMPOTHBJAEHHSX TEMNJOTa He Bbife-
JASeTCH.
Mouwynocme nepemennozo moka

[mUm

P=1Ucosp= cos @,

re cosQ — KO3(pQHUMEHT MOWHOCTH: c0sQ = R/ Z; R — akTHBHO®
CONpOTHBJEHHe HenH; Z — ee MONHOe CONPOTHBJEHHE,
Kosppuyuenm mpancgpopmayuu
k=fll/ﬂ2 =U1/U2,

rae nj, g — YUCAO BHTKOB MNePBHYHOH H BTOPUUHOH O6GMOTOXK TpPaHc-
tdopmartopa; U, Uy — HanpskeHHa Ha NepBHYHOH H BTOPHYHOH
0OMOTKaX.

lMpumepbl pewexun 3apad

781. Cusa ToKa B LleNH M3MeHAETCS C TeyeHHeM BpeMeHH

no 3akony i = 5,0sin2007t A, rae ¢ BHpaXkaeTcsl B CEKYHAaX.

OnpepesnuTh aMIJHTYAHOE 3HayeHHe CHJBI TOKAa, YacTOTy H

nepuos. Haitt cuay toka aas dassl ¢; = 31/8.
PeweHue. 3agaua pemaercs aHajoruyHo 3agayve 731.

ConocraBuB ypaBHeHHS | = /,, sin wt ¥ i = 5,0sin 200z, Hai-

aem: [, =50 A, ot =200nt wiu 2x/T = 200%, T = 0,01 c,
v = 100 I'u.
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Daze ¢, = 3n/8 cooTBETCTBYET cHJa TOKa
i = 5,0sin‘%" A =46 A

782. Ha xakyio 0JHHY BOJHBI HACTPO€H KosebaTesbHblH
KOHTYPD, €CJIH OH COCTOHT H3 KAaTYIIKH HHAYKTHBHOCTbIO L =
=2,0 - 1073 'n 1 nnocKoro KouneHcaropa? PaccTosiHie MeX1Y
nacTHHaMHK KoHeHcatopa d = 1,0 cM, ausiekTpudeckas Npo-
HHLaeMOCTb BelLEeCTBa, 3alOJHHBIUIErO [POCTPAHCTBO MEX]
niacTiHaMy, € = 11. [Tnomane kaxkao# minactus S = 800 cm-.

Pewenune [mHa BonHW A = ¢T, rae ¢ — CKOPOCTb
3JleKTpoMarHuTHeIX BoaH (¢ = 3 - 108 m/c); T — nepuon
Kosebanui. [lepruon HafigeM no ¢opmyJse TomcoHa:

T =2nvLC,

rae L — MHAYKTHBHOCTb KaTywWwkH; C — eMKOCTb KOHAEHCaTo-
pa. [Toncrasus B 3Ty popmyJy 3HaueHHe emkocTH C = £¢eS/d,
nosy4um

€0ES
T =2nr,/L2=.
d
CllepoBaTesbHO, IJIMHA BOJIHH

€0€S

A =2rc,/L 4

L A=24-10% m.

783. Omnpenenntb cABHT (a3 KoseGaHHH HanpsXKeHHs
u=U, sin(®t+ @) ¥ cuan ToKa i = I, sin W A7 SNEKTPH-
YeCcKOH LelNH, COCTOsLIeH M3 MOCJe0BaTeJbHO BK/IIOYEHHbIX
IPOBOJHHKA C aKTHBHHM conpoTuBieHHeM R = 1 xOwm, Xa-
TYIWKH HHAYKTHBHOCTBIO L = 0,5 I'H M KoHaeHcaTOpa eMKo-
ctoio C = 1 mx®. OnpenesHTh MOLIHOCTD, KOTOPas BblaeseT-
cs B LelH, ecJH ammuHuTyaa Hanpskenus U, = 100 B, a
yactora v = 50 ['u.

Pewenue Casur$as Mexiy HanpsoKeHHeM H CHJIOH
TOKa, KOTOpble 3aJaHH ypaBHeHHAMH u = U, sin(wt+ @) u
i = I,n sin wf, onpeaessieTcsl COOTHOLUIEHHEM

_ oL - 1/(aC)
tgo = —%
Huxauyeckasn yactora @ = 27tv. CienoBaTesbHO,
2rvl - 1/(2nvC
tg .= _"L_RL’W_) (1)
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MouwnocTb, KoTOpas BbiaelsieTcsl B LieNH, ONpPEIe]UM M0
tdopmyne

I
P= ——’"éj’" cos®,

roe /,,, U, — aMOAHTyQHble 3HaUeHHS COOTBETCTBEHHO CHJIbI
TOKa M Hanpshkenus. Tak kak [, = U, /Z, To

U?
P=-Z%co
2Z s‘p?

rie Z — NOJIHOe CONPOTHBJIEHHE 1I€NTH; ero HaXoAHuM Mo ¢op-

MyJie
2
_ 2 1
CneposartesbHoO,
U2 cos
P= 2 :
2R + (oL - 1/(wC))? (2)

TMoacTaBuB uHcIOBbe 3HaueHwus B Gopmyay (1), Haligem:
tg@ = -3, ¢ =—72° (MHHYC NOKa3biBaeT, YTO HAMPSDKeHHe
OTCTaeT 1o ¢ase oT TOKa), cos@ = 0,3 . [10ACTABHB UHC/IOBBIE
3HayeHHs B popmyay (2), noayuum P = 0,5 Br.

784. dnekrponeys conpotusaenHeM R = 22 Oum nuraercs
OT reHeparopa nepeMeHHOro Toka. OnpenennuTb KOJHYECTBO
TeMJIOTH!, Bble/sieMoe neublo 32 BpeMs { = 1 4, ec/IM aMIIu-
Tyna cHisl Toka I, = 10 A, )

Pewenue KoianuecTBo TemIoThl, BhlIeNsIOLIeeCS B
IPOBOJHHKE TPH NPOXOXAEHHH [0 HEMY MePeMeHHOro TOKa,

Q=1%Rt,
roe [ — peHcTBYyloulee 3HadeHWe CHJbl ToKa. [1oCKoJbKY
I=1,/v2, 10
Q=1ZRt/2, Q=4-10° Ix.

785. PagHonokarop paboraeT Ha AJIHHe BoJMHb A = 20 cM
v paeT B cekyHay n = 5000 HUMnynbcOB AJHTEJNbHOCTbIO
T =0,02 Mkc Kaxapii. CKoAbKO KoneGaHHi cOCTABARIOT OIHH
HMITy/bC M KaKOBO MaKCHMa/JbHOE PacCcTOsiHHE, Ha KOTOPOM
MOXKeT ObIThb OOHapyXeHa 1eNb?

PeueHue Yucno kKonebaHHH B ofHOM UMnynsce N = vt,

rae v — gactora koaebanuil. Tak xak v =c /A, TIe € ~ CKO-
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POCTb 3JIEKTPOMATHHTHBIX BOJH B Bakyyme: ¢ = 3 - 108 m/c;
A — IVIHHA BOJIHBI, TO

N =ct/x, N=30.

3a npoMexxyTok BpeMeHH ¢ = 1/ n Mexny AByMs MOC/Iea0-
BaTe/bHbIMH HMITY/IbCAMH 3J1eKTPOMarHHUTHbIE BOJHbI JOXOAAT
IO LeJH H, OTPa3HBIUHCb, BO3BpallaTcs obpartHo. [TosTomy
2s = ct, rie s — pacCTOsiHHe [0 LeJH. TaxuM o6pasoM,

s=ct/2=¢/(2n),s=3-10%m.

786. K HCTOYHHKY NOCTOSIHHOrO TOKa MNapajule/bHO MOA-
KJII04eHbl KoHfeHcaTop eMKocThio C = 20 MK®D M KaTyluKa ¢
uHaykTHBHOCTBIO L = 0,02 T'n. [1pu 3TOM HanpskeHue Ha KOH-
nencarope U, = 100 B, a cuna toka B karyuke /; =2 A, 3atem
HCTOYHHK OTK/I04aoT. Kako# 3apsin 6yneT Ha KOHAeHcarTope
B MOMEHT, KOra CHJsa Toka B Katyuke /o = 1 A? Tlotepsamu
SHEprHH Ha HarpeBaHHe npeHebpeys.

PemweHue CornacHo 3aKoHy COXpaHEHHS SHEepTHH,
CyMMa 3HepruH 3apsKeHHOTO KOHAeHCaTopa M 3HeprHH Mar-
HHTHOTO TOJISl TOKA OCTaeTCsl MOCTOSIHHOK:

1Vl +WM1 =W2+Wm2v

roe Wy, Wy — HauanbHas ¥ KOHeyHasl 3HeprHs KOHIEHCATo-
pa; W, 1 W,9 — Haua/bHas H KOHeYHasi SHePTHST MarHHTHO-
ro mofs Toka. BeIpasuB 3Ha4eHHA 3THX 3HEPIHH, IOJIYYHM
ypaBHeHHe
cuf  Li? 2 L3
{ +H q + =2

2 2 2C 2’
roe g — HCKombli 3apan. Orciopa

g=Jc(cu + L{iF - 13)), ¢=2-107 K.

787. KonebartesbHbIE KOHTYP, COCTOSIIIHH M3 KaTyLIKH
MHAYKTHBHOCTH H BO3AYLIHOrO KOHAEeHCATOpa, HacTpoeH Ha
anuny BosHbl Ay = 300 M. Tlpu 3toM paccTosiHHe MeXAy
NJ1acTHHAMH KonfeHcaTopa d = 4,8 MM. KakHM 10/KHO 6bITH
3TO paccTosiHHe, YTOOL KOHTYp Obl1 HacTpOeH Ha AJIKHY BOJI-
Hbl Ao = 240 m?

Pewenue J[lnuna BoaHb B MmepBoM cayyae A = ¢Ty,
BO BTOPOM Ao = cTo, rae ¢ — CKOPOCTb 3JIeKTPOMarHHTHBIX
BosH B Bakyyme: ¢ = 3 - 108 m/c; T}, Ty — nepuoani koneba-
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HUH xOHTYpa. Bbipasus nepuomsl no gopmyse TomcoHa, 6y-

JeM HMeTb!
)\.1 = Q‘RC."LC R 7\.2 = Q‘RCJLCQ s

rne L — uHAYKTHBHOCTb KaTywkH; Cy, Co — eMKOCTH KOHIEH-
catopa. Tak xak C; = €¢S/dj, Cy =€9S/dy, 1O

Ay =2me LS hy = 2me [LES,
d dy

PaznesnnB noujeHHO TNepBoe PaBeHCTBO Ha BTOPOE, MOJY-
unM A /Ao = 4dy /dy , oTKyna
do = di(hy /A9 ), do =75 Mm.

788. MmetoTcst 1Ba KosebaTesIbHHX KOHTYpa € OAHHAKOBbI-
MH KaTYLUKaMH H KOHJEHCAaTOopaMH. B KaTyIIKy OIHOTO H3
KOHTYPOB BCTaBHJIH >KeJIe3HbIH CepAeUYHHK, YBeJHYHBLUHH ee
MHIYKTHBHOCTb B 1 = 4 pasa. HaliTH oTHoLIeHHe pe3oHaHC-
HBIX 4aCTOT KOHTYPOB M HX 3HEPrHH, ecJH MaKCHMabHble
3apsiibl Ha KOHAeHCAaTOPaX OQHHAKOBHI.

Pewenue. [ycTe L| — HHAYKTHBHOCTb KaTYLIKH 6€3
cepaeyHHKA. Toraa HHAYKTHBHOCTb KaTYyWKH C CepPAEUHHKOM
L2 = nLl.

Pe30HaHCHblE ATHHBI BOMH KOHTYpPOB (CM. pelueHHe Npefbl-
Ayuiel 3agaqn):

7\,] = QT'CC\[LIC, 7\.2 = 27!C-\INLIC,

rie ¢ — CKOPOCTb 3JEKTDOMarHWTHHX BOJIH B BaKyyMe: ¢ =
=3 - 108 M/c; C — eMKOCTb KOHIEHCATOpa, OQHHAKOBas B
000uX KOHTypax. PasjiesHB 1o4JleHHO NepBoe PaBeHCTBO Ha

BTOpoOe, NOoJaydYHM
7\,1/7»2 =\/l/rz. (1)

Ecam v) 1 Vo — pesoHaHCHble HaCTOTHL, TO A; = ¢ /vy, Ao = ¢/ Vs.
IMoactaBHB 3TH 3HadeHHs B BeipaxkeHue (1), momyumm:

Y2 o /L Y2 -1
, .
Vi n Vi 2
789. 3apsikeHHbIH KoHOeHcarop eMKocthio C = 0,2 Mxd
MOAKJ/IOUUIIK K KaTyluike UHAyKTHBHOCTHIO L = 8§ mI'H. Uepes
KaKoe BpPeMsi OT MOMEHTA MOAKJIIOUEHHS SHEPTHs 3JEeKTpHYe-

CKOTO 110J151 KOHIEHCATOpa CTAaHeT PaBHOH 3HEPrMH MarHHTHO-
ro MoJs KaTyLUKH?
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Pewenue. C TeueHuem BpeMeHH ! 3aps/ KOHIEHCATO-
pPa U3MEHSAETCS N0 3aKOHY

q = q,, COsWt,

rpe qm - amnnmynﬂoe 3Ha4YeHHEe 3apsma; O — LHUKIH4YecCKas
yacToTa.
OHeprus 3JeKTPOCTATHYECKOr0 MoJsi KOHAEHcaTopa
2 2
W, == Im 052 ot. 1
5 9Cc 2C )

3HepI‘Hﬂ MArHHTHOTO 1oJsi KaTYLIKH
W, =LI%/2,

rae /[ — cuna toka. CHJIa TOKa paBHA NPOM3BOAHOM 3apsaa no
BpeMeHH:
[ =¢q =—-q,0sin 0t
CnepoBatenbHo,

Wy = %q%,u)Q sin? wt. 2)

Yepes Bpems £ oT MOMeHTa oTKat0ueHHs 6yner W, = W,,;.
Ha ocHoBanuM 3Toro paseHcTBa M Bhlpaxkenui (1) u (2) no-
JYYUM

2
Gm 2 L 2.2 . 2
= Wl = 2 q,0° sin” o,
3¢ °08 19 o dm n 1
OTKyAa
2
i .
E’EE& = Lo sin? wf.

[loacTaBHB B 3TO ypaBHEHHe 3HaUeHHe w? =1/(LC), nony-
YHUM

cos? ot = sin? t;.
Orciona HaxoauM tgwf; =1. CnenosatesbHo, Wt =1/4, a

TaK Kak © = = %, OTKyAa

i I
L oAt
7 "° e

4 ="—“4LC, t=3-10"% c.
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3agauu ANA CaMOCTOATENbLHOro pelueHun

790. Katymika ungykrusHocTsio L = 3 - 1073 T'n npucoe-
JIHHEHa K IJIOCKOMY KOHIEHCATOopY, IMIOUIadb KaXKI0H MIJaCTH-
Bl KoToporo S = 100 cm2. PaccTosiHHe MeXy MIaCTHHAMH
koHgeHcatopa d = 0,1 mM. Yemy paBHa aM3neKTpHuecKas
IIPOHHMLIAEMOCTDb Cpefbl, 3aMOMHSAIOUIEH IPOCTPAHCTBO MEXAY
NIaCTHHAMH KOHAEHCATOopa, eC/IH KOHTYpP pe3oHHpYeT Ha BoJ-
Hy anuHo#t A = 750 M? CKOpOCThb 3/1eKTPOMArHUTHAHIX BOJIH B
pakyyMe ¢ = 3 - 108 m/c.

791. OnpenenuTh AJMHHY BOJHBI, Ha KOTOPYH HAacTpoeH
[IPHEMHHK, eCJIH ero NpHeMHbIH KOHTYp o6/agaeT HHAYKTHB-
Hoctbio L = 0,003 T'H u emxocthio C = 10 mxd. Cxopoctb
3/eKTPOMAarHUTHHX BOJH B BakyyMe ¢ = 3 - 108 m/c.

792. KoHTyp pagMonpHeMHHKa HacTPOeH Ha 4acToTy
v =9 MI'u. Kak Hy>XHO H3MeHHTb 3/1€KTPOEMKOCTb NlepeMeH-
HOTO KOHIeHCATOpa 3TOr0 KOHTYpa, 4TOOb MpHeMHHK OblI Ha-
CTpoeH Ha anHHy BoaHb A = 50 m? CkopocTb 3/nexTpomar-
HUTHBIX BOJH B Bakyyme ¢ = 3 - 108 m/c.

793. Ilocne 3apsioKH KOHLEHCATOPa OT HCTOYHHKA MOCTO-
SIHHOTO HanpsKeHUs K4 K nepekmouaoT Ha KaTyliKy HH-
nyxtusHocThio L (puc. 249).

f B KoHType BO3HHKaIOT rapMOHH-

yeckue KosnebGaHUsi ¢ aMILIHUTY-

3 *  no#t cuabl Toxa £, OnbiT NoBTO-
T T‘ PRIOT 10 TIPeXKHEH CXeMe, 3aMe-

HHB KaTyILKY Ha APYTYIO, HHAYK-

THBHOCTbIO Lo = 2L;. Hatttu am-
MIHTYAY CHIbI TOKA /0 IS BTO-
poro cay4as.

794. KonebarenbHbIH KOHTYP COCTOMT M3 KaTYIUKM HHOYK-
tuBHOCTBIO L = 0,2 Mx['H U nepeMeHHOro KOHAeHcaTopa, eM-
KOCTb KOTOPOro MoxeT H3MeHsThcst oT C; = 50 nd go Cy =
= 450 nd. Kakoll aManasoH 4acToT U AJHH BOJH MOXHO 0XBa-
THTb HacTPOHKOH 3Toro KoHTypa? CKOpOCTb 3/€KTPOMarHHT-
HBIX BOJIH B BakyyMe ¢ = 3 - 108 m/c.

795. KonebaTenbHbllt KOHTYpP COAEPIKHT KATYIIKYy H KOH-
neHcaTop. Bo ckonbKo pa3 yBenMUYHUTCS NepHOA cOGCTBEHHBIX
Kosle6aHHH B KOHTYpe, eCJ/IH Iapa/ienbH0 KOHAEHCaTopy Moj-
K/IIOYHTH ellle TPH TAKHX Ke KOHAeHCATopa?

796. B xonebatebHOM KOHType ¢ eMKOCcTbI0 C M HHIYKTHB-
HocTblo L coBepliatoTcsi cBoGOAHble He3aTyxawllHe Kosaeba-

P uc. 249
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Husl. VI3BeCTHO, YTO MakcHMalbHOE HampsKeHHe Ha KOHAeHCa-
Tope paBHO U,,. HaliTH MaKkCHManbHYIO CHITy TOKA B KOHTYpe.

797. KonebaTeNbHBIH KOHTYP COCTOUT M3 KAaTYIUIKH HH-
AyKTUBHOCTHIO L = 1 MI'H U KOHAeHCaTopa, 06KIaaKH KOTOPO-
ro — fBe KpPYyrible NAACTHHB auameTrpoM D = 20 ¢M Kaxaasi.
Paccrosinue mexay nnactuHamd d = 1 ¢cM. Onpenenuts ne-
puoa KonmeGaHHH KOHTYpa, eCIH NPOCTPAHCTBO MEXIY MJa-
CTMHAMU 3aMO0JMHeHO NJEKCHIACOoM, AH3JIEKTPUYeCKas npo-
HHLAaeMOCTb KOTOpPoro € = 3. DneKTpuUecKasi NOCTOsIHHAS
g9 = 8,85 10712 /m.

798. B xone6aTesbHOM KOHTYpe IPOHUCXOASAT CBOGOAHBIE
He3aTyXalollHe 3/1eKTPOMarHuTHble KonebaHHs. 3Hasi, uTo
MaKCHMa/bHBII 3apsif KOHAeHcaTtopa ¢, = 1 - 1076 Ku, a maxk-
cuManbHas cuna toka [, = 10 A, HaiiTH, Ha BOJMHY KaKoi
AJMHHBI HacTpoeH KOHTYp. CKOPOCTb 3/1eKTPOMarHUTHBIX BOJIH
c=3 108 m/c.

799. Karyuika MHIYKTHBHOCTH NOAKJIIOYEHa K KOHAEeHCa-
Topy, .3apax xotoporo ¢ = 2,5 - 10710 Kn. B o6pasosannom
KOHTYpe BO3HHKJIH CBOGOHbIE 3/IeKTPOMarHHTHbIe Kole6aHus,
yactoTa koTophix v = 4 - 107 Tu. Onpesenuts MakcHMadb-
HYIO CHJTy 3/IEKTPHYECKOro TOKa, NPOXOASLIEro Yepes KaTyll-
Ky. AKTHBHBIM CONIPOTHB/IEHHEM KaTYUIKH NpeHebpeyb.

800. 3aBHCUMOCTD CHJbI TOKa OT BpeMeHH B KoJebaTellb-
HOM KOHType onucbiBaeTcs ypaBHeHueM [ = 0,lsin300mt A.
HaiTh MHIYKTHBHOCTb KOHTYpa, €C/H MaKCHMa/lbHas 3Hep-
TS 3]1eKTPOCTAaTHYeCKOro noJst KoHaeHcaropa W, = 0,005 Ix.

801. K HCTOYHHKY TOKA MOAK/IIOYEHa KaTylIKa HHIYKTHB-

Hoctbio L = 0,81 I'H u pesuctop conpotusneHuem R = 25 Om
(puc. 250). Cpasy nociie pa3Mbixa- K
HHs Kioda K B pe3ucTope Bhienser-
cs Tenaosast MottHocTs P = 100 Br. d_
ConpoTuBreHHe 06MOTKH KaTyLIKH i I
npeHe6pexxumo Mano. Kakoe xomu-
YeCTBO TENJOTH BbUIEHTCA B pe-
3MCTOpe K MOMEHTY HCUe3HOBEHHS
TOKa B LeNH? Puc 250

802. KonebaTenbHbll KOHTYpP
COCTOMT M3 KoHfeHcaTopa eMKocTbio C = 1,2 HP u xaTymiku
HHAYKTHBHOCTbIO L = 6 MK['H ¥ aKTHBHBIM CONPOTHBIEHHEM
R = 0,5 OM. Kakyo MOUHOCTb HOMKeH NOTPebaaTh KOHTYP,
yTOGbI B HEM MOAAEPKHBAJIHUCH He3aTyXaloliHe rapMOHUYeCKHe
KoJMe6aHHUA C aMNHMTYNOH HanpsKeHHs Ha KOHAeHcaTope
Up,=10B?
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803. Pamxa niomaabio S = 1 M2 u3 nposonoku conpo-
tusaeHueM R = 0,45 OM Bpauaercsi ¢ yrioBoH CKOPOCTBIO
® = 100 pan/c B OMHOPOJHOM MarHHUTHOM M0JI€ ¢ HHAYKLHeH
B = 0,1 Tn. Ocb BpallleHHs! paMKH JIeXXHT B €e IIJIOCKOCTH H
nepreHAUKyIsipHa BEKTOPY MarHHTHOH HHaykuuk B. Onpene-
JIUTb KOMHYECTBO TEMIOTH @, KOTOPOE BhIIENUTCS B PaAMKe 3a
N = 1000 o6opotos. CamoHHAYKUHEeH NpeHebpeyb.

804. HanpsixeHne 3aXuralus HeoHoBo# namnu U, = 80 B,
HanpsixkeHHe rameHdss U, = 70 B. BoabTMeTp nokasmiBaer,
YTO B CETH MepeMeHHOro Toka HanpsikeHne U = 60 B. Byner
JH 1aMMOYKa TOpeThb B 3TOH CeTH?

805. B ceTh mepeMeHHOr0 TOKAa C IeHCTBYIOWIHM 3HAYEHH-
eM Hanpsixenuss U = 220 B u yacroroit v = 50 I'y nocneno-
BaTeJbHO BKJOYEHB! pe3ucTop conpoTusieHueM R = 200 Ou,
KaTylwka uHayKTuBHocTbio L = 40 MI'H H KoHgeHcaTop eM-
kocTbio C = 80 Mx®d. HaliTh HHAYKTHBHOE, eMKOCTHOE H MOJI-
HOe COMPOTHBJIEHHS LEMH, a TaKXe NeHCTBYollee H aMILIH-
TyIHOE 3HAYEHHS CHJbI TOKA.

806. Pesnctop conporuBnenneM R = 30 Om BxioyeH
NOCJ/Ie10BATENIbHO C KOHIEHCATOPOM B CEThb NepeMEHHOr0 TOKa
¢ neHCcTBYOLMM 3HaueHueM Hanpsikenus U = 220 B u yacro-
tToit v = 50 l'u. AMnuuTya cHJbl Toka B uenu [, = 2 A.
HaiiTH eMKocTh KOHIeHCATOpA.

807. K ucTouHHKY NepeMeHHOr0 HanmpsiXKeHHs ¢ JeHCTBYIO-
wM 3HayenueM U = 100 B u yactoroit v = 500 I'u noxak.io-
YyeHa LeMb, COCTOSALIAS M3 MOCHEN0BATENbHO BKIIOYEHHRIX pe-
3uctopa conpotuBiaenieM R = 20 OM, KaTyILKH, HKHIYKTHBHOCTb
kotopoit L = 40 MI'H, u koHaeHcaTopa eMKkoctbio C = 12 MKP.
Ha#ite cuy Toka B LeAM H NMOKa3aHHS BOJbTMETPA HA KaX-
IOM 3JIeMeHTe LEIH.

808. Karyumika MHIYKTHBHOCTH, KOHAEHCATOP U HPOBOA-
HHK C aKTHBHBIM CONPOTHBJIEHHEM CO€MHEHb MOCIe10BaTe b
Ho. JleficTByIOlHe HAMpPSDKEHHS HA HHX — COOTBETCTBEHHO
Up = 15B, Uc= 10 B, Ug = 12 B. Uemy paBHO neiicTBYyIO-
lulee HanmpsKeHHe HA BCeM y4yacTKe?

809. Jlamnouky a/1s KapMaHHOTO

c 9 "[__ ¢$oHapsl, pacCUHTAHHYIO Ha HaNpshKeHHe

Uy =35Bucuay toka / = 0,28 A, u

KOHIEHCATOP COENHHHJH NOCJen0Ba-
TesbHo (pHc. 251) ¥ BKIIOUHIHK B CeTb
- NepeMeHHOro ToKa ¢ feACTBYIOLIHM 3Ha-
yeHHeM HanpsikeHus Us = 220 B u

P u c. 251 yactorod v = 50 I'u. Kakoit nomxHa
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GbiITb €MKOCTb KOHJEHCAaTopa, 4ToObl HaKaj JaMMOYKH Gbl1
HOpPMa/bHbIM?

810. DnexTpHyeckas Nedb, CONMPOTHBJEHHE KOTOPOH
R =20 Owm, nogkiioyeHa K ceTH nepeMeHHoro Toka. Haiitu
KOJIH4eCTBO TeMJOTH, BblessieMoe Neybio 3a BpeMs { = 2 y,
eC/H aMMNJHTyaa CHabl Toka [/, = 10 A.

811. B ceTb mepemeHHoro Toka ¢ yactotrod v = 50 I'n

BKJIIOUHJ/IH 3JIEKTPOMJIHTKY, @ 3aTeM MOC/e10BaTelbHO C HeH
MOAKMIOYH/IH KaTyIUKY, BCJeACTBHE Yero MOIIHOCTb MJAHTKH
yMeHbIIHIach B 1 = 3 pa3a. PaGouee cOnpoTHBJ/eHHE MIHTKH
R, = 60 OM. HaiiTi HHIyKTHBHOCTb KaTyIIKH. AKTHBHOE CO-
NPOTHBJIEHHE KaTyumkH Ry = 2 Om.
- 812. K 3/1eXTpHyecKOH LeNmH NoaBeleHO NMepeMeHHOe Ha-
npsixxeHue 4 = 180 sinwf B. AMnepMeTp, BK/IIOYEHHLIA B 3Ty
uenb, nokassiBaeT cuay toka / = 1,4 A. OnpeneauTts Ko3¢-
(GHUUHEHT MOILHOCTH LIeMH, eCild 0OHa NOTpe6JsieT MOIHOCTD
P = 144 Br.

813. Ilpu noaknoyeHuw MepBHYHOH OOMOTKH TpaHCGOpMa-
TOpa K HCTOYHHKY NepeMEHHOr0 CHHYCOHAANBHOIO HaNpsXKeHHst
BO BTOpHYHOH 06MoTKe Bo3HuKaeT JIC & = 16 B. Ecau k Tomy
e HCTOYHHKY MOIKIIOYHTb BTOPHUYHYIO OOMOTKY, TO B MepBHY-
Hoit BosHuKaeT JJIC & = 4 B. HaiiTu HanpskeHHe HCTOYHHKA.
[Totepu 3Hepruu B TpaHchopMaTope He YUHTHIBAT.

814. TlepBuyHasi 06MOTKa CHJI0BOrO TpaHchopMaTopa A
Hakana pagvoaaMnsl HMeet 711 = 2200 BHTKOB H BKJIIOYEHa B
ceTb C NeHCTBYIOIHUM 3HauyeHHeMm Hanpsikenus U;= 220 B.
CKO/bKO BHTKOB 10JIXKHA MMeTb BTOpPHYHasi 0OMOTKa, eCJH ee
axTHBHOe compotuBieHHe r = 0,50 OM, a HampsikeHHe Haka-
na namnsl Ug = 3,5 B npH cuie Toka Hakazna / = 1 A? _

815. [TepBuyHasi 06MOTKa MOHHXKAIOILEro TPaHCcHopMaTo-
pa ¢ xo3¢pdHureHToM Tpanchopmaurd k& = 10 BkIoyeHa B
ceTb ¢ Hanpsikenuem U, = 220 B. ConpotHBieHHe BTOpPHY-
Hoi 06MoTkH 7 = 0,5 OM, TOK Bo BTOpHYHOH 06MoTKe / =4 A.
Onpenenuts HanpsixkeHue Uy Ha 3aXKHMax BTOPHYHOH 0OGMOT-
k. [ToTepsiMi B nepBHYHOH 06MOTKe NMpeHe6pedb.

816. DnexkTposHeprus nepesaeTcs OT reHepaToOpa K notpe-
6utenio nmo nposonaM, ofuee CONPOTHBJEHHe KOTOPHIX
R; =400 Om. Kos¢ppHureHT nonesHoro 1eACTBHS JTHHUH ne-
penaun n = 0,95. OnpeenuTs CONPOTHBIEHHE HArPy3KH, eCJH
BHyTPeHHee CONPOTHB/eHHEe reHepaTtopa r = 100 Om.

817. Tlpu nepenaye 371eKTPO3HEPrHH Ha GobLIOE PACCTONA-
HHe HCMOoJIb3yeTCst TPaHC(POPMATOp, MOBLILAKOUIMHA HanpsixKe-
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Hue 7o U = 6 - 10° B u HarpyXeHHbi 10 HOMHHaNbHOH
moutsocTH P = 106 Br. Ilpu 370M pasHoCTb MoOKasaHHH cyet-
YHKOB 3JIEKTPO3IHEPTHH, YCTAHOBJIEHHbIX Ha TpaHcdopMaTop-
HOH MOACTAHUMH U B MPHEMHOM NMYHKTE, YBEIHUHBAETCS eXe-
cytouno (¢t = 24 4) Ha AW = 216 kBT - u. Bo cKonbko pa3s
He0o0X0AHMO TMOBBICHTb HaMpsXKeHHe B JHHHH, YTOGH! MPH Tle-
pejfaue MOTepH 3HEPruu He npesuimany 1N = 0,1%?



V. ONTUKA

13. SAKOHbI OTPAXKEHUA U
MNPENOMIEHUA CBETA

MeTtoau4eckue YKa3aHuA K petueHuio 3agav

IlpH peuieHnH GoAbUIHHCTBA 32134 MO ONTHKE BaXKHOE 3Ha-
YyeHHe HMeeT NPABHUJIbHO CHeNaHHBIH YepTex.

B 3agavax o npesoMneHHH CBeTa Ha MJIOCKOM TpaHHlle pas-
fena ABYX cpef NMpPH NMOCTPOEHHH XOAa Jydya HYXHO YUYHTHI-
BaTb, YTO NPH Mepexose Jydya H3 ONTHYECKH MeHee MJO0THOH
cpeabl B ONTHYECKH (0s1e€ NOTHYIO YO PeNOMIeHHs! MeHb-
llle yria nageHus, a Npu nepexosie U3 oNTHYECKH Gosee MIOT-
HOW cpefibl B MeHee IJIOTHYIO YTroJl peJioMaeHHs Goabiiie yria
nagends. EciH e BO BTOPOM ciyuae yroJa nageHust 6oJblie
npefenbHOro yria, To Jy4 He MepexXofuT BO BTOPYIO Cpely —
NIPOMCXOIUT MOJIHOE oTpakeHHe cBeta. Crenas yepTex, Hano
Ha OCHOBAHHH 3aKOHa MpeJOMJIEeHHs CBETa COCTaBHTh YPaBHe-
HUSA A5 K2XKEOH IPaHHUL pasfena cpel W AONONHHTENbHbE
yPaBHeHHs! HCXO5 H3 reOMeTPHYECKHX COOOpaXKeHHH. 3aTeM
H3 3TOH CHCTEMbl YPaBHEHHH ONPeNeNAiOT HCKOMYIO BEJHYHHY.

OcHOBHble 3aKOHb! U (PopMysnbl

3akone: ompaxenus ceema:

1. ITapatouwmii Jiy4, OTpaXKeHHbIH Ny4 H NepHeHAHKYAAp K Ipa-
HHUE pa3fiefa IBYX Cpef, NpoBeleHHbIH B TOUKe MaJeHHS Jyua,
JIeXat B OfHOH MJIQCKOCTH.

2. Yron oTpaxKeHHs paBeH YINy NajeHHs.

3akonsr npesomaenus ceema:

1. [Tagaowuii ny4, npesioMaeHHbIR y4 U NepneHIUKYAsp K rpa-
HHUUE pa3fiena AByX Cpefi, NpoBelleHHbIH B TOYKe NMAJeHHA Ayya,
J€XKAaT B OKHOHU MJOCKOCTH.

2. OTHolleHHe CHHYca yIia NafieHHs K CHHYCY YyrJa npeJomJe-
HHUA QA8 BAHHBIX ABYX Cpel eCTb BeJWYHHA MOCTOSIHHAf, Ha3blBae-
Mast OmHOCUMEAbHBIM NOKA3AMENEM NPEAOMAEHILS BTAPOH cpefbl
OTHOCHTEJIbHO NepBOH:

367



Abcorromubim noKazamenem npesoMAeRus CPefibl Ha3blBaeT-
CAl MOKa3aTesb MpeNOMJEHHST 3TOH CPelbl OTHOCHTENBHO BaKyyMa.
On nokasblBaeT, BO CKOJIbKO Pa3 CKOPOCTb CBeTa B Cpefie MeHblile
CKOpOCTH cBeTa B Bakyyme: n = ¢/ v, rie ¢ — CKOPOCTb CBeTa B
BaKyyMe; U — CKOpPOCTb CBeTa B jgaHHO# cpefe. OTHOCHTeNbHbIH
NoKazaTeNb NpeloMIeHHs

v _c/n  ny
ﬂQl =—=—=—

ve ¢/ng m
rae v), Up —CKOPOCTH CBeTa B NepBOH M BTOPOH cpefax; ny, ng —
a6GCcoMOTHBIE NOKA3aTe U [pesIOMJeHHsT 3THX cpef.

ITpedeavnotii yeon noanozo ompaxcenus onpeneiseTcs U3 co-
OTHOLIEHHA
sinag =ny/m,

rae ng, ny — abcoNOTHLIE NOKa3aTeNH NpeNoMJIeHHs cpen.

Mpumepbl pewieHun 3agay

818. Jlyy cBeTa, OTpaXKeHHBIH OT MJOCKOro 3epKana, fnajgaer
NepreHAHKY/ISPHO Ha MJIOCKHHA 3KpaH, yaajeHHbH Ha [ = 8,0 M
oT 3epkana. Ha kakoe paccTosiHHe mnepeMecTHTCH CBETOBOH
3afiyHK Ha dKpaHe, eC/IH OBEPHYTb 3epKasno Ha yroa ¢ = 20°
BOKPYT OCH, JIeXallled B MJOCKOCTH 3epKajia H NeplieHIHKY-
JSPHOM MJIOCKOCTH, B KOTOPOH HAXOATCS NajaloWHK H 0Tpa-
KeHKbIH Jy4u?

Peure nue. Ilpunosopore 3epkana Ha yroan ¢ oTpa-
KeHHBIH J1yd noBepHeTcst Ha yroa B (puc. 252). Torza cBeTo-

Puc 252
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BOM 3ai4YMK NepeMecTHTCs Ha paccTosiHHe d. VI3 npsimoyrosb-
Horo TpeyroabHHka OAB naxoaum d = [tg .

Hatinem Teneps yros B. Ipu nosopote 3epkana Ha yros ¢
NeprneHHKyJISp K 3epKany, BOCCTaBJeHHbIH B Touke O nafe-
HHA Jiyda, TaKkxke [10BEPHETCS Ha yroa ¢, 03TOMY yroJ nage-
HHA OyleT paBeH O + @, a yrol MexAay NMajalolHKM H OTpa-
’KeHHbIM Jy4amH paseH 2(o + ¢ ). lo noBopoTa 3epkana yron
MeXAy NafaloliM H OTPaXKeHHbIM Jly4aMH Obll paBeH 20t.

[TockoabKy HanpaB/aeHHe MaAaOLIET0 Jyda 0CTAJI0Ch HEU3-
MeHHbIM, TO OTPaXKeHHbIH J1yd NTOBEPHYJICS Ha YIoJ

B =2(a + @) - 20 = 2¢.

Taxum o6pasom, d = [tg 2¢. [loncTaBuB 4uC/IOBbIe 3HaYe-
HHSA, HadzeM d = 6,7 M.

819. CeeToBoH s1yy nagaet noa yriaoM o = 30° Ha nsocko-
napaJjiesbHyI0 CTEKAAHHYO MJIACTHHKY ToauHo# d = 10 cM.
OrnpepenuTb cCMellleHHe Jy4a MJIAaCTHHKOH, ec/IH OHa Torpy»xe-
Ha: B cepoyryepof; B Boay. [lokazaTesn NpesioMJeHHs cepoyr-
Jlepoja, CTek/aa H BOAbl — COOTBeTCTBeHHO ny = 1,6, no=1,5 1
n3 = 1,3

Pewenue Xogayda B nepBoM H BTOPOM CJydasix
noxasaH Ha pHc. 253, a, 6. [lokasaTenb npeJoMIeHHS cepoyr-
Jepoaa GoJiblile NOKa3aTess NpeNOMIEHHS CTeKJa, a noKasa-
Teslb NPeJOMJIEHHs] BOAbI MeHblle ToKa3aTess NpeoMJeHHs
cteksa. [loaToMy B nepBom cJy4ae npelOMJIEHHbIH Ny4 B CTEK-
Jle ynansetcs OT MepneHIHKYAspa, BOCCTABJIEHHOrO B TOYKe
NajgeHHsi, a BO BTOPOM NpHOAHKaeTcst K HeMy. BolulequiHi u3

a Jd

o

n, & n,
g

NG
\

/72 n,
S}
A

Puc. 253
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MJIaCTHHKH Jyd B 060HX cay4asix GyjgeT napajJefeH naparwo-
memy. ' :

OnpepennM cMellleHHe $; nydya, KOr4a NJIacTHHA NOrpyxe-
Ha B cepoyrnepon (puc. 253, a). M3 npsMoyrosibHbiX Tpe-
yronbHukos AOB u COB nonyuyum

S5y __ d

sin(B; — @)  cosP;’

Orcrona
5 =dsin([3l—a)‘ (1)
cosfy
Ilo 3akoHy npesioM/eHHs cBeTa sina - ~n—2—, OTKyAa
sinff;, n
. msina
sinfy = 2——. (2)
]
CrnegoBaredbHO,

cosf =\/1—sin2 By =-r—:2—\[n§ _”12 sin? a. (3)

[Moacrasus snauenus (2) u (3) B popmyay (1), nocne npe-
06pa3oBaHUM MOTYYHM:

npsin2a R —
sy =d L —sina |, 5, =5,9-1072 m.
2Jn§ - nf sin? @

Jnsi ciyyas, Koraa NIacTHHKA NorpyKeHa B BOAY, CMelleHHe
onpegensieTcst aHaMorH4yHo. [103ToMy uHTaTen0 peKkOMeHaYeTCs
HaHTH CMelleHHe CaMOCTOATeNbHO, HCMob3ya pHe. 253, 6.

820. OnpesgenuTh yros OTKIOHEHHS CBETOBOTO Jy4a TpeX-
TPaHHOH NMPH3MOH C NpPeJOMJSIOUIMM YIJIOM @, €CJH yroJ na-
JeHHS Jyua Ha NepefHIOl0 rpaHb paBeH O, a MOKa3aTeJsH npe-
JIOMJIEHHSI Cpelbl BHe NPH3Mbl M MaTepHasia TPH3Mbl PaBHbI
COOTBETCTBEHHO 1) H Mg, NPHUEM 1y > 1.

PeunieHue ¥Yroa oTkIoHeHHS Jyya

8=(x—-PB)+(B; — ;) (1)

KaK BHewHHR yron TpeyronbHuka ABC (puc. 254). Kpome
toro, LAEB = £ZBDK = ¢ Kak yrini co B3aHMHO NepHeHH-
KyJspHbIMH CTOpoHaMH. ¥ron BDK saBnasiercss BHELIHHUM yr-
JoM TpeyrosabHuka ABD, nostomy

¢=P+oay. (2)
Ha ocxosanuu Boipaxcenuit (1) u (2) nonyunm
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8=a-¢+f. (3)

Hcnonbsys 3akoH npenomae-
HHS CBETa, MOXEM 3aMHCaTh:

sine. _ g snoy _om (4)
sinf  np ' sinPy ng
OTciona
nysina _ngsinay

sinf= - , sin Py
2

W3 shipaxenusi (2) caenyer,
4To o) = ¢ — B, mosTomy

n

Puc 254

sinf; = %—?—sin((p -B)= ’;—f(sin(pcosﬁ —cos@sinf).

[ToactaBuMm B 3Ty opmyny 3HayeHHe Sin 3 H MpoH3BeaeM npe-
06pa30BaHHs:

2 in2
. n . n{ sin® a P
sin P, =% (smcp)"l——‘n—Q—(cos(p)%sma =
2

2
=%21—(sir1<p)Jl _(”_l) sin? a — cosgsina. (5)

ng

YuutnBas pasencTsa (3) u (5), nonyuaem 3HaueHue yraa
OTKJIOHEH}S JIyya NPH3MOH:

2
8=0—@+arcsin %“’—(sin(p)"l—(—?—) sin® a —cos@sina |. (6)
i 2

[ToneaHo 06paTHTb BHUMaHHe HA TO, YTO B CJAydae, KOraa
NpeJoMASIOUHMA yroa ¢ Man (MpH3Ma TOHKasi) M yroJ naje-
HHUS O MaJl, BHpaXKeHHe /IS yI/1a OTKJIOHeHHs @ HMeeT Gosee
npocTyio ¢popmy. JlefCTBHTeNbHO, B 3TOM cllyuae, 3aMeHsisl B
dopmyaax (4) cuHych yrioB WX 3HauenusiMH (B paauaHax),
nosyyaeM:

_mg g _m
a=- B, By pallE

[loacTasue 3TH 3HaueHHs B opmyay (3) U yuuThIBast Bbipa-
x)enue (2), HaiineMm
8 =(ny/n; - De.
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Ota popmyna SBASETCS YACTHHM caydaeMm (opmyasl (6) npu
Manbix @ u o. OHa MoXeT GbiThb nonydeHa u3 dopmyan (6),
€CJIH 3aMEHHTb CHHYCHI YIJIOB @ U O HX 3HaueHHsMH (B paaua-
Hax)  [peHe6pedb Y/€HAMH, [IPONOPLUHOHANBHEIMH 0% H Q.

821. Ha kaxoii rnybuHe pacnosoeH TOYeYHBIH HCTOUHHK
cBeTa S B BoJe, eC/H C MOBEPXHOCTH BOAbl JYYH BBIXOASIT B
BO3yX H3 Kpyra nuameTpom d = 20 m (puc. 255)? Iloxasa-
Tenb MpeaoMaeHus Boabt n = 1,3.

Puc. 255

Pewe nue Bropas cpena (Bosayx) ontHueckH mMeHee
NJ0THasA, YyeM NepBasi (Boxa), MO3TOMy H3 BOAb BHIEAYT TOJb-
KO T€ JlyYH CBETa, yroJjl MajeHHsi KOTOPhIX MeHbllie Mpefeb-
Horo yraia o . Kak BHAHO M3 pHCyHKa, rnyGHHa

h=d/(2tgag). (1)

Jlnst Npeae/IbHOro yrila CpaBeavBo COOTHOLIEHHE sin ol =
= ny/ny, rae ny, ny —abCoOMOTHbIE IOKA3aTeNH NIPEJOMIEHHS
COOTBETCTBEHHO BOIbl M Bo3Ayxa. Tak xak n; = n, ng =1, 10
sinoeg = 1/n. Torna
sinag 1

1 - sinfag  Vni-1

tgao =

[MopctaBus 310 3HaYeHue B popmyay (1), nomyuum:

h=d_ﬁ_"";-l’ h=283m.
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3agaun ANA CaMOCTOATENILHOIO pelueHus

822. JlasepHbllt BH3Hp NPHMeHAETCA AIA 3aAaHHA HaNpae-
JeHH# npu reopesuueckux paborax. JlanbHocTb HeficTBHA
npubopa /; = 2 kM. Ha 3ToM paccTofAHHH AHaMeTp CBETOBOrO
nyuxa d| = 200 Mmm. OnpenenuThb, Ha KAKOM PacCTOSHHH AHa-
MeTp CBETOBOro Nyuyka do = 10 mM. HalTH TenecHbI# yroa
3TOrO NMy4YKa U MJIOCKHH yroJ NpH BepiiHHe B 0CEBOM CeYEHHH
KOHYcCa.

823. I11ockoe 3epkaso, Haxoasleecs B UEHTPe KPHBH3HbI
cepHyeckoro 3kpaHa pagHyca R = 10 M, BpaumaeTcs ¢ no-
cTosHHO#M yacToToi n = 0,5 ¢!, C xakoil ckopocTbio Mepeme-
LIAeTCA MO SKPAHY «3aMYHK»?

824. Tloa KakUM YIJOM K COPH30HTY
ClleflyeT pacroJIOXHTb MJI0CKOe 3epKasio,
yToObl OCBETHTb JHO KOJIOALR OTPAXKEHHBbI- o
MH OT 3epKaJia COJIHEYHbIMH JIy4aMH, B TO
BpeMsl KaK CBeT najaert nog yraom o = 30°
nox yrioM K ropu3onty (puc. 256)?

825. Ha nsockoe 3epkano nmajgaet ot
HUCTOYHHKA CBETA PACXOASIIHHACSA MOA yrI-

JoM O ny4ox aydeir. Onpenenutb yroa
MeXIy Jy4YaMH Ioc/le HX OTPaXKeHHs OT
3epkxana.

826. OTpaxaiouias nNosepxHoCTh 3ep- P& c. 256
Kala COCTaBJAET C MJIOCKOCTbIO CTONA .
yrosi o = 135°. [lo HanpaBneHH IO K 3epKay MO CTONY KaTHT-
¢S Iap cO CKOPOCThio v = 3 M/ ¢. B KakoM HanpaB/eHHH H ¢
KaKOH CKOPOCTbIO ABHXKETCSl H306paXkeHHe 1miapa’?

827. Yros naneHus Jayya CBeTa Ha rpaHuuy AByx cpen (npu
nepexosie ero U3 NepBoi cpebl Bo BTopyw) o = 60°. A6co-
JIOTHHIA TOKa3aTeJib Npe/OMJeHHsI BTOPOH cpenbl ng = 2,4
HaiiTH abcofiloTHBIH NMokaszaTenb MpesoOMJeHHs NMEPBOH cpe-
[bl, €CH OTPaXKeHHbIH W NpeJOMJEHHbIH JYYH B3aHMHO Iep-
NeRAHKYJISAPHBL.

828. KakoBa TosumMHa MIOCKOMapajijenbHOH CTEKASHHOH
NJaCTHHKH, €CJH TOuKY, HaHeCEeHHYI0 YepHHJaMH Ha HHXKHeH
CTOPOHE NJIaCTHHKH, HaboaTe b BUIMT Ha PacCTOSHHU A = 5 cM
OT BepxHeH noBepxHocTH? Jlyu 3peHHS NeplneHAHKYAspeH
NOBEPXHOCTH MJIAaCTHHKH. [lokasaTenb NMpesioMieHHs CTeK.aa
n = 1,6. Ilns Maablx yrios tgo = sino = .
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829. B MHKpOCKON pe3Ko BHOHA BepXHsis IPaHb MJ10CKOMNa-
pasnnenbHOH naacTHHKH TolwKHOR d = 3,0 cm. Urobst nony-
YHTb pe3Koe H300paxKeHHe HHXKHeH IpaHH, TY6yC MHKPOCKO-
na onycTHaH Ha h = 2,0 cM. OnpenenuTs nokasareJb NpesoM-
JIeHHs] BeleCTBa, H3 KOTOPOr0 H3rOTOBJIEHA MJIAaCTHHKA.

830. Kaxyuascs ray6uHa Bogoema £ = 3 M. Kakosa ero
HCTHHHas ray6uHa? [loxasartens npesomieHHs Bosl n = 4/3.

831. [1nacTHHKA COCTOHT H3 HECKOJIbKHX MNJI0CKONApaiessb-
HbIX CJI0€B pPa3jIHYHbIX BellecTB. JIyy cBeTa NnagaeT H3 BO3AY-
Xa Ha nepsbil cJ0H nog yraom o. OnpegenuTs yros npejaom-
JeHHs B NOCJeHEM CJoe, €CJH NMoKa3aTesab NpesoOMJeHHs
BelecTBa 3TOTO CJIOSt PaBeH n.

832. Ha ropusoHTanbHOM [He BofoeMa ri1yGHHOH b = 1,2 M
JIEXHT NJ0CKOe 3epKaso. -Ha KakoM paccTOsiHHH OT MecTa
BXOXIEHHA Jyya B BOAY STOT Jyd CHOBA BbIHJET Ha MoBepx-
HOCTb BOIbI MOCJ€ OTpPa)eHHsl OT 3epkana? YTos nageHHs
ayuya o = 30°, nokasaTesb npesoMJeHHs Bogbl 1 = 1,3,

833. Hapn norpysusiueiicss Ha HeGoabuiylo Ty6HHY nog-
BO/IHOH JIOIKOH MposieTaeT caMoJieT Ha BbicoTe A = 3 kM. Ka-
KOH MOKaxKeTCsl BLICOTA MOJETa caMoJjleTa NMpH HabMI0AeHHH ¢
noaxku? [TokasaTesnb mpesoMyeHHs Bogbl n = 4 /3.

834. Ilyuok mapanienbHbIX Jy4eit cBeTa WHPHHOH b = 20 cm
BbIXOJHT H3 CTEKJISHHOH MJIAaCTHHKH B BO3AYX Yepe3 MJOCKYI0
rpaHb naacTHHKH. OnpegenuTh WHPHHY NMyYKa B BO3AyXe, eC/H
yroJ rnageHHs Jyda Ha rpaHHlly cTekno—Bo3gyx o = 30°, a
noxasareJb NpesoMJeHHs cTekaa n = 1,8,

835. Jlyu cBera majaeT Moa yrioM O Ha MJOCKONapan-
JeNbHYI0 CTEKJASHHYI0 MJIACTHHKY TOJKHHOA d. BbhiuHcaHTb
CMEIlEHHe Jlyya MPH ero NPOXOXKAEHHH CKBO3b MJACTHHKY.
ITokasaTenb NpeJiOM/IEeHUS CTeKJa paBeH n.

836. CgeT, nagatoui U3 BO3IyXa Ha CTEKASHHYIO MJoC-
KOTapajnesbRylo NJacTHHKY, OTPaXKaeTCsl OT MJACTHHKH MO
yraoM Y = 60° u npesoMasieTcs B NJACTHHKe NOJ yrJoM
B = 30°. OnpenennTb CKOPOCTh CBeTa B MuiacTHHKe. CKOpocThb
cBeta B Bo3ayxe ¢ = 3 - 108 m/c.

837. Ha crtone nexur auct 6ymard. Jlyy cBeta, najao-
KA Ha 6ymary nofg yriiom & = 45°, o6pasyeT Ha Hell CBeTJI0e
naTHo. Ha cKoJbKo CMeCTHTCSi 3TO NATHO, ecaH Ha Gymary
MOJIOXHTb CTEKAAHHYIO TWMIACTHHKY TowMHOH d = 2 cm? Tlo-
KasaTeJsb [peJOMAEHHs cTekaa n = 1,5.

838. ToyeuHblt HCTOYHHK CBETa PAcloJoXKeH Ha JHe BO-
noema ray6unoit h = 0,6 M. B HekoTOpO#H TouKe MOBEPXHOCTH
BOZbl BhILIEILIMK B BO3AYX NPeSOMJIEHHbIH J1y4 0Ka3aJcs nep-
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NEHAUKYJSIPHBIM J1ydy, OTPaXK€HHOMY OT NOBEPXHOCTH BObI
o6paTHo B Bogy. Ha kakoM paccTOSIHHH OT HCTOUHHKA Ha AHe
BO0€Ma JOCTHTHET AHA oTpa)KeHHbiH ayu? [lokasartesnn npe-
JoMJeHHs Boan n = 4/ 3.

839. Ha cTekasaHHy0 MNOCKONApalleNbHYH) MAACTHHKY
nagaeT Jyd cBeTa MoA yraoM o . Jlyd yacTHuYHO OTpakaeTcst
OT BepXHeH MOBEPXHOCTH, YaCTHUHO NPOXOAMT BHYTPb NJa-
CTHHKH, CHOBa OTPa)XaeTcsl OT HHXKHeH MOBEPXHOCTH H 3aTeM
BBIXOOHUT depe3 BepxHow. HaliTH yron Brixoga ny4ya u AnHHY
NYTH, NPOHAEHHOr0 JY4OM B MJAcTHHKe. To/MIMHA MIACTHH-
KM d, MoKa3are/b MpeJOMIeHHs CTEKNA 1.

840. OnpenenuTb yron OTKJAOHEHHS Jyda TPeyrobHOH
NPH3MOH, €C/IH Yo MajeHus 3TOro Jy4ya Ha NepeHiolo rpaHb
NpH3MbL & = 53°6’, a NpeJOMJASIOUIHE yroa NpuaMbl ¢ = 60°.
[Tokasaren npenoMaeHHs cpebl, B KOTOPOH HaXOAHTCS NPH3-
Ma, W BelIeCTBAa MPU3Mbl — COOTBETCTBEHHO Ny = 1 ¥ ng = 1,6.

841. Jlyu cBeTa majaeT Ha rpaHb CTEKJAHHOH TPeyroJb-
HOH NPH3Mbl MEPNEHAHKYAAPHO ee MIOCKOCTH M BBIXOAMT M3
MPOTHBOMONOXKHOH IPaHH, OTK/IOHHMBILHCH OT NEPBOHAYANBHOTO
HanpaBJ/eHHs Ha yron o (puc. 257). OnpeaeuTb NPeOMASIO-
IHH yros MPH3Mbl, €C/IH NOKa3aTeb Npe/JoM/eHHs CTeKa /1.

842. BuyTpH cTekna MMeeTcs BO3AyIUHas MOJOCTb Tpe-
yronbHoro cedenus (puc. 258). Yros npu BeplukHe Tpeyrob-
HHKa @ = 30°. [TlokasaTtenu npesoMIeHHs CTEKNA H BO3AyXa —
cooTBeTcTBeHHO 1, = +/3, ny, = 1. Ha Gokosyio rpanb tpe-
yro/lbHOH BO3AYIHOH NMPU3MBI NAfiaeT J1ydy CBeTa MOJ yIiaoM
o = 30°. OnpenennTb, MOJ KaKHUM YIJIOM BHIXOAHMT Jy4 H3
APYroH rpaHH MpPU3MBL.

V4 Y

Y
/4
/.
/
p 4
- /
7 7y
Vi
Y ///
/ a 4
// // //
P uc. 257 P uc. 258
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843. Ognna rpaHb TpeyroJbHOM MPH3MbI C TIPEJOMISIIOUIMM
yraom @ = 30° nocepeGpena. Jlyu, naparouuii Ha APyry rpaHb
nox yrioM o = 45°, nocJie npenoMiaeHHs U 0TPaXKeHHs OT noce-
peGpeHHOMH rPaHH BepHYJCH MO NpexxHeMY HanpasaeHHo. Yemy
paBeH MoKa3aTe/b NPeJOMJIEHHS MaTepHana Npy3Mbl?

844. [lonepeuHoe ceuyeHHe CTEKAAHHOH NPH3Mbl HMeeT
(opMy PaBHOCTOPOHHEro TpeyroabHHKa. Jlyy cBeta nagaet
M3 BO3[lyXa Ha OiHY U3 rpaHeil MpH3Mbl NepNeHIHKYIAPHO eH.
Ha#itu yron mexkay nydyoM, BBIXOASILLMM H3 MpPH3MbI, H MNpO-
NO/DKEeHHEM Jy4a, najawmollero Ha npuamy. [lokasartenb npe-
JOMJIeHHsl cTekaa n = 1,5.

845. Ha xakyw MakcHMaJbHYl0 T1yGHHY MOXHO TOTpY-
3UTb B BOAY TOYeYHHIH HCTOYHHK CBeTa, YTOGbI KBaAPaTHbIH
nJ10T co cTopoHoH a = 4,0 M He NpomycKaa CBeT B IPOCTPaH-
CTBO Haj NOBepXHOCTbIO Bobl? [loka3aresnb npenomaeHus Boabl
n = 1,33, LeHTp Na0T2 HAXOAUTCH HAA HCTOUHHKOM CBeTa.

846. Ha xakoit yrosn oTKJIOHSIETCS Y4 OT MepPBOHAYa/bHO-
ro HamnpaB/eHHs, BHIXOAS H3 cTekaa (MokasaTenb MpesoMie-
uua n = 1,57) B Bo3ayx npH yrae nagedus a = 30°? Moxer
/¥ JIy4 He BBIATH H3 cTeKsa B Bo3nyx? Ecau fa, To npH Kakom
YCJIOBHH ?

847. Yron nageHus ay4a M3 BO3yXa Ha CTEKJAsSHHYHO NJ0C-
KOMapaJe/IbHYIO MAaCTHHKY TOJUIHHOH d PaBeH YIay HOJHO-
ro OTpaeHHs A/ CTeK/1a, H3 KOTOPOro H3roToB/IeHa Iiac-
THHKAa. BHIYHCAHTBL CMellleHHe y4a B pe3y/bTaTe [IPOXOXKie-
HHsl €ro CKBO3b NMaacTHHKY. [lokasaTtesnb mpenoMieHHs CTek-
112 PaBeH 1.

14. COBUPAIOLLIUE N PACCEUBAIOLLIUE
NNH3bI

MeTtoaunueckue YKa3aHusA K peLleHuio 3agad

Peurende 3agay, cBS3aHHbIX ¢ H306paXkeHHeM MpPEAMETa B
JHH3e, PEKOMeHIyeTCsl HayHHaTb ¢ NOCTPOeHHs H3obpaxe-
HuA. [lpH 3TOM BaXKHO YYHTBIBaTb, KaK Paclo/OXKeH NIpeaMeT
OTHOCHTE/BHO XapPaKTePHbIX TOYEK JHH3bI, TaK KaK OT 3TOro 3a-
BHCHT MOMN0XeHHe H300paxkeHus. [IpH nocTpoenud H3oGparke-
HHS IPeiMeTa HaNo HalTH H306paXKeHHe HECKOMBKHX TOYeK 3TO-
ro npegMeTa, a 3aTeM I10 HHM MNOCTPOHTb U306paXkeHHe BCero
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npeaMeta. Hanpumep, a1a nocTpoeHHs H3o6paxKeHHs OTpes-
Ka NPfAMOK JOCTAaTOUYHO CHA4YaJsla NoCTPOHTh H300paxeHHe KOH-
LOB 3TOro oTpe3ka. Uto6bl HaHTH H300paXkeHHe TOUKH, 10CTa-
TOYHO NMOCTPOKTH XOA ABYX JY4eH, HCXOAAIMX H3 3TOH TOUKH.

[Tocne nocTpoeHust H306paXKeHHA COCTABASAIOT YpaBHeHHe
Ha 0CHOBe GOpMYJbl JHH3bI, @ TaKxKe APYyTHe ypaBHeHHs, CJe-
AYIOlHe H3 YepTexka, 3aTeM PelaloT CUCTEMY OTHOCHTEJBHO
HCKOMOH BeJIMUHHBI.

[1pu pewenuH 3anau Ha H306paXKeHHe NpeAMeTa B ONTHYe-
CKOH CHCTeMe, COCTOSILIEH H3 HECKOJbKHX TOHKHX JHH3, CJI0-
JKEHHBIX BIJIOTHYIO, HYXHO CHauaja HaHTH (PoKycHoe pac-
cTOsiHHe cHcTeMbl. OnNTHYeCKasi CHJIa CHCTEMBl paBHa CyMMe
ONTHYECKHX CHJ COCTaBJAIOWMX ee JHH3 (npH CyMMHpoBa-
HHH ONTHYECKHE CHJbl OTAEJBbHBIX JIHH3, CJ0XKEHHbIX BMJIOT-
Hy10, 6€pYT CO 3HAKOM «MJIIOC» WK «MHHYC» B 3aBHCHMOCTH
0T Toro, coGHpawlure OHH HIH pacceuBawowme). PokycHoe
paccTOSHHe CHCTeMbl — BeJHUYHHA, 06paTHas ee ONTHYECKOH
cune. Korga ¢okycHoe paccTostHHe OnpefeseHo, pacyeThl Be-
RYTCS 110 dopMyJie JHH3HL.

[Ipn nocTpoeHHH H300paxKeHHs B ONTHYECKOH CHCTeMe,
COCTOALIEH H3 HECKOJbKHX JIHH3, HaXOASIHXCA APYT OT Apyra
Ha HEKOTOPOM pacCTOSIHHHM, CHaya/la CTPOSiT H3o0pa)keHHe,
4aBaemMoe NnepBoH JHH30H. JT0 H306paXKeHHe paccMaTpHBaeT-
CSl KaK npeaMmeT AAsl BTOPOM JHH3bl H T. A. [lns pacyera Kax-
10ro H306pa)keHHs NpHUMeHsieTcs OpMysa JHH3bL.

OCHOBHbIe 3aKOHb! U (POPMYIbI

Popmysra morKOG AUH3GL

rae F — dboxkycHoe paccTosiHHe JIMH3H; d — PAcCTOSIHHE OT npeaMe-
Ta [0 JIMH3LL; f — paccTOSHHE OT JIMH3bL 10 H300paxeHHa. [TpaBuao
paccTaHOBKHM 3HAKOB cJjefylollee: eciH (POKyc, MpeaMeT HJH H30-
Opa)keHue ABNATCA LeHCTBHTE/NLHBIMH, TO Mepef COOTBETCTBYIO-
LIMMH YJIeHaMH 3TOH (OPMYJbl CTABHTCH IIIOC, €CH MHHMBIMH, —
munyc. [IpeameT cuHTaeTcs MHHMBIM, €CJIH HA JIMH3Y NajaeT CXO-
DALWMACA Ny4OK Jyyed. DTO BO3MOMHO B ONTHYECKHX CHCTeMAXx,
rae HMEKTCA ABe HJIH HECKOJIbKO JIHH3.
Onmuueckas cuna AuH3bL

D=1/F,
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rie F — gokycHoe paccrosiHHe. OHa MoxeT ObITb pacCYHTaHa no

popmyJe
o~ (- )
no R] R2
rae ny, g — abCONIOTHbIE NOKA3aTeNH NPeOMIEeHHs BeleCTBa JIUH3bI
H OKpYy»Kalowen cpegsl; Ry, Ry — paguychl KDHBH3HbI TOBEDXHOCTEH
JMH3b. Pagdycel BbiNyKJblX NoBepXHOcTeH OepyTcs CO 3HAKOM
«[IJII0C», BOTHYTBIX — CO 3HAKOM ¢«MHMHYC».

Onmuveckan cuaa cucmemst AUH3, CAOXEHHBIX BILIOTHYIO,
paBHa ajre6paH4eckOd CyMMe ONTHYECKHX CHJ JIHH3, BXOAALIHX B
CHCTeMy:

D=Dy+Dy+.+ D,

Juneinoe yserutenue AUH3bL

r-H_1
h d
rie H, h — nuHelHble pa3Mepsl COOTBETCTBEHHO H300paXKeHHS H
npeoMeTa.
Yseruuenue aynsi

T'=dy/F,

rae dg = 25 cM — paccTOsHHe HaHJydlero BUAEHHS A/ HOpMaJib-
Horo raasa; F — ¢okycHoe paccTosiHHe JyNbl.

Mpumeptbl pelueHns 3agad

848. BospywHas JuH3a, 06pa3oBaHHas ABYMS TOHKHMHM
CTEKJaMH C Pa3/HUHbIMH PaaHyCaMH KPHBH3HbI, TOMelleHa B
sony (puc. 259). HaiiTu doxycHoe paccTosiHHe 3TOH NHH3BL,
3Has, 4TO CTEK/NSAHHasA JHH32 TaKoH e opMbl HMeeT B BO3-
Ayxe ¢oKycHoe paccTosiHHe F| = 40 cM. AGCoMOTHBIE TTOKa-
3aTesiH TIPeIOMJIeHHS CTEKa H BOAbI —
COOTBETCTBeHHO Ny = 1,5 H ng = 1,3.

Pewmenne. Ilyctb R u Ry —
paguychbl KpHBH3HbI ChepHUECKHX M0-
BepxHoCTeH nWH3 (y BO3AywWHON M
CTEKISHHOH JIHH3 OHH, COMJIacHO yc-
JOBHIO, 0AHHAKOBH), F| U Fg — ¢o-
KYCHble PacCTOSIHH COOTBETCTBEHHO
CTeKJSIHHOH JIMH3bl B BO3[yXe H BO3-
Py e 259 AYUIHOK AHH3bI B Bofe. Toraa, npume-
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HAfl QopMyay AAs pacueTa (QOKYCHOr0 PAacCTOSHHUS JIHH3bI,

6yneM umeTh:
! Mmooy, 1
Fl--(g 1)(R1+R2) (1)

1 n3 1 1 I

_— = —_— —_— + —_—

F (”2 )( R Ry ) (2)
me n3 — a6CONIOTHBIH M0Ka3aTesb MpPeNoMJIeHHsT BO3AyXa:

=].
Pasnenue nousedHo paseHcTBo (1) Ha (2), Hadizem:

Fy=F M/l p oo g7 em
ny /IIQ - l
MuHyc yka3slBaeT Ha TO, 4TO JIMH32 PacCeHBaIOLas.

[TonyuyeHHbIH pe3ynbTaT MokasbiBaeT, YTO ABOSKOBBIIYK/ast
JIHH32 AIBNAETCA CoBHpaolIeH, ecau abCOMOTHHIH NOKasaTenb
npesoMieHHsA Cpefibl, OKpYXKalolied JHH3Y, MeHbllie a6COMOTHO-
ro NoKasaTeJ/Isi ipeJloM/eHUs BelleCTBa JIMH3bl, HIH PacCeHBalo-
iLieH, ecay aBCoMOTHbIH NoKa3aTeslb NpeoMeHus cpeabl 60Jb-
1te aGCOMOTHOrO N0Ka3aTellst pefoMieHHs BelleCTBa JHH3BbL.

UuTaTtenwo npeanaraetcs fatb 060CHOBAHHBIH OTBET Ha BO-
npoc: «Bcerna nu OBOAAKOBOTHYTast MH3a SIBAAETCH pacCeH-
BaIOLLleH ?»

849. Ilnockuit npeamer AB ycTaHOBNeH NepneHAHKYAsAP-
HO TMIaBHOH OCH ONTHYeCKOH TOHKOH AHH3bL. [locTpouTh U30-
OpaxceHHe 3TOr0 NpeAMeTa B JHH3e MpPH Pa3/JHYHBIX PACCTOS-
HUAX d oT npeaMmeta A0 NUH3H. [lonoxeHHs1 HOKYCOB NHH3bI
H ee [J1aBHOHM ONMTHYECKOH oCcH 3aaaHbl. PaccmoTpers aBa cay-
yas: | — nuH3a cobuparuas, Il — auH32 paccedBaouas.

Pewesnue. 1 Jlns nocrpoeHus H3o6parkeHus npeaMera
Heo0X0AHMO HalTH H300paXKeHHe psifia TOYeK 3TOro Npeamera, a
3areM Mo HUM NOCTPOUTh H3obpaxkeHue. [lnsi mocTpoeHHs uobpa-
XeHHS TOUKH MOXKHO HCIOJIb30BaTh JMio0ble Ba U3 CledyIolHX
TpeX Jyuei: 1) ayd, Nagaiiki Ha JHH3Y NapanfienbHo rias-
HOM ONTHYECKOH OCH; 2) JTyd, MPOXOASLIMI Yepe3 ONTHYECKHH
LeHTp NMH3LL; 3) Nyd, NPOXOAAIMI yepe3 raasHbiil dokyc. Xox
3THX Jiyded Moclle NPOXOXMAEHHS Yepe3 COOHpAIOUIYI0 JIHH3Y
H3BeCTeH: NePBIH J1yd NMPOXOAHT Yepe3 rNaBHbIE (OKYC NHH3bI,
BTOPOH He H3MeHsieT CBOero NepBOHAYabHOTO HanpaBJeHUs,
a TpeTUH MIeT Nnapaj/iefbHO FNIAaBHOH ONTUYECKOH OCH.

Ha puc. 260—264 nocrpoeHo uzobpaxenue A;B| npeame-
Ta AB B cobupaiowelt 1MH3e 1158 NATH Pa3JHUHBIX CJly4aes.
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1. Eciu d < F, 1. e. npeMeT HaxOAHTCA MeXay GoKycoM
H JIHH30H, TO U306paxkeHHe MHHMOe, yBeJHYEHHOE H NpsMOe
(puc. 260).

2. Ecmn d = F, 1. e. npeaMeT HaXoQHUTCH HAa PACCTOSIHHH,
paBHOM OKYCHOMY PacCTOSIHHIO, TO H3006paxKeHHe HaXOQHT-
cst Ha 6eckoHeynocTH (pHc. 261).

3. Eciu F < d < 2F, 1. e. mpeaMeT HaxOAHTCA MEXIY
(hOKycOM H TOUKOH, OTCTOSILIEH OT JHH3H HAa PacCTOSHHMH,
PaBHOM JBOHHOMY (OKYCHOMY PacCCTOSIHMIO, TO H306paxkeHne
IeHCTBUTENbHOE, yBEJIHUEHHOE H MepesepHyToe (pHc. 262).

4. Ecan d = 2F, 1. e. npeaMeT HaXO4HTCA Ha PaCCTOSAHHH,
pPaBHOM IBOHHOMY (POKYCHOMY PacCTOSIHHIO, TO H300pakeHHe
HDeHCTBHTEJbHOE, TaKOe XKe N0 Pa3Mepy, KaK H caM npeaMerT,
 nepesepHyToe (puc. 263).
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5. Ecam d > 2F, T. e. npeaMeT HaxoAMTCS OT JHH3H Ha
PacCTOAHMH, NpeBHLIAONUEM 1BOHHOe (OKYCHOE paccTOsiHHe,
TO H300paxeHHe NeHCTBHTE/bHOE, yMeHblLIEHHOe U NepeBep-
Hytoe (puc. 264).

[Tonesno o6paTHTb BHHMaHHe Ha TO, YTO 1-H cayyait cooT-
BETCTBYeT NMOCTPOEHHI0 H306paxKeHus B Jaymne, 3-H — B Npoek-
uxoHHOM annapate (xuHOMpoexTOpe), 5-i1 — B GoToannapate.

II. Ecan nuu3a pacceuBarmowas, TO He3aBHCHMO OT pac-
CTOSIHMA OT npeameta AB 1o nHH3H H306paXkeHue A;B; Bce-
raa nony4aeTcst MHMMOe, yMeHblueHHoe u nipsiMoe (puc. 265).
[Tpu nmocTpoeHHH H300paxkeHHS B pacceHBaoLIel JHH3e HC-
TNIO/b30BAMHCh ABA y4a: Jyd, HAYUHMH Napalje/bHo raBHOH
ONTHYeCKOH OCH, H JIy4, NPOXOASAIHH Yepe3 ONTHUECKHH LEHTP.
[TepBbif yy nocsie npenoMaeHHS JHH30H HAET TaK, UTO €ro

381



2F g \F 8 ¥

A

Y

P uc 264
A
7
//
J/
A
7
£/’ ! F
B 8 0
A
P uc. 265

Tpoao/KeHHe TPOXOAMT Yepes ry1aBHbiH GOKyC, a BTOPOH ayH,
KaK H B cayyae coOHMpalollel JHH3bl, He H3MeHSeT CBOEro
[1epBOHAYA/bHOrO0 HAfpaBJ/eHHS.

850. Ha puc. 266 nokasaubl mosoxeHust npegmeta AB.
[TocTpoHTb H306paXKeHHs TIpeaMeTa.
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Peiwewnue TlocTpoeHne H3oGpaxeHuil MOKa3aHO Ha
puc. 267. TosicuuM moctpoeHHe. YToObl NOCTPOUTH H306pa-
KeHHe npenmeta AB, Jexauiero Ha rj1aBHOH ONTHYECKOH OCH
(puc. 266, a), HyXHo HailiTH Haobpaxkenus A; u By Touek A u B.
BosbmeMm ncxopsmme H3 ToukH A fBa /yya: OgHH — HAYILHH
B[LOJIb [VIABHOH ONTHYECKOH OCH, IPYTOH — NajaloliHH Ha JHH3Y
noa npouasoabHbM yraoM (puc. 267, a). Hanpasnenue nep-
BOTO J1y4a 1ocJ/le NPOXOXKIAEHHS Yepe3 JIHH3y He H3MeHsieTCs.
Jlns onpepesienuss Xxoga BTOPOro Jyya NpoBefgeM NOOOYHYIO
ONTHYECKYIO OCb, NapaJ/e/lbHYl0 3TOMY Jydy, H (OKaJbHYIO
TJIOCKOCTD, TNIPOXOASALLYI uepe3 3agHu#i (okyc JHH3bL. Touka
nepeceyeHHs NMOGOUHON ONTHYECKOH OCH € (pOKaJbHOM IJOC-
KOCTbIO fiBAfeTcA NOGOYHBIM poKycoMm . Uepes Hero H poi-
’KeH NPOHTH BTOPOH Jyy [ocje npesomaeHus B JHH3e. Touka
A nepeceuyeHHsi NMepBOro H BTOPOTO JydeH, NpoLIeHIHX ye-
pes JIMH3Y, sBAseTca H3o06parkeHHeM ToukH A. Takum xe cro-
coboM cTpouTCs H306paxKeHHe By ToukH B.

Puc. 267
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B cayuae pacceunBarouiet JHH3b (puc. 266, 6) nocTpoeHue
BHITIOJIHARTCA aHasoruuHo (puc. 267, 6). OTaIMYHe COCTOHT B
TOM, YTO JIy4, MAYLWHMHA NapasnespHO MOOGOYHOH ONTHYECKOH
OCH, TOCJIe NpesIOMJIEHHs B IMH3€ HOET TaK, YTO ero NpofoJ-
)KeHHe MPOXOLUT yepe3 NMOGOUHBIN (HOKYC, ABAAMILHUHCS TOY-
KOH mepeceyeHHs 3TOH NMOGOYHOM oCH ¢ POKaNbHOH NJIOCKO-
CThbIO, TIPOBEIEHHOH Uepe3 NepefHHH (POKyC.

Jlns noctpoeHus usoGpakeHus npeamerta AB, pacnoo-
JK@HHOTO MOJ HeKOTOPbIM YIVIOM K IJIABHOM ONTHYECKOH OCH
(puc. 266, 8, &), ctponm uzobpaxenuss A| u By toyek A u B.
Jnsa storo 6epeM no aBa Ayda, HCXOAAIMX U3 KAXKJOH TOUKH:
JyY, HAYILMH NapajjieNbHO [ABHOHM ONTHYECKOH OCH, H Jy4,
HAYLIMH Yepes3 ONTHUeCKHH LeHTp AMH3b (puc. 267, 8, 2).
Iepeeift Ayy, npeoMassach B cobUpaloleH JHH3e, IPOXOAXT
yepe3 ee (hOKyC; eC/M )Ke JHMH3a pacceMBaloLlasi, To Jyd Io-
cJle TpesoM/eHHS B JIMH3e HAeT TaK, YTO ero NpPoAoJ/IKeHHe
NPOXOAMT yepe3 nepegHu#t doxyc suH3bl. JanbHeRiine no-
CTPOEHHA SCHBI M3 PHCYHKOB,

851. HafiTh mocTpoeHHeM MOJIOXKEHHe CBeTAILEHCS TOUKH,
eCJIH M3BECTeH XOX Jy4eH Ioc/e MX NpeOMJIeHHS B JHH3e.
OfHH U3 3TUX NyHei TepeceKaeTcsi C [JIaBHOHK ONMTHYECKOH OCbIo
cobupaloliier nMH3b B ee dokyce (puc. 268, a). B cayyae ¢
pacceuBawouied aun3ol (puc. 268, 6) opuH K3 syueil nocse
NpeJIoMJIeHHs B JIHH3e UAeT TakK, 4TO ero IPOLOJIXKEHHe nepe-
CeKaeTcs ¢ IVIaBHOM ONTHYECKOH OCbIO JIMH3b! B ee. oKyce.

PeweHue PaccMoTpuM cHauana caydai ¢ cobuparouier
AuH308. [1pono/xUB 3apaHHble JyYH 10 UX NlepeceyeHHs, 1o-
Jy4uM H3obpakeHHe S’ ceersuedica Todku (puc. 269, a). Co-
eIMHUM TOYKY S’ ¢ onTudeckuM ueHTpoM suH3bl O. Jlyy AF
1ioc/le NIpeNOM/IEHHSA B THH3€ NPOXONHT uepe3 GoKyc, 3HAUHT,
[0 TIpeJIOMJIEHHS OH ileJ TIapaj/le/bHO IVIaBHOH ONTHYECKOH

a \ d ‘r/’

R

Puc 268
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ocu. [lposegem AS|| FO. Ha nepeceuennu AS u OS’ nexur
HCKOMas CBeTAIAsACA Touka S.

B cayuae paccenBawuieit uH3bl (puc. 269, 6) uzobpaxe-
HHe S’ cBeTslleiCH TOUKH MONYYHM TaK Ke, IPOJOJIKHUB 3a-
LaHHble Jy4H [0 HX nepeceueHHs. COefHMHHM TOUKYy S’ ¢ UeH-
TpoM auH3bl O. Jlyy BC mocie npesoMaeHHs HAET TaK, UTO
ero NpopoJ/KeHHe NPOXOAHT uepe3 ¢okyc auH3bl. CrepoBa-
TeNbHO, KO NPeNOMJIEHHA OH LUeJ MapajjesbHO [MaBHOH ofl-
THYeCKOH ocH /uH3bl. [IpoBesem BS IfFO. Hckomas Touka S
JIeXKUT Ha nepecedenud OS’ u BS.

852. Cobupatomias JAMH3a gaeT H306parKeHHe HeKOTOPOro
npeaMeTa Ha 3KpaHe. Brlcota usobpaxkenus pasHa H. Oc-
TaBJ/sA HENOABHXKHBIMH 3KpaH H NpeMeT, HaYHHAKT ABHraTh
JIHH3Y K 3KPaHy ¥ HaXOAfT, 4TO NPH BTOPOM YeTKOM H300pa-
>KeHHH NpefmeTa BblcoTa H306paxkeHHs paBHa Hy. Halitu nedt-
CTBHTE/bHYIO BBICOTY NpeAMeTa.

PeweHne OG603HAUNM paccTOsHHE MeXAY NpeAMETOM
M 3KpaHoM uepe3 /. Toraa mpu nepBoM IOJIOXKEHHH JIHH3bI

HJIH
hdy =Fl, f +dy =1, (1)
rie [y, d| — pacCTOSIHHUS OT JIMH3Bl COOTBETCTBEHHO 10 3KpaHa

U 1o npegMeTa; F — (doKycHOe pacCTOSIHHE JIHH3bI.
[1pu BTOpPOM MOJIOKEHWH JIME3bl AHAJOTHUHO NOJYYHM:

f2d2 = Fl, f2 +d2 =1 (2)

Ha ocnoBauuu Beipaxkenuii (1) u (2) MoxHO crenath BhI-
BOM, U4TO d| H f|, TaK Xe KaK dg H [, ABJAIOTCA KOPHAMH
KBalpaTHOro ypaBHeHHs BHga x2 — [x + FI=0, T. e.
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! 1 i 12
d =Xy = — + ——F[, =X = — — ._—Fl

2
a TaKxe
2 2
dy = xg :é- %—Fl, kh=x :é+ IT—FZ.
TakuM o6pasom, noaydaeMm:
d=fp, f=dy. (3)

DTOT pe3yJbTaT ABAAETCH CJAEACTBHEM O6PAaTHMOCTH CBeTo-
BbIX JAy4eH.

Iyctb A — meficTBHTeNbHASA BhiCOTA npeaMeTa. Toraa yse-
JIMYeHHe B NEPBOM CJydae

4 BO BTOpOM

H2/h=f2/d2. (5)

IepemHoxuB nounedHo pasedctsa (4) u (5), ¢ yuetom
BupaxenHs (3) nonyuum H\Hy/h% = 1, otkyna h = JH Hy .
853. CrepxeHb pacrosioKeH BAOb I1aBHON ONTHYECKOH
OCH TOHKOM cofuparwue JUH3b TaK, UTO €ro KOHLbl YAa/leHhl

OT JMH3bl HA pacCTOAHHA d) = %F udy = %F, rae F — Heus-

BeCTHOE OKYCHOe PaccTosiHHe JHH3bl. Bo CKOJIBKO pa3 AMHHA
H306paxKeHHs GoJbllle LJIHHB CAMOTo NpeaMeTa’
Pewenue. Hapuc. 270 nocTpoeno usobpakenue A; B
npenMera AB (NOsICHEHHSA K NOCTPOEHHIO CMOTPUTE B pelue-
HHHK 3afauM 850). M3 pucyHKa BHAHO, YTO AJIMHA TpeaMeTa
I=4d; — dy, a pnuHa mMsobpaxkenus L = fo — f;, roe fy, fo —
PACCTOSIHHS OT JIMH3bl 00 ToYeK B| M A| COOTBeTCTBEHHO,

1\

4 f
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Puc. 270
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ABJAIOLWMXCA H306paXKeHHsiMU ToueK B u A (KOHLOB cTepx-
Hs1). OTHOLLEHHEe 3THX [JMH, T. €. TMHeHHOe yBelHYeHHe,

_L_h-#h
P=i=a-a ()

Tak xak usobpakeHue gedCTBUTENbHOE, HOPMYTY JHH3bL

1 1 1
sanviueM B BUIe F - g T, otkyna f = Fd/(d - F).

Ha ocHoBanuu nocnenHedt ¢popMy/ibl BoIpa3UM pacCTOSHUSA
fi v for
fl = Fdl/(dl - F), fg = ng/(dg - F)

[ToxctaBuB 3TH 3HaueHHs B BuipaxeHue (1), mocae npeo6pa-
30BaHMA NONYUHM:

- F? _
Iﬂ_(dz -~ F)4, - F)’ r=8

854. C noMolibi0 TOHKOH JUH3bl [OMY4al0T YBEJHYEeHHOE
B I’ = 2 pasa geficTBHTeNbHOE H306paXeHHe npeaMeTa. 3aTeM
JMH3Y NepeABHraloT Ha [ = 8 cM M foy4aloT MHHMoOe H306pa-
YKeHHE TaKoro xe pasmepa. OnpeneauTtb GoKycHoe paccTosi-
HHe JIHH3bI.

Pewmwenue. EcauB nepsom cnyyae npeaMer HaXoRUTCA
Ha PacCTOSAHHH d OT JIMH3H, a H306paXKeHHe — Ha PaCCTOSHHH
f1 ot Hee, To yBeauyenune I' = fl/d, cJef0BaTeNbHO,

fi=Td. (1)

Bo BTOpoM caydyae paccTosiHMe OT MpeaMeTa 0 JIMH3bl PaBHO
d — [, a oT U306paXKeHHUs IO JUH3bI

fo=T(d-1). (2)

[TpumenuB ¢opMyay TOHKOH JHH3B B NepPBOM H BTOPOM
ciydasix, 6yaeM HMeTh:

- |—

1_ 1,1

F_Z+Fd’ (3)
I (4)
F d-1! T(d-1"
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U3 ypasuenus (3) Haitnem d = F(1+1/T). Ionctasus 310
3HayeHHe B ypaBHeHHe (4), moayuum
1 _ 1 -1/T
FFU+1/D) -1

Pewns 3to ypaBHenue otnocutenvHo F, Hailgem: F = [T'/2,
F=8cm.

855. Cofuparouasi ¥ pacceHBalollas JHH3bl PacloNoXKe-
HH TaK, YTO HMeloT OOLIYI0 r/aBHYK0 ONTHYecKyl ocb. Ha
3TOM OCH HaXOmWUTCA cBersimasca touka S (puc. 271, a). IMo-
CTpPoeHHEM HaHTH HU300paxKeHHe 3TOH TOUKH.

PeweH ue. UToOw HaNTH H300paxkeHHe TOUKH S, pac-
CMOTPHM XOZ HCXOAALLMX U3 Hee ABYX Jyuel: ayya SFoy, HAy-
11{ero BAOJb JIaBHOH ONTHYECKOH OCH, M NPOM3BOJbHOIO J1y-
ya SA (puc. 271, 6). Tlepsuil Nyy, Npoxogs yepes onTHyYec-
KHe LeHTpbl o6eHX JIMH3, He H3MeHseT CBOEro rnepBoHayaslb-
HOro HanpasJ/eHus. UTo6H HalTH Xxon ayya SA noce npesaoM-
JeHHs B cobupatouier J11MH3e, MPOBeeM Napaije]bHO 3TOMY
JAy4y no6ouHyto ontuueckyw ocbk O|F. Touka F|' nepeceye-
HHsA NMOBOYHOH ONTHUECKOM OCH ¢ (DOKaJbHOH NJOCKOCTHIO
JIMH3bl ABAAETCH NOOOUHBIM (OKYCOM, Yepe3 KOTOpHiH MpoH-
get ayd SA nocne cobupaiowes JHH3bI.

Jna HaxoxpeHus xopma ayda AF| mocje npesoMseHHs B
pacceHBalolle}i TMH3e HajneM No6ouHbil Pokyc FJ, T. e. TOU-
KY nepecedeHHs: No60UHOR onTHYecKo# ocH F30y, mpoBeseH-
HOM mapaJjenbHo ayuy AF, ¢ GoKanbHOH IJIOCKOCTBIO pac-

a A Y

oy

£ 4

~n
h
£
un

Puc 271
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ceuBatouled aUH3bl. Ilocne MHH3BI Ay4 MoORIeT Tak, YTO ero
NpOoNoOMKeHHe NPoKaeT yepe3d TOUKY Fd.

Takum o6pasom, BeiGpaHHble HaMH 1Ba Jyda, NpOHAS de-
pe3 ofe aHH3bL, pacxoasTcesi. [loaToMy u3obpaxkeHue S’ Tou- -
KM S MHHMOe M HaXOZMTCs B TOYKe Nnepeceuenus jyda SFgy u
npono/KeHHs ayua S’B.

856. ToueuHbIH HCTOUHHK CBeTa HAXOAMTCS Ha IJ1aBHOH oI
THHECKOH OCH TOHKOH cofupaiolied JHH3bl. JIMH3y paspe3aanu
Ha fBe MOJIOBHHBI, KOTODLIE
pa3IBHHYJH Ha PacCTORHHE
r =2 mm (puc. 272). Haiitu
paccTosiHHe OT TOYEUHOTO
HCTOYHHKa CBeTa [0 JHH-
3bl, €CJIH PACCTOSTHHE MeX- r
LY AeHCTBHTEJbHBIMH H30- _.“5_._” R
fpakeHHsIMH HCTOYHHKA
! = 6 mM. PokycHoe pac-
cTofiHHe NuH3b F = 40 cM.

Pewenue Kaxnas
M3 Pa3BHHYTBIX MMOJIOBHH
JIMH3Ll JEHCTBYET KakK Le- d
Jasi JIMH3a, TJaBHAas ONTH- '
yecKast 0Cb KOTOPOH Haxo- Puc. 272
LOWTCA HA PAacCTOSIHHH h =
r/2 ot vctounuka S (puc. 273). Jlns HarAsSOHOCTH MpeacTa-
BHM, UTO MmockHe npeimeTl SA ¥ SB ycTaHOBJeHb! Nepnel-
AMKYJASPHO I/1aBHBIM ONTHYECKHM OCSIM 3THX JIHH3, H NMOCTPO-
MM UX H306paxkeHust S’A’ u S”’B’. flcHo, uto Touku S 1 S’

N 4 f
5’/
H
Al F A
A 1z L
3
8 Ff 8
S
Puc. 273
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ABJAAITCH H300pa)keHHAMH HcTouyHHka S. Kak BHAHO H3
puc. 273, Boicota A npeamera SA paBHa r/2, a Boicota H
nzobpaxcenus S’A’ pasra ([ — r) /2. Cnenosatensto, ysenu-
YeHHe OfHOH M3 MOJIOBHH JIHH3bI

=H o
r=2 —. (1)

Ho, ¢ apyroit ctopousl,
r=//d, (2)

rae f — paccTosiHMe OT H3006paxKeHHs 10 JIMH3bI;, d — PacCTOs-
HUEe OT MpeaMeTa /0 JIHH3LI.

W3 dopmya (1) u (2) cnenyer (I — r)/r = f/d, otxyna
f=d(l = r)/r. TlogcTaBHB 3To 3Ha4YeHHe B HOPMYJ]y TOH-

o .l_ = l + l l = _l_ + _r
KO JMH3bL F = 4 7, nonysum g =y . Otcrona
d=Fl1/(l-7r),d =06 M.

857. He6ousbluoMy MIapUKy, KOTOPbIM HAaXOAUTCH HA IIO-
BEPXHOCTH FOPU30HTAJILHO PaCcliONOXKEeHHOH TOHKOM cobupaio-
mel JMH3B ¢ onTHYeckoM cuyod D = 0,5 anTp, coobuiuau
BEPTHKAJIbHYI0 HaualbHYI0 cKopocTb vg = 10 M/ c. Cxonbxo
BpeMeHH OYIeT CYlLIecTBOBAaTb AeHCTBHTENbHOE H306paXKeHHe
11apHKa B 3TOH JIHH3e?

PemeHue H3obpaxenue mapuxa 6yneT feACTBUTENb
HbIM TOTQ, KOTJA PACCTOSIHHEe OT IUApHKA A0 JHMH3B GoJblie
doKycHOro paccTosHus F 310i MH3bI (cM. pellieHue 3anaun 849).

BriGepeM cHcTeMy KOOpAMHAT Tak, uyTobbl ock OX Gbina
pacrnoJjiokeHa B (JOKaNbHOH TMJIOCKOCTH JIMH3BI, a HA4Yaslo KO-
opauHat O coBnajgano ¢ ee raBHHIM dokycoM (puc. 274).
Bpems 6ygeM oTCUMTHIBATB ¢ TOTO MOMEHTA, KOTAA I1apHK OblL1
B Touke (. Torga 3aBMCHMOCTb KOODAMHATHI Yy IU3apHKa OT

v BpeMeHH ! BbIDAa3UTCH ypaBHe-

HHEeM
. y=uvt-gt2/2, (1)
' Tle U; — CKOPOCTb LIapHMKa B
6 X~ Touke O; g — YyCKOpeHHe CBO-
6onHOro mageHHs.
w 7 HaiigeM BpeMs T, 3a xo0To-
poe IIAapHK, BbUJIETEB U3 TOUKH
50 O, BepHeTca B Hee o6paTHO. B
7 MOMEHT fajeHHs Ha (OKaNIbHYO
naockoets £ = 1T, y = 0. Co-
Py e 274 racHo ypasHeHHio (1),
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0=o1-g12/2.
Peiuus 3T0 YpaBHEHHEe OTHOCHTENbHO T, MONYYUM
1=20,/g. (2)

(Bropo#t xopenb T = 0 COOTBETCTBYeT HayaNbHOMY MOMEHTY
BpeMeHH.) CKOPOCTb Uy HalieM Ha OCHOBaHHM 3aKOHA COXPa-
HeHHUs 3Hepruu. BymeM cuuTaTh, YTO HA YpOBHE JIMH3bI MO-
TeHUMaNbHas 3Heprust wapuka E; = 0. Torma B touke O
E, = mgF, rne F — dokycHoe paccTosiuve JiMH3bl. Kunertu-
yecKasi SHeprUs WIapUKa B 3TOk Touke Eyg = mvl2 /2. B mo-

2
mvo/2.

il

MeHT GpocaHHsi KHHeTHYecKasl sHeprus Ey
[To 3aKOHY COXpaHeHHsi S3HePruH
Ey+ E, = Ey * Ep,
HJIH

mu3 /2 = mv} /2+ mgF.

Ortcropa v) = \[vg —2gF .

Tak kak F = 1/D, o v = ,/vg ~-2g/D . TlogcTaBuB 3TO

3HayeHHe B dopmyay (2), Hailzem BpeMsi T, B TedeHHe KOTO-
poro H3o6pakeHHe WiapuKa OyaeT AeHCTBUTENbHLIM:

1=2 vg -2 1=2c.
g D

858. PokycHoe paccrosHHe OGBEKTHBA IIPOEKLHOHHOTO
annapara F = 0,25 m. Kakoe yBenHuyeHHe qMano3uTHBA JaeT
3TOT anmnapar, ec/M 3KpaH yaajeH oT o6beKTHBa Ha paccTos-
Hue f = 4 m?

Pewexue Juano3utuB noMemamoT BOMU3U GoKaIbHOH
IJIOCKOCTH OOBeKTHBA Ha PacCTOsIHHM, OoJbllleM ero QOKyc-
Horo paccTosiHusi. M3o6paxxenue nonydaercs AeHCTBHTEbHOE,
yBeauyeHHoe ¥ o6patHoe (cM. puc. 262). YBenuueHue

[_
r=g=fg (1)

rae f — paccTosiHue oT 3kpaHa (n3o6paxenus) 10 06beKTHBA;
d — paccTOsiHHE OT AHANO3UTHBA O OOBLEKTHBA. -

1 _ 1.1
Hs popmynst munast 7 = 4+ Haxomnm
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L_I=F
d~ Ff
[Monctasus 370 3HadeHue B popmyJy (1), momyuum:

_f-F y_
F——}:—-,F—IS.

3apgauun Ana caMoCTOATENbHOIo pewieHus

859. IToctpouts xon nyua AB, nagawouiero nox HEKOTOPbIM
YTJIOM K [NIaBHOM ONTHYECKOH 0cH Ha cobuparowwyio (prc. 275, a)
¥ pacceusamoliyio (puc 275, 6) nuu3bl. [To10XKeHHs [1aBHBIX
ONTHYECKUX OCeH JHH3 U UX QOKyChl 33a1aHbl.

2 4[\ J Y
F 0 F F 0 F
8 8
v /L
A A
Puc 275

860. Ha puc. 276 nokasaH xox ayda ABC uepes nuH3y.

[TocTpouts xox nyya DE nocsie NpoxoXueHHst ero yepesa JHH3Y.

861. 3apan xon nyya BC nocse npesioM/eHus ero B cobu-

patoweit (puc. 277, a) u pacceusawowein (puc. 277, 6) nuH-

33X, a TaKKe IOJOKeHHS TJIaBHBIX ONTHUECKHX Oocel M oKy-

cbl 1MH3. HadTH noctpoeHunem Xox Jyda n0 JHH3Bl B 060HX

caydasx.

8 862. 3anannl rnaBHAs oNTHYe-

A [  ckas ocb AHH3E O0’, cBeTsAmIasnCA

TOYKA S 1 ee U306paxKeHUe B JIHH-

7 se S’ (puc. 278). Haiitu noctpoe-
HHeM To/oXKeHHe OoKyca JHH3bL

£ 863. ITocTpouTh H3o6paXkeHHe

CBeTHUEHCH TOYKH, JexaleHn Ha

Puc 276 rJIaBHOH ONTHYECKOM OCH JIHH3BI

o
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Pue 277

Ha pacCTOstHUH, MeHblleM ¢o-
KycHoro. [lonoxenue ¢oky-
COB JIHH3b! 3aaH0. PacceMor-
peTh [iBa CJIyyas: a) JIMH3a Co-
6uparorasi; 6) MMH3a pacceH-
Bamwas. Puc 278

864. [lpenmerT U ero nps-

Moe H3o0paxkeHue, CO3aBaeMoe TOHKOH JIHH30H, pPacrioJoxe-
Hbl CHMMETPHYHO OTHOCHTe/]bHO ¢OKyca JHH3b. Paccrosnue
oT npeaMeta 1o $okyca aun3bl [ = 4,0 cM. Ha#itu doxycHoe
pPaccTosiHHE JIMH3BI.

865. PokycHoe paccTosHue cobupawei JuH3b F = 10 oM,
paccTosiHHe OT TpeaMeTa 10 nepegHero ¢gokyca [ = 5 cM, a
JNHHeHHbIH pa3Mep npeameta b = 2 cM. OnpegenuTsh pasmep
H306paxkeHHs. Ha KakoM paccTOsiHUM OT JIMH3BI HYXXHO pac-
MIOJNIOXHUTh NpeaMeT, YTOOH! NONYyYUTh H300PaXkeHHe ¢ yBeJH-
yendeMm I = 10?

866. Haiitu dokycHoe paccTOsiHMEe M ONTHYECKYI CHIY
IBOSIKOBOTHYTOH JIMH3BI, €CJIH PAaCCTOSTHHE OT JIMH3B 10 Npes-
meta d = 36 cmM, a no usobpaxkenus f = 9,0 cm.

867. Paccrosinve oT npeaMera Ao 3KpaHa L = 105 cm.
ToHkas nuH3a, MOMeUleHHass MeXAY HUMH, 1aeT Ha JKpaHe
yBesnHueHHOe H3o6pakeHde npeaMeTta. Ecau nuH3y nepemec-
THTb Ha [ = 32 cM, TO Ha 3KpaHe MOJYUYHTCA YMeHbIUEHHOE
usobpaxenue. HaiiTh ¢okycHoe paccTosiHHE JHMH3bL.

868. C nomouibio cobupawies JUH3b HA 3KpaHe noayye-
HO yMeHbilieHHOe feHCTBUTesbHOe H300paXceHHe IJIOCKOro
npefMeTa, PAchOJOXEeHHOTo MeprHeHAHKY/AsPHO TaBHOH onl-
THYeCKOH ocH. BbicoTa mpeameta h = 6 cM, BbicoTa u306pa-
xeHus H| = 4 cm. OcTaBass 9KpaH H NpeaMeT HeMoOJABHKHbI-
MH, IMH3y MepeMel(aloT B CTOPOHY NpPeAMeTa A0 Tex Iop, 1okKa
He 1oJy4art BTopoe pe3koe u3obpakeHue npeamera. Onpese-
JIHTb BBICOTY BTOPOro U300paKeHHs.

S

* ’
S
*
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869. JlunH3a ¢ GoKycHbIM paccTossHHeM F = 3 cM co3faer
nepeBepHyTOe H306paKeHHe npeaMeTa. PaccTosiHKA OT npen-
MeTa [0 JUH3bl H OT JHH3bI 10 H300Pa)KeHHS Pa3/HYATCA Ha
[ = 8 cM. C KaKMM yBesqHueHHeM H300pakaeTcs NpeaMer?

870. M3obpaxxenue npeaMera, yaaleHHOro OT CO6Hparo-
el AMH3bl Ha pacctofHde d = 0,4 M, 6osbie mpeaMeTa B
I' = 5 pa3. HaiiT BO3MOXKHble 3HAUEHHS ONTHYECKOH CHJIbI
JIUH3HI.

871. PaccrosiHHe OT OCBellleHHOro npeaMeTra 10 3KpaHa
L = 100 cm. Jlunsa, noMenleHHasl MeX/y HHUMH, JaeT 4eTKoe
H306paxKeHHe NpelMeTa NpH ABYX IOJOXEHHUAX, PacCTOSHHE
Mexay KotopbiMu [ = 20 cm. Ha#Tu doxycHoe paccTosiHHe
JIMH3BI.

872. Ha kakoM pacCTOSIHMH Nepej pacCerBaloulel JHH30H
C onTHYeCKoH cuaoll D = —2 anTp Hago MocTaBUTh MpeaMer,
4yTo6Bl er0 MHHMOe H300pa)keHHe I10JyYHJIOCh Ha cepelHHe
PacCTOSIHUS MEXAY JMH30H U ee MHHMbIM (OKyCOM?

873. Tonkas JMH3a co3faeT H3o6paxkeHHe HeGOMbLIOTO
npeaMeTa, Haxofsiulerocs B ee ¢poKaJbHOH NJOCKOCTH M yCTa-
HOBJ/IEHHOTO MepIeHANKYASPHO IIaBHOH ONITHYECKOHN OCH JIMH-
abl. OnpenennTbh BHICOTY NpPeAMeTa, eclH BbICOTa H306paxe-
uus H = 0,70 cm.

874. Ha xakoM pacCTOSIHMH OT paccCeMBalolliell JHH3H ¢
onTHYecKod cuaoit D = —5 anTp Hago NMOMECTHTb NpeaMerT,
YTOOBl €r0 MHMMOe H306pa)keHHe NOoJyuYHa0Cch B 2 = 4 pa3a
MeHbllle CaMoro npeaMerar

875. B 0CKOJIOK TOHKOCTEHHOH CTeKISHHON cdepHUecKo
KosiObl, paguyc KpHBH3HB KoTopol R = 10 cM, HaAuaH Tpo-
3pauHyI0 XHAKOCTb. C MOMOUIBIO MONYyUeHHOR JMH3N feHcT-
BHTe/lbHOe H306paXkeHHe IpeaMeTa, NOMEeNIeHHOTO Haj HeH
Ha pacctosHuH d = 1,0 M, noJy4nnoch yMeHbllIeHHEIM B 2 = 5,0
pa3. OnpenenHTh NOKa3aTeb NPeJOMJEHHs XHUAKOCTH.

876. MHuMoe H306paXkeHHe MpeaMeTa B pacCeHBalOLLEH
JMH3e HaXOQHUTCsA OT Hee Ha PAaCCTOAHHMH B kK = 3 pasa MeHb-
ureM, yem npeamet. Hait paccTosiHHe OT NHH3bB A0 H3006pa-
XKeHHA, ec/H GoKycHoe paccTosiHHe F JHH3b H3BeCTHO.

877. Cobupatouiast NHH3a aeT AeHCTBHTENbHOE H306pa-
XeHde ¢ yBeanyeHHeM [T = 2 pasa. Onpepenutb pokycHoe
PacCTOSAHHE JIHH3H, eCJIH PacCTOSHHEe MeXAy JHH30H H H30-
6paxenuem f = 0,3 m.

878. Ha xakoii MakCHMAJIBbHBIF YTOJ1 MOXKeT OTKJIOHHTbLCS J1yY
CBeTa, NMafawilMii napasie/bHO [VIaBHOH ONTHYECKOH OCH Ha JIMH3Y
¢ okycHbIM paccTosiHHeM F = 8 oM u avamerpom a = 10 cM?
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879. Jluu3a naet MHUMOe H300paXkeHHe NpeaMeTa, yBeJH-
yeHHoe B I’ = 2,0 pa3sa, ecim OH HaxogHTCs OT Hee Ha pac-
ctosHuM d = 5,0 cMm. Kakas 3710 nHH3a — cobupamolias MM
paccerBawwas? YeMy paBHO ee POKyCHOe pacCTOfHHe?

880. Ha kakom paccTosiHHH oT coOHpatoled JHH3bl HAl0
MMOMEeCTHTD IIpeMeT, YToObl PACCTOSHIE MeXAy NpedMeTOM H
ero QedcTBHTENbHbIM M300pa)keHHeM Obl10 MHHHMAJbHBIM?
dokycHoe pacCTOSIHHe JHH3bl paBHO F.

881. [IpoBepssi cBOHM OYKHM, YeJIOBEK [TOJYUHJ HA MOJY KOM-
HaThl NeHCTBUTe/NbHOE HM300DarKeHHe JaMnbi, BHCALEH Ha
BblcOTe A = 2,5 M, JepXXa OUKOBOE CTEK/O NOA JaMMnod Ha
pacctosHuH f = 1,5 M oT noaa. KakoBa onTuueckas cuia
OYKOB?

- 882. CxoasuMHCs NYYOK JYy-
YyeH najaeT Ha pacceHBaKLIYIO
auu3y (puc. 279). B otcytcTBHe
JIMH3bI JIy4YH CXOAMJHCH Obl B TOY-
Ke A, pacnosoXXeHHOH Ha pac-
crossHuH [} = 10 cM OT JMH3BL
[Tocne nmpenomaeHHuss B JNHH3e
JY4YH CXOHATCA B Touke B, yna-
JIeHHOH OT JIHH3bl HAa PACCTOAHHE
lo = 15 cm. Haiitu dokycHoe pac-
CTOSIHHE JIHH3BI.

883. Ha pacceuBamowmyw JHH3Yy BAOJb IVIABHOH ONTH4e-
CKOH OCH NajaeT UHJHHAPHYECKHH NMYYOK napadfesbHbIX Jy-
yel. [lnamerp nyuka d; = 3 cM. Ha skpane, nocTaB/eHHOM 3a
JIMH30M Ha paccTosHMH [ = 12 cM, nosy4aercs CBeT/IbIH KPYT,
auametp Kortoporo do = 8 cM. Haltu ¢okycHoe paccTosHHe
JIUH3bI.

884. Ha rnasHo#M onTHYECKOH OCH Ha paccTosiHUH d = 60 cMm
oT cobupawuied JHH3W, $HOKYCHOe pacCTOSHHE KOTODOH
F = 40 cM, pacnosioxeH TOYeYHbIH UCTOUHHK cBeTa. JIMH3Y Mo
IHaMeTpy paspes3alH Ha [Be MOJOBHHB H CHMMETDHYHO pas3-
IBHMHY/H HX Ha paccTOsiHHe r = | CM B HallpaBJ/leHHH, NepIeH-
OVKYJsipHOM TNaBHOH onTHueckoH ocH. Ha kakom paccros-
HHH APYT OT Apyra 6yAyT PacronoXXeHsl H306paXeHHs HCTOY-
HHKa, To/ydeHHble B MOJOBHHAX JHH3bI?

885. C noMoubio JHH3L I0AYyYeHo H3obpaxeHHne CoaHLA.
Huametp usobpaxkeHus d = 31 MM, a pacrosloXxeHO OHO Ha
pacctosiHuM [ = 32 cM ot nMH3HL. M3BeCTHO, 4TO pacCTOsHHe
ot 3emaH 10 ConHua R = 150 MJIH KM, a TPOLO/IKHTENbHOCTD

Puc. 279
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3emHoro roga 7 = 365 cyT. BeiuncanTbh yckopeHHe ¢BoGOIHO-
ro nageHus y nosepxsHoctu CoJHua.

886. /lse nMH3bI, H3 KOTOPLIX OJHA paccerBawuias ¢ do-
KYCHBIM paccTosHHeM Fy, a npyras cofupamiias ¢ GOKyCHbIM
paccTosiHveM Fo = 2F), pacnoyoxeHbl TaK, 4TO HMelT 06-
LY [J1aBHYI0 ONTHYECKyW Ocb. KakMM po/xHO ObITb pac-
CTOSIHHE MeXAY JHH3aMHM, YTOoObl My4OK JydeH, napaJjJeJb-
HBIX [JIaBHOW ONTHUYECKOH OCH CHUCTeMBl, NpoHas ofe JIHH3H,
He M3MEeHHJ HanpaBJeHHs?

887. Haiith noctpoenueM u3obparkeHne CBeTALEHCA TOY-
KH'S B OTITHYECKOH CHCTEMe [BYX TOHKHX JIMH3 — pacceHBalo-
teit ¥ cobupatomeit (puc. 280). PoKycH 06eux AHH3 3a1aHbI.

Y T

54 3 /;
A \}
Puc. 280

888. [Ise cobHpaiouire JHH3H, (QOKyCHble PacCTOAHHSA
KoTophx F; =12 cMu Fy= 15 cM, pacriosoxKeHsl TaK, YTO HX
T71aBHble ONTHYECKHe OCH COBMajawT. PaccTosHHe Mexny
auH3amu [ = 36 cM. IlpeameT HaxomMTCs Ha pacCTOSHHH
d = 48 c¢M ot nepso# JMH3b. Ha KakoM pacCTOAHHH OT BTO-
pO¥ JIMH3HW NOJNYYHTCH H300paXkeHHe mpeaMeTa?

889. HcTouHHK cBETA HAXOAMTCS Ha paccTosiHUK d = 30 cM
OT cobupatouiel JHH3bI ¢ POKYCHBIM paccTosindeM F) = 20 cM.
[To mpyryo cTOpOHY JHMH3W Ha paccrostHuH [ = 40 cM pacro-
JIOXKeHa pacCceMBamlas NHH3a C (POKYCHbIM PaccTOSTHHEM
F9 =12 cM. Ha KakoM pacCTOSIHHH OT pacceHBaiolileH JHH3b
HaxoMHTCA H300paXKeHHe UCTOUHHKA?

890. [anbHO30pKHH YesOBEK HAyMHAeT Pe3KO pas3/iHyaTh
oyepTaHUd NnpeiMeToB ¢ paccTosHHus d = 1 M. HalTH onTHye-
CKYI0 CHJTy OYKOB, KOTODbleé HYXHbl 3TOMY YeJIOBEeKY, YTOObl
OH MOl YeTKO BHIETb MpejiMeThl C PAcCTOSIHHA HaHJ/y4lllero
BHAeHHA dg = 25 cM.

891. C camonera, sereBuero Ha Buicote 4 = 2000 M, mpo-
H3BOAHMJIOCH QoTOrpadgHpoBaHie MECTHOCTH C MOMOILIbIO a9po-
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tdoroanmnapara, 06beKTHB KOTOPOTO UMeeT POKyCcHOe paccTos-
HHe F = 0,5 M. KakoB Macurta6 noay4eHHbX CHHMKOB?

892. Ilpu ¢oTorpadHpoBaHHH NpesMeTa C PaCCTOAHHS
d| = 15 M BbicoTa ero H3obpaxkeHHus Ha doTomneHke A = 30 mm;
a npH ¢oTorpadHpOBAHHH C PacCTOSHUA do= 9 M — hg = 5l MM.
Harith dokycHoe paccrosiHHe 06beKTHBA doToanmnapara.

893. Kakoe yrenHueHHe JaeT Nymna, HMelomas ONTHYECKYIO
cuny D = 16 antp? [locTpoHTb H306paXKeHHe B JyTe.

894. [IpoeKUHOHHHNH annapart gaeT Ha 3KpaHe yBeJH4YeH-
Hoe B I' = 20 pa3s usobpaxkenve auanosutHBa. HaitH pac-
CTOAIHHE MeXNy 00beKTHBOM NPOEKLHOHHOrO annapara H H3o-
6paxxeHHeM, ecaH boKycHoe paccTosiHHe 06bekTHBa F = 20 cM.

895. CaeTsiuasics TOYKa, Haxondiuasics Ha PacCTOSHHH
d =15 cM oT cobHpatower THH3H ¢ POKYCHHM PacCTOsSTHHEM
F = 10 cm, aBrXKeTcs cO CKOPOCTHIO U = 2 cM/ ¢ NeprneHAMKY-
JSIDHO rJIaBHOH onTHueckod ocH. C KAaKOH CKOPOCTbIO [ABH-
KEeTCA H300pa)KeHHe TOUKH?

896. KuHokamepo# CHAJMH KoseGaHHs TAXKENOro rpysa,
noasellleHHoro Ha mpoBoJoke. CheMKa BeJach C ITOMOLIBIO
06beKTHBa ¢ (HOKYyCHbIM paccTosindeM F = 5 cm. M3o6paxe-
HHe MasTHHKA Ha MJeHKe HMeeT AiHHY [ = 20 MM. 3a Bpems
CbeMKH ! = | MMH MasTHHK coBepwua N = 24 MoJHbIX KoJe-
6anus. C kakoro pacctosiHus (0T 06beKTHBA [0 MaATHHKA)
BeJlach ChbeMKa? MasTHHK CUHTATb MATEMATHUECKHUM.

15. CBETOBbIE BOJIHbI

MeToauuyeckue ykasaHus K peLIeHUIo 3agad

[Tpy pemenuu 60JbIWHHCTBA 3a1a4, B KOTOPbIX PacCMaTpH-
BaeTCsl HHTepdepeHlHs CBeTa, HY)XHO CHauyaja BBIICHHTb,
NoyeMy BO3HHKAeT W yeMy paBHa OINTHYeCKas Pa3HOCTb XOia
HHTep(epHpPYOILIMX BOSH. 3aTeM, IPUMeHss YCJOBHe MaKCH-
MyMa HJAH MHHHMYMa OCBEILEHHOCTH IIPH HHTepdepeHIHH,
COCTaBHTb YPaBHEHHE, H3 KOTOPOIO MOXKHO OIpefe/IuTb HCKO-
MY BeJHUHHY.

B psne 3agay paccMmarpuBaeTcs SHdpaKuHs cBeTa Ha [OH-
tdpakuroHHOH peieTke. [1py pelleHHH HX HYXXHO HCIIOJb3O-
BaTb YC/JOBHe I/IaBHBIX MAKCHUMYMOB OCBEiLleHHOCTH B BIHpakK-
LIHOHHOHM KapTHHE, YUHTbIBaTb CHMMETPHYHOCTb 3TOH KapTH-
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Hbl OTHOCHTEJIbHO LIeHTPaJbHOI0 MaKCMMyMa, a 3aTéM H3 Co-
CTaBJIEHHOHM CHCTeMbl yPaBHeHHH HAUTH HEU3BECTHYIO BeJH-
YHUHY.

OCHOBHBI€ 3aKOHbI U POpMYynbl

Launa ceemosoil soambl 8 cpede
Aep = A/n,

rae A — QJIMHA CBETOBOH BOJIHBI B BaKyyMe; 72 — aBCOMIOTHBIHA MoKa-
3aTesb NPeJOMAEHHA CPeabl.
Onmuueckas dAuna nymu CBeTOBOH BOJHbI

L=nl

rae | — reoMeTprueckas AJHHA MyTH.

Onmuxeckas pa3nocme xo0a ABYX BOJH

A= L2 - Ll N

rne Ly, L| — onTHYeCKHe QMHHBE MyTeH 3THUX BOJH.

Ycaosue unmepepeHyLOHHbIX MAKCUMYMOSB:

A=k (£=0,£1,%2, ),

rae A — onTH4ecKas PasHOCTb XOMA ABYX CBETOBBIX BOJIH; A —

AJIMHA BOJHBL.
Ycrosue unmepdepeHyuOHHbIX MURUMYMOS:

A=(2k+DL (k=012 ..).
Ycaosue erasnbix makcumymos ocseuernnocmu npu dudpak-
yuu Ha nUPpPaKLHOHHON pelleTKe HOPMaAbHO NMajarLIero cpeTa:
dsing=kA (k=0,%21,%2, ..),

rae d - nocrosuuas (neprnoa) ANDPaKUHOHHON PeLIETKH; ¢ = YroJ
OTKJIOHEHHS Jy4eH, COOTBETCTBYIOLUMH 3TOMY MaKCHMYyMY; k — ro-
PAROK rNaBHOrO MaKCHMYyMa; A ~ [JIMHA CBETOBOH BOJHBI.

MNMpumepsbl pewieHna 3agay

897. B onbite IOHra HCTOYHHKOM CBeTa CAYXKHT APKO OC-
BeLUeHHas y3Kas weab S B 3kpane A (puc. 281). Csert oT Hee
fajaeT Ha BTOPOHM HeNpo3pauHblil 3KpaH B, B KOTOPOM UMeIOT-
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Cfi [Be ONMHAKOBble Y3KHe
wean S| u So, napanies- St L
uole S. Ulean Sy u Sy Haxo- |5 //‘/d/z
AATCA Ha He6oJblLoOM pac- < £
CTOSHUHM ApYyr OT Apyra H 4
AIBJAIOTCA KOrepeHTHHIMH HC- 5

TOUHHKaMH cBeta. HIHTepde-
peHuMs HabnOpaeTcs Ha 3K- A~ 8 ‘

paHe C, mapansejbHOM 3K- DU c. 281
paHy B ¥ pacrofioXXeHHOM OT ’

Hero Ha paccTosiHMH [, npuyeM ! > d. ViHTepdepeHUHOHHas
KapTHHa NpeacTaB/seT co60H depenoBaHHE CBETJLIX H TeM-
HbIX [0J10¢ (MAKCHMYMOB ¥ MHHHMYMOB), N1apaJljieIbHbIX APYT
opyry. Haliti paccTosiHMe MeXay AByMsi COCEIHUMH MaKCH-
MyMaMH, ecsd u3sBecTHo, uto d = 0,2 MM, [ = 2 M, AJauHa
cBeTOBO# BOJHE A = 500 HM.

Pewesnwue B Hekoropoit Touke M 3kpaHa C 6ymer
Ha6J1101aThCsi HHTep(EepPeHIMOHHBIA MAaKCHMYM TIPH BhLINOJIHE-
HUH YCJI0BHSA

Y =

A=E\, (1)

rie A= Ly — L; — onTHuecKasi pa3HOCTb Xoia. B naHHOM cay-
uae A =[5 — [}, TaK KaK MOKa3aTe/b NpesIoMieHHs Bo3fyxa n = 1.
O603Ha4YKM yepes x;, paccTosiHHe oT Touku M go ToukH O, cuM-
MeTpHUHOH OTHOCHTeNbHO lilened. VI3 pHcyHKa BHOHO, YTO

=12 +(xp~d/22, 2 =12 +(x +d/2).
OTciona mony4nm:
12 —12 =2x,d, (Iy + 14Xy - 1)) = 2x,4,
12 - 11 = 2xkd/(12 + ll)

Hs ycnosus [ > d cnenpyer, uto ly +[; = 21, nostomy

A= xkd/l. - (2)
[ToncraBus 3Hauenre A u3 paenctsa (1) B (2), Halinem
X, = kIM/d.

Paccrosinne Ax MeXay AByMsi COCEIHHMH HHTepdepeHuH-
OHHBIMH MaKCHMYyMaMH

(k+ DA ki _ 12
AX = Xy ~ X =T ey = A
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OTMeTuM, YTo BeJHUYMHA Ax Ha3biBaeTCH TaKXKe WUPUHOL
uRmMepheperyuLOHHOL NOAOCHL.

898. Urto6bl yMeHbIUUTL MOTEPHU CBeTa H3-32 OTPAXKeHHUSA
OT TMOBEpPXHOCTeH CTeK/aa, OCYUEeCTBJAAT TaK Ha3biBaeMmoe
npocgemaenue onmuKu: Ha CBOOOAHBlE NOBEPXHOCTH JIMH3
HAHOCAT TOHKHe IIJIEHKH BeeCTBa C MOKa3aTesneM MpeJoMe-
HHSl 1 MeHBIUMM, 4YeM y cTekaa. OnpexeluTh MHHHMAJbHYO
TOJIIUMHY IIJIEHKH, IIPH KOTOPOH BO3HHKaeT HHTepdepeHUHOH-
HHH MHEHMYM OTpa)KeHus A/ cBeTa € AJHHON BOJHH
A = 550 uM, nagarmouiero B HanpaBJeHHH HopManH. Ilokasa-
TeJsib NIPeJIOMJIeHHs IeHKH n = 1,2,

Pemwe nune. [IlpuorpaxkeHuu cBera oT rpaHHy pasgena

BO31yX—TMJeHKa H BO3LyX—CTeKJO

Mnexma Lmexne (pyc. 282) NPOMCXOAMT IOTePs Mo-
aysoanbl (caur mo ¢ase na 180°),
TaK KaK 4 B NepBOM, U BO BTOPOM
CJlyyae CBeT OTPaXKaeTCs OT OINTHYe-
ckp Gonee maoTHOU cpeanl. [losro-
My ONTHUeCKas pa3HoCTb X04a Kore-
PeHTHBIX BOJH [’ ¥ 27 3aBHUCHT TOJIb-
by c 280 KO OT TOJILMHBI IIJIEHKH d H ee MOKa-

3aTeJisl IpeJIOMJIEHHUs n:

A =2dn.

3pech yyTeHO, 4TO BoJIHA 2’ MPOXOAUT AOMONHHTE/BHBIH MyTh,
PaBHBII YIBOEHHOH TOJLHHe NJeHKH. VIHTepdepeHUMOHHbIN
MHHHMMYM B OTpPaXKeHHOM cBeTe 6yaeT Hab/o0aaTbCs NPH BhI-
MOJJHEHUH YCJIOBHUSA

A=(2k+1)%, WiH 2dn=(2k+1)% (k=0,1, 2..).

[py k& = O moayuuM MUHMMAaJAbHYIO TOJNHHY IeHKH:

dmin = 2=, dpyin = 1,2+ 102 iy,

899. Konbua HeloToHa 06pasyloTcst B IpocaoiKe BO3ayXa
MeXxay MJIOCKONapaJe/lbHOM CTeK/JASHHOR MJIACTHHKOR H I10-
JIOXXeHHO! Ha Hee IJIOCKOBHINTYKJIOH JIMH30H ¢ PaAHyCOM KDH-
BH3KH R = 5,0 M. Ha61loneHne BeneTcs B OTpPaXKeHHOM CBe-
Te. Paguyc TpeTthero temuoro xossua rz = 3,1 MM. Hafitu
LJMHY BOJIHB CBeTa, Maialollero HOpMaabHO Ha IIOCKYIO I10-
BEPXHOCTb JIHH3BI.
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Pewewnue B oTpaxeHHOM cBeTe TeMHble KOJbild
00pa3yloTcs NpH BHINOJHEHHH YCI0BHS HHTepdepeHLHOHHbBIX
MHHHMYMOB

A=(2k+1)% (k=0,1, 2,...), (1)

rae A — ONTHYECKas Pa3HOCTb XOfia BOJIH, OTPAXKEHHbIX OT Bbl-
NYK/IOH MOBEPXHOCTH Ha TpaHHLe T
pasjiena CTeKJI0—BO3AyX M OT NJa- v N
CTHHKH Ha IPaHHLE BO3LyX—CTEK/O0 / \\
(puc. 283). Bo BTOpoM cilyyae OT-

pakeHHe MPOUCXOOUT OT ONTHYe- | 0 |
CKHM 60/1ee TJIOTHOH Cpefpl, NI03TO- 1\

I /
My TepsieTCst MoJOoBHMHA BOJHEL. C \‘ ! /l ¢ l {//
yueToM 3TOr0 HAXOAMM, 4TO pas- \
HOCTb X014 P % /

A=2dn+A/2, (2) [ ]

riie d — TOMUMHA BO3AYLIHOrO 3a-
30pa; n = NoKasaTeJb MNpeJoMJe-
Hus Bo3nyxa (n = 1).

W3 pucyska BugHo, yTo R? = er +(R-d)?, umu R =
=r2 +R%2 -92Rd +4%. Orcropa, yunteiBas, yto d < R, no-
JAyuuM d = er /(2R). IToacTaBuB 5To 3HaueHHe d U n = 1 B

dopmyay (2), noayunm

Puec 283

2
T A
=42 (3)

Ipupasrss npasble YacTu Bhipaxkenut (1) u (3), Gynem
UMeTb (OpMyJy LIS pagHyca k-ro TeMHoro xossua HeioToHa
B OTPaXK@HHOM CBETE:

re =vEAR (=0, 1, 2,...).

OTciona HakgeM QJIHHY CBETOBOH BOJIHBI

2
=Tk
kR’
CnepoBatebHoO,

=5 a=64-107
3R’ ’ '

900. Ha nudpakuronHyw peieTky miuHo# [ = 20 MM,
comepxatyto n = 1,0 - 10% wrpuxos, nanaer HopManbHO Mo-
HOXPOMAaTHUYeCKHH cBeT. 3pHTesbHas Tpybka cnexTpomeTpa
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HaBefleHa Ha [/1aBHHIH MaKCHMyM nepsoro nopsigka. Yrobwl
HaBeCTH TPyOKy Ha APyrod MaKCHMYM TOrO XKe MOpsifKe, ee
HeOo6XOIHMO MOBepHYTh Ha yros & = 40°. Onpenenuts: 1) aau-
HY CBETOBOH BOJIHBI; 2) YHCJIO MAKCHMyMOB, HaO/IOfAeMbIX B
creKkTpe AMGPaKLMOHHOH DelleTKH; 3) yroJs OTKJOHEHHS Jy-
Yeli, COOTBETCTBYIOLHH 10CIeIHEMY MAKCHMYMY.

Pewe#Hue H3ycnopus rnapubix MAKCUMYMOB OCBe-
ILIEHHOCTH /51 IHQPaKLMOHHON pelueTKH dsin@ = kA cheny-
eT, YTO AJIHHA CBETOBOH BOJIHbI

2 = ds;n(p ’

rie d — 1OCTOSIHHAS PeleTKH; ¢ — YroJ OTKJIOHEeHHs Jyded,
COOTBETCTBYIOIIHA MaKCHMYMY k-ro mopsanka. MakcHMyMbl
pacroJ/ioXkeHbl CHMMETPHYHO OTHOCHTEJbHO LEeHTPaJjbHOro
MaKCHMyMa, N03TOMy MaKCHMyMy nepBoro nopsigka (& = 1)
cOOTBeTCTBYeT yroa @®; = /2. CiiefoBaTe/IbHO, ITHHA BOJHbI

A=dsing| = dsin%.

[Moctosinnas pewerku d = [/ n, nosTomy
=Lsin%, 4 =68-107 m.
n 2
Ins onpenenieHus 4HC/Ia MaKCHMYMOB, 1aBaeMbiX UG paKLH-

OHHOH DELIETKOH, BbIYHC/HM CHayana HauboJblliee 3HaueHHe I10-
PslKa MaKCHMyMa R,,. MaKCHUMabHBIA YTOT @ g,y OTKJIOHEHHs
Jydeit He MoxeT rpesbiiath 90°. IpH sin @ . = | UMeeM

dsin
hmax S —2mx < 4,

max

Briuncaus, nonysuM k. < 2,9. Yneno k., 10MKHO GbITh
LenbiM, TT03TOMY 6epeM MakCHManbHoe lejioe YHCJ0, He npe-
Bocxogsiuee 2,9, T. e. Ry = 2. BaeBo 1 BIpaBo oT UeHTpab-
HOTO MaKCcHMyMa 6yneT HabnogaTbCs 110 OAHHAKOBOMY YHCJIY
MaKCHMYMOB, PaBHOMY Ry,,. C yueToM LEHTPaJbHOr0 MaKCH-
MyMa obiliee YHCI0 MAKCHMYMOB .

N =2k + 1, N=5.

HafizeM mMakcHMa/nbHBIA Yroal OTKJIOHEHHUs Jyden:

. k. A o R A
SiN® nax =%, @ max =arcsm(L“;‘—i'—), Pmax = 43°.
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3agaumn ANA CaMOCTOATENbLHOro peLleHuUs

901. OnpenenuTs ANHHY [| OTpPe3Ka, Ha KOTOPOM YKJabl-
BaeTCsl CTOJIBKO XKe JUIHH BOJIH MOHOXPOMATHUECKOro CBETa B
BaKyyMe, CKOJbKO HX YK/JaiblBaeTCHA Ha OTPE3KE AJIHHOH
lo=12 MM B Boze. [lokasaTenb npesnomienus Boasl n = 1,3.

902. Mexny AByMS napan/esbHbIMH CTEKJSHHBIMH MJa-
CTUHKAaMH HMeeTCsl He6o/blIOH BO3nyWHBLIH 3a30p. CKBO3b
NJIACTHHKH NPOXOIMT Y4 MOHOXPOMAaTHYeCKOro CBETa, Nanao-
LK NePneHARKY/ISPHO MOBEPXHOCTH MJacTHHOK. I1py 3ToM B
BO3JyWIHOM 3a3ope ykKjaangniBaetcs N = 30 n1MH BOJIH CBera.
CKOJBKO IJIHH BOJIH TOTO XK€ CBETa YJOXHTCS B 3TOM 3a3ope,
€CJIH ero 3aloNHHTb XKHAKOCTHIO C NOKa3aTeJleM MpejomJe-
HUA n = 1,37

903. Boaa ocBellleHa 3ejieHbiM CBETOM, JJIHHA BOJIHBI KO-
Toporo B Bosayxe A; = 540 um. OnpenenHTb ANKHHY BOJHH H
YacTOTy 3Toro cBerta B Boje. Kako# LBeT BHAMT YesiOBEK, OT-
KPHIBIIKK riasa non BonoH? Ilokasarenb npesnoMsieHHst BOIbI
n = 4/3. CkopocTb cBeTa B Bakyyme ¢ = 3 - 108 m/c.

904. B Bo3gyxe 0/1HHa BOJIHEI MOHOXPOMATHYECKOrO CBeTa
Ay = 600 M, a B cTekie ~ Ay = 420 nm. Ilox KakuM yraom
NaflaeT CBeT Ha IJIOCKYIO IPaHHLY paspesa BO3AYX—CTeKao,
€CJIH OTpaXKeHHbIH H NMpPeJOMNeHHHH JyuH 06pa3yloT NpsMoH
yroa?

905. O6beKTHB (hOTOANNApATa NOKPHIT C/I0EM [1PO3PAauHON
mieHKH ToamuHoR d = 0,525 mMxm. O6ecreydT AH 3TOT CJOK
TIPOCBETJIEHHE /TS 3€/1€HOr0 CBETa C AJHHOH BOJHBI A = 546 HM,
€CJIH MoKa3aTellb IPeJIOMAEHHs MeHKH n = 1,317

906. B onbite IOHra 1ieqn ocBellanTcst MOHOXpOMaTHYe-
CKHM CBETOM C AJHHOH BOAHH A = 600 HM. Ha cKoJbkO HYX-
HO H3MEHHTb AJIHHY BOJIHBI HCTOYHHKA, OCBELIAIOLLEro LeH,
4TOOH MIPH 3aNOJIHEHHH NPOCTPAHCTBA MEXAY SKpaHaMH B u
C (cm. puc. 281) Bomo# paccTosiHKe MeXIy COCEIHHMH HH-
TepdepeHIHOHHBIMH MaKCHMyMaMH OCTaJoCh HeH3MeHHbIM?
[Tokasarenp npenomnenus soasl n = 1,33.

907. B onbite YOHra paccrosinie mexay weisaMu d = 1 mm,
a paccTosiHHe [ OT Lieelt 10 3KpaHa pasHo 3 M. Ulean ocselua-
I0TCS MOHOXPOMATHUYECKKUM CBETOM C I/HHOM BOJIHBL A = 600 HM.
Ha KakoM paccTOSIHMH OT LEeHTPaNbHOW CBET/ION MOJIOCH Ha-
XOUTCS TPeThsl TeMHas noJoca?

908. YcraHoBka mwisi HabmoaeHus Kosel HeloToHa ocBellla-
€TCsl MOHOXPOMATHYECKHM CBETOM C JUIHHOH BOJHbE A = 0,66 MKM,
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najanuuM HopMmanbHo. OnpenendTb TOJIIMHY BO3AYLIHOTO
3a30pa, 06pa30BaHHOrO MJIOCKOMApPaJ/ebHOR MNACTHHKOH H
CONMpHKacawllelcss ¢ HeH NJNOCKOBBIIYKIOH JHH30H B TOM
MecTe, TIe B OTPa>KEHHOM CBeTe HabJlonaercs 4eTBepToe TeM-
HOe KOJbLO.

909. Paguyc TpeTbero cBetsioro KoJjsua HeloToHa B oTpa-
»eHHOM cBeTe paBeH 0,80 MM. YcTaHOBKa [Uisl HabawogeHHS
KOJIEl| OCBEIAETCH MOHOXPOMATHYECKHM CBETOM ¢ JJHHOMH
BoJHBl A = 400 uM. HailitH pagvyc KpHBH3HBI JHH3HI.

910. MoHOXpoMaTHYECKHH CBET C JUTHHOH BOJHHL A = 600 HM
najgaeT HOPMaJibHO Ha TUQPAKLHOHHYIO PeilieTKy C NepHOAOM
d = 3 mM. CKO/JIbKO TJIaBHHIX MaKCHMYMOB MOXHO Ha6Jio-
1aTh B AU(PaKUMOHHOH KapTHHe?

911. [ludpakumoHHAs pelIeTKa OCBellleHa HOPMAaJibHO Ma-
HAOUHM MOHOXPOMAaTHYeCKHUM cBeTOM. [J1aBHBIH MaKCHMyM
BTOpOro mopsiika Habaofaercs nog yraom ¢ = 10°. Tlox ka-
KHMM yrJioM HabJawonaeTcss MAKCHMYM TPeTbero nopsiika?

16. ANEMEHTbI TEOPUU
OTHOCUTENBLHOCTHU

MeToauueckue yKasaH1A K pelleHunio 3afa4

Heo6xonuMo uMeTh B BHOy, YTO B CMEUHANbHOH TEOPHH
OTHOCHTEJIbHOCTH PacCMaTPHBAIOTCH TOJIbKO HHEpUHAJbHbIE
cHCTeMbl OTcYeTa. B 3amayax o6bIYHO MpeanoJaraercs, 4To
cucTeMa K’ NBHXKETCS CO CKOPOCTBIO U OTHOCHTENbHO CHCTe-
Mol K, npuyem ocu OX u O’X”’ cosnapatot, ocb OY conanpas-
nena ¢ ocblo 0’Y’, a ocb OZ — ¢ ocvio 0’2’ (puc. 284).

YK YK,

i

Zz 7’
Puc. 284
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OcHOBHbI€e 3aKOHbI U (hOpMYTbI

[lepsoil nocmyaram cneyuarpbHol meopuu OMHOCUMEABHOCMU
(npunyun omuocumeasvnocmu Fiinwmeina): B JOOBX HHEPLH-
aJbHBIX CHCTEMaxX OTCYeTa Bce PU3HUeCKHe sABJeHMs NMPH OAHHX H
TeX )Ke YPOBHAX MPOTEKAT OAHHAKOBO.

Bmopoii nocmyaam cneyuaavHoi meopuu omrocumerbHocmu
(npunyun nocmosxcmea ckopocmu céema): CKOPOCTb CBeTa B
BaKyyMe OJMHAKOBa BO BCeX WHepLHajbHbLIX CHCTeMax oTcyera H
He 3aBHCHT OT ABHXKEeHHs UCTOUHHKOB M NPHEMHHUKOB CBeTa.

Peasmusucmckoe cokpaujenue Oaumol: eclid iy — LMHA CTepX-
HA B cHcTeMe K’, OTHOCHTENBHO KOTOPOH OH MOKOWTCS U pacroJo-
xeH saonb oct O’X’, a ! — pauna atoro cTepxHA B cucTeme K,
OTHOCHTENLHO KOTOPOH OH JABHXETCA CO CKOPOCTHIO U, TO

L=loJ1-02/c2,

rfe ¢ — CKOpocTh cBeTa B BakyyMe: ¢ = 3 - 108 m/c. TTonepeunnie
pasMepsl CTepKHA He MeHSoTCA.

Peasmusucmckoe 3amednrenue 6pemeni: eciid 1y — NpoMexy-
TOK BpeMeHH MeXIY ABYMSA COOBITHAIMH, NPOMCXOAAIMMH B OAHOM
Y TOH e TOYKe, HEMOABHKHOH OTHOCHTeJabHO cHcTembl K’ ,a T —
NIPOMEXYTOK BpEMeHH MeXAY 3THMH ke CoBbiTHAMH B cicTeMe K, To

To
\/1—02/¢:2 .

Peasmusucmcekull 3aKkon caoxenus ckopocmei:

_ uytvu
he = v /02
1+ujv/c
re uy ~ NPOEKUMA CKOPOCTH 4 4acTdubl B cucTeMe K Ha ock OX;
u}, — MpOeKLMst CKOPOCTH U’ yacTHub! B cucteme K’ Ha ock OX;
U — MOMy/lb CKOPOCTH CHCTeMbl K’ OTHOCHTeJbHO cHcTeMbl K (cM.
puc. 284).

3asucumocme umnyabca acmuyst om CKOPOCMIU:
mo
J1-v%/c?

rae m — Macca (Macca MOKosl) 4acTHUp; U — ee CKOPOCTb.
Hoanas snepzus (cyMMa KMHETHYECKOH 3HEPrHH W 3HePruu
NOKOS1) YacTHLbI

b=

mc2

\/l—vz/c2 ‘
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3H€p8uﬂ noKOA 4acmuybl

Eg = mc?.
3aK0H B83AUMOCEA3U MACCHL U IHep2UU: BCAKOE H3MEHeHWe
Maccsl Tesia Am COMPOBOXAAETCS U3MEHEHWeM 3IHEPruy MOKOos:

AEO =62Am.

NMpumepbl pewweHns 3agay

912. Tesio nBMXKETCH C NOCTOSHHON CKOPOCTbIO U OTHOCH-
TeJIbHO WHeplHanbHOH cHcTeMbl oTcyeta K. [1pu KakoM 3Ha-
YeHUH U NIPONOJIbHbIE PA3Mepbl Tesla yMEHbIATCH B 11 Pa3 Ais
Habaofatens B 3ToH cucTeme? Boiuucauts v npu n = 1,5,
CkopocTh cBeta B Bakyyme ¢ = 3 - 108 m/c.

Pewenwue. Tak kKak B cucteme K niHHa Tena

[=lg1-02/c2

W naHo, uto lo/l = n, 1o ly = nl, crenoBaTensHo,

[=niyl-v2/c?.
OTclona
2
%:1_0_, v=c j1--
n [ n

_2.
fpu n = 1,5 nonyanum v = 2,3 - 108 m/c.

913. BuuHcaHTL MOLY/Ib HMIY/IbCA 3JEKTPOHA, ABHXYIIE-
rocst co ckopocteio v = 2,6 - 108 M/c. Macca saekrpona
me=9,1 - 1073} kr, ckopocTs cBeTa B Bakyyme ¢ =3 - 108 M/ c.

PeureHue 3DneKTpOH UMeeT HMIYMbC, MOLY/Ib KOTOPOTrO

p= mev
Jl —v?/c? '

[ToacTtaBus B 3Ty PopMy.ly 3HaUeHHs 3aaHHbIX BEJHUHH H
NpPOU3BeAs BLUMCIEHHS, onydum p = 2,4 - 10724 xr - m/c.

914. BbluHCIHTL H3MeHeHHe SHeprHH NI0KOsi, COOTBETCTBYIO-
liee H3MEHEHHI0 MacChl Ha BeJIHUHHY, PABHYIO Macce NMOKOs-
erocsi IpoOTOHA.

Pewenue CornacHo 3akoHy B3auMOCBSI3H Macchl H
JHepIHH,
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AEO = C2Am,

rne ¢ =3 - 108 m/c; Am pasro macce npotoua my, = 1,67 - 10727 kr.
B pesysnbTaTe BuiuHc/IeHH# Halnem AEg = 1,5 - 10710 Mx.

3apaum ANA CaMOCTOATENbLHOro pelleHuUs

915. Jlunedika qnuHol [y = 1 M aBrXKeTcs Baoas ocu OX B
MHepLHaNbHOM cucTeme oTcyeTa K (cm. puc. 284) co ckopo-
ctbio v = (,8¢, rme ¢ — ckopocTb cBeTa B Bakyyme. KakoBa
INHHA 3TOH JHMHEHKH B cHUcTeMe K?

916. KocMuyeckuit Kopabsb IBHXKETCH MHMO HENOIABHX-
Horo Habawopartens co ckopocTsio v = 0,6¢, rae ¢ — CKOPOCTb
cBeTa B Bakyyme. CKONbKO BPeMeHH NMPOHAeT Mo 4YacaM Ha-
6aionaTens, ecld [0 4acaM, HaxoAsLUMMCS B Kopabne, mpo-
wno 1o = 100 u?

917. HaiiTh noaHylo 3HEPrHIO H KHHETHUECKYIO 3HEPTHIO
PENAITHBUCTCKON (ABHXKYLUEHCS CO CKOPOCTHIO, 6JIH3KOH K
CKOPOCTH CBeTa) YaCTHLbl, MOAYJb HMIy/bca KOTOPOH p =
=568 - 10719 kr - M/c, a macca m = 1,67 - 10727 kr.
CkopocTb cBeTa B Bakyyme ¢ = 3 - 108 m/c.

918. BbYHCAHTL 3HEPrHIO NOKOS Teja Maccol m = 1 K.
CkopocTb cBeTa B Bakyyme ¢ = 3 - 108 m/c.

919. Kocmuueckuit Kopabnb ynanseTcs oT 3eMJH CO CKO-
poctbio v = 0,80c, a 3aTeM ¢ Hero cTapTyeT pakera B Hanpas-
JIEHHH 0T 3eMJH Co cKopocTbio vy = (,80¢ oTHOCHTEAbHO KO-
pabns (c — ckopocTb cBeta B Bakyyme). Omnpenenutb CKo-
POCTb PaKeTbl OTHOCHTENbHO 3eMJIH.

920. [iBe peAsiTUBHCTCKHE YaCTHLb ABHXKYTCH HaBCTpPeUy
ApYT OPYTYy BAOAL OfHOM NpsaMo, napannenbHo# oc OX, B
cucreme K (cm. puc. 284) co ckopoctsmu v; = 0,70c u
vy = 0,80¢, rne ¢ — cxopocTb cBeTa B Bakyyme. Onpefenuts
OTHOCHTE/ILHYIO CKOPOCTb 3THX HacTHL B cHcTeme K’ nau-
XyweHcs ¢ nepBoi yacTHUeH.



Vi. KBAHTOBASl ®PU3IUKA

17. CBETOBbIE KBAHTbI

MeTtoauueckue YKa3aHMA K pelleHnto 3agay

3ajfauy 3TOH IJ1aBbl CBSI3aHB B OCHOBHOM C HaXOXIEeHHeM
5HepTHH M uMNyabca HOTOHOB, a TakkKe ¢ GoTosdpdexrToM U
s¢ddexkrom KoMnroHa.

B 3anauax Ha ¢oToaddekT npuMeHsieTcs ypaBHeHHe IDMH-
LITefiHa, KOTOPOEe BbIPAXKAeT 3aKOH COXPaHEHHS! SHePrHH IpH
dotoaddekre. Ecin $oTO31€KTPOHBI 3aePKHBAIOTCS TOPMO3S-
MM 3/1eKTPHHECKHM TI0JIEM, TO, COIVIACHO TeopeMe 06 H3MeHe-
HHH KMHETHYeCKOH SHePIHH, MaKCHMaJlbHasl KHHeTHYecKas sHep-
THs (hOTO3NEKTPOHA paBHa pabote cui noas: mgu?/2 = el.
[TosToMy B cCOOTBETCTBHH C ypaBHeHHeM JHHIUTeHHA MOMYYHM

hv=A+elU.

[py pewennn 3apau Ha sddekr Komnrona ciaenyer uMets
B BHAY, YTO, COLJIACHO KBAHTOBOH TE€OPHH, 3TOT 3ddeKT pac-
CMaTpPUBaeTCA KaK YNpyroe CTOJKHOBeHHe ()OTOHA C NOKOS-
LKMCS 31€KTPOHOM, KOTOPOE NMOAYHHSIETCH 3aKOHAM COXpaHe-
HUSA 3HepPruy M HMIyabca. POTOH NepefaeT 3JEKTPOHY HaCThb
CBOEH 3HEePrHH M 4acTb HUMIIy/IbCAa H H3MEHsIeT HanpaBleHHe
CBOEro ABHXKEHHS, T. €. paccerBaeTcs. Y MeHblLIeHHEe 3HeprHy
¢$oTOHa 03Ha4aeT B COOTBETCTBHH ¢ dopmyaol £ = AV yMeHb-
IeHHe 4acToThl, T. €. YBeJHYEHHe QJIMHBI BOJIHBI.

B dotoaddexre 1 sppexte Komnrona npossasiiorcs KBaH-
TOBble CBOHCTBA 3JIEKTPOMArHMUTHOTO M3JYyUeHHH.

OcHOBHbIe 3aKOHbI U (POpPMYNbI

Fnuepeus gomorna
E =hv=ho,

roe A =6,63- 10734 Ik - ¢ 3 nocrosHHas [Inadka; v — yacrtora
csera; h=h/(21) =1,05- 10734 Ik - ¢; @ — uMknMueckas yactoTa.
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Hunyavc gpomona
p=hv/c=h/\,

[Ie ¢ = CKOpOCTb cBeTa B Bakyyme: ¢ = 3 - 108 M/¢; A — anuna
CBETOBOH BOJIHBL.
Ypasgnenue Jinwmelna 0as pomosppexma:

hv = A+ mould,, /2,

roe Av — 3Heprys $oToHa; A — paGoTa BhXOJa 3/1eKTpoHa; mev?mx /2=
MaKCHMaJbHas KHHeTHYeCKas 3HeprHf BBLIETAIOUIEr0 3JeKTPOHa;
Umax — €r0 MakCHMaJbHasi CKOPOCTb.

Kpacnas epanuya gpomoagpgpexma

Vein = A/h, anu A, = he/A.

Ippexm Komnmona: npu paccessHHH KOPOTKOBOJIHOBOTO 3J1eK-
TPOMAarHHTHOro HanyuyeHHs (PeHTIEHOBCKOrO M raMma-H3jydeHHs)
Ha CBOGOJHBIX HJIH c/1aB0 CBA3aHHLIX 3JIeKTPOHaX JJIHHA BOJIHB €ro
yBeJHUHBAETCH Ha BEJHUHHY

Ah=-2P 02 8 Lo AL = —P (1~ cos®),
mec 2 mec

rae AL =A‘’~-A; A, A’ — LJIHHA BOJAHbI COOTBETCTBEHHO Majawowe-
ro U pacCesHHOro H3Ay4YeHHs; m, — Macca MOKOS INEeKTPOHA; ¢ —
CKOPOCTb CBeTa B Bakyyme; 8 — yros paccesisus.

Beruuna A¢ = h/(mqc) HaspBaetcs xkomnmonosckol Onunoli 8oa-
HblL IACKMPOHA: ¢ = 2,4- 10712 y, [Tostomy AX = A¢ (1-cos®).

NMpumepbl pelweHus 3anay

921. Jlasep, paGoTaoluxii B HENPEPbLIBHOM pexHMe, H3ny-
yaeT KpacHHH CBeT ¢ AJIMHOHM BosHbl A = 630 HM, pa3BHBas
mowHocTb P = 40 MBT. CxosibKo )OTOHOB H3Jsyuaer Jiasep 3a
Bpemsi t = 10 ¢? locrosnnas [1nanka A = 6,63 - 10734 I - c,
CKOpOCTb CBeTa B Bakyyme ¢ = 3 - 108 m/c.

Pewenne KomyecTBo HoTOHOB, M3JayuaeMbiX 3a
Bpemsa ,

N=W/E,

roe W — cymmapHas sHeprus ¢otoHos: W = Pt; E ~ sHeprus
¢potona: E = hv = hc/\. CnenoBaresbHo,

N:’;l—?, N=13-10'%
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922. Makcuma/bHas KHHETHYECKAs 3HePIHs 3JEKTPOHOB,
BblJIETAOIHX H3 py6umm npyu o6aydeHun ero % bTpaduoe-
TOBHIM CBETOM C JJIMHOH BoJHB A = 3,17 - M, Ey max =
= 2,84 - 10719 JIx. Onpenenuts paboty BleOLla 3JIeKTPOHA H
KpacHyl0 TpaHHLy (poroa(p(pex'ra st pybunus. IocrosnHas
IMnaska h = 6,63 - 10734 [ -“c, ckopocTb cBeTa B BaKyyme

=3-108m/c.

PeweHune YpaBHenve JfiHumreiina 11a ¢oTosddexra
HUMeeT BHI

E=A+ Ek max>»

rae E — sHeprus najawouero Ha BeuiecTso $oToHa; A — pabo-
Ta BbIXOfA 3JEKTPOHa; E .. — MaKCHMaJbHasi KHHeTHYeCKas
3Heprus Bbl1eTawllero snaekTpona. Orciona A = E — Ey .y
Tak kak sneprus ¢portoHa E = hv = hc/A, To paboTa BbIxoaa

A=he/h = Eymay, A=3,43-10719

KpacHoit rpanunue potosdderra coorBeTcTBYET AJHHA BOJ-

Hbl A, = hc/A. ChefoBatensHo,
_ Mc — -7
?\.max —mkm—ax—, ?\.max —5,810 M

923. Ha naaTHHOBYIO MUIaCTHHKY NajaeT yAbTpapuoseTo-
Boe uanydenue. [lns npekpamenus ¢porosppexra Hy>KHO IIpU-
JIOXKHTb 3aflepuBatoliee Hanpshkenue Uy = 3,7 B. Ecsu ma-
THHOBYIO MJIACTHHKY 3aMeHUTb MJACTHHKOH M3 JPYroro me-
Tajja, TO 3afepPXKHBAOLIEE HaNpsKeHHE HYXHO YBEJHUYHTD
no Us = 6,0 B. Onpenenuts paboTy BbIX0Oa 3JIEKTPOHA H3 3TOrO
metania. Pa6ora BbIXOLla 3JeKTPOHA M3 MJiaTHHbl A = 6,3 3B
(13B=1,6-10719 Mx).

Pewenwne. IlycTh v — yacToTa Mafaolero U3 JyyeHus.
Torpa miaa nuaTHHOBOM NJIACTHHKH, COLJIACHO YPaBHEHHIO
JUHIUTEeHHA, UMeeM

— 2
hv=A +meus /2,
TNE Uy | — MAKCHMAalbHas CKOPOCTb BHLINETAIONIMX 3/EKTPOHOB.

Urtobbl 3a1epKaTh BbUIETAIOIHE 3JEKTPOHbI, HEOGX0AHMO
MIPUJIOKHTD 3ajepxuBawollee Hanpskenue U,. Torna

— 2
eUl = mevmax 1 /2,
rAe e — 3apsj 3JeKTpoHa. Takum o6pa3om,

hv = A +elUy. (1)
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Ananoruytoe BblpaXeHue 3andiileMm A [MNACTHHKH M3
APpyroro MeTtanna:

/7.V=AQ +6U2. (2)
U3 coothowennit (1) u (2) Haxonum:

924. DHeprus HOTOHA PEHTreHOBCKOro M3anyuyeHus F =
= 0,3 MsB. ®oroH 6bl1 paccesH npH coyaapeHHH co cBo6GOA-
HbIM TTOKOSILLIHUMCS 3/IEKTPOHOM, B Pe3yJbTaTe Hero ero Aau-
Ha BoJIHb yBeJMuHJach Ha AA = 0,0025 um. OnpepesnnTs:
3HEPrHI0 PacCesiHHOro OTOHA; yroJ, MoA KOTOPLIM BhINeTeN
3JIEKTPOH OTAAUYM; KUHETHUYECKYI0 SHEPTHIO 3JIEKTPOHA OTAa-
un. CKopocTb cBeTa B BakyyMe ¢ = 3 - 108 M/ c. [TocTosuuas
Inanka 4 = 6,63 - 10734 Ik - c. DHeprus MoKOs 3J€KTpPoHa
Eq = mec? = 0,511 MsB (1 M3B = 1,6 - 10713 k).

PeweHue. YBeauueHHe LJUHBI BOJHBl PEHTTEHOBCKOTO
U3J1y4YeHHs IPH ero paccesHUM Ha 3aekTpoHax (3pdekt Kowm-
NITOHA) OGBACHSETCS TeM, uTo QOTOH, KaK H J06as YacTHa,
of/1aflaeT ompelesieHHbIM MMIYJLCOM M HTO aKT paccesHHs
npeAcTaBasieT OG0 YNpyroe CTOJKHOBeHHe QOTOHA C 3JIEKT-
POHOM, aHAJIOTHUHOE COYIAPEHHIO YIIPYTHX MapHUKoB. [1pu sToM
BLINOJIHSIIOTCA 3aKOH COXpaHEHHs HMIYJbCa H 3aKOH COXpaHe-
HHS HePrHH. YNPYro coyaapsificb ¢ 3/eKTPOHOM, QOTOH me-
pellaeT eMy HaCTb HMIYJbCa H 3HePrHH. JHeprus GOTOHA onpe-
Hensietcst no gopmyJe

E=hv="hc/A, (1)

rpe v — 4dactota; b — nocrosHHas Ilnanka; A — gauHa BoJi-
Hpl. OTCl0fa BHAHO, YTO YMeHbilleHHe SHepruu GOTOHA 03Ha-
YaeT yMeHbileHHe YacTOThl PeHTT€HOBCKOr0 H3/Iy4eHHs H yBe-
JHYeHHe ero JNUHbI BOJHbL.

Haiinem snepruto £ paccesnHoro gorona. CornacHo ¢op-
myae (1),

E’'=hv’'=hc/M\,
rie A’ = A+ AA — JJHHA BOJIHBI PACCETHHOIO PEHTTE€HOBCKO-

ro H3NydeHus; A — OJHHA BOJHBI MAjAlOLIEro H3JyUeHHs:
A =c/v=hc/E. CnenoBatenbto,

E’ = he  _ he — Ehc - E (2)
A+Ah hc/E+ AN hc + EAL 1 + EAA/(hc)
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[lycts p — uMnynsc nagawouero QoToHa, p’ — HUMIYJbC
paccesiHHOTO (OTOHA, p, — HMIYJbC 3JeKTpoHa oTaaud. Ha
puc. 285, a u3o6pa)keHa CHTyauMs 00 CTOJKHOBEHHs, Ha
puc. 285, 6 — nocJe cronkHoBeHus. [losoxuTebHOE Hanpas-
JeHue ocu OX coBmanaer ¢ HampaBeJjeHHeM BEeKTopa p, Haya-
JIO KOOPAHHAT — C TOYKOH, Ille HAXONH/ICSH 3JIeKTPOH B MOMEHT
coyflapeHust ¢ GOTOHOM.

a d'yr
Pe
/
7 Ly
Ay e D
v T T 0\23 X
7
P uc. 285

M3 3akoHa coXpaHeHHMS MMNyJbca cCAefyeT, UTO CymMMa
NpPOeKIMd HMIYAbCOB GOTOHA K 3neKTpoHa Ha ocH OX u OY
[0 CTOJIKHOBEHHS] PaBHa CyMMe NMpPOEKLHH HX HMMYJbCOB Ha
3TH OCH IIOCJ€ CTOJKHOBEHHSI:

p+0=p'cos®+ p, cos@, pesing—p’sin6=0,
HIH
Pe COSQ = p~ p’cos®, p,sing = p’sin8, (3)
rae ¢ — YroJ, Mo KOTOPbIM BblJIeTes 3JEKTPOH OTAauH; 8 —
yroJ paccessHus ¢GoToHa.

Pasnesus nousenHo BTopoe 3 ypaBHeHHH (3) Ha nepBoe,
AONYYHM

sin®

g = p/p’ — cos®’

(4)
Monyab umnynsca nagaroiero GotoHa
- p=E/c, (5)

rfie E — sHeprus doroHa.
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AHaJIOrHYHBIM COOTHOIIEHHEM CBf3aHbl TaKXKe HMITYJbC p’
v sHeprus E’ paccesiHHOro doroHa:

p’=E"/c. (6)

Paspenus paseHcTso (5) nousnenno Ha paseHcTBo (6), no-
ayunM p/p’ = E/E’, unu, yunTuBas 3Hauenue (2),

p/p’ = (hc+ EAN)/(hc). (7)
Ha ocHoanuu soipaxenuit (4) v (7) 6ynem umeTs
tgp = sin (8)

(hc + EAV)/(hc) — cosB

Kocunyc yraa paccesinns © onpenenuM, BOCNO/Ib30BaBILHCD
dopmyaon Komnrona

AL =Ac (1-cos®),
rae }"C KOMIITOHOBCKAas! OJIHHA BOJIHH 3JICKTPOHA. OTCIO[[a

cos®=1-AL/Ac. (9)
Torna

7 -
sin® = v1—cos2 B = Jl—(l—;i) =——-w. (10)
C C

[MoncraBus B BupaxenHe (8) BMecTo cos® H sinB Hx 3Ha-
yenus (9) u (10), nocne npeo6paszoBaHHil NOTYYHM

J2he /(an) -1

g = Erc/(he) + 17 (11)

Tak xak Ac = h/(myc), 10

Erc _ E _E (12)
he mec2 Eo’

rie Eg = mec? — 3Heprusi NOKOs 3NeKTpoHa.
Toacrtasus 3Hauenne otHoweHus (12) B dopmyay (11),

MOJMy4HM
tg o = Jarc /(Ah) - 1 (13)
E/Eo + 1 ’
Ha ocHOBaHHMH 3aKOHA COXpaHEHHA 3HEPrHH KHHeTHUecKas
3HEPTrHsl MEKTPOHA OTAAYH PaBHA Pa3HOCTH MEXAY SHeprued
E napatouero ¢otoHa v sHepruedt E’ paccesHHOro ¢oToHa:
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— _ - _ Ehc
Ey =E-E E hc + EAL

[Tocne npeo6pa3oBaHHil mONyYHM

- E 14
Ey he/(AK) + 1 (14)

Tenepb, NOACTaBUB YMCJIOBLIE 3HAYEHHS BeJHYHH B Gop-
myan (2), (13), (14), nonaysum: E = 0,2 MsB, tge = 0,6,
¢ =31°, E, = 0,1 M3B,

3apaum ANA CaMOCTOATENbHOro peLlieHUs

925. OnpenenuTb 3HEPruio U UMNyJbc $OTOHA BHAHMO-
ro cBeTa, AJHHA BOJHH KoToporo A = 0,6 mxM. [locTostHHas
Mnauka b = 6,63 - 10734 1x - c, CKOPOCTb CBETa B BaKyyMe
c=3-108wm/c.

926. B cpene pacnpocTpaHsieTcsi CBeT, HMEIOIUHH JJIHHY
BonHb A = 300 HM ¥ 3Hepruio dorona E = 4,4 - 10719 [Ix.
Onpenenutb a6COMOTHHE MOKa3aTelb H%eJIOMJIeHPIH CpeJibl.
CkopocTb cBeTa B Baxyzyme ¢ =30 10% m/c, nocrosiHHas
[nanka A = 6,63 - 10734 IIx - c.

927. YenoBeueckHii 171a3 MOXKET BOCNIPHHHMATb CBETOBOH MO-
ToK MouHocTsio P = 2 - 10717 Br. Haiittn uncao ¢hoToHOB cBeTa
C IIMHOH BoJiHbl A = 0,5 MKM, NMONajaloHX B 7ia3 3a BpeMs
t =1 c npu yka3aHHOH MowHOCTH. CKOpPOCTb CBeTa B BaKyyMme
¢=3,0-10% M/ c, nocrosinnas [Tnanka h = 6,63 - 10734 Ix - c.

928. Ucrounnk cera usnyqaetr N = 1 - 1019 doronos 3a
Bpems ¢ = | c¢. [lnuHa BosiHbl u3aydeHuss A = 4,95 - 1075 cm.
Kakylo MOIHOCTb MOTPE6AsieT 3TOT MCTOUHHK, €CJH B 3Hep-
rvio cera nepexogut N = 0,1 norpebasiemoit anepruu? [lo-
crosiHHas [lnanka b = 6,63 - 10734 Ik - ¢, CKOPOCTb CBETa B
Bakyyme ¢ = 3 - 108 m/c.

929. HekoTophiil MeTaJjll 0CBEI[AeTCs CBETOM, AIHHA BOJIHBI
kotoporo A = 0,25 MkM. [IpeHe6perast ummynbcoM GOTOHA, Hal-
TH MaKCHMaJbHbIH HMIYJbC, TepefaBaeMblil MOBEPXHOCTH Me-
TaJlla TIpH BbIJIETE KAXKAOr0 3JI€KTPOHA, eC/H KpacHast 'paHHLa
dotosddekra ans 3TOro Meramia Ay, = 0,28 mxm. Cko-
POCTb CBeTa B Bakyyme ¢ = 3 - 108 M7|c, nocrosiHHas [lnaHka
h=6,63 10734 IIx - ¢, macca snektpoHa m, = 9,1 - 10731 kr.

930. PoTo31eMeHT 06,1y4aeTCss MOHOXPOMATHUYECKHM XKeJl-
TEIM CBETOM, HJIMHA BOJHBI KoToporo A = 600 HM. 3a HeKoTo-
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poe Bpemsi (hOTO3/IEMEHT MOTJIOTHA 3Hepriio W =1 - 1070 Ix.
Hatiti uneno nornonieHusix goroHoB. [locTosiHHan [1naHka A =
=6,63 - 10734 [Ix - ¢, ckopocTb cBeTa B Bakyyme ¢ =3 108 m/¢.

931. Haitu 4acToTy cBeTa, BHIPLIBAIOLIETO ¢ NOBEPXHOCTH
MeTaJlsa 3JIEKTPOHBI, KOTOPbIE MOJHOCThIO 3a1€PAKHUBAIOTCS HAMPSt-
xKeHHem U, = 3 B. Poroadpekt y 3Toro MeTanna HauMHaeTcst
NPH 4acTOTe Nafalolero cBeTa v, = 6 - 1014 Tt Haitu 8360-
Ty BbIXOfla 3JIeKTpoHa. 3apsii a/eKTpoHa e = 1,6 - 10719 K,
nocrosiHHas [nanka b = 6,63 - 10734 JIx - c.

932. Llesuennlil KaTon GoTo3/eMeHTa OCBELAeTCs MOHO-
XPOMaTHYECKHM CBETOM, JJIHHA BOJIHE KOTOporo A = 600 HM.
Onpenenuts CKOPOCTD BBHUIETAIOIUMX U3 KaTona GoTO3IEKTPO-
HOB, €CJIH KpacHas rpaHuua ¢otosddekra A uesns A, =
= 650 um. [Nocrosinnas [InaHka h = 6,63 - 10734 I - ¢, Mac-
ca anekTpoHa m, = 9,1 - 10731 xr, ckopocTh cBeTa B Bakyyme
c=3-108wm/c.

933. KpachHas rpanuua dorosdpdexra aas marepuana do-
TOKaTOMA A ,, = 700 HM. PoToKaTOA OCBEIUAIOT MOHOXPOMa-
THYECKHM CBETOM C JUIHHOH BOJIHBI A, a 3aTeM — C JUIMHOH
BOJHB Ag. [IpH 3TOM OTHOlIeHHE MaKCHMAaJIbHBIX CKOPOCTEH
BbINETAOWMX 3JeKTpoHoB kB = 3/4. Onpenenutb Ao, €Ciu
;\.1 = 600 um.

934. Ha puc. 286 npuseneH rpapuk 3aBHCHMOCTH MaKCH-
MaJibHOM KHHeTH4eCKo# 3Hepruu £y, 3/IeKTPOHOB, BhlIeTalo-
LIHX ¢ NOoBepxHOocTH 6apus npu ¢oroaddekre, OT HaCTOTH V
obayuatouiero cBeta. Mcnonb3ysa rpadguk, paccunrarb nocro-
sHHy1o [lnaHka u pa6oTy BhIXoga 3JeKTpPOHA M3 6apHs.

935. [1lyuok ysnbTpadHoNeTOBBIX Jydyel ¢ JIHHOH BOTHBL A =
=1 - 1077 M, nagaowii Ha METaJIHYECKYIO I0BEPXHOCTD, Nepe-
jaer eii mouHocts P=1- 1076 Br. £
OnpefeNvTh CHITY BO3HHKIIEro $ho- ,g’%
TOTOKa, eciH ¢oTo3¢ddexT Bh-
3biBaer N = 0,01 napatoumx ¢oro-
HOB. CKOpPOCTb CBeTa B BaKyyMme '
c= 3 - 108 M/c, mocTrosiHHas
[nanka h=6,63 - 10734 Ik - ¢, 3a-
psil 3aekTpoHa e = 1,6 - 10719Kn. 4

936. Ha metannuyeckyto mna-
CTHHKY NaflaeT MOHOXpOMaTHYe-

CKMH CBeT ¢ JJIHHOH BOJIHH A| = o -
=4,13- 1077 m. ToTok ¢oTo- 56 15 M0
3JIEKTPOHOB, BbIPHIBA€MbIX 3THM Puc 286
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CBETOM C MOBEPXHOCTH MeTaJ//a, NOJHOCThI0 3alePXKHBAETCS
pasHocThio noTeHuranos U = 1 B. Onpepesuts paboTy BbIXo-
[a 3JIeKTPOHA H3 MeTajaNa M [AJHHY BOJHbI CBETA, COOTBETCT-
BYIOILYIO KpacHO# rpaHuiie ¢oTosdpdekra. [ToctosHHan [1nanka
h=6,63- 10734 I - ¢, 3apsn aneKTgJOHa e=1,6-10"19 K,
CKOpOCTb CBeTa B BakyyMe ¢ = 3 - 108 m /¢, macca ssiekTpoHa
me = 9,1 - 10731 kr. Bynet s nabmonaTsest $OTO3(dEKT,
eCJIM [IMHA BOJIHbI Mafalolero cBeta Ay = 7 + 1077 m?

937. [InacTHHKY, H3rOTOBJIEHHYI0O U3 HEKOTOPOro MeTas-
JIa, OCBEILAIOT CHayala OfHHM CBETOM, Bbi3biBalOMM GoT03¢d-
¢exT, a 3aTeM APYruM, sHeprus ¢poToHa koToporo Ha AE = 3 3B
60.bllIe 3HEPrHH (OTOHA NepBoro cBera. Ha ckoabKo H3MeHHU-
Jlach TIPH 3TOM MaKCHMaJbHasi KHHeTHUecKast 3Heprus ¢oro-
3/IeKTPOHOB?

938. [Ipu yBenMuyeHHH HacTOTH MAJAONIEr0 HA MeTaI
CBeTa B n| = 2 pa3sa 3aJepXKHBalolliee HanpsKeHHe aas Goro-
3JIeKTPOHOB yBe/IUHMBaeTcs B rig = 3 pa3a. Yactora nepBoHa-
yaJpHO majamomero cseta v = 1,2 - 1019 [t Onpenenautsb
JJIMHY BOJIHbI CBeTa, COOTBETCTBYIOILYI0 KpacHo# rpanuie do-
To3¢¢eKTa s 3Toro Metasna. CKOpocTh CBeTa B BaKyyMe
c=3-108m/c.

939. Meranauyeckud LapHK, YAaNeHHbIH OT APYrUX Tes,
06JyHaeTCsl MOHOXPOMATHUECKHM CBETOM C [JJIMHOH BOJIHBbI
A =200 um. llapuk, Tepsisi GOTO3/1€KTPOHbI, 3apsKaeTCs A0
MAaKCHMaJIbHOTO MIOTEHLHANA @ ., = 3 B. Onpegenuts pabo-
TY BbIX0ja 3JIeKTpoHa U3 MeTasna. [loctosinHas [lnanka h =
=6,63-10734 Ik - ¢, CKOPOCTb CBeTa B BaKyyMme ¢ = 3 - 108m/¢c,
3apsg 3JeKkTpoHa e = 1,6 - 10719 K.

940. PoToH ¢ AJIUHOH BOJHBI A BHIPHIBAeT C MOBEPXHOCTH
MeTa/s1a (POTO3/NEKTPOH, KOTOPbIH {I0MafaeT B ONHOPOAHOE
MarHUTHoOe 1o0Jie C HHAYKLHeH B H ONHMChIBaeT B HeM OKPYX-
HocTh paguyca R. Haiitn paboTy BbixOma 3/16KTpOHA U3 Me-
Tas/sa. Macca asnekTpoHa m,, ero 3apsn e, nocrosinuas [lnan-
Ka h, CKOPOCTb CBeTa B BaKyyMe C. ‘

941. ®oTOH pPEeHTTEHOBCKOrO H3JyHeHHUS C 3Hepruei
E = 0,45 M5B paccesics Ha cBOGOIHOM 3J1eKTPoHe. DHeprus
paccesiHHoro ¢otoHa E’ = 0,40 MaB. Onpenenuts yroa pac-
cestHUSA GOTOHA H KHHETHYECKYIO SHePrHIO 3/IeKTPOHA OTAauH.
DHeprus nokos anekrpona Eg = 0,511 M3B.

942. PeHTreHOBCKOe M3/MyyeHHe C IJMHOH BOJHBI A = 5 IIM
pacceHBaeTcsl Ha CBOOOHBIX 3JMEKTPOHAX MOA yrioMm 6 = 20°.
Ha#itu umnysnsc asnekTpoHa otpaud. KomnroHoBckas anuHa
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BOJIHbI 3JIEKTPOHa A = 2,4 nM, nocrosHuas [lnanka h =
=6,63 - 1073 JIx - c.

943. B pesynbrate coymapeHHus co CBOGOAHBIM 3JEKTPO-
HOM (OTOH OTHaeT eMy TpeTb CBOEH SHePrHH. Yroa pacces-
HHA 6 = 60°. OnpelesHTb SHEPrHIO H HMIYJIbC PACCEAHHOTO
dotona. CkopocTb cBeta B Bakyyme ¢ = 3 - 108 M/, nocto-
snHas [Lranka A = 6,63 - 10734 Ik - ¢, KoMnToOHOBCKas AH-
Ha BOJIHBl 3/1eKTpoHa A = 2,4 nm.

18. ATOM U ATOMHOE AAQPO

MeToaunueckue yKa3aHusA K pelueHuio 3agad

[lpy pemreHnH 3agay pacyeTHOrO XapakTrepa, CBf3aHHBIX
CO CTpPOeHHEeM aToMa H aTOMHOrO fpa, HCIOMb3YIOTCH B OC-
HOBHOM NpHBefleHHble HHXe dopMyiasl. KpoMe Toro, npume-
HSIIOTCS 3aKOHbl COXPaHEHHs UMIYJIbCa, SHEPTHH, JIeKTpHUe-
CKOr0 3apsiia, a TakXe 3aKOH B3aHMOCBSI3H MacChl H 3HePrHH.

OcHOBHbIe 3aKOHbl U hopMmynkl

IMepavili nocmysam Bopa: aToMHas cHCTeMa MOXeT HaXOAHTb-
CSl TONBKO B OCOOBIX CTALMOHAPHBIX, MY KBAHTOBLIX, COCTOSHHUAX,
KaX/OMY U3 KOTOPbIX COOTBETCTBYET oNpefe/eHHas 3Heprus E; B
CTaUMOHAPHOM COCTOSSHHH aTOM He H3Jydaer.

DNIeKTPOHB B aTOMe MOTYT ABHMraThCA BOKPYP sApPa ToJbKO MO
onpeneseHHbIM KPYroBbiM OPGHTaM, pafiHyChl KOTOPLIX YCTaHaBJH-
BalOTCA CJeNYIOWHM [IPaBHJAOM KBAHTOBAHHSA:

Mmev,r, = nh,

rae me — Macca 3JeKTPOHa; U, — CKOPOCTb 3JEKTPOHA Ha n-# opbH-
Te; r, — pagMyc n-if op6uth; n =1, 2, 3, ... — NOPSAKOBbLIA HOMep
op6uthl; i = h/(2x) = 1,05 10734 [Ix - ¢; h ~ nocrosiuHas [lnanxa.

Bmopoi nocmyaam Bopa: npyu nepexofe aToMa H3 0QHOrO CTa-
UHOHAPHOrO COCTOSIHHSI B ApYroe HCMYCKaeTCs WJM MOrJoulaercs
KBaHT 3/IEKTPOMArHHTHOH 3HEpPruu.

Snepeus omora paBHa pasHOCTH IHeprHit aToma B ABYX ero
CTaRUOHAPHBIX COCTOSHUSAX:

AV = Em —E,,

14 3ax. 1525 417



rne h — nocrosHHas [1naHka; v, — yacToTa Ko/leGaHHH, COOTBET-
CTBYIOLIAs MCMyckaeMOMy (MM [OI/OIAEMOMY) KBAaHTY H3Jyde-
HHSl, m, n — HOMEepa CTAUHOHAPHHX COCTOAHHI (HAM COOTBETCT-
BYIOLLMX 3THM COCTOSIHHSIM 3JIEKTPOHHHIX Op6HT); E,,, E, — 3Hep-
[Hsl aTOMa B CTaUHOHAPHBIX COCTOSHHSAX.

Inepeun c68A3u amomHo20 Adpa

Ep = c?Am,

rle ¢ — CKOpOCTb CBeTa B Bakyyme; Am — fedekT Macchl, T. e.
Pa3HOCTb MeXJy CyMMOH Macc MPOTOHOB M HEHTpPOHOB, 06pasyio-
KX AAPO, M Maccol Aapa.

Hegexm macco

Am=Zmy + Nmy —m,, (1)

rae Z — uucno npoToHoB B sape; N — yucao HeitpoHos: N=A - Z;
My, My — Macchl CBOGONHbIX MPOTOHA M HelTPOHa; m, — Macca
Afpa.
CnepfoBaTesbHO, 3HePrys . CBA3H
— 2
Ew =(Zmy +(A-Z)my, —my)c”.

O6bIyHO B Tab/HUAX Macc H30TOMOB JAOTCA MacChl HEHTpanb-
HbIX aToMOB, Ho He anep. [Tostomy dopmyay (1) uenecoo6pasto
npeobpa3osaTk Tak, YToOu B Hee BXOAMJA He Macca fgpa my, a
Macca m, COOTBETCTBYIOLLETO HeHTpPanbHOro atoMa. Tak Kak my, =
=m, = Zm,, Tle m, — Macca 3JIeKTPOHa, TO popmyy (1) mMoxHo
3aMeHHTb CJefyoLlei: ‘

Am =Zm, + Nmy —(m, — Zm,),
HIH
am=Z(my +mg)+Nmy —m,.

YuuThiBas, 4t0 m, + M, = my, TA€ My — Macca aToMa Bojo-
1 1
pofa, mosyyaeM
Am = Zm}H +(A-Z)m, -m,.
Amomnas edunuya maccoi (a.e.M) — macca, pasnas 1/12 mac-
Chl aTOMa M3oTona yraepoaa !2C:
1 a.e.m. = 1,66053 - 10727 kr.
Iarexmponsorsm (3B) — envHuua 3Hepruu, paBHAs 3Hepruu,
KOTOPYIO NPHOGPETAET YACTHLA, OBIAAAIOUIAS 3/1eMEHTAPHBIM 3J1eK-

TpHUeCKHUM 3apsgoM (3apsiioM, PABHbIM 3apsifly 3/MeKTPOHA), TPOXO-
Afl pa3HocTk NoTeHuHanos 1 B:

13B =16 10719 Ix.
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Fnepeemuseckull 3IK8UBAAEHM AMOMHOL eQUHULbL MACCHL
(1 a.e.m.)c? = 931,5 M3B.

Fnepaus c6A3u aMOMHO20 A0pa B MerasneKTPOHBOJbTAX Bbl-
ydcasercs no ¢opmyde

E = 931,5(Zm, + (A = Z)m, — my),

Tfle MacChl POTOHA My, HENTPOHA My U AAPA My BEIPAXKEHBL B aTOM-
HBIX eIHHHLAX MACCHL.
3axon paduoakmusnozo pacnada:

N=N02~t/T,

roe N — yucno HepacnaBUWIHMXCA PaAHOAKTHBHBIX Afep B MOMEHT
BpeMeHH f; Ny — uuc/Io HepacnaBLIMXcsl Afep B HaYaNpHbId MOMEHT
ppemenu (npu tg = 0); T — nepuon nonypacnaga. ITOT 3aKOH MOXK-
HO TaKKe 3amucaTh B BHIE

N=Nge™,

rle e — OCHOBaHMe HATypalbHbIX JOrapu$MoB; A — MOCTOAHHas

PafMOaKTHBHOIO pacnaga AJs jaHHoro Buaa ffep. [locrosHHas pac-

fnaja cBsiaasa C MepydofioM noaypacnafa cooTHowerdem T = [n2/ A.
Ilpasunra cmewenusn npu paduoaxmusHoix pacnadax:

A A-4y .4
npu a-pacnage 7X—57,Y+;He,
A A 0
npu B-pacnage £ X—, Y+ e,
rae X — CHMBOJ MaTepHHCKOrO sigpa; ¥ — cuMBoN goyepHero fiApa;
4He - anpo reaus (o-yactuua); _(l)e — ofo3HaueHHe 3JEeKTPOHA
Zaapnn ero paBeH —1, a MaccoBoe UMCJIO — HYJIO).
Snepeus (3nepzemuueckuil 8oix00) adepnoli peakyuu
Q= 62(("11 + mg) — (m3 + my)),

rge my, mo — Macchl Apa-MHLIEHH U 60MOAPAHPYIOLER YACTHLbL;
m3 + my — cyMMa Macc PORYKTOB peakuuH (sgep d 4acTHL); ecay
my + mg > mg + my, T0 3Heprun Q BhlgensieTcs; ecau mj + mg <
< mg3+ m4, — norjoLlaercs.

Mpumepb! pelueHun 3apay

944. Bo Bpems nepexoja 3/€KTPOHa B aTOMe BOJOPOAA C
TpeTbeH CTAalUOHAPHOH OpOHThH HA BTOPYIO aTOM H3JayyaeT ¢o-
TOH, 3HEPTHsl KOTOPOro COOTBETCTBYET JUIHHE BOMHBI A = 652 HM
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(kpacHas nuHMs cniexktpa). Ha CKOJIbKO YMEHbILAETCst IPH 3TOM
3Heprus aTomMa Bofopoaa’

Peuwenue Cornacso BTopomy mocryaary bopa, sHep-
rHsi $OTOHA paBHA Pa3HOCTH 3Heprud E3 u E9 cTauMoHapHBIX
COCTOSIHHH:

hv = AE,

rie B — nocrosinHas [lnanka; v — gacrora: v=c¢/A; ¢ —
CKOPOCTb CBETa B BaKyyMe; A — [JiMHa BOJIHbI; AE = E3 — E,.

Takum o6pasom, AE = hc/A. Toacrasus B 3Ty dopmyiy
YHC/IOBble 3HAYEHHs MJIHHBI BOJIHBI A, nocrosHHOH [lnaHka
h=6,63-10734 Ik - ¢ u ckopocts ¢ = 3 - 108 m/ ¢, Haitnem
AE =3 - 10719 NIx.

945. [Noasayscs, Teopuedt Bopa, HaliTH paguyc n-d 3Jjek-
TPOHHOH OPOUTHl B aTOMe BOAOPOAA, CKOPOCTb H YCKOpeHHe
3JIeKTPOHA Ha 3TOH opbuTe.

Pewenue CornacHo teopuu Bopa, 3/1eKTpoH B aTome
BOJOpPOJA BpalllaeTcsi BOKPYI sipa, coBepillasi paBHOMepHOe
IBHXKeHHe 110 KPYroBoHd opOHTe B COOTBETCTBHH C 3aKOHaMH
Heiotona. [Ipu 3TOoM cuna F B3aMMOREHCTBHS J1eKTPHUECKUX
aapsjoB ffpa M snektpona (puc. 287) coobiaer 3/1eKTPOHY
LIEHTPOCTPEMHUTEJIbHOE YCKOPeHHe

a, =02 /r,, (1)

rae v, — CKOpPOCTb 3JIeKTPOHA Ha n-il opbuTe; r, — pagHyc
3TO# OPOUTH.
[To 3akony KysnoHa cuia B3aUMONEHCTBHSI 3JEKTPOHa ¢

SAPOM )

F=r @)

dregr,

SN

CornacHo BTOpOMy 3axoHy Heto-
ToHa, F = HAH C y4eTOoM
popmy. (1) " (LQ)

2
e? m.u

2=en, (3)

4negry,

rhe m, — Macca 3JEeKTPoHa.
CoraacHo Teopuu bBopa, us
BCEX BO3MOXKHBIX OPOHUT pa3pe-
LIeHHbIMH SIBJASIIOTCS TOJBKO Te€,
L5 KOTOPBIX BBINOJIHAETCS IIpa-
Puc 287 BHJIO KBAHTOBAaHHA
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myv,r, = nh, (4)

rnen=1,2,3, ..; h=h/(2r); h — nocrosinHas [lnaHka.

PewnB coBmectHo ypaBHeuus (3) u (4) oTHocHTedbHO 1,
M U,, HallleM pafHyc 7-# 3JeKTPOHHOH OPOHTH H CKOPOCTh
3/IEKTPOHA HA Hel:

4megn’h?
rp = __REL, (5)
mee2
2
e
v, = —.
" 4negnh (6)

TloacraBus B Bupaxenue (1) 3nauenus (5) u (6), moayuum

moe®

a, = ——.
PYPERIY

n

946. Halitu HanpsXeHHOCTb 3JEeKTPHUECKOro MOofs Ha
yeTBePTOH 3JIEKTPOHHOH 0pbHTe B aTOMe BOAOPOJA.
PeweHue CornacHo reopun Bopa, panuyc n-i op6u-
Thl B aTOMe BOIOPOJIa, KaK [10KAa3aHO B PellleHHH Npeaplaylei
3agauu,
4neqgn’n’
rn = _mee—z) (1)
rie € = 8,85 - 10712 & /m — asnekTpuueckas mocTosHHas;
h=hn/(21) = 1,05- 10734 Ik - ¢ — nocrosHHas [laaHka;
me=9,1 - 1073! kr — Macca snekrpona; e = 1,6 - 10719 Kn —
3apsifl 3JEKTPOHA.
HanpsiKeHHOCTb 3JIeKTPHUYECKOro NoJis Ha n-# opbuTte
E, = —e

41{80"3

[loactaBuB 370 3HaueHue B ¢popMy.ay (1), nonyuum

2.5
m,e

64nednint

(2)

n

[MonctaBus B Gopmyay (2) UncnoBbie 3HAUEHHS BEJIMUHH H
NpoU3Besl BLIUMC/IEHHUS, Hall1eM HANpsXKEHHOCTh 3/JeKTpHYe-
cKoro nons Ha yerBeproil (n = 4) op6ute: 4 =2 - 109B/m.

947. Hafity yHcsi0 NPOTOHOB ¥ HEUTPOHOR, BXOAAWIXX B

. 24 25 26
COCTaB siflep TpeX M30TOMOB Maruus: 1, Mg, 1, Mg, [, Mg.
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P e w e H U e OO6blyHO HEHTPANbHBLIK aTOM H ero siApo
0603HAYAIOT OJHHM H TEM XK€ CHMBOJIOM

24X, (1)

rae X — o6o3HaueHHe 3aeMeHTa: Z — YMCJIO0 NPOTOHOB B fApe

(MopsAKOBbI HOMEp 3/7eMEHTa B [E€PHOAHYECKOH CHCTeme

J. V. Menpeneena); A — maccosoe ducno (cymma yucaa npo-

TOHOB M HEHTPOHOB B s1pe, PaBHAA OKPYTAeHHOH 10 OsHxaH-

LIEro Leoro YMC/Ia Macce aToMa, BHPaXKeHHOH B a.e.M.).
Hucsao HEHTPOHOB B s1pE

N=A-2Z. (2)

Ha ocnosanuu dopmy. (1) u (2) vaxomuM, 4to aapo %g Mg
conepxHT 12 nmporoHos u 24 — 12 = 12 HelTpoHOB, sAPO
%gMg — 12 npotoHoB H 25 — 12 = 13 HeHTPOHOB H APO

%g Mg - 12 nporoHoB 1 26 — 12 = 14 HeliTpoHOB.
948. HaiiTt 5Hepruio CBA3U AAPA JHUTHSA g Li. Macca aro-
Ma gLi m, = 7,01601 a.e.M., Macchl aToMa BOAOPOAaA }H H

HEUTPOHAa — COOTBETCTBEHHO m ,, = 1,00783 a.eM. u m, =

= 1,00867 a.e.m.
Pew eHue ODHeprus CBA3H aTOMHOTO siApa onpenens-
ercs no dbopmyae

1
1 H

Eg = c?Am,

rae Am — nedexr Macch: Am = Zmy +{(A-Z)m, - m,.
1 s

Tax Kak 3HepreTHYeCKuH 3KBHBA/NE€HT aTOMHOM eQHHHLbI
Macch paBeH 931,5 M3B, 10 BblpaxkeHHast B MerasjeKTpOH-
BOJIbTaX 3HEprus CBA3H f1pa

Eey =931,58m = 9315(Zm, |, + (A= Z)m, - m, ) (1)
1
rge m, H mn Bblpa)KEHbl B a.e.M.
1

Ins angpa g Li umeeM: A =7, Z = 3. IloacTaBuB YUCOBbIE
3HaueHus BenuuuH B Gopmyay (1), monyuum E, = 39,26 MsB.
949. Kakoe X0oJH4eCTBO - H [-pacfiafoB COAEPKHUTCA B

LeroYyKe NpeBpatleHHH ypaHa 233 U B cBHHel 22; Pb?
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Pewewnue Ilpu a-pacnage sapsigoBoe 4uca0 Z yMeHb-
litaeTcs Ha 2, a Maccosoe unceao A — Ha 4. CUMBOJMYECKH 3TO
MOXKHO 3amnucaTh Tak:

AX—) Y+ He,

e gHe — 0603HayeHHe Q-4acTHLBL.

Ilpu B-pacname 3apsimoBoe YHCJIO yBeJHUYHBAETCS HA efH-
HHIY, 2 MacCOBOE 4YHCJIO He H3MeHseTCs:

A
7 X- 7 +1Y+ 1e
roe _(l)e - 0603Haqem{e 3JIeKTpOHa.

TaK KaK MaccoBO€ YHUCJO H3MeHseTCs TOJBKO led Q- pac-
nage, To NpH NpeBpalleHHH 235 U B 207 Pb KOJIHYEeCTBO Q- pac-
nagos

Ny = 235 - 207 _ 7
4
B pesyabrare ceMH o-pacrnagoB 3apsiiOBOe YHCJAO YMeHb-

mwaetcs Ha 2 - 7 = 14, a nocae NB pacrazoB OHO yBeJlHYHBa-
eTcs Ha NB' CaepoBaTeNbHO,

92_14+NB=82’

OTKyZ#a HaXOOHMM KOJHuecTBO [-pacnagos: N B = 4.

950. OnpenenuThb, CKOMBKO ATOMOB pacnagaeTcs B m = 1 Mr
PaLHOaKTHBHOTO H30TOMNA Le3Hs 127 Cs B TeueHHe NpoMe-
XyTKa BpeMen# t = 20 gHeit. [lepron nmosnypacnaga uesms
T = 30 nHei.

PemweHue 3appeMss { pacnafaercs KOJHYECTBO
aTOMOB

AN =Ny -N, (1)

rae Ny — 4YHMCJIO HepacNaBLIMXCS aTOMOB B HaualbHbIH MoO-
MeHT BpeMeHH fg = 0; N — uMcs0 HepacnmaBLIMXCS aTOMOB
yepe3 NPOMEXYTOK BpeMeHH f. COMIacHO 3aKOHY pafHOakK-
THBHOrO pacrana,

N=Ny-274T. @)
HepBOHaqaanoe YUCJIO ATOMOB
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rie m — Mmacca u3ortona; M — ero MoaspHas Macca: M =
=137 - 1073 xr/mosb; N — nocrosiuHasi ABoraapo.
IMoactasus suipaxenus (2) u (3) B (1), nonyuum:

AN = No(1-27/T) = N, (1-27/T), AN =2-10"°.

951. Haiiti 3Hepruio sinepHo# peakLHH
SBe + 2H — 9B + /[n.

Macco sgep ZBe, 21H, I%B paBHbl COOTBETCTBEHHO

9,01219 a.e.m., 2,01410 1 10,01294 a.e.M, Macca HeHdTpoOHA
m, = 1,00867 a.e.m.

Peuienue DHeprus sgepHOH peaKlHH, BhIPaXKeHHAs B
MerasJjeKTpOHBOJbTaX,

Q = 931,5((mg, + my) — (mg + mp)),

T. €. U3 CYMMbl MacC 4acTHIl JO peaKl¥H BHIYHTAETCH CyMMa
Macc YacTHI Tocje peakLUHMH M pe3y/bTaT YMHOXKaeTcs Ha
3HepreTHYeCKHIl 3KBHBa/NeHT aTOMHOHA eAMHHLb!I Macchl. [loa-
CTaBHB B 3TO COOTHOLIEHHE YHCJOBble 3Ha4YeHHs, HalaeM
Q = 4,359 M3B. ITonyuunn Q > 0. CnenoBartesbHo, 3Heprus
BLIOENSETCS.

952. Buuucauts KI1J] asuratreneir aTOMHOrO Jef0KO.a,
ecai MouHocTh ux P = 3,2 - 104 kBr, a aToMHbi peakTop
pacxonyer m = 200 r ypaHa-235 B cyTKH. BenencrBue nenenus
ONHOrO pa aToMa ypasa Bblgefsiercsi sHeprust £y = 200 MaB.

Pewenue KIII guratens

- P . o 1
n—Pn 100%, (1)

rge P, — MoJHas MOLIHOCTS:
P,=E/t, (2)

E — 3Heprusi, BHIAEJISIOWIAsCS IPH J€NEHHH YPaHa, Macca KOTOPOro
m, 3a Bpemsi t. HHCJI0 aTOMOB, COAEPXKALIMXCSA B 3TOM ypaHe,

—mpy
mMoA

rme M — mossipHasi Macca ypaHa; Ny — nocrosiHHas ABorap-
po. Torza

E=Eg BNy (3)
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W3 dpopmya (1)—-(3) caenyer, uro

_ _Pmt o,

IMoncTaBum B nocneat o0 GopMyy YHCA0BbIE 3HAYEHHS, BbIPa-
xennbie B CH: P;=3,2 10 - 108 Br; M = 235 - 1073 kr/ mosty;
t=1cyr=244=24-3600 c = 86400 c; Eg = 200 - 106 x
x 1,6 - 10719 [x; m = 200 - 1073 kr; Ny = 6,02 - 1023 monp™!.
[Mocne BbiuMceHHH noaydum N = 17%.

953. IlpoToH, neTAWME TOPH3OHTANBHO CO CKOPOCTHIO
v=46 - 100 M/c, cTanKuBaeTcs ¢ HEMOABHXKHBIM cBOGO.-
HbIM aToMoM reaus. [Toce ynapa npoToH oTcKakHBaeT Hasag
CO CKOpOCTbIO Uy = v/2, a aTOM MepexofuT B BO3GYXKAEHHOE
cocTosiHHe. BuMHCAHTL QIHHY BOJIHLL CBeTa, KOTOPLIH H3Ay4aer
aToOM rejldsi, BO3BpALAACh B NepBOHAUANbHOE COCTOSIHHE.

PeweHue Bosppamasch B nepBoHAaYaNbHOE COCTOSA-
HHe, aTOM H3ny4aeT (OTOH, 3Heprus Kotoporo E = W, rpe
W — 3Heprus Bo36yxaeHHs, T. €. SHEPTHS, KOTOPYIO MONYYH
aTOM MpH nepexofe B Bo30yXAeHHOE COCTOSHHE.

Sueprust potona E = hv = hc/A, tae h — nocrosiHHas
Ilnanka; v — wacrora ¢BeTa; ¢ — CKOPOCTb CBETAa B BaKyyMe;
A — amuHa BoaHu. CaenoBatennno, Ac/A =W, oTkyaa au-
Ha BOJIHB H3Ay4aeMoro cBera

A=he/W. (1)

Yro6bl HaHTH 3Hepruio Bo3byxaeHds W, coctaBuM ypas-
HEHHs1 Ha OCHOBAHHUH 3aKOHOB COXPaHEHHSI UMMyJbca H CO-
XpaHeHUs 3HEPTUH:

my = ~m/2 + movy, (2)
2 2 2
=Ty + 2w, 3)
2 2 \2 2
rope m; — Macca NpOTOHA, my — Macca atoma reJqusi; vo —

CKOPOCTb aTOMa Tefisl oce COYAapeHHS.
Pewns cosmecTHO ypaBHenus (2) u (3) otHocutensno W,
HafgeM

W= Smp?(1-2m), 4)

my

IMoncrasus B Buipaxkenue (1) sHayenne W, nonyuenHoe no
dpopmyane (4), HaitgeM
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A = 8hc (5)

a 3m102(l - 37711/7712).

Macca npotona m; = 1 a.e.m. = 1,66 - 10727 kr, Macca
aToMa renusi mo =4 a.e.m. = 6,64 10727, nocrosiunas [lrau-
Ka b = 6,63 - 10734 JIx * ¢, ckopocTb cBeTa B BaKyyMe
¢=3-108M/c. [ToacTaBup 3TH 3HAYEHHS ¥ 3HAYEHHE CKOPO-
¢t v B Gopmyny (5), Haiinem A =6 - 1077 m.

954. B sppo kucaopoaa 120 yaapsieT O-4acTuua (gHe) "

3acTpeBaeT B HeM, BLIGHBast HETPOH ( ] n). Hanucars peaxiipio.
Pewenue Ilyers éX — si1po, o6pa3oBasileecs B
pesy/ibTaTe peakuuu. Torna AfepHylo peaxuuio 3anyiieM Tak:

16 4 1 A
80 + 2I—Ie = ot + ZX.

YuuTHBas, YTO B SiAepHOH peaKlHH COXPaHseTCs 3MeKTpH-
YyecKHH 3apsif, T. e. CyMMa 3apsiioB YacTHIL H slep, BCTyNalo-
IUHX B peaki{io, paBHa cyMMe 3apsifoB obpasylouwxcs vac-
THI U sifiep, cOCTaBUM paBeHcTBO 8 + 2=0+ Z, orkyna Z = 10.

B sinepHo# peakuuu coxpaHsieTcst IOMHOE YHCJIO HYKJIOHOB,
T. €. CYMMBbl MaCCOBBIX YHCEJ YaCTHLL H ep IO H Moc/e peax-
UMM JO/KHBI paBHATbCS ApYr apyry. [lostomy 16 +4 =1+ A,
otkyga A = 19.

Mo tabnuue MengeneeBa HaXOOMM, YTO 3JIEMEHT, Y KOTOPOTO
Aapo aToMma copepxut 10 mpoToHOB, ~ 310 HeoH. TakuM obpa-
30M, SIIEPHYIO PEaKIMI0 MOXXHO OKOHYATeNbHO 3alUcaTh Tak:

16 4 1 19
80 + 2I—Ie - gn + 10Ne.

3agaum ANA CaMOCTOATENbLHOro peleHunn

955. OnpefenuTb NIOTHOCTD EPHOrO BelleCTBa, CYHTAS
paauyc siapa atoMa R = Ry A, rne Ry = 1,3 - 10715 M, A4 -
MaccoBoe yucao. Macca HykaoHa mg = 1,67 - 10727 kr. Kaxko-
Ba Gbl1a Gbl Macca Tena o6bemoM V = 1,0 cM3, ecau 6b1 0HO
COCTOAJIO U3 OJHHX fiflep?

956. B ombitax Pesepdopaa o -yactuibl B MOMEHT MOMAfAHHS
Ha TOHKYIO 30J10TyI0 (DOIBTY HMeJH ckopocTh v = 2 - 107 m/c.
[Tonaras BeKTOp CKOPOCTH OL-YaCTHLbI COBMAAMOLHM C Mpsi-
MO, COeIMHsIOLIEH YacTHIy M siAPO aToma 30J0Ta (J1060B0€
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COynapeHHe), HAUTH PacCTOSIHHE MaKCHMAJbHOTO NPHBaHKe-
HHA O-4acTHUBl K APy atoMa 3oJqiota. MousipHast macca re-
auss M = 4 - 1073 xr/mouab, N0CTOsIHHAS Aporagpo Nj =
=6,02 - 1023 Mo~ !, 3JeMeHTapHuId 3apsine = 1,6 10719 K,
3apsifl iApa 30J0Ta ¢ = 79e, sneKkTpHYecKasi MOCTOSIHHAA
£0=8,85-10712 ®/m.

957. Pesepdopa Habatogan, 4to npu 1060BOM cOyAapeHHH
C HEMOMBHXXHLIMH SIIPAMH 2TOMOB MeH OL-4ACTHIL C SHepryueH
Ey = 5,0 M3B nocnenhue oTseTalT Haszag ¢ SHeprued
E=3,9 M3B. BoluucauTh N0 3THM JAaHHBIM OTHOIIEHHE MAacC
fpa aToMa Meid W O -4acTulbl. B3auMHbIM OTTa/IKHBaHHEM
3apsafioB npeHedpeyb.

958. KakoBa CKOPOCTb QL-4aCTHLBl ¢ KHHETHYECKOH 3Hep-
rueil £, = 7,68 M3B? Macca a-yactius m = 6,64 10727 kr.

959. ITy4ok oqHOKpaTHO HOHH3UPOBAHHKLIX H30TOMNOB Mar-
wus 24Mg u 25Mg BeTaeT B OZHOPOJHOE MAarHHUTHOE ToJe.
Onpeneauts paguyc R OKPYXKHOCTH, 110 KOTOPOH [ABHXYTCS
JIeTKHe H30TOMbl, eCly IS TSKENbIX H30TONOB OH paBeH Ry.
CKopocTb BceX HOHOB B Ny4Ke CUHTATh ONMHAKOBOH.

960. AToM BOIOpOaa COCTOUT U3 SIAPA, BOKPYT KOTOPOro Bpa-
111aeTCsl eHHCTBEHHLIN 31eKTpoH. C KakoH 4acToToi Bpaulaercs
37€KTPOH Boxgyr silpa, ecJd ero op6UTa — OKPYXKHOCTb PafHyca
r=5.3 10711 M? Macca snexrpona m, = 9,1 - 10731 kr, 3apsn
3JleKTpoHa e = 1,6 - 10719 K, 3JIeKTpHYecKasi MOCTOsHHAA
g0 = 8,85 - 10712 /.

961. AroMm BolOpO/IA NPH NIepexo/ie H3 OAHOTO CTAUMOHAPHO-
r0 COCTOSIHHS B IPYroe UCMyCKaeT MOCAe0BATENLHO Ba KBaH-
Ta, AJMMHB BOJH KOTOpPHIX A; = 4051 HM # Ay = 97,25 HMm.
Onpenenuth H3MeHeHHe SHeé)I‘HH atoma Bomopoza. [locrosH-
Has [lnanxka h = 6,63 - 10734 JIx - ¢, cKopocTh cBeTa B Ba-
Kyyme ¢ = 3,0 - 108 m/c.

962. Ha xakoM paccTOsIHHM OT HeHTpa fApa HaXOAHTCA
3/1eKTPOH B aTOMe BOAOPO/A, €CJAH CKOPOCTb €ro ABHXeHHS
no opbure v = 2,2 - 106 M/c? Kakosa HanpsXKeHHOCThb
1I0J151, CO3[laBaeMOT0 SAPOM B TOUKaX op6UTH? 3apsal 3aeK-
TpoHa e = 1,6 - 10719 Kn, snextpuueckas nocrosHHas €9 =
=8,85- 10712 ® /M, Macca snekTpona me=9,1 " 10731 kr.

963. Papuyc nepBoil opGHUTHl 3/IEKTPOHA B aTOMe BOAOPO-
ma r; = 5,3 - 10711 M. Haiity HanpsieHHOCTb 3J€KTPHYECKOrO
NoMst SApa Ha 3TOM PacCTOSHHH M KMHETHYECRYIO SHEPTHIO SJeK-
TPOHa Ha mepBoii op6uTe. 3apsa snexkTpoHa e = 1,6 - 10719 Ko,
3JeKTpHYecKast nocTosiHHas gg = 8,85 - 10712 /M.
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964. Bo ckonbKO pa3s MHeHHas CKOPOCTh 3JIEKTPOHA Ha rep-
Boil Op6HTe B aToMe Boaopona 6oJiblie CKOPOCTH U ACCaXKHP-
ckoro camoneta Ty-134, pasHoit 850 km / u? TlocTtosHuas [Tnan-
kah =1,05- 10734 [Ix - c, 3apsifl 3J1eKTpoHa e = 1,6 - 10719 Ky,
3/IeKTpUUECKas mocTosiHHas e = 8,85 - 107120 /m.

965. LIyHKoBYI0 IACTHHY OCBELIAIOT MOHOXPOMAaTHYECKHM
CBETOM, JI/IMHA BOJIHBI KOTOPOT'O COOTBETCTBYET IIEPEXOAY JJEK-
TPOHA B aTOME BOAOPOAA ¢ YPOBHs ¢ 3Hepruedt W = —0,38 5B
Ha ypoBeHb ¢ 3Heprieit W, = —13,6 3B. Onpenennts, Ha
KaKoe MaKCHMaJbHOe PacCTOsIHHE OT MJIACTHHKH MOXET yaa-
JAUTbcst POTO3JIEKTPOH, €C/H BHe ee MMeeTCs 3afepXKHBalo-
lee ONHOPOAHOE 3JEKTPHUYECKOE MoJie HaMpsiKEeHHOCTbIO
E =10B/cm. 3apsn snektpona e = 1,6 - 10719 Kn, pa6ora
BHIXOfla 3JIEKTpOHa W3 urMHka A = 6,4 - 10719 Ix.

966. Ha ocHoBaHuu Teopud Bopa HaliTH oTHoLleHHe 110-
TeHUHaJIbHOH 3HEPTHH E|, 3/1eKTPOHA K €ro KHHeTHYeCKOH
sHeprud E) B aToMe BOAOpOJA.

967. Haiitu uucso NPOTOHOB ¥ HEHTPOHOB, BXOAALUMX B
coctas snep: a) 21 Al; 6) 207Pb; 8) 235U

968. OnpenenuTh 3HEprHio CBA3M AApa ypaHa QSSU. Mac-
ca sapa QSgU mg = 234,99331 a.e.m., Macca nportoHa
m,=1,00728 a.e.m., macca He#tpoHa m, = 1,00867 a.e.M.,
1a.em. = 1,66053 - 10727 kr. CKOpocTh CBeTa B BaKyyMe ¢ =

=2,998 - 108 m/c.

969. Macca m; siipa '50O pasua 16,00 a.e.m. Onpenenurs
ero feeKT Macchl ¥ SHEPTHIO CBAA3H, €C/H H3BECTHO, YTO Mac-
ca mg sifipa gHe paBHa 4,00 a.e.M., a ero fedekt Maccel Amg =
=0,03 a.e.m. CkopocTb cBeta B Bakyyme ¢ = 3,0 - 108 m/c.

970. Haiity 3Hepruio CBs3H, NPUXOAALLYIOCS HA OHH HY-
KJIOH B fipe aToMa K{caopoaa lgo. Macca aroma kucnopona

m, = 1599491 a.e M., macca atomMa Bonopoaa miy =1,00783 a.e.m,,
Macca HefitpoHa m, = 1,00867 a.e.m.

971. Onpenenutb 3HEpruio, KOTopas BblAeAsieTCsl NPH fe-

JE€HHH OAHOro siapa ypaHa QSSU, €C/d IIpH AeneHHH BCeX

fep, copepxauyxcsi B ypaie maccod m = 1,0 r, Bbigeas-
ercs sueprus E = 8,2 - 1010 JIx. INocrosxnas Asoraapo
Nj = 6,02 - 1023 mons~1.

972. OnpenenuTs 3/1eKTPUYECKYIO MOLIHOCTh aTOMHOH 3J1eK-
TPOCTaHIMH, pacxoytoueii B cyTku (t = 24 14} m = 220 r ypana
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QSEU 1 umeromed K[ n = 25%, eciu M3BECTHO, 4TO MpH

LeNeHHH OJHOTO siipa ypaHa BhbliedsieTcss 3Heprua Eg=
= 3,2 1071 Ik Toctosnuas Asoranpo Np =-6,02 - 1023 mons™1.
973. [1pu neneHuH ofHOro siApa ypaHa 233 U Bhifiensietcst
sHeprus Ej = 200 M3B. 3a kakoii npomMeXyTok BpeMeHH Macca
ypaHa B peakrope yMeHblIHTcA Ha & = 0,02 nepBoHayabHOH
macch m = 10 kr? MowHocTh P peakTopa NOCTOSIHHA ¥ paBHa
1,0 MBr, nocrosnHas Asoranpo Ny = 6,02 - 1023 monp~1.

974. B nepuoguyeckoii cucteMe sieMesToB MeHpeneesa
PALOM pacloOJIOXEHH TPH 3JeMeHTa. Y C/IOBHO Ha30BeM HX a,
b ¥ c. PangoakTHBHBIE H30TON 3JleMeHTa a NpeBpallaeTcs B
3/MeMeHT b, a TOT B CBOIO OYepelb — B 3/1eMeHT ¢. IlocaenHui
TpeBpalllaeTcsl B H30TON HCXOQHOTO 3JemeHTa. Kakumu npo-
neccamu o6ycJIoBJIeHH Nepexoan @ > b, b ¢, c > a?

975. [leproa nonypacnana ofHOrO U3 PaflHOAKTHBHBIX H30-
tonos #oga T = 8,1 cyr. Uepe3 kakoe BpeMsi YHCJAO aTOMOB
3Toro BeiecTBa okaxertcst B 7 = 100 pa3 MeHbWHM NO Cpas-
HEHHIO C UX HayalbHBIM YHCJIOM?

976. OnpenennTth Nepuof NoJypacnaga pafoHa, ecaH 3a
Bpemst £ = 1 cyr u3 Ny = 1 - 10% atomoB pacnanaercs N =
=175 - 103 atomos.

977. Asor o6ay4aetcs B Teyenwe T = 1,0 4 nyukoMm Ot -yac-

i ( §He), ycKoperHbiX B upxaoTpore. Haiiti konutectso ato-
MOB 06pa3oBaBllierocsi H30Tomna lgo, eCJId CHJIa TOKAa B NyukKe

I = 200 MKA  smepuyo peakunio 4N + 4He =170 + IH
BHI3LIBAET OJHA O,-4acTHIA H3 Kaxaux n = 1,0 - 10 wacTuu B
nyuxe. 3apsn saekTpota e = 1,6 - 10719 Kn.

978. B peakuud B3auMOaeHCTBHS aNlIOMUAHHSA %gAl ¢ yroe-
poroM '2C o6pasyioTcest 0L-4acTHIa, HEHTPOH H SAPO HEKOTO-
poro u3oTona. OnpenejuTb KOJHYECTBO HEHTPOHOB B 3TOM
sape.

979. [lpy B3auMOZEHCTBHH siapa H30TONA JHTHSA gLi H
NpOTOHA 06PA3yKTCA ABEe ONMHAKOBbIE YAaCTHLLI W BblaeaseT-
cs aHeprua £g= 17,3 M3B. OnpefenuTs 4acTHLYy H HEPTHIO,
KOTOPast BBUIENUTCSI, €CAH C IPOTOHAMH TIPOPearkpyoT fapa,

colepxkatiyecss B m = 1é0 r u3orona autHs. [locTosiHHas
Asoragpo N = 6,02 - 1023 moan™!.
2

980. [Ipu B3aUMOAEHCTBHH silepP aJIOMHHHs igAl ¢ X-yac-
THIAMH 06pa3yioTcs sapa H30TONa MarHHs %;Mg v jY-yacTtu-
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ua. [Tpu B3aumoneficTBUH xe | Y-yacTHL ¢ sAapaMH aJlOMHHUS
% Al ofpasyloTcs sipa H30TONA MarHus %g Mg # Z-yacTusl.
Kakue wnpoko H3BecTHble yacTHuwl X, ¥ U Z yyacTByIOT B
3THX SIlePHbBIX peaKUHsaX?

981. 3amucath caenywollMe siAePHble peaKuuH: a) 3aXBatr
HeHTpOHA MPOTOHOM C MCMyCKaHHeM Y -KBaHTa; 6) pacliene-
HHe Y-KBaHTOM siipa ZBe ¢ 06pa3oBaHHeM ABYX O -4aCTHII.

982. BLiuucaUTL 3HEPrUio sAEPHBIX peaKluH:

67 ; 2 4 4 14 4 1 17
aLi + {H — 5He + 5He, /N + oHe — H + 8O.
Macch sigep gLi, 211-1, gHe, I;N, iH, 1;0 paBHHBI COOTBET-

cteenHo 6,01513; 2,01410; 4,00260; 14,00324; 1,00782 u
16,99913 a.e.m.



OTBETbHI

1. OCHOBbI KWUHEMATWUKWU

27. d = vfsina =35 M. 28. v = 5.M/¢c, y ==0,5 + 0,8x.
29. vy =0 +20=19 kM/u, ¥y =y +v =17 kM/u.

2
30. y =-f—-+ (%) +u? =14 m/c.

3.y =-S3==50m/c, m=<=25m/c.
u ity M/¢, w b /

32.t=L+l_12.10% ¢

v
33. Ha paccroanun 200 M oT MecTOHaXoXAeHHs aBTOMOOMAS B Ha-

yanbHbliA MOMeHT BpeMmerH {cM. puc. 288); f = i =20 ¢; He u3Me-
U
HHTCH. ar e
34. 45 = 24ty =30 MuH
fr-4 s
35.1=—S5 =44, 5 =—9 220102 ku.
Y- Y ~v 02 ) 12 +tQ
36. yy =L =87 m/c. 37. I=lp~2=1.107 m. 38. 1 =L 2
tgo 2a 2ty

39. f, = (2+V2)4 =102 mun.

34

40. g =Q—;i= 063 m/c2, vy =A% ~38m/c
T 27

2
41. H=-g-(gi+1) =23-10% m. 42. h=6gt2 =21-10% xm.
T

2 2
43. y —M—lo M/c. 44, o =L =10 m/c
ERY? B ' V2 '
45. u, =i§‘t_185i=o,e M/c. 46. §—2=3.
3

2,2
47. z=—§-"&—2—=3,8 xm. 48. b =ﬁi[1+‘/1+£]=4 c.
alyy +1vp) g a

49, 5 = 2@ %) 40 /0
P20 0y +yy
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A
/
¢ H 2 3 4 1¢
-1
-2
3
0 2 te
Puc. 288 Pxec 289
50. v, = ——25 =58 km/u. 51. v=+2al =89 m/c.
2s/vp —t ~ Iy

52. At =1~ f% =037 c.
g

53. Pewus ypaBhenxe T = ’% +-’3-, noayuum b = 150 m.
v

g
54.t=,f L _9c¢s55.1=[2+2 _t=1c
acosa g

56. =g=30 M, hy = 19’1—90 M, hy =%’1=150 M.
57. Cm. puc. 289. 58. Cm. puc. 290 u 291.

Puec 290 Puc 291
g gt
59. 1= _y + 2‘ =41 M. 60. Cm. puc. 292.
g
2 2
61 =2 4+T-6¢c h=20_8C _12.10% m. 62. [ = VZupt.
g 2 2g 2
63. vy =+ 2+2g(H—h) =17 M/¢, v=+yg +2gH =22 m/c.

64. n2~1+(nl—l) =11. 65. 1——g(z2—zl)~15M

66. 1 =%Jg(8h+g1: =40 m/c.
67. vy = g" =50 m/c, H=gt?/8=13-102 m
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"‘t___A c_lo

A 8 [ £ K
Puc 292

[2
t=————-—u0+ % +2gho v=yud +2ghy.

(y —uylt Ug) g
69. a = =1 . 700 yy = h -2~ = .
7 pan % hW’QH 7mMm/c

7.0 = vy :1/vg+2gh =25 M/c_72.v=,/vg'+2g(H—h =25m/c.

73. yy =s"iﬂ =10 /¢, 1y, =Jv[2)+2gH=l4 Mm/c.
H

2
2
74. 2L g0 75. H=8"=5n
H, 8
SN A AT
76. tl=vosma Jubsin? a ~2gh —03e¢,
g
: 2 cin? oy —
ty =vosma+Juosm o-2gh ~08c.
g

2
77. h = ;—O(tg2 ag —tg? a)eos? ag =67 M.
g

[2
78. y= v} +2gh. 79. hmin =ltga——2ﬁg—2— =03 m.

cos” o

80. s =8hsina =8 M. 81 s = tof + v} — 200 cosloy —atp) = 46 m.
82. Ypasneuue tpaextopun x2 + 42 = R2 3ro ypasHerue okpyx-
HoCTH paaryca R. Moaynb ycxopeHus a = R, Hanpas/ieHo OHO NO pa-

AHYCY K UEHTPY OKPYXKHOCTH; (0 — YINIOBAR CKOPOCTb.
lyy

83. B 2 paza. 84. vy = 2v = 40 km/u. 85. R=—Y -

b vy

=18 m.
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86.

n=-L=1-10% ¢! 87 v=2nnl~—2— =6 m/c.
nd 2nn
2. OCHOBbI ANHAMMUKA
6. F =A%) _9g.100 1.
T
17, o= F(COSQ¥USING) " Umg g s 0t _g0.102 4,
m 2
8. a=—F  _pg-amse?, 1= __3n
my +mg my; + my
9. a=£ oS 0Ly -—w?—cost:O,B? M/c?.
m mg — F sin oy
_ 2
120. s=£(u;~n£-)t——, F>umg 121 F=mya® — g% =7 H.
2um
122. q; =2 u:?ﬁ M/c?, ag = gﬂ:—Q—m—‘= 14 m/c?,
4my + my dmy + my
7i=_3ﬂ'_"_2g_=1,3 H, T, =£ml_”‘2£=2,6 4
4my + my 4m; + my
123. 1 = M = 1,4 C.
qg(”ll - my)
124. 0 =872 _95m/2, 7= 28 75y
my + mg m + mg
125. T) = F - T =70 H.
126. F =§%’= 216-10* H, Fpyp = 0,,S =785-10* H.
127. r=~fl(1+ (_F_)
mg F-mg
o? — o2
128. F=m 5 £+ glpcosa +sina) |,
s
129. m = Q(M -F—AJ =2-10% «r.
g
glm(sina ~ ncosa) ~ my) 9
130. a = =1m/c
m + moy
181 my = 3my 132, y= T2 20 oo
m mgt
133. ¢ Lalmtm) o8 /el 134, m = —‘2*—'"5—= 10 r.
my — my gt —2s
135. F = M€ _y ot . 136, o LrBig )
my + my f l-utga




m(g +a)
2cos{a/2)

139. F=m(g+2—‘/3gh]:2,2 H. 140. F. =F—ﬂ21;3=2~103 H

137. T = 138. F=pSt? =3-10' H

2
141 [ =Y =51 m 142. v, = % g9 KM /4.
2ug ap - a;
143. Fp, = “;”g =15-10% H. 144. F,, = ktcoso = 6 H.
ue+1

145. 7=0%20 g0y
146. F;p, = mgsino npx tga <y, Fp = pmgcoso npn tgo > .

q +a

147, o = arcsin 2 —11°; specb aq; =3 m/c?, a, =08 m/c? Ha-

OOHM H3 rpaqam(a

2
148. p = & ltga 02 149, h= - 01€®

n? +1 2gltga~—p)’
150. o -arctg—E=45" 151. J(" DeR _ o M/c.
g

152. v> J(n —1)gR. 153. T = fg—g =1-10% muH.

2
154. R=Y_ =51 m 155. F, =3mg =12-102 H
e

156. © = £ =5pa11/c,T=ﬂ=2H.
[cosa cos o

2 2
157. g =‘“"T%3°‘=9,8 m/c?. 158, R = =D =4.10% u

159. v = R(ﬁ-g) =14-10% w/c.

2
160. g = g3——l7M/c —=——’/—E—2—=2,4.

3 Yo n
161. |Ap| = V2mu =14 kr-m/c. 162. o = arccos 0,5 = 60°.

12 -
163. T = 1+ -~z 1=9 H 164. T = Img.
mg( T oHH - 1)) e

165. T =3mgsina =15 H, T, =3mg=29 H.

2 2.2
166. o = arctglE. 167. p =480T _95.1072,
g )

168. © = € =5 pan/c (smech a = 60°).
Rcosa

169. T= |82 —97.103 ¢. 170. M =E=2,0-1030 KT,
pG G
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47GR? 2 2
173, p = (02 =0GmM 10 1 2nJ§=84 oy
g

2
171 p = 30— = 5.10% kr/n. 172, r_goR2( _L)_

R2
175. v = ’— =1-10" km/c.
g

3. 3AKOHbI COXPAHEHUSA B MEXAHUKE

205. Fc=é”—d(v,2—vz) 63-10* H. 206. A= 15mgl =15 102 [ix.
207. 4 = (7‘+m2)g1_13 1041k 208. A = m(g +a)h = 3-10% x.

209. A =pmgut =18-10° [Ix. 210. A = 2mgh.

211, E = ungs(l+—) 88 Ilx. 212. E, = (20—8!)2 = 8 JIx.
m

(umg) A
213. A= =0l Ix.214. p= ——L =
2k " mgs — Atg o
215. s = Iy =1m 216, u= TS _g 192 M/c.
m + mo

217. v = —%)’—JM(m + M) =56 M/c.

218. v, =AM 3102 m/e, o T 4.

my
219.a)v=ﬁ=2m/c;6)v=0
s)v:u( m +—m—)=2m/c;
M+m M+2m

2
) p=——2mu____q5 '
v MM +2m) u/c

2 2
220, v = YA +(m)” o0 1oge.

my + mo

222. 4y =v 1—%, 02=”ﬁ 223. [, = 4/ =40 cm.

224, x="E (1+ f1+ 2”"’): 01 m.
k mg

225. F, = ~';—(v§ —2upgrsina + g%1%) = 210 JIx.

226. u=206gl =42 M/c. 227.v= NIvTR

2 2 L2
228. 0= MM+ ) _o 01 1. 209 Q- mymy (off +03)

2(my + my) 2(m + my)
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2
230.a) F=mg 1+_4_Hm_2_ =89.10% 4,
h(my + my)?
2
6) F=(m +m2)g[l+ Hmy - =92-10% H.
h(ml +ITI2)
231. u = m M , Uy = le
. my + my m + my
232. F=m ﬂﬂ =75-10° H
: 2(h - hy) ' ’
233. v = yog +2gH. 234. B tperbei.
2 2,2
- ] [ my ) m?y
, o = arccos| | — ——{ —LF— npp —0- ¥ < 4
235 ( 2gi\m+ M J PR i(m + M2
2
236. Q= m(glsina—%) =14-10% Ix.
237. k = f’:f-)’;’ = 4:10° H/u. 238. B, ~ L m(f + g) = 6107 fix.
m2u? 2
239. I = 7 = 0,5 M. 240. N = uFndn=5-10° Br.
2ugM
241 A, = mg[—gR—H) =-2:107 Jlx. 242. by =3R=10m.
2
043 F=T8B+D o 103 4 944 pe RL=D"
28(M + m)
245. vy = -2% —gt=40 m/c."246. v = JM =14 m/c.
n
2
247. Q= T2V | ;mogh =15-102 Ox.
2(IH1 +ITI2)
2
248, Q:M[l_ﬂ]=25 Tx.
2 me )’
2 —o)2 20
249, Q@ o1 2 M0 6 550 - 0(22D g7,
Eg 145} MUO 2ng
3,3
251. 5=M=so M.
2NM
ImE(1 - cos a)
252. AE, = mgl(1 - cos o)=98 Ix, h= ————— =016 M.
(m +my)
253. v =1, ’w =08 m/c.
sino + pHcosa
254, N = pg(sina +pcosa) =2-10% Br.
255, N = I]_p%Vﬁ =23-10% Bt (3zecbn = 0,9). 256. N = m?gv

437



257. v =y = JUd +2gh =25 m/c. 258. Q = mg( g; ] 0.2 ix.
mvo

259. v = +2gH 260. [ =2Jh(n —1)(H —h) =16 m.
m+ M

2,2
261. o = arccos[l - —2—”1,7—] =30°.
(M+m)gl

262. E,| =%E0, Epo =—2—E0. 263. m, = %mr

4. OCHOBbI CTATUKU

o84, (= Mhtmb o
my +my
285_,::[,,12&%?;1%)“4“.
-
286.m=2m—1;—sﬂ=lxr.
287, x= N+ m/D _oa . 0gg ot gy
my+mg+m y + Ry
289. m=Jmm; =4 xr. 290. F=—H"€ ____99 Q.
coSO + W sin o
mg(quQ -h% +h)
291. F = ; =22.108 H
292. A, =+=2o cM. 293. F =m—§(h~u\/12 -h?)=14 H.
nc +1 H

294. F = mg(sina—pcosa) =16 H.

295. F = £ g (ML -+ m(2L —)coset. 296. 4 = “’1,
W+

297. Fpyp = —£= 6-102 H
m

298. F = (’1"311)_3.102H, Fy =mg-F =2-102 H
-
[
299. m>M ;n>05«kr. 300. F=—"8 ___1.10 H
me K 2(H - 2a)
mg in 2c
301 F, = —€ _49H 302 y=-—Sin2e _gg
™ 2tga H 1+2sin? o

303. x> arctgi, a > 84°.
H

mg! sin o cos? o

=15-102 H
24

304. T =
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in2

Fc :mg(l_lsm ZC;ICOS(IJ=5’14102 H
F, = melsinacosa _ 7 g2 i

2h
305. h=—R _ -15u 306. T=—"81__3.10° H

1+p? \/lz .y
307. T = QT—g, = zftng J4tg o+1, N coctabaser ¢ FOPK3OH-

guo ga

ToM yroa § = arctg(2tg o).

Fopl [
308. h=—"tgosina =3 m. 309. F =mg—h—(§R+h).
mg -

310.r =28 _55em
P1+ P2
311. Ha paccrosnuu 0,3 M oT Wapa Maccoik my.
312. Ha paccrosnuu r = R/6 = 5,0 ¢M OT LUeHTpa MJaCTHHKK.

R4 _ R4
313, x=—t—2L
Rl + R2
314. Ha GHccekTprce yria, B BeplUHHE KOTOPOTO HaXOAMTCH LIAPHK

=2 cM.

Maccoi 2m, Ha paccTOAHHH aJ3/4 ot storo LIApHKa.
myl,
#) =05, o =60°.

maly
316. F = mg(coso —sinatgB) = 36 H. 317. o = arctg% =18°.

315. cosa = L(3 -
2

5. XKMOKOCTU N TA3bl

340. Ah =4 - 18 cu. 341. F,, = pghS =15 H.
npd? -

342. 1= "20P0 _ 90 343 , = 2670002 _ 533 103 Mma

g ( PL+ P2 )
20gh(l - h)-
344. pyry = 2pghll=h)._ 9.4-10% [1a. 345. [ = h+ 28"
{-2h Parn
346. F, pgé" =22.102 H
2
347.p = “(’"_"/_in’i’l =43-10° x[Ta. 348. F = P(l —9—2] -2 H.
rd 2p,
349. b, =—F 1521 H. 350. V = m(l-—) 9.107 w3,
1-py/py P2 P
351.p, = Apops =02-10% kr /M.

(R + P~ Ppy — Popy
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352.

354.

356.

357.

359.
360.

361.

362,

364.

366.

H=-—LP_ _ 16w 353. m=Sdlp, —p;) = 20 «r.
P2 — P
Va =( —p—2]v. 355, x = PalPL=P2) 50
Pl 2py(py - p3)
”lr = m—pl, . Ha llpyl"yl'O qaun(y.
1
my = MU/PLVPo) 3 35g o PL_5
1/ps—1/93 . py 4
P3 = QP + 0aPy = 4 '103 Kl”/Ma.
ny = mPL—Po =0,9.
pPr —p2
Ak =__p_1h_2_ =6 cM, Ay = n2Ah‘ =0,4 cMm.
po(l+n*)
h=P8% 97 n. 363, A= I _ )y,
P2 pS
Ah= 21102 y 365, k=R ESM 95 o
2pS S[ +32
%: pr=psR/(A-Py) _ 035, T. e. 35%;
v, P2 —P1 P

Ve 1 035=065 T e 65%. v=22T L 400 el
|4 pg

m = PLM —pySh)

367. =60 .

Pr— P2
368, m = PLUAPs —(A - PApa) _ ger

palp; —p2lg
369. Ah:—”—~’s=8-10“”’ M. 370. m = pSh =3.105
p
371. S, =—7 =9 u2 372. py =p, - - =7-10? 3,
Smm d(p2 ‘pl) 2 M P2 P nV KI'/M

[0

373. h=—— "2 _=79.10° m.
g(p; = pg)
T,
374. T, =glpV -m)=91-10° H, T, = ——=10-10° H.
cos o

375.
376.

377.

378.

P2 =%Px =75-10% xr/m3.
A=mg(H +h)—pVgh=15-102 IIx.

A= mg(l -9—2)(/1 - ﬂ-]: 12105 Ik,
p1 Pt

2
A = pg?” =2.10% I




pH P2 [2H

379. h = 2H
Py — P2 - P2

381. Q=(p, —py)Vgh =4-10"2 k.

382, p= 28V _ 91y 383
M+m+pV

. 380. H

_ g - py)
P

_1].

=02 M.

4nR%p
3m

-

. OCHOBbL! MONEKYNAPHO-KUHETUYECKOW TEOPUU.
UOEANbHbLIU FA3

Ny _3.10%,

m
401. Onnnakosoe yneao N = —48

<Uxa>=

== 297.10% u3. 404.
T,

. pYM
RT

<UKB>—

M, = hMl

mzmo/(
5:(3—1)100%=4
Ti
7, = PViToTh
y = — P20l
pViTo — poVa T

402. 3”—V =2.10% m

403.

405. m =4.1073 r,

406. 3” v

408. = 4.1072 xr/moas.

pRT

410. S L B
M(pg + pgh)

411, %. 412,

414.

415. p:—M.—_l kr/m3, mg =

RT
plmy + my)
(m /M, +my/ My)RT
NooY
4

416. p =

417‘ p =
p

m= pV(l I
Patw +PEA
F.. = npa'mdz (-T)
max 4T,
)

-

419.

420.

421. T

T

mg
ParuS

m_
pSh

]_

¢, (E)=

N=PYNa
RT

=12-10% m/c. 407. T =

- 9.10° Ma. 418. Ye _

422. p =

3pVM
mNA
- 2E _ =8. 105

P 5 Ta.

=7-107%" Ik

=12-10%,
”V:' 48107 K

409. b, = 7P g = 8.10" u
g

—1):6-10‘4

M2=

ml n
Ju S . =1-4£,
9 413. o P’

=255 K (pg =1-10° [a, Ty =273 K).
M _53.107% «r.
N

=05 xr/m3.

! =04

“Yoo/p -1

u

]=6 KI.

=21 H

Vi + poVs '
W+W
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Ti(Parw + PRI + Sy /SINV, + Syh)

423. T, =

Pari
424. Py = %(l—f‘—aa - g) =1,0-10% [Ta.
425. o= MRT _ 90 y/c. 426. 1, = 10,5 °C.
pMSt
427. ¢, = ¢, PUT2 _ 699,
po2Ti

428. m = (@pg; — pgp)Sh = 1,6 -107 kr (9 = 0,73).
429, m < (01P01 — 9200V _ oo

100%
. 0,
430. py = mRT -100% _ 1,9-103 [Ta. 431. ¢ = e +9Vp _ 27%.
MVeg N+V,

432. A =20k, =13-107 M. 433. N = 28 —11.10%.
ond

434, m = 24Ot _ o0 435, g = PEARM 5 102 yH /.
a1 4(d2 —dl)

436. m=ond/g=23-10"° «r

. TENNOBbLIE ABNEHUA. OCHOBblI TEPMOAUHAMUKU
451 m = f—l’cci(%% =1 kr. 452, my = ﬁ—lﬂ =30 .
453. 4 = ¢ +%=100 °C. 454. n = l+c—(t—l—r:i)=l,15.

455. m{ =m, - cmy bnn 12 )}: ey~ toa) =19 kr, mj =21 «r, rae
t, =0 °C.

- M3(T+C(t2 “tl))

456. t=0 °C, m, =4 Kr.

’"2(}" +02(Tm1 _ TZ)) Clml(TZ — Tl)
Cl(T 7i)+f—61(T2 —T])

Hellos =TI+ 1) _ 4 102 /e
n ' ‘

2 _ 2
459. [ = ‘/M =984 m. 460. Q:l";L=2-1o8 TIx.
g

2
461. AT=-"P__gK 462.V =[i—1)—WVT =91
n

457. my =

458. v =

2cmM pcAT
Ult
463.m=n—=lxr,r t.=0°C, n=0_8
oty — 1)+ A A€ fon n



464. 15 =— Y =30 mun, rae t, =100 °C.
27t - 1)

465. 1 =287 100% = 34%. 466. 1= TATHM _ 5 50 yun,
gmy P

467. my = L(M—pos] =28.10°% xr.
g\ Mh

468. AU = Q- VR(T, - T,) = 2-10% IIx.

469. U=3py =6.10° 1k 470. V2 1, QL _3
2 Vi VRT

mg 2
A= —=l=-1lVy=2-10 .
471 (P0+ SJ(H ] I

(pg + mg/SHV
T
M@ - Q) -~
om= 2 = 48107 xr.
473. m RAT 810~ xr
474. A=(n-1)VRT = 8-10° IIx. 475. ¢, =

472. AU = (c— ]AT =4.10% IOx.

o jen
X
o
<
{}
0w

X

76. Q = A = 25 [ 477. v = —24_
476. Q Rl VT 3RAT

478. é(n—1)er_19 10* Ik 479. —~-l+ A_-2

vRT
3m 3 _m 3
480. AU=2TLRAT =3-10 ,A——RAT=2410 ,
oM e A= u flx
Q=AU+A=5.10° 0x.
(n-1pV + AU
nq

T _T2
482. -7y = 2”18
Iy

QU-T,/T)
mg

481. m = =6-10" xr
-117 K. 483. Cm. puc. 293.

484. Apay, = =86 M, roe T =273 K.

Puc. 293
443



c=—2""2 = 49.103 Ix/(xr-K).
485. oV(T, _7.1)2
V(T - T) )
486. S FT, KM.

-Q
I

487.AU:QI—W=5~102 nm,n:Ql -100%=20%.

8. ANEKPOCTATUKA

521. T=mg~L22=1,1-10-2 H. 522. F:—@i‘ﬂl:&lo-ﬁ H.
dneqr 4m:0r2
523. q = Q+JQ2 ‘;lﬁmof F -6.10°% Ka, % =Q—‘h =-9.10"% Kua.
524. [@=%q, Q<0.
525. Q=—4L3 (4h? + 42)} = -3,8-107 Ku.
526. £=—‘/§-2— 3.104 B/m. 527. _aneoBd® | o0,
41{80(1

528. E = ‘2/_0 =80 B/, nog yraoM o = 45° K TOPH3OHTY.

€9
529. =19 530. a = arctg 3E = 450
9¢q mg
531. ¢ = —iq = -5 mxKn. 532. E :——[‘4—2—= 41 B/M, ¢ =0.
dnegea
533. E = 0, ecAH Ha KOHLAX JHAroHa/JX HaXOOATCA OJHOMMEHHbie
2
3ap)u1u, H E= P , €CJIH paSHOHMEHHNeA
a"TEq
2
534. A=—9%R" 110 1x.
eq(R+7r)
535. E = Re >=33:107 B/m, EQ:—R21-‘P—2=1,1-102 B/x.
(R1+f) (R1+R2)(R1+f)
536. A= —"—1‘-’2—(L ——l-j =9.10"2 [Ix.
41'5808 o) n
537. ¢ = [ Gé, +csju =13-103 K1 538. C = 28_08(8-””—”—5-2—
C +Cy d(4e + (e +1)*)
539. ag = S0 DSE oo o0k,
540. ¢, = S9Wi-U) _ 5 o a1 Uy =%=24102 B.
2 1



2
5a2. 1 =CCWi+tUD) ¢ 104 p sa3 popPr, T
HG +Cy) Pr 2e0eS%pg
544. U, = 29 545. Aq= U~ 50 wxKa, 1 = 0.
e+1

546. = 50578 {0 = 36107 Kn. 547, r = s’ieU— =4-10° M.
a0 4ndpg

548. T = mg £282% _g7.1073 H.
cos

mg sin? o tga

549. T = =3,5-10 H, paBnoBecue 6espasauunoe.

550. £ = 2C&P2 20D _ 4 100 gy,
6q
551. YBearuutca Ha Ag -9E _ 9,6-107% m/c2.
m
21U1
g(U1 )

554. =§[ j 16 cm. 555. v=_|2¢U —80.10% m/c.
m

552. t= =9.1072 c. 553. a=ﬁ=0,89 m/c2.

556. U._. =’"d2” =6-102 B
el

min
2
JQneom( g —#] =+13-1077 Ka.
cos sina

5587.q=1%
sina

558. v ‘,Uo +[eEtJ =9-108 m/c, o = arctg2EL = 940
e m.Ug

(a0 — yroa mexay BexTOpaMu U ¥ Gp).

2
559. T=—L 2™ _0 1 H 560. v= (26U = 12.107 w/c.
4meql tg 60° m

2
561 s =" —9.103 u. 562. v = blmg +qE) =3 m/c.
2qE mtg o + tg P)cos® o

2
563. h=Ul" e _g.10°% u
2dv? m,

564. p = arctg —YSIN& 450
B ce vcosa + eEAt/m,

565. Wg = W, + 05R(3mg — F) = —4-107% x.

2
566. A = (&2 —1)%‘ 567. U>‘_"/ll:2.102 B
&

ColU2(e —1)

2
22 E?
569. W:C—Ezd—zfz»o-e T, w:f":(’2—:4-10ﬂ‘3 Tk /n3.

568. A, = . Ay = ~CoU? (e -1).

445



CCy(Uy = Uy)?

570. Q = =5-10"% Ix.
Q 2(C1 + Cz) ﬂ
2 2
571, A = £0SU [ﬁ-lj =17-107 Ik 572. AW = _CU~

573.1=2RC =200 c.

9. 3AKOHbI MOCTOAHHOIO TOKA

608. u= ’S”L =18-10°5 w/c. 609. 5=~ -100% = 03%.

epoiy afty
610. R, = %Rl =90 Om. 61 n = JR/R, = 4.

612. CoefMHHB TOYKH C OJAMHAKOBBIMH
NoTeHUMaNaMH, TOJYYHM SKBHBAJICHTHYIO CXe-
My (puc. 294). Tlo Heil Hailem ConpoTHBJIe-
Hue: R, = 7R/12 = 3,5 Om.

613. U = 22 B.

614. R, = R,[—g—— J= 36-10% Oum.

Puc 294 2
615. l=la(1+"d R‘):lS A.
4pl
616. [ = RS __ oy
p(I-1,)
617. U = 2R _ _ 1408, U, =-YR__160B.
Rl +R2 Rl+R2
2 -
618. z=i£@=2 e 619. R=1W2=U) _ 949 0y
2 2
620. F'= —2_ _ 960 Br, Pj = — 2 _ =144 Br.
(R +P) (R +Pp)?
2
621. R=—kU"_ =02 Om.
(1+k)2P
271 p 2R —
622_ Pl — ll (IIRI 12R2) = 8 BT, Pz — 12 (llR] I2R2) - 12 BT,
Iy -1y Iy -1
n = R, 1) _ 4y = Ryllg =1 _ 03.
IR - Ry) L(R - Ry)

’
623. Ecau R > r, To 60/1bUI1as MOWHOCTb BHAEARETCHA (pH fapanjelb

HOM COIMHEHHH Pe3HCTOpOB, eci R < r, ~ MpH NOC/1eA0BATEBHOM,
2 2
492”3 =22.10% B. 625. m = ADpl“(1+-)P _ 78 xr.
nd*U; kU?
2
626. # = (VT +1)[PR -2 p go7. py = A
2 2 )

624.U =U, +

=10 Br.



628. 1 = —H—osa 629. 15’;-100%=49%.

J 2
630. P,,, = ”mTax =3 Br. 63L. P, = #k) =5 Br

U3R(P, + ) UR2R

632. P = — s =T2Br, A= 212 _ 6B
Uf(R+ P+ Py) Ui (R + P+ Py)
Py = —% - 32 Br.
UI ([)1 +P2 + Pg)
633, & _ 4+ R/ 14, 634, 22 =1
& (r+R)? A
2
635, 1= —NY"ST 19 (=100 °C).
pm(c(t2 ‘-tl)+f')
636, aT= L2 02k
cD
637, s < D=RB _1op ,_#h-A 500,
1112(11—12) 112
638. AQ = [Ut —cmlty — ) =1,9-105 [k, n = i"—'(—l%;—") =07.
639. 1, = —L2 =57 mun, T4 =1, + T, = 28 MR,
T+ To
640. t, = 41, = 12 mun. 641. r = JRR, =6 Om. 642, F2 = é.
1
643. a=1-2YAT _04 6a4. =112 _9a
Pt ll +12
(gl - gg)(Rl + R3 )CI (371 ht 8'72 )R3C2
645. q = gy =— 232
R1+R3+R4 R1+R3+R4
646. Uj=—28 =78 Us=8-U;=5B8.
l+U2/U1
647. R=-£4r -5 0m 648. U, =U, =4¢’
€ Ed 9
649. q=(1-l)gc. 650, &= JR+2R) | op
.n 1
651, 7= 21U qg V22U _30,
h-1y JARyA
652. £ = — U2 _40 B 653. q=-LCR__192.10"* Kx.
3Ul—2U2 2R +3r
654 £=U—1Ir=23B. 655. I,, = A2+ Us _gq p
Uy -U,
Bl — Eof
656. R = ﬂrll =02 Om.
"2
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657.

659. r

660.

661. A

662.

664.

665.
666. ¢

668.
669.

692.
693.

694.

696. /

698. E

700.

702.

703.

R=

R=

1

B r(ZJE - l)

2-Vk

nl, -1
2$2r

& —€y

2

_ R(n]2 - ][)

=08 Om. 658. r = R.

=03 Om, 8:12(R+L)=2 B. rae n =3,
n

=1 Om.

&2y?
PWE/P +r)?

=42 Br. He 6yner.

2
P= ’"’§=4o Br. 663. Al=1—kﬂ;-=0,l A.

q:

k2t

2

It _ 50 Ka, m:%:G,G-IO'G KT
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NPUNOXXEHUA

1. O npubnuxeHHbIX BbIMUCIIEHUAX

IIpu peileHuy 3agay no $pHu3rHKe Halo NOMHHTH, YTO YUC/IOBbE 3Hauye-
HUA QH3HYECKHX BeNHYHMH ABARWTCR npubsusxcennvimu wucramu. K npu-
6/HXKEHHbIM YHCA2M OTHOCATCA TaKxke TaGJHuHble 3HaueHHs GHIHYECKHX
M MaTeMaTHYeCKHX BEeJHYHH, OKpYyIJeHHble 3HAaYeHHS TOYHHX YHCcea H Ap.
HanpuMep, npH6IHKeHHbIMH ABJIAIOTCA 3HAYeHUA YCKOPEHHA CBOGOLHOIO
nagesua g = 9,8 M/ ¢2, noctosHnoi [Tnanka b = 6,63 - 10734 Ik - ¢, uucaa
x = 3,14, ckopoctu cBeTa B BakyyMe ¢ = 3 - 108 Mm/cu T. n.

Tourbimu Hucaamu SBASIOTCA: YHCAOBbe KO3DQHUHEHTb ¥ NOKa3aTe-
AH cTeneHH B GopMynax; Ko3ddHULUHeHTHI, OTpaXKkalouHe KpaTHOCTb H J0b-
HOCTb eHHHL GH3HYECKHUX Be/JHYMH; YHCAA, 3aAaHHble ONpele/]eHHAMH, K

4

ap. Hanpumep, B ¢popmyse o6bema wapa V =€1:R3 TOYHLIMH ABASIOTCA

4
K03 dHLMEHT 3 M MOKasaTeslb cTenenu 3; B paBeHcTBe 5 kM = 5 1000 M

yucao 1000 — TouHoe.

3ravawumu yudpamu npuéarKeHHoro yucaa (B JecATHYHON 3anucH)
Ha3BBAlOTCA Bee ero UHQPL, KpoMe HyJel, CTOAWMX B Hayaae yHcaa. Tak,
yncaa 0,0307; 2,019 - 10° 4,1228 uMelOT COOTBETCTBEHHO TPH, YEThipe H
NaTh 3HayauwWx uxdp. 3HavaweR undpa HaswBaeTcs NOTOMY, YTO OHa
03HayaeT COOTBETCTBYIOWHA JECATHYHbIH paspaa 3atoro uncaa. Hanpuwmep,
B NpH6axKeHHOM uHcae 2,03 undpa 2 o3HavaeT paspsal edMHHL, undpa
0 — paspsg gecAThX foned, uHdpa 3 — paspaa coTHX Aoaei. ThicAyHble H
ApYrue LOJAH HeH3BECTHH, NOYTOMY COOTBETCTBYIOUIMe pa3psibl He 03Ha-
YeHH HHKaKHMH uudpamd. B npubanxennom umcsae 0,0516 nepsue aBa
HyAs He ABARIOTCA 3HayaWMMH. OHH CAYXAT TOAbKO A1 YKasaHUA COOT-
BETCTBYIOIMX AECATHYHHX Pa3paioB ocTaibHbix uudp (uudp 5, | u 6).
[MpubanxenHsie ynucaa 2,5 1 2,50 OTAHYAIOTCA APYr OT APyra TeM, YTO B
NepBOM YHMcJe BEpHbIMH ABJAAIOTCA LeJble H fecaThie 104K (coThie, ThicsY-
Hble M T. [ HEH3BECTHbI), 3 BO BTOPOM BeDHbIMM SBJASIOTCK W COTbie AOJH
(T. €. U3BECTHO, YTO HX KOJHYECTBO PAaBHO HYJII0). DTOT NpUMep NOKa3mBa-
€T, YTO NPHNHCHIBAHHE WK OTGpachiBaHHe HyJeil B NOCJAeNHHMX paspslax
NpUGIHKEHHHX 4YHCe] M3MEeHseT MX TOYHOCTb. B ciayuae TouHBIX uucen
3anucH 2,5 u 2,50 He pasnuyaloTca.

IMpubanrkeHHble YHCAA MOXKHO 3aNHCHIBATL B HOPMaabHOI GopMe: nep-
Bast 3Havalllag uM¢pa CTABUTCA B PasPsl eIMHHLL, A OCTabHbie ~ B LECATHY-
Hble pa3psabl NOC/e 3aNATOH M MosydeHHoe YMCI0 yMHoxaeTcs Ha 107, rae
n = uenoe MoJIOXKHUTe bHOE HJH OTpHLATes bHOe 4xcao. Hanpumep, uucao
0,0516 B HopMasbHOM hopMe HmeeT BiA 5,16 - 1072; umcso 2170 — 2,170 - 103,
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Okpyenenue npUGIHIKEHHOTO HJIA TOYHOrO YKCJIA — STO yMEeHblUeHHe
KOJMYECTBa ero 3Hayaumx ungp. UTo6b OKPYraUTL YKHCAO A0 1 3HAYAUIMX
uudp, oTOpacHBaioT Bce ero undpel, cTosAlUMe nocae n-ro paspsaia. Ecan
NpH 3TOM NepBas M3 oTOpachiBaeMbiX UHPP MeHblue 5, TO MOCAEAHAR H3
COXpaHsieMhX He M3MeHSIeTCsl; ecy e MepBas M3 OTOpachBaeMbix UHdp
6oJiblle WAM papHa 5, TO MOC/JefHAR U3 COXPaHAeMbIX YBEIHYMBAeTCH Ha
eauunuy. Hanpumep, okpyraus uucao 25,84 go Tpex 3Hauauux uudp,
nonyuum 25,8, no asyx — 26. Oxpyraerue uucen 1782 u 0,0503 po asyx
3HayawyX uudp AaeT cooTBeTcTBeHHo 1,8 - 103 1 5,0 - 1072,

Ipu pewtenun 3apay cieayer cob6Ji0AaTh CAeAyIOillle npagusa npu-
6AUNCEHHbLX 8bIYUCAEHUY.

1. ITpu cromenuu u 8biuumariy NpUGTIXEHHBIX YHCEN B pe3Y/bTaTe HyH-
HO COXPaHATb CTOJIbKO AECATHUHBIX 3HAKOB, CKOJIbKO TaKMX 3HaKOB B cJa-
raeMoM ¢ HauMeHbUIHM HX KoaxdecTBoM. Hanpumep, 7,53 + 13,8 + 0,064 =
=21,394 = 21,4. CyMMa oKpyrieHa Tak, YTO OHa COAEPKHUT OJAMH Aecs-
THYHKI 3HaK, KaK K BTOpOe cJjaraemoe.

2. Tpu ymnowcenuu u deseruu B pe3yawTaTe clelyeT COXPAHATh CTO/b-
KO 3Hayauiux uup, CKOJbKO TaKOBBIX B COMHOXHTENE C HX HaWMeHbLINM
koauyectBoM. Hanpumep, 38,6 - 0,52 = 20,072 = 20. B npoMexyTOUHHX
pe3yJbTAaTaX HyXHO COXPAHATb Ha OAHY 3Hauawyio uuopy Gosbie. Ha-
npumep, 38,6 - 0,52 - 0,721 = 20,1 - 0,721 = 14,4921 = 14.

Ecau HcxoaHble COMHOXKHTENM PasiHYalOTCA KOJMYECTBOM 3HAYaillHX
uudp Ha gBe u 6ojee, TO CHaYana HYXHO BCe COMHOMMHTEJH OKPYIJIHTh
TaK, 4To6bl KaXAKIT coepxan 3Hayalnx uMPp Ha OfHY (3anacuy10{6onb-
llle, YeM MX HMeeT COMHOXHTeJb ¢ HaMMEHbLIMM YHCJIOM TakHX uudp, a
3aTeM nepeMHoxHTh. Hanpumep, 1,5 - 4,825-1,1936 = 1,5-4,83-1,19 =
= 8,62155 = 8,6.

3. Mpu 603sederuu 8 cmeneny B pe3yibTaTe COXPAHAETCA CTOJBLKO
3HayauMx uMp, CKOJLKO MX MMeeT NMPHOJAKEeHHOe YHC/I0, BO3BOLHMOE B
crenedb. Hanpumep, 0,253 = 1,5625- 1072 = 1,6 - 1072,

4. l1Ipu ussaeveruu KOpHA NGO cTeNneHH U3 NPUBAMKEHHOrO YHCAA
B pe3y/bTaTe CJefyeT COXPAHAThb CTOJBKO 3HayauiHx UMAp, CKOJbKO HX B

noaKopeHHOM BuipaxkeHuH. Hanpumep, V212107 = 145602 = 1,46 -10~3.

5. [Tpu ebiuucrenuy CAONKHbLY 8bipaXceHUll HYHKHO NPHMEHATL Nepe-
YHCJIeHHBIe BHllle NPABHJIA B COOTBETCTBHH C BUAOM MaTeMaTHYECKHX AeiCT-
puil. Hanpumep,

(12,438 + 5,7)J7,39
832-6,072-43-10%"

Comuoxurens 4,3 - 10* uMeeT HauMeHbillee YHCAO 3HAYALHX UHGD —
ABe, MOSTOMY Pe3yJbTaThl BCeX (POMeXYTOUHRX BHYHCIEHHIT HYXHO OK-
PYTAATHL A0 Tpex 3HaualMX uHdp:

(12,438 + 57)/7,39 L 181-272 492
832-6,072-4,3-104 505-43-10* 217-10°

OKPYIHB [0 ABYX 3Havaupx uudp, noayuum 2,3 - 1075,

6. [lpasuso 3anacnol yugpst: B npoMexyTOUHBX pe3yabTaTax, T. e.
B TeX MPUOMOKEHHBX YMCJIAX, KOTOphle HC0Jb3YIOTCA B MOCHefyoLUHX
pacyeTax, c/leflyeT COXPaHSTh Ha OJHY 3Hayawyo uuppy 6oblie, YeM STO

Tpebyercs npasuaamu 1—5. B okoHuaTe/sbHOM pesysbTaTe 3anmacHas uud-
pa or6pacwBaetcsa (cM. npeawayuwi apumep).
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2. OcHOBHbIe eauHMbI CU

- Duanueckas Ennnuua
BEUUHHA | Haymeno- | O6oana- Onpenenenue
BaHHe YeHHe

Hdanka MeTp M Mertp paBeH paccToAHHIO, NPOXOAHMO-
MY B BaKyyMe TUIOCKOH 31€KTPOMarHur-
HoM BoJHO# 3a 1/299 792 458 poawo
CEeKYHIH

Macca KHJ10- Kr KunorpamMm paBeH Macce MexayHapos-

rpaMm HOr0 MPOTOTHNA KUJIOrpamMMa

Bpemsa cexyHaa | ¢ CekyHpa paBHa 9 192 631 770 nepuo-
AaM HM3Jy4YeHHUs, COOTBEeTCTBYIOLLEro
nepexoay MeXay ABYMs CBEpPXTOHKH-
MH YpPOBHAMH OCHOBHOrO COCTOSHHUR
aToMa uesusa-133

Cuna anexk-| amnep | A AMnep paBeH cHile HeM3MeHAIOILErocs

TPHUYECKOro TOKa, KOTOPHH NpH NPOXOXAEHHH MO

TOKa ABYM napajjeibHbiM NpPRMOJHHEHHKHM
NPOBOAHMKAM 6ECKOHEYHON ANMHb K
HHYTOXHO Manof NJOWAAH KPYroBOro
NoNepeyHOro CeyeHHs, PacnooxKeH-
HbIM B BaKyyMe Ha pacCTOSHHH 1 M
OIMH OT APYTOTo, BH3KBaJ 6h Ha Kax-
AOM Y4YacTKe LAHHORK 1 M cHAy B3aumo-
neficTHus, pasuyio 2 - 1077 H

Tepmoan- | xenssuu | K Kenbeuu pasen 1 /273,16 yactu trepmo-

HaMHuyec- AMHAMHYECKO! TeMNepaTypH TPOMHON

Kas TeM- TOUKH BOAMI

neparypa

Koanvecr- | moas Monb | Monb paBeH KOMM4eCTBY BelUECTBA CHCTe-

BO Be- Mbl, cofepKalliell CTOJLKO e CTPYKTYp-

uecTaa HHIX 3/1EMEHTOB, CKOJbKO COAEPKHTCH
aTomoB B yriepoae-12 maccoit 0,012 r.
[lpx npHMeHeHHH MOAR CTPYKTYpHble
371€MeHTH JOMKHKH ObiTb CneuHHLH-
pOBaHW M MOTryT GnITh aTOMaMH, MoJe-
Ky/NaMH, MOHAMH, 3/eKTPOHAMH HJH
APYTHMH 4aCTHUAMK WK CneunduLUHpo-
BaHHLIMH TPYNNaMK YacTHL

Cuna KaHjena | Ka KaHpena paBHa cuae cBeta B 33laHHOM

cBeta HanpasAeHHH UCTOYHUKA, HCMycKalolue-

ro MOHOXPOMAaTHYecKoe H3ay4eHHe Yac-
toroit 540 - 10!2 Ty, cuaa uanyuenus
KOTOpPOro B 3TOM HanpasJjieHHH COCTaB-
aser 1/683 Br/cp
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3. JononunrenbHbie eAUnHULbI CU

Puanyeckan
BeNHYHHA

Eaununa

Onpenensiowee
ypaBHeHHe

Hauwmeno-
BaHHe

O60o3Ha-
YeHue

Onpegenenne

ITaockua
yroJ

TenecHu#
yroa

o

~N e~

S IU)

paanad

cTepasHan

<p

paa

Paguan paseH yray
MEXAy ABYMSl PaiHy-
CaMH OKPYXHOCTH,
AJAMHA IYTH MeXAay
KOTODHMH paBHa pa-
anycy

CrepanuaH paseH Te-
AeCHOMY yray ¢ Bep-
LIKHOM B UeHTpe ce-
PH, Bhpe3aolieMy Ha
NnoBepXHOCTH chepu
TUIOLLAMb, PABHYIO M1710-
IWaaH KBajgpara co
CTOPOHOH, paBHOH pa-
nuycy chepu

4. Hexoropbie nponiBoaHble eAnHULbI CHU

462

Enxuuua
Dusnueckas 5 " o5
npegenso- AHMEHO- 03Ha-
BeAMYUHA uxepe ypas. marme seHe Onpenenenne
HEHHe

[Mnowage S=12 KBajIpaT- M2 KBanpaTHuit MeTp paBeH
HKH MeTp N/0WAAHN KBAApaTa, AJHHE
CTOPOH KOTOPOIO paBHH | M
O6bem, v=2 Ky6Huec- M3 Ky6Hruecknit MeTp paBeH
BMECTH- KHH MeTp o6beMy Kyba c pe6pamH,
MOCTh AJHHb KOTOPHX PaBHH | M
CxopocTh v=35 MeTp B M/c | MeTp B ceKyHay paBeH cko-
t CeKyHRy POCTH MPAMOJIKHEHHO H paB-
HOMEDHO BFIKYLIEHCA TOY-
KH, [IPH KOTOPOK 3Ta TOM-
Ka 3a BpeMs | c nepeme-
aeTcs Ha paccTosHuKe | M
Yckopenue | g = A2 Metp Ha | M/c? | Merp Ha cexynny B KBax-
At CexyHIy paTe paBeH YCKOPEHHIO
B KBaj- NPAMOJIHHEHHO U PaBHOYC-
pare KOPEHHO ABHXYLUEHCS TOY-
KH, NIPH KOTOPOM 33 BpeMsl
! ¢ cKkOpOCTb TOYKHM H3Me-

HaeTca Ha | M/¢




Mpoonoanxeunue npua 4

Eaunuua
duanyeckas 5 " o8
n eNAK0- AUMEHOo- 03Ha-
BeHYHHA un;epeﬁlpas- arme | genve OrpeneneHue
HEHHE
Yraopas 0=2" | paman 8| par/c |Pagnan s CeKyHIy paBeH
CKOPOCTb t CeKyHIy YLA0BOH CKOPOCTH PaBHO-
MEPHO ABHXKYyLeHcs Mo
OKPYXHOCTH TOUKH, NMpH
KOTOpDOH 3a BpeMmst 1 ¢ co-
BepLIaeTCs [I0BOPOT PajHy-
ca, NpOBEdEeHHOro K TOUKe,
Ha yroa | pan
YacroTa n=2 ceKyHna ¢~! | CekyHna B MHHyc nepBoO#t
BpAlLEHHS t B MHHYC CTENeHH paBHa 4acToTe
NepBOH PaBHOMEDHOro BpalUIeHHS,
cTerleHH NPH KOTOPOil 3a BpeMs | ¢
TeJIO COBEpLIaeT OAHH MOJ-
HbIH 060pOT
Yacrora v=1 repu I'y T'epu paBeH yacToTe nepuo-
nepHoaH- T AHYECKOro npouecca, NpH
YeCKoro KOTOpOo# 3a Bpema | ¢ co-
npouecca BEPII2eTCK OQHH LHKJ 3T0-
ro mpouecca
Yraosas ® =21y | cexyHaa ¢! | Cexynna B MHHYyC nepsoil
(xpyrosas, B MHHYC CTeneHW paBHa yraoOBOH
UHKAHYEC: nepsoH yacToTe, NPH KOTOPOH 3a
Kan) yac- CTelleHH Bpems | ¢ coeplaerca 27
ToTa WHK/10B BPaLieHHs (ONHBIX
060poTOB)
Maorthoets | p=22  |xuno- kr/m3 | KnjiorpaMM Ha Ky6H4ecKuit
4 rpamMM Ha METp paBeH MIOTHOCTH OA-
KyOHuec- HOPOJZHOTO BewecTsa, Mac-
KHH MeTp ca KOTOporo npu o6beme
1 M3 paBua 1 kr
Hmnyase P = mu |KHJO- K -M/c | Kuaorpamm-metp B cekyH-
(konuuecr- rpamMm- Ay paBeH umnysbcy (KoJH-
BO JBHXe- MeTp B YeCcTBYy ABHXXEHHA) Tesaa
HHA) Teaa CeKyHAy Maccon 1 Kr, QBHXyLIero-
¢a ¢o ckopocTbio 1 M/ ¢
Cuana F =ma | HboToH H HbloToH paBeH cHJe, c006-
Wwanowen teay Maccol 1 Kr
yckopeHHe 1 m/c? B Ha-
NPaBJeHHH JeHCTBHA CHJBI
HUmnyaec /= Ft HboTOH- | H - ¢ | HbloToH-ceKyHpa paBHa HM-
CHIH CeKyHAa MyJbCY CHJbI, CO3AaBaEMO-
My cuaon | H, pefictsyio-
Lek B TeyeHHe BpeMeHH | ¢
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Mporoanxenue npua 4

Enunnua
PusnyecKas
Onpezeasio- | Harmeno- | O6oana-
BENHUHHA
uee ypas- BauHe yeHue Onpezenenne
HeHYe
MowmenrT M=Fl HbloToH- { H - M | HulotoH-meTp paneH MoMen-
CHJB MeTp TY CHJIbI, CO3aBAEMOMY CH-
no# | H oTHOCHTeILHO OCH,
PacnoJOXeHHOH Ha pac-
CTOAHKK | M OT JIMHKK Kei-
CTBHA CHAB
- F
Hapnerue p= E nackanb [la [Tackans paBeH AaBieHHIo,

BH3blBaeMOMYy cHIOK 1 H,
PaBHOMEPHO pachpejeneH-
HOH 110 MOBEPXHOCTH MJ10-
waaeio 1 M2, pacnonoxen-
HOH MepreHAHKYAPHO Chie

Kectxocts | k=L HoioTon | H/M | Hpoton Ha Merp pasen
Al Ha MeTp MECTKOCTH TeJa, B KOTOPOM
BO3HHKAEeT CHJA YIPYroCTH
! H npu abcomoTHoM yaax-
HEeHHH 3TOro Tesa Ha | M
Hopmans- o= % nacKanb [la [lackans, paBeH HOpMasbLHO-
HOe Mexa- My MEeXaHMYECKOMY Hamps-
HHYeCKoe KEHHIO, BLI3LBAEMOMY CH-
Hanpsxe- Aok ynpyroctd | H npu pas-
HHe HOMEpPHOM paclpefeneH u
ee [0 CEYEHHIO MIOLAMbIO
1 M2, pacnonomenHOMy
NepHeHARKYASAPHO CHJe
Moayas E=9S nackains Ma | Mackans pasen mogymo npo-
[1pONOLHOR € JONbHOM YMPYTOoCTH Tena, B
YTIpyrocTr KOTOPOM [PH OTHOCHTE/b
(mony.b HOM YIJMHEHHH, DPaBHOM
IOtira) eQMHHLE, BO3HHKAET MeXa-
HRueckoe HanpsxekHe 1 [Ta
[Tosepx- o=L£ HBIOTOH H/wm | Heloton Ha meTp pagen mo-
HOCTHOE ! Ha MeTp BEPXHOCTHOMY HATAXEHHUIO,
HaTHKeHKe co3aapaeMomy cuioik 1 H,

NPHAOKEHHOH K Y4acTKy
KOHTYpa CBOGOKON MOBepX-
HOCTH AJMHOK | M H feftcT-
BYIOUIEH HOPMaJbHO K KOH-
TYpPy W M0 KacaTeqbHOH X
NOBEPXHOCTH




MTporonaxkenue npunr 4

Enunuua
Dusuueckas
Onpegensito- | Haumeno- | O6osna-
BENMHUKHA
1wee ypas- Banne yenme Onpenenenne
HeHUe
Pa6ora, A= Fs LXKOYJb Jx | Dxoyab papeH pabote, CO-
3Heprus Bepuwiaemoit cunoit | H npu
nepeMelIeHHH TOYKH [IPH-
JIOXEHHA CHJIbl Ha PACCTOR-
KHe | M B HanpaBaeHuM
BeUCTBUA CHJbI
Mownocts | P = L:L BaTT Br BarT paBeH MOLHOCTH, IPK

KOTOPOM 3a Bpems | ¢ co-
Bepuaerca pabora 1 Jx

Koanuecr- | Q= A oxoyab { Jx | JoKOyab paBen X0oauuecTBY

BO TENJOTH TeNAOThl, 3KBHBAJEHTHOMY
pabote | Ox

Tennoem- C= Q mxoyae | Jux/K | JKOyab Ha KelbBHH paBeH

KOCTb Tena AT | 4a keaw TENN0EMKOCTH Tena, MOoBb-

(cucremnl BHH WAoUero TemMnepaTypy Ha

Teq) 1 K npu cooSweHrH emy

KoJaHyecTBa TenoTh 1 Jx

Ynenbras c=L mxoyab | Jox/ | JKoy/ldb Ha KHAOrpaMm-
Tenaoem- m Ha kuJ0- | (kr-K) | KeJqbBHH papeH yaeabHOR
KOCTh rpamMM- TeNJ0eMKOCTH BelecTRa,
KeJbBHH HMeloLero npu macce 1 xr
Tennoemxoctb | Jox/kr
Yneawnoe | g = Q wxoyab | Jox/xr| Jxoy/ib Ha KxHAOrPaMM pa-
KOJHYeCT- m Ha Kuo- BEH YIEJbHOMY KOJKuecT-
BO TEMJIOTH rpaMm BY TeNnOTH mpouecca, B
(ynenbHas KOTOPOM K BelIeCTBY Mac-
TenaoTa coit | xr mogmoaurca (wau
N/aBJAeHHS, OTBOAMTCS OT HEr0) KOJH-
napoobpa- yectBo Temaoth 1 Jx
30BaHHA,
Cropanusa
uzp.)
Monspras M= Kuao- | kr/mons| Kuaorpamm na Monk pasex
Macca vV irpaMm Ha MOJIPHOH Macce BellecTBa,
MOJb MMEIOUIEr0 [PH KOJH4ecT-
Be BelecTRa | MOJb Maccy
N 1 xr
Koruent- "= METp B M3 | Metp B Munyc Tpetbeil
pauus MHHYC CTeMeHH paBeH KOHUEHTpa-
MOJIEKY TpeTheH LIMHM MOJIEKY 1, IPH KOTOPOK
CTeneHH B ofveme | M3 naxogures

O4Ha MOJaeKy.na
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MpornoaxeHnue npun 4

Eauuuua
Pusnueckasn
Onpepensio- | HaumeHo- | O603na-
BeNHUUHA Luepe ypas- |  sanme weHHe Onpenenetine
HeHHe
Dnexrpn- q=1t KyJIOH Kn KyJoH paBeH sjeKkTpHuec-
YeCKHH 3a- KOMY 3apffy, NPOXOAALLEMY
paa (koau- yepes [OMepeuHOe CeyYeHHe
YecTBO NpPOBOJHHKA MIPH CHJIE TOKa
3JIEKTPH- 1 A3agpemal ¢
yecTaa)
[osepx- =21 kynod Ha| Ka/m2| KynoH na keagpaTuhiit MeTp
HOCTHas S KBajppart- paBeH [OBEPXHOCTHOH N/10T-
MJIOTHOCTh HBIH MeTp HOCTH 3/IEKTPHUYECKOro 3aps-
3JIEKTPH- A3, IPH KOTOpO#H 3apsix, pas-
YeCKoro HOMEPHO paclpefe/eHHbIH
3apaaa M0 NOBEPXHOCTH [IJIOLLEABIO
1 M2, pagen 1 Kn
Hanpaxen-| E= v BoabT Ha| B/M | BoabtT Ha MeTp paseH Hanps-
HOCTH d MeTp XEHHOCTH OAHOPORHOrO
3/ eKTpH- 3JIeKTPHUECKOr0 M0AA, NPH
4EeCKOro KOTOpOii MeXay ABYMSA TOY-
noJs KaMH, HaXOfALUMMHCA OfHa
OT OpYrod Ha PacCTOSHHH
1 M BRLO/Ib JIHHHH HaNpsDKEH-
HOCTH [10/151, CO3/aeTCs pas-
HOCTh noteHupanos 1 B
Pasnoctn v=4 BOJIbT B BoabT paBeH pasHOCTH Mo-
MOTeHUH- q TEHLHA/N0B MEXAY ABYM:
ajos TOYKEMH, €C/H [IPH Nepeme-
weHuy 3apaga 1 Ka u3 on-
HOH TOYKH B APYIyIO MoJe
cosepuwaet padoty 1 Jhx
dnekrpo- g=A BOJIbT B BosibT paBeH 3JIeKTPOABH-
ABHXYLLAA q KYLIEH CHAe HCTOYHHKA TO-
cuaa (AIC) Ka, IPH KOTOPOH CTOPOHHHE
CHJbl coBeplualoT paboty
i 1 Jx npu nepeMeineHHy no-
noxHTenbHoro 3apaaa 1 Kn
OT OTPHUETENHLHOrO [10/110Ca
K [T0JI0XKHTE/bHOMY NOJIOCY
HCTOYHHKA BO/b BCEH 3/EK-
TPHHECKOH LeNH
dnekTpH- u=L BOJIbT B BoabT paBeH 3jeKTpH4Yec-
yeckoe I KOMY HaNpsKEHHIO Ha y4da-
Hanps- CTKE 3JIEKTPHYECKOH LelH,
XeHHe MPH KOTOPOM B Y4acTKe [Ipo-
XOAUT MOCTOSHHAIA TOK CH-
Ao 1 A u 3arpaunBaercs
mouHocts | Br
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lpopnonxeune npun 4

Enuunua
dusnueckas
Onpepensio- | Haumeno- | O6oaua-
Beauimua uxepee ypas- BaHHe YeHue Onpenenenne
HeHHE
Aanextpy- c=4 tapan < dapag paseH 3jeKTpHuec-
qecKas U KOit €MKOCTH KOHAEHCaTOopa,
E€MKOCTb npx kotopoit 3apsa 1 Ka
co3zaeT Mexay oOKnaaxa-
MH KOHJEHCAaTOpa Hanps-
xeHue 1 B
AnexTpH- R=YU oM Om | Om paBeH 3nexTpruecKoMy
Yeckoe ! CONPOTHBAEHHIO IPOBORHH-
CONpoTHB- Ka, B KOTOPOM pH Hanps-
NeHHe KEHHH Mexay KoHuamu 1 B
CHna ToKa pasHa | A
YreasHoe p= BS om-MeTp [ Om - M | OM-MeTp paBeH yae/bHOMY
3] eKTpH- ! 3/IeKTPHYECKOMY COMPOTHB-
yeckoe JIEHHIO BeleCTBa, NpH Ko-
CONPOTHB- TOPOM H3TOTOBJEHHBIH H3
JeHne 3TOro BELECTBa [IPOBOAHHK
AnHOi 1 M M IIo1a ko Mo-
nepeyHoro cevenus 1 m2
HMeeT conpoTuenHe 1 Om
Temnepa- a=BR | yenmun| K- | Kenssun s MHHYC nepsoit-
TYpPHbIH Rt | g MHHYC CTeneHH paBeH TemnepaTyp-
Ko3¢pdHLH- nepBoil HOMY KO3(pdHuUHEeHTY coO-
€HT compo- CTeNeHH [POTHUBJIEHHS, IPH KOTOPOM
THBJAEHAA H3MeHEeHHe TeMIepaTyphi
Ha 1 K Bbi3biBaeT oTHOCH-
TeJlbHOe H3MEHeHHe compo-
THBRJIEHHS, PaBHOE efHHHLE
AaekTpo- b=t knao- | kr/Kna | Kunorpamm Ha Ky/oH paseH
XHMHYec- q rpamm 3/IeKTPOXHMHHECKOMY 3KBH-
KHH 3KBH- Ha KYJOH Ba/JEHTY TaKOro BelecTsa,
BaJeHT 1 Kr KOTOpOro Bhbigeasercs
Ha 3JEKTPOjE [IpH NPOXOXK-
ZeHHH Yepe3 3/1eKTPOJHT 3a-
F para I Kn
Markuthas| B=-T2 | rtecaa Ta Tecna paBeH MarHHTHOH HH-
HHAYKLUHSA I AYKLHH OQHOPOAHOro Mar-
HATHOrO MO/, KOTOPOE Ha
MPOBOAHHK AJMHOM 1 M NpH
CHJe Toka B HeM 1 A peit-
CTBYeT C MaKCHMaJIbHOH CH-
aoit 1 H
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MponoaxeHnune npua 4

468

Enunuua
duanyeckan a 5
Onpenensio- auMeHo- GoaHa-
pefnta uxepe ypas- BaHHe yenue Onpenenenne
HeHHe

Maruur- |ad| = Bebep B6 | Bebep paBer MAarHHTHoMy

HBIA NOTOK | _— ]?‘l At NOTOKY, KOTOPHIH CO3xaercs
OZHOPOAHBIM MarHHTHHM
noneM ¢ HHAyKuder 1 Ta ye-
pes OBEPXHOCTh MMIOLIAAbI0
1 M2, pacnonoxennyio nep-
MEHAUKY ISPHO BEKTODPY Mar-
HHTHOH HHIYKLMH

Unnpyxrus- | L= 2 reHpH TH TeHpH paBeH MHAYKTHBHOC-

HOCTh ! TH 3/JEKTPHYECKOH UenH, ¢
KOTOPOH MPH CHJE NOCTORAH-
HOTrO TOKa B Heit 1 A cuenns-
eTCA MArHHTHHIH noTok 1 B6

CreToBOH ®=Jo JIIOMeH JM JlioMer paBeH cBeTOBOMY 10~

nOTOK TOKY, HCITyCKaeMOMY TOdey-
HHM HCTOYHHKOM CHJIOH CBe-
Ta | K1 B TestecHOM yrite | ¢p

Oceewen- E=2 JIIOKC ak | JIOKc paBeH OCBeLIEHHOCTH

HOCTh S [IOBEPXHOCTH rIowAnkio | m2
pu NAfAIOLIEM HA Hee CBe-
TOBOM NOTOKe | /M

Axruanoers | A=X 6ekke- bx | Bexxepeab paBeH aKTHBHO-

panHoakK- t pelb CTH PaHOHYK/HAA, [IPH KO-

THBHOTO TopoH 3a | ¢ npoHcxomuT

BellecTBa OJIMH aKT pacrnaja

dkcnosu- | X = Q kynor | Kn/kr| Kyaou Ha kunorpamm papeH

LHOHHAA m Ha KRJO- IKCTIO3KLMOHHOH N03e ram-

no3a rpaMM Ma- H PEHTreHOBCKOro H3Jy-

H3/1y4YeHHs YyeHHH, NpU KOTOpOH B | Kr
CYXOro aTMoCepHOro BO3-
Ayxa o6pa3syioTCs HOHbI, He-

. CyllHe 3apAN KaMIOro 3Ha-
ka, paBHbi 1 Kn
=X

Mouwocts | X = amnep | A/xr | AMnep Ha KHJOrpaMM paBeH

3KCIO3K- t Ha KHJ0- MOLUHOCTH 3KCIIO3HLILOHHON

LMOHHOH rpamMM I03bl, TIPH KOTOPOH 3a 1 ¢

NO3bl H3Jy- CYXOMY aTMOCepHOMY BO3-

YeHHR AyXy fnepefaeTcs 3KCMO3H-
LUMOHHAA [033 H3Jy4YyeHHA
t Ka/xr




OxoHuanne npua 4

Enunnua
Dusnyeckan 5 ” ”
T EAR10- AHMEHO- Q3Ha-
BeHimHa ulepeel;pas- BaHHe qeHHe Onpenenenue
HEHHe
=E - . .

Mornowen-| D= rpait Tp I'pait paBeH norsouexrHoH

Has [o3a m A03e H3JyYyeHHS, PH KOTO-

H3Jy4yeHHH po# 06.1ydeHHOMY BeLLeCTBY
maccod | xr nepepaercs
3HEPIHA HOHH3HPYIOLIEro H3-
nyuenns 1 Jhx

Mouoers| D = L rpaii 8 | Tp/c | Tpaii B cexynay paseH Mol

TOr10LEeH- t CexyHAy HOCTH [OIJIOMWIEHHOH H03kl

HOH J03bl H3Jy4eHHs, [IPH KOTOPOi 3a

H3y4yeHHs BpeMs | ¢ 06aydyeHHBIM Be-
HECTBOM MOIJ0LIAETCS 033
nanydenns 1 I'p

Okeusa- H = Dk 3uBepT | 38 3HBepT paBeH 3KBHBaJEHT-

JleHTHaA HOH f[03€ H3NYYEHHS, NPH

n03a KOTOpOH MOIMIOERHas 1032

H3ay4eHHs paBHa ! I'p ¥ KoadduLUHeHT
KayecTBa paBeH elHHHUE

=H 3

Mowmocts | H = ausept B| 3p/c |SHBEPT B CEKYHAy pameH

IKBUBA- t CeKyHy MOIIHOCTH IKBHBa/JeHTHOMH

NeHTHOH RO3bl H3/1Y4EHHS, IPH KOTO-

103bl poit 3a Bpems 1 ¢ 06ayuae-

HaTydeHHs MbiM BeuleCTBOM MOTIJ0-
aeTcs 3IKBHBAJEHTHaR
1032 H3aydyeHHs | 3B

Npumeuanne. Ha npakTuke HCNOAb30OBaNHCh BHECHCTEMHblE elH-
MHLB HOHM3Mpylomux nanyyenuit: [A} = 1 Ku (xiopn) = 3,7 - 1010 By,
[X}=1 P (penrren) = 2,58 - 1074 Ka/xr, {D] = 1 pan (pan) = 1072 I'p,
[H] =1 63p (63p) = 10~2 38. B HacTOAwmee BpeMs, COMIACHO AeHCTBYIO-
(KM CTaHAAPTaM, 3TH BHECHCTEMHbIE eIHHULB, @ TaKxe BeJHYHHH “3KC-
NO3ULHOHHAA 033" H “MOMIHOCTb IKCMOIHUHOHHOH NO3B~ MPHMEHATH

He cjegyeT.



5. BHecucTeMHble eAUHU LI, AONYCKaeMbie K MPUMEHEeHMUI0

HapaBHe ¢ eanH1uamu CU

Dduanyeckan Eaunnua
BenuHHa Haumeno- O603Ha- CooTHoOUweHHe
BaHHe YyeHHe ¢ eanunueit CH
TOHHA T 103 xr
Maccea aToMHas eguH#- | aem. | 1,66057 - 10727 xr
ua maccH (npu6ansutensHo)
MHHYTa MUH 60 ¢
Bpems yac y 3600 ¢
CYTKU cyT 86 400 ¢
rpanyc . (n/180) pan =
=1,745329... - 1072 pan
Tliockuit MHHYTa K (n/10800) pag =
= . ~4
yron 2,90888... - 10~ pan
cexyHpa R (n/648000) pap =
= 4,848137... - 1076 pan
rpan (roun) rpan (r/200) pan
aCTPOHOMHYEC- ae. 1,49598 - 101 M
Kas euHHua (npu6aM3uTELHO)
Hauna CBETOBOI oA CB. rog 9,4605 - 1015 M
(npu6ausuTensHo)
napcex nk 3,0857 - 1016
(npu6an3uTebHO)
Maowans rexTap ra 104 M2
O6mnem, AMTP a 1073 M3
BMECTHMOCTh
Ontuueckan -1
cuna AHOMTPHA ANTp I'm
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OKoHYaHHEe NpHA b

dusnyecxas Ennunua
BeJIHYHHA HanmeHo- O6o3Ha- CooTHOUIEHHE

BaHHe YeHHe ¢ eanHuuen CH

Sueprus 3/IeKTPOH-BOJIBT 3B 1,60219 - 10719 MIx

(npn6an3nTebHO)

Moanas BOJIbT-aMMep B-A

MOLIKOCTh

Peaxruanasn | sap Bap

MOLUHOCTb

Npumeqyanusn: 1. JonyckaeTcs NpUMEHSTh OPYrHe €AHHHULI Bpeme-
HH, NOJYYMBIUHE LIHPOKOe paclpocTpaHeHue (Hemens, Mecsay, rom, Bek,
THiCAYeneTHE H Ap.).

2. EauHnuy “AUTp” He peKOMEHAYeTCA HCMOJb30BaTh [IPH TOYHBIX H3-
MEpEeHHSAX. ,

3. Enunuusl sBpemenu (MuHyTa, 4ac, cyTku), miockoro yraa (rpagye,
MHHYTa, CEKYHa), aCTPOHOMHMUYECKYIO €NMHALLY, CBETOBOH [0, AHONTPHIO
M aTOMHYIO €HHHIY MacChi He AONYCKAeTCA MPUMEHSTH C [PHCTABKAMHU.

6. MHOXUTenu n npucTaBku AnA obpasoBaHunA
AECATUYHbIX KPaTHbIX U AONbHbIX eAUHHUL

O603HayeHHe NPHCTABKH TpucTaska Muoxureas
3 3Kca 1018
n neta 1015
T Tepa 1012
r rura 109
M Mera 106
K KHJIO 103
r TeKTO 102
na ReKa 10!

R zeuu 107!
c CaHTH 1072
M MHJIH 1073
MK MHKPO 1076
H HaHo 1079
n MHKO 10712
o demTo 10715
a aTTo 10-18
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7. MucbmeHHoe ohopMneHme pelieHnn 3anay

O6wenprHATHR cnoco® NUCbMeHHOro odQOPM/IeHHA PelleHHA 3ajayH
Mo pHU3HKE 3aKJIOYAETCA B CJACAYIOLLEM.

CHauana 3anUcHBaloT ycaopHe (TEKCT) 3aJa4H MOMHOCTLIO, 6e3 COKpa-
ILeHHU]!, 2 3aTeM KpaTKo. KpaTkas 3anuch OTpaxaer, YTO IaHO B YCJOBHH H
YTO HY)XHO ONPee/HTh, IPH 3TOM BCe 3HAYEHHSA JAHHBIX BENTHYHH 3aHCLIBA-
IOT ¢/1eBa B CTO/IGHK B TOM MOPSAKE, B KOTOPOM OHK BCTPEUAIOTCH B YCJO-
BuK. HanomHum, yTo 3HayeHHe PH3HYECKOH BEJHYHHB COCTOHT H3 YHCJIO-
BOTO 3HaUEHKS M HAHMEHOBAHHA eNHHHUb 3TOH BenHuYHHb. Hanpumep, B
3anucH v = 5 M/ ¢ v — 0603HayeHHe CKOPOCTH, 5 M/ ¢ — 3HayeHue CKo-
POCTH, 5 —4HC/IOBOE 3HAYeHHMe, M/ C — efMHHLA CKOpocTH (TOuHee, 0603-
HayeHHe eIHHHLbI CKOPOCTH — METp B CexyHay).

CHH3Y CTOJA6HK AaHHBIX 3HAYeHUH MONYEPKHBAIOT FOPH30HTa/bHOK Yep-
TOH M MON Hell MHWYT HCKOMYIO BeqHunHy. Cnpasa cTONIGHK OTHeAAIOT
BePTHKa/JbHON YepTOH H MHIUYT 3aroJoBok “Pewenue”.

PelaoT 3agayy H 3aMHCHIBAIOT pellleHHe B o6LieM BHAe, B GYKBeHHbIX
0603HayeHHAX, NIPH 3TOM MPOMEXYTOUHLIE BHUHCIEHHA He IPOH3BOAAT. B
pesy/bTaTe NoNy4aeTcs pacyeTHas GHOPMYJia, B KOTOPOH HCKOMas BeAHUH-
Ha BhipaXKeHa B 0603HaYeHHAX BeJHYHH, 3aJlaHHHX B YCJIOBHH 3aJauH.

PellieHHe [OMKHO COMPOBOMAATLCH KPATKHMH, HO HCYeplbiBAIOLWHMH
NOACHEHHAMH, B KOTODPbIX A3eTCH 0GOCHOBAHHE HCMOJb3yeMHX GOPMY.a H
o6bAcHeHHe 0603HadYeHMit. HeobxonMMO nenath cXeMaTHYeCKHH depTex
{pHCYHOK), €/ 3TO BO3MOXHO B AAHHOM 3afade. PUCYHOK [IOMOraeT Ha-
rAffHee NPeJCTaBHTL PACCMATPHBAEMYIO B 3allaue CHTYaUHIO H GoJee yeT-
KO OMHCaTh XON PelIeHHA.

[Tocne nmosydyeHHs pacueTHOH GOPMY/H ee MPOBEPAIOT CACAYIOLIHM
06pa3oM’ B MpaBylo 4acTb GHOPMyabl BMeCTO 0603HaUeHHH (H3HYECKHX
BeJHYHH NOACTABAAIOT 0603HayeHHN enuHHiy CH 3THX BeaHYHH, npoH3Bo-
AT ¢ HEMH HEOGXOAHMble NEHCTBHA H y6exIaloTcs B TOM, 4TO NOJy4eH-
Hafl IpH 3TOM eNHHHLA COOTBETCTBYET HCKOMOM BeqHYHHe. 3aTe€M UHMC/I0-
Bblé 3HAYEHHH BeJHYHH BblpaxaioT B eadnuuax CH, noacrasaswr Hx B
pacyeTHYI0 HOpMY.Ty ¥ IPOKH3BOART BbIYMCAEHHS, COBII0NaR IPH 3TOM NIpaBH-
J1a PUGIHIKeHHbIX BhiYHCAeHHI (cM. nIpua. 1). B KoHLe pelleHHs 3anHcH-
BalT OTBET.

PaccMOTpuM npHMep OQOPMEHHS pellleHHs 3alaiH Ha [THCbMEHHOM
3K3aMeHe.

3anaua. DaeKTPOH BaeTaeT co ckopocTaio v = 5 - 108 M/ ¢ B omnopon-
HOE 3MeKTPOCTATHYECKOE T10J18, HanpsXKeHHoCTh KoToporo E=1-108B/Mu
HanpaB/leHa TaK Xe, KaK H CKOpOCTb 3/eKTpoHa. CKo/bKO BpeMeHH GyneT
IBHIaThCs 3/EKTPOH 10 MOMEHTa OCTAHOBKH M KaKOW MyTh OH MPH 3TOM Npoil-
net? 3apsa snexTpoHa e = 1,6 - 10719 K, ero macca me = 9,1 - 1073} kr.

5106 M/c Pewenue

me
n

1 103?;4“ B anexkTpocTaTHuecKOM Mone Ha 3JEKTPOH
ren- l’gl' 1(;0_31}("1 IeHCcTRyeT cuna F, Moy KoTopoit F = eE, a
=9]- Kr

N HanpasseHHe POTHBOMONOKHKO HaNPaBJeHHIO Ha-

t=?s~7? NPAXEHHOCTH E (puc. 302). dnekTpoH ABHXKET-
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CA NPAMOIHHENHO (CHA0M TXKeCTH npe- E

HebperaeM) B TeYeHHe HEKOTOPOTO MIpo- —

MEXYTKa BpeMeHH ! 10 OCTAHOBKH, NPH F 1 v 2
3TOM TOJ A€HCTBHEM CHAB F HMIyJbe ~—

sneKTpoHa HameHseTca. CornacHo BTO- g [ %
pomy 3axony HewoToHa, >

- - - PHc. 302
Ft = mus —m.u,
rie Uy, 9 — CKOPOCTb 3JEKTPOHA B TouKax 2 H | COOTBETCTBEHHO.
Ilns npoekunit Ha ock OX ypasHeHHe uMeeT BHA Fil = mug, — myu;, .
B naunom cayuae F, = —F, vg, = 0, vy, = v, nostoMy Ft = mv, oTkyna
t=mev/F, uan
/
myu
t=——, (1)
eE

H3meHeHHe KHHETHYECKOH 3HEPrHH 3/JeKTPOHA PaBHO paboTe CHAB F:

2 2
my _meY

2 2
Yuuteipan, uto vg = 0, yy =v, A= Fscosi80°= —Fs, noayuaem

mu? /2 = Fs, tle S — MOLYJb NepeMelleHHs, KOTOPbiil B 1aHHOM cJyyae
paBeH nponneHHoMy nyTH. ClenoBaTe/bHo,

= A

2 2
meu mev
, =Ml 2
oF ' MM T . 2)

S =

PacueTnnie ¢opmyant (1) u (2) nposepum ¢ nmoMowsio AeHCTBHA Han
eNHHHUAMH (PH3HUECKHX BEJHYHH:

meu =KFF= ke-m2 _ xrom? _ _Kr-m? =c=[1]
eE Ki.B Ki-B-c Ix-c gr-m? "
M 2
2 2
M M
mev? =xr (c) =xr 2 c(s]
2eE Ki- B K- M2
M oc2

[ToncTaBum uMCI0BHE 3HaYeHHs Bendun 8 gopmyn (1) 1 (2) u npo-
H3BelleM BHHYHCIEHHA:

;- 91:10%!5.106
16-1071%.1.108

o2 91107 (510
2.16-10719.1.103

c=3-10"8 ¢,

mM=7-10"2 m.
OtrBent=3-108c¢c s=7-102n.
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8. HexoTtopble cBeAeHUA MO MaTeMaTHKe

Ksadpamnoe ypasnenue ax® +bx+c=0, a20.
Kophu ksadpamnozo ypasnenus

_ b8’ —4dac

H2 = 2a
Ksadpam cymmet dsyx uucea

(@ +5)? =a? +2ab+52.
Ksadpam pasnocmu Osyx wucen

(a-b)® =a® -2ab+ 6%
Pasnocme xéadpamos 08yx uucea

—-b% =(a+b)a-b).

ITponopyus — paBeHCTBO ABYX OTHOLUEHHI:

8_C px0, d=0.
b d

Ocnosroe cgoticmso nponopyuu: ad = bc.

Irowade mpeyzorvnuka S = %ah, FA€ a — OCHOBaHHE TpeyroJbHH-

Ka; h — ero sbicoTa.
IMrowads mpaneyuu

= %(a +b)h,

rae a, b — OCHOBaHHA Tpaneuuu; A — BbICOTa.
ﬂ/luna oxpymrocmu L =2nR, rpe R — pagnyc OKpyXKHOCTH.
Maowads kpyza S = nR?, e R - paanyc xpyra.
Maowade cgepuueckoii nosepxnocmu S = 4nR?, rne R — paamyc
cgephl.

O6sem wapa V =2nR3, rae R — pammyc wapa.

4
3
O6vem yurundpa V
h — ero BbicoTa.

Teopema cunycos:

=nR%h, rae R - paguyc OCHOBaHMA LUMAMHAPA;

a _._b __c¢
sing  sinf  siny'’

rne a, b, ¢ — CTOPOHbI TPeyroJbHHKa; a, P, y — YI/bl, NeXaiuHe NPOTHB
CTOPOH @, b 1 ¢ COOTBETCTBEHHO.
Teopema kocunycos:

2 = p? 4 ¢ —2bccosa,

rae a, b, ¢ — CTOPOKbI TPEYroJbHHKa; @ — YroJ, JeXawHi NpoTHB CTOpo-
Hbl a.
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Hexomopuie mpuzonomempuuecxue popmyars

sino+cos’ =1, tgo =0
cos o

ctga:&t’&g.,’

sina

sin(o + B) = sinacosB + cosasin B,
sin{a - B) = sin cccosP ~ cosa sin B,
cos{o + P) = cos o cos B - sinocsin B,
cos{ot — B) = cosocosB + sin o sin P,

sin 200 = 2sin oL cos @,

cos20 = cos? o —sin2 o =1—2sin? o = 2cosZ o - 1,
sino +sinf = 2sin 0lﬁLBcosm_B,
2 2
sino —sinP = 2cosﬂsing~—ﬁ,
2 2
cos ot + cos =2c05a+ﬁcosa—ﬁ,
2 2
cos o — cosP = ~2 sin OB gin 2B
2 2
Hexomopeie 3nauenun mpuzonomempuueckux Guukyul
Yroa, rpaz (pan)
DYHKUHAR
o 30 (r/6) { 45 (n/4) | 60 (n/3) | 90 (n/2) | 180 (m)
, 1 2 J3
sino 0 2 5 5 1 0
43 2 1 -
cos o ! 2 5 2 0 ]
tga 0 % 1 J3 - 0
ctga - J3 1 —‘g—g 0 -
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ITpoussodnsie ochosHbLx Iaemenmaprbix GyrKyul

Fx) F(x) fx) F(x)
1
= — x>0
C (C = const) 0 Jx ovs
1 -1
X 1 g 2
xn nxt -1 Inx 1
x
er er sinx cosx
a* a*lna cosx —sinx
1 1
logg x xlna tgx cos? x
x? 2x ctgx -1
sin? x

Ilpocmeduwiue unmezparv

fO-dx=C, C = const, -d%=-l+C,
x X

fl-dx=fdx=x+C, Je"dx=e"+C,

2 x

=X xgy = 85

[ xdx = 5= +C, [a*dx a—+C,
J'x”dz= "t +C, Jsinxdxz-cosx+C,

n+l

J"—if=lnx+c, fcosxdx:sinx+C.




9. NatnHckun andaBuTt

Mevatnbie | Pykonucuwe | Hassanmne || [MevarHuie | Pyxonnchse | Haaparue
6YKBbI 6YKBB 6yKBB 6yKBbI

Aa A a a Nn N | sn
Bb RB 4 s | Qo O |o
Cc Co w | Pp Pp |
Dd Dd o | Qq Qg |x
Ee &e e Rr R |op
Ff Ff % | S8 Ss  |sc
Gg | 699 | » | Tt Tt |
Hh IHh aw | Uu Ueu |y
Ii g " Vo Vs |5
Jj F/ wxt | W@ | Heo |nyomes
Kk K 4 ka | Xx Tx | uxe
Ll 2 am | Yy Yy | urpex
Mm| Mn wm | L2 Xz |or

IMpumeuanne. [na 6yks g, h, j, y Ranbl $paHuy3CKHE Ha3BaHHA,
KOTopHe OOGUIeNPHHATH B LIKOJBHOMW NpakTHKe, W nob6aBieHa Oyksa w,
ynoTtpebafieMasa B MaTeMaTHKe H PH3HKe.
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10. Mpeveckun andasur

MeyaTHUE
6yKBbl

Pykonuchuwe
6yKBW

Ha3sanue

D EX O < AMTOONZZ> R—= @O TNDTD> - ®E>

a
EE€RE6C A [ DAOUNCE R - B3 vT0 0= ™R

Q
EERBS S DY OYmTE >R I UM R ™R

DEXB<NAMITIOmMZES>R~OINTE W

,
anbga
’,
Geta
’
ramMma
,
JenbTa
’,
3MCHAOH
s
J33T1a
’,
3ra
’,
T3Ta
..I
iota
7’
Kanmna
,
nambaa
MIO
HIO
KCH
7’
OMHKPOH
oM
po
.
CcHrMa
,
Tay
s
HIICHJIOH
¢
XU
NCcH

‘.
oMera
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