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NPEANCNOBUE

3amayd HA BCTYNHTENBHBIX 3K3aMEHaX JNAlTCH MU TOro, 4Tobbl npose-
PHTh, HACKOJBKO Ny6OKO MOHMMAET aGHTYPHEHT CYWHOCTh GU3HUECKUX 32-
KOHOB U SBICHHH, YMEET JH OH NMPAKTHYECKH NMPHMEHATh 3HAHUSA B KOHKPET-
Ho¥ (H3MUecKoi CHTyaunH, BeIOHPATh NMpPABUNBHBIA MyTbh PELIEHAS 3alayuH,
060CHOBBIBATH €ro, AeNaTh HEOOXOAUMBIE BBIYUCIICHUS.

OmnpIT NOKa3bIBAET, YTO PEIICHHE 3a1a4 BHI3LIBAECT Y aOHTYPHEHTOB HaH-
60MblIHE 3aTPYAHEHHA, 0COOEHHO €CNH B 3a1a4Ye HEOGXOANMO HCIIONB3OBATh
¢GopMyJIBbl U 3aKOHBI U3 Pa3HBIX Pa3AcoB Kypca GH3HKH.

Llens mayHoro noco6us — MoMo4s MOCTYNAKOUIMM B By3bl 0606IIHTE U 3a-
KPEMUTH 3HaHHA 06 OCHOBHBIX METONAX PELICHHA 3alay MO pasNIH4HBIM pas-
HenaM Kypca GpH3HKH.

IMoco6ue mmeer cnexyrouwyo CTpykTypy. B Hawane kaxnoro maparpada
JawTcs obuiMe ykasaHus o HauGosee pallMOHANbHBIX METOAAX M INpHeMax
pelIEeHHA 3a0a4, NPHBOAATCA BXHENILIKHE 3aKOHBI H GOpPMYIIBI, IpUMEHAEMbIE
NpH pEeLLEHHH 3THX 3a1ay. 3aTeM Ha NpHUMepax MoKa3bIBaeTCA, KaK NpakTHYe-
CKH MONB30BaTBCA ONMMCAHHBIMH MeTolaMu. Jlanee cleAyloT 3adavyd A ca-
MOCTOATENIBHOIO PEIUEHHA, MHOTHE M3 KOTODBIX NpEANarajiuch Ha BCTYIH-
TENbHBIX JK3aMEHaX N0 GH3NKE B Pa3NHYHBIX BBICIUMX y4eOHBIX 3aBeCHUSAX.

AGHTYpHEHTY peKoMenAyeTcs paGoTaTh B TaKOH MOCIENOBATEILHOCTH:
1) MOBTOPHTE MO WKOMBLHLIM Yy4eOHUKAM M JPYTUM y4eOGHBIM MOCOGUAM Teo-
PETHYECKHH MaTepHall JaHHOro pa3jiena; 2) 03HAKOMHTBCA C PEKOMEHJALMA-
MH 110 PEIeHHIO 3aJa4, NMPHBOAMMBIMH B 3TOH KHHI'C;, 3) KaxAylo 3azady,
PacCMOTPEHHYIO B KaUeCTBE NPHMEPA, MOMNBITaTHCA CHayala PeldTh CaMOMY
¥ TOJIBKO MOCJIE JTOTO BHUMATENBHO Pa3o6parh NPHBEACHHOE B KHUIE peille-
HHeE; 4) CaMOCTOATENBLHO PELIHTH 3a0a4H Mo JaHHOMY pasleny. '

Kaxnas ¢usuveckas 3amaya uMeer cBoM ocobGeHHOCTH. [103TOMY, NpH-
CTyNlas K pELUeHHIO 3ala4yH, HYXKHO BHHUMATENBHO MPOAHAIM3HPOBATh €e,
4TO6h! HETKO NPEACTAaBUTH Cebe OMMCAHHOE B HEl ABJICHUE WK IpoLece, pa-
300paThCA, KaK OH NMpPOTEKAET, BCIOMHUTh, KAKHE 3aKOHOMECPHOCTH JIEXaT B
ero ocHose. CrneyeT BBIACHHTb, KAKOBbI HAYaJIbHOE H KOHEYHOE COCTOSHHSA
TIpoLiecca, KAKMMH NapaMeTPaMH OHH OIHCHIBAIOTCA, YTO JaHO, YTO Tpebyer-
C4-Halfth. HyHO caenark COOTBETCTBYIOLIMH PHCYHOK (CXeMy 3MeKTpHYe-
CKOW LieMH, YCTAHOBKH H T. I.). 3T0 obneryaer aHanu3 ¥ peLieHHe 3a0a4H,

[locne BhisicHeHMs HH3MYECKOH CYLIHOCTH 321aYM HANO COCTABHTH CHC-
TEMY ypaBHEHHH, YHCIO KOTOPBIX PABHO YMCIY HEM3BECTHBIX BENWYMH, pe-
IIKTH ¢e B 0O1IEM BHJE, T. €. HOJYYHTh pacyeTHyio dopmyny. 3areM npose-
PRETCK NpaBHILHOCTD ITOH GOPMYIIbI NEHCTBHAMH C EAHHHLIAMH QU3HYECKHX
Benyun, ([Tonpo6uee 06 3ToM cM. B Hayane riassl “OCHOBLI KHHEMATHKH”.)
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B ganHOM noco6HM Takas MPOBEPKA He AaeTcs, TAK KaK ITO 3HaUHTENBHO
yBenmuunno G661 06beM KHUrH. HO npaBHnbHOCTE OKOHHATENHHOH GOPMYJIBI
CrefyeT MpOBEPATH BCETAA, B TOM YHCIIe, Pa3yMeeTcs, U Ha dk3aMmeHe. UTo0H!
flerue OBIIO A€NaTh TAKYIO MPOBEPKY, B MPHIOKEHHUAX JAHEI ONpeaCNAolHe
ypaBHEeHHs1, 0003HAYEHHA H ONPENENEHHS OCHOBHBIX, JOTOIHUTENBHBIX H HE-
KOTOPBIX NpOU3BOAHBIX ennHuu CH.

[ocne npoBepkn pacieTHOH GOPMYIEI B HEE HAN0 NOACTABUTH YHCIIOBLIE
3HaYeHHs PU3MIECKUX BENHYMH H BHIYHUCIUTL UCKOMBIA PE3YNILTAT € YIETOM
NpaBUT QEWCTBHl HaJ NPHOMMKEHHBIMM duciamu (cM. npui. 1), Pacders
yI06HO NPOM3BOAHTL ¢ MOMOIIEK MHKPOKAILKYJIATOpa. B 1aHHOM nocolnu
AJ15 KPaTKOCTH [IOACTAHOBKA 3HAUEHUH M BLIMHCIEHHA HE IPUBOISATCS, A Cpa-
3y MocJie pac4eTHOM (OpMyJIbl AAETCA PE3YIHTAaT BEIYHCIEHHH.

3agadyd IS CAMOCTOATENBHOTO PELIEHHS CONEPXAT, KPOME 3aJaHHBIX
3HaYeHMH BeIMYMH, BCE HEOOXOAHMbIE 3HAYEHHS (PU3HYECKHUX BENHUHH, KO-
TOpbie JAKOTCA B CMPaBOYHBIX TAaONHLAX, T. €. 33[a4¥ NPHBOAATCA B TAKOM
BHJIE, B KAKOM OHH O0BIYHO NPEJIATAIOTCS HA BCTYNHTENBHBIX 3K3aMEHAX.

B psge ciyyaeB Ans KpaTKOCTH BMECTO MOMYJIS QU3IUUECKOW BENAYHUHBI
FOBOPHUTCH MPOCTO O BeMYUHE. DTO HE JOJDKHO BBI3BIBATH KAKMX-THO0 HEOO-
pa3syMeHuH, TaK Kak no 0003Ha4E€HUAM SCHO, O 4€M HOET pedb. BEKTOpHas
¢du3nyeckas BenygyMHa 0603HauaeTcs OYKBOH CO CTPEIKOH Haj HEH, a MOIYlb

9TOW BENMYHMHH — Takoi# ke OykBOH, HO Oe3 cTpenkH (Hanpumep: F — cuna,
F — MOxynb 9TOH CHIIBI).

B oTBerax ko BceM 3agauaM IS CaMOCTOATENBFHOTO PELIEHHS AaHhl pac-
4eTHbIE GOPMYIIBI H 3HAUEHHUS UCKOMBIX BETHYHH.

IToaroroBKa K BCTYMHTENBHOMY 9K3aMEHY MO (H3HKE — BaXKHBIH 3Tan B
COBEpILEHCTBOBAHMH H YriayOieHHH 3HaHM# aburypueHta. [losromy asrop
cyesl BO3MOXKHBIM BKJIIOYHTH HEKOTOPBIE 3a4auH, CBA3aHHbIE C BOMNPOCaMH,
KOTOpBIE HEe BXOIAT B POIPaMMY JUIs NIOCTYMAIOLIUX B BY3bl, HO BMOJIHE JOC-
TYNHBI JJI8 BBITYCKHHKA CPEIHEH LIKOMABI. B KayecTBe npHMepa MOXHO MpH-
BecTH npaBuia Kupxroda, konsua HewoToHa, 3¢pdext KomnroHa.

ABTOp BhIpaXkaeT I'myOokyio 61aroJapHoCTh PEHEH3EHTY — 3aBeAyIoIeMy
Kadeapoit METONUKH npenogaBaHus QU3MKH benopycckoro rocyaapcTBeHHoO-
ro MeJarorudeckoro yHueepcurera uM. M. TaHka kaHaunaTty nejaroruye-
CKHX HayK, JOHEHTY A. A. JlyLeBHYy — 3a NOJIC3HBIC 3aMEYAHHUA U COBETBHI,
CnocoOCTBOBABIINE YAYYLIEHHIO TOCOOHUS.

OT3bIBBI ¥ NOXeENaHUA NpockOa HaNpaBiATh Mo aapecy: 220048, MuHCk,
npocnekT [lobeanreneit, 11, usnarenscTso “Beimsias mkona”.
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1. MEXAHUKA

1. OCHOBbl KHHEMATUKU
MeToauyeckue yKkasaHuA K pelleHUIo 3aaay

[Tpu pelleHHMH KHHeMaTHYeCKHX 3ajay IOJE3HO NpPHAEp-
MKHBATHCA CJIEAYIOLIEro MOPSAKA BBINONHEHHS 3alaHHbIX AeHCT-
BHH.

BuuMaTenbHO MPOYUTAB 33434y, [POAHANU3UPOBATL YCA0-
BHe. BuiMHCaTb OCHOBHblIE 3HAYeHHSA 3afaHHbIX BeJHYMH, a
TaK)Xe HeKOTOPble NONONHHUTEJIbHbIE JaHHbIe, BbIIBJEHHbIE TIPH
aHanuse 3agayd (HanpHMep, ONHOBPEMEHHOCTb Hayana ABM-
JKEHMSA TeJsl, PaBEHCTBO KOOPAHHAT TeJ B MOMEHT HX BCTpeUH
MT. ).

Cpenatb cXxeMaTHYeCKHH yepTex, OTOOPaXKaloLIHi ONH-
caHHoe B 3afladye ABHXeHHe. M306pasnTh Ha HEM TPaeKTOpHIO
ABHKEHHSI, BEKTOPbl CKODOCTH, YCKODEHH S, TlepeMeLIeHHs.

Bbi6paTh cHCTEMY KOODAHHAT, CBSI3aHHYIO C TEJIOM OTCYETa,
N0Ka3aTh MOJ0XKHUTENbHOE HalpaB/JeHHe KOOPAHHATHBIX OCeH.
KoopanHaTHble 0CH BbIGHPAIOT TaK, YTOObI MPOEKLHH BEKTO-
POB Ha HHX BbIPaXKaJHCb BO3MOXHO 60Jiee NpoCThiM 06pa3oM.
Bri6paTh Hauaslo OTCHYEeTa BpEMEHH.

CoCTaBHTb A1 NAHHOTO ABHXXEHHS YpaBHEHHsl, OTpaXKaio-
lilHe B BEKTOPHOH (popMe MaTeMaTHYECKYIO CBA3b MEXAY H30-
6paKeHHbIMH Ha cxeMe (DH3HYECKHMH BeJIHYHHAMH. YToObI
clesaTh pacdeThbl, HYXKHO 3alMCaTb 3TH YPAaBHEHHS B CKaJsAp-
HOM ¢opMe, T. e. B NPOEKUHSIX Ha KOOpAHHATHble ocH. [1pu
3TOM HeOOXOLMMO YYHTbIBATh, YTO MPOEKLMsl BEKTOpA Ha OCb
CYHTAETCs MOJIOXKHTENbHOH, €CJIH OT NMPOEKLHH Hayasa K Npo-
€KIHH KOHLA BEKTOPAa HYXXHO HATH [10 HANpaBJEHHUIO OCH, H
OTPHLIaTENbHOH B IPOTHBHOM CJyyae.

PelIHTh COCTaBJIEHHYI0 CHCTEMY YPABHEHHH OTHOCHTEJb-
HO HCKOMBIX BE@JHYHH, T. €. [OJYYHTb pacueTHble OPMYJIbI.
3ateM A/l NPOBEPKH NPABHJIBHOCTH PACYETHbIX HOPMYS B
NpaBy10 4acTh KaXK[0H U3 HUX BMeCTO 0603HauYeHHH (pusuye-
CKHX BeJHYHMH HYXHO MOACTaBUTh 0603HAUEHHS eIMHHL ITHX
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seauunH B CH, npou3BecTH Hag HUMH HeOoOXOAHMble AEHCT-
BHS M YOeQUTbCsl, YTO NOJTy4eHHOe B pe3yJbTate 0603HaueHHe
eNUHHIIbl COOTBETCTBYET HCKOMOU BeJiMuKHe. Eciii Takoro coot-
BETCTBHS HET, TO 3TO 03Ha4aeT, YyTO 3ajaya pelieHa HeBepHO.

Hapn 0603HayeHUsIMM €IMHHIL PU3UUECKHX BETHUHH MOXHO
MPOH3BOAUTh AeHCTBHSl YMHOXEHHS, AeJieHHsl, BO3BeeHH s B
CTelleHb W H3BJedeHUsl KopHs. [leHcTBHA CJIOXKEHHS M BLIYM-
TaHHA 3THX 0603HAUEHHUH He UMEIOT CMbICTA.

Ecau B mpaBo# 4acTH pacyeTHOH QopmyJbl HMeeTcs aj-
re6panyeckasl CyMMa, TO HY)XXHO CHadasia [pOBepPHTb, OfHHa-
KOBO JIM BbIPaXKaloTcs Yyepe3 0003HaYeHHs eNHHHIL CJlaraemble.
Ecsiu 0fMHAKOBO, TO COOTBETCTBYIOlIEE BbIPaXKeHHe Haflo0 Moj-
CTaBUTb B OpMYJy BMECTO CYMMbl, a 3aTeM IIPOM3BECTH OC-
TasibHble gedcTBHst. [TosSICHUM 3TO Ha npuMepe.

B pesysbTaTe peilieHUs 3aja4H foJyyeHa pacyeTHas ¢op-

MyJa
_ \/02 +2gh
g 14
rae { — BpeMs; U — CKOpPOCTb; g — YCKOpeHHe CBOGOXHOTO

napeHus; A — BoicoTa. [IpoBepum, naet snu ata opmyna enu-
Hully BpemeHH. CHavasna NpOBEPUM KaXK[oe caraeMoe:

o = (&) =% [ellh] = % w =2

C

Cnaraembie BbIPAXKAOTCH OAMHAKOBO. Cﬂe}lOBaTEJIbHO,

M2
-JUQ +2gh ¢
g T oM
2

= C.

(2]

[Moayunnn o603HaueHHe eMHULIBI BpEMEHH, COOTBETCTBYIO-
llee MCKOMOH BesiMurHe, 0603HaueHHe KOTOPOU CTOMT B Je-
BOM 4acTH GOpMYJbl, T. €. ¢ = [{].

[Ipu Tako#l npoBepke paLHOHANbHO NPHMEHATb B 0603Ha-
YeHUAX eUHHL TOJbKO FOPU3OHTAJBHYIO YepTYy, TaK KaK 3TO
06JieryaeT NpaBUJIbHOE BLITIONHEHHE HEOOXONUMbIX 1eHCTBHH.

Y6enuBLIKCD, 4TO pacyeTHble GOPMYJb! AAIOT eUHHIB HC-
KOMBIX BEJIMYMH, HaJO IIOCJEe 3TOrO BbIPA3UTh BCE 3ajaHHble
3HayeHHs BeJaH4YnH B eaunuuax CH, mogcTaBuTh B pacueTHble
thopMyJibl ¥ NPOM3BeCcTH BblyMciaeHus. [1py moactaHoBke yu-
CJIOBblE 3HAYEHHS BEJMYHH CUHUTAIOTCS NOJOKHTEJIbHBIMH, TAK
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'¥KaK 3HaKH NPOEKUMH BEKTOPOB yuTeHbl TPH 3alHCH ypaBHe-
S AMH.

. IlpoaHanusnposaTh pe3ynbTaT H CHOPMYJIHPOBATb OKOH-
“'yaTe/bHbI}l OTBET.

OcHOBHbIE 3aKOHbI U thopMynbl

[Tpy nepeMeHHOM ABMXKEHHU C MOCTOSIHHBIM YCKOPEHHeM CKO-
_pocms meaa 8 410604 Momenm spemenu | onpefenseTcs ypaBHe-
HHeM

5=, +al,

e Uy — HayaJbHas CKOPOCTb; @ — YCKOpeHHe.

ITOMY BEKTOPHOMY YPaBHEHHIO B CJyyae JBHXKEHHS Ha MJIOCKO-
CTH COOTBETCTBYIOT [1BA YDABHEHHs AJIsl MPOEKLUUH CKOPOCTH U, H
v, Ha KoopauHaTHbie och OX u OY:

Uy = Uy T ayl, v, = vg, tayl.

Koopduramst mena 8 awoboi momenm gpemenu | onpenenaior-
Csl ypaBHEHHSIMH:
2 a2

t
“ yy=yo+00yl+y7,

X =xgtugtt

Tae Xg, Yo — KOOPAHHATHl B Ha4yaJbHbIH MOMEHT BpeMeHH. DTH dop-
MyJIbl IDUMEHHUMBI /1S OTMCAHHUS KaK NMPAMOJIMHEHHOTO, TaK U KPHBO-
JIHHeHHOro ABHXXeHHs. BaxkHe b, 4ToObl yCKOpeHHe GbIJIO MOCTO-
SHHBIM [0 MOAYJII0 M HalpaBJleHHIO.

Mpu a = O npuseseHHbIe Bblile YPABHEHUR LI CKOPOCTH H KO-
OPAHHAT OMHUCHIBAIOT PaBHOMEPHOE [IBHXEHHE.

Mpoexyus nepemewenus s Ha ocb OX

2 2 _ 2
a,l Ux ~ Y0y
S, =ugl + *2—, 5, = .
x Ox 9 x 2a,
Cpednas ckopocme — BEKTOpHAsl BeJMUYHMHA
(@) =5/1,

e s — NnepemelleHHe, KOTOpoe GbUIO COBEPLIEHO 3@ NPOMEXYTOK
BpeMeHH !,
Cpednss ckopocms npoxoxcdenus nymu — CKaJisipHas BeJIMYMHa

Uep = 1/t,

rae | — nyTb, NpoAfeHHbIA TEJIOM 33 IPOMEXYTOK BPEMEHH .



[py OBWKEHHH Tena MO OKPYXHOCTH C IIOCTOAHHOH 1O
MOZIYJIO JIUHEUHOU CKOPOCTMbIO

v = 2nR/T =2nRn = R

ycxoperue (yenmpocmpemumenvHoe, WIH HOPMAAbHOE) HaNpas-
JIEHO K LeHTPY OKPY)KHOCTH, a €ro MOAYJb

a, = v*/R = (an,
riae R — pandyc OKpyXHoCTH; T — 11€pyO/l BpalUEHH; n — YacTOTa
BpaueHu; () — yIJIOBaA CKOPOCTb.

W = 21/T = 27n.

EcnH npH ABIXeHHH Tesla IO OKPYXXHOCTH MOIYJIb JIHHEHHON
CKOPOCTH M3MEHAETCA, TO YCKOPEHHE B JAHHOH TOYKE TPAEKTOPHH
€CTh BEKTOPHAsA CyMMa JIByX COCTaBJIAIOIIHX:

a =-b.n +-b.w

TZie G, — LEHTPOCTPEMHUTENILHOE (HOPMAILHOE) YCKOPEHHe, KOTOpoe
HanpaBJIeHO M3 3TOH TOUKM O panuycy (HOpMaliM K KacaTesIbHOH) K
LIEHTPY OKPYXHOCTH M XapaKTepH3yeT OBICTPOTY H3MEHEHHUs CKOPO-
CTH IO HANPaBJICHHIO; Gy — KACAMENbHOe (MAHSEHYUWIbHOE) YCKOope-
Hue, KOTOpOe HaMpaBJIeHO 110 KAcaTeNbHOH M XapakrepusyeT ObiCT-
POTy M3MEHEHHs MOXYJA CKOPOCTH. MOylh LIEHTPOCTPEMHTETLHOIO
YCKOpeHHs a, = U'/R, rjie v — MOIyJIb CKOPOCTH Tejla B JaHHON TOYKE
TPaeKTOPHH; R — paMyc OKPYKHOCTH.

Moxymb yckopeHus
a= ,[a: + af .

[pH ABHXEHHMH TeNa MO OKPYXHOCTH C MOCTOSHHOM 10 Mony-
o JIMHeHHOH ckopocThio a; =0, a = a, = V/R.

Knaccuueckuii 3axon cnoxcenus cxkopocmeil, CKOpOCThb Tela OT-
HOCHTENILHO HETIOABKOKHON CHCTEMBI OTCUETA paBHA BEKTOPHOHN CyM-
M€ CKOPOCTH TeJIa OTHOCHTEIIEHO JBYDKYLLUEHCA CHCTEMBbI OTCHETA H CKO-
POCTH ABHXKYIUEHCS CUCTEMBI OTHOCHTENIBHO HETIOABKKHOM:

. d —, —
V=0 +u

Ilprmepni perueHns 3axay

1. KonoHHa MOTOLMKIKCTOB ABIKETCH [0 IIOCCE CO CKO-
pocteio ¥ = 10 M/c, pacTAHYBIIMCH Ha paccTosHHe [ = 5 kM.
M3 xBOCTa M TOMOBBI KOJIOHHBI OJHOBPEMEHHO BBIEIKAIOT Ha-
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gcTpedy ApYr APYTY Ba MOTOLMKJHCTA CO CKOPOCTSIMH U =
B 20 M/c 1 vg =15 M/c coOTBETCTBEHHO. 3a KaKOe BpeMs
fIepBbiil MOTOUMK/IMCT JOCTHTHET TOJIOBLI, @ BTOPOH — XBOCTA
KOJIOHHBI?

“ PeweHHue. [BHXYUYIOCA CHCTEMY OTCYETA CBSXKEM C
KOJIOHHOH. 3a Hayano KOOpAHHAT (' MPUMEM XBOCT KOJIOHHBI,
@32 NOJIOXKHTE/IbHOE HarpaBJie-

#ve ocu O0’X’ — HanpaBJjieHHe Y

ABMXKeHHs KoMoHHm (puc.1). i

‘HenoABHXHYIO CHCTEMY OTCYe- {

Ta CBSDKEM C 3eMJleH, Hayajo . 5
KooparHat O COBMECTHM C TOU- LY
,-fxoﬁI,) rae HaXxONUJCS XBOCT KO- 0,%/////////////// ¥
JIOHHBl B MOMEHT Bble3[a Mo-

- TOLMKJIHCTOB, MOJIOXKHUTEJIbHOE i
nanpasjende ocu OX Takoe 7 i

xe, Kak 1 ocu O’X’. O6o3ua- -

YUM 4yepe3 v H 0§ CKOPOCTH g

TIepBOTO ¥ BTOPOTO MOTOUMKIH- /7777777777177 77 77 X
CTOB B [BHXKYIIEHCS CHCTeMe Pucl

oTCcyera. _ _
CornacHo 3aKOHY CJIOXEHHSI CKOpPOCTeH, y =vf +0,
U9 = U4 + U, OTKYAA:

7

(4} =Ul—5, 52'=52—5.

Haiinem npoexunu BeKTOPOB y{ M v Ha ocb O’X’, yuuThHl-
Basi IPH 3TOM, 4TO HFO&KLIHS{ PasHOCTH BEKTOPOB paBHa pas-
HOCTH MX npoekuui (Ha OfHY M Ty Xe 0Cb):

o = — U, —U) =-Up —U, HIH 1§ =0y +0.
3anuuleM ypaBHeHHe, Bblpaxaiolllee 3aBHCHMOCTb KOOD-
IOVHATBl TEPBOr0 MOTOUMKIUCTA OT BPEMEHH {:
x{ = (v - v)t. (1)
B MoMeHT BpeMeHH ¢ = {| MOTOUMKJIHCT LOCTUTHET FOJIOBHI

KOJIOHHBI; ero KoopauHata x{ = /. Ha ocHoBanuM ypaBHeHHs
(1) nonyuum [ = (v, — v)t, oTkyzna

t1=l/(01 _U). (2)

3aBHCHMOCTb KOODAMHATH BTOPOrO MOTOLMKJMCTA OT Bpe-
MEHH BLIPAa3HTCH ypaBHEHHEM



xb =1—(vg +0)t. (3)

B MoMeHT BpeMeHH ¢ = {9 BTOPOH MOTOUMKJIHCT AOCTHTHET
XBOCTAa KOJIOHHBI, KoopanHaTta Kotoporo x§ = 0. CorsacHo
ypaBHenuo (3), monyusnm 0 = [ — (vy + v)ty, oTKyna

ty = 1/(vy + 0). (4)

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

DTy 3afauy MOXHO DelUHTb HHave. PaccMaTpHBas ABHXKEHHE
KOJIOHHbl MOTOLMKJIHCTOB OTHOCHTEJIbHO HENOABHMKHOH CHC-
TeMbl OTCUeTa, 3alHilieM ypaBHeHHs! [UIsi KOOPAMHAT NepBOro
(x)) 1 BTOpOro (X9) MOTOLMK/IMCTOB, @ TAKXKe [JIst KOOPAHHAT
ronosbt (x3) 1 xBocTa (x4) KOJOHHbI:

x) =uit, X9 =1l —vot, x3 =1+vt, x4 = vt

B MomeHT BpemeHH ! = {;, KOTAa NePBbIH MOTOUHKJIHCT
JNOCTUTHEeT TOJIOBBl KOJIOHHBI, OyAeT MMeTb MeCTO PaBE€HCTBO
X] = X3, T. €.

Ultl =1/ +Utl, tl = l/(Ul — U).

BTOpolt MOTOUMKJIHCT AOCTHTHET XBOCTA KOJIOHHBI B MO-
MEHT BpeMeHH ¢ = f9, IIpH 3TOM X9 = x4. CJlenoBaTe/bHO,

1—02t2 =Ut2, tQ = l/(UQ +U).

Takum o6pa3oM, HE3aBHCHMO OT BbI6OPA CHCTEMBI OTCHETA
pe3yJibTaT MOJYYaeTCcsl OAHH U TOT XKe.

2. JIBa moe3na MAyT HaBCTpPeUy APYT APYTY CO CKOPOCTSIMH
v = 12 M/c u vy = 18 m/c. Ilaccaxup nepBoro noesna
3aMeyaeT, 4TO BTOPOH MOe3[ NPOXOAHT MHMO HEero B TeyeHue
t = 8 c. KakoBa psuHa [ BToporo noesna?

Pew e H e CsBsxeM ABHXYLLIYIOCS CHCTEMY OTCYETA C
NepBbIM MO€3[0M, 32 Hayajo KoopAMHAaT ()’ npHUMeM MecTo-
HaxoXJeHHe NacCaXKHpa, 3a N10JIOKHTeJIbHOe HanpaBJeHHe OCH
O’X’ — HanpaBJ/ieHHe IBHXeHHS BToporo noesaa. Henogsuxk-
Has CHCTeMa OTcyeTa CBsidaHa ¢ 3emuedt (puc. 2). CoriacHo
3aKOHY CJIOXKEHHS CKOPOCTeH, Uy = U4 + 0y, Tlle U§ — CKOpOCTh
BTOPOTO NOe3/1a OTHOCHTeJbHO nepsoro. OTciona v§ = 0y — gy .
HarizneM npoekuuio Bektopa ¢4 Ha ocb O'X":

vh =vg —(~1y) =09 + 1.

10
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Y Y
e /YUY i
0 - Iz
i, =
s f
{ 0’ = Xr
0 2
W/ T, X 0 X
Puc 2 Puc 3

B MOMeHT BpeMeHH ! KOODAHHATa XBOCTAa BTOPOTO Moesja
‘= —-l+(02 +Ul)t.

B MoMeHT BpeMeHH ! = |, KOTAa XBOCT BTOPOTro Moe3fa
NPOXOAMUT MMMO maccaXKupa nepsoro noesaa, x’ =0, T. e.
0= -1+ (vg + v))¢t;. Orcrona

[ = (02 +Ul)t1.

[ToncTaBMB uKMCNIOBLIe 3HaYeHHs, noayuuM [ = 2,4 - 102 m

3. B Mope 1BHXKyTCs B2 KOpabnis cO CKOPOCTAMH U] H Up
NOA yraoM O OpyT K Apyry. Haltu ckopocTb BTOporo kopabas
OTHOCHTEJIbHO NepBoro.

Pew e H u e [[BHXyuwyocs cucTeMy KoopauHat X'0'Y’
CBSDKEM C NépBbM KopabsieM, NPHHSAB 33 NOJOXHTeNbHOe Ha-
npasnende ocu O’X’ HanpaBJ/ieHHe CKOPOCTH NepBOro kopabas
(puc. 3). HemogsuxkHast cuctema koopauHat XOY cBs3saHa ¢
BooM1. B crcreme X“O"Y” BTOpO# KOpabiib ABHMKETCS CO CKOPO-
cTbio 3. COryacHO 3aKOHY CJIOXKEHHS CKOPOCTEH, Uy = U3 + 1],
OTKyZa 0§ = Uy — 0| . B npoekunsix Ha ocu koopauHat O’X’ u
O’Y’ noay4yum:

Uy = U COSOL—0y, Vg, = Vg SinoL

3Hasi NPOeKLUKH BEKTOPA U4, HAXOAUM €ro MOAYJlb:

vy = \/(02 cosa - v7)? + (vg sina)? = \/012 + vg — 2vju9 cOS L.

Hanpassenne BexkTopa 04 ompenessieM yriom [, Ajls KO-
TOPOro HaXOAHM:

Up COSQL — 1)

cosP = 2
5 \/vlz + vg — 2ujup cos o

11



4. CaMoJieT B3JeTaer ¢ aspoapoMa noj yriaom o = 30° K
FOPM3OHTY ¢ MOCTOSHHOH ckopocTsio v = 60 M/c. Kaxoit
BLICOTHI A JOCTHTHET OH uyepe3 f| = 10 ¢ W Ha KaKoe paccTos-
Hue s (B ropM30OHTAJbHOM HarpaB/ieHHH) yAaltuTCs OT MecTa
B3JeTa’

Pewe H e CHcTeMy KOOPAHHAT CBSXKEM C 3eMJIeH,
[IOMECTHB HayaJo KOOPAHWHAT B TOYKY B3JleTa, HallPpaBHB 0Cb
OX ropu3oHTanbHO, a och OY BepTHKaabHO BBepx (pHc. 4).

Y Y

/}(
A
yeh &

<¢
)

Puc 4 Pucb

Bblpa3uM 3aBHCHMOCTb KOODAHMHAT caMoJieTa OT BPeMEeHH:
X =u,t =vtcosa, y=uv,t=uvtsina.
B momeHT Bpemenu ¢t = t| Gyner x| = s, y; = h. Cnenosa-
TeJIbHO,

ot cosa, s=52-10% m,
oty sina, h=3,0-10% M

s
h

5. Kartep nepecekaet peky. CKOPOCTb TeYEHHS 7y, CKOPOCTb
KaTepa OTHOCHTEJIbHO BOAbI Uy . [104 KaKHM yriioM & K Gepery
AOJIKeH MATH KaTep, YToObl Nepeceyb PeKy: 338 MHHHMAaJbHOE
BPeMS; 10 KpaTyaHlleMy MyTH?

P e w e H v e. HenogsuxHylo cuctemy koopadHat XOY
cBsixKeM ¢ Oeperom, NMpHHSAB 32 HayaJO KOOpAHHAT Touky O,
M3 KOTOPOH KaTep HauHHAaeT ABHraThCs, W HanmpaBuB ocb OX
10 Te4YeHHI0, BAOMb Gepera, a ocb OY neprneHnukyasipHo Gepe-
ry (puc. 5). OTHocuTebHO cHCcTeMbl KoopauHaT XOY xatep
ABHXKETCS CO CKOPOCTBIO U = Uy + 0y . Halinem mpoekuuu Bek-
Topa v Ha ock OX u OY:

Uy =UgCosO+Uy, U, =Uysind.

Y
12



3anuleM ypaBHeHHs, BbIpaXkalollMe 3aBUCHMOCTb KO-
OpAMHAT KaTepa OT BPEMEHH:

x = (v +vg cosalt, y=(vysina).

Katep pocturHeT apyroro 6epera B MOMEHT BpeMeHH | = ¢,
korna y = L, rie L — wvprHa pekd. CrefoBaTesNbHO, BpeMs,
HeoOXoMMOe /st TepecedeHusi pekH, t; = L/(vg sina). OHo
6yLeT MHHUMa/bHbIM TIpH sina =1, 1. e. o = /2. D10 03Haua-
eT, UTO KaTep JOJ/DKEH JepKaTb Kypc NepreHAHKYJ/IsSpHO Gepery.

Yro6bl nepecedb peky Nno KpaTdaiulemy nyTH U3 Toukud O
B TOUKY A, KaTep A0/KEH MATH TaK, UTOObI BBINOJHSIOCH Pa-
BeHcTBO ¥ = 0, T. e. (y +vg cosa)t =0. Orciona HaXOAUM
cosa = —v;/vg, T. €. KYPC Karepa NA0/KeH ObiTb TaKHM, 4TO-
6bl BLINOJIHSJIMCD YCA0BHS & > /2 U [cos0| = v /vg. Caieno-
BaTeJbHO, Nepeceub pPeKy Mo KpaTyadiieMy NMyTH KaTep CMO-
XKeT JIMIWb NPH CeAYIOHX YCJIOBHAX: vy > v, B =1/2.

6. Teso 6polieHO BepPTHKAJIbHO BBEDX C HaualbHOH CKO-
pocThlo vy. Uepes Kakoe BpeMst MoCJ/e Hayala ABHXKEHHS U C
KaKOH CKODOCTbIO TeJIO MPOHAET TOYKY, HaXOASALLYIOCSA Ha Bbl-
coTe h? KakoBbl MakcHMasbHas BbICOTA NOAbLEMA TeJa H Bpe-
Ms noJsieta? ConpoTHB/IEHHE BO3/yXa He YUHTHIBATh.

P e w e u u e. KoopaunathHyto ocb OY HanpaBHM BepTH-
KaJbHO BBepX, Hayaso KoopauHaT () COBMECTHM C TOYKOH
6pocanus (puc. 6). Bpemsi 6yneM OTCUMTHIBATL C MOMEHTa
6pocanns. Toraa xoopavHaTa Tesla M NPOEKLHsI €ro CKOPOCTH
Ha ocb OY B MOMEHT BpeMeHH ! paBHbl COOTBETCTBEHHO:

y=uot—gt*/2, v, =v - gt. (1)

s touky A, HaxojsieHcs Ha
BbIcoTe A, iy = h. PelurB KBajgpaTHoe
_ypasHenue h = vgt — gt2 /2 otHoCH-
TeJIbHO {, NOJIYYHM [BAa 3HAYEHUS:

A
vo —,/vg —2gh H

= ————. I
g 5 .
7
g +Ju§ - 2gh b
tg = ————.
g 0
Y L 2
Takum ofpasoM, Teso noObiBaeT 7
B TouKe A [BaXKib: NepBbi pa3 B
MOMEHT BDEMEHH ¢, ABUrasiCh BBEDX, Puc 6

13



M BTOpOH pa3 B MOMEHT BPeMeHH fg, aBurasch BHH3. CKo-
POCTb TeJa B 5TH MOMEHTbl BDEMEHH OIpene/HM, NOACTABHB
3HaueHus {| W Iy BO BTOpOe ypaBHeHHe cHcTeMbl (1):

Uly =y — gtl = 1’0(% - 2gh, (2)
vzy =1 —th = —‘[vg —Qgh.

Y3 nocnennux GopMys BHAHO, 4TO [vg| = [uy, T. €. Momysb
CKOPOCTH TeJ1a NPH NABHXXEHHH BHU3 PaBeH MOAYJI0 CKOPOCTH
Tesa B 5TOM )K€ TOUKe NPU JABHXXEHHH BBepX. ITO CIPaBeNH-
BO /18 /M0G0 TOYKH TPAEKTOPHH. B UAaCTHOCTH, ANSI TOUKH
6pocanust (h = 0) Ha ocHoBaHuK dopmyd (2) monyuum: vy, = g,
vgy = =09, [o1| = [va| = vp, T. e. Momyab cKOpOCTH Tena B Mo-
MEHT NafeHHs] PaBeH MOJYJI0 CKOPOCTH B MOMEHT GpOCaHHs.

Bpems noxbema Tena {3 ONpesieIMM M3 YCJIOBHS, 4TO B BepX-
Heil TOYKe TPaeKTOPHH CKOPOCTb paBHa Hymwo: 0 = vy — gis.
Otciona t3 = vy/ g.

MakcuManbHYIO BLICOTY N0AbEMA HalleM, IOACTABUB 3Ha-
yeHHe 3 B epBoe ypaBHeHHe crcTeMbi (1):

2 2
gy Y%
H=Uot3— T__QE

YuuThiBas, 4TO B MOMEHT NafeHHs KOOPAMHATA TeJja paBHa
HYJIIO, HaHJeM BpeMs foJerta: vgly — gt§/2 =0, oTkyna ty, =
= 20/ g. (Bropoit Kopenb ¢4 = 0 COOTBETCTBYET MOMEHTY 6po-
canusi.) TakuM o6pa3om, ¢4 = 2¢3. CiienoBarenbHo, BpeMs naje-
HHS$1 TeJla PaBHO BPEMEHH ero MofbeMa 10 BEPXHEH TOUKH TpaekK-
TOPHH.

7. OpHO Tes10 6pOoILEHO ¢ MOBEPXHOCTH 3eMJH BEPTHKA/b-
HO BBEDX C HEKOTODOH HayalbHOW CKOPOCTBIO, a APyroe naja-
eT C BbICOTHl 7 0e3 HaualbHOM CKOPOCTH. [[BMXKeHHUs Haya-
JIMCh OJJHOBPEMEHHO M IIPOHCXOAST Mo ofHOH nmpsamon. Haitu
Hauya/JbHYIO CKODOCTb NEPBOrO TeJsa, eC/M H3BECTHO, 4TO ye-
pe3 NpOMEXYTOK BpeMeHM ! 1ocje Hayana [ABHXKEHHS pac-
CTOSIHME MeX/y TeslaMH PaBHO S.

P e wm e H u e. 3a Hauano oTcyeTa npUMeM TOYKY 6poca-
HHSl, KOOpAMHATHYI0 ocb OY HanpaBHM BeDPTHKaJbHO BBEPX
(puc. 7). Torna B MOMEHT BpeMeHH ! KOOPAHHATHI [IEPBOTO M
BTOPOTO TeJ pPaBHbl COOTBETCTBEHHO!

Yy = Uot "gt2/2, Yo = h - gt2/2,
CA€ Ug — HayaJsbHasg CKOPOCTb [EPBOrO TeJa.

14
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Puc7?7 Puc 8

PaccTosiHHe Mexay TesaMM PaBHO Pa3HOCTH HX KOOPAHM-
HaT: § = Yy —y; = h — vgt. Otcrona vy = (h — s)/t.

8. Jlpa BeJOCHNENHCTA OJHOBPEMEHHO Haya/u ABHXKeHHe
M0 HAaKJIOHHOHM MJOCKOCTH: OAMH, HMess HauyaslbHYl0 CKOPOCThb
vo; = 4.0 M/c, paBHO3aMeJIeHHO™ NOZHMMaeTCs BBEPX € YCKO-
peHHeM, Momyab Kotoporo a; = 0,10 m/c2, apyroii, umes
HavyaNbHYIO CKOPOCTb Ugg = 1,0 M/ ¢, paBHOYCcKOpeHHO** criyc-
KaeTcsl BHH3 C yCKOPEHHEM, MOMLyJIb KoToporo ay = 0,40 m/c2.
Yepes kakoe BpeMsi { OHH BCTPETATCS H KaKHe NYTH S| U So
NPOMAET KaXKAbIH 10 BCTPEYH, €C/IH B Ha4a/bHblH MOMEHT pac-
CTOSIHHE MeXAy HHMH xg = 150 m?

P e w e H 1 e. Hawano KoopauHaT cOBMECTHM € Ha4yaJbHOH
TOYKOH ABMXXEHHS NepBOro Bedocuneaucta, ocb OX Hanpa-
BHMM 1O HanpasJsieHHIo ero asuxenus (puc. 8). Toraa 3aBucH-
MOCTH KOOPAHHAT NEePBOTO X BTOPOTO BEJOCHIIEAUCTOB OT Bpe-
MeHH BHIPa3ATCA yPaBHEHHSIMH!

X, = UOlt - a1t2/2, X9 = Xg — Uogt - 02t2/2.
B Touke BcTpeun A x; = X9, TIO3TOMY
UOlt —a]t2/2 = XO - Uo2t - a2t2/2.

Otciona (ag = a)t2 + 2(vg; + vg)t — 2xg = 0. Pewns 3710
KBaJ(DATHOE YPaBHEHHE OTHOCHTEJBHO f, [IOJYYHM -

* PagHo3zameOreHHbIM HA3BIBAETCH NPAMONUHEHHOE ABHXKEHHE C NoO-
CTOAHHBIM YCKOPEHHEM, NPH KOTOPOM MOAYJ/b CKOPOCTH YMEHbLILIAETCH.

** PagHOycKOpeHHbiM Ha3blBAETCH NPAMOJHHEHHOE ABHXXEeHHE C NOCTO-
SHHbIM YCKOpPEHHEeM, NPH KOTOPOM MOAYJ/b CKOPOCTH yBeJAUUYHBaeTCs.
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_(UOI + 002)+J(001 +UO2)2 + 210([12 _al)
as —q '

tl=

[TogcTaBUB 3HAaUE€HHS BENMUYHH H NPOH3BeNst BHIYHCJIEHHA,
nonyuuMm £y = 19 c.

BTopoii KopeHb 3TOro ypaBHeHHs f9 < 0 oT6pacbiBaeM Kak
He HMeIHH (PU3HYECKOro CMBIC/IA NPH JaHHOM BbIOOpe Ha-
yaja oTcyeta BpeMeHH. [lepBblil BeslocHNENHCT MPOHAET A0
BCTpeYH MyTb

s1=x =vgity —qt?/2,s) =58 m,

BTOPOH BEJIOCHIEAHCT — MYTh
S9 = X9 — S, S = 92 m.

9. Teno, napamiee 6e3 HauaNbHOH CKOPOCTH C HEKOTOPOH
BBICOTHI /1], TIPOLIIO MOC]efHHe hy = 30 M 3a Bpems 5 = 0,5 c.
OnpenenuTs BLICOTY NafeHHs Ay H Bpems naigeHus ¢;. Conpo-
THBJIEHHEM BO3/yXa NpeHefpeyb.

P e w e H 1 e. 32 Hayano KOOpAHHAT NpHMeM Touky O,
HaXO[sILYI0CS Ha BbICOTE A| OT MOBEPXHOCTH 3eMJH, och OY
HalpaBHM BePTHKAJbHO BHH3 (puc 9).

g V,=0 B
7 pemsi 6yneM OTCYHTHIBATbH C MOMEHTa
. Hayana [BHXKeHHs Tesa. B Haua/jbHbIH
g MOMEHT BpeMeHH Yo = 0, vg, = 0. [Ipoek-
LKA yckopeHHs Ha ock OY ay = g. Torna
hy ypaBHeHHe, Bblpa)Kaiollee 3aBHCHMOCTb
KOODAHHATH TeJa OT BpeMeHH, OyaeT
UMeTb BH[
& y=gt?/2. (1
W///% B mMoMmeHT BpemeHH f| — {9 KOOpIH-
v HaTa Tesa 6yneT paBHa
gl —1p)?
Puc?9 hy = hy = 2 : (2)
Korna teno ynager Ha 3emsio, y = hy, t = t|. CorsiacHo

ypasuenuw (1), A = gz‘1 /2. ToacTaBus 310 3HaueHHe A B
ypaBHeHue (2), nonyyum

ﬂ g(tl —t2 )2
2 2 ’

Ortciona nocie npeoGpa3oBaHui Hadiaem

—h2=

16



b

- h=5* gly”

< TIpoussens sbuMcienys, nonyuum: ;= 2102 m, ¢, = 6 c.

* 10. CamosieT a1 B3JieTa JOJXKEH NPHOOPeCTH CKOPOCTb
“v= 250 km/4. CKOJbKO BpeMeHH NJHTCA PasrOH, eclH 3Ta
CKOpOCTb [OCTHTaeTCst B KOHLE B3JIETHOHM INOJOCHI AJHHOH
“{=1000 m? KakoBo yckopeHHe camoJieta? KakoBa cpenHsisi
CKOPOCTb CaMoJieTa Ha 3TOM yyacTke? J[BHXKeHHe camosieTa
‘CYUMTATh PABHOYCKOPEHHBIM.

P e nie H 1 e. Hauasno koopaHaT cOBMECTHM € HCXOAHBIM
T0JI0XKeHHeM camodieta, ocb OX HANpaBUM BJOJIb TPAEKTOPHH.
(puc. 10). Bpems 6ynem o1~
CUHTBIBAaTb OT MOMEHTa Ha-
yana axeHus. Toraa ypas- / ‘

HEHHSs!, BbIPAXKAIoLIHe 3aBH- .
CHMOCTb KOODAMHATHl X H g_’
MPOEKUHH CKOPOCTH U, OT 0o oA
BpeMeHH, OYIYT UMeTb BHI Puc. 10

x=at?/2, v, = at. (1)

Xl R

B xonue nosocel x = {, v, = v, t = ¢,. [loactaBus 311
3HaueHMs B ypaBHenus (1), monyumm:

[ = atl2/2, v=at.
Orcrona HangeM:

ty=20/v,a=v%/(20). (2)
CpenHsisi CKOPOCTb CaMOJIETa HA 3TOM YYacTKe
vep =1/t =0/2. (3)

Beripasus [ v v B enunruax CH, noayuum no ¢popmynaam (2)
n@):t;=29¢ca=24 m/c? v, =35m/c.

11. JIn®T, nogHMMasich paBHOYCKOPEHHO B TeueHHe NepBoro npo-
MeXKYTKa BpeMeHH {; = 2 ¢, J0CTHraeT cKopoctH u; =4 Mm/c,
C KOTOpPOH NIPOOJKAET [OJbeM B TEYEHHE BTOPOro NIPOMEXYTKa
BpeMeHH [y = 4 c. 3aTeM JIH(T IBHKETCS PaBHO3aMeVIEHHO H K
KOHLLY TPeTbero npoMexyTka {3 = 3 ¢ ocranasnuBaetcs. Onpese-
JIMTDb BBICOTY NOAbeMa JHpTa. Pelmts 3anauy Takxe rpaHuecky.

P eu e Hu e Bricota nogsema judra

h=hy+ hy+ hg,
17



roe hy, ho, h3 — MyTH, NPOHIEHHbIE THPTOM 33 NIPOMENKYTKH
BPEMEHH I}, 9, I3 COOTBETCTBEHHO.

YuuTbiBast, 4YTO B T€YEHHE NEePBOTO U TPETHETO IPOMEXKYTKOB
BpeMeHH JU(T ABHUrajcs C MOCTOSSHHBIMH YCKODEHHSMH, HaM-
ZleM Cpe/IHHe CKOPOCTH JIH(TA Ha yHacTKax h| W h3 Kak noay-
CYMMBb! Ha4aJibHbIX H KOHEYHBIX CKOPOCTeH:

0+y 7 _y+0 _ gy

Upl = T T 0 Uep3 T T 5 T
[TpoiinenHble 3a BpeMs ¢| U {3 NYTH PaBHbl COOTBETCTBEHHO!

— = uh _ = ul
hy = vepity = =, h3 = vepstz = =5,

3a BpeMsl ty, ABHrasicb PaBHOMEDHO, JHMT npolues NyTb
ho = v|ty. TakuM 06pa3oM, BbiCOTA MOAbEMaA JUPTa
Uy

h="p tolt

uls _ Y

5 (t1+2t2+t3)h——26M

Pewnm 3apauy apyrum cnoco6om. [TocTpoum rpaduk 3a-
BHCHMOCTH NIPOEKLHH CKOPOCTH Ju(Ta Ha ocb OV, Hanpas-
JIEHHYI0O BePTHKaJbHO BBepX, oT BpeMenu ¢ (puc. 11). Bhi-

Vy,N/[ N
A
4 B
3r
2-
7-
L r
077 7273 4 5 5 7 8 9ic
Puc 11

coTa noaveMa JHPTa A YUCJIEHHO paBHAa NJOLLAAU Tpane-
uuu OABC:

tl +12 +l3 +t2

h=—"7-—"=

5 =3t + 2y + 13), h = 26 w.

12. Teno, 1BHTAsICh C NOCTOSTHHBIM YCKOPEHUEM U3 COCTOSA-
HHA NOKOS, NPOIUJIO HEKOTOPBIM NyTh. HeMy paBHO OTHOLUE-
HUe CcpelHel CKODOCTH TeJja Ha BTOPOH MOJIOBHHE MYTH K
cpelHel CKOPOCTH Ha NMepBOMH M0JOBHHE MYTH?

18



Pewesnwne. Ilycts ! — nyth, npoitaeHHbld Tenom. Torna
CpefiHHe CKODOCTH TeJla Ha NepBOH H BTOPOH NOJIOBHHAX NYTH
paBHbl COOTBETCTBEHHO:

Ucpl = l/(2tl), UCP2 = l/(2t2),

rae ), ty — NPOMEXYTKH BPEMEHH, 32 KOTOPbie MpPOHAEHbI
flepBasi U BTOPAs MOJOBHHBI MYyTH.

Ecan a — yckopeHHe Tesa, TO l/2=at12/2, 0TKy1a
tl = JT/_a

AHaslorMuHoO Halifiem, 4To BeCb MyTb [ T€JI0 NPOLLIO 3a Bpe-
M ¢ = 4/2{/a. CrepoBatenbHo,

— - |2 L — |4
tp=t—t,= [2-fL = [[(v2-1).
I/ICKOMoe OTHOLIEHHE CPEIHHUX CKOpOCTeﬁ

Uep2 4 Uep2
=2 o L gy

Yepl a7 Yep)

13. Teno 6poleHO BePTHKAJIbHO BBEPX CO CKOPOCTHIO Uy =
=10 m/c. Ha xaxoil BbiCOTe CKOpOCTb TeJsa 6ygeT B n =
= 2 pa3a MeHbllle? ConmpoTHBJIeHHeM BO3yXa npeHebpeub.

Pewenue Hayano KoopaHHaT COBMECTHM C TOYKOH
Gpocanus, ocb OY HanpaBuM BePTHKa/bHO BBepx (cM. pHc. 6).
Bpems 6ynem oTcuHThIBaTH ¢ MOMeHTa Gpocanus. Toraa 3asu-
CHMOCTb OT BPEMEHH KOODAMHATHl Tes1a H IPOEKLHH ero CKo-
pocTH Ha ocb OY BbIpasaTcs ypaBHEHHSAMH:

y=vot = gt?/2, v, = vy~ gt. (1)

Tlpu v = v/ n xoopavHaTsl Tena y = h, ¢ = ¢,. Ha ocHosa-
HUM ypasHeHuit (1) monyuum:

h=ugt) — gtl/2, (2)
vo/n = vy — gty. (3)

Boipasus ¢; u3 dpopmysnl (3) U NMoaCTaBHB €ro B BhpaXke-
Hue (2), mosyduM nocse npeo6pasoBaHHil M BLIYHC/ICHHI

2
h= ”—°[1—i2j, h=38wu
n

14. BesocHnegucT exan no NpsSMOJHHEHHOMY Y4yacTKy
1Iocce Co CKOpocTbio v = 15 M/c. Korna on nopaBHs/ICA ©
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aBTOMOOMJIEM, TOT Hayaj ABHUIraTbCH H3 COCTOSIHHS IIOKOS
paBHOYCKOpeHHo. HalTH cKOpocTb aBTOMOGHJISt B TOT MOMEHT,
KOrla OH JOTOHHT BeJIOCHNELHCTa.

Peuenue CoBMECTHM HayaJo KOOPAHHAT C Hayajb-
HOH TOYKOH TPAeKTOPHH aBTOMOGHJR. 3a MOJOXHTEIbHOE
HanpasnaeHHe ocH OX npHMeM HanpapJjieHHE CKOPOCTH aBTO-
Mo6uAS M BesocHnendcTta (puc. 12§. Toraga nBHKeHHe aBTO-
MOOHJIS OMTUCBIBAETCSH KHHEMATHYECKHMH YDaBHEHHAMHK:

X9 = at?/2, vy =at,

Tie @ — YyCKODEHHEe aBTOMOOHJSA; Uy — €ro CKOPOCTb B MOMEHT
BpeMeHH {.

[
Ry
Y
S¢

Puc 12

KoopnrHaTta BesocHnenncTa x| = v)f, TaK Kak OH ABHXKeTCSI
paBHOMepHo. B MoMeHT BpeMeHH { = {|, Koraa aBTOMOOUJIb
JOTOHHT BeJIOCHMENHCTa, HX KOODAHHATH OYAyT OJHHAKOBHI,
T. e. x| = x9. CnenoBaresibHO,

ut =at?/2. (1)
CKOpOCTb aBTOMOGHAS B 3TO BpeMsi
vg = at;. (2)
W3 ypasHenus (1) nonyuum
2u, = aty. (3)

CpasnuBasi Bblpaxenus (2) u (3), HaxonuM vy = 2vu, vy =
=30 Mm/c.

15. Jlgurasicb npsIMOJMHEHHO pPaBHO3aMENJIEHHO, TEJO B
HayaJsbHbI MOMEHT BpeMeHH HMeJs10 cKopocTb ug = 0,40 M/ c.
B TeueHHe NATOM CeKyHAb OHO NPOWLIO NyTb [45 = 0,31 M.
Ha#iTi Moay/b YCKODEHHS Tesia H NyThb, NPOHUAEHHbIH TeJ0M
[0 OCTAHOBKH.

Peuwenue Bubepem ocb OX Tak, 4Tobh oHa Gblia
COHANpaBJ/eHa C BEKTOPOM ug. Toraa nMpoeKuMH HadalbHOH
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CKOPOCTH Uy H YCKODEHH$i g Ha 3Ty OCb = COOTBETCTBEHHO
Uy = V0, @y = —a. I1yTb, npoineHHbIH Tes0M 32 BpeMsi {5 = 5 ¢,

- 2
15 = ‘Uots - at5 /2,
a 3a Bpems {4 = 4 ¢ TesI0 NPOXOAHMT NyTh
- 2
14 = Uot4 - at4/2.
[TyTb, npolineHHBIH TeJOM B TeueHHe NSTOH CEKYHbI,

alts ~ 1)

lgs =I5 = I = volts = ty) — =

Orciofa HallieM MOAYJb YCKOPEHHs Tesa:

2(0g(ts —44) —Iys5)

a="—" 3. .2 - (1)
5 -ty
ITycte T — Bpemsi, 3a KoTopoe TeJO Mpowo nyTbh [ 1o
ocTaHoBKH. Toraa

[ =yt —at®/2. (2)

3aBHCHMOCTb MPOEKLUHH CKOPOCTH OT BPeMeHH BhipaXkaeT-
csi popmynolt v, = vy — af. B MomenT ocraHoBkH v, = 0,
t = 1. CnepoBaTtesbHO, T = ¥y /a ITomcraBuB 3TO 3HayeHHe B
BbipaxkeHue (2), monyuum l— vo/(2a) B sty popmysny noa-
ctaBuM 3Hadenue (1) ¥ HaligeMm NnyTb, NPORAEHHLIH TENOM A0
OCTAHOBKH:

) o
Aoo(ts ~t4) - lgs)”

[pasusbHocTb hopmyd (1) 1 (3) npoBepHUM AeHCTBUAMH C
eIMHHLAMH BEJIMUHH:

. 2wt —t4) = lys)

M

=2 =la],

=M =[]

[Toc/sle MOACTAHOBKH HYHCJIOBBIX 3HAYEHHH M BbIUHCJAEHHE
noayuum: a = 0,02 m/c2, [ = 4 m.

21



16. Tes0 IBHXKETCS MO TOPH3OHTAJNBHOM NJOCKOCTH Ips-
MOJHHeHHO co ckopocTbio Uy = 30,0 m/c. Yepes t; = 20,0 ¢
rnocJe Hayaja NeHCTBHSA NMOCTOSIHHOM CHJbI OHO npHoOpeTaeT
ckopocTb vy = 20,0 M/ ¢, HarpaB/eHHyI0 B 06paTHYIO CTOPO-
Hy. HaéiTu Mony/b flepeMerieHHs, COBEDLIEHHOTO TEJOM 3a
3TO BpeMsi, NPOUAEHHbIH TeJOM NyTb U MOLY/b YCKODEHHSI.

PeweHue Hauano koopauHaT coBMecTHM ¢ TOuKoH O,
B KOTOPOH HaXOAHJOCb TeJO B MOMEHT Hayana AeHCTBHS I10-
CTOSIHHOH CHJIbl, M BpeMs OyaeM OTCUHTBIBATL C 3TOCO MO-
meHTa. ITyctb ock OX coHanpasiieHa ¢ BEKTOPOM CKOPOCTH T
(puc. 13). IMockosbKy HanpaB/ieHHe CKOPOCTH H3MEHHIOCh Ha

Y
|53x|

| Suxl

Ry
<4
=

y=0
J k4 fo X

Puc. 13

NIPOTHBOIIOJNOXKHOE, TO 3TO 3HAYHUT, YTO 110 AEHCTBHEM I1OCTO-
SIHHOM CHJIBl T€NO JBHraloCh C MOCTOSIHHBIM YCKOpPEeHHEM a,
TNpHYeM BEKTOPHl & M U HanpasieHbl NPOTHBOIONOXKHO APYT
opyry. JlBu>keHie Tesia 6yIeT ONHCbIBATLCA KHHEMATHYECKUMH
YPaBHEHUSIMH:

X =X +Upyt +ayt?/2,
Uy = Ugy +ayl. (1)

Ilpoexunsi BekTopa nepemeennsi s Ha ocb OX paBHa W3-
MEHEHHIO KOODAHHATbI X:

Sy = X —xg = Vgt +a,t’/2. (2)
J5K! ypéBHeHm{ (1) navinem
a, =(v, —vg, )/t (3)
M, IOACTaBHB 3TO 3HaueHHe B BuipaxkenHe (2), monyuum

(‘Ux —‘on)l2 — Yox +v
2t 2

1. (4)

Sy = Ug.t

B mMomeHT BpeMeHH ¢
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_ Yoy T Uy

S1x = o tl'
B BhIOpaHHOH CHCTeMe KOODAMHAT Ug, = Ug, U), = —Ui,
CJ1e10BATeIbHO, .
U — U

S1x = Ttl, S1x = 100 m.

Tak kak Teno aprxercs no ocH OX, MOAYb NepeMelleHHS
1 = |s1¢| =100 wm. .
Kak BuaHO U3 pHc. 13, myThb, IPOHAEHHDIH Te/I0M 32 BpeMsiY|,

= islx| + 2(|32x| - islxD- (5)
Bocnonb3oBasumnch BhipaxkenueM (4), Haiinem
+
st = %t% (6)

rae ty — MOMEHT BpeMeHH, B KOTOpbIl g, = 0 (HanpasJsenue
BEKTOPa CKOPOCTH M3MEHSJIOCh Ha MPOTHBOMON0MXKHOE).

Ha ochoBannn ypasHenus (1) noayuum 0 = vy + a by,
OTKyna

ty =—vy/a,. (7)
Coraacto ¢popmyite (3),
a, = (~v —vg)/4. (8)
[TopctaBus 3T0 3HaueHue B BoipaxkeHHe (7), nojaydum
ty = vty /(v + vp).
B ¢dopmyay (6) moactaBum vg, = vg, vy, = 0 U 3HaueHHe
ty. B pesysabraTe Synem HMeTb:

Ugtl
2(00 + Ul) ’ SQX

Soy = = 180 m.
ITo popmyde (5) monyuum [ = 260 m.
Mcnonb3osas Buipaxkenue (8), HailneM Moay/b yCKOPEHHS
Tena:
i
4

,a=25wm/c2

a=la.=

17. Teno gBUranock NPsSMOIHHEHHO ¢ NMOCTOSHHOH CKOpO-
ctsio vg = 10 M/ c. B HEKOTOPBIH MOMEHT BpeMeHH Ha Teso
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Hayaja [JeHCTBOBATh CHJA, COOOWIAIOWIAs eMy YCKODEHHe,
monyae Kotoporo @ = 2,0 m/c2, a HanpasneHHe NPOTHBOTIO-
JIOXKHO BEKTOPY CKOpOoCcTH. HaliTh Monynb nepemeluenss tesna
yepes ¢; = 7,0 ¢ mocJje Hayana NeHCTBHS CHJBI M NYTb, NIPOH-
JEHHbIH TeJIOM 32 3TO BpeMsl.

Pewenue. [cnoco6 (ananutudeckuit). Hauano koop-
JHHAT COBMECTHM C TOYKOH O, B KOTOPOH TeJsI0 HaXOAHJIOCh B

a MOMEHT BPEMEHH, KOTAa Ha-
oW i yaja AeMCTBOBATb CHJA, OCh
: OX HanpaBUM TaK Xe, KaK H
0 Xy A2 X .
] BekTOp Uy (puc. 14, a). Co-
ol CTAaBUM YpaBHEHHs, BhIpa-
10 R4 Xarlue 3aBHCHMOCTb KOOp-
8 [HMHATBI Tea X W MPOEKLHH
4 CKOPOCTH U, OT BPEMEHH:
z . 8 p . 0
2 17 3 4 5\‘7 1e x = ot — at” (1)
2 - 2

Uy = 0o — at. (2)
Puc 14
Hafinem koopauHaTy Tena

B MOMeHT BpeMeHH ¢ = 7,0 c:
X] :Uotl —at12/2, X] =21 m.

Monyab nepemeluenus
, § =21 M.

s =|x - xo
[Ipy ¢ = ¢ mpoeKuKsi CKOPOCTH
u, =vg —at, v, = —4,0M/c.

Mu BuaMM, 4TO Ug, > 0, a v), < 0. CnenosatenbHo, Ha-
paBJlIeHHE BEKTOPA CKOPOCTH M3MEHHJI0Ch Ha IPOTHBOIIOM0XK-
Hoe. HafineMm, B Kakoli MOMEHT BpeMeHH fy 3TO IpousouIo. B
3TOT MOMeHT vy, = 0, T. e. 0 = vy — aty. Orciona

ty =vg/a, ty =5,0c.
B 3TOT MOMEHT BpeMeHH KOOpAMHATA
X9 = vgly —at22/2, X9 =25 M.
Tenepr u3 pucyHKa BHIHO, YTO TEJIOM NPOHAEH MyTh
[=x9 +(xg —x;), [ =29 M.
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1 cnocob (rpaduueckuit). [Ipoekuus CKOpocTH Ha och OX
Uy = Vg — at.
" Tlocne mMoACTaHOBKH YHCJOBBIX 3HaY€HHH MOJYUYHM
v, = 10— 2¢.

[TocTponm rpaguk stodt ¢yukuud (puc. 14, 6). Tpoekuus
nepeMelleHns Ha ocb OX paBHa anre6panyeckor cyMme ILIO-
wanen TpeyroabHukoB AOB u BCD, npuuem nuolaap nepeo-
TO M3 HHMX DepeTcs CO 3HAKOM «ILIIOC», @ BTOPOT'O — CO 3HAKOM
«MHHYC»:

Sx=5 510~ 5(7-5) 4=21w

CnepoBaTe/bHO, MOYJIb TIepeMelleH s § = [s,| = 21 m.

UTo6bl HAHTH NYTb, NPOHAEHHbIH TEJOM, CI0XKHM IIJIOLIAAH
5THMX TPeYTOJIbHHKOB, CUHTAs NMOJOXKHTENbHOH He TOJIbKO IJIO-
‘wWanb TpeyronbHuka AOB, Ho u TpeyrosbHuKka BCD:

=Ll.500+1(7-5) 4=
[=1-510+3(7-5)-4=29m

18. PaccrosiHne s =18 kM Mexny ABYMS »KeJe3HOLOPOXK-
HBIMM CTaHUHMSIMH I0e3]] MPOXOoAHT 3a BpeMs ¢ = 20 muH. [lep-
Bble £} = 5 MMH OH MIeT paBHOyCKopeHHO (6e3 HauanbHOM
CKODOCTH), @ 3aTeM — PaBHO3aMe/lJIeHHO, [I0Ka He OCTAHOBHTCS.
Onpenenuts yCKopeHHe 10€3/a Ha MyTH pasroHa.

Pewenwue. IlycTb s; —myTb, MIpOMAEHHBIH NOE3I0M 32
Bpemsl !}, @ So — NyTb, IPOHJEHHbIA 10 OCTAHOBKHM 32 OCTaB-
weecs: Bpemsi ¢ — ¢|. Torna

s=s] +s9. (1)

3a BpeMs |, OABUrasicb ¢ yCKOPEHHEM @, M0e3[] MPOXOAUT
nyThb

81 =at12/2, (2)

npro6peTasi CKOPOCTh yy = at;. JIBHrasch nasnee paBHO3ame-
JIEHHO, TMO0e3/[ NPOXOAHT NYTh

Sg = vt~ 1),

ILe v., = CPefHsisi CKOPOCTb noe3aa. Tak Kak npu a = const
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TO
sp= Lt - 1)), (3)
[onctasus suipaxcenus (2) u (3) B pasenctso (1), noay-
UM
_ ﬁ atl
s=5 +7(l—ll).

OrTciona ycKOpeHHe noesia a = 23/(111). Bbipa3uB 3naueHus
3ananubix Besidund B CH W noacraBus ux B nocaenxwon ¢op-
myJ1y, noayunm a = 0,1 m/c2.

19. KameHb GpOCHJIH ¢ BHIIKH B TOPH30HTAIbHOM Hamnpas-
Jgenun. Yepes f; = 2,0 ¢ on ynazn Ha 3eMJII0 Ha pacCTOSIHHM
s = 40 M oT ocHOBaHHs BbllIKH. OnpeneauTb BbICOTY BBIILKH
h, HayanbHYIO Uy M KOHEYHYI0 y, CKOPOCTH KamHsa. Ha#tH
ypaBHeHHe TpaeKTOpPHH KaMmHsi. CONpPOTHBJIEHHE BO3LyXa He
YYHTbIBATb.

Pemwenue Touky, u3 kKoTopoll 6polLIeH KaMeHb,
npuMeM 3a Hauano KoopauHat O, ocb OY HanpaBUM BepTH-
KaJbHO BHM3, ocb OX — ropusonranbho (puc. 15).

YckopeHHe cBOGOLHOrO NageHHsl ¢ TeYeHHEM BDEMEHH He
M3MeHsIeTCs, I03TOMY ABH)KEeHHe KaMHsl, KaK H Jboe IBHXe-
HHe C MIOCTOSSHHBbIM YCKOPEHHEM, OIHChIBAETCS YPAaBHEHHSIMH:

2
X.= X + Ugyl + “‘Qtz,y=yo +ont+%, (1)
a Z,; X .
7 X
Y

=i

ITTTTY 77777777777 777777777777
. S

Puc 15
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&)
Uy =Upx +ayl, v, =0y, +ayl. (2)
W3 puc. 15 BHAHO, 4TO X = 0, Yo =0, vg, = vg, a, =0,
vgy = 0, a, = g. Mostomy ypasHenus (1) u (2) 3anuwem Tak:
x=0upt, y = gt2 /2, (3)
vy =g, v, = gt. (4)
B MoMeHT najeHus KamHs HEBeMAO y = h, x =5, 1 = 1.
Ha ocHosanuu ypasuenui (3) noayuum: s = vgty, h = gts /2
CnenoBartesipHO, Ug = s/tn, vg = 20 M/c, h =20 M.

Wcnonb3ys ypaBHenHs (4), MOXHO HAaUTH MOAYJb CKO-
POCTH B JI060H MOMEHT BpPeMeHH ¢

— |y2 242
v—Jv +v —Jvo+g t
B MoMeHT najgeHHs Ha 3eMJI0 MOAYJb CKOPOCTH KaMH$

vy = U2 + g%, v, = 28m/c. g

HanpaBneHHe KOHEe4YHOH CKODOCTH onpeneasieTcsi yrjiom
[mageHus o, 3Ha4e€HHEe KOTOPOro HaijeM H3 ycCJ0BHSA

Y% _
Y

tga = ‘:,tgaz

’

y
OTKyna o = 45°.
Uro6bl NOJNYYHTb ypaBHEHHe TPAaeKTODHH KaMHS, HYXXHO

X
U3 ypaBHeHHs! (1) HckIlOuMTH BpeMms. Tak Kak ¢ = % T

g
y= % QX 310 YPaBHEHHE I10Ka3blBa€T, YTO KaME€Hb 6y11€’1‘
%

IBHraThCsl 110 BeTBH NapaboJsibl ¢ BEepLIHHOH B Touyke Gpoca-
Hus. Takas Tpaektopusi o6pa3yeTcs B pe3yJsbTaTe CJ0XEHHS
ABYX IBH)KEHHH: PaBHOMEPHOTO ABHXXEHHS CO CKOPOCTBIO Uy
B TOPH30HTa/JbHOM HalpaBJleHHH H cBOGOAHOrO naneHus 6Ges
Haya/JbHOHM CKOPOCTH B BEPTHKaJbHOM HaIlpaB/eHHH.

Unratenio npefnaraeTcsl CaMoOCTOSATENbHO PEeLUTh 3TY 3a-
nady, Bei6paB och OY, HanpaB/eHHYI0 BEPTHKAJIbLHO BBEPX H3
Touykd O, a ocb OX — Tak Xe, KaK H B NIPHBEJEHHOM BbIllIE
peLIeHHH.

20. BomM6apaHpOBILKMK MUKHPYET Ha LeJb oA yIvioM o = 60°
K TOPH30HTY €O CKOpOCTbi0 vy = 540 kM/4 M c6GpacbiBaeT
6om0y Ha BbicoTe A = 600 M. Ha xaxoM paccTosiHHH § OT LesH
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B TFOPH30HTA/NbHOM HalpaBleHHH Haao 0cBOGOAUTL GOMOY,
4TO6Hl OHa monaja B Leab? CONpoTHBJEHHE BO3AyXa He y4H-
ThIBATb.

PeuweHHue. Bblbepem cHcTeMy KOOPAHHAT Tak Xe, KaK

H [pH pelleHHH TNpeablLy-

4 ~ we# 3agaun (puc. 16). Boi-

AN X MHileM Ha4ya/jbHble YCIOBHS:

v x0 =0, yo=0, vy, = vgcosa,
on = vosina.

AN bom6a aBHAXKeTCS C MOCTO-

< AN SIHHBIM YCKOpeHHeM a = g,

\ MI03TOMY Ha OCHOBAHHH ypas-

N Henuit (1) U3 peiieHus mpe-

N JNbiIYWEeH 3aJauyd 3aBHUCH-

AN MOCTb KOOpAMHAT OOMObI OT

‘ x ;P BpeMEeHH BbIPA3UTCS ypaBHe-

TR 00000000 0000 HASIMAL
S

~

x = (ug cos alt, (1)
Puc 16 y = (v sina)t + gt* /2. (2)
Bom6a nonazer B Le/lb B HeKOTOPbIi MOMEHT BpeMeHH ¢ = f,

PH 3TOM y = A, x = 5. YUUATHIBASA 3TO, Ha OCHOBAHHH ypaBHe-
uua (2) nosyyaem

h = (g sino)t, + gt2 /2.

Orclona HallieM BpeMs najeHHs 60MObL:

-yg sina + ,[ug sin” o + 2gh
th = e .

[oacrasus 3Hauenue ¢, B ypaBHeHue (1), Hailgem paccTos-
HHe OT LeNH B FOPH30HTAJbHOM HalpaBJieHHH:

_ uo(—uo sinot + ,/vg sin? o + 2gh)cosa
g

YuTtaresio npeasaraeTcst peulnTb 3Ty 3ajady, HaNpaBHB OCb
OY BepTHKa/NbHO BBEDX.

21. Teno 6poileHO NMOA yIJIOM Oy K TOPH30HTY CO CKOpO-
cTbio 7. OnpeaenTb: KOOPAHHATHl H CKOPOCTb TeJIa uepe3 f ¢
nocje 6pOCaHHs, BpeMsl [0J1eTa, MAKCHMaJIbHYIO BLICOTY MOAb-
€Ma, 1a/bHOCTh NOJIeTa B TOPH30OHTAJbHOM HaNpaBJ/ieHHH, CKO-

28
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pOCTb-TeJa B MOMEHT NaJeHHs; HAUTH ypPaBHEHHe TPaeKTo-
pun. ConpoTHBJeHHeM BO3AyXa NnpeHebpeus.

PeuweHnue Boifepem cHcTeMy KOOPAHHAT ¢ HA4aJloOM B
To4Ke 6pocaHus Tena, ocb OY HanpaBUM BePTHKAJNbHO BBEDX,
ocb OX — ropusonTanbHo (puc. 17). 3a Hayano orcyera Bpe-
MeHH{ TpUMeM MOMEHT GpocaHHs TeJa.

"

V
Y 1%
7 | AR

%

i AR

X 1\ X
g \ V

s vy

Puc 17

Teno ABMXKETCS € MOCTOSHHLIM YCKOPEHHEM @ = g, [103TO-
My €ro ABHX>XK€HHE€ OIHCbIBAETCH KHHEMATHYECKHMH YpaBHE-
HHUAMH!

2 ayIQ

X = xg + gyt + %,y=y0+voyt+7, (1)

Uy =gy tayl, v, =0, +ayl. (2)

ITpu BuiGpaHHOM cHcTeMe KoopauHaT uMeeM: xg = 0, yg =0,
Uox = UpLosO, Vg, = vgsinag, ay = 0, a, = —g. TlosTomy,
COTJIaCHO YPaBHEHHSIM (I(S, yepes ¢ ¢ nocJsie OpocaHHst KOOPAH-
HaThl Tesa OYAyT TakHe:

x = vgt cosoLg, (3)
y = votsinag — gt? /2. (4)

B 3TOT MOMEHT BpeMeHH MOJyJlb CKOPOCTH TeJ1a U = ,/v% + UZ :

Corsiacro ypasrennsm (2), v, = vp cosog, v, =Yg sinag — gt.
[TosTomy

2

v= \/0(2) cos® oy + (vg sinog — gt)? =

= \/0(2) ~ 2uggt sinogy + g2t (5)
HanpagseHuie BeKTOpa CKOPOCTH ONpeAessieTcsi yrioM o :
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v vgsinog — gt t
— 4 _ DoSn%o — & _ __ 8 6
tgo = v, v cos OLg tg oo vgcosog (6)
B momeHnT nagenus tena y = 0, { = ¢, rne f, — Bpemsa
nosera. Ha ocHoBanuu ypasuenus (4) umeem

0 = vpt, sinag — gtrzI /2.
Orcrona
th = 200 sin (Xo/g. (7)

3HauyeHHe tn =0 COOTBETCTBYET MOMEHTY 6pOC3HHﬂ, TaK
KaK B 3TOT MOMEHT TOXe [ = 0.

BpeMﬂ noabmema oo MAaKCHMAJIbHOH BBICOTHI tl Hal:l[leM W3 ypaB-
HEHHUA 4Jis U_L/’ Y4YHTbIBasi, 4YTO B BerHe}‘:l TOYKE TPACKTOPHH
U_L/ = O, t = tll

0= vo sinao —gtl,
OTKya
t = vysinog/g.

MaxcuManbHy0 BBICOTY TofbeMa f{ onpenenum M3 ypas-
HeHHs (4), MOACTaBHB B Hero ¢ty BMecTO {:

: , 2 .
ug sin? ag ~ g[uo sin aoj _ vg sin? o

g 2 g 2g
JlanbHOoCTb moJieTa s HaWgeMm M3 ypaBHeHHS (3), YYHTbI-
Basi, UTO B MOMEHT NajieHusd x = s, f = {:

s = 21% sinGgcoslg vg sin 20,
g g
Ha ocHOBaHMM MOJNYYEHHOro pe3ysbTaTa MOXHO CHEJaTh
BBIBOJ|, UTO NpH 3aaHHOH HAaYaJbHOH CKOPOCTH Ug HaHGOJIb-
as JajJbHOCTb NoJeTa OyneT npu sin2cg =1, T. e. npu yrie
6pocanns 45°. Ilpu atom s, = v5/g -
Mogynb 1 HanpaBieHue BEKTOPA CKOPOCTH U, B MOMEHT

najeHus HaijeM, NOACTABUB 3HaueHHe ! u3 dpopmyan (7) B
dopmyant (5) u (6):

U = ng —- 2vpgi,sinag + g

2vg sin oty + gQ(ZUO sin ]2
g

th

= 0(2) - 2up8 =1,
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. 2uq sinag
vo sinatg ~ gl U Sinlg —gig -
tgo, = 0 . L= = —-tgag.

v €Os O Uy €OS Qg

Takum 06pasoM, MOLYJIb CKOPOCTH Tesa B MOMEHT nafe-
HHS PaBeH MOAYJIIO HAYaJbHOK CKOPOCTH H O, = —0l.
UTo6bl NOJyYUTH YPAaBHEHHE TPAEKTOPHH TeJa, HYKHO HC-
KJIOUHTb BpeMsi ¢ 3 ypasHenut (3) u (4). V3 ypasuenus (3)
HaigeM ¢t = x/(vg cosoq) H, IOACTABUB 9TO 3HA4YEHHE B ypasB-
Henue (4), noaydum
£ x2.

20(2) cos? ag

y=xtgog -

Kax u3secTHo, rpamkom (yHKumMM y = ax? + bx npu a < 0
siBJsieTCst NapaboJia, o6pallleHHast BbITyKJOCTbIO BBEPX U IPOXO-
JSILLas yepe3 Hauyaslo KOOpAHHAT. Takum o6pa3oM, Tes1o, 6polleH-
HOe MOoJ YIJIOM K FOPH30HTY, ABHXKeTCs 1o napabose. ITo ABH-
YKEHHE MOYKHO NPEeACTABHTL KaK Pe3yJ/bTaT CJAOXEHHS ABYX ABH-
YKEHUH: PABHOMEPHOrO ABHXEHHs BAoMb 0cH OX CO CKOPOCTbIO
vox U JBMXKEHHMS BEPTHKaJbHO BBEPX C HAUYaJbHOH CKOPOCTbHIO

y 1 YCKODEHHEM g, HanpaB/eHHbIM BEPTHKA/IbHO BHH3.

B 3aK/IOYeHHe OTMETHM, YTO ABHIKEHHe Te/la, GPOLIEHHOr0
BEPTHKAJbHO, MOMHO pacCMaTPUBaThb KaK YacTHBIA CJaydan
OBWXKEHUS Tesa, GPOLIEHHOTO MOJ YIJIOM K FOPU3OHTY, NpH
5TOM Qg = n/2 (CpaBHuTe pesynbTathl, N0Jy4eHHblE TIPH pe-
WeHHH 3TOH 3alauu U 3anauu 6.)

22. Teno 6polIEHO MOA YIJIOM Ol K FOPH3OHTY C Hayalb-
HOM CKOPOCThIO Up. HaliTH H3MeHeHHe BEKTOpa CKOPOCTH Tesa
3a Bpemsi nosera. ConpoTHBAEHHEM BO3AyXa NnpeHe6peyb.

Pewenwue Ilycts g, — cKopocTb Tena B MOMEHT
najgeHus. Torga M3MeHeHHe BEKTOpa CKOPOCTH 3a BpeMs IO-
Jeta Av = v, —vy. HakgeM 3Ty pasHocTb BEKTOPOB reomer-

pudecku (puc. 18). B pemenun npensinyluielt 3afgadu nokasa-

Y
s 7 8
d d
4 A x, X
7 av
I
Puc. 18
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HO, uTO |ot, | = |otg| © MOAY/b CKOPOCTH MaleHHst TeJa paseH
MOJIyJIt0 €r0 HaYa/bHOH CKOPOCTH, T. €. |Uy| = |vp|. YunThiBas
370, HaxoauM U3 AABC Mopy/nb H3MEHEHHS CKOPOCTH:

|AU| = 20g sinog.

O6patum BHHMaHHe Ha pas3ndyde 3anuced: Av o6o3Haya-
eT U3MeHeHHe MOJyJIsi CKOPOCTH (B paccMaTpHBaeMoM ciydae
Av = Alo| = 0), a |Ad| — MOLY/Ib H3MeHeHHS BEKTOPA CKOPOCTH.

23. Jlpa Tesa 6polueHbl BEPTHKaJbHO BBEpX C OAHHAKO-
BbIMH Ha4aJbHBIMH CKOPOCTSIMH U H TIPOMEXXYTKOM BpPEMEHH
mexay 6pockamu T. [lepBoe Tesno 6polieHO ¢ MOBEPXHOCTH
3eMJIH, BTOPOE€ — C HEKOTOPOMH BbICOTHl Ap. Uepes Kakoi mnpo-
MEeXYTOK BpEMeHH TeJla OKaXKYTCS HAa OJIHHAKOBOH BbICOTE?
CompoTrB/ieHHe BO31yXa He YYHTHIBATD.

Pewenue Havyano koopanHat O COBMECTHM C TOYKOH
6pocanus nepsoro TeJa, ocb OY HanpaBHM BepTHKAJIbHO BBEPX
(puc. 19, a). Bpems Gynem OTCYHTHIBATL C MOMEHTA BPOCAHHS
nepsoro tesa. Toraa saBHCHMOCTH KOOPAWHAT NEPBOro U BTO-
pOTO TeJ OT BPEMEeHH BbIPa3ATCs YPaBHEHHSMH!

W= Uot—gt2/2,
Yo = hy +0p(t —1) — glt —=1)2 /2.
uy JV
)'v=)’zh‘
1 7
7 2
7
A
hy
0 Z fio 0
4 p
7 F A T !
g
Puc 19

B mMomeHT BpemeHH f = f|, KOrla Tesla OKaXYTCsl Ha O1H-
HaKOBOH BBICOTE, KOOPAHHATH HX BY1yT OMHHAKOBH (Y| = ys),
TI03TOMY '
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12 b - 1)2
Uotl _ g_l = h’O +00(tl —T)— _gu

2 2
Orciona
tl =Y + X _ E
g 2 g
U,
OrtBer crnpaBefJiMB NPH YCJAOBHH _gg + % > %

B 3aBucuMocTH OT 3HaueHHH T, vy U A Tela MOTYT BOOG-
Llle He 0KA3aThCA Ha OAWHAKOBOM BbICOTe (HCKIIOUas, pasymeeT-
Csl, UX MOCJeNoJeTHOe Npe6biBaHUe Ha 3eMsie). DTO XOpoLIo
BHJHO, €CJH NOCTPOUTb I'Pad@HUKH 3aBUCHUMOCTH KOODAMHATHI
OT BPEMeHH /18 KaXK[0ro Tesa (puc. 19, 6). Ilpu HEKOTOPBIX

3HAYeHHUsIX T, vy U hg mapabonsl I U 2 MOTYT He UMeTb 00-
upx Touek (mpu y > 0).

24. Teno 6polEHO CO CKOPOCTHIO U MOA YIVIOM Ol K Ha-
KJIOHHOH TIJIOCKOCTH, KOTOpasi o6pasyer ¢ rOPH30OHTOM yroJ .
OnpenesuTb BpeMs 10JeTa U MaKCHMaJbHOE yaajeHHe TeJsa
OT HaK/JOHHOH M0ocKoCTH. CoNpoTHBJIEHHEe BO3AYXa He yuH-
THIBATh.

Pewesnue 3aHauano xoopauHat O NpUMeM TOYKY
6pocanus tena, ocb OX Hampa-
BUM BJ0JIb HAaKJIOHHOH IMJOCKO-
cTH, ocb OY — 1o HOpMaJiM K Hel
(puc. 20).

¥YckopeHHe . cBOGOAHOrO naje-
HUS g He M3MeHeTCs C TeueHH-
€M BpeMeHH, NOITOMY, KakK U [J1s
J060ro ABHXKEHHS € TOCTOSTHHBIM
YCKOpeHHEM, IR NBHXKEHHS 1aH-
HOFO TeJsia CrpaBeyIHBbl KHHeMa-
THYECKHE yDaBHEHHS!

axlg _ + t 4y
X = xg +voxt+ —o— ¥ = Yo T oyl T o,

Uy = Ugy T Ay, Uy =0y, +ayl.

M3 pucynka BuaHo, uto xg =0, yg =0, vo, =g cosag,
voy = UpSinQg, a, = g, = gsinP, a, = g, = —gcosP.Tlog-
CTAaBUM 3TH 3Ha4yeHHR B KHHEMaTH4eCKHe yPaBHEHHS:

sin
x = (vg cosag )t + gTBZQ, (1)
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'y =(ypsinag)t - gCTOSBtz (2)

v, =vgcosog + (gsinP,
v, = vg sinag — (g cosPlt,

Bpemsi noJsieta f; HanaeMm H3 yC/OBHA, YTO B MOMEHT Ia-
JEHHUS KOOpPAHHATA Y CTAHOBMTCS PaBHOH HYJIIO:

(vg sin g )t — gCTOSBtg =0. (3)

2vgsinag
geosP
Bropo# koperb ypaBHeHus (3) paBeH HyJl0, 4TO COOTBET-
CTBYeT MOMEHTY OPOCaHHS.
YunTbiBasi, 4TO B MOMEHT MNMajeHUs X = S, AaJbHOCTh MOJIe-
Ta s HaijleM, IOACTABHB 3HayeHHe f; B ypasHeHue (1):

Ortciona , =

2ug sina sinP  2vg sina 2
s = vg cos g 0n%o 4 £ [ 0 Oj_
gecosP 2 gcosP

ITocse npeo6pa3oBaHUil NONYYUM
20(% sinag cos(og — B)
gcos2 B

S =
Ecin B =0,10 8 v% sin 2a /g, 9TO COOTBETCTBYET CNIy-
4a0, paCCMOTpPeHHOMY B 3ajaue 21.

s HaxoXKOeHUs MaKCHUMaJbHOrO YAajJleHHs Teja OT Ha-
KJIOHHOM TUIOCKOCTH B ypaBHeHue (2) MoacTaBMM 3HauyeHHe
BPEMEHH NOABEMA ¢|, KOTOPOE HalieM U3 YCJOBHS, YTO B BBIC-
IIEH TOYKe TPAGKTOPHH NPOEKLHMs CKOPOCTH Ha ock OY craHo-
BUTCSI PABHOH HYJIIO:

v sinag — (gcosPly = 0.

Otcrona
yg sin G

h = geosf -

Torna, yuntbiBasi, 4To B 3TOH TOYKe y = A, ronydaem

. . 2
b= vg sin? &g _ gcos[}[uosmaoj
’

gcosf 2 gcosP
MM nocJie npeo6pa3oBaHui

h = Ug sin? g
2gcosP
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25. Onucarb xapakrep ABHXeHUst  °, ‘ »
Tesa, rpauK 3aBUCHUMOCTH KO- 87
OPAHHATBI KOTOPOTO OT BpeMeHH H30-
6paxen Ha puc. 21l,a (OA n BC —
y4acTku napabos). HauepTtuth rpa- A
(GHKH CKOPOCTH KM YCKOPEHHS, COOT- 0~ J; PR L7
BETCTBYIOLIHE JaHHOMY ABHXEHHIO.

Pewmwenue CoorBercTBylo- Y
1He rpaduKH NOKa3aHbl Ha pHc. 21,

6, 6. Ilpn nocTpoeHun HX yuTeHo,

4TO B TedeHHe NPOMEeXXYTKA Bpeme- -

uu ot 0 0 ¢) Tes0 ABHrasioch pas- 4 0
HOYCKOPEHHO, OT t] 10 {9 — paBHO- o /
MEpHO, OT 9 10 {3 — paBHO3aMen- f,
JIEHHO, OT {3 HO {4 — HaXOAWJOCh B
COCTOSIHHH ITOKOSI. -y

26. HaliTu nuHelHy0 CKOpPOCTh U
M LEHTPOCTPEMHTEJbHOE YyCKOpe- s € 0
HHe @ TOYeK Ha [I0BePXHOCTH 3eM-
HOro LIapa: Ha dKBaTope; Ha LIHPO-
te ¢ = 60°. Paguyc 3emau R npu- Puc. 2l
HATb paBHbIM 6400 kM.

P e wm e nue Hasksarope quHefiHas ckopocTb 060k
TOYKH

vg = 2nR/T, (1)

rae ¢ = 24 4 = 86 400 ¢ — nepyoA CYyTOYHOrO BpaleHHsT 3eMJIH.
LleHTpocTpeMHTENLHOE YCKOPEHHE

)
=% _ AR 4n’R

Ha mupoTe @ TOYKH ABHMXKYTCS 1O OKPYXXHOCTH paaMyca
r = Rcos¢ (o napaanenu) ¢ JHHEHHOH CKOPOCTHIO

_ 2nRcos 3)

Yo -
¥ LEeHTPOCTPEMHTEJLHBIM YCKOPEHHEM
2 2
_ UYp _ Amn“Rcose
ag =", =""35 (4)
[MoactaBuB B dopmyasl (1)—(4) ynciosbie 3HaYeHHs, NO-
ayunm: vy = 465 m/c, ag = 0,034 m/c?, ve = 233 m/c,
a, = 0,017 m/c2.

35



3agaum gnst caMoOCTOATeNbHOro peweHus

27. Tlewwexon NepPEXOIUT JOPOTY CO CKOPOCTbIO U = 4,2 kM/ 4
no npsmoii, cocrasasiomen yron o = 30° ¢ HanpasJeHHeM
noporH, B TeyeHHe BpeMenH ! = 60 c. OnpenesnuTs WHPHHY
LOPOTH.

28. [IsuxkeHHe MaTepHaTbHOH TOUKH OMHMCHIBAETCS ypaB-
HeHHAMH x = 2 + 4t y = | + 3, B KOTOPBLIX BCE BEJHYHUHbBI
BbipaxkeHsl B eqHuLax CH. HaliTu ckopocTh ToUkH 1 ypaBHe-
HHe ee TPAEKTOPHH.

29. CxopocTb TeueHus pexu v = 2,0 km/4. MoropHas
JOKA WAeT NMPOTHB TeYeHHs €O CKOPOCTbio U] = 15 km/4
oTHocHTeabHO Oepera. OnpepesiuTb CKOPOCTb OTHOCHTENbLHO
fepera ¥ OTHOCHTEJNbHO BOMBI, €CJIHM JIOAKA OyAeT ABHIaTbCH
0 TEYEeHHIO. :

30. Kopabab, aauHa xotoporo L = 240 m, gBHKeTCSs NpsAMo-
JMHeHHO B HETOJBHXXHOH BOJE CO CKOPOCThIO U = 36 KM/ u.
KaTep mpoxoguT paccTosiHHe OT KOPMbl ABHXKYLLEToCcs Kopaod-
Jsi 10 ero Hoca ¥ ofpaTtHo 3a Bpems | = 70 c. OnpepenuTs
CKOpOCTb KaTepa.

31. U3 nyuxtoB A U B ofHOBpeMeHHO HaBCTpeuy APYr
LpyTy HayajJu ABHraTbcs ABa Besocunenucta. [locae Toro
KaK OHM MOBCTpPeYasHCb, NepBbIH BeJOCHIENHCT yepes
t; =10 c npubsln B nyHKT B, a BTOpoOli, npoexas s = 100 m
3a t9 = 40 ¢, npubbin B nyHKT A. OnpenenuTb CKOpPOCTH
BeJIOCHIIEAHCTOB, €CJIH UX ABHXKeHHe OblJI0O PABHOMEDHBIM H
NPAMOJIHHEAHBIM.

32. Tloe3n anunolt [ = 120 M gBHXKeTCS IO MOCTY PaBHO-
MEpHO cO cKopocTblo U = 18 km/u. 32 Kakoe BpeMs roesj
NpOUAET MOCT, ecu AauHa mocta L = 480 m?

33. ABTOMOGUJIb H BEJIOCUIIENUCT PABHOMEPHO ABHXKYTCS Ha-
BCTPeUy APYT APYTY CO CKOPOCTSIMH COOTBETCTBEHHO v; = 10 M/ ¢
M U9 = 5 M/c. PaccTosiHHe MeXXiy HAMH B HadajibHblH MO-
meHT BpeMmeHH [ = 300 m. ['pacdhMuecky K aHaIHTHYECKH Ompe-
LEJHTb MeCTO H BpeMsi BCTPeYH aBTOMOOHJIS M BeJIOCHIIEeIU-
cra. VIaMeHuTCS 1M MECTO BCTPEUH, €CJIH MX CKOPOCTH OyayT
B 2 pa3a GOJIbIIUMH?

34. PaccrosiHHe MeXALy LBYMS JIONOYHBIMH CTaHLHAMH
MOTODHas JIOAKA POXOIUT 110 TeUYEeHHIO pekH 3a ¢ = 10 muH,
a MpOTUB TeueHUsl — 3a Iy = 30 MHH. 3a Kakoe BpeMs 3TO
paccTosiHHe NPOMJIBLIBET MO TeYeHMIO YNaBLIKHKA B BOLY craca-
TeJbHbIH Kpyr?
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35. Paccrosnue s Mexay myHktamul A 1 B paBHo 80 km. M3 myHk-
Ta A B HanpaBJIeHHH AB BbIE3KaeT CO CKOPOCTRIO U; = 50 KM/4 MOTO-
mxmer. OQHOBPEMEHHO M3 NyHKTa B BBIE3XaeT B TOM JKe Ha-
NpaBJeHUH aBTOMOOHIIE CO CKOPOCTBIO T, = 30 kM/4. Yepes kakoe
BpeMs T U Ha KAKOM PacCTOAHHUH §; OT TOYKHU 4 MOTOLMIJIHCT AO-
roHuT aBToMoOUNL? Pelnuts 3anauyy anrebpanyeckum u rpaduye-
CKHM CI0co0aMH.

36. Karun joxas, najamomye oTBECHO, 00pa3yroT Ha OKHE TopH-
30HTAIBHO JBIXKYLIErocs Tposuieiibyca mosockl noj yriaom o = 30° k
Beprukand. KakoBa CKOpPOCTb NajieHHs Karienb, ecid Tpouieiibyc
JIBIDKETCS TPAMOTHHERHO ¢ TOCTOSHHOH CKOpPOCTBIO U = 5,0 M/c?

37. Ha paccTosinuu [y = 200 M OT CTaHIHH 3NIEKTPONOE3] MET-
PO, HAYIHI cO ckOpOocThIO Uy = 30 M/C, HaYan TOPMO3HUTH C YCKO-
peHneM a = 5 M/c’. Ha KakoM pacCTOSHHH OT CTAaHIHH OKAKETCs
noesp yepe3s ¢ =7 ¢ mocje Hauana TOpMOXKEHHA?

38. IlepBelif BaroH TPOHYBILErocsA C MECTa MOE€3/a NpoLiesl MEMO
HEeMOABIKHOro Hab/mozaresst, CTOABIIEro Y Hayana 3Toro BaroHa, 3a
BpeM ¢, NIOC/eJHMI BaroH — 3a BpeMs t,. CuMTas JBIKEHME [10€3/a
PaBHOYCKOPEHHBIM, [10€3/1 JUIMHHBIM, a BATOHBI OJMHAKOBLIMH, HAaiTH
BpeMs ABHIKEHHS BCEro Moe3/ia MEUMO HabmoaaTess.

39. Teno HayMHaeT JBUraThCs BAONL NpsAMOI Oe3 HauanbHOMH
CKOPOCTH ¢ IOCTOSIHHBIM yckopeHueM. Yepes ¢, = 30,0 MUH ycko-
pEeHUE Tena MEHAETCA 0 HalpaBJIEHHIO, OCTABa’ACh TAKHUM XKe 10
Mmoaymo. Yepes kakoe BpeMs [, OT Hayaja JABHKEHHA TENO Bep-
HeTCs B HCXOAHYIO TOUKY?

40. /Isurasch paBHOYCKOPEHHO, MaTepUaNLHas TOYKa B NIepBbie
JIBa paBHBIX NOCNENOBATENBHBLIX IPOMEXYTKA BpeMeHH no T = 4,0 ¢
Kaxablid npoxoaut nyt /; = 20 M u [; = 30 M. OnpenenuTs ycko-
peHHe U HaYaJbHYI0 CKOPOCTh TOYKH.

41. CsoboaHo najaoliee Teslo NpouuIo nocnefnue [ = 63,7 M
3a T = 1,0 ¢. C kako# BbICOTBI IAAAI0 TEIO?

42. JIpuratesid pakeTsl, 3aNylieHHOH BEpTHKaJIbHO BBEPX C I110-
BepXHOCTH 3emiH, paboTaiu B TeueHHe BpeMeHH ! = 1,0 MUH H
coobany pakere NOCTOAHHOEe yckopeHue a = 3g. Kako# Makcu-
MaJBHOH BBICOTHI JOCTHINA pakera? YckopeHHe cBOOOJHOrO ma-
JIeHHA g CUMTATh MOCTOSHHBIM H paBHbIM 9,8 M/c’. ConpoTHBe-
HHEM BO3AyXa IpeHeOpeyb.

43. Teno, ABHMraich paBHOYCKOPEHHO, 3a mepsble f; = 5,0 ¢
CBOEro JBHXeHHA npouuio myTe /; = 100 M, a 3a nepBbie £, =
= 10 ¢ ~ I; = 300 M. Onipe1eUTh HAYATEHYIO CKOPOCTH TENA.

37



44. [Ipurasch paBHOYCKOpPeHHO 6e3 Haua/bHOH CKOPOCTH, Te-
J10, TIPOHAS HEKOTOPbIH MyTh, PHOGPENO CKOPOCTb U = 14 M/ c.
Yemy Obi1a paBHA CKOPOCTb TeJa, KOrja OHO POLLIIO MOJOBH-
Hy 2TOrO NyTH?

45. Teno 3a BpeMsi ¢t = 6 ¢ nepeMecTH0Ch Ha § = 270 cm.
[TepBbie TpH CEKyHABI T€JIO JBHIaoCh C MOCTOSHHBIM yCKOpe-
HHEM, a NOoc/eiHHe TPH — paBHOMepHO. ONpenesHTb Haualb-
HYI0 CKOpOCTb Tesa, eCJH 33 NATYK CEKyHJy ero nepemerie-
HHe S5 = 40 cM.

46. Teno ABHXKETCH H3 COCTOSHHWA TOKOS PaBHOYCKOpEH-
Ho. OmnpenesuTb, BO CKOJbKO pa3 NyTb, NPOHIEHHBIH 3THM
TeJIOM 33 BOCbMYIO CeKyHay, 6yaeT GoJblie NMyTH, NPOHIEHHO-
TO 33 TPETbIO CEKYHAY. _

47. [1Ba moesaa NpoLLIH OJUHAKOBBIA MYTb 33 OAHO H TO
ke BpeMsi. OHaKO OAMH Moe3[, Tporascb ¢ MecTa, npouieJ
MyTh PaBHOYCKOPEHHO ¢ ycKopeHHem a = 3,0 cM/c?, a apy-
rOM oesj NOJOBUHY MYTH LUeJ CO CKOpoCThio vy = 18 KM/ u,
a IPyryIo TOJIOBHHY — CO CKOPOCTbIO U9 = 54 km/u. Haiitu
NyTb, NPOHAEHHBIH KaXIbIM MOE3I0M.

48. Teso Ha BepeBKe NOJHMMaJH OT NOBEPXHOCTH 3EMJIH C
yckopeHHeM a = 2 M/ c? epTukaibHo BBepx. Uepes Bpems
t; = 5 ¢ BepeBka o6opasach. PaccuHTaTh, CKOJIbKO BpEMEHH
TeJIO IBUraJjoch 10 3eMJH [10cJle TOro, Kak o6opBanach BepeBKa.

49. ABToMOOGHJb Npoexas MOJOBHHY NYTH CO CKOPOCTHIO
v; = 60 kM /4. TloIOBUHY BpeMeHH, 3aTPaueHHOTO Ha NIPeOo-
JleHHe OCTaBlielcs 4acTH NyTH, OH ABHIa/lCs CO CKOPOCTHIO
Uy = 15 kM /4, a Ha NoCJIeIHEM yuacTKe — CO CKOPOCTbIO U3 =
=45 kmM/ 4. HailTu cpeHIO CKOpPOCTb MPOXOXKAEHHS BCEro
Ny TH.

50. Paccrosive s = 18 KM MeXx1y ABYMS CTAaHUMAMH MO-
€3/l IPOXOAHT CO CPefIHed CKOPOCTbIO U, = 54 KM/ 4, TIpHYeM
Ha pasroH OH TpaTHT #; = 2 MHH, 3aTeM HIET C NOCTOSHHOH
CKODOCTBIO M Ha 3aMejJleHHe O MOJHOH OCTaHOBKH TPaTHUT
to = 1 MuH. OnpeneauTts HaubOIbILYIO CKOPOCTh MOE3/a.

51. Ilpu Kako#i NoCafgoyHOH CKOPOCTH CaMOJIETH MOTYT
NPU3eMJIATHCS Ha 110CaA04HOoN noJsoce anHHod [ = 800 M npu
TOPMOXeHHH ¢ ycKopeHHeM a = 5,0 m/c2?

52. C BBIWIKH BEICOTOH A = 10 M npbiraet CropTCMeH M
yepe3 T = 1,8 ¢ nanaer B Boay. Ha ckosbko conpoTHB/eHHE
BO3llyXa yBeJHUMBaeT BpeMs NafeHHs? HauanbHyo cxopocTh
TIPHHSTL PAaBHOH HYJIIO.

53. KameHnp najzaer 6e3 HauyajbHOH CKOPOCTH B [UAXTY.
Yepes T = 6 ¢ cabllleH 3BYK yaapa KamHsi 0 JHo. OnpefesnTs
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ryOUHY LIaXThl, CYHTAst CKOPOCTb 3BYKA U MOCTOSTHHOH U paB-
Hoit 330 M/ c. ConpoTHB/EHHEe BO3[yXa He YUMTHIBATh.

54. Ha ctepxenb gnuHoil [ = 0,9 M HageTa 6yCHHEKa, KOTO-
past MOXeT IlepeMellaTbCs MO CTepxHi 6e3 TpeHHs. B Ha-
4a/nbHLIA MOMeHT OyCHHKa HaXO[MJach Ha CepejUHe CTepX-
Ha. CTepXxeHb Hayas [JBUIaTbCsi MOCTYNATeJNbHO B IOPH3OH-
TaNbHOM MUIOCKOCTH ¢ yckopendem a = 0,6 m/c? B Hampas-
JIEHUH, COCTABJSIOLLEM CO cTepxHeM yroa o = 60°. Yepes
CKOJIbKO BpeMeHH OYCHHKA yMajfeT CO CTEePXKHN?

55. Paccrosinne Mexay ABYMs: cBo60AHO MagarolIMMH Karl-
JSIMH yepe3 BpeMsi { = 2 ¢ 1oc/ie Hayaja NajeHHsi BTOPOH
Kanau 6bi10 [ = 25 M. Ha ckosbko mosgHee Hawasna majgathb
BTOpasi Kanusi? ConpoTHB/leHHeM BO31yXa NpeHebpeub.

56. Teno cBob6oaHo nmagaer 6e3 HAYAJbHOH CKOPOCTH C
BeIcOTh! A = 270 M. Paspgenntb 3Ty BBICOTY Ka 3 4acTH, TaKHe,
4yTOGbI Ha NPOXOXKAEHHE KaXKIOH M3 HHX NnoTpe6oBanoch Obl
0HO M TO e BpeMsi. CONMpOTHB/IEHHE BO3AyXa Ke YYHUTBIBATb.

57. INoab3ysicb rpadrikoM 3aBHCHMOCTH IPOEKLHH CKOpO-
CTH MaTepHaJbHOM TOYKH OT BpeMeHH (puc. 22), NOCTPOHMTD
rpaguk 3aBHCUMOCTH ee KOOPAUHATH OT BpeMeKH. B Havasb-
HbI MOMEHT KOODAHHATA TOYKH PAaBHA HYJIO.

Kon/c
V4

Puc. 22 Puc. 23

58. MartepuasnbHas Touka MOXKET MepeMellaTbCst MPSAMO-
JuHerRHOo Baosb ocH OX. Ilo u3BecTHOMY rpaduKy 3aBHCH-
MOCTH MPOEKLHH U, CKOPOCTH AaHHOH ToukH (puc. 23) no-
CTPOHTb rpaHUKH 3aBUCHMOCTH IPOEKUHH a, YCKODEHHS U
KOOPAHMHATHl X TOUKHM OT BpeMeHH, cyutas, yto x = 0 npu
t=0.

59. Teno 6polueHO BEPTUKANBHO BBEPX C HAYaJbHOH CKO-
pocTbio vy = 24 m/c. Kakoi myTh nponaer Teso 3a Bpems
t; = 4,0 ¢? ConpoTuBaeHre BO3AYXa He YUHTLIBATD.
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4 60. Ha puc. 24 npuse-
A 3

IeH rpacdHK CKOPOCTH TeJa,
/\ ABHXKYLLIETOCS NPSMOJIHHEH-

0 ) « Ho. [TocTpouTb rpaduk ero
! nepeMeleHust 1 YCKOPEHHS,
\ ecan TpeyroibHukH OAB,
c BCD, n DEK pasHbi.
Puc 24 61. JIa Tesa 6polieHbl

BEPTHKaJIbHO BBEPX H3 OAHOH
TOYKH, OJHO BCJeX 33 APYIHM C NPOMEXYTKOM BPEMEeHH
T = 2,0 c. HauanbHas ckopocTb vy 000MX TeJsl OHHAKOBA M
paBHa 50 M/ c. Uepes CKOJIbKO BpEMEHH H Ha KaKOH BHICOTE
Tesia BcTpeTsTcsi? CONpOTHBIEHHe BO3/lyXa He YUHTHIBATb.

62. M3 onHOM TOYKM ofHOBpeMeHHO 6pOCAOT ¢ OAMHAKO-
BbHIMH CKODOCTSIMM Uy JBa Tesa: ONHO BEPTHKAJbHO BBEpX,
BTOpOe TOPHU30HTaNbHO. HalTH paccTosiHHe Mexay TeJaMH
yepe3 NPOMEXYTOK BpeMeHH T nocJe Gpocanus. ConpoTHs-
JIeHHe BO3[lyXa He YUHTBbIBaTh.

63. C kpbilin foma BbicoTod f/ = 20 M BepTHKaJbHO BBEpX
6polileH KaMeHb co ckopocTbio vy = 10 M/c. Onpeneants
CKOpOCTb KaMHs Ha BbicoTe A = 10 M Haj 3emJ/IeH U CKOPOCTD
ero B MOMeHT yzapa o 3emio. CONpOTHB/IEHHe BO3AyXa He
Y4YHTBIBATD.

64. CxopocTb TeJs1a, 6POLIEHHOrO BEPTHKANbHO BHH3 C He-
KOTOpPOH BHICOTHI, Yepe3 f; = 1,0 ¢ yBesanyusiach no cpaBHe-
HHIO C Ha4aJsbHOH B 1y = 6,0 pa3. Bo CKOJIbKO pa3 yBeJHUHTCA
ero cKopocTb yepe3 t9 = 2,0 ¢ nocsie 6pocka? ConpoTHsAeHHE
BO3lyXa He YUMTHIBATb.

65. C HeroaBHKHOTrO OTHOCHTEJIBHO 3€MJIH BepToJIeTa cOpo-
cuH 6e3 HayanbHOH cKopocTH Testo. Cnyers ¢ = 1,0 ¢ 6bl10
cOpolieHo Toxe 6e3 HayallbHOH CKOPOCTH BTOpoe Teso. Omnpe-
IeJMTb PACCTOSIHHE MEeXIY TeJaMH yepe3 {9 = 2,0 ¢ oT Havana
nagenus nepporo tena. ConpoTyBIeHHe BO3AyXa He YUHTHIBATD.

66. OnpenenuTb HavYalbHYIO CKOPOCTb, C KOTOPOH Teso
OpolieHO BEPTHKA/NbHO BBEDX, €CJAH TOYKY, HAXOIALLYIOCS Ha
BpICOTe A = 60 M, OHO NMPOXOAMJO 2 pa3a C NPOMEXYTKOM
BpemeHH T = 4,0 c. ConpoTHB/eKHe BO3AyXa He yYUTLIBATD.

67. Teno, 6polLIeHHOe BepTHKAJbHO BEEDX, BEPHYJOCH B
TouKy 6pocanus yepe3 T = 10 ¢. KakoBa Haya/nbHasi CKOPOCTb
Tena? Ha kakywo MakcumasbHYIO BbICOTY OHO MOAHMMA/NOCH?
ConpoTHBJeHHe BO3AyXa He YUHTbHIBATb.

68. AspocTaT NMOAHMUMAaeTCsi BEPTHKA/JbHO C NOCTOSHHOM
CKOpPOCTbIO vg. K roHmone aspoctara npuBsidaaH Ha BepeBKe
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rpy3. BepeBky, Ha KOTOpOH OH rojBelleH, nepepe3ajiu B TOT
MOMEHT, KOrja rpy3 Haxoauscs Ha BblcoTe hg. CKosbKo Bpe-
MeHH rpy3 OyneT najgath Ha 3emJ0? Kakasi ckopocTb Oyzet y
HEro NpH CONPUKOCHOBEHHH ¢ 3eMJel? CONpoTHBAEHHEM BO3-
nyxa npeHebpeys.

69. Tauk, ABHXKYLIHHCS CO cKOpocThbio U = 36 KM/ y, npu-
TOPMaXKHBaeT OJHY H3 TYCEHHI TaK, UTO OCb ee BEAYLIEro KoJe-
ca HayHHaeT ABUTaTbCA BIEPe CO CKOPOCTbIO Uy = 32,4 KM/ u.
PaccrosiHie Mexay ryceHuuamu [ = 2 M. [log KakuM yriom k
NepBOHAYa/JbHOMY HaNpaB/IeHHIO ABHXeHHsl Oy[IeT ABHraTbCsl
TaHK yepe3 { = 2 ¢?

70. Teso, Haxoxseecs B TouKe A Ha BoicoTe A = 45 M oT
3eMJIH, HauMHaeT CBOGOHO NafaTh 6e3 HayaJbHOH CKOPOCTH.
OnHoBpeMeHHO W3 TO4YKHM B, pacrnosoxeHHOH Ha h = 21 M
HHXe TOuKH A, 6pocaioT Apyroe TeJsO BEPTHKaJbHO BBEpX.
OnpeneanTb Ha4yadbHYIO CKOPOCTb BTOPOTO TeJla, ec/IH H3BECT-
HO, 4To 06a Tesja ymaayT Ha 3emJwo ofHoBpemeHHo. Compo-
THBJIEHHEM BO3[lyXa NnpeHe6peyb. [lpuusats g = 10 M/ c2.

71. IBa Tena 6pocarT ¢ BbicOTH 4 = 20 M CO CKOPOCTBbIO
vg = 15 M/ c kaxpnoe. C KaKHMK CKOPOCTSIMH TeJsla yIajyT Ha
3eMJII0, ecId NepBoe Tejo OpOLIEHO BEPTHKAJbHO BBEpX, a
BTOpO€ — rOpH30HTaJbHO? CYHTATh YCKOpeHHe CBOOOLHOIO
nanenust g = 10 m/c?. ConpoTHBieHHe BO3AyXa He YUYHThI-
BaTb. 3ajayy peldTb 6e3 NpHMeHeHHs 3aKOHa COXPaHeHHs
3HEPTHH.

72. Teso, Haxomsieecs Ha Boicote A = 80 M Haj 3eMJieH,
6POLIEHO TOPM3OHTAIBHO ¢ HaYaJIbHOM CKOPOCThIO vg = 15 M/ c.
Hafiti ckopocTb TeJsla B MOMEHT, KOrjla OHO OKaXXeTCsi Ha Bbl-
cote & = 60 M Han 3emJselt. YcKopeHre cBOGOAHOrO NaaeHHs
npuHATh paBHbIM 10 M/ c2. 3anauy pewHTh 6e3 NpHMeHeHHS
3aKOHa coxpaHeHHs sHepruu. ConpoTUB/IEeHHEeM BO3yXa lpe-
Hebpeub.

73. Haiiti HayanbHYIO M KOHEUHYIO CKOPOCTH KaMHs, 6po-
LUEHHOTO FOPH30HTaNbHO ¢ BbicoThl A = 5,0 M, ecJ/iu Mo ropH-
30HTaJM OH npoJsietes paccTossiHHe s = 10 m. ConpoTtuBneHue
BO3/lyXa HE YYHTHIBATb.

74. dBa Tena 6poileHbl C OLHOM U TOH K€ CKOPOCTBLIO MOA
yraamu o U /2 — o K ropusonty. OnpenesuTb OTHOLUEHHE
HauOONBIIUX BBICOT NOAbeMa 3THX Tes. CONpOTHBJEHHE BO3-
AyXa He YYUTHIBATb.

75. Teno, 6polleHHOE MOJ HEKOTODPBIM YIJIOM K FOPH30H-
TaJIbHOH MJIOCKOCTH, NMafaeT Ha Hee yepe3d T = 2 c¢. Kakoi
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Haubonpweld BLICOTH OHO AocTurano? ConpoTHUBAEHHE BO3AYXa
HE YYHTBIBATD.

76. KameHs GpouieH nox yriom o = 30° K rOpH30HTY €O CKO-
pocTeiO Uy = 10 M/c. Yepes ckonbko BpeMeHH kaMeHb Oyner Ha
BpicoTe £ = 1 M? ConpoTHBNEHHE BO3AYXA HE YYHTHIBATD.

77. Ha kako#t BBICOTE BEKTOp CKOPOCTH TeJ1a, GpOLICHHOro Nox
YIJIOM 0= 45° K TOPH30HTY C HayanbHOH CKOpOCTBIO Up = 20 M/c,
6yneT cOCTaBNATL C rOpH30HTOM yron o. = 30°? ConpoTHBacHHE
BO3JyXa He Y4YHTbIBATh.

78. C BICOTHI h HajJl NOBEPXHOCTBIO 3eMIIH TeNO GpOLIEHO NOX
YITIOM K TOPH3OHTY CO CKOPOCTBIO Up. YeMy paBHa CKOPOCT, € KO-
TOpOIi Teso nagaer Ha 3eMmo? 3agady pelwuTh 63 NPUMEHEHHR 3a-
KOHa CoXpaHeHH IHepriH. CONpOTHB/IEHHE BO3yXa HE YYHTHIBAT.

79. Tpyu pa3pylieHHH BpaWAIOLUCHCA HACTH MALUMHBI OCKOJKH
MOTYT OTJIETETH NMOX YIIIOM O = 60° K N'OPH30HTY CO CKOPOCTBIO U =
= 3 M/c. Kakolf MMHHMaJILHOH BLICOTBI HANO NOCTABUTH ONPAXKACHHE
Ha paccTosiHHHU [ = 0,5 M OT MalllUHb], YTOOBI OCKOJIKH HE BbUIETEIH
3a npeaensl orpaxaeHHs? ConpoTHBIEHHE BO3AYXA HE YYHTHIBATS.

80. Illapsk BepTHKANBLHO NMAaJaeT C BLICOTI B = 2 M Ha HaKJIOH-
HYIO TJIOCKOCTb H a6CONMIOTHO YMpYro OTpaXaercs MOA YIJIOM,
paBHBIM Yriy naneHud. Ha xakom paccTOAHHH OT MecTa najeHHs
OH CHOBa YJIapPHTCA O Ty e NIOCKocTh? YToj HaKJIoHa IIOCKOCTH
K ropu3oHTy o = 30°. ConpoTHBNEeHKE BO3AyXa HE YYUTHIBATD.

81. U3 oxHol Touku OAHOBpeMEHHO GpOLUEHB! JBa Tena Nog
yrnamH o = 60° H 0, = 45° K FOPH30OHTY C Ha4aNbHBIMH CKOpPO-
CTAMH COOTBETCTBEHHO 7, = 40 M/c ¥ v, = 50 M/c. TpaekTopHu Ten
Jiexar B 0OAHOH ruiockocTH. Ha KakoM paccTOSHHH Apyr OT Apyra
6ynyt HaxonuThca Tena yepes ¢t = 3 ¢? ConpoTuBIIeHHe BO3AyXa
HE YYHTHIBATh.

82. JlaHbl KHHEMaTHYECKHE YPaBHEHHA ABHXEHHA Tena: x =
= Rsinwy, y = Rcoswt. HaliTH ero TpaekTopHio H yckopeHHe (Mo-
AyNb ¥ HanpaBjieHHe). KakoB cMbICT NOCTORHHBIX R H ®?

83. Bo ckonbko pa3 yriosas CKOPOCTb 4acoBoH CTpesKH
6onblue yraoBo#t CKOPOCTH CYTOYHOrO BpalleHHd 3eMian?

84. Kakyio cKOpOCTb OTHOCHTEJIbHO JOPOTH MMEIOT BEpXHHE
ToYKkH 06018 BEJIOCHIIETHONO KOJIECa, €CMH BEJIOCHNENHUCT eAeT CO
CKOpOCTBIO U = 20 xM/4?

8S. Onpenenuts pazmHMyC MaxoOBHKA, €CH IIPpH €ro Bpa-
IIeHHH TodkH Ha ofoxe HMelwT ckopocTsh ¥, = 6,0 M/c, a
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TOUYKHM, Haxofsuecs Ha [ = 15 cM 6JKXKe K OCH, —~ CKOPOCTh
ug =55 m/c.

86. [ns waudoBky aetanedl Ha a6pa3UBHOM Kpyre CKo-
POCTb U KPaHHUX TOUEK 3TOrO KPyra AOJ/KHA ObITb PaBHOH
942m/c. Onpepenuts HeOOXOAUMYIO YaCTOTY BpAILEHHS, €CJH
auaMetp kpyra d = 0,3 m.

87. Crepxenb anuHon [ = 0,5 M Bpalaercs ¢ 4yaCTOTOH
n =2 ¢! Bokpyr ocu, npoxoasileil uepe3 cTepxKeHb MepreH-
OUKYJsIpHO eMy. LleHTpocTpeMHTeIbHOE YCKOPEHHE OMHOIO M3
KOHIOB cTepxHs a = 16,1 M/ c2. OnpenenuTs JHHEHHYIO CKO-
pPOCTb APYroro KoHIa.

2. OCHOBblI AUHAMUKU

MeToaunyeckue YKa3aHuA K pelleHnto 3anau

[lpu peuteHuu 3agau Mo AUHAMUKE TIPSMOJHHEHHOTO [ABH-
YKeHHUst cJleflyeT CHadasa BHLISICHHTb, KaKHe CHJIbl AeHCTBYIOT
Ha UHTepeCyollMe Hac Tesa, U U306Pa3HTh 3TH CUJbl HA PUCYH-
Ke, BbIOpAaTh CUCTEMY KOoOpAUHAT. KoopauHAaTHbIE OCH BbIOU-
paloT Tak, YTOOb! MPOEKUHH CHJ H YCKOPEHHH Ha HUX BbIpaXka-
JIUCh BO3MOXKHO 6oJiee npocThiM o6pasom. [lanee, aas Kaxno-
ro TeJla B OTAe/JbHOCTH Ha OCHOBAHHUHU BTOPOro 3akoHa HetoTo-
Ha COCTaBJIIOT YPaBHEHHs ABHXKEHUSI B BEKTOPHOH (opMe:

R+F+ . +F =ma,

rae fy, Fy, ..., F, — cunabl, JeACTBYIOLLKE HA TeJ0; m — Mac-
ca TeJa; @ — €ro yCKOpeHHe. 3aTeM 3aNMHUChIBAIOT 3TH YpaBHe-
HHMS B CKaJsipHOM (hopMe, T. €. B MPOEKLUHAX Ha OCH KOOpIH-
Har:

Ay + B+ 4 By =may, Ry +Fy +. +F, =ma,

Ecan nBuxeHHs Ten B JaHHOH 3ajaye B3aHMOCBSI3aHBbI, TO
Ha[0 HAaHTH ypaBHEHHs A/ KHHEMaTHYeCKHX BeJHYHH, 0Tpa-
Xawoluue 3Ty cBsi3b. [lo/yueHHYIO CUCTEMY YPaBHEHHH pellia-
I0T OTHOCHTE/JbHO HCKOMBIX BeJIHYHH.

Cnenyer oTMETHTb, 4TO BTOPOH 3akoH HbioToHa nmaer BO3-
MOXKHOCTb HaHTH TOJILKO ycKopeHHst Tesl. CKOPOCTH 1 KOOpAHHA-
Tbl TeJl ONpefessioT JHWb 1pH 3aAaHHH HAuYaJIbHBIX YCJOBHH.
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B 3ajauax, rje yuHTeBAaeTCS TPEHHE, HYXKHO HAXOAHTD CHIY
HOPMAJIbHOl PeaKLHH OTOPbI, ONPEeNeJISIOUYI0 CHIY TPEHHS.
JIIst 3TOrO COCTABJSIOT ypaBHEHHe Ha OCHOBAHHWM TOTO, YTO
BJIOJIb KOODAHHATHON OCH, NePHeHIHKYISPHON HanpaBJeHHIO
CKOPOCTH NPAMOJHHENHO NBHKYIIErOCs TeNa, yCKOPeHHe OT-
CYTCTBYET, H TO3TOMY CyMMa NIPOEKLHH CHJI Ha 3Ty OCb PaBHa
HYJIO.

3anauy No AHHAMHKE ABHXXEHHS M0 OKPYHOCTH pelIaioT
TaK e, KaK M 3aa4yy N0 IMHAMHKE TPSMOJHHEHHOTO ABHXKe-
HHUS, NIPH 3TOM NPAMOYTOJBHYIO CHCTEMY KOOPAMHAT PaLiMO-
Ha/MbHO BLIGHPATH TakK, YTOGbI OfHa U3 ocelt (Hanpumep, OX)
6bl1a HanpaBJeHa M3 TOYKH, B KOTOPOH HaXOMMTCS TeJO, Mo
pagMyCy K LeHTPY OKPYXKHOCTH. TOra ¥ NP1 paBHOMEPHOM, H
NpY HEPABHOMEPHOM [ABHXKEHHH [0 OKPYXXHOCTH TPOEKLHS
YCKOPEHHS Ha 3Ty OCb PaBHA MOAYJIO LI@HTPOCTPEMHTEIBLHOIO
(HopmasbHOTO) yCKOpeHHus: a, = a,, = v/ R, rae v — MOLYJIb
CKOPOCTH TeNa B JAHHOH TOUYKe TPAEKTOPHK; R — pamuyc OKpyX-
HOCTH.

OCHOBHbI€E 3aKOHbI U (hOpPMYibl

Hepsoii 3axon Horomona (saxkon unepyuu): Bcsixoe Teso co-
XpaHsieT COCTOSHHE MIOKOS HJIH PaBHOMEPHOrO NPSMOJHHEHHOrO ABH-
XKEeHUS 10 TexX 0P, MOKa BO3JEHCTBHE CO CTOPOHBI APYrHX TeJ He
3aCTABHT €r0 U3MEHUTb 3TO COCTOSTHHE.

Hrepyuaavuoie cucmemor omcuema — 3TO CUCTEMbl OTCYETA, B
KOTOPbIX BbiNOJHseTCs nepBbld 3aKoH HbloToHa.

Bmopoi 3axon Heromona: cymMMa NeHCTBYIOLUIMX HA TEJNO CHJI

PaBHa NPpOHU3BEAEHHIO MACChHl /M 3TOr0 TEJA HA €ro yCKOPDeHHe a.

F =ma,
me F=f+F +.+F,.
Jpyras ¢opMmynnposka BToporo 3akoHa HbioToHa: usMeHeHHe
UMIOYyJbCa Tesna 3a BpeMsa Al paBHO HMIYJbCy NeHCTBYIOLUEH Ha
TeJIO CHUJbl [ 3a 3TOT XKe [IpOMENKYTOK BPEMEHH!

Ap = FAL,

rae Ap = muy — mu; ~ H3MEHEHHEe WMMYJbCa Tena; Uy, vy — Ha-
YaJbHas ¥ KOHeYHas CKOPOCTH TeJa.

Tpemuil saxon Heromowna: cujibl, ¢ KOTOPbIMU Tesla AEHCTBYIOT
ApYT Ha JipyTa, paBHbl 10 MOAY/IO W HAaMpaBJeHbl 10 OJHOH NPAMOL
B NIPOTHBOMOJIOXKHbIE CTOPOHHL.
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3aKOH 8CeMUPHOZ0 MAZOMEHU A, CHIla B3AUMHOTO NPUTAKEHUS
IBYX MaTepHasbHbIX TOYEK MPAMO [PONOPLMOHANbHA MPOH3Be/e-
HHIO Macc 3THX TOYeK H 0OpaTHO MpoNopUHOHANbHA KBaApaTy pac-
CTORHHA MeXy HHMH!

mymy

72 '

F=G

roe G = 6,67 100" H - m2/kr? - rpaBUTALHOHHASA TOCTOSTHHASA.

Cura mamecmu F, — 3To cHna NPHTSXKeHHN Tena 3emyel:

F, =mg,

rage m — Macca Tesla: g — YCKOpeHHe cBOBOLHOIo MajeHHs.
Yckopenue c80600H020 nadenus y NOBEPXHOCTH 3eMJlH

g =GM/R?
rie M — macca 3eman; R — ee paauyc. Ha BoicoTe £ Han noBepxHo-

CTbIO 3eMJH
gy = GM/(R + h)2

Bec meaa — 310 cHia, ¢ KOTOPOH TesO BCJEACTBHE MpPHTSIXKe-
HHA K 3eMsie JIEHCTBYeT Ha FOPH30HTAJNbHYIO OMNOPY HJH BepTH-
Ka/bHBIH NOABEC, YAEPHKHBAKOLIHE ero oT CBOOOAHOro MafeHHs.

[Taromnocms onHopoaHoro Tena

p=m/V,

roe m — macca teqa; V — ero o6beM.
Cusra mpenus nokos UMeeT MaKCHMasbHOE 3HayeHHe

FTp.n max = KN,

rae i — koathbuLHeHT TpeHus; N — cHJIa HOPMaJIbHOH peakLH OIOpHL.
Cunra mpenus CKOAbHKEHUR

FTp = uN.

3axon I'yka: npwu ynpyroi gepopmauuH pacTsxenus (cxards)
CHJId YNPYTOCTH NMPONOPUMOHANbHA BEKTOPY YAJuHeHHn (cxartus)
H MPOTHBONOJOXKHA €My 110 HaNpaBAeHHIO:

Fynp = —kAL,

rae kB — k03hHULUMEHT ynpyrocTH (3KecTxoCTh).
Ecan F — npujoxeHHas cuaa, {g — HayalbHasd AMHHA Tesa, S —
MJ10WAAb €ro NoMepeyHOro CeYeHHs, TO

F=ES
lo

rne £ — moayap ynpyroctd (moayab HOHra).
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Mpumepb! pelleHUA 3anay

88. rom;eMHblﬁ KpaH MOJHHMAeT MIMTY Maccod m = 1000 r
BepPTHKaNbHO BBEPX ¢ yckopenuem a = 0,2 M/ c2. Onpene-
JIMTb CHJ1Y HAaTsXKEHHs KaHaTa, yJdepHH-

12 BAIOLIEro MJIHTY.
Pewenue Hanaury neicrayior

r cuaa TshHKecTH Fr W CHJla HaTsDKeHHS Ka-
nata T (puc. 25). KoopauHaTHylo oCb
OY nanpasum BepTHKanbHo BBepx. Co-
rJacHoO BTOPOMY 3aKoHy HbloToHa, 3a-
A MULIEM yYpaBHEHHE B BEKTOPHOH (opme:

T+F =ma.

7/7/77;7/7/7/7/7/77//7? Jast npoekunit Ha ocb OY nosnydum
YpaBHeHHE B CKa/sipHOU opme:
Puc 25

T, + Fry =ma,

Takxax T, =T, F;,=—mg, a, = a, nmeem T — mg = ma.
Otciona T =m(g+a), T= 1 10* H.

89. Iloa meficTBHeM cuabl F, HaNpaBJ/eHHOH BJOJIb FTOPH30H-
TaJIbHOYH NJIOCKOCTH, IO ee NOBEPXHOCTH HAaUHHAET CKOJIb3HTh
6e3 HauaJIbHOH CKOPOCTH TeJIO Maccol m = 4 Kr u yepe3 { = 3 ¢
nocsie Hauasa JBHXXeHHs npuobpertaer ckopocts v = 0,6 M/ c.
Haiiti cuny F, ecayn Koa(pQHUUHEHT TPEHHS MEXIY TeJOM H
njockocteio U = 0,2.

Pewenwue HaTeno geHCTBYIOT YeTbipe CHJIBL B
FOPH30HTA/IbHOM HalpaBJeHHH — cuja F W cuia tpenus Frp,
B BEPTHKA/IbHOM — CHJa TsDKecTH Fp = mg u cua Hopmaib-
HOM peakKUHH MJIOCKOCTH N.

3a noJI0XXM1TeNbHOE HanpasJie-
4 Hie ocn OX npHMeM HamnpasJe-
HHe JBHXXeHHA Teja, ocb OY

. v HanpaBUM BEDPTHKA/JbHO BBEpPX
Fis F (puc. 26).
—
0 - CornacHo BTOpPOMY 3aKOHy
g HbiOTOHA, COCTaBHM ypaBHEeHHe:

Puc 26 F+FTP+FT+N=m(_i.



B npoexuusix Ha ocb OX noayunm F ~ Fi, = ma. Otciona
F=F,+ ma (1)

Monyab cuabl N HaizeMm 1o BTOpoMmy 3akoHy HbioTona,
COCTaBHB ypaBHeHHe B NpQoeKUHsx Ha ocb OV

N, + F., = ma,

Mockonbky N, = N, Fr, = —mg, a a, = 0 (ycxopenue
TeJsa nepnemmxympﬂo ocH OY) To N—-"mg=0, N=mg.
IlosTomy, yuutsiBasi, uto Fry = pN, noayunm

FTp = umg. (2)

Tak Kak Teso ABHrajocbhb paBHOyCKOpeHHO Oe3 HauaJbHOH
CKOpPOCTH, TO. B MOMEHT BpeMeHH ! CKOpOCTb Tesqa v = at.

OTcroga
a=uv/t. (3)

IMoncrasuB 3Hauenus Fo, v a u3 dopmyn (2) u (3) B dop-
myay (1), a zatem GHCJIOBLIE 3HAUCHHS 3A1AHHBIX BEJIHYHH,
NONy4HM

F=mlpg +v/t), F=9H.

90. [To HaK/IOHHOM MJIOCKOCTH C YIJIOM HaK/IOHA & CKOJIb-
3UT BHU3 Opycok Maccolt m. HaliTh ero yckopeHue, ecin Ko-
3(ppHLUHeHT TpeHHs OpyCKa O NJOCKOCTb PABEH L.

Pewenue Hanpasum ocb OX BoJb HAKJIOHHOH
TVIOCKOCTH, a ocb OY — nepneHAHKYJSPHO NJIOCKOCTH BBEPX
(puc. 27). Ha 6pycok HeHCTBYIOT TPH CHJIbI: CHJIa TsXKECTH
F, = mg, cuna HOpMa/bHOM peakuMH MIOCKOCTH N M chia

Tpenus fr,. CornacHo BTopoMy 3akoHy HbloToHa,
Fr+ N+ F, =ma.
CocTaBHM ypaBHEeHHE B NIPOEK-
uMax Ha ocb OX:
Fiy ¥ Ny + Fpp = may.
Ho Fry = mgsino, Ny =0, Frpy =
=—Fp,=—uN.Tlostomy mg sina —
~ uN = ma,. Otclona %

_ mgsino — uN )
ay=——_— . (1) Puc 27
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Monynp cunbl N HahaeM, kak W B Npedbliylled 3anaue,
cocTaBWB B MpoeklMsax Ha ocb OY ypaBHeHHe, fiBAsOLLEeCS
caeactsMeM BToporo 3akoHa Hewortona: N —-mgcosa=0.
Otciona N = mgcoso. [loactaBus 310 3HaueHHe B Gopmyny
(1), monyuum

£ = glsino = pcosa).

AHanu3 3Tod GOpMYJibl MOKa3biBaeT, B HACTHOCTH, 4TO MpH
otcytctBuH Tpenus (L = 0) a, = gsina.

91. Teno ABHIXKETCH MO rOPH3OHTAbHOH MJIOCKOCTH MOA
neHCTBHEM CHJbl F, HanpaBJeHHOH 04 YyrioM O K TOPH30H-
Ty. HauanbHas ckopocTb paBHa Hymo. HaliTH yckopeHHe Tena,
ecJ/d ero Macca paBHa m, a KOSQ@HULUHEHT TPEHHA MeX1y Te-
JIOM M TIJIOCKOCTbIO paBeH L. [IpH kakom Monyse CHbI ABHXKe-
HHe OyAeT paBHOMEpPHbIM?

Pewenue. HarTeno nefictay-.
10T YeTbiPe CHJbL: CHAa F, CHJia Tpe-
HHUs Frp, cuaa TaxectH Fr = mg u
CHJ1a HOPMAJIbHOHM peaKuHH 1JoC-
kocth N (puc. 28). 3a nosnoxu-
TeJbHOe HanpaBJseHHe ocH OX
NpHMeM HanpasJjieHHe ABHXeHHS
Tena, ocb OY HanpaBHM BepTH-
KaJIbHO BBEDX.

CornacHo BTOopoMy 3akoHy HbioTOHa, cocTaBHWM ypaBHe-
HHe B BEKTOPHOH dopme:

Puc 28

F+N+Fpy +mg = ma.

B npoexuusix Ha ocb OX nosnyuum ypasHeHHe F coso — Frp =
= ma,. OTciona
Fcosa - F,

g, =% e (1)

m
Mogaynb cunbl TpeHHs
F'rp = puN. (2)

Monynb cunsl N Haiinem U3 ycaosus a, = 0 (Brosb ocu
OY teno ne aBuxercs): N —mg + Fsino = 0. Otciona

N =mg - Fsina. (3)



Ha ocrosauun dopmya (1)—(3) noayuum
a, = —Z(cosa +psino) — pg.

IlBikeHue 6ynet paBHOMepHbIM npH a, = 0, T. e.

F(coso + usina) — pmg = 0.
Orciona
__ umg
I'™ coso+psine

92. K 6pycky maccoit m = 6 xr, jexaileMy Ha TOPH30H-
TaJbHOW IJIOCKOCTH, NMpHoXKeHa cuna F = 8 H, Hampas-
JeHHasi oL yraoMm o = 45° k ropusoHty. KosadoduumeHt
TpeHus 6pycka o maockocth U = 0,3. Haiitn monysb cunsl
TpPeHHUs M CKOpOCTb 6pycKa uepes { = 2 ¢ mocJje HayaJja
JeHUCTBHUSA CHJIbL.

_ Pemenne HaOpycok 1eicTBYyiOT UeTsipe CHIbI: CHJI
F, cuna tpeuus FT cuna TsKeCTH Fp = mg M cuia Hop-

MaJIbHOH peaKLMH MJOCKOCTH N (cm. puc. 28). B sanaue Hu-
4ero He CKa3aHO ‘0 JABHIXXEHHH TeJa.

[TpennonoxkuM, YTO B yKa3aHHbII MOMEHT BpPeMEHH TeJIo
IBHXETCSl B NOJIOXHUTEJbHOM Hanpasjedud ocu OX. Torna,
paccy»as Tak e, KaK H [1pH pellueHHH peblyiied 3a1a4H,
MBI [OJYYHM

a, = g(cosa +usino) - pg.
nOlICTaBHM 3HaA4YeHHUA BeJIMHHUH U BLIYHUCJIUM:
= %(cos45° +0,3sin45°) — 0,3 - 9.8 = ~2 m/c2.

[Tonyunsn a, < 0, 4T0 NPOTHBOPEUHT ClE/NAHHOMY MPeLNo-
noxenuio (a, > 0) CnenoBarenbHO, TEJO IOKOUTCS, T. €. ero
ckopocTh ¢ = 0, a cuila TpeHHUs BJSIETCS CHJIOH TPEHHs 10-
xosi. Jlns npoekuuit Ha ocb OX nosyuwm (c ydetoM TOro, 4to
a, = 0) ypasHenue Fcosa—Fr,; =0, orkyna

Frpn =Fcosa, Fpp =6 H
93. Ha ropusoHTanbHOM CTOJIe JieXaT JBa CBA3AHHbIX
HUTbIO rpy3a, Macchl Kotopbix m = 0,3 kr u my = 0,7 xr. K
rpy3am MpPHJI0XKeHbi MPOTHBONOJOXHO HaNpaBJeHHble CHIbI
Fy=1HuFy=2H, 1nHuu 1eAcTBHA KOTOPbHIX COBNANAIOT
¢ HUTbro. HalTh, ¢ KaKUM yCKOpeHHEM JBHXKYTCS IPY3bt H C

49



KAaKOM CUJIOH AeMCTBYeT HMTb Ha Kaxkabl# rpys. TpeHue nHe
YyYUTHIBaTb. HUTb CYHTATb HEPACTSKUMOH H HEBECOMOH.

Pewenue O603HaUUM BCe CHJbl, AEHCTBYIOUIME Ha
rpy3bl, W Buifepem cucTeMy xoopauHat (puc. 29, a). 3anu-
lieM, COTJIaCHO BTOpPOMY 3aKOHY HbloTOHA, ypaBHeHHS§ ABM-
XKEeHHS IPY30B!

151+N1+7—‘1+m1§=m1&1, 1":2 +N2+T2 +m2§=m262,

rae Ny, No — cuibl peakuuu onopbl; Tj, Ty — CHJIbI HATSKEHHUS
HHTH, IEHCTBYIOLIME HA MEPBbI U BTOPOH IPY3bl COOTBETCTBEHHO.
Jns npoexunit Ha ocb OX ypaBHeHUS NPHMYT BUI:

Ty — Fy=mayy, Fg — Ty = moay,. (1)

HepacTsXKHUMOCTb HUTH 03HayaeT MOCTOSHCTBO €e AJIMHBL.
[MTockonbKy rpy3bl NepeMeLlalnTcs TOIbKO BIIPaBO, TO Pa3HOCTh
UX KOODAMHAT, PaBHAs AJIMHE HMUTH, OCTAETCH MOCTOSHHOH,
T. e. xg — x; = const. (B 3agayax no xMHeMaTHKe U AMHAMHUKe
TeJa PacCMATPUBAIOTCS KAK MaTepHasibHble TOUKU K TOJbKO
[J1S1 HarJISAHOCTH UX U300pakaloT Ha DUCYHKAX B BHUAE KBaj-
PAaTHKOB, KPYXOUKOB H T. 1.) B3siB mpousBoanyio no Bpeme-
HU J1eBONM U NPaBOM 4acTeH I0CJelHero paBeHCTBAa, NOJAYYHM
x{ —x5 =0, nau x{ = x5. BosbMeM ewle pa3 npou3BOAHYIO 110
BPeMEHH, NONYyUUM x{'= x5, T. e. aj, = ag,. Takum obpasom,
M3 yCJIOBUSI HEPACTSKMMOCTH HUTH CJiellyeT, YTO YCKOpEHUS
CBSI3aHHBIX TeJ M BCeX TOYeK HMTH OLHHAKOBbI:

Ay = A9y = Ay. (2)
Jlokaxkem Tenepb, uTo MOAY/H cua T; u Ty paBHbI, eciy

HUTb HeBecoMa. O603HauuMM vepe3d F3 cHNy, NeHCTBYIOLLYIO
Ha HMTb CO CTOPOHbI NN€PBOTO TeJa, a uepes F4 — CO CTOPOHLI

a )
y -
g Z

. A VA

ho ] L kI A
0y F

/77,-9. m:i
r

Puc. 29



sroporo (puc. 29, 6). CornacHo BTOpoMy 3akoHy HbioToHa,
ypaBHeHHe [ABH)KEeHHS HUTH UMeeT BU[

ﬁ3 +ﬁ4 = m&,

LAe /M =~ Macca HUTH; @ ~ ycKopernHe. [10CKOJIbKY HHTD HeBe-
coma, To m = 0. Torna F3 + F; = 0. Cenosatensio, Fy = —F; .

CorsiacHo TpeTbeMy 3aKoHY HbioTOHA, ¢ KaKOU CHJIOH TeJlo
OEeHCTBYET Ha HUTb, C TAKOM XKe 10 MOAYJI0, HO HArpaB/eHHOM
TIPOTHUBOMOJIOXKHO CHJIOH, NeHCTBYeT HUTb Ha Teso. [loatomy

Ty =—F3, Ty = —F4. Ecan ydecTb Tenepb, 4to F3 = —Fy, TO
nonyuum T} = ~Ty. CrenosaTtelbHo,

T, =Ty=T. (3)

TakuM 06pa3oM, U3 YCJIOBHS HEBECOMOCTH HHTH CJEAyeT,
YTO TaKas HUTb A€UCTBYET Ha CBA3aHHbIE TeJa C CHJIAMH, PaB-
HBIMH [0 MOAYJIO H TIPOTHBOIOJOXHBIMH 110 HATPaBJEHHUIO.

[Tepenumem ypasHenus (1) ¢ yuetom pasencts (2) u (3):

T—-Fy=ma, Fo — T = msa.

Peunp 3Ty cucTeMy ABYX YPaBHEHHI, TIOJyYUM:

_ k-A _ FAmg + Fym

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

my +mgy’ my + mog

94. Yepes 6710k, Maccol KOTOpPOro
MOXHO NpeHe6peub, NepeKUHYTa HeBe-
COMasi M HepacTsXKUMas HUTb, K KOH-
LaM KOTOpOH NOJABeLIeHbl Ipy3bl m; = Y N
= 2,0 kr ¥ mg = 2,] kr. HaganbHble CKO-
pocTH rpy3oB paBHbl Hymo. Kakopo me-  p-—--141
peMeleHHe rpy3oB 3a Bpemss T = 3,0 ¢? Lrd
KakoBa cuna Hatskenust HUTH? C Ka-
KOH CHJIOHM OaBHT HHUTb Ha 6JIOK?
PeweHue Cunsl, feHCTBYIOUHE [
Ha rpysbl, a TaK»Ke BblOpaHHOE HaNpaB- .L
JleHHe KoopAuHaTHOH ocH OY mnokasa- g
Hbl Ha puc: 30. Hayano koopauHar co- []
BMeILIEHO ¢ HAaYaJbHbIM M0J0XEHHEM Jle- m
BOTO Ipy3a. s
CorsiacHo BTOpOMy 3akoHy HeloTo- bel
Ha, 3aMULUEM ypaBHeHHe ABHXKEHHS AJISt -
KaXX[0ro rpyaa: Puc 30

=
— -~
el

T ]
P
¢
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T+ mg = may, Ty +myg = myay.

[TockonbKy HUTb HEpacTSXKHUMA ¥ HeBecoma, T0 @) = as = q,
T, = Ty =T. C y4eToM 3TOr0 COCTaBJ/sieM yPaBHEHHsI IBHXKe-
HHS TPY30B B NpoeKUUsx Ha ocb OY:

T—-mg=ma, T— myg=—maaq,

rgpe a — YCKOPEHHE. BquHTaﬂ H3 HEPBOFO ypaBHeHHﬂ BTOPOE,
noJiyyaem
glmy — m) = almy + my),
OTKyZa
glmy —my)

my + mo
YPaBHeHHe aJI KOOp[LHHaTbI JIEBOT'O rpy3a 3anuuieTcsd Tak:
y=at?/2.

B momeHT BpeMeHH T y = s. Takum 06pa3oM, MOIYJb fie-
peMelleHHs!
at? _ glmy —m)®

S="Q_—W,S=1,1M.

CHJIy HAaTA>XeHHHd HUTH HaﬁﬂeM H3 ypaBHEHHH ABUXKEHHA
JIeBOTO rpysa:
2mimog

T=mg+a)= T =20H.

my +mg’

Ha 6710 neHCTBYIOT CHJIbI HATSXKEHHS HUTH f,’ H fQ’, a Tak-
e cuna peakurd ocd N . B/iok HaxonuTCst B pPaBHOBECHH, CJI€MI0-
BatesbHO, Ty + T3 + N =0.Takkak 7/ =T, =T, 3=T=T,
TO /151 NpOeKUHH cua Ha ock OY nonyuum N — 27 = 0, oTkyna
N=2T.

ITo TpeTbemy 3akony HbloToHa cHaa, ¢ KOTOpOH OCb IEHCT-
ByeT Ha 6JIOK, paBHa 10 MOAYJIX0 H NPOTHBONONOXHA N0 Ha-
MpaBJIeHHIO CHe F, C KOTOPO#l 610K JaBHT Ha 0Cb: N = =F .
CanenosarensHo, F = N = 2T. Tlogctasus B 3Ty ¢dopmyay
Bbipaxkende ans T, Hakzem:

dmymog
=——> F =40H.
my + mo
95. Teno Maccoit m| ABMXKETCS BBEPX 110 HAKIOHHOHR MJIOC-
KOCTH NOA A€HCTBHEM CBA3aHHOrO C HUM HEBECOMON M Hepac-
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THXXUMOH HHTBIO Ipy3a MaccoH mo. HauanbHble ckopocTH Tesa
M Tpy3a paBHbBl HYJIO, KO3(pPHUUEHT TPeHHs Teaa o IJIOC-
KOCTh |, YTOJl HaKJOHA IJIOCKOCTH . OmnpenenuTs ycKope-
HUe, ¢ KOTOPBIM ABHXETCS TeJO, U CHJIY HATSXXKEHHS HHTH.
Brok HeBecoMm W Bpalaetcsi 6e3 TpeHus.

Pewenwue Ha Teno, aBuxylleecss Mo HaKJIOHHOM
TJIOCKOCTH, AEHCTBYIOT CHaIa TsKeCTH Fpp = myg, CUJa HaTs-
KeHHst HUTH T}, CHNa TPEHHS FTp U CHJIa peaKUHH MJIOCKOCTH
N. Ha rpys neficTBylOT cula TSXECTH Fg = mgg M CHna

HaTAXE€HUA HUTH TQ. COFJIaCHO BTOpOMY 3aKOHy Hb}OTOHa,
mg+ Ty +Fp + N =may,
Ty + mgg = moay,

Tae a), ag — yCKOPEeHHe Tejla M rpy3a COOTBETCTBEHHO.

ITocko/EKY HHTb HeBECOMAa H HEepacTsHKUMa, TeJO W IPY3
OBHXKYTCS C OAHHAKOBBLIMHM 1O MOAYJI0 YCKODEHHSIMH, T. €.
a1=a2=aHT1=T2=T.

BriGepem pist Tena cHCTeMy OTcYeTa Tak, UYTOObI HAyajo
KOODAMHAT COBIMAaAaso ¢ HHXXHHUM KOHLOM HaKJOHHOH IJIOCKO-
cTH, ocb OX Oblja HampaBJ/ieHa BBEPX BAOJb MJOCKOCTH, OCh
OY — nepnenaukyasipHo el (puc. 31). 3anuuem ypaBHeHHe
JABHXKEHHS Teja B NMPoeKUusix Ha ock OX:

Tlx + Nx tmg, t FTpx =may.
Yuurnag, uto Ty, =T, N, =0, m;g, = —m gsina, FTpx =
=~F;; = ~uN, aj, = a, noayyaem

T — mygsina — pN = mja. (1)

Puc 31
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YcKkopeHHe rpy3a BO BCeX HHEPUHaJbHbIX CHCTEMAX OTCYe-
Ta OJMHAKOBOE. -

Jnsi rpysa BhiGepeM crcTeMy KoopauHat X'O’Y’ Tak, yTo-
6bl ocb 'Y’ Obila HanpaB/ieHa BePTHKaJIbHO BHM3. B 3ToM
CHCTeMe ypaBHeHHe NABHXKEHHS rpy3a HMeeT BHI

mog — T = mpa. (2)
PelinB OTHOCHTeNbHO a cucTeMy ypasHenui (1) u (2),

Hanaem
_ mpg —uN -mgsina

(3)

my +moy

B nanpasnennd ocu OY ycKopeHHe Tejla PaBHO HYJIO, MO~
stoMy N —mygcosa =0, otkyna N = mjg cosa. Iloncrasus
3T0 3HaueHHe B popmyay (3), noayunm

_ glmg —my(sino + pcos o))

(4)

my.+ my

Ortciofa BUIHO, YTO OTIMCAHHOE B 3afiade aBrxKeHHe (rpu v = 0)
MOXKET ObITb PeaNH30BaHO NMPH my > my(sina + pwcosa).

W3 dopmyn (2) u (4) nadizeM MOLyJb CHJIbl HATSIKEHHS
HHTH:

T = mymog(l + sin o + W cos )
my + moy

96. Ha ropH3oHTa/bHON MJIOCKOCTH PacnoJjioXXeHbl TPH
CBSI3aHHBIX APYT C APYTOM HHTAMM OpyCcKa mMaccaMH my, Mo U
m3. Ha HUTH, NpHKpenneHHON K 6PYCKY MaccoH m| U NepeKu-
HYTOH uepe3 HeloABHXKHbIH OJ10K, NOLBEUIEH IPY3 MacCOH my.
Halltu yckopeHHe 3TOH CUCTEMbl M CUJbl HaTSXKEHHSA BCex
Huted. TpeHHe He YUYMTHIBaTb, MAacCOH HHTeH H OJ0Ka Mpe-
HeOpeub, HUTH CYHMTATb HEPACTAXKHMbBIMH H HEBECOMbBIMH.

Pewewnue Cunp, geiicTByomre Ha 6pycku, H3obpa-
XeHbl Ha puc. 32. Ecau Tesa cBA3aHbl HEBECOMBIMH H He-
PacTSIXKUMBIMH HUTAMH, TO MOLYJIH CHJl HATSDKEHHS 1A KaX/a0H
HHUTH PaBHBl MeXAY COGOH M BCe Tesla ABHMXKYTCH C ONHHAKOBbIM
no monyJio yckopenuem. [lostomy Ty =Ty, T3 =Ty, T{ =T5,
Ay = agy = Az, = a, 44, = —a. YUNTHIBAS ITO, 3AMHCHIBAEM B
npoekunax Ha ocu OX i OY ypaBHeHHS NBHXKEHUS IS KaX-
noro 6pycka M aas rpysa:

Ty —Ty=mya, Tyg — T3 = mya,
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m{q’
Puc 32
Ty =mga, —myg + T| = —mya.

CKJIa}.lblBaH MOYJIEHHO NepBble TPH YpAaBHEHHS U BbiUHTad
3aTeM 4eTBepToOE, NnoJydyaem

myg = (m + mg + m3 + my)a,
OTKYAa

mag
m1+m2+m3+m4'

[ToacTaBHUB 3TO 3HAaUEHHE YCKOPEHHUSN BO BCE YpaBHEHUSs JBH-

XEeHHUS, HayHHas{g ¢ NOoCJeJHero, HaujeMm CHJbI HATSXKEeHHS

HUTEH:
Tl =

my + mg + mgy mo + ms3

m4gml+m2+m3+m4' T2 - m4gml+m2+m3+m4’

T3 =

m3

m4gm1+m2+m3+m4'

97. B kabuny audra nomelleH AUHaMOMETP, K KOTOPOMY
nojBellieH Ipy3 Maccoi m. KakoBbl MoKa3aHUs AHHAMOMETpA
B CJIENYIOUIHMX cIydasx: 1) audT nokourcs; 2) MMGT nonHuMa-
eTCsl C yCKOPEHHEM dj, HaNpaB/eHHbIM BBEPX; 3) udT onycka-
eTCsi C YCKOPEHHEM dy, HampasJ/ieHHbIM BHU3 (ag < g); 4) audr
CBOGOMHO NajaeT?

Pewenue Koopaunaruyw ocb OY Y E\
HanpaBHM BepTHKalbHO BBepX (puc. 33). y
Ha rpy3 peHCTBYIOT ABe CHJBI CHJa
TsKecTH Fy 1 cuna ynpyroctd F (auna-
MOMETP MOKa3biBaeT MOAYJb 3TOMN CHJbL).

Bocnosib3oBaBIiKCh BTOPbIM 3aKOHOM A
Hb0TOHa, 3anpiieM ypasHeHHe aBHXe- U X
HHSI B BEKTOPHOH (hopme: Puec 33
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F-F, =ma,
a 3aTeM B NpoexuHMsiX Ha ocb OY: F-mg= ma,, OTKyna
F=mg+a,)

B nepsom cayyae a, = 0, n03TOMy AMHAMOMETD MOKaXeT
Foy = mg. Bo BTOpoM ciyyae a, = a). CnenosatenbHo, F| =
= m(g + ay). B Tpetsem cayuae a, = —ay, nostomy Fy = m(g -
- ag). B ueTBepTOM cayvae a,=-gHu Fy= m(g — g) =0,
T. €. HaCTyNaeT COCTOSIHHE HEBECOMOCTH.

AHanu3upys ToJyyeHHbI€ De3Y/bTAaTbl, MOXHO CAeNaTh
BBIBOJI, 4TO Bec Tesa (MOKa3aHHMs AMHAMOMETDA) 3aBHUCHT OT
YCKOPEHHs, C KOTOPbIM ABHXKeTCs IMPT: MPH YCKOPEHHOM [BH-
YKE€HHH BBEDX BEC TeJa YBEJHUYHUBALTCS, TPH YCKODEHHOM [BH-
JKEHHH BHH3 — YMEHbILAETCs, IPX CBOOOAHOM NajfieHHH — pa-
BeH Hy/o. JInuwb npu a = 0, T. e. ecan AUDT NOKOUTCH UIH
[ABHXXETCS PABHOMEPHO, MOAYJb Beca paBe€H MOAYJIO CHJIbI
tskecTd (F = mg).

[IpensiaraeM yHTaTeMI0 CAMOCTOSITEJBHO PACCMOTPETD CJIe-
AYIOUIHE CIydyaun: JUQT ABHKETCS BBEPX 3aMeAJIEHHO C YCKO-
peHHeM asz; MUQT ABHXKETCS BHH3 3aMeJJ/IeHHO C YCKOPeHHeM
Qg4; MUQT ABHXKETCS BHU3 YCKOPEHHO C YCKODEHHEM ag = 2g.

98. Teno maccoit m = 40 r 6bly10 6pOLLIEHO BEPTHKANBHO
BBEPX C Haya/bHOM CKOpOCTbio g = 30 M/ ¢ K IOCTHIIO BhIC-
n el TOYKH foavema uepes {| = 2,5 ¢. Cum-
Tast CUJy COMPOTHBJIEHHUS Bo3ayxa F., neficT-
BYIOLLYIO Ha TeJIO BO BPeMs IOAbEMa, TTOCTO-
SIHHOH, HaHTH MOAYJ/b 3TOH CHJIBL.

PemweHnue Koopaunaruywo och OY
HarpaBHM BepTHKa/bHO BBepX (puc. 34). Ha
TeJIo IECTBYIOT [IBE CHJIbI: CHJIA TSKECTH F

M CHJa compoTHBJeHHs: Bo3nyxa F,. Cornac-
! HO BTOpoMY 3aKoHY HbloToHa, ypaBHeHue ABH-
JKEHHS] B BEKTOPHOH (opMe HUMeeT Bujl

. K
u F. +F, = ma,
Puc 34

mn
oy

r=a
@yl &

a B NMpoeKuusax Ha ocb OY npumeT BHA
—mg — F. = ma, Ortciona

Fo=m(=a, - g). (1)

Yro6bl HAlTH NPOEKLHIO YCKOPeHHs Tesa Ha och OV, Boc-
MOJIb3YeMCs yPaBHEHHEM [T CKOPOCTH: U, = Ug, + a, f. Yuu-
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TbiBas, 4YTO on =0ypHB BbICILIEH TOYKe NoabeMa v
rnoay4dyaem

y=0,t=t1,

a,=—vo/t. (2)
Ha ocxosanuu dopmyan (1) u (2) Haxomum:
F.=m(vy/t, — g), F. = 88 - 1073 H.

99. Haxopsdmascsi Ha IV1agxoM MoJy 0CKa CBSi3aHa C Je-
YKAIMM Ha HeH 6DYCKOM HHTbIO, IEDEKHHYTOH yepe3 HeBeco-
MuIi 6510k (puc. 35). Macca pocku M, Macca Gpycka m, Ko3d-
(dUUMEHT TPeHHs Mexxay HUMH paBeH W. C KaKHM YCKOpeHH-
eM OyeT ABHIaThCS JOCKA, €CJIH NPHJIOXHTb K Hel [OPH30H-
TaJIbHO HampasJeHHyio cuny F? HuTb cuMtath HeBeCOMOMH U
HepacTHXHUMOH.

)

s

r = |§ﬂ .
T [ ey !
Ll L/ a

o

7
Y

Puc. 35

Pewenue Hapocky nefictylor cuaa F, CH/a HaTs-
KeHHs HUTH T, cuna Tpenus Frpy, cuna Tsokecth Mg M cuna
HOpMaJ/IbHOH peakuuH onopbl N, Ha 6pycok — cuabl T, mg,
Ny v cuna Fppo, paBHasi 10 MOLYJIO CHJle Fry) W HanpaBJieH-

Hasi TIPOTHBOIIOJIOXHO eH.
CornacHo Bropomy 3akoHy HbloToHa, 3anuiieM ypaBHeHHS
NBHXXEHHUA NOCKH M 6pyckKa:

[3+7+[3TPI+M§+N] = Ma, ﬁTp2+f+N2 +mg = may,

rle @; — YCKOpeHHe 0CKH; do — ycKopenHe 6pycka. OHH npo-
THBOIIOJIOXHbI 110 HaNPaBJEHHIO H PABHBI 10 MOAYIO: @] = —ag9,
a; = ag = a.

B npoekuusix Ha ocb OX ypaBHeHUS MPHMYT BUI

F=T=Fyp =Ma, — T+ Fppp=-ma
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YuutsiBas, uto Frpy = Frpg = UNg = Umg | noayuunm:
F-T-umg=Ma, -T +umg =-ma.
Orcrona cnenyer:

_ F-2umg
M+m

Takoe yckopeHue OyneT TOIbKO NpH ycaoBuu F > 2umg. [lpu
F <2umg nocka u 6pycoK OCTaHYTCS HEIOABHXHBIMH.

100. [Isa rpysa maccamu m; = 4,0 xr u mg = 1,0 xr
CBsI3aHbl HHUTHIO, NIepPEKHHYTOH yepe3 OJ10K, KOTOPBIH NpPHKpe-
MJeH K BeplUKHe PH3Mbl, ¥ MOTYT CKOJIb3UTb 1O IPAHAM 3TOH
npusMbl. HauyasnbHble CKOPOCTH I'Py30B paBHbl Hysto. HaiTty
ycKopeHHe rpy3os, ecan o = 60°, B = 30°, a kosdduuHeHT
TPEHHs TPy30B 0 MIOCKOCTh | = 0,20. Maccon 6a0ka U Tpe-
HHEM Ha ero oCH npeHeOpeub, HUTb CUMUTAThb HEBECOMOH H
HepacCTSXKHMOH.

PeuweHue Hapuc 36 nokasasbl cucTeMbl KOOPAHHAT
XOY u X’O’Y’, BbiGpaHHble /51 IEPBOrO H BTOPOro IPy30B
COOTBETCTBEHHO, a TaK)Xe 0003HaueHbl BCe CHJIbI, NeHCTBY!IO-
e Ha Ipysbl, B IPEANONOXKEHHH, UTO JIEBbIH IPY3 ABHKETCS
BRosb ocd OX BHHU3, a mpaBulil — Brosb ocu O'Y’ BBepx no
npusMme. Ho BepHO /1M 3TO mpeanosioxeHue?

B 3agaue Huuero He CKasaHO O HanpaBJIeHHH ABHXKEHHS
TPY30B, a €ro HYXHO 3HaTb, 4TOObl NPaBHJIBHO yKa3aTb Ha-
TpaBJeHHS CHJl TPEHUS.

UTo6bl BBISICHHTB, KYa ABHXKYTCS Ipy3bl, Oyaem paccMaTpH-
BaTb HX M HUTb KaK 4aCTH ONHOH CUCTeMbl. BHyTpeHHHe cHJIbL
B3aHUMO/IEHCTBHS IPY30B U HUTH He MOTYT COOOLIHTb YCKOPEHHE
CHCTeMe KakK eHHOMY uesiomy. [Ipearnosoxkum teneps, uTo CHi
TpeHust Frp| M fipo HET, @ €CTh TOJIBKO CHIUIbI TsKeCTH. Moayab

Puc 36
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COCTaBASIOWIEH CHIIbL TSXKECTH Mg BOMb JIEBOH [PaHH paBeH
mygsina = 4-9,8sin60°= 34 H, a cunsl TKeCTH Mog BLOJD
NIpaBOH TPaHH paBeH mog smB =19 ,8s5in30°= 4,9 H. Tak kak
mygsino > mogsin B, JeBbll rpys 6y11eT OBHUraTbCs BHH3 IO
npusMme, a npaBbli — BBepX. I1pH HaMUYMH CHJT TPEHUS IPY3bI
OyoyT ABHraTbCs TOYHO TaK »Ke, NMOTOMY 4UTO CHJA TPeHHS,
BO3HHKAOLIAs NIPH ABHXXEHHH TeJsla, He MOXXeT M3MEeHHTb Ha-
TpaBJIeHHe ero CKOPOCTH. Tenepb Mbl MOXeM NPaBHJIbHO yKa-
3aTb HANPAaBJIEHHS CHI TPeHHs Fry) M Frpo, 9TO M C/le/1aHO Ha
pHCYHKe.
CocTaBHM 17151 KaXXAOro rpy3a ypaBHeHHe ABHXEHHS B BeK-
TOPHOH (hopmMe:
mlé + Nl + T] +FTpl = mlﬁ,
ﬂ‘@é-’- N2 + T2 + FTP2 = ﬂ‘LQC_i.
B npoexuusix Ha ock OX u O’X’ ¢ yuetom toro, uto T = T,

Qi = Gy =@, Frp = Ny, Frpy = PN, ypasHenus npumyT
BHI

mgsina —T — uN; = ma, (1)
T — mogsinB — uNy = mpa. (2)
Uckmouns u3 dopmya (1) u (2) T, naitnem
_ g(mysinot — mg sinB) — W(N) + Ny)
- my + mo ’ (3)

[MockosbKy TpOEKUMst YCKOPeHHsi JIeBOro rpysa Ha ocb OY
ay, = 0, a npasoro Ha ocb O'Y” ay,, =0, 10
Ny —mgcosaa =0, Ny —mggcosp =0.
Otcrona
Ny =mygcosa, Ny = myg cosp. (4)

Us dopmya (3) u (4) vaxoaum:

0= gml(sina—ucosa)—mz(sinﬁ+ucosﬁ), a=47wu/c2

my + mo

101. C xako¥ cpenHelt cusod F [aBHT Ha NJeEYO PYYHOH
nyJeMeT NpH cTpesbbe, ecan macca nyan m = 10.r, ee cko-
pocTb nipu BbiieTe v = 800 M/ ¢ ¥ CKOPOCTPEJIBHOCTD TTyJeMe-
ta n = 600 BbHICTPeNoB B MUHYTY?
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Pewenue CornacHo BTOpoMy 3aKOHY HbloToHa,
FAt = Ap,

rie Ap — M3MeHeHHe UMNYJbca 3a BpeMst At. B npoexuusax Ha
FrOpU30HTa/NbHOE HanpasjeHHe 3Ta QopMyJa NpHMeT BUA
FAt =Ap.

3a BpeMsi Af HMIYJbC NMyJb H3MeHsieTcs Ha Ap = mun.
[MTostoMy, yuuThiasi, uto At = 1| MuH = 60 ¢, HaxonHM:

F = mun/ At, F = 80 H.

102. Ulapuk mMaccor m = 20 r nagaer co CKOpPOCTbIO U] =
= 5,0 M/ C Ha CTaNbHYIO MUIHTY K OTCKAKHUBAET OT Hee B MPSIMO
MPOTHBOMOJOXKHOM HalpaBJeHHH CO CKOPOCTbIo Uy = 4,0 M/ c.
OnpenendTs MOLY/Ib H3MEHEHUS UMMYJ/IbCA LIAPHKA U MOAYJb
CpefiHel CUJbl, IeHCTBYIOUEH Ha LIAPHK BO BPeMs yaapa, ecJiu
coyaapenue anunock T = 1,0 - 1072 ¢. ConpoTHBNeHHEM BO3-
yxa npeHe6peusb.

PeweHue Bubpas Ha-
npasienus oceit OX u OY Tak,
KaK Moka3aHo Ha puc. 37, yka-
K€M BEKTODbI HMITYJIbCA LIAPHKA
o0 4 nocie ynpapa. MameneHue
UMITYJ/IbCA LIAPHKA — 3TO BEKTOP

Y

Ap = pg = p| = muy — myj.

Monynb 3Toro Bekropa

185] = {/(4p,)? + (Ap, )2,

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

Haxonum: Ap, =0, Ap, = muvg, — mvy, = mug + mv| =
= m(v; + vy). CilenoBaTeNLHO, MOLY/b U3MEHEHHS HMITY/IbCa
IIAPHKA.

5] = mloy +0y). (1)

CornacHo BTOPOMY 3dKOHY Hb}OTOHa, H3MEHEHHE HUMNYJIb-
Ca TeJla PABHO UMNYJbCY CHUJIbI. Ha HIApHK llel‘/’{CTBy}OT BO Bpe-

Msl yaapa ABe CHJIbl. CHJA HOpMaJIbHOl/ul PeaKUHUH IJIUTbI F u
CHJl1a THAXeCTH mé HOE)TOMy Ha OCHOBAHHH BTODPOro 3aKOHA
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HbioTona Ap = (f“+ mé)‘c, B npoexuusix Ha ocb OY umeem
m(v| + vy) = (F — mg)t. O1crona

F="0r0) g (2)

[MopcTaBUB YHCJIOBbIE 3HAYEHUS BENHYHH B hopMyJibl (1) 1
(2), noayuum: |Ap| = 0,18 kr - m/c, F = 18 H.

O6paTumM BHHMaHHe Ha TO, YTO MOAYJb U3MEHEHHS HM-
MyJibca |Ap| M U3MeHeHHe MOAYJIsi BEKTOPA p, ONpelessieMoe
KakK Ap = pg — p;, — 3TO pa3Hble BeJHYHHBl. B naHHOM omnbiTe,
Hanpumep, |Ap| = 0,18 kr- M/ ¢, Ap = py — p| = mvy — mv; =
= m(vy ~ vy) = =20 1073 kr - m/c.

103. {llodep aBTOMOGHAST pe3KO 3aTOPMO3MJ NPH CKOPO-
cTH vy = 72 kM/u. Yepes kakoe BpeMsi T aBTOMOOHJIb OCTa-
HOBHUTCS, ecsd Koadduuuent tpenusa p = 0,60? Yemy pasen
TOPMO3HOH NyTb [ aBTOMOGH/IA?

Y /
N
el o
Jij ) |
7 7 ALY X
mg

Puc. 38

Pewenue KoopmHatHyio ocb OX BuifepeM Tak,
uTOGbl BEKTOP CKOPOCTH 7y OBl HANpaB/ieH B CTOPOHY MOJIO-
XKHTEJbHOTO HarnpasJeHus 31oi ocH (puc. 38). Hauano koop-
JHHAT COBMECTHM C TOJIOXKEHHEM aBTOMOOH/Si B TOT MOMEHT,
Korna wodep HaXkaj Ha TOPMO3, H BpeMsi y1eM OTCUMTHIBATD
¢ 3Toro MomeHTa. Torna ABHXXeHHe aBTOMOOHJIS OMUCHIBAETCS
KMHEMAaTHYECKHMH YPaBHEHHAMH:

x = oot + a,t?/2, (1)
U, = Ugy t a,l, (2)

rJle X — KOOpAHHATa aBTOMOOU/IS B MOMEHT BPeMeHH f; g, = vy,
U,, @, — NpoeKUHH Ha ocb OX HavyalbHOH CKOPOCTH, CKOPO-
CTH B MOMEHT { M YCKOPEHHs COOTBETCTBEHHO.

Ha aBTOMOGH/IbL fI€iCTBYIOT CHJIA TSXECTH mg, CHJA HOP-
ManbHOH peakunu N u cuna tpenusi Fr,. CorsmacHo BTOpoMy
3akoHy HbloTOHA, COCTaBHM ypaBHeHHe B BEKTOPHOH dopme:
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o + N +mg=ma,

a notom ans npoexunit Ha ock OX u OY: —F o= ma,, N—-mg=
= 0. OTciofna HaxoauM:

Fyp/m, N = mg.
YuuTbiBas, uTo cuiaa Tpeuus Fo, = N = umg, nonydaem

a, =—ug. (3)

B MoMeHT ocTaHOBKH aBTOMOGHs t =T, v, = 0. Ha ocHo-
BaHuM ypaBHeHusi (2) ¢ yueTom paBeHCTBa (3) nonyuum
0 =vg — pgt. Orcrona

U
ug

B momenT ocTaHoBKH x = [. [logcTaBHB 3TO 3HauyeHHe, a
taxxe (3) u (4) B ypaBuenue (1), naiinem

2

2 2 v .
1=uor—&:vov_0—£(—”°—J = Y0 (5)
2 ug 2 \pg 2ug

[poussens BbluucaeHdsi no dopmyaam (4) u (5), mony-
yuMm: T = 3,4 ¢, 1 = 34 m.

104. I'pys maccoit m = 5,0 kr nepemelaercsi BBEPX IO
HAKJOHHOH IIJIOCKOCTH ¢ yrjoM HaknoHa o = 30° u Kosddu-
urenToM Tpenusa B = 0,05. K rpyay napanienbHo 0CHOBAHHIO
npusaoxena cuaa = 50 H. Haliti yckopenue rpysa.

Pewenue BbobepeM cMcTeMy KOOPAHMHAT TaK, UTOOb
ock OX 6b1a HarnpasJieHa BBEPX BJIOJIb MIOCKOCTH, 2 0Ch oy -
MepreHAKKYJISIPHO ed (puc. 39). Ha rpys medcTByioT cuna
TSOKECTH mg, CUa HOPMAJIbHOH PeaKUHH MIOCKOCTH N, [IpH-

Puc. 39
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noxeHHasi cuna F u cuna tpenusi Frp. Ha ocHoBakmku BTOPO-
ro 3akoHa HeioToHa

F+mg+Fy+N=ma
CocTaBuM ypaBHeHHs 15l poeKUMi cua Ha ocu OX u OY:

Fcoso—mgsino - Frp = ma,, (1)
N -mgsino— Fsina = 0. (2)

W3 ypasuenus (2) Haitnem N = mgcosa + Fsina, Torza
FTp =uN = plmgcosa + Fsina). [TogctaBuM 310 3HaYeHHe
B ypasHenue (1):

Fcosa —mgsina — pu(mgcosa + Fsina) = ma,.
Orciona

a, =g(cosa—usina)—g(sina+ucosa). (3)

OueBHAHO, YTO MpPH BHIOPAHHOH CHCTEMe KOOPAHHAT MOLYJIb
ycKopeHusi a = a,. [1o dopmyse (3) monyunm a = 3,2 M/ c?.

105. ABTOMOOH/Ib HaYMHAET JBHIaThCsl ¢ MaKCHMaJbHbIM
YCKOpPEHHEM M3 COCTOSHHSA TNOKOS BBEPX 10 HAKJIOHHOM mJoc-
KOCTH C YIJIOM HakJ/OHa O ¥ Ko3(ddHUHeHTOM TpeHus W. Ha#-
TH BpeMs T, 32 KOTOpoe aBTOMOOHAL npoineT nyTs . Cuno#
COTPOTHUBJIEHHUS BO3AyXa W CHJOHN TPEHHA KayeHus npeHeob-
peyb.

PeweHune DBrbepem cucteMy KOOpAHHAT Tak, 4TOObI
Hayajo KOOpAMHAT COBIMAajano ¢ TOYKOH, U3 KOTOPOH aBTOMO-
6uab Havas aeuratbes. Och OX HanpaBHUM BBEPX BIOJb IJIOC-
KocTH, a oce OY — nepnenaukyasipio el (puc. 40). Bpems
OyLeM OTCYHUTHIBATL C MOMEHTA Hadaja ABHXKEHHs aBTOMOOH-
as1i. Torna 3aBUCMMOCTb KOOPAHHATHI aBTOMOOHJS OT BpEMEHH
BbIPa3UTCs ypaBHeHHeM x = a,i?/ 2, Tak kak vy = 0. [Ipu ¢ = 1

KOOpAMHATA x = [, nosToMy [ = ax12/2, OTKYyna

1=42/a,, (1)

rie a, — MNpoeKUHs BeKTOpa
YCKOpeHHsl aBTOMOOHIS Ha OCb
OX. DTy npoekuHio Mbl HaliieM
0 BTOPOMY 3aKOHY HbIOTOHA.




Ha aBTOMOGHAbL AeHCTBYIOT TPH NOCTOSIHHHIE CHJIBL: CHAA
TSDKECTH_mg, CHNa HOPMAJbHOK peakuuu onopnl N u cuna
TpeHHs F . B nannom cayuae cuia TpeHHs — 3TO CHJa Tpe-
HUA noxox NeHCTBYIOLIAs Ha BelyllHe Kojieca CO CTOPOHKI
nopory. [IpenaTcTBYys npocKanb3biBaHHIO, 3Ta CHJIAa Hanpas-
JIeHa Brepea ¥ NPHBOAMT B IBHXXeHHE aBTOMOOHJIb, T. €. 3TO H
eCTb TaK Ha3biBaeMasl CHJla TATH. 3aMeTHM, YTO HepeaKO MOX-
HO YCJIbILLIATb OTBET, YTO CHJA TATH AEHCTBYET CO CTOPOHbI ABH-
raTesis, a yKa3aHHas Bhlllle CHJla TPEHHS HaNpaBJieHa MPOTH-
BOITIOJIOXKHO CKOPOCTH aBTOMOGHJSA. JTO, KOHEUHO, HEBEPHO.

CoraacHo BTopoMy 3akoHy HbioToHa,

Fop + mg+ N =ma.
B npoekuusx Ha Boi6paHHble OCH ypaBHEHHS ABHXEHHS
6ynyT UMeTb BHA:
Fy —mgsina =ma,, N-mgcosa=0.
Yuutnas, uro Frp = uN PelIMM OTHOCHTELHO @, MoJTy-
YEHHYIO CHCTeMY ypaBHeHHH M HaiizeM
x = g(ncosa —sina).
[ToacTasus 3T0 3HayeHHe B BhipaxkeHue (1), noayuum

e o1 7
Ye(ucosa —sina) Y glu —tga)cosa

W3 3ol $popMyJIHl BHIHO, YTO aBTOMOOHJIb CMOXET €XaTb BBEpPX
10 IVIOCKOCTH NpPH YCJOBHH tg o < [

106. Ot noespa, uayulero no ropH3oHTaJbHOMY y4acTKy
NMyTH C NOCTOSIHHOM CKOPOCTHIO vg, OTUenHaacs 1 /3 cocTasa.
Uepes HeKOTOpOe BpeMsl CKOPOCTb OTLEMNHBIUMXCS BaroHOB
yMeHblIHJach B 2 pa3a. CuMTasi, 4TO CH/Ia TATH NPH pa3pbiBe
COCTaBa He H3MEHHJIaCh, ONPefeIHTh CKOPOCThb FOJIOBHOH yac-
TH noes3fia B 3TOT MoMeHT. CH/la CONpPOTHBJIEHHS] ABHXKEHHIO
NPONOPUHOHANbHA CHJIE TAXECTH K He 3aBHCHT OT CKOPOCTH.
KoadduuneHT conpoTHBIEHHS ABHXXEHHIO PaBeH OTHOLIEHHIO
MOIYJIi CHJIb COTNPOTHBJIEHHSI K MOAYJIO CHJILI HOPMaJbHOM
peakuHH onopsi.

Pewenue Hapuc 41 cxemarHueckH nokasaHbl noess
Maccoil m, ero rojJloBHas 4aCTb MacCOW /) H OTLENHBIIAACH
4acTb Maccod mo. [TosoXxHTEIbHOE HanpaBJeHHe KOOPAHHAT-
Ho# ocu OX coBnajaer ¢ HanpaBJleHHeM ABHXXeHHs noe3sa,
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ocb OY HampaBseHa BepTHKalbHO BBepX. Bpems Gymem oT-
CYHTBHIBATH C MOMEHTA OTLEIKH.

Mo oTuenky noean e paBHomepHo. Ciie10BaTeNbHO, Bhl-
TIOJIHSAJIOCH YCJIOBHE PaBHOBECHS

F+F. +N+mg=0,

rie F — cuna Tary; F, — cusa CONPOTHBJEHHS JBHXEHHIO;
N — cusia HOpMaJbHOM PeakLMH MyTH; mg — CHJA TSXKEeCTH.
CnpoekrrpoBaB cuis Ha ocH OX u OY, nonyuum: F — F_ =0,
N —-mg=0, otkyna F = F, N = mg.

J1ns1 noeana cuiia CONpoTHBEHHS ABHKeHHo F, = UN = umg,
rie U — Ko3(pPHUHEHT CONPOTHBJEHHS NBHXEHHIO, YUHThHI-
BAalOUIMH CHJIy TPEHHS KauyeHHs, CHJy TPEeHHS Ha OCSiX, CHAY
COMpPOTHBJIEHHS BO3YyXa.

st oTUENMBLIEHCS YACTH CHJIA CONPOTHBIEHHSA Fo = Umy g,
LJIS TOJIOBHOH 4YacTH F,| = wm;g . YuuTniBas, 4To F = pumg,
me =m/3, m; =2m/3, nonydaem:

Fc2 = F/3,
FCI = 2F/3

(1
(2)

Tax kak cHja TATH IpH pa3pbiBe He H3MEHHUAACh, TO TOJIOB-
Hafl 4yaCTh CTa/la ABHMIaTbCsl C YCKOPEHHEM M yepe3 BpeMs f
nocJe OTLUENKH ABHrasach CO CKOPOCTBIO gj, KOTOPYIO MOXKHO

ONpeeIiTb U3 KHHEMaTHYECKOr0 YPaBHEHHA B [IPOEKIIHsIX Ha
ockb OX:

(3)

U] =00t oagty,

roe a, — NpOEKIHs yCKOPEHHS HAa 3Ty OCb.
CocTaBHM Ha OCHOBAHHH BTOPOT'0 3aKOHA HbioTona Ypas-
HeHHe JBHXXEeHHS FOJOBHOM YaCTH:

f?+FCJ+N1+m1§=m5.
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3anuueM ypaBHeHHe B NpoeKUHsx Ha ocb OX:

F = F. = may, i F — %F = %max,
otkyna a, = F/(2m). TlonctaBuB 570 3Ha4eHHe B GOPMYJY
(3), nonyuum

U = +Ft1/(2m) (4)

CocTaBMM Tenepb ypaBHEHHE ABHXKEHHS OTLENHBILEHCS
YaCTH, HAa KOTOPYIO B TOPH30HTAa/IbHOM HaNpaBJeHHH AeHCTBY-
€T TOJIbKO CHJIa CONMpOTHUBJeHHs F.9. CornacHo BTOpoOMy 3a-
KOHY HbloTOHZ, HMINYJbC 3TOH CHJIbl PABEH H3MEHEHHIO HM-
nyJbca Tesa:

Footy = mgug — movy,

rjae Uy — CKOPOCTb 3TOH HacTH B MOMeHT BpeMeHH f;. [lns
npoeKUHr Ha ocb OX ypaBHeHHe OyleT UMeTh BUJ

—Feot = mgug = mavy.
[loacTaBUB B 3TO ypaBHEHHe 3HaueHus mg = m/3, vy = vy/2,
F.o = F/3 u pewns ero, nonyuuM F = muvg/(2¢t). 10 3Ha-
YeHHe MOACTABHM B BolpaxkeHHe (4) u HaigeM vy = 5vg/4.

107. B BaroHe, ABHXYIlIEMCS] TOPU3OHTAJNLHO C MOCTOSH-
HbBIM yckopeHHeM a = 3,0 M/c2, Ha NpoOBOJIOKE BUCHT Ipy3
Macco#t m = 2 kr. OnpenenuTb CHAY HaTsXKeHHs IPOBOJIOKH H
YTroJl ee OTKJIOHEHUS OT BepTHKaJIH. [ py3 OTHOCUTENLHO Baro-
Ha HeNoABMXEH.

P ew e nue Henogsuwxkuywo cucteMy koopauHat XOY
CBSDKEM C peJIbCaMH TaK, UTO NOJIOXKHTENbHOE HanpasJieHHe OCH
OX coBnajaer ¢ HamnpaB/ieHUeM BEKTOPa YCKOPEHHs @, a OCb
OY uanpasuM BepTHKasbHO BBepx (puc. 42). Ha rpys neficTsy-
V) 10T CHJIA TAXKECTH Mg W cuia
HaTsbKeHHs npoBosioku T . Ha
OCHOBAHMHU BTOPOr0 3aKOHA
e Hbiotona T + mg = ma. Co-
. CTaBUM YypaBHEHHs! 1JIsI NPo-
eKkuud Ha ocu OX u OY:

Tsina = ma,
Tcoso—mg = 0.



PeliuB 3Ty CHCTEMY ypaBHEHUH, HaHAeM:

T=m g2+a2, F=21H, (x:arctg?, a=17°.

108. Ulapuk mMaccoit m noaBelwieH Ha HUTH. B HaTAHYTOM
COCTOSIHHH HHTb PaCNOJIOKHJH FOPH30HTAJbHO H OTMYCTH/IH
1wapHK. BhiBecTH 3aBHCHMOCTb CHJbl HAaTsKeHHst T HHTH OT
yria O, KOTOpPbli HHTh 00pasyeT B JAHHBIH MOMEHT C FOPH30H-
TajlbHbIM HanpaeJjeHHeM. J1o BuBeneHHOH (popMyJie HAHTH cUay
HaTsDKeHHS! HUTH JJI CJydasi IPOXOXIEHHUS 11apHKa uepe3
MOJ0XKEHHEe PaBHOBECHS.

Pew e Hue. IlycTe B HekoTO-
pbli MOMEHT IIApPHK HaXOQUTCH B
TOYKe 2 ¥ HHTb COCTaBJseT C FOPH-
30HTaJIbHbIM HanpaBJieHHeM yroJ o
(puc. 43).

Ulapuk aBuxeTCS HepaBHOMEDPHO
MO OKPYXHOCTH, PajiMyC KOTOPOH
pasex miMHe [ HUTH. Ha mapuk ne#-
CTBYIOT CHJIAa HaTsXeHHs T HUTH H
cuna tskectd mg. CornacHo BTOpo- mi
My 3akony HbioTona, T + mg = ma,
roe a — yckopenue. Hampasus och Prc 43
OX u3 TO4KM 2 BLOJIb HUTH K LEHTpPY
OKDY>HOCTH H CIIPOEKTHPOBAB Ha 3Ty OCb CHJIbl H YCKODEHHe,
NoJy4HM ypaBHeHHe

T -mgsina=ma,. (1)

[Ipy HepaBHOMEPHOM ABHIXEHHH 1O OKPY>KHOCTH YCKOpeHHe
a=a, +a,, rie a, — UEHTPOCTPEMHTEeJbHOe (nopmanbHoe)
YCKOpeHHe; @, — KacaTenbHoe (TaHreHUHMa/bHOE) YCKOpeHHe.
Criefl0BaTeNbHO, a, = apy +aqg, . Hoa, = a, =v? /1, a,, =0,
nostomy a, = v2/I, rue v — MOAyJIb CKOPOCTH IAPHKa B TOY-
ke 2. IlogctaBHB 370 BhipaxkeHue B ypasHenue (1), nosydnm

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

CkopocTb WIapHKa B TOYKe 2 ONpenesuM, HCNoJb3ys 3a-
KOH COXPaHEHHsl MeXaHHuYeCKOH 3Hepruu. Yposenb AB ort-
cyeTa MOTEHUHAJbHOH 3Heprud Boibepem Tak, 4TOObl OH
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npoxouds yepesd Touky 2. O603HauuMM A BLICOTY TOUKH | Han
ypoBHeM AB.
CoryiacHo 3aKOHY COXPaHEHHS MeXaHHUeCKOH 3HEePTHH,

Eq + Ep = Egp + Epg, (3)

rae Ep) = mgh, Eyp = 0 — noTeHuuansHas 9Heprm{ ma HKa B
Tquax In?2 COOTBETCTBeHHO Ey =0, Ep =
KHHeTHYeCKasl SHeprusl IapHKa B Todkax / 1 2 COOTBETCTBeHHO

YuuTeiBasi, uTo A =/sin@, Ha ocHoBaHWH paBeHcTBa (3)
nosydaem mglsina = mo? /2, oTKyna

v?/l=2gsina.

[onctaBus 3To 3Hadenue B opmyay (2), nosyuum Uckomyo
3aBHCHMOCTb CHJIbI HaTsKeHHs T oT yrsa o

T =3mgsina.

B 4aCTHOCTH, NMPH NMPOXOXK/CHHH IIApHKa Yepes nosoxe-
HHe paBHoBecus (Touka 3) o = 90°, mostomy T3 = 3mg.

109. Hlapyk, npuKpenJeHHbIH K HEBECOMOH H HePaCTsIKH-
MOH HWTH, ABHXKETCS B TOPH30HTA/JBbHOM IIJIOCKOCTH IO OK-
PY>KHOCTH C TMOCTOSIHHOM CKOPOCTbIO (KOHMUECKHH MasTHHK).
PacctosinMe OT TOYkM nojBeca [0 TFOPU3OHTANBHOH MJIOCKO-
CTH paBHO A. HaliTu nepuon obpaiueHus uapHxa.

Pewenue. Ilycth @ — yros, cocTaBisieMbld HUTBIO C
BepTHKanbio (puc. 44). Ha wapuk nefcTBYIOT ABE CHJIbL: CHJIA
HaTsDKeHHst HUTH F ¥ cusia TsKecTH Fp = mg, rie m — macca

wapuka. HanpaBuMm KoopauHaTHYIO

Z : ocb OX BHOJb pajuyca K LUEHTPY OK-
pyxHocTtH Oy, a ocb OY — BepTHKaJb-
Ho BBepx. [lo BTOpOMY 3akoHy Hblo-
TOHa

F+mg =ma,

Ty

rae a — uempompemmenbﬂoe yCKo-
penue. Ero monyss a = v2/R, rae v —
0§ _— JIMHEHHas CKOPOCThb lIapuka; R — pa-
m7 AHYC OKPYXHOCTH.

Hns npoexkuu# Ha ock OX noay-
\ 4HM

Puc 44 Fsina = mv?/R. (1)
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Bnosab ocu OY yckopeHHs HeT, TO3TOMY CyMMa NMpPOeKUHH
CHJ Ha 3TY OCb paBHA HYJIO:

Fcosou—mg =0, unu Fcosa = mg. (2)

Paszpenus nounenso paseHcTtso (1) Ha paBencTso (2), mo-
JIY4YHUM

tg o = 0% /(gR). (3)

JluHe#Has CKOpOCTb wapuka v = 2R /T, rae T — nepuon
obpauienus. [logctaBum 370 3Hauenue B popmyay (3):

tg o= 4n’R/(gT?). (4)
C npyro# CTOpOHbI, KaK BUAHO H3 pHC. 44,
tgo=R/h. (5)
W3 popmyan (4) u (5) nonyuyaem
R/h = 4n*R/(gT?),

OTKYJa HaXOIHM HCKOMbIH MepHOM 06palLeHHS:
T =2nJh/g.

[TonyyeHHBIH pe3yJ/bTaT MOKa3biBaet, 4To nepHoA obpalue-
HHSl KOHHYeCKOr0 MassTHUKA 3aBUCHT TOJIbKO OT PAaCCTOSIHUA A
MeXK1y MJIOCKOCThIO BPalleHHs U TOYKOH IMOABECA ¥ OT YCKO-
peHusi cBOOOJAHOrO NajleHHst @ U He 3aBUCHT OT AJIMHbI HHUTH,
Macchl LIapUKa, paguyca OKPYMKHOCTH Y JIMHEHHOHW CKOPOCTH
LI1apHKa.

110. Tarx maccoit m = 5,0 - 10% kr gBHKeTCS MO MOCTY
paBHOMEpHO co ckopocTbio U = 10 mM/c. Paguyc KpuBH3HBI
mocta R = 500 M. Hafitu cusy, ¢ KOTOpO# TaHK HelcTByeT Ha
CepeNHHY MOCTa, eCJH MOCT: a) BOTHYTbIH; 6) Boimykablid. C
KaKOH CHJION AeHCTBOBaJ Obl TaHK Ha MJIOCKHH MOCT?

Pewenue HaTaHk LeACTBYIOT Be CHJIBL CHJIA TSAXKECTH

F, = mg u cuna HOPMaJIbHOM PEaKUMH MOCTa, KOTOpas paBHa
B 1IepBOM CJlyuae Ny (puc. 45, a), Bo sTopom Ny (puc. 45, 6)
n 8 TpetseM N3 (puc. 45, 8). COracHO TpeTbeMy 3aKOHY

Heiotona, cuna F, ¢ KoTopo# TaHK JEHCTBYET Ha MOCT, NO

MOIYJII0O DaBHa CHJIe DeaKLHHd MOCTa M HallpaBJieHa BepTH-
KaJbHO BHH3.
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mj )
Y
Puc. 45

Cusy peakuuy MOCTa B KaX<IOM cJy4yae HalleM H3 BTOPO-
ro 3axoHa Hoiorona. [1prMeM 3a Hayano KOOpPAMHAT BEPXHIOKW
TOYKY MOCTa W HampaBuM ocb OY B cayuaax «a» H «6» K
LeHTPY OKpyxHocTH O M B cJydae NJIOCKOr0 MOCTa BepTH-
KasabHo BBepx. CocTaBHM, COrJIacHO BTOpPOMY 3aKoHY HbloTo-
Ha, YpaBHEHHs! B BEKTODHOH ¢opme:

N1+m§=mc_il, N2 +m§=mﬁg, N3 +ﬂ‘lé=0,

rae g, a; — UEHTPOCTPeMHTeNbHOe ycKopeHHe. [lo MomyJo
a; = as = v2/R. B npoexuusx Ha ocb OY umeem:
mu? mv?
Nl mg = ,mg NQ R,N3—mg=0.

OTciona HaxoAMM:
2
N =m[g+%], Ny = [g-—) N3 =mg.

C TakuMH XKe n_o MOAYJIIO CHJIaMH TAHK ﬂeﬁCTByeT Ha MOCT:
Fy =N, =50 10H, Fp = Ny = 48 - 10% H,
F3=N3=49' 104H

OTMeTHM, UTO U B ciayuae «O» (MOCT BbmyKJlbu?I) MOXKHO

6b10 6bl ocb QY HanpaBuTb BBepX. Toraa mjs NpoeKUMH Ha
3TY OCb MOJNY4YHJH 6bl ypaBHeHHE

Ny — mg = -mv? /R,
KOTOpPO€ PABHOCHJIBHO NpHBEACHHOMY BbIlIE.
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111. Ha ckosmbko noskeH ObiTb MOZA-
HSIT BHEIUHHH PeJsbC HaJl BHYTPEHHHM Ha
3aKpYTJIEHHH JKeJIE3HOLOPOXKHOIO IYTH,
uToObl GOKOBOE faBJieHHe Ha peOOphbi
kosec (BbICTynawowas 4acTb 060aa Ko-
Jleca, KOTopasi IpefloXPaHseT ero oT CXo-
Jia C pesbca) ObI0 PaBHO HYJIIO, ECJIH Pa-
auyc saxkpyrienus R = 800 M, cxopoctb
noesna v = 72 km/4? 1upuny [ Koseu
YKeJIE3HOH JIOPOTH CYUTATb paBHOM 1,5 M.

Pewenue. Korna6oxosoe nasie-
HUe Ha peGOPAbl KOJIeC Ha 3aKPYIJIeHHH Puc. 46
OTCYTCTBYET, Ha BaroH lleHCTBleT nBe
CHJIBI: CHNa TSKECTH Fp = mg W CHA PeaKUMH DeJibCOoB N
(puc. 46). KOOpllHHaTHle ocb OX HampaBHUM K LEHTPY 3aKpyr-
Jenusi, a ocb OY — BePTHKAJLHO BBEpX.

CorniacHo BTOpoMy 3akoHY HbloTOHa,

N+ mg =ma.
B npoekuusix Ha ocb OX umeeM
Nsina = mo? /R, (1)

Urobbl HaliTH N, nipoekTHpyeM cHibl Ha ock OY o, yddTbIBas,
yto a, = 0, nonydaem N cosa — mg = 0, otkyna N = mg/cos o.
[MoacTaBuM 3To 3HaueHue B ypaBHeHue (1):

mgsina _ g2
cosa R
Otcrona
2 2 30
tgo =5 gR’ —arctggR, o = 3°.

BreluHu# penbe 1o/KeH ObITh NOAHAT Ha BBICOTY A = [sin o,

=75 cMm.

112. Hebosblioe Teno HAUMHAeT COCKasb3bliBaThb 6e3 Tpe-
HHUS BHHU3 ¢ BbIClIel TOYKH nosaycdepsl panuyca R. Ha kakon
BbICOTE OHO OTOPBETCS OT [OBEpPXHOCTH mosycdeps? Conpo-
THBJIEHHE BO3[lyXa He YUHThIBATh.

Pew e Hue Korna reno nBuxercs 6e3 TpeHHs IO MO-
BEPXHOCTH, NI0JyCdephl, Ha HEro AeHCTBYIOT JBe CHJBL CHJA
TSXKECTH F, = mg M CHJIa peakuuH onopbl N (pHC 47).

Bropo# 3akon HeloTona 3anuiem Tak: mg + N = ma, rae
@ — YCKOpeHHe B JaHHOH TouKe TpaeKTopud. Hanpasum ocb
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Puc 47

OX v3 3TOH TOUKM IO paiMycy K LeHTpy noJaycdeps. s
NPOEKLMH CHJ H YCKODEHHS Ha 3Ty OCb TIOJYyYHM

mgcoso— N =ma,.

[Tpy yxasansom Hanpasaenud ock OX npoekuus a, ycKo-
PEHHS @ PABHA MOLYJIIO0 LEHTPOCTPEMHTeNbHOro (HOpMasbHO-
ro) yCKOpeHHs: a, = a, = v*/R, rie v — MOLyJib CKOPOCTH
Tesa B Touke O. CneoBaTeNbHO,

mgcoso— N = mv® /R.

B momenT oTpniBa Tesa ot noaycdepst N = 0, nostomy
mg cosa = mv? /R, oTkyna

gRcoso = v2. (1)

[lpyHHMas Bo BHUMaHHe, yTo Rcoso = A, dopmyay (1)
MOXHO 3alHCaTh TaK:

gh = v?. (2)

Jlnst HaX0XeHUsI CKOPOCTH U B MOMEHT OTPbiBa BOCIIOJb-
3yeMCsl 3aKOHOM COXPaHEHHs MeXaHHYecKOH >Hepruu. Ypo-
BeHb BC oTcyeTa NoTeHUHANbHON 3HEPrHH BbIOEpeM NpOXous-
wuM depe3 Touky O. [TockonbKy HavyanbHasi CKOPOCTb Tesa
paBHa HYJIIO U TPEHHE OTCYTCTBYET, TO [IOTEHLHaJIbHas 3Hep-
THS TIOJIHOCTBIO MEPEXONHT B KHHETHUECKYIO:

mg(R — h) = mv2/2.

Otciona 2g(R — h) = v2. IToncTaBuB 370 3HaueHHe v2 B HoOp-
myay (2), noayyum gh = 2g(R — h), otkyna h = 2R/ 3.
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113. [lnsi moaroToBKH JeT- vy -
YHKOB-KOCMOHABTOB K Ilepe- w
rpy3KaM [IPHMEHSIIOT CllelHalib-
Hble ueHTpHdyru. Tlpr Kakoi
YacToTe BpaLUeHHsi LUeHTPHDY-
rd paguyca R = 5 M cnMHKa ¢ }

CUlIeHbA NaBHT Ha JleT4uka ¢ % X
TaKOH >Ke CHUJI0H, KOTOpasi BO3- g
HHUKAeT MpH YCKODEHHH pake-

THl @ = 3g°?

Pewenue HarTenosn Puc 48
pakeTe, IBHXKYLIEHCH BepTH- .
KaJbHO BBEPX C YCKOpeHHeM a = 3g, NeHcTBYIOT cHaa F,
HallpaBJIeHHasi BePTHKAJbHO BBEDX, M cHJaia TskecTH mg. [To
BTOpOMY 3aKOHY HbloTOHa

™y

F + mg = ma.
YpaBHeHHe mast npoekuu# Ha ocb OY, mosoXKHTenbHOe

HarpaB/ieHHe KOTOPOH COBMAjaeT C HampaBJeHHEM YycCKope-
HHA a, uMeet Bul F — mg = ma, oTKyda

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

[Ipu BpameHHH UeHTPH(YrH cuna F, ¢ KOTOPOH CHHMHKA
CHIIeHbs 1aBHT Ha JeTuuka (puc. 48), coobluaer eMy ueHTpO-
cTpeMHTesbHOe ycKopeHue. Ha ocHoBaHuu BTOpOro 3akoHa
HbloToOHa, npoexTupys cuabl F U mg Ha ocb OX, umeeM

F = mo?R, (2)

Ile ® — yraoBast CKopocTb. OHA CBS3aHA C YaCTOTOH Bpalle-
HUS 7 COOTHOLLEHHEM
® =27, (3)

[Monctasus 3nauenus (1) u (3) B ypaBuenue (2) u pewns
€ro OTHOCHTEJILHO 11, TIONYYHM:

=LJ§ =05 ¢!
n=-—\ygp n=05c

114. Bo cko/abKo pas neproj o6pallleHHsi HCKYCCTBEHHOTO
CIIYTHHKa, COBepILUAIILero ABHXeHHe N0 KpyroBo# opbuTte Ha
BHICOTE A Haj MOBEPXHOCTHIO 3eMyH (papdyc 3eman R), npe-
BbIIIAET INEPHOJ CIYTHHKA, oOpallalollerocst B HENoCpPeacT-
BEHHOM GJIM30CTH OT ee ToBepXHocTH (A= ()?
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Pewewnwue BnepsoM ciyyae CnyTHHK ABHXKeTCS MO
OKPYXHOCTH panHyca R + h. Monynb yCKOpeHHS CIHYTHHKA

a= u)IQ(R+h),

e @) — YrJoBas CKOPOCTb. JTO YCKOpPeHHe coobuiaet cnyT-
HHUKY CHJIa TArOTeHHs1 3eMJIH, HalpaB/leHHas K ee LEeHTpY.
Monysb 3TOH CHIBI

mM
F=G
(R+h)*’
rie G — rpaBHTalUHOHHAs MOCTOSIHHAS; M — Macca CHYTHUKA;
M — macca 3emiH. _

ITo BTOpoMy 3akoHy HbloTona F = ma. CnenoBaTesbHO,
IJ1sl TIPOEKUKMHE Ha OCb, HANpPaB/JIeHHYIO K UEHTPY OPOUTHI, HMeeM

mM

R+mE = m(olQ(R+h). (D

[lepuon obpaiwieHus T cBA3aH C YIJOBOH CKOPOCTbIO CO-
oTHoweHnneM o = 21/ T|. [lofcTaBHB 3TO 3HauyeHHe B ypaB-
nenue (1), moayuum

M 4n’(R+h)

G(R+h)2“ T2 (2)

Bo BTOpOM cayyae cHYTHMK ABHXKETCS MO OKPYXXHOCTH,
paanyc KOTOpoM NpHOJH3HTEeNbHO paBeH paauycy 3emad R.
Paccyxnas aHanornyHo, nosydyaem ypaBHeHHe

2
G5 = —4’;22’?. (3)

Pazjienus nouneHHo ypasHenue (3) Ha ypasHenue (2),
6yneM UMeTb

(R+n)? _ TR
R? THR+h)

3
Ti
L= (1 + i) :
Ty R
115. McKyccTBeHHBIH CYTHHK 3anylieH B MJIOCKOCTH 3€MHO-

ro 3KBaTopa Tak, YTO BCe BpeMs HaXOAUTCS Hal OTHOH H TOH XKe
TOUKOM 3eMHoro wapa (reoctaunoHaprblét cnyTHHK). HaiiTu
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pacCTosiHHe OT NOBEPXHOCTH 3eMJH [0 CMYTHHKA. Y CKOpeHHe
cBOBOIHOrO MafeHHs y noBepxHocTH 3eman g = 9,8 m/ c?. Pa-
mnyc 3eman R = 6370 xm.

Peuwenwune Ilyctb r — paccTosiHHe OT LIeHTPa 3eMJIH [0
CMYTHHKA, /m — Macca cnyTHUkKa. ‘CHJa TAroTeHus coobuwaer
CNYTHHKY LEHTPOCTpeMHTeNbHOe ycKopeHHe. Ha ocHoBaHuM
BTOpOro 3akoHa HbioToHa

G"i—éw = mo?r, (1)

rie G — rpaBUTAaLMOHHAA NOCTosiHHasA; M — macca 3emJy;
® — yIJI0Basi CKOPOCTb CITyTHHKA.

CnyTHHK Bce BpeMs HaxXOAHTCS Haj OQHOH M TOH XKe TOU-
Ko# 3eMHoro miapa. CJieoBaTe/NbHO, YIJIOBAasi CKOPOCThb CMYT-
HHMKA paBHa yIJIOBOH CKOPOCTH BpalleHHs 3eMJH BOKPYT CBO-
el ocH:

o=2r/T, (2)

rae T = 24 4 — nepuoj BpauleHus 3eMJH.
[onctasus 3Hauenue (2) B ypaBuenue (1), nonyyum
M 4n?r
YMHOXHB W pa3flesluB JIEBYIO YaCTb 3TOTO BbIpaXKeHHUs Ha
R?, 6ynem UMeTb

2
GMR—Q—ﬂ
r

R? T2
M _ gR? 2
Tak kak GF =g, To gr—2 = %, OTKYyna

_ geT’R?
r = 41t2 .

CienoBaTesbHO, pacCTOsiHHE OT HOBEPXHOCTH 3eMJH [0
CIyTHHKa

gT2R?
h=r-R={",7 -Rh=32"107w
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3agaun anst CaMOCTOATENbLHOMO peLleHUs

116. Cxopoctb moesga Maccor m = 500 T npu TOpMOXNKe-
HHUM YMeHbllUaeTCs B TeueHne T = | muu oT vy = 40 kM /4 110
vg = 28 kM /u. CunTasi yCKOpeHHe M0e3/a OCTOSHHBIM, Hak-
TH CHJIy TOPMOXKEHHS.

117. Cuna F = 30 H npunoxena k teny Maccod m = 5,0 xr
noa yrjiom & = 30° K ropH30HTY. TeJsio ABHXKeTCS 110 TOPHU30H-
tanbHOH maockocTH. Kosdduument Tpenus = 0,20. Boruuc-
JHUTb CKOpPOCTb Tesa yepe3 ! = 10 ¢ nocse Haua/na AeHCTBHSA
CHJbl M MyThb, NPOHAEHHBIH 332 3T0 BpeMs. HauanpHasi cko-
pocTb Tena vy = 0.

118. [IBa mpHBsi3aHHBIX K KOHLAM HHUTH OpyCKa, Macchl
KOTOpBIX M) = 0,5 kr 1 my = 0,3 Kr, ABHXYTCS N0 rOpH30H-

TaJbHOH NMOBEPXHOCTH INOJ AeHCTBHEM FOPH3OHTANBHOHN CHJIbI
F =4 H, npunoxeHHo# Ko BTopomy 6pycky. C Kak1UM yckope-
HHeM ABHXKYTcs O6pycku? KakoBa cHsa HaTsKeHHS CBA3bIBAIO-
el uX HUTH? KoshduuueHT TpeHHs Mexxay 6pyCKaMH H IJ1oC-
KocTbio L = 0,1.

119. Teno maccout m = 20 xr TsHYT ¢ cunodt F = 120 H o
FOPH30HTaNbHON TOBEPXHOCTH. Ecau 3Ta cuna NpUoxKeHa NMox
yraoM o = 60° K TOPH3OHTY, TO TeJsIO ABHXKETCS PaBHOMEPHO.
C KakK1M ycKopeHHeM 6yleT IBHraThCs TeJo, eC/IH Ty XKe CHay
TMPHJIOXHTb TMOL YoM oy = 30° K ropH3oHTY? YcCKopeHHe
cBobonHoro nageHust g = 10 M/ c2.

120. Ha Ten0 Maccoit m B TeyeHHe BpeMeHH f IeHCTByeT
MOCTOsIHHAs CHJa F, HampaBJeHHast ropH3oHTa/lbHO. Kosg-
(HLUHEHT TPeHHs TesJa O FOPU3OHTANbHYIO MOBEPXHOCTb, Ha
KOTOPOH OHO JIeXHT, paBeH {. Kako# myTs npodaer tesno a0
ocTaHoBKH? HauanbHas CKOpOCTb Tes1a PaBHA HYJIO.

121. Teno maccoit m = | kr 6pomeHo NOA YIJIOM K IOpH-
3omy B HauBBICIIe! TOUKE TPaeKTOPHH yCKopeHHe Tes1a Gblio

12 M/ c2. Kaxast cuna COMpOTHBNEHHS AeHCTBOBana B
3TOT MOMEHT?

122. Haiith yckopeHHe Tesll M CHJBl HaTSXKEHHS HHTEH B
ycTpoHcTBe, H300paxkeHHOM Ha puc. 49. Maccel Ten: m; =
=100, mg = 300 r. Macco# HuTel, 6JOKOB H CHIOH TpeHHs
npeHebpeusb.

123. [Ise rupu maccamu m; = 4,0 xr u mg = 3,0 kr
NozBelleHbl Ha KOHLAX HePacTSAXHMOH HHUTH, MepeKHHYTOH
yepe3 HemoABHXKHBIK O/0K. MeHbluas rHps HaXOAHTCH Ha
h = 2,8 M HuxKe, yeMm Gosbiasn (puc. 50). OnpenenuTsh ye-
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iz wiy iz,

m

m,
m, 7

Puc. 49 Puc 50

pe3 Kakoe BpeMS FHPH OKaXyTCfl HA ONHOH BHICOTE, €CJH
IaTb UM BO3MOXHOCTb ABHTaTbCs 6€3 HAaYaJbHOH CKOPOCTH
NoA AeHCTBHEM CHJ TsKecTH. Maccoll HUTH u 6s0Ka npe-
He6peub.

124. Teno maccont m; = 3,0 KI CKOJb3UT NO FOPHU30OHTAJIb-
HOHM TJIOCKOCTH MOA AeHCTBHeM rpy3a maccon mo = 1,0 kr,
NIPHUKPENJIEHHOTO K KOHLY HepacTskuMol HUTH. Hutb npuss-
3aHa K TeJy Maccoi mj ¥ NepeKHHYTa yepe3 HeNoJBHKHbBIH
6s0K. OnpenenuTb ycKopeHHe CHCTEMbl H CHJIY HaTsXKeHHs
HUTH. TpeHHeM, Maccolt 6J10Ka U HUTH npeHe6peUb.

125. JlBa rpy3a MaccaMH mj ¥ Mg, COeJMHEHHBIX HeBeCo-
MOH M HEPACTSXKHMOH HUTBIO, ABHXKYTCS N0 [VIAIKOH MJIOCKOC-
TH. Korza cuna £ = 100 H 6rna npuioxkeHa K npaBoMy rpy3y
Maccod mg, CHJa HaTsKeHHsl HUTH T 6bia paBHa 30 H. Ka-
KOH 6yleT CHJIa HATSXKEeHHS HHUTH, eCJIH CHAY F MpUI0XKUTE K
JIeBOMY Ipy3y?

126. Kakas Tpe6GyeTcsi cHJa, UTOOb CTalbHOH CTEpIKEHb,
AnuHa Kotoporo [ = 1,0 M M nJiowwasb nonepevyHoro ceyeHus
S = 1,0 em?, yanunuTth na Al = 1,0 Mm? [1py Kakoil HaHMeHb-
LLIed CHJle CTepXKeHb Pa3opBeTCs, ey Npefes MPOYHOCTH CTAJH
Opp = 7,85 - 108 I1a? Monynb IOnra cranu E = 21,6 - 1010 11a.

127. BepTHKaJbHO CTapTylOllasi pPakeTa Pa3BHBaeT CHJY
TArt F B TeyeHHe BpeMeHH T, 3aTeM [BHUraTesb BLIK/IOUAET-
csi. OnpeflennTb, yepe3 Kakoe BpeMs [o0CJe CTapTa pakeTa
BepHeTcs Ha 3eMato. Macca pakeTsl m, ee U3MeHeHUe He YUH-
TbiBaTh. CONPOTHBJIEHHEM BO3/lyXa H H3MEHEeHHEM YCKOPEHHS
cBOGOLHOrO MafeHHs C BLICOTOW npeHebpeub.
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128. TpakTop, ABHrasich B ropy ¢ yr/OM HaK/JOHA O, TSHET
caHu Mmaccoyt m. Ha nyTu s CKOPOCTb CaHe#l YBeJHYHBaeTCs
OT Uy A0 . CuMTasg KOI(PPHUUMEHT TPEHHS CaHeH O LOpory
paBHLIM [L, HAUTH CHJY THATH.

129. OnpenenuTbh Maccy rpysa, KOTOPbIH HY>XHO COPOCHTD
¢ aspocrata Maccoit M = 1100 Kr, ABHXKy11erocs paBHOMEpPHO
BHH3, 4TOGHI A3pPOCTAT CTaJ JBUIaTbCA € TAKOH XKe 110 MOAYJII0
CKOpOCTbIO BBepX. ApXHMe0Ba CHJIa, AeUCTBYIOLIAsA Ha a3po-
ctar, Fp =1+ 104H. Cuny conpotus/ieHHst BO3yXa [IPH MOLbe-
Me H CIyCKE CUMTATb OAWHAKOBOH. YCKOPeHHe CBOOOAHOro
nagenus g = 10 m/c2.

130. K rpy3y maccoit m; = 20 kr, HaxoAsfleMyCsl Ha Ha-
KJOHHOM TJIOCKOCTH, NMPHUBSI3aH IIHYP, KOTOPbIA NE€pPeKHHYT
yepe3 6JI0K, 3aKpeNJeHHblH B BePUIMHE IJIOCKOCTH, K APYTOMY
KOHIly UIHypa NojBelleH rpy3 Maccod mg = 4 kr. C Kakum
yCKOpeHHeM OYAyT ABUraThbCsl IPy3bl, €CJIH YroJl HaKJIoHa J10C-
koctd o = 30°? Kosadduunent tpenus U = 0,2. Maccoun
IIHypa K 6Ji0Ka npeHe6peyb.

131. Uepes HeBecoMblfl 6/10K, KOTOPbIH MOXeT BpallaTbCs
6e3 TpeHHs BOKPYT HENOABHXXHOH FOPH30HTAIbHOM OCH, Mepe-
KHHYJIH HEBECOMYIO H HepacCTSXXHMYIO HHTb, K KOHUAM KOTO-
poil mozBecHM ABa rpy3a (cM. puc. 50). [1pu kakoM OTHOLIE-
HMM MacC 3THX IPY30B CHJa, AEHCTBYIOIAs Ha OCb 6.0Ka,
OyzneT paBHa CHJe TSXKeCTH, AeHCTBYIOIEH Ha rpy3 6osblUIel
Macchl?

132. K 6pycky Maccon m; = 2 Kr, JexaleMy Ha cToJe,
NpHBsA3aHa HepacTsXKHUMas HUTb. KO BTOPOMY KOHLY HHTH,
NePeKHHYTOH uepes yKpelJIeHHbIH Ha Kpai CToJja 6JI0K, IIpH-
Bfi3aH rpy3 Maccoit mg = 0,5 xr. Onpenenuts Ko3pdHLHEHT
TpeHHs O6pycKa 0 .CTOJI, €CJIH, ABUrasich 6e3 HadaJbHOH CKOpO-
CTH, 6pycoK 3a Bpems { = 2 ¢ npotwes nyTb s = 1 M. Macco#
HHUTH, 6J10Ka M TpeHHeM B 6s10Ke npeHebpeyb.

133. K KoHIIaM HepacTsXKUMOH HHTH, NePEKHHYTOH uepes
HETIOABHXHbIM OJIOK, IPHUKPENJIeHbl THPH MaccaMu m| = | Kr
1 mo = 2 kr. O6e THpH ABKXYTCA ¢ ycKopeHHeM a = 3,27 m/ c2.
Haiith yckopenue cBO60OLHOrO majgeHHs Jisi JaHHOTO MecCTa.
Maccoit HuTH, 6710Ka U TpeHHeM B 6JI0Ke npeHeGpedb.

134. Ha KoHLax HepacCTSXKMMOM HHTH, IEDEKHHYTOH yepe3
HEIOABHXKHHIA 6JI0K, NojBelleHk! TeJa Maccod m = 240 r Ka-
xpoe. Kakyio Maccy po/keH uMeTb 100aBOYHBIN Ipy3, MOJO-
XKEHHBII Ha OJHO M3 TeJ, 4ToObl KaXKJ0€e U3 HHUX MPOULIO 3a
Bpemsi { = 4,0 ¢ nyTb s = 160 cM? Maccoit HUTH, 6J10Ka U
TpeHHeM B 6J10Ke npeHebpeus.
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135. Yepes spamdomyicsa BOKPYr TOPU30OHTAJIbHOU OCH
6JI0K NepeKMHYTa HeBecoMasi HEPACTSKHUMAast HUTb, K KOHLAM
KOTOPOM npuBs3aHsl rpyssl m| = 0,5 kr u my = 0,6 kr. Haiitu
CHJY, C KOTOPOH OJIOK AaBHT Ha OCb IIPH JBHXXEHHH TPY30B.
Maccoit 650ka ¥ TpeHHeM B 6y10Ke npeHebpeus.

136. UeioBek nepefBUraeT rpy»<eHbie CaHH C NOCTOSTHHOM
CKOPOCTbIO C IOMOLIbIO TBEPIAOrO CTEPXXHS, COEMHEHHOro ¢
CaHSIMH M PaCcnoJIoXXeHHOro nox yriom o = 30° K rOpH30HTY.
OnnuakoBbie M cuabl £ U F9 HYXKHO NPHUJIOXHUTb K CaHAM
VISl MX TIepe/IBHXKEHHS, eCJM HX TOJKaTb nepej coboi HaH
TAHYTb 32 co60i? Bo ckonbKo pa3 oana cuia 6oJbiue Apyroi?
Koadduuuent tpenus canent o gopory p = 0,10.

137. Illapuk Maccod m npukpe- .

NJeH ABYMS HPITS({MH ozlma)axosoﬁ T”

IVIHHBL K jpocke (puc. 51). Yroa -
MeX1y HUTAMH o . Kakumu 6yayT W/ﬁ
CHJ/Ibl HaTsXXEHUS KaXAOH HHUTH,

ecand [0CKa, OCTaBasicb FOPH3OH-

TaJbHOH, CTaHeT ABUraTbCs BBEPX

C YCKOpeHHeM a? «

138. T'opu3oHTanbHas cTpys
BOIbl YIAPSETCS O BEPTHKAJIbHYIO
creny. Ilocne ynapa Bona crekaet Puec 51
no cteHe BHU3. Halit cuay, ¢ ko-

TOPOH CTpys JeHCTBYeT Ha CTEHY, €CJH IJIOL@lb NoNepeyHo-
ro ceuenus ctpyu S = 5 cm? a ee ckopocth v = 8 m/c.
[TnoTHOCTB BOABLL p = 1 - 103 Kr/M3.

139. Mertannnuecku#t wapuk maccoit m = 20 r, cBo60AHO
najaolini 6e3 Ha4aJbHOM CKOPOCTH C BHICOTHI £ = 1,3 M, ynapsi-
eTCsl YIPYro O FOPU30HTAJIBHO PACOIOXEHHYIO CTANBHYIO -
TY ¥ OTCKaKWBaeT OT Hee B IPOTHBOIONOXKHOM HaIlPaBJeHHUH C
TAKOM >Ke M0 MOAYJII0 CKOPOCTbI0. HaliTH cpenHIon cuily, ¢ KOTo-
pofl WapHK AeHCTBOBAJ Ha IIMTY, €CJH IPOAOKHTENbHOCTD
yaapa t = 0,10 c. ConpoTuB/eHHe BO3yXa He YUHUTHIBATD.

140. ABTo6yc maccot m = 4 T TporaeTcsi C MeCTa U Ha
nytd [ = 100 M npuobperaet ckopocth v = 20 m/c. Cusa
tard F = 10 xH. Haliti cuny conpoTuB/ieHHs ABHXXeHHIO,
CUHTas ee NOCTOSHHOH.

141. Tlpu 6bICTPOM TOPMOXKEHHH aBTOMOOHJIS, HMEBLLUErO
CKOpOCTb ¥ = 72 KM/4, €ro Koseca HayajH.CKOJb3HTb 110
3emae, He Bpaliaschb. KoahppULHEHT TpeHHsS MeXIy KonecaMu
u 3emaer p = 0,40. Kako#t nyTb npoiaer aBToMo6uab ¢ Mo-
MEHTa Hauyana TOPMOXEHH$S 10 MOJHOH OCTAHOBKH?
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142. ABtomMo6usib HayasJ ABHUratbcsl ¢ YCKODEHHEM 4
3,0 M/c2. Ilpu cxopocTH v, = 60 kM/u ycKopeHHe a)
1,0 m/c2. C Kaxo# CKOPOCTbIO 6yneT ABHMIaTbCsl aBTOMO-
6uJib IPH PABHOMEPHOM [IBHXXEHHH, €CJIH CHJIa TATH ABHraTe-
JIsl TOCTOSIHHA, a 0611ast CHJla CONPOTHBJEHHS ABHXEHHIO NIPO-
NOPLHOHANbHA CKOPOCTH?

143. C xakoii MHHHMAaJbHOH CHJIOH HYXXHO TSIHYTb 3a Be-
peBKy, 4ToObl caHku Maccokt m = 30 Kr paBHOMEPHO ABHra-
JIUCb 110 TOPH30HTANbHOMY ac(abTy, eciu KOO HUUHMEHT Tpe-
HHS CKOJIbXKeHHs noJo3beB no acganpty B = 0,607

144. K 6pycKy maccoil m = 5 KT, KOTODbIH JIEXKHT Ha [OPH-
30HTAJIbLHOH TJIOCKOCTH, NMPUJOXKeHa mog yraom o = 60° x
FOPH30HTY CHJIa, MOIYJb KOTOPOKH BO3pacTaeT NPONOPLHOHAb-
HO BpeMeHH 1o 3akony F = kf, rne k = 3 H/ c. Haiitu Moay.ib
CHJIbl TPeHHS Yepe3 { = 4 ¢ nocJie Havasa AedcTBus cuibl. Koag-
(hULHEHT TpeHUs Mex1y 6pycKoM M niockocTbio i = (,3.

145. K KoHLAM OAHOPOLHOTO CTEPXKHS HPHJIOXKEHHl 1Be
TIPOTHBOIOJIOXKHO HanpasneHHble cHibl £ =40 H u Fy = 100 H.
OnpenesuTb CHUy HaTSDKEHHS CTEPXKHSI B MONEPEeYHOM ceye-
HHH, KOTOPOE JEJIHT CTEPXEHb Ha [JBe YaCTH B OTHOLUEHHH ] : 2.

146. Hafith 3aBHCHMOCTb MOZYJ/SI CHJbl TPEHHS, AEUCT-
BYIOIIEH Ha TeJo MacCOW m Ha HAKJIOHHOH MJOCKOCTH, OT
yraa o (puc. 52). KosppuuueHT TperHs paBeH (L.

Y M/C
6
£ \
/4 4
m
‘ 2
d
a . -
! 2 J 4 . 5 6 7 te
Puc 52 Puc. 53

147. Tlnockas wanba, KOTOPYI TOJKHYJH BIOJb HAKJIOH-
HOM IIJIOCKOCTH, CKOJIb3UT 110 HEH, ABHrasicb BBEpX, a 3aTeM
BO3BpawaeTcst K Mecty 6pocka. 'paduK 3aBUCUMOCTH MOAYJIS1
CKODOCTH 11aibbl OT BpeMeHH NokKa3aH Ha puc. 53. Hawurtu
YroJl HaKkJIOHa IJIOCKOCTH K FOPH3OHTY.

148. HaknonHas n1ocKoCTb COCTABISIET C FOPU3OHTOM YroJ
o = 15°. [To Hell BBEPX NMYCKAIOT C HUXKHEH TOYKH MJIOCKYIO
wauby, KoTopasi, NOJHABLIHCL Ha HEKOTOPYIO BLICOTY, 3aTeM
COCKa/Ib3bIBAET 110 TOMY XK€ NyTH BHH3. KakoB ko3adhduumeHT
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TPeHHsS WaHObl 0 MJIOCKOCTD, eCJ/IM BPeMs CIycKa B 11 = 3 pasa
6oJblie BPeMeHH NoAbeMa?

149. Ha kaxyio BbICOTY MOXeT NMOAHSITbCS aBTOMOGHJb
paboTaroLMM JBUraTeNeM No JeAsHOH rope, COCTABASIOIIEN C
TOPH3OHTOM yroJ O, eCJH y Hadasa nogbemMa OH HMeJ CKO-
pocThb Uy? KosdduureHT TpeHHs paBeH W, npuyem U < tgo.

150. Ha aBTogpoMe aBTOMOGHJHM HCOBITHIBAIOTCS Ha CKO-
pocti v = 120 kv /4. [Tog KakuM yryioM ¢ K ropH3oHTy (puc. 54)
LOJKHO ObITb HAaKJIOHEHO IOJIOTHO JOPOTH Ha NOBOPOTE C pa-
ouycom 3akpyraenus R = 110 M, 4To6H IBHXXeHHEe aBTOMOOH-
s 66110 Hauboslee 6e30NaCHBIM JaXKe B TOJOJNETHIY?

P uc. 54 P uc b5

151. C kako# CKOPOCTbIO 1O/KEeH ABMraThCst aBTOMOGHJIb
TIO BLIYKJIOMY MOCTY, HMEIOLIeMY PagHyc KpHBH3HbI R = 60 M,
4yTOObl B BepXHeH TOuKe TPAeKTOPHH [aBJI€HHE Ha A0POry 6blIO
B n = 3,0 pa3a MeHblIe, YeM NIPH ABHXKEHHH Ha FOPH30HTa/b-
HOM y4acTKe?

152. Paguyc KpHBH3HBI BOTHYTOTO MOCTa paBeH K. Mac-
ca HanboJbLIero HEeMOABHKHOTO IPy3a, KOTOPHIH MOXET BhI-
Iepxatb cepefrHa MocTa, m. [1py Kakoi CKOpOCTH U ABHXY-
merocsi o MocTy rpy3a maccoit m/n (n > 1) mocT paspy-
WHTCS? _

153. I1naHera npexncrapasieT cob0i 0OXHOPOAHBIH 1Iap, IJIOT-
HocTb KoToporo p = 3 - 108 xr/m3. Kakos nepHon obparienus
HCKYCCTBEHHOTO CITYTHHKA, JBHXYLLErocs BOJIM3H €e MI0BEPXHO-
ctu? I'paBUTauMoOHHas nocrosiHHas G = 6,67 - 1071 H - M2 /xr2.

154. HariTr pagvyc OKpY»XHOCTH, 110 KOTOPOH aBTOMOGH/Ib
MOXKET JBHTaTbCS CO CKOPOCTbIO ¥ = 36 KM /4, €C/JH MHHH-
MaNbHBIH KO3(POPHUHEHT TPEHUS CKOJbXEHHS, NPH KOTOPOM
aBTOMOOHJIb He «3aHocHT», B = 0,20.

155. Tlnockoe Testo Maccoli m = 4 Kr aBHXKeTcs 6e3 Tpe-
HHS TI0 KpyroBomy »xesio0y, paclosloXXeHHOMY B BepTHKaJb-
HOH TVIOCKOCTH TaK, 4TO AHAMeTp, NpOBeJeHHbIH U3 ToukH A
(puc. 55), ropusonranes. OnpesesuTh CUJY, C KOTOPOH Tes0
OedcTByeT Ha Xesnob B Touke B, ecau OHO NylieHO 6e3 Ha-
YanbHOH CKOPOCTH H3 TOUKH A.
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156. [puBsizauHbiil K HUTH ankHoR [ = 0,4 M rpy3 mMacco#
m = 0,2 KT BpallanT B FOPU30HTANbHOH IJIOCKOCTH ¢ MOCTO-
SHHOM CKOPOCTBIO TaK, YTO HUTb ONHCHIBAET KOHHYECKYIO T10-
BEPXHOCTb. [IpH 3TOM YroJl OTK/JOHEHHS HHTH OT BePTHKaJH
o = 30°. HaiTu yryioByo CKOpPOCTb IPy3a M CHJIY HaTAXKEHHS
HUTH.

157. [llapuk, nofBelIeHHbI K HEBECOMOH HHTH, IBHXKETCS
10 OKPY>XHOCTH B FOPH30HTAJbHOH IJOCKOCTH C NOCTOSIHHOH
CKOPOCTbIO (KOHMUECKHH MasgTHHK — cM. pHc. 44). [InKHHa HUTH
[ = 1,14 M; yroJ, COCTaBIeHHbIH HUTBIO C BepTHKaMbo, o = 30°.
Iepuon Bpautenus mastuka 7 = 2,0 c. Halitn yckopenue
CBOOOJHOTO NajfeHHs.

158. B BaroHe noesja, HAYLIET0 paBHOMEPHO CO CKOPO-
ctbio v = 20 M/ C 10 TOPH30HTANbHOMY 3aKPYIJIEHHIO XKeJe3-
HOJIOPOXKHOTO NYTH, NPOM3BOAMTCA B3BeLIMBAHHE I'Py3a Mac-
COd m = 4 Kr C NOMOLIbI0 AHHAMOMEeTpa, NOJBELICHHOTIO K
noToJKy BaroHa. Bec P rpyaa okasancst paBHbiM 39,4 H. Onpe-
JeJINTh PajinyC 3aKpyIJeHHSs.

159. JleTuuk NaBHT Ha CHAEHbe KpecJja caMmoJjeTa B HHX-
Hell Touke netsiu HectepoBa ¢ cusoit F = 7200 H. Macca
neturka m = 80 kr, paguyc netad R = 250 m. Onpenenursb
CKOpOCTb CaMoJIeTa. '

160. Panguyc Jlyns npu6ausnresbHo B ny = 3,8 pasa MeHb-
we paguyca 3emuH, a macca JIyHel B n9 = 81 pa3 MeHblue
macchbl 3eMsH. Halit yckopeHue cBoGofHOro nageHus Ha JlyHe,
eCJIM H3BEeCTHO, uTo Ha 3emie g3 = 9,8 M/ c2. Bo cKo/IbKO pas
HY>KHO HM3MEHHTb HauyajlbHYI0 CKOPOCTb, 4TOGbl OpollieHHOoe
BEPTHKAJbHO BBEDPX TeJIO NOJHAJIOCH HA TAKYIO »Ke BbICOTY Ha
JlyHe, xaK ¥ Ha 3emJe?

161. MarepuasnbHasi Todka Maccoit m = 1,0 Kr paBHOMepHO
JIBHXKETCS 110 OKPYXKHOCTH co cKopocThio v = 10 m/c. Onpe-
JENHTb MOLYJ/b M3MEHEeHHs MMIyJbCa 3TOH TOYKH 3a OIHY
yeTBEpPTb HEPHO/A BpAILEHHS.

162. Ha kako#l yrosm Hago OTKJIOHHTbL HMTb C IOJIBEllIEeH-
HbIM Ha HeH Ipy3oM, uToObl MPH NPOXOXKIAEHHH TOJ0XKEHHS
PaBHOBECHUS CHJIa HATsDKEHHS HUTH Obla B 2 pasa GoJblie
CUJIbl TSDKECTH rpy3a?

163. Tesno maccoit m = 0,1 xr Bpaluaercs B BepTHKaJbHOH
TJIOCKOCTH Ha HUTH MIHHOH [ = 1 M. Ocb BpalleHHs pacnoJo-
)KeHa Haj noJjoMm Ha Bbicote H = 2 M. [lpM npoXoXkaeHHH
HHXKHEro MO0JIOXKEHHS HHTb 0OpbiBaeTCs, M TeJO NajgaeT Ha
nosi Ha paccTostHMd L = 4 M (no ropu3oHTamu) OT TOYKH
o6pbiBa. Onpefie/IuTh CUIY HAaTSXKEHHsI HATH B MOMEHT ee 00-

82



poiBa. ConpoTHBJ/IEHHEM BO3lyXa NpeHebpeub. Y CKOpeHHe CBO-
60AHOTO MafeHHs g cuMTaThb pasHbiM 10 M/ c2.

164. Ha HeBecoMOM cTepxKHe BHCHT rpy3 Maccod m. I'py3
OTKJOHAWT Ha yroa o = 90° u otnyckatot. Hatu cuny Hatsi-
JKEHHS CTEPXKHS B MOMEHT [IPOXOXKAEHHS UM I0JI0XKEeHHs paB-
HOBeCHS. ,

165. Illapuk maccoit m = 100 r nogsemeH Ha HUTH. B
HATSHYTOM ITOJIOXKEHUH HHTb PAaCIIONIOKHJIH TOPH3OHTAJILHO H
OTIYCTH/IH LIapUK. UeMy paBHA cuJia HaTsDKEHHS HUTH B MO-
MEeHT, KOrja oHa o6pa3yeT ¢ FOPH30HTaJbHLIM HalpaBJeHHeM
yrosn oo = 30°? Kakoii mpoyHOCTbIO Ha pa3phiB J0/KHA obsa-
IaTb HUTb, 4TOOH OHA He oBopBanach? HuTteh cuuTath HeBeco-
MOH H HepacCTKHMOH.

166. Benocunenucr eneT 6e3 nNpockaib3blBaHHS M0 OKPYXK-
HOCTH paauyca R co ckopoctbio v. HaliTi yron mexay nioc-
KOCTBIO BEJIOCHINEAA H BEPTHKAJbIO.

167. TopH30OHTaJbHO PACNOJIOXKEHHBIH IUCK BpallaeTcs ¢
yactotoit n = 0,25 ¢! Boxkpyr BepTHKaabHOM ocK. Hanboss-
llee pacCTOSTHHE OT OCH BpallleHHsi, Ha KOTOPOM TeJso ylep-
XKHBaeTcsl Ha AMcCKe B paBHoBecHH, r = 10 cM. Uemy pasen
KO3 PHLHEHT TPEHHS Tesla O AHCK?

168. Yawa B dopme noay-
ctepst paguyca R = 0,8 M Bpa-
11aeTcs ¢ NOCTOSTHHOH YIJIOBOH
CKOPOCTbIO BOKPYT BEPTHKAJb-
Hoit ocu (puc. 56). Bmecte ¢
yalled BpallaeTcs LIAPHK, Jle-
XallMH Ha ee BHYTPeHHeH Io-
BepxHoCTH. PaccTosinMe oT wia-
pHKa 10 HUXHEH TOYKH Yalll{
paBHo ee paguycy. OnpenenuTsb Puc. 56
YIJIOBYIO CKOPOCTb YallH. Tpe-

HHeM npeHebpeub.

169. Ha skBaTope HEKOTOPOH MJIAHETH! TeJa BECAT BABOE
MeHblUe, yeM Ha noJioce. IIIOTHOCTL BelleCTB MJAaHETH
p =3,0-103% kr/m3. OnpegenTs MepHOM BpalUeHHs MaHeTH
BOKPYT COOCTBEHHOH OCH. I'paBHTanHOHHAsA MocTosiHHas G =
=6,67 - 10711 H - m2/xr2.

170. Onpenenuts mMaccy ConHua, 3Hasi, 4TO CpenHss JH-
HelHasi ckopocTb 3emsn Ha op6ute v = 30 kM/c, a paguyc
op6utst 3eman R = 1,5 - 108 xm. I'paButaumonnas noctosu-
Hag G = 6,67 - 10711 H - m2 /kr2.
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- 171. CnyTHHMK NBHXXETCS BOKDYr HEKOTOPOH MJaHeThl Mo
KpyroBsoii opbute pamuyca r = 4,7 - 109 M co ckopocTbio v =
=1-10% m/c. KakoBa cpeaHsisi INIOTHOCTb MJIAHETHI, €CJIH ee
paguyc R = 1,5 - 108 m? I'pauraumonnas nocrosiHuast G =
=6,67 - 10711 H - m2/xr2.

172. JIBa HCKYCCTBEHHBIX CNYTHHKA 3eMJH IBHXYTCS B
OHOM HamnpaBJIeHHH CO CKOPOCTSIMH U} H Uy 1O OKPYXKHO-
CTSIM, JIeXALMM B OHOH nuockocTH. OnpenesdTs MHHHMAJb-
HOe pacCTosiHMe MeX1y cnyTHUKamu. Pagnyc 3emau R, ycko-
peHHe cBOOGOJHOrO MajfleH!si Ha NOBEPXHOCTH 3eMJIH g.

173. Kakylo cuay TSr" noJxKeH pa3BUBATb ABHraTeJb Ha
UCKYCCTBEHHOM CNyTHHKe 3eMJIM AJs TOTO, 4YTOObl OH ABH-
rasncs no opbuTte pagHyca R Co CKOpPOCTbIO, NIPeBbiLIalolIeH
B 1 pPa3 CKOpPOCTb CBOOOJHQOrO ABMXKEHHSA Mo 3TOH opbute?
Macca 3emnu M, macca CnyTHHKA m, TPaBUTALMOHHASA 110-
crosHHas (.

174. Kakum no/xeH 6b11 6bl GBITh NepHOj BpalleHHUs! 3eM-
JIM BOKPYT CBOEH OCH, YTOObI TeJla Ha IKBAaTOPe HAXONUJIHCh B
COCTOSIHHH HeBecoMocTH? Pamguyc 3emnn R = 6370 kM.

175. HafiTi nepBylo KOCMHUYECKYIO CKOPOCTb /ISl [J1aHETHI,
Macca KoTopoH B 1; = 3 pasa 6oJibliie Macchl 3eMJIH, a paglyc
GoJsibllle 3eMHOTO B fip = 2 pa3a. [lepBylo KOCMHYECKYIO CKO-
pOCTb [J1s1 3eMJIM CYMTATh PaBHOM v) = 8 KM/ C.

3. 3AKOHbl COXPAHEHUSA B MEXAHUKE
MeToauyeckue ykasaHUs K peLleHM IO 3agay

[Ipu peweHuu 3agay ¢ npUMeHeHHeM 3aKOHA COXpaHEHHSs
MMIyJbca HeOOGXOJMMO CHayala yCTAHOBHTb, ABJSETCH JIH
[aHHas cucTeMa TeJl 3aMKHYTOH, 3aTeM Cle/1aTh CXeMaTHYeCKHH
yepTeX M 0003HAUMTb HA HEM BCe M3BECTHble CKOPOCTH Tell.
[anee BbI6GMpAIOT NPSAMOYrOJNbHYIO CHCTEMY KOOPAHHAT Tak,
4yTOGBI MPOEKLHMH CKOPOCTEeH Ha KOOpAHHATHbIE QCH BbIpaxka-
JIMCb 110 BO3MOXHOCTH MNpoLLle.

Ecau cucTeMa Tesl 3aMKHYTa, TO YpaBHEHHS COCTABJSIOT
Ha OCHOBAHMH 32aKOHA COXPaHEHHS MMIYJbCa CHAYasa B Bek-
TOpPHOH dopMe:

myuy + moUs +...+ m,0,, = const,
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4 3aTeM B CKa.)'IHpHOI:I, T. €. CymmMma HpOE‘:KUHﬁ HMNOYJbCOB BCEX
TeJ CUCTEMbl HA .)'1[06)’[0 0OCb COXpaHsaeTcAa HEeM3MEeHHOH:

mvy + movgy ¥ ..t MuU, = myuy ¥ motio o F mpltyy,

myuy, t moug, t ... ¥ muun, = muy, t moug, t .t mpup,

ny
rae my, mg, ..., M, — MACChbi T€J CHUCTEMbI; U|,, U9y, ..., Upy,
Uyy, Uy, -or Upy — MPOEKLHH HAYAJbHBIX CKOPOCTEHN 3THX Ten
(no B3aumoneiicTeus Ten) Ha ocd OX U OY COOTBETCTBEHHO;
Ulg, Ugs v Upy, Uly, Uy, ...y Up, ~ TIPOEKUHH KOHEUHBIX
ckopocTe# Teds (mocse B3aHMOLeHCTBHS).

3aKOH COXPaHEHHSI HMIYJbCa BBIMIOJHSETCS U B TOM CJy-
yae, KOTJla Ha TeJsla CHCTeMbl NeHCTBYIOT BHELIHHE CHJBI, HO
KX BEKTOPHAasi CYMMa paBHa HYJIIO.

Ecau cvcTeMa He 3aMKHYTa, HO €CTb TAaKOe HanpaBieHHe,
YTO CYMMa IIPOEKLIMH BCeX BHELUHUX CHJ Ha HEro paBHA HYJIO,
TO CYMMa MPOEKUMH HMNYJIbCOB BCEX Te€J CHCTEMbl Ha 3TO
HarpasJieHHe 0CTaeTCsl NOCTOSIHHOM.

33aKOH COXPaHEHHS MMIYJbCa MOXHO TIPHMEHHTb TaKXe
IpY NEeHCTBHH BHEUIHUX CHJI HA CHCTEMY, €CJIM B3aHMOJEHCT-
BHeE TeJl CHCTEMBbI IPOMCXONHUT o4eHb 6bICTPO (HanpHMep, yaap,
B3pbIB, BEICTpes). B 3TOM ciyuae MpomOJIXKHTENLHOCTL B3aH-
MOLEHCTBUA CUHMTAETCH GECKOHEYHO MaJsoH, M03TOMY MOXKHO
npeHebpeyb HMNY/JAbCOM BHEMIHUX CHJI H PAaCCMAaTPHBATh CHC-
TeMYy KaK 3aMKHYTYIO.

Ecau 4yucio HeM3BecTHbIX OoJblie YHcaa COCTABJAEHHBIX
YPaBHEHHH, HY>KHO 06aBHTb K HUM yPaBHEHHS], CBSA3bIBAIOLIIHE
KHHEMaTHYeCKHe BEJHYUHLL, H PELUUTh MOJYUEHHYIO CHCTEMY
YpaBHeHHH.

3ajayy Ha IpHMeHeHHe 3aKOHa COXpaHEHH sl SHEPTHH B Me-
XaHHKe pellaoT No CJAeAYIOIEMY MIJaHy: AeaalT cXeMaTHuec-
KHH YepTexX; BLIOHPAIOT YPOBEHb OTCUETA NTOTEHIHAJILHOM 3Hep-
THH; U306paXkaloT Ha YepTeXKe CHJbl, AeHCTBYIOUIHE HA TeJNa,
CKOPOCTH TeJsl M BHICOTBHI T€J Haj ypPOBHEM OTCYeTa MOTeHLH-
ajbHOH 3HEepPrHH B HAYaJbHOM M KOHEYHOM I[10JI0XKEHHUSX.

Ecnu cucTeMa 3aMKHYyTa, TO COCTaBJISIIOT PaBEHCTBO

Ekl + Epl = Ek2 + EPQ'

rae Ekl’ Epl — COOTBETCTBEHHO KHHeTHYeCKas H NNoTeHUHaJb-
Hasag 3HEepPrud CHUCTEMbl B HA4YAJIbHOM COCTOSIHUH, Ek?» EP2 -
KHHETHYEeCKas H IMOTeHUHAJIbHAA 3HEPTrHsA CHUCTEMblI B KOHEY-
HOM COCTOSHHH.
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Ecnu npu nepexome cHCTeMbl M3 HayaJbHOrO COCTOSIHHS B
KOHEYHoe Ha TeJsa JeHCTBOBAJM BHELIHHE CHJIbI, @ B CHCTeMe
LEeHCTBOBAJIH CHJIbl TPEHHS, TO COCTABJISIETCS PaBEHCTBO

(Exg + Epg) = (E + Ep)) = A+ Ap,
rie A — pa6oTa BHEWHHX CHJ; Ap, — paboTa CHJl TPeHHSI.

Ecau xosHuecTBO HeM3BeCTHBIX BeJHMYHH 0oJblle YHcaa
COCTaBJIEHHBIX YPaBHEHHH, TO K HHM caenyeT n06aBHTh 1160
YPaBHEHHS, COCTaBJIEHHble HAa OCHOBe BTOPOro 3axkoHa Hbio-
TOHA H 3aKOHA COXPAaHEHHS HMIYJbCa, JHOO KMHEMaTHYECKHe
ypaBHeHHs. 3aTeM CHCTeMY YPaBHEHHH pellaroT OTHOCHTEJIbHO
MCKOMBIX BEJIHYHH.

OcHOBHbIe 3aKOHbI U hopMynbI

Hmnyavc meaa maccoit m, NBHXKYLIETOCH CO CKOPOCTBIO 3,
p = mo.

Hmnyavc cucmemor mesn paBeH BEKTOPHOH CyMMe UMIYJIbCOB
BCEX TeJl CHUCTEMBbI.

3aKOH COXPAHEHU[ UMNYAbCA: WMIYJbC 3aMKHYTOH CHCTEMb
T€J1 0CTaeTcsl NOCTOSAHHBIM TIPH JK0ObIX B3aHMOAEHCTBHSX ITHX TeJ:

Pener = mlal + movg +...+ mnan = const.

Paboma nocmosnnot curvet F
A =Fscosa,

T S — MOZLYJb MepeMelieHHs;; 0L — YroJ Mexay BEKTOPAaMH CHJbI
F u nepemewenus §.
Mowgrocme
N=A/t unu N = Fucosa,

rae A — paboTa, cOBeplLIEHHAs 3a NPOMEXYTOK BpeMeHH ¢; F —
MOLYJ/Ib CHJIBI; U — MOAYJb CKOPOCTH; O — yroj Mexny F u 0.
Kunemuueckan snepeus meaa Maccod m, ABHXKYIIETOCH €O

CKOpOCThIO U,
Ek = m02/2.

Teopema 06 uamenenuu KuHemuueckol 3xepeuu. U3MEHeHHe
KHHETHYeCKOH 3Hepruy TeJa PaBHO paboTe PABHOAECUCTBYIOLIEH CHII,

TIPHJIOXKEHHBIX K TeJy:
Exg — By = A
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[lomenyuaronan anepeus mesa Maccod m, MORHSTOrO Ha Bbl-
COTY /A OTHOCHTE/EHO HYJIEBOTO YDOBHS,

E, = mgh.

P
ITomenyuarsnan 3nepeus ynpyeo 0eopmuposannozo meaa
(caTOM MAH pacTSHYTOH NpYXKHHH)

E, = k(AN?/2,

rae & — xospouuuent ynpyroctu (kectkocTn) Tena; Al — abco-
Jq0THas aedopmauusa.

3aKon coxpanenus 3Hepauu 8 Mexanuke: TONHAs MeXaHuye-
CKasi SHePrus 3aMKHYTOH CHCTeMbl TeJl, B3aWMOJEHCTBYIOLIHX CH-
JIaMH TATOTEHHS] H YNPYTOCTH, OCTAETCS HEH3MEHHOH:

£=E, + E, = const.

H3menenue noanoid mexanuueckou JHepeuu cucmemot paBHO

paboTe BHELUHHX CHJI:
Ey, - E =A

Hamenenue noanol mexanuueckol 3nepauu 3amMKHymoll cuc-
memot, 8 KOmopoil mexdy mesamu Oelicmsyrom CuabL MPEHUS,
paBHO paboTe CHJ TPEeHHS:

Ey-E = Ay,
Kosgppuyuenm nosesnozco deidcmsaus (KI1J1)
n= An /Aa'

rae A, — nosesnas paborta (unu noseaHo npeo6pasoBaHHAs 3Hep-
rHsi, MOWHOCTD); A, — 3aTpayenHas pa6ota (3Heprus, Moumocrbg.

Abcoaromuo ynpyeum ydapom Ha3blBaeTCs TaKoe KpaTKOBpe-
MeHHOe B3aUMOJEHCTBHe TeJl, [0CJe KOTOPOro TeJja IMOJHOCTBIO
BOCCTAHABJIMBAIOT CBOIO HOPMY, @ MX CyMMapHasi KHHeTHUecKas Hep-
rus He H3MeHsieTcs. [Ipu aBGcoNIOTHO ynpyroM yaape BBITOJHSAIOTCS
3aKOH COXDaHEHHS HMIMYJbCAa M 3aKOH COXpaHEHHs MeXaHWYeCKOH
HeprHH.

Abcoaromro Heynpyeum yOapom HA3bIBAETCS TAKOe KPAaTKOBpe-
MeHHOe B3aUMOJEHCTBHE TeJl, NoCJ/e KOTOPOro coyaapsiolHecs Tesa
06pasyloT eflHHOe TeJo, ABHXKYLleecs C ONpefesleHHON CKOPOCThIO,
a cyMMapHas KMHeTHUYecKast 3Heprus Tes ymeHbliaercs. [Ipu abeo-
JIIOTHO HEYNMpYroM yjape BHIMOJHAETCS 3aKOH COXPaHEHHS WMNYJb-
€a, a MexaHHYecCKas 3HeprHs He COXPaHfeTCs, YacTb ee MpeBpa-
LaeTcs BO BHYTPEHHIOW 3HEPTHIO TeJl.
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Mpumepbl peuleHUs 3agay

176. Tlyns BbleTaeT U3 BHHTOBKHM B TOPH30HTAJbHOM Ha-

nmpaBneHMH co cKopocThio 4; = 800 M/c. KakoBa ckopocTb
BMHTOBKHM TIpH OTAaue, ec/d ee Macca B 400 pas Gosbiie mac-
Chbl IIyJH?

Peiw e uue. IlycTs Non0XHTeNbHOE HalPaBJEHHE OCH
OX coBnagaet ¢ HalpaBJeHHeM CKOPOCTH IIYJH B MOMEHT Bbl-
JeTa U3 BUHTOBKHM (puc. 57). B 3TOM HanpaB/ieHHH BHelIHHe

Y
m, m, a
— 1 [ 4—

Puc 57

CHJIbL He AeicTBYIOT (COMpOTHB/EHHeM BO3yXa npeHeGpera-
€M), MO3TOMY, COTJIACHO 3aKOHY COXpPaHEHHst MMIyJbCa,
Py + Py = const, rle p; — HMIYJbC NYJH; py — HMIYJIbC BHH-
ToBKH. CllefloBaTebHO, CyMMa NpoeKUHH Ha ocb OX HUMNyJb-
COB BHHTOBKH W NYJH 10 BLICTpesa PaBHa CyMMe NDPOEKLHH
MX HMITYJbCOB IOCJIe BBICTpesa:

MV 1y T MmoUoy = mu), t moug,.

Tak kak vy, =0, v9, = 0, u), = u), To myu; + moug, = 0.
OTciona

my
Ugy = = b1y Uox = -2m/c.

MuHyc o3HavaeT, UTO HanpaBJeHHE BEKTOpPA CKOPOCTH BHH-
TOBKH Uy NPOTHBOIOJIOKHO HANPABJIEHHIO BEKTOPA CKOPOCTH
MyJIn uy.

177. ManbyUK CTOMT HEMOJABHXKHO Ha JIbAY PAAOM C CaHKa-
MH. Macca manbuuka M, macca caHok m. Manbuuk TOJIKaeT
CaHKH H cooBulaeT UM CKOPOCTb U, a CaM JBHXXETCS B [IPOTHBO-
NOJIOXKHOM HanpaBJieHHH. Kakyto paoTy coBeplIH/ Majb4yHK?

Pewenue CoBepuenHas MaJb4HKoM paGoTa paBHa
H3MEHEHHI0 KHHeTHYEeCKOH S3HEPTHH CAaHOK M MaJlbuHKa:

2 2
A=["‘—”2—0]+ Mol )= m® , M
2 2 2 2

rae v, — CKOPOCTDb, C KOTOpOﬁ CTaJl ABUraTtbCs MaJb4yHK.
88



3a nonoxuTeabHOe Hanpas/JeHHe ocH OX npHmeM Ha-
npaBJeHHe CKOPOCTH CaHOK. [IpHMeHHB 3aKOH COXpaHeHHs
MMIyJbCa, COCTaBHM ypaBHeHHe B MpPOeKUHAX Ha ocb OX:
mu — Mo, = 0, otkyna v; = mv/ M. [logctaBus 510 3Haye-
HHe B BbIpaXKeHHe MJs1 paboThl, MOJYUHM '

A= ”’—“2[1 + ﬂ].
2 M
178. Ilyns maccoét m = 10 r, netswmas co CKOPOCTbIO
v = 800 M/ ¢, monagaet B nepeso 1 yray6basiercs Ha s = 10 cm.
Haiiti cuiy conpoTHBrieHus fepeBa ¥ BpeMsi ABHXKEHHS TYJIH
B JlepeBe, CUHTast 3TO JBH)XXEHHe PaBHO3aMEMJEeHHBIM.

Pew e nue HM3MeHeHHe KHHETHUECKOH SHEPrHH IyJH
paBHO pa6oTe CHJbI COMPOTHBIEHHS:

0-mv?/2=A. (1)

BekTop cHsbl CONpOTHBJEHHs F. HamnpaB/JeH NPOTHBO-
TI0J10XHO BEKTOpY NepeMelleHHs s, N03TOMY

A. = F.scosl180° = —Fs. (2)
Ha ocuoBanuu Beipaxenuit (1) u (2) nonyuaem:
2
Fo =" Fo =32 xH. (3)

BpeMs nBHXXeHUs IyJH B fepeBe ! = s/vcp, rie Ucp ~
cpenusisi CKopocThb. [TOCKO/IbKY IABHXEHHE PaBHO3AME//IeH-
HOE, TO CPeNHsiA CKOPOCTb paBHa nosycymme Hauya/bHOH H
KOHEYHOH CKOPOCTeH, T. €. U =(v+0 X/ = v /2. CnenoBa-
TeJbHO,

t=2s/v,t=25-10"%¢. (4)

DTy 3aa4y MOXHO PELIKTh APYruM crnoco6oM. HMiameHeHue
MMIy/ibCa NyJH PAaBHO MMIYJAbCY CHJbl CONPOTHBJEHHS:
Ap = F.t.

B npoexumnsx Ha KOODAMHATHYIO OCb, MOJIOXHTEJbHOE Ha-
npasjieHHe KOTOPOH COBMNAafaeT ¢ HanpaBjeHHeM CHIb F., 3TO
ypaBHenue umeet Bun O — (= mou) = F t unu mo = Ft. Toraa
F.= mu/t. TloacTaBuB Cloaa 3HaueHHe ! U3 dpopmynbx (4)
nosiyuuM Boipaxkenue (3).

179. 2/eKTpPOBO3 NPH ABHXXEHHH CO CKOPOCTbIO U =
=72 xm/ 4 notpebasieT MowHocTh N3 = 600 kBT. Onpene-
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JIUTb CHJIy TSITH 3JIEKTPOBO3a, €CJaH ero Kos(hdHUHeHT Mno-
se3noro gefictBHs B = 80%.
Pew e nue Ilone3Has MOWHOCTb 3JIEKTPOBO3a

N, = Fu. (1)

ITo onpenenenuto KI1/1 paBeH OTHOWEHHIO [TOJI@3HOH MoLI-
HOCTH K 3aTPayeHHoH, T. €.

n=N;/N,. (2)

Ha ocnoBanuu dopmya (1) u (2) nonyunm:
F=mN,/v, F=24 103 H

180. Kakywo MHUHHMaJAbHYIO paboTy HAaf0O COBEPIUHTH, UTO-
6Bl OTHOPOAHBIA Ky6, HAXOASIIMACS Ha TOPU30HTANbHOM IJIOC-
KOCTH, NepeBepHYTb C OJHOH TIpaHH Ha cocegHwo? Macca
Ky6a m = 100 kr, pauHa ero pe6pa ! = 50 cm.

PeuweHwue DBynem nepeBopaunBaTh Ky6 Tak, YToOH OH
He OTPBIBAJICS OT FOPH30HTAJBHOH IJIOCKOCTH M He CKOJIb3HJ
no He#. [lyctb A9 — MakcHMasbHAs BEICOTA, HA KOTOpPOH 6y-
JeT HaxoAHTbcs HeHTP TsKecTH C Kyba NpH nepeBopayHBa-
nuu (puc. 58). ¥Yposenr AB Hauana oTcyeTa NOTEHUHUAILHOM
9HEPrHH COBMECTHM C TFOPH30HTaNbHOH IJIOCKOCThIO. Toraa
coBeplIeHHas paboTa paBHa H3MeHEHHIO IIOTeHUHAaJbHOH 3Hep-
rum Ky6a:

A= Ep2 - Epl = mgh2 - mghl = mg(h2 - hl)
YuureiBasi, yto h; = 1/2, hy = 1/2 /2, nonyuaem:

A= %mgl, A =98 [Ix.
Halinennas pa6ota MHHHMaJbHA, [IOTOMY UTO NPH APYTHX
croco6ax mepesopauHBaHus (HanpuMep, ¢ OTPHLIBOM OT ILIO-

CKOCTH) BBICOTA Ay OYAET NPHHMMATb GOJIbUIME 3HAYEHHS,




clenoBaTesbHO, pabota A 6ynet y
6osblleli, 4eM B pacCMOTPeHHOM
caydae.

181. B pesynwraTe B3pbIBa KaMeHb
pasneTaercsi Ha TpH 4acTH. [IBa xyc-
Ka JIETAT [0 NPAMBIM YIOM ADYT K Z -
ApYTY: KYCOK MaccoH m; = | kr = co X
cKopocThio v; = 12 M/c, Kycok
MacCoi mg = 2 KI' — CO CKOPOCTbIO
vy = 8 M/ c. Tpetnii Kycok otJieTa-
eT co ckopocTbio vz = 40 M/ c.
KakoBa ero macca W B KakoM Ha- Puc. 59
TNpaBJeHHH OH JIETHT?

Peuenue Cucrema cocTOHT U3 TpeX Tes (0CKOJIKOB).
Breuwinell cusiont sBaseTcs cuna TskecTH. Ho Tak kax Bpems
paspblBa KaMH$ OYeHb MaJjlo, UMIYJbC BHEIIHEH CHJIbl MOXHO
CYUHTATb PAaBHbIM HYJIO, 2 CHCTEMY, CJEN0BATE/]bHO, — 3aMK-
HyTOA. ITosToMy nMnyJbC KaMHf 10 paspblBa paBeH CYMMe
HMTYJIbCOB OCKOJIKOB MOC/e paspwiBa: p = py + Py + p3. Io-
CKOMBKY f = 0, To py + pg = —p3-

3Has HanpaB/eHHsl BEKTOPOB p; H Py M HX MOAYJIH Py = m ),
Po = = mgyUg, HalifleM TICTPOEHHEM BEKTOp p3 (prc. 59). Kak Bug-
HO W3 PHCYHKa, p3 = p +p§, sinat = py/p3. YUHTHIBaR, 4TO p3
= m3v3, HAXONHM:

2 2 2 2
Vo[ + Jlmpy)* + (mgoy)
AL thPy _ 1) + (mguy , m3 = 0,5 kr,

U3 v3

Py

Rl
P

P Pe

ma =

. Mol
o = arcsin —%, ¢ = 53°.
m3u3

STy 3ala4yy MO2KHO pPEeUIUTb HHa4e. Ha ocnoBannu 3akoHa
COXPaHEHHUA HUMITYJIbCA

pL+pe+p3 =0
CocTaBuM ypaBHeHMs B npoekuusix Ha ocd OX u OY:
0=-p;+ p3x, 0= —py+ p3y,

rae p3y, P3, ~ NPOEKUMH BekTopa p3 Ha ock OX u OY coot-
BETCTBEHHO, Orcrona p3, = py, p3y = pa-
Monyab BekTOpa py

3= \/P:?,x + ng = \/Plz +p5 = ‘/(mlvl ) + (mguy)?.
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Tenepb, Kak W NpH peLIeHHH NepBbIM CNOCO60M, HaHAEM
mg = 0,5 Kr.
Bekrop p3 o6pasyet ¢ ocbio OX yron

o = arctg 722 | o = 53°.
muy
182, Hatitu pa6oty cunnl F = 30 H, B peaysnbrate nedict-
BHSl KOTOPOH IPy3 Maccoi m = 2 Kr NMOAHHMAETCS 110 HAaKJ/IOH-
HOF MJIOCKOCTH Ha BBICOTY A = 2,5 M ¢ ycKopenHeM a = 5 M/ c2.
Cusa gefcTBYeT mapaJe/lbHO HaKJIOHHOH NMJIOCKOCTH. TpeHH-
€M 0 MJIOCKOCTb IpeHebpeyb.
Pemwenwue. IlycTe [ — nAJHHA HAKJIOHHOH MJIOCKOCTH.
Torna pa6ota cuabl F
_ _ h
A=Fl=F (1)

sina’

UTo6bl HAHTH S$iN O, COCTAaBHM ypaBHeHHe JBHXKEHHS TPy-
3a B1oab ocd OX (puc. 60): F — mgsina = ma. Otcrona
sino. = (F ~ ma) /(mg). TlogctaBus 370 3HaveHue B Gopmy-
ay (1), nonyuum:

Fmgh _
- a,A = 74 JIx.

A=
183. IlpamoyrosbHas siMa, MJ0LUIALb OCHOBAHUS KOTOPOH
S v ray6uHa h, HamoJsOBUHY 3amoJsiHeHa Bogoi. Hacoc Boika-
YHBaeT BOAY H MOAAeT ee Ha NMOBEPXHOCTb 3eMJIH uepe3 LH-
JHAADHUecKyo TpyOy paauyca R. Kakyio paboTy coBepuini
HacocC, eCJId OH BBIKayaJl BCIO BOAY 3a BpeMs T°?
Pewenue CoBepuennas paboTa paBHa H3MEHEHHIKO
TOJHOH MeXaHHYeCKOH 3HEePrHH BOJbI:

Puc 60
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A= (Ep+ EPQ) - (B + Epl)v (1)

rae Eyy. Epy, Eyo, Epp — KHHeTHUYeCKash M IOTEHLHa/bHast
SHEeprus BOAL B HAYAJbHOM H KOHEYHOM COCTOSIHUSIX.

HyneBo#i ypoBeHb NOTEHUHANbHOH 3HEPrHH COBMECTHM C
IHOM siMbl. Torma B HayajbHOM COCTOSIHHH LEHTP TSXKEeCTH
BOJbl HAXOAHMTCH Ha BhiCOTe £/ 4 Haj STUM YPOBHEM, a B KO-
HeyHoM — Ha BhicoTe A. [loaTomy

E

h 2
1 = mgy, Epp = mgh, By =0, Ep = %=, (2)

P

e /m — Macca BNIbl; U — CKOPOCTb, C KOTOPOH BOJA BHITEKAET
U3 TpyOh!.
Macca Bonb!

m:psg, (3)

Tie p — MJOTHOCTb Bojbl. C OPYrod CTOPOHHI, m = anQUr.
[TosTomy pS% = pnR%ut, OTKyJa

o= (4)

T omR2t’

[MopcTaBuB 3HaueHUs BeJH4YMH U3 opmya (2)—(4) B Bh-
paxenue (1), naiinem paboTy, COBepIIEHHYIO HACOCOM:

S343
A=3pgsn? + L P22
8pg 16 TC2T2R4

184. I'pys HauHMHaeT CKOJIb3HTb C HAYaJbHOH CKOPOCTbIO
U BBEDX M0 HAKJOHHOH IIJIOCKOCTH, HMeIOLIeH MJIHHY ! H BhI-
coty h (puc. 61). Kosdpduunent Tpenns pasen W. Kakoi nyTs
S TIPOHIET Ipy3 A0 OCTAHOBKH?

P uc. 61
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Pemwenue HW3MeHeHHe MEXaHWHUECKON 3HEPruM rpysa
paBHO paboTe CHJIbl TPEHHUS!

(EkQ + EPQ) - (Ekl + Epl) = ATP' (1)

3a HyseBOH ypOBeHb NOTEHLMAJbHOH SHEPTHH IIpUMeEM
OCHOBaHHe HAKJIOHHOH MNJocKocTH. Toraa

Ek = mvo/.? E 0 Ek? 0 EPQ— ghl’

rae A, — BbICOTA, Ha KOTOPOK HAXONHUTCS IPY3 B MOMEHT 0CTa-
HOBKH, M ypaBHeHue (1) npuMeT BuX

mgh| — mvo/2 = Ay
Pa6oTa CHJ/Ibl TPEHHS

Arp = Frpscosl80° = —Fyps
C yueToM sTOrO GyneM HMeTb
mgh) — mol/2 = ~Frps. (2)

Cuna tpenus fr, =N, rne N — cuna HopMasibHOH pe-
aKUMU myockocTH. Kak nokazaHo B peunleHu 3amayd 90,
N = mgcosa. [Tostomy

F7p = pmgcosa.
Kak BUAHO H3 pHCYHKa, cosO = ViZ - p? /1. Cnenosa-

TeJIbHO,
-h
Frp = hmg Y272 (3)
W3 nonobus tpeyrospuukoB OAB u ODC cnenyert h; /s =
=h/l, oTKyna
hy = hs/L. (4)
[TopcraBum sHauenus (3) u (4) B ypasuenue (2):
9 I
mg s ~ I — g Yol s

PelliMB 3T0 ypaBHeHHE OTHOCHTEJNILHO S, MOJYUYHUM
2
)

5= 2g(h+p\/12 —hQ)'



185. CaHKH CDBe3XKawT ¢ ropbl BHICOTOH A M C YIJIOM Ha-
KJOHA O/ M JBHXXYTCS AaJjblle N0 FOPHU30HTAJIBHOMY. YUaCTKY.
KoacdhduureHT TpeHHs Ha BCeM NYTH CAHOK OAHHAKOB H pa-
BeH 1. OnpenenuTh pacCTOsIHUE §, KOTOPOE MPOHAYT CaHKH
0 FOPH3OHTANbHOMY YYaCTKy A0 MOJHOH OCTaHOBKH.

PeweHue KM3MeHeHMe MeXxaHMYECKOH SHEPrHH CaHOK
paBHO paBoTe CUJ TPEHHs HAa HAKJOHHOM H FOPH3OHTAJbHOM
yuactkax (A, u A 9). [loTeHunanbHyio sHepruw 6yaem ot-
CUNTHIBATL OT OCHOBAHMS ropel. Torga nonyynm ypaBHeHHe
0— mgh = Ay + Agpy van

— mgh = —=F11 = Fipos, (1)
rae [ — nJMHa HAaKJOHHOTO yyacTKa. Kax BUAHO u3 puc. 61,

[ =h/sina. (2)

Cuna TpeHHS Ha HAKJOHHOM ydacTKe (CM. peleHue mpe-
AbiayLiel 3aaauym)

Fip1 = pmgcosa, (3)
CHJIA TPEHHS Ha FOPHU3OHTATBHOM YUYaCTKe
Frpg = umg. (4)

[MonctaBuB 3Hauenus (2)—(4) B ypasuenue (1), nonyyum

mgh = pmg(cosoc) h —+ umgs,

S:h(L_L)
o otga)

DTOT OTBET UMEEeT CMbIC/ JIHLIb NMPH U < tg &, B IPOTHBHOM
CJlydae CaHKH He CABHHYTCS C MecTa (s =

186. Teno Maccol m| = 2 Kr ABHXKeTCS NO [MIAAKOH FOpPH-
30HTaJIbHOH TIOBEPXHOCTH CO CKOPOCTBIO U} = 4 m/c v Haro-
HsIeT BTOpOe Teslo Maccoit my = 10 Kr, ABHXKYlleecsi CO CKOpoO-
CTbIO Up = 1 M/ c. HaliT CKOPOCTH TeJs nocJe CTONKHOBEHHS,
ecau yaap 6bl1: 1) aGCoMOTHO HeynpyruM; 2) a6CcoIOTHO
ynpyrum. Tesa ABHXKYTCS 110 OAHOM NPAMOK; yAap LEHTpalb-
Hbi, T. €. CKOPOCTH TeJ HanpaBjeHbl BAOJb JHHHH, COEIH-
HSAKOIIEH UX [EHTPBl Macc.

PeweHue PaccMoTpuM cHayana nepsbld cayuail. B
pe3ysbTaTe aBcoNIOTHO Heynpyroro yaapa ofa Tesna HauydHa-

OTKYAA
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¥ FOT JBHIaTbCsl C OQHOM M TOH
xe ckopocthio 4 (puc. 62).
#, # Tax xax Baosib ocd OX cHJIbl
N He gedcTBYOT (TpeHus HerT,
Yioml| o mem] o H60 rI0BEPXHOCTb [VIafIKast), TO
CyMMa IPOEKUMH HMIMYJbCOB
TeJ Ha 3Ty OCb COXpaHsieTcs,
7 _T.e.CcyMMa NPOEeKUHH HMNYJIb-
/m*my  coB 0OOMX Tes N0 yHapa pas-
Ha NpPOoeXUHH o61ero HMNyJb-

Puc 62 ca Ten mocJje ynapa:

L3

v
07, 7773 ////// (/77777777777 77777/ X
,

M+ movgy = (my + moluy.
Tax xak v, = vy, Uy, = Uy, TO

myu + mou
u, = HAEY = 9w/l
my +mo
[Monyunau u, > 0, a 3T0 03HAYaeT, YTO MOC/E COydapeHHs
TeJsia 6YRYT ABHraThCs B NOJIOXKHTEJBHOM HanpasJieHHH ocH OX.
Bo BTopoM cuaydyae ynap 6bi1 abcoarotHo ynpyrum. Cie-
J0BaTeJbHO, CYMMapHasi KHHeTHYecKast SHeprus TeJl 10 yaapa
H MocJie Hero He M3MeHSeTCs:
mlvf + IYIQvg _ m1u12 + m2u22 (1)
2 2 2 2’

THe uy, 4o — MOLYJIH CKOPOCTeH TeJs nocJe ynapa. Kpome toro,
KaK H B [IePBOM CJyuyae, COXPAHSETCA CYMMa MPOEKUHH HM-
NyJbCOB TeJ Ha ock OX:

myuy + movg = myuy, + mouy,. (2)
[Mpeo6pasyem ypasuenus (1) u (2) x Buay:
2 2
ml(vl —ulx)=m2(u§x—0§), (3)
mi(vy = uy,) = mylug, = vg). (4)

Pasnenus nousenHo ypasueHue (3) Ha ypasHenue (4),
NOJTyYHM
Up T U, = Uge Uy, (5)

YMHOMXHM JIEBYIO ¥ N1paByio YacTH ypasHenus (5) Ha my
M3 TOJIYYEHHOTO YpaBHEHHs BbluTeM ypaBHenHe (4). B pe-
3ysbTate 6yneM HUMeTb

96



v)(mg = my) + uy(mg + my) = 2mgoy,
0TKyJa

(my — mg vy + 2mguy
Uy = my + my . (6)
JIns HaX0XKAEHHS Uy, YMHOXHM 00e 4acTH ypaBHeHus (5)
Ha mj, a 3aTeM CJOXHMM N04YJeHHO ¢ ypaBHendem (4). [Toay-
YHUM
2myvy = ug,(my + mg) + vylmy — my),
0TKya
_ (IHQ -m )02 + 2m]v|
Uox ~ my + mg

(7

[oacrasus B popmyasi (6) u (7) uuc/ioBble 3HaUeHHs Be-
JHYHH M NPOM3Beas BBIUMCJEHHs, moayuum: u|, = —1 m/c,
U9y, = 2 M/ c. DT0 0O3HaYaeT, YTO MePBOE TeJsI0 CTajN0 ABUraTh-
csl B OTpULATebHOM HanpaesaeHHH ocH OX, a HampaBJ/ieHHe
JBHXXEHHUS BTOPOTO TeJla 0CTAJ0Ch NpexXHUM. Moaysb ckopo-
CTH BTOPOTO TeJla YBeJHYHJICH.

187. Tesno maccoit m| yaapsercss abCOIOTHO HEYNpPYro ¢
TeJslo Maccol mgy. HalTy fo/110 ¢ MOTePSHHON NPH 3TOM KHHe-
THUECKOH 3HEpPrHH, ec/ld TeJsl0 MacCoH mg A0 yAapa Obllo E
TNOKoe.

PeueHue J[oas noTepsHHON KHHETHUECKOH 3HEPrUH

Eyy — Eyo
= —0", l
£ (1)

rae Eklv Ek2 — KHHeTHYeCKass 3Heprusi CHCTEMbl COOTBETCT-
BE€HHO JIO0 H MMOCJ€ COYAApEeHUH:

2 2

mu (my + mg)u

Eq = —L, Epp = 27 (2)
2 2

Ul — CKOpOCTb HepBOI‘O TeJa A0 yaapa, 4 — CKOPOCTb TeJl

nocse aGCONIOTHO HEeyNpyroro yAapa; MPHMEHHB 33aKOH CO-
XpaHeHHs HMIyJbCa, HaHieM

u= mlvl/(ml + myg) (3)
(cM. pewienue mpeablayllel 3anauu).
[oacrasus 3nauyenns (2) u (3) B popmyay (1), nonyunm
q=my/(m + my).
Ta 1015 KHHEeTHYeCKoi SHepPrHH nepellia BO BHYTPEHHIOW
5HEPrHI0 COYAaPSIOLIMXCH TeJl.
4 3ak. 2680 - 97



188. Kamenb GpoilieH noy yraoM K FOPH30HTY CO CKOPOCTbIO
Uo- TlpeneGperas conpoTHBJIEHHEM BO3AYyXa, ONMPeACNHTb, HA
KAaKOH BBICOTE OT TOPH30HTA CKOPOCTb KAMHSl YMEHbUIMTCS
BIBOE.

Pewe Hue CornacHo 3aKOHY COXpPaHEHHS IHEPrHH,
NOJHAA MEeXaHHYECKas SHEPrisi KAMHSI OCTaeTCsl MOCTOSHHOH.
[puHsB 32 Ha4Ya0 OTCYETA MOTEHUHANbHOH SHEPrHH MOBEPX-
HOCTb 3€MJI¥, COCTABHM ypaBHEHHE:

mvg _ mv?

5 ~meght S
rae A4 — UCKOMas BLICOTA; U = 00/2 — CKODOCTb KaMHSl Ha
3TOH BbIcOTe. Torna

Otciona h = 30(2) /(8g).

189. Onpepnennth KUHETHYECKYIO 3HEPrHI0 Teja Maccod
m = 1,5 Kr, 6pOLIEHHOT0 FOPU3OHTANBHO CO CKOPOCTbIO Ug =
=20 M/ c, B KOHIle YeTBEPTOH CEKyH/bl €ro ABHXeHHs. [1pu-
HaTb g = 10 M/ c2. ConpoTHBNEHHEM BO3/lyXa npeHe6peyb.

Pewenue Kak nokasaHo B pelieHdd 3agadyd 19,
MOZYJ/1b CKOPOCTH TeJla B MOMEHT BPEeMeHH ! ylOBJETBOpSET
COOTHOUIEHHIO U2 = v(Q) + g2t2. [TosTOMY KMHeTHUecKas 3Hep-
rHA B 3TOT MOMEHT
9 m(v? + g2
el % E, =15 10% [Ix.

Pewum 31y 3anady apyrum cnocobom. B MomeHT 6pocaHus
Tesio 06s1aaN0 KUHETUYECKOH dHepruen £, g = mvg/,‘Z H He-
KOTODOH NMOTeHUHaNbHOH SHeprHen. K MOMeHTy BpeMeHH |
TeJIO HAaXOAHJOCh HHXKe YPOBHs OpocaHus Ha Ah = gt2/2,
MO3TOMY €ro NOTEeHUHaJNbHAsl 3HEPrusi yMeHbIUWJachb Ha
AE, = mghAh = mthQ/fZ. CnienoBatenbHO, HAa OCHOBAHUM 3a-
KOHA COXPAaHEHHS 3HEPrHH Ha CTOJbLKO XK€ YBEJHUYMJIACh KH-
HeTHUYeCKas SHeprus Tenja:
mvg + mgt? _ ’"(U(Q) + 82’2)

2 2 2

Ek = EkO +AEP =

M5l N0JIyUHJIH TOT XKe pe3ysbTaT, YTO H NPH pelleHHH Tep-
BbIM crnocoboM.
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190. Teso 6polieHO BepTHKAJNbHO BBEPX CO CKOPOCTHIO
vg = 49 M/ c. Ha Kakoii BbiCOTE ero KHHeTHYeCKasl SHeprus
6yner B 2 pasa 6osblie noteHuHanbHoi? ConpoTHB/EHHEM
BO3JyXxa NnpeHe6peyb.

PeuweHue DByreMm oTCUMTHIBAaTh NOTE@HUHA/bHYIO 3HEP-
THIO OT NOBEPXHOCTH 3eMau. B MoMeHT GpocaHus noTeHuM-
anbHas sueprust Tena E,p = 0, a ero KuHeTHYeCKas sHeprus
Eyy = mug/Q. Korna Tesno 6ymeT HaxomMTbCsl HA HCKOMOH
BBICOTE /1, €ro NOTeHUKabHas SHeprust Eyg = mgh, a KHHeTH-
yeckas Eyg =2Ep = 2mgh.

[To 3aKOHY COXpaHeHHs MOJIHOH MeXaHH4YeCKOH 3HeprHH

Ey + Epp = Eg + Epp.

Takum obpasom, mug /2+ 0 = 2mgh + mgh, oTKyza

2
- % —
= 6g,h 41 M.

191. T'pys maccolt m; cOCKa/b3biBaeT 0e3 TPEHHH C Ha-
KJIOHHOM JOCKH Ha HenmoABHXHYIO miatgdopmy. C KakoH cKo-
POCTbIO HayHeT [JBUTaThCs NJIaTHOpMa, KOTAa rpy3 yfiafeT Ha
nee? Macca naaTgopMel Mg, BEICOTA HAYaJbHOTO NOJOXKEHHS
rpy3a Haj ypoBHAM miaTdopMbl paBHA A, YroJl HAKJIOHA AOCKH
K rOpU3oHTY O . TpeHHe oTCyTCTByeT.

Pewenwue Bpoabocu OX (puc. 63) BHelIHHe CUJIb HE
HEUCTBYIOT, MO3TOMY CYMMa MpOEKUWHA HMMYJbCOB Tpy3a H
naaTdopmbl Ha 3TY OCb OCTaeTCsl MOCTOAHHOH:

my cos o = (my +mg vy,

TAe Uy — MOAYJb CKODOCTH Ipy3a B MOMEHT NajeHHs Ha nJjar-
dopMy; Uy — NPOEKUHs] CKOPOCTH Up, KOTOPYIO OyneT MMeTb
naatdopma nocse nageHus rpysa. Orcrona

v

99



mu cos
Upy = ——.
2x my + mo (l)
Haiinem Tenepb v Ha OCHOBAHHH 3aKOHA COXPaHEHHs SHep-
ruH. Bynem OTCYMTHIBATbH MOTEHUHANbHYIO SHEPTHIO OT ypOB-
Hs naardopmel. Torna mgh = mvf /2, otkyna v =.[2gh.
[onctaBus 370 3HaueHue B Gopmyay (1), monyyum

_ mf2ghcosa

U =
2x my + moy

192. B nokosiuuiics wap maccoil M =& Kr, KOTOpPbIH NpH-
KpenseH K KOHLY JIerKOro HeCXXHMaeMoro CTepXHs, 3a-
KpemJIeHHOro B MoJBece Ha LIapHHUpe, MONajaeT NyJs MacCcoH
m = 0,01 kr. Yros mMexjay HanpaBJieHHeM NoJseTa NYJH H JH-
HHel cTepxkHst o = 45°. [locsie ynapa myJast 3acTpeBaeT B
ape, ¥ [Iap BMeCTe C NyJeH, OTKAaYHYBIUKWCH, OAHHUMAETCS
Ha BblcoTy A = 0,2 M OTHOCHTEJ/IBHO MEPBOHAYAJILHOIO MOJIO-
JKeHHA. HaliTH cKopoCTb nyJiu v.

Pewenue BropusoHTasbHOM HanpabJleHHH HA NYJI0
Y [IAp BHeLIHHe CHJ/bl He AeHCTBYIOT, NO3TOMY CYyMMa IPOEK-
LHMH UMIYJBCOB MYJH M IIapa
Ha ock OX (puc. 64, a, 6) ocTa-
€TCSl HEM3MEHHOH:

musino = (M + m)u,

TIe 4 — CKOPOCTH lllapa cpasy
nocsie nonagadHust nyad. Of-
cona

>y

= Mimu (1)
Puc 64 msino

CornacHo 3aKOHY cOXpaHe-
HHS SHepruH, NPpH MaKCHMa/JbHOM OTKJOHEHHH

(M + m)u?
2

oTKyna u = /2gh . [loactasus 310 3HadeHHe B dopmyay (1),
NOJTYYHM:

= (M + m)gh,

v= Mm2gh e 102 e

msina

193. Ha rnagko# ropusoHTanbHOM NOBEPXHOCTH HA HEKO-
TOPOM PacCTOSIHUH OT BEPTHKAJIbHOH CTEHKH HaXOAHTCSH 1ap
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mMaccoit M. Bropo#i -liap mMaccod m IBHXETCH OT CTEHKH K
nepsomy wapy. Mexay LapaMH NPOUCXOOUT LEHTPaJbHbIH
ynpyru# yaap. [1pu xakom cootHolueHHH macc M ¥ m BTOpO#H
lap rnocJe yaapa JOCTHTHET CTEHKH H, YIIPYro oTpasHBLIMCDH
OT Hee, NOTOHMT MNepBHH wWwap? Ob6a mwapa HaXoAATCS Ha OX-
HOM TNEpreHAHKYJ/Ape K CTeHKE.

Pewenuwue IlycTs gy — ckopocTb BTOpOro wapa 1o
ynapa, g H g — CKOPOCTH COOTBETCTBEHHO N€PBOrO H BTOPO-
ro mapos nocJe ynapa. [Ipu ynpyrom ynape cymmapHasi kuHe-
THYeCKas IHEPrusi COXpPaHAEeTCs:

mvg_MulQ_}_mu‘Zz (1)
2 -2 2

[Tycte nonoxuTesbHOE HamnpaBJieHHe KOOPAHHATHOH OCH
COBMajlaeT C HaNpaBJeHHEeM BEKTOpa Up. 1aK Kak BHOJb 3TOH
OCH CHJIbl He IeUCTBYIOT (TpEHHs HET), CyMMa NPOEKLUH UM-
NyJbCOB LIAPOB Ha Hee COXpaHseTCs:

mug = Mu| — mus. (2)

Cuctemy ypasHenuit (1) u (2) nocne npeo6pasoBanuil 3a-
MHILEM B CJIEIYIOLIEM BHIE:

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

Peums 3Ty CHCTeMy OTHOCHTEJILHO ul H l.l2, NoJy4dM [ABa
OTBeTa:

1) U= O. Uug = Uq;

2) u = 2muyg Cup = (M‘m)UO'

M+m M+m

[lepBBlii OTBET COOTBETCTBYET CHTYALHH A0 CTOJKHOBEHHS
I1apOB, BTOPOH A3eT 3HAYEHHst CKOPOCTE! LAapoB Noce yaapa.

Yr1o6bl BTOPOH LWap MocJe yrnpyroro 0TpaXkeHus oT CTEHKH
MOl JOTHaTb MepBbIH wWap, Heo6X0AUMO BBINOJHEHHE YCJIOBHS
Ug > Uy, T. €.

(M — m)ug N 2mug
M+m M+m’

Ortcilopa moJsyyaeM HCKOMOE COOTHOLUEHHE MacC lIapoB:
M >3m.

194. Ha rop13oHTa/bHOM y4acTKe NYTH JOKOMOTHB pa3BH-
BaeT MOCTOSIHHYI0 cHay Tard F = 3,5 - 10° H. Ha yuacTke
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nyTH AnkHol [ = 600 M cKopocTb noesna maccoit m = 1,0 - 108 kr
Bospactaer ot v; = 10 m/¢ no vg = 20 m/c. Onpenennts
KO3(QPHUHEHT CONPOTHBAEHHSA ABHXXEHHIO, KOTODPLIH paBeH
OTHOLUEHHIO MOAYJsI CHJbl CONPOTHBJIEHHS K MOAYJIO CHJbL
HOPMAaJbHON peakUHH PefibCOB.

Pewenue HaocrnoBaHHH Teopembl 06 H3MEeHEHHH
KUHETHUYECKOH SHEPrHH COCTAaBHM YPaBHEHHe:

2 2
muy  my =A1 +A2, (1)
2 2
rae A; = Fl — paGora cunbl tary; A9 — paboTta cuabl COnpo-
THBNeHus: Ag = F.lcosl80° = —F [; F, = uN — mMoaynb CHJIbI
CONMPOTHUBJEHHS; L — KO3((HLUHEHT CONPOTHBIEHHUA ABHXKe-
HHIO; N — MOLYJb CHJbl HOPMAJbHOH peakuHH omnopsl. Jns
npoekuuit cusl Ha ock OY (puc. 65) umeem: N — mg = 0.

y
N N
AR A : 1% £
> | | :
VR Lugaauaunanug s X
y i mi
/ ‘
Puc 65

CnenosatensHo, F, = umg.
[ToncraBue 3Hauenust Ay u Ay B ypaBHenue (1), nonyuum
mv% _ muf

OTtcrona

2 _ 2
p=Lt 29 =001
mg 2lg

195. Tenexka ¢ neckoM KaTHTCs €O CKOPOCThIO vy = 1 M/ ¢
10 rOPH3OHTANbHON NOBEPXHOCTH. HaBcTpeuy Tenexke netut
Lap Maccol m = 3 Kr Co CKOPOCTbIO Uy = 8 M/ ¢, HanpaBaeH-
HOH nof yrnom o = 60° k ropusoHty. [Tocse BcTpeuu ¢ Te-
JIEXKKOHU wap sacTpeBaeT B necke. C KaKoiW CKOpPOCTbIO H B
KaKyK CTOPOHY NOKATHTCS TeJIeXKKa MOCJe BCTPEUH € LIapom?
Macca tesniexxku ¢ neckom M = 10 kr. Crjiof CONpOTHB/IEHHS
KaueHWIO TeJIEeXKKH MOXHO npeHebpeyb.
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Peuwenwue Koopaunatayio ocb OX HanpaBHM FOPH30OH-
tanbHo (puc. 66). Brosb 310l 0CH BHEWHHE CHJbI He AEHCT-
BYIOT, O3TOMY CyMMa MIPOEKUHI HMITYJIbCOB TEJIEXKKH W LIapa
Ha ocb OX ocTaeTcs HEH3MEHHOMU:

Mo + moy, = (M + m)u,

rie u, — npoekuHs Ha ocb OX CKOPOCTH TENeXKH C 3aCTpPSAB-

KM B MecKe WapoMm. Tak Kak v, = vy, Uy, = —Uy COS L, TO
My = mug coso = (M + m)u,,
OTKYZa
My, —muy cosa
w, =1 ¢ = —
X Mam o e 0,2 m/c.

MHH}/C YKa3bIBA€T HA TO, YTO TeJIEXKKA NOKATHTCA B OTpHLA-
TE€JbHOM HANpPABJACHHH OCH OX, T. €. IPOTHBOMOJIOXKHO [ep-
BOHA4YaJIbHOMY HAIIpABJIEHHIO ABHXXEHUA.

Puc 67

196. [lon neiicTBHeM NOCTOSHHOH CHJ/bI TEJNO MacCOM
m = 100 xr nogHHMaeTcst Ha BHICOTY A = 15 M B TeueHHe T =
= 10 c. Onpenennte paboTy 3ToM cHbl. HadanbHas cKopocThb
TeNa PaBHA HYJIIO.

PeweHue KoopauHaTHyo och OY HampaBHM BepTH-
Ka/JbHO BBEPX, a HaYa/l0 KOOPAHHAT PACMOJOXHUM Ha NOBepX-
HocTH 3eMav (puc. 67). Ha tesio neficTByioT cnna F W cuia

TsokecTH F, = mg. Pa6ora, coBepluaemas cuaoil F,
A = Fh. (1)
YT06bI HANTH MOAYJIb CHJIBL F, COCTABHM Ha OCHOBAHHH BTOPO-
ro 3axoHa HbloToHa ypaBHeHHe [BHXeHHs B BEKTOPHOU (opme:
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F+mg =ma,.
a 3aTeM B NpoeKuusx Ha ocb OY:
F — mg = ma, (2)

Tiie @, — NpOeKUMsl YCKOpeHHs Tesa Ha ocb OY. Sty npo-
eKUHMIO HalleM U3 KHHEMATHYeCKOr0 YPaBHEHHS /ISl KOODAH-

HaThHl Yy = ayt2/2, y4uTbIBasI, 4yTO y = h npu t = T. [Toayyum

a, = 2h/1% . Tloncrasus 510 3HaueHHe B ypaBHenwe (2), Hait-
neM

F=m(g+2n/1%).
Teneps, cornacuo dopmyae (1), noayuum:
A=m(g+2n/1%)h, A =15 104 Ix.

197. JleTsiluas ropH3OHTAIBbHO €O CKOPOCThIO U = 400 M/ ¢
nyss nonagaeT B 6pycok M 3acTpeBaeT B HeMm. Kakoe pac-
CTOSIHHE NPOMAET N0 FOPU30HTA/JbHOH NOBEPXHOCTH 3TOT Opy-
COK OT TOJIYKA NyJH, ecau ero Macca B n = 99 pas Gosbiie
macchl nyad? Hauanbhasi ckopocTs 6pycka paBHA HyJIlo, a KO3-
(HLHUEHT TpeHHs Mexay Opyckom M nmoBepxHocThio U = 0,1.

PeuweHue B pesyapbrate nonagaHus nysau 6pycok ¢
3acTpsiBLIeH B HeM nyJsed npuobperaeT HEKOTOPYIO CKOPOCTb
4 (puc. 68). MMpoias pacctosiHue [, 6PyCOK OCTAHOBHTCS TION
H0edCTBHEM CHJIb TpeHHs. Ha ocHOBaHHK TeopeMbi 00 H3MeHe-
HHMH KHHETHYECKOH 3HepruH

Ego = Eg = ATpv

rae Epo, E ] — COOTBETCTBEHHO KOHEYHOE M HauyaJbHOe 3Ha-
YeHHs1 KHHETHUYECKOH 3Hepruu 6pycka; ATp — paboTa CHJbI

y
. N
v 1
m_ 7 o TIT1T R [T
[ == =1

Oy, y’% g ke

q
J(M*m}i (Mrm)§

Puc 68



TpeHus. YuuthiBasg, uto Eyg = 0, Eyy = (M + m)u?/2, A, =
= —FTpl, noJjyyaem

(M + mu2/2 = Fpf. (1)

Haiinem Moy cuibl Tperus Fr, = WN. CnpoekTiposas
cuabl Ha ock OY, 6yneM UMeTh:

N-M+m)g=0,N=(M+mg.

CrnepfoBaTeJbHO, FTP = (M + m)g. ITopcTaBuB 3TO 3Haue-
Hue B ypaBHenue (1), nomyuum

(M +mu? /2 = p(M + m)gl,
OTKYyZna

1=u?/(2ug). (2)

Y1066l HaHTH MOAYJb CKOPOCTH i, COCTABHM YpaBHEHHe
JJ1Sl IPOEKIUH UMITYJIbCOB Tes Ha och OX Ha OCHOBAaHHH 33KO-
Ha COXpaHeHHs uMmnyJbca: mv + 0 = (M + m)u. OTciona

v
u.= M”-l{—vm:M/M'Fl (3)

O6paTruM BHHMaHHEe HA TO, YTO BAOJbL ocH OX mencTByeT
BHELIHSI CHJIa — CHJla TPeHHs, HO NPUMEHHTb 3aKOH COXpa-
HEHHS UMIYJIbCa MOXHO, TaK KaK JJHTeNbHOCTh B3aHMOAEHCT-
BHS TeJl BeCbMa KPaTKOBPEMEHHA H TI03TOMY BJIHSHHEM BHeELI-
HHMX CHJl MOXKHO rpeHe6peyb.

[Moacrasus Tenepb 3HaueHre (3) B BoipaxkeHue (2), ¢ yye-
TOM yca0BHS M/ m = n Haiifem:

= =8wm
2uln +1)2g’

198. [lon KakHM yrJIOM K TOPH30OHTY Hago OpOCHUTb Ka-
MeHb, YTOObl ero KHHeTHYeCKasi SHEPrHs B TOYKE MAKCHMalb-
HOTO NlofbeMa cocTaBasiaa 1 = 0,25 ero KHHeTHUECKOH 3Hep-
THH B ToyKe Opocanusi? ConpoTHBJEHHE BO3AyXa He YYHTHI-
BaTb.

Peuwenune B rouke MakcumanbHoro nogpema v, =0,
v, = vg cos ot (M. pewenne 3agaun 21). 3nech vy — Hauab-
Has CKOPOCTb; Ol — YroJ, COCTaBJIEHHbIH BEKTOPOM Hauyalb-

HOM CKOPOCTH U ¢ ropHaonToM. CneoBaTenbHO, B 3TOH TOY-
Ke CKOpOCTb KaMH#l
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2 2

U = 40Uy +vy =Yg COS Uy,
a ero KMHeTH4YeCKast 3Heprus
mug cos? o
E =

B TOUKe GpOCaHHs KaMeHb HMeJ KHHEeTHYeCKYI0 HeprHio
Eyo = mvo/2 Hcnonb3ys 3agannoe yeaosue £y = nEyq, no-
JydyaeMm

mog cos® oy mu

2 St
OTKYA@ Oy = arccos/n, o = 60°.
199. OnpenennTb, KAKOH CKOPOCTBIO I0/2KHO 00/121aTh TeJI0
B Touke A (puc. 69), 4uTo6bl nepeMecTHTbCA B ToUKy C M TaM

octaHoBHTbCS. KoahdHuHeHT TpeHHs Mpu ABHXKEHHH TeJa
u=02CD=h=05m AD=r=10m

.

A, |
Zggl
my

5

Puc 69
Pewenue HM3MmeHeHHe MeXaHUUECKOH 3HEPrHH TeJia
paBHO paboTe CHJ TPEHHS:
(Epo + EPQ) —(Ey + Ep1) = ATP’ (1)
rae Ey), Ep| — COOTBETCTBEHHO KHHETHYECKasl M MOTEHLH-
a/nbHasi sHeprus tena B Touxe A; Eyg, Eyg — 8 Touke C.

3a Hy/neBOl ypOBeHb MOTEHLHANbHOH SHEPrHH MpPHMEM
OCHOBaHHe HAaKJOHHOH mJockocTH. Toraa

Ep =0, Epy = mgh. (2)
OuyeBHAHO, YTO
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Pabora cun TpeHus
ATp = ATpl + ATva

rie Appp — paboTa CHIIbL TPeHHS F ol Ha yuactke AB; Apyg —
paoTa CHJIbl TPEHHS F p2 Ha yqacrxe BC. Moayau 3THX cHal
paBHbI COOTBETCTBEHHO: FTpl =uN, F 2 = = UNs.

M3 puc. 69 nerKo Ha#TH, qTo Ny =mg, Ny = mgcosa.
Cnenopatesnbho, F. Tpl = HmMg, Tpg = umgcosa. Torna pa6o-
Ta CHJ TPEHHS

Arp = Frpyscosl80° + Frpolcos180°= —pmgs — pmglcosa,
rae I = BC = (r — 5)/ cos &, nosTomy

r— S
Arp = —pmgs — Hmg ——cos o = —pmgr. (4)
[oncraBum Tenegb 3Hauenua (2)—(4) B BL;Ipa)KeHHe (1) u
nonyuum mgh — mo* /2 = — umgr, oTKyza

v=y2glh+ur), v="7m/c.

200. B6uusu goporn o6-
pasoBaJsiach JiefisHasi TopKa ¢
BbIE3/I0M Ha NIPOE32KY10 YacCTb.
IToBepxHOCTb FOPKH NPeaCTaB-
JaseT cob0H TMJAOCKOCTb, CO-
CTaBJISIIOLLYI0 C FOPH30HTAJIb-
HbIM HalpaBJieHHeM yroj o .
[1poesxatoie MEMO JOPOXK-
HOH MalllHe yJaNoCh TOChE-
naTh FOPKy CHU3Y [0 TIOJOBH- Pue 70
HbI BBICOTBI NecKoM. Ko3(pUIHeHT TPEeHUS CKOJbXEHHs Mo-
JI03beB CaHOK 0 sief ¢ neckoM W = 0,5. [IpeHebperast Tpennem
CaHOK 0 sef 6e3 necka, HalUTH MaKCHMMaJlbHOe 3HaYeHHe yraa
O, IPH KOTOPOM CaHKH He CMOTYT JOCTHYb OCHOBAHHS FOPKH,
CbhexXaR C ee BepUIMHbI 6e3 HaYalbHOH CKOPOCTH.

Peurenne. [loTeHUHaNbHYIO SHEPrHIO OyIEM OTCUHTHIBATD OT.
OCHOBaHHs1 ropku CD (pldc 70). Canku maccolt m o6nafawoT B
TouKe A NoTeHUHaNbHOH dHeprued £ pl = Mgh 1 KUHETHYECKOH
Ey = 0. CrenoBaTeJibHO, NosHast MexaHquCKaﬂ 3Heprus CaHoK
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E= Ekl + Epl = mgh

3HaueHHe NOJHOU SHePrud OYAeT TaKUM >Ke U B Touke B,
HaXOOAWEUCA Ha NOJOBHHE BBICOTHI, [TIOCKOJBKY Ha ydacTKe
AB Tpenus Her. HauuHas ¢ 3TOH TOUKH, Ha CaHKH AeHCTBYeT
CHJIa TPEHHS CKOJbXXeHHUA

Fip = UN = umgcosa.
HyCTb CaHKH OCTaHaBJIMBAIOTCH B touke .C. Toraa H3Mme-

HeHHe WX NOJIHOH MeXaHHUYeCKOH 3HepruH paBHO paboTe CHJIbI
TpeHHs Ha yuacTke nytH BC:

(Exg + Epg) = (Eyq + Epy) = Agp.

Yuyurbisag, uTo

Eo =0, EP2 0, A = —umgBCcoso = —umg cos @,

h
2sino
h
nonydaem mgh = umg—=—, oTKyaa
y g 18 thga ya
a:arétg%, o =14°.

201. [epeBsiHHBIA Wap Maccol M JeXXUT Ha TOHKOH NOA-
craBKke. CHH3y B Wap nonajgaeT NyJas Maccod m, JeTsuias
BEPTHKaNbHO BBepX, U npobusaet ero. [Ipu stom wap nog-
CKakuBaeT Ha BbicoTy h. Ha Kakyio BHICOTY noaHuMaeTcs
MyJsi Haf MOACTABKOH C LIAPOM, €CJH €€ CKOPOCTb Mepea
ynapom o map 6buia paBHa uv? CONpOTHBJEHHEM BO3AYyXa
npeHe6peys.

Pewewnune Ilyctbu; — CKOPOCTb NYJIM HEMOCPEACTBEH-
HO TocJle TpoJieTa ee CKBO3b Wiap, I — BLICOTA, Ha KOTOPYIO
MOAHANACK MY IS COBMECTUM C MONCTABKOH HYJ/IEBOK YPOBEHD
NOTEeHUHAIbHOH SHEprHH. Torapa, cornacHo 3akoHYy coxpaHe-
HUsl SHEPTHH, Mu] 2/9 = mgH . Orciona

H =ul/ (2g). (1)

YUTo6bl HalTH 4|, COCTABUM Ha OCHOBAHHMH 3aKOHA COXpaHe-
HUS| HMITyJIbCa ypaBHeHHe (CyMMa MPOEKUMIA UMITYJIbCOB YJH H
wapa Ha ock OY, HanpaB/ieHHYI0 BePTHKA/IbHO BBEpX, A0 yAapa
1 1I0CJ1e HErO OCTAETCs MOCTOSAHHON): my + 0 = mu; + Mus,
OTKyZa

uy = (mv — Muyg)/m,
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TAe 49 — CKOPOCTb Lapa Cpasy e nocje B3aUMOAEHCTBUS C
nysen.

Ha B3anmoneicTByOIIHEe Tes1a LEHCTBYIOT B BEPTHKAJAbHOM
HanpaBJIeHHH BHELUHHE CHJIbl — CHJIbl TSXKECTH, HO 3aKOH CO-
XpaHeHHsl MMITyJbCa NPHOJHIKEHHO BLINOJHSETCS, TAK Kak
BpeMs B3aHMOAEHCTBHA IIYJH M LIapa O4YeHb Maso.

Ha ocHoBaHHH 3aKOHA COXpaHEHHS SHEPTHH COCTABUM [Tl

11apa ypaBHeHHe: Mu%/? = Mgh, oTkyna uy = /2gh . Cneno-

BaTEJIbHO,
u = (mv - My2gh)/m.

[ToxcTaBHUB 3TO 3HAYeHHE CKOPOCTH NMyJH B dopmysy (1),
HaHaeM

H= (0—% 2gh)2 /(2g).

202. Teno HaynHaeT CKOJb3HTb BHU3 [10 HAKJIOHHOH NJIOC-
KOCTH, COCTABJSIIOILEH C TOPH3OHTOM yroJ O. B HuXKHel Toy-
Ke TeJIO YAApsieTCsl 0 CTEHKY, NOCTABJIEHHYIO TepPIEeHIHKYJISAPHO
HanpaBJiIeHHIO ero ABHXKeHHS. Y aap abcontoTHo ynpyrdid. Omnpe-
NeNUTb KOSMEHIMEHT TPeHHS NPY ABHXEHHH TeJsa, eClid 10C-
Jie yaapa OHO MOAHSAJOCH A0 TOJIOBHHLI TIePBOHAYANbHOM BbI-
COTHI.

Pewenue FiavmeHeHHe MexanHyecKold SHEpPrHH Tena
paBHO paboTe CHILI TPEHUS:

E2_E1=ATP’ (1)

rae E|, £o — nosHas MexaHHUeCKas SHeprys TeJsa B TOYKax A
H C COOTBETCTBEHHO (pnc. 71).

Puc 71
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TTpy aGCoOMIOTHO YIPYrOM OTPA’KEHHH OT CTEHKH B TOYKe B
HanpasJeHHe BEKTOPa CKOPOCTH Tesla U3MEHSAETCS Ha NPOTH-
BOMOJIOXHOE, a MOAYJb CKOPOCTH OCTaeTcs npexxHuM. Kune-
THYeCKas SHeprusi He H3MEHAeTCs.

Monysb CHJIbl TDEHHMA TNPH IBHXKEHHH Tesla BHH3 M BBEPX
ofMH W TOT xe: Frp = lmgcosa. Hanpasnerue BekTopa Fi,
KaK B MepBOM, TaK M BO BTOPOM CJydae COCTaBJsieT C Ha-
npasseHueM nepeMeleHus yroa 180°. Tlostomy pabora cuibl
TpeHHs

ATp = FTp(l + [)cos180° = —umg(/ + (1)cosoc,

rae [, [| — MOLYy/NM TepeMelleHHs TeJa NpH NBHXKEHHH ero
BHH3 M BBEPX COOTBETCTBEHHO.

Kak Bugso u3 puc. 71, [ = h/sina, [ = h/(2sina). Yun-
THIBast 3TO, NOJyyaeM

_ 3umgh
Arp = 2tga (2)

B roykax A u C KuHeTHUecKas 3HEprusd TeJid paBHa HYJIIO,
MNO3TOMY NoJIHAsA MeéXaHH4YeCKass 3Heprus TeJia B 3TH.. TOUKAX
paBHa MOTEeHIHAIbHON 3HEPruH:

E\ = mgh, Ey= mgh/2. (3)
TonctaBum 3Havenus (2) u (3) B Buipaxkenue (1):

mgh _ _ Sumgh

IR At Tt

OTciopa U = tg(x/3.

203. Kakywo paboTy HY»XHO COBEPUIMTb, YTOOLl NPYXHHY
)ecTkoeTbio k = 600 H/ M, pacTanyTyio Ha x = 4 cM, gomos-
HHTeJNbHO pacTsiHyTb Ha Ax = 10 cm?

P e uenue Pabora, coBepiieHHass NpU pacTsXXeHUH
TNIPY>KHMHBI, paBHA U3MEHeHHIO ee NMOTEeHUHAaJbHOH IHEPrHU:

A=Ep2—E

_ k(x + Ax)? _k_zizk(2x+Ax)AxYA=5ﬂ)K'

pl =7 9

204. Ha HeBecomMOH M HepACTSXKHMOH HUTH AJIUHOH [ BU-
CHT 1apHK. Kakyio MHHHMa/lbHYI0 CKOPOCTb U| B [OPH30H-
Ta/lbHOM HanpaBJeHHH HeoO6XOAUMO COOBIIUTL WApHKY B TOY-
ke | (puc. 72), 4To6bl OH CAeNaN MOJHbIE 060POT B BEPTH-
Ka/bHOH MmJiockocTH? CONMpOTHB/IEHHE BO3yXa He YYHTHIBATS.
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Pewenue BBsepxHeit Touke 2 V
TPAeKTOPHH LIAPHK JO/DKEH HMETb He-
KOTOPYIO JIMHEHHYIO CKOPOCTb Uy, B [1PO-
THBHOM CJlyyae OH HauyHeT MajaTb U3
3TOH TOYKH BEPTHKaJbHO BHH3.

[To_Bropomy 3akony HbloToHna
mg+T = ma, rae T - cuna HaTsxe-
HHSl HUTH B TOYKe 2, @ — YCKOpEHHe B
sTO# TouKe. CKOPOCTb Uy MHHHMA/IbHA 1
npu T =0, T. e. mg = ma. Tlpoekuus Puc 72
YCKOpPEHHSl @ Ha OCb, HalpaB/eHHYIO
M3 TOYKH 2 BIOJIb HHTH K LEHTPY OKPYXKHOCTH, paBHa MOJY.J1i0
LIeHTPOCTPEMHTEJILHOTO YCKOPEHHUS a,, = v%/ I, npoexuHs Bek-
TOpa g Ha 3Ty ocb paBHa g. CiefoBareJibHO,

~N

mg=mv§/l. (1)

ByzeM cuuTaTh, 4TO B TOYKe / IUAPHK HAXOOUTCSH HA HyJe-
BOM YDOBHE MOTEHUHaNbHOH 3Hepruu. Toraa mo 3akoHy co-
XpaHeHHSs 3Hepruu

+2mgl. (2)

PewnB coBmecTHo ypaBHenus (1) u (2), nonyuum

U = 4/ogl.

3apaum 4ns caMOCTOATENbHOro peLieHus

205. [Tyns maccodt m = 10 1, JeTALIAsA CO CKOPOCThIO V) =
= 800 M/ ¢, nonanaet B AocKy ToawnHoNd d = 50 MM M BbLje-
TaeT M3 Hee CO CKOPOCTbio vg = 100 M/ c. OnpegenuTs cHay
COTPOTHBJIEHUS IOCKH, CUHTAaS 3TY CHJY NMOCTOAHHOH.

206. Llenb maccoit m = 5 Kr, neXkally Ha cToje, 6epyT
32 OMH KOHel| U PaBHOMEPHO MOJHMMAIOT BEPTHKAJILHO BBEPX
Ha BHICOTY, NIPH KOTOPOW HHXXHHUH KOHELl OTCTOHT OT CTOJA Ha
pPaccTOSIHUM, paBHOM AJHHe Ueny [ = 2 M. Uemy pasHa pabota
N0 NOABEMY LENH?

207. Kakylo MUHHMAaJbHYIO paboTy Heo6X0AMMO COBEPLUMTD,
4yTo6bl TeserpadHbli ctosé Maccol m; = 200 kr, K BeplIHHe
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KOTOPOro NpHUKpen/jeHa KpecToBHHA Maccol mg = 30 «r, ne-
PEBECTH M3 FOPHU30HTANBHOLO MOJIOXEHHS B BePTHKalbHOE?
Jauua cronba [ = 10 M.

208. Kakyio paboTy HYXHO COBepIUHTb, UYTOObl MOAZHATb
rpys maccot m = 30 kr Ha BbicoTy A = 10 M ¢ yCKOpeHHeM
a = 0,50 m/c2?

209. Kakyio paboty coBepiiaeT 31ekTpoBo3 32 T = 10 muH,
NepeMellasi 10 TOPH3OHTANbHOMY NYTH COCTaB Maccou m =
= 3000 T ¢ NOCTOSIHHON CKOPOCThIO U = 72 KM/ 4, ecaiu K03(-
¢uuMeHT conpoTtuBieHus aswxenuo L = 0,005? Koadduun-
€HT CONpPOTHUBJIEHHS ABHXXKEHHIO PaBeH OTHOUIEHHIO MOAYJs
CHJIbl COMPOTHUBJIEHUS K MOAYJIO CHJIbl HOPMaNbHOH peakUHH
OTIOPBI.

210. CaHKH MacCOH /M COCKaJb3bIBAIOT C BEPUIHHBI OpPHI
BLICOTOH A M, NPOHAS HEKOTOpOe paccTOsiHHe, OCTaHABJIMBA-
1oTcsi. Kakyio pa6oTy Hafo COBeplUHTb, YTOObI BTALLMTh CaHKH
N0 TOH Xe TPAaeKTOPHH 0OPaTHO Ha BEpPLUMHY rOpbI?

211. Yenosek maccoit m| = 60 Kr nphiraet ¢ HeNOABHXKHOH
TeJIeXXKH Maccol my = 30 Kr, cTosAlLeH Ha pesbcax, B HaNpas-
JIEeHHH BAOJb nyTel. [IpH 3TOM Tenexxka nepemMelaeTcs B I1po-
THBOIIOJIOXKHYIO CTOPOHY Ha § = 2,0 M. CunTas Ko3hPHUHeHT
TpeHHst NpH ABHXeHHHM Tenexku W = 0,10, Haiit paborty,
KOTODYIO COBEpLUIAeT YeJIOBEK MPH NPbUKKe.

212. Tesno Maccoit m = | Kr ABHXKeTCH NPSAMOJHHEHHO TaK,
YTO 3aBHCHMOCTb €r0 KOOPAHHAThI OT BPEMEHH ONHCBHIBAETCS
ypaBHenuem x = 10 + 20f — 42, B KOTOPOM BCe BeJHYHHbI
BbIpaXKeHbl B efMHHuax CH. OnpenennTbh KHHETHYECKYIO SHep-
THIO 3TOrO TeJsa uyepe3d { = 2 ¢ MocJle Hayala ABHXKEHHS.

213. bpycok Maccolt m = | Kr NOKOMTCS Ha TOPH30HTAb-
HOM 1epoxoBaTo nosepxuoctH (puc. 73). K nemy npuxpe-
nJeHa NPY>KHHA XXeCTKOCThIO
k = 20 H/m. Kakyio pa6ory
Haj0 COBEPIUHTh /IS TOTO, YTO-
Obl CABHHYTb C MecTa OpYCOK,

Puc 73 pacTArHBasi IPY>XKHHY B TOPU30H-
TaJbHOM HaIpaBJIeHHH, €CJTH KO-
3 ULMEHT TPeHHsT Mexy O6PYCKOM M TOBEPXHOCThIO )L = (,2?

214. Teno maccol m = 2 Kr paBHOMEPHO MepeMEeIAeTCs!
0 TOPHU30HTAJBHOH NOBEPXHOCTH MOA AEWUCTBHEM CHJIbI, Ha-
NpaBJeHHOH NoJ yrioM o = 45° k ropusoHTy. [Ipu nepeme-
IeHNH s = 6 M 3Ta cuaa cosepuiaet pabory A = 20 Ix.
Haiitn ko3¢ ¢ULHEHT TPEHHUS Tesa 0 NOBEPXHOCTh.

2
N
T7T77777777 7777777777777 777777777777
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215, Jloaka CTOMT HEMOABHXHO B CTOAdelH Boze. Yenosek, Ha-
XONALIMHACA B JIOJKE, MEPEXOJHT ¢ Hoca Ha kopMy. Ha kakoe pac-
CTOAHHE MEPEMECTHTCA JIOJIKA, €C/IM Macca 4esioBeka m; = 60 kr,
Macca JIoaku m, = 120 kr, anuHa noaxu [ = 3 M? ConpoTHBieHHe
BOJIbI HE YUHTHIBATE. _

216. OxoTHHK cTpengeT ¢ JoakH. Kakyio ckopocTh npHobpera-
€T JIOfIkKa B MOMEHT BBICTpEJia, €CNH Macca OXOTHHKA C JIOAKOH
M = 100 kr, Macca apobu m = 40 r ¥ cpeaHss HadanbHas CKO-
poctb aApobu vy = 400 m/c? CTBOJ pYbs BO BpeMs BLICTpeNa Ha-
NpaslieH NoA yriioM . = 60° K rOpU30HTY.

217. TpeTbs CTYNEHb paKEThl COCTOMT M3 PAKETbI-HOCHTEIA
Maccoit M = 50 Kr ¥ roJIoBHOro 3alllUTHONO KOHyCa Maccoil m =
= 10 kr. KoHyc otbpaceiBaercs Brnepen cxartoil npyxuHol. [Ipu
HCIIBITAHUAX Ha 3eMile ¢ 3aKperUieHHOH paxeTol Npy)kXHHa c000-
11aga KOHyCy CKOpPoCTh Up = 5,1 M/c. KakoBa 6ymeT OTHOCHTEN-
Hasi CKOPOCTh KOHYCa M PakeThl, eCIM MX pasjiesieHue Npor3oiaeT
Ha opbuTte?

218. CHapsn Maccod m = 40 kr, JleTeBIUMH B TOPU3OHTAILHOM
HarpasJIeHHH CO CKOpOCThIO ¥ = 600 M/c, pasopBaics Ha 2 4acTH
maccamu m; = 30 kr ¥ m, = 10 kr. BOnbIIas 4acTb CTana ABMIaTh-
Cd B MPEXHEM HaNpaBlieHHH O cKOpocThio v = 900 M/c. Onpene-
JUTb MOJYJb M HAanpaBJeHUE CKOPOCTH MEHbLIIEH YacTH cHapAaa.

219. /[Ba naccaxupa oquHakoBoif Maccoit m = 70 kr HaxXoAATCH
Ha nnatgopMe, CTosLIEH HEMOABMXKHO Ha penbcax. Macca nnar-
¢dopmbl M = 280 kr. Kaknblii maccaxup HauMHaeT 6exaTh ¢ OfH-
HaKOBOH OTHOCHTEJILHO MIaTgopMbl ckopocThio ¥ = 6,0 M/c. Haii-
TH CKOpOCTh, KOTOpYyI InpHoOperaeT mnnatdopMa, €Cid OHH
CNPBITHYT: a) B OfIHY CTOPOHY OJHOBPEMEHHO; 6) B pa3HbIe CTOPO-
Hbl OJIHOBPEMEHHO; B) B OJIHY CTOPOHY [OCJ/ICAOBATENLHO; I') B pas-
Hbl€ CTOPOHBI MOCJIEA0BATENBHO. B Clyuyasx «B» M «I» BTOPOH
naccaxHp HauMHaeT O6€xaTh NoCJie TOro, Kak CIpLIrHET NEPBBIH.

220. ITnot Maccolf m; MJBIBET 10 peke ¢O CKOpocThio v;. Ha
ot ¢ Gepera MepneHANKYISAPHO HANpPaBIEHUIO ABHXEHHS [10Ta
MpbIraeT YeI0BEK MAaccoi mp cO CKOpPOCTHIO U ONpejenuTs cKo-
POCTB fUI0Ta ¢ 4esioBekoM. CHIION TpeHHA IU10Ta O BOAY NpeHeOpeyb.

221. Jipuxymuiica 11ap CTANKWBAETCA C MOKOAIUMCS LIApOM.
[Tocne ynapa Moaynb MMNyfabca K&KROTO M3 1APOB paBeH MOJY-
JIIO MMIYJIbCa CHCTEMBI 10 YAapa. OnpenenuTh, MoA KaKuM yIiioM
pas3JieTaloTCA 1aphI. '
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222. B npsmyto npuamMy, Macca kotopod M, a monepeuHoe
ceyeHHe npeacTasasieT co60d paBHOOeLPEHHbBIH NPSMOYrob-
HbII TPEYTONbHUK, TIONIafaeT WapHk Maccol m < M, neTswui
rOPU30OHTANbHO CO CKOPOCTbIO ¥, M MOCJE yaapa ABHXeTCS
BepTHKa/abHO BBepx (puc. 74). Cuuras yaap abCoJTIOTHO YNIpY-
THM, HalTH CKOpPOCTb LIapHKa vy, H NMPH3Mbl vy TMOCJE ynapa.
ConpoTHBieHHeM BO3lyXa H TPEHHEM NIPH3Mbl O FOPH30HTab-
HYI0 NoAcTaBKy npeHebpeub. Mo ynapa npHama MoKOHJACh.

M
A
h
i [
| m
! V m
——————
U, 7 m
Puc 74 Puc7b Punec 76

223. Tlyas, netsawas ¢ onpefeseHHOH CKOPOCTbIO, yray6-
JasieTcst B fowatell 6apbep Ha [ = 10 cm. Ha ckoabko yray-
6uTcs B TOT XKe 6apbep Takas e NyJs, UMeloilas Bisoe 60.b-
uylo ckopocth? CHsa conpoTHB/eHHUsi 6apbepa B 060UX CJay-
4yasx OfHHAaKOBas.

224. Teno maccoit m = 100 r nagaeT ¢ BLICOTH A = 5 M Ha
YaIly NpyXHHHBIX BecoB (pHc. 75) ¥ CKHMAeT NPYXKHHY XKe-
cTKocTbio £ = 1103 H/M Ha BeJHYHHY x. OnpenenuTs x,
€CJIH Macchbl YalWH H TNPYXHHHBIX BECOB TNpeHe6peXXHMO
MaJibl.

225. Teno maccoit m = | Kr 6pOCHJIH C HEKOTOPOH BBICOTHI
C HauyaNbHOH CKOpoCTblo vy = 20 M/c, Hanpas/eHHOH nopg
yraom o = 30° K ropusoHTy. Onpefe/nnTb KWHETHYEeCKYIO SHep-
THIO Tesla 4epe3 T = 2 ¢ nocJse Havyasa ero asHxeHus. Conpo-
THBJIEHHEM BO3LlyXa IpeHebpeyb.

226. Ha neBecomoM cTep)xHe AnHHOH [ = 75 cM yKpenJe-
Hbl B2 OJMHAKOBBIX l1apa Maccod m Kaxabli. OfHH wap yx-
pernJieH Ha KOHUE CTepXHsi, Apyroil — nocepenune (puc. 76).
CrepxxeHb MOXeT Kose6aTbCsl B BEPTHKA/JIbHOH MJOCKOCTH
BOKpPYr ToukH A. Kakylo ropH3oHTa/NbHYI0 CKOPOCTb HYXHO
COOBILHTb HHXKHEMY KOHLY CTE€PXHSI, 4T0Obl CTEPXKEHb OTKJIO-
HMJICS 10 TOPH3OHTANLHOTO MOJIOMEHHS?
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227. lllapuk noJBewEH HA HEBECOMOM [PAMOM CTEPXKHE AJIH-
Ho# [. Kakyro MHHHMManbHYIO CKOPOCTh B FOPH30HTanbHOM Ha-
NpaBjeHUH HeOOXOAMMO COOOILIUTEL LIApHKY, YTOOBI OH caenan
MONHbIH 000pOT B BEPTHKANLHOM MLTOCKOCTH?

228. HaliTH KOJMKYECTBO TEILTOThl, KOTOPOE BBHIAEIHIOCH NpH
abCOIOTHO HEYNpYroM COyINApeHUH ABYX LIapoB, ABHUMABLIMXCH
HaBCTpedy ApYyr Apyry. Macca nepsoro imapa m, = 0,4 kr, ero
ckopocTb v = 3 m/c. Macca Broporo wapa m, = 0,2 Kr, CKOpoCTb
v, = 12 Mfc.

229. Bpycok Maccoif m; ABHXKETCA MO INajAKoH rOPU3OHTab-
HOH MOBEPXHOCTH CO CKOPOCTBIO U;. ITyns mMaccoii m;, neresuias B
rOPU30HTANbHOM HAaMpAaBIEHHH CO CKOPOCTBIO T;, 3aCTpEBaeT B
6pycke. Yrol Mex1y BEKTOpaMH U; M 0y O = 90°. OnpenenuTs,
KaKoe KOJIHYECTBO TEMJIOThI BBLAEINIIOCH B Opycke.

230. CBaro Maccoii m; = 100 kxr 3abHBarOT B TPYHT € NIOMOILEIO
KOIIpa; NpH 3TOM TIpy3 Maccoii m, = 300 kr cBo60AHO maxaer ¢
BoICOTH! H = 4,0 M M IIpM KaXAOM yJape cBas ONyckaeTcs Ha
h = 10 cMm. OnpeaenuTs CUITy CONPOTUBIEHUA IPYHTa, CUHUTaA €€
NIOCTOSHHOM, AJs ABYX CIy4yaeB: a) yzap rpy3a kompa o csaro ab-
COJIIOTHO yNpyrui; 6) yaap abcoloTHO Heyrpyrui.

231. lllap Maccoit m;, ABMXYIIUEACS CO CKOPOCTBIO ) 110 FOpPH-
30HTAJILHOH IIOBEPXHOCTH, CTAIKUBAETCS C HEMOABH)XHBIM 111apoM
Maccoil m,;. Mexay wapaMH MPOHCXOAHT abCONIOTHO YNpYrui
LUEHTpaIBHBIA yaap. ONpenenuTs CKOPOCTH LApoB MOC/e yAapa.
232. CamoneT NMUKHUPYET BEPTHKAIBLHO BHH3 C BBICOTH h) =
1,5 kM mo BbicoThl by = 500 M. Ero HaganbHas ckopocTh vy =
360 kM/u, a npH BeIXOAe U3 muke v; = 540 km/u. Halita cuny
CONPOTHBJIEHHS BO3JyXa, CUMTAA €€ MOCTOSHHOH. Macca camorne-
ta m = 2,0 T, ABUraTens camoJsieta He paboraet. YCKopeHHe CBO-
60HOro NajieH1s g CYUTATh paBHLIM 10 M/c’.

233. KameHs OpolieH MOA YIIOM K TOPH30HTY € BBICOTEI H €
HavyalbHOH CKOPOCThIO 7. C KakoH CKOPOCTBIO KaMeHb YMaZeT Ha
TIOBEPXHOCTH 3eMJH? PeminTh 6e3 NpUMEHEHUs KHHEMAaTHYECKHX
ypaBHeHHii. CONpOTUBIEHHE BO3/lyXa HE YYHUTHIBATb.

234. [1ynsa, nerswas co CKOPOCTBIO ¥y, NMPOGHBAET HECKOIBLKO
OJIMHAaKOBBIX AOCOK, PacroN0oXXeHHbIX Ha HEKOTOPOM PacCTOSHHH
Apyr oT apyra. B kako# nmo cueTy Aocke NMyNs 3aCTPSHET, €CIH €€
ckopocn, Iocie NpoXoXkAeHUs nepBoi nocku vy = 0,8v,?
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235. Ilysnsi maccoit m, neTawasn ropH30HTa bHO CO CKO-
pOCTBIO U, MOMajaeT B SUWIHK C NMeCKoM maccod M, moase-
WeHHbIM Ha XKECTKOM HEBECOMOM CTepXKHe AJMHOH [, KOTo-
pbill WIAPHHPHO YKpenJeH 3a BepXHHH KoHel («GanincTu-
YeCKHH MasATHHK»), U 3acTpeBaeT B HeM. CTepXKeHb MOXKeET
BpPALiaThCsl BOKPYT FOPH3OHTANbHON OCH, NEPIEeHAHKY IAPHOH
HanpaBJieHHI0 cKopocTH nyJH. IlpeHeGperas pasmepamu
SILIMKA, ONPeNeNHTh MAKCUMAJIbHBIH YIOJ OTKJIOHEHHS CTepPXK-
HSl OT BEPTHKAJH.

236. C BepxHeH TOYKH HAKJIOHHOH IJIOCKOCTH [JIHHOH
[ =18 M, o6pasyroLen ¢ ropu3oHTOM yroa o = 30°, CKOIb3HT
Teso Maccot m = 2,0 kr. Kakoe KoJIH4eCTBO TEMNJOTHI BbIAENS-
eTcsl NPU TPEHHH Tesa O NJIOCKOCTb, eCJHM Hada/bHas CKo-
POCTb TeJla paBHA HYJIO, a Y OCHOBaHMs v = 6 m/c?

237. Kamenb macco#t m = 20 r, BbINYLUEHHbIH BePTHKAJIb-
HO BBEPX M3 POTaTKH, Pe3WHOBLIH XIYyT KOTOPOH Obl1 pacTs-
HyT Ha Al = 20 cM, nogHsacsa Ha BoicoTy A = 40 M. Hailitu
KO3 pHLHEHT yripyrocTH xryra. ConpoTHB/IeHHe BO3AyXa He
YHYHTBIBATb.

238. Teno maccolt m = 1 kr, 6polieHHOE C BHUIKH B FOPH-
30HTaJIbHOM HANPABJIEHHH CO CKOPOCThio vy = 20 M/ ¢, ynaso
Ha 3eMJII0 Yyepe3 NpoMeXXyToK BpeMeHH ¢ = 3 ¢. OnpenenuTs
KHHETHYeCKYI0 SHEPrHi0 Tesla B MOMeHT yaapa o 3emuo. Co-
NPOTHBJIEHHE BO3[YyXa He yYHTbIBaThb.

239. Konbkobexen maccon M = 60 kr, crost Ha Jbay, 6po-
caeT B FOPH30HTAJIbHOM HaMpaeJieHHH Wwaiby maccoit m = 0,3 kr
co ckopocThbio v = 40 M/ c. Ha Kakoe paccTosiHHe OTKaTHTCS
[IPH 3TOM KOHbKoGexel, €cau KO3(PPHUUHEHT TPEHHS KOHbKOB
o sen p = 0,004?

240. Jleranb, oOpabaTbiBaeMas Ha CTaHKe, IIPHXKHMaeTCs
¢ cuytoit F =1 10% H k unnpoBanbHOMY KaMHIO IMaMeTPOM
d =4 - 107! m. Kakas MOWHOCTb 3aTpaunBaeTcs Ha WIH(OB-
Ky, €C/IH KO3(D(UUHEHT TPeHHs KaMHs o feTatb (L = 2 - 107!
¥ KaMeHb BpalllaeTcs C 4acToTol n = 2 ¢~ 1?

241. He6oublioe Te10 COCKaIb3biBAET 110 HAKJIOHHOH J10C-
KocTH ¢ BbICOTHl A = 1,2 M. Hak/ioHHAst NI0CKOCTD nepexoauT
B «MepTBYI0 netso» (puc. 77). Haiitu paGoTy cH/bl TpeHHS,
€CJIH H3BECTHO, YTO CHJIA, C KOTOPOH IeHCTBYET TeJIO Ha IeT-
JI0 B BepXHeH TOYKe, DaBHa HyJo, macca tesa m = 10 r,
paguyc netid R = 0,4 M. YcKopeHye CBOGOLHOrO NageHHs g
cuutaTh paBHbM 10 M/ c2.

242. C kakol HauMeHblLEH BbICOTHI JOJIXKEH CKaThIBATbCH
BeJIOCHIIEAHCT, He Bpallas neganeu, 4yTobbl IpoexaTh 110 JOPOXK-
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Puc 77 Puc 78

Ke, HMelolel hopMy «MepTBOH NneTaH» paguyca R = 4,0 M, He
OTpbIBAsiCb OT AOPOXKH B BEpXHeH TOYKe MEeTJIH?

243. I'py3 maccoit m = 2 Kr, NafalourH ¢ BbICOTbl 4 = 5 M,
TIPOHHKAET B MSITKHH IPYHT Ha ray6uny [ = 5 cm. OnpenenuTtsb
CPeAHIO CHJIY CONpPOTHBJeHHs rpyHTa. CONpOTHBIEHHE BO3-
AYyXa He YYHTbIBaTb.

244. B 3akpenJ/ieHHYIO BEPTHKaJbHYIO TPYOKY BCTaBJjeHa
HeBecoMasi NIPy>XKHHA, BepXHHUH KOHeL KOTOPOH MpPHKPEIJIEH K
noABHKHOMY nopuunio Maccolt M (puc. 78). Huxnuuil Konen
NPYXHHBl ynupaetcs B JHO TPyOkH. IlpyxxuHa cxxara po Ju-
Hbl [ ¥ yIepXHBAEeTCH B CKATOM COCTOSTHHH C TIOMOLIBIO 3alies-
k1. Ha nopuiens nosoxunu wapuk maccont m. Ha kakyio Beico-
TY MOACKOYHT LIAPHK, €CH 0CBOOOAHTb NPYXKHHY, CABHHYB 3a-
wesky? Tlpy>kuHa B Hene(OpMHPOBAaHHOM COCTOSIHUM HMeeT [JIH-
Hy L. XKecTtkocTb npyxuHbl 2. TpeHneM npeHe6peub.

245. C Kako¥ HayaJbHOH CKOPOCTbIO Heo6XxoauMo 6pocaTthb
BEPTHKaJbHO BHH3 Teso maccod m = 2,0 kr, uTobObl uepes
t = 1,0 ¢ ero kuHeTHueckas sneprus £, 6pia paBra 2,5 kJIxk?
YcKopenie cBOGONHOTO NafeHHs NPHHATL paBHbIM 10 M/ c2.
ComnpoTHBieHHeM BO3ayxa npeHeOpeys. ‘

246. KameHb napaer ¢ BbicoThl A = 20 M 6e3 HavyasJbHOH
CKOpoCcTH. KakoBa 6yneT cKOpoCcTb KAMHS B TOT MOMEHT, KO-
rfa ero noTeHUHa bHas 3HepPrus yMmeHswnTcs B n = 2,0 pasa
10 CPaBHEHHIO ¢ epBOHAYa bHbIM ee 3HayeHHeM? ConmpoTHB-
JleHHe BO3JlyXa He YUHTHIBATb.

247. Tenexka maccoi my = 50 Kr ABHKeTCs CO CKOPOCTHIO
v = 2,0 M/c N0 ropH3OHTaNbHOM MoBepxHocTH. Ha Tesexky ¢
BbIcOThl A = 20 cM nagaet rpys macco#t mg = 50 Kr W ocTaercs Ha
Tesnexxke. HalTH BbIesIHBLIEECS TIPH 3TOM KOJIMYECTBO TENJIOTHI.

248. [Ipa tena maccamu m = 1,0 xr 1 my = 2,0 xr OBH-
XKYTCSl 110 B3aHMHO INepNeHAHKYJ/ISPHbBIM HalpaBJleHHSAM CO
ckopocTsamu v = 10 M/ ¢ ¥ vy = 15 M/ ¢ COOTBETCTBEHHO.
[locne coynapeHus mepBoe Tesio ocTaHaBaWBaeTcs. Kakoe
KOJIHYECTBO TENJIOTbl BHIAENHTCS NPH yaape?
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249, ['opu3oHTanbHO JeTsWas MyJs NofafaeT B AepeBsiH-
HbI OpYyC, JeXKAaLIMH Ha MMaAKOH FrOPH30HTaNbHOH MJI0CKOCTH,
u npo6uBaer ero. OnpenennTs, Kakas 4aCTb IHEPIHH IIyJH
nepeuwia B Termory. Macca nynu m = 10 r, macca Gpyca
M =1 Kr, Haua/JbHas CKOPOCTb MyJH vg = 500 M/ ¢, CKOPOCTH
nmysu nocJie BbiieTa v = 300 m/c.

250. Teso 6pocHay Moa HEKOTOPBIM YIJIOM K TOPH3OHTY C
HayajbHOM CKOpocTbio vy = 15 M/c. Ha kakon BbicOTE €ro
KMHETHYeCcKasi 3Heprusi B 1 = 3 pasa MeHblle HayaJbHOKH?
ComnpoTHB/IeHHeM BO3ayXa npeHebpeub. :

251. Ot noesna macco#t M = 600 T, HayLLero ¢ NOCTOSAH-
HOH CKOPOCTbBIO M0 NPSAMOJHHEHHOMY FOPH30KTa/IbHOMY Y4acT-
Ky NYTH, OTPbIBAeTCs MOCJEAHHUH Barod maccon m = 60 T.
Kaxo# myTb [0 OCTAHOBKM NpPOHAET 3TOT BaroH, €CcJd B MO-
MEHT ero OCTAHOBKH [0€3[ ABHXKEeTCS ¢ MOCTOSHHOH CKOpO-
cTbio v = 40 kM /u? MowrHocTs N TenoBo3sa, BeLyLero co-
cTaB, mocTosiHHa W paBHa 10 MBr. KosadpduureHt conportus-
JIeHHS IBHXKEHHIO PaBeH OTHOUIEHHIO MOAYJIS CHJIbl CONIPOTHB-
JIEHHs K MOAYJIIO CHJIbl HOPMa/bHOH peaKLHH PeJsibCOB.

252. Jlsa rpy3a maccamu m; = 10 kr 1 mg = 15 kr cBo601-
HO NojBeLlIeHbl HAa HHUTAX AaHHOH [ = 2,0 M Tak, YTO COMpHKa-
carlTcs ApPYr ¢ ApyroM. MeHbWHHA IPy3 OTKJIOHHWJIM Ha yrod
o = 60°. OnpenenuTsb, Ha CKOJbKO M3MEHHUJIACh MTOTEHLHAb-
Hasl SHEPTHs I'Py3a ¥ Ha KaKYI0 BBICOTY MOAHHMYTCS IPY3HI, .
€CJIH OTKJIOHEHHBIH I'PY3 OTIYCTHJIH U NIOCJ/e yaapa Ipy3bl ABH-
XKYTCS BMECTeE.

253. o HaK/IOHHOM NJIOCKOCTH CHU3Y BBEPX IYCKAIOT TEJO
C HavaJbHOM CKOpocTbio Uy = 2 M/ c. [loAHSABIIKCL HA HEKO-
TOPYIO BBICOTY, TeJIO COCKA/Ib3bIBAET 110 TOMY K€ MYTH BHU3.
KakoBa 6yneT CKOpOCTb Tesia, KOrZa OHO BEPHETCS B HCXO[-
HY10 ToUKY? KoaphHUHEeHT TPEHHS MEXKAY TEJOM H IJIOCKOCThIO
pn = 0,4. Yrosn Hak/J0HA MJIOCKOCTH K TOPU30OHTY o = 30°.

254. OnpenenyTb MOIHOCTb, PA3BHBAEMYIO 3/1EKTPUYECKOH
Je6elKOH, eCJIM OHa TSHET I'Py3 PAaBHOMEDHO BBEPX O HAKJIOH-
HOH TJIOCKOCTH, COCTaBJISAIOLIEN ¢ TOPH3OHTOM yroa o = 30°.
Wmnysbe rpysa p = 3 - 103 kr - M/ ¢, KO3(hhULMEHT TpeHHS
n=0,2.

255. Onpese/MTh MOLLHOCTL THAPOTYPOHHBI TIPH YCJIOBHH, YTO
3a BpeMsi £ = | ¢ ¢ BbicoTH A = 100 M nanaet V = 250 M3 Bogwr.
KIJI typ6unb 1 = 90 %. ITnoTHocts Bogb p = 1 - 103 kr/m3.

256. Pakera ¢ pafoTaiollM ABHraTeseM «3aBHC/a» Hajl
NoBePXHOCTbIO 3eMii. KakoBa MOLUHOCTh, pa3BUBaeMasi [BH-
rarejieM, ec/iM Macca pakeTsl /M, a CKOPOCTb UCTEYEHHS Trazos
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M3 ABHraTeJs pPakeTh paBHa v? MaMeHeHueM Macchl pakeThl
3a CYeT HCTeueHHs ra30B MOXKHO npeHe6peub.

257. Jlpa Tena 6pocaioT ¢ BHCOTH 2 = 20 M CO CKOPOCTbIO
v = 15 M/c kaxpoe. C KaKHMH CKOPOCTSIMHM Tesla ynaiyT Ha
3eMJI0, eCJIH NepBoe Tesio 6poLleHO BePTHKANILHO BBEPX, a BTO-
poe — ropu3oHTasbHO? CONPOTHBJIEHHE BO3JYXa HE YYHTHIBATD.

258. Msay Maccoit m = 100 r oTnycTHAH Ha BHcOTEe h = 2 M
Haz noJjoM. Kakoe KoNHYECTBO TEMNOTH BHIAEJIHJIOCH NPH Nep-
BOM yZlape Ms4a O 10J, eCJIH BpeMsi Mexay NMepBbiM H BTODPLIM
ynapamH Msiqa o noa T = 1,2 ¢? ConpoTHBiieRHe BO3yXa He Y4HThI-
BaTh. Y CKOpeHHe CBOGOIHOTO NANeHHA g NPUHATL paBHEIM 10 M/ ¢2.

259. Ilyns maccoil m nonazaeT B LEHTP JeXaulero Ha
Kpalo CToJ1a apa H 3acTpeBaeT B HeM. OnpeneanTb CKOPOCTb
IIapa B MOMEHT yJapa O NOJ, eCJH MNyJs JeTesjla B FOPH30H-
TaJbHOM HaNpaBJIeHHH CO CKOPOCTBIO Uy H BhicOTa cTona f.
ConpoTtusieHneM Bo3nyxa npeHebpeub. Macca mapa M.

260. I'nankas ropka Maccod M HaxoaMTcA Ha rJadKoM
ropru3aoHTanbHoM nony (puc. 79).
Ha ropky noJioXXHJH U OTNYCTH- 1
JH 6e3 TouKa 1Waitby Maccoi m.
OrHowenne macc n = m/M =
=060, H=13mMmuh=050m #
KakoBo paccrosnHe ot wai6el A0
TOpPKH B MOMEHT NajieHHs Wan6u
Ha nosn? B MoMeHT oTneneHus ot
TOPKH CKOPUCTb 1IAaHOH Hanpas-
JleHa TOpH30HTa/bHO. CONpoOTHB- Puc. 79
JleHHe BO3[lyXa He YYHTBIBATb.

261. ITyas maccoét m = 20 r, neTamas ropH30HTaNbHO CO
ckopocTbio v = 400 M/ ¢, nonanaet B wap Maccoit M = 5 kr,
nojBelleHHHH HAa HEBECOMOH H HEPACTAXKHMOH HHTH MJIHHOH
! =4 M, ¥ OTCKaKHBaeT OT Hero NnocJje ynpyroro UeHTpaJjbHO-
ro yaapa. Onpenenutb yros, Ha KOTOPHH OTK/JIOHAETCH HHTb.

262. YacTHua, KHHeTHUYECKAs 9HEPTrHs KOTOpoH paBHa Ej,
CTa/KMBaeTCs a6COMIOTHO YNIPYTO C TaKOH )XKe HeNOABHMHOH
YaCcTHIEH H OTKJIOHSETCS OT MepBOHAYajbHOTO HanpaBJleHHS
Ha yron & = 60°. Onpene/IMTb KHEETHYECKYIO IHEPTHIO KaX-
JOH 4aCTHIB 1OCJe COyaapeHHs.

263. Tesno maccoi m), ABHXYIIEECR CO CKOPOCTbIO Uy, Ha-
JleTaeT Ha NMOKOSILeeCs BTOPOe TeJo H mnocJje a6CoIoTHO yn-
PYroro CTOJKHOBEHHS OTCKAaKHBAaeT OT Hero Co CKOPOCThIO

vy = %vl nox yraoM & = 90° K nepBoHayaJbHOMY HarpasJe-

HHIO 1BHXeHHs. OnpefesiHTh Maccy BTOPOTO TeJa.

JI77777777777 777777777 777777777
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4. OCHOBbI CTATUKU

MeToauueckue ykasaHUs K pelueHuto 3apay

3agaun Ha paBHOBECHe pewIaloT 10 CJeRYILeMy TJIaHy.
JenawoT uepTexx H 0603HAYAKOT HA HEM BCe CHJIBI, AeHCTBYIO-
e Ha paccMaTpHBaeMoe TeJso. 3aTeM BbIGHPAKOT CHCTEMY
KOOPAHHAT, IPH 3TOM KoopauHaTHble ocd OX u OY nanpasas-
10T TaK, YTOObI IPOEKUHMH CHJ1 HAa HUX BbIPAXKaJHCh M0 BO3ZMOX-
HocTH 6osee mpocto. HaxonsT nmpoekuuu Ha ocu OX u OY
BCEX NEHCTBYIOUIMX Ha TeJsIO CHJ M COCTABJAIOT ypaBHEHHS:

Ay +Foy +..+ Fpy =0, (1)
Fy +Fy +.+ Fpyy = 0. (2)

CocTaBasioT YpaBHE€HHE AJ1d MOMEHTOB CHJI OTHOCHTEJIbHO
OCH BpalleHHH!:

M;+ My+..+ M, =0. (3)

[Tpr 3TOM MOMEHTHI CHJI OTHOCHTEJIbHO AaHHOH OCH GepyTcs ¢
pPa3sHbIMH 3HAaKaMM B 3aBHCHUMOCTH OT HampaBJeHHs Bpalle-
HUsl Tesa. MoXHO, HanpuMmep, CYUTaTb MOMEHT CHJIB NOJIO-
JKHTEJIbHBIM, €CJIM B OTCYTCTBHE JPYTHX CHJ 3Ta CHJIa MOXKeT
TIOBEPHYTb TeJO NO YaCOBOH CTpeJsKe, a OTPHLATEJNbHbIM —
eCJIM NP TeX XKe YCJOBHSIX OHa MOXK€eT BbI3BaTh IOBOPOT TeNa
NPOTHB YaCOBOH CTPEJIKH.

B yue6HbIX 3ana4ax oObLIYHO PacCMaTPHUBAIOTCS TaKHE CH-
TyauHH, KOraa BCe CHJIBI, IPHJ0XKEHHble K TeJqy, JIeXaT B 01-
HOH NJIOCKOCTH. [T03TOMY MOXHO PacCUHTbLIBATb MOMEHTHI CHJI
OTHOCHTE/JIbHO HEKOTOPOH HEMOJABHXXHOM OCH, MPOXOAsILeH
yepe3 NPOH3BOJILHO BbIOPaHHYIO TOUKY NMepleHAHKYIAPHO 3TOH
IJIOCKOCTH. Ec/iM B 3ajaue He yKa3aHa oCb BpalLEHHS, TO ypaB-
HeHHe OJI MOMEHTOB CHJI COCTaBJAIT OTHOCHTEJIbHO NH060H
OCH, BbIOpaHHOM Tak, UTO6bl Yepe3 Hee NPOXOAH/IH JIMHHH NeH-
CTBHS HeM3BeCTHbIX cHsl. Toraa MOMEHTH 3THX CHJI OTHOCH-
TeJIbHO BHIOPaHHON OCH 6YNyT PaBHbI HYJIO, H U3 yPaBHEHUH
(1)—(3) HaxomAT HEM3BECTHYIO BEJHYHHY.

Peulenne 3anay Ha HaxoXXieHHe LIEHTPa TSXKECTH Tesia CBO-
OMTCA B OCHOBHOM K COCTAaBJIEHHIO YPaBHEHHS /Il MOMEHTOB
cua. Ec/ik npHA0XKHKTL B LIEHTpe TSXKECTH TeJsla CHIY, Hanpas-
JIEHHYIO BePTHKa/NbHO BBEPX H PaBHYIO IO MOAYJI CHje Tsi-
JKECTH, TO Tes10 OyleT HaXOAUTbCS B PABHOBECHHM H, CJEL0Ba-
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TeJbHO, CyMMa MOMEHTOB BCeX CHJI OTHOCHTEJIbHO OCH, MpO-
XoAsiueH Yepe3 UEHTp TskecTH (Wan depes 06y APYTyio
TOuKy), Oyner paBHa HyJw0. COCTaBHB M PELIHB ypaBHeHHe
(3), MOXHO HalTH MONOXKEHHE LEHTPA THXKECTH.

[TonoxeHHe LEHTpPa THXKECTH TBEPAOro TeJa COBMajaeT C
NOJIOKEHHEM ero LeHTpa Macec.

OCHOBHbI€ 3aKOHbI U hOpPMY bl

ITre4om cunbt OTHOCHTENBHO OCH Ha3biBaeTcs pacctosiHue (AnuHa
NMepreHAnKyspa) OT 3TOH OCH A0 JMHHH AeHCTBHSA CHJIBL.

Momenmom cunbt OTHOCHTENLBHO OCH Ha3biBaeTCs NMpoH3Beje-
HHe MOJYJsl CHJIbl Ha ee MJIe4yo OTHOCKTEeJbHO I3TOH OCH:

M=FL

Ycaosusn pasnogecus maepdozo meaa:
1) cymma Bcex BHeWHHMX CHJ, AEHCTBYIOILMX HAa TeNO, DaBHa
HYJI0:

BBy s +F =0

2) cymMMa MOMEHTOB BCeX BHEUIHHMX CHJI, IeHCTBYIOIMX Ha TeJIo,
OTHOCHTeJIbHO JI060K OCH paBHa HYMIO (npasuso MOMERMOB), T. €.

M|+ My+ ...+ M, =0.

[py BEITOJIHEHHH 3THX YCJOBHH TeJO MOXeT JH60 HaXOAUThCS
B nokoe, N160 ABHraTbCS PABHCMEDHO NPAMOJHHENHO, A1bo paB-
HOMEeDHO BDAalllaThCst BOKPYT OCH, NMPOXOAfLieH 4Yepe3 ero LeHTp
TAXECTH.

Npumepbl pelueHUA 3agay

264. Teno maccoit m = 200 kr nepeMelnaeTcss paBHOMep-
HO MO FOPH30HTAJbHOH NOBEPXHOCTH MOJ A€HCTBHEM CHJbL F,
HanpasJieHHOH noA yraoM o= 30° K ropu3oHTy. OnpegenuTs
3TY CHAY, eClH KO3(GQUUMEHT TDEHHUS TesNa O TOBEPXHOCTb
npu asvxernun p = 0,30.

Pewenwue Hareno neiicrayior cuna F, cuaa Hop-
MaJIbHOH PeaxlMH Onopbl N, CHIa TSXKECTH mg H CHJa Tpe-

Hust Fr,. 3a nonoxuresnpHoe Hanpasnenne ock OX npumem
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14 HanpaBJICHHE ABHXEHHA TeJa,

.. ocb OY HanpaBHM BepTHKa/b-
. Nor Ho seepx (puc. 80). Ilo ycno-
Frs zgi BHIO 3a0a4M TeJO [ABHXKeTCH
p ) sy PABHOMEDHO, T. €. Haxoautes
. B PaBHOBECHH, CJIe10BATEJIbHO,
™ BBINIOJIHAETCH yCJIOBHE
Puc. 80 F+N+FTp+m§=0,

[TosToMy CyMMBbl NPOEKLHI STHX CHJ Ha KOODAMHATHBIE OCH
OX u OY paBHBI HYJIO:

Feosa—Frp =0, (1)
N+ Fsino—mg = 0. (2)

W3 ypasnenus (2) naxogum N = mg — Fsin® H, yuuTh-
Basi, uto Frp = N, noncrasisiem B ypaBHeHHe (1):
Fcosa —u(mg — Fsina) = 0.
OTcrona
F=—F" _ F=59-102H.

cosa+psina’

265. UTo6bl BLITALIMT aBTOMOOHIIb, 3aCTPSBLUIHH B IPsA3H,
wodep NpHBA3aa 0OAHH KOHeLl TPOCa K aBTOMOOHJIIO, 2 BTOPOH
K CTOSILIeMY BMepelH AepeBy, NpeaBaPHTEbHO HATSIHYB TPOC.
3aTeM OH MOROLLIEN K CEpPefHHe TPOCa H CTaj OTTATHBATH €ro
B FOPH30HTANBbHOM HanpasJyeHHH ¢ cunoit F = 500 H, nanpas-
JIeHHOH NepneHANKynspHo Tpocy. PaccTosiHHe MexAay aBTo-
MoOHaeM H fepeBoM [ = 52 M. HaliTv cuny HaTseHHs Tpoca
B MOMEHT, Korja wodep npoasHHy.cs Bnepen Ha s = 0,52 M.

PeweHue IlpyoTTaruBaHHuM Tpoca B HEM BO3HMKAIOT
cuabl HatskeHHs T W Ty, HanpaBseHHble BAOJb TPOCA OT
touku O (puc. 81). Tak Kak cua F npusioKeHa B cepefuHe
Tpoca M HanpasJ/leHa NnepnesankyasipHo AB, To MOAYJH CHJ
Ty u Ty MOXHO CuHTaTh oAMHaKoBbiMU: T = Ty = T.

Touka O naxoauTCs B paBHOBECHH, TOSTOMY CYMMa [1pOeK-
udi cun F, Tp u T, Ha mo6yl0 KOOPAHHATHYIO OCb paBHa
Hymo. CrpoeKTHPOBaB 3TH CHJbI HAa oCb OV, 3anuuiem ycJo-
BHe PABHOBECHS:

2T sino - F=0.
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= [
) = 5
Puc 81
Orcioma T = —E£ . Kax supso u3 PHCYHKa, sino = 9C Ho
2sina OA

OC = s, OA = 1/2, nostomy sino = 2s/!. CregosatennHo,

T=£ T=13 1031
S

[To nocaenHei dopmysie MOXHO ONpPeesHTb, BO CKOJbKO
pPas cHsa HaTSIKEHHs1 TPOCa NPeBOCXOAUT yCHaHe wodepa:

_T _ !
n=g= s
B paccmarpuBaemom cayuyae n = 25.

266. Illap Maccoil m BUCHUT Ha BepeBKe JNWHOH [, NpHKpe-
NJIEHHOH K rJaakod creHe. Halitu cuny, ¢ kotopo# wap za-
BUT Ha CTeHY, eCJld ero paguyc K.

Pewenwue Hamap gedcTBYIOT TpH CHAbLL: CHIA TsXKe-
ctH F; = mg, cuna HaTshHKeHUst BepeBKH T H CHJa HOpMalb-
HoM peaxumu cTeHbl N. (Cuia TpenHsi OTCYTCTBYET, IOCKOJIbKY
cTeHa ruagkas.) Tak Kak wap HaxOOMTCs B
PaBHOBECHH, CYMMa MOMEHTOB BCEX CHJl OT- 4
HOCHTENLHO 000K 0CH paBHa Hy0. MoMeH- A
Tbl CHJ 7 1 N OTHOCHTENbHO OCH, NPOXOAS-
e yepe3 Touky O, paBHbl HYJIO, NIOTOMY
YTO MUIeYH 3TUX CHJA paBHbl Hymo. Cnenosa-
TeJbHO, MOMEHT CHJbl 7 OTHOCHTEJbHO
Touky O Tak»Ke paBeH HYJIO, 3HAYHT, JHHUSA
[eHCTBHS ee MPOXOAMT yepe3 LEHTp Wiapa.

KoopanHaThyto och OX HanpaBum ropH3oH-
TallbHO, 0cb OY — BepTHKabHO BBEPX (pHC. 82).
[lfap HaxomMTCA B DaBHOBECHH, MO3TOMY Bbl- Puc 82

R T

N

‘_éua
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nosusietcss yeaoske T + F, + N = 0. B npoekuusx Ha ocu OX
u OY 3To ypaBHeHHe faeT:

N -Tsina=0, Tcosau—mg=0.

Orcona N = mgtga. U3 tpeyroasiika AOB Haxoaum:

_ 0B _ R — R
= 0p = Ju+RE-R: — JZ+2Rl
Torna
N_LR
NPT

CorsiacHo TpeTbeMy 3aKoHY HbloTOHa, cHsla, ¢ KOTOPOK Wap
JABUT Ha CTEeHY, PaBHa 1o MoAyJio N M HanpaBJjeHa B NPOTH-
BOIIOJIOXKHYIO CTOPOHY.

267. Llnnuuapuueckas Tpyba mMasioro gfMameTpa, MMelowas
maccy m = 2 - 103 kr, nexxuT Ha 3emie. Kakylo HauMeHbIIyI0
CUJIy HaJIo TIPHJIOXHTh, YTOOLI NMPUIOAHATL TPYOY 32 OOHMH U3
ee KOHLIOB?

PeweHue Urobs npunogHsTs TpyOGy 3a OAHH M3
€€ KOHLOB, HY>KHO IIPUJIOXKHThb K 3TOMY KOHLY HEKOTOPYIO CH-

{ ay F, HanpaBJIeHHYIO BBEDX
4 (puc. 83). Tlyctb { — gamHa
Tpy6bl. Torpa touka npuio-
YKEHHS CHJIbI TSOKECTH (LeHTp
TSXKECTH) HaXOIHTCH Ha pac-
crosiHuu [/2 oT KOHUa Tpy-
mi 6bl. YuMUTbIBasi 3TO, COCTaB-
JisieM ypaBHEHHe MOMEHTOB
Puc 83 CHJ1 OTHOCHTEJIBHO OCH, TIpO-
Xxoasiuled uyepe3 Touyky O:

mgl/2 — Fl = 0. Orciona F = mg/2, F=1"10% H.

268. banka maccoit m| = 600 kr u gauron {; = 4,00 m
nokoutcs Ha omnopax A v B (puc. 84), pacctosiHne Mexxay
KotopbiMH l9 = 1,00 m. K cBoGoaHOMY KOHLYy 6asKy nozielleH
rpys. Banka gasut Ha onopy B ¢ cunoit Fg = 7,35 - 103 H.
OnpepnenuTs Maccy rpysa d CUJy, ¢ KOTOpPOH 6aslka AaBHUT Ha
onopy A.

Pemen e Haob6anky c rpy3aoM NeHCTBYIOT YeTbipe
CHJIbL: CHJIA TAXKECTH GaNkK rm g, CHAA TAKECTH.IPY3a mog H
cubi Ny n N g HopMasbHOH peaxiyu onop A u B. [1o TpeTbe-
my 3akoHy HbloTona cuibl Fy u Fg, ¢ KOTOpbIMH 6aslKa AaBUT
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L/2?

e
ES)
AN

Mg

4

Puc. 84

Ha onophl (Ha pHUCYHKe He MOKa3aHbl), paBHbI 10 MOAYJIIO CH-
aam N4 u Ng, 1. €.

Fq =Ny, Fg=Ng, (1)

¥ HMEIOT HarpaBJIeHHs, IPOTHBONOJIOKHbIE HAINPABJIEHHAM CHII
NA H NB'

Banka HaxonuTCA B paBHOBECHH, NOITOMY CyMMa MOMEH-
TOB BCeX AeHCTBYIOUIMX Ha Hee CHJ OTHOCHUTEJBHO JIIOO0H OCH
paBHa HyJo. CocTaBMM ypaBHEHHeE [JI MOMEHTOB CHJI OTHO-
CHTEJIbHO OCH, MPOXOoAsleH yepe3 onopy A nepnenaukymap-
HO IJIOCKOCTH YepTexa:

NBIQ — mlg(ll/Q - 12) - ng(ll - 12) =0.
Orciona ¢ ydetom pasencTs (1) nosyyum:

FBIQ - mlg(ll/2— 12)
mo = . , mo = 50 xr.
2 gl —b) 2
3anuiieM yc/i0oBHe paBHOBECHS Tesla B MPOEKUHUAX Ha Bep-
THKaJbHOe Hanpasieune: Ng —mog — mg — Ng = 0. O1cio-
[a, yuuThiBas paseHcTBa (1), noaydaem:

Fy = Fg +(m +my)g, Fq=137-10% H.

269. Ot serkoro Tos4Ka TeJO Ha4aj10 PABHOMEPHO CKOJlb-
3UTb BHH3 10 HAKJOHHOM MJOCKOCTH C YIJIOM HaKJ/OHa O.
Ha#iTi Ko3hdHUHEHT TPeHHS CKOJIbXKEHHS.

Pewewnue HarTeno nedcTBYIOT TPH CHJBL CHJA
TAXECTH mg, CHa HOPMANbHOH DEaKUHH OMopbl N H CHJA

Tpennst Fr,. KoopanHaTrywo ock OX HanpaBiM BAOJIb HAK/IOH-
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Puc 8 Puc 86

HOM MJIOCKOCTH BHK3, a ocb OY — neprneHAHKYNAPHO MJIOCKO-
ctu Beepx (puc. 85). Io yc/i0BHIO Tes10 ABHXKETCsi paBHOMED-
HO, TO3TOMY cyMMbl npoekuuit Ha ocH OX u OY Bcex cui,
OedCTBYIOLIMX Ha TeJso, paBHbl HYJIO:

mgsina.— F, =0, (1)
N —mgcosa, = 0. (2)

Cuna tpenus ckonpxenus Frp = UN, rae g — kosdduum-

eHT Tpenus. W3 pasenctsa (2) naitnem N = mg coso. u, noa-
cTaBuB 3HaueHue F, B Gopmyny (1), nonyuum

mgsina —umgcosa = 0.

Otciona HalzeM HCKOMOe 3HayeHHe KO3 HUHEHTa TPeHHSs:
u=tga. . _

270. Opnuoponubié cTepxkedb OA ynupaeTcsi OIHUM KOH-
LOM B YTOJ U YA€ PXKHBaeTCs 32 APyroi KoHew HUTbIo (puc. 86).
Macca crepxHs m, a yroJ ero HakJ0Ha K FOPH30HTY PaBeH O..
Haifitn cuny HaTsKeHMS HUTH, a TakKe CHJbl, C KOTOPbIMH
CTepKeHb AABHUT HA MOJ U HA CTEHY.

Pewenue Hacrepxen, 1eACTBYyIOT 4eThIpe CHJIbL
CHJla TSOKeCTH mg, CUJIa HATSOKEHHS! HUTH T, CHIIbl HOpMaJlb-
HbIX peakudi nosna N u cTensl Nyo. Tax kak cTepxeHb Haxo-
LUTCSl B PABHOBECHH, TO

mg+T +Nj + Ny = 0.
Cymmbl npoekuui 3Tux cua Ha ocd OX u OY paBHbl HYJIO:
Ny =Tsino = 0, (1)
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Ny —mg +Tcosa =0. (2)

CocTaBUM ypaBHeHHe LS5 MOMEHTOB CHJ OTHOCHTEJbHO
OCH, Mpoxonsillel yepe3 Touky A:

mg(coso)l/2 - Ti =0,
rae [ — pnuHa crepxxHA. M3 sToro ypaBHenus HatigeMm

T — mgeosa
5 .

[ToactaBuM 310 3Hadenue B ypasHenusn (1) u (2):

N, = mgsin2a Ny = mg(1 + sin? o)
4 B 2 '

Cornacho TpeTbeMy 3akoHY HbloTOHA, ¢ TaKHMH MO MOAYJIO
CHJIaMH [aBHT CTepXXeHb Ha CTEHY H MO

271. OpgHopoaHbid cTepkeHb AB npHKpenJieH K BepTHKa/b-
HOH CTeHe NoCcpeCTBOM WapHHUPa A M ylepKHUBaeTcs Moj yr-
Jom o0 = 60° K BEPTHKAJM C MOMOLIbIO HEBECOMON BEpPEBKH
BC, o6pasyiowe#t ¢ Hum yroa B = 30° (puc. 87). Onpenenuts
CHJIY HaTsPKEHHA BePEBKH, a TAKXKe MOLYJIb M HanpaBJieHHe CHJIb
peaKuMH UapHHpa, eCJIH H3BECTHO, 4TO Macca cTepxHs m = 2,0 kr.

Pewewnwue HacrepxeHp AeACTBYIOT cJeayioliye
CHJIBI: CHJIA TSDKECTH mg , TIPHAOKEHHAS K CepelinHe CTePXKHS
M HanpaBJleHHast BePTHKaJbHO BHH3; CHJ1A HaTsKEHHS BepeB-
k# T, NpHJIOKEHHAA B ToukKe B W HampassienHas BAOJb BePEB-
KH; CHJ1a peakuuH wapHupa N. Mo-
LyJb W Hanpas/ieHHe cUJbl N Heus-
BECTHbI, T0O3TOMY Ha PUCYHKe OHa He
NoKasaHa. 3anuueM ycJoOBHe pas-
HOBECHA B BEKTOPHOH (opMe:

mg+T+N=0,
a 3aTeM B npoekuHsax Ha ocH OX H
oY:

Y

N, -Tsinfla-B)=0, (1) A X
N, - mg+Tcos(a-B)=0. (2) p
CocTaBHM ypaBHEHHE 1JISt MOMEH- - 8

TOB CHJl OTHOCHTENBHO OCH, fIPOXO-
asiuledt depes Touky A: Puec. 87
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mg(sina)l/2 — TlsinP = 0, (3)

roe | — AJMHA CTEPXKHA.
U3z ypasuenuit (1) u (2) naipem:

N, = Tsin(o -B), N, = mg — T cos(a ~ B).
Monyab cuael N
N = m = \/(T sin(o - B))2 +(mg - T cos(o - [3))2 =
= \/T2 +m?g? - 2mgT cos(a — B). (4)
U3 ypasnenus (3) caenyer:

_mgsino _
T_m, T =17 H.

[loacTass noaydenHoe Bbipaxkenve T B opmyay (4),
nocJsje npeo6pa3oBaHUH ¥ BbIYHCJIEHHH NMOJYYHM:

N = mg\/1+ sinq_ sinacos(a =) - n_ g8 gy
4sin? B sinf ' ’ ’

Hanpasnenue Bektopa N onpegensieTcsi yrjioM Y, KOTO-
pblit 3TOT BeKTOp cocTasseT ¢ ocbio OX. [lo 3HaueHHsIM npo-
ek Ny u N, HaiilleM
tgy = N, _ mg - Tcos(a -B)

N Tsin{o — B)

Y
Tloacrasus ciona T = mg sina/(2sinB), noay4um nocse npe-
06pa3oBaHHUi:

2sinp - sin o cos{ot — B)
sina sin{o — B)

tgy = : tgyzg, vy = 30°.

272. JlecTHyua onupaeTcsi OAHHM KOHLOM O BEPTHKAaJb-
HYIO [JIAfKYI0 CTeHy, a ApyrHM — o 3emuo. KoadduuneHr
TpeHHs necTHHUB 0 3emyio W = 0,4. LleHTp TsxkecTH secTHH-
bl HAXOAHUTCSH Ha ee cepenHHe. OnpefesMTh HAUMEHbUIHH YTOJ
O, KOTOPHIH JIeCTHHUA MOXeT 00pa3oBaTh C FOPH3OHTOM, He
COCKaJ1b3hIBasl.

Pewenwue HanecTHuuy geficTByOT cHia TsiKecTH
mg, Cubl HOpManbHbiX peakuui Ny u Np cTeHb W 3emaH,
cuna tpenns Fr, (puc. 88). JlecTHHUA HaXOQUTCH B PaBHO-
BecHH, ciejoBatenpHo, mg+ Ny + Ny + F,; = 0, nostomy
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Puc 88 Puc. 89

CYMMBbi NPOEKLHHA BCEX CHJ Ha OCH OX u OY PaBHH HYJIO:
Ny = F;; =0, Ng — mg =0, niu
Ni - pNy =0, (1)
N2 - mg = O (2)

IycTts ! — nnuna nectHrnbl. Ha ocHOBaHHH paBeHCTBA HYJIO
CYMMbl MOMEHTOB BCEX CHJ OTHOCHTEJNBLHO OCH, NPOXOAsiLeH
Yyepe3 TOYKY B, COCTaBHM ypaBHeHHe:

Nylsina — mg(cosa)l/2 = 0.
Otciona

tgo=mg/(2Ny). (3)

Buipasus u3s ypasHeHHs (2) Ny = mg W TNOACTaBHB 3TO
3HayeHHe B ypaBHenue (1), Hailnem N| = umg. INoactasus
3To BhlpaxkeHue B opmyay (3), noayuum:

a= arctgﬁ, o =5l°.

273. OnHopoanas 6anka maccoit m = 140 xr noaseleHa
Ha [Byx KaHarax (puc. 89). KakoBbl cuibl HaTskeHus Ty u Ty
KaHatoB, ecit AC =1, =3 M, CB=1lp=1wm?

Pew e Hue Dbarka HaxoauTcs B PABHOBECHH, TO3TOMY
CYyMMa MOMEHTOB BceX AeHCTBYIOILHX Ha Hee CHJI OTHOCHTEJib-
HO OCH, NPOXoAsillled yepe3 TO4KY B, paBHa HyJI0:

Tl(l{ + 12)—mg12 =0,
OTtciona

5 3ak. 2680 129



_ mgh »
P+ (1)

OTHOCHTEILHO OCH, TIPOXOAsiLIeH Yyepe3 Touky A, cymma
MOMEHTOB BCE€X CHJI TAKXX€ paBHA HYJIIO!

mgll - Tg(ll + 12) =0
OTcrona
mgl;
Th+

(2)

HNoncrasus B opmyJinl (1) 1 (2) urcsoBble 3HaYeHHs Be-
nuumy, noayuum: T; = 3 - 102 H, Ty =1 - 108 H.

Cuny Ty MOXHO 6b110 6bl HaiTH HHauye (nocse Toro, Kak
HaiifleHa cuna T), BOCIO/Ib30BABIKCH YCJIOBHEM PaBeHCTBA
HYJII0 CYMMb! NPOEKLIMH BCEX CHJT HAa BEPTHKAaJIbHOE HarnpasJe-
Hae: Ty + Ty — mg = 0, otkyna To = mg — T.

274. Yetbipe wapa maccaMHd my, mo, m3 W My HaNeThl Ha
CTEPXKEeHb TaK, YTO HMX LEHTPbl HAaXOAATCH HAa ONHHAKOBBIX
paccrosiHusx [ apyr ot apyra. Macca crepxHs m. Onpene-
JIHTb TI0JIOXKEHHE LIEHTPA THAXKECTH CHCTEMbI.

Pewenue [lpeanonoxum, uTo UEHTD TAXKECTH HAXO-
AMTCS HA PAaCCTOSHMM X OT LeHTpa Jesoro wapa (puc. 90).
Ecnu nocTaBHM B 3TOM MecTe ONoOpy, To CHcTeMa OyAeT Haxo-
AHTbCs B paBHOBecHH. Cllef0BaTeNbHO, CyMMa MOMEHTOB BCeX
CHJ OTHOCHTEJIbHO OCH, NpPOXOAfllel uepe3 JOGYI0 TOUKY,
OyneT paBHa HyJio. Ha cucTeMy NeHCTBYIOT CHJbL TSXKECTH
WapoB mg, mog, mag, mag, CTEPXKHA mg W CHIa HOPMaJlb-
HOH peaxuuH onopbl N. CyMMa MOMEHTOB 3THX CHJ OTHOCH-
TeNIbHO OCH, NpoXxoAsiled Yepe3 Touky O, paBHa HyJIO:

mogl+mg 1,50 +myg -2+ myg-3l—Nx=0.

I .
N
X
[ vz 4 ,
49) { 1) (
mg mi ’77;; m,g
M9

Puc 90
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CyMMa HpOBKLLHﬁ BCeX CHJI Ha BepTHKaJbHOE€ HalpasJse-
HHE TaKXXe paBHA HYJIO: '

N-mg-mg—-meg—m3g—myg=0.
PeuiyB cuctemy aByx ypaBHeHHH, HalineM

_ {mg +15m+2mg3 + 3my)!

m+mp+mo +m3+my

275. Onpenenutb NOJNOXKEHHe LEHTPA TSIKECTH OLHOPOA-
HOM KPYIJIOH MJIaCTHHBI pafityca R, B KOTOPOH BbIPE3aHO KBaJ-
paTHOe OTBEPCTHE CO CTOPOHOM @ = R /2 Tak, Kak MOKa3aHo
Ha puc. 91.

Peurenue. Pacrnonoxum
NJacTHHY C OTBEPCTHEM Tak,
4yT06Bl OCb CUMMETPHH Oblaa 7 //
rOPU3OHTA/IbHA, W TPeAnoJIo- ///
XKHM, YTO Bblpe3aHHbIH KBafpaT y

[IOMELIEH Ha IpexXXHee MeCTO.
Torna cuna TsXXeCTH BCero tesa

m§=m1§+m2§, _‘//,Z"

rae myg — CHJa TSXEeCTH KBaj-
para, MPU/IOXKEHHAs B LEHTpe s
KBaipaTa, mog — CHJA TsXe- '
CTH MJIACTHHKH C OTBEPCTHEM, Puc 91
[PHJIOXKEHHAst B HCKOMOM LEH-
Tpe TsiKecTH C.

OTHOCHTENIBHO OCH, MpPOXoAsiiied yepe3 oOWHH LEHTD TH-
xectd O, cyMMa MOMEHTOB BCEX CHJ TSKECTH PaBHA HYJIIO:

D

mgR/4 - mygx =0,

rae x — pacctostiie oT Toukd O 0 Touku C (UeHTpa TsSxKeCTH
MACTHHKY ¢ oTBepcTHeM). OTciona

[Tyctb A — ToJLMHA NIACTUHKH, P — MJIOTHOCTb MaTepHa-
Jla, U3 KOTOPOro OHA M3roToBJieHa. Torza:

m =l = 2

plxi’2 h

my =m—m =an2h— 3

= %pRQh(Lln -1).
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[Topctasus B hopmyay (1) m| u mgy, noay4um

_ R
ST

276. Cuctema, cocTosllas H3 HEMOABHXKHOTO M TIOABHXK-
Horo 6s0x0B (puc. 92), naxoautcs B paBHoBecHH. K Hemoa-
BHXXHOMY 6JI0Ky noaseuieH rpy3 maccod m; = 20 xr. Hafitu
MacCy rpy3a Mo, CHJAY HaTSXKEHHS HHTH H CHJY, A€HCTBYIO-
IIYI0 HAa OCb HEMOABHXHOrO 6J0Ka.

"

-

i F

Puc 92 Puc 93

PeweHue [Ilpu paBHOBeCHH CHCTeMBl CyMMa MpOEK-
i Ha ocb OY cun, neAcTBYIOUMX Ha GJOKH H TeJa, paBHA
HYJIO:

2T —mog =0, N-2T; =0, T -mg =0, (1)

rie T = T| — MOAy/b CHJIbl HATSKEHHSI HUTH; N — CHJa peak-
LMK OCH HeMOABHXXHOro 6Ji0ka. COrJacHO TpeTbeMy 3aKOHY
HeloToHa, Ha ocb 3Toro 6soka gedcteyer cuna F = N. Torna
u3 ypaBHenui (1) naiinem:

T =mg, mg=2my, F=2T,
T=2-102 H, my =40 kr, F=4-10% H.
277. [1Be npy>XHHH, XKECTKOCTH KOTOPHIX k] = 400 H/mu
ko = 600 H/m, coenynensl nocnenosarensto (puc. 93). Ka-

KOH AOJI>KHA ObITb XKE€CTKOCTb MPYXKHHb!, KOTOPOH MOXHO 6bLI10
6bl 3AMEHHTb 3TY CHCTEMY M3 ABYX TPYXKHH?
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Peuwewnue. [IlpumocnenoBaTenbHOM COeNHHEHHH Tpy-
KHH CHJIbl HATAXKEHHS WX ONMHAKOBBl M PaBHbI 10 MOLY.JIO
npuaoxeHHon cuae F. ITo 3akony I'yka

F = kAl (1)

rae £ — XMeCTKOCTb CHCTEMbI (a 3HAYHUT, U KECTKOCTb [IPYXKH-

Hbl, KOTOPOH MOXHO GblJIO 6bl 3aMeHHTb 3Ty CHCTEMY); Al —
abconoTHas AedopMalus CHCTEMBL:

Al = Aly + Aly; (2)

Aly, Aly — nedopmanus Kaxao# npy>HHbI.
[lo 3akony I'yka
F = kAL, F=kyAly. (3)

W3 soipaxennit (1)—(3) naxomum: Al = F/k, Alj = F/k,
Aly = F/ky. TlofctaBus 5Th 3HaueHus B paseHcTBo (2), no-
Jy4UM

1,1
Y Ry
OTKYZA k = kiky /(k) + ko), k = 240 H/ M.
278. I'pys maccoit m = 40 Kr BUCHUT Ha aABYX Tpocax: AO u

BO (puc. 94, a). Tpoc BO o6pa3yeT ¢ rOPU3OHTAbHbIM Ha-
npasienneM yroa o = 60°. HaiTu cusbl HaTAXXeHHA TPOCOB.

Y

a J

7 iy 4 ZZ,
4 A

A 2

T
v 7 A&
Z 1] X
F

Puc 94

-Pewenue Krouke O npuioxeHbl CHIbI HATSAXEHUS
TPOCOB T} H Ty, HanpasJleHHble BOJb TPOCOB, @ TAKXKE CHJIA

F, paBHas cuie Tskectu rpy3sa (puc. 94, 6) KoopauHaTtuywo
ocb OX HanpaBuM BRoJb Tpoca AO Bnpaso, a ocs OY — Bep-
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THKaJbHO BBepX. Touka O HaxoauTcs B pasHosecHH. Cueno-
BatesibHo, Tj + Ty + F = 0. [losaTomy CymMMbl NpoeKuUHH BCex
LEACTBYIOLIMX Ha Hee cus Ha ocH OX n OY pasHbl HyJII0:

Tlcosa—TQ =0, Tysinoo—mg = 0.

Orciona Ty = & Ty = & | T = 45-102 H, T, =23-10% H.

ln(l

279. Unnunpp Maccou m = 150 xr ynep»xuBaeTcs Ha Ha-
KJIOHHOH TJIOCKOCTH C I[IOMOIUBIO JIEHTBI, C OJHOH CTOPOHBI
3aKPEI/IeHHOM HA HAK/IOHHOH TIOCKOCTH, a ¢ APYroM Harpas-
JEHHOM mapaJsesnbHo nuockocTH (puc. 95, a). Haiitu cuay
HATSDKEHHUS JIEHTBl. ¥ TOJ HAKJIOHA TIOCKOCTH O = 30°,

Pewenue Bobepem HanpaBaeHHs KOOPAHHATHBIX OCEH
OX u OY rak, Kak nokasaHo Ha puc. 95, 6. Ha uuannmap
AEHCTBYIOT CHJIa HATSKEHHS JIEHTHl F, CHJla HOPMaJbHOH pe-
aKuuu omnopbl N W cHila TsKeCTH mg. [10CKONbKY LMJIMHAD
HaXOIHTCS B PaBHOBeCHH, TO 2F + mg + N = 0. Cnenosaren-
HO, CyMMa NPOEKLUHH BCeX CHJ Ha KaXAYI0 U3 0Cell KOOpAHHAT
LOMKHA PaBHATLCS HYJIO:

2Fcosa— Nsina =0, Ncosa—mg + 2Fsina = 0.

PewrB 3Ty cucTeMy ypaBHeHHH, MOJNYIHM:

mgsina
F=T822% F=37 102 H
STy 3agauy MOXXHO pellHTb ApYrUM criocofom. OTHOCHTEJb-
HO OCH, MPOXOARlLEH Yepe3 Touky Oy, CyMMa MOMEHTOB BCex
CHJ paBHa Hy/wo. Iliedo Cuibl mg OTHOCHTENIHO 3TOH OCH

2 d

=
t

Ty
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lj = Rsina, rae R — papuyc unnunapa. [lnedo cuanl £, npuiio-
YKEHHOH K LMJIMHAPY CBepxy, lo = 2R. CornacHo npaBH/1y MOMEH-
TOB, uMeeM —mgRsina + F - 2R = 0, otkysa F = mgsina/2.

280. HepaBHonneyne Becbl ypaBHOBECHJH, MOJOXKHB J0-
MOJHHTENbHBIA IPy3 Ha OAHY M3 yall BecoB. MoXHO JH Te-
nepb N0JIb30BATLCH ITHMH BecaMM [J/1si B3BELUMBAHHUS Tak Xe,
KaK W paBHOMJeuyHMH? Maccoll Kopombicsa npeHebpeys.

Peuenue BspemnBanue — 3To onpejesieHHe MaccChl H
Beca Tesa C NOMOWbI0 BecoB. [leHCTBHe pBIYAXKHBIX BECOB
OCHOBAHO Ha YCJIOBHH DABHOBECHS TeJ1a C HEMOABHXKHOH OCbIO
Bpauenus. I1ycTb Ha JIeBOH yallle BeCOB HAXOAHTCSH B3BeELLH-
BaeMoOe TeJo, a Ha NPaBOH — YPaBHOBEILMBAKIIAs THPS
(puc. 96, a). Ha snieByio yawy neiictByet Bec Tesa P}, Ha Teno —
CHJa TSXKECTH myg M CHJIa HOPMAJBHOH peakuuu damu Nj.
[TockosbKy Teso MOKOHUTCS, MOAYJb CHJBI PEAKLHH YallH pa-
BEH MOAYJIO CHJbl TsOKecTH, T. e. Nj = myg. Ho, cornacuo
TpeTbeMy 3akoHy HblOTOHA, cHJA peaKUHH Yalld MO MOAYJIO
paBHAa CHJe, C KOTOPOH Te0 AABHT Ha daiwy (Becy TeJsa):
N) = P,. CnepoBatenbHO, Bec Tesa

P1=mlg. (1)

Ha npasyio yawy peiicteyer Bec rupu Py . Paccyxaas axna-
JIOTHYHO, NOJYy4aeM

PQ =mog. (2)
Ilpy paBHOBeCHM BBLIMOJNHSETCS YCJOBHE PAaBEHCTBA HYJIO
CYMMbl MOMEHTOB CHJl P U Py

_Plll + PQIQ = 0, HJU Plll = PQIQ,

a [ 0 { ) L 0 A
ilni ifmi Ay |7 7
00000 A0,

Puc 96
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roe [y, lop — maedM 3THX CHUJl OTHOCHTENbHO OCH BpALUEHHS,
npoxoasiued yeped Toyky O.

Ecnu Bechl paBHomeuue (puc. 96, a), T.e. [j =k =, TO
TP paBHOBECHU BeC Tesa paBeH Becy HpH: P| = Py. YUUTHI-
Bast opmyJinl (1) u (2), MOXKHO Takxe yTBepPXKAATb, YTO NPH
3TOM Macca TeJla paBHa Macce THpH: m| = mgy. TakuM obpa-
30M, C TIOMOLIBIO PbIYaXKHbIX BECOB MOXXHO OMpeae/HTh Kak
Maccy, Tak M BeC TeJa.

PaccmoTpum Tenepb onucaHHyo B 3afade cutyauxio. Ilycts
HepaBHOIJIeYHe BeCbl YPABHOBECHJIH, NOJI0KHUB Ha JIeBYIO Yally
JOTIONIHUTENbHBIE Tpy3 Becom Py (puc. 96, 6). IIpu sTOM BbI-
TNIOJIHSAeTCS YC/IOBHE

Ml = MQ, (3)

rae M|, My — Moy 14 MOMEHTOB CHJI, IeHCTBYIOUHX Ha YallH.

JonmycTHM Tenepb, UTO Mbl ITOJIOXKHJIM HA KAXKAYIO Yally 1o
THpe oaMHakKoBoro Beca P. Hapywures 14 npu 3ToM paBHOBe-
cve? [lpennonoxuM, 4To OHO He HapyWHTCHA. Toraa KOMKHO
BBINOJIHATLCS ycaoBue M| + Ply = My + Ply, oTKyna ¢ yue-
TOM paBeHcTBa (3) noayuum [ = [y, YTO NPOTHBOPEYHT YCJIO-
Buio. CienoBaTenbHO, paBHOBecHe HapyuwuTcs. TakuMm obpa-
30M, STHMH BeCaMH HeJb3$l I10J1b30BAThCH TaK XK€, KaK U paB-
HOIJIEYHMH.

B 3ak/oueHue 3nech yMeCTHO 06paTUTh BHHMaHHe Ha To,
4TO BeC TeJla MOXKHO OINpele/NuTh TAKXKe C IIOMOLbIO NPYXKHH-
HbIX BecoB. [1py>KHHHbIe BeChbl OTJIHYAIOTCS OT PhIYaXKHBIX TEM,
YTO Ha HHUX BeC Tejla yPaBHOBEWIHWBAETCS CHJOH YIPYroCcTH
TNPYXHHBI, PACTSHYTOH NOABEIIEHHBIM K Hel (MM cxkartol
TOJIOXKEHHBIM Ha Hee) TesioM (puc. 97).

281. CrepxeHb, COCTaB/EHHbIA U3 ABYX OAHOPOAHHIX KYC-
/ KOB OfIMHAKOBOH [JIMHEI, SIBJISIETCS OCHOBAHHEM paB-

HOCTOPOHHero TpeyroabHuka (puc. 98, a). Macca
OJIHOTO KYCKa CTep>KHs1 BBoe 60Jbllle MacChl APYToro
Kycka. CteprkeHb NOABELLIEH 32 KOHIb HA IBYX HeBe-
COMBIX HHTSIX, KOTOpble CJ1y»KaT GOKOBBIMH CTOpOHa-
MH 3TOro TpeyrosibHHKa. Kakoi yron o o6pasyer crep-

K ’KeHb C TOPH30HTOM B NOJIOXKEHHH PaBHOBeCHs?
Fymp Peuwenue. Tlockonbky CTEp»KeHb HAXOAUTCSH
5] B PaBHOBECHH, CyMMa MOMEHTOB BCeX CHJ paBHa
HyJi10. Ha cTepxKenb IeHCTBYIOT YETbIPE CHJBL CHIIbL
‘/779* HATSXKEHHs HUTel T) U T,, cuiia TSXKeCTH mg, NpH-

Puc 97 JOXEHHAas K MeHblleMy IO Macce KyCKy, H cuJa
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Puc 98

TSOKECTH 2mg , IPUJIOKEHHAS K KYCKY BABO€ 6OJbLIEH MacChl
(puc. 98, 6). s onpejesieHHsi MOMEHTOB CHJ yIOGHO BbI-
6paTh OCb, NPOXOASILIYI0 uyepe3 TOuKy noaseca O, Tak Kak
yepe3 Hee NPOXOAAT JHHHH AEHCTBHS HEM3BECTHBIX CHJ T} H

T2, H, CJIeOBATEJbHO, MOMEHTHl 3THX CHJ DABHBI HYJIO. Ha
OCHOBAHHH NpaBHJa MOMEHTOB COCTaBHUM YpaBHEHHE!

2mg12 - mgll = 0, (1)

rae ly, [ — TJIeYH CHJ COOTBETCTBEHHO 2mg M mg OTHOCH-
TeJBHO OCH, NpoXoasied yepes Touky O.

Jinst Haxoxnenus [ v Iy nposeaeM U3 Toukd O nepneHaH-
xynsip OA Ha ropu3oHTa/lbHOE HanpasJ/eHHe. Toraa miedo

I, = MB - AB.

U3 AOAB naxogum: AB = [cos(a + B), rne [ — piMHa HATH
(v crepxns); B = 60°, Tak Kaxk TPeyroJbHHK PaBHOCTODOH-
uui. U3 ADMB naxogum MB = DB cosa.

[TockoabKy CHJIa mg TPHJOXKEHA OCepeJHHe TOHKOH Yac-

™ EK crtepxHs, a cuna 2mg — nocepeauHe KB u, xpome
toro, EK = KB, To ED = DK = KC = CB = |/4. Cnenosa-
TEeJILHO,

MB = %lcosa, I = %lcosa —lcos(a +P).
Kaxk BuaHo u3 puc. 98, 6,
ly = AB - BCcosa = lcos(a +B) — —41-lcosot.

oncraBus 3Havenust /| ¥ [y B ypasHenue (1), noayuum
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2mgl(cos(a +B) - 4icos a) - mgl(% cosa — cos(a + B)) =0,
HJIM TocJle npec6pa3oBaHuil

3cosacosB—3sinasinB—%cosa:0. (2)

Tak kak P = 60°, To cosP =1/2, sinp =+3/2. [Noacra-
BMB 3TH 3HaueHHs B ypaBHeHHe (2) U pelwiHB ero, MoJy4ydMm

o =arctga13-: 6°.

282. JlokasaTb, YTO HEHTP THAMKECTH IIPOU3BOJIBHOIO MJIOCKO-
o TPeyrosbHHKa HaXOMHTCA B TOUKe TepecedeHHst ero MeaHaH.

PeweHHne Pasobbem TpeyrojbHHK JHHHEMH, apaJ-
JespHbiMH cTopoHe AC, Ha 60JbLIOE YHC/IO TOHKHX IOJIOCOK
(puc. 99). Kaxnywo M3 [0JOCOK MOXKHO MPHOIHMKEHHO CYH-
TaTb OJHOPOAHBIM CTepXHeM, LEHTP TSKeCTH KOTOpOro Je-

XKHT Ha ero cepenuHe. CiejoBaTesb-
8 HO, UEHTp TSDKECTH TPEYroJibHHKA Ha-
XOmUTCs Ha MenuHaHe BD. Pasbubas
TPeyroJibHHK TakHM e o6pasoM Ha
NoJIOCKH, napaajenpHsie BC, npHxo-

Afﬁ fi JHM K BBIBOLlY, YTO LUEHTP TSXKECTH ero
4 T AT [OJXeH HaXONUTbcs Ha MendaHe AE.
DTHM [BYM YCJIOBHSIM YIOBJETBOpSET

Puc 99 ToJbKO Toyka O nepeceyeHHs MeLHaH.
HTak, ueHTp TsxKecTH nuockoro Tpe-
YroJIbHHKA HaxXOAHMTCSl B TOYKe NepeceueHHs ero MeauaH.

283. LlunuHOp COCTOMT M3 ABYX PaBHBIX YacTek: MeLHOH H
amomuHueBolt. JlnnHa yunuuapa [ = 0,8 M, NI0THOCTL Meu P) =
= 8,9 - 103 xr/ M3, nnoTHOCT amomunus po = 2,7 - 108 kr/M3.
Ha¥ith nonoxxeHHe LEHTpa TsXKeCTH LHJMHAPA.

{
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Pewenue Uenrpo tixect C; n Cy MeIHOH U
AJIIOMHHHEBOH uacTel LUMJMHApPA PacnojioXKeHbl Ha ero OCH Ha
paccTosinusix [/4 ot ocnosanuit (puc. 100). Lentp Tsxec-
TH C BCcero UMJIMHIAPA HAXOAHUTCHA Ha €ro OCH Ha PacCTOSIHUM X
OT JIeBOTO OCHOBaHHA. Ecyin 3akpenuTh BeCb LMAHHAP Ha OCH,
npoxonswed yepe3 To4Ky C NEePHEHAUKYJIAPHO IJIOCKOCTH
DHUCYHKA, TO OTHOCHTEJIBHO 3TOH OCH 6yIeT BBINOJHATLCA yC-
JIOBHe DaBHOBECHsI: anreGpanyeckasi CyMMa MOMEHTOB CHIl m; g

M mog pPaBHa HYyJIO, T. €.
m2g12—m1gll =0, (1)

rae {1, lg — naedH CHJ OTHOCHTEJbHO 3TOH OCH.
W3 pucyHka BuaHO, 4TO

I R B TR S T
ll =X g 12 4+( X) 4 X. (2)

Maccel m| ¥ mg MegHOH H aJIOMHHHEBOH yacTel LMJIHHA-
pa BbIPa3UM uepe3 MIIOTHOCTH U o6beMbl (06beMbl HX OfHHA-
KOBBI):

my =piV, mg =paV. )

IToncraBuB Boipaxenus (2) u (3) B ypasrenue (1), noay-
UM

ol o) e )0
i(p) +3py)

4l + ps) x=03m

Orcopa x =

3apgaum onNA CaMOCTOATENbHOIO peLlueHun

284. BepTuKa/bHO paclosioxeHHAs NpPY>KUHA COEIUHSAET
ABa rpysa. Macca BepxHero rpysa m; = 2 Kr, a HHXHero
my = 3 xr. Korpa cucrema nojBelieHa 3a BepXHHH Ipys, MJIH-
na npyxusnsl [; = 10 cm. Ecan xe cucTeMy nocTaBUTb Ha
NOACTaBKY, AJIHHA NPYXKHHbl OKa3blBaeTcs PaBHOH /o = 4 cM.
Onpenenuts AMHHY Hele(dOPMHUPOBAHHON NPYXKHHBL.

285. K KoHLaM OJHOPOAHOrO CTEpXKHS AIHHOR [ = 1 M H
maccod m = 0,8 kr rnpukpemsieHbl ABa MaNE€HbKHX LIAPHKA,
maccnl Kotopeix my = 0,2 xr u mg = 0,25 kr. CTepxkeHb Mo-
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XKET MOBOPAUHBATLCS BOKPYr TOPH3OHTA/bHOM OCH, Haxous-
uercst Ha paccTosiHHM [ = 0,3 M OT 11apHKa MeHblUIeH MacChl.
Yro6bl cTep>xeHb Obll pacnoJioxXeH rOPH30OHTaNbHO, MOJ 1iad-
pHK GoJibllied Macchl nojAcTaBaeHa onopa. Haltu cuny, nect-
BYIOLIYIO Ha OMNOpY.

286. OnHOPONHBIH MACCHBHBIA CTEPXEHb C YKpernJeHHbl-
MH Ha ero KOHLAaX IPy3aMH m;| = 5,5 KI M mg = | KI HaXOMHT-
Csl B PaBHOBECHH, €CJH €ero MoarnepeTb Ha pacCTOSHHH, PaB-
HoM 1 /5 ero miuHel, oT 6osee Tsxkedoro rpysa. Kakosa mac-
Ca CTepXHA?

287. K KoHLAM ropH30HTaNbHOrO cTepXHs aarHo# [ = 0,8 M
M Macco m = 2 Kr MofiBellleHbl JBa IPy3a: cJieBa MacCoH m) =
=] Kr, cripaBa Maccoit mg = 3 Kr. Ha KakoM pacCTOSiHHH €O
CTOPOHbI BOJbLLIEH MacChl cJefyeT NoANepeTs CTEPXKEHb, UTo-
Obl OH OCTaJICSl B PABHOBECHH?

288. KoHupi cTEp)XHS, MAacCOH KOTOPOI0 MOXHO NpeHe6-
peub, NMPHKpeNJEeHbl K JBYM BEPTHKAJbHO DPAaCMOJIOXXeHHbIM
NPY>XHHAM OHHAKOBOH LJHHBL. CTepXeHb [IPH 3TOM 3aHHMa-
eT rOPH30HTa/NbHOE MOoJ0XKeHHe. KeCTKOCTb MepBOH MpYyXH-
Hbl k) = 6 H/M, BTOopoit ky = 4 H/m. PaccrosiHde mexay
npy>xuHamu [/ = 2 M. Ha xKakoM pacCTOSIHHH OT nepBOH Ipy-
XHHbl HY>KHO MOABECHTDb I'PY3 K CTEPXKHIO, UTOOBI OH OCTaNCH
FOPH30OHTaJbHbIM?

289. [1pu B3BelIMBaHHH HAa HEPABHONJEUHX PbIYAXKHbIX Be-
cax Macca Tesa (10 CyMMe MacC ypaBHOBELUMBAKIIMX THPb)
OKasaJlaCb Ha ONHOM dyallle BeCOB DaBHOM m; = 2 Kr, a Ha
apyro# my = 8 xr. HalTH HcTHHHYW Maccy Tena. Maccon
KOpOMbIC/1a NpeHebpeub. ‘

290. I'pys maccoit m = 10 Kr nepeMelIal0T pABHOMEPHO T10
NpsiIMOH B TOPH30HTAJbHOM IJIOCKOCTH, TIpUJaras cujy, Ha-
npasneHHyw nox yraoMm o = 30° k ropusonty. Onpenenutsb
MOZYJ/b 3TOH CHJIBI, ecJH KoathduureHT Tperds U = 0,20.

291. Ha nnatdopMy Ky3oBa rpy3oBoro aBTOMOOGHJsS Ha
BBICOTY A = 1,2 M 10 HaKJOHHBIM Opyckam AuHOK [ = 2,0 M
paBHOMEpHO TAHYT rpy3 maccot m = 300 kr. Koagpduumenr
TpeHHs cKoabxeHHs W = 0,20. OnpepennTh cHay TSTH, Ha-
NpaBJIeHHYI0 NapanjenbHo GpycKaM.

292. Ha nocke mauHo# [ = 64 cM CTOMT CIJIOLIHOH LH-
JIMHAD, Y KoToporo BuicoTa B n = 3,0 pa3a Gosbllie [HaMeTpa
ocHoBaHMs. Ha kakyio HauGO/bIIYIO BEICOTY MOXXHO MOAHSTD
OIHH M3 KOHUOB NOCKH, UTOGbl UMJIHHAP He ONMPOKHHYJCS?

293. [lepeBsiHHbIH 6DPYCOK HAXOAUTCS HAa HAKJIOHHOH MJIOC-
kocTH (puc. 101). C kakoil Haumeubluell CHIOH F HYXHO
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Puc. 101 Puc. 102

NIpHXKATh OPYCOK K HAKJOHHOH IJIOCKOCTH, YTOOb! OH 0CTaBaJl-
cst Ha HeH B mokoe? Macca 6pycka m = 2,0 Kr, AJ1Ha HaKJOH-
Ho# mockocTH [ = 1,0 m, Beicota ee £ = 0,60 M. Koadduun-
eHT TpeHHst 6pycka 0 HaKJIOHHYI0 maockocTh p = 0,40.

294. I'pys macco# m = 5,0 KI HaXOAMWTCS HA HAKJIOHHOH
IJIOCKOCTH, obpa3syouwed yroa & = 30° ¢ ropuszonToM. K rpy-
3y NIpUJI0XKeHa cuia F, HarpaBJieHHasi BAOJIb HAKJIOHHOH MJ10C-
KocTH. KosdduuueHT Tpenus rpysa o miaockocts B = 0,20.
OnpenesuTb MOAY/b NIPUJIOXKEHHOW CHJIBI, €CJIM TPY3 NepeMme-
IlaeTCS PaBHOMEPHO BHH3 MO NUVIOCKOCTH.

295. K BepxHeMy Kpaw J0CKM QJHHOH L v Maccod M npu-
61T 6pycoK, OJHHA KOToporo [ v Macca m (puc.- 102). Iocka
3akpenJiena B Touke O ¥ IIPUCJIOHEHA K CTEHKE TI04 yrjioM O
K ocHoBaHHIO0. Ilpu Kako#i ropusoHTanbHoOl cuse F, npuno-
’KeHHO¥ Ha BBICOTe A, paBHOBeCHe [JJOCKH He HapyLUUTCS, eCJd
CTeHKY ybpaTb?

296. Ha cTone nexxuT onHopoaHas uenouka miuHoH [. YacTb
ee CBeIMBaeTCs co cTosa. KakoBa MakcHMasbHas IJIHHA CBe-
IIHBAKOLIENCS YaCTH, eCH KO3(P(PHUHEHT TPeHHS MeXAay le-
TIOYKOH M CTOJIOM paBeH L7

297. C Kako#i MHHHMAaJbHOH CHJIOH, HATpaBJeHHOH TOpH-
30HTAJ/IbHO, HAal0 MpHXKaTb OPYCOK K BepTHKAaJbHOH CTeHe,
4yTOObl OH He COCKOJIb3HYJ BHHM3? Macca Gpycka m = 6 «r,
Ko3hULMEHT TpeHHS Mexay OpyckoM u cTeHo#t i = 0,1.

298. IBoe paboumx HecyT OpeBHO, ‘Macca KOTOpOTO
m = 50 xr. OavH nopaepxMBaeT 6PEBHO HA PACCTOSIHUHK /] = 1 M
OT ero KOHLa, a BTOPOH — NPOTHBOIOJIOXKHBIN KOHel 6peBHa.
Jnuna 6pepna [ = 5 m. OnpenenuTb CHIBL, C KOTOPLIMH GpeB-
HO feHCTBYeT Ha Kaxjoro pabouero.
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{ 299. OnHoponHas gocKa MacCoH
{ M = 1 Kr JIeXKHT Ha CcToJle TaK, Kak
IR nokasaxo Ha puc. 103. I'pys KaKOfi{
T~ Macchr Hano monoxuth Ha TpaBbIi
Puc 103 KOHel| JOCKH, 4ToObl JieBblli ee KO-

Hell HayaJjl MOAHHMATbCH?

300. [Isepsb, BoicoTa KoTOpoH H = 2 m, mipuHa [ =1 M H
Macca m = 32 Kr, nojBellleHa Ha ABYX NeTJAX, HaXOAALIMXCS
Ha paccTosiiid @ = 20 cM OT BepXHero ¥ HHXXHEro Kpaes
nBepd. C KakoW CHJION ABepb TAHET BEPXHIOK METJIO B FOPH-
30HTa/IbHOM HalpaBJIeHHU?

301, OnHOpORHBIH CTepKeHb TOKOUTCS, ONMPasich HA Mak-
KYH0 CTeHy ¥ wepoxoBathiii nioa (puc. 104). Macca cTepxHs
m = 10 Kr, yron Mexay cTep»HeM H noJjoMm O = 45°. Haiity
CHJly TPeHHS.

302. OanHoponHblH cTepxeHb AB onupaeTcsi Ha LepOXo-
BaThi mon ¥ raankui Beictyn C (puc. 105). PaccrosiHue
AC = 0,75AB. Tlpu xakoM ko3th(dHIIMEHTe TPeHHs CTepXeHb
OyneT COCTaBJATb C MOJOM yros & = 45° B NOJIOXKEHHUH paB-
HOBeCHs?

303. OnHOpoaHBIH CTepXKeHb OJHHM KOHLOM YIHpaeTCs B
BEPTHKANbHYIO CTEHY, a APYrod ero KoHel yIep»KHBaeTCs ¢
NOMOWIBbI0 HHUTH, AJIMHA KOTOPOH paBHA [JHHE CTepXHS
(puc. 106). Ilpu KakuX yraiax o CTepxeHb OyfeT HaXOAMThCA
B PaBHOBECHH, €CJH KO3DOHULUHEHT TPEHHS MeXy CTepKHEM
U ctenoit = 0,3?

304. Opnoponnas 6anka maccod m = 60 xr W AAHHOH
{=4,0 M onupaeTcsi 0 rJIaAKHH MOJ W BBICTYN B, HaXoAsiLHH-
csi Ha BhicoTe A = 3,0 m Hag nosiom (puc. 107). Banka o6pasyer

a
/A a

AU AAVWAY

Puc. 104 Puc 105
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yroa o = 30° ¢ BepTHKaJbIO H yaepxuBaetcs BepeBKoH AC,
MPOTAHYTOH y caMoro noJia. BelMHCIUTDL CUITY HaTSXKEHHS Be-
PEBKH, CHJy PeaKLHH I10J1a U CHJY PeaKLHH BbicTyna B.

305. ToHkas oHOPOJAHAA IOCKA JIEXHT, KacasaChb CpeHen
TOUYKOM NIOBEPXHOCTH noaycoepn paaryca R = 2,0 m (puc. 108).
[lpn xako# HaMMeHblIeH BLICOTE A LEHTPA TSHKECTH IO0CKH
(0T ropH30HTaNBLHOrO OCHOBAHHS NONyChepbl) 10CKa He ByleT
COCKa/b3blBaTh ¢ noaycdepsi, ecJH KO3 HLUHEHT TPeHHS
p = 0,807

-306. OnnoponHas 6anka QJIHHOM [} = 4 M OJHHM KOH-
HOM LIAPHUPHO NpPUHKpeNnJeHa K BePTHKaJbHOH CTeHe U yaep-
)KHBaeTCsl B FOPH30HTAJbHOM IOJIOXKEHHH TPOCOM, INPHBS-
3aHHBIM K apyromy ee kKoHuy (puc. 109). Macca 6anku
m = 500 xr, nauna Tpoca [g = 8 M. OnpenesnuTsb CHIY HATH-
YKeHHs Tpoca.

A
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Puc 108 P uc. 109
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307. ToHKHH OOHOPOIHBIH CTep-
)K€Hb IIAPHUPHO YKperJeH B TouKe A
u ynepxusaetcs Hutbio BC (puc. 110).
Macca crepxHs m, yroJ ero Hakjio-
Ha K TOPH30HTY paBeH o. Ha#rtu
CHJY HATSXEHHS HUTH, a TaKXe MO-
AYJb H HallpaBJeHHe CHJbl peaKLUHH
lIapHHUpa.

308. Ha kaxkyw MaKCHMaJbHYIO
BBICOTY MOXET NOJHATbCS YesOBeK

Puc 110 Maccod m = 75 Kr no JeCTHHUE JIH-

HOH [ = 5 M, NpHCTaBJEHHOH K IJaf-

KOH cTeHe? MakcUMasbHasa CHJIA TPEHUS MeXY JeCTHHLEH U
oo™ Fr, = 300 H, yron mexay JiecTHHUEH 1 niosom o = 60°.
Maccodt secTHHUBI IpeHe6peyb. _

309. KakoBa pomxHa O6bITb MHHHMAaJbHAas cujia F
(puc. 111), npuioxkeHHasi K OCH KOjeca MacCOH m U pPaiHy-
COM R MW HanpaBJileHHasi TOPH30HTAJIbHO, YTOOHEl OHAa MoOrJa
NOAHATb KOJIECO Ha CTyNeHbKy BhicoTol A (A < R)? Cuurars,
YTO NPH ITIOBOPOTE KOJIECO He NPOCKAaJb3bIBAeT.

310. /IBa ogHOpPOAHBIX llapa, aJIOMHHHEBBIH H LIUHKO-
BBHIH, oMHAKoBoro paanyca R = 10 cM cKpenJsieHbl B TOUKe
KacaHus. HalTH paccTosiHHE OT UEHTpa TAXKECTH 3TOH CHC-
TeMbl [0 LEeHTPa LIHHKOBOro wapa. [IN1oTHOCTEL allloMHHHS
py = 2,7 - 103 xr/ M3, nnoTHOCTS 1iMHKa py = 7,1 - 103 kr /M3

311. YeThipe OQHOPOAHBIX IAapa MaccaMH my = 1 Kr, mg =
=05 kr, mg = 7 Kr, my = 3 Kr yKpell/eHbl Ha HeBeCOMOM
CTep>XHe TaKHM 06pa3oM, YTO HUX LEHTPbl HAXOASITCA Ha paB-
HbIX paccrosinuax d = 0,2 M apyr ot apyra. Halitu nosnoxe-
HHe LEeHTPA TSXKECTH CHCTEMBL.

312. OnpenenuTh NOJIOXKEHHE LEHTPA TSKECTH ONHODPOL-
HOH KDPYTJIOH NJIaCTHHKH paguyca R = 30 cM, B KOTOpPOH BhIpe-
3aHO OTBEPCTHE BIBOE MEHbUIEr0 pafuyca, Kacalolieecs: Kpas
naactiHku (puc. 112).
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Puc 113 Puc 114

313. /lBa 0fHOpOAHLIX LIapa M3 OJHOIrO M TOTO XK€ Mare-
pHana, pagHMychl KOoTopbix R| = 3 c¢M, Ry = 2 cM, CKpenJieHsl B
To4Ke KacaHHs. Ha KakoM pacCTOSIHHH OT TOYKH CKpeIllJeHHs
HaXOAMTCS UEHTP THXECTH CHCTEMbI?

314. B nByx BepLiHHAaX PaBHOCTOPOHHErO TPeYroJbHHKA,
CTOPOHAa KOTODOrO paBHAa @, MOMeLUEHbl LIAPHKH MAaccoH m
Kaxabld. B TpeTbel BeplMHe HaxOOHUTCS LWAPHK Maccon 2m.
['ne pacnosioXeH UeHTp MacC 3TOH CHCTeMbI?

315. [lpa tena A u B, macchl KOTopblX m| = 1,5 KT 0 my =
= 0,45 Kr COOTBETCTBEHHO, TOABELIEHbl HA HHUTAX K JIETKO-
MY KOpOMBICJY, NJeYHd KOTOpPOro UMeloT AJHHY {| = 0,6 M H
lo = 1 M, npuuem Teso A aexut na mony (puc. 113). Ha
KaKOH MHHHMaJIbHBIH YroJql O cJjieflyeT OTKJOHHTb NOJBEC Tesa
B, 4T06bl noce ero oTnyckaHHs Te0 A 0TOpBaJOCh OT NMoJsa’?

316. OnHopoaHbi# wap Maccoi m = 10 Kr yaep»xHBaeTcsl
Ha IJIaAKOH HAKJOHHOH MJOCKOCTH BepeBKOH, YKpenJeHHOH
HaJl MJIOCKOCThIO (pnc. 114). Yroa Hak/ioHA MJIOCKOCTH K TO-
pu3oHTy @ = 30°, yros Mexx1y BepeBKOH H Ha-
KJOHHOH myockocThio B = 45°. Onpenenuts
CHJTY, C KOTOPOH LlIap aBHT HAa HaKJOHHYIO IJIOC-
KOCTb.

317. OnHOponHBIH CTepXKeHb COTHYJH MNoce-
pelyHe NOA NPSMbIM YIJOM U IOABECHJH Ha
wapHHUpe 33 OAMH U3 KoHLoB (puc. 115). Haiitu
yros O. MeX1y NPHKpeIJIeHHOH 4acThio CTEpX-
Hfl U BEPTHKAJIbIO. Puc 115

/
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5. KWAKOCTU U TA3bI

MeTtoauyeckue YKa3aHUA K peLleHuro 3apav

B 3aga4ax, ¢cBA3aHHBIX C ONpefiesieHHeM FHAPOCTAaTHUECKOTO
LaBJieHHS, UCIIOb3YIOTCA 3aKOH [lacKans M ceCTBHS H3 Hero.
CnenaB cxeMaTHYECKHH uepTex, HYKHO H300DasHTb Ha HeM
YPOBHH, 3aHHMaeMble XKHAKOCTbIO MO ycaoBHI0 3agauu. [lo-
BEPXHOCTb HYJIEBOTO YPOBHS BbIGMPAIOT TaK, 4TOOBI OHa Ipo-
XOMJIa MO0 CAMOH HHXXHeH rpaHuue pasfesa cpel. 3aTeM Ha
OCHOBAHHKH CJIeACTBHst U3 3aKoHa [lackasfl COCTaBJAIOT ypaB-
HeHHe PAaBHOBECHS XXHIKOCTH

PA=PB (1)

rae pa, pg — NOJIHbBIE NABJIEHHA B TOYKaAX Awu B, pacCIioJiO2KeH-
HbIX Ha IMOBEPXHOCTH OQHOI'0 YPOBHSA B MIOKOSIIIEHC ST XKHIKOCTH.

Ecau no YCJIOBHIO 3aJa4H NPOHUCXOIAHNT IepeiMBaHHEe XKHI-
KOCTH H3 OQHOH 4acCTH cocCyla B ApPYrylo, TO K COCTABJIEHHOMY
YpPaBHEHHIO (1) MOXCHO N06aBHTb yCJiOBHE HeCXKHMaeMOoCTH
KHIKOCTH!

AV = AVy,

rae AV, AV, — COOTBETCTBEHHO yMeHbllleHHe o6beMa XKul-
KOCTH B OJHOHM 4YaCTH COCYyAa M YBeJIHUeHHe ero B JpYyrod
YaCcTH.

3aTeM COCTAaBJIEHHYIO CHCTEMY ypaBHEHHH pellaioT OTHO-
CHTEJIbHO UCKOMOH BEJMYHHBI.

3ajauu Ha paBHOBeCHe TeJl B XXKMAKOCTH MJIH rase peliaioT
0 TAKOMY 2Ke IJIaHY, KaK H paCCMOTPeHHble Bblllle 3aauH Ha
CTaTHKY.

Ecsn no yc/oBHIO 3aa4d TeJIO ABHXKETCS € NOCTOSTHHBIM
YCKOPEHHEM B XXHIKOCTH HJH rase, HyXXHO COCTaBHTb ypaB-
HeHHe [ABHXKE€HHMS Ha OCHOBAHHH BTOPOro 3akoHa HbioToHa Tax
Xe, KaK ¥ NPH pelleHHH 3aJa4 Ha JHHAMHKY.

OcHoBHble 3aKOHb! U (hopMy bl

Hasrenue — ckanspHas QH3HUECKas BeNHYUHA, PABHARN OTHO-
WEeHHIO MOAYJaA CHIbl F, neHcTByIOLeN NepnesaHKyIspHO NOBEPX-
HOCTH, K MJoWaad S 3TOH NOBEPXHOCTH:
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p=F/S
‘Tudpocmamuueckoe dasaenue BHYTPH XKUIKOCTH Ha raybHHe A
p = pgh,

rie p — OJNOTHOCTb XHAKOCTH; g — yCKOpeHHe CBOGOAHOTrO naje-
HUA.
[Toanoe dagaenue BHYTPH NOKOSILUEHCS XKHUAKOCTH Ha Ty6uHe A

Pn = Po + pgh,

rae pg — HaBjeHHe Ha OTKPLITOH MOBEPXHOCTH.

Hopmanvroe ammocgeproe dasaenue py = 760 MM pT. €T. =
= 101 325 Ia.

3axon [lackans: naBnexHue, NPOH3BOAUMOE HA XHMAKOCTb HJH
ras, nepefaerca 6e3 H3MeHEHUs 10 BCEM HAMpaBJieHHsIM B KaXAYI0
TOYKY XHIKOCTH MJIH rasa. .

Cpednas cura, ¢ KOTOPOH XHIKOCTb JaBHT Ha NJOCKYO GOKO-
BYIO CTEHKY COCyja, '

Fer = pyrSen

rae p, . — JaBjeHHe XHUAKOCTH Ha riy6HuHe UEHTpa TAXKECTH XKHIA-
KOCTH; S.; — MJOUaAL NOBEPXHOCTH CTEHKH.

Apxumedosa cuaa, DeHCTBYWOIIas Ha TeJO, MOTPYXKEHHOE B
XKHAKOCTL HJIU ras,

Fp =pxgVr

roe P, — MUIOTHOCTb XHAKOCTH; V,; — 06beM NOrpyeHHOH YacTH
Tesa. DTa CU/A NPUJIOKEHA B UEHTPE TAXKECTH BHTECHAEMOro 06b-
eMa XHIKOCTH H HampaB/eHa [0 HOPMajlH K OTKPBITOH MOBEPXHO-
CTH XHIKOCTH.

MNpumepb! pelieHUs 3agay

318. [lna npuOIMKEHHOro olnpejesieHHs aTMocgepHOro
[aBJIeHHs1 B3AJIM CTEKJIAHHYIO TPyOKYy AJMHON [ M MOTpPYy3HIH
ee BePTHKaJbHO Ha Ty6HHY H B >KHIKOCTb NJIOTHOCTBIO P.
3axkpbiB BepXHHH KOHeLl TPYOKH NasbLeM, BBIHYJ/IH ee U3 XKHL-
KocTH. BeicoTa cTonba xHUAKOCTH, OcTaBiedcs B TpyOKe, paB-
Ha h. Uemy paBHO atMoc(epHOe JaBieHHe?

P e me nue. Korna Tpy6ka 6blia iorpy»keHa B XKHIKOCTb
(puc. 116, a), cTon6uk Bo3ayxa aiuHo# [ — H Haxoauscs npu
aTMocthepHOM LaBJIEHHH, TaK KaK P4 = pg = Pary. L10OCHE TOTO
Kak TPYOKY BHIHYJIH 3 XuakocTH (puc. 116, 6), cTonbux Bo3-
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Puc 116

Ayxa OJMHOH [ — h HaxoAuJCs NpH HEKOTOPOM JABJIEHHH p,.
Touxu A; v B HaxoasTCA Ha OJHOM YDOBHe, [I03TOMY P4 = pp,

WIH P, = P, — pgh. OTcrona
Px = Pamm — pgh

Tak kak TeMnepaTypa Bo3JyxXa NOCTOSIHHA, TO Ha OCHOBa-
HHH 3aKoHa bo#ns—MapHoTtTa

Par (L= H)S = (ps — pgh) (I = B)S,
rae S — nJoilafb nonepeyHoro ceueHus Tpybku. OTcrona

_ pghli-h)
Parm = H_h

319. B cocyn ¢ BepTHKAaJAbHBIMH CTEHKAaMH H MJOUIAJbIO
OHa S HanMTa XHAKOCTb NMJOTHOCTHIO p. Ha ckosbko H3aMme-
HUTCSl YPOBEHb XKMAKOCTH B COCYJE, €C/M B HEro OnyCTHTb
TeJI0 NPOU3BOJbHON GOPMBI MACCOH M, KOTOPOE HE TOHET?

Pewenwue. Tenonnaeaer, cnenoBaTesnbHo, apXHMeN0Ba
CHJIa paBHA CHJE TSKECTH: Fy = mg. 2KHIKOCTb AEHCTBYET
Ha Tesio ¢ cunoft Fy , HampaBJ/ieHHOH BepTHKa/bHO BBepX. Co-
rJ1aCHO TpeTbeMy 3aKOHY HbloTOHa, Teso JeHCTBYeT Ha XKHM-
KOCTb C TaKOH »Xe MO MOAYJI0 CHJOH, HanpaBJeHHOH Bep-
THKaJbHO BHH3. TakHM 06pasoM, Teso, IJaBamwollee B XHI-
KOCTH, yBeJHUHBaeT CHJy, JeHCTBYIOINYIO HA IHO COCyna, Ha
AF = mg. Ho camo Tesio He KacaeTcsl 1Ha, NOITOMY 3Ta CHJIA
H3MeHseTcs 6J1arofapst H3aMeHeHHIO aBJeHHs XHUIKOCTH. Ecau
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ypOBeHb XHIKOCTH B COCYAe MOAHSJICS Ha Ah, TO daBjeHHe
yBeJIH4HJIOCh Ha Ap = pgAh, a CU/a; AeHCTBYIOIAs Ha OHO
cocyza, Bospocsa Ha- AF = pgSAh. Tlostomy pgSAh = mg,
otkyna Ak = m/(pS).

320. Masblii mopuieHb rHAPaBAUYECKOTO NIpecca 3a OAHH
XO[ onyckaeTcs Ha pacctosiHue A = 0,20 M, a 60JbLIOH NOP-
weHb nogHMMaeTcst Ha Ay = 0,01 M (puc. 117). C kakoii cu-
JIOH JIeMCTBYEeT Pecc Ha 3aXaToe B HeM TeJ0, eCJIH Ha MaJbli
nopiieHs gedctByer cuaa £ = 500 H?

Pemeunue CunaF cospaer nasnenue p = F| /S|, rae
S| — nnomaae manoro nopuHs. CornacHo 3axkoHy [lackans,
Takoe e AaBJeHHe OyaeT W B 60JbLIOM LUMJAHHApPE Mpecca.
CrepoBaTesbHO, Ha 6OJBLIOH MOPLUIEHb CO CTOPOHBI XKHAKOCTH
JleHCTBYeT CHJa

Fy = pSy = RS,/S;. (1)

rae Sp — nuowanb 6OJbIIOro MOPLIHS.
3anuuieM yc/oBHE HECXKHMAEMOCTH >KHAKOCTH:

Slhl = 82}12. (2)
Ha ocHoBauuu pasencts (1) u (2) nonyuum
Fy = Fihy/hy, Fy =1,0-10* H. (3)

C TakoH e CHJION JEHCTBYET MPecc Ha 3a)KaToe B HEM TeJo.

"

>

b

Z
i

b 7k
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S, ———

1]7 ———

Puc 117
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Ananvs gopmya (1) u (3) noxassiBaer, 4To rugpaBauye-
CKMIl TIpecc naeT BuIMIpPbiUI B cHiae B So/ S| pas, HO He paeT
BEIMIpHIIA B paboTe. B camom nese, U3 dopmyan (3) moay-
anm Fihyp = Fahy. Ho Fhp = Aj — pabota cunsl £y, Fohy = Ag —
patota cuabl Fy. [Tostomy A| = Ay.

321. B coobumamnirecss cocylbl HalWTa pTyTh, a NOBEpX
Hee B OIMH COCYJ HaJHUT cTO/I0 MacJja BblicoTol A = 48 cm, B
APYrofl — cT0/16 KepocHHa BhICOTOH Ay = 20 cm. OnpenenuTs
PasHoCTb ypOBHeH pTyTH B 060ux cocynax. [lnoTHocTh Macaa
p, = 0,9 - 103 kr/m3, xepocuna py = 0,8+ 103 kr/m3, pryTn
p3 = 13,6 - 103 xr/m3.

PeweHune Brbepem B KauecTBe MOBEPXHOCTH OLHOTO
YPOBHS NOBEPXHOCTD, MPOXOAALLYIO [0 CAMOH HHXKHEH rpaHH-
Le pasjesia XHUAKOCTel Mac/1o — pTyTh (puc. 118). XKuakoctu
HaxXO[ATCs B PaBHOBECHH, NO3TOMY AaBJeHue B ToUKax A u B
3TOM MOBEPXHOCTH ONMHAKOBOE: P4 = Pg. YUUTHIBASA, YTO

PA = Parw * P1€N1, PB = Pary + P2&hy +pP3ghs3.,
MOXKHO 3aITHCaTh!
Parw + P18 = Pary + P28y + P38h3.
Orciona hg = (pjhy ~ pahe)/p, hy = 21072 m.
322. Bec Tena, morpy>eHHOro B XXHAKOCTb TJIOTHOCTbIO
Py, PaBeH Py, a IOrpy>eHHOT0 B XUAKOCTb MJIOTHOCTBIO Py, —
Py. OnpenenuTsb MJIOTHOCTb Tesla P.

P e w e u u e llpennonoxum, 4To TeNO NOABELIEHO Ha
HEBECOMOM HUTH B XUAKOCTHU (puc. 119). Ha Tesno JeHCTBYIOT
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TPH CHJIBI: CHJIa TSXKECTH mg, apXHMe[oBa CHla Fj M cHia
HaTsDkeHus HUTH T . Teso Haxoputcs B paBHoBecHH. Cuenlo-
BaTeJIbHO, CyMMa [IefiCTBYIOLIMX Ha Hero cHa T + Fp +mg =0.

Hanpasus koopauHatHyto ocb OY BepTHKa/IbHO BBEpX H
CMpOeKTHPOBAB Ha Hee CHJbl, NoNyuuM T + Fy ~mg = 0. Or-
ciona T = mg — Fjp.

O6o3naunm obbem Tesa uepes V, torna Fp = pgV, rne
p— MJIOTHOCTb XHAKOCTH. ClefoBaTe/bHO,

T=mg-pgV=glm-pV).

Monyab cHJbl HATAXKEHHS HHTH PaBeH MOJYJIIO Beca TeJa:

T = P. TakuM o6pa3omM, nonyyaem caeaytollyio GopMmyay aas

ornpefeseHHsl Beca TeJa MacCoH m B XHIKOCTH, MJOTHOCTb
KOTOPOH p:

P=(m-pV)g. (1)

Ha ocnoBanuu ¢opmy.st (1) MoXHO 3anucaTh:
Pi=(m—-pV)g, Py =(m-pyV)g.

Pa3penus neBble M NpaBble YaCcTH 3THX ypaBHeHHWH Ha V H
yuuTeiBasi, uto m/V = p, noayuum:

P/(gV)=p—py. (2)
Py/(gV)=p-py. (3)

Peiuns coBmecTHO ypaBHenus (2) u (3), HalizeM NoTHOCTD
Tesa: :

_ Ppi - Apy
P-A

Takum 06pa3om, NIOTHOCTH T€Ia MOXKHO HAHTH NyTeM B3Be-
IUHBaHHSA ero B JBYX Pa3/MUHbIX XHAKOCTSAX, MJIOTHOCTH KO-
TOPBIX H3BECTHbI.

323. Kycok merasaa maccort m = 1,0 kr, 6ynydu norpyxes-
HpIM B GeH3uH, Becut P| = 9,3 H. B HekoTopom pacTBOpe oH
BecHT P9 = 8,8 H. OnpenesnTsb N0THOCTb PACcTBOPA Py, €CJIH
MJIOTHOCTb BeH3HHa p = 7,2 - 102 kr/m3 1 nnoTHOCTH MeTa-
Jla 6oJsblle NJOTHOCTeH 6eH3HHa W pacTBoOpa.

Peumenue [lpupewenud 3anauu 322 nonyyeHa Gpopmy-
na (1) mns onpenenenus Beca Tena B xuakocTH. Ha ocHosa-
HHH 3TOH QOPMYJbl MOXHO 3aIIHCATh!
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Pi=mg-pgV, Py =mg —pygV,

UM
mg — P =pgV, mg— Py =pygV.
OTciona
mg—Pl_& :(mg_PZ)pl 214103 3
e oy P2 T mgih , Pg =1, kr/ m3.

Takum croco60M MOXHO Ha NpaKTHKe ONpPeResHTb [J0T-
HOCTb pacTBOpA.

324. IIpaMOyroJibHbIH MeTaNlIH4YeCKHH OpYCOK, MIIOTHOCTD
KOTOPOTO p;, MJIOWab OCHOBAHHA S H BBICOTA /1], JIEXKHT Ha
IHe cocyna. B cocyn HanuTa 00 BBICOTHI Ay > Ay XKHAKOCTD
MIOTHOCTBIO po. HalTH cuay, ¢ KoTOpoH 6pYycOK NaBHT Ha
JHO COCYAa.

PeueHue BosMoxubi aBa caydas: 1 ) 6pycox HemIoT-
HO TIpHJIeraet K AHy COCyZa; 2) 6PycoK IpHJeraeT K AHY Tak
MJIOTHO, 4TO XKHAKOCTb [OJl HEro He roaTekaeT. PaccMoTpuM
KaXK[blH cJyyad B OT[EJbHOCTH.

1. CHusy Ha 6pycok AeHCTBYeT CHJIa CO CTOPOHBI XXHI-
KOCTH. DTa cuna Gosbliie CHabl, 06YCJ0BJEHHOH NaBJeHHEM
XKHIKOCTH CBepXy, MO3TOMY «BO3HHKaeT» apXHMe[oBa CHJIA.
Takum o6pasoM, Ha GpPycOK NEHCTBYIOT B 3TOM CJjydae TPH
CHJIBI: apxuMeloBa cuna Fy, cuna TskecTH F, = mg W cuia
peakunu aHa N, (puc. 120, a). Ycnosue paBHOBecHs 3anu-
LIeTCS B BHIE

FT + ﬁA + Nl = 6

a y J
S e ]
! ~h
B Y, 7 Wt ~]
R | 7 ]
S A — ]

0 X
Puc. 120
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B npoexuusix Ha ocb OY nonyuum Ny + Fy — F. = 0. Orcio-
na Ny = F, — F5. Tak kak F, = mg = p|Shig u Fp = pyShy, 10

Ny =(py - pg)Sghy.

[To TpeTbeMy 3akoHy HbloTOHa ¢ TakoH ke 1o MOAyJ IO
CHNIOH JelcTByeT 6PyCcOK Ha JHO cocyaa, T. e. F ) = Nj.

2. CHH3y Ha 6pyCOK He IeHCTBYET CHJ1a CO CTOPOHBI XKH[-
KocTH, nostomy Fp = 0. Cepxy e Ha O6DYCOK AeHCTByeT
cHsia, 06yCJIOBJIEHHAs JaBJeHHEM XHAKOCTH H aTMOC(ephl:

A= (PQg(hQ - h )+ Parm )S.

(O6paTim BHMMaHHe Ha TO, YTO B NEPBOM CJydae cHaa, 06y-
CJIOBJIEHHAs [aBJeHHeM >KHAKOCTH CBEPXY, yyTeHa B apxH-
mMenoBoH cune: Fp = Fg = F|, rae F9 — cuna, o6yc/oBeHHas
NaBJEHHEM XHIKOCTH CHU3y.) Ha Gpycok ZeHCTBYIOT Takxe
cuna TsxkectH Fp W cuna peakuuu gHa Ny (puc. 120, 6).
CrnpoeKTHPOBaB CHJIbl Ha ock OY, 3anuiueM yc/loBHe paBHO-
Becus 6pycka: Ny — F. —F = 0, nam

Ny —pStyg —(paglhy — )+ pyry )S = 0.
Orcrona
NQ = Sg(plh] + pQ(hQ - hl)+ paTM/g)'
C Tako# xe M0 MOAYJIO CHJIOH AeHCTBYeT OPYCOK Ha [IHO:
Fﬂg = NQ.

325. B cocyne HaxonsTCs ABe HECMELIHBAIOLIHECS X HIKO-
CTH, TJIOTHOCTH KOTOPBIX Pa3J/IHuHbL: p; < po. Ha rpanuue pas-
[les1a XHAKOCTeH NJsiaBaeT OJHOPOAHBIH NPAMOYTOJbHBIA Opy-
COK, MOTPY>KEHHBIH LeJHKOM B XHAKOCTb. [10THOCTL p3 Ma-
TepHasna 6pycka GoJibile MJIOTHOCTH P BE€PXHEH >KHAKOCTH,
HO MeHbLuE TIOTHOCTH Py HHXKHEH XHIKOCTH (p) < p3 < pg).
Kakast yacts o6bema Gpycka OyfeT HaxOAMTbCS B BepxHeH
XKHIKOCTH?

Pewemnwue O6o3nauunm pasmepsl 6pycka a, b u [
(i<a, I< b, a> b). HyCTb BeDXHSsl rpaHb 6pyCcKa HaXOAUTCS
Ha BBICOTE X Haj TpaHHLEH paslesia KHIKOCTEH (pnc 121).
Torna o6bem yacTH O6pycka, HaXOASIIEHCS B BEPXHEH XKH/IKO-
ctd, V) = abx. CnenosatesbHo, B BEPXHEH XHAKOCTH HaXo-
JIMTCA 4acTb o6beMa

ﬁ:a_bxzi_ (1)
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Yy Ha 6pycox meHcTBYIOT TpH
CHJIbI CHIIA TSDKECTH . = mg =
= pyablg, cuna ﬁl JEHCTBYIO-
L[asi HA BEPXHIOK rPaHb, H CHJIA

Fy, IEACTBYIOIIAS HA HXKHIOW
rpadb. Tak Kak TeJo MJaBaerT,
TO BBINOJIHAETCS YCJIOBHE PaB-
Hoeecuss F, + F{ + Fp = 0.

Jlns npoekuu#t Ha ocs OY
TIOJIyYHM

a X FQ-—FI—-FT:O. (2)
Puc 121

Ha sepxHioto rpanb genct-
BYeT CHJa
A = (p1g(h - x) + pary Jab,
Ha HHXHIOK TPaHb — CHJA

Fy = (pygh + pog(l — x) + pary Jab.

lMoacraBue sHauenns Fy, F, u F. 8 dopmyay (2), nony-
uMM nocse npeobpasosanui (py — py)x = (py — p3)l. OTcrona

x_P2-Ps
[ pa-p )
Cpashusas ¢opmyJnt (1) u (3), naxoaum

Vi _P2-—ps
Voop-p
326. Kakywo paboTy HYXHO COBEPLINUTD, UTOOL MENJIEHHO
NOrpy3uTb B XHAKOCTb Ha rny6uHy H BepPTHKaAbHO OpHeEH-
THPOBAHHBIA OJHOPOJAHBIH LHMIHHAP NMJOTHOCTBIO Py, BLICOTOH A
M AHaMeTpoM d, eCJIH TJIOTHOCTb »KHUAKOCTH P9 H Nepel no-

PyXXeHHEM HHXHE€e OCHOBAaHHE LHUJAHWHADPA KacajocCb MNo-
BEPXHOCTH )KH}_IKOCTH? [lnoTHOCTD XKHUAKOCTH GoJiblile NJOT-

HOCTH LuauHApa (po > py).

Pewenwue Tlpy norpyxeHud LMJUHAPA HA HEro,
KPOMe CHJIbl TSDKeCTH F, M NPHIOXEHHOW CHJbl, AeHCTBYeT
aPXMMeJI0BA CHJIA, HANpaBJieHHas BEPTHKANbHO BBepx (puc. 122).
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[Toka LH/IKMHApP NOTPYXKaeTcs B d
JKHIKOCTb JI0 BEPXHEro OCHO-
BaHWA, apXUMeIOBa CHJA JIH-
HeHHO BO3pacTaeT OT HyJs 10
MaKCHMaJIbHOrO 3Ha4yeHHs Fy.
[TosTomMy nepeMeHHYIO apxH-
MeJOBY CHJY NpH NepeMelie-
HHHK S| = I MOXXHO 3aME€HHTb
CpedHel apXUMeN0BOH CHJIOH:

_0+Fy  Fy

P 2

FC

cuyMTas ee noctosiHHoi. Uro-
661 MeneHHO (paBHOMEpHO)
MOTPYXaTbh UMJIHHAP, K HEMY
HY>XHO TPHJIOXKHTb TAKYIO CH-
Jay F|, 4ToObl BbIIOJHSAIOCDH
yCJIOBHE paBHOBECHS

R+F +F, =0
Cnpoe}(mpOBaB BC€ CHJIbl HA BEPTHKAJIbHOE HaNpaBJIeHHE,
[IOJIYy4HuM

R +F, ~Fy =0

Otciona A =Fp — F.. Cosepuaemas 31oit cHioi paboTa
A= Fs|, nan
A =(Fy/2 - F.)h.
Korga un/IMHAD NOJHOCTBIO HAXOAMTCS B XKMAKOCTH, apXUMe-
0Ba cuHJia MIOCTOsIHHA. [103TOMY NpH NepeMelueHuy so = H — k
K UMJIMHAPY HYXKHO TPHJIOXKHTb TAKYK CHJY, YTOOBI BbIMOJ-

HsJI0Ch paBeHcTBO Fo + F. — Fy = 0. Cnenoatensho, Fy =
= Fp — F, . Pabora 3To#l cuabl

A2 = FQSQ' = (FA —FT)(H - h)
Bcest pabora, coBepiuaemasi NpH NOTpYXXeHHH LUHIAMHIPA,
A=A +Ay =(Fy/2-F)h+(Fy - F.)H-h) =
= Fy(h/2+ H)-F,H. (1)
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Yuutnisas, uto F, =mg =p\Vg, Fp =pogV, rne V -
o6beM LHIHHAPA, Gopmyay (1) MOXKHO MmepenHcaTh Tak:

A= gV(th/Q + (pQ —pl)H)

[TopcTaBus crona 3HaueHue V = nd2H/4, HaHjeM paboTy, co-
BEpILIAEMYI MPH MOrPYXEHUH:

A= nngH(—+(p2 —pl)H).

327. OnpenenutTh MHHUMAJbHBIE 00BLEM HANOJHEHHOrO
BOJOPOJOM L11apa, KOTOPLIH MOXXeT NMOJHATb UeJIOBEKa MacCoH
m; = 70 xr Ha BricoTy 2 = 100 ™M 3a Bpems ¢ = 30 c. O6wasn
Macca 060JIOYKH llapa W KOP3HHbl Mgy = 20 Kr, MJIOTHOCTb
BO3yXa H Bonopona TNPHHATb PABHbIMH COOTBETCTBEHHO Py =
=1,3 xr/m3 u py = 0,10, KI‘)D CompoTHBIeHHEM BO31yXa
npeHe6peqb

Pewenune Hanpasum koopaunatHyw ock OY Beptu-
xanpHo BBepx (puc. 123). Brosib 3TOH OCH lIap ABHXKETCS
PaBHOYCKOPEHHO, O3TOMY

h=a,t?/2,
rie a, — NpoeKuHs ycKopeHus wapa Ha ocs OY. Otciona
a, = 2h/t%. (1)
v Ha wap neficTBYIOT cJlefyiolHe CHITBI:
//”“\\ CHJIA TSXKECTH YeJIOBeKa mlé, 000JIOYKH
{\ ! M KOD3HHbl mog , BOJOPONA m3g , apXH-
; 2.
AN MenoBa cuna Fp . CocTaBUM Ha OCHOBa-
/
N/ HUH BTOpOro 3akoHa HbloToHa ypaBHe-
L—J—]F- HHe [BHMXeHHs lapa:
fa FA +m1§.+m2§=m5.
h Hns npoekuu#t Ha ocbk OY mosayuyum
Fp —mg—myg —myg =
\—7 = (my + my + my)a,, (2)
0 m’iﬁ - ¥~ TAe m3 — Macca BOAOpOAA.
mg [Tycts V — nckoMblit o6beM wiapa.
Puc 123 Torna



Fa =p1gV, mg =poV. (3)
ToncraBup snauenus (1) u (3) B ypasuenue (2), nonyuum
PIgV — mig — myg ~pagV = (my +my +paV)2h/1%.
Otcrona HanzeMm o6beM LIapa:

_ (my +my)(2h + gt?) : 3
V= e (py —pp)—2hpy® T 1T M

328. PaccuuTaTh, Kak H3MEHHTCS MOTEHLHAJbHAs 3Hep-
THSI TIOTPY>KEHHOTO B KHAKOCTb TeJa, €CJH €ro NOAHATb B
XHAKOCTH Ha BbICOTY A. IlIOTHOCTb XXHAKOCTH py, IIJIOTHOCTD
Tésa po, o6beMm Tesa V.

Pewenue. [lpumem 32 HyNeBOH yPOBEHD [IOTEHIHAb-
HOM 5Heprud ypoBeHb nHa. [lycTtb
TeJIO HaXOOMJ/IOCh Ha BLICOTe A Hal
ypoBHeM fiHa. YTo6bl NIOAHATb TEJO
Ha BBICOTY A = hg = h|, Hy>KHO NPH-
JIOXHTD K HeMy cunty F (puc. 124).
Pa6ora 3T0H cuJbl paBHAa U3MeHe-
HUIO MEXaHHYEeCKOU 3HEPrHH TeJa:
A=AE +AE,, rne AE, AE, -
M3MeHEeHHs COOTBETCTBEHHO KHHETH-
YeCKOH H NOTEHUHANbHOH 3HEPTHH.

Ecnu Teno nopgHumaeTcs paBHo-
MepHO, To AE, = 0, cneposartesbHO, Puc 124

A=AE,. (1)

Jnst paBHOMEPHOro NOJHATHSA Tesa K HEMY HYXXHO TNpHJIO-
XHTb TaKYIO CHJY, 4TOOH! BHITOJIHSAIOCH YCJIOBHE PABHOBECHS,
T. €. CyMMa IIPOEKLHH BCeX CHJ Ha BePTHKaJbHOe HarpasJ/eHHe
Obiia pasHa Hymwo: F+ Fy —mg =0. Otciona F = mg - Fy .
Ilpn nepemeruenun h pabota 3To#t cuabl A = Fh uau

A =(mg ~ Fpy)h. (2)

C yuerom Toro, uto m = poV, Fp =p;gV, Ha ocroBaHuH
paBeHcTs (1) u (2) mMoxHO 3anucaTh:

AE, = (pg - p1)gVh
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Ecnu pg > py, To AE, > 0 — noTtesunansHas sHeprus yse-
NHUMBaeTCs; eCaH Py < pp, T0 £y <0 — norenunanbHas sHep-
rust ymenbluaetcs. [[py HepaBHOMEPHOM MOAHATHH H3MEHEHHE
MOTeHUHAbHO! 9HepruK OyleT TakHMm Xe.

dopmyay (1) MoXHO mepenucars Tak:

EPQ — Epl = (mg —FA)}‘LQ —(mg— FA)hl-
Tax xak npu kA = 0 (na nne) E,
Epl = (mg _FA )hl, EPQ = (mg— FA )hg

= 0, nonyyaem:

Cnenosarenbﬂo, NoTeHUHaJ bHAA 3HEPrus TeJa, Haxons-
merocss B XXHAKOCTH Ha BbICOTE H ot HYJIEBOTO YPOBHA 3HEP-
I'MH, BbIpaXaeTcCs TaK!:

E, = (mg - Fy)H. (3)

329. B 6ake HaxoauTcs Bofa. PacnosiodeHHBIH y ee Mo-
BEPXHOCTH KaMeHb Obl1 6pOUleH BEPTHKAIbHO BHH3 B BOIY C
Ha4aJbHOH CKOPOCTBIO Ug M OMYCTHJICS Ha AHO. Macca KaMmHs
m, o6bvem V, Boga Hanuta g0 BhicoTh /1. Kakoe konnuecTBo
TENJIOTHl BbIAEJIUIOCH MPU NAJEHUH KaMHA?

Pewenune [lo3akoHy coxpaHeHHS 3HEPrHH MeXaHHYe-
CKasi SHeprusi KAMHS NpeBpaTH/IACh B BblAeNUBLIEECS KOJIHYe-
CTBO TeIJIOThI:

Q=Ek+Ep1 (1)

rae £y, Ep — COOTBETCTBEHHO KHMHEeTHUYeCKasi M MOoTeHUHasb-
Hasi SHeprus.

JlHo npuMeM 33 MOBEPXHOCTb HYJEBOTO YPOBHS TOTEHLH-
anbHOU 3Hepruu. Toraa Ha oCHoBaHuWH Gopmyabl (3) u3 3a-
nadd 328 noreHUManbHAas 3HEPrUs KaMHS B HAYa/JbHOM CO-
CTOSIHUM

E, = (mg - Fy)H.

[ockonbky Fp = pigV, rae p; — NIOTHOCTH BOAbL, TO

E, =(m-pV)gH. (2)
KuHeTHueckast SHeprUs KaMHsl B MOMEHT GPOCaHHS
Ey = muv}/2. (3)

Yuurnisasi popmyasnl (1)—(3), nonyqaem’

Q= mvg/2+(m -p\V)gH.
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330. CTekaAHHBIA [WAPHK NafaeT B BOAE C YCKOPeHHEM
a = 58 m/c2 HaliTh MJIOTHOCTb. CTEKAA, €CAH MJIOTHOCTD
Boael p; = 1,0 - 103 kr/m3. TpeHue He yuMTHIBATS.

Pe wenue Hawmapuk 1eACTBYIOT CHIA TAXKECTH mg H
apxumesoBa cuia Fp. Hanpasum ock OY BepTHKanbHO BHH3
(pPIC. 125). CocTaBum ypaBHeHHe IBH)KEHHS LIAapHKa B BeK-
TOPHOH (opMe:

mé + FA = ma.

Jas npoexuuit Ha ock OY nonyunm

mg — Fp = ma, (1)
rage m — Macca lapHka.
0 X 7 X
= = T —— =
—_t — — A _ - 7 -
_— — _— - _—i| i thyy gl
T — ) — — — st vy T le
4 - T ¥mj T —
¥V — — - 7 ¢
T -_ -y - =
Y "

Puc 125 Puc 126

[yctb V — o6bem wwapHKa, pp — MJIOTHOCTL cTeksa. Torna
m =poV, Fp =p;gV . llonctaBus 3TH 3HaueHHs B QopMyay
(1), nonyuum pyVg — p{Vg = poVa, otkyna

Pe = plg/(g—a). po = 2,5-103 Kr/ M3.

331. Cocyn ¢ XKHAKOCTbIO, NJIOTHOCTb KOTOPOH p, Najaet ¢
yCKOpeHHEeM a, HanpasJjeHHbM BHU3. OnpeenauTs AaBjeHHe
XKHIKOCTH Ha rnyOuHe A U CUMy, C KOTOPOM >KHIAKOCTb HABHT
Ha [HO cocyna. Beicota ypoBHS KHaKocTH B cocyne H, nio-
wanb AHa cocyga S.

PemweHHue Bugeim BHYTPH JKHIOKOCTH CTOJIOMK
BBICOTOM A M nJowansio ocHosanus S| (puc. 126). Ha nero
JEUCTBYIOT CHJA TSKECTH mé v cuna f, O6YCJIOBJ]eHHaﬂ faBJjie-
HHeM M HanpasJseHHas BBepX. Ocb OV HanpaBHM BEPTHKAJIbHO
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BHH3. YpaBHeHHe JBHXKEHHST CTOJOHKA XHAKOCTH, COTVIACHO
BTOPOMY 3aKOHY HblOTOHa, HMEET BHI

mg + F, = ma.
B npoekuusix Ha ocb OY nonyyum
mg — F, = ma, (1)

TAe m — Macca CTOJNOHKA >XXHAKOCTH.

[lycth p — naBnenue Ha ray6une h. Torga f; = pS;. Kpo-
me toro, m = pS;h. [ostomy ypaBHenue (1) moxHo nepenu-
caTb Tak:

pSihg — pS| = pSha.

‘Orciona p = plg —a)h.
Cuia, ¢ KOTOPOH XHAKOCTb JEHCTBYET HA AHO COCYAA,

F =p(g - a)HS. (2)

Ananua dopmyanl (2) nokasbiBaeT, 4TO CHAA, C KOTOPOH
XHUAKOCTb JEUCTBYET Ha [HO COCyla, TeM MeHblle, yeM 60Jlb-
ue yckopenue cocyaa a. Ilpu a = g (cBoBomHoe namenue)
F =0, 1. e. HacTynaert cocTosiHue HeBecoMocTH. [lpu a > g
XHUAKOCTb 6yIeT CBOGOJHO NajaTb C YCKOPEHHEM g, a COCYA —
¢ 60JIbLIMM YCKOPEHHEeM, BCIEICTBHE Yero XHAKOCTb BHIALET
M3 cocyna.

332. CoCyA ¢ XKHAKOCTbIO ABHXXETCS TOPH3OHTAMNbHO € yC-
KopeHueM a. Kak pacmosoxeHa npu 3toM cBoGoaHast 1o-
BEPXHOCTb XHIKOCTH?

PeuweHue BopeauM TOHKHA rOpH3OHTANBHBIA CTOJ-
6MK >XKHAKOCTH AJHHOH [ M
TJIOLA/IbIO TIONEePeYHOoro ceye-
é , HUsL S, MTPOBEAEHHOTO MeprHeH-
— =& JMKYJISIPHO HaNpaBJeHHIO JBU-
XeHust XuaKocTH (prc. 127).
—pl—= — _i CocTaBHM /15t 3TOTO CTONGH-
Ka ypaBHeHHe [IBHXXEHUSI:

1m

Fi+ﬁ2 =m&,

e — rae f, F, — cunbl, obycnos-
g a— JIeHHbie JaBJe€HHeM Ha CTOJ-

0 6MK COOTBETCTBEHHO CJIeBa U
CrpaBa.




/s 1poeKUMH Ha ropu3oHTanbHyo ocb OX nosyuum
A -F =ma (1)

Tak kak Bnosb ocu OY ycKOpeHHs HeT, JaBJIeHHe Ha IJy-
Gune h onpenensiercs no gopmyne p = pgh. Ilostomy nasue-
HHe Ha CTOJIOHK CJieBa p; = pghy, ClpaBa py = pghy. Macca
paccMaTpHBaeMoro CToJ6HKa XXHUAKOCTH m = pS{. Y4UHuTbIBas
3TH 3HaueHHs, nepenuiem ypasHernHe (1):

pghS — pghyS = pSia.
Orcrona
g(hl - hg) = la,
HJIH
-t _a
{ g .

Ho (k) - h9)/l =tga. CnenoBaTe/nbHO, MOBEPXHOCTb MKHA-
KOCTH OyZneT NMpeicTaB/siTb COO0H NJI0CKOCTb, HaK/JIOHEHHYIO
K .FOPH3OHTY moa yryiom ¢ = arctgla/g).

333. TlpsamoyroabHEIF NOHTOH, Macca kotoporo M = 700 «r,
umeeT mauHy [ = 5 M, wHpHHY d = 3 M # BeicoTy A = 0,7 M.
Ha#it ocanxy noHroHa 6e3 rpysa M npefie/IbHyi0 Ipy30noAbeM-
HOCTb NPH BbicoTe 60pTOB Haj Batepaunuent A; = 0,2 m. [noT-
HocTh Boael p = 1 - 103 xr/mM3.

Pewenwue Hanouron Ges rpysa JeHCTBYIOT CHaa TH-
xecTh Mg v apxumenioBa cuna Fy (puc. 128, a). On Haxoaut-

Csi B paBHOBECHH, C/iefloBaTesbHo, Fy + Mg = 0, noatomy cym-
Ma NpoeKUMH 3THX cHJ Ha ock OY paBHa Hy/mo: Fy — Mg =0.
Haxonum:

a ) .
! z Far
[ ]
U A
e
— = = e lway =
a X

Puc 128
6 3ak. 2680 161



rae V — o6beM MorpyxeHHOH B BOAYy 4acTH MOHTOHa. [Ipu
ocanke hg atot 0o6vem V = hgld. Cnenosatesbho,

Fy = pghgld, pghold - Mg = 0.
OTC}Oﬂa ocafKa INOHTOHa 6e3 Harpy3kKu

hy = M/(pld), hy =5-1072 u

Ec/ad Ha NOHTOHe JI&XHUT rpy3 maccoi m (puc. 128, 6), To
yC/I0BHE paBHOBeCHs OyleT UMeTb BHA Fp; — (M +m)g =0.
[pu stom Fa; = pgld(h — hy). CaenosartenbHo,

pgld(h — b)) - (M +m)g =0.

Otcrona m = pld(h—h))—M, m =7 - 103 xr.

334. B 6ak ¢ »XKHAOKOCTbIO OMyllleHa AJHHHasi TpybKa aHa-
MeTpoM d, K KOTOPOH CHH3Yy TJIOTHO MpHJeraeT AHCK TOJLIH-
HOH £ u auamerpoMm D > 4. [lnoTHOCTb Matepuasia AUCKa Py
GoJibllle TIJIOTHOCTH XHAKOCTH pg. TPyOKYy MEeNI€HHO NMOAHH-
MatwoT BBepX. OnpenesnnTb, Ha KAKOM YPOBHE IHUCK OTOPBETCS
OT TpyOKH.

P e w e H u e Ha auck geficTBYIOT TpPHU CUJBL CHJIA Fl,
06ycyIOBJIeHHast aTMOC(EpPHbIM U THAPOCTAaTHUECKHM [aBJie-
HHUAMH, HalpaBJeHHas BePTHKaJIbHO BHHU3; cuna Fy, 0bycJoB-
JIeHHAsl THAPOCTATHYECKUM JIaBJIeHHEM W HalpaBJleHHas Bep-
THKAa/JbHO BBEPX; CHJA TSXKECTH mg (puc. 129). Huck oto-
pBeTCsl OT TPYOKH B TOT MOMEHT, KOTAa GYAET BHITOJHATHCA
yCJIOBHE DPaBHOBECHS: CymMa npoekuyi Ha ocb OY Bcex cui,
[NeACTBYIOLIMX Ha JMCK, PaBHAa HYJIO, T. €.

mg+F —Fy=0. (1)

Bolpasum monynu cun Ff u Fy. Cuna F| peficTByeT Ha
BepXHee OCHOBAHME [HMCKAa, KOTOpOe HAaXOAHTCH HA PaccTos-
HHH H OT NOBEPXHOCTH XHAKOCTH. JlaB/eHHe Ha 3TOM ypOBHe
Py = pogH + Pary » TAE Papy — aTMOChepHoOe faBnenue. [Ipu sToM
cusia, 00yc/I0BIeHHasi aTMOC(HEPHBIM AaBJeHHEM, AeHCTBYET Ha
BCE OCHOBAHHe, a CHJIa, 00YCI0BIEHHAs] THAPOCTATHUECKHM AaB-
NeHueM, — TOMBKO Ha mowans Sy = nD? /4 — nd? /4. Creno-
BaTeJIbHO,

2 2
A = pogh (22— 1) 4 p . D% 2)
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Y4
| fi=—— ~
[— — ——| #
B e |
— Y ,g‘_——_—_—:
g X
Puc 129

Mogyb cuisl 13‘2
D2
Fy = peS=py 5~
3mech po — paBieHHe Ha raybune H + h, Ha KOTOpOW Ha-

XOAHUTCS HIDKHee ocHoBanue aucka. Ho py = pog(H + h) + pary.
NO3TOMY

2
Fo =(p2g(H+h)+paTM)%' (3)

Macca aucka
m=p1V=pllg—2—h. (4)

[Monctasus Tenepb snauenus (2)—(4) B ypasnenue (1),
MONYYUM

P1

2 2 2 2
ng hg + pQgH(E%)— - %) + Patn % -

- (p2g(H +h)+ pa'l'M)nTD2 =0,

WJIH TI0CJIe OYeBUOHBLIX Npeobpa3oBaHHH
p1D%h + po H(D? — d?) — poD?(H + h) = 0.
PeiwnB 3To ypaBHeHHe OTHOCHTe bHO [, 6yneM UMeTh
_ D’lp; —py)
T ped?
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335. [unpaBauyeckui pecc, 3arnoJHEHHbIA BOLOH, HMEET
NOPUWIHH, MJowann Kotopeix Sy = 200 em? 1 Sy = 20 em?. Ha
GOMbILOK MOplIeHb MONOXKKAM Tpy3 Maccod m = 60 kr. Ha
KaKylo BbICOTY TMONHMMETCS T0CJe 3TOr0 MajblH NOpLIeHb?
[aoTHOCTb Bomwl p = 1,0 - 103 kr/m3.

Pewenue. JONycTHM, YTO B OTCYTCTBHE I'Py3a MasblH
fopleHb npecca HaxoAuAC Boiule GoubLuoro Ha A (puc. 130, a)
B COCTOAHHH paBHoBecHs. [IpH paBHOBeCHH HaBJIeHHe B TOY-
Kax A W B, npuHapieXawHxX NMOBEPXHOCTH OLHOTO YPOBHS,
OLHMHAKOBOE: P4 = pg, HIH

me _ mé

5 S—2+pgh, (1)

rope mp, mo — MacCcChl 60JILLIOr0 M MaJoro HOpLIJHE}‘:{ COOT-
BETCTBEHHO.

; s 2
AR
5, =
h| |\ =
5, — =
= S, =
—= A= -8 p—
—ng = =
=" == 14 5
== —Vremg ————

Puc. 130

TTocae Toro kak nosoxuau rpys (puc. 130, 6), manbiit nop-
uleHb MOJHSANCH Ha HEKOTOPYIO BBICOTY Ao, a 6OJIbLIOK omyc-
THJCS Ha A|. 3anHlleM AJs 3TOr0 COCTOSHHS YCJIOBHE PaBHO-
BeCHsl KaK pPaBeHCTBO AaBJieHHH B Toukax A; # B| noBepxHo-
CTH OLHOTO YPOBHS: P4 = Ppg , HIK

M:%.ppg(hl.ph.phz).

S S,
ITocsie npeo6pa3oBaHuit ¢ yuetoM yciosus (1) noayyum
m/S; = phy + phy. (2)
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VM3 yc/0BHS HECXKMMAEMOCTH XKHIKOCTH CJelyeT, uTo
Sihy = Sohg. Otcrona hy = Syhy /S;. TloactaBus. 310 3Haue-
HHe B ypaBHeHHe (2) W pelB ero, HaiaeM:

ho =— ™  hy =27 M.
R I R o

336. Onpenenutb 06beM KycKa Medd, KOTOPbIH B BOJe
umeet Bec P = 20 H. IMnotHocTs Mean p; = 8,9 - 103 kr/ M3,
VIOTHOCTb Bogbl Py = 1 - 103 xr/m3.

Peuwenue BocnonbsyeMcss BoiBeeHHOH P PELIEHUH
3anauu 322 ¢opmysioN s Beca Tesa MacCol m B XKHUAKOCTH,
MJIOTHOCTb KOTOPOH P

P=(m-poV)g,

roe m — Macca Kycka Mead; V — ero o6beM. YUHTHIBAS, 4TO
m = p,V, nonygaem P =(p|V —poV)g, oTkyna
V=—t _ V=26-10"%u
glpi = pa)

337. Teno o6vemom V = 1500 cM3 npu B3BelIMBAHMM B
BO3MlyXe Ha DaBHOMJIEYHUX PbIYaXHBLIX Becax OblJIO YpaBHO-
BelleHO JIaTYHHbIMH rupsiMd Maccod m = 1700 r. HaiTu maccy
YPaBHOBEILIUBAIIKX THPb NPH B3BELUMBAHHH 3TOrO TeJa B
Bakyyme. [lnoTHocTs natynu p; = 8500 kr/m3, nnotHOCT
BO3ayXa py = 1200 r/m3.

Pewmwenue. [IpuB3BelIMBaHUM B BO3AyXe HA OHY Yally
BECOB JEHCTBYET BeC Tesa P, Ha ApyTyio — Bec THpb P (cM. pe-
wenue 3agayn 280). [IpH paBHOBECHH Ha PaBHONJIEYHX BECaxX
OyneT BHINOJNHATLCS paBeHCTBO P = Py.

Ha ocHoBanuu dopmyssl (1) U3 peuienus 3agauu 322 3a-
MHLIEM BBIPAXKEHUS [JIs BECA Tesla U THPb B BO3YyXE:

P =(m—-poV)g, A =(m -poV))g.

roe m — macca tena; Vy — obvem rups. Tak xak V| = m;/py,
TO

P =m(l-py/pplg.
[Ipn paBHoBecuu B Bo3nyxe P = Py, 1. e.
(m—paV)g =m0 -p2/pe.
OTcrona HaxoauMM Maccy TeJsa:
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m=m(l-pg/p)+poV, m=1702r.

[lpy B3BelMBaHWM B BaKyyMe apXHMejoBa CH/a paBHa
nymo. Ha onHy u3 yaw neHcTByeT Bec Tesa, YHCJIEHHO paB-
HbIl mg, Ha APYTyl0 — BeC YPaBHOBEIUHBAWIIMX THDPb, YHC-
JIEHHO DaBHBIH mMag, IPHYEM mg # m,. ¥ C/IOBHE DAaBHOBECHS
B 3TOM CJly4ae HMeeT BUA mg = mog, OTKyAa my = m. Takum
06pa3oM, Macca YpaBHOBELIHMBAIOWHMX IMPb [1PH B3BELIUBAHHH
B BaKyyMe paBHa Macce TeJa.

338. B XHOKOCTH NJIOTHOCTbIO P MJaBaeT MOJLIH WIap
o6beMoM V, H3rOTOBJNEHHBLIH H3 MaTepHasa MJIOTHOCTBIO Po.
KakoB o6bem MosI0CTH 1apa, ecJH U3BECTHO, 4TO 06beM I0-
TPYyXeHHOH B >XMAKOCTb 4acTH luapa coctasaser n = 0,75
Bcero o6bema wwapa?

PeweHue Hawap neficTsyior cuna tsxecty mg #
apxumenosa cuna Fp (puc. 131). [TockoabKy wwap nnasaer,
TO BHINOJIHAETCS yCjIOBHe paBHoBecuss mg + Fy = 0. Caeno-
BaTeJNLHO,

mg = Fy, (1)
roe m — macca wapa. Ecan V; — o6bem mosoctu wapa, To
m= pZ(V - Vn)'

Mopnyne apxumenosoit cuibl Fy = p1gV), rae V| — o6bem

TMOrPY>KEHHOH B JKHAKOCTb YacTH LIapa.
[TogcraBus 3HaueHnst m u F, B Buipaxenue (1), nonyuum

po(V -Vy)g = pigV,

HJIK C ydeToM Toro, uto V| = nV,

.

D

Puc 131
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Puc. 132

po(V = Vy) = pinV.

Orciona V,; = V(1 - np; /ps).

339. K koHuy opHopoasoro crepxxus Maccod m = 4,0 r
TOJBElIeH Ha HUTH aJOMHHUEBbIH WapUK paguyca R = 50 mMm.
CreprkeHb KJIaAyT Ha Kpal-cTakaHa ¢ BOAOH, 10OUBaACh TaKo-
ro NOJIOXKEHHS pPaBHOBECHS, TPH KOTOPOM MOTPY>KEHHOH B BOLY
OKa3biBaeTcsl noJoBMHa mapHka (puc. 132). Onpepenuts, B
KaKOM OTHOUIEHHH AENUTCS [AJHHA CTEPXHS TOYKOH ONMOPHI.
[lnoTHOCTL amoMubus py = 2,7 - 103 kr/ M3, NIOTHOCTb BOMbI
py = 1,0 - 103 xr/m3.

Pewenue Hacrepxedb 1eHCTBYIOT CHA TAXKECTH
mg, CH/ia HOPMaJibHOH peakuuH onopsl N M CHJIa HaTsKEHHS
HUTH T . CTep)KeHb HAXOQUTCSl B PABHOBECHH, MO3TOMY CYM-
Ma MOMEHTOB BCEX CHJ OTHOCHTEJNbHO OCH, NPOXOAsillied de-
pe3 Touky O, paBHa HyJ10. O603HauUM /| U 9 ANUHBL YaCTEH
CTEPXKHS, Ha KOTOPbIe €ro AeNHT Touka onopsi. CHJa TSXECTH
mg TIpuoXeHa 8 Touke C, fensied cTepxeHs nonosam. Toraa
yC/l0BHE PaBHOBECHS MOXXHO 3aNHCaTh TaK:

mg(lg _Ah ;l2>—7‘11 =0,

1582970
mg12 - mg11 - 2Tll =0.
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Paspenus 310 ypaBHeHHe Ha [}, NOAyYHM
{
mg—f——mg—QT =0,
1
OTKyza

12_ H
=1+ (1)

Mopynb cuabl HaTsiKeHHst T paBeH Modymio cuabl 77, ¢
KOTOPOH HHMTb JeHcTByeT Ha wapux. Ha wapuk aenctsyior

ellle ABe CHJBI: CHJIa TSXMECTH m;g W apXvMe[oBa cHia Fy .
ITockosibKy 1apHK HaXOAMTCS B PaBHOBECHH, TO

CnegoBaTesibHO, CyMMa MpOeKLHH 3THX CHJ Ha ock OY paBHa
HYJ0:

FA +T'—m1g =0,
UJIH ¢ ydeToM Toro, uto T’/ =T,

Fp +T~mg=0, (2)
TAe m; — Macca LapHxa:
V — obbem wapuka.

y‘{PITbIBaH, HYTO B BOAE HaxOAHUTCs MOJIOBHMHA WApHKaA, Ha-
X04HUM MOAYJb apxnmeuosoﬁ CHJIbL:

Fp=pog ¥ (4)

Ha ocHoanuu Boipaxenuit (2)—(4)

T = Vg(2p;— p2)

O6bem wapuka V = %nR?’, NO3TOMY

T _ 2nR%(2p; — p)
3

[loacTaBus Teneps 370 3HaueHue B popmyay (1), Haitgem, 4To
LJIMHA CTePXKHS AEJUTCS TOYKOH OMOpbl B OTHOLIEHHH

ho_ 4R —pp) by

I 3m oy =16
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3agaum onsa caMoCTOATENbHOro pewieHns

340. [InuHHas BepTHKaNbHasA TPYOKa [Orpy>keHa OfHHM KOH-
LIOM B COCYA C pTyThio. B TpyOKy HanmuBawot m = 0,71 Kr BOAbL.
OrnpenenuTh H3MeHeHHe YPOBHA PTYTH B TpyOke. [InameTp Tpy6-
ku d = 0,06 M, IIOTHOCTL pPTYTH p = 13,6 - 103 xr/m3.
TonumuHoON cTeHOK TPyOKH npeRebpeyb.

341. B noasoaHO# yacTH cyAHa 06pa30Ba/och OTBEPCTHE,
maowanb Kotoporo S = 5,0 cM#. OTBepcTHE HAXOAMTCS HHXKe
ypoBHs Bogsl Ha A = 3,0 M. Kakass MiuEMMasbHast cuia TpebyeT-
cs1, 4yToObl yAepKaTh 3aMJ1ary, 3aKPbIBAIOLLYI0 OTBEPCTHE C BHYT-
peHHelt cTopoHbl cyaHa? TlnotHocTs Bomsl p = 1,0 - 108 kr/m3.

342. Ha kako# riy6rHe B OTKPbITOM BOJOEMe JaBJieHHe B
n = 3,0 pa3a 6oJibllie HOPMaNbHOTO aTMOC(HEPHOTO NaBJIEHHA?
InoTHocTh Bomel p = 1,0 - 103 kr/m3, HopmasbHOE aTMO-
cepHOe faBJeHHe py cuMTaTh paBHbM 1,0 - 10° [1a.

343. B oTKpHITHIH UHAHHIPUUECKUH COCYM HAJUTHI PTYThb
¥ BoJla B pPaBHbIX MO Macce KosxyecTBax. O6uias BbICOTA ABYX
caoeB xuaxkoctent A = 29,2 ecm. OnpenenuTsb naBieHHe XHUAKOC-
Teit Ha 1HO cocyaa. [lnoTHocTs pryTH pp = 13,6 - 103 kr /M3,
TUIOTHOCTB BOAbI Po = 1,00 - 103 kr/m3.

344. OTKprITYI0 ¢ 06€HX CTOPOH Y3KYIO LHIHHAPHYECKYIO
TpyOKy mnuHOH [ = 80 cM [0 NOJIOBHHBI IOTPYXKalOT BEPTH-
KaJIbHO B PTYTb. 3aTeM 3aKpbIBalOT BepXHee OTBePCTHe B TPyOKe
¥ BBIHUMAIOT ee U3 pTYTH. [Ipu 3TOM B TpyOKe OCTaeTCs CTOJ-
6K PTYTH BbiCOTOH A = 22 cM. UeMy paBHO aTMOC(epHoe
naBsenne? ITnoTHoCTb pTyTH p = 13,6 - 103 kr/M3.

345. LluauHapuyeckas TpyGka ¢ 3anasiHHbIM BEPXHHM KOR-
LIOM ONyCKaeTCs BEPTHKaJbHO B PTYTb TakK, YTO 3amasHHBIA
KOHell COBNAaaeT C NIOBEPXHOCTBLIO PTYTH B cocyne. Ilpu atom
BbICOTA BO3AYWIHOro ctosnba B TpyOke paBHa h. OnpeneauTsb
IJUHY TPYOKH. ATMOC(epROe faBieHHe PAaBHO P,py, TJIOTHOCTD
ptyT# p. TeMnepaTypy CUMTaTbh MOCTOSIHHOH.

346. AxBapuym foBepxy HanoJHeH Bogod. C Kako¥ cpef-
HeH CHJIOHM NAaBUT BOAA HA NJOCKYK BEPTHKAJbHYI CTEHKY
akBapuyMma giuHod [ = 50 cm u Bbicotod A = 30 cm? Ilaor-
HoCTb BoAbl p = 1,0 - 103 kr/m3.

347. Cuapsin maccoit m = 8,0 Kr BbleTaeT U3 CTBOJIA OPY-
st co ckopocThio v = 700 M/ ¢. OnpeaenyTsb faBAeHHe M0PO-
XOBBIX Ta30B BO BPeMs BBICTpeJla, CUMTasi ABH)XeHHe CHapsia
BHYTDH CTBOJIa PaBHOYCKOPeHHbIM. CHJla CONPOTHBJIEHHS JBH-
xeHuo cHapsina F. = 16,2 kH, nnura HapesHo# yacTH cTBOJA
{ = 3,0 M, tnameTp d = 77 mMM.
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348. [ly6oBblii Wap JEXKUT HA AHE COCYNa C BOLOH, TIpHUEM
N0JIOBHHA €ro HaxofuTes B Boje. C KAKOW CHJIOH NaBUT Ha [HO
cocyna wap, ecid B Bosayxe o Becut P = 5,9 H? [lnothocTs
ny6a p; = 0,8 - 103 kr/wm3, Bomst pg = 1+ 103 kr/m3. Borran-
KHBalol{ell CHJIOH BO3Ayxa NpeHeOpeub.

349. B sosgyxe Bec kunbl xjonka P = 1519 H. Onpepe-
JIMTh BEC 3TOH KHIIbl B BAKyyMe, €CJIH TJIOTHOCTb XJIONKa B KHIe
p; = 800,0 kr/M3, a TJIOTHOCTb BO3AyXa po = 1,225 Kr/ m3.
B3BeluinBaHHe NMPOM3BOAHIOCH C TTOMOLIBIO NIPYXKHHHbBIX BECOB.

350. [Jonbi# wiap, OTJUTBHIA M3 YyTyHa, MJaBaeT B BOJE,
NOTPY3UBIUIMCh POBHO HanoJyioBuHy. HaitH o6beM nosocTH
wapa, ec/d Macca wapa m = 5 Kr. [1710THOCTL uyryHa p; =
=7.,8 103 kr/wm3, Boxnl pp =1~ 103 xr/m3.

351. B Bo3nyxe Bec kycka npobku Py = 0,15 H, kycka cBuH-
ua Py = 1,1 H. Ecau 3TH Kycku cBSi3aTb, N0JBECHTb K AHHAMO-
METPY H ONYCTHTb B KEPOCHH, TO JHHAMOMETp MOKaxeT Pj =
= 0,6 H. Onpenesutb MI0THOCTDL py NPo6KH. [110THOCTS cBHHIIA
py = 11,3 - 103 xr/m3, kepocuna p3 =08 - 103 kr/wm3.
ApxuMenoBOH CHIOH B BO3/yXe NpeHeOpeyb.

352. BbicoTa MAOCKOH JIbAHHBL HAj YPOBHEM OKeaHa A =
= 2,0 M. OnpefieIUTh TONUMHY BCEH JIbAHHbI, €C/IH MAOTHOCTD JIbAa
p; = 0,90 - 103 xr/m3, oxeanckoit Bomsl py = 1,03 - 103 xr/m3.

353. Haiity MHHHMa/bHYIO Maccy rpy3a, KOTOPBIH HYXKHO
TOJIOXKHTD Ha MJIOCKYIO JIbAWHY, YTOOBl OHa MOJHOCTbBIO NOTPy-
3usach B Boay. Ilmomanp mbauust S = 1 M2, ee TomuuHa d =
= 20 cM, nnoTHOCTb Jbaa py = 0,92 - 103 kr/m3, naoTHOCTD
Bombl pg = 1,0 - 103 xr/m3.

354. KakuM poaxeH ObITb MUHHMAaJbHBIH 00bEM MOJOCTH
V,, xene3noro 6ya ansa Toro, 4ytoObl OH MOT IJaBaTb Ha MO-
BepxHOCTH Boab? O6beM 6ysa V, maoTHOCTb XKese3a p,, MJIOT-
HOCTb BOJBI o .

355. Ha koHuax serkoro crepxHs mauHo# [ = 20 cM mno-
MeUIeHbl [Ba LIAPHKA: MEPBLIA H3 CBHHLIA, BTOPOH H3 aJIOMHU-
Hus. CTep>KeHb WIAPHHPHO 3aKPeNJieH MocepearHe H OnylueH
B BOAY, I'le OH HAXOJAUTCS B PaBHOBECHH, 3aHUMAas TOPH30H-
TajlbHOE TOoJIOXKeHHe. Ha CKOJIbKO HYXHO NepelBHHYTb IO
CTEpP>KHIO BTOPOM LIAPHK, YTOObI pABHOBECHE BOCCTAHOBHJIOCH
B Bo3ayxe? [lnoTHoCTb cBHMHLA py = 11,3 - 103 kr/m3, anio-
MUHHA pg = 2,7 * 103 kr/m3, ozl p3 = 1,0 - 103 xr/m3.

356. Cocyn ¢ BOLOHM ypaBHOBelleH Ha OJHOM W3 yallek
Pbl4aXKHbIX BeCOB. B COCY/ ONMyCKAaKT NMOABEUIEHHBIH Ha HHUTH
MEeTaJJIHYeCKUH OPYyCOK MacCOH m TakK, UTO OH OKa3biBAeTCHl
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MOJTHOCTBIO TIOrPYXK€HHBLIM B BOAY, HO HEe KacaeTcsl CTEHOK H
aHa cocyzna. I'py3 kakoit Macchl M Ha KaKylio YallKy Hajao noJo-
XHUTb, 4TOOB BOCCTAHOBHTL paBHOBecHe? [l10THOCTL MeTas-
J1a py, BOOBI py.

357. Ha vamrax norpy»eHHbIX B BOAY paBHOIJIEYHX BECOB
HaxXo[fTCH aJIIOMHHHUEBLIH H JKeJIe3HbH L1apbl, Macchl KOTO-
pbIX OAMHAKOBbl M paBubl m. OnpenendTb MacCy CHJIOUHOFO
11apa U3 MeaH, KOTOPBIH Hafo A00aBUTL AJ5 BOCCTAHOBJIEHUS
paBHoBecHsi. [lnoTHOCTL amomunus p; = 2,7 - 103 kr/m3,
xenesa py = 7,9 - 103 kr/m3, mean p; = 8,9 - 103 xr/m3,
BOObl py = 1 - 103 xr/m3.

358. K xopoMbic/ly paBHOMJIEYHX BECOB MOABELIEHbI ABa
CIJIOIIHBIX OJHOPOAHBIX LIapHKa PAaBHOM MacChl, CAENAHHBIX
M3 pasHbIX MaTepHaoB. Ec/H 0fHOBpeMEeHHO NOMECTHTh OJHH
U3 WIAPHKOB B XXMAKOCTb MIOTHOCThIO p; = 1 - 103 kr/m3, a
APYTO# — B XHRKOCTb TUIOTHOCTSIO py = 0,8 - 103 kr/m3, 1o
paBHOBecHe coxpaHuTcsi. CyMTasi, 4TO INIOTHOCTH HIADPHKOB
6oJibllle NJIOTHOCTEH XHAKOCTEH, HAUTH OTHOLIEHHEe MJOTHO-
CTeH IIapHKOB.

359. MeTtanauuyeckuil 6pycok nsaBaeT B COCYyZe, B KOTO-
pblil HA/IHTa PTYThb, a NOBEPX Hee — BoAa. IIpH 3TOM B pPTyTb
6pYCOK Morpy»eH Ha o) = | /4 cBoei BbICOTH, @ B BOAy — Ha
09 = 1/2 Beicotsl. HaiiTu rioTHOCTS MeTas1a. [TnoTHoCTD pTy-
™ p; = 13,6 - 108 kr/m3, mnotHocTs Boawl py = 1 - 103 kr/m3.

360. [1naBarowee B pTyTH TeJ10 NOrpy>KeHo B Hee Ha ny = 0,25
cBoero o6beMa. Kakasi yacTtb ng o6bema tesia 6ynet norpyxeHa
B PTYTb, €CJIH NIOBEPX PTYTH HAMUTb CJIOH BOAbI, HOJHOCTBIO 3aKPbl-
Barouwi Teno? IlnotHocTs pryTH p; = 13,6 103 xr/ M3, Bogbl
ps = 1,0 - 103 xr/m3.

361. B uuiHHApPHUECKHX COOOLIAIOLMXCS COCYLAaX Haxo-
mutest pryTh. OTHOUIEHHE AMaMeTPOB- COCYNOB n = d|/dg =
=0,25. B y3kuii cocya HalHBawT BOAY; BbICOTA CTOJ6a BOAbI
h = 80 cM. Ha cKosbKO ONMyCTHTCS! ypOBEHb PTYTH B y3KOM
cocylle U Ha CKOJIbKO OH NOAHHMeTCS B UIMPOKOM? [170THOCTD
Boast p; = 1,0 - 103 kr/m3, prytn py = 13,6 - 103 kr/m3.

362. B coobuiamoumecst cocyabl HajauTa PTYThb, NOBepX
KOTOPOH B OMH K3 COCYIOB HaJHTa BoAa. PasHocTs ;/posﬂeﬁ
pTyTH Ak = 20 mm. ITnotHoCTs pTYTH p; = 13,6 - 10° kr/ M3,
BOABI Py = 1,0 - 103 xr/m3. Haiitu BLICOTY CTOJ16a BOJbI.

363. B 18yx coobmarmnxcst UTHIHHAPHYECKHX COCYaAax
C OJHHAKOBbIMH NONEPEYHbIMH CeYeHHSIMH mJoluaibio S =
=1 - 1072 M2 paxoaMTCs PTyTh. B 0HH M3 €OCYNOB MOBEpX
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PTYTH HaJHMBAIOT BOLy Maccod m; = 20 Kr ¥ ONyCKaioT B Hee
nJaBaTh rPy3 MacCod mo = 7,2 kr. Ha cKoJbKO nopHHMeTCS
ypOBeHb PTYyTH BO BTOpPoM cocyae? [ln0THOCTb PTyTH p =
=13,6 - 103 kr/m3.

364. llapuk macco#t m = 40 r niaBaeT B OJHOM H3 IBYX
OIHMHAKOBLIX LMJHHAPHYECKHX COOOILAIOILHXCH COCYNOB, 3a-
nonteHHbix Bopoi (puc. 133). IMnotiaabs nonepedHoro ceve-
Hus Kaxporo cocyga S = 20 cm? Ha CKObKO M3MEHHTCS
YypOBeHb BOAbI, €CJIH BbIHYTb wapHK? [l10THOCTE Boabl p =
=1,0r/cm3,

—_—— h;

Puc 133 Puc. 134

365. J/IBa UUAHHAPHYECKHX COCYa COeIUHEHb! Y HA TOH-
Ko# Tpy6ko# ¢ kpanoM (puc. 134). Onun cocyn UMeet miowW@np
nonepeyHoro cedeHus S; = 15 cm2, BTOpOH — Sy = 5,0 cm2.
Cocynbl 3anosiHeHbl BOJOH: NepBblH 10 BbICOTH A = 20 cM,
BTOpOH 110 BeICOTHE Ay = 40 cm. Kakos Gyaer ypoBeHb BObI B
COCyaxX, ecyd OTKPbITh KpaH K B coenrHHTebHON TpyOKe?

366. [eranb otsivTa U3 cnJaBa >kese3a M HUKeasi. Onpene-
JINTb, CKOJIbKO NPOLEHTOB Mo oOBEMY COCTABJSAIT >KeJle30 H
HHKeJb, a TakKe oObeM BCeH JeTalH, eC/H B BO3JyXe HeTalb
Becut P; = 33,52 H, a B Boge — Py = 29,60 H. IlnotHocTb
xenesa p; =79 103 xr/ M3, Hukeas py =89 103 kr/ w3,
Boakl p3 = 1,0 - 103 xr/m3. ApxXHMesOBY CHIy B BO3ayXe He
YUHTBIBATD.

367. bpacaer maccoil M = 80 r caesaH U3 cnJaBa 30J10Ta
1 cepebpa. BoluHcnnTh Macey 3on10Ta, copeprkalierocsi B 6pac-
JeTe, pacroJiarasi cJefyomHMH JaHHbIMH: TJIOTHOCTh 30JI0Ta
p; = 19,3 r/cem3, nuothocTs cepebpa py = 10,5 r/cem3; npu
norpy»eHuHd 6pacneta B BOAY, HaXOOSULYIOCS B COCYAE C BED-
THKaJbHBIMH CTEHKAMH M MJIOLIAAbI0 OCHOBAaHHA S = 25 cM?,
ypOBEHb BOABI nofHHMaeTcs HA A = 2,0 mm.
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368. CorsiacHO XeJslaHHIO CHPAaKy3CKOro BJacTHTe s, Apxu-
Mel 10JKeH Obll Onpele/iuTb cOlepXKaHHe 30J0Ta B KOPOHe,
COCTOALLEH W3 30JI0TbIX M CepebpAHBIX YacTel, He paspyulas
ee. [lns sToro ApxuMen B3BECH KOPOHY B BO3AYyXe W MOJYUYHI
Bec P} = 25,4 H, a 3arem B Boze, noayuus Bec Py = 23,4 H.
3Hasi NUIOTHOCTD 30/10Ta, cepebpa ¥ Boabl (COOTBETCTBEHHO
p = 193 r/cmd, py = 10,5 1/cm3 1 p3 = 1,00 r/cemd),
ONpeNeNnThb, KaK 1 ApXHMeJ, Maccy 30J10Ta, COLEPXKALIerocs
B 3TOH KOPOHe. Y CKopeHHe cBOGOAHOrO NafeHHs CYUTATh PaB-
HoiM g = 10,0 M/ c2.

369. B uunuHapuyeckoMm cocyae ¢ He CMelUHBAKOLIEHCS ¢
BOZOH JKHAKOCTbIO, TIOTHOCTb KOTOpolt p = 1,2 r/cm3, npu
temnepatype { = 0 °C nnaBaet nbiHHKa Maccolt m = | kr. Ha
CKO/IbKO H3MEHHTCS] yPOBEHb 3TOH XXHIKOCTH B COCYNe, KOTAA
JbAKMHKa pactaer? [lnowans ocHoBanust cocyna S = 0,1 el

370. TenJsioxon, BOWAS B raBaHb, BBITPY3HWJ YacTb Ipy3a;
npy 3TOM €ro ocajxa ymeHbuMsach Ha A = 0,6 m. Haiitu
Maccy rpy3a, OCTaBJEHHOIO TElJOXOAOM B IaBaHH, eCJH IJo-
IaZb NONEepPEeYHOro CeYeHHs TeJIoXola Ha YPOBHE BaTepJiH-
Hud S = 5400 m2. [TnotHocTs Bombl p = 1 - 103 kr/m3.

371. OnpenenuTs HAKMEHBLIYIO NVIOLALL MJIOCKOH JIbAUHBI
TonuuHol d = 40 cM, Crioco6HOH YAepKaThk HA BOJAE 4YeJsIOBE-
ka maccot m = 75 kr. IlnoTHocTs sibpa py = 0,9 - 103 kr/ M3,
BOABL py = 1 - 103 xr/m3.

372. Ha nnoty, cocTostieM u3 n = 20 ofAMHaKOBbIX GpeBeH,
MOXXHO TMEePEBO3HTb IPY3 MaKcHMaJbHOH Maccod m = 1800 xr.
OnpenenuTb NJIOTHOCTb APEBECHHBI, €CAM 06beM KaXcJoro
6pesna V = 0,3 M3, a nnoTHOCTb Bombl py = 1 - 103 xr/m3.

373. [lnsa B3siTHs rpoObl IPyHTa HAa AHO OKEaHa Ha CTaJlb-
HOM Tpoce omyckawT npu6op. Hadtk npenenbHyio rny6uny
TOrPY>XeHHUsl, ecJH Ipeies NPOYHOCTH Ha pasphiB cTasH
Cpp =4,8- 108 INa. Maccoii nprGopa 1o CpaBHEHHIO C MACCOjt
Tpoca npene6peds. I11oTHOCTL cTand p, = 7,8 - 103 kr/m3,
MJIOTHOCTb OKEaHCKOH BOAb py = 1,03 - 103 xr/m3.

374. Macca miapa-3oHAa, BK/AKYAsi MacCy ra3a B Hew,
m= 50 xr, a o6bem V = 110 m3. Wap ces3an ¢ 3emsed
BepesKoil. IlnoTHoCTb Bo3ayxa p = 1,3 xr/m3. KakoBo HaTs-
)KeHHe BEepPeBKH, KOTLa OHAa: HaXOAMTCS B BEPTHKANbLHOM NO-
JIOXKEHHH; TIO[ NeHCTBHEM BeTpa OTKJIOHHJIACh Ha yroa o = 30°
OT BEPTHKAJIH?

375. ToHKHH ONHOPOAHBIN UUJIMHAPHUYECKHH CTePXKEHD BepX-
HHM KOHLIOM KpenUTCcs K wapHupy. CHHU3Y oA cTep>KeHb NOA-
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BOAMTCS BaHHa ¢ BogoH. CTepeHb
HaKJIOHSIeTCH TaK, YTO B BOJE Ha-
XOLHTCA [OJIOBHHA €ro IJHHBI
(puc. 135). OnpenenTb MIOTHOCTD
maTepuana cTepxHs. [la0THOCTD
Bobl py = 1,0 - 103 kr/m3.

376. B osepe Ha raybuHe A =
= 5,0 M HaxoOHTCH TeJO MaccCoH
m = 2,0 kr 1 o6bemom V = 1,0 x
x 103 cm3. Kakas pabora no/mkHa
ObITh COBeplLIeHa NpH ero Noxbe-
Me Ha BbicoTy H = 5,0 M Hag no-

Puc 135 BEPXHOCTbIO BOAH? IlioTHOCTBL
Bogel p = 1,0 - 103 kr/m3.

377. Co pHa BomoeMa ray6uHod A = 1l M moxbeMHbIM
KPaHOM pPaBHOMEPHO MOAHHMAIOT 6eTOHHHIH Ky0 MaccoH
m = 2200 xr. OnpenesuTh MexaHHYeCKylo paboTy 1o noabe-
My 3TOro ky6a [0 KacaHus ero BepxHeH rpaEH NOBEePXHOCTH
Bobl. [lnoTHOCTL GeTona py = 2,2 - 103 kr /M3, Boml py =
=1,0 - 103 xr/m3.

378. OpHopopHas npsMmasi NpyM3Ma, IJIOLAAb OCHOBAHUSA
koTopokt S = 1 M2 u Bricota & = 0,4 M, I1aBaeT Ha NOBEPXHO-
CTY BOMIbI TAK, YTO B BOJE HAXOJHTCS T0JIOBHHA ee o6bema. Hail-
TH MHHMMalbHYIO paboTy, HEOGXOQUMYIO IS TOJHOTO norpg-
MeHHUs Mpuambl B Boay. [TinoTHoeTs Boaw p = 1,0 - 103 xr/ m3.

379. Ha kakywo riy6uHYy NOrpy3uTCs TeJo NPH NajeHHH B
BOJly C BHICOTHI f{ H 32 KaKOe BpeMsl OHO BCIJIbIBET Ha [IOBepX-
HocTh? TpeHMe Tesia 0 BO3AYX H BOAY He YUHThIBaTh. [1jio0T-
HOCTb BOABI Py, IVIOTHOCTb TeJa py < p;. HavanbHas cko-
pocTb Tes1a vy = 0.

380. C kako¥t BbICOTbI NTafiaJl IaPHK, €CJH OH IOTPY3HJCs
B BONy Ha ry1y6uny A = 0,1 m? IlnoTHocTs WwapHka p; = 0,4 X
x 103 kr/m?%, ero HauanbHas ckopocTb vg = 0, MIOTHOCTL
BoAbl py = 1,0 - 103 xr/wm3. ComnpoTHB/eHHeM BO3QyXa H
BOJbl NIpeHebpeyb.

381. CniiolIHOH ONHODOAHBIA CTEKJAHHbIH UIAPHK 06be-
mom V = 0,5 cm3 paBHOMepHO NajaeT B Bofie. Kakoe Kosnye-
CTBO TeIVIOTHl BBLIAGNUTCS NPH fepeMelleHHH lIapHKa Ha
h =6 M? TlnotHocTh cTekna py = 2,5 - 103 kr /M3, Boast py =
=1,0- 103 kr/m3.

382. Ckosbko Gynet BecHTb rupsi mMaccoi m = 1,0 kr,
B3BelllMBaeMasi Ha INPYXXHHHbIX Becax B TOHJOJiE a’3pocTaTa
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TIPH ero paBHOYCKOPEHHOM IOABEME, eC/IM Macca TOHAOJLE .C
o6onoukoit M = 500 kr? O6os10uka umeeT o6vem V = 1000 m3
M HarloJHeHa BOAOPOKOM, MIOTHOCTb KoToporo py = 0,10 kr/m3.
[lsoTHOCTL BO3AyXa py = 1,3 kr/ M3,

383. PesuHoBbIA MsY, Macca KOTOPOro m M paguyc R,
MOTpyXaloT noj Boay Ha raybuHy A W otnyckaioT. Ha kakyio
BHICOTY, CUMTasi OT MNOBEPXHOCTH BOAbl, MOAMPBIrHET MAY?
ITnoTHoCTb Boabl p. ConpoTHBAEHHE BOAH U BO31yXa MPH ABH-
YKE€HHH He YYMTHIBATb.



Il. MONEKYJISPHAS ®U3UKA

6. OCHOBbI MONEKYNAPHO-KUHETUYECKOW
TEOPUWU. VOEANBHDLIU FA3

MeToauueckue YKa3aHuA K pelleHuto 3agay

3ajiayd Ha ra3oBble 3aKOHbl MOXKHO pellaThb M0 CJeayroLle-
My IJIaHY.

Ecau B 3anaye 3alaHO OfHO COCTOsIHHe rasa u Tpebyercs
OTpeNe/HTb KaKOH-I1M00 NapaMeTp 3TOTO COCTOSIHHSA, HYXHO
BOCIIOJIb30BAaThCs ypaBHeHHeM MenneneeBa—Knanenipona.
Ecnu 3HayeHus gaBieHust ¥ o6beMa sIBHO He 3allaHbl, HX BbIpa-
JKalT yepe3 3aJaHHble BeJHYHHbI, MOACTABJSAIOT B 3aNHMCaHHOE
ypaBHEHHE W, pelUHB ero, HaxOAAT HEHU3BECTHbIN Napamerp.

B Tom cayuae, Korga B 3ajaye pacCMaTPHBAKOTCS ABa pas-
JIMUHLIX COCTOSIHMS ra3a, HYXHO YCTAaHOBHTb, H3MEHSETCs JIH
Macca rasa HpH Iepexojie H3 OJHOTO COCTOSHHS B APYroe.
Ecau Macca rasa ocTaetcst NOCTOSIHHOH, MOXKHO 3aMHCaTh ypas-
nenune Knaneiipona (ypaBHeHue 06belMHEHHOIO ra30BOro 3a-
KoHa). Ecaii ke mpu NOCTOSIHHOM Macce B IaHHOM IMpolLiecce
HE H3MEHSIeTCs Kakou-au6o u3 napametpos p, V uau T (nas-
JeHue, 06beM, TeMIepaTypa), IPHUMEHsIOT ypaBHeHHe COOTBET-
ctByiowero 3akosa (['ed-Jlioccaka, Iapas nan Boina—Ma-
puorTta). EcaiM B ABYX COCTOSIHMSIX Macca rasa pasHas, AJs
KaXJIOr0 COCTOSIHMS 3alIMCbIBAIOT ypaBHeHHe MenaeneeBa—Kia-
nedpoHa. 3aTeM CHCTEMY YpaBHEHHH pelllaldT OTHOCHTEJBHO
UCKOMOH BEJIHUHHEI.

MouisipHyI0 Maccy BelLecTBa MOXHO HAHTH C MOMOLIBIO
neproauueckod cucteMnl snemenToB JI. M. Menpeneesa. Ha-
npuMep, XuMmuueckas copmyna yraekucaoro raza COqy. Ilo
TabJHlUe HaXxoAHM, YTO OTHOCHTENbHAsh aTOMHas Macca yrJje-
pona npubaM3HTENbHO paBHA 12, xucaopoaa — 16. 3nauur,
OTHOCHTeJbHAas MOJeKyJ/spHasi Macca YIJeKHCJOoro rasa
M,=12 + 2 16 = 44. CnepoBare/ibHO, €ro MoJIsipHast Macca
M = 44 - 1073 kr/Moab.

[Ipy pelleHWy 3ajay Ha Napbl H BJ2XHOCTb NPUMEHSIOT
3aKoHbl HfeanbHoro rasa (Boinsi—Mapuotra, leii-Jlioccaxa,

176



apna, JansTona), ypaBHenus Kianeiipona, MeHnzaeneesa —
Knaneitpona. Onnako Hy»HO oOpaTUTs BHUMaHHE Ha CIEAYIO-
e 0COGEHHOCTH:

1) mapaMeTpbl ABYX pa3IMYHBIX COCTOSHHIA HAaCHILIEHHOTO fIa-
pa He MOAYHHAIOTCS O0BEAMHEHHOMY Ta30BOMY 3aKOHY, TAK KaK B
3TUX COCTOSHMSIX HACBHIILEHHBIA N1ap UMEET Pa3iHYHyI0 Maccy;

2) no 3aJaHHOH TeMIlepaType HACHIIHEHHOIO Napa MOXHO,
NOJNB3YACH TA0IMIIAMH, HAITH €0 INIOTHOCTh M JJaBJ€HUE;

3) no 3agaHHON TeMmeparype 7; HEHAcChIMIEHHOIO Mapa U
€ro To4Ke pockl 7p MOXHO ¢ NOMOWIBK Tabnui HaiTH abco-
JIOTHYIO BJIAXHOCTh, TaK KaK IPH TeMreparype I, 3TOT map
CTaHeT HACBIIEHHBIM;

4) mapaMeTpsl KaXJI0ro COCTOSHHUS HACHIIIEHHOr0 Mapa CBA-
3aHBl MEXAY co00H ypaBHeHHeM Menaeneesa — Kiraneitpona.

B 3agauax, cBA3aHHLIX C CHIAMH TIOBEPXHOCTHOIO HATSDKECHWSA, He-
00XOTMMO YUUTBHIBATh, YTO 3TH CHIHI HAIlpaReHb] BAOIb TIOBEPXHOC-
TH JKWIKOCTH [IEPIIEHMKYIIIPHO K JIMHUY, OIPaHW4YHBAIOLLEH 3Ty T10-
BEPXHOCTb, M CTPEMSTCH COKPATHUTD ee. B karmuuigpax cMayMBarolye
YKHUJIKOCTH TIOJTHUMAKOTCS, 3 HECMAYHBAIOLLIHE — ONYCKAKOTCS.

OcHOBHBIE 3aKOHBI M (hOPMYJIBI

Konuuecmso sewyecmsa

rJie m — Macca BelecTBa; M — ero MojspHas macca; N — 'mcno
MoJieKy1; Ny — mocTosHHas Asoranpo: Ny = 6,02 - 1023 Motb ™!

OcnosHoe ypasHeHue MONEKYIAPHO-KUHEMUYECKUU meopuu
UOeanbHOZO 2a3a:

1 2
pP= 3 mon <UKB> R
¢ p — JABJICHHUC I'asa, mo — Macca MOJICKYIIbI; # — KOHUCHTpALHA

MOJIEKYJT; (U,e) — CPEIHSA KBAJPATHYHAS CKOPOCTH MOJIEKYJI.
Cpeodnss keadpamuunas cKopocmby MOJIeKyJI easa

ol )~ - P

rae (v?) — cpeaHUii KBaapaT CKO POCTH MOJIEKYT; k — nocrosH-
Hat Bonbumana: £ = 1,38 - 0'2 Jox/K; T — TepMonuHaMuye-
ckas (abcomoTHas) TeMepaTypa rasa.
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CpedHRA KuHemudeckas dHepeus nocmynameabrozo dsuxe-
HUSL MOAEKYAbL 2034

E)==kT.
(£y=2
3asucumocmes 3asarenus 2a3a Om KOHUERMPAUUU €20 MOAe-
Kya u memnepamyps Bhipaxkaetcs QopMynon
p = nkT.

Ypaerenue cocmoanus udearsnozo easa (ypasnenue Mende-
seesa—Knraneiipona)

V = LRT,
PV ="M

rie p — paBieHHe; V — of6beM; m — Macca rasa; M — MoaspHas
Macca rasa; R — yHuBepcanbHas (MosisipHasi) ra3oBast NOCTOSHHAS:
R = 8,31 1/ (voss - K); T — TepMozuHaMHuuecKas TeMnepaTypa rasa.
3axon Boiiasa—Mapuomma: pna rasa AaHHOH MaccH RpH Mno-
cTosiHHOM TeMneparype (m = const, T = const — U30TepMHUECKHI
npouecc)
pV = const.

Jns mobhix ABYX COCTOSIHMIL ra3a NpH H30TEpMHYECKOM npouecce
1V = paVs.

3axon Teid-JIioccaxa: pna raza JaHHOH MaccH NMpPH NOCTOSHHOM
nasnennn (m = const, p = const — u3o6apHuit npouecc)

V=Vy(1+at) =VpaT, uau V/T = const,

rae V — o6beM rasa npu ¢ °C; V — obwem rasa npu 0 °C; o — Tem-
1

nepaTypHHi K03dpHUMeHT 06bEMHOI0o pacluHpeHus: O = 73 ~1 pna
BCeX ra3os.
Jna mo6uiX ABYX COCTOSHHH rasa npH H3o6apHoM npouecce
W v
h T

3axon Ulapas: nas rasa JaHHOH MaccChl NPH NOCTOSHHOM 06b-
eme (m = const, V = const — uzoxopHmit npouecc)

p=po(l+ ) = poyT, unn p/ T = const,

rae p — AaBJjeHHe rasa npu ¢ °C; pg — naBsenue raza npu O °C; ¥ —

TeMnepaTypHH# Ko3¢dHUHeHT AaBNeHHs: Y = 2= k! LS Bcex

273
rasos.
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ﬂ,}'lﬂ ./_1!06le ABYX COCTOHHHI;'! rasa rpy U30XOpHOM npouecce
h P2
T

Ypasuenue Kraneiipona (06vedunennbil 2a308biii 3aK0H) : LA
rasa nauHoi Macchl (m = const)

pV/T = const.
Jlas nio6eix ABYX COCTOSIHHE
oy _ paVe
T T

Tepmodunamuueckas memnepamypa
T=1t+27315,

rne t — Temneparypa Uenbcus. MaMeHeHHe TepMOAMHAMHYECKOH
TeMnepaTyphl PaBHO H3MeHeHHI0 Temnepatypnl Llenbcusa: AT = Af.
Hopmanonowe ycrosus: pasinenue pg= 101 325 I1a (760 MM pr. c1.),
temneparypa Tg = 273,15 K (0 °C).
3axon Jlaasmona: faBreHHe CMECH XMMHYECKH He B3aMMofes-
CTBYIOLIMX HOEANbHbIX [a30B PaBHO CyMMe MapLHa/bHbIX AaBJeHHH
3THX ra3s0B: '

p=p tppt .. +p,

OmuocumeabHas BAANHOCb eosdyxa

¢ =L 100%,
Po
rie p — napuuajibHoe faBjeHHe BOASHOro napa, cofepiKallerocs B
BO3/lyXe NMpH RaHHOH TeMNepaTtype; pg — AaBJEHHE HACbILUIEHHOTO
BOJISTHOIO Mapa fpH TOH Xe TeMnepartype.
OTHOCHTeNbHAS BJaXHOCTh MOXKeET GbITh ONpefesieHa TakXxe Mo
¢dopmyJe

(P = L - 100%7
Po
rae p — abcorromHas 6AQXHOCMb 8030YXa NPU AAHHOH Temnepa-
Type (BenMuuna, paBHas macce BOAAHOrO NMapa, COMEPKALIEIOCH B
1 M3 Bosanyxa); py — MJIOTHOCTb HACBILIEHHOTO BOASHOrO Napa npH
TOH Xe TeMMmepaType.
Cunra nosepxHocmHoeo Hamaxcenus Hudkocmu

F =al,

rae ¢ — NOBEPXHOCTHOE HATAMXKEHHE, ! — nnuHa PaHHUbB NOBEPXHO-
CTHOTO CJ10A XHAKOCTH.
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Bowcoma nodnamus (Wiv onyckanus) sudKocmu 8 Kanuiaape

26 cos 8

h —
pgR

rie § — KpaeBoH yrosi; g — yCKopeHHe CBOGOAHOro najexus; R —
panuyc Kanuwansipa. [Tpu nonsom cMauusaruu 8 = 0, a npu nonHom
HecMayuBaHuu B = 180°.

MNpumepb! pewieHus 3agav

384. BhiuucauTh Maccy OAHOH MOJIEKYJB KHCJIOPOAA.

Pewenue. Boauom mose mo6oro sewmectsa (TBepro-
ro, XHUIKOTO HJH ra3o06pa3HOro) COAEPMKUTCS OQHO H TO XKe
YHCJIO MOJIEKYJI HJIH APYTHX CTPYKTYPHbIX equHuL (Hanpumep,
aTOMOB, MOHOB), PaBHOE YMCJIOBOMY 3HAUEHHIO NOCTOSIHHOM
ABorazpo

Np = 6,02 - 1023 monp™!.
Ecan M — MosasipHas Macca, To Macca OfHOH MOJIeKYJIbl
my = M/ Ny. (1)

Jast kucaopoga M = 32 - 1073 xr/Monb. CefoBaTenbHO,
Macca OfHOM MOJIeKYJIH Kucsopoga mg = 5,3 - 10726 ¢r.

[To ¢gopmyae (1) MOXHO HaWTH MAacCy ONHOM MOJEKYJIbI
JI060ro BelllecTBa, 3Hasl ero MOJISIPHYIO Maccy.

385. 3a Bpemsi ¢ = 10 cyT U3 cTaKaHa NOJHOCTBIO HCMApH-
Jock m = 100 r Bogbl. CKOJbKO B CpeHEM MOJIEKYJ BHLIETAJO
C MOBEPXHOCTH BOAb! 33 ] ¢?

Pewenwue. Ilycts B cTakaHe comepxanocs N mode-
KyJ BoAbl. Toraa 3a Kaaylwo CeKyHAY BblIeTano B CpeHeM
n = N/t monexya. Ouesunno, uto N = VN, rae v — KoJiu-
YecTBO BELECTBA BOAbl B cTakaHe. [1ocKoNbKY Macca BOAL m,
Tov =m/M,rae M=18 1073 xr/mosb — MoJsipHas Macca
Boabl. CuiegoBaresibHO,

_ MmNy

=4 1018 ~=1
TR 4 - 101% 71,

386. Pe3nnoBbIN Wap conepXUT 2 J BO3AyXa, Haxons-
werocs npu temnepatype 20 °C u atMocdepHOM IaBJeHUH
1 - 10° Ia. Kakoit o6bem 3aiimeT BO3AYX, eC/AM wap OymeT
onyleH B Boay Ha rny6uHy 10 m? Temneparypa soab 4 °C.
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JlaBneHneM, 06yc/IOBJIeHHBIM KPHBH3HOW MOBEPXHOCTH, Ape-
Hebpeusb.

Peuwemnwue Ilycts 1o norpyxeHds B Booy BO3AyX B
wape HMen o6bem V|, Temnepartypy 7, daBJeHHe p, a nocje
MOTPyXeHHs — cooTBeTcTBeHHO Vo, T9, po. [TocKoabKy Macca
BO3lyXa He U3MEeHSeTCs, TO BhINOJIHSAETCH 00beIHHEHHbIH ra-
30BbIH 33aKOH:

vy _ paYe

Ha rny6uHe A nosnnoe pasneHue
p2 = Pgh + pyry,

rie p = 1 - 103 kr/mM3 — nuoTHocTs Bombl. ITox TakuM ke
AasjieHKeM 6yeT HaxXOHTbCA M BO3AYX B Liape, MOTPYyXeHHOM
Ha 3Ty r1yGHHY. J1o MorpyxeHus nasieHue BO3AYXA P| = Paru-

[ToacTasus 3HaueHust p; U py B Gopmyay (1), noayuum
nocJjie 04eBUAHbIX NPeo6pPa30oBaHHI ¥ BbIYHCIEHHI:

_ Par¥1T2 _ . —4
V2 B Ti(pgh + paru)’ V2 =9 107w

387. B 3anafaHHOM ¢ OHOr0 KOHIIA OJIMHHOH Y3KOH CTeK-
JAHHOH Tpy6Ke, pacnoNoXKeHHOH rOpH30HTANbHO, HAXOAUT-
Csl CTONI6HK BO3AyXa ANHHOH [ = 307 MM, 3anepThikt cToN6H-
KOM PTYTH AauHOH [ = 216 mM. Kakoil 6yner nauHa Bo3ayul-
HOro cTosN0HKa, ecsid TPyOKY NOCTaBHTb BEPTHKAJNbHO: OT-
BEpPCTHEM BBepX; OTBEPCTHeM BHH3? ATMocdepHOe AaBieHHe
Parw = 747 mm pr. cT. [TnotHoCTs pTyTH p = 13,6 + 103 1 /M3,
PtyTb M3 TpyOKH He BHLIMBAETCH.

PeiweHue. Ecau tpybka pacrnosnoxeHa FrOpH30OHTaNbHO
(puc. 136, a), 06beM BO3yxa B 3aKPHITON 4aCTH TPYOKH H €ro
JaBJleHHe Bblpa3siTCs Tak:

Vl = llSv P1 = Parmme

roe S — nJoLaAb NOMNEPeYHOro Ce4eHHs TPYOKH.

Eciau Tpy6GKa pacrnosnoxeHa oTBepcTHeM Baepx (puc. 136, 6),
o6beM BO34yxa B 3aKPHITOH YAacTH TPYOKH M ero aaBieHHe
paBHBI COOTBETCTBEHHO:

Vo =155, pg = pary + P&
rae p — NJIOTHOCTB pTyTH.

181



4y

L
a

Puc 136

[TockosipKy Macca ¥ TemmepaTypa BO3lyXa He H3MEHSIOT-
s, To, coryacHo 3axoHy Bo#ns—Mapuotra, p| V| = poly,
HJIH

Parl1S = (Par + PENISS.
O1crona
— Paruhi (1)

I = .
27 D + Pl

Ecam Tpy6xa pacnosoxena oTBepcTHeM BHHU3 (puc. 136, 6),
06beM BO3lyXa B 3alepPTOH YAaCTH H ero AaBJeHHE BbIPA3sATCs
Tax:

V3 = 133’ P3 = Parm ~ pgl.
[o 3akony bo#asi—Mapuotra p; V| = p3V3, uan

Parul1S = (pa'rM - pgl)138~
Orcrona

13 — Parull ) (2)
Parw — PE!

IToncTaBuB YHC/IOBbIE 3HAYEHHS, NONYYHM: [o = 238 - 1073 v,
I3=432 - 1073 m.

3ameyanue Pacuernsie opmynn (1) n (2) MOXHO ynpocTHTs,
BbIPa3HB AaBJeHMe CT06a PTYTH BLICOTOH / H aTMOC(epHOe AaBJeHHE B
MUJIMMeTpax pTyTHOro cronba. Torna:

y = Pernll 93 v, g = Pl g9
Pamw +! Parm —

o

Onxako, ecan 66 B TpyOKe Obl1a He PTYTh, a Kakas-JqHG0 Apyras »un-
KOCTb, TaKoe ynpouleHne HeBo3MOMHO. TakuM o6pasoM, popMyan (1) n
(2) sBasroTcs OOIWAM pELieHMEM, NPUTOAHBIM LS JA060M XHUAKOCTH.
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388. Cocyn, comepxawvii m; = 2 r redusi, pa3opsaJjcs
npu temneparype ¢ = 400 °C. Haiitu MakcumasbHyio Maccy
a30Ta, KOTOPbI MOXET XPAHHTbCA B TAKOM COCYZe NpPH TeM-
nepatype ¢ty = 30 °C u nATHKpPaTHOM 3anace MPOYHOCTH.

Pewewnwue Jngreaus B MOMEHT pa3peiBa cocyla
ypaBHeHHE COCTOSIHUA OyneT HMeTb BUI

plv=%ml, (1)

rie V — obbem requs; M| =4 - 1073 xr/Moms — ero MoJsp-
Has macca; 7| =400 + 273 = 673 K — TepMonuHamMHueckas
TeMIepaTypa B MOMEHT pa3pblBa.

J1s a3oTa B yCJOBHAX XpaHeHUS ypaBHEHHE COCTOSIHHS
3anMIIeTCs TaK:

poV = ;—zRTQ, (2)
rie Mg = 28 - 1073 Kr/Mo.nb — MOJIIDHAsi Macca a3oTa,;

Ty= 30 + 273 = 303 K — Temneparypa a3orta.
Pasnenus nounenno pasenctso (1) Ha (2), noayuum

b _ mhiMy
Py maTyM,
Orciona
My = 3)
LM (p/ py)

Ioacrasus B (popmgny (3) uncnosbie 3Havenus u p;/py = 5,
HanzgeM mo = 6

389. bansnon couep){(m CXaTbll ra3 npH Temmeparype
ty = 27 °C u naBaenuu p; = 2 MIla. KakoBo 6ynet nasnenue,
ecsy u3 6a/oHa BuIycTHTh 7 = 0,3 Maccht rasa, a Temnepa-
TYpY NMOHH3UTb 10 fy = 12 °C?

Pe wenwue PaccmorpuMm aBa COCTOSHHSA rasa: 1o
pa3pexxeHus M IocJe, KOraa ocranoch 1 — n Maccol. [lapamer-
Pbl KaX[0T0 M3 3THX COCTOSSHHH CBSI3aHbl ypaBHeHHeM MeH-
neneeBa—KnaneipoHa:

(1

1V = BRT, ppv = 1=PmpT,

rane V — obbveM rasa; m — macca; M — MmoasipHas macca; py,
T\, pa, To — COOTBETCTBEHHO [aBJIeHHE M TeMIlepaTypa rasa
[0 U T0CJIe BbINYCKA.
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PasgendB nouJeHHO NepBOoe PaBEHCTBO Ha BTODOE, IMOJY-
YHUM
AT
py  (U=-nTy’
OTKyIa
p2=%, py = 1 Mlla.

390. a3 HaxooMTCA B LMJIHHApE NOA HEBECOMBIM MOpLLU-
HeM, maomwanp kotoporo S = 100 cm2. [lpu Temnepatype
T, = 280 K Ha nmopienb NoN0XUJ/H THPto Maccor m = 10 xr.
[Tpu 3ToM moplieHb HECKONBKO ONMyCTHJCH. Ha cKoJbKO HYX-
HO HarpeTb ra3 B LMJHHIpe, 4TOGbl MOpIIeHb OKasa/cs Ha
npexxHed BbicoTe? ATMocdepHoe nasnende p; = 101 «lla.

Pewenue B neppoHauasbHOM COCTOSSHHHM M IOCJ/e
HarpeBaHMsl ra3 3aHHUMaeT OMH U TOT e o6beM. Macca rasa
nocrosinHa. CyiefjoBaTe/IbHO, Ha 0CHOBaHHM 3akoHa lapas

p1/ Ty = py/ Ty, (1)

rae py, Ty, pg, Tg — COOTBETCTBEHHO aBJeHHe H TeMilepaTy-
pa rasa B Haya/JbHOM H KOHEUHOM COCTOSIHHUSIX.

['vps Maccoit m, noJIoKeHHAas Ha NopLIeHb, co3faeT 106aBoy-
Hoe flaBenue p = mg/ S, nostomy po=p +p=p +mg/S.
[oactasus 3T0 3HadeHHe B hopmyay (1), nosyunm

po_ 1( '"g)
2 =1 + ==
Tl T2 pl S 4

AT =T, - ,="’SLpTl, AT =27 K.

1

OTKyqa

391. HauepTuThb rpad ¥k M3MeHeHHs MJIOTHOCTH ra3a B H30-
6apHOM Ipouecce ¥ rpaHx 3aBHCHMOCTH IJIOTHOCTH rasa oT
IaBJICHHS1 B H30TE€PMHUYECKOM Tipouecce.

Peuwe nue W3ypaBHeHuss Meuneneera—Knaneiipora

- m
pV = MRT, \

YYHTBIBASA, YTO m/ V= P, TOJY4YHUM Bblpa)xK€HHe J151 IIJIOTHO-
CTH rasa:
_m
=

(1)

orciona pT = pM/R.
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v v

0 70 7
Puc. 137

Ipu H306apHOM Npouecce npapas yacTb paseHcTBa (1) ecTb
BeJHYHHa noctosinHas. CaepoBatensHo, pT = const. Iloato-
My rpadHK H3MeHeHHs NJIOTHOCTH rasa B H300apHOM Ipolec-
ce yleT HMeTb B[, 10Ka3aHHbIHA Ha puc. 137, a.

Ecau npouecc U30TepMHYeCKHH, To U3 Gopmyasl (1) moay-
4YUM

B 3TOM BblpaXKeHHH NpaBasi YacTb — BeJHYHHA MMOCTOSTHHAS
npu T = const. [Tostomy p/p = const. CrepoBatensHo,
rpacdMK 3aBHCHMOCTH IJIOTHOCTH P rasa oT AABJEHHS p B
M30TEPMHYECKOM TMpolecce MNpeacTaB/sieT co60H NpsMyio
(puc. 137, 6).

392. Ilpu Temneparype ¢ = 36 °C gaBieHHe HaCbILIEHHOTO
BOASIHOro napa pg = 5,945 klla. BnaxkHblii Bo3nyx npu 3ToH
TeMIiepaType, OTHOCHTe/IbHOM BJaxHOCTH @ = 80 % u nasJe-
vun p = 101,3 «Ila 3aHumaer o6bem V = | M3, OnpeneauTtsb
ero mMaccy.

P e w e HHe Macca BIaxHOrO BO3lyxa paBHa cymMme
Macchbl /m; BOASIHOIO Napa M Macchl My BO3AyXa:

m = m +m2. (1)

[Tyctb p; — naBneHHe, KOTOpPOe OKa3biBaj Obl BOASHOM nap,
ecsiu 6b1 BO3yX OTCYTCTBOBan (napuua/bHoOe JaBaeHue napa),
P9 — IaBlleHHe, KOTOpoe OKa3blBaJ Obl BO3YX, ec/H Obl napa
He 6bu10 (MapunaibHOe naBJieHHe BO3Lyxa). Toraa Mo 3aKoHy
HanbToHa AaBJleHHe BJAXKHOro BO3nyXxa p = p; + po, OTKyla

p2=p - pi. (2)
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3anuuieM YPaBHEHHA COCTOSAHNSA O/ Napa H AJs BO3AyXa:

p V= %‘IRT, pyV = ;—iRT, (3)
roe My, My — MonspHble MacChl COOTBETCTBEHHO BOASHOTO
napa u Bospyxa; T = (36 + 273) K = 309 K — repmonnHamu-
yeckas TemnepaTypa. M3 ypasuenuit (3) HaxoonM:

% _ v
my = p Mgz, my = poMopr. (4)

JlaBnienue BosiHOrO Napa py = @py, Mie @ = 0,80 — otHoO-
CHTeNbHas BJAXHOCTb. [losTOMY, corviacHo paBeHCTBY (2),
py = p — @pq- TloncTaBHB 3HaYeHHs NABJIEHHH p| H pg B (op-
Myabl (4), TOTy9HM:

my = ‘PPoMl%» my = (p — ¢po) My ;}/T—- (5)

Ha ocHosanuu dopmyJ (1) u (5) HaiizeMm Maccy BJaaXHOro

BO3JlyXa:
232+ )
M= RT RRTS 2y

[ToncTaBHB B 3Ty (pOPMYJIy UMCJIOBbIE 3HAYEHHS 3aJaHHBIX Be-
muuud B M) = 18 - 1073 kr/mMonb, My = 29 - 1073 kr/monb,
R = 8,31 IIxx/(moab - K), nonyuum m = lkr.

393. B 3axpbiTom cocyne BMeCTHMOCTbi0 V = 2 M3 Haxo-
nutea my = 0,9 kr Bomb ¥ mg = 1,6 kr xucaopona. Haitn
naBieHHe B cocyne npu temneparype { = 500 °C, 3nas, 4ToO
TP 3TOH TeMIlepaType BCsl BOJA NMpeBpallaetcs B nap.

Pemwenue. Ilocne ucnapeHns Boabl B COCYle HAXOLUT-
¢Sl CMecb [BYX ra3oB — BOASIHOTO napa u kucsaopoaa. [lasne-
HHE CMeCH

p=p;+ps, (1)

rae p; — JaBJeHHe BOASHOIO Napa; po — [aBJeHHe KHCJIOPOJA.
W3 ypaBHeHus MenzeneeBa—KinanelipoHa umMeem:
— ™

Py = My

ma

RT, p2 =

RT. (2)

Ha ocHoBanuu ¢opmya (1) u (2) nonyuyaem

_[m my | RT
P (T )5 )
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.rae M; = 18 - 1073 xr/moab, My = 32 - 1073 kr/monb ~
.MOJISIpHBlE MacChl BOASIHOTO Napa M KMCJ0poja COOTBETCTBEHHO.
MoacTasus B Boipaxenne (3) unucioBble 3HayeHHs, NONY-
unm p = 3 - 10° Ila.
Ha ocnoBanuu ¢opmy.ist (3) MOXKHO [OJY4HTb BbIpaXKeHHE
AJ151 MOJISPHOM Macchl rasoBoil cMecH. [lepenuiem ¢opmy.ay
(3) B Takom BHzE:

oV = (L"'_ + T"_2)RT. (4)

O603naunM Tenepb Yepes M, MOJSIPHYIO Maccy CMecH H
3anuieM ypaBHeHHe Menneneesa—Knaneipona nias cMecu:

_mtm
M

Cpasnus shipaxenus (4) u (5), Halinem dopmyay ans Mo-
JISPHOM MAcChl CMECH [BYX Fa3oB:

my + moy
ml/Ml +m2/M2 :

HeTpynHo mnokasaTb, 4TO B cjyyae CMECH f Pa3jM4HbIX
rasoB 3Ta GopMyJsa UMeeT BH]

MCM =

my+mo +.. .+ m,

Mey = m /My +mg/ Mg +. +m, /M’
rae mj, Mg, ..., M, — MacChbl OTAEJIbHbIX I'a30B, COCTABJSIO-
wHMX cMecb; My, Mo, ..., M, — MoJIApHBIE MacChl 3THX I'a3o0B.
1 2 n

394. BeuepoM Temneparypa Bo3ayxa Obuia ) = 16 °C,
OTHOCHTeJNIbHAA BIaXHOCTb 65 % . Houblo TemnepaTypa Bo3ay-
Xa ToHHM3unach 1o t9 = 4 °C. Brna au poca? Ilpu temneparype
16 °C nJI0THOCTb HACKILIEHHOTO BOASIHOTO Nnapa pg; = 13,6 r/m3,
anpu 4 °C = pgg = 6,4r/M3.

Pewe nue HacbluenHsl nap — 3To nap, UMeKILHHA
MaKCHMaJ/bHYIO IIJIOTHOCTb NIPH AaHHOH TeMnepatype. [1o3To-
MYy, UTOObI Y3HATb, OblA1a JIK POCA, HYXKHO HAHTH MJIOTHOCTD P
BOJASIHOrO Napa NpH TeMmnepaTtype {; U CPaBHHTb ee C IJIOTHO-
CTbIO p(p HACHILIEHHOrO BOASHOrO Napa fpu temneparype fo.
Ecan p; < pgg, Map KOHAEHCHPOBAThbCs He Oynet (ne Gynert
pocbl). Ecan ke p; > pgo, TO poca Gyner, npuyem macca
napa, CKOHAeHCHpOBaBLlerocst U3 obvema V,

m = (p; = po V.



Tak Kak OTHOCHTENbHAS BJIAXHOCTb @ = P /Py, TO p| =
= @pg) = 0,65 13,6 r/m3 = 8,8 r/m3. CpasnuBas 310 3Haye-
HHe ¢ Poo = 6,4 r/ M3, nenaem BBIBOA: poca Gblsia, NPHUEM K3
V = | m3 BI2XHOro BO31yXa CKOHAEHCHPOBAJIOCH m = 2,4 T
napa.

395. Haiitt aBCONMOTHYIO M OTHOCHTEJBHYIO BJAXKHOCTb BO3-
Lyxa B KoMHaTe 1npH Temnepatype £; = 20 °C, ecsi1 Touka pochl
ty = 9 °C. Kak M3MEHHMTCA OTHOCHTE/bHAf BJAXHOCTb NPH
MOHHXKEHUH TeMnepaTypsl 10 {3 = 16 °C, ecau abconoTHas
BJIAXHOCTb OCTaHeTcsl MpeXxHeH? [IJOTHOCTH HacCblEHHOro
BOASHOTO Tapa MpH TemInepatypax [y, {9 W {3 paBHbl COOT-
BETCTBEHHO: pg; = 17,3 - 1073 kr /M3, poo =88 1073 kr /M3,
po3 = 13,6 - 1073 kr/m3.

Pew e nwue [lpu remneparype {5, KoTOpasi fBJASETCH
TOYKOH POCHl, BOASHOH NMap B KOMHAaTe CTaHOBHTCS HACbIUEH-
HbIM. [1710THOCTB p(; 3TOro napa u3secTHa. Takylo xe MJoT-
HOCTb UMeeT TOT Map MPU TeMrepaType ¢;, T. €. IPH TeM-
nepatype f) abCONIOTHAA BJAXHOCTb BO3AyXa P| = Pgy =
= 8,8 - 1073 kr/mM3. OTHOCHTeNBHAS BJIAXKHOCTbL NPH 3TON
Temneparype

¢ =2 100%, @; = 51%.
Poi
ITpu TemnepaType f3 OTHOCHTE/bHAS BJIAXHOCTb

@3 =23 .100%.
P03

Taxk kaxk mno YCJIOBHIO abCcoJII0THAs BJIAXKHOCTb 0OCTaJsach

npexHel, To p3 = p;. CrenoBaTeNbHO, M3MEHEHHE OTHOCH-
TeJbHOH BJIAXKHOCTHU

AQ = @3 - @ =p%-100%—(p1, AQ =14%.

Takum o6pa3oM, ¢ MOHHIKEHHEM TEMIEPATYPbl OTHOCHTEb-
Has BJIAXHOCTb Bo3ayxa Bozpacter (A@ > 0) ua 14% u cra-
HeT paBHOM 65%.

396. bassoH pasgeneH reperopoikod Ha faBe 4yacTu. B
TepBOH YaCTH BMECTHUMOCTBIO V| HAaXOAMUTCH HAeaNbHbIA ra3
noj jaBjeHueM pi, WMelolwui temneparypy Ty. Bo Bropoi
HaCcTH BMECTHMOCTBIO Vo HaXOAHTCS TAKOH Xe ras 1oj aaBJe-
HHeM po, MMelolwrH Temnepatypy To. Kakoe paBienue ycTa-
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HOBHTCS B 6a/lIOHe, eC/IH Neperopoaky ybpaTh, a TeMnepary-
py rasa cpenatb paBHOH 77

Pewe nue. Ilocne Toro xak y6epyT neperopoaxy, ras
3aiiMeT o6beM, paBHH# V| + Vj, a macca rasa B 6aJsioHe
6ynet paBHa m; + mg. YpaBHeHHe COCTOSIHHSA ra3a HMeeT BHA

p(Vl + V2) =.—”'ll—l+wﬂRT,

roe M - MoJisipHasi Macca rasa, R - YHHBEDCaJIibHas rasosas
nocrosiiHasg. OTciona HAaXOAHM AaBJIEHHE!

_ (my +m9)RT
TOMWV+V) (1)

[Tpumenns ypaBHeHHe MenneneeBa~Knaneripona Kk rasy,
HaxoAsAlleMycsl B NepBOM H BTOPOM 4YaCTAX COCyAa C Nepero-
pPONXOH, HalneM:

m_pYi m _ ph

M RT,’ M R

CaoxuB 3TH YpaBHeHHA, NONYUHM

- MY | pVy
m g = (522 )

MoncTaBus 310 3HaueHue B popMyay (1), 6yneM HmeTh

_ P1V1+P2V2 T
P=\1 ", Svi+vy

397. Ilpn HopMaiAbHHWX (H3HYecKHX ycaoBHsAX (py =
= 101 325 ITa, Ty = 273,15 K) miotHocTs Boaayxa pg = 1,3 kr/m3.
Ha HekoTopoit BHcOTe faBieHue Bosnyxa p = 1,1 - 104 [1a, a
temneparypa 7 = 220 K. OnpezenuTb NIOTHOCTb BO3AyXa Ha
3TOM BHICOTE.

Pemenue Cuyurasg Bo3AyX HAEaJbHBIM Ta3oM, H3
ypaBHeHHsi MeHzeneeBa—KnaneHpona

=1
pV = RT,

rie M — monsipHas Macca, HaHleM IJIOTHOCTb BO3[yXa NpH
TeMmnepatype 7 H JaBJEHHH p:
=m_ M
P 1% RT (1)



[1py HOpMasbHBEIX YC/OBHAX MJIOTHOCTb BO3AYXa

M
Po = %OTF' (2)

PasnenuB JeBbie ¥ npaBbie YacTH ypaHenuidl (1) u (2),
MoJTyYyHM
P _rPlo
po  poT

OTcioga HckoMasi MJIOTHOCTh BO3yXa

= Py :18-10‘l kr/ m3.
p=pop P=1 /

398. B 6amione smectumocTeio V = 1,0 - 1073 M3 naxo-
JMTCS ra3 noj aasseHueM p = 5,0 10% ITa. CKONbKUMH XO-
[1aMH TOPLIHEBOrO HAcoca, BMECTHMOCTb KaMepbl KOTOPOTo
Vi = 200 cM3, MOXHO 0TKayaTh BO3AYX M3 6a/iOHa JI0 AaBJe-
HHs p, = 6,65 [1a? Tlpouecc oTKaukK NPOHCXOAKT NPH MOCTO-
SIHHOH TeMIlepaType.

Pewewnue [lepen nepseiM X040M NOPLUHS HACO0CA ra3
3aHuMaeT o6beMm V npu naBaeHuM p. [IpH nepBom xozne nopuu-
Hsl ra3 3anoJHUT 06beM, PaBHBIA CyMMe BMeCTHMOCTel 0as-
JIOHa ¥ KaMmepbl Hacoca, T. e. V + V|, a naBieHHe cTaHer
paBHbIM p. [TockosbKy TeMmepaTypa rasa M ero Macca IpH
3TOM HeH3MeHHbl, TO, COIJIacHO 3akOHy bonns—Mapuorra,
pV=p(V+ V). Orciona

_ %4
P _pV+V0

3aTteM ras u3 Kamepnl Hacoca ynanaseTcsl B aTMocdepy, H
HayHHaeTCsl BTOPOH XOX MOPLIHS; IPH 3TOM HayajibHOe JaBJe-
HHe OyaeT PaBHO Py, a B KOHLe NPOLECCA 3aCaCblBAHHSA — py.
CHoBa NpUMeHHUB 3aKOH Dolisi—MapHoTTa, nosyyum:

PV =poV + Vo). py = pry TP

Paccyxmaﬂ aHaJIOTHYHO, HakjeM, UTO rocie TPETbero xou:é
ANaBJjieHUe '

- v o_ v3
P3 —p2V+V0 —p(V+V0)3-

ITocsie n-ro xona [TIOpUWHA AaBJE€HHE B COoCyae
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_ |7
Pn p(V+V0)"
[TponorapuMHpPOBAB 3TO YpaBHEHHE U PELUHB €ro 3aTeM OT-
HOCHTEJIbHO 11, l’IOJIy‘{HM
lg(p, / p)
n = M’ n =49
g v
V+V0

399. MeTtannngyeckoe KONblUO, BHEIIHHH IHAMeTpP KOTOPO-
ro dy = 54 MM, a BHyTpeHHHul d| = 50 MM, NOJBECHJIH TOPH-
30HTaNbHO Ha NpyXHHe xecTkocTbo £ = 1,1 H/m. [Ipu aTom
Npy>KHHa yAJIHHHIACh Ha Al = 15 MM. 3aTeM KoJbLO NpHBe-
J1 B CONPHKOCHOBEHHE C NOBEPXHOCTHIO XKHAKOCTH H CTa/H
MeIJIEHHO ONYCKaTb COCYA C XKHAKOCTbIO. B MOMeHT oTphiBa
OH Hee KOJblA YIIHHeHHe npyxuHbl Aly = 40 mm. Onpene-
JIHTb NTOBEPXHOCTHOE HATSXKEHHE G XKHAKOCTH.

Peuenue Jo CONpHKOCHOBEHHS C XHIKOCTBIO CHJIA
TSDKECTH Mg KOJbLA YPABHOBELIMBANACH CHJIOH YIIPYrocTH F
TIIPY>XHHBI, H [I03TOMY

Fl = mg. (1)

le/l OTpbIBE€ KOJiblLld OT IOBEPXHOCTH >XHUIAKOCTH Ha HEro
LeHCTBYIOT HalpaBJieHHasl BEPTHKAJbHO BBEPX CHJIA YIIPYro-
CTH FQ, a TdKXe CHJla THXECTH mé H CWJia TIOBEPXHOCTHOTIO
HaTsDKeHUs1 [3, KOTOpble HanpasJieHbl BEPTHKAJbHO BHH3,

T0O3TOMY
Fo=mg + F3. (2)

Jl1uHa JIMHUH, OrpaHHUYHBAIOLIEH TTOBEPXHOCTD XUIKOCTH,
paBHa CyMMe [JIHH Hapy»XHOH M BHYTPEHHEH OKpYXHocTeH

KoJsbla, T. €. ©d| + ndy. CefoBaTeNbHO,
F3 =on(d) +dy). (3)

[loncrasus B ypasuenue (2) snauenus (1), (3), F = kAj
u Fy = kAL, nonyuum kAly = kAl + on(d] +dy). OTcrona
k(AL — AR

_ 102
= , 0=85-107 H/m.

400. Kakum no/mkeH ObITb AHAMETP TPYOKH PTYTHOro 6a-
pomeTpa, 4ToObl nonpaBka Ak, BHOCHMMasi B €r0 IOKa3aHUs €

191



Y4ETOM KalWUISPHOrO OMyCKaHMA PTYTH, Obl1a paBHa 3,0 MM?
[ToBepxHOCTHOE HaTAKEHHE PIYTH G = 472 MH/M, ee 1UIOT-
HoCTh p = 13,6 - 10° Kr/m.

Pemenue. [log nedcTBUEM CUII IOBEPXHOCTHOI'O HaTsXe-
HHS PTYTH B TpyOKe, IHaMeTp KOTOPO#H d, OIyCTHTCS Ha

200 4o

pgR  pgd’

Orcrona HaxoauM d = 4—0, d=47-10"m
pgAh

3a11atm JJIA CAMOCTOATEJBbHOTO PENNIEHN A

401. CkosbKO MOJIEKY COIAEPXUTCS B HACHIIICHHOM BOJfA-
HOM Mape Maccoif m = 1 KI' M CKOJBKO B HEHACHIIIEHHOM BOJA-
HOM nape, HMEIoLIEM Takylo e Maccy? MonspHas Macca BOABI

=18 . 10 kr/mons. [loctosHHas ABorapao N, = 6,02 x
X 1023 Mons !

402. Bonopon Maccoi m = 0,3 r HaXOJUTCA B COCYJI€ BMEC-
TUMOCThIO V' = 2 1 moa AaBnenuem p = 200 klla. Onpenennts
CPEIHIOI0 KBaJPaTHYHYO CKOPOCTh M CPEJHIOI KHHETHUECKYIO
SHEPIUio MOCTYNATENBHOTO IBHKEHUS MOJIEKYJl BOAOpPOJA.
MossipHas macca BonoponaM 2 10~ Kr/Mob, OCTOAHHAs
ABorapao N, = 6,02 - 10% mons™

403. HaiiTi KOHLEHTpALHUIO ra3a MpH HOPMaJIBHBIX YCIIOBH-
ax. [locrosunas Bonbumana k = 1,38 - 1072 Ik /K.

404. ITon kakuM AaBl€eHHEM HAXOAUTCA B OaJUIOHE KHCIIO-
pox, ecny BMECTUMOCTh OajoHa V = 5 71, a cyMMapHas KuHe-
THYECKasi SHEPrusl MOCTYNATENBHOIO NBHXXEHHA BCEX MOJIEKYIT
kucnopona E = 6 xJIx?

405. Onpenenute Maccy BOAOPOJA U YHCIIO MOIEKYI, CO-
nepmamuxca B COCyA€ BMECTUMOCThIO ¥ = 20 11 npu naBieHUU

=25-10°Mawu Temneparype t = 27 °C. MonspHas Macca
Bonopona M =2 107 xr/monb. YHHBEpcaIbHas ra30Bas I10-
cTosiHHas R = 8,31 be/ (Mo - K). ITocrosiunas Asorapno N =
=6,02 - 10” mons™'

406. I'a3 maccoil m = 2,0 xr 3aHuMaer obweM V = 9,03 M’
npu naBiieHHH p = 100 xI1a. BeraucnuTh cpenHioo KBagpaTHy-
HYH CKOPOCTBH MOJIEKYJI 3TOrO rasa.

407. bawton BMecTuMocThio ¥ = 50 11 conepxut m = 2,2 kr
YTJIEKMCIIOTO ra3a. banjion BeiaepKHBaeT NaBleHHE He BBille
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p = 4,0 MIla. Ilpu xako#t TeMnepatype 6aJIJIOH MOXeET pa3o-
pBatbcsi? MossipHas Macca yriekucsaoro rasa M = 44 x
x 1073 kr/mosb. YHHBepca/ibHasi ra3oBas NOCTOSHHas R =
= 8,31 Lk /{(monb - K). ’

408. LlnanHapHyeckH# cocyn BeicoTod [ = 40 cM pasze-
JIeH Ha [IBe YaCTH HeBeCOMbIM TOHKHM NOPLIHEM, CKOJIb3SALLHM
6e3 TpeHHus. [loplueHb HaxoauTCs Ha BoicoTe £ = 26,7 CM Han
nHOM wuaMHapa. [loa mopuiHeM HaxoAUTCS BOLOPOA, a Hal
MOpIIHEM — ra3 C HeW3BeCTHOH MoJIApHOH Maccod. Macca
3TOro rasa paBHa Macce Boaopoaa. HaHTtu MoasipHyw Maccy
rasa. MossipHas macca Bomoposa M; = 2 + 1073 xr/mons.
Temneparypa ra3oB ogHHaKoOBas.

409. B Bozne Ha ry6uHe A} = 1 M HaXoAMTCS Wapoobpas-
HbIH Ny3blpek Bo3ayxa. Ha kako# riybrHe 3TOT Iy3bIpek HMeeT
BIBOE MeHblLHil paguyc? [TnotHoets Boasl p = 1 - 103 xr/m3.
At™mocdepHoe naBaenue pg = 1 - 10° [Ta. Temnepatypa Bozsl
TIOCTOSIHHA ¥ He 3aBHCHT OT rayOuHbl. [daBreHueM, 06ycsioB-
JIEHHbIM KPHBH3HOH IOBEPXHOCTH, NpeHeGpeys.

410. ToHKOCTeHHbIH Pe3MHOBBIH 1wap Maccod mg = 50 r
HaroJIHeH a30TOM H I1OTpy»KeH B 03epo Ha ray6uHy A = 100 u,
rae temrneparypa Bofbl ¢ = 4 °C, 1 HaXOAHTCS B PAaBHOBECHH.
Haiiti Maccy aszora. AtmocdepHoe nasneHue py = 760 MM pT. CT.,
MosisipHasi Macca azota M = 28 - 1073 xr/ Moab, yHHBepcanb-
Has rasoBas nocrtosiHHas R = 8,31 x/(moaps - K), niot-
HocTb Boxbl p = 1 - 103 kr/m3.

411. B KabHHe KocMHuYecKoro kopabns «Boctok-2» Temnepa-
Typa BO BpeMs noJeta konebanaco ot £ = 10 °C no ¢5 = 22 °C.
Ha ckosbko npoueHTOB H3MEHSN0Ch IPH 3TOM AaBJEHHE?

412. Ha V—-T-gunarpamme H3obpa-

KeH Tpollecc, KOTOPbIH mpou3outen ¢V r
rasoM IpH MOCTOSTHHOM JaBJIEHHH H
noctosiiHoM o6beme (puc. 138). Kak
IPH 3TOM H3MEHMJacChb Macca rasa?

413. B 6anyoHe Obll HEKOTOPBIH
ra3. [locse Toro kak u3 6annoHa Bbi-
MyCTHJIH YaCcTb ra3a, TeMreparypa ra-
3a yMeHblIMIach B n pas, a Jaeje- U T 2, T
HHe — B k pa3. Kakas yacTb rasa Bbl-
nyiieHa? Pre 138

414. U3 6annona smectuMoctbio V; = 0,20 M3, conepxa-
Uiero HAeanbHbid ras npu temneparype 7, = 273 K non nas-
neudeM p; = 2,0 - 10° Ila, BbinycTHAH yacTb rasa, Kotopas
3aHsNa NPH HOPMAJIbHBIX yCA0BHsAX 06beM Vo = 1,0 mM3. ITo-
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cJle 3TOro AaBjieHHe po B GajljloHe cTano paBHbM 1,4 - 10 Ia.
OnpenesnTb TeMnepaTypy rasa, octaslierocs B 6asjoHe.

415. OnpenenauTb MJIOTHOCTb HAEANbHOTO Iasa IpH TeMIle-
patype { = 100 °C u naBnenuu p = 1 - 10% ITa, a Takxe maccy
OAHOH MOJIeKXJIbI 3TOTO rasa, ecJd ero MoJspHas Mmacca
M= 32 - 1073 kr/mMoJb. YHHBepcaibHasi ra3oBas NOCTOSH-
Has R = 8,31 JIx/{(mosb - K), mocrosiHnas Asoragpo Ny =
=6,02 - 1023 moap~!.

416. Onpene/nTb MJIOTHOCTb CMECH, COLepXKalled my = 4 r
Bojopoda U mg = 321 Kncnogona npu Temneparype ¢t =7 °C
u obiem nasiedud p = | - 10° Tla. MonsipHas macca BOLOpozna
M, =2 - 1073 kr/monb, kucaopona My= 32 - 1073 kr/ Mo,
YHHBepcaJibHasi ra3oBas rnocrosinHas R = 8,31 Ik / (moab - K).

417. Jlo xakoro naBjieHUsl HaKayaau QyTOONbHBIHA MAY BMe-
ctumocTbio V = 3 11, ecan npu stom 6buto caenano N = 40
KayaHUM MOpIIHEBOro Hacoca? 3a KaxJloe KayaHue Msd 3a-
XBaTbiBaeT U3 aTMocdepnl Vo = 150 cm3 Bosnyxa. Buauasne
MsAY 6bi1 mycToi. ATMocdepHoe naBaenue pg = 1 - 109 Ila.

418. Jlasnenue py Bo3nyxa B cocyze 610 pasto 1,01 - 10° Ia.
[Tocsie Tpex X040OB OTKAYMBAIOLIEro NOPLIHEBOTO HACOCA 1aB-
JleHHe BO3[yxa ynajo no 3HaueHusi p = 2 klla. Onpenenuts
OTHOUIEHHe BMECTHMOCTH COCYAA K BMECTHMMOCTH LHJMHApPA
NOpPLIHEBOro Hacoca. TeMmnepaTypy Bo3ayxa B mnpouecce OT-
KAUKH CYMTATh MOCTOSIHHOM.

419. Cocyn sMectumocTbio V = 10 1 HanoaHuaM rasom
npu naenenuu p = 2 - 105 INa. Haiitu maccy Bogbl, KoTopast
BOHIET B COCY., €CJH MoJ BOAOH Ha raybune A = 40 M B
CaMOH HHUXKHeH YacTH ero Oy#eT cllelaHO OTBepcTHe. ATMo-
chepHoe faBaeHHe Py, = 1 - 105 [Ta. ITnoTHOCTb BOABI p =
=1-103 kr/m>. VaMeHeHHeM TeMnepaTypbl BOAB C TayOH-
HOM rpeHe6peyb.

420. C KaKo# MakCUMaJbHOWA CHJIOH MPHXKHUMAETCH K Teay
yesoBeKa 6aHKa, NpUMeHsieMasl B MeAHIMHCKOM NTpaKTHKe 1
NeyeHud, ecau axameTp ee otBepctus d = 4,0 cm? B momeHT
TIPUKJAAbIBAHHS OAHKH K TeJly BO3AYyX B HeH NpOrpeT 10 TeM-
nepatypsbl ¢; = 80 °C, a TeMnepaTypa OKpY»KaloLero Bo3ayxa
to = 20 °C. ATmocdepHoe naBieHHe p,, = 1,0 - 10° Tla.
HameHennem o6bema Bosayxa B GaHke Eus-sa BTSITHBAHHS
KOXH) NIpeHe6peyb.

421. B 6ioaue HanMTa BOAA, a CBepXy CTABUTCS MepeBep-
HYTbIA BBEpX JHOM HarpeTbldl CTaKaH ¢ TOHKHMM CTeHKaMH.
Jo xako#l HauMmeHblieH TeMnepaTypbi 1| AOJ>KeH ObITb Ha-
rpeT CTakaH BMeCTe C HaXOISLLUHMCS B HEM BO3AYXOM, YTOObI
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nocJjie ocThIBaHHSA [0 TeMepaTyphl 7o OKpYXaioWero Bo3ayxa
BCSl BOJA OKasasach Obi BTAHYTOH B cTakaH? Macca Boaw m,
IJIOTHOCTb BOABL P, aTMOC(epHOe JaBJeHHE P,qy, IJ0MAdb
nomnepevyHOro ceueHus crakaHa S, sbicota A. O6beM HaJHTOH
BO/bl MeHblle BMECTHMOCTH CTaKaHa. {IBJIeHHUSIMH HCMapeHHus,
NOBEPXHOCTHOrO HATSIXKEHHS M paclUMpeHHs CTakaHa npeHeo-
pedb. bBiofue cUHTATH IWHMPOKHM, TaK YTO BBICOTA HAJHTOH B
Hero BOJBI MaJia.

422, JIpa cocyna, COfep»KallMX OAHWH H TOT »Ke ras IpH
ONMHAKOBOH TeMnepaType, COeIMHEHH TPYOKOH C KpaHOM.
BmectumocTH cocynoB V| u Vo, a naBieHHs B HUX P H pPo.
Kakum 6yneT naBseHHe rasa nocje Toro, Kak OTKpOIOT KpaH
coeHHHTebHOH TpyOku? TeMnepaTypy rasa CUHMTaTb IIOCTO-
SIHHOH.

423. B pacnosoxxeHHble BepTHKa/JbHO COOOLIAOLIHECS

LUHJIHHAPHYECKHe COCY/AbI, MePBLIH M3 KOTOPbIX HMeeT IIJIOWaAb
TMONePeyHoro cedeHust S|, a BTOPOH Sy, HAJHJIH XHAKOCTb.
3aTeM nepBbIH COCY/ 3aKPbIIH H HAaXONAIMHCS B HEM BO3LYX
HarpeJH OT TeMnepaTypnl 7| 10 TeMnepaTypst 79, B pe3yJbTa-
Te Yero ypoBeHb MKMAKOCTH BO BTOPOM cocyle MOAHSJICH Ha
BesiMuMHy hA. Onpepenntb Temnepatypy 75, eC/H H3BeCTHO,
4TO HauaJbHBIH 00beM BO31yXa B 3aKpbITOM cocyae V|, aTmo-
cdepHOe 1aBJeHHE P,ry, MVIOTHOCTb XKHAKOCTH P. TenyoBeiM
pacLIMpeHHeM COCYla U MHIAKOCTH npeHebpeub.
* 424. Bo3nyx HaxoOHTCH B OTKPbITOM CBEpXY BepTHKaJb-
HOM UMJIHHIPHYECKOM COCYZe NoA nopuiHeM Maccol m = 20 kr
¢ nuomankio nomepeytoro cevyenus S = 20 cm2. ITocae Toro
KaK COCYy[ CTa/ld ABHraTb BEPTHKAJbHO BBEPX C YCKODEHHEM
a= 50 m/c?, BbicoTa cTO/62 BO3AyXa MeXIy NOPLIHEM H
[HOM COCYNa yMeHbLUMJach W cTaja cocrtaeasth o = 0,80
HauanbHOM BeICOTbL. CuMTas TeMnepaTypy MNOCTOSHHOH, HaH-
TH N0 3THM JaHHbIM aTMoc(epHoe naBieHHe. TpeHHeM MeXxay
NIOPWHEM M CTEHKaMH cocyfa npeHeOpeus.

425. [1o rasonpoBoany Tevet ra3 npH gasnaenud p = 0,83 MIla
u temneparype 7 = 300 K. KakoBa ckopocTtb rasa B 1pyGe,
ecJM 3a BpeMs T = 2,5 MHH uepe3 nonepeyHoe ceyeHHe Tpy-
66l nuIow@mbo S = 5,0 cm? nporekaer m = 20 xr rasa? YHuu-
Bepca/ibHas rasopas noctosHHas R = 8,31 Ik /(mons - K),
MoJisipHast Macca rasa M = 40 - 1073 kr/mous.

426. OTHOCHTe/bHAS BJAXKHOCTbL BO3[yXa B NOMeEUIEHHH
¢ = 63%, Temnepatypa ¢; = 18 °C. [lo kaKoi TeMmrepaTypbi
Ha/J0 OxJ1aauTh OaecTHIUMA NpeaAMeT, YTOOb Ha ero NnoBepxHo-
CTH MOXHO ObIO HaGJI04aThb OCaXKAEHHe BOASHBIX [1apOB?
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JlaBnenne nacuileHHoro BoasiHoro napa npu 18 °C pasHo
20,7 - 102 Na, npu 10 °C — 12,3 - 102 Ma, npu 11 °C -
13,0 - 102 Na.

427. Bo3nyx B noMeleHHH uMeeT TeMnepaTypy £ = 24 °C
H OTHOCHTENBHYI0 BAAXHOCTb @) = 50 % . Onpeneants Baax-
HOCTb BO3[yXa nocJje ero oxjaaxpaeHus no to = 20 °C. Ilpo-
LIeCC OXJIaXKIeHNs CYNTATh H30XOPHbIM. JlaBlieHHe HaChILIEH-
Horo BoasiHoro mapa npu 24 u 20 °C — COOTBeTCTBEHHO
Po1 = 2943 Ta n pgy = 2330 Ila.

428. Han nosepxHocTbio miom@ansio S = 50 kM2 choit
Bo3ayxa ToJwmrHol A = 1000 M umeet temneparypy £, = 20 °C
NPH OTHOCHTEJLHOR BAaXHOCTH @ = 73%. Boanyx oxJanui-
cs1 no Temmnepatypul 9 = 10 °C. HaHth Maccy Bbinasuuero
noxnas. [110THOCTb HaChILLIEHHOTO BOASHOTO Mapa NpH TeMe-
paTypax | U ty — COOTBETCTBEHHO pg; = 17,3 - 1073 kr/m3 u
pop = 9.4 - 1073 kr/m3.

429. Kanopugep nogaet B nomemenne V = 5,0 - 10% m3
BO3/lyXa NpH TeMmnepaTtype {; M OTHOCHTEJbHOH BJIAXXHOCTH
@y = 60%, 3abupas ero ¢ ynuubl NIpH TeMmmepatype fg U OT-

HOCHTEJIbHOH BJIAXHOCTH @y = 80%. CKOJNbLKO BOAB M0-
NOJIHHTENILHO HCNapseT Kanopudep B 1oAaBaeMblii BO3AYX?
[Ipu TeMnepatype {| NJOTHOCTb HAChILLEHHOTO BOASIHOIO Napa
por = 15,4 - 1073 kr/m3, a npyu Temiepartype fy — pgo = 9,4 X
%1073 kr/m3.

430. OnpezennTb AaBJeHHe HACKILLEHHOTO BOASIHOTO Napa
npy Temneparype ¢t = 17 °C, ec/y B KOMHaTe BMeCTHMOCTbIO
V = 50 M3 npu oTHOCHTE/IbHOH BAAXHOCTH @ = 65% M yKa-
3aHHOH TeMnepartype HaxomuTtcst m = 0,476 Kr napoB BOAHI.
YuuBepcaibHas razopasi noctosindas R = 8,31. Ik /(Mo - K),
MoasipHasi Macca Boabl M = 18 - 1073 xr/ Mous.

431. Cmewanu V| = 1,0 M3 Bo3ayXa ¢ OTHOCHTeJbHOH
BJaXHOCTBIO @; = 20% u Vo = 2,0 M3 Boanyxa ¢ BaaxHo-
cTbio @9 = 30%. O6e mopuuy GblTH B3ATHI IPH ONHHAKOBBIX
Temrnepatypax. OnpeesnHTb OTHOCHTE/bHYIO BJaXKHOCTb I10-
JIYUHBLIEACS CMECH.

432. IlpoBosoyHasi paMKa € TMOABHIKHOH NepeK/JaauHOH
nanno¥ [| = 8,0 ¢cM 3aTsiHyTa MblIbHOH maeHKoH. Kakyio pa-
60Ty MPOTHB CHJ MOBEPXHOCTHOTrO HATSDKEHHsi Hajo CoBep-
WKTb, 4TOOH PACTsIHYTb MIeHKY Ha [y = 2,0 cM? [ToBepxHOCT-
HOe HaTsDKeHHe nieHKH 6 = 4,0 - 1072 H/ m.
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433. M3 cocyna yepe3 BepTUKaAbHYIO TPYOKY, BHYTpPeH-
HUl nuameTp Kotopod d = 3,0 MM, 32 HEKOTOpPOe BPeMS BbI-
TEKJIO MO KanjisiM MoJloko Maccod m = 50 r. OnpenenuTsb Ko-
JIMYECTBO YNaBWHX KaneJsb. [IoBepXHOCTHOE HaTAXKeHHe MOJIo-
ka 0 = 47 mH/m. CunTtaTh 1MaMeTp LUEHKH KalJH B MOMEHT
OTpPbIBA PABHBIM BHYTPEHHEMY NHAMETPY TPYOKH.

434. M3 nnoxo 3akpblToro KpaHa kanaet Boga. Onpepe-
JIMUTh MacCy BbITeKUIeH 32 | = 24 4 BOABI, €CJIM BpeMST MeX/y
oTpbiBaMH Orxadinux kaneap T = 1,0 ¢. luameTp iedku Kan-
JI¥ B MOMEHT ee OTPbIBA CUHTAThb PABHbIM JHaMeTpy TpyObl KpaHa
d = 10 mm. [ToBepXHOCTHOE HaTsXKeHHe Boabl ¢ = 72,7 MH /M.

435. PasHocTh Ak ypoBHEH PTYTH B ABYX COOOLIAIOLINXCS
BEPTHKA/bHBIX KaNHA/ISpax, AMaMeTpel KoTopblx d| = 0,5 MM
u dy = 1 MM, paBHa 1,5 cm. Onpene/suTb NOBepXHOCTHOE Ha-
TAxeHHe pTyTH. [l1oTHOCTB pTYTH p = 13,6 - 103 kr/M3.

436. B Boay Ha HHYTOXXHO Manyio ry6HHY onylleHa Bep-
THKaJNbHO KanWJJIsipHast TpyOka, BHYTPeHHHH AHaMeTp KOTO-
poit d = 1,0 mm. Onpenenutb Maccy Bolemuied B TpyOKy
BoAbl. CMayuBaHHe CUYMTAThL MoJHLIM. [loBepxHoCTHOE HaTs-
XeHHe Boapl 6 = 72,7 MH /M.

7. TEMNJNOBbIE ABNEHUA.
OCHOBbI TEPMOOAUHAMUKU

MeToauyeckue YKa3aHuA K pelueHuto 3agay

Ecau B 3agaue paccmaTpuBaercs npouecc nepejayd sHep-
THH OT OIHHX TeJ K ApyruM Ge3 coBepuieHHsi paboThl (Tenso-
06MeH), HY>KHO Ha OCHOBAHHM 3aKOHA COXPaHEHHS W TNpespa-
LIeHHSl SHEPIHH COCTAaBHTb ypaBHeHHe TemoBoro 6anaHca:

QOT = Qnonyq !

rae Qur — KOJHYECTBO TEMJOTH, OTAAHHOE OLHHMH TeJaMH;
oy ~ KOJIMHYECTBO TEIVIOTBI, NOJyueHHOe APYrHMH Tesa-
M. Ecan sagan KITJ tennootMena, 10 NQyr = Qponyy-
Ecau BHyTpeHHSsist 3Heprua U cHCcTeMbl H3MeHsIeTCs BCJe-
CTBHE COBEPUIEHHA CHCTEMOH MeXaHHuecKoH paboTsl A| Hax
BHEUIHMMH TeJIaMH, TO COCTABJIAETCS ypaBHEeHHe

-nalU = A,
197



rae 1 — KITJI npouecca. (B Takux 3ajayax Tenaoo6MeH Mex-
ly TenamMu OObIYHO HE YYMThIBAETCS.)

Ecay BHYTpPEeHHsist SHEPrHsl CHCTEMbl YBeJIHUHBAETCS B pe-
3yJ/ibTaTe TOrO, YTO BHELIHHE Tesa COBEepIUAOT Hajl HeH Mexa-
HHYecKyto padoty Ay, To AU = nA,.

3anucas 3atem BbipaxeHus s Q. Quonvys AU, Ap u
Ay, MOACTABJSIOT HX B NPHBeLeHHble Bbllle YPABHEHHS M pe-
IIAIOT OTHOCHTEJILHO HCKOMOM BeJIMYMHBL.

[MpuMeHsisi MepBbIA 3aKOH TEPMOAHHAMHKH, HAO YYHTEHI-
BaTh, 4TO B ero ypaBHeHuu @ = AU + A kaxnasi U3 BeJIHUHH
MOXeET ObITh JUOO NONOKUTEIBHOH, MO0 OTpULIATENBHOH, THO0
paBHOU HYJIIO B 3aBHUCUMOCTH OT XapakTepa npouecca. Ecin
cUCTeMa MoJyyaeT KoJH4ecTBO TemnoTl @, o Q@ > 0, ecau
otpaet, T0 @ < 0, ecau TennoobmeHa Het, @ = 0; AU > 0,
eCJIM BHYTPEHHSIsl SHEPTHs CUCTeMbl YBenryuBaercs, AU < 0 —
ecau ymeHbwaetcsi, AU = 0 npu Hen3MeHHOH BHYTpeHHeH
sHeprun; A > 0, ecau cucTteMa coBepuiaeT paboTy Haa BHell-
HUMH TestaMu, A < 0, ecsi BHellIHHe TeJa COBepLIaloT paboTy
Han cuctemort, A = 0, ecan pabora He coBepLlaeTcs.

[Tpu n3obapuom npouecce @ # 0, AU #0, A#0.

[Tpu u3orepmuueckom npouecce 7 = const, BHYTpeHHsis
sHeprus raza He usmensietcsi (AU = 0), nostomy Q= A4, T. e.
BCe NepeaHHOoe CHCTeMe KOJIUYeCTBO TEMJIOTh UAeT Ha COBep-
uleHWe paBoThl Hal BHEUIHHMU TeJaMH.

[Tpu u3oxopHoM npouecce obwvem raza V = const, nostomy
A=0u Q= AU, 1. e. Bce co06ieHHOE Ta3y KOJUYECTBO
TENJIOTHl UIEeT Ha YBeJNHYeHHe €ro BHyTpeHHeH Hepruu.

[Ipu aguabaTHOM mnpouecce TemaooOMeHa Het, @ = 0 u

nostomy A = —-AU, 1. e. paboTa, coBepliaeMasi ra3oM, paBHa
yOblIM €ro BHyTPeHHEH SHEepPruu.

OcHoBHbIe 3aKOHbI U (hopMyribi

Brympennas anepeus odHoamomno2o udeaibh0o20 2a3a, Mo-
JsipHasi Macca KOToporo paBHa M, a Macca m, HaxoAMTCs Mo Qop-
MyJie

U= RT,

N feo

m
M
rie R — yHuBepcalibHasi ra3oBasi noctosiHHas; T — TepMOAMHAMH-
uecKasi TeMnepaTypa rasa.
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Paboma, cosepuwaemas 2a3om npu e2o pacuwiiaperuu 0T 06be-
ma V| 0o o6veMa Vo B M06OM npotecce, BBIYHCARETCSH MO GOPMyJIC

rae p — AaBJeHHe rasa.
Paboma, cosepwaemasn eazom npu usobapHom pacwiuperuu,

A=pVy -V} = pAV.

Koauuecmso menaomeot, Heobxodumoe 0rs Hazpesarus meaa
Maccod m oT TeMAepaTypbl 7| 40 TeMiepaTyphl To, OACYKTHIBAET-
cs 110 opmyJie

Q=cm(Ty - Tp),

Tle ¢ — yAesbHasi TeJIOEMKOCTb BELIECTBa.
Tenioemkocms meaa Maccou m

C = me,

Ile ¢ — YAeJbHasi TENJOEMKOCTh BelllecTBa.
Koauvecmso menaomet, neob6xodumoe das moeo, umobs pac-
naagume Kpucmaiiuyeckoe meio Maccown m,

an = Am,

rie A — yngeJbHas Temjora njaeieHus. [Ipu KpUCTaanU3auMH Bbi-
LeJSleTCs TaKoe XKe KOJHYECTBO TEMJIOTHI.

Koauuecmeo menaomot, Heobxodumoe 0as npespawjenus 8 nap
HUOKOCMuU MaCCOH m,

Qnap =rm,

TAe r — yAeJbHas TenjoTa Napoo6GpasoBaHHA XKHAKOCTH. Ilpu
KOHEHCALHY BbIAENSETCS TAKOE XK€ KOJHYECTBO TEMJOTHI.

Koauuecmeo menaomet, 8vidensemoe npu NOAHOM C2OPAHUL
geujecmsa Maccod m,

QC)‘ = qm,

rile ¢ — yHesbHas TenJoTa CrOpPaHHs BELUEeCTBa.

3aKOH COXpaHeHUs U npespawjernus 3Hepeuu: Bo Bcex npolec-
cax, NPOHCXOASLIMX B NDHPOE, SHEPTHS He BO3HHKAET U3 HUYEro u
He Hcye3aeT, a JIMLb NepejaeTcss OT OQHHUX TeJs K APYTHM WJIH Mpe-
BpalllaeTcs U3 OJHOr0 BHAA B ADYrOH.

Ilepsoiii 3akon mepmodurHamuKu: KOJMYECTBO TeMJIOTHl, nepe-
JaHHOe CHCTeMe, DaCXOAyeTCst Ha H3MeHeHHe ee BHYTpPeHHeH sHep-
THH W Ha COBeplUeHHe CMCTEMOH paboThl Hal BHELIHHUMH TeJlaMH:

Q=AU+ A
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Koagppuyuenm noresnozo Oeiicmaus mennogozo deuzamens
A_Q-Q

T]:Q] Q

rne A — pa6ora, coBepliaemas asuraresneM; Q|, Qo — KOIMYECTBO
TENJOTbl, COOTBETCTBEHHO MOJIyYeHHOE ABHraTejleM OT HarpeBaTe-
JISl U OTAQHHOE XOJIOAHJIBHUKY.

Maxkcumansroe snawenue KITJI mennrogoco dsueamens paBHoO
KIJI upeansHO¥ TEMJOBOM MAalUMHBIL:
Noay = h-T
max —

7‘1 y

roe T, — TemnepaTypa HarpeBaTesst; To — TeMNepaTypa XOJO0A1/b-
HHKa.

Bmopoi 3akon mepmodurnamuxu: HEBO3MOXKHO TepeBecTH Te-
IJIOTY OT 60Jlee XOJI0QHOH CHCTEMbI K 60J1ee HarpeToH NpH OTCYTCT-
BHM ADYTHX OJHOBDEMEHHBIX U3MEHeHHH B 06eHX CHCTEMAax WK B
OKPYXAIOLLIUX TeJax.

MNpumMepb! pelieHus 3apgay

437. B narynublit kanopumerp maccort m = 100 r, conep-
XKawHui mg = 250 r Bombl npu Temnepartype 77 = 280 K,
onycTuau teso maccot m = 200 r, Harpetoe 0 TeMnepaTyphl
To =373 K. B pesysbrarte Tennoo6MeHa yCTaHOBHJIACh OKOH-
yaTeJbHas Temnepatypa T = 293 K. OnpenenuTb ynenpHyo
TEIJIOEMKOCTb BEIIeCTBA, M3 KOTOPOrO HM3rOTOBJIEHO TeJIo.
YnenbHas TersoemkocTs natynu ¢ = 380 Ik / (xr - K), Boasl
co = 4190 Ik / (kr - K).

Pewenune [Ipu oxnaxneHHH Teso OTAAET KOJHYECTBO
TENJIOThI

Q = Cm(T2 - T),

d KaJIOpDUMETD M BOJAA IOJYYAKOT KOJHYECTBO TEIJIOTbl COOT-
BETCTBEHHO

Ql = Clml(T — Tl)’ Q2 = (:2m2(T —Tl)

Ha ocHOBe 3ak0Ha cOXpaHeHHs! SHEPTHH COCTABJSIEM YpaB-
HeHHe TeIoBoro GajnaHca: Q = Q; + Q,, UK

em(Ty = T) = cymy(T = Ty) + como (T = Ty).
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OTcio/la HaX0AUM YAEJbHYIO TENJIOEMKOCTb BEIIECTBA, H3 KO-
TOPOro H3roTOBJIEHO TEJIO!

_ eymy + egmp(T - Ty)
€= m(Ty —T)

, c = 882 ik /(xr - K).

438. Cmewmnbalor m; = 300 r BoAb IpH Temnepartype
ty =10 °C u mg = 400 r npna npu Temnepartype ty = —20 °C.
OnpefenuTh YCTAaHOBHUBLUYIOCS TeMIlepaTypy CMecH. Yiaelb-
Has TemnoeMKocTbh Boabl ¢y = 4,19 - 103 [k /(xr - K), nbna
co= 2,12 - 103 x/(xr - K), yneJbHasi Temnsota IJaBJeHUs
abga A = 330 - 103 [k / xr.

Pewenue Tak Kak KOHEUHOE COCTOSIHHE He OYEBHIHO,
6ynem pewaThb 3aayy nostanto. [loacuHTaeM cHayajsa KoJH-
YeCTBO TEMJOThI, HEOGXOAHMOe /151 HarpeBaHUs Jbjla 0 TeM-
nepartypsl miasjenus ¢, = 0 °C:

Qy = comg(t,, —1y), Qy =16960 JIx.

Tenepb HaleM KOJHYECTBO TEIJIOTH, KOTOPOE OTJaeT BOAA,
oxJaxpnasce go 0 °C:

Q =cmlt —t,,), Q =12570 ix.

[Tpy BbiuHCIEHHH yuTeHO, UTo Af = AT .

Mbi BUAKM, 4TO A1S1 TOrO, 4TO6B! HAarpeTh Bech Jefn 1o 0°C,
HepocTaeT Qo — Q; = 4390 /Ix. Takoe KOJHYECTBO TEIIOTHI
BbIIEJIMTCA TIPH NpeBPALUeHHH B JIe[l HEKOTOPOH YaCTH BOJbI
Maccon mg:

QQ - Q] = 7»”13,
OTKyZa

my =(Qy - Q)/\, my =13T.

Takum 06pa3oM, B KOHEUHOM COCTOSIHHH B cocyne 6yaer
mg + mg =413 r 1bga u m; — m3 = 287 r Boabl NpH TeMIepa-
type t =0 °C.

439. B cocyn, conepxawkit m; = 10 Kr Boabl IpH TeMIle-
patype T} = 293 K, BauaH mg = 7 Kr pacn/aB/ieHHOrO CBHH-
ua, B3ATOro NpH Temnepatype maassenus T,, = 600 K. Ilpu
sTom obpasoBasoch Am; = 0,05 xr napa. Kakas temneparypa
YCTAHOBHTCS B COCYy/e IOCJe TOro, KaK CBUHEL OTBepAeeT?
YnenbHble TENIOEMKOCTH BOAbI H CBHHUA — COOTBETCTBEHHO
c; = 4190 x/(xr - K) u ¢y = 130 Ik / (xr - K), ynenbnas
TenJI0Ta Napoo6pasosanus Bonbl 7 = 2,26 - 108 [k /kr, yaeis-
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Has TemsioTa nuiasJjeHnst ceuHua A = 30 - 103 [k / kr. Tenso-
EeMKOCTbIO COCYAa npeHebpeyb.

Peuwewdue KoauuecTBo TEMNOTHI, OTAAHHOE CBHHLOM
NPH €ro OTBepAEeBaHUH M OXJAMKIAEHUH OT TeMIEpaTypbl OT-
BepaeBaHus T, 4O yCTAHOBMBLIEHCS TeMnepaTypsl 7,

Ql = me + CQmQ(Tm - T)
KonuuectBo TeIlJIOThI, MOJIY4eHHOe HCHapHBUleI‘/‘lCﬂ BO[[OI‘/'I,
Q2 = CI(TK - Tl)Aml + rAm],

rae Ty, = 373 K — remnepatypa KHNeHHs BOIbL.
KosmuecTBO TemoThl, NOJy4eHHOE HeMCnapuBIIeHCs BOIOH,

Q3 =c;(my — AmNT - T}).
CocraBum ypaBHeHHe TenoBoOro 6ananca: Q) = Qy + Qs, UM
Amgy + chQ(Tnn -T)=
= (T, = T))Amy + rAmy + ¢;(m; — Am(T - T)).
PeliuB 3T0 ypaBHeHHE OTHOCHTENbHO 7, NOJYYHM:

mo (A + cpTyy) + cymiTy = (T + r)Am,

T=

cilmy — Amy) + comg ,T=3-10°K

440. B xanopumetpe fpH TeMnepatype t; = 0 °C naxonu-
aocb my = 500 r Boabt 1 m,; = 100 r nppa. CKOAbKO BOASIHOTO
napa npu temneparype ¢y = 100 °C 6bl10 BywieHo B BOAY,
ecJ/IM B pe3yJ/bTaTe BeCh JIe[ PAcTasil U B KaJOPUMETpe yCTa-
HoBuJsack Temnepatypa ! = 90 °C? TensoeMKOCTb KaJlOpUMETPa
C = 1600 1k / K, yneabHas tensnora napoo6pa3oBaHHs BOMIb

=296 - 108 I[)K/Kr yaesnbHas TEMJOTA MJABJEHUS Jbaa
K = 3,3 - 10° Jx/«xr, yaeJabHasi TEMJIOEMKOCTb BOAH € =
=4,19- 103 I/ (xr - K). TTotepsiMi 3Hepruu B OKpy»Kaio-
iyt cpefy npeHebpeus.

Pewenue KonquecTBo TENIOTH, OTAAHHOE BOASHBIM
napoM MaccoM my NpH ero KOHAEHCALHH U OXJaXIeHHH obpa-
30BaBLUEHCS BOAbI OT TEMMePATyphl KOHAEHCALMH 0 YCTaHO-
BUBLIeNcs Temneparypnl T,

Q =rmyg+cm(Ty - T).
KosnuecTBo TensoThi, MoJyyeHHoe JIbAoM, BOAOH, 06pa3o-

BaBIUEHCS M3 Jbla, BOAOH, HAXOAUBLIEHCS B KaJlOpUMeTpe, H
KaJOpUMETPOM,
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Qo =Amy +cm (T -T))+cemy (T -T)) +C AT - T}).
Ha oCHOBaHHM 3aKOHA COXPAaHEHHS M MpeBpAalLEHHs SHep-
THH COCTaBJIsieM ypaBHEHHe TEIJI0BOro fanaHca: Q) = Qy, HiH
rmy +emo(Ty —=T)=Amy +(cmy +cemy + CNT - T)).

OTcrona HaxoauM Maccy napa:

_ hmg +(elmg +m)+ T =-T)
My = r+c(Ty = T)

, my = 0,2 xr.

441. Astomobuab pacxoayer m = 5,67 kr GeH3MHa Ha
s = 50 kM nyTH. OnpefeanTb CPEeAHIO MOLHOCTb, Pa3BHBae-
MYI0 NIPH 3TOM [BHraTeJeM aBTOMOOHJIs, eCAH CpelHsst CKO-
pOCTb JABHXKEHHS Ucp = 80 kM /4 u KI1JI nuratens 1 = 22%.
YienbHas TensoTa cropanus 6ensuna g = 46 - 108 [k /«r.

Pewenue PaspHBaeMas gBUraTeseM CpelHsis MOIL-
Hocte N = A/t, tie A — nosesHas pa6ota, CoBepileHHas 3a
CYET TEMJIOThbl, BBIAEJMBIIEHCS NPH CTOPAHHH OeH3WHA; ¢ —
BpeMsi, 32 KOTopoe pacxoayetcsi 6ensuH. I1pu cropanru Ge-
3MHa BbIEJSIETCS] KOJMYECTBO TEMJIOThl Q = gm. YuHTHIBasI
K[, nonyyaem A = ngm.

[TyTb s aBTOMOOH/Ib IPOXOAUT 32 BpeMsl f = s/vcp. Cneno-
BaTeJIbHO,

N = nqmvcp/s, N =26 10% Br.

442. B raowyo JbAHHY NoNajfaeT nyJs, JeTsilas co CKo-
poctbio v = 1000 mM/c. Macca nyau m = 10 r. Cuauras, 4to
TIOJIOBHHA 3HEPrHH MMyJM ToLIa Ha paszpobJieHHe Jbaa, a Apy-
rasi NMOJIOBUHA — Ha €ro MJaBJeHHe, HAHTH Maccy pacTasBLIETrO
Jbla. YenbHas TenJoTa naasaeHus Jpga A = 3,3 - 10° [k / kr.

Pemwenue KoauyecTso TennoTk, 3aTpayeHHoe Ha
njasJeHHe Jbla, @ = Amy, rae m; — Macca pacTasiBLIero
abga. C Apyro# CTOpPOHBI, 3Ta TeMJOTa MOJYyYaeTcs 3a CYeT
NOJIOBUHBI KMHETUUECKOH 3HEPTHH MYJH:

1 _ 1 mvS _ mu®
Q=5E=9% 4

CnenoBatensHo, mv2/4 = Am|, OTKyna Macca pacTasslle-
ro Jipja

m =%. m =78-107% kr.
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443. C xakoH BbICOTh yrias 6e3 Ha4aNbHOM CKOPOCTH CBHH-
LOBbIHA 1IAp, €CJHU NPH NafEeHHH TeMIlepaTypa ero noBbICHJIACH
Ha AT = 10 K? Cuntats, 4to 80% 3Hepruu wapa nouio Ha
ero HarpeBanue. ConpoTHBAeHHEM BO3AyXa NpeHebpeyb. Y eb-
Has TeroemkocTb ceuHua ¢ = 130 JIx / (kr - K).

Pewe nwue [loTeHunansHasi sHeprus wapa Maccou m
Ha BbicoTe A Ej = mgh. DTa 5Heprust YaCTHYHO 3aTpadeHa Ha
yBeJMUYeHHe BHYTPEHHEH SHEpPryH Liapa NpH yaape O 3eMJio.
Ha ocHOBaHHM 3aKOHA COXpaHeHHS U NpeBpALLEHHS SHEPTHH
COCTaBHM PaBEHCTBO!

nmgh = cmAT,

roe M = 0,8; ¢ — yaenbHas TensnoeMKocTh cBUHLA. OTciona
HaXxOAUM BbICOTY:

h=ST 1 -17.102 M.
ng

444, B unnungpe npu temnepatype t; = 20 °C HaxopuTCs
m = 2 xr Bo3ayxa. Kakas pabota GyneT coBeplieHa NpH H30-
fapHOM HarpeBaHHH BO3AyXa [0 TeMNepaTtypsl fo = 120 °C?
MounspHas Mmacca Bosgyxa M = 29 - 1073 kr/mosb.

PeweHue IlpuusobapHom paciiHpeHHu pabora rasa

A=pAV, (1)

rie p — AaBnaeHHe; AV — u3MeHeHue oObeMa.
3anuuieM ypaBHeHHe MeHaesneesa — Knaneipona oast asyx
COCTOSIHHH BO3ayXa:

pV, = %RTl, pV2 = %RTQ

BbiuMTas MOYNEHHO M3 BTOPOI'O ypaBHEHHA NepBoOE, NOJaY-
yaeMm

p(VQ —Vl) =%R(T2 _Tl) (2)

Ho V5 = V| = AV, nostomy Ha ocHoBauHu paseHcTs (1) 1 (2)
HaXOIHM:

= ZR(Ty -~ T,), A=57-10 k.

445. B Tenion30/4HPOBAHHOM BbICOKOM LMJHHAPHUECKOM
COCyle Ha PacCTOSIHUH A OT [HA BHCHT Ha HMTH TOPLIEHb
maccoit m (puc. 139). [Tox nopuiHeM HAXOZHUTCA V MOJb Hie-
anbHOro rasa. JlaBneHue Mo NMOPLIHEM B HAaYalbHbiil MOMEHT
paBHO BHeIIHeMy AaBAeHHIO, Temrepartypa raza T. a3 Ha-
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rpeBaeTcs cnrpanblo. Kakoe konvye- Yrr777777/4

CTBO TeMJIOTBl HYXHO TNOIBECTH K

ragy, 4yto6bl MOpILIEHb MOAHSAJICS L0 A
BBICOTHI 2A OT aHa? TpeHue oTCyTCT- m
ByeT. BHYTpeHHSsIA 3Heprus MoJs

raza U = CT7, yHuBepcaJbHas raso- 022

Basi MOCTOsIHHas K, ycKopeHHe CBO-

60OHOro NajeHus g. -
Pewenue. [lonepomy3ako- (%

HY TEPMOJUHAMHUKH COOBIUEHHOE a3y

KOJIMYECTBO TeIVIOTHI

Q=AU+A, (1)

rie AU — H3MeHeHMe BHYTpeHHeH
3Hepruu rasza; A — paforta, coBeplleHHas ra30M NPOTHB BHell-
HUX CHJL.

Ha nopuueHb npu paciiipeHyy rasa gefiCTBYIOT [Be BHell-
HHE CHJIB CHJIA TSKECTH mg W cuila, 06yCcJoBIeHHasi BHeL-
HHM JaBJIeHHEeM p| W paBHas p|S, rae S — nuowans NOpLIHS.
[TonxuMmas nopuieHb OT BLICOTH 4 10 2k, ra3 coBepuraeT paboty

A = (mg +pS)h. (2)

Puec 139

HameHeHHe BHyTpeHHel 3Hepruu rasa
AU = C(Ty = T)),

rae T2 — KOHe4YHas Temrieparypa rasa, TI — HaydaJibHasa TeM-
fnepaTtypa.
ﬂO Harp€BaHHs ra3a ypaBHEHHE €ro COCTOAHUSA UMEET BUA

p;Sh = VRT,. (3)

IMocae noaABOJAad TEIJIOThI NOPIUEHb NOAHAJICHA, HATb HE Ha-
TAHYTA U Ira3d HaX0AUTCA oA AaBJIEHHEM, paBHbIM CyMMe BHEI1U-
HETro AaBJICHUA U JaBJECHHUA, OéyCJIOBJIeHHOI‘O CHUJIOH TAXKECTH
NOpUIHS:

pp=pi+ mg/S.

YpaBHeHMe COCTOSIHHS ra3a Tenepb 3alHUIETCS TaK:
(p, + mg/S)2hS = VRT,. (4)
Pemas cosmecTHo ypasHenus (3) u (4), Haxomum

Ty = 27, + 2mgh/vR.
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Torna
AU = C(Ty + 2mgh/VR). (5)

Kpome Toro, u3 dopmya (2) u (3) Hafinem
A = mgh + VRT]. (6)
TMoncrasus suavenus (5) 1 (6) B suipaxenne (1), nonyunm
Q = (C + vR)T} + mgh(l +2C/(VR)).

446. Ilpu H30TePMHYECKOM pPACIUMPEHHH a30Ta MacCOH
m = 100 r, umesuiero temneparypy T = 280 K, ero o6bem
yBesuuuicst B 3 pasa. Ha#itu: paboTy, coBeplUIEHHYIO ras3oM
MpH PaCUIMPEHHH; U3MEHEeHHe BHYTPEHHEH 3HEeDPrHH rasa; Ko-
JIMYECTBO TEMJIOThl, COOOLIEHHOE ra3y.
PeuweHwue H3ypaBHenus Meunneneea—KnaneipoHa
HaXO[HM
_ mRT
P="uv

OTKyZa BHAHO, uyTo ipy T = const

PT (HsoTepMqucxnn npouecc) Aas-
b JleHue rasa y6oiBaeT o6paTHO Npo-
A nopuxoHanbHo o6bemy (puc. 140).
Pa6ora rasa 4nc/IeHHO paBHa 1JI0-
5 4 1anu GUrypbl, OrpaHUUEHHON rpa-
//// duxom 3asucumoctd p = [f(V),
/d ocbio V u orpeskamu ab u cd,

g v Ve V' 4pc/ieHHO PaBHBIMH IABJEHHAM p|

H p2 B HaydaJJbHOM H KOHEYHOM
Puc. 140
COCTOAHHUAX. CJIellOBaTeJIbHO,

Vs Vs
— mRT av _m
A_dev j dv = RTVj - =2-RTln
1 !

<

Vy
7

MouisipHas mMacca asota M = 28 - 1073 xr/ mosb, Vo /Vy =
R = 8,31 Jixx/(monb - K). [TogctaBus B MOCeAHI0k0 cpopmyny
YHCIOBbie 3HaueHHs, noaydum A = 9 - 103 k.
HMsmenenve suyTpenneit sneprun AU = 0, tak kak T = const.
CrenoBaTesbHO, COMIACHO NE€PBOMY 3aKOHY TE€PMOAHHAMMKH,
cooBIieHHOE Ta3y KoaH4ecTBo Tem1oThl Q = A = 9 - 103 k.
447. Tenaosoi npouecc, rpadux KOTOPoro H3oOpaxkeH Ha
puc. 141, coBepwaloT Haja HaeaNbHbLIM ra3oM, Macca KOTOporo
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ocraeTcs nocrosHHok. Onpe- 7
LeMUThb, KaK H3MEHA1aCh TEM- P
nepaTypa rasa Ha ydacTkax
1-2,2-3,3—1. BeisicHUTS, Ha
KaKHX y4yacTKax ra3 noJydasn
HEKOTOpOE KOJIMYeCTBO TeMJo-
Tbl H Ha KaKHX OTHAABaJl.
PeweHnune Harpadpuxa s
BHAHO, UTO Ha yuyactke [—2 0
HaBJleHHe ra3a npsiMo NpoIop- Puc 141
LHOHAJBbHO 00beMy: p = aV,
rie a = const — k03¢ @HULHEHT NIPONOPLHOHAJIBHOCTH.
Ha ocHoBauun ypaBHeHuss MeHpeneeBa—Knanelipona no-
JYUHUM

=Y

2 _m
aV ———MRT,
OTKYZa
_aMy,2
T__mRV .

Takum obpasoM, ¢ yBenuuyeHHeM obpema V rasa ero Tem-
nepaTypa Bo3pacTalla, BHyTPEHHSIS SHEPTUsl yBeJHUYHBaNach,
T. e. AU > 0. Tlpu 3ToM ras, paclIMpsisicb, COBeplIal II0J0-
XHuTeabHywo padoty: A > 0. CornacHo nepBoMy 3aKOHY Tep-
MOJHMHAMHKH, Q;_» = AU + A. CnegoBatenbHo, Qy_5 > 0, 1. e.
Ha y4yacTke /—2 rasy coob1anocb HEKOTOPOe KOJIHYeCTBO Tell-
JIOTBI.

Ha yuactke 2—3 cosepluascsi H30XOPHBIH NPOLIECC, TOITOMY,
corjiacHo 3akony lllapas,

po/ To=p3/Ts,
OTKyna

T, =T, 5%
3 2P2

[Tockonbky p3 < po, To T3 < Ty, U BHYTpPeHHSs] 3HEpPrus
rasa Ha 3TOM y4acTKe ymeHbumiace (AU < 0). B usoxopuom
npouecce pabora raza A = 0. CnenoBartenbHo, Q9-3 < 0, T. e.
ras oTaBajl HEKOTOPOE KOJIHUECTBO TEIJIOTHI.

Ilepexon u3 cocTosiHUA 3 B COCTOsIHHE | TPOHCXOMUJ MpPH
nocTostHHOM jfasJjieHHH. [To 3akony Ien-Jlioccaka

V3/ T3 =V /Ty,
OTKYy/a
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Y
71=Ts'@-

O6beM rasa ymenbuiajicsi, noatoMy A < 0 u T, < T3,
caeposatenbHo, AU < 0. Ha ocHoBaHH# nepBoro 3akoHa Tep-
MOIHMHAMHKH MPHXOAUM K BbiBOay: Q3—; < 0, T. e. ra3 Ha
yyacTKe 3—/ OTAaBaj HEKOTOPOE KOJHYECTBO TEMJOTHI.

448. I'a3 coBeplIaeT KpYroBo# npouecc, rpaduK KOTOPOro
u3o0paxkeH Ha puc. 142, a. Kakas pabora MoxeT 6blTb co-
BeplIeHa 33 OAMH LMKJ IIPH TaKoM Ipoliecce, eCaH HaHMeHb-
was Temnepatypa rasa t; = 0 °C, a Haubosbuas t3 = 127 °C?
[Ipu temnepatype ¢; obvem rasa V| = 5 n1, npu t3 V3 =6 o
KonunuectBo rasa v = 0,5 Monb, yHHBepcaJbHas rasosas Io-
ctosHHas R = 8,31 JLx/(monb - K).

PeweHnue HMsobpasum 3ToT npoiiecc B KOOpPAHHATAX p,
V (puc. 142, 6). 3nech paboTa, coBeplIaeMas ra3oM IpH pac-
IIUPEHHH, TTOJIOXKHTENbHA U YHCJAEHHO PaBHA IJOILAAH, Orpa-
HHYEHHOH rpavKoM py = p3 = const, ocbio V U oTpe3kamu
ab v cd. Pabota, coBepluaeMas IpH CXKaTHH, OTPHLATENbHA U
YHCJIEHHO PaBHA IJIOLIAAH, OrPaHHYEHHOH rpauKoOM p| = py =
= const, ocbio V 1 oTpeskamu ae u fd. CnenoBaTesbHO, CyM-
MapHasi paboTa, coBeplleHHas ra3oM, paBHa Pa3HOCTH 3THUX
njolajges, T. e. YHCJAEHHO PaBHA IJIOLIAAH NPSMOYIOJbHHKA
befe:

A=(p2—p1)(V3—V1). (1)

3anuuwem ypaBHeHHe MenneneeBa—Knanenpona ans co-
CTOSIHHH, KOTOPBIM Ha rpacykax COOTBETCTBYIOT TOUKH [/ U 3:

plvl = VRTI, p3V3 = VRT3.

tZV Vi P
% 4 3 2 3
Y+
2 f
Wi 2
// -~
/7
d a d
07 A v Y, v
Puc. 142
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M3 nepBoro ypaBHeHHs caenyet, yto p; = VRT/V,. U3
BTOPOr0 ypaBHEHHSs, YUHTbIBAS, YTO pP3 = P9, HAXOIHM

P2 = VRT3 /V3.
[logcTasKB 3HauYeHHs py ¥ po B Bhipaxenue (1), nonyuum:

A= vR(E—Ej(V3 ~V}), A=5-10 Ix.
v,

449. TepMeTHUHHI cocyn BMecTHMOCTbIo V = 0,25 M3 co-
AepXKHT a30T nox aasnenrem p; = 120 klla. Kakoe nasnenne
YCTaHOBUTCS B COCYZe, €CJIH a30Ty COOOLIHTb KOJNHYECTBO
teriothl @ = 8,4 k/k? MossipHas TenJoeMKoCTb a3oTa B
naunbix ycaousix C = 21 [x/(mons - K). YuuBepcasbhas
rasosas nocrosnHas R = 8,31 ik / (moap - K).

PeweHue HarpeBanue npoHCXOOHUT NPH MOCTOSTHHOM
o6beMe, N03TOMY, coraacHo 3akony lapas,

pi/Ty = pa/Ta,

rae Ty, To — HayajbHas M KOHeYHas TeMIlepaTypbl a3oTa.
OTciona

T,
P2 =P17f- (1)

Hcnonb3ys ypaBHenHe MenaeneeBa—Kananefipona, HalineM
HavyaslbHYO TeMMepartypy:
vV
T, =27 2
1=75 (2)
rae Vv = m/M — KOJM4YecTBO BelllecTBa a30Ta.

[lpn usoxopHoM npouecce pabora rasa pasHa HyJo. [lo-
3TOMY, COIVIaCHO NePBOMY 3aKOHY TePMOAHHAMHKH, H3MeHeHHe
BHYTPEHHeH 5HeprHH a30Ta PaBHO COOOILEHHOMY eMy KOoJHye-
cTBy TenoThl. [1ycTb TeMnepaTypa rasa yBesuuusaach Ha AT .
Torna Q = vCAT, oTkyna

=9
AT = .

(3)

CrenoBartenbHO, TemnepaTypa ctaja paBHoH To = T| + AT.
Haiinem otHoweHue

B _h+AT AT

n i T
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YuutsiBas 3nadenus (2) u (3), nonyuaem

AT _ QR
L CVpo
Torna
T QR
T T (4)

Ha ocxoBanuu suipaxennit (1) u (4) nmeen:
R .
p2 = P +§—v, py =13-10° Ia,

450. B BepTHKAIbHOM LMJIMHAPE BMECTHMOCTbI0 V = 200 cm3
Noj TsXKeNbIM TMOpIUHEM HaXOAMTCSl ra3 NpPH TeMIepaType
T =300 K. Macca nopwuusi m = 50 xr, ero mowans S = 50 cm2,
Hans nosbilienus Temnepatypsl raza Ha AT = 100 K emy 6bls10
cooblieHo KoaudecTBo TemaoTel @ = 46,5 JIxx. Halitu usme-
HeHHe BHyTpeHHePI 3HepruM rasa. ATMOCq)epHoe AaBJieHHe
po = 1,0 - 10° [Ta. Tpenue He yuHTHIBATS. ycxopemde cBo60-
HOTO MajileHHsi g NPHHATL paBHbIM 10 M/ c2.

Peuwenue. CorsacHo NepBOMY 3aKOHY TEPMOJHHAMH-
KH, KOJIHYEeCTBO TeNJNOTHl Q, NoABeeHHOe K a3y, pacXoayeT-
Csi Ha M3MeHeHHe BHYTpPeHHeHd 3Heprud AU H coBeplieHHe
pabotel A Haa BHemHHMH Teslamu: Q = AU + A. Orciona

AU =Q - A. (1)
[as pacluupsieTCs MpH MOCTOSHHOM AaBJIEHHH
= ng

coBepulasi NpH 3ToM paboty A = pAV, unu
A= (po + %g-)AV, (2)

rie AV — usmeneHue o6bema rasa. CorsacHo 3akoHy [ei-
Jlioccaka,

K__V+AV

T T + AT’
OTKyZa

A =VAT»

[ToacraBuB 3T0 BhipaxkeHue B dopmyay (2), nonyuum
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A= (p + )V¢T (3)

Ha ocHoBanuu seipaxenui (1) u (3) monyunm:

e mgy VAT -
AU = Q- (py + ZE)YAL, AU =33 Ik,

3aga4m AnA CaMoCTOATESIbHOro pewieHnA

451. Ytobul oxnaauth V = 4,5 1 BOABI OT TeMIepaTypsl
t; =30 °C no ty = 10 °C, B Bofy 6pocaioT KyCOUKH JbAa NpPH
Temnepatype £3 = 0 °C. Haiitu maccy sbza, HeO6XO[LPIMOI‘O
IV OXNaXKaeHHs Bonbl. [InoTHocTb Bomsl p = 1 - 103 kr/m3,
yZeNbHas TEeNN0eMKOCTb BOALl ¢ = 4190 II)K/(KF K), ynens-
Has TEemIoTa NJaBJeHHs abfa A = 3,3 - 10° Jixk /kr.

452. B cocyzn, cogepxawmi m; = 2,35 Kr BOAbl NIPH TeM-
nepatype 7| = 293 K, onycKamoT Kycok 0/I0Ba, HarpeToro Ao
Temnepatypsl T9 = 503 K. TemnepaTtypa Bofb! B cOCyfie NOBH-
cunacb Ha AT = 15 K. Briunenuts maccy onoBa. Mcnapenu-
eM BOAbl NpeHebpeub. YOesbHas TENJIOEMKOCTb BOAbl € =
= 4,19 10% I/ (xr - K), onoa ¢9 =2,5 - 102 Ik / (xr - K)

453. Harpetywo xesestyio 60/BaHKY NMOCTAaBHJM Ha Jef,
uMerowni Temnepatypy {; = 0 °C. B pesysbrate oxsaxaeHus
6onsanku 1o O °C non Hel pacniaBunoch m; = 460 r nbaa.
Kakoga 6bma TeMIepaTypa HarpeTod BOJIBaHKH, €CJIH ee

Macca mg = 3,3 Kr? YaenbHas TemuoeMKOCTb XKeJje3a ¢ =
= 460 II,)KS/(KF K), yoenbHas Tensora nias/eHMs Jbia 7&
= 3,3 - 10° Ixx/kr.

454. Tlpn HopMasbHOM aTMOC(epHOM JaBJEHHH HEKOTO-
PY!0 Maccy BOAbI HAarpeBalOT A0 TeMINEPaTypbl KUMeHHsI, MPo-
nyckas depe3 Hee nap npu temneparype f; = 100 °C. Bo
CKOJIbKO Pa3 yBEJNHUUTCS Macca BOAbI, KOrAa OHA JOCTHIHET
TeMrepaTypbl kunenusi? HauvanbHas Temneparypa Boabl fo =
= 20 °C, ee yne/bHas TENJIOEMKOCTD H yuenbﬂaﬂ TeInJoTa rnapo-
O6pa3OBaHI/IH — cootBetcTBeHHO ¢ = 4,19 - 103 I / (kr - K),
r=226-10° x/xr.

455. B xanopumeTp Hanuto m = 2,0 Kr BOAbI NIpH TeMIle-
patype t; = 6,0 °C ¥ nmoJoXeH KyCOK JIbfa Maccod mg =
= 2,0 kr, Temneparypa kotoporo ty = —20 °C. Kakoso 6yzer
COEPXKHUMOE KajJlOpHMETpa I0C/e yCTAaHOBJEHHS TeNJOBOrO
paBHOBecHs? TenI0eMKOCTbIO KaJOpUMeTpa U Tenjaoo6MeHOM
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C BHELlHeH cpeiod npeHebpeyb. Y aenbHas TENJ0eMKOCTb BOAbI
c; =4,19 103 Ik /(xr - K), abpa ¢ = 2,1 103 Ik / (xr - K),
ylesbHasi TenjoTa njiaejeHus aba A = 3,3 - 10 Jx / kr.

456. B cmech, COCTOSILIYIO H3 JbJa MacCol m| = 5 K H BOJI
Maccok my = 4 kr npu Temnepatype ¢; = 0 °C, Bnyckaior Boas-
Hol map maccoit mg = 0,5 kr npu Temnepatype fo =100 °C.
OnpenendTb TeMNepaTypy CMecH ! M Maccy my pacTasBLIero
Abja. YaenbHas TemjoTa maasienus aoaa A = 3,3 - 105 Jx /kr.
VIeabHas TemIoeMKocTb Bombl ¢ = 4,19 - 10% [ x/(xr - K).
YnenbHas TensoTa napoobpazoBanus Bombl 7 = 22,6 - 109 JUk /K.

457. B kanopuMeTp, B KOTOPOM HaxoQUTCs BOAA MAacCoM
m, npu Temneparype T, BAMBAIOT PacrJaBJjeHHbIH MeTall,
Macca KOTOpOro msg, a TeMnepaTtypa paBHa TeMrnepaTtype nJas-
aenus Tp,. Ilpu aTom TemnepaTtypa BoAbl B KalopHmeTpe Io-
BbillaeTcs 10 T9, a 4acThb BoAbl BbikHNaeT. OnpeennTb Maccy
BbIKHIIeBLIEH BOAbl. ¥ AeJbHAs TeNJOeMKOCTb BOAbI €|, yA€/b-
Hasi TENJ0eMKOCTb METAJLIA Cg, YAEJbHASA TeNJOTA NJ1aBJeHHs
MeTajsa A, yoesabHasi Tensiota napoo6pa3oBaHHs BOABE I, TEM-
nepatypa KuneHus Boabl T,.

458. C KakoH CKOPOCTBIO JOJ/XKHA YAAPUTbCA O Nperpagy
CBUHLIOBasi MyJss, 4yToObl OHA paclJaBHJIach, ecJd A0 YAapa
Temnepatypa nyau 6bia T = 373 K? [lpu ynape Ha HarpeBa-
Hue nyau uger 1 = 0,60 ee sHepruu. Temnepartypa nnasse-
Hus cBuHua T, = 600 K, ero ynenbHas TenjoeMKkocTb ¢ =
=130 IIx/ (xr - K), ynenbhas rensora naasnenus A = 30 x
x 103 Tk / kr.

459. CprHUOBas NyJs, JeTAL@S FOPH3OHTANbHO CO CKO-
poctbio vg = 500 M/ ¢, npo6uBaeT 10CKy Ha BrlcoTe A = 2,0 M
HaJl MOBEPXHOCTbIO 3€MJIM, He W3MeHssl HaNpapJeHHs CBOEH
ckopocTH. Ha KakoM paccTosHMM OT JOCKHM NyJs ynajaeT Ha
3eMJII0, €CJIM MPH ABHKEHUH Yepe3 JOCKY OHA HarpeBaeTcs Ha
AT = 200 K? CuuTarb, 4TO BCS TENJIOTA, BbLAENHBILIASCSA TIPH
OBHXXEHHH 4yepe3 JOCKY, MOLIJA Ha HarpeBaHHe MyJH. Yelb-
Has TennoeMkocTb ¢BUHUa ¢ = 130 [Ix /(xr - K). ConpoTus-
JIeHHeM BO3JyxXa npeHebpeyb.

460. IToesn maccoit m = 1000 T 1py TOPMOXKEHHH C YCKO-
penreM a = 0,2 m/ c? octaHoBuicA Yepes T = 100 c. Kakoe
KOJIMYEeCTBO TEIJIOTH BhIJENHJIOCH TPH TOPMOXEHHH ?

461. Pabounit 3a6UBaeT B JOCKY 2KeJIE3HbIH IBO3Jb MaCCOH
m = 50 r ¥ ypapsieT npd 3ToM 7 = 5 pa3 MOJIOTKOM, Macca
kotoporo M = 0,5 kr. Mnyabc MosoTKa HenocpeacTBEHHO
nepen ynapom p = 6 kr - M/ c. Ha ckonbko rpanycos Harpeet-
Csl TBO3/lb, €CJIM BCS BbIAEJMBIIASICA NPH yAapaX TeNJaoTa [o-
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A2 Ha ero HarpeBaHWe? Y[esbHas TEMJOEMKOCTb KeJse3a
¢ =0,45 kJIx/(xr - K).

462. Jlazep H3nydaeT CBETOBble MMIYJbChl C 3HEPTrHeH
W =0,1 Ix. Yacrora noBTropeHHus umnyabcoB v = 10 I'm.
KII nazepa, onpenenseMbll OTHOLIEHHEM H3/y4aeMOH Hep-
run K notpebasiemoit, 1 = 0,01. Kako#t o6beM BOAbl HYXHO
NpoKayatb 3a T = | 4 yepe3 0XJa)KAAWLIYIO CHCTEMY J1a3epa,
uToOBl BOAA Harpesnach He Gosee yem Ha Af = 10 °C?

463. Halitu maccy sbaa, umeroliero temneparypy £ = —10 °C,
KOTOPBIH MOXHO PacTONHTb 32 T = 10 MHH C NOMOLLBIO 3J1€KTPH-
YeCKOro HarpepareJisi, paboTarolliero npu Toxe cuioit / =3 A ot
cetH ¢ HanpsikenueM U = 220 B? KI1/] narpesatens 1 = 80%.
YnenbHas TemaoeMKocTb Jbga ¢ = 2,1 - 103 Lk /(kr - K),
yaenbHasi TelJsoTa NJaBjeHHs Jabga A = 3,3 - 10° Tk / kr.

464. B xacTpoaio HaJUIM XOJNONHOW BOAB IPU TeMIlepa-
Type ¢} = 10 °C ¢ nocrtaBuJIM ee Ha 3JeKTpomauTy. Uepes

BpeMs T, = 5,0 MMH Boza 3akunesa. Yepes CKOJIbKO BpEMeHH
rocJsle Hayasa KHMEeHHs] BOAA MOJHOCTBIO UCTApUTCA? YeJb-
Has TemjoeMKocTb Boasl ¢ = 4,19 - 108 [/ (kr - K), ynens-
Hasl TelsoTa napoo6pa3oBaHus Boasl r = 2,26 - 108 T/ kr.
KvneHue npoHUCXOAHT B OTKPBLITOH KacTpiosie NPH HOPMasb-
HOM JlaBJIEHHH.

465. Onpenemnts KI1/1 HarpeBaresis, pacxomytowero m; = 0,08 kr
KepocHHa Ha HarpeBaHue my = 3,0 kr Bomst Ha AT = 90 K.
YnenbHasi TenaoTta cropaHds KepocuHa q = 4,2 - 107 1/ xr,
yaeJbHas TeNJoeMKOCTb Bobl ¢ = 4,19 - 103 ik / (kr - K).

466. [Ins pacnnasnenuss m = 1000 kr ctasu ucnosbayet-
cs asextponeub MouHocThio P = 100 kBT. Ckonbko BpeMeHH
NPOJOJIXKAeTCsl TNJaBKa, eCJAH CJAHTOK A0 Hayana IJaBJeHHS
Hago Harpetb Ha AT = 1500 K? VYnesnbHas TensnoeMKocCTb
crand ¢ = 500 [k / (kr - K), yaeabHas TensoTa n/aB/eHHs
ctanu A = 2,7 - 10° I/ r.

467. BepTHkanbHBIM HHAHHAD C TSXKEJbIM MOpPIUHEM Ha-
nosHeH a3oToM, macca kortoporo m; = 0,1 kr. [locne yBesu-
yeHUs Temnepatypbi a3ota Ha AT = 100 K nopuieHb nogusa-
cs Ha BbicoTy A = 0,1 M. Hag nopuineM Bce BpeMs coxpaHsiet-
cf HopMaJbHOe aTMocdepHoe aaBiaenue pg = 1 - 105 [la. [Tao-
wanb nopiina S = 0,02 M2, OnpeaeuTh Maccy NOpUIHs. Y HH-
BepcasibHas rasosas nocrosiidas R = 8,31 IIx/(mons - K),
MoJsipHast Macca azota M = 28 - 1073 kr/monb.

468. OnpenenuTs H3MeHeHHe BHYTPEHHel 3HEPrHu rasa,
B3ATOro B KoauyectBe vV = (0,5 MoJsb, NpH HarpeBaHUH ero
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NnpH MOCTOSIHHOM AaBieHHH oT TemnepaTypesl 7} = 300 K no
temnepatypbl To = 320 K, ecau rasy 6610 coo01leHO KosiHye-
ctBO TemyoThl Q = 290 [Ixx. YHuBepcanbHasg ra3oBas nocTo-
annan R = 8,31 ik /(moab - K).

469. HaliTH BHYTpEHHIOIO 3HEpryHi© OJHOATOMHOrO rasa,
3aHKMalollero o6beM V = 2 m3 npu nasnennd p = 200 klla.

470. HMpeaabHbli ras, KOJIMYeCTBO BeLleCTBa KOTOPOTO
v = 0,5 moJb, H3 cocTosiHUs ¢ TemnepaTypolt 7 = 100 K pac-
wupsieTcss U306apHO, a 3aTeM HM30XOPHO MEPEXOAMT B CO-
CTOSIHHE C HAayaJbHOH TeMnepaTypoH. Bo CKoJLKO pa3s H3-
MEHHUTCS NpPH 3TOM 06bEM rasa, eciu AJst nepeBoja rasa Hs
HayaJbHOrO COCTOSIHUR B KOHEYHOE K HeMY [OABeJH KOJH-
yecTBo TensoTht @ = 831 [xk? YHuBepca/ibHas rasosas
noctosuHaa R = 8,31 Jx/ (monb - K).

471. Boiunucautb paboTy, KOTOPYIO COBEPLIHT a3 IpH H30-
6apHoM HarpeBanuu ot ¢; = 20 °C no ¢ = 100 °C, ecnu on
HAXOAUTCSA B BEPTHKAJbHOM LMJIMHAPHUECKOM COCYAE, 3aKphl-
TOM MNOABHXKHBIM MOPLIHEM C IJIOIIAAbIO MONEePeyHOro ceye-
nust S = 20 cm2 ¥ Maccoit m = 5 kr. [lepBoHavyanbHBIH 06beM
rasa V=5 1073 m3, atmoctepHoe nasnenue py = 1 - 10° [1a.
TpenneM npenebpeub.

472. B BepTHKAJbHOM LUJIHHADE BMECTHMOCThIO V = 2 51
MOJ THKEeJIbIM NOpLIHEM HAXOAWTCS ra3 npy Temnepatype 7 =
= 300 K. Macca nopunsa m = 50 kr, ero niowaas S = 50 cm2.
Temnepatypy rasa nossicuar Ha AT = 100 K. Ha#itu name-
HeHHe BHYTPeHHel 3Hepruu rasa, ecjid ero TenJoeMKOCTb
C =5 Jlxx/K. ArmocdepHoe nasaenue pg = 1+ 10° I1a. Tpe-
HMe MOPUIHS O CTEHKH He YYHTHiBaTh. [Ipunsth g = 10 M/ cZ,

473. lns HarpeBaHUsi HEKOTOPOIO KOJHMYECTBA HAeasbHOTrO
rasa ¢ MoasipHokt maccoit M = 28 - 1073 kr/monbna AT = 14 K
TIPH NOCTOSIHHOM JaBJieHHH NnoTpe6oBaNOCh KOJIHYECTBO Tel-
jotel @) = 10 k. Uto6bt oxs1amuTh ra3 10 HCXOAHOH TeMIe-
paTypbl IIpH NOCTOSIHHOM 06beMe, HeO6XOIUMO OTHSRTb OT HEro
KoJH4ecTBO TemaoThl Q9 = 8,0 k. Halitu maccy rasa. Yuu-
BepcasibHas rasosas noctosiHHas R = 8,31 x/(moab - K).

474. Ta3, B3atbiil npu Temneparype 7 = 100 K B koauye-
CTBe V = D MOJIb, CHa4aJsla HarpeBaioT MpH MOCTOSSHHOM 00%b-
eme Tak, UTO TepPMOJIKHAMHYeCKas TeMnepaTypa rasa Bo3pac-
TaeT B n = 3 pasa, a 3aTeM CXKHMAIOT NpH NOCTOSSHHOM f1aBJie-
HHH, [IOBOASl TeMINEepaTypy [0 [epBOHAYAJbHOrO 3HAYEHHS.
Kakas pa6ora coBeplieHa npu CXKaTHH? YHUBepcaJbHas ra-
30Bas noctosinnas R = 8,31 [k /(Mo - K).
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475. HallTh ynenbHYI0 TeN/I0eMKOCTh OAHOATOMHOIO He-
anbHOTO ra3a B H300apPHOM C, W H30XOPHOM Cy MpOLeccax.
MounspHasi Macca rasa paBHa M, yHuBepcasibHasi ra3oBas Io-
CTOSIHHasl paBHa R.

476. Ilpu M30TepMHYECKOM pacWIHpPeHHH HIealbHbIH ras
coBepwns pabory A = 25 JIx. Kakoe Ko/1H4eCcTBO TeNsOTHI
CoOO6IEeHO rasy? _

477. [1pn annabaTHOM CXKaTHH OJHOATOMHOTO HIeasJbHOro
rasa 6eu1a cosepuiena pabora A = 900 JIx u temnepatypa
rasa yseanuuaach Ha AT = 24 K. OnpeaenuTb KOJMYECTBO
BEIEeCTBA ITOTO rasa. YHUBepCaslbHAsi ra3oBas MOCTOSIHHASA
R = 8,31 Ix/(monb - K).

478. B UMAMHAPUYECKOM COCYJIE MOJ JIEFTKUM TOABUXKHbIM
NOPLIHEM HaxoAHTCs V = 1,5 Mosb MIeaslbHOTO OJHOATOMHO-
ro rasa npu temneparype ¢ = 27 °C. Kakoe xoauyecTBo Ten-
JIOTHl Hafl0 NOJABECTH K rasy, yToObl ero 06beM YBeJUUYHJICs B
n = 3 pasa? TpeHueM nopIIHS O CTEHKH cOocyaa npeHebpeyb.
YnuusepcasnbHast rasoas noctosiHias R = 8,31 Jix / (mosib - K).

479. VMaeanbHblll Ta3 B KOJHUECTBEe V = 5 MOJIb, UMEBLIHH
Havyanbhuyto Temnepatypy 7 = 300 K, nzobapno pacuwinpuics,
cosepmuB pabory A = 12,5 - 103 JIx. Bo cko/bKO pa3 mpw
3TOM YBeJHYMJICSl 06beM rasa?

480. l'ennt maccoit m = 10 r Harpesin Ha AT = 100 K
NpH NOCTOSIHHOM AaBieHuH. OnpenesuTb KOJHYECTBO Tel-
JIOTBI, NepeJaHHoe ra3y, H3MeHeHHe BHYTPeHHeH SHEPIHH U
paboTy rasa npu pacmiupeHuu. MoJssipHas macca reauss M =
=4 - 1073 xr/Mosb. YHHBepcanbHas rasoBasi MOCTOSIHHAS
R = 8,31 Ixx/(mosb - K).

481. ['a3, 3aHHMalOH# NP AaBaeHun p = 1 - 10° [Ta 06
em V =0,1 M3, usobapHo pacmupsiercs. [Ipu 3ToM ero Tepmo-
OHHAaMH4ecKas TeMNepaTypa yBeJUUYHBaeTcsi B n = 2 pasa, a
BHYTpPeHHAs 9Heprus uaMensiercs Ha AU = 26 k/x. Hantu
Maccy yrisi, KOTOPbId HEeOBXOAUMO CXKedb AJ1s1 3TOr0, eCcJH Ha
HarpeBaHHe rasa 3artpaunBaercsi N = 0,2 xonuyecTBa TEMmIO-
Tb, BBIAEJSIOILErocsl NPU CrOPAHHH. YIesbHas TemnuoTa cro-
panus yras g = 30 MIx /kr.

482. Ilpouecchl, NMpoUCXOAsiUIME B LHJIMHAPE TEMNJOBOTO
LBHUTaTessl ¢ HeaJbHbIM Ia3oM, H306paKeHbl Ha AHarpaMme
p — V (puc. 143). UsBecTHo, uto Ty = 500 K, T3 = 450 K,
T, = 300 K. Ha#iTi, Ha CKOJILKO KeJIbBHH TeMmrepaTypa B TOY-
ke | OT/IMYaeTcsl OT TeMIepaTypbl B Touke J.
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Puc. 143 Puc. 144

483. Ha puc. 144 usobpaxen rpaduk npouecca, IPOBOLH-
Moro ¢ upeasnbHbiM razom. O6bem rasa rnoctostHeH. Hanrtu
TOYKH, B KOTOPbIX Macca rasa MakCHMMa/jbHa U MHHHMaJbHa.

484. Hpeanbnasi tensosas MalluHa, paboTarolias IpH
HOPMaJIbHBIX YCJOBHSIX OKPYJXKaIOLIero Bo3ayxa, KOTOPbIH a5
Hee SIBJSETCS XOJOAUJIbHHKOM, TOAHMMAET Ipy3 MacCoH m =
400 xr. Pa6oyee Tes0 MalLMHBI T10J1yYyaeT OT HArpeBaTess C
temmnepatyport ¢ = 200 °C konnyectBo Tensote @ = 80 kJIx.
Ha xakyo MakCHManbHYIO BBICOTY NOAHMMAeT Ipy3 3Ta Tell-
JoBas MauiHHa? TpeHueM npeHe6peus.

485. Ytobrl NpHHATL BaHHY, Heo6xoauMo Harpets V = 200
BOAbI OT Temnepatypsl £y = 7 °C g0 Temnepatypsl {y = 47 °C.
Ecnn Takoe KONMYeCTBO TemJOTH COOOUIMTDL HAeaNbHOH Tell-
JIOBOH MalllMHe, paboTalolWed Npy TeMnepaType HarpeBaTess
ty M XOJIONMJIbHHKA #j, TO C NOMOLIBIO 3TOH MaLIHHBI MOXXHO
NOAHATH rpy3 Maccolt m = 4,2 - 104 xr na Brcory H = 10 m.
OnpenenuTs N0 3THM AaHHBIM YAeJ/bHYIO TeIJIOeMKOCTb BOIBI.
InotHoeTs Boant p = 1 - 108 kr/mM3. Yckopenue cBoG0aHOrO
nagenus g = 10 m/c2.

486. TemnepaTypa ra3oB, 06pa3yIOIIMXCH NPH CTOPaHHH
TONJIMBA B UWJIHMHApax ABUraTens aBtomobuns, t; = 827 °C,
TeMIlepaTypa BBIXJOMHbIX rasoB fo = 97 °C. CKoMbKO KHJIO-
MEeTpOB NpoefieT € NOCTOSTHHOH CKOPOCTbIO aBTOMOOHIIL, HMeIo-
wuH B 6ake V = 40 51 TonsMBa, ecau yaenabHas TemjaoTa Cro-
paHust TornJykBa q = 46 - 108 ITx /kr, IJIOTHOCTH _TOIJIMBA
p =710 kr/wm3, a cuna CONPOTHBNEHHS ABHXEHHIO F 0CTaeT-
Cs1 IOCTOSHHOM H 110 MORyJiio paBHoit 1,7 - 103 H? [Isurarens
CUMTATb UIeaNbHOH TENJIOBOH MAIMHOH, paboTalollel ¢ Mak-
cHManbHO Bo3MOXXHbIM KIT/I.

487. Ilpu pacluivpenHy rasa Ter/opas MallMHa COBepILUaeT
padoTy, npu 3ToM 0GbeM rasa yeaudusaercs or V; = 1 - 1073 m3
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po Vo=2-10"3m3 a naBneHHe JUHEHHO y6bIBaeT OT p| =

=6 - 10° IMa o py = 4 - 10° Ta. OnpeneauTs H3MeHeHHe
BHYTPeHHEH 3Hepruu rasa npu ero pactwupenud u KII/ ten-
JOBOH MallMHb!, €CJH W3BECTHO, YTO KOJIHYECTBO TEMJIOTHI,
noJydeHHoe 3a LUK/ TelJOBOH MalllMHbl OT Harpepatess, @ =
= ] xJIx, a oTaaHHOe XononunbHUKY @9 = 0,8 kJx.



lIl. OCHOBbI JIEKTPOAMHAMMUKHA

8. AJNIEKTPOCTATUKA
MeToanyeckue ykasaHus K peLueHUto 3apay

[Ipu pelleHHH 3a1a4 0 B3aHMONEHCTBHH TOYEUHbIX 3aPSil0B
HYXHO, CfleJaB PHCYHOK, 0603HaYHTb Ha HeM CHJbI, AeHCT-
BYIOLIHE HAa HHTEePeCYIOLIHH Hac 3apai. Ecau no ycioBHio 3a-
Jlayd 3apsijl HAXONHTCA B NI0KOE, 3aNHCHIBAIOT YCAOBHE PaBHO-
BecHs 3apama (Tak e, Kak M /s MaTepHaJbHOH TOUKH B
mexanuke). Ecaiu 3apsin 1BHKeTCS B OMHOPOAHOM 3JI€KTpHYe-
CKOM TI0JIe, COCTABJISIOT ypaBHeHHe NBHKeHHs (Tak xe, Kak
B MeXaHHKe).

Ecau B 3amade pedb HAeT 0 paboTe CHJ 3JEKTPHUECKOrO
NONs HAfl 3apsANOM, CJefyeT COCTABHTL YPaBHEHHE HA OCHOBE
3aKQHA COXPAHEHHs M NpeBpallleHHst 3Hepruu. [Ipu B3auMo-
JIeHCTBHH 3apPSKEHHBIX TeJ H NIPOMCXOASILEM NPH 3TOM Nnepe-
pacrnpefeleHHH 3apsi0B ypaBHEHHE COCTABJSIOT COrJACHO
3aKOHy COXpaHeHHsi 3apsiga. [loJyyeHHYI0 CHCTEMy ypaBHe-
HUH PelaloT OTHOCHTEJbHO HCKOMOK BeJHUHHHL.

[lpu peuleHHH 3aa4 O B3AHMONEHCTBHH 3aPSKEHHBIX Tell
06bLIYHO HCMOMb3YIOT (OPMYJIbl, YCTAHABAHBAIOLIME CBSA3b Me-
Xy 3apsaaMH H NoTeHuuanamH. Ecu 3agana cioxHas cxe-
Ma COeNHHEHHs KOHAEHCATOPOB, HaA0 MOMLITATLCA 3aMEeHHThb
ee Ipyro¥ CXeMo#, Mo KOTOPO# MOXKHO JIETKO yCTaHOBHTbL THII
coenHenus (napasenbHoe, 0c/e0BaTe]bHOE HIH HX KOM-
6uHalmK). FHOrIa AJ1s 3TOr0 AOCTATOYHO HAYepPTHTb CXeMy
HECKOJIbKO MHaue. B Apyrux ciydasix Takyro 3aMeHy MOXHO
clenaTh MyTeM COeAHHEHHS Ha 3aaHHOM CXeMe TOYeK C OfIH-
HAKOBbIM TIOTEHLMAJIOM; TIPH 3TOM 3apsilbl Ha KOHAEHCaTOpax
¥ PasHOCTH MOTEHLMAN0B MeX1y 06KNaKaMK He 6yayT H3Me-
HsATbes. [locsie peo6pasoBaHUA CXeMbl yCTAHABAMBAIOT CBS3b
MeXJy 3apsflaMH, Pa3HOCTAMH TOTEHLHAN0B H eMKOCTAMH
KOH/JEHCATOPOB.
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OcHOBHbIe 3aKOHbI U (hopMynbi

3akon Kysona: cuna B3aUMOLEHCTBHS ABYX HEMOABHIKHBIX TOUYEY-
HbIX 3apsLA0B NPSIMO [PONOPUHOHA/BbHA [1POU3BEAEHHIO MOIYIEH 3apsi-
JI0B ¥ 0GPaTHO NpPOMNOPLHOHAIBHA KBAPATY PACCTOSIHHS MEXIY HUMHU:

- slalal,
€r

1
4ne
LOHU3JIEKTPHYECKAs POHHLAEMOCTb CPEbl; €y — JMEKTPHYECKAs No-

CTOfIHHAA:

roe k=

— Ko3(dHUMeHT nponopuHoHanbHocTH B CH; € —

gg=——— ®/mM=885-10""2 P /m.
4n-9-10
3CZKOH COXPAHEHUA INeKmpPUUHECKOEO 3apﬂ6a: B 3aMKHyTOl"Jl
(s/1eKTpHUECKH M30/MMPOBAHHON) CHCTEMe ajarebpauyeckasl CymMma
3apsiaoB BC€X 4HACTHUL OCTAETCHA HEU3MEHHOH.
Haflpﬂ.?lceHHOCfﬂb afnekmpocmamuiecKkoeo noas 8 daHHOU mouke

E= F/qo ,
rae F — CHJa, C KOTOPOH noJie AeHCTBYET Ha MOJOXHTENbHBIH TO-
YeuHBIH 3apsill qq, NOMEILEHHbIH B 3Ty TOYKY.

[Tpunyun cynepno3uyuu noaeli: eciy B JaHHOM TOYKe NPOCTPAH-
CTBA pa3/xyHbIe 3aPAXKEHHBIE YACTHLb CO3/AI0T M10J1s1, HANPSKEHHO-
cTH KoTopelX £y, Eo, ..., E,, TOo pe3y/bTHPYKOLIAS HAMNPSAXKEHHOCTD
oJif B 3TOH TOYKe

E=E +E +.+E,.

[Togepxnocmnan naomnocme 3rexmpuiecko2o 3apada

6=4q/S,

rie q — 3apsii, pABHOMEPHO pacrpe/ie/leHHbIH 10 OBEPXHOCTH TeJa
nJaowanso S.

Hanpawmennocms anexkmpocmamuieckozo noAs mo4eiHozo
3apsda q Ha PacCTOSHHH 7 OT Hero

E-_ld
47t€0€r2

rie € — AH3JEKTpUUEcKas NPOHHLAEMOCTb Cpejbl.
Hanpaxennocms anexmpocmamuueckozo nois 6ecKoHeuroll
PABHOMEPHO 3APANEHHOL NAOCKOCMU

.l
2e0€
rie G — MOBEPXHOCTHAA MAOTHOCTb 3JIEKTPHYECKOro 3apsaa.
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Hanpaxennocme 3rekmpocmamuiecko2o noAs Memanrude-
cKoll 3apamennoi cgepvr paadyca R Ha paccTosinHH r 2 R ot
ueHTpa cdeps!

F__la
4n£0£r2

rie g — 3apsa coepbl. BuyTpu coepi (r < R) E = 0.
Tomenyuan saexmpocmamudeckoeo noas 8 0anHol modxe

0 =W,/q,

rae W, — noTeHuMasbHas SHEPrHs, KOTOpOH ofnajaer 3apsan qg,
MOMeUleHHbIH B 3TY TOUKY.

TTomenyuas noas, co30aHHO20 HECKOAbKUMU MOYELHbIMU 30-
pAdamu, paBed anreGpadHyecKod cyMMe MOTEHLHAJ0B MOJeH, CO3-
NaBaeMblX B JAaHHOH TOUKE KaXKAblM 3apsaAoOM:

G=¢ + Py +..+ Pp,

rae @; >0 npug; > 0; ¢, <0 npu ¢; < 0.
lTomenyuanr srekmpocmamu4eck0eo NOAR MO4E4H020 3apA-
da q Ha pacCTOSIHHH 7 OT Hero
___ 4
4dmeger

TTomenyuan 3rekmpocmamuueck020 NOASL MEMAAAUYECKOL
3apaxcennol cgepvr paguyca R Ha paccTosiHuM 7 2 K OT ueHTpa
chepbl

__ 4
" dmeger’
TAe § — 3apsad ciepsl.

BHyTpH cdepbl moTeHuMan BO Bcex TOUKAxX TaKOH e, KaK Ha
nosepxuocTH coepnl (r = R).

Paboma, cosepwaeman arexmpocmamudeckum nosem TNpH

nepeMelleHHd 3apana g U3 TOYKH C MOTEHUHAJIOM @) B TOYKY C
NOoTeHUHaI0M ®o,

A =qlo; —9y).

Cea3b MeHOYy HANPANEHHOCMbIO OOHOPOOHOZO BAeKmpuYe-
CK020 NOAR U PA3HOCMbIO NOMEHLUAN08 BblpaxaeTcs GopMynoH

E =(¢ - 99)/d,

rae @y — o — Pa3HOCTbL NOTEHUHAJSOB MEXAY TOUKaMH, HAXOASLLH-
MHCH OJHa OT ﬂpyl‘Ol:l Ha PaCCTOAHHH d BOJIb IUHUH Hanps>XeHHOCTH
rnoJsasa.
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IJrexmpuneckan emkocme* npogodruxa — hududeckas Besu-
YHHa, paBHast OTHOLIEHUIO 3apsiaa ¢, COOBLIEHHOr0 NPOBOAHHKY, K
ero noTeHUHany @:

C=q/9.
Jaekmpuueckan emKocme KondeHcamopa
C=4q/U,

rae g — 3apsifl KoHaeHcartopa; U — HanpsikeHHe Mexay oOxjanka-
MH KOHAeHcaTopa.

Emkxocme nposodaueii cgpepot pandyca R, Haxoasiledcs B cpe-
Ae C [AH3EeKTPHYECKOH NPOHHLAEMOCTHIO €,

C = 4negeR.

Emxocme naockozo kondencamopa, niowans KXo naacTH-
Hbl KOTOPOro S, a paccTOsiHHE MeXAYy HuUMHU d,

C= EEos/d,

rie € — AM3JeKTPHYECKAsi NPOHHLIAEMOCTh AN3NEKTPUKA, 3aMOJHSI0-
LIero NpOCTPAHCTBO MeXAY NJIAaCTHHAMH.
Obwan emkocms KOHOEHCAMOPOB, COEOUHEHHbIX NAPANLEAbHO,

C=C+Cy +..+C,.
Obwasn emxocms KondeHcamopos, coeduneHHbtx nocaedosa-
meabHo, onpejeaseTcss no QopmyJne

o1, 1, .1

c ¢ G C,

Jrepeus 31eKMPUYeCK020 NOAS 3aPANEHHO20 KOHOeHcamo-
pa emkocTbio C

w ol _ @ _cu?
2 2C 2

rae U - HanpsbkKeHHe Mexay ero oOKIaIKaMH, g — 3apsaa KoHAeHcaropa.

»

Mpumepsb! peluieHns 3agay

488. B Bo3anyxe Ha HEKOTOPOM PaCCTOSIHHHU APYT OT ApYyra
HaxOOATCS OBAa OAHMHAKOBBLIX MaJleHbKHX LIADHKA, HMEIOLIMX
sapsannl q; = 40,5 MxKn u qo = 0,1 MxKn. Ulapuku npusenu
B CONPHKOCHOBEHHE, a 3aTeM pa3ABHHYJH Ha DacCTOsHHE

* Bmecro TEPMHUHOB «3JjI@KTPHUHECKARA €MKOCTb», <‘3!1€KTPH‘~I€CKMI:I 3a-
psa» NPUMEHAIOTCH KPATKHUE q.lOprIZ «EMKOCTb», «32psaa».
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r =10 cm. Hailty cuny B3aumopeitcTBHs wapukoB. JH3.jek-
TpHYeCKasi NPOHULIAEMOCTb BO3lyXa € = .

Pe wenue Ilocse conpukocHOBeHHs WAPHKOB HX
3apsbl CTanu ofMHakoBbiMH. [Ipu 3TOM, cornacHo 3akoHy
COXpaHeHHs 3apsifia, CyMMa 3aps/I0B LIADHKOB 0CTa/l1ach HEH3-
MeHHoM. C/1eloBaTe/IbHO, TT0C/e CONPUKOCHOBEHHS 3apsal Kax-

LOTO LIapHKa

q=(q; +q9)/2.
[llapuku 6yayT B3aHMOAEHCTBOBATL C CHJIOH
P4 o1 @ral o560

dneger?  dmey  4er?

489. JIBa onMHAKOBbIX MaJIeHbKHX LapHKa Maccod m = 0,4 r
KaXXIblll NOJIBellIeHbl Ha HEMPOBOAAIMX HATAX AJIHHOU [ = | M
K ogHOH Touke. [locse TOro kak wapukam OblIM COOBIIEHB
OIIMHAKOBbIE 3apALbl ¢, OHX PA30LIJIUCh HA paccTosiHKe r = 9 cM.
OnpenenuTs 3apsapl WAPHKOB U CHIY HATSDKeHHs HUTH. Jlu-
3JIEeKTPUYECKast MPOHHLAEMOCTb Bo3ayxa € = |.

Pewenue Hakaxapiii wapuk (puc. 145) neiictBytor
CJIe/lyIOLIKe CHJIBL: CHAIA TAXKECTH mg, CHIA HATAXKEHHS HUTH
T u cuna B3aumonercTBust F . lllapuk Haxonurcs B paBHOBe-
cuu. CaefoBaTeNbHO, BHIONHSETCS yCI0BHE

mg+T+F =0,
y
{
7
73
| .
! F
0 X
my
Puc. 145
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NO3TOMY CYMMbI NpoeKUuH cHa Ha ocd OX n OY paBHbl HyJIO!

F-Tsina=0, Tcosao—mg =0,
HJTH
Tsino=F, Tcosa = mg. (1)

Pasnenus pasenctBa (1) mouneHHO mepBoe Ha BTOPOE, NO-
JY4YHM

tgo = F/(mg).
Tak kak yroa o man, To tgo = sino = ’_{2 = —2’—[ N05TOMY
r=—_f
ST (2)
[To 3akoHy KyJioHa
2
=_ 9
4n£0£r2 ’

[ToncTasuM 3To BbIpaXKeHHe B paBeHCTBO (2):

,
2l 4megerimg’

g =ry "8 g = 11078 K.

W3 ypasuenus (1) Hailnem MOAYJIb CHIIBI HATSKEHHS HUTH:

OTKYZa

T= T8 o me - _mgl 7 _4103H.
cosa J] —r?/(4%) \/412 -r?

490. B BepuuyHax NpaBH/ILHOTO TPeYTOJIbHHKA DaCIONOMEHbI
OIMHAKOBbIE MIOXHTeJbHbIE TOUeUHbIe 3apsaasl ¢ = 3,2 - 1078 K.
KakoH oTpHuaTesbHBIH 3apsil HAAO NOMECTHTH B LUEHTP Tpe-
YroJIbHHKa, 4TOBB! BCA CHCTEMa 3apA/lOB HaX0AKJ1ach B paBHO-
Becuu? CHCTeMa HaXOAMTCs B Bosayxe (€ =1).

Pewenne Hakaxnwid sapan ¢, Haxonswmiics B
BepLIMHE TPeYroJibHHKa, IeHCTBYIOT cuiIbl F, Fy u F3 co cTo-
POHBI OTAeNbHBIX Tpex 3apsanos (puc. 146). Tlo saxony Kyao-
Ha HalJeM MOAYJIH 3THX CHJI:

2
ﬁ:k'%, F=Fy =k, (1)
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|

rae k=4—;r= — pac-

a3
MEQ 3

CTOSIHHE OT BepLUMHBI 10 LIeHT-
pa NpaBHJILHOTO TPEYTOJIbHHKA.
[Ipu paBHOBeCHM CyMMa 3THX

CHJ1 paBHa HYJIO:
R+F+F =0

X CrnenoBaTesbHO, CyMMa M1pO-

Puc 146 eKUHA CHJI Ha JI00YI0 KOOPAH-

HaTHYI OCb paBHa HyJs0. CoB-

MECTHM HauyaJso KOOPAWHAT C BEPLIMHOH TPeyroJbHHKA, a OCH

OX u OY unanpaBuM Tak, Kak [0Ka3aHo Ha puc. 146. Ilas
NpoeKUKH cHl Ha ock OX monyynm

Fycoso + F3 cosa — F = 0. (2)

(PaBeHCTBO HYJIIO CyMMbl MPOEKUME CHI Ha ock OY oueBHI-
HO, TaK Kak Fpsino = Fysina u Fy = F3.) U3 pucynka Bua-
Ho, uTo o = 30°, no3ToMy cosa = cos30°= /3 /2. IToncra-
BHB 9TO 3HaueHHe ¥ r = a+/3/3 B paBenctna (1) u (2), mony-
YMM MOCJe OUeBHIHBIX NMPeoOpa3oBaHUM U BHIUHCIEHHH:

g =§, lay| = 1,8-1078 K, q; = —1,81078 Ka.

491. JIra 0AMHAKOBLIX MaJleHbKHX LIapHKa MOABECHJH Ha
HHTSIX PABHOM MJIMHBI, 3aKperyieHHbIX B oaHOH Touke. [llapu-
KaM COOOIIMJM ONMHAKOBHlEe ONHOMMeHHble 3apsnbl. [locie
3TOro WAPHUKH NOTPY3HJM B XKHAKUHI OUSNEKTPHK, MJOTHOCTh
KoToporo p;. IlnoTHOCTb wWapuKoB py. Halitu nuanextpuue-
CKYIO POHHLAEMOCTb CPelbl, €CJIH YIOJ PACXOXKAEHHS HHUTEH
B BO3lyX€ PABEH O, a B XKHIAKOCTH [3.

Pewewnwue [lonorpyxennus B KHIKOCTb Ha KaXKIblH
LIAPHK [JEHCTBOBAJIH CHJIA TSXKECTH mg , CHIIA HATSKEHHS! HUTH T)
u cuna ottankuBanusi F (puc. 147, a). [TockoubKy 1uapyK Haxo-
JMJICSI B PABHOBECHH, TO BHIMOJHSIOCH yctore mg + Ty + A = 0.

Jnst npoekumit Ha ocu OX u OY cun, ReHCTBYIOUIHX Ha
UIAPUK, TOJTYUHM:

Tisin€ =F, TjcosE =mg.
2 2
Ortciopa, pasiesvB NMOYNEHHO MepBOEe ypaBHEHHE Ha BTOPOE,
IOJyYUM
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Y
]

— - FMAS
g XA
pullepiliailing: X

— — — i

Puc 147
R =mgtg$. (1)

Korna wapuku norpyxeHs B xuaxocts (puc. 147, 6),
Ha KaXKIB# H3 HHX IeHCTBYIOT CJellylollie CHIIN: CHaa TS-
XKECTH mg, CHJIa. HaTSKEHHs HuTH Ty, apXumeNoBa cHaa Fj
H CHJIa OTTAJKHBaHHS Fy. V3 yc/i0BHS paBHOBECHS WIApHKa
mg + T2 + FA + F2 =0 crenyer:

T sin% =F, T cos% =mg—-Fy.
Orciona .

=(mg —.FA)tgg. (2)

Monynb apxumenoBoi cuanl Fy = p1gV, roe V — o6nem
mapHKa: V = m/py; m — Macca WapHKa; py — ero IJIOTHOCTb.
Torna

Fp = p1gm/pa.

IlonctaBus 370 BupaxenHe B dpopmyay (2), noayyum

F = mg(l - %) tgg. 3)
ITo 3akony Kysona '
R = 2 B = 72
ﬁoﬂ 2= 41!88072

8 3ak. 2680 225



rie g — MOAYJb 3apsifia KaXK[0ro WapuKa, € — Au3JeKTpudec-
Kas IPOHHIAEMOCThb XXHAKOCTH (o1 Bosnyxa € = 1); ry, ro' =
PacCTOSIHUSA MEXAY WAPHKaMH B BO3yXe U B XHAKOCTH COOT-
BETCTBEHHO.

Pa3zpenuB noyJsieHHO [ABa MOCAEOHHX paBeHCTBA, HanzeM

2
_hfn
T F (’2] ' @
Kax BuaHo u3 puc. 147,
n=2sin®, r = 2tsin (5)

rie | — LJIMHA HUTH.

3amenuB B dopmyne (4) semmuunbl Fy, Fo, r] U ry nx
seipaxcenuamu (1), (3) u (5), monyuum nocie npeo6pasosa-
HUH

20 O

fLA PR

. sin 9 g2
[l - P—l—] sinQEth
P2 272

492. Jlsa Toyeunnx 3apaga q; = +2,5 - 1078 Kn u gy =
=—0,91 - 1078 K naxonsitcs Ha paccrosnuu [ = 6 cm apyr
oT apyra. OnpefennTb NOJOXKEHHE TOYKH, B KOTOPOH Hamps-
XKEHHOCTb I10JI1 PaBHA HY.JIIO.

Peimwedue. PesynbTHpyrouas HaNpsXKEHHOCTh B JTI060H
TOUKe M0JIs

E =E| + Ey,
roe £, E9 — Hanps>XKeHHOCTH MOJIeH, CO3JaBaeMbIX 3apsiiaMH
gy ¥ g9 B 3TOH Touke. QueBHaHO, yTo E = 0 TOJBKO B TOH

TOUKe, B KOTOPOH BeKTOphl £ U E9 paBHbI 10 MOLYJIIO X NPOTHBO-
TOJIOXHbI 110 HanpasJieHuio. B moboit Touke A (puc. 148), xoTo-

{ X

-

bs B Ey | %
920\ £ b 40 & D &

A

AN —
>N

.

Loy

Puc. 148
226



pasi He JIOXXHT Ha NpSMOH, NPOXOAAIMEH 4depe3 3apsiibl, pe-
3yJIbTHPYIOILAs HanpskeHHocTb £ 4 # 0. PaccmoTprM Hanpsi-
JKEHHOCTb B TOUKAaX NPSIMOM, COeNMHAOLIEH 3apsbl.

B mo6oii Touke B Ha npamoi.cieBa ot q; Eg # 0, Tak Kak
lg1| > lg2|- B 1r060#t Touke C, pacmonoxxeHHOH Mexay 3apana-
MH, BeKTOphl Ej¢ H Eoc HampaB/ieHbl B OfHY CTOPOHY, N103TO-
My MX CyMMa OTJIHYHA OT HyJs. TakuMm 06pa3oM, Mbl [PHX0-
JIUM K BBIBOJY, UTO MCKOMafl TOYKa [ JIEXKUT Ha NPAMOH, NIPO-
XOAALLeH yepe3 JaHHble 3apsifibl," CIIpaBa OT 3apsijla go Ha He-
KOTODOM pacCTOSIHHMH Xx OT Hero. B sto#t Touke E| p = Eop uau

|ai| — |92 |
ameqge(l + x)?  Amegex?
Orcroaa
)4, ]

X = ,)c=8,8-10"2 M.
Jl‘71| _J|‘72|

493. JIBa Toueunnix 3apsaa q; > 0 u g9 < O pacriosnioxeHsl B
BO3JlyXe Ha paccTOsiHMH d Apyr oT apyra. HalTH HanpsikeH-
HOCTb M ITOTEHLIKAJ [OJIs, CO31aBAEMOro 3THMH 3apsilaMH B TOY-
Ke A, HaxoJsuIeHcs Ha PaCCTOSIHHM 7| OT TOJIOXKHTEJIBHOTO 3apsi-
a4 W Ha PACCTOSIHHHM 7y OT oTpHL@aTenbHoro. (Touxka A He nexuT
Ha NPSIMOH, COEMHSIOLIEH 3apsbl | K G9, d <1 +17.)

Pewenue CorjacHo NIPHHLUMIY CYNEPNO3HUMH NONEH,
8 Touke A (puc. 149) HanpsKeHHOCTDb 3JJE€KTPHUECKOTO M0l
E = E| + Ey, tie E|, E9 — HanpsyKeHHOCTH ToNeH, co3aaBae-
MbIX B 3TOM TOYKE 3apsilaMd ¢; W g9 cooTBeTcTBeHHO. Cilo-
XHB BeKTOpHl E| M Ey no mpaBuay mapaJjesnorpamMma, Ham-

JeM MOJyJ/b BeKTOopa E, BOCIOJb30BABLIHCL TEOPEMOH KOCH-
HYCOB!

E = \E? + EZ - 2EEy cosax,

9] . Fo = 'q2| .
4ﬂ89f12 ’ 4ﬂ80f22 '

f12 +79 —d2

rie E| =

cos o =
2!}!2

B Touke A norteHuuas noJs
¢ = @y + @9, TIE @), Qg —HOTEH- 255 Y
LMadbl 0JeH, CO3AaBaEMbIX B 3TOH
TOYKe 3apsilaMH ¢ K go! Puc 149
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q a2

Y q, q? = , n = .
+ + (pl 47'[80/'1 (p“ 41'(80/'2
£ & 24l &2 494. [Ige napansefbHble MeTaJ-
A 8 ¢ JUYeCcKHe MIACTHHLI, MJI0LAAb Kax-

JIO¥ U3 KOTOpbIX paBHa S, HECYT I0-
JIOXKHTENbHbIE 3apalbl ) H g9 < q;.
¥  PaccrosiHue Mexay ni1acTHHaMH MHO-
Puc 150 ro MeHbllle UX JHHEHHbIX Pa3dMepoB.
OnpenenuTh HaNpsKEHHOCTb 3JleK-

TpocTatuyeckoro noss B Toukax A, Bu C (puc. 150).
Pewenue B moboit Touke npocTpancTBa (Mexay
NJaCTHHAMH H BHE HX) HANpsiXKEeHHOCTD 10JIsi, COTVIACHO NPHH-
LUHOYy CYNeprno3WUUH, paBHAa BEKTOPHOH CyMMe HanpsiKeH-

HocTel noJel Kaxaod niacTulbl. [lostomy

EAZEI'-*-Eé, EBZEI—i-Eé, EC IEI—i-EQ,

rae Ey, E{, E9, E — HaNpsy)KeHHOCTH 3J1€KTPOCTATHYECKUX
noJjeid COOTBETCTBEHHO NepBOM W BTOPOH NJIACTHH CIIPaBa M
CJeBa OT HUX.

Hanpasum koopanHaTHY© ocb OX neprneHAUKySpHO 1J7a-
ctuHaM. CNpOeKTHPOBAB BEKTOPbI HANPSXXEHHOCTH Ha 3TY OCb,
NOJYYHUM:

EAx =-—(E{+Eé), EBX =E1 —-Eé, ECX =El +EQ.

[TockoabKy pa3Mepbl NJACTHH BEJHKH IO CPaBHEHHIO C
pPacCTOSSHUAIMM OT HHX [JO pPacCMaTpPHBAeMbIX TOuYEeK, Hamps-
YKEHHOCTH NOJIeH 3THX IJAaCTHH MOXXHO BBIYHCJSTb TaK Xe,
Kak 1151 6ecKkoHeyHoH miockocTH. [lostomy

E =E’= ! - q , E
P75 ™ 9e0e 26488

[\

rage oy, C9 — NOBEPXHOCTHbIE NIJIOTHOCTH 3apsAA0B, € — AHU3JIEK-
TpUHeCKas NpOHHLUAEMOCTb BO3AYyXa. € = I CﬂeﬂOBaTeﬂbHO,

+ -
EAx:"ql q2 _ 49~ 4 E I tg

2e0eS ' BX T 2eges T TCX T T0ges

495. ITonoXXHTeJIbHO 3apsKEeHHbIH MeTaNlIH4eCKHH wap
(puc. 151) cospaer noJse, HanpsXKeHHOCTb KOTOPOro B Touke A
E, =100 B/M, a B Touke C — E;3 = 36 B/ M. Kakoga Hanps-
JKEHHOCTb M0JIs B TOUKe B, jiexxalliedl nocepeinHe MeXxay Tou-
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kamu A u C? lllap HaxonuT-
CSl B BO3LLyXe.
Pewenue O603Ha-
YHM PacCTOSIHHE OT LEeHTpa
utapa O mo touek A, Bu C
yepes ry, ro U r3 COOTBETCT-
BeHHo. Torma HanpsiXeH-
HOCTb NoJIsi B Touke B

Ey=—"—. (1)

41u—:0£r22

rie ¢ — 3apsan wapa; € — \
AH3JeXTPUUeCcKas MPOHHU-
11aeMoCTb Bo3ayxa: € = 1.

YuurbiBas, uto AB = BC,

Haiizem Puec 151

_ Bn-—n _ntn

Hanps>keHHocTH noas B Toukax A ¥ C paBHbI COOTBET-
CTBEHHO!

E=—9  Ej=—9 _
L 41tsoer12 3 41t£0£r32

Bblpa3ldM OTCIoAa PACCTOSAHHSA r| H rj:

[ 4q [«
n=.,—s=— n=,—.
! 4negek,)’ 3 4megeEs
YuuTbiBasi 3TH 3HaueHus, 1o dpopmyae (2) Haxomum
1 q 1 1
ry = & / [+ /— .
2 2 41!808( El 53 j (3)

[oncrasue 3nauenue (3) B popmyay (1), nonyuum nocae
npeo6pa3oBaHUH U BbIYMCJIEHHH:

Eo = 4E\E,
2 = )
El + 2JE1E3 + E3

EQ =56 B/M.

496. I'lo npososouHoMy Koably paavyca R = 10 cm pasHo-
MEpHO pacripefiesieH MoJIoXKHTe bHbIE 3apan ¢ = 5,0 - 107 K.
HailiTn Hanpsi>keHHOCTb 3J/IEKTPOCTAaTHUECKOTO [0/ Ha OCH
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KOJIblla B TOYKAX, PaclOJIOXKEHHBIX OT LeHTPa KOJblla Ha pac-
crosnusix [} =0, lp = 5,0 ¢cm, I3 = 15 cm.

Peuwenue Pa3obbeMm KONbLO HA OTPE3KH, Manble M0
cpaBHeHMIO ¢ paccTosudeM r no Toukn A (puc. 152). Torza
3apsil Ag, HAXONSLUMACS HA KAXKJ0M OTPe3Ke, MOXKHO CYMTaTb

+
ay 4
+
r - -
+ R + af, af'
+ + L & A 3 2
+ 0 + o o EL
R af
+ + Afz
+ +
+A ’+ +
Puc 152

ToueuHbiM. OH co3a2aeT B TOUKe A 11o/e HanpsKeHHOCTbIo AE,
MOIYJIb KOTOpOH
Aq

dneger?

AF =

CorsniacHo NpHHUMNY CYyNepno3niUH, pesy/bTHpYIOLWas Ha-
Hpﬂ)KeHHOCTb B TOuke A paBHa BeKTOpHOH CYMMe HamnpsiKeH-
HOCTEH MoJIeH, CO3AaBaEMbIX B 3TOH TOYKE KaXJbIM OTPE3KOM
C 3apsiioM Agq.

PasnoxxuM BeKTOp AE Ha ]Be COCTaBJ/SIOLIKE: AE], Ha-
NpaBJEeHHYK BAOJb OCH KOJbLA, H AEQ, HanpaBJ/IEHHYIO 1ep-
NeHAUKYAspHO 3ToH ocH. IlpH croXXeHWH BeKTOpOB Hanps-
JKEHHOCTH N0JIeH, CO3aBAaeMbIX BCEMH OTPE3KaMH B TOUKe A,
CyMMa COCTaBJISIOUINX, HAllPABJAEHHBIX MTePIIEHANKYJISPHO OCH,
MOJYYUTCS PABHOM HYJIO. DTO 0ObSCHSETCSA TEM, UTO AN Ka-
XKAOTO OTPE3Ka ¢ 3apsiioM Ag CYUIECTBYET JUaMeTPaslbHO Mpo-
THBOIIOJIOXKHBIA OTPe30K ¢ 3apsaaoM Ag’ = Ag, No3ToMy

AEy + AE4 = 0.
CnenosaTeano, pe3yJ/bTHPYIOUIAA HANPAXKEHHOCTDb E B

Touke A paBHa CyMMe COCTABJAAIOUIMX, HAllpaBJe€HHbIX BALOJIb
OCH KOJIblUa, a MOL4YJ/Ib HAIlIpAMXKEHHOCTH B TOYKe A pPaBeH CyMm-
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Me Monyneﬁ 3THX COCTABJIAOIIHUX, TaK Kak HalnpasJEeHHS HX
OJHWHAKOBBLI.

A
[loctobky AE} = (AE)cosa = 7q2cosa, TO
Aneper
E=—9 _cosa.

41t€0£f2

Y3 puc. 152 BuaHo, 4ToO
r2=R2+12 cosa=I/VR:+2.
YuuTeiBast 3T0, mosy4yaeM

E= ql _ ql
4n£0£J(R2 +12P0  dnege(R? + 12 )3/2

ITo sToit popMyJie BHIYHCISEM MOLYJIH HANPAXKEHHOCTH B TOY-
Kax, Haxo#swwmxcs Ha paccrosuuax [ = 0, o = 5,0 cm,
[3=15cM, yyuTbiBast npu 3ToM, 4to € = 1 (Bo3ayx) u
1/(4neg) = 9109 H- m2/Kn2. [lonyuaem: E; = 0, Ey =
=16-103B/m, E3=1,2-103 B/ M.

497. Kakyio paboTy Hajo COBEPUIMTb, YTOOBI NepeHecTH
TOYeYHbIH 3apsa ¢ = 6 nK H3 6€CKOHEYHOCTH B TOUKY, HAXO-
ASILyloCcst Ha paccTosiHuK [ = 10 ¢cM OT MOBEPXHOCTH MeTaJlIH-
4eCKoro LuapHka, noteHuuasn koroporo ¢ = 200 B, a paauyc
R = 2 cm? Wapuk naxomutcs B Bospyxe (€ = 1).

Pemenue Pabora A, KoTOpylo HaNO COBEPLUHTE, YTOOE
nepeHecTH 3aps/l H3 TOUKH C MOTEHUHANOM @ B TOUKY C MOTeH-
LHAMOM o, OTJHYaeTcsi OT paboThl A, 3/eKTPOCTaTHYECKOTO

nosisi TosbKo 3Hakom: A = —A_. A tak kak A, = gl@o — @), TO

A=—q(o; — ¢2) = q(py = ¢)). (1

B paccmaTpuBaeMoM ciydae HayajlbHas TOYKA HAXOLMUTCS
Ha 6eCKOHEUYHOCTH, nostomy ¢; = 0. Halinem norenuuan ¢, B
KoHeyHOH Touke. Ilycth @ — 3apsn wapuka. Torna noreHuu-
aJl 1apHKa

(p = L, (2)
4mnepeR
a NMOTeHUMAaJ B KOHEYHOH TOUKe, HAaxXOAALleHcs Ha paccTost-
HUM [ + R OT LeHTpa lLapHKa,
- Q
e2 4Amege(R + 1) _ (3)
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PasnennB riouneHHo paBeHCTBO (3) Ha (2), nadigem

R
Py = (4

Ioxncrasus B dopmyny (1) snausenrus @ = 0 u @q, mO-
JYUUM:

_ qRy _9.1n~7
A—W,A—QIO JIx.

498. ITposonsiuui map Ha3JeKTPH30BaH TaK, UTO NOBEPX-
HOCTHasl MJIOTHOCTb 3apsina paBHa ¢©. Ha paccrosikuu [ oT
NIOBEPXHOCTH 1apa MOTeHLHas] Noss paBeH ¢. KakoBa eM-
KOCTb wwapa (wap HaxonuTCs B BO3NyXe)?

Pewe Hue Emkocts npoBoasiuero mapa

C = 4megR, (1)

rae R — panuyc wapa. Ytobbl HalTH pagMyc Liapa, 3anuieM
BbIDAXKE€HHe /Il NOTeHllHata IoJs Ha pacCTOsiHMH [ OT no-
BepxHoCTH wapa (T. e. Ha paccTostHuy R + [ 0T ueHTpa wapa):

q

P g Re D’

rie ¢ =o6S — 3apsin wapa; S = 47R® — nnowans NOBEpX-
HOCTH wapa. [loatomy

oR?

(p=€0(R+l)-

Orciona
6R? - gegR — gegl = 0. (2)

Pemus 3to KBaapaTHOe YpaBHEHHE OTHOCHTEJbHO R, noJy-
YHUM

R=%0 (14 fiv 2L (3)
20 PEg

Bropoi#t kopeub ypasHenus (2) oTpuuaTesbHBIH, PH3U-
4eCKOTO CMbiC/ia He HMeer.
IMoncraus 3Havenne R u3 dopmyan (3) B (1), Haigem

€MKOCTb llIapa:
C=—2m%‘p(1+ 1+ 4ol
c €00 /)
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499. OnpegeauTsh noTeHUHas 6oJblIoH WwapooOpa3HOH
KalJik, NoJlydrBlIekcs B pedybTate caussHus n = 1000 opu-
HAaKOBBIX 11apoo6pPa3HbIX MaJblX KaneJsb BOAbl, KaXxaas M3 Ko-
TOpbiX Oblja 3apsikeHa no noTeHuwana ¢ = 0,01 B.

Pewewnwue IloreHuran Ha noBepxXHOCTH 60JIbLIOK

wapoo6pasHoit Kanu (c yuetom € = 1)

=_% \
P = TnegR’ (L

rae gy — 3apsl Kamjid; R — ee paauyc.
[ToTeHunan Ha NOBEPXHOCTH MaJloH KamJH

o= (2)

47'C€0f

e g — 3apsl KamlJM; r — ee pajuyc.
Ecv n 0QMHAKOBbIX KamneJb CIMBAIOTCS B OfHY, ee 3apsit
q; = ng. C y4eTOoM 3TOrO NOJYYUM, Pa3ieH1B NMOYNEHHO pa-
BercTso (1) Ha (2),
P _
—_— = n_
U nt 3)
OueBHaHO, 4TO 06beM GOJNLLIOH KaNJH paBeH cyMMe 00be-
MOB MaJbIX KareJb:
4 3 4,3
2nR® =n-Z2ar.
3 3
Otciona r/R = 1/¥n . [loacTaBuB 5T0 3HaYeHHe B COOTHOLLE-
Hue (3), nonyuum:

¢ v‘“’ ¢ =1B.

500. OnHopoaHOe 3JIeKTPOCTaTHYECKOE I10Jle, HAIpsiXKeH-
HocTb KoToporo E = 1 - 104 B/ M, 06pasoBano 1Byms 3apsokeH-
HbIMH NapaJlleJIbHbIMH IJIACTHHAMH, PACTIOJIOXEHHbIMH Ha pac-
CTOSIHMH d = 2 ¢M pyr oT apyra B Bo3ayxe. Kakosa pasHocTb
NOTEHUHAJIOB MeXAy nJjacTHHamu? Yemy OyneT paBHa pas-
HOCTb MOTEHLHAJIOB, eCcJH MeXAy NJIAaCTHHaMH NapaJjljlesbHO
MM TIOMECTHTb MeTaJVIMYeCKHH JHCT ToamunHol d;= 0,5 cM?

PeweHnue. Bocnoabsyemcs hbopmysoH, ycTaHaB/IHBaIO-
wieH CBSI3b MEX]ly HaNpsXKEHHOCTbI0 £ OTHOPOIHOTO 3JIEKTPH-
YECKOro MOJISi K Pa3sHOCThIO moTeHuuanos U: E = U/d. Or-

cona
U = Ed. (1)
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AW 2,

SN

Puc. 153

Ecsn Mexay njiacTUHaMHu napasjenbHO HM IOMECTHThb Me-
TaIM4ecKudl JucT ToawmHod d (puc. 153, a), 310 npuseneT
K 06pa30BaHHIO IBYX [10C/Ie0BATe/IbHO COeMHEHHBbIX KOHeH a-
TOPOB C PACCTOSIHHSIME MeXAY 06Knankamu dg 1 d3 (puc. 153, 6).
EMKOCTH 3THX KOHIEHCaTOpOB:

€o€S €0€S
C =22, Cy=-2=, 2
4 i (2)
rie S — muowaas ofgHoM naactuHel. [lycts C — ux obuas
eMKOCTb [IPH [0CJ1e0BaTe/]bHOM coenrHeHun. Torna

L

1
G Gy’

1
C
OTKYAa

Ioxcraasisi ciona 3Hadenust (2) W yunThiBasi, 4t0 dy + d3 =
=d - d,, nony4yaeMm

_ ggES
Td-d (3)

O6osnauum uepes Cp eMKOCTb KOHAeHcaTopa, o6pa3o-
BaHHOrO ABYMS 3apsXKEHHbIMM IJIaCTHHAMH A0 BHECEHHUS Me-
Ta/IN4eCKOro JIMCTa. 3apsijl KOHAEHCATOPa A0 U Moc/e BHece-
HH$1 JIKCTA OIHH H TOT XK€, TaK KaK KOHJEHCATOP OTKJIOYeH OT
ucTounrKa Toka. [lostomy ¢ = CoU = CU,. Orcrona

U, =CyU/C. (4)
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IMoncrasus B bopmyny (4) Cq = eqeS/d, a Takxe 3Ha-
genus (1) u (3), nocne oyeBUAHBIX NPe0BPA3OBAHUH TIOIYIHM:

Uy =Ed-d)), U =2-102 B/m. (5)

®opmyanl (3) ¥ (5) nokaswiBawT, YTO BBEAEHHE MPOBO-
Asitled MIacTHHBI TOJIHHON d| MeXny 0OK/J1aiKaMH KOHIEeH-
CaTopa 3KBHBAJIEHTHO YMEHbIIEHHIO PAacCTOSHUS MexXay 06-
KJaKaMH Ha 3Ty TOJIUMHY. B OTKJIIOYEHHOM OT HCTOYHHKa
TOKa KOHJeHCaTope 3TO NMPHBOAHT K YMEeHbLIEHHIO Pa3HOCTH
TIOTEHLHANOB MeXAY OOK/JIaAKaMH.

501. Touku A U B (puc. 154) HaxogsTcs Ha PacCTOSHUAX
ry = 4,0 cM U ro= 12 cM or 6eCKOHEYHOH MJIOCKOCTH, Ha
KOTOPOH paBHOMEPHO paclipefesieH Io-
JIOXXHTEJIbHBIF 3apsan. PasHoCTb noTes-
uxanos U Mexay 3THMH TOYKaMH paB-
Ha 1200 B. HaliTu nmoBepxHOCTHYO

[JOTHOCTb 3apsifia Ha MJIOCKOCTH. 2 5
PemeHue DBecxoneynasa nioc-
KOCTb, PAaBHOMEPHO 3apsi>KeHHas C I10- d F

+ + + + + +

BePXHOCTHO# ILIOTHOCTHIO 3apsifia & > 0,
CO30aeT B BaKyyMe OJHOPONHOE 3JeK- b 154
TPOCTaTHYECKOE T10JIe, MOLYAb Hamnpsi-
2KEHHOCTH KOTOPOTO

_ o

- 280 ’
THe € — 3JEXTpHUecKas NocTosHHas; ey = 8,85 - 10712 & /m.
OTcrona

o =2¢yE. (1)

B OAHOPOLHOM TI10JI€ HANPSXKEHHOCTb KU PAa3HOCTL I10TEH-
HAJIOB CBfAA3aHbI COOTHOLLIEHHEM

E=U/d,

rae d — paccTosiHHe MeXxay Toukamu A u B BRoJb JUHHH
HalpsXXeHHOCTH NoJs. JIMHUK Hanps»XKeHHOCTH NepneHAHKy-
JSIpHbl 3apsKEHHON NJIOCKOCTH U HalpaBJ/leHbl BJIEBO H BIpa-
Bo oT Hee. M3 pucyHka, rae noxasana TOMbKO OfHA JIMHHS
HanpskeHHOCTH £, BUAHO, 4T0 d = ry — ;. C/ienoBaresbHo,

E=_Y_ (2)

—h
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TMonctasue Bhipaxerue (2) B dhopmyay (1), noayuum:

o=22Y 5-97.1077 Kn/m2.

-0

502. Kanesnbka MacJsa, 3apsKeHHasi OTPHLATENBHO, NToMe-
leHa MeXJy MJIAaCTHHAMK TOPH30HTAJBHO PaclofoXKEeHHOro
TJIOCKOro KoHaeHcaTopa. HanpsikeHHOCTh 3/1eKTPOCTaTHYECKO-
ro noJs nogoGpaHa TakK, UTo KameJsbka nmokourtcs. Omnpege-
JUTb 3apsifl KareJbKH, €CJH Pa3HOCTb MOTEHLHAJO0B Mexay
naacTuHaMH Konaencatopa U = 500 B, paccrosHue mexny
naactuHaMu d = 0,50 cM, pagnyc KaneJbku r = 7,6 1075 cm,
naoTHocTh Macsa p = 0,90 103 kr/m3.

Pewenue Hakanenbky, HAXOMALLYIOCS B 3/1€KTPOCTATHYe-

CKOM I10Jle KOHJIeHCcaTopa, Aek-
+ cTBYOT aBe cuabl (puc. 155):
CHMa TAXECTH mg W CHa
F = qE co cTOpOHbI 3/1€KTpO-
9<0 cratuyeckoro noss (m — mac-
ca KareJbKH, ¢ — ee 3apsf).
[TockosbKy Kamesbka Haxo-
- - —_ = OUTCS B PaBHOBECHUH, CyMMa
0 MPOeKUUA 3THX CHJ Ha OCb
OY, nanpaBieHHYIO BepTH-
Puec. 155 KaJbHO BBEPX, paBHA HYJIO:
qgE — mg = 0. Orciona

q=mg/E. (1)

Macca Kanenpku m = pV, rae V = 4173 /3 — ee obbem.
HanpsixkeHHocTb ssekTpoctatudeckoro noas £ = U/d. Tlox-
craBuB 3HaueHuss m U E B dopmyay (1), noayunm:

, ¢=1,6 10719 K.

+

|t

_ 4nr3pgd
3U

503. Ha ToueyHblit 3apsifl, HAXOAALIMHACS BHYTPH KOHIEH-
caTtopa, JeHCTByeT HeKoTopas cuaa. Hanpskenne Ha KoHeH-
cartope U = 10 kB, ero emkocts C = 100 mx®d. Bo ckosbko
pa3 yBeJHUHMTCH CHJA, AeHCTBYIOLIAS HA 3apsil, €CJIH KOHIeH-
caTop B TedeHHe BpeMeHH ! = 120 ¢ noazapsokaTbh TOKOM,
cuaa kortoporo / = 0,10 A?

PeweHue O6o3naunm yepes g 3apsa, HaxoAsLIHHCS
BHYTPH KoHIeHcaTopa. [lycTb Fj — cusa, HeHCTBYIOILAS Ha
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3apsA A0 noasapsiaAKH KOHAEHCATOopa, ﬁ2 — nocJse H0ﬂ32p${]_1-
KkH. Torza
A =qE), Fy = qEs, (1)

rae El’ EQ — MOAYJIH HarpsameHHOCTH 3JIEKTPOCTATHYE€CKOrO
o/ KOHAEHCATOPA B.[IEPBOM M BO BTODOM CJaydasXx:

g olol g ol @

EEq EEq

O], G9 — NOBEPXHOCTHbIE MJIOTHOCTH 3apsiia.

[Tycts S — nuowane o6kNafkH KOHAEHCATOPA, g — Ha-
4asbHbIM 3apsifl KOHAeHcaTopa. 3a BpeMd f 3apsil KOHAEHCATO-
pa yBeJMUHTCA Ha Ag = [t ¥ CTaHeT paBHHIM g9 = q| + /t. Cre-
LOBaTEeNbHO,

q q + It
0|=§l,02=1s : (3)
Ha ochosanuu Buipaxkenuil (1)—(3) noayuum
_F‘l:l-f—.l_t,
A q
a Tak xak q; = CU, 1o
B _yy1t B_ 3
A CU' R '

504. Ilposonswmuit wap A paguyca R = 10 cM 3apsauau
no noreHurana ¢, = 2700 B H OTK/IIOUH/IM OT HCTOYHHKA
Toka. Ilocae sToro wap A coearHHIH NPOBONOKOH, EMKOCTBIO
KOTOPOH MOXHO npeHeGpeyb, ¢ HE3apsKEHHBIM NPOBOASLINM
wapom B paguyca Ry = 5 cm. Lapsl HaxonsiTcs B Bo3ayxe.
OnpenenuTb: HaYaNbHbIH 3apsif Wwapa A; 3apsabl ¥ NOTeHUHAJbL
LIAapOB NOCJe COeAHHEHNs; SHEPTHI0 0BOUX LIApOB MoCjae CO-
eHeHHs!; SHePTHIO, BbIAEIHBIIYIOCS NPH COEAHHEHHH.

PeweHnue Emkocrtd wapos A u B:

Cl = 4T[£0€R1, C2 = 4TC£0€R2,

R S
4mn-9-10°
Havasnbhbl#t 3apsin wapa A

e €g = @ /m; £ =1 (Bo3nyx).

ql = (plcl = 4TC€0€R1([,)1. (1)

[Tocne coennHeHusd 3apsan Ha wapax A ¥ B pacnpenendres
Tak, UTo NoTeHUHa @ HX 6yneTr opHHakoB. [1ycTb g9 — 3apsin
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wapa B nocse coepuHenus. Torna Ha wape A octancs 3apsii
q{ = q, — gy YcnoBHe paBeHCTBa MOTEHUHANOB OYAET HMeTb
BHI

4 -9 _ 9@ a-9 _ R
A2 - 42y 92 =
C G, 2 Ry
Orcrona
4Ry
©= %R @
|+ Ry
[ToTeHUMan WapoB NOC/Ae COeJHHEHH s
=9 __ @k e M (3)
C, (R +R)C "R +Ry

DHeprus WapoBs nocJe coeguHerus W = q¢/2 uaH ¢ yue-
ToM pasencts (1) u (3)

T @
Rl + R2 )
SHQPFHH, BblAeJIUBLIASICA [IPH COCAHHEHHH, paBHa pa3HOCTH
3Hep[‘l'ﬂ:l ljapos A0 H 1ocJse COeJHHEeHHS!
W =Wy -W. (5)

Tax xak n0 coeguHeHHs 3apshKeH Obl TONBKO wap A, To

2

Wy = C‘% = 2megeR 0%, (6)

[Monctapus 3Hauenus (4) u (6) B dopmyay (5), monyuum
- 2 R

W, = 2negeR ¢ (1 - ﬁ) (7)

[ToacTaBUB UMC/OBblE 3HaYeHHsi BeJHYMH B dopmyab (1)-
(4), (7), naitmem: ¢; =3 - 1078 Kn, go =1 - 1078 Kn, ¢f =
=2-1078Kn, ¢ =2 103B, W=3 1075 %, W, =1Xx
x 1075 [ix.

505. Hafitu emKocTb 6arapes KOHAEHCATOPOB, COEAHHEH-
HbIX 110 CXeMe, NpHBefleHHOH Ha pHuc. 156, a. Bce xoHpeH-
caTopbl HMeloT ofHHaKoBylo eMkocTb C = 11 Mk®D.

Pewenue Hapuc. 156, 6 usobparkena cxema, 3KBH-
BajeHTHas naHHoH cxeme. Konpencaropu Cl, C2 u C3 coenu-
HeHbl nocjenoraTenbHo. Mx obuas eMxkocts C7 = C/ 3. Ma-
pajsieNbHO 3TOH LeNnH noaxJiodeH Kougencatop C4. 3Ha-
YHT, €MKOCTb UeNH MeX1y ToukaMu D u E
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Puc 156

C”=C+C=4C/3.

Teneps umeem cxemy, HzobparkeHHYIo Ha puc. 156, 8. Em-
KocTb 3ToH Oarapen Cg HaiimeM H3 GoOpMyJbl AJs MOCJEI0-
BaTeJNbHOrO COeJMHEHHs1 KOHAEHCAaTOPOB:

1 1

OTKyZa

506. Konaeucaropsl emxocTsimu C, 2C u C, coearHeHbl
Mo cxeme, MPUBEfeHHOH Ha pHc. 157. EmxocTh GaTapen He u3-
MeHsleTCs NpH 3ambiKanuM Katoda K. Onpegeauts emkocts C,.

P e w e H ue Haiinem cHauana emkocTh 6aTapeu npu
Pa3OMKHYTOM kJjove. Ecsii coeauHeHb! Mocje10BaTebHO ABA
koHzeHcaTopa eMKocTAMH C H Co, TO HX 06l1as €MKOCTb

GG
C+C

Co6lu =

Bocnoab3yemcst 3Tol QopMyson M Halaem, 4TO MpH pa-
30MKHYTOM KJ/l0Ye eMKOCTb BepXHeH BeTBH, COCTOSILleN H3

II[ ILZ[
1 IN
| K s —
——
o\ r
Puc 157
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N0CJIe0BATEIbHO COEMHEHHbIX KOHAEHCAaTOPOB eMKOCTAMH C
u 2C, paBHa
c.2C
=2C.
Cc+2C 3
EMKOCTb HHXXHeH BeTBH, COCTOSIILieH H3 M0C/1eJ0BaTeNbHO
CoefIMHEeHHbIX KoHAeHcaTopoB eMKocTsMH C, 1 C, paBHa

c,C
C,+C’

BepxHsisi U HHXHsSI BETBH COeJMHEHbl MeXay coO6oH mna-
pasnesnbHo. [TosTomy emkocTh 6aTapex

2 c.C

C=2C+=x cc (1)
[Ipu 3aMKHYTOM KarO4e KOHAeHcaTophl eMKocTsMH C u C
coeMHeHbl NapaesbHo; ux obias eMkocTb paBHa C + C,.
KonpeHncatopel emxoctsimMu 2C u C Toxe coeguHeHbl napal-
JlesIbHO; uxX obiuasi eMkocTb paBHa 2C + C = 3C. BetsH, eMKoO-
ctu Kotopeix C + C, u 3C, coeanHeHsl NOCA€I0BaTE/bHO.

3HayuT, NpH 3aMKHYTOM KJIOUe eMKOCTb 6arapeu

3C(C+C,) _ 3C(C+Cy)

¢ T3C+C+C, 4C+cC, (2)

ITo ycnoBuio C’ = C’’, 103TOMY Ha 0CHOBaHHM (opmyu (1)
u(2)
C,C _ 3C(C+Cp)
C,+C 4C+C,

2
£C+
3C

PeurB 310 ypaBHeHHe oTHOCHTeNbHO C,, NOJYYHM 3HAYeHHe
uckoMolt emkoctu: C, = C/2.

507. [Ba KOHIEHCATOpa OAMHAKOBOM €MKOCTH 3apsiiHiiH
no HanpspkeHuit U, = 100 B u Uy = 200 B cooTBeTCTBEHHO,
a 3aTeM OJHOMMEHHO 3apsXKeHHble 0OKJaAKH KOHIEHCATOPOB
COEMHHJIH NonapHo. Kakoe yCTaHOBHTCSI HaNpsKeHHe MeX-
oy obKaagkamu?

Pewenune Ilycts C— eMKOCTb OOHOIO KOHAEHCATOPA.
Ecau coefMHHTb IBa TaKWX KOHAEHCATOpPA NapajjieslbHoO, Mo-
Jay4uM Garapeto emkocteio Cp = 2C.

Jo coennnenus Ha KoHAeHcaTopax 61K 3apsaabl ¢ = CU|,

go = CUy. Tlocne coenvHeHUst CyMMapHbIH 3apsafl g = g + qg =
= C(Uy + Uy). CnienioBatesibHO, MeX1ly OOK/IaJKaMH HalpspKeHHe
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v=2-Y9*% y_i1508
C 2

508. [Isa koupencatopa Cl u C2 emkoctamu C| = 2 mxP
U Cy = 3 Mk® UMeIOT aneKTpHuecKHe 3apsnsi ¢, = 4 + 1076 Kn
M go =9 1076 Kn. PasHoumenHO 3apsiKeHHble 0OK/IaIKH
KOHEHCATOPOB COEQMHMJH MONApHO (1
(puc. 158). OnpenennTts 3apsia Kaxmo- [
ro KOHAEHcaTopa 1ocje coeIHHEeHHsI. |

Pewenue. Ilocne coennHenus

Pa3sHOHMMeHHBbIX 00KJa40K KOHAEHCATO- - |£2

poB OOLIKH 3apsll ¢ = go9 — q- 1
Ofwas eMKOCTb ABYX NapajJiebHo

coeMHeHHbIX KOHaeHcaTopoB C = C; + Puc. 158

+ Cy, a HanpsiKeHHe Ha KaXKIOM KOH-

peHcatope U = L = 2279 yyuruipas 3710, HaX0QUM 3apAbI
C Cl + CQ

KaX[0ro KOHAEHCaTOpa MOC/Ie COeNAHHEHHS:

’ _ Cl(qQ—ql) ’ _CQ(qQ_ql)
q1 —CIU—W, q9 —CQU—W,

g =2-107% Ku, g5 =3-107% Kn.

509. /Ira 0AHHAKOBbIX MJJOCKHX BO3YLIHBIX KOHAEHCATOpa
COeIHHEHbl NOCJE/OBATENbHO H MOAK/IIOYEHbl K HCTOYHHKY
3JeKTpHUecKoro Toka ¢ noctosinio# DJIC. BHyTpb onHOro us
HHX BHOCAT AM3JEKTPHK, AH3JIEKTPHUYECKasi NPOHHLAEMOCTb
Kotoporo € = 4. JIM3/eKTPHK 3aroJIHAET BCE NPOCTPAHCTBO
Mexay obknafkaMH. Kak v BO CKOJIbKO pa3 H3MEHHTCS Hamnpsi-
XEHHOCTb 3JIEKTPOCTATHYECKOTO M0Js1 B 3TOM KOHAeHcaTope?

Pewenue [lycts U — HanpsixeHue, noaiepxHBaeMoe
HUCTOYHHKOM TOKa Ha 6aTapee, COCTOsLIEH W3 ABYX MOCJel0-
BaTeJIbHO COeIMHEHHbIX KOHIEHCATOPOB eMKOCTbIO C KaXK/bIH.
Torna HanpsukeHHe Ha KaxaoM M3 HuX pasHo U/2, a Ha-
NPsKEHHOCTD 110J151 B KOHJeHCaTope

E, =U/(2d), (1)

rae d — pacCTOsiHHE MeXAy NJIaCTHHAMH KOHAeHCaTopa.

[Tocne BHeceHHst NH3/NEKTPHKA B OJHH M3 KOHAEHCATOPOB
€MKOCTb €r0 yBeJHYUTCA B € Pa3, M HaNpPsKEHUS HA KOHJEH-
catopax OyZAyT paBHbl COOTBETCTBEHHO!
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_ 4 Al
Ul_f’ UQ_eC_ g’
rope 4 — 33pﬂﬂ Ha KOHﬂeHcaTOan.
HcTouHHK BKJIIOUEH, NO3TOMY
U= U, + U, (2)

Moncraus 3xauenus U; v Uy B hopmyay (2), noayuum
Uy = U /(g +1). CnenoBare/bHo, Terepb HanpsiKeHHOCTh MO
B KOHLEHCATOpe C JHUDJIEKTPHKOM

v U (3)
Ey="%2=_Y
2 d (e + Nd
PassienuB nousienHo paseHctso (3) na (1), nonydnm:
EB_ 2 &
El £+1 ’ El

510. Tlnockuii BO3AYUIHBIM KOHLEHCATop eMxoctblo C =
= 3,0 MmxdP coenuHeH ¢ HCTOYHHKOM MNOCTOSIHHOTO Hampsixe-
uua U = 20 B (puc. 159). Kakywo Mexanuuyeckywo paboty
HaJl0 COBEPIUHTD, YTOOb! PACCTOSTHHE MEX-
Ly 0OKJ/IaJlkaMH KOHJ€HCAaTOpa YBEJIHYHUTh
| B n =30 pasa? Kakyw pa6oTy cosepiua-
T €T IIPH 3TOM HCTOYHHUK? PaccMoTpeTs 1Ba
It cayyas: 1) nepen pasneurannem o6KJIanoK
KOHJIEHCATOP OTCOEMHSIOT OT HCTOYHHKA,

Puec 159 1. e. kmwou K pasomkuyT; 2) xawou K Bee

BpeMsl 3aMKHYT.

PeweHue PaccMOTpHM CHayana nepBulf caydad.
3apsixeHHbIH KOHAEHCATOp OTCOeAHHEH OT HCTOYHHKA, [103TO-
MY 3apsjl ¢ KOHLeHCcaTopa OCTaeTCst MOoCTOsiHHLIM. Jlo pasaBH-
raHusl OOKJIaZlOK SHEPTHsl KOHAEHCATopa

||

2
W=
17 3%¢
Ilocne pasaBuraHHs 0OK/IaJOK €MKOCTb KOHIEHCATOP:
YMEHbUIHAACL B 1 pa3 (3T0 cuenyeT M3 HOPMyJIbl €MKOCTE
nockoro kouaeHcaropa C = g£¢S/d ). CienoBaTtesbHoO, 3Hep-
THSl KOHJEeHCcaTopa NpPH 3TOM yBeJHUYHJACh B 71 pas:

2
nq
Wo = L.
27 9C
Mexanudeckast paboTa paBHa U3MeHEHHIO 3HEPrHH KOH-
ﬂeHcaTopa:
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2
Ayex =AW =W, - W, =g_c(n—1).
YuautniBas, uto ¢ = CU, nonyyaem:

0 :
Aex = 2= (n 1), Ayer =12-107° Ik
Pa6ora ucrounHKa HanpskeHusa A, .. = 0, TaK KakK OH OT-
KJII09eH.
Bo BropoM cnydae xmwod K 3aMKHYT, MO3TOMY MOCTOSIH-
HBIM OCTaeTCs HanpspkeHHe U Ha KOHJeHcaTope. DHeprus KoH-
A€HCATOpa N0 Pa3/BHIaHHs 00KJ/aL0K

Tak kak nocse pasgBUraHys 00K/Ia0K eMKOCTL KOHJIEHCa-
TOpa YMEHBLIHIACh B 72 Pa3, TO M 3Heprusi KOHAEHCaTopa yMeHb-
IIKHJIAach BO CTOJIBKO XK€ pa3 M cTaja paBHOH

_ cu?
2 2n

TIpu 5TOM yMeHbIIAETCS TAKXKe U 3apsil KoHaeHcaTopa (310
cienyeT u3 popmyssl ¢ = CU). Yepes HCTOYHHK B O6PaTHOM
HanpaB/JeHHH TIPOXONUT 3apsil

Ag =gy — q =%U——CU=—CU(1—%).

Ecay HCTOUHMKOM HanpsiKeHHs! sIBJASIETCS KOHAEHCATOP, TO
OH 3apsikaeTcsl. MICTOUHHK coBepluaeTr mpH 3ToM padoTy

Ayer =Ung = —CU%(1- 1) (1)
n
Hi3mMeHeHHe 3HepruM KOHIEHCAaTopa

—w. _w - CU* _¢cU? _ _CcU*(;_1
AW =Wy -V =5~ =7 (1 n)'

DTo H3MeHeHHe PaBHO CyMMe MeXaHH4YeCcKOH paboTsl v pabo-
THl HCTOYHHKA, T. €. AW = A, + A,.;. Orciona crnenyer,
4To

s O I C B

= CcU(1-1) (2)
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B pesyJbrare Boluncienni no gopmyaam (1) 1 (2) notyuunm:
Ayer = 80 1074 0k, Ayex =40~ 1074 IIx.

511. B 0fHOpPOAHOM 3J/IEKTPOCTATHUECKOM TM0JIEe, BEKTOP
HanpsiXKeHHOCTH E KOTOPOro HarpasJsleH BEPTHKANbHO BHHS,
pPaBHOMEpPHO BpalilaeTCs WAPHK MACCOH /M C MOJOXKHTEJbHLIM
3apsiiOM ¢, MOABEUIEHHbIH Ha HUTH IJIMHOH /. ¥TON OTKIIOHE-
HHS HHTH OT BepTHKalM paBeH o. HaHTu cuny natskeHus
HHTH H KMHETHUYECKYIO SHEepPrHIO LapHKa.

Peuienne KooprnuHatHywo och OX HanpaBUM rOpU30H-
TanbHO K 1eHTpy O] OKpPYXKHOCTH, a ocb OY — BepTHKa/bHO
BBepx (puc. 160). Ha wapux aefiCTBYIOT TPH CHUJIbE: CHJIA TsXKe-
CTH mg, CHJa CO CTOPOHBI 3J1eK-
TpocTatHyeckoro noas F = gF

H cuna HatsbkeHus HutH T . [lo
BTOPOMY 3aKOHY HbloToHa

Y

mg+F+T=ma,

e @ — UEeHTPOCTPEMUTENbHOE
ycKopeHHe apuka. MoayJsb
3TOro yckopenus a = v?/R,
rie v — JHMHeHHasi CKOpOCTb
wapHuka, a R — paguyc oKpyx-
HOCTH.

CrnpoeKTHpOBaB CHJIBl H yC-
KopeHnHe Ha ocb OX, nonaydum

P uc. 160

Tsinazm%. (1)

Bronb ocu OY wapyk He ABHXKETCS, NO3TOMY CyMMa Npo-
eKUMH CHJ Ha 3Ty ocb paBHa Hymo: Tcoso~mg —qE =0.
Orcrona cuia HaTsKeHHS

T = mg + gE
cosat

W3 pucynka BuaHO, 4To R = [sino.. [loxcrasus 370 3Haye-
HHe Y 3HaueHHe T B ypaBuenHe (1), nonyunm

(mg + gE)lsina ;o2
cosa [sino’
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OTCEO[La HaugeM KHHETHYECKYIO 3HEPIHIO WdPDHKA:

W, = mv® _ (mg + gE)lsin® a
k 2 2 cos ’

512. DneKTPOH BJeTaeT B MJOCKHH FOPH30HTAJbHbLIA KOH-
[IeHCaTop MapaJjJieslbHO ero MjacTHHAaM CO CKOPOCTBIO Uy =
=1,0-10"m/c. HanpsixxeHHOCTb MoJS B KOHAeHcaTope £ =
=100 B/ cM, aauHa KoHaeHcaTopa { = 5,0 cm. Halitu monysb
H HanpaBJleHHe CKOPOCTH 3J1eKTPOHAa B MOMEHT BbIJIETA €T0 U3
KOHAeHcaTopa. Ha CKOJIbKO OTKJOHHTCS 3JIEKTPOH OT MepPBO-
HAa4aJIbHOTO HAarpaBJieHHs?

oy

Puc. 161

Pewenue CoBMECTHM Haualo KOOPAHHAT C TOUKOH, B
KOTOPOH HaXOAMJCS 3JIEKTPOH B MOMEHT BJjieTa B KOHJEHCa-
Top, ocb OX HanpaBHUM ropH30HTaNbHO, 0¢b Y — BepTHKAJbHO
BHU3 (puc. 161). B aToM cucTeMe KOOPAMHAT ABHKEHHE IJIEK-
TPOHA MOXHO NDEeNCTABHTb KAaK Pe3yJbTaT CJOMXEHHS ABYX
NPAMOJNMHENHHBIX ABHXEHHH: PABHOMEDHOTO ABHXKEHHS CO CKO-
POCTBIO U B FOPH30HTA/IbHOM HalpaBJeHHH H PaBHOYCKOPEH:-
HOTO JIBHXKEHHS! C HEKOTOPbIM YCKODEHHeM a BROJb ocH OY.
Hannuue yckopeHHst Brosb ocu OY o6bsicHAeTCs TeM, YTO Ha
3/IEKTPOH B 3TOM HarnpaBJIeHHH JeHCTBYeT 3JIeKTPHUECKas CHa
F = eE, rne e — 3apsn anekTpona: e = 1,6 - 10719 Kn. (Cu-
JIOM TSXKECTH, AEHCTBYIOLIEH HA 3JIEKTPOH, npeHebperaeM no
CPABHEHHIO C CHNIOH F.)

[poekuuio yckopeHust @ Ha ocb OY HalgeM Nno BTOPOMY
3akoHy HbloToHa:

ek = meay, a, = eE/m,
rie m, — Macca snekTpoHa: m,= 9,1 - 1073 kr.
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Buinuiiem HawansHsle yeaoBHs: xg = 0, yo = 0, vg, = vg,
vgy = 0. 3HaueHHs NpPOEKUHHA YCKOPEHHSI Ha OCH KOOpAHHAT:
a,=0a,= eE/m,. Torna ypaBHEHHUs, onpefensiouue 3a-
BHCHMOCTb KOOPAHHAT X, y M NPOEKUHH CKOPOCTH Uy H U, OT
BpeMeHH, OYAYT UMeTb BHA:

x = vgt, y=eEt2/(2me), (1)
vy =0, Uy = eEt/ m,. (2)

B MOMEHT BhIJIeTa 3JIeKTPOHA U3 KOHAeHcaTopa X =/, y = h,
t = t;. Ha ocroBanuu ypassenuit (1) n (2) monyunwm:

2 .
=L, v, =2EL p= L p=22.107
UO mevo 2/71

Monyiib BEKTOpAa CKOPOCTH U 3JIEKTPOHA B MOMEHT BbijeTa

2
_j ,v=13-107 m/c.

HanpaBsieHne BeKTOpa CKOPOCTH ONpefeJifAeTcs yIJIoM .
Kak BMIHO H3 pHCYHKa,

tg(x=v—”= % o = arctg eEé , o= 42°.
Y meug meug

513. Mexny nnacTHHAMH IJIOCKOTO BO3AYLIHOTO TOPH30H-
TaJbHO pAacIlOJIOXEeHHOr0 KOHZeHCAaTopa Haxo#uTcs 3apsd-
)KeHHas Kamas Macja maccoit m = 3 - 1078 r. 3apsan kanau
g =3 10715 K. [Ipu pa3sHOCTH MOTEHUHATOB MeXY NAaCTH-
Hamu U = 500 B u HauanbHO# cKopocTH vg = 0 Kamjs npoxo-
IOMT HEKOTOpOe pacCTOsiHHe B 2 pasa MelJeHHee, ueM IpH
OTCYTCTBHH 3JeKTpocTaTHueckoro moJas. Haltu paccrosiHue
Mexxny miacTMHaMd. CONpOTHBJIEHHEM BO3yXa npeHebpeub.
Peuwenue [Ipu HaTHUHKU 371€KTPOCTATHUECKOTO MOJISA

— _  _— _ _ Ha Kalo [JeHCTBYIOT IBe

3 CHJIBI: CHJIA TSDKECTH mg H

04 51 cuna F=qgE co cTopoHwl
¥ h mg 3JIEKTPOCTAaTHYECKOrO MOJIst

| (puc. 162). Toxn neficTsrem

y STHX CHJI KaIljs ABHXKETCS C

YCKOpeHHeM @, HalpaBJeH-
+ + + + 4+ Hbiv BepTHKaabHO BHH3. [lo
Puec 162 BTOpPOMY 3akoHy HbtoToHa

246



mg + gE = ma.
B npoexuusix na och OY ypaBHeHHe NPHMET BHI

mg — gqE = ma,,

rie a, — npoekuHs yckopenusi Ha ocb OY. Orciona

Yy
ay = (mg - gE)/ m.

[TockosbKY MOAY/b HanpsXKEHHOCTH 3JEKTPOCTATHYECKO-
ro noas E = U/d, rane d — paccTosinie MeXay NAacTHHaAMH
KOHIEHCATOopa, TO

- mg—q(U/d). (1)

Y m
KnHemaTHyecKoe ypaBHeHHe ABHXKEHHS Kaljd HMeeT BHL
y=a,2/2.
Ecay kanas npoxooMT HEKOTOpOe pacCcTOosiHHe y = h 3a
BpeMs ¢t = ¢}, TO
h=aytf /2. (2)

[Tpu oTcyTcTBUM noss kanas 6yaeT cBoOGOAHO NagaTh C
YCKODEHHEM g, H MOITOMY, PacCyX/iasi aHalorH4HO, NosNydyaeM

h=gt2/2, @)

rie fy — BpeMs, 32 KOTOpOe KanJjs NPoHIeT paccTosiHHe A.
W3 cootnomenuit (2) u (3) naxonum

a TaKk Kak t]/tg = 2, 10 4a, = g, nan ¢ yuetom dopmyisi (1)

- qU/d)
48T fn/ =g

Peius 370 YpaBHeHHE€ OTHOCHTEJbHO d, NOJNY4YHM:

d=2Y 4710w
3mg

514. B 0nHOPOLHOM 3JIEKTPOCTAaTHYECKOM IO/, BEKTOD
HanpsiXXeHHOCTH KOTODOro HanpasJ/eH BePTHKaJbHO BHH3 H
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no moayaw pased 10 xB/m,
HAXOAWTCS 3apsXKEHHbIN LIAPHK
A, nozpsewieHHbli K Touke O Ha
TOHKOH uaonu yiole# HUTH AJIH-
HOM [ = pHc. 163) 3apsin
Llapuka q = 3 1078 Kn, macca
m = 10 r. [llapuxy cooéuumu Ha-
YasbHYI0 CKOpOCTb vg = 1 M/,
HaMpaBJIeHHYIO NlepreHAUKY ISAP-

HO BEKTOPY HaNpsKeHHOCTH E.

> HafiTi cuny HaTAXKeHUS HUTH B
v MOMEHT [OCTHXEHHSI LIAPHKOM
Puc 163 KpalHero noJsoXeHus.
PeweHue. Ilocae coob-
IIEHHS CKOPOCTH Ugy LIAPHK ABHXKETCS 10 OKPYXXHOCTH, pajiH-
yC KOTOpoH paBeH ajuHe HHTH [. COrjacHO BTOPOMY 3aKOHY
HbloToHa, cyMMa npoekuu# Bcex AeHCTBYIOLMX Ha LIAPHK CHJI
Ha KOOPAHHATHYIO OCb, HANpaBJeHHYIO OT LIADHKA K [EeHTpY
okpyxHocTH O, paBHa NPOH3BENEHHIO Maccu mapuxa H ero
LeHTPOCTPEMHUTENbHOro ycKoperust a = v2/R = v2/1. Ho B
KpaiHeM MNOJIOXKEHHH CKOpOCTh MapHka v = 0, noatoMy u
CyMMa NpOeKLHH CHJ paBHA HYJIO.

Ha wapuk LleHCTBy}OT TPH CHJIBL: CHJIA HATSXKEHHS HHUTH
T, cuna TSXKECTH Mg W CHJIa CO CTOPOHBI 3JEKTPOCTAaTHYEC-
Koro noas F = qE. YuuTbiBast U3J0XKEHHOE BHILIE, COCTABHM
ypaBHeHHe:

T —(mg + qE)cosa = 0.
OT1crona
T= mg+qE (1)
cosat

Yro6bl HAaUTH COS(, COCTABHM ypaBHeHHe Ha OCHOBaHHH
3aKOHa COXPaHCHMS 3Hepryy, NpHHUMas 3a HyJeBOH ypPOBeHb
TIOTEHUHAJbHOH SHEPTrHY yPOBeHb HAa4a/bHOrO MOJIOXKEHUS 111a-
pHKa:

m00/2 = (mg + qE)h.
Kax Bugno u3 puc. 163,

h=1[-lcosa=1[(-cosa),
TI03TOMY

mvo/2 (mg +qE)I(1 = cosa).
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Ortcroga
mvd

cost =1—-—2 .
> 2mg + qE)!

[ToncTaBuB 3T0 3HauexHe B hopmyay (1), noayuum:
m02
T= mg»+qE—E°—, T=01H.

515. B npocTpaHcTBO, Ile OXHOBPEMEHHO AEHCTBYIOT TO-
PH30HTa/bHOE ¥ BEPTHKAJIbHOE OJHOPOAHbIE MEKTPOCTATHYe-
CKHMe MOJIfA, HaNpsHKeHHOCTH KoTophiX E. = 4 - 102 B/m u
E, = 3 - 102 B/, BRO/b HanpaB/eHHs pe3y/bTHPYIOLIETO
[0J1S1 BJIETaeT 3JEKTPOH, CKOPOCTb KOTOPOrO MOCJEe MPOXOXK-
penus nytd [ = 2,7 MM ymeHblaetcs B 2 pasza. Onpenenuts
CKOpPOCTb 3JIeKTPOHAa B KOHLe nyTH. Macca 3jekTpoHa
me=9,1- 1073 xr, ero sapsn e = 1,6 - 10!9 Kun.

Peuwenue CornacHo NpuHUMNY CYNeprno3nUxH, BEKTOP
Hanps>KeHHOCTH Pe3Y/IbTHPYIOLIEro 3JIEKTPOCTaTHYECKOro MOoJIs
IBJISIETCS BEKTOPHOM CYMMOH HanpsRKeHHOCTeH NBYX IMoJeH:

E=E +E;.
DTOT BEKTOD eCTb AHAroHalb NPSIMOYTOJbHHKA, IOCTPOCHHOTO
Ha BekTopax E, u E; (puc. 164), ciienoBaTesnbHo, MOIyJIb €r0
— 2 2
E=\Ef +Ef.
Ha 3J1eKkTpoH, BJIeTeBIUHI BROJb CHJIOBOH JMHHH pe3yJib-

THDYIOUIEro NOJIsl, IeHCTBYeT HalpaBJeHHasl MPOTHBOIOJOX-
HO BekTOpYy E cHsia F, MORyJb KOTODOH

F=¢E =e\E2 + E2. (1)

<4

£

Ny

Puc. 164
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VaMeHeHre KHHETHUECKOH 3HEPTHH 3JIEKTPOHA PaBHO pa-
6oTe JEHCTBYOLIEH Ha Hero BHelWHeH cHabl F (cunot Ts-
XKeCTH npeHe6peraeM):

mo§  mol FI

2 2
[Toncrasus B 3Ty dhopmyay BMecTo F ee 3Hauenue (1), a Tak-
Xe v] = 2vug, MOYyYHUM

2 2
m )l e E2 + EL
Ug :\/W' Ug =4-10° m/c.

516. TlnacTHHbBI IJIOCKOTO KOHAEHCATOpPa NPUCOENHHEHBI K
MCTOYHHKY NOCTOsiHHOro Hanpsikenusa U = 700 B. Halitu cuny
TOKa, KOTOPbIH 6yeT NPOXOAUTH MO NPOBOAAM NPH CABHTAaHHH
OOHOM MJACTHHBI BLOAb Apyroi (puc. 165) co CKOpOCTbIO
v=7wm/c. [InacTuHB KOHIEHCATOpa KBaApaTHble MJIOLIANbIO
S = 400 cm2. PaccTosinue Mexay naactuHamu d = 0,2 cM Bo
BpeMs JABHXKEHHS OCTAaeTCs NMOCTOSHHbIM. MeXay nnacThHa-
MH HaxoauTcsi Bo3ayx (e =1).

Pewesnwue Ilpy IBHXKEHHH NMIACTHHB M3MEHSETCS
€MKOCTb KOHAEHCATOpa, a MOCKOJIbKY Hanpsi>KeHHe NpPH 3TOM
NOAJE PXKUBAETCS MOCTOSHHBIM, TO 3apsil KOHAEHCATOPA H3Me-
HAIETCA Ha HEKOTOPY! BeJHUMHY Ag 3a BpeMs Af. Beaenct-
BHe 3TOrO 110 MPOBOAAM GYAET NMPOXOAUTb TOK CHJIOH

Agq

1= (1)
B HayasbHBI MOMEHT BpeMe-
HH €MKOCTb KOHJeHcaTopa C; =
=¢¢S/d. CnycTss npoMexyTok
BpeMeHH Al mocne Hayasaa JABH-
XKEHH$ TJIoLafb NJACTHH, NO KO-
TOPOH OHH NEpeKpLIBAIT APYT
aopyra, 6yner S —vlAt, roe [ —

IUMPHHA TJIACTHHBI, @ eMKOCTb

Orcrona

-

_ gg(S —-uia)
N Cy = —
—|
[Ipu 3TOM 3apsin KoHAeHCATODA
Puc. 165 YMEHbIIHMTCH Ha
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Aq = CIU - C2U = U(Cl - C2)
[Toncrasus B 370 BoipakeHHe 3HaueHust C; u Cy, monyuum

£0U‘UIA[

Ag = 7

Teneps no ¢opmyse (1), yuntsisas, uto [ =S, Haiinem
CHJly TOKa:

fUvS 9 1079 A

I =

517. TIpocTpaHCTBO MeXAY NJ1aCTHHAMH MJIOCKOTO KOHAEH-
caTopa 3aloJIHEHO AH2JeKTPHUKOM. IIpH HexoTOpO¥ pasHoOCTH
NOTEHLHAN0B MeXAy IJacCTHHAMH 3HeprHsi KOHAeHCaTopa
W =2 1072 k. [Tocae Toro kKax KOHEHCATOP OTKJIOUH/IH
OT UCTOYHHUKA HaNpPsSXKEeHUs!, AUJEKTPHK H3 KOHeHCaTopa Bhl-
HyJ 4. [Ipy 3TOM NPOTHB CHUJ 3/1@KTPOCTATHYECKOTO MOJISI HaJ0
6bi10 coepiuKTb paboty A =7 - 107° k. Haittu ausaexTpu-
YeCKYyI0 POHHLAEMOCTb AHIJIEKTPHKA.

Pewenwue Ilycts g — 3apsan xongeHcatopa, C — ero
€MKOCTb [TPH HaJHUKH AUIJEKTPHKA Mexy niacTuHamu. Tor-
Jla 3Heprus 3apskeHHoro Koujaencatopa W = g2/(2C).

[Tocnie TOro Kak BLIHYJIHM AH3JEKTPHK, EMKOCTb KOHAEHCA-
Topa ymeHbluaach B € pas: C; = C/ €, 3apsia ocTancs npex-
HHM, a SHeprHs NMpPHHsJIa 3HaYeHHe

Vamenenne sneprum paBHo pabore BHewHux cui: W, — W=
=A unmeW—-W=A Orcionae =1 +A/W, e =5.

518. MaseHbKHI LIAapHK MacCoHd m, MMEWIHUE 3apsn gy,
CKOJIb3UT C BBICOTHI /4 110 HAKJIOHHOH MJIOCKOCTH, 06pasylolel
¢ ropu3oHTOM yroa o (puc. 166). B BeplinHe npsaMoro yraa,
06pa30BaHHOTO BLICOTOH /A W TOPH30HTOM, HaXOAHTCSl Hemno-
JBHXHBIA TOYeYHBIH 3apsifl g9. OnpeaenuTb CKOPOCTD LIapHKa

m

Puc. 166
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y OCHOBAHHSl HaKJOHHOH IJIOCKOCTH, €CJIM HayajbHas CKO-
pOCTb LIAapHKa paBHa Hyno. TpeHuem npexebpeysb.

Pewenwue HaocHOBaHMM 3aKOHA COXpAaHeHHA H
TpeBpalleH’s] 3HEPTHH COCTAaBMM ypaBHEHHeE:

Wi + Wy = Wi +Wpo, (1)

rae Wiy, W —KuHeTHYeCKas M rOTeHLHabHas 3HEeprus
liapHKa, HaxoAslierocss Ha BbICOTE A Ha HAKJOHHOM MJIOCKO-
cti; Wio, Wpo — KMHETHYeCKas M NOTEHLHabHAs SHeprus
1apHkKa y OCHOBaHHS HAKJOHHO! TIOCKOCTH.

HyJsieBo#t ypoBeHb NMOTEHLHANbHON 3HEPTHH COBMECTHM C
OCHOBaHHEM HakJ/OHHOH nuockocTH. Toraa

Wpy = mgh+ o2 "1"2 . W, =0

Bropoe cnaraemoe B BblpaxceHny ans W, npeicrasaser
Co6OM NOTEeHUHANbHYIO 3HEPTHIO, 06yCJIOBJI€HHle B3aHMHbIM
pacriooKeHHeM 3apsifoB g U go. IlycTb v — cKopocTh wia-
pHKa Y OCHOBAHHsl HaKJOHHOH MJocKocTH. Toraa

W = mv? /2.

B 3T0 BpeMsi paccTosiHHe MeXX1y 3apsillaMH, Kak BUIHO HU3
puCyHKa, paBHO h/tg o. [Toatomy

_ Qg tg
Woo = Zeen
OE

C yyeTOM 3THX 3Ha4YeHHH 3Hepruu ypasHenHe (1) npumer BHA

2 tga
Q92  _ mu + 9192 '8

mgh+ —1— .
4ﬂ£0€h 2 47{808]‘1

Otciofa HaljeM CKOpOCTb:

U—\/Qgh "1"2 —(1-tga).

IlpennaraeM 4HTaTeNI0 CaMOCTOATENbHO ONpenesHTb, Ha
KaKoe pacCTOsiHHe cMOT Obl NPUOJH3HTLCA K 3apsily go la-
PHK, ecJH Obl OH CBOGOAHO Majaj C BBHICOTH A. 3apsaub
OfHOHMEHHbIE, 3aPsSfl 9 YKPeMnJeH HelNOABHXHO.

519. KapMmaHHbI 103HMETpP PagHOaKTHBHOTO 0fJyYeHHs
NpencTaBsieT CO60H BO3AYLIHbIH KOHIEHCATOP, 3apPsiXeHHbIH
L0 OnpefesIeHHOH DasHOCTH TNOTeHUHas0B. [lox BAUsHHeM
o6ydeHHUs ras HOHHM3UPYyeTCs, H HOHbI, epeMelasach K nJia-
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CTHHAM KOHJEHCATOpa, TOHHKAT PAa3HOCTb NOTEHLHa0B. [1py
06JydeHUH B | pEeHTreH B KaXKIOM KyOUUECKOM CaHTHMeTpe
BO3/lyXa NPH HOPMaJIbHBIX yCJOBHAX o6pasyercs ng = 2 - 109
nap noHoB. CKOJNbKO PEHTreH MOKa)KeT AO3UMETP, €CJH ITIpH
emMkocTH KoHzeHcatopa C = 3 - 10712 @ pasnocTh noTeHnya-
JoB cHusunaace ¢ Uy = 180 B no Uy = 160 B? BmecTumocts
Kamepsl V = 1,8 cm3. [losyyeHHBIH pe3y/bTaT BHIPa3HThb B
enqnnuax CH.

PeweHue Beaencrsre MoHM3ALMKM Bo3fyXa 3apsii
KOH/IEHCATOpa yMEHbLIMJICS HA BEJHYHHY

q=4q —{qo =CU1—CU2 =C(U[—U2).

C Zpyro# CTOpOHbI, pH J03€ | peHTreH o6IHH 3apsiA HO-
HOB OJIHOrO 3Haka, o6pasyeMblXx H3/JyyeHHeM B oObeme V,
go = engV, roe e — 3apsn snextpona. CienosaresbHO, 1032
U3JyyeHHs

X=4 U -U)

™ PRV X=0,1P.

Pentred (P) — BHECHCTEMHAst eHHHLA 3KCTIO3HLMOHHOM
[03bl PEHTreHOBCKOro M ramma-uanydenus. B CH eaunuued
3TOI [03bl ABASETCH KyJoH Ha kunorpamm (Kn/kr): 1 P =
= 2,58 - 1074 Kn/kr. Buipasum X B egununax CH:

X=01-258 -104%Kn/kr=3"1075 Kn/«kr.

520. B onHopoaHoe 3/1eKTpoCcTaTHYeCKOe 1T0Jle, HanpsixKeK-
HocTb Kotoporo E = 100 B/ cM, OMeCTHM CHCTEMY M3 ABYX
OfIMHAKOBBIX M MPOTHBOMOJOXHO 3apSIKEHHbIX LIAPHKOB, CO-
eIMHeHHbIX TOHKHM H30JIHPYIOIIHM CTEP>XKHEM JJIMHOH [ = 5 cM
(puc. 167). Macca kaxpgoro waptika m = 5 r. Moaysb 3apsia
Kaxnoro wapuka ¢ = 2 - 1077 K. Ha xakoii yroa nosepnercs
3Ta CUCTEMa, eCJ/IM WapHKaM COOOIIHMTL Haya/bHble CKOPOCTH,
paBHbie vy = 0,1 M/cC W Hanpas/eHHble NepPneHAUKYJIAPHO
JUHHAM HanpspkeHHoOCTH noss? CUof TAXeCTH npeHe6peyb.

Pewenune Cuabl 51eKTPOCTaTHYECKOTO TNOJS TPH
TIOBOPOTE CHCTEMBI OKa3bIBAIOT TOpMO3silliee nelcTBHe. Pabora
3THX CHJ PaBHA H3MEHEHWIO KHHETHYECKOH SHePrHH LIAapHKOB:

AW, = A, (1)
rae AW, = Wy — W,|. KoneuHoe 3HaueHHe KHHETHYECKOH
3Hepruu Wwapukos (B MomeHT octaHoBKH) Wyo = 0, Hauasb-

o . MY 2
Hoe W, =2- — = my. CrnenoBaTensHo,
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Puec 167

AWk = ~mv(2). (2)

Cosepuiaemas nosiem pabora A = A + Ag, rne A n Ay —
paboTa NpH NnepeMeleHHH T0J0XHTENBHOrO H OTPHIIATEbHO-
ro 3apsifioB cooTBeTcTBeHHO. Ha puc. 167 BepTHKaNIbHLIMH
JIMHUSIMH TIOKa3aHbl 9KBHIOTEHLHaJbHblEe MOBEPXHOCTH. [1pH
TnepeMeLeHHH OJIOXKHTENBHOTO 3apsia g MoJie COBepUIaeT pa-
6oty A; = —qEd, rne d — paccTosiHHe MeXIy ABYMsi SKBHIIO-
TEHUHAJbHBIMH TTIOBEPXHOCTSMH. M3 pHcyHKa BHIOHO, YTO

_ !l _ 1 _ |
d=5-5cosa= E(1 —cosa).
Torna '

A= —%qu(l —cosa).

Takyto xe paboTy coBepuiaeT MoJjie ¥ Haj OTPHLATENbHBIM
3apsaoM q, T. e. Ag = A,. CnepoBatensHo,

A=2A) = —qEI(l - cos ). (3)
[Toncrasus 3HaueHus (2) u (3) B Buipaxenue (1), mony-
UKM '
mvg = gEl(l - cos ),

mud
OTKYZAa coso = | — —E CrenoBaTesbHO,
q

)
mu,
o =arccos 1 — 29 | o =60°.
s( quj o =60
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3aaaym Anst CaMOCTOATENIbBHOIO peweHnsA

521. B Bo3ayxe Ha TOHKCH HenpoBOAsillel HUTH NOABelleH
wapHK maccod m = 2,0 r, umerowu 3apsan g, = 20 sKn.
CHu3y Ha paccTosiHuH 7 = 50 MM N0 BepTHKAJH OT Hero ykpern-
JleH OJHOMMEeHHbIH 3apsit go = 120 vKn. Touka nogseca, 3a-
PRI U LIapUK HAXOAATCS Ha onHoH npsamon. OnpenenuTs cuay
HaTAXKEHHUS HUTH.

522. [Isa 0IMHAKOBLIX TOYEYHbIX 3apsifa ¢ = 2 HKa naxo-
OATCH B BO3AyXe Ha paccTosiHuM r = 15 cM apyr oT apyra. C
KaKOH CHJIOH OHM IeHCTBYIOT Ha 3apsf go = 6 HKn, Haxons-
LMACH HAa TAKOM e PACCTOSTHMH OT KaXKAOTO M3 HHX?

523. [IBa 3aps>keHHBIX LIAPHKA, HAXOASILMXCS HA pPaccTos-
HHW r = 60 cM Apyr oT Apyra B BaKyyMme, NPHTATHBAIOTCH C
cunort F = 0,3 H. Cymmapublii 3apsn wapukos Q = 4 mkKa.
OnpenenuTb 3apsn KaXJl0ro LApHKa. D/eKTpUYecKas NOCTOSH-
Hast €9 =1/(4-9- 109) ®/m.

524. B kax/o¥ BeplIMHEe KBAaJpaTa HAaXOAMTCH MOJOXKH-
TeJbHbIN 3apsn g. Kakon 3apsia cienyeT NOMeCTHTb B LeHTpe
KBaapaTa, YToObl CHCTEMA 3apPsiIOB HAXOAW/IACh B PAaBHOBECHH?

525. [pa O[LHHaKOBbIX l1apHKa, UMelHX OAHHAKOBbIe
3apsiael ¢ = 3,3 - 1076 K,

NOABeELIeHb Ha OHOM Bbl- & A
COTe HAa TOHKHX HeBeco- J
MBIX HMTSX PaBHOH AJIHHBI
(puc. 168). Ha oagunako-
BOM pAacCTOSHHM OT 3THX
wapukoB ¥ Ha A = 20 cm 1@ —Q7
HHXe HX pacIioJoKeH 3a-

pan Q. Onpepenuts 3TOT h
3apsf, ec/M U3BECTHO, UTO . @-1-
HUTH BUCAT BEPTHKAJBHO,

a pacCTosiHHe MeXIy HH- Puc 168
mu d = 30 cm.

526. B ABYX TPOTHBOMOJOXHbIX BepLIMHAX KBanpaTa co
croponoit @ = 30 cm Haxoasrcs sapsael ¢ = 2 - 1077 Ku.
HaliTy Hanpsi>KeHHOCTb 3JIEKTPOCTATHYECKOIO NOJS B JBYX
IPYTHX BepIIHHAX KBajpaTa.

527. PaccrosiHue Mexay 3apsaaMu qunons [ = 2 MxM, a
HANpPsXKEeHHOCTb M0JS B TOYKe, YAaJeHHOH OT Ka)KLOro 3aps-
Aa Ha pacctosiide d = 1 cM, £ = 2 B/ M. BoiuucanTs Moay/b
3aps0B JHIIONS.
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528. JIBe 6ecKOHeyHbie OJHOMMEHHO H

+ A PaBHOMEPHO 3apsi2KeHHble TJIOCKOCTH Tepe-
+ . CEKAIOTCS TOL TMPSAMbIM YIJIOM (puc. 169).
+ Halitu HanpsXKeHHOCTb 3J1@KTPOCTAaTHYECKO-
T+ + + + [0 moss B Touke A, pacnoJioxxeHHOH BOJH-

34 JIMHUUW mepecedyeHus. [loBepxHOCTHad

Puc 169 MJIOTHOCTb 3apsiza ¢ = 1,0 - 107 Kn/m2 u

ofiMHaKoBa s ofeux nuockoctel. Ilaoc-
KOCTH Haxonarcs B Bosfyxe (€ = 1). DuekTpuueckas nocro-
IHHas € = 885 10712 /m.

529. [lo noBepXHOCTH NPOBOASLIErO lapa PaBHOMEDHO
pacrpefiesieH 3apsijl ¢ MOBEPXHOCTHOM MJIOTHOCThI0 ©. HaliTH
HarnpsDKeHHOCTb M0JIS B TOUKE, HAXOAALLIEHCS OT MOBEPXHOCTH
1apa Ha PacCTOSIHUM, PABHOM ero AMaMeTpy. J/eKTpHYecKas
NOCTOSIHHASL PaBHA €.

530. [llapuk maccoit m = 0,1 1, umetouwi 3apsn g = 9,8 vKu,
MoABellIeH Ha HUTH B OHOPOAHOM 3/IeKTPOCTATHUECKOM MoJle,
Hanps>XKeHHOCTb KOTOPOrO HalpaBjeHa rOPH30HTa/NbHO, a ee
moaysb £ = 1 - 10° B/m. HaliTn yron oTKIOHEHHS HUTH OT
BEPTHKAJH.

531. B 1ByX BepliMHAX PaBHOCTOPOHHEro TPEYroJbHHKA
noMeLleHbl OIHHAKOBbIe 3apA/bl 4| = g9 = q = 4 MmxKun. Kako#
TOYEUHbIH 3apsil HEOOXOAHMO [OMECTHTb B CepeHHy CTOpO-
Hbl, COENMHSIONIEH 3apsiibl ) U ¢, 4YTOObI HaNpsXKEHHOCTb
3JIeKTPOCTATHUECKOTO N0JIsl B TPEThEH BepLIHHE TPeYroJbHHKA
0Ka3a/Jacb PaBHOH HYJIO?

532. /IBa pasHOMMEHHBIX 3apsifa, MOAY/IH KOTOPbLIX |g| onu-
HaKoBHl M paBHbl 1,8 - 1078 Ki1, pacnonioxenbi B 1ByX BepLIH-
HaXx IPaBHJBHOTO TPeYroJbHHKa co cTopoHo# a = 2,0 m. Onpe-
LeNUTb HanpsXKEeHHOCTb M MOTEHUMasa 3JeKTPOCTATHUECKOro
nosis B TpeThel BepluHHe TpeyronbHHKa. OKpyxXaloias cpe-
na — Bo3ayx (e = 1).

533. B BepuwirHax KBaZpaTa cO CTOPOHOHU @ PaCMoJOXKeHbl
yeTblpe 3apsila: ABa M3 HHMX MOJIOXHTe/bHble H JBa OTpHLa-
TeJIbHbie, MOAYJH 3apsiloB OAMHAKOBBl M paBHbl q. Onpene-
JUTb HAMNpSXKEHHOCTb 3JEKTPOCTATHYECKOro MOJisi B TOYKe
nepeceyeHHs uarosaJjed Kkpaapara. PaccMoTpeTh Bce BO3MOXK-
Hble CJyYaH.

534. Kakasi pa6ora coBepluaeTcsi MpH NMepeHeCeHHH To-
yeyHoro 3apsiga ¢ = 2 - 1078 Kn u3 6ecKOHeYHOCTH B TOUKY,
HaXOISAILYIOCS HA PACCTOSIHUK ¥ = | CM OT NMOBEPXHOCTH NPO-
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BOASLLEro 1apa pagHyca R = | ¢M ¢ NOBEpPXHOCTHOH MJOTHO-
cTbio 3apsiga 6 = 1 - 1079 Kn/cm??

535. Metannuueckuii wap paguyca R = 5,0 cM 3apskeH
[0 noteHurana ¢ = 150 B. Uemy paBHa HanpsoKeHHOCTh 10JIs1
B TOYKe, Haxoasule#hca Ha paccTosHHH r = 10 cM oT nosepx-
HocTH wapa? Kakosa 6yaeT Hanps»KeHHOCTD M10/151 B 3TOH TOY-
Ke, €CJIH JaHHBIH 1ap COeAMHHTb TOHKOM NPOBOJIOKOH ¢ He3a-
PSDKEHHBIM LIApOM, paguyc KoToporo R9 = 10 cM, a 3ateM
BTOPOH wwap y6pars?

536. Kakywo paGoTy TpefyeTcsi COBepLIHThL AJs TOrO, UTO-
6bl ABa OJHOMMEHHbIX 3apsiga q; = 2 MKKn u g9 = 3 MK,
HaxXOnsiMXCcs B Bo3ayxe (& = 13 Ha paccTosiHuM r; = 60 cm
ApYT OT Apyra, cO/M3UTb A0 PacCTOSAHHA r9 = 30 cM?

537. B uenu, nokasas-

Ho# Ha puc. 170, pasHocTb | ||
NOTEHLHAJIOB MEXIY TO4YKA- 4 I |[7 l I[Z 8
mu Au B U =250 B. Em-
KOCTH KoHaeHcaTopos C| =

= 1,5 mx®, Cy = 3,0 Mxb, - ||
C3 = 4,0 mxd. Haltitu cym- | l[)'

MapHBIH 3apaa Ha oOKJaj- Puc 170
Kax KoHaeHcatopos Cl1, C2
n C3. J p

538. Haiit eMKocTb 6ata-
peH, coCTosilled U3 OBYX MO-
CJIEIOBATENIBHO COEIMHEHHbIX
KoHpeHcaTtopos (puc. 171),
€CJIM H3BeCTHbl Mjowagb S
KaXX10H 06K/1alKK KOHJleHca-

TOpa, pPaccTosiHHe d Mexay

06KJIaJIKaMH KXKJOTO H3 KOHAEHCATOPOB, AU3JIEKTPHYECKas NPo-
HH11aeMOCTb € HM30JIATOpPA, 3alOJIHSIOIErO NTOJOBHHY KOHEH-
catopa (kpaeBbie 30 deKTbl BO BHHMaHHe He IPHHHUMATh).

539. Kako# 3/1eKTpUyeCcKHH 3apsa NPoRaeT 1o NMpoBOAaM,
COEIMHSIOIINM OOKJIAfKH MJOCKOr0 KOHAEHCATOpa C 3a)KHMa-
MH aKKyMYJISTOPa, IPH NOrPYXKeHHH KOHAEHCaTopa B KEPOCHH?
[Tnomane nnacTuHbl KOHAeHcatopa S = 150 cM#, paccrosiHue
mexny miactuHame d = 5,0 MM, DJIC akkymyasitopa & = 9,42 B,
AM3JIeKTpHYeCKas NPOHHLAeMOCTb KepocHHa € = 2,1.

540. Koupencartop emkoctbio C| = 2 Mk®P 3apskaioT 10
Hanpsokenuss U = 110 B. 3atem, oTK/M04HMB OT HCTOUYHMKA

Punec 171
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TOKa, 3aMbIK2IOT 3TOT KOHAEHCATOD HAa KOHAEHCATOD HEH3-
BECTHO! EMKOCTH, KOTODbIH NP1 TOM 3apsiKaeTcst 10 Hanpsi-
xenus Uy = 44 B. OnpenenuTs .eMKOCTb BTOPOrO KOHAEH-
cartopa. ‘

541. [110CKH# BO3AYLIHBIA KOHAEHCATOP, PACCTOSTHUE MEXIY
06KJIaAKaMU KOTOpOro d; = 1 ¢M, 3apsOHJIH N0 Pa3HOCTH I10-
tenuuanos U; = 100 B, a 3atem OTK/IIOUM/IH OT HCTOYHHKA
HaIpsKEeHHs U Pa3ABHHYJIH OOK/IA[KH 0 PaCCTOSHHUSA do = 2 CM.
OnpenenuTb pa3HOCTb NMOTEHLHAJIOB MeX1y OOK/IadKaMH Io-
cJle TOTO, KaK HX pPasdBHHYJH.

542. Konperncartop emxoctbio C) = 3 MKkP 3apsxeH 1o
pasnocTH noreruranos U; = 300 B. Konaencarop emxocTbio
Cy = 2 mx® 3apskeH 10 pasHocTH notenuuanos Uy = 200 B.
Pa3zHoHMeHHO 3apsiKeHHble 0OK/IafKH KOHIEHCAaTOPOB COeaH-
HHJK nonapHo. OnpefennTh CPENHIOW CHJY TOKA, BO3HHKIIe-
ro NpH CoeqHHEHHH KOHAEHCATODPOB, €C/IH JJIHTE/bHOCTb ero
npoxoxnaeHus T = 1 c.

543. Ha nHe mHMpPOKOro cocyna ¢ XXHAKHM AH3JEKTPHKOM,
OM3JeKTpHYecKass NPOHHLAEeMOCTb KOTOPOro €, 3aKpemnJieHa
nJacTHHa KoHaeHcaTopa. Jlpyras nsacTHHa, HMelWas BHA
6pycka BbicoTOH H, nnaBaeT Han HeH B Au3seKTpHKe. [lnowa-
[H TJAaCTHH OJMHAKOBHI H paBHbl S. Ha KakoM paccTOsIHHH OT
NOBEPXHOCTH XHAKOCTH OyleT HaXOAHTbCS HHMCHSAS I1JIOCKOCTh
6pycKa, ec/i Ha MJIACTHHBI NOJATb OAHHAKOBbIE 110 MOAYJIO,
HO MPOTHBOMOJIOXKHbIE 110 3HaKy 3apsiabl ¢? I110THOCTD KU~
KOCTH pj, IOTHOCTD Gpycka Py (py > pg). IMose Mexny nia-
CTHHAaMH CYHTATb OLHOPOAHLIM.

544. JIBa 0MHAKOBbIX KOHAEHCATOpa COEJHHHJH Napas-
J1eJIbHO, 3apAAM/IH 10 HanpsukeHHsi U] M OTKIIOYHJIH OT HC-
TOuHHKA. KakHM CTano HanpsokeHHe Ha KOHAEHCaTopax, Ko-
TAa B OJMH M3 HMX BBeJIH NJIACTHHY C AH3JEeKTPHYECKOH Opo-
HHL@eMOCTbIO €, 3aNOJHSIOLLYI0 BeCb 06beM KOHAeHcaTopa?

545. Ha puc. 172 nokasaHa
3JIeKTpHYeCKas Lelb, B KOTOPOH
_{ (7 HanpspkeHue uctounuka U =10 B,

9

—

P a xoHnencatopnl Cl u C2 umeior
— ONMHaKOBYI eMKocTb: C); = Cy =
= C = 10 mx®d. Kaxo# 3apsiza npo#-
4 AeT yepe3 HCTOYHHK Mocje 3aMbl-
KaHus kmoda K? Kakum craner npu
Puc 172 3TOM 3apsifl KoHaeHcatopa Cl1?
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546. Mexny BepTHKaJAbHBIMH NJACTHHAMH IJ10CKOTO. BO3-
JIYLLIHOTO KOHJIeHCATOopa NoJiBellleH Ha TOHKOH LeJKOBOH HHUTH
MaJleHbKMH WapHK, Hecywn# 3apan qo = 3,0 HKn. Kakoii 3a-
P4 Haf0 COOBLIMTb KOHAEHCATOPY, YTOOb HUTb COCTABUJA C
BEPTHKaJbI0 yroa ¢ = 45°? Macca wapuka m = 4,0 r, nJo-
Wafb KaXA0H MJIACTHHB KoHaeHcaTopa S = 314 cm?.

547. B 371€KTpoCTaTHYECKOM M0J1e NJIOCKOro BO3JYLUHOTO
KOHAEHCATOPa, NJaCTHHBI KOTOPOTO PAaclOJIOXKEeKbl TOPH30H-
TaJIbHO, HaXOMMTCS BO B3BELIEHHOM COCTOSIHHH KaleJ/bKa Mac-
Jla, Hecyllast 3apsii, paBHbIA 3apsily aJeKTpoHa. OnpeneauTtsb
pPaiuycC KaleJbKH, ecd pasHOCTb NOTEHLMAJOB MeXAy MJja-
CTHHaMH KoHueHcaTopa U = 5 - 103 B, paccTosiHHe Mexny
nnactvHaMu d = 5 - 1074 M, nnoTHocTb Macaa p = 900 kr/m3.
3apsn aJextpona e = 1,6 - 10719 Kii.

548. 3apskeHHbIN WapUK Maccoi m = 1,5 r, npukpensex-
HbI{ K HEBECOMOH H30JIHPYIOLIEH HUTH, TOKOUTCA B OLHOPOL-
HOM TOPHU30HTA/bHOM 3JIEKTPOCTATHUECKOM II0JIE; TIPH 3TOM
HUTb OTKJOHEHA OT BePTHKaJH Ha yroa o = 30° (puc. 173).
3arteM HanpaBjleHHe MOJS MITHOBEHHO H3MEHSIeTCSl Ha NPOTH-
BONoJoXHoe. HaliTH cUily HAaTsiXK€HHS HUTH B MOMEHT MaKCH-
MaJIbHOTO OTKJIOHEHHS HHUTH OT BEPTHUKAJH N0CJIe MepeKJye-
HHS NOJSA.

549. /IBa 0flHOUMEHHO 3apSIXKEHHbIX LIAPHKA MACCOH m =
= 0,50 r xaxpbif nojBelLleHbl B BaKyyMe Ha OueHb TOHKHX
HeBECOMbIX, HEPACTSKHUMBIX W HENpOBOAAUIMX HUTAX OAMHA-
KoBOH nJuHbl (pHc. 174). Kaxnas u3 Hutelt o6pasyeT ¢ Bep-
THKanbio yroa o = 30°. 3ateM Bca CHCTeMa MOCPyXKaeTcs B
He3JIeKTPONPOBOASALLYIO XKHIKOCTb, MJIOTHOCTb KOTOPOH paB-
Ha MJIOTHOCTH MaTepHa/a WAapHKOB, a AU3JIeKTPHUecKas npo-
HunaemocTb € = 2,0. HallTH cuny HaTAXeHUs HUTEH nocJe

Puc 173
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NOrpyXKeHHs B XHAKOCTb. KakoB xapakrtep paBHOoBecHs wwa-
PHKOB?

550. lllap, auamerp kotoporo d = 1 cM H 3apsn ¢ = 1 X
x 1076 Kx, nomewen B Macsio nu1otHocTbi0 py = 0,8 - 108 kr/ M3,
TnoTHOCTHL MaTepHana wapa po = 8,6 - 103 kr/m3. Onpene-
JIUTb HanpaBJ/IeHHYI0 BEPTHKaIbHO BBEPX HanpsXKEHHOCTDb SJIeK-
TPOCTATHYECKOT0 M0JISl, KOTOpPOe Hafo CO3RaTh B MacJe, 4To-
6n ap nJaBal B HeM.

551. Kak n3amMeHHTCA yCcKOpeHHe Majaiollero mapHka mac-
coit m = 4,0 r, ecan eMy coo6IMTD 3apsan g = 3,2 - 1078 Kn?
HanpskennocTs anextpudeckoro noas 3eman E = 120 B/m
H HampaBJleHa BepTHKaJbHO BHH3.

552. Mexay nJacTHHAMH IJIOCKOrO0 KOHREHCAaTOpa, pac-
NOJIOXKEHHOTO FOPH30HTaNbHO, Ha paccTosiHuu [ = 0,8 cMm
OT HHXHeH NMJACTHHH «BHCHT» 3apsDKeHHHH wapuk. Pas-
HOCTb MOTeHuManoB Mexay nuactiHamu U; = 300 B. Ye-
pe3 CKOJIbKO CeKYHJ WapHK YNMafeT Ha HHXKHIOK MJIaCTHHY,
€CJIH Pa3HOCTb NMOTEHUHAJOB MFHOBEHHO YMEHbIUHTCS OO
Uy = 240 B?

- 553. B Bakyyme MexxIy nJacTHHaMH 3apsiXKeHHOTo TJIOC-
KOTO KOHEEHCAaTOpa HaXOZMTCS B COCTOSIHHH PaBHOBECHSA 3a-
psxeHHuH wapuk. HaiiTh yckopeHue, ¢ koTopum 6yneTt ABH-
raTbCsi 3TOT LIAPHK NOC/e YBeJHUEHHS] PaCCTOSIHHS MEeXIy
nnacTuHaMy Ha 10%. YckopeHHe cBOGOAHOTO NajeHus g =
=9,81 M/ c2

554. B ropr3oHTaIbHO pacnoJsioXXeHHOM TJIOCKOM BO3AYLl-
HOM KOHIEHCaTope, 3apsXKeHHOM N0 Pa3sHOCTH NOTEHLHaNOB
U =1 kB, 0T non0)XHTeJIbHO 3aps)KeHHON BepXHEH MJIaCTHHH
No HanpaBJIeHHIO MOJSA ABMrajach 6e3 HayalbHOH CKOPOCTH
yacTHua ¢ 3apsagom ¢ = 0,1 uKn. Koraa ona npowsna HekoTo-
poe pacCTOsiHHe, MOJISPHOCTb MJACTHH GblIa MTHOBEHHO H3-
MeHeHa Ha MpoTHBomoJoXHy. Korza yacTHua Bce xe moc-
THIJ1a HHXHeH NJIaCTHHH, OHa o6J1afiala KHHeTHYeCKOH 3Hep-
rueit Wy = 6 - 1078 k. PaccTosHHe Mexay naacTHHaMH
d = 2 cM. Kakoe paccTosiHHe mpolia 4acTHLA K MOMEHTY H3-
MEeHEHHS TNOJSAPHOCTH NAacTHH? CHJION TSXKECTH, NeHCTBYIO-
WeH Ha yacTHuy, npeHe6peyb.

555. AHoziHOe HanpsXeHHe ABYX3JIeKTPOLHOH 3/IeKTPOH-
Ho# namnu (auoma) U = 180 B. C kakoit cKOpOCTbIO 3JeK-
TPOH MNOAJIETAET K aHOALY, €CJIH HayaJbHas CKOPOCTb 3JeK-
TpoHa (B6/M3H KaToAa) paBHa Hymo? 3apsax 3JeKTpOHa
e=1,6- 10719 Kn, Macca anextpona m, = 9,1 - 1073! kr.
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556. DeKTpOH BJeTeJ B IVIOCKHH KOHAEHCATOP, HAXOISACh
Ha OAMHAKOBOM PACCTOSHHH OT KaMIOH [JIACTHHBI H HMes
ckopocTh v = 1 + 107 M/ ¢, HanpaBJieHHYIO NapaaenbHO na-
ctuHaM. PaccTosiHHe Mexay niacTHHaMu d = 2 cM, [AJHHA
KaXI0H MacTHHBl [ = 2 cM. KaKylo HauMeHbIIYI0 Pa3HOCTh
NOTEHUHAJOB HY>KHO NPUJIOXKHUTh K MJIaCTHHAM, 4TOObI 3JeK-
TPOH He BblJeTeJ U3 KOHAeHcaTopa? 3apsl 3/JeKTpOoHa e =
=1,6 - 10719 Kn, ero macca m, = 9,1 - 1073} «r.

557. 3apsKeHHbIH wWapuk Maccolt m = 10 r, nojselieH-
HbIH Ha M30JIMPYIOLEH HEPACTSAXKUMOM HHUTH, IBHXKETCS C MO-
CTOAHHOM YI/I0BOK cKopocThio ® = 10 paa/ c no oKpyXHOCTH
panuyca r = 5,0 cm (puc. 175). [Ton Touko# noxseca A Haxo-
OMTCS APYTOH, HENOABHMXKHbBIA 3apsiKeHHbIH, WAapUK B, npu-
yem paccrosHus AO u BO po ueHTtpa okpyxHocTH O ofHHa-
KOBBI, a yron a = 45°. 3apsiasl 060UX 1apUKOB OLHHAKOBbI.
Haiiti 3TH 3apsisl.

558. D1eKTPOH BJIETEN B OTHOPOAHOE JIEKTPOCTATHYECKOE TToJIe
HarpspkenHocTsio £ = 1104 B/ M co ckopocteio g = 8 Mm/ ¢
TNepreHAHKY/ISPHO CHJIOBbIM JHHHUSAM. BelUHCAHTL MOLYAb U Ha-
TIpaBJIeHHEe CKOPOCTH 3JIEKTPOHA B MOMEHT BpeMeHH ! = 2 Hc.
Macca anektpona m, = 9,1 - 10731 kr, sapspe=1,6 - 10719 Kn.

559. [IBa 01MHAKOBbBIX 3apAXEHHBIX LIApHKa, Macca Kax-
noro u3 Kotopeix m = 10T, a 3apsa g =5 - 1077 Kn, coeaune-
Hbl BYMS H30JHPYIOLIMMH HUTAMH MiuHoH [ = 10 cm u 2/
(puc. 176). CucteMy yiepXHBAIOT 3a CEPeNHHY ATHHHON HUTH,
a 3areM To4ky nogaseca O HAYHHAIOT MOAHHMATb BBEPX C yC-
KODEHHeM &, PaBHBIM 110 MOAYJIIO YCKOPEHHIO CBOGOAHOrO Majie-

Puc. l76
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Hust g . OnpeaenuTb CHIY HaTAXKEHHs KOPOTKOH HUTH, COeIH-
HSIOIEN APHKH, BO BPEMS HX MOABEMA.

"~ 560. DneKTpoH, OBUrasicb B BAKyYME MO CHJIOBOH JIMHHH
3JIEKTPHUECKOTO [104151, TIOJIHOCTBIO TEPSiET CBOKO CKOPOCTb MEXK-
Ay TO4YKaMH ¢ pa3HocTbio notenuuanos U = 400 B. Onpene-
JIUTh, KaKOH Oblja CKOPOCTbL 3JIEKTPOHA, KOTAA OH [folan B
3/eKTpHueckoe moje. 3apsil saektpona e = 1,6 - 10719 Ku,
Macca seKTpoHa m, = 9,1 - 10731 kr.

561. Kakoil myTb 1Mo CHAOBOU JHHUH NPOXOAHUT O -4acTHULA
[0 TOJHOH OCTAHOBKH B OJHOPOAHOM TOPMO3SILUEM 3JEKTpO-
CTaTHYECKOM MoJle HampsiKeHHocThio E = 2000 B/ M, eciu Ha-
yasbHas ckopocTb ee v = 2 - 107 m/c. 3apsan o-4acTHLEI 110JI0-
XKHTeJbHbIY, ¢ = 3,2 - 10719 Kn, ee macca m = 6,67 - 10727 kr.

562. YactHua, macca kotopod m = 1 - 1074 kr u 3apsa
g =1-1078 Kn, Bnetaer B 061aCTh OAHOPOJHOrO 3JEKTPOCTA-
THYEeCKOro noJas wupuHoit b = 0,1 M nox yraom o = 45°, a
BblIeTaeT mox yriaom B = 60° (puc. 177). Onpenenutsb Ha-
YaJIbHYI0 CKOPOCTb YACTHLbI, €CJIH HaNpSXKEHHOCTb OfHOPOL-
Horo nosis E = 1 - 108 B/m. TpaekTopus YaCTHLB JeXHT B
NJIOCKOCTH YepTexa.

-

T T

Puc 177

563. B niaockuH KOHAEHCATOp BJAETAET JEKTPOH CO CKO-
pocTbio v = 2 - 107 m/c, HanpaBaeHHO# NapanienbHO 06-
KJlajKaMm KoHaeHcaTopa. Ha Kakoe paccTosiHHe OT CBOEro mnep-
BOHAYa/JbHOrO HalpaBJ/eHHs1 CMECTHTCSl 3JEeKTPOH 3a BpeMs
nosieTa BHYTPH KOHAEHCATOPA, eCJH PAaCCTOSHHE MeXAy MJa-
CTHHaMH d = 2 cM, JJIMHa KOHJeHcaTopa [ = 5 CM U pasHOCTb
noTeHUHa 0B Mexay obkaankamd U = 200 B? OrHowenue
3apsiia MeKTpoHa K ero macce e/ m, = 1,76 - 101! Kn /«r.

262



564. DnexTpoH BJIeTaeT
B OJHOPOJHOE 3JIeKTPOCTa- 7,5/
THYeCcKoe [0Jle HamnpsiKeH-
HocTbio £ = 148 B/ m (puc.
178). B HeKOTOpbI MOMEHT

BpPEMEHH CKOPOCTb 3JIEKTPO- *
Ha U HalpaBJieHa IOJ YTJIOM >/
o = 60° K CHJIOBBIM JIMHH-
fIM TOJI H MOAYJb ee v =
=2 105 m/c. Haiitu yros
B, moag KoTopbiM OyfeT Ha- J
NpaBJieHa CKOPOCTb 3JeK-
TPOHa uYepe3 INPOMEXYTOK Puc 178
Bpemenu At = 3 - 1078 ¢.
3apsin anextpoHa e = 1,6 - 10719 K, Macca anextpona m, =
9,1 - 1073! r. Cunoit TSXKeCTH 3/1eKTpoHa npeHe6peyb.
565. lllapuk Maccoit m = 2 r, HMeWHH N0J0XKHTENbHbIH
3apsil ¢, HaYMHaeT CKOJb3HTb 6e3 HayaJbHOH CKOPOCTH H3
ToukH A 1o cdepuueckoil mosepxHocTH paguyca -R =10 cMm
(puc. 179). IMoTeHuManbHas 3HEPTHs B3aHMOAEHCTBHS 3apsi-
[a g Y HeNOABHXHOI0 OTPHLATe/IbHOro 3apsifia @ B Haualb-
Hbllt MoMeHT W, = —2 - 1073 Ix. OnpenenuTs NoTeHUHAb-
HYIO SHEePryI0 B3aHMOJEHCTBHS 3aPs0B, KOra 3apsill ¢ Haxo-
OWTCA B To4YKe B, eciiM B 3TOM ciy4ae pe3yJbTHpyloUas CHI
PeaKLHH CO CTOPOHBI ChepHUECKOH TTOBEPXHOCTH H KYJIOHOBCKO-
ro B3aWMOJEHCTBHS, IPUJIOXKeHHas K wapuky, £ = 0,1 H. ¥Ycko-
peHyie CBOGOJHOTO NafieHHst cunTaTh paBHeIM 10 M/ 2. Tpenuem
MeX1y LIAPHKOM U ctepHuecKoH TOBEPXHOCTbIO npeHedpeyb.
566. Jlpa 0qMHAKOBbLIX MJOCKHX KOHAEHCATOpa, OQHH M3
KOTOPbIX BO3AYIUHbIA, a APYroH 3amojiHeH AM3JEeKTPHKOM C
AHU3JIEKTPUUYECKOH NPOHHLAEMOCTbIO €, COeIHHEHDI, KaK JI0Ka-
3aHo Ha puc. 180, u 3apsxkennl go Hanpsixkenusi U. Kakyio

™y

Puc 179 Puc 180
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paboTy HamO COBEPLIHTb, YTOOLI H3BJeUYb AHIJIEKTPHUYECKYIO
MJIACTHHKY M3 KOHAeHcaTopa® EMKOCTb BO3AYLIHOTO KOH-
nencatopa pasHa C.

567. AToM HeoOHA MOHU3HPYETCS NPH CTOJKHOBEHHUH C 3JIEK-
TPOHOM, €C/M 3Heprus snekTpona W = 21,6 3B (sHeprus
WOHHU3aLKH). JJauHa cBOBOIHOTO npo6era 3/71€KTpoOHa B HEOHO-
BOM J1aMIle MeX[Y ABYMS N10C/1eJ0BaTe/bHbIMH COYAapeHUAMU
[ =1 mm. PaccTosiHue MeXy NJIOCKHMH 3/1€KTPOJAMH J1aMITbl
d =1 cm. OnpenenuTb HanpsKeHWe, IPU KOTOPOM 3aXKUraeT-
sl HeoHoBas J1aMna (6yIeT IPOHCXOAKTb NPOLECC HOHH3ALMH).
CunTaTh, 4TO NIPH Yape 3JEeKTPOH NOJHOCTHIO lepelaeT IHep-
THI0 aTOMY HeoHa. 3apsii saekTpoHa e = 1,6 - 10719 Kn,
1sB= 1610719 Ix.

568. Crek/sHHag NJacTHHKA LEJHKOM 3alOJHSET 3a30p
Mexxay oOK/IafKaMM MJIOCKOrO KOHIeHCAaTopa, eMKOCTb KOTo-
poro mnpu OTCYTCTBHM IJacTUHKH paBHa Cp. Konpencatop
NOJKJIOYEH K MCTOUHHKY NOCTOsiHHOro Hanpsixkenus U. Han-
TH MEXaHHYeCKYIo paboTy, KOTOPYIO HEOGXOAUMO COBEPLUHTD,
4yT06Bl U3BJIEYb IJIACTHHKY M3 KOHAeHcaTopa. Kakyio pabory
COBEPLUMT NPH 3TOM HCTOYHHK? JJUa/eKTpHUecKas NpOHHLae-
MOCTb CTEKJ/1a pPaBHA €.

569. HanpsxeHHOCTb 3/1eKTPOCTATHYECKOTO TOJIS TIJIOCKOTO
BOBJlyLUHOrO KoHpeHcaTopa emMkocTeio C = 4 mk® E =10B/cm.
Paccrosinne mexny o6knankamu d = 1 mm. Onpenennts sHep-
THIO 3/JIEKTPOCTATHYECKOTO N0 KOHEHCATOPAa U €€ TUIOTHOCTb.

570. OnpenennTh KONHYECTBO 3JEKTPUUECKOH 3IHEPTHH,
nepeulefiied B TEMJNOTY NpPH COEIUHEHHWH OLHOUMEHHO 3aps-
XEeHHBIX 00K/IafoK KoHneHcaTopoB eMKocTsaMH C| = 2 MKD u
Cy = 0,5 Mxd, 3apskenHblx A0 Hanpsxenu# U; = 100 B u
Uy = 50 B coorBeTcTBEHHO.

571. Ha nsockuil Bo3pylIHbIA KOHIEHCATODP NMOAAETCS Ha-
npsxenne U = 2,0 xB. INnowans kaxnod nnactuusl S =
= 0,24 M2, paccrosinue Mexay Humu d; = 50 mum. Tlocse 3a-
PAJKH KOHAEHCATOp OTKJAKYAIT OT UCTOUHHKA M 3aTeM pas-
IBHTalOT €ro oOKJIalKH Tak, 4TO PACCTOSIHUE do MeXAY HHMH
CTaHOBUTCA paBHbIM 1,5 cM. OnpenenuTts paboTy, coBeplueH-
HYIO NIPH pa3iBHraHUM 00KJI3a0K KOHAEeHCcaTopa.

572. KonpneHcaTop eMKocTbio C, 3apsoKeHHBIH 10 Hampsi-
X)eHus U, coelMHMUIH NapaaieNbHO ¢ TAKUM XKe He3apsKeH-
HbHIM KoHJeHcaTopoM. OnpenenuTb H3MEHEHHE 3HEPTUH CHUC-
TeMbl TI0CJIe COeNHHEHHUS.

573. KonneHncarop emkocts C = 100 Mx®d 3apspkalioT 1o-
CTOSIHHBIM TOKOM Yepe3 Pe3UCTOP, COMPOTUBJAEHHE KOTOPOTO
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R = 100'kOmM. Yepe3 kakoe BpeMs nocje Hadana 3apsiiKH
JHEPrHs, 3anaceHHas B KOHJEHCATOpe, CTaHeT PAaBHOH 3Hep-
THH, BbIIeJIEHHOH B pe3ucTope?

9. 3AKOHbI MOCTOAHHOIO TOKA

MeToauuyeckue YKa3aHUA K petueHUo 3agad

[Ipu perueHuu 3anay Ha pacyeT 3j1eKTPUUYECKHX LeneH Io-
CTOSIHHOTO TOKa HY>KHO HaYepPTHTb CXeMy H BHUMATeJbHO I1pO-
aHANU3UPOBATL €€: BhISICHUTh, KaK COeIMHEeHbl HCTOYHHKH TOKa,
pesuCTOpbl, KOHAeHcaTopbl. Hepeako 3agaHHylo cxemy noses-
HO HauepTHTb HECKOJBKO HHaue, YTOObI MONYYUTh HOBYIO CXe-
MY, 3KBHBaJeHTHYIO JaHHOH. [IpH 3TOM MOXHO COEAMHATb H
pasbefuHsTb TOYKH, UMelollHe paBHble NoTeHUMaabl. Ha Ho-
BOHM CXeMe Hallo BbIIEJHTb Y4aCTKH, TA€e BHI COeAHHEHUS NIPO-
BOAHHMKOB (napanJenbHOe, MOCJAEeA0BATENbHOE HIH UX KOMGH-
HalUKMM) cTan odeBHMAEH. [loc/e 3TOro UCMoJb3ylT HOPMYJibl
AJIs pacyeTa CONPOTHBJIEHHH, a Takxe 3akoH Oma As1s yyacT-
Ka Leny U /151 3aMKHYTOH LenH.

Heo6x0a1M0 yUHTEIBATh, YTO NOCTOSIHHBIN TOK Yepe3 KOH-
[eHcaTop He NPOXOAMT. Ec/M KOHAeHcaTop B LieNH NOCTOSIH-
HOTO TOKa COeAHHeH NapasjlebHO C PEe3UCTOPOM, TO Ha KOH-
[EeHCATOpe TaKoe XXe HaNpsKeHHe, KaK U Ha Pe3uCTope.

PacueT c/10XXHBIX pa3BeTBJEHHbIX 3JIEKTPHUECKUX LieneH
TNIPOM3BOASAT ¢ NMOMOLUbIO npaBua Kupxroda, npu 3ToM AeHCT-
BHS C/lefyeT BbINOJHSTb B TAKOH NOCJE0BATENbHOCTH:

1) npou3BONbHO 0603HAUMTL CTPEJKAMH HallpaBJeHUs TO-
KOB BO BCEX y4yacCTKax LenH;

2) npou3BOJIBHO BHIGpPATh HanpasJeHHs 00X0fa KOHTYDOB
(o 4acoBO# CTpeJsKe MJH MPOTHB);

3) COCTAaBUTL CHCTEMY YPaBHEHHH COIJIACHO NepBOMY H
BTOpOMY npaBusiaMm Kupxroda, Ip1 3TOM: a) CHJIbl TOKOB, BXO-
OSILIHX B y3es, GepyTcs cO 3HAKOM <«ILIIOC», a CHJIbl TOKOB,
BBIXOASILIMX M3 y3/1a, — CO 3HAKOM «MHHYC»; 6) eCJIM Hanpas-
JIleHHe TOKa COBNajaeT ¢ BLIOPAHHBIM HanpaBsaeHHeM 00Xona
KOHTYpa, TO COOTBETCTBYIOLUee NPOH3BEleHHe CHJbI TOKA Ha
CONPOTHBJIeHHe 6epeTcst CO 3HAKOM «IIIOC», €C/IH He COBNaja-
eT, — CO 3HaKOM «MHHYC»; B) DJIC cienyet 6paTh o 3HAKOM
«IUTIOC», €CJIM NP 06X04e KOHTYpa NPUXOAMTCS MATH BHYTPH
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HCTOYHMKA TOKA OT OTPHUATEJBHOIO MOJIOCA K [10JI0XKHTe b
HOMY, B MPOTHBHOM CJly4ae — CO 3HAKOM «MHHYC»;

4) pelKTb COCTABJIEHHYIO CHCTEMY YPaBHEHHH; €CJIH fpH
3TOM 3HayeHHs] HEKOTOPBLIX CHJ TOKOB NMOJYYaTCH CO 3HAKOM
«MHHYC», 3TO 03HayaeT, YTO [JeHCTBHTE/bHbIE HanpaBJeHHs
5THX TOKOB MPOTHBONOJOXXHb YKa3aHHbIM Ha cxeMe. Pazyme-
eTcsl, npaBujaa Kupxroda MoXHO NMPUMEHSITh H MPH pacyeTe
NpPOCTHIX Lenel.

[1pu perenHy 3agay Ha npeBpallleHHe JleKTPHYeCKOH 3Hep-
THH B TENJIOBYIO H MEXaHUYECKYI0 COCTABJSIOT YpaBHEHHE Ha
OCHOBE 33KOHA COXPaHEHMS U NpeBpauleHUs SHepPruu. 3a1a4H
Ha 3JIeKTPOJU3 pellaloT NyTeM COCTaBJEeHHS ypaBHEHUH Ha
ocHoBe 3akoHOB Papages.

OCHOBHbIe 3aKOHbI U (hopMY bl

Cu/La NOCMOAHHOEO neKkmpuiecKoeo moka
=g/t

rae q — 3apsi, NepeHoCHMBIH Yepe3 rioriepeyHoe ceyeHHe MpPOBOJ-
HHUKa 3a BpeMmsd ¢.
[Thromnocme anexkmpuueckoeo moxka

j=1/8,

rae / — cuna Toka; S — MuolaAb NOMEPEYHOro CeYeHHs NPOBOAHHKA,
3akon Oma 0r5 ywacmka yenu, He codepmaweeo SJC:

I=U/R,

roe / — cuna toxa, U — HanpspKeHHe Ha 3TOM y4yacTke; R ~ COnpoTHs-
JeHue.

Jaexkmpuueckoe conpomusrenue* nposodnuka AAKHOH [ ¢
MOCTOAHHOH IVIOLIAABIO MOMEPEYHOro CedeHHs S

R= p—l-,
S
rie p — yAeJbHOe CONPOTHBJIEHHE IPOBOJHHKA.

Conpomusasenue nposodnuka npu memnepamype t

*BmecTo TepMHHa «3/1eKTPHUYECKOE CONPOTHBJEHHE» IPUMEHSIETCH KpaT-
Kasi pOpMa «CONpPOTHB/IEHHE», BMECTO «CHJ/IA SJIEKTPHUECKOrO TOKA» — «CHAA
TOKa» M T. .
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rae Ry — conporusienne nposoguuka npu 0 °C; @ — remneparyp-
HbIH KO03(ODHLUHEHT CONPOTHBIEHHMS.

AHasorH4HoO Bblpa)kaeTcs 3aBHCHMOCTb YAEJNbHOrO COMNPOTHBIE-
HHMSA OT TEMIepaTyphbl: '

p, = poll + at).

Obwee conpomusaenie npu nocaedo8amesrbnom CoeduHeRUU

npogodHuKo8
R=R +Ry +. .+ R,

rane Ry, Ry, ..., R, — COMpPOTHBJEHHS OTAEJbHBIX NPOBOAHHKOB.
Ecin Ry =Ry =..=R,, TO0 R = nR,.

Obuee conpomuesrenue npu NApasLesbHOM COeCUHEHUU Npo-
800HUKO8 YIOBJIETBOPSIET COOTHOWEHHIO

L_ 1.1 1

= b ——
R R Ry R,
Ecan Ry =Ry = .. =R,, T0 R =R, /n.
3axkon Oma O0as 3amkHymol yenu:
/=%
R+r’

rae I — cuna toka B uenu, & — 3JIC ucrouHuka; R — conpoTuBJe-
HHUe BHEIUHero yyacTKa LEIH; 7 — BHYTPeHHee CONPOTHBJEHHE HC-
TOYHHUKA.

Hanpsaxcenue Ha 3axcumax ucmoyHuka

U=IR=¢ - 1Ir,

€CJIH BHYTPH HCTOYHHKA TOK HanpasJi€éH OT OTPHUATEJIbHOTO MOJIIO-
Ca K [10JIOXKHUTEJbHOMY; NpY NPOTHBOIIOJIOXHOM HaNpaBJIeHHHU TOKA
(STO BO3MOXHO [IPH HAJIHYHH B LIeMIH HECKOJbKHX HCTOYHHKOB TOKa)

u=¢ +1Ir.
Cura moxa npu KOpOMKOM 3aAMbIKAHRUU UCMOYHUKA
10 =8 /f.

Cunra moxa 8 yenu npu nocredosamesbHoOM COeOUHEHLU pas-
AUHHBLX UCMOYHUKOS
] $]+82 +...+gn

R+n+r+.+r,

rae €y, &y, ..., & — JC HCTOUHHKOB; 7|, Iy, ..., 7, = BHYTpPEHHHE
COMpPOTHBJIEHHS HCTOUYHHKOB.
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Cuara moka npu nociedosamerbHom CoeOuUHERUL N 00URAKO-
goix ucmounuxos ¢ DJC € U BHYTPEHHHM CONPOTHBJEHHEM 7

[=-tE
R+ nr
Cura moxa 8 yenu npu napaiiesbHOM coedunenuu n oduna-
KOBbLX UCMOYHUKOS
[=—%t
R+r/n
[Ipasura Kupxeogpa:
I. AnreGpaudeckass CymMMa CHJl TOKOB, CXOAALIMXCA B JIOB0M
yane (T. e. B TOUKe pa3BeTBJEHHs NMPOBOAHHKOB), PABHA HYMIO:

Iy +lp+ .. +1,=0
II. B /11060M 3aMKHYTOM KOHTYype CyMMa NafeHHi HanpskeHHs (T.e.

NPOM3BEAEHHH CHA TOKOB /; Ha COOTBETCTBYIOUIME COMPOTHBAEHUS R;)
paBHa anre6panyeckon cymme JJC, UMEIOLIMXCS B 3TOM KOHTYPE:

LR+ 1hRy +. + R, =& +& + ..+ &,.

Paboma nocmosanHO20 asexmpuieckoeo moka
2
A=qU=IUt=12Rt=U7t,

rae g — 3apsi, NPOLEAIHH N0 NPOBOAHHKKY; U — HanpsixkeHue; [ —
CHNla TOKA; ! — BpeMs NPOXOXKAEHHUA TOKA; R — compoTHBAEHHE.
Mowgrocme nocmosarrno2o moka

P=qU/t=1U= IR = U2/R.

3axon Hwmoyas—Jlenya: KONHYECTBO TEMJOTH, BblAEAsEMOE
NPOBOAHHKOM CONpPOTHBJAeHHeM R ¢ TOKOM CHJ0H [,
Q = I2Rt,

rae t — BpeMsl MPOXOXKAEHHA TOKaA.
[Toanasn MOWLHOCMb, pa3susaemans UCMOYHUKOM moKa,

P=I1¢=12R+r)=_8"_
R+r

rae & — IJIC UCTOYHHMKA C BHYTPEHHHM COTMPOTHBAEHHEM 7, 3aMK-
HYTOrO Ha BHellHee CONMpOTHBJeHHe R.

Honesnas mougnocmp (MOWIHOCTb, BblAENSieMas HA BHELIHEM
y4acTke LeMH, COMPOTHBAEHHE KOTOPOro paBHO R)

P:[ :U_2= 6 — 2 :—z’zR
==Y =1 P = R



Koagppuyuenm nonesnozo deiicmsus (KI1[1) ucmounuka moka
_A_Uu_ R

P & R+r

3axonst Papades das 3aexmpoausa:
I. Macca m BelllecTBa, BblAEJMBIUErOCS HA 3JEKTPOLE, [1PONOp-
UMOHABHA 3apsily ¢, NPOLIeeMy Yepes 3JMeKTPONUT:

m = kq = kIt

TAe k — 3/1IeKTPOXHMHYECKUH KBHBAJIEHT BellleCcTBa; | — CHJsa TOKA,;
[ — BpeMsl ero IpOXOXAeHHS.

II. DneKTPOXHMHYECKHH 3KBHUBANEHT BElECTBA [POMOPLHOHA-
JIEH ero XMMHYeCKOMY 3KBHBAJIEHTY:

1M

Fon’
rae F — nocrosHuas Papages: F = 9,65 - 104 Kn/mons; F = eNy,
e — 3apsii 3nekTpoHa; N — nocrosiHHas ABoraapo; M — mossipHas
Macca; n — BaJeHTHOCTb; M /n — XMMHYECKUil 3KBUBAJIEHT.
Ob6wedurernnvii 3akorn Papadesn:

It.

m =

“y|—
ENES

Mpumepsb! pelueHust 3agav

574. Hality conpoTHB/IeHHEe MeXAy TouKaMmu I u 2 uenew,
cxeMbl KOTOPbIX H306paxkeHbl Ha puc. 181, a (R} = Ry =
=R3= R4 = Rs = R) H pHC. 181, 6.

a d R R
2
R R
R 3 R
R R
R R

Puc 181
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Puc 182

PemweHwue Jlna cxembl, NoKazaHHOH Ha puc. 181, a,
HayepTUM 3KBHBaJeHTHYI cxemy (puc. 182, 6), u3 koTopoH
BUAHO, 4TO pe3ncTopsl R3 1 RS coennHeHsl nocnenoBaTelbHO;
ux obulee cornpoTHsieHHe paBHO 2R. IlapansenbHo ¢ HUMH
coenuHeH pesucTop R4, compoTuBieHue kotoporo Ry, = R.
O6uiee cCONPOTHBJIEHHE yYacTKa LENH MeXAy TOUKaMu 3 U 2

R3_2 = 2RR/(2R + R) = 2R/3

[TocnenoBaTeNlbHO ¢ 3THM YYacCTKOM CO€IHMHEH Pe3HCTOp
R2, B pesynbrare yero nosydaercs Lenb, CONPOTHBJIEHHE KO-
TOpoH

R = R3_2 + R= 5R/3

Y, HakoHel, napanensHO ¢ 3TOH LieNblO COeJMHEH Pe3UCTOp
R1. CnenoBarenbHo, ofliee CONPOTHBJAEHHE MEXAY TOYKAaMH
In2

R;_»=R'R/(R" + R) =5R/8.

Cxemy, npusepneHHyw0 Ha puc. 181, 6, npeactaBum B BUe
[BYX OJHMHAKOBBIX MapajyielbHO COeJMHEHHbIX BeTBEH, pasb-
eIMHHUB Touky 3 Ha aBe Touku: 3° u 3’ (puc. 182, 6), KoTo-
pble BCJIEACTBHE CHMMETPHYHOCTH CXEMHl HMEIOT OJIMHAKOBBIH
noteHuMas. Jlerko onpenesnTb, YTO CONPOTHBJIEHHE MEXAY
toukamu / u 2 (puc. 182, 6) pasno 3R/2.

575. Mmeercst MOTOK MeIHOH IPOBOJIOKH, MJOWIA/L MOTe-
pedHoro cedenust kotopoit S = 0,10 mmM2. Macca Bceit poBo-
jgoku m = 0,30 kr. OnpenenuTb CONPOTHBJIEHHE MPOBOJIOKH.
YnenvHoe conpotuBiaenne mead p = 0,017 - 107° Om - M,
nnoTHocTe D = 8,9 - 103 kr/m3. '
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Pewenue. ConpoTaBnenne NpoOBOIOKH JINHHOI [
—ol
R=p<. (1)

Macca nposonoku m = DIS, rne D — nnotHocts. Otcrona [ =
= m/(DS). TloactaBus 310 3HaueHHe B GopMyny (1), nonyuuM R =
=pm/(DS*), R =57 Om.

576. AMnepMeTp, NpeAHa3HAYEHHBIA U1 H3MEPEHUA CHIIBL TO-
ka He 6osiee I, = 20 MA, HEOOXOUMO HCNONBL3OBATL I H3Mepe-
HHUA cuibl Toka 10 [ = 0,5 A. PaccuuTaTh CONpOTHBIIEHHE LIYHTA
R, €ClU cONpOTHBIEHHE aMnepMeTpa R, = 5 OM.

Pemeunne. Ecniu B uenu I
cHsa ToKa 60Mblile MaKCUMANbHOMH I

I, Ha KOTOpYIO pacCyUTaH aM- @
NIepMeTp, TO MapajlenbHo eMy Re
BKJIIOYAeTCH pe3ucTop (LIYHT), dug
Kak 1nokazaHo Ha puc. 183. Ilpu —
9TOM TOK CHIOH / B LlenH 4acTH4- L
HO OTBETBIIAETCS B LIYHT: Ra
I=L+1,, Puc. 183

rae I, Iy — CUIIbl TOKOB, MAYLIMX HYepe3 aMIlepMeTp H LIyHT. [Tycts
cwia Toka B uenu ! = nl,, T. e. B n pa3 6onbiue I,. Torna uepes
IIYHT HOET TOK CHIIOH

luy=I-L=nl—I,=I,(n-1).

HanpsbxkeHus Ha ammepMeTpe M LUyHTe OJWHaKoBble: IR, =
= I R,. Otciona R, = I,R,/1,,. CnefoBarenbHO,

Ry=RJ/(n-1),

rae n = I/1,. lloacTaBHB YKCI0BBIE 3HAYEHHA, HaineM R, =0,2 OM.

577. BonbT™MeTp, paccuMTaHHbIH Ha W3MEpEHHE HANpsLHKEHHH
no Uy = 30 B, uMeeT BHyTpeHHee conpoTHBienue Ry = 3,0 kOm.
Haiitu conporuBnenne R; 100aBOYHOrO pe3ucTopa, KOTOPHIi
HYXHO HOAKJIIOUHTDH K BOJILTMETPY, YTOOB! MM MOXKHO OBLIO H3Me-
pAThk HanpspkeHue 1o U =300 B.

Pemenune. Ecnu usmepseMoe HanpsbkeHue OoJiblie Mak-
cuManeHOro Uy, Ha KOTOpOE PAacCUHTaH BOJLTMETP, TO MOXHO
NOCJIEOBATENbHO € HUM BKJIIOUMTHL JA00aBOUHBLH pesuc-
Top (puc. 184). Ilycte R, — CONPOTHBIIEHHE BOJBTMETPA,
R, - conporuBnenne pnobasouHoro pesucropa, U, — npenen
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/ H3MepeHHA BOJLTMETPA,

R U = nUy — n3mepsiemMoe Ha-
@ LL|——— npsiKeHHe, B 1 pa3 Gosbliee

Uy Ui nomyctumoro. IlockoabKy
BOJLTMETP M 106aBOYHbIN
y PE3HCTOP COeTUHEHb! MTOCIe-
~ posaTenbHo, To U = Uy +
Puc. 184 + U, orciona

Upy=U=Ugy=nU, - Uy = Ugln—1).

Cusia TOKa, MpOXOJSILIEro yepes BOJbTMETD H 106aBOYHbIH
pe3UCTOp, OfiHA U Ta xe. [Jo3ToMy, HcroJb3ys 3akoH OMa ans
ydyacTKa UenH, 6yfieM HMeTb

Uy, Ugln-1
R, R

oTkyna R; = Ry(n — 1), R, = 27 xOm.

578. Tlpu temnepatype ¢; = 20 °C conpoTHBJeHHe NJIaTH-
HOBOH npoBosokH R = 20 OM, a npu Temneparype ¢y = 500 °C
Ry = 59 OM. HaliTh 3HaueHHe TeMnepaTypHOro Ko3ddHureH-
Ta CONPOTHBJIEHHS MJAaTHHBI.

PemeHHe Bbpaxenus ais CONpOTHBIEHUA NPOBOJIO-
KH TIPH TeMIepaTypax {; 4 {y HMEIOT COOTBETCTBEHHO BHI:

Rl = Ro(l +at1), R2 = Ro(l + at2),
rie Ry — conpoTusieHHe npoBoJoky npu 0 °C; o — Temre-

paTypHbIN KO3 (HUHEHT CONMpOoTHBAeHHA. Pa3nenus rnousen-
HO NepBoe PaBeHCTBO Ha BTOPOE, MOJYYHM

Rl _ 1+(Xt1
R2 1+(Xt2 )
Orcrona
Ry — R _ _
= 2 1 ,(X.=4,4~103K1.
Rity — Ryt

579. B uenu, cxema KoTopoH H3o0paxkeHa Ha puc 185,
conpoTHBJeHHA peancTopoB R1, R2, R3 paBHh cooTBETCTBEH-
HO 2, 4 u 6 Om; DJIC uctounuka Toka & = 10 B, ero BuyTpen-
Hee conpoTHBienHe r = 0,4 OM. Uro nmokaxket ammepmeTp?
ConpoTHB/IeHHEM aMIepMeTpa npeHebpeyb.

Pewenue [cnocob. AMnepmerp mokaxer cuiy ToKa
I3, unywero yepe3 pesuctop R3. [lycts /] — cnna toka, unyuie-
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ro 4yepe3 pesucrtop R1. B y3ne B R3

OH Da3BETBJISAETCS Ha TOKH CHJIOH L1
Iy n I3, noatomy A
H R2
anpsiKEHHs Ha DE3HCTOpax — 3
R2 u R3 pasHh, T. €. —
I
IRy = I3R;. (2) ! /,r A1
PellliB COBMECTHO ypaBHEHHsI ,
(1) u (2), nonyuum 4{|| 6
Iy =11Rs/(Ry + R3). (3
3= 11Ry/(Ry + Ry). (3) Pucl8s

Cuny Toka /| HaiigeM no 3axo-
Hy OMa 1711 3aMKHYTOH LeIH:

I, =¢/(R+7r), (4)

rie R — conpoTHBJieHHe BHelIHeH YaCTH LeNH; r — BHYTpPEH-
Hee CONPOTHBJIEHHe HCTOYHHKA. YuHTbiBas, yto R2 u R3 coepu-
HeHbl MapajjenbHo, a Rl — mocsnenoBatesnbHO ¢ HHUMH, He-
TPYAHO HAHTH, UTO

R = Rl + R2R3/(R2 +R3).
[ToactaBuB 3T0 3HaueHHe B dopmyay (4), moaydyum

_ F(RZ + R3)
(R2 + R3 )(Rl + f) + R2R3 ’

I

Toraa, cornacuo dopmyase (3), 6ynem umeTn:

#R,

2 =
3 TR, + R)(R + 1) + RyRs

I3 =08 A.

Il cnoco6. Ins y3na B Ha OCHOBaHMM NepBOrO NpaBHJIA
Kupxrota coctaBum ypaBHeHHe:

I = 1y-13=0. (1)
O6xons koutypel BRyCéR|B 1 BR3CRyB npoTHB 4acoBOH

CTpeJIKH, Ha OCHOBAHMH BTOporo npaemusaa Kupxroda cocra-
BHUM YpaBHEHHS:

IgRy + Iyr + 1R, = &, I3R3 — I9Ry = 0. (2)
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[Moacrasus B ypasHenus (1), (2) yucaoBble 3HauYeHHS 3a-
JAHHbIX BEJIMYMH, [IOJYUHM CHCTEMY TPEX YPaBHEHHH C TpeMs
HeU3BeCTHBIMU

I =1y—1I3 =0,
41y + 241, =10,
615 —4/p =0,

pelwus KoTopylo, HaigeM /3 = 0,8 A.

580. HeckosbKo HCTOYHMKOB TOKa COENHHEHbl TaK, Kak

nokasaHo Ha puc. 186. KakoBbl nokasaHus amnepmeTpa H BOJbT-
meTpa? ConpoTHBJieHHe BOJbT-
W MeTpa CYHMTaTb OECKOHEUHO
6onblinM. ConpoTus/IeHHEM
amnepMeTpa ¥ COeJIMHHUTE/b-
HbIX TIPOBOLOB TNpeHeOpeyb.
PaccmoTpeTsb nBa cityyas: Ko-
Tla BCe UCTOUHHKH TOKa OfM-
HaKOBBl M KOTZla OHH HMEIOT
pasanuHbie DJIC U pasnnuHbie
BHyTPEHHHE CONPOTHBJIEHHSI.
Pewenne Ecanscen
/K-{\—/\ MCTOYHHKOB OJHHAKOBHI, TO

CHJIa TOKA B LENH

Puc. 186 ] =n& _ &
nr r
TakoBo NMoKa3aHWe amnepMeTpa.

Kak cnenyet u3 3akoHa Oma O/ 3aMKHYTOH HeNH, BOJbT-
MeTp OKaXKeT Ha 3WKHUMaxX HCTOYHHKA HanpsbkeHue U = & — Ir.
[ToncTaBHB ciofa 3HauYeHUs CUMBI ToKa, moayunm U = 0.

Ecan Bce HCTOUHHMKM Pa3/lHuHbL, TO CHJIa TOKA B LeMH

8] + 82 +.+ 8}[

V=T
B sTom ciyyae BosbTMeTp mokaxkeT Ug # 0.

581. B uenu, cxema KoTopol npuBeseHa Ha puc. 187, co-
npoTuBJeHHUs pesuctopos R1, R2, R3 — cooTBercTBeHHO R =
= Ro = 2 Om, R3 = 5 Owm, DJIC ucrounnka & = 34 B, ero
BHyTpeHHee conpoTtusieHHe r = | OM, eMKOCTb KOHIEHCATo-
pa C = 20 mx®d. OnpenennTs, KakoH 3apsa g NpoHaeT yepe3
ko4 K npy ero 3amblKaHHH.

Pewenue. Ilpu3aMKHyTOM K/i0ue KOHAEHCATOP 3apsi-
IMTCSl 1O HEeKoToporo HanpspkeHus U, mocse yero Tok yepes
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pesuctop R2. mpoxoauTtb He A7
6yner. Hanpsxenne U Ha —
KOHAEHCATOpe -PaBHO Hanpsi-

KEHHIO MeXAy Toukamu A u k2 K 4
B. Mexy 5THMH TOUKaMH T1a- L] —

paJlJieJbHO BKJIOYEHbl Pe3H- 23
ctopbl R1 1 R3 (Tox yepes R2 —
He unet). IlosTomy
o
U=1p%_ |:
Rl + R3
Puc.187

3ap9m Ha KOHAEHCAaTope

R,
g=CU=Cl-28_
R] + R3
Cuny ToKa HalifeM 10 3akoHy OMa A/l 3aMKHYTOH LenH:

— &
RIRB/(RI +R3)+f.

HO]_ICTaBHB 3TO 3HaY€HHE B BbIpaXXE€HHUE I 3apsia, NOJyUYHUM:
= ce — -4
[y AL
RiRs

582. 3JIC 6artapeu & = 16 B, BHyTpeHHee conpoTHBJIeHHE
r = 3,0 Om. HaliTi conmpoTHBieHHe BHeLIHeH YacTH LelH,
ecJIM H3BeCTHO, YTO B Hel BbigessieTcs MowHocTs Py = 16 Br.
Onpenenuts KIIJ] 6atapen.

PeweHue MowHOCTS, BblLeIACMast BO BHELIHeH
yacTH LenH (noJe3Has MOIHOCTD), A= I?R, re R — Brew-
Hee conpoTHB/eHHe. CHly TOKa HaiifleM no 3akoHy Oma aas
3aMKHYTOH LenH:

I=¢/(R+r).
Torpna

P =R _ R +[2r—§3 R+r2 =0
(R+r)? A

[lopcTaBUM 4YHC/OBble 3HAYEHHS 33[aHHBIX BEJHYHH B 3TO
KBaJIpaTHOe ypaBHEHHe M PELIHM ero OTHOCHTesbHO R:

(23 162 )R+32 0, R2_10R+9=0,
RL—IOM,R2=90M.
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KIT/] 6yneT uMeTh ABa 3HaYeHHSA, COOTBETCTBYIOUIUX ABYM
HalIeHHbIM 3HAUEHHSIM BHEILHEro COMpPOTHBJEHHS:

N =2 =025 My =2 =075

R +r Ry +r

583. 2JIC ucrounnka toka & = 1,6 B, ero BHyTpeHHee
conporusienre r = 0,5 Om. Uemy paBen KIII ucTounuka
npu cuae toka [ = 2,4 A?

PewmeHue [lonHas MOWHOCTb, pa3BHBaeMas HCTOYHH-
KoM TOKa, P = J§ . BHYTpH HCTOUHHKA BbUIE/SETCA MOLIHOCTD
Py = I?r . CnienoBaTesibHO, 110J1€3HAs MOLHOCTD, BbIAeJisieMast
Ha BHeLIHeM Y4acTKe LelH,

P1=l((§_12f.
KITJ vicToyHuka npu cuJse Toka /
B 1g-I% I
n=%=— ~l-p =03

584. B uenu, cxema kotopo# faHa Ha puc. 188, D]C u
BHYTpEHHee CONpPOTHBJIEHHE NePBOr0 UCTOYHHKA TOKA — CO-
orBeTcTBeHHO & = 2 B u r) =

1,6.5 =.1 OM, BTOpPOro HCTOUHHKA —
- I & =1Bury=0,50m Conpo-
THBJIEHHE BHELIHEro y4acTKa Le-
/?[\ o1 R = 3,5 Om. Haliti cuiy Toka
B LENH U HANpPSXKEHHE Ha 3aXH-

6, MaX Ka»<JIoro HCTOYHHKA.
T{I—i Pewenwue Jlannas uemns
COMEPXKUT [Ba MOCJEN0BATEIbHO
Puc 188 COeIHHEHHBIX UCTOYHHKA TOKa.

Bynem cuuTaTh MosI0XKHTEbHBIM
HanpasJ/ieHHe 06XOfa LeNH MPOTHB YacOBOH CTpesiku. Toraa

& >0, & <0, unoanas IJC B uenn & = |&| — [& | Cornac-
HO 3akoHy OMa, cHsa ToKa
;= [al-lel (1)

R+rn+n

IMTockoabky |&| > |&|, TOK BHYTPH NE€PBOTO HCTOUHHKA Ha-

[IpaBJICH OT OTPHUATEJIbHOI'O ITOJII0OCA K MOJOXHTEJbHOMY, MO-
3TOMY HAIIps>KE€HHE Ha ero 3a>Xumax

UI =3?1 —lfl (2)
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BHyTpH BTOPOr0 HCTOYHHKA TOK HAallpaBJIEH OT INOJOXH-
TE€JIbHOTI'O MOJII0CAa K OTpHLATEJ/JIbHOMY, MO3TOMY HANpAXEHHE
Ha ero 3axHMax

UQ :252 +lré_ (3)

Boiuncsenus no dpopmyaam (1)—(3) paot: / = 0,2 A, U, =
=2B,Uy=1B.

585. Darapes, cocrosias M3 ABYyX OJHHAKOBBIX NapaJ-
JIeJIbHO COeHHEeHHBIX 3nemMeHToB ¢ DJIC & =2 B, 3aMkHyTa
pe3ucTopoM, conpoTHBeHHe KoToporo R = 1,4 OM. BHyTpen-
HHe CONPOTHBJIEHHsI 3neMeHToB 7| = 1 OM H r9 = 1,5 Om.
HaiTu cuiy TOKa B KaXXIOM 3JEMeHTEe U BO BCeH LIENH.

Pewewnue. Ilpunapan-
JIeIbHOM COelMHeHHH OJHHAKO- (i
BbIX 3JIEMEHTOB HaTapesi HMeeT
takyio xe 3/1C, kak u JIC ox-
HOro a/eMeHTa: BHyTpeHHee xe
CONPOTHBJIEHHe GaTaped pac- 6,
CYUTBIBAIOT MO 0OBLIYHOMY Ipa-

-——
BUJIy Napas/leJbHOIO CoeuHe- I,
Hus conpoTHBaeHHH. CoraacHo A
3akoHy Oma, cuia TOKa B LIeNH —{
(puc. 189) —

£ I=1A Puc. 189

T R+nn/ln+n)

DTOT TOK pa3BeTB/seTcsl B Touke A Ha TOKH cuiok [ U [y,
KOTOpble 06PaTHO MPONOPLHOHANbHbI CONPOTHBIEHHSIM 7| H
ro. Umeem:

[1 + [2 = [, /1f1 = [2f2.

[ToncTaBuB B 3TH ypaBHeHHs 3HauyeHWs [, 7| U ro U DeLIHB
mosydeHHYIO cucTeMy, HangeMm: /| = 0,6 A, [ = 0,4 A.
586. K pasHoumeHnHbIM nomocaM 6ataped, JC kotopo#
& = 120 B u BHyTpeHHee conpoTuB/aende r = 10 Owm, nog-
KJI0YeHbl [Ba NpPOBOAA C OALHHAKOBBLIMH CONDOTHBJIEHHSIMH
R =20 Om. CBo6GoaHble KOHLB! IPOBOLOB H HMX CepeldMHbl CO-
eMHEeHb! APYT C APYroM yepes ABe JaMIIOYKH COIPOTHBIEHHEM
R, = 200 Om kaxnas. Ha#iti cuay Toka, uayulero yepes
6aTapelo, U CHJIbI TOKOB, NPOXOAALIHX Yepe3 JAMIOYKH.
Pemwenue CxemacoendHeHHs NoxkasaHa Ha puc. 190.
O603HauMM Ha cxeMe HanpasJ/eHHs Tokos /, /| u [y, npoxoas-
UMX Yyepe3 GaTapelo, NPOBOAA H JaMIoykH. O6Xoas KOHTYPpSI
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R, ALB¢A u ALyBL|A no 4acoBo#
CTpeJiKe, COCTaBJseM M0 BTOpPO-
my npasuny Kupxroga ypasHe-
HHS:

1r+1—+11R1 +1§= , (D)

Nolxy
molxy

IR +12?—11R1 +12§: 0. (2)

ITo nepsomy npasuny Kupx-

=1+ Qe | ®

R R Toda cOCTaBHM ypaBHeHHe s
Z 2 ysna A:
I-1,-I,=0.  (3)
&r
|" " YnpocTtus ypasnenus (1) u (2)

¥ 106aBHB K HMM ypaBHeHHe (3),
TIOJIyYHM CHCTEMY Tpex ypaBHe-
HHUH C TpeMsl HEH3BECTHBIMH

1(R+f)+11Rl = €,
IQ(RI +f)=11Rl,
[~ =1, =0.

Puc 190

TlogcTaBUB YHCJIOBBIE 3HAYEHHS BeJIHYHH, IIOJYUYHM!:

307 + 200/, =120,
22012 = 20011,
I-5-13=0

Orcrona Hawigem: / = 0,89 A, /| = 0,47 A, [, = 0,42 A.

[lpennaraem uuTaTeNI0 peWIUTb 3Ty 3ahauy, He NPUMeHss
npasus Kupxroda, a ucrnoab3ys 3akod Oma msi 3aMKHYTOH
LIeNH.

587. K uctounuky, 91AC kortoporo & = 18 B u BHyTpeH-
Hee conporusienue r = 0,5 OM, NoAK/IIOUEHbl TPH OAHHAKO-
BbIX MPOBOJHHMKA comnpoTHBleHHeM R = 4,5 OM Kaxnibid,
COeIMHEHHBIX IO cXeMe, IToKazaHHOW Ha puc. 191, a. Conpo-
THBJIEHHEM coelHHTe bHbIX npoBogos AC u BD npenebpeus.
Onpefe/HTb CHJBI TOKOB, NMPOXOASLIMX Yepe3 KaXKAblH Mpo-
BOJIHHK.

PeweHue B 3saganHoH uenu Toukn A u C uMeloT
OHMHAKOBbIA MOTEHILIMaJ, NO3TOMY HX MOXKHO 06beIMHHTb. Onu-
HaKOBbIH TMOTEHUHa UMeIOT H TouKH B, D. O6belMHUB TOUKH
A u C, a Takke B u D, nonyuum cxemy (puc. 191, 6), Ha
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Puc [91

KOTOpPOH THI COelMHEHHSA IIPOBOJHHKOB o4yeBHeH. Teneps 3a-
Aaua peluaercs npocto. ITocKo/bKY NPOBOJHHKH COeNHHEHb!
napa/nje/bHO, HX obllee CONPOTHBJIEHHE PaBHO R/ 3. To 3a-
KoHy Oma cuna Toka

_ &
I= R/3+r’

3ToT TOK Pa3BETBJAAECTCS B TOYKE @, H 110 KAXKAOMY IPOBOIHH-
KY IIPOXOLHT TOK CHJIOH

588. [IBa snemenTta, JAC koTopbix & = 6B u & =12 B
M BHyTpeHHHe conpoTusienus ri = 0,2 Om u r9 = 0,6 Owm,

COENMHEHbl 1apasi/iebHO M 3aMKHYTh Ha PE3HCTOP COMNpPOTHB-
neHueM R = 4 Owm (puc. 192).

Haiitn cuny Toka B kaxuom
3JleMeHTe U B pe3ncTope. ‘}5"”
Pewenue O603Haunm _l_
NPOH3BOJILHO HarnpaBJIeHHsl TO- A & 8
KoB cus10d /, 11, Iy. O6x0ns KOH-
Typet BEAEB n A& BRA \:511"2
TIPOTHB YaCOBOH CTPeJIKH, II0 __l_
BTOpoMy mnpaBuay Kupxroda /[2’
COCTABHM yDaBHEHHS: | —
L1
Iin—Igry =6 - &, I
IR + Iyry = &5, Puc 192
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Ilo6aBUM K HHMM ypaBHeHHe A5 y3na A, COCTaBjeHHOe 10
nepBoMy npasniy Kupxroda:

Iy +1y—1=0,

U, NOACTABHB YHMCJOBLIE 3HAYEHHS] COMPOTHBJEHHH, NOJIYUYHM
CHCTEMY ypaBHEHHH

0,21, - 0,515 = -6,
41 +051, =12,
11 + 12 -71=0.

Pews 31y cuctemy, Haiipem: [ =2 A, [, =-7TA, I, =9 A.
Munyc nepen /| ykasbiBaeT Ha TO, YTO JEHCTBHTE/IbHOE Ha-
npaBjeHHe TOKa CHJIOH [; NMPOTHBONOGJOXKHO INPOU3BOALHO
0603HaYeHHOMY.
589. HMmeeTca nerounuk toka ¢ DJC, paBHoH &, W BHYT-
PeHHHUM COTPOTHBJEHHEM r, 3aMKHYThIH Ha peoctat (puc. 193).
BbipasuTtbh MOLWIHOCTD Py, BhReNse-
[, 6.r MYI0 BO BHEWIHEH 4acTH LenH, KaK
I ¢yHkuuto cuianl Toxka /. [locTpo-
UTb rpadHK 5ToH QyHKuMH. [lpu
KaKoH CHJie TOKa 3Ta MOLIHOCTb
6yaeT MaKCHMaJbHOH?
Pemenue. Paspuraemas
MCTOYHHKOM TMOJIHAsE MOILHOCTD
Puec 193 P= ]%. YacTb 5TOH MOLUHOCTH
Py = [°r BbinessieTcsi BHYTpH HC-
TOYHMKA, OCTaJbHasi — BO BHELUHeH 4acTH LeNu:

P1=Ig "'.12f, (1)

['padrixoM 3TOH PyHKUMH sBAsieTca napabosa, o6palueH-
Hasi BeTBSIMH BHM3. Jlifl nocTpoeHHs rpaduka npeobpasyem
Bbipaxkenue (1):

2 2 2 2
A=-r(P-281+5 - )= r(1- ) + &
! 2r 4r?  4r° 2r 4r2
OTcioaa BUAHO, YTO KOOPAMHATHI BEPLUMHbI Tapabodsl (puc. 194)

I = €/(2r), P =2 /(4r). CnenoBaTenbHo, NpH TOKe CH-
JIOH

11 =f/(2f) (2)

MOLLHOCTb, BbllleJsieMasi BO BHellHeH YacTH Uemny, 6yaeT HMeTh
MaKCHMalbHOe 3HaueHue: Py, = %2 /(4r).
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ITycTb BHEWHHH y4yacToOk A
LelH UMeeT TaKoe COTPOTHBIE- %
Hue R, IpH KOTOPOM CHJIA TOKA
pasHa /. Toraa no 3akony Oma
JUJIS1 3aMKHYTOH LIeNH

Il:g/(R+f).

CpaBHHBaH 3TO BblpA>XXeHHE C 0

dopmyJoit (2), HaxomuM, 4TO z L1
R = r. TakM o6pa3om, Mbl IIpH- Puc 194

XOJIMM K BaXXHOMY BBHIBOAY: IIO-
Jle3Hasi MOLHOCTb (MOLIHOCTD, BbiieJisieMast Ha BHEIUHEM yua-
CTKe LeNH) MAakCHMajbHa B TOM CJydyae, KOrja BHyTpeHHee
CONPOTHBJIEHHE HCTOUHHKA PaBHO CONPOTHBJIEHHIO BHEIIHETO
yuacTtka uend. [Ipu atom KI1J| uctouHuka

_ R _r _ _ 0
N=%y; =5, =05 HMn=50%

W3 rpadwuka, nprBenennoro Ha puc. 194, takxe BHAHO,
4TO KaXX[OMY 3HA4YeHHIO [10JI€3HOH MOLIHOCTH, KpOMe MaKCH-
MaJIbHOT'O, COOTBETCTBYIOT 1BA 3HAYEHHS CONPOTHBJIEHHS BHELl-
Hero ydyacTtka uenH. [Ipu cHie TOKa KOPOTKOTO 3aMbIKaHHS$I
lg = &/r monesHas MOUIHOCTb paBHA HYJIO.

590. HarpeBaTesb KHNATHJIbHHKA COCTOHT H3 yeThipex
cexuui. ConmpoTrBienHe Kaxaod cekudd R = | Om. Harpe-
BaTeJb [IUTAeTCs OT aKKyMyJasitopHoH 6atapen, D1C koTopon
& = 8 B u BHyTpeHHee conporusieHue r = 1 Om. Kak cie-
LyeT MOAKJIOUHTb 3JeMEeHTbl HarpeBareJsi, YTOObl BOAA B KH-
NATHJIbHUKE Harpejach B MaKCHMMajbHO KOPOTKHH cpok? Ka-
KOBbBI IIPH 3TOM IOJIHasli MOLUHOCTb, pacxogyeMasi akKyMyJisi-
TopoM, W ero KI1[?

Peuwenue B peuwennn 3anaun 589 nokasano, 4to
MaKCHMaJIbHYIO T10JIE3HYI0 MOLIHOCTb MCTOYHHK [3aeT B TOM
cJyyae, KOraa CONPOTHBJEHHE BHEIIHETO Y4aCTKa Lely paBHO
BHYTPEHHEMY COIIPOTHBJIEHHIO HcToYHHKA. CienoBaTesbHO,
4yTOGbl BOAA Harpejach B MaKCHMaJbHO KOPOTKHH CPOK, HYX-
HO CEeKLHH BKJIOUHTb TakK, YTOObl HX obllee CONPOTUBJEHHE 7
6bi710 paBHO | OM. DTO yC/OBHE BBIIOJHSETCS, €CJH BKJIO-
YHTb TOJBKO OAHY CEKLUHIO HJIH COeMHHTb CeKUMH B JIBe Ma-
paJsljiesibHble BETBH 110 [1Be CeKUHH B KakioH. [1pn 3TOM akky-
MYJISITOP pPacXonyeT MOILUHOCTb '

= f:‘é‘r':_?.‘f_?.. =
P=1I¢ 2R('( 2R'P 32 Br.
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Kak noxasaHo B pewennt 3agaqyu 589, KI1[l KunaTHIbHHKA
n =50%.

591. 3/IC 6arapen € = 12 B. Hanbonnuwas cuia ToKa,
KOTOpYIO MOXeT AaTb 6arapes, [, = 10 A. OnpenenuTs MakcH-
Ma/bHYI0 MOLUHOCTh, KOTOPAst MOXET BBIIE/IATLCS BO BHEL-
HeH LieNnH.

Peu endue B peuwenun 3anaun 589 nokasaHo, 4to
MaKCHMaJsibHasi MOLIHOCTb, KOTODAst MOXXET BBIAEJSATbCS BO
BHEIIIHEH LeIH,

Pim =€ /(4r),

rae r — BHyTpeHHee CONpPOTHBJIEHHE HCTOYHHKA.

M3 3akoHa OMa ans 3amMkHyToi nenu / = &/(R+r) sun-
HO, UTO cusa Toka 6yneT Haubosbiied npu R = 0 (xopoTkoe
3ambixanue). B atom cayuae [, = [y=& /r. Otcionar = ¢/1,,
MoactaBus 3T0 3HaueHHe B QOPMYJy MOLIHOCTH, TOJIYYHM:

Pim =", Py =30 Br.

592, DrnexTpHuecKas NIUTKA UMeeT conpoTHRIeHne R = 50 Oum
M NIUTaeTCs OT CeTH, HanpsikeHHe kotopod U = 220 B. KI1J]
itk N = 0,8. CKosbKo BpeMeHH Hajo HarpeBaTh Ha 3TOH
TJIMTKe JIefl Maccod m = 2 KI, B3ATHIH NpPH TeMllepaType
T, = 263 K, 4To6bl npeBpaTHUTL €ro B BOAY, a MOJYyYEHHYIO
BOLY [OBECTH [0 KHIIEHUS W TpPeBpPaTHTb B Nap? YiaenbHas
TemoeMKocTb Mbaa ¢; = 2,1 - 103 Ik /(kr - K), ynensnas
TeNIoTa MJaBjeHus Jbga A = 3,3 - 10° I[)K/Kr yaesbHas
TeMJOEMKOCTb BOAB Co = 4,19 - 03 Ik / (xr - K), ynenbHas
TenJoTa napoobpas3oBaHHs Boasl r = 22,6 - 105 I[)K/Kr

Pemenue VYuurmas KIIJ|, cocraBasiem ypaBHeHHe
TeIJIoBOro HaJnasca:

n@ = Qs (D

rae ) — KOJHMYeCTBO TEMJIOTH, BbilleJsieMOe MIUTKOH; Qg —
KOJIHUECTBO TeIJOThl, 3aTpayeHHOe Ha HarpeBaHHe Jbja 110
TemnepaTypel TaBaeHus T, = 273 K, Ha nuaBjeHHe JbAa,
HarpeBaHHe INOJyYeHHOH BOABI A0 TeMNEpaTypbl KHIIEHH$
T, =373 K 1 ucnapeHue Bofsl.

Ecnu nanTka 6bis1a BKAIOYEHA B TeyeHHEe BPEMEHH f, TO

Q =% (2)

CocTaBUM BblpaxkeHHe 1JIsi QQ:
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Qy = oymlTyy — T1) + Am + cgmlT, ~ Ty )+ rm. (3)

[Monctasus sHavenus (2) u (3) B ypaBnenue (1), Haigem:
Rmle (T —T1) + A+ colT,, —Ty) + 1)
nu? ’
=8-103¢c=2u.

t =

593. [1sa notpebuTens, CONPOTHBIEHHS KOTOPbIX R| H Ry,
NOAKJIOUAIOTCA K CETH NMOCTOSHHOrO TOKA NepBbIH pa3 napasn-
JIeIbHO, @ BTOPOH Noc/iefloBaTe/ibHO. B KakoM ciydae notpe6-
nsieTcs GOMbLIAS MOLIHOCTb OT ceTi? OTAeNbHO paccMOTpeTh
cnydad, koraa Ry = Ry.

PeweHnue IloTpebnsiemasi oT ceTH MOLHOCTD

P=U2/R, (1)

rie U — nanpsixende B ceTH; R — ofulee conpomsneﬂue
notpebuTesed.
[1pn napannenbHOM coenrHeHUH NoTpebHTeNeH UX obLee

COmpoTHBJIeHHE R’ = R|Ry /(Rl + R2), a NpH Nocaea0BaTe b

HOM R = R| + Ry. B nepBom ciyuae, COIacHO BLIPAXEHHIO
(1), notpebasieTcs MOLHOCTD

_ UQ(R]+R2)
PI="Re, 2)
a BO BTOpOM
__U?
PQ_R1+R2-Y (3)

Paspenns nounenHo pasencTso (2) Ha (3), nosyyum
2
A_RRY R Rigsy (4)

Taxnm 06pasom, NpH NapasienbHOM NOAKJIOYEHHH Harpy-
30K ToTpe6iisieTcs 6OMIblIAS MOLIHOCTb OT CETH, YeM TpH o-
CJlel0BaTeLHOM.

W3 dopmyan (4) caenyer, uto npu R; = Ry 6yneM umeTs
P,/ Py =4, 1. e. 1Be NapaiesbHO COCNUHEHHEIE OMHAKOBbIE
HaTPy3KH NOTPe6ISIOT OT CeTH B 4 pasa 60JIbIIYI0 MOUIHOCTb,
yeM Te XKe Harpyakd, COefMHeHHbie M0C/ae10BaTebHO.

594. O6MoTKa 3/1€KTpPOABHTaTENsI IOCTOSHHOTO TOKA Clle-
JlaHa W3 npoBoja o6muM conpotueiaendeM R = 2 Owm. Tlo
06MOTKe paboTarwllero ABMraTessi, BKJIIOYEHHOTO B CeTh C
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nanpspkenneMm U = 110 B, uget ok cuaoit / = 10 A. Kakyio
MoLHOCTL noTpebisier asuratens? Kakos KI1[ nurarens?
PeweHue Onekrpoasurarens notpebiseT MOLIHOCTb

P=IU,P=11"103Br.

YacTb 3TOH Moumocm 3aTpayMBaeTCs Ha HarpeBaHHe Mpo-
Boaa 06MOTKH: P = [2R, ocTanbHas MOLHOCTb Py — nose3Has
(npeBpawaeTcss B MEXaHHYECKYIO MOLIHOCTS). Ha OCHOBaHHH
3aKOHa COXPaHEHHs U TpeBpalleHus sueprun [U = 2R + Py
Otcrona Py =1U — I2R. CnepoBarenbto, KIT1T 3JIEKTPOABHIa-
Tens

_ P _1U-PR_{_IR ., _
n_?_—_ U,T] 0,8.

595. 3aMKHYyTasl Lenb COCTOUT H3 MCTOYHHKA Toka, DJC
KoToporo & u BHyTpeHHee CONPOTHBJIEHHE r, ¥ peocTara (cm.
puc. 193). ITocTpoKTh rpadMKH 3aBHCHMOCTH CHJIHl TOKA B
LellH M HAaNpsKEHHs Ha 3a)XKMMaX MCTOUYHHKA OT BHEILUHEro
CONPOTHBJIEHHS R.

Pewe nue. Ilo3akoHny Oma ana 3aMKHYTOH 1lenu

I=¢/(R+r).

B cooTrBeTrcTBHH ¢ 3TOH ¢dopmMysnoH rpadHk 3aBHCHMOCTH
I = [(R) noxasaH Ha puc. 195, a.

a[ 0'[/
T T
I
r
g R0 R
Puc 195

Buipasnm HanpsxkeHHe Ha 3a)KMMax HCTOUHHKA KaK (YHK-
uvio R:

P P
Ust-Ir=¢ R+r 1+r/R’

['paduk 3TOH PyHKLUHMH MOKa3aH Ha puc. 195, 6.
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596. HafiTn HanpspkeHHs Ha KOHOEHCATOPaX eMKOCTSIMH
C, n Cy B LenH, MOKa3aHHON Ha pHc. 196, ecid U3BECTHO, UTO
NpH KOPOTKOM 3aMblKaHHH CHJIa TOKa, NMPOXOASILIEro 4epes
UCTOYHHK, BO3pacTaeT B 1 paa.

Il[’ II[’
L L
R
A 1 = B

17
Ilé
-+

Puc 196

Pemenue. KOH}IEHcaTOpr COeJIMHEHDI NMoc/en10BaTe/b-
HO, NTO3TOMY 3apsiibl HA HUX OAHHAKOBHI:

g =CU, =CyUs,, (1)

rie U;, Uy — HanpsiKeHHst Ha [IepBOM H BTOPOM KOHIEH-
CaToOpax COOTBETCTBEHHO.
[ycts U — HanpsikeHue Ha pesucTope (Mexay Toukamu A
u B). Torna
U= Ul + U2, (2)

TaK Kak [0CJ1e/J0BaTeJIbHO COeJUHEHHbIe KOHIEHCATOPbI BKJIIO-
YeHbl NapaleNbHO PE3UCTOPY.

Pems cosmecTHo ypasHenusi (1) u (2) otHocutennho U,
u Ug, nonyyum:
UG, g
Uy = GG 2T o G (3)

B BetBu AC|C9B TOK 0TCYTCTBYeT, I03TOMY, KaK CJIeAyeT
13 3akoHa Oma 1/1s1 3aMKHYTOH LenH,

U=¢-1Ir, (4)

rae & — OJIC uctoyHHKa; / — CHJa TOKA, IPOXOASLIErO yepe3
PE3HUCTOp M HCTOYHHK; r — BHYTpPEeHHee COMpOTUBJIEHHE HC-
TOYHHKA. ’

CornacHo ycnosuio, [ = ]O/n, rae Iy — cuna Toka IpH

KOPOTKOM 3aMblKaHHH. Tak Kak /g = &/r, 1o
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I =&/(nr). (5)
M3 dopmya (4) 1 (5) Haxonum

U_(th(_(n—nﬁ

=

[TopctaBus 370 3HayeHHe U B BbIpaXKeHH$ (3), HaiimeM Ha-
NpsAXXeHHA HAa KOHAEHCAaTOopax:

Us = (n — 1&C, _ (n-1gC
l_fl(Cl+CQ)Y Q—N(C1+C2).

597. Uepes asyxanexkTpoanyio jamny (auon) ¢ miocKkumu
ssekTpogaMy uaeT Tok cuiok / = 10 MA. Hanpsixenune Ha
namne U = 100 B. C kako# cu/ofl feHCTBYIOT HA aHOJ JIaMIIbl
najamilye Ha Hero 3JeKTPOHBI, e€CJH CKOPOCTb HX BOJH3H
Katoga paBHa HyJw? OTHouleHHe 3apsifia 3JeKTPOHA K ero
macce e/ m, = 1,76 - 10! Kn/xr.

Pewenue [lycTb ¥y — CKOPOCTb 3/1EKTPOHA B MOMEHT
COyNapeHHs ero ¢ aHofoM. 3a BpeMs ! IIpH cHJle Toka [ yHcIo
coynapeHu#

N=4=-1t (1)
(4
rae g — 3apsj, nepeHocUMbId N 3/JeKTpPOHAMH; e — 3apsf
3J1€KTpOHa.
[To BTOpOMY 3akony HelooTOHa MMMYysbC CHJBL, AEHCTBYIO-

ueH co CTOPOHbI AHOHA Ha 3JIEKTPOHbI IIpH COyAApEHHAX, pa-
BE€H H3MEHECHHIO CYMMAPHOIo UMITYJbCa 3JIEKTPOHOB!:

Ft = N(mgvg — moy)),

rae m, — Macca 3JIeKTPOHA, 52 — CKOPOCTb 3JICKTPOHA 11ocJjie
COyLapeHHus. B [IpOeKUHAX HAa KOODAHMHATHYK OCb, HalpaB-
JIEHHYIO OT dHOJAA K KATOAY, 3TO ypaBHEHHE 6y11eT HMETb BHI

Ft = N(mguy + meyy),
WM € y4eTOM TOrO, 4TO Uy = 0,

Ft = Nmevl, (2)

rae F — MORy/lb CyMMapHOH CHJIbI, C KOTOPO# aHOA AeHCTBYET
Ha 3;1ekTpoHbl. CorsacHo TpeTheMy 3akoHy HbioToHa, ¢ Tako#
XKe 0 MOAYJIO CHJIOH NeHCTBYIOT 3JeKTPOHbl Ha aHoa. M3
cootnowenuit (1) u (2) nonyuum
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F =Imgy /e. (3)

Haiigem MOay/b CKOPOCTH U], HCXOA K3 TOTO, YTO H3MeHe-
HHe KUHETHUYECKOH 3HEPrHH 3JEKTPOHA B IIPOMENKYTKE MeXIy
aHOJ0M M KAaTOAOM PaBHO paboTe 3JeKTPHUECKOro MOJs:

mul/2—eU

Orcrona y; = ,‘QeU/me . IlogcTaBrB 3TO 3HaUEeHHE CKOPOCTH
B Gopmyay (3), noayuum:

F=lme 2.0 _ F=34-107 H.
;e \m e/

598. PesucTop 1 KOHAEHCATOP COEANHEHbI OC/IE10BATENBHO
C aKKyMYJSITOPOM; an 3TOM 3apsifl Ha 00KJalKax KOHAeHCa-
Topa g; = 60 - 1075 Kn. Ecsim Xe pesHCTOp M KOHAEHCATOp
NOAKJIOUHTL K aKKYMYJISTODY napamenbﬁo TO 3apsapn Ha 06-
KJaJKaX KOHAeHcaTopa o = 40 - 107° Kn. HatiTh BHyTpeHHee
CONPOTHBJIEHHE aKKYMYJITOPA, €CJIH CONPOTHBJEHHE PE3HCTO-
pa R = 45 Om.

PeweHHue. Bnepsom caydae (puc. 197, a) Toka B uenu
HeT, HalpsiKeHHe Ha KOHAEHCATOpe PaBHO 3ILC HCTOYHHKA
&, Mo3TOMY 3apsil Ha KOHJeHcaTope eMKoCTbio C

q, =CU, = C&. (1)

Bo BTopom cayuae (puc. 197, 6) oTcyTCTBYeT TOK B BETBH
ACB, HanpsiXeHHe Ha KOHAEHCATOpe TAKOe Xe, KaK H Ha 1oj-
KJIIOYEHHOM K HeMy IapaJjileslbHO pe3Hctope, T. e. Ug = [R,
rie [ — cuna toka. Ee Mbi HaliieM no 3akoHy Oma aja 3aMk-
HYTOH LeMNH:

[=¢/(R+7),
rie r — BHyTPeHHee COMPOTHBJEHHE aKKyMmyJsitopa. Toraa

a J [

R ¢ I

— +—— R

A N 8
br
o |6
‘l
Puc 197
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UQ = %‘"R/(R+ r),
a 33pfAn HA KOHAEHCATOpE
g9 =CUy = CER/(R+ ). (2)

Ha ocrosanuu Buipaxkenuit (1) 1 (2) nonyuum ypasHeHHe
g = qR/(R+r1),
PELIMB KOTOPOEe OTHOCHTEJbHO 7, Hal#eM:
r=R(q -q9)/q9, r = 23 Om.

599. [lyrosas namna roput nog Hanpsokenuem U = 80 B
u notpebasier MowHocTh P = 800 Br. Ha ckonbko noBeicuTCs
TeMIepaTypa NoABOASILMX IPOBOLOB Uepe3 POMEXYTOK Bpe-
MeHH T = | MHUH nocse BKJIOUYEHHS JIAMIbI, €CJIH NPOBOAKA
BBHITOJIHEHA MeIHbIM NPOBOJOM, IJIOLA/Jb 10TIEpeYHOro ce-
yeHHs KOTOporo S = 4 Mm2? [loJIOBHHA BbIIeJHBIIEroCs
KOJIMUeCTBa TEMJAOTHl OTAAETCS OKPYXKawLIeH cpele. ¥ nesb-
HOe conpoTuBJeHHe Meaw p = 1,7 - 1078 Om - M, nuort-
HocTh Meau D = 8,9 - 103 kxr/ M3, ygenbHas TenioeMKocTb
c =395 x/ (xr - K).

Pewenue [lonposogam npoxonut Tox cuaoit [ = P/ U.
3a BpeMsi T B HHX, corjiacHo 3akony [Dxoyns—JleHua, Bbie-
JIUTCH KOJMUYECTBO TEIIOThI

Q =I2Rt = g_er,

rie R — conpoTuB/eHHe NMPOBONOB: R = pé; [ — pnuHa npo-

BoJ0B. Bbipasum [ yepe3 o6bvem V u miouiaab nomepevyHoro
ceuenus S: [ = V/S. A tax kax o6vem meau V = m/ D, rae
m — Mmacca Mefd, D — ee IIOTHOCTB, TO

[=_m =P
DS’ DS?’
CurenoBaTeNbHO,
U?ps?’
KosnnuecTBO TensoThl, 3aTpayeHHOE HA HArpeBaHHe MenH
Ha AT,
Q = cmAT. (2)
YuntbiBasi ycnoBHe @ = nQ, rae n = 0,5, moayyaem Ha
ocHoBaHKH Bhipaxkenui (1) u (2)
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Plpmt
cmAT =n—.
n U2ps?

OTciona

2
AT = PP AT =09 K.
U=“S*“cD

600. Vcrounuk Toka, JIC KoToporo & u BHyTpeHHee CO-
IIPOTUBJIEHUE 7, 3aMKHYT Ha BHELUHIOW Uenb. [Ipy H3aMeHeHUH
ee COMPOTHBJIEHHs CHJIa TOKa [ B LIEMH TaKXe M3MEHsSeTCH.
Hawitu 3aBucumocTtb KIIJI HcTouHHKa OT cuael Toka /. Ha-
YepTHTb IPaHK 3TOH 3aBUCHMOCTH.

Peurenune. KIIJ HCTOUHHKA TOKa

T1=P1/P» (1)

rie P| — MOWIHOCTb, BhIe/NsieMasi Ha BHelHel wenu (mones-
Hasli MOLIHOCTB); P — noJiHasi MOLHOCTD, Pa3BHBAEMasi HCTOY-
HHKOM. [lose3Hyio MOIIHOCTbL P MOXHO BbIPa3HTb KaK pas-
HOCTb MeXJy MOJIHOH MOIIHOCTBIO M MOIUHOCTbIO Pjy, Bbige-
JISeMOH BHYTPH HCTOUHHKa: P = P — Ps.

[Tpu cune toka / u JIC & GyneM HMeTb:

P=1I¢&, Py = Ir,

rgpe r — BHYTpPEHHEeEe CONPOTHUBJIEHHE MCTOYHHKA. Torpa

Pl = ]& — 12f.
IloncraBue 3Hauenus Py u Py B dopmyny (1), nonyunm:
_Ie-1* s
n=—% ua =1 EI'

I'padukom 3aBucumocTH KII/l HCTOUHHKA T| OT CHJIBI TOKa
I sBasiercs npsimas (puc.
198). M3 pucyHka, B yacT-
HOCTH, BHHO, 4TO NPH CHJIe
ToKa [y = &/r, T. e. IpH. 7
KOPOTKOM 3aMblkaHuH, KI1J{
HCTOYHHKA PaBeH HYJIO.

601. B yeny, cxema KoTo-
po# u3obparkena Ha puc. 199,
TeJI0Basi MOUIHOCTb, Bblfle-

JsieMasl BO BHEIUHeH LENH, ¢
OJJHHAKOBAa NPH 3aMKHYTOM
¥ Pa3sOMKHyTOM Kiaiwoue K. Puc 198
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! Onpenesnutb BHYTpEHHEe CONPOTHB-

————
il JIeHHe HCTOYHHKa, eciid R = 12 Om,
R2 =4 Om.
27 PeweHue Boaensemas
B BO BHELIHEH LelNH TelnoBas MOL-
— HOCTb
P=I’R,
R2 K .
— roe / — cuaa Toka; R — comnpo-
— THBJIEHHE BHEUIHeH LelH.
Puc 199 [Ipu 3aMKHYTOM KJIOUYE BHeELl-

HSIs Uelb COCTOUT U3 ABYX COENU-
HEHHbIX apaJJjiefibHO Pe3HCTOPOB, U ee CONpOTHBJeHHe, cle-
IOBaTesbHO,

R =RRy /(R +Ry). (1)
Bo BHewnen eny B 3TOM Cjlydyae BblAEJASETCsE MOLHOCTDb
2
_J2p _ &
Pl_llR_(R+r) R, 2)

rae ¢ — JJIC UCTOYHHKA TOKA; r — ero BHyTpeHHee CONpo-
THBJIEHHE.

ITpy pa3aoMKHYTOM KJlIOU€e BHELIHASA LEeNb COCTOUT U3 OJHO-
ro pe3HuCTOpa, CONMpOTHBJEHHEe KOTOporo R, MosToMmy B Hel
BbLAEJISIETCS MOLLHOCTD

2
—2p _ &
PQ_IQRI_[RIH) R,. 3)
YuurniBas, yto Py = Py, Ha ocHoBaHHH dopmya (2) u (3)
nosyyaem .
g2R _ ER

(R+r)? (R, + )

PewnB 370 ypaBHeHHe OTHOCHTENBHO 7, HablieM r = \|R|R .
[MoncraBus 3HaueHue R u3 dopmyanl (1), moayynm:

lesz
r=,——=,r=6 OM.
R1+R2, 6

602. batapesi akKyMyJ/IATOPOB 3aMKHYTa Pe3HCTOPOM, I1a-
paJiie/IbHO KOTOPOMY NPHCOeIHHEH KOHAEHCATOP €MKOCThIO
C = 10 mx®d (puc. 200). Onpenenurs DC GaTapeu, ecau
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3apsil Ha KOHJleHcaTope g = 4,6 X | é,r

x 1074 Kn, a B peauctope Bbiae- |§

asetcs MowHoCT P = 23 BT u

M3BECTHO, UTO CHJA TOKa TNpH r

KOPOTKOM 3aMBIKaHHH GaTapeu [l

lo=5,0A. I
Pemenue 3IC paBHa

CyMMe NajeHHH HanpspKeHHs Ha R

BHELIHEM W BHYTPEHHEM yyacT-

Kax LefH: Dy 200

&E=U+1Ir, (1)

rae U — naneHye HanpspKeHHs Ha pesuctope; [ — cuja Toka B
LeNy; 7 — BHYTPEHHee COMPOTHBJBHHE OaTapeH.
[Tagenye HanpsKeHMs Ha Pe3HCTOPe PABHO HAMPSIKEHHIO

Ha KOHJeHCaTope:
U=gq/C. (2)

Brinensiemast B pesucrope mowHocts P = [U. O1clona cuna
TOKa

=P/ U=PC/q. (3)
Cuaa ToKa npy KOPOTKOM 3aMblKaHuM [ = &/r, OTKyaa
r=8/l. (4)
[ToncTtasuB B ypaBHeHHe (1) snauenus (2)—(4), nonyunm
e = 94 PCE (5)
& ct 2

Pews ypasuenue (5) oTHocuTesbHO &, HalieM:

_ 4l _
&= m, & =51 B.

603. SnexTponyroBas neus notpedaser Tox cuson /= 200 A
ot ceth ¢ Hanpspkendem U = 220 B. IlocnepoBaTenbHo ¢
TNeyblo BKJIOUEeH OrPaHHYHBAIOILMHA PE3HCTOP CONPOTHBJEHHEM
R = 0,2 Om. OnpenenuTb MOLIHOCTb, NOTpeb/sIeMYIO MEYbIO.

Pewenue CunaToKa, NPOXOAsLIEro yepes3 pe3nucrop,
paBHa /, TaK Kak pPe3UCTODP BKJIIOYEH IOCJEL0BATENbHO C
nedblo. 3HAUYUT, B HEM BhAeJseTcss MoWHoCTh Py = [2R. Tleun
BMeCTe ¢ pe3ucTopoM notpebasiet Mownocts P = [U. Creno-
BaTesbHO, NOoTpebssieMas Neybio MOIUHOCTD
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Py=P-R=1IU-I’R

[locsie MOACTAHOBKH YHCJ/IOBBIX 3HAYEHHH BEJNHUYMH IIOJY~
yuMm Py = 3,6 - 10% Br.

604. DnexTpuyeckas naMTKa MomHocTeilo P = 550 Bt
nJsi ceTH ¢ HanpsokeHdem U = 220 B 6blna BKIOYeHa B CeThb
¢ HanpspkeHueM Uy = 127 B. Kakasi MomHocTs noTpebasercs
IJIMTKOW NPH TAaKOM BKJIOUeHHH? Ha CKoJbKO HYXHO YKOpO-
THUTb CIHpalb, YTOOH MIKTKA noTpebssaa MOIHOCTL P npH
HarnpskeHun Ug?

Pewewnwue. TlpusagaHHoM BKIOUYEHHH NoTpebisemast
TJIMTKOH MOILLHOCTb

Py =U2/Ry, (1)
rae Rl — CONIPOTHBJIEHHE IIJIMTKH.
Tlpu BKJIIOYEHHH B Ce’l‘b C HanpsiKeHHeM Ul notpebJse-

Mast mowmrocts Py = UZ/R). Otciona Ry = U} /P. Tloacra-
BUB 3TO 3HauyeHHe B (popmyny (1), nosmy4um:

Py = P(Uy/U})?, Py =185 Br.

Uro06bl naMTKa notpebssisa MOMHOCTb P| NMpH Hampsike-
HuM Uy < U|, Halo YKOPOTHTb CITHpalb Ha HEKOTOPYIO BeJu-

yuHy Al, T. e. lg =[] — Al. TlocKoJbKy CONPOTHBJIEHHE CITH-
paJii MpSIMO MPONOPLUHOHAJBHO €€ JJKHHE, TO

L-Al Ry
T TR ®

Ipu Hanpspkenun Uy ¥ conpoTuiaeHud Ry MOLIHOCTD
P =U3/Ry.
Yuutsigas, uto A = U2 /R, nonyqaem UZ/R = U2/R,.

Ortciona Ry/ Ry = (Us/ U,)?. TloncTaBHB 3HAaU€HHE 5TOrO OTHO-
weHust B popmyay (2), 6yneM uMeTsb

h-al (U )2
Lo \U )

2
Al_y_(Y
4 = (Ulj' n = 0.67.

OTKyJa

T. €. CNIKPa/b HafO YKOPOTHTL Ha 0,67 ee A/uHbL
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605. CKO/JIbKO BpeMeHH HYXXHO IpONYyCKaTh TOK CHJIOH
/= 1,8 A 4yepes pacTBop cosu cepebpa, urobnl Ha N = 12 nox-
Kax, CAYXKalKX KaToooM H HMEKIIMX MJIolafb NOBEPXHOCTH
S = 50 cm? Kaxnas, OTJONHJACH CJ0i cepebpa TOMHMHOM
h =0,058 mm? IlrotHocTs cepebpa p = 10,5 - 103 kr/m3,
MoasipHas macca cepebpa M = 108 - 1073 kr/ Mouib, ero BaneHT-
HocTb 2 = 1. [Nocrosruas dapapes F = 9,65 - 10* K/ mosb.

Pewenue. Ilo3sakony ®apapes macca cepebpa, oTJ0-
JKUBLLIEroCs Ha JOXKax, '

_ 1M
ab i ()
rae ! — Bpems POXOXKAEHHS TOKa.

C opyro#l cTOpoHsI,

m=pV =pNSh, (2)

rae V — o6beM BoigeauBlIerocs cepebpa; A — TOJIIMHA CJI0S.
W3 Boipaxennit (1) u (2) caenyer, uto

nFpNSh
Mi
606. Ha puc. 201 npencraBnensl rpaduky 3aBHCUMOCTH
Macchl IBYX Pa3JIMYHbIX BelleCTB, BbIAEJsieMbIX Ha 3JIEKTPO-
[ax TNpH 3JIeKTPOJIM3e, OT Bpe- m
MEeHH MPOXOXKIEHHS TOKa yepes
snekTposaut. Kakomy u3 3Tux
rpacdukos (/ uau 2) coorsetct-
BYeT BellleCTBO ¢ OOJbIINM 3J1eK-
TPOXHMHYECKHM 3KBHBA/JIEHTOM,
eCJIH CHJla TOKa, NMPOXOASILUEro
yepes 3JIEKTPOJIHT, B 060UX CaIy-

t= t=18-10" c=5u.

yasax ojuMHakoBa® OtseT oboc- 0 i % 7
HOBATb.
Pewewnwue CoraacHo P uc. 201

3akoHy dapages, macca Belle-

CTBA, BLIAEJISIEMOrO Ha 3JIEKTPOJle 32 BpeMsl { NPH CHJle ToKa /,
m = klt, rnie B — 3JIeKTPOXUMHUECKHH 3KBHBaJIEHT BeLECTBA.
Orciona ciaenyeT, uTo rpaguk 3aBucumoctH m = f(t) ecTb
MpsiMasi, COCTaBJSAIOLIAS C MOJIOXKHTENbHbIM HanNpaBJeHHeM 0CH

t Tako# yroa o, 4yto tgoa =k[{. M3 puc. 201 BunHO, uyTO

ay > 0. CnenoBatesbHo, Ry > kol v k) > kg, T. €. BeLLECTBY
¢ 60/IbLIMM 3/1€KTPOXHMHUECKHM SKBHBaJ/IEHTOM COOTBETCTBYET
rpaduk 7.

293



607. I[Ipy ssexkTposM3e pacTBOPa MeLHOro Kyrnopoca Ha
KaTole 3a HEKOTOpOe BpeMst BblaeHaI0ch m = 2,0 I Meau npu
cune toka / = 0,25 A. Paccrosinve Mexxay NpsiMOYTrOJbHBIMH
C-)JIeKTpO[LaMH { = 30 cMm, nrowaab KaXQoro 3jaeKTpoaa
S = 50 cm2. HaiiTn H3MeHeHHe pacXoaa 3/M1eKTPOdHEpPrHH, _Tpe-
6yeMOH 1151 MOJYYeHHs] TAaKOH >Ke MaccChl MelH NpH TOH Xe
CHJIe TOKA, eCJIH pacCTOsIHHE MeX/y 3JIeKTPOJaMH YBEJHYHJIOCH
B/BOE, a NyOUHa NOTPY»XeHHs! 3J1eKTPoLoB — B 4 pasa. Yienb-
Hoe conpoTHuBieHHe pactsopa p = 0,33 OM - M, 3/1€KTPOXH-
MHdecKuii 3KBHBATEHT MenH £ = 3,3 - 1077 ke /K.

Pewenue Cornacro 3akony Papapesi, macca MejH,
BblIEeJMBILIENCS Ka KaTofe, m = k[t, roe { — BpeMs, B TeueHHe
KOTOPOro TOK MPONYCKaad yepe3 pacTBOP.

[Tockosbky B MepBOM M BO BTOPOM CJydasix BblAessieTcs
OLHMHaKoBasi Macca Meld NpH TOH e CHJle TOKa, TO BpeMs
NpONyCKaHHs TOKa TOXE OJHHAKOBOE: {| = {p = =m (k).
B nepBom caygae pacxon 3JeKTpOIHEPruM

W, = I’Ryt,
BO BTOpPOM

Wy = I2Ryt,
rae Ry, Ry — conpoTHBJIeHHe 3JIeKTPOJUTA B NIEPBOM H BTO-
POM ciuydasx COOTBETCTBEHHO.

[lycTth d — wmMpHHa anexkTpoaa, A — riy6HHa NOrpyXeHus
B nepBoM cay4ae. Torna dh = S u

=0l —nt —n 2 _ L L
Ri=pgp=p5 Re=p7n=rss

Orciona BUAHO, uTO Ry < R|. CnenoBaresnsHo, Wo < W). 3Ha-
YMT, PACXOJ SHEPrHH BO BTOPOM CJIyyae MeHblie, YeM B Mep-
BOM, Ha BEeJHYHHY

Impl
W/I_W2=[2t(R2—Rl)_12m(p_ %):%’

3agayuun Ans CaMoOCTOATeNbLHOro peuweHnsn

608. Haiitu cpeaHioo CKOPOCTb YNOPSAOUEHHOTO ABHXKe-
HH$1 3/IEKTPOHOB B Me/IHOM NPOBOLHHKE, [JI0WA/lb NIOTI€PEYHO-
ro cedeHus Kotoporo S = 4,0 mm2, npy cuie toka [ = 1,0 A,
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npennoJaras, YTo KOHUEHTpaLus CBOOOJHBIX 31€KTPOHOB paBHa
KOHLEHTPALMK aTOMOB NPOBOIHHKA. 3apsl 3JeKTpoHa e = 1,6 X
x 10719 Kn, nnotHocts menu p = 8,9 - 103 kr/m3, MmosipHas
macca mean M = 63,5 - 1072 kr/moab.

609. Kaxyiw OTHOCHTE/bHYIO MOFPEUIHOCTb [eJ/aloT, Bhl-
YHCJISISL CONPOTHBJEHHEe R N0 T0Ka3aHUAM aMIlepMeTpa H BOJIbT-
meTtpa (puc. 202) 6e3 ydeTa cHJB TOKA, NPOXOASILErO Yepes
BOMIbTMEeTp? AmrepMeTp nokaseiaet /, = 2,4 A, BoJbTMETD —
U, = 7,2 B. Conpotusienue BonbTMerpa R, = 1000 Om.

=

Puc 202 Puc. 203

610. Korga xawou K 3aMkHYT, conpoTuBieHre R Mexny
ToukaMH A u B nemnu, cxeMa koTopo# Hao6paxkeHa Ha puc. 203,
pasHo 80 OM. OnpenennTb CONPOTHBACHHE MEXIY STHMH TOY-
KaMH, KOT/Jla KJY pPa3oOMKHYT.

611. ConpoTuBnenre nposojoku R = 64 Om. Korna ee
pa3pesanyd Ha HEeCKOJbKO PaBHBIX YacTeW W COENHHHJH 3TH
YacTH NapajienbHo, NoNyYeHHas Lellb HMeJsa CONPOTHBIIEHHE
Ry = 4 Om. Ha ckosbko yactel paspesa-

JIK TIPOBOJIOKY?

612. Haiity conpoTHB/eHHe IPOBOJOY-
HOro Ky6a, ec/iM OH BKJIIOYeH B LeMb TaK,

YTO TOK MPOXOJHT B HANlpaB/JeHHH, TI0Ka3aH-
HoM Ha pHc. 204. ConpoTHBJIEHHE KaX0Tr0
pebpa R = 6 Om.

613. B uemnu, cxema KOTOpPOH NpuBeje- )}
Ha na puc. 205, Ry = 1 O™, Ry = 2 Owm,

Ry =3 Om, Ry =4 Om, & = 50 B. Kakoe Puc 204
HarnpsOKeHHe MOKaXKeT BOJbTMETP? BHyT-
PEHHHM COIPOTHBJIEHHEM HCTOYHMKA NpeHebpeyb.

614. BonbTMeTp, paccYMTaHHBIA Ha H3MepeHHe Halpsxe-
Hud o U, = 10 B, umeer conpotuBienne R, = 400 Owm.
Ha#itn conpoTtusneHne 106aBOYHOIO PE3UCTOPA, KOTOPbLIH He-
06X0IMMO TOJKJ/IOUHTb K BOJbTMETPY, YTOObl H3MepsThb Ha-
npsxenue no U = 100 B.
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Puc. 205

615. IlapannenbHo aMnepMmeTpy, CONPOTHB/IEHHE KOTOPOTO
R, =0,03 OM, BratoYeH MeHblH NPOBORHHK AJMHHOH [ = 10 cM H
nnameTpoM d = 1,5 MMm. KakoBa cuna Toka B LelH, eCJIH aM-
nepMmetp nokassiBaeT [, = 0,40 A? YnesbHoe CONPOTHBJIEHHE
menu p = 1,7 - 1078 Om - m.

616. AmnepmeTp, conpoTHBJeHHe KoToporo R, = 2 Owm,
paccuuTaH Ha TokH cuao# no I, = 0,1 A. Ero Tpebyercs uc-
M0J1b30BaTh A/l H3MepeHus TOKOB cHioi fo / = 10 A. Cxoub-
KO MeTPOB MeJHOH ngosonoxn ¢ MJIOLIAAbI0 MONepPEeYHoro ce-
yenus S = 1,7 - 107% M2 Heo6x0qMMO aJ51 3TOTO MOACOEIH-
HHTb K amnepMeTpy? YiesjbHoe CONPOTHBJIEHHe MEIH P =
=1,7-10780m - m.

617. [Ia BonbT™METPa, COMPOTHBIEHHS KOTOpbIX R = 4200 Om
1 Ry = 4800 Om, coearHeHbI 10CJE10BATENLHO U IOAKIIOYEHBI K
HCTOYHHKY nocTosiHHoro Hanpsbxenus U = 300 B. Kaxawi
BOJIbTMETP PacCUMTaH Ha IpefaejbHoe Hanpsikenue 150 B.
KakoBbl 6ynyT nmokasaHHsi BOJLTMETPOB?

618. Ilpu nepemewienun 3apsaa ¢ = 20 Kn no nposonHuky
conpotusienneM R = 0,5 Om cosepuiena pabora A = 100 Ix.
HaiiTh Bpems, B TeueHHe KOTOpOro no MPOBOAHHKY LueJ Mo-
CTOSIHHBIH TOK.

619. Jlamna mouHocthio P = 500 Bt paccunTaHa Ha Ha-
npsikenre U; = 110 B. Onpenenuts comporrBienne no6a-
BOYHOTO PE3UCTOpPa, MO3BOJSAIOLIETO BK/IOYATh ee B CETb Ha-
npsokeHdem Ug = 220 B.

620. [lBa 3/7eKTPHYECKHX HarpeBaTes]st MOLIHOCTSMH
P, =600 Bt u Py = 400 BT, paccuutaHHble Ha OJMHAKOBOE
Hanps>KeHHe, COeIMHEeHbI [T0C/IeI0BaTENbHO U BKIIOYEHB! B CeTb
C TakuMM XXe HanpspkeHHeM. Kakas MouHocTb norpebssercs
TIPH TaKOM BKJIIOUEHHH KaXX[blM HarpeBartesiem?
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621. MouiHocTh P = 5 kBT HeobxomuMo nepenath Ha He-
KOTOpO€e paccTosiHie. MOIIHOCTb NOTepb IHEPTHH He J0JKHA
npeBblath kP, rne k = 0,1. Kakoe HauGosblilee conpoTHBIIe-
HHE MOXKEeT HUMETb JIMHHS 3JIeKTpolepelayH, ecsd Hanpske-
Hue Mexnay npoeogamu U = 110 B?

622. Ecanu HaTapero 3aMKHYTb IIPOBOJHHMKOM COTIPOTHBIIE-
HHeM R| = 2,0 OM, To cuna Toka B Lenu /; = 1,6 A, a ecan
3Ty Xe 6aTapelo 3aMKHYTb IPOBOJHHKOM C CONPOTHBIEHHEM
Ry = 1,0 Om, To cuna toxka I = 2,0 A. Haiitn MomHocTb
notepb 3Heprud BRyTpH 6ataper W KI1Il 6atapen B o6oux
cayqasx.

623. /IBa 01MHAKOBbIX PE3HCTOPA CONPOTHBJIEHHEM R Kax-
IblH TOAKJMIOYATCS K McTOYHHKY, DJC kotoporo & u BHYT-
peHHee CONPOTHBJIEHHE 7, CHaYaJa NapaJjiiesibHO, a 3aTeM I10-
cJIef0BaTeNbHO. B KakoMm caydae BblensieTcs 60/bliasi MOUI-
HOCTb BO BHeLIHeH Lenu?

624. OnpefenuTb HanpsDKeHHE HCTOUHHKA, K KOTOPOMY €
TIOMOLIbI0 HUXPOMOROIO NMPOBoAa AMHHOM [ =19,2 M 1 nuamer-
pom d = 3,0 - 107% M Haf0 MOAKMOYHTL TAMIIOYKY MOLIHOCTHIO
P = 40 Br, paccuutannylo Ha Hanpsbkende U; = 120 B,
4yTOoObl OHA ropesia HOpMaabHO. Ye/bHOe CONPOTHBJIERHEe HHU-
xpoma p = 1,1 - 107° Om - m.

625. KakoBa MHHHMMaJ/bHasi Macca MeJHOro INpOBOJA,
NpefHasHayeHHOro sl nepefayd MoTpeSHTeNI0 MOLHOCTH
P =12 xBr na paccrosinue [ = 100 M oT reHepaTopa Hanpsixe-
Huem U = 220 B, ecs MOUIHOCTb MOTepb 3HEPTHH paBHA kP,
rae k£ = 0,02? IMnotsocts Menud D = 8,9 - 103 kr/m3, yaeJb-
HOe COMpOTHBJeHHe Meau p = 1,7 - 1078 Om - m.

626. Pesucrop conpoTHBieHHeM R, MOAK/IIOYEHBbIH K HC-
TOYHHUKY TOKa, noTpebisieT MoliHocTh P. Ecan x Bemy non-
KJIOUHTb [1apajjlesIbHO ellie TAKOH XKe pPe3HCTOp, TO BMecTe
OHH MOTPebJIAIOT TaKylo e MoulBocTh. Kakorsl DJIC U BRYT-
peHHee CONpPOTHBJIEHHE HCTOYHHKA TOKA?

627. [Ige namnel uMeroT MotHocTH P = 20 Bt Py = 40 Br
IPH CTaHAAPTHOM HanpspKeHHH ceTH. [IpH UX nocienoBarelib-
HOM BKJIIOYEHHH B CeTb C APYrHM HamlpsiKeHHeM 0Ka3aJsoch,
YTO B [€pPBOH JlaMIle BblJessieTcsl TaKast XKe MOUIHOCTb, UTO H
TPH CTaHAAPTHOM HamnpsikeBHH. Kakas MOWIHOCTb BblaensieT-
sl IPH 3TOM BO BTOpPOH Jamie? ¥lamMeHeHHeM conpoTHBI/IeHHA
HHTeH JlaMIl ¢ TeMIepaTypoH npeHebpeysb.

628. DnekTpoaBuratenb, CONPOTHBJIEHHe OOMOTOK KOTO-
poro R = 2 Om, nogkawoyen K rerepatopy ¢ DJC & = 240 B
¥ BHYTPeHHHM conpoTuBieHueM r = 0,4 Om. Ilpu pabote nBH-
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ratesis yepe3 ero oOMOTKM MPOXOAHMT TOK cuion [/ =10 A.
Hanitu KIJ anexrponsurarens. ConpoTHB/eHHE NOABOAALIMX
NPOBOJOB NpeHeOpeXHMOo Majlo.

629. DnexTpoasuratesnb NOLLEMHOIO KpaHa paboTaeT noj
Hanpsbkennem U = 380 B npu cune toka / = 20 A. Kakos
KILJ] nBurarensi, ecau rpy3 maccoit m = 1000 kr kpaH noguu-
MaeT paBHOMEpHO Ha BblcoTy A = 19 M 3a Bpems { = 50 ¢?

630. McTtounuk Ttoka ¢ DJC & = 6 B pgaer Tok, MakcH-
MaJibHasi cusia Kotoporo /.. = 2 A (npH KopoTKOM 3ambiKa-
HHM). KakoBa Hau6osbliasi MOLIHOCTb, KOTOpAsi MOXeT ObiTb
BbieJleHa HAa BHEIIHEM y4acTKe Lenu?

631. [Ipu nopkJwYEeHUH Pe3UCTOpa COMNPOTHBJIEHHEM
R =15 Om x uctounuxky Toxa ¢ JIC & = 10 B MouHocCTb,
Bblle/IfieMasi Ha 3TOM pesucTtope, cocrasasieT & = 0,75 noa-
HOH MOIIHOCTH. Kakylo MakCHUMasJbHYI MOLIHOCTb MOXeET
BbIJIeJIUTh BO BHEWIHEH LeNnH AaHHbIA HCTOUHHK?

632. Tpu namnouyku mMowHocTelo P| = 50 Bt, Py = 25 Br
u P3 = 50 Br, paccyrutannble Ha Hanpsokenne U; = 110 B
KaXk1asi, COeIMHEeHbl, KaK Noka3aHo Ha pHuc. 206, U BKJOYeHbl
B ceTb ¢ HanpsokeHHeM Uy = 220 B. OnpenenTh MOLHOCTS,
notpebasieMyl0 KaXXaI0H JJaMNOYKOH.

—@—«»
&

2208 7
3 ©

P uc. 206

633. K akkyMy/1aTOpY, BHyTpeHHee CONPOTHB/IEHHE KOTO-
poro r = 1,0 OM, nogk/ouyeHa NPOBOJOKA CONPOTHBJIEHHEM
R = 4,0 OM, a 3aTem napasesnbHO el — elle OfHA TaKas Xe.
Bo CKOJIbKO pa3 H3MEHHTCH KOJIUYECTBO TEMJOTHI, BbIAEJSIO-
lieecss B [ePBOH NPOBOJIOKE, NOCJE MONK/JIIOUEHHS BTOPOH?
Bpems npoxoxzaeHusl ToKa B 000UX cJydasX OfHHAKOBOE.

634. Ilpu peMoHTe 3/€KTPONIHTKH €e CNHpadb YKOPOTH-
a4 Ha 0,10 ee nepBoHavanbHOM AIHHLL. Bo cKoJIbKO pa3 HaMe-
HHUJIaCbh NPH 3TOM MOLUHOCTb MJIHTKH?

635. B snekTpoHarpepareJie, paCCUHTaHHOM Ha HalpsiKe-
nue U = 120 B, ucnosb3yeTcss HUXpOMOBasi MPOBOJIOKA, TLIIO-
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iajb NONepevHoro ceyeHnus Kotopoi S = 0,50 mm2. C nomo-
b0 TOTO HarpesaTesst HeoGXOAMMO 3a BpeMst T = 10 MuH
TpeBpaTHTb B Map Bofy Maccod m = 1,0 Kr, B3ATY10 npH TeM-
neparype {; = 20 °C. Kako# n0/kHa 6bITh AIMHA TPOBOJIOKH,
ecau KITJI HarpeBatensi M = 0,87 YznenbHoe conpoTHBIEHHE
puxpoma p = 1,1 - 1076 Om - M, yAeJJbHast TeNJ0eMKOCTb
sozbl ¢ = 4,19 - 103 [k / (xr - K), yae/bHas Teniota napoo6-
pa3oBaHHst Bombl 7 = 22,6 - 10° I /Kr.

636. Kak uameHHTCS TeMIlepaTypa MeIHOTO CTEPXKHS, eCJIH
110 HeMy B TedyeHHe BpeMeHH { = 0,5 ¢ 6yneT NPOXOAUTH TOK,
MIIOTHOCTB KoToporo j = 9 A/ mm2? I1pu pacuere NpHHATD, Y4TO
TeN1006MeH C OKPYXKAIOIMMH TeJAaMH OTCYTCTBYeT. ¥YeslbHoe
conpotHsaense Menu p = 1,7 - 1078 Om - M, ee nnotHOCTD
D =89 103 kr/m3, ynensnas Tenoemkocts ¢ = 380 [k / (kr - K).

637. Ilpu cune toka /; = 3,0 A Bo BHelHel LenH 6arapen
BbiesieTcst MowHocT P = 18 Br, npu cune Toka /o = 1,0 A —
coorBetcTBeHHO Py = 10 Br. Onpenennts JC 1 BHyTpeHHee
CONpOTHBJeHHe GaTapeH.

638. DnekTpHuecKH# HarpeBaTte/b paboTaeT OT CeTH C Ha-
npsikenreM U = 120 B npu cune Toka / = 5,0 A 1 3a Bpems
T = 20 mMuH HarpeBaeT m = 1,5 xr Boan ot £ = 16 °C no
to =100 °C. OnpenenuTb MoTepy 3HEPTHH B MpoLECCe Harpe-
Banusa ¥ KI1[ narpeBatesns. YneabHas TemJOeMKOCTb BOAbI
c=4,19 - 103 x/(kr - K).

639. B HarpeBaTesie 3JIeKTPHUYECKOH IIJIMTKH BE€ CEKLHH.
[Ipu BKJIIOYEHHH ONHOH CeKUMH BOAa B KaCTploJle 3aKHMaer

yepes 1, = 8,0 MHH, a P BK/IIOYeHHH BTopoii (6e3 nmepBoit) —
i

uepe3 19 = 20 muH. Uepes CKOJBKO MHHYT 3aKHMIIMT BOjia B
KacTprojle, ecjH ofe CeKUHH BKJIOUHMTb: IapajllelbHoO; IocJe-
JIOBATeJIbHO? ¥ CJIOBHSI HArPEBaHH$ BO BCEX CIYYasiX OAMHAKOBDL.

640. HarpeBaTesb 3/1€eKTPHUECKOr0 YalHHKA COCTOMT H3
IBYX CIHpaseH, CONPOTHBIEHHSI KOTOPbIX ONMHAKOBbl. [Ipu
napaJieJIbHOM COe[MHEHHH CIIHpaied 1 BKJIOYEeHHH X B CEThb
BOJA B YallHHKe 3aKumaeT uepe3 {; = 3 MHH. Uepe3 CKOJbKO
BPeMEHH 3aKHIIMT BOJAA, HMEIoIast Ty XKe MacCy M TaKylo Xe
Haya/JbHYI0 TEMNEPaTypy, €CJIU COHpAJH HarpeBaTest COeaH-
HHTb NOCJIE[0BATEJbHO H BKJIOYHTDb B TY Xe CeTb?

641. McTouHuk TOKa 3aMblKaeTCsl OJHH pa3 NMPOBOAHHKOM
conporuBiaeHreM R; = 4 OM, a pyrodi — CONpOTHBNEHHEM
Ro=9 OM. B o6oux cayyasx KOJHYECTBO TEMJIOTbI, BbIIEJHB-
Ileecsi B NPOBOJHHMKAX 32 OJHO H TO XKe BPEMsl, OJHHAKOBO.
Onpenenutb BHyTpeHHee COMPOTHBJAEHHE HCTOYHHKA.
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642. Bo CcKOJbKO pa3 H3MEHHTCA TEMJIOBasi MOLIHOCTD,
BbIAEGJAIOIIAACS B 3JEKTPUYECKOH LEeNH, NPH NepeMeHe 1o-
nsipHocTH Ha wiemmax [ u 2 (puc. 207)? CuuraTh momy.b
HanpsDKEHUst Ha KJaeMMax IOCTOSIHHBIM, NHOAbl HAea/lbHbIMH,
COIPOTHBJIEHHS] PE3HCTOPOB OAHHAKOBBIMH.

Puc. 207

643. Jlamnouka HakanuBaHWsi MoliHocThbio P = 180 Br
HCcrnonb3yeTcs ans oborpeBa akBapdyma, CoOAepXalluero
V=1-1073 m3 Bombl. 32 T = 2 MHH BOJa HarpeBaeTcsi Ha
AT = 3 K. Kakas yacTb pacxoayeMo# J1aMINOUYKOH 3HEPruH Te-
psieTCs B BUE JIYUHCTOH S3HEPrUu? ¥ 1e/IbHas TenI0eMKOCTb BOLp
c=4,19-103 Iix/ (xr - K), nnothocTb Bogsl p = 1 - 103 kr/m3.

644. AKKyMyJSTOp, BHYTPEHHUM CONPOTHBJEHHEM KOTO-
pOro MOXHO npeHe6peub, MOOYEPEIHO 3aMbIKAIOT Ha ABa Pas-
HbIX PE3HCTOPa, NPH 3TOM B IIEPBOM C/Iydae cusa Toka /] = 3 A,
a Bo BTOpoM — [y = 6A. Halitut cuny Toka, uayiero uepes
aKKyMYJIATOP, €CJIM 3aMKHYTb €ro Ha 3TH Pe3UCTOPbLI, COeH-
HeHHble T0CJ/1e10BaTeJbHO.

645. CxeMa 3/1eKTpPHUECKOH LeNH Y ee MapaMeTphl IT0Ka-
3aHbl Ha puc. 208. HalTu 3apsans! Ha Ka)XaoM KOHIEHCATope.
BHYTpeHHHMH CONPOTHBJIEHHAMH HCTOYHHMKOB TOKa INpeHel-
peub.

646. Ecny BosIbTMETp, UMEIOLIMH KOHEUHOE COMpPOTHBJIE-
HHe, NOJKJIIOUeH NapaslielbHO Pe3UCTOPY CONPOTHBIEHHEM R,
TO OH MOKasbiBaeT HanpsikenHe U; = 6 B, a ecsin napannesns-
HO PE3HCTOPY CONMPOTHBJIEHHEM Ry, — To Uy =4 B (puc. 209).
KakoBbl 6yayT HanpsKeHHs Ha PE3HCTOPAaX, €CJIH BOJbTMETP
‘He nopkmovats? DJC 6artapen & = 12 B, ee BHyTpeHHee
COMPOTHBJIEHHE NTpeHeOPEXUMO Malo.
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647. Haiiti conpoTuB/ieHHe pe3UCTOpa, BKIKYEHHOrO B
LeMNb, CXeMa KOTOpOH npuBeneHa Ha puc. 210, ecan u3BeCTHoO,
YTO B MJIOCKOM KOHAEHCATODE HANpPSKEHHOCTh 3J1eKTPHUECKO-
ro nossi E = 2250 B/ M, paccTosiHue MeX1y NMIacTHHAMH KOH-
nencatopa d = 0,2 cm, IJIC uctouHuka Toka & = 5 B, ero
BHyTpeHHee conpoTuBienne r = 0,5 Om.

648. Tlpu samxuyTom kawoue K (puc. 211) Boabtmerp V1
noxasniBaet Hanpspkende U = 0,8¢, rae & — 3J1C ucToyHHKa
Toka. UTo noxaxyt BosibTMeTpbl V1 U V2 npu pasoMKHYTOM
KJIJoue, eC/IH HX CONpPOTHUBJIEHHS PaBHbI?

649. OnpeneauTb 3apsii KOHAEHCATOPa, €CJH IIPH KOPOT-
KOM 3aMbiKaHHM HcTo4HMKa (prc. 212) cuia Toka B HeM yBe-

(e

|

y _‘ 1¢ R e
(D——®)

Puc 211 ) Puc 212
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auuuBaetcst B n.pa3. DJ1C HCTOUHHUKA paBHA &, eMKOCTb KOH-
neHcaropa C.

650. [iBa OOMHAKOBbLIX pE3UCTOpa COMPOTHBJIEHHEM
R,= 100 OM Kaxabi¥, COeJUHEHHbIX NapaJjJeJbHO, H N0CIe10-
BATEJbHO COEJIMHEHHBIH C HUMH PEe3HCTOP CONPOTHBJIEHHEM
Ry= 200 OM noaxJ/ioueHbl K HCTOYHHKY NOCTOSHHOTO TokKa. K
KOHLAM MapasJjesbHO COeJMHEHHbIX Pe3HCTOPOB MOAKJIUEH
korneHcaTtop emkocTthio C =.10 Mmx®d. Onpenennts IJC ucTou-
HHMKA TOKa, €CJIH 3apsj Ha KoHaeHcartope ¢ = 2,2 - 1074 K.
BHYTpeHHHM CONpPOTHBJEHHEM HCTOYHHUKA H COMPOTHBJIEHHEM
NIPOBOJOB NpeHe6peyb.

651. Hanpsokesue Ha BHellHeM yuacTke uenud U| = 5 B,
cuia toka /; = 3 A. Ilocsie H3aMeHeHHs COMPOTHBJIEHHS 3TOTO
ydacTtka Hanpshkenne Ug = 8 B, a cuna Toka /o = 2 A. Haritu
SJ1C v BHYTpeHHee CONPOTHBJEHHE HCTOYHHKA TOKA.

652. Jlpa pesucropa, uc-
{‘l TOYHHUK TOCTOSIHHOTO TOKa H

BOJbTMETD COEJUHEHBI, Kak

R nokasaHo Ha puc. 213. Ilpu
L 3aMKHYTOM kJwoue K BOJBT-
2R p METp [10Ka3biBaeT HAMPSXKEHHE
— 1 Uy =16 B. Ecu ko4 pa-
— 30MKHYTb, BOJBTMETD NOKa3bl-
N\ BaeT Uy = 20 B. Haiitu 3[1C
) MCTOYHHKA, TpeHebperas OT-
BeTBJEHHEM TOKa B BOJIbT-

Puc 213 MeTp.

653. B uenu, cxema kotopoil H3oGpaxkeHa Ha puc. 214,
eMKocTb KoHeHcaTopa C = 23 Mx®D, pe3ucTophl UMEOT OfiH-
HakoBble conpoTuBieHus R = 20 Om. 2/C Gatapeu & = 12 B,
ee BHyTpeHHee conpoTHsieHde r = 2,0 OMm. OnpenenuTs 3a-
psifl Ha KOHAEHcaTope.

654. AKKyMysnTOp, BHYTpPEHHEE CONPOTHBJIEHHE KOTOPO-
ro r =1,0 Om, 3apsikaeTcsi OT HCTOUHHKA HanpspkeHuem U = 24 B.
[Ipn 3apsaxe yepe3 akKymysaaTop uaet Tok cuyon [ = 1,0 A.
Haritu 31C akkymyssitopa.

655. 3apsaKa akKyMyJsiTOpa NPOU3BOAUTCS TOKOM CHJIOM
I; = 4,0 A npu HanpsixKeHHU Ha KJIEeMMaxX aKKyMyJasTopa
U, = 12,6 B. Ilpu paspsiixe akKyMyJsiTOpa CHjla TOKa B LeNH
lo = 6,0 A, Hanpsokenne Ha knemmax Uy = 11,1 B. Haiitu
CHJIY TOKA KOPOTKOT'O 3aMbIKaHHSI. :

656. [Isa ucrounuka toka ¢ JAC & =4 Bu & =6Bwu
BHYTPEHHHUMH cornpoTtusienusamu r; = 0,1 Om u ry = 0,4 Om
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COeJHHEHBbl NOCJeA0BaTeNbHO. [IpH KakoM conpoTHBJEHHH
BHeIUHeH LielH HanpsiyKeHHe Ha 3aXKUMax BTOPOro HUCTOYHHKA
OyneT paBHO HYJIO?

L.

(] o

‘é,f'
|

—|

Puc. 214

657. JIpa HCTOYHHKA TOKA C BHYTPEHHHM COINPOTHBJEHH-
eM r = 0,2 OM KaXXIblHl H C OOH-

HakoBbiIMH DJIC coemuHenn ma- ¢ g 74

pajjiesbHO U TOAKJIIOUEHbl K pe- r:"_

auctopy (puc. 215, a). Eciu st &r

HCTOUYHHKH COEIHHHTh I10CJIe]0Ba-

TeJbHO U 3aMKHYTb TEM XK€ pe3H- 47 &r o &
1

CTOPOM (pnc. 215, 6), TO BHIIENSAIO- ¥ '—{

11asiCsl B HEM MOILHOCTb BO3pacTeT Puc 25

B k = 2,25 pasa. Onpenennts co-
NpOTHBJIeHHe pe3HcTopa K. :

658. barapes, cocrosias M3 HECKOJbKHX OAMHAKOBBIX
aKKyMYJISITOPOB, BKJIIOYEHA BO BHELUHIOKI LieNb, CONPOTHBJIEHHE
kotopolt R. IIpH KakoM 3HaueHHH BHYTpPeHHero CONMpOTHBJIe-
HHS 7 aKKYMYJISiTOpa CHJa TOKa B LienH OyleT 0JHHAKOBA Kak
TIPH NOCJe0BaTebHOM, TaK W NPH NapajnjesbHOM COelHHe-
HUH aKKYMYJSITOPOB B 6atapelo?

659. Tpu oaHHAKOBBIX HCTOUHHKA TOKA COeMHEHbI oce-
LOBaTeJbHO H 3aMKHYThl IPOBOLHHKOM, CONPOTUBJIEHHE KOTO-
poro R = 2 Om. [1pu 3TOM COeIUHEHHH CHJA TOKAa B IIPOBOI-
Huke [ = 2 A. [1pu napannejbHOM COoeHHEHHH HCTOUHHKOB
B TOM Xe NpPOBOAHHMKe HAeT Tok cujoH [y = 0,9 A. Hafitu
SJIC ¥ BHyTpeHHee CONPOTHBJIEHHE KaXKAOro HCTOYHHKA.

660. YcTouHHKH TOKa, MMeIOLIHe OJMHAKOBble BHYTpEH-
HHe conpoTusaeHus r = 0,5 OM, NOAK/IIOYEHB K PE3HUCTOpaM,
KaX<Iblil H3 KOTOPbIX HMeET conpoTHBeHHe R (puc. 216). DIIC
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A 8 HMCTOYHMKOB TOKa — COOTBETCT-
BeHHo & = 12 B u & = 6 B.
Haiitu conporuBiense R, npu
xoTopoM ToK B uenut ABCD e
R R = HIEeT.

& 6, 661. DnexTpuyeckas Jam-
no4ka moiHocTtsio P = 60 Br,
pacCYHTaHHas Ha HanpsKeHHe

D r U = 110 B, nopxnoyeHa K
uctoynuky ¢ JIC € = 120 B
Puc 216 M BHYTPEHHHUM CONPOTHBJIEHH-

eMm r = 60 Om. Ha#ite mouw-
HOCTb, KOTOpYIO MoTpebJisieT JlaMilOuKa NPH TAaKOM BKJIOYe-
nud. Bynet nM oHa ropeTh NMOJIHBIM HakKaJoM?

662. [lpu ssnexTposu3e pacTBOpPAa CEPHOH KHCJOTH 3a
T = 50 MuH Bheausocs m = 0,30 r Bonopoaa. OnpenenuTsb
MOIIHOCTb, 3aTPayeHHYI0 Ha HarpeBaHHe 3JEKTPOJIHTA, €CJH
ero conporuBaenre R = 0,40 OM. D1eKTpPOXUMHYECKHH 3KBH-
BajleHT Bojopona 2 = 0,01 - 1076 xr/Kn.

663. [lns npoBepKH NPaBHJIbHOCTH NOKa3aHHH aMIlepMeT-
pa €ro BKJIOYAIOT 110C/1eJ0BATENbHO € 3/1€KTPOJHTHYECKOH BaH-
HoH. Kakyio a6coNIOTHYI0 NMOrpeliHoCTh JaeT aMnepMeTp, ecjH
OH nokasbiBaeT Tok cuioi / = 1,7 A, a 3a Bpems ! = 2] MHH Ha
KaTofle BaHHbI oTKNaabiBaeTcss m = 0,6 r HUKess? DIEKTPOXH-
MHUeCKHil 3KBHBaneHT Hukeas k = 3 - 1077 xr/Kn.

664. Kaxo#l 3apsan NpoxXoAHT yepe3 pacTBOP MeOHOTO Ky-
nopoca 3a Bpemsi { = 10 ¢, ecnu cusia ToKa 3a 3TO BpeMs
paBHoMepHo Bo3pactaeT oT O mo / = 4,0 A? Ckoabko menu
BBIIEJISIETCSl IPH 3TOM Ha Katofe? DJIeKTPOXHMHYECKHH 3KBH-
Banent mexn £ = 3,3 - 1077 xr/Ka.

66S. Jlns nonyyeHWas MeAM BKIIOYEHO [OCIIEOBATEILHO
N = 400 31exTpoaHTHYECKHX BaHH. [1nomaab KaTOAHBIX MJaCTHH
B KaxI0H Banne S = 16 Mm%, TL1oTHOCTD 3JIEKTPHYECKOrO TOKa j =
= 200 A/M%. Haiin Maccy MeIH, nonyyaeMoH 3a Bpems t = 24 4, y
pacxol HEPrHH 3a TO XK€ BpeMdA, €ClIM HanpsHKeHHE Ha KakIOi
BaHHe U = 100 B. DnexkrpoxUMHueckHii >KBHBANEHT MeH k =
=3,3-107 ki/Kn. ‘

666. Ipu HHKENIHDOBAHHH FONL3YIOTCH TOKOM, TIOTHOCTH KO-
Toporo j = 0,14 A/um”. Cxonbko BpeMenH TpebyeTcs As OTIoXKe-
HHA CJ10S HUKes TolHHOH h = 0,05 MM? DnexTpoXHMH4ECKHi
SKBHBANEHT HHKeIA k = 3,0 - 1077 kr/Kn, NIOTHOCTL HHKeNs p=
=8,9- 10’ kr/m’.
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667. Kakoe KOJHYeCTBO {7

JIEKTPOIHEPIHH PACXOAYETCH } '

Ha noJjyyeHue m = 1,0 kr i
aMOMUHHS, €C/I 3/IeKTPOTH3 |

BEleTCSl TNPU HaNpPSMEHHH - (z R

U =10 B, a KI1/[] Bce#t ycTa-
HoBKH 1 = 80%? MonsipHas
Macca amoMuHHa M = 27 X
X 1073 kr/ moub, ero BajeHT- Puc 217

HocTb nn = 3. [ToctosinHas Pa-

pages F = 9,65 - 10 Kn/monb.

668. B nenu, cxema KoTopo#l npuBeneHa Ha puc. 217, KoH-
neHcatop C2 umeer emkocTb Cy = 10 MK®, conpoTHBieHHe
pesuctopa R = 2 xOmM, nuiowans niaacTHH KoxaeHcaTtopa Cl
S = 100 cm2, a paccTosinue Mexxny HUMH d = 5 mM. Boanyx
Mexny oOknankaMH KoHpeHcatopa Cl HOHM3MpYeTCsl ¢ IOMO-
LIbI0 PEHTreHOBCKOTO H3ydaTess MouHocThio @ = 2 - 1012 nap
HocHTesel 3apsna 3a | ¢ B 1 M3, 3apsin KaXa0ro HOCHTeNs pa-
BeH s/jeMeHTapHoMy 3apsay e = 1,6 - 10719 Kn. Bce o6paso-
BaHHble 33 €[IHHHIy BpEMEeHH HOCHTENH OJeTarT A0 MJIaCTHH
koHpeHcatopa Cl. OnpenenuTtsb 3apsin Ha KoHpeHcaTope C2.

669. B ssnekTpoHHO-y4eBOH TPYOKe CHJA TOKA B 3JEKTPOH-
HoM nyuke / = 600 mMkA, yckopsiouee Hanpsixedde U = 10 kB.
Haiiti, ¢ Kakol CHIOH AABHUT 3JEKTPOHHBIM NY4OK, CYHTaS,
4TO BCE 3JIEKTPOHBI MOTJIOWAKTCS SKPAHOM.

10. MATHUTHOE NOIJE.
ANEKTPOMAIHUTHAA UHOYKUUA

MeTtoaunyeckune YKa3aHus K pelieHUio 3agav

[Ipu peweHun 3amay, B KOTODHIX paccMaTpHBaeTcs Npo-
BOAHHK HJIH KOHTYD C TOKOM B MarHHTHOM [0JIe, HYXXHO Ha
CXeMaTHUYeCKOM YepTexxe yKa3aTb HalpaBJieHHe TOKa, Harpas-
JIeHHs] BEKTODAa MarHMTHOH MHAYKHHHM M CHJI, J€HCTBYIOLIMX
Ha NPOBOAHMK MM KOHTYD. Ecan o ycioBHIO 3anaun npoBoj-
HHUK (KOHTYp) HaXONMTCH B PaBHOBECHH, TO, KK H IIPH pelie-
HHMH 3a7ay NO CTAaTHKe, 3alIUCBLIBAIOT YCJOBHS PABHOBECHS.

3apaur Ha IBHXKeHHe 3apsiKeHHbIX YaCTHL B MarHHTHOM H
3/1eKTPHYECKOM MOJISX pemanT B GONbLIMHCTBE Cy4aeB Iy-
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TeM COCTABJIEHHS YDABHEHHUs ABH2KEHHSI MaTepHalbHOU TOYKH
C y4eTOM BCeX CHJI, AeHCTBYIOLIMX HAa YaCTHIY CO CTOPOHbI
MAar{HUTHOTO W 3JIEKTPHYECKOro MoJeH.

Ecau Tpebyercs Hath DIC HEAYKLMH, HEOOXOAUMO yCTa-
HOBHTb, H3MEeHEHHEM KAaKOH BEeJMYMHBl — BEKTOPA MarHHUTHOH
nhaykuuu (B), nuowann nosepxHoctn (S), orpaHuueHHOH
KOHTYpOM, uaM yria (o) Mexay BEKTOPOM B W HOPMalblo K
MOBEPXHOCTH — Bbi3biBaeTcs M3MeHeHHe AD noToKa MarHMT-
HOM MHAYKLMWH, a 3aTeM BOCMOJLb30BATLCSl 3aKOHOM 3JIEKTPO-
MarHUTHOH HHAYKUMH. COCTaBUB YpaBHEHHe Ha OCHOBE 3TOro
33aKOHA, PEIIalOT ero OTHOCHTEJIbHO HEH3BECTHOM BeJHUHHbI.

OCHOBHble 3aKOHbI U (hOopMyTibl

3axon Amnepa: Ha NpPOBOAHHMK JJIHHON [ ¢ TOKOM cuiol I, no-
MeLIeHHbIH B MarHUTHOE [oJie, AeHCTBYET CHJA, MOAYJIb KOTOPOH

F =IBlsinaq,

rae B — Moay/ib BEKTOpa MarHMTHOH HHAYKUMH B; QU — yros mex-
Ny HalfpaB/eHHEM TOKA H BEKTOPOM MAarHMTHOH HHAYKUHMH. Hanpas-
JIEHHE 3TOM CHJIbl ONpe/lesIsIeTCsl NPABHIIOM JIEBOM PYKH: €CJIH Jie-
BYIO DYKY PaCloJIOXHTh TakK, 4TGB! NepneHANKyAApHas NPOBOIHH-
KY COCTaBJSIOlIasA BEKTOPAa MarHMTHOH HHAYKUWHM B BXOAMJA B Jia-
IOHb, @ YEThIPe BHITAHYTHIX NaJblia GbLIH HaNpaBJeHBl 110 TOKY, TO
oTOrHyThlH Ha 90° GoJblIOH naJsel MoKaXkeT HanpaBJjeHHe CHJIbl
Amnepa F.

Momenm cun, dedcmsyrouux na naockul KOHMYp ¢ MOKOM,
NoMeLIeHHbIH B OQHOPOJHOE MarHMTHOE MoJie,

M =ISBsina,

rae [/ — cuia Toxa B KOHType; S — mJoLwap NOBEPXHOCTH, OXBAThI-
BaeMOM KOHTYpOM; B — MoAy/b BEKTOPa MarHMUTHOH HHAYKUHH; O —
Yrosi Mexay BEKTOPOM B M HOpMa/iblo N K [OBEPXHOCTH.

[Ipunyun cynepnosuyuy Mazrumuolx noaef: MardHUTHas HH-
AYKUHSA N0J5, CO3AaBAEMOr0 HECKOJBKHMH 3JEKTPHYECKHUMH TOKa-
MH HJIM JBHXKYLIMMUCS 3aDSIAMH, PaBHA BEKTOPHOH CyMMe MarHHT-
HBIX MHAYKUMH NOoJeH, CO3[AaBaeMblX KaXK[IbIM TOKOM HWJIH ABHXY-
LLIMMCS 3apsiIOM B OTHOEJBHOCTH!

ézél +£§2 +...+ Bn.

Maenumnas undykyus noas 6eCKOHEUHO20 NP AMOAUHELHOZC
npogodHuKa ¢ moxom CHIoH I B TOUKe, yIaNeHHOH OT NPOBOAHHKA
Ha paccTosiHue 7,

306



I/
B=uuo;;,

rae |L — MardHTHas NPOHHMLAeMOCTb CPeabl; Iy — MarHHTHas Mo-
cTostHast: g = 4n-107 Tu/m.
Mazrnumnas unOykyus NoAs 8 YeHmpe Kpyeoeozo eumKa ¢ moKom
B = g .
2R
cne [ — cuaa Toka; R — paguyc BHTKa.
Maznumnas undyxyus noss enympu corenouda (yuaundpu-
4ecKoll KamywKu ¢ moKom
B =pugp %I,
rae | — MarHHTHasi NPOHHLAEMOCTb Ceple4yHHKa, BCTABJIEHHOIO B
COJIEHOM]; Ly — MAarHWTHas NOCTosiHHAs, N = YKC/IO BUTKOB CoJle-
Houaa; [ — OJIMHA COJIeHOMAA.
Maeznumnoii nomok (nomok eexmopa mazrnumnod undyxyuu)
yepes MOBEPXHOCTb MOWAALI0 S

¢ = BScosa,

rae B — MOAyJb BEKTOpa MarHMTHOR MHAYKUHH; O — YroJ Mexay
BEKTOPOM B H HOPMAJbIO 7l K [OBEPXHOCTH.

Cuna Jlopenya — 310 CHNA, AEHCTBYIOLIAS HA 32pPSXKEHHYIO Yac-
THLY, OBHXKYLULYIOCS B MarHHTHOM nosie. Moaynb 3TOH CHJbI

Fp =lglvBsina,

rae g — 3apsii YacTHUB; U = MOAYJb ee CKOpocTH; B — momyss
MarHMTHOH MHAYKLMH TONS; Ot ~— YroJ MeXiy BEKTOpamH U H B.

Hanpagaeuue cunbl JlopeHua onpeaessieTcss npasusom Ae8ol
pyKu: ecnu JeByio PyKY PaclioJIOXHTb Tak, 4ToBbl COCTAB/AIOLIAN
MarHUTHOH HHAYKUMH B, neprneHAUKY/IDHAs BEeKTOPY CKOPOCTH
3apSIKEHHON YaCTHUbl, BXOAM/IA B JIaJOHb, @ YEThIPE BHITSAHYThIX
najbla HanpaBJeHbl BAOJbL BEKTOpPA CKOPOCTH YACTHLUBI, €C/IM ee
3apsii NOJIOMKHUTEJbHBIH, HIH [POTHB BEKTOPa CKOPOCTH, €CJIH 3a-
PS4 OTDHLATENbHbIA, TO OTOrHYTbIH Ha 90° Bosbluol nasey noka-
JKEeT HanpasJ/eHde CHJbl JlopeHua.

3akon arexmpomaenumuol undyxkyuu: 3JC HHAYKUMH, BO3-
HHKaI0Lasi B 3aMKHYTOM KOHTYpe, paBHa [10 MOAYJIO H NPOTHBOMO-
JIOXKHA 110 3HAKy CKOPOCTH H3MEHEHMS MAarHUTHOrO MOTOKAa yepes
[OBEPXHOCTb, OFPAHUYEHHYIO KOHTYDOM:

g = -42
At
Munyc B 3TOM dopMyJsie cjenyeT W3 npasuiaa Jlexua.
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Ipasunro Jlenya: BO3HHKAIOIWHUA B 3aMKHYTOM KOHTYPe HHAYK-
LUHMOHHBI TOX HMeeT TaKoe HalpaBjeHHe, UTO MAarHWTHBIH MOTOK
3TOTO TOKA yepe3 [IOBEPXHOCTb, OrPAHHYEHHYIO KOHTYpOM, NPOTH-
BONEHCTBYET H3MEHEHHI0 MarHMTHOrO [OTOKA, Bbi3bIBAIOLIETO HH-
LYKUHOHHBIH TOK.

3AC undykyuu 8 nposoOHUKE, OBUNCYULEMCR 8 TLOCMOAHHOM
80 BPEMEHIL MAZHUMHOM NOAE C UHAYKUHeR B,

&; = Blusing,

roe [ - IJIKHAa NPOBOAHHKAE; U — MOAYJb €ro CKOpPOCTH, o — yroJj,
COCTaBJIEHHbIH BEKTOPOM MarHHTHOH HHAYKUHH Bc HarnpaBJ€HHEM
CKOpPOCTH INPOBOJAHHMKA.

Macerumnbtii nomox 4epe3 NoBepXHOCTb, OrPAHHUYEHHYIO KOHTY-
POM, BO3HHKAIOLLHH [IPH IPOXOKAEHHH M0 3TOMY KOHTYPY TOKa CHJION [,

D=L

rae L — HHAYKTHBHOCTb KOHTYpA.
I/IC camoundyxyuu, BOSHHKAOLIAs B 3aMKHYTOM KOHTYpe, Nps-
MO NPONOPUMOHAJ/IBHA CKOPOCTH M3MEHEHHS CHJ/Ibl TOKA B HeM:!

& =-LAL,
At

rie L — WHAYKTHBHOCTb KOHTYpa; Al — M3MeHeHHe CHJIbl TOKa 3a
spems Af.

3H€p8uﬂ MAZHUMHOE0 NOAS MOKA CHJIOH 1, npoxoasuiero no
NMPOBOAHHKY C HHAYKTHBHOCTBIO L,

W=LI2/2

MNMpumepb! pelieHus 3apgay

670. [To nByM A/IMHHBIM Mapaje/bHbIM NPOBOAAM, HAXO-
IOSIMMCS Ha paccTosiHuu r = 10 cM Opyr oT apyra B Bakyy-
Me, HAYT B IPOTHBOIOJIOXKHBIX HallpaBJIeHUAX* TOKH CHJIOH
Iy =1y=1=16 A. OnpeneauTtb HHIYKLUMIO MarHUTHOTO NOJIS
B TO4Ke A, ynajeHHOH Ha r| = 2 CM OT OJHOTrO IPOBOJAA H Ha
ro = 8 cM ot Apyroro, U B Touxe C, yaa/jeHHO! Ha r3 = 6 CM OT
OJIHOrO NPOBOAA M Ha rg = 8 CM OT APYroro.

*CHMBOJ o, MOJOGHbIA OCTPHIO JETALUEH HABCTPEUYY CTpeJbl, MOKA3bIBa-
€T, YTO TOK MAET OT PHCYHKA K UHTATes0. ECau XKe TOK MAET OT UnTaTess
K PHCYHKY, TO 3T0 0603Ha4aeTCR CMMBOJIOM X, HATIOMMHAIOLUM ONepeHHe
(xBocT) yaerawomweil ctpenbl. Tax xe 0603HauYalOT Hampas/ieHHe BEKTOPA
MarHUTHOW MHAYKUHH B.
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Pe wenue HanpasaeHust BeKTOPOB MarHUTHOH MHAYK-
uuu B, u By B touke A (puc. 218, a), a Takxke B3 U By B
touke C (puc. 218, 6) onpenenum no npaBusy GypaBuHKa
(npaBoro BuHTA).

Puc 218

CorylacHO NPHHUMIY CYNEePNO3HLHH, MarHUTHASE HHAYKLHS
B Touke A

BA = Bl + 82
Kak BHIHO H3 DHCYHKa, BeKTopgﬂ Bl H 82 HMeIOT OJHHAKO-
BO€ HaIlpaBJIeHHe, I09TOMY MOLYJIb BEKTOPa BA paBeH CyMMe
MOAyJleH BeKTOPOB By 1 By:

Mol Mol
By = By + B, = koli 4 Pola
A 1 2= 27 27ry

YuutniBas, I} = Iy = I, nonyuaem:

kol 1 _o.10—4
BA_W(;-FE) BA—-Q 10 Ta.

B touke C pe3ys bTHPYIOLMHA BEKTOP MarHHTHOH HHIYK-

LUHH Bg ﬂBJIﬂeTCﬂ AHWaroHaJibio NpsAMOYroJibHHKa, TaK Kak

r = ry + r4 (B obuieM ciaydae, mpH APYTHX PAaCCTOSAHHSX,

Pe3yJbTUPYIOLMHI BEKTOP HHAYKLUHH ABJSETCS JUATOHAJBIO Na-
paJjuiesiorpaMma, NMOCTPOEHHOTO Ha CJlaraeMblX BEKTOPAX Kak
Ha CTOPOHAX.)

MozyJib BeKTOpa MarHUTHON HHAYKUKH Bg HailieM 1o Teo-
peme Iludaropa:
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2 2
_ [p2 2 _ |froh Holo
Bo=B; + By J(z) +(5)

IMockoabky I} = Iy =1, TO
— ko[22 - -5
C = Targr V'3 +ry, Bc=7-10" Ta

671. Ilposoauuk AC (puc. 219, a) maccoit m = 20 r u
anudod [ = 20 cM nozBelleH Ha ABYX TOHKHX NPOBOJIOYKAX H
[IOMEILEH B OHOPOAHOE MAarHUTHOE I0Jle, BEKTOP MHAYKLHH
KOTOPOTO HanpaBJieH BEpPTHKa/JbHO BBEpX, a MOIY/Jb 3TOTO
sektopa B = 0,5 Ta. Ha kako# yros & 0T BEpTHKa/IH OTKJIO-
HSITCS TIPOBOJIOYKH, MONAEPXKHUBAIOUME NMPOBOIHHK, €CIH 110
HEMY MPOMYCTHTb ToK cusod [ = 1 A? TlpoBosouku HaxonaT-
sl 3a MpeJie]IoOM MarHUTHOTO MOJS.

P e wenwue HanpoBogHuK ¢ TOKOM, MOMeLUeHHbIH B
maruuTHoe noJie (puc. 219, 6), neHcTBYIOT C/leyIOLIHMe CHIIbL:
CHJIa TSDKECTH mg, BE CH/bl HAaTSDKEHHs NpoBosouek T H
cuna Amnepa F (cuioil TspKeCcTH NpoOBOJIOYEK TpeHeGpera-
em). KoopaunaTuyw ocs OY HanpasuM BIOJb BEKTOpPA Mar-
HUTHOU HHAYKUMH B (BepTHKaibHO BBepx), ocb OX — ropu-
30HTaJbHO.

[TpoBOOHMK HAaXOAWTCS B PaBHOBECHH, NMO3TOMY CYMMb
NPOEKLUHH BceX AEHCTBYIOIMX Ha Hero cua Ha ocH OX u OY
PaBHbI HYJIIO! '

F-2Tsina =0, 2T cosa—mg =0,

HJTH

2Tsina = Bll, 2T cosa = mg.

"t

o,
oy

™y

Puc 219
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Orciona, pasfe/iMB NO4Y/N€HHO NepBOe ypaBHEHHe Ha BTOpOeE,
NOJYYHM:
tgo = Bl = arctgﬂ, o =27°.
mg mg

672. AnoMHHHeBBIH POBOJ, TJIOI@AAL NONEPEeYHOro ceye-
HHsl KOTOpOro S, COTHYT B BHJe TPeX CTOPOH KBajpaTa W IpH-
KperuieH CBOMMH KOHUAMHM K TODH30HTAJbHOH OCH, BOKPYr
KOTOPOH OH MOeT CBOGOAHO BpAalIaThCH B OJHOPOAHOM Bep-
THKaJbHOM MarHuTHoM nosie (puc. 220, a). Ilo nposoay npo-
mycKaioT TOK cuaod /. Ha Kako# yrosn oo OTKJIOHHJICS NPOBOA
OT BePTHKANbHOH MJIOCKOCTH? [170THOCTD a/MOMHHHSA P .

PemweHnue B ornmude or npeabiayliedl 3agaud B
JaHHOM CJlyyae B MarHHTHOM IOJIe HAXOAHTCS He TOJbKO To-
PH30HTAJIbHBIH NPOBOJ, HO H MOABECKH (aBe ApyrHe CTOPOHbI
kBaapaTa). Kpome Toro, 3nech HeJib3si npeHebpedn CHIION TH-
YKECTH MOABECOK. YuuThIBas 3T0, 0603HAYHM BCe CHJIBI, AeH-
CTBYIOIUME Ha COTHYThIH npoBoaHHK (puc. 220, a): cuibl Ts-
XKECTH mg, IPHIOXKEHHBIE K KAX/A0H U3 TPEX CTOPOH KBajpa-
Ta, cu1y Amnepa F, nefCTBYIOLIYIO Ha TOPH3OHTANbHYIO CTO-
pOHY KBaapata, cusbl Amnepa F| v F), NefCTBYIOLIHE Ha NO-
BeckH. [lns onpenesienus HanpasieHHH ¢ F| U Fy Mbl pas-

JIOXXUJIH BEKTOP MAarHHUTHOH MHAYKUHH B Ha COCTaBJSIOIIHE MO
JIBYM HanpaBJIeHHSIM: BAOJIb [IOABECOK H MEPIEeHANKYJISPHO HM.

I1poBOAHKMK HAXOAUTCH B PABHOBECHH, CJIEJOBATENBHO, CYyM-
Ma MOMEHTOB BCeX INPHI0XKEHHbIX K HeMY CHNl OTHOCHTEJNBHO

Puc 220
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ocu Bpaulenuss DE paeHa Hymo. [Tockoabky cuabl F| u Fy
napaJjienbhsl ocd DE, OHH He CO3[al0T BPallaloLIEero MOMeH-
Ta OTHOCHMTEJIbHO 3TOH ocH. O4YeBHAHO, YTO MOMEHThH! CHJI pe-
aKUMH wapHUpoB (Ha PHCYHKe 5TH CHJIbI HE IOKa3aHbl) OTHOCH-
TenbHo ocv DE pasubl vy, O6osnaunm DA = AC = CE = 1.
Torna DOy = EOy = [/2, u ypaBHeHHEe MOMEHTOB OTHOCH-
TesbHO ocH DE (puc. 220, 6) 6ynet uMeTb BHL

mglsina +2mgésinot —Flcosa =0.

[TonctaBuB clopa 3Hauenuss m = pS! v F = [Bl, noayuum noc-
Je npeo6pa3oBaHUM

2pSgsina = [Bcosa.

Orcrona tga = /1B/(2pSg).

673. Pamxa ¢ ToxoMm, H3oOpaxkeHHas Ha puc. 221, a, Hme-
eT paamepsl [ = 4,0 c™, b =-5,0 cm. MHAYKUHMA OOQHOPORHOTO
maruutHoro noast B = 0,20 Ta. Korpa pamxa nosepHyTa Taxk,
YTO HOPMaJb K HEH COCTaBJISAET C JIHHUAMH MarHMTHOH HHAYK-
uud yron o = 30°, Ha paMKy AeHCTBYeT CO CTOPOHbI MarHMT-
HOro 1os1si MoMeHT cia M =2 - 1073 H - M. Onpenesuts cuay
TOK2 B PaMKe.

a

|
' 3 >
h/,“i .
I Xy F
/// A |/ |

AL -SEY 4T

28
T _;s L

P uc. 221

Peuwenwue CornacHo 3akoHy AMrepa, Ha KaXIYyiO H3
BEPTHUKAJbHBIX CTOPOH PAMKH AeHcTByeT cuaa F = Bll, Ha-
TNpaBJleHHas MepIeraUKYJ/ISPHO IIOCKOCTH, B KOTOPOH JieXaT
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3Ta CTOPOHA H BEKTOP MAarHUTHOH MHAYKUMH B. CyMMapHBIH
MOMEHT 3THX CHJI

M= 2F§sina = Fbsina,

MOTOMY 4YTO IJIEYO KaXXJOH U3 CHJ paBHO gsina, rpe & —

YroJl MeXX1y BEKTOPOM B H HOPMaJbl0 £ K MJIOCKOCTH BHTKa
(puc. 221, 6). TonctaBuBs clofa 3HaueHue F, NOJy4HM

M = IBlbsina.
Takum obpasom,
M__ =10 A.

= Blbsino.’

674. /Ipa oueHb JJIHHHBIX TOHKHX NapaJJiebHbIX NPOBOAA
¢ Tokamu cuaoit /; = [o = 5,0 A pacnonoxkeHsl B BaKyyMe Ha
pacctosinuu r = 40 cm apyr or apyra. OnpepenuTb cHay,
LEeHCTBYIOLLYIO Ha eMHHLY IJIMHB KaX{IOro NpoBOJA.

PemweHwue. [lpeanonsoxum, 4to TOKH cuaod [y u Iy
MAYT B ONHOM M TOM e HanpasaeHuH (puc. 222). [Tpumenus
npaBuio 6ypaB4yHKa, onpeje- '
JUM HanpaBjieHHsl BEKTOPOB
HHAYKUMK B ¥ By Maraur-
HBIX T0JIeH TOKOB CHJIOH /| H
[5 coOTBETCTBEHHO Ha pac-
CTOSIHHH r OT npoBojoB. [Ipo-
BOJ C TOKOM cHJIOH [y Haxo-
OHTCS B TIOJe, CO3/laBaeMOM
TOKOM cuJsion [|. Monynb Bek-
TOpa MarHHTHOH HHIYKUHA
3TOro noJss Puc 222

I
By = ppg 5.

CrepnoBareJbHO, Ha J1I060H OTPe30K AJNHHOH [ nmpoBoga ¢
TOKOM CHJIOH [y Mo 3akoHy AMnepa geHcTByeT cuaa fj, Mo-
AYJIb KOTOPOH

I
F=5LBl= 2y
1 = 12818 = HHo 54
roe po = 4n-1077 TH/M — MarHMTHas NOCTOSHHAS.
Jlerko rokasarb, 4TO Ha OTPE30K MPOBOAA C TOKOM CHJIOH /|
TaKoOH Xe [JIMHb IeHCTBYeT cusa Fy, MOLY/b KoTopol Fo = F,
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a HanpaBJeHHe TIPOTHBOINOMOXKHO HaMpaBJeHHIo CHabl F. Ta-
KUM 06pasoM,

F=F=F-= uuo_%l, F=13-10" H.

675. B o6s1acTH NpoCcTpPaHCTBA OAHOBPEMEHHO CYLIECTBY-
I0T OJHOPOAHBIE H NOCTOSIHHbIE MAarHHTHOE NOJIE C HHAYKUHEH
B = 0,2 Tn ¥ nepneHAHKYJsipHOE €My 3JEeKTpPHYECKOe I10Je
HanpspkesHocTblio E = 4 - 10° B/ M. IlepnenaukynsipHo 060-
UM TIOJISIM IBHXKETCS, He OTKJIOHSSCh OT NPSMOJHHEHHOH Tpa-
eKTOPHH, 3J1eKTPOH. KakoBa ero ckopocTn?

Pemenuge HasnexkTpoH, IBUXKYIIHHCSA OAHOBPEMEHHO
B MarHUTHOM M 3JIEKTPHUECKOM I0JISIX, A€HCTBYIOT ABE CHJIBL:
F = eE c0 CTOPOHBI 3JIEKTpHYe-
ckoro noss ¥ cuna Jlopenna Fj

CO CTOPOHBI MarHHTHOTO TOJS
(puc. 223). 3TH cUMIbI UMEKOT TIPO-

™y
<y

V " THBOIOJIOXKHbIE HalpaBJeHHS.
: f DNeKTpOH He GyaeT OTKIOHAThCS
{8 OT NPSIMOJIMHEHHOH TPaeKTOPHH,

ec/Id MOAYJMH STHX CHJI PaBHBI,

Puc 223 T.e. F = Fyunmu eE = evB. Or-

crorav=E/B=2-108m/c.

676. DnexTpOH BJeTaeT B OAHOPOAHOE MarHUTHOe IoJie B
BakyyMe co ckopocTbio v = | - 107 M /¢, HanpaBnenHo# nep-
NeHAMKYJSAPHO JHHHSIM MarHWTHOH WHAyKLMH. OnpepenuTtb
TPaeKTOPHIO IABHXKEHHUSl 3JeKTPOHA B MarHHTHOM IIQJle, €CJIH
MOJy/1b BEKTOPAa MarHHTHON HHAYKuuu B = 5 - 1073 Tu.

Pewenue HasnexkrpoH, iBHXyuwHHACS B MarHHTHOM
noJe, fedicTByeT cuaa JlopeHua, 3aBucsilas OT CKOPOCTH 3J€eK-
TPOHA M MHAYKUMH MarHuTHoro noss. Cuna JlopeHua neprneH-
LHKYJNIPHA CKOPOCTH 3JEKTPOHA, IO3TOMY OHa He COBepIlaeT
paboTy. 3HaYMT, KHHEeTHYeCKasl SHEPrHs 3JeKTPOHA He H3Me-
HsieTcs. CnenoBartesbHO, He U3MEHSIETC H MOAYJb €ro CKOpo-
CTH, a IOCKOJIbKY W HHAYKLHMSI MarHUTHOTO T0JIst TIOCTOSTHHA, TO
mMoayab cuabl JlopeHua nocrosisel. Ilox neHcTBHEM 3TOH CHJBL
3JIEKTPOH NpPHOGpeTaeT NOCTOSIHHOE LEHTPOCTPEMHUTENBHOE YC-
KOPEHHe, a 3TO 03Ha4aeT, YTO 3JIeKTPOH B MarHUTHOM I10J1e [BH-
XKeTCsl PaBHOMEPHO 10 OKpYy>KHOCTH. Harinem ee paguyc R.

Tlo Bropomy 3akony Heiotona Fy = mea, rie a = v?/R —
LEeHTPOCTPEMHTENIbHOE YCKODEHHe. YUKThIBas, 9T0 Fj; = euB,
6ynem HMeTb
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evB = m? /R,

rae e = 1,6 - 10719 Kot — 3apsn anextpona; me = 9,1 - 1073} xr —
ero Macca. Orcioza

R=

e R=2-107 .

677. Yactuua maccoit m, obnafawlyas 3apsaioM g, BieTa-
€T CQ CKOPOCTBIO ¥ B OOHOPOAHOE MAarHUTHOE ToJie C HHAYKLH-
el B Mo yriioM O K JIMHHAM MardHUTHOH MHAYKUMH. Onpeje-
JIUTb TPAEKTOPHIO ABHXKEHHS YACTHUbIL.

Pe e Hue Pasnoxum BeKTOP CKOPOCTH ¥ YACTHLBI Ha
aBe cocTasasiomue (puc. 224): U} ,- HANIPABJIEHHYIO BJIOJIb JIMHHH
MarHHTHOM HHAYKUHH, H Uy, N€PNEHAHKYNAPHYIO 3THM JHHHAM.
Mony/in 3THX COCTaBJSIIOIMX — COOTBETCTBEHHO ¥ = v COS O H
vy =vsina.

g
—

h

Puc 224

Ha uactuuy nefictByer cuna JlopeHua, 06yc/oB/eHHas co-
cTaBasiolIed vy. Besenctaue storo (em. peruenne 3agauu 676)
YacTHLA JABHXKETCS 10 OKPYXKHOCTH CO CKOPOCTbIO Uy B IJIOC-
KOCTH, NMeprneHJMKy/JSpHOH MarHUTHOMY noJio. Paguyc stoit
OKPYKHOCTH OIlpefiesIiM, COCTaBHB ypaBHeHHe Ha OCHOBaHHH
BTOpOro 3akoHa HbioroHa:

2 2

U mu,
F=m2, win quoB = "2
R ke R

OT1crona
R = musina/(gB). (1)

OI.IHOBpeMeHHO HacTtydua 6y,rxe'r JABHMraTbCs M BAOJIb IT0JIA.
3T0 paBHOMEpHOe ABHXKE€HHE CO CKOPOCTbIO 51, TdK KdK COCTaB-
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JISIOWIAs U] HE Bbi3bIBAET MOSBIEHHUS CHIbI Jlopenua. B pe-
3yJbTaTe OJHOBDPEMEHHOIO [BHXKEHHS 110 OKPYXXHOCTH H 0O
npsiMOH yacTHUA GyNeT ABHraThCs MO BHHTOBOH JIMHHH, «Ha-
BUBASACb» HA JIHHHHM MarHUTHOH HHIYKUHH.

[lJar BUHTOBOH JIHHHUH

h = UIT, (2)
rage T - nepuon o6pau1emm 4aCTHIbI 10 OKPYXKHOCTH:
T = 2nR/vy. (3)

YuuteiBas cootHowenus (1) u (3), noayyaem no popmy-

e (2)
h =2nmovcosa/(gB).

678. ['opr3oHTabHBIE PebCbl HAXOAATCH B BEPTHKAIbHOM
OJIHOPOJHOM MarHWTHOM MoJe Ha pacctosinuu [ = 0,3 M apyr
oT apyra. Ha pesibcax JIeXHUT CTepXKeHb, NepNeHAHKYIsPHbIH
uM. Kakol nosmxHa OblTb UHAYKUHS MarHUTHOTO [OJs, AJS
TOro 4tobbl CTEPXKeHb Ha4aJ PaBHOMEPHO ABHIaTbCsl BJOJb
PesbCOR, eCM N0 HeMy NponyckaTb Tok cujion [ = 50 A?

KoadhuuneHT TpeHUs cTepXHA

xIr, X bl X o peabcnl it = 0,2, macca crepx-
Ha m = 0,5 Kr.

X X X X Pewenwue [lpu nponyc-

. I‘ - KaHHH TOKa 10 CTEPXKHIO Ha HEero

i 4 JEHCTBYET cua AMnepa, MOAYJb

% = x x  Kotopow F = [B[, n cuna Tpe-
j Hus Fop, KoTOpas B ILaHHOM e
qyae paBHa umg (puc. 2253/

X X X < CreprxeHb GyaeT IBHraTbCs paB-
: HOMEPHO, €CJIM MOAYJIM 3THX CHJ

X =7 X X X  pasHbl: umg = [Bl. Orciona
Puc 225 B=umg /(l),B=7-10"2Tx

679. [IpoBosoyroe KosbLO paguyca R = 5 CM pacnofoxeHo
B OJHOPOZHOM MarHMTHOM noJie ¢ vHEayKuxen B = 1 Ta Tak, 4to
BEKTOP MarHMTHOH HHAYKUHH NePIIeHAHKYJ/IAPEH IOCKOCTH KOJb-
ua. Onpenenuth cpearioilo JC HHAYKUMH, BO3HUKAWOIIYIO B
KOJIbli€, eCJIH ero noBepHyTb Ha yron 90° 3a spema At = 107! ¢

Pewenwue Korga Konpuo pacnosoxeHo Tak, 4To
BEKTOD B NeprneHAHKYJSPeH NJOCKOCTH KOJbLa, MATHHTHBIH
TIOTOK Yepe3 NOBEePXHOCTb, OTPAHHYEHHYIO KOJbLOM,
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®, = BS = BnR?,

rge S — niolwank KoJbla.
Ecin nosepHyTb KOabuo Ha 90°, TO MarHUTHBLIH MOTOK
&, = 0. MiameneHHe MarHuTHOroO NMOTOKA

AD = ®y — D = —-BrR?.
Cpeﬂ}-{ﬂﬂ CKOPOCTb U3MEHECHH A MArHUTHOI'O NOTOKA

AD _ _ BrR?
At At

CorslacHO 3aKOHY 3/1€KTPOMarHUTHON MHAYKLHH, B KOJIbLE
Bo3HHKaeT cpeaHss DJC uHAYKUHH

<2§i>=—%= B’Zf : (gi>=8-10‘2 B.

680. CamoseT JIeTUT TOPH3OHTA/IbHO CO CKOPOCThIO U =

= 1200 xm/ 4. HaliTy pa3HOCTb NOTEHUHANOB, BO3HHKAIOLLYHO
MeX1y KOHUAMH KpbIJIbEB, €CJIH BepPTHKabHas COCTaBJ]HlOLLlaH
MHAYKUMH MarHuTHoro noJs 3emaun By = 5,0 - 1075 Tx. Pas-
Max kpbiibeB [ = 40 M. UeMy paBHAa MakcHMMaJsbHasi pa3HOCTb
NOTEHLMAJIOB, KOTOpasl MOXET BO3HHKHYTb IIPH N0JeTe CaMo-
Jgera’? Fopmomanbﬂaﬂ cocrasnmomas{ HHAYKLHMH MarkuTHO-
ro moas 3emau B.=2, - 1075 Ta.

PeweHHue. Pasﬂomb NOTEHUMANO0B, BO3HUKAIOLIAS MEXIY
KOHL@MH KpblibeB camosieta, paBHa IJJIC unpykumu: U = §&;.
I1py ropu3oHTanbHOM ROJIETE CKOPOCTb CaMoOJleTa Hamnpa.Jle-
Ha NeprneHAHKYJAPHO BEPTHKAJLHOM COCTABJSAIOIEN HHAYKUHH
MarHUTHOTO NoJsist 3eMJIH, 03TOMY Pa3HOCTb NOTEHUHMAIOB

U = Bylv, U = 0,67 B. Z,

MaxcumanbHasi pasHOCTb NOTeHUHaNoB U,
TMpH [aHHBIX CKOPOCTH M Pa3Maxe KpbUIbeB
MOXeT BO3HHKHYTb TOCa, KOTAA CKOPOCTb
camoJieTa GyeT HanpaB/ieHa NepreHAnKyasp-
HO BEKTOpY B MHAYKLUMH MarHuTHOro noas g
3emin (puc. 226). Cornacuo teopeme Iuda-
ropa, MoayJb BeKTopa B

Toy

B=+B? +BZ,

nostomy U, =luy/BZ + B2, U, =072 B. Puc. 226
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681. INpoBosounas pamka miowmansio S = 400 cm? pasHo-
MEepHO BpallaeTcsi B OQHOPOAHOM MarHHTHOM MoJe ¢ HHAYK-
uveit B = 2,0 - 1072 T BoKpyr OCH, NepreHaHKyJ/ISpHOK Ha-
npassenuto noss. [lepron Bpawenus pamku 7 = 0,05 ¢. Pam-
ka coctouT U3 N = 300 ButkoB. Onpenenutb MakcUMa/bHOE
snayenne JJ1C, BO3HHKAWUIEH B paMKe.

Pewenue PaccMoTpum oouH BUTOK pamku. [lpu
paBHOMEPHOM BpalleHHH ero Bokpyr ock OO’ (puc. 227) ¢
YIJI0BOH CKOPOCTBIO (0 MAarHUTHBIM MOTOK, TPOHU3BIBAIOILHH
MJI0LIanb, OrPAaHHYEHHYI0 STHM BHTKOM, OYIeT HenpephiBHO
M3MEHSTbCS C TeUEHHEM BPEMEHH MO 3aKOHY

® = BScosq,

roe S — niowaab paMKH; O — yroJl MeXy HOpMaJbio K MJ0c-
KOCTH H BeKTOpoM B.

Bpemst 6ynem oTcunuThiBaTh ¢ MoMeHTa, Korna o = 0. To-
rZa B MOMEHT BpPeMeHH ! O = ®f, c/leloBaTeNbHO,

@, = BScoswt,
a B MOMEHT BpeMeHH ! + At
®y = BScoswl(t + At).

3a npoMexXyToK BpeMeHH Af MarHHTHBbIE MOTOK H3MEHHT-
csl Ha

AD = @y — @} = BS(coswlt + At) - coswt) =
= BS(cosw! cos ®A? — sin ®fsin ®A? — cos ®t).

[ /
A

Pwuc. 227
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Ecnu At o4eHb MaJn0, MOXHO CHHUTATb COSWA! =1 H
sin WAt = WAL, noatomy

AD = —BSwAt sin wt.
3JIC MHAYKUHMH B OIHOM BHTKe

8 :-%:BSmsinwt. (1)

B N Butkax DJIC unaykuuu Oynetr B N pas Gosblue, T. €.
& = NBSwsinwt, nu & = &, sinwt,

rie &, — MakcuMainbHoe (ammanurynHoe) sHadenue DJIC uH-
JNYKUKH:
&, = NBSw. (2)

Takum o6pa3zoM, Npy paBHOMEPHOM BpalleHHH MNPOBOAL-
el paMKH B OJJHOPOJHOM MAarHWTHOM I10Jle B HEH BO3HHKaeT
nepeMeHHas cuHycoupasnbHas DJ(C UHAyKUMH.

[ToactasuB B BoipaxkeHue (2) 3HadeHHe YIOBOH CKOPOCTH
o=2x/T,rne T - neprHoJ BpallleHHsl paMKH, HalaeM:

& =2’%§, 8, =30 B.

3ameTum, 4To popmyay (1) MOKHO MOJNYUHUTB TIPOLLE, BOC-
N0/Ib30BABUIHCH NOHSATHEM NIPOU3BOAHON. Ecnn ®(t) — dyHk-
UHsl BpDEMEHH, TO, KaK U3BECTHO, NPOU3BOAHAS 3TOM QYHKLHUH
eCTb CKOPOCTb H3MeHeHHs ee B MOMeHT BpeMeHH ¢. CorsnacHo
3aKOHY 3JIEKTPOMarHUTHOHW MHAYKUMH, DJIC HHAYKLUHH B 3aMK-
HYTOM KOHTYpe PaBHAa CKODOCTH M3MeHEHHs MOTOKa MarHuT-
HOH MHAYKUMH Yepe3 NOBEPXHOCTh, OrPAHHUEHHYIO KOHTYPOM.
Iostomy ¢ yuetom 3Haka DJIC nuaykuuu & = —®’, roe ¢’ —
npou3BoaHas GpyHxuuyd O(t), Buipaxarouiel 3aBUCUMOCTD Mar-
HUTHOTO MOTOKa OT BpemeHH. Tak kak @®(t) = BScoswt, T0,
B35IB NPOM3BOAHYI0 GYHKUHKM D(¢) Mo BpeMeHH, MoJaydHM

& = BSwsinot.

682. Onpegenuth CKOPOCTb H3MEHEHHS] CHJILL TOKA B Ka-
TylKe HHAYKTABHOCTBIO L = 100 MI'H, ecnu B Hel BO3HHK/A

DIC camonnpykuuu & = 80,0 B.

Pewenue Haxomum |&]|= L‘i_{‘, i3 ‘—i{—‘ ~ CKOpOCTb
U3MeHeHus1 cuibl Toka. OTcrona
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an_ 6118l - 800 A /c
At L' lat

683. Ha ropuaoHTa/bHBIX NPOBOASIUMX CTEPMKHAX JIEXKHT
MeTajHyecKas nepembiuka maccoit m = 50 r (puc. 228). Kosg-
(UUMEHT TPEHUS MEXILY CTEPXKHSAMH H nepembrukoi p = 0,15.
CTep>KHH 3aMKHYTbI Ha PE3HCTOp conpoTuBaerHeM R = 5 Om.
CucTeMa HaXOJUTCst B MarHHTHOM II0OJle, MarHUTHas HHLYK-
LIMSl KOTOPOro HanpaBjieHa BePTHKaNbHO BBEpX, a ee MOLYJb
U3MeHsieTCsl cO BpeMeHeM Mo 3aKoHy B = Af, rne A =5 Tn/c.
OnpenenuTb MOMEHT BpeMeHH, B KOTOPBIH NTepeMblyKa HaYHeT
IBUraThCs MO CTepXKH0. ['eoMeTpHuecKue pasmepsl: [ = | M,
h = 0,3 m. ConpoTUBIeHHEM IEPEMBIYKH H IPOBOJSIILIHX CTEPXK-
Hell NipeHebpeub.

Nyanl4
alr i

™y
N\

P uc. 228

Pew e Hue [IlpoBonsimine cTepXHHU C PE3UCTOPOM M
nepeMbluKa 00pa3ylOT KOHTYDP. DTOT KOHTYP HaXOAUTCH B Ile-
PeMEeHHOM MarHMTHOM II0Jle, TI03TOMY B HeM BO3HHMKAeT MH-
LYKUHOHHBIN TOK. CsleoBaTesIbHO, Ha MepeMbluKy GyneT aeH-
CTBOBATb Cusa AMINepa, MOAYJ/Ib KOTOPO B MOMEHT BPEMEHH ¢

F = [Bl = [At,
roe I — cuna Toxa.
_ Kpome Toro, Ha nepembluKy AeHCTBYIOT JBE CHJIB TPEHHS
Fip, MOLy/b KaX[OH M3 KOTOPBIX Fﬁ, =uN, rpe N — cuna
HODMAaJIbHOH peaKLHH CTEPXKHS.
[Tepembluka HaYHeT ABHraTbCs TIPH YCAOBHH, YTO CYMMa NpO-
eKLHMH Bcex cuJs Ha ocb OX paBHaA HYJIO, T. €. QFTP — F =0, unu
2uN — JAtl = 0. (1)
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Yrobut HaliTH N, cipoeKTHpyeM CHJbI Ha ock OY u cocta-
BuM ypaBHenue 2N — mg = 0. O1ciona

N=mg/2. (2)

Cornacno 3akony Oma, cuna Toka | = &; /R, rae & —3C
HHAYKLUHH. [1o 3aKOHY 3J1eKTPOMAarHUTHOH HHAYKLHH

&= i&
. At

rze A® — u3MeHeHHe MardHMTHOTO NMOTOKa 3a BpeMsA Af.
Mycts ¢ = 0, Torna At = ¢, ®; =0, &y = BS = AtS,

AD = @y — @y = ALS, |¢| = AS = Alh, rae S = [h — nnowans,

orpaHHueHHasi KOHTypoM. Ciie0BaTe/IbHO, CHJIA TOKa

I =Aln/R. (3)
ToncraBus snauenus (2) u (3) B ypasuenue (1), nonyunm

242
umg — %t =0.
Orcrona

t=%, t=5-10"% c.
Aclh

684. ['opH30HTA/IbHO PACIIOJIOXKEHHBIH NPOBOASILUMMA CTep-
JKeHb, CONPOTHBJIEHHE KOTOPOro R M Macca /1, MOXeT CKOJlb-
31UTh 6€3 HapylleHHs 3JeKTPHUECKOro KOHTaKTa 110 AByM Bep-
THKa/JbHbIM MeJHbIM IHHaM. PaccTosiHHe MeXAy LIMHAMH paB-
Ho [. CHH3Y HX KOHLBbI CO-

eNMHEeHb C HCTOUHHKOM 8 X
toka, JIC xoToporo pas-

Ha & (puc. 229). [TepreH- x X
QUKYJSPHO TJIOCKOCTH, B wf

KOTOPOH HaXONATCsl LIHHBI, % v
IPHJIOXKEHO OQHOPOAHOE

MardUTHOE ToJI€ C HHAYK-

uded B. HaWrtu noctogH- X X
HYK CKOpOCTb, C KOTOPOH

6yneT MOOHHUMATLCA CTep- y %
)KeHb. ConpoTHBJIEHHEM

UIMH M HCTOYHHKA TOKa, a

TakXe TpeHHeM InpeHel- X X

peub.
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Pewenue Hacrepxens 1eACTBYIOT B CHJbl: CHIA
TSDKECTH mg M HalpaBlieHHas BBepX cuna Amnepa F, MOLyJb

KOTOPOH
F = IBI, (1)

rie [ — cujia TOKa B LIEIH.
Tak xak cTep>keHb ABHXETCS C IOCTOSAHHOH CKOPOCTBIO, TO
BBLITIOJIHSIETCS] YCJIOBHE PABHOBECHSA

F—-mg=0. (2)
Kpome IIC ucrounuka &, B uend aeicrayer DJC nHayk-
unu &;. Tlo 3akony OMa /15 3aMKHYTOM LIeNH CHJIa TOKa

€+ &
[=——. (3)
CorsiacHo 3aKOHY 3JIEKTPOMAarHMTHOH HHAYKLIMH,
& = —AD/At, (4)

rie AQ — H3MeHeHHe MarHUTHOIO MOTOKA 3a BpeMs Af. Mar-
HUTHasi MHAYKLHMS B JaHHOM CJlydae MOCTOSIHHA, CJ1€10BaTe/b-
HO, A = BAS, rie AS = Sy — S — u3MeHeHwue IJIoLaaH, or-
paHHYEeHHOH KOHTYpOM, 3a BpeMsi Af. Kak BuaHo u3 puc. 229,
AS = [vAf. ChepoBatenbHo, A® = BluAf, 1 Ha OCHOBaHHHU
dopmyabl (4) & = —Blv. TloactaBus 310 3HaueHue DJC uH-
AYKUMH B dopmy.y (3), nonyuum

¢ — Blv

[ = p (5)

Ha ocHoBanuu Beipaxenuit (1), (2) u (5) nonyunm

¢ _ Bl
Bl ¢ v mg =0,
OTKYyZa
_ & _ Rmg
T Bl B

Hetpyano y6eauTbesi, 4TO MpPH PaBHOMEPHOM [ABHXKEHHH
CTEPXHS BHH3 CO CKOPOCTbIO vy Bo3HHKana 6bl JJC nHAyK-
UMK §; = Blyy, Tak Kax B 3TOM CJy4ae IJIOLAb KOHTypa yMeHb-
aeTcs ¥ noatoMy AS = —[u;At. [lpeanaraem yurareno ca-
MOCTOSIT€/IbHO HaHTH 3Ha4YeHHE V.

685. OpnHo3apsigHble HOHBI, MacCOBBIE YHMCJA KOTOPBIX
A =20 u Ay = 22, pasroHsitoTCS B 3J€KTPHYECKOM I10J1€ NIPH
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pasHocTH noteHuuasoB U = 4,0 - 103 B, 3arem BJeTaT B
OIHOPOJHOE MarHWTHOe noJe ¢ uupyxkuued B = 0,25 Ta mep-
MEHAHKYJSPHO CHJIOBBIM JIMHUSIM U, OMHCAB NOJYOKPYKHOCTh,
BBIIETAIOT ABYMS NydKaMHu. Onpene/uTh pacCTOSHUE MEXKIY 3TH-
MH My4KaMH. 3apsii OJHOBAJEHTHOro HoHa ¢ = 1,6 - 10~ 9 Kan,
aToMHas eflMHUUA Macchl mg = 1,66 - 10727 kr.

Peuw e nue Halnem ckopocTd vy ¥ vg HOHOB, KOTODbIE
OHH HUMeJIH 1PH BhUJIETE U3 3/eKTpUYecKoro noasi. Pabora cun
3J1eKTPUYECKOTrO I10J15 paBHA M3MEHEHHIO KHHETH4YeCKOH aHep-
MM KaXIOTO HOHA:

el = mlvf/fz, el = MQU%/Q.

Ul=\[2€U/ml, U2=‘f2€U/m2, (1)

TAe m), M9 — Macchl HOHOB!

Orcrona

my = Almo, m2 = A2m0. (2)

_ B marnuTHOM nosie Ha HOHBI A€HCTBYIOT CHJibl JlopeHua
Fjj; ¥ Fyg (puc. 230), MORy/H KOTOPBIX — COOTBETCTBEHHO

FJ'“ =€UlB, FJ’I2 =€UQB.

3TH cusbl cOOOUIAIOT HOHAM LEHTPOCTPEMHTENbHOE YCKope-
HUe, BCJIEACTBHE YEro HOHbI ABHKYTCS IO OKPYKHOCTSM Ta-
KHX paaMycoB R; W Ry, uTo, COracHO BTOPOMYy 3aKoHY Hblo-
TOHa,

ev B =mu? /Ry, evgB = mqv3 /Ry.

OTcroaa
X X X X 3 X
x X
x X
x X
x X
X X

Pnc 230
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BT Ry @

ToacTaus B Bhipaxcenus (3) suauenus (1) u (2), noay-
UMM:
1/2€UA|I710 J?eUA?fﬂo
Ri=—p — R=""1 " (4)

Tak xak Ay > A, us dopmya (4) cnenyer, uto Ry > R|.
210 ¥ nokasaHo Ha puc. 230. M3 Hero BHAHO, YTO HOHbI BblJIe-
TAlOT W3 MarHUTHOTO TNOJIsI ABYMsI Ny4KaMH, PAaCCTOSIHHE MeXIy
KOTOPBbIMH DaBHO Pa3HOCTH AHaMeTDPOB IOJYOKPYXHOCTEH, T. €.

r = 2R2 —2R| = 2(R2 —Rl)-

[ToacTaBuB B 3TO BhipaXKeHHe 3HaudeHHs R| ¥ Ry U3 dopmyn
(4), nasinem:

rz% mgfu(‘/z—‘lvz——ﬁl—), r=16-1072 m.

686. 0-UacTHua BseTaeT Mo HOpMaJH B 06J1aCTh NONEPEYHO-
ro OJHOPOAHOIO MAarHHWTHOro mnoJjs ¢ uHaykwved B = 0,1 Ta
(puc. 231). Pasmep o6nactu £ = 0,2 m. Halitn ckopocTb uactu-
Lbl, €CJIK [OCJIe TTPOXOXKAEHHST MAarHUTHOTO I10JI OHA OTKJIOHH-
Jack Ha yroa ¢ = 30° oT nepBoHayanLHOro HanpasieHus. OTHo-
LIeHWe 3apsila OL-4acTHIB K ee Macce q/m =05 108 Kn/«xr.

PeweHHue BwmarHutHOM nose Ha OL-4acTHLY AeHCTBYET
cuaa Jlopenua Fjp, mony/b Kotopolt Fjj = quB. Jta cuna coob-
LIaeT 4aCTHLE LEHTPOCTPEMHTENbHOE YCKoperHe a = v? /R, rae
R — pagnyc OKDYXHOCTH, IIO yre KOTOPOH JBHXKETCS YacTH-
1a B MarHUTHOM I[oJe.

Tlo BTOpoMy 3akoHy HbioTo-
X X Ha ypaBHeHHe [BHXEHHs UMe-
eT BH[

quB = mv? /R,

rie m — Macca 4aCTHLbL; U — ee
ckopocTb. OTclona

=4
7 v=_ RB.
+q Kak BunHo u3 puc. 231, R =
m

= h/sing. CunenoBatesbHo,

v=2hB 4_-92.106 M/c.
Puc. 23l m sin ¢
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687. M3 31eKTPOHHOMN NMYIUKH, yCKOpsiOllee HalpsKeHHe
B Kotopoit U = 600 B, BblieTaeT 3/eKTPOH H nonajgaer B
O[IHOPOHOE MAarHHWTHOe noJe ¢ uHoykuued B = 1,2 Tn. Ha-
TNpaBJ/ieHHe CKOPOCTH COCTABJISIeT C HaNpaBJeHHeM JIMHHH Mar-
HUTHOH MHAYKUMH yroa o = 30°. HaliTu yckopeHHe 3J1eKTpo-
Ha B MarHuTHoM roJie. OTHolleHHe 3apsila 3JeKTPOHA K ero
macce e/ m, = 1,76 - 101 Kn/kr.

Peweunue Cuna JlopeHua Fjy, nedcTeylouas Ha
OBMXKYILHICS B MAarHMTHOM I0Jle 3J1eKTPOH, coobilaeT eMy
YCKOpeHHe @, COHanpaBJ/ieHHoe ¢ 3ToH cusod. Ilo BTOpoMy

3akoHy HbloToHa HmeeM ypaBHeHHe nBHxeHHUS Fj = mea, HIH
B MPOEKLMSIX HAa HanpasJjeHHe cHabl JlopeHua Fj = mqa, oT-
Kyaa

a=Fy/m,. (1)
Monynb cunub Jlopenua
Fj; = evBsinq, (2)

TA€ U — CKOPOCTB 3JIEKTPOHA, C KOTOPOH OH BbLIETEJ U3 3JIEKT-
POHHOM TYUIKH.

VlameHeHHe KHHETHYECKOH SHEPrUH 3JIEKTPOHA B 3/1€KTPOHHOR
MyLIKe PABHO PaboTe 3/1eKTPOCTATHYECKOro Noast: meu~ /2 = eU.
Ortciona

v=_[2U L. (3)

[Toncrasus 3navenus (2) u (3) B dopmyny (1), nonyuum

a =B [2U -~ sina, a=15-10'% m/c.

e e

688. M3 nByx oaMHaKOBbLIX IPOBOJHHKOB H3rOTOBJIEHBI 1B
KOHTYpa — KBaapaTHblH U Kpyrosoi. O6a KOHTYpa NoMelleHb
B OMHOH IIJIOCKOCTH B H3MEHSIOLLEMCSl BO BPEMEHH OJHOPO-
HOM MarHHTHOM IoJie. B KpyroBoM KOHType HMHIyLHpYyeTrcs
nocTosiHHbIA Tok cuioht /| = 0,41 A. Haiitu cuny Toka B KBas-
paTHOM KOHTYpe.

Pewenue [losakony OmMa cuna Toka B KpyroBom
KOHTYype

I =& /Ry, (1)
B KBaApaTHOM

Iy = €5/ Ry, )



roe ¢, & — DJC WHAYKUMH B 3THX KOHTypax; R|, Rg —
COMPOTHBJIEHHS KOHTYPOB. TaK Kak NPOBOAHHKH ONMHAKOBbIE,
TO Rl = RQ.

Pasnenus nounenHo paseHcTBo (1) Ha (2), monyuum
1y/1y = & /€y, OTKyNa CHJIa TOKA B KBaAPaTHOM KOHTYpe

Iy =1~ (3)

ITo 3aKOHY 3/I€eKTPOMarHMTHOH MHAYKUMHM Haxoaum IMC

HHAYKUHH B KOHTYpax:
g =0 S A% S4B (4)
At At At At

rae AB/ At — CKOPOCTb H3MeHeHH sl MarHUTHOH HHAYKLHH, OflH-
HaKoBas AJsi 060MX KOHTYPOB M MOCTOSIHHAS BO BPEMEHH, TaK
KaK MHAYKUHOHHbIE TOKH MOCTOSIHHEL, Sy, So — nJowaau, or-
paHH4YeHHble COOTBETCTBEHHO KPYTrOBBIM M KBaJPaTHLIM KOH-
TYpOM.

U3z dopmya (4) caenyer

9/8 = S3/8). (5)

[lycte | — nauHa NpoBOAHMKA. Toraa CTOPOHA KBajapaTa
paBHa [/ 4, a paauyc kpyrosoro Koutypa R ={/(2r). Caeno-
BaTeJbHO,

2 _2
[Mostomy, yuuTbiBass Bhipaxkenus (5) u (6), 6ysem umeTb
&y /&, = 1t/ 4. [loacrasuB 370 3Hauenue B popmyay (3), Hadlzem:

Iy =21, I =32-107" A.

Sl =7tR2 =

689. MeTananueckoe KoJblLlO, AHaMeTp KOTOporo d U co-
NPOTHBJIEHHE R, PacnosoKeHO B OHOPOJHOM MarHMTHOM IOJie
TaK, 4TO TVIOCKOCTh KOJIbLA TEPHEeHAHKYJSApHA BEKTOPY Mar-
HHUTHOM MHAYKUWH B. KosbLO BHITSATMBAIOT B CJIOXKEHHBIH BJIBOE
OTPe30K INpPSAMOH; NPH 9TOM NJIOWIAAb, OrPAHHUEHHAs KOHTY-
poM NpPOBOJHHKA, yMeHblUaeTcst paBHomepHo. OmnpenesuTb
3apsi ¢, KOTOPBIA NMPOHAET IO NPOBOAHHKY.

Pewewnue Ilpu aedbopmaunu xosbua HU3MeHsieTCS
IJIOWAAb, OrPaHH4eHHas KOHTypoM. Clie0BaTeNbHO, H3MEHS-
€TCSl MarHUTHBIN [TOTOK, YTO NPHUBOAMT K BO3HHKHOBeHH10 JJIC
MHIYKUMH. 3a Bpemsi Af Mo NpPOBOAHMKY NMpPORIET 3apsil
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q = IAt, (1)

rie / — cuja UHAYKUMOHHOrO TOKA; 1o 3akoHy Oma

[ =8;/R; (2)

&; — 3J1C unaykuuu. CoriacHO 3aKOHY 3JIEKTPOMAarHHTHOH
UHIYKUHH,

& = -AD/At, (3)

rae A® = @9 — ®; — H3MeHeHHe MAarHUTHOro noToka. Hauasne-
HbIH MarHUTHHIA NOTOK @ = BS;, rae S| — nnowans, orparu-
yenHas KoabloM. Tak kak ) = nd% /4, to ®; = Brd? /4.

Korna koJsibL0 BBITSHYIM B CJIOXKEHHBIH BABOE OTPE30K IpS-
MoH, noayuHau So = 0, mostomy &4 = BS, = 0. Cienona-
TeJbHO,

A® = —Bnd? /4. (4)

Ha ocuosanuu dopmya (1)—(4) nonyuum g = Bnd? /(4R).

690. ITpoBonsmu# KOHTYP ¢ HCTOUHHKOM TOKAa, MMEIOUIUM
BHyTpeHHee conpoTHs/enHe r = 0,2 OM, HaXOAHTCH B OJHO-
pOAHOM MarHuTHOM noJe ¢ uuaykueid B = 0,1 Ta. Bekrop B
IepIeHAMKYJIsipeH NMJOCKOCTH KOHTYpPa M HallpaBJeH TaK, Kak
nokasaHo Ha puc. 232. IlpoBogHuk AC MOXeT CKOJIb3HTb IO
HANpaBJSIOILIMM peJbcaM, He Tepsisi 3JeKTPHUECKOro KOHTaK-
ta. Haliti cuny Toka B Lenu npu ABHXKeHHH NnpoBofHHKa AC
co ckopocTbio vy = 10 M/ ¢ BNPaBo, ecili NpH ABHKEHHH €ro
B TOM )Xe HaNpaBJEeHHH CO CKOPOCTbIO Us = 40 M/C TOK OT-
cytcTByeT. Conpotusiende nposoauuka AC R = 0,1 OmM, ero
anuHa [ = 10 cMm. ConpoTHBJIeHHEM HAMpaBJISIOUHX PeJbCOB
U CHJIaMH TpeHHs npeHebpeyb.

X X X X X X
A
X x X s X X X
B
X X X X XV X
e >
X X X X X X
X x X x (x X
Puc 232
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Pemenue [lpuasmxkenun nposoasnka AC Bnpaso
NA0MIA/lb KOHTYpa YBEJHYHBAETCS, H I03TOMY B HEM, KaK 3TO
TN0Ka3aHo B pelleHHH 3anauu 684, BozHrkaeT JJC HHAYKUHH

fgi = —BlU,

rae B — Moaysb BeKTOpa MarHHTHOH MHAYKLHH; [ — AJHHA
[NPOBOJHHKA; U — €ro CKOpPOCTb.
[To 3akoHy OMa cusia TOKa B KOHType
J=8+8 _¥- Bl
R+r R+r’

rae & — DJC UCTOYHHKA TOKA.
[Tpu ckopocTH vy cuia Toka

& - Bly
1 = -«
l R+r (l)
TNpH CKOPOCTH Uy
&~ Blu
Iy =272
2 R+r (2)

W3 dopmynsbt (2), yuurbiBasi, yro Iy = 0, naxoanm DJC
MCTOYHHKA TOKa: & = Bluy. Iloacrasus 310 3Havenre JJIC B
Boipaxkenue (1), monyyum:

Iy = Bl(}z2+_rvl)' Iy =1A.

691. [Iporoaswas pamka, umetomiasi N = 500 BUTKOB 1J10-
wanpio S = 12 cM? Kaxplil, 3aMKHYTa Ha raJbBaHOMETP, CO-
NpoTHBJIEHHe KoToporo R = 5 KOM. PamMka HaxoauTCst B OHO-
DOJIHOM MAarHHTHOM TioJie ¢ HHAyKuMeH B = 2 - 1072 Ty, npu-
YyeM CHJIOBbIE JIMHHH N0JIS NepIeHAHKY IS PHbl IJIOCKOCTH paM-
KH. Kako# 3apsin npoiimeT no uenu rajbBaHOMeTpa, eCjli paM-
Ky NoBepHyTb Ha 180°?

PeweHue. [lpunoBopoTe paMku B Hel HHAyLHpYeTCS
DJC, cpenHee 3HayeHHe KOTOPOH

& = —AD/At, (1)

rne AQ — nM3MeHeHHMe MarHHTHOTO NMOTOKa; At — BpeMs, B
TeyeHHe KOTOPOro NPOHCXOAMJ TOBOPOT.

Cuna toka B pamke [ =&;/R. llpowenwnii no uenu 3a
BpeMs At 3apan

(S
q=1IAt=—2 At (2)
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H3MeHeHHe MAarHHUTHOro NoToOKa
AD = Dy - D). (3)

HauanbHeli MarHUTHBIH [OTOK Yepe3 NOBEPXHOCTb, OTPaHH-
yenHyw pamkoi (puc. 233, a), &; = NBS, TaK Kak yrol q

a d

T

Z
oo/ .y
A s/

- o

Puc 233

2 5‘\‘ Ty
S

2

AN

MeX[ly BeKTopaMH B u i (HopMaJli K IOBEPXHOCTH) paBeH HyJIo
u cosa = 1. TTocse mosopota Ha 180° BekTOpH B M 11 Hanpas-

JeHbl npoTHBonosioxHo (puc. 233, 6), oy = |, cosag =1,
cnepoBatenbHo, $o = —NBS. [loncTaBus 3navenuss ¢ u Py
B BhIpaxkenue (3), mosyyum

AD = -2NBS.

Teneps ¢opmyaa (1) npumer Uz

M, OJCTaBUB 3TO 3HaueHHe B Bhipaxkenue (2), HaliieM 3apsi:
g =2NBS/R, q=5 1076 Kx. (4)

[Tonesno o6paTHTL BHHMaHHe Ha TO, YTO ONHCAHHBLIM B
JIAaHHOW 3aflaye METOAOM MOXKHO H3MepSTb MarHUTHYIO HHIYK-
uHio B. B camom nene, 3Hast ydcs0 BUTKOB N, IJOLLaAb BUTKA
S, conpoTuBnenue nenu R (IpH 3TOM Hao YYMTHIBATL H CO-
NIPOTHBJIEHHE [aJbBaHOMETPa) H H3MEPHUB 3apsifl § C MOMOILBIO
raJbBaHOMETPa, MOXHO 10 dopMyJe (4) HanTH B.



3apgaum A4nNA CaMOCTOATENbHOro peweHnA

692. KBanpatHas pamka co ctopoHoi a = 10 cM, caenaH-
Hasi U3 MPOBOJHUKA, IJIOLIAb 10NIePEYHOrO CEeYEHHSI KOTOPO-
ro S =1 mm2 u ynesbHoe conpoTtuBienue p =2 - 1078 Om - m,
TIPUCOENMHEHA K HCTOYHUKY NOCTOSIHHOrO Hanpskenus U =4 B
W MoMellleHa B OLHOPOAHOE MATrHHUTHOe IoJe ¢ HHAYKUHEeH
B =10,1 Ta. OnpenenuTb MaKCHUMaJNbHbLI MOMEHT CHJI, AEHCT-
BYIOWIMX Ha PaMKy CO CTODOHbI IOJA.

693. B onHOpooHOe MarHUTHOE noJe ¢ HHAYKUuMeH B =
=2 - 1074 Tn nepneHAHKY/SPHO JHHHUAM MHAYKLUHH TOMe-
IIeH NPSIMONMHENHBIA NPOBOJHMK ¢ ToKoM cuioi [ = 50 A.
Haiiti cOBOKYITHOCTb TOYEK, B KOTOPBIX Pe3yJIbTHPYIOLIAs Mar-
HUTHAas HHAYKUUA paBHA Hymo. OnpenenuTs Uy, AeHCTBYIO-
Iy}0 CO CTOPOHBl MarHHTHOTO IIOJISI HA OTPe30K IPOBOAHHKA
aauHol [ = 50 cMm.

694. Ilpsmo# nposon amuHodt [ = 10 cM, no xoTopomy
uget Tox cuaol / = 20 A, HaxoauTCs B ONHOPOJAHOM MAarHHT-
HOM MoJsie ¢ HHAYKUHed B = |1 '}0_2 Tn. KakoB yroa mexay
BEKTOPOM MarHUTHOHM HHAYKUMH B M HalpaBieHHeM TOKa, eCJ/H
Ha MpoBOA AeHcTByeT cuaa F = 1 - 1072 H?

695. IlpsiMonHHEHHBI! TPOBOAHUK Maccod m = 3 Kr, 1O
KOTOPOMY IPOXOJMT TOK cusol [ = 5 A, nogHHUMaeTcs BEpPTH-
KaJbHO BBepPX B OJHODOJAHOM MAarHHTHOM IIOJle C MHAYKUHEH
B =3 Ta, psurascs nog yraom o = 30° K JHHHSIM MarHUTHOM
HHAYKUKH. Yepe3 Bpems { = 2 ¢ mocsie Hauaja ABHXKEHHS OH
npro6petaet ckopoctb v = 10 M/ c. OnpeneauTs AIHHY NPO-
BOJIHHKA.

696. XKecTtkas npoBoasiliasi paMxKa KBajpaTHOH (OpMbi
JIEXKUT Ha TOPU3OHTAJbHOH MOBEPXHOCTH H HAXOAUTCS B Mar-
HHTHOM II0J1€, CHJIOBble JIHHHH KOTOPOrO NapaJjilesibHbl IBYM
cTopoHaM paMkH. Macca pamku m = 20 r, A/JMHA ee CTOPOHb
a = 4 cM, marauTHas uHAyKuus B = 0,5 Ta. Kako#l cuiml
TMOCTOSIHHBIM TOK HYXXHO NMpOMYCKAaTh 110 paMKe, 4yToObl 0aHa
M3 ee CTOPOH Hayasa NpHUIMOAHUMATbCS?

697. I1posonuuk aaunow [ = 10 cM, 10 KOTOPOMY HIIET TOK
cunont / = 15 A, nepemeraercss B 0HOPOAHOM MAarHHTHOM
nose ¢ yuaykuved B = 0,560 Tn Ha paccrosuue s = 20 cm.
OnpenenuTb MakCHMalbHYK PaGoTy, KOTOpasi COBEpIIAETCS
TPH MepeMelleHHH NPOBOAKMKA. Kak NpH 3ToM fo/KeH IBH-
raThbCs POBONHHUK?
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698. DeKTPOH IBHXKETCS MO OKPYXKHOCTH pagryca R = 10 Mm
B MarHMTHOM noJe ¢ HHayKuued B = 0,02 Ta. Kakosa kuneTHue-
CcKasl SHeprus 3JeKTpoHa? 3apsa a/ekTpoHa e = 1,6 - 10719 K,
Macca asieKTpoHa me = 9,1 - 10731 kr.

699. DseKTpOH BJieTaeT B NJIOCKHH FOPH3OHTANbHBIA KOH-
[EeHCATOp NapaJJje/bHO ero MJIacTHHAM CO CKOPOCTbIO Uy =
=2 107 m/c. [lnuna koupencaropa [ = 10 cM, HaNPsAXKeHHOCTb
3JeKTpPOCTaTHYecKoro nossi Konaencatopa E = 200 B/ cm. Tpu
BblJIETE M3 KOH/IEHCATOpa 3/IeKTPOH NoNagaeT B MarHUTHOE NoJe,
JIMHHH KOTOPOTO MepPreHAHKYJ/SAPHbI CHJIOBbIM JIMHHAM 3J1€KTpO-
CTaTHYeCKoro noss. MaruuTHas Huaykiys noas 8= 2 - 1072 Ta.
Hafiti paguMyc BUHTOBOH TPaeKTOPHH 3JEKTPOHA B MarHUT-
HOM IIoJIe. :

700. 3apskeHHas 4acTHLUA, YCKOPEHHAsl Pa3HOCTbIO MO-
tenuuanos U = 200 B, sretena B Touke / (puc. 234) B ogno-
POJIHOE MarHHTHOe ToJe ¢ uHaykKuueir B = 4 - 1073 Tu, nep-
NEeHAUKYJASPHOH CKOPOCTH YacTHLB, M BbUJIETeJa B TOYKe 2.
Paccrosuue [ mexxay Toukamu / u 2 pasHo 1 M. Ha#th oTHo-
IIeHHe 3apsja yacTHLBL K ee Macce.

o e e e e X 8 x X X X
] .E.
. . v X X X X X
. L]
« o X X X X X
e o X X X X X
- * . . * L d _!
Puc 234 Pnec. 235

701. OnHopoaHoOe MarHUTHOeE moJsie ¢ HHAyKuued B co3na-
Ho B mosioce wHpHHol d (puc. 235). Tly4ok 3/7eKTPOHOB Ha-
TpaBJ/sieTCcsl NepIeHANKY/SPHO 110J10Ce U JIMHHSAM MarHHTHOH
nHAYKUMH. [Ipy KaKHX CKOPOCTSX 3JIeKTPOHH He NIPOJIEeTAT Ha
IPYTYIO CTOPOHY IMOJIOCHI (E)(OTpasﬂTcsx» OT «MarHWTHOH CTeH-
KM»)? 3apsl 5JeKTPOHA e, ero Macca m,.

702. 3apskeHHas 4acTHLA BJIETAET B OfIHOPOJJHOE MArHUT-
HOe 1oJie TIOA yIVIOoM O = 45° K JTHHHAM MarHUTHOM HHAYKUHH
U [BHXeTCs MO BHHTOBOH JIMHUM ¢ warom A = 20 mMm. Mar-
HUTHas MHAYKuMs mons B = 1 - 1072 Ty, 3apsaa yacTHUBI
g= 1610719 Kn. OnpenenuTs UMNyJIbC YacTHL.
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703. D/1eKTPOH BJIeTA€T B OJJHOPOJHOE MarHHUTHOE I0JIe CO
ckopocThio v = 2 105 M/ ¢, KOTopast COCTAB/ISAET C BEKTOPOM
MarHUTHOM MHAYKUHK B yrosn oo = 60°. [Ipn Kakom HauMeHb-
lieM 3HaYEeHHH HHIYKLUHH MarHHTHOTO MOJISi 3J1EKTPOH CMOXET
0Ka3aThCsl B TOUKe, JIEXKalUeH Ha TOH XKe JIMHUH MarHHTHOM HMH-
AYKUHMH Ha paccTOsHUK L = 2 cM oT HauanbHOM Touku? OTHOLLe-
HHe 3apsjia 3/1eKTpoHa K ero macce e/ m, = 1,76 - 101 Kn/«kr.

704. TlpoToH BJeTaeT B OJHODOAHOE MarHMTHOE MoJe C
uuaykuved B = 0,40 Ta non yrnom o = 30° K Hanpas/eHHIO
BEKTOPa BB H [ABHXKETCS [0 BUHTOBOH JIMHKHK pafuyca R = 0,50 cm.
Haiitn kuHeTHYecKyro 3Hepruio nporona. Macca nporoHa
m=1,67 - 10727 kr, 3apsz npoToHa g = 1,6 - 10719 Ku.

705. DeKTpPOH BJleTaeT B OAHOPOAHOE MAarHHTHOE I0Je CO
ckopocTbio v = 400 km/c mox yraom o = 60° x BekTOpy
MaTHHTHOH MHAYKIMH B, Mofy/b KoToporo B =1 1073 Tx.
CKOJIbKO BHTKOB OMNHIIET JEKTPOH BJOJb MarHHTHOIO IOJA
Ha pacctosiHud r = 2 M? OTHolLIeHHe 3apsia 3/1eKTPOHA K ero
macce e/ m, = 1,76 - 1011 Kn/xr.

706. Tlpoiiaa yckopsilOLYK pa3HOCTb NoTeHuHanto U =
= 3,52 - 103 B, 3/1eKTpOH BJeTaeT B OJHOPOAHOE MAarHHUTHOE
noJe ¢ uuaykuer B = 0,01 Ta nepneHAHKYJNAPHO JIHHHSM
MarHHTHOH MHAYKLHH H [IBHXKeTCH I10 OKPYXHOCTH pajHyca
R = 2,0 cM. BblYHCAHTL OTHOLLEHHE 3apsiia 3J1eKTPOHA K €ro
Macce.

707. DrnekTpoH BJeTaeT B 06/1aCTb NPOCTPAHCTBA C OJHO-
POJHLIM 3JIeKTPOCTATHYECKHM II0JIeM HamnpsiKeHHOCTblo E =
=6 - 10* B/ M neprieHa1KyJIApHO JHHHAM HanpsxeHHocTH. Ompe-
LeJIMTb MOLYJIb W HarpaBJjieHHe BEeKTOpa MarHWUTHOH HHAYKLHH
OHOPOJHOTO MarHUTHOIO MOJISi, KOTOPOE HAjf0 CO3[aTb B ITOH
06J1aCTH JIsl TOTO, YTOObI 3JEKTPOH IpOJIeTeN €€, He MCIIbIThI-
Basi OTKJOHEHHI. DHeprus snekTposa W = 1,6 - 10716 [Ix,
macca snekTpoHa m, = 9,1 - 107 Ugr,

708. DeKTPOH ABHMKETCS 110 OKPYKHOCTH pagryca K= 10 cMm
B OJHODOJHOM MarHUTHOM noJe c¢ HHAykuver B = 1 Ta. Ila-
paJlyieIbHO MarHHTHOMY T10J110 BO36Y2KAaeTCA OOHOPOIHOE 3JIEK-
TPOCTAaTHYECKOe TOJie HanpsukeHHocTbio £ = 100 B/m. 3a
KaKOH NPOMEXXYTOK BPEMEHH KHHeTHUYeCKas SHEPTHsl 3JIeKTPOHA
Bo3pacTeT B n = 5 pas?

709. Heboubluoe 3apsikeHHOe TeJl0 MacCoH m, NPHKpen-
JIEHHOE K HUTH JJIHHOH [, MOXKET JBHIAThCH M0 OKPYXKHOCTH B
BEPTHKAJIbHOH MJOCKOCTH. [leprneHAHKYSpHO 3TOH MJ0CKO-
CTH HarnpabJleHbl JHHHH MarHUTHOH MHAYKUHH ONHOPOAHOTO
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MarHuTHOro moJjisi ¢ uHAykuded B (puc. 236). Kakyio MHHH-
MaJIbHYI0 TOPH30HTAJbHYI0 CKOPOCTb Hallo COOGIIHTbL Teny B
HUXXHEH TOYKe, UTOOBI OHO COBEPILUHJIO MOJHBI 060poT? 3a-
PSII TeNa MOJIOXKHTENeH H paBeH g. _

710. B 0oaHOPOAHOM MarHWTHOM IOJie ¢ HHAYKLHeH B,
HaNpPAaBJIEHHON BEPTHKaJbHO BBEPX, HAXONUTCH KOHHUECKHH
MasiTHHK: NOJBELIEHHbIA Ha HEBECOMOH HHTH IJIMHOH [ [IapHK
MacCOoH 7 C TIOJIOXKUTENbHBIM 3aPAI0M g PAaBHOMEPHO IBHXKETCS
110 OKPY>XHOCTH B TOPH30HTa/IbHOM miockocTH (puc. 237). [pu
5TOM HHTb 06pa3yeT ¢ BEPTHKAa/bIO Yol O, a [IAPHK JABHXKET-
Csl IO YaCOBOH CTpeJiKe, €CJH CMOTpeTb cBepxy. HalTu cko-
POCTb iLIapHKa.

711. MarHHUTHBIH TOTOK 4Yepe3 KaTYILKY, COCTOALLYI H3
N = 75 Butkos, ® = 4,8 - 1073 B6. 3a cKOJIbKO BpeMeHH
LOJXeH HCUe3HYTb 3TOT MOTOK, YTOObl B KaTyillke BO3HHKJA
cpemusia JC unpykuuu & = 0,75 B?

712. Pamka, umeromast popMy paBHOCTOPOHHETO TPEYroJb-
HMKA, IOMEIIeHa B OJHOPOJHOE MarHUTHOE 1MoJie ¢ UHAYKLHEH
B = 0,1 Ta. I1lnockocTb paMKH COCTaBJseT ¢ HaNpaBJeHHEM
BEKTOpa MarHuTHOH MHAyKuuM yroa o = 30°. Onpenenutb
OJIHHY CTOPOHBI PAMKH, €CJIH TIPH PABHOMEPHOM YMeHblleHHH
MarHHTHOTrO TOJIS 0 HyJs 3a BgEMﬂ T = 0,01 ¢ B pamke
naayurpyercs DAC & =2 - 107° B

713. B onHopoHOM MarHHTHOM 1OJle ¢ HHAYKUHeH B pac-
TIOJIOXKEHA 3aMKHYTasi KaTyllka AdaMeTpoM d. [1nockocTh Ka-
TYLUKH NeprneHANKYyIspHA JHHUAM MarHUTHOH MHAYKUHH. Ka-
KOM 3apsifl NPOUAET MO LEeNH KaTYLIKH, €CJIH €€ NOBEPHYTh Ha
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180°? TlpoBoJioka, U3 KOTODOH HaMOTaHa KaTylIKa, HMeeT T1J10-
Wadb NOMNEePeyHoOro ceyeHus S M ynesbHOe CONPOTHBIEHHE .

714. Onpenenuts pasHOCTb MOTEHLHMAIOB MEXY KOHLUAMK OCH
XKeJIe3HOJOPOXKHOrO BaroHa, uMmeroued Anuny [ = 1,6 M, ec/iv Ha
FOPH30HTANBLHOM Y4acTKe MyTH CKOPOCTh Noe3aa v = 45 kM /4, a
BePTHKaJ/IbHasi COCTABJAOWAS HHAYKLUHH MarHUTHOTO MoJisi 3eM-
m B=2-107° Tu.

715. TTo ropU30HTAa/bHBIM pebCaM, PACTIONOKEHHBIM B Bep-
THKaJbHOM MAarHUTHOM foJe ¢ MHaykuued B = 1 - 1072 T,
CKOJIb3UT NPOBOAHUK AJNHMHOUA [ = | M C NOCTOSSTHHOH CKOpO-
cteio v = 10 M/ c. KoHUB pesibCOB 3aMKHYTH Ha Pe3HCTOP
conporuBaerreM R = 2 Om. OnpepenuTb KOJUYECTBO TEMJIO-
Thl, KOTOPOE BhIAeNsieTcst B pe3ucTope 3a BpeMs ¢ = 4 ¢. Co-
TIPOTHBJIEHHEM peJIbCOB U NPOBOJIHHKA NpeHebpeyb.

716. C xaKo# YIJIOBOH CKOpPOCTBIO Hajl0 BpallaTh MPsiMOH
IIPOBOAHHUK BOKPYT OJHOTO M3 €ro KOHIOB B OJIHOPOJAHOM Mar-
HUTHOM T10JIe B IJIOCKOCTH, NEPIEHAUKYISIPHOR CHJIOBLIM JIH-
HUSM noJisi, 4ToObl B TpoBoaHUKe Bo3HukIa I/IC & = 0,30 B?
Jnuna npoBoaHuka [ = 20 cM. MarHuTHasi HHAYKIUS 1OJIS
B=0,20 Ta.

717. lnuHa noaBuxHoOro nposoaHuka AC pasHa [, ero co-
npotusieHre R (puc. 238). ConpoTHBNEHHE HeNOABHXKHOIO
IIPOBOJHHKA, 110 KOTOPOMY CKOJIb3UT 6€3 TpeHHs NPOBOAHUK
AC, npeHe6pexxuMo Mao. [lepneHAUKYJIAPHO MIOCKOCTH MPo-
BOJIHMUKOB TIPUJIOXKEHO MarHUTHOE moJe ¢ uHaykuued B. Ka-
KyIo CHJYy F HYXXHO NPHJIOXHTb K NPoBOAHUKY AC ass Toro,
4yTOGhl OH ABUTaNCs ¢ MOCTOAHHOHK CKopocTbio u? CucTeMa
TIPOBOJHHKOB HAXOAUTCH B FOPH30HTAJIbHOH MJIOCKOCTH.

718. TIpoBONOUHBIN BUTOK, HMeloLMi miotaas S = 100 cm2,
pa3pesaH B HEKOTOPOH TOUKE, U B pPa3pe3 BKJIOYEH KOHAEHCATOp
eMkocTbio C = 10 Mx®. BUTOK noMelleH B OQHOPOAHOE MarHUT-
HOe 110Jle, IMHUKY MHAYKLHMH KOTOPOro MeprneHauKyJIspHsI MI0C-

7| | lc |

Puc. 238
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KOCTH BHTKa. MarHuTHas HHAYKIHA NONA PaBHOMEPHO Y6bi-
Baer BO BPeMeHH CO CKOpocTbio ‘AB/At =5 - 1073 Ta/c.
OnpepnenuThb 3apsif KOHAEHCATOpA.

719. I1nockHi BHTOK H30JIHPOBAHHOrO NpoBOAa nepernba-
10T, NPHAaBas eMy BHJ «BOCbMEPKH», a 3aTeM NOMELIaloT B
OLHOPOAHOE MarHMUTHOE MO0Jie NepNneHAHKY/JISPHO CHJOBLIM
auHuaM. [inHa ButKa [ = 120 cm. Tletan «BocbMepxH» MOXHO
CYHTAThb OKPYXXHOCTSIMH C OTHOLIeHHeM panuycoB 1 : 2. Kakoi
CHJIB TOK MpOMHAET MO MpPOBOAY, €CJH NoJje GyneT y6HBaTh ¢
NocTosHHOM cKopocThio AB/At = 1 - 1072 Tn/¢? Conporus-
JeHue BHUTKa R = 1 Om.

720. TlpoBonswmii crepxxesb OA nauuo# [ = 10 cM Bpa-
L1aeTcs ¢ YraoBoH cKopocThio @ = 300 pap/c BOKPYT OcH,
NPOXOAAIUEH Yepe3 OJMH H3 ero KOHLOB, B NJOCKOCTH, nep-
NIEHAHKY/NSPHOH MarHHTHOH HHAYKUHH B, Moayab xoTopow
B =1,0Ta. CBo6onHbBI KOHELl CTEPXKHS CKOJNb3HT HO NPOBOA-
HHKY B-BHJIe IyTH OKPY>XHOCTH, paAHyC KOTOPOH paBeH JJIHHe
crepxHs. Mexny Toykod C pOBOAHHKA H TOUKOMH 3akperuie-
HHSl CTEPXKHSl Ha OCH BpallleHHsl BKJIOYeHa 6aTapesi, Kak Io-
Ka3aHo Ha puc. 239. Ha 3TOM Xe pHCYHKe yKa3aHH Hanpas-
JIeHHS| BEKTOPa MarHHTHOM HHAYKLUHH B H BpalleHHs CTEpX-
Hs1. ConpoTHB/IeHHS CTePXKHS, TPOBOAHHKA H KOHTAKTa MeX-
AY HMMH npeHe6peXKHMO MaJibl IO CPABHEHHIO C BHYTPEHHHM
conpoTHBJeHHeM GaTapeH. HaliTH Hanps>keHHe Ha 3a)XHMax
6aTapeH.

X X X X X 8 X
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721. KsanparHasi paMka co ctoponod [ = 10 cM Bpauiaetcs B
ONHOPOJHOM MAarHHTHOM IIoJleé C YIJIOBOH CKOPDOCTbIO ® =
= 300 pan/ c. OnpeneanTb MaKCHMaJbHOE 3HAYEHHe CHIIbl TOKa
B paMKe, ecqd ee compoTHBieHHe R = 10 Om, maruuTHas
uHaykurs nosast B = 0,02 Ta. Ocb BpalleHHsl pPaMKH MepIeH-
OMKYJSpHa JHHHAM MarHHTHOH MHAYKLHH.

722. [1noCKHH 3aMKHYTbIH MeTaJJIHUeCKHH KOHTYp IJIO-
wazsio S; = 10 cmM? nedopmMHpyeTCs B OMHODPOAHOM MAarHHT-
HOM moJie, HHAYKUHs KoToporo B = 1-107¢ Ta. Ilanowans
KOHTYpa 32 BpeMsi T = 2 ¢ paBHOMepHO yMeHblnaeTcs (muoc-
KOCTb KOHTYpa IIPH 3TOM OCTaeTcsl MepHeHIUKYJsSPHOHR CHJIO-
BbIM JIHHHSIM [10J151) [0 BeJHYHHbl Sg = 2 cM?. Onpenenutsb
CHJIy TOKa, POXOMSILIEro Mo KOHTYPY B TeueHHe BpeMeHH T,
ecJIM CONpOTHBJIeHHe KOHTypa R = 1 Om.

723. KBanpaTHas pamMka co CTOpoHOH a = 50 cM mometie-
Ha B OJIHOPOAHOe MarHHTHOe MoJle TaK, YTO IJOCKOCTh ee Iep-
TMeHIUKYJsIPHA JIMHHSIM MarHWTHOH uHAykuuu. Onpenesnutsb
MarHUTHYI0 HHAYKUHIO, ec/ld M3BeCTHO, YTO NIPH MCYe3HOBe-
HHH MarHUTHOrO moJsi B TeyeHne BpeMeHu T = 0,01 ¢ cpenHee
sHaueHre 3JIC HHAYKUKH, BO3HHKalOLIEH B pamke, & = 50 mMB.

724. TlpososiouHoe Kousblo paguyca r = 0,1 M JneXHT Ha
cToJie. Kako# 3apsill NpOHAET MO KOJblly, €CJIH €ro Inepesep-
HYTb C OAHOH CTOPOHH Ha ApYrylo? BepTukanbHasi cOCTaB/soO-
a8 MHAYKUMH MarHuTHOro noasi 3emsn B = 0,5 - 1074 Ta.
ConpotuBaeHre koabua R = 1 Owm.

725. Karywka, uMerowasi N = 100 BUTKOB, pacnosoxeHa
B OJIHOPOJIHOM MATHHTHOM roJe ¢ HHayKumeit B = 1 - 1072 T
[110CKOCTH ee BHUTKOB NeprNeHAUKYASAPHbI JHHHSM MarHUTHOH
unaykuud. [lnomans onnoro BuTka S = 10 cM2. Katyiika npu-
coefMHeHa K 6a/VIMCTHYECKOMY TaJlbBAHOMETDY TaK, YTO COMpO-
TuBseHHe Bced uend R = 10 Owm. Ilpu noBopoTe KaTyuiku Ha
Yrosl oL 4yepes rajqbBaHOMETp MPOXOAMT 3apsx ¢ = 5 - 1075 Ku.
OnpenenuTs yroa o .

726. B 0qHOPOAHOM MarHMTHOM MOJ€ HAXOOMTCS 3aMKHyTas
obmoTka, cocrosmas U3 N = 1000 BUTKOB KBaApaTHOH OPMBI.
JIMHHMA MAarHUTHOH MHAYKLUHMH MEPINEeHAUKYNAPHbI MTIOCKOCTH BHUT-
KOB. MaruuTHas MHAyKUHA M3meHseTcs HA AB = 2 - 107 Tu 3a
Bpemsa Ar = 0,1 c. inuHa ctopoHs! kBaapara (BHTKa) a = 0,1 M,
TUIOWAAb ONEPEYHOrO CEYeH s TIPoBoia 06MOTKH S = 1 - 1078 M7,
YAEJIBHOE CONPOTHBIIEHHE P = 1 - 1077 Om - M. Kakoe konuyecTso
TEIIOTHI BbIAENAETCS B 0OOMOTKE 32 BpeMs Ar?
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727. [IpsamoyronbHas paMKa U3 NPOBOAHHKA COMNPOTHBJIE-
HieM R = 1 OM, ABHIasicb MOCTYMATENLHO C IOCTOAHHOH CKO-
pocThio v = 4 M/ ¢, MepeceKaeT Mooy OXHOPOJHOTO MarHMT-
Horo noast ¢ uHayKuded B = 0,5 Tn. Bekrop B nepnenavkyns-
peH MIocKocTH paMku. CtopoHsl pamku /] = 10 cm, [y = Scm,
UIMPHHA NOJOCH /3 > [9, paMKa ABHXETCS BLOJb CTOPOHDI [g.
OnpenenuTtb KOMHYECTBO TEMJIOTHI, KOTOPOE BBIIENHTCS B PAMKe
K MOMEHTY, KOTla OHa NepeceyeT MoJIoCy.

728. Karyuka, UHAYKTHBHOCTb

kotopoit L = 0,06 m[H, u.pesucrop L,R,
COeIMHEHDbI NapaJeNbHO H IMOJIKJIO- Y'Y\
YeHbl K HCTOYHHKY ToKa (puc. 240).

[To katyiuke uaer Tok cunoit / = 1,2 A R,
IIpu pasmblkaHuH kiioya K cuna Toka [}
B KaTyLUKe H3MEHSIeTCsl NMPaKTHYeCKH

1o Hyns 3a BpeMsi At = 120 mkc. On- K/ é
penenuth cpepniolo AC caMoHHAYK- : I|'r

MM, BO3HHKAIONIYIO B KaTYLIKe, H KO-
JIHUECTBO TEMJIOThI, KOTOPOE BbUIEIHT- Py c. 240
Cfl B KaTyLUKe U B Pe3UCTOpe.

729. Katymka HHOYKTHBROCTbIO L = 25 MI'H 1 conpoTHs-
neHdeM R = 5 OM coelrHeHa napaJsesbHO ¢ Pe3HCTOPOM, Ha
KOTOPOM TOJEPXKHBAETCS NOCTOsIHHOE HanpsikeHue U = 50 B
(cm. puc. 240? Haiitn sHepruio, Kotopas BBLIEJHTCS TPH
pasmbikaHud kaloua K. Kakas cpepnsia 3JAC caMOHHIYKUHH
BO3HHKaeT IIPH 3TOM B KaTYlIKe, eCJH 3Heprus 6YyAeT Bbile-
JSTbCS B TedeHHe BpeMeHH Af = 10 mc?

730. B xaTyluKe MHAYKTHBHOCTH CHJ1a TOKa JIMHEHHO yBe-
JMYUBaeTCs CO cKopocTsio Al/At = 10 A/c. Haiitn 3C
HHAYKLHH, BO3HHKAIOLLYIO NIPH 3TOM B KaTYIUKe, e€CJH pe3o-
HAHCHAA 4acToTa V KoseGaTeJbHOro KOHTYypa, 06pa3oBaHHOIO
M3 3TOH KAaTYLUKM W KOHAeHcaTopa eMKocTblo C = 100 nd,
paena 100 k['u.



IV. KONNEBAHUS U BOJIHbI

11. MEXAHUYECKUE KONMEBAHUA U BOIHbI

MeToaunyeckue YKa3aHusA K pellieHUIo 3agayd

Ecnu B 3anade nana popmyJia, OnMChIBaKOUIAs 3aBHCHMOCTD
KOOPAHHATbl KOJIEOJIOLIErocst Tesla OT BPEMEHH, TO BeJIHYH-
Hbl, XapakTepusywuse KosieGaHHsi (aMNJIMTyna, 4acToTa,
¢aza, HauasbHas pasa, NepHOA), MOTYT GbITb HAHAEHBI My-
TeM CONOCTaBJieHUsi A1aHHOH (GOpMyJbl H ee o6Llero BHAA.
Cnenyet 06paTHTh BHHMaHHE Ha TO, YTO 3Ty (POPMYJly MOXKHO
3amMcaTh KakK B BHIE x = X, cos(wf + @gg), TaK U B BHIE
x = %, sin(®t + @), B 32aBHCHUMOCTH OT Bbi6Opa HayaJbHOM
tha3sbl.

B 3anayax 0 MaTeMaTH4YeCKOM MasiTHHKe HEOOXOAHMO ydH-
ThIBATb, YTO €CJHM MafTHHK HaXOAMTCS B HEHHEPUHMAJbHOH
CHCTEME OTCYETA, T. €. B CUCTEME OTCUETA, KOTOPask ABHMKETCS
OTHOCHMTEJIbHO MHEPIHMAJIBbHOR CHCTEMBI C HEKOTOPBIM yCKOpe-

HHEM @, TO NepHOA KOojebGaHHi ero

T =2nJl/g,,

rae gy ~ ycKOpeHHe cBOGOAHOro MajeHust B HeMHePUHAIbHOM
cHCTeMe 0TCYeTa. DTO YCKOPEHHE MOXHO HaHTH H3 BEKTOPHO-
ro ypaBHeHus g, = g +(-a), rue g — yckopeHue cBOGOLHO-
ro najeHHs B HHEPLHAJbHOH CHUCTEME OTCYETA.

Hanpumep, npy HaxoxneHHH nepHoaa KoaebaHH! MasiTHH-
Ka, TOYKA 10JBeca KOTOPOro ABHMETCH C YCKOPEHHEM a, Ha-
NpaBJeHHbIM [OPU3OHTAJIBHO, HAalO0 YYWTHIBATh, UTO B 3TOM
cayyae g, = JgQ +a? . Taxoil pesysbTaT MOJYUYHTCS, eCIH
reoMeTpH4eCKH HaNTH BEKTOP g, B COOTBETCTBHH C NPHBE/EH-
HbIM Bblllie BEKTOPHBIM YDaBHEHHEM, a 3aTeM ero MOAYJb gy,
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OcCHOBHbIE 3aKOHbI U hOpMyIbl

Koopdunama (cmewenue om noroxenus pasrosecus) x zap-
MOHuuecku koaebarowezoca mesa (MaTepHanbHOM TOYKH) B MO-
MEHT BpeMeHH ! onpegessercs GOPMYJIOi

x = x,, cos(ot + ¢q),

A€ X, — aMIUIATYAA KoJeGaHHH (MOLY b HAHGOJIbUIErO CMELLEHHS
Tesla OT MOJOXKEHHs paBHOBecHs); @ — KpyroBas (UMK/IHuecKas,
YIJI0Bas) 4acToTa; @t + @y = @ — hasa KoieGaHHH B MOMEHT Bpe-
MEHH {; ¢ ~ HayasjbHas (a3a xosebaHHH. IDTa HOpMyna MOXKeT
ObITh 3aMHCaHa TaKXe W ¢ NOMOLLbIO CHHYCA!

x = x,, sin(of + @),

ree ©; = @g +1/2.

O6e GopMynbl paBHO3HAUHL! M Pa3JIHUAKOTCS TOMLKO HauyasbHbl-
MH (a3aMH Ha BEJHUHHY 7/2.

ITepuod xorebanuii — 3TO MUHHMAJbLHBIA NPOMEKYTOK BpeMe-
HH T, N0 UCTEYEHHH KOTOPOro MOBTODPSIIOTCS 3HAueHHsl Bcex (DHU3H-
YeCKHX BEJHYMH, XapaKTEepPHU3YIOUIHX MepHOAHUYECKHI KosebaTeJb-
HBIH TIpoLecc.

Yacmoma xosebanuii, T. e, UACA0 KosneGaHHUH, COBEpLIAEMbIX
3a eJMHHIYy BPEMEHH,

v=1/T,
rae 7 — nepHox.
Kpyzosan (yukauueckas, yzarosas) wacmoma KO/LeéaHuu
o =2nv =2n/T,

rie v — yacrota Kosebauu#; T — nepHon.
[Tpoexyus cxopocmu meaa, COBEpLIAIOIIErO FapMOHHYECKHE
KosebaHus,

v, = —x,, sin(ot + @q).
MTpoekyus yckopenus mena, COBEPLIAIOIIETO TaPMOHHUYECKHE

KoJieGaHus,

a, = -0%x,, cos(ot +¢y) = —a?x.

[Tpoekyusn cunvt, nO1 [eHCTBHEM KOTODOH TEJIO COBepLuaeT rap-
MOHHYECKHe KoJieGaHHs,

rae k= mmz; m — Macca TeJa; ® — KDYropas 4acroTa.
[Toanas mexanudeckasn anepeus KorebAOWee0CA meaa
_ _ 2
E=E, }Ep = kxm/Q,
re E, Ep — COOTBETCTBEHHO KMHETHYECKasi H [OTeHLHANbHASI SHEeprHs.
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[Tepuod xonebanui mamemamu4ecKk020 MAAMHUKA

T =2nJl/g,

rae | — AJMHA MasTHHKA; g — yCKOpeHUe CBOGORHOro MageHHs.
ITepuod xorebanuii NPYHUHHO20 MAAMHUKA

T =2nJm/k,

rae m — macca rpysa, NDMKPereHHOro K NpPY>KHHE; £ — XeCTKOCTb
(Ko3hhHLUHEHT yNPYrOCTH) NPYIKHHBL.

Cea36 Mendy OAuHOU B0AMHBL A, CKOPOCMbIO B0OAHbL U U ne-
puodom T (uau wacmomoil v) BbipaxaeTcs QOPMYyJION

v=A/T = Av.

Mpumepsb! pelueHus 3agay

731. MarepuanbHast TOYKa COBEpLIAET rapMOHHYECKHE KO-

ne6GaHusl, IPH KOTOpbiX KoopaxHata x = 50 cos100nt (nnuna
BbIpaXK€Ha B MHJ/NMMETpax, BpeMsi — B cekyHaax). Onpene-
JIUTb aMILIMTYAY, YaCTOTY M NepHoa KonebaHui. Halith cMe-
weHue x| s dassl @ = 21/9.

PeweHnue 3aBUCHMOCTb KOOPAHHATHI FaPMOHHUYECKH
Kose6/I0LIEHCs] TOYKH OT BpEMEHH ONHCHIBAETCsi YpaBHEHHEM

x = X, cos(ot + @q).

ConocraBasisi ¢ HUM 33alaHHOe ypaBHEHHE, HaXO[UM, YTO aMIIH-
TyAa x,, = 50 MM, HauanbHas dasza g = 0, dasa 1007t = wt.
[ToncTaBuB B mocsieiHee paBeHCTBO 3HaueHue w = 21/ T, rae
T — nepuoa, noaydum T = 0,02 c¢. Toraa yactota v = 1 /T,
v = 50 I'u

TToncTaBus B 3anaHHOe ypaBHeHHe 3HaueHHe dasbl @) = 27/9,
HalfieM 1JS Hee CMelleHHe:

X =50cos%‘, x; =40 Mm.

732. Teno maccoit m = 0,5 r xosebeTcs 0 3aKOHY x =
=10c0s2007t, rae ¢ BbIpaXKeHO B CEKYHOAX, X — B MHJUIH-
meTpax. HalTH MakcuManbHoe 3HaueHHe BO3BPALLAOLLEH CHJIBL.

PeuweHue [Ilpurapmonnueckux xosebaHusX ycKope-
HHe Kose6JII0IeHCcs TOYKH H3MEHSeTCs Mo 3aKOHY

a, = —w?x = —conm cos wf,
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ecsM HauanbHasi $asa paBHa Hyso. [Ipoekuus Bo3Bpalidlo-
LIEH CHJIBI

2

F, =ma, = -mw*x; coswt.

OTciona BHAHO, YTO MaKCHMaJsbHOE 3HaYeHHe NMPOEKLHH BO3-
Bpallialolled CHJIbL

Fom = —m®2x,,. (1)

W3 3ananHoro ypaBHeHus x = 10 cos 200t , conocTaB1B ero
C YPaBHeHHEM x = X,, cos ¢, Haxogum: 2007t = wt, ® = 200m,
Xpm = 10 MM = 10 - 1073 M. [ToACTaBUB 3HAYECHHUS Xy, M U ©
8 Boipaxkenue (1), nosyuum F,,, = —2 H. Munyc ykaseiBaet
Ha TO, YTO HanpaBJieHHe CHJbl NPOTHBOIOJIOXHO HalnpasJe-
HHUIO cMelleHHs. MakcuMalibHOe 3HayeHHe BO3BpalLalollel
cunbl Fp, = 2 H.

733. K nmHaMoMeTpy NOoABECHIM TPY3, BbIBEJIH €r0 U3 COCTOS-
HHS1 PaBHOBECHSI H OTNYCTHJH. [IpH 3TOM BO3HHK/H KoJleGaHUs,
yacToTa KoTophlX v = 2 ['l. Ha KakoM paccTosiHHM OT HyJ/1€BOro
TOJIOXKEHHs] OCTAHOBHTCS YKa3aresb AHHAMOMETpA MOCJe Mpe-
KpauleHus Kojeb6aHHi? Maccy Npy»XHHbI HE YYUTHIBATE.

Pewe nue [locre npekpauenus kone6aHHH rpys
OyneT HaXONHTbCS B COCTOSIHHM paBHoBecHsi. Ha rpys neict-
BYIOT CHJIA TSDKECTH mg M CHJa YIIPYrocTH F, KOTOpble paB-
Hbl no moayJio: F = mg. [lo 3akony ['yka F = RAL, rne k —
XECTKOCTb NPY>KHHbL; Al — ee yinunenue. [lostomy kAl = mg,
OTKYZa

Al = mg/k. (1)
W3 dopmyanbl nepruoga koneGaHUi NPY>KHHHOTO MasiTHHKA
T = 2nm/k HaiieM eCcTKOCTb:

k=4n’m/T?.

Tak kak vactota v = 1 /7T, T0o k= 4nlmv?. [TopctaBus
3TO 3HaueHHe B BoipaxkeHHe (1), Halgem:
Al=—%5_ Al=6-1072m
4ntv
734. OnpenenuTb YaCTOTY 3BYKOBLIX KoJlebaHUH B CTaJH,
€CJIM PACCTOSTHHE MexXAy ONHXKAHWUMU PA3/IHUAIOLHMHUCS 110

tdase Ha A@ = 90° Toukamu 3BYKOBOH BOJHbI [ = 1,54 M.
CKOpOCTb 3BYKOBbIX BOJIH B cTaan v = 5000 M/ c.
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PeweHue Yacrora 3ByKOBHIX Kose6aHHH
v=u/Xk, (1

rae v — CKOPOCTb PaCMpOCTPAHEHHS BOJH; A — [AJIMHA BOJIHbI.
[lBe TOUKH BOJIHbBI, PACCTOSIHHE MEXY KOTOPbIMH [, Pa3iu-
yaroTes no Qase Ha A@ = 2nl/A. Otcrona

_2nl _ 2nl _ 4y
A=tmo 2oy

[ToacTaBus 3To 3Ha4deHHe B Bolpaxkenue (1), nosyuum:
v=uv/(40), v=812 I'u

735. MaTtemaTHuecKH MasiTHUK JJIHHOH [ coBepuiaeT Ko-
snebaHus BOIM3H BePTHKANbHOH cTeHKH. [loa Touko# noaseca
MasiTHUKa Ha PacCTOSHHHM [ /3 OT Hee B CTEHKY 3a6HT rBO3[b
(puc. 241). Haiitu nepuon xosne-
6aHHA MasiTHHKa.

1/3 \ P eweHHe. [lepron xoneba-
W, HHH MasiTHHKA

7 AN T =1t +to (1)

V77

s \_  Tae !}, o — BpeMs JBHXKEHHs Ma-
=4 3 ATHHKA COOTBETCTBEHHO CIIPaBa H
S &_ - cjeBa OT BepTHKa/lH. Bpems t
R PaBHO HOJIOBHHE NepHoaa Kojeba-

Puc 241 HUH MasiTHHKa JJHHOH [:

t1=%=ng.

Bpewmst {9 paBHO NoJIOBHHE NepHOAa KoseOaHHH MasiTHUKa

aauHoM 21/ 3: ‘
T
2= ,[3g

[ToactaBuB 3HauyeHusi ¢ U o B BelpaxkenHe (1), monyuum

T=mn \/Z(l + ﬁ).
g 3
736. B kabune nudTa HAXOAUTCA MATEMAaTHYECKHH MASITHHK.
Korna KaGuna HenoaBHKHa, nepHos ero konebanuit 7o =1c¢. B

JBHKYILIEHCS C IOCTOSIHHBIM YCKOpeHHeM KabuHe nepuon 7= 1,2 c.
OnpeznendTb MOOYJb M HAaNpaBieHHe YCKOPEHHS KaOHHbL.
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Pewenue BHenoasmxHOH KabHHe nepHol KosebaHHH

MAdATHHKA
To = 2n4/l/ g, (1)

rae [ — AJMHA MasiTHHKA; g — yCKOpeHHe CBOOOJHOrO NajeHHs.
B yckopeHHO ABHXKYlIEHCS KabGHHe nepHon

T=2nl/g,, (2)

rae g, — YCKopeHHe CBOOONHOrO NajeHHs B KabHHe.

KabuHa, aBHXKymasicst ¢ YCKOPeHHeM a, NpeACTaB/seT co-
601 HeMHepLHaNbHYIO. CHCTEMY oTcdeTa. MOXHO 10Ka3arTh,
uTo g, = g +(-a). B yactHoctn (cM. pewenue 3agaun 97),
Koraa JUQT NOJHHUMAETCsl C YCKOPEHHEM @, HalpaBIeHHbIM
BBEPX, YCKOPeHHe CBOGOJHOro NMajeHHst B JH(PTe PaBHO IO
Moayo g + a. Eciin e ycKopeHHe @ HanpasJ/ieHO BHH3, TO B
Judre Tesa cBOGOAHO NAJAOT C YCKopeHHeM g — a. Hanpas-
JIEHHe CKOPOCTH JIUdTa NIPH 3TOM He HIpaeT POJIH.

Cornacxo ycnoBuio, T > Tg. IloatoMy Ha ocHoBaHuH dop-
mys (1) u (2) npuxomum k BbIBOAY, 4TO g, < g. CuaenoBa-
TEJIbHO, YCKOpeHHe JU(Ta @ HanpaBJeHO BHHU3, NPH 3TOM
gu =8~ a

BoaBenst B KBajpart JieBble W npaBble yacTH paBeHcTB (1) 1
(2) ¥ pasjgesnuB UX NOUYEHHO, OJYYHM

T _g-a

T2 g

OTKyZa MOAYJ/b YCKOpPeHHst JudTa
a=g( _7‘02/’[‘2), a=3m/c2

737. Ha uyauiky, nojBelieHHYIO Ha NPY>HHE XKeCTKOCTbIO k
(pHc. 242), ¢ BBICOTHI A MafaeT rpys Maccoil m K OCTaeTCs Ha
yauwke (yaap a6comoTHO Heynpyrui). OnpenesnTb aMIIHTY-
oy KonebaHuH. Maccoll 4alllki U NPYXHKE npeHebpeyb.

PeweHwne B pesynbrate abcomoTHO Heynpyroro
yAlapa uallika ¢ rpy3om GyAeT HMeTh CKOPOCTb 4, MOAY/b KO-
TOPOH Hal/JeM H3 ypaBHEHHS, COCTABJIEHHOrO B IPOEKLHAX Ha
ocb OX cornacHo 3aKOHY COXPaHEHHs! HMIYJbCa:

»

mu = (m + m)u, (1)

rpe m; — MaccCa 4YaillkH, v — CKOPOCTb Ipy3a B MOMEHT
NnageHHusa, €€ Mbl HalaeM M3 3aKOHa COXpPaHEHHs ISHEPTHH!
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-

Puc. 242

mgh = muv? /2, otkyna v = \[2gh . [lonctasasis 310 3HauenHe
ckopocty B ypasHenue (1) u yuursiBast, uto m; = 0, nmosnyua-
eM u = ,2gh.

KrHeTHyecKasi 3Heprus YallKH NepexoiuT B MOTeHLHab-
HYIO SHEpTHIO pacTsIHyToM npyxuHbl. CHcrema 6yneT cosep-
WaTh rapMOHHYECKHe KoJle6aHHsI OTHOCHTEJbHO HeKOTOPOro
T10J10XKeHHs1 paBHOBecHs. OTHOCHTEJ/IbHO 3TOTO MOJIOXKEeHHS Npy-
’KHHa B MOMEHT yJapa obJiafaja MOTEeHLHaJIbHOH SHepruen

Ey) = kx* /2,

e X — CMeUleHHe, KOTOpPOe HalleM U3 YCJIOBHS, YTO B I0JIO-
eHUH paBHoBecus mg = kx. Otciona x = mg/k. Cnenosa-
TeJbHO,

Ey =m*g® /(2k). (2)
Kunetnueckas SHEprusi CHCTeMbl Cpa3y IocJe yaapa
E = mu®/2 = mgh. (3)
MakcumanoHas INOTEHIHAJbHAsA 3HEPIrus [IpYXKHHbI
Epm = kx%/2, (4)

TAe X, — aMIUIHTyJa KoJebaHHH.
CorJsacHo 3aKOHY COXpaHeHHs 3HEepPruH, CoOCTaBHM ypaB-
HEHHeE:
Ekl + Epl = Epm
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- WJH, y4uThIBas 3uadenus (2)—(4),

m?g? kx2

2k 2

mgh +

OrTclofa HalfieM aMIJIHUTYAY KoJeOaHHUH:

Xy = %\/(mg)2 +2mghk.

738. Kanusiu Boabl NafaloT yepe3 OHHAKOBbIE IPOMEXYTKH
BpPeMEHH C HEKOTOPOH BBICOTHl HA MJIACTHHY, 3aKPenJIeHHYIO
Ha npyxuHe. YacToTa cOOCTBEHHBLIX KOJeOGaHHH MJIACTHHbI
paBHa ®g. Ml3BecTHO, 4TO aMmIMTyna KOJe6aHHH MJIACTHHBI
NpH 3TOM OKa3blBaeTcsl MaKcHMasbHOH. HaliTH paccTosiHne
MeX[y OTPHIBAIOLEHCA Kamjed M Oarkallied K HeH mafaio-
uted kanned. ConpoTHBJeHHEe BO3yXa He YYUTBIBATS.

Pewe n e PaccTosHHe Mexay OTpHIBalOLIEHCS Kanjen
H 6avxaled K HeH najgamouled Kanje

h=gt?/2, (1)

rae T — NPOMEXYTOK BPeMeHH, Yepe3 KOTOPLIH MajaioT KanJu.
Ilon nericTBHMeM napalWUX Kanesb MJAaCTHHA COBeplliaeT
. BBIHYXKIeHHble Kosle6anus. Tak Kak aMNJIMTYla KX MaKCHMaJlb-
Ha, 3TO O3HAYaeT, YTO BO3HUK pe3oHaHc. [1pu pe3oHaHce yac-
TOTa BHelHeH CHJbl (B IaHHOM C/yyae YacTOTa MaJeHHs Ka-
NeJb) COBMAJAET € YACTOTON COBCTBEHHBIX KONEBAHHI CHCTEMBI:
o = 0g. OTcI00a CleayeT, YTO NPOMEXYTOK BpeMEeHH T paBeH
NepHoay COOCTBEHHBIX KOJIeOaHHH MNacTHHBL T = Ty = 21t/0)0.
IMoactaBus 370 3Hauenue B hopmyay (1), monyuum

— 2 2
h=2n"g/0g.

739. I1px xakol CKOPOCTH Noesa peccopbl BaroHOB GyayT
0CO6EeHHO CHJIBHO K0J1e6aTbCsl MOA AeHCTBHEM TOJUKOB KOJec
Ha cTblKax pesbcoB? JliMHa penbca [, Ha peccopy meHCTBYyeT
cuna F|, peccopa nporubaetcs Ha h npu cuie Fo.

Pemenue Peccops 6ynyT oCo6EHHO CHIBHO KOJe-
6aTbCsl NPH BO3HHKHOBEHHHM pPE30OHAHCa; NPH 3TOM MepHOn
COOCTBEHHBIX KOJIe6aHHH peccop paBeH MePHONY BHeLIHeH
CHJIBI, T. €. IPOMEXYTKY BPEeMEHH MeXAy ABYMS COCeNHHMH
TOJUKAMH!

TO =T (1)
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[1pu ckOpOCTH Moe3aa v TONYKH IOBTOPSIOTCS Yepes Ipo-
MEXYTOK BpEMeHH, 32 KOTODBHIH N0e3[ MNPOXOAHT MyTb, PaB-
HBI! AJIMHE peJibCa:

1=1/v. (2)

[lepuon co6cTBeHHBIX KOJleOaHUHR pecCcopel

To = 2mJm/k, (3)

rie B — XEeCTKOCTb Peccopbl; m — Macca rpysa, AeHCTBYoLle-
ro Ha peccopy ¢ cuaoit F). Tak xak F| = mg, tom=F|/g.
XKectkocts £ = Fo/h. ‘

Toagcrasus 3HaueHus m U k B Gpopmyay (3), monyuum

= fFlh
To =2m e’ (4)

Ha ocnoBanuu yenosus (1) u Buipaxkenuii (2) u (4) umeem

Eh
on % = L
FQg 14
OTKYAa

__L |Re
2r ¥ AA

740. MasiTHUKOBBIE Yachl, TOYHO HAYLIMeE HA YPOBHE MOpS,
nopHATsl Ha BoicoTy A = 1000 M. Ha ckoabko OTCTAHYT OHH 32
BpeMs ty = | cyT = 86 400 c? Panuyc 3emau R = 6370 - 103 m.
MasiTHHK cuMTaTh MaTeMaTHYECKHM.

Pemenue. [lycts ! — nokaszaHue 4acoB Ha BbICOTE A 1O
UCTEYeHHH CYTOK. TOraa oTcTaBaHHe 4acoB

At =1y —t, (1)

Tie ty — NMOKa3aHHe 4YacOB Ha YPOBHe MOpS.
[lokasaHue 4acoB NpOMNOPUMOHANBHO YHUCHY KoAebaHHH
MasiTHHKA:

t/tg = N/ Ny, (2)

rae Ng, N — 4ncno Koae6aHHH MasiTHHKA 32 CYTKH COOTBETCT-
BEHHO Ha ypOBHe MODS M Ha BbICOTe A.

C yBeqMueHHEM BBICOTBI YMEHbIUIAETCS YCKOPEHHE CBOGOAHO-
o NMaJeHHs!, NO3TOMY NEPHOA KoJeGaHHH MasiTHHKA yBEJHYHBA-
eTCs, a CJIe0BaTeNbHO, 32 CYTKH Ha BBICOTEe /i MasiTHHK COBep-
LWIHT MeHblle KoneOaHHH, YyeM 3a TO e BpeMs Ha ypOBHE MOpsi
(N < Np), nostomy uacel otcTanyT. OHH NOKaXyT Bpems
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t=to - (3)

KaK 3TO C/elyeT M3 BblpaxkeHHs (2).
Ha yposre mops nepHof KoneOaHHH MasiTHHKA

TO = QTC\Il/gO ,
T= 27!21/[/gh ,

rae go, g, — YCKOpeHHe CBOOOMHOrO NajleHHsl COOTBETCTBEH-
HO Ha ypOBHe MOps M Ha BhicoTe h. [Toatomy Ng = to/ T,
N =t/ T. CnenoBaTebHO,

N _To _ fg_;,
No T & (4)

£0 =G%:

Ha BbICOTe h

Ho
_ M
gh_G(R+h)2’

rme G — rpaBMTalHOHHas noctosHHas; M — Macca 3eman;
R — pagnyc 3emau. [loatomy

& __ R
g (R+h)

[ToacTaBuB 3HaueHHe 3TOrO OTHOLIEHHs B hopmyay (4), mony-
4YHM

N __R (5)
NO R+nh

Teneps na ocnHosanuu dopmya (1), (3) u (5) Haitgem or-
CTaBaHMe YacOB 3a CYTKH:

= —l = — R = h =
At—(l Nojto 1 R+h)to g, At =14 c.

741. [lepeBsiHHbIl 6pycoK Maccolt m = 3,2 Kr C IJIOLWAIbIO
ocHoBaHus S = 400 cM? nnasaer B Boge. Bpycok cierxa mo-
TPY3UJH B BOAY I1y0Gxke M oTHyCcTHJIM. HalTH yactoTy KoJe-
6anuit 6pycka. Cusoi TpeHus npeHe6peds. [1J0THOCTL BOAKI
p=10r/cm.

PemeHue. [lpn paBHoBecun Ha 6pyCOK AEHCTBYIOT
cHa TSKeCTH mg W apxumeloBa cuna Fp) (puc. 243, a) u
BBINIOJIHSIETCH yean0BHe mg + Fay = 0.
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[TpoBenem ocy OX, HanpaB/eHHYK BEPTHKA/NBLHO BHH3, C

Ha4aJoM Ha MoBePXHOCTH BOAbl. CIIPOEKTHPOBAB CHJIbI HA 3TY
ock, noayyum mg — Fp; = 0. Orcrona, yyuTbiBasi, 4TO

Fpy =pgV}, rae V| — o6bem norpy>KeHHOH 4yacTh 6pycka,

NOJTYYHM
mg - pgV, = 0. (1)

Ecan 6pycok norpysHTs ryGxe Ha pacctostue x (puc. 243, 6),
TO apXUMeNOBa CHJa CTaHeT PaBHOH Fpo, a ee MOAYJb
Fao = pg(V} + xS). PaBHOoBecue HapywHTcs, Ha Gpycok 6y-
AeT JeACTBOBATb Pe3yJbTHPYIOLIAS CHJa

i‘; = mé + [:;A.‘Z'
B npoekuusix Ha ocb OX Oynem HMeTb

F, =mg —pg(V; + xS). (2)

W3 ypasuenns (1) cienyet, uto mg = pgV;. Iloacrasus
3T0 3HaueHue mg B popmyay (2), nonyunm F, = —pgSx, Hiu
F, = —kx, rne k = pgS. CnenosatenbHo, neproa KoJebaHHi

— m m
T—2n\/;—2n /pg—s,

a 4acToTa



3apauv Ansi CaMoCTOATENIbLHOro pelueHnn

742. Teno maccort m = 2,0 Kr coBeplliaeT rapMOHHYECKHe
KoJ1eGaHHs 1o 3aKoHy x = 50 cos%z, Tie BCe BeJMYHHBI Bbi-

paxkenbl B eqrHuuax CH. OnpenennTh MakcHMaJbHble 3Haue-
HHUS CMEUIeHHsl, CKOPOCTH, YCKOpeHHs H cuabl. HalTtu noa-
HYIO HEpPTHI0 TeJa.
743. MartepuanbHas TOYKAa COBeplUaeT FapMOHHYeCKHe
KOJ1e6aHHS COTJIACHO yPaBHEHHIO
— n i
X = 2cos(§z + ?)’
B KOTOPOM BCe BeJIHYMHBl 3ajaHbl B eauHHuax CH. Haibitu
nepuoa KosneGaHUH, aMIVIUTYAY H HadalbHY1O (asy.

744. MenHbH WApHK, NOABEUIEHHbIA K NPYXHHE, COBEP-
u1aeT BepTHKaJbHbE KoseGaHHs. Kak H3MeHHTCS MepHoj Ko-
JNeGaHUH, ecM K Npy>KHHE MOABECHTb BMECTO MEAHOTO aso-
MHHHEBbIH LIapHK TaKoro ke o6beMa? [1M10THOCTL Mean p; =
=8,9 - 103 xr/m3, amomurns py = 2,7 - 103 kr/m3.

745. Teno, npUxpenJieHHOe K NpyXHHe, BbIBEJAM M3 CO-
CTOSIHHSl DABHOBECHS W OTIYCTHUJIH, B Pe3yJbTaTe YEro OHO
CTaJ/I0 COBEpLIATh rapMOHHYeCKHe Kose6aHHs BAOJb [OPU30H-
TaJbHOTO cTepXXHsA. OnpeaenuTb OTHOLIEHHE KUHETHYECKOH
SHEPrHM CHCTEMbl K ee MOTEHLHANbHOH 3HEPrHH MO HCTeue-
HUM BPEMEHH ! MocJje Hayaja KojeGaHHWH, ec/lH HX NepHOoA
paBen T. Macco# npyxuHbl npeHe6peyb.

746. Ilpy>xuHa noa nedCTBHEM NMOABEUIEHHOrO K HeH Ipy-
3a pacTsiHyJach Ha x = 6,5 ¢M. Ecain mocsie atoro rpys orrs-
HYTb BHH3, a 3aT€M OTIYCTHTb, TO OH HaYHeT Kose6aThCsl BAO/b
BepTHKanbHOH ocH. OnpenesuTb NepHol 3THX KoJeOaHHH.

747. 1llapuk, nogBeuleHHBIH Ha NpPYXXHHE, CMECTHJH Ha
pacctosinde a = 0,01 M BHM3 OT NOJIOXKEHHsS] PABHOBECHS H
oTnycTua. Kakoél nmyTh npodaeT wapHk 3a f = 2 ¢, ecau
yacToTa KojJeGaHHH 3TOH cucTeMbl Vv = 5 ['u? 3aryxaHuem
npeHebpeyb.

748. I'py3 macco#t m = 400 r, noaBellIeHHbIA Ha NPYXHHE
XeCTKoCcTbo £ = 250 H/ M, CoBeplIaeT KoJjie6aHHSA ¢ aMILIH-
TYROH X, = 15 cm. Halitn Han6onblyr0 CKOpOCTh rpy3a.

749. Or rpy3sa, BHCSILIEr0 Ha NPY>KHHE XKECTKOCTbIO &, OT-
JenseTcss ero yacTb Maccod m. Ha Kakyio MaKCHMajbHYIHO
BLICOTY NOAHUMETCS 0CTaBluasicst 4actb rpy3a? ConportHBie-
HHeM BO3[yxXa rnpeHebpeub.
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750. HaiiT UMKIHYEeCKHe 4acTOTbl KOJMeOGaHHH MasTHH-
KOB, H300paXkeHHbIX Ha puc. 244. MaBecTHO, 4TO XKeCTKOCTH
NPYXHUH PaBHBI | U kg, Macca rpysa m. Maccamu npyxuH
npeHe6peys.

§k1 A,
m
4, A,
m
4+ 4+ 4+ 4+ o+
Puec 244 P uc. 245

751. JIBa MaTeMaTH4YE€CKHX MasiTHHKA OIHOBPEMEHHO HauH-
HalT KosiebaThesd. 3a OflHH U TOT >Ke& NMPOMEXYTOK BPEeMEeHH
nepsbd cosepiuaer Ny = 20, a BTopolt — No = 10 kone6anuii.
OnpenennuTb OTHOLIEHHE AJHH 3THX MasTHHKOB.

752. TlonoxuTeIbHO 3apsKeHHbIH WapHK Maccod m = 30 ©
COBepIIaJ rapMOHHUECKHe KoneOaHUs HaJl [I0JI0KUTEJbHO 3a-
ps>KeHHOH 6eCKOHEYHOH rOPH30HTANbHOH THIOCKOCTHIO (pHC. 245).
Tlpu 3TOM cHJa 3/1€KTPUUECKOTO B3aUMOJAEHCTBHS LIAPHKA U
nnockoctd F = 0,10 H, a nepuon ero konebauuit T = 2,0 c.
3aTeM WapHK Nepe3apsiiiiM Tak, UTO ero 3apsij CTaj OTpHUa-
TeJIbHbIM, HO 10 MOAYJIIO PaBHBIM NepBoHauanbHoMy. Omnpene-
JUTb NMEPUOA TapPMOHHUYECKHX KOJeGaHWH apHKa B HOBOM
COCTORHHH.

753. OnpenefnuTb NIJIMHY MaTEMaTHYECKOTO MAsiTHHKA, eCJIH
H3BECTHO, UTO NPH YMEHblIeHWH JJIHHbI HUTH Ha Al = 5 cM
yacToTa KosleGaHHH MasiTHHKA yBeJMYUBaeTcsi B n = 1,5 pasa.

754. Yacpl ¢ MassTHUKOM JIHHOH [ =1 M 3a cyTku (f = 24 u)
oTcTaloT Ha Af = 1 4. Ha cKoNbKO HY>XHO H3MEHHTb AJHHY
MAasiTHHKa, YTOOB! Yackl [I0KA3bIBAJIH TOUHOE BPEMS?
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755. JIBa MaTeMaTHYECKHX MasTHHKA C NEPHOAAMHU KoJle-
Ganud T) = 6 ¢ 1 T9 = 5 ¢ COOTBETCTBEHHO OJHOBPEMEHHO
HAaYKHAIOT KOoJle6aHUs B ONUHAKOBLIX (ha3ax. Uepes kakoe Hau-
MeHbluee BpeMs (a3bl UX KoJebaHWH CHOBA B6YAYT OAMHAKO-
BBIMH?

756. LJapuk NJOTHOCTBIO P; NOJBELIeH Ha HEBECOMOH H
HepacTsHXKUMOH HHUTH AJHHOM [ B XKHUAKOH Cpefle, MJIOTHOCTh
KOTOPOH paBHa py. ONpefesuTb Nepyuol KoseGaHHH [IapUKa.
TpenueM npeHebpeun.

757. Ulapuk, umetownid maccy m = 10 r u 3apsag ¢ =
=2 - 10™% Kn, nogseliiex Ha HEBECOMO# M HEPACTSKMMOK HUTH
LIUHOH [ = 25 CM B 3JIEKTPUUYECKOM MoJie MJIOCKOrO FOPH30H-
TaJbHOTO KOHJeHcaTopa. PasHOCTh MOTEHUHANOB MeXAY MJa-
cTHHaMu KoHaeHcatopa U =120 B, paccTosiHie Mexay HHUMH
d = 30 cM. Uemy paBeH nepuos KoJjeGaHHH L1apHKa HAa HUTH?

758. MareMaTHuecKHH MasiTHHK COCTOHT M3 LIapUKa Mac-
cod m = 50 r, NOABEILIEHHOrO0 Ha HUTH MJIHHOH [ = | M.
OnpepenvTb HAUMEHBIIYIO CHUJy HATSXKEHHS HUTH, eCJH Llia-
PHK TIPOXOJUT Yepe3 N0JI0XKEHHE PABHOBECHS CO CKOPOCTEID
v=14m/c.

759. Ilpu KakoH CKOPOCTH NOe3la MaTeMaTHYECKHH MasT-
HHUK AAHHOM [ = 1] cMm, mojBelIeHHBIM B BaroHe, oco6eHHO
CHJIbHO PacKauyMBaeTCsl, €C/AH [JIMHA peabcoB L = 12,5 m?

760. MateMaTHUeCKHH MasgTHHUK KoJje6jeTcs MO 3aKOHY

x = xp, cos(2nt + @g).

KakoBa niMHa MasTHHKAa? BesMuMHBl B YpaBHEHHH Bhipa<e-
Hbl B efgrHuuax CH. _

761. B kabuHe nHTa HAXOMUTCS MaTeMAaTHUECKHH MasT-
HUK. Korila mudT HenoxsHxeH, nepros KojebaHHH MasiTHUKA
To = 1 c. OnpepenuTh MOAY/b W HANpaBJeHHE YCKOPEHHS
audTa, ecad nepuon KosaeGaHUH B ABHXKYylleMcs JUdTe
T=09c.

762. Tlepron kosebGaHHH MaTeMaTHYECKOrO MasiTHHKA Ha
ypoBHe Mopst T = 2 ¢. Ha cKO/IbKO U3MEHHTCS MepHOI KoJle-
6aHHH 3TOrO MasITHHKA, €CJIH ero NOAHSTh Ha BLICOTY A = 10 KM
Haj ypoHeM Mops? Pamuyc 3eman R = 6370 k.

763. Pakera nogHHMaeTCsl BePTHKaJAbHO BBEPX C YCKOpe-
nveM a@ = 3g. CKOJIbKO NOJHBIX KoJeOaHHU COBEpPILUUT MoMe-
LeHHBIH B paKeTe MasiTHHK mauHo# [ = 1,0 M 32 BpeMms, B
TeueHHe KOTOpPOro pakeTa NMoAHUMAaeTCst Ha BeicoTy A = 1480 m?
3aBUCHMOCTBIO YCKOPEHHSI CBOGOAHOrO MAaNeHHS OT BbiCOTbI
npeHebpeyb.
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764. Kabuna qudTa, K NOTOJKY KOTOPOH NOABELIEH MaTe-
MAaTHUYECKHH MasITHHK AJIMHOH [ = | M, IBHXKeTCS C YCKOPEHH-
eM a = 2,4 M/ c2, HanpaBaeHHbIM BHH3. ONpeenuTh NepHOL
KoJieGaHuH MaATHHKA. B xakoM HanpaB/ieHHH ABHXKETCS TUPT —
BBEPX WJH BHH3?

765. Macca kose6aomeiics yactuupl m = 0,01 r, yacrora
kose6anuit v = 500 'y, amnaurtyna x,, = 2 mm. OnpeaesiuTh:
KHHEeTHYEeCKYI0 SHePryIO YaCTHIbI NPH NPOX0XKAEHHH T0JI0XKe-
HHSl PaBHOBECHS; MOTEHLHAbHYIO 3HEPTHIO NIPH CMelleHHH,
PaBHOM aMILIHTYAE; NOJHYIO0 SHEPrHIO YaCTHLbL.

766. MaTeMaTHueCKHH MasiTHHUK, COCTOSILHH H3 CTaJbLHO-
ro IapHka, AHaMeTp KoToporo d = 4 CM, H HHTH JAJHHOH
[ =2,43 ™, coBepliaeT rapMoHHUYeCKHe KosebaHHSl C aMIIH-
Tyno# x,, = 10 cm. OnpesnesinTh CKOPOCTh LIAPHKA NIPH IPOXOXK-
[EeHHH [0JIOXKEHHUs] paBHOBeCHs! H HanboJiblilee 3HaUeHHe BO3-
Bpawawouel cuibl. [lnotHoeTsh cTtany p = 7,8 - 103 kr/m3.

767. 3a Bpems { = 120 ¢ MaTeMaTHUeCKHH MasiTHHK COBep-
wua Ny = 120 xonebanuii. Koraa aMHy MasiTHHKa yBeJHUH-
Ju Ha Al = 74,7 cM, oH 3a To e BpeMs coBeplinsa Ny = 60
Kosne6aHud. HallTu HauanpHY0O AJUHY MasTHHKA, €ro KoHeu-
HYIO IJIHHY ¥ YCKOpeHHe CBOOOIHOro NajeHus B MecTe npoBe-
LEHHS OTbITA.

768. MaTtemaTtHueckupt MassiTHUK aiauMHoM [ = 50,0 cM Ko-
nebnetcs B KabuHe caMosieTa. KakoB nepuos ero kosebaHui,
€CJIM CaMOJIeT: a) ABMXKETCH PaBHOMEpHO; 6) JIETHT rOpH30H-
Ta/bHO C ycKopeHHeM a = 2,50 M/ ¢Z; B) niianupyeT BHH3 TOJ
yrioM o = 15° K TOpH30HTY?

769. MartemaTHueckuil MassTHHK AJHHOHM [ = | M ycTaHOBJ/IeH
B JIMGTE, KOTOPIH NOJHUMAETCs C YCKopeHHeM a = 2,5 M/ c?,
Hanpas/eHHbIM BBepX. OnpenenuTs nepuoa KonebaHUH Ma-
SATHHKA.

770. ApeomeTp Maccoil m COCTOUT
M3 3aKpbITOr0 CTEK/SHHOTO COCYAA C
TPY30M H LHJIHHAPHYECKOH TPYOKH,
MJI0LIA/b [I0TIePeYHOro ceYeHHs KOTO-
poii paBHa S. OH noMelleH B XXHAKOCTb
notHocTwio p (pHc. 246). Apeomerp
NOrPy>KaloT B XHAKOCTb HECKOJbKO
ray6rxe, ueM 3TO HYXHO JJIS €ro paB-
HOBeCHs, ¥ 3aTeM oTnycKawoT. Haltu
nepyHon cBOOGOAHBLIX KoJeGaHUH apeo-
D uc 246 meTpa. Tpenrnem npeHe6peyn.
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771. Ha rnanxoMm ropusoHTasb-
HOM CTOJIe MOKOHMTCSi OPYCOK Mac-
coil M = 20 r, IpUKpenVIeHHbIH Py~ A
XHHOH xecTKocTbio 2 = 50 H/ M K 72;‘ 1
crene (puc. 247). B 6pycok yna- 77777777 77T 77
pseTcst wapuk maccot m = 10T,
IBYOKYIIMHCS 110 CTOJY CO CKOPO-
ctbio vg = 30 M/ ¢, HanpaBieHHOH BAOJbL NPYXUHbL. CuMTas
coyllapeHHe lIapuKa M 6pycka abCoO/IOTHO YNPYrHM, HaHTH
aMnuIMTYyRy KosieGaHuH O6pycka noche ynapa. Bpems ynapa
npeHe6peXXUMO MaJjio MO0 CPaBHEHHIO ¢ NEepHOAOM KoJebaHHH
6pycka.

772. B U-o6pasnyio Tpy6Ky, I/olagb (==
TionepeyHoro ceyeHHs kotopod S = 10 em?, [|E=:
HasnuTa Boga Maccoit m = 200 r. Ecin [T
BOAY BBIBECTH W3 IIOJIOKEHHSi PaBHOBe- [ 7] ——
cusi (puc. 248), To ona Gyner Kone6aTb- |-—- -~
cs. Hailitn vacroty konebanuit. ITaor-
HOCTb Bombl p = 1 -+ 108 kr/m3.

773. OnHOpOmHBLIA COJOLIHOH Aepe-
BSIHHBIH UMJIMHID J1aBAET B BOJE B Bep-
THKa/JbHOM I0JIOXKeHHH. EcaH uHIHBAp
TNIPUTONHTb M OTIYCTHTb, TO OH OyneT
COBepIaTh KoJeOaHUs, IePHOI KOTOPBIX Puec 248
T =1 c. OnpenenuTb BHCOTY LMAHHAPA. [1M0THOCTD BOAHI
pp =1 - 103 xr/ M3, mioTHOCTD nepesa ps = 0,8 - 103 kr/m3.
CHay TpeHHS He YUYHTbIBATh.

774. CKOpoCTb BOJIHB! BOJIb PE3UHOBOTO WHypa v = 3 M/ ¢
npu yactore v = 2 I'u. KakoBa pa3HocTb a3 Mexxay Touka-
MH, OTCTOSILIMMH APYT OT Apyra Ha [ = 75 cm?

775. dnuna Bosinbl A = 60 cm. Ha kakoM paccrosiHuu apyr
OT ApYyra HaxXxOAATCs TOYKH BOJIHBI C MPOTHBOMOJOXHBIMH (a-
3aMH Kosie6aHHH? Ha KakoM pacCTOAHHMH HAaXOAATCH TOUYKH C
pasHOCTBIO (a3 AQ = w/4°?

776. B HekoTOpO# cpele pacnpocTpaHsieTcsi BoaHa. 3a Bpe-
Ms, B TeYeHHe KOTOpPOro yacTuua cpeinl cosepmaer N = 140
KosieGaHHH, BOJHA pacnpocTpaHsercsi Ha pacctosHue [ = 112 M.
HadTti anuHy BOJHBL

777. 3ByKoBasi BOJIHA paclpOCTPAHU/IACH U3 BO3AyXa B BOLY.
Jnvna sToi BosIHBI B Bo3ayxe A = 1 M. KakoBa 1JiHHa 3ByKOBOM
BoJHBI B Boste? CKOpOCTh 3ByKa B Bosmyxe vy = 0,34 - 103 m/c,
B BOjE — Uy = 1,36 - 103 m/c.

Puc. 247
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778. ViMeloTcs [Ba KOrepeHTHBIX UCTOYHHKA 3ByKa. B Tou-
Ke, OTCTOSIEeH OT NepBOro HCTOYHMKA Ha (| = 2,3 M, a OT
BTOpPOro Ha [y = 2,48 M, 3Byk He cJbliieH. MuHHMa/NbHaS
yacToTa KoJebaHHH, PH KOTOPOH 3TO BO3MOXHO, V = 1 K['L.
Haiitu ckopocTh 3ByXa.

779. JlopoxXHbBIH MacTep, NPHJIOKHB YXO K PesbCy, YCJbi-
wias 3ByK HayaBLIerocsi ABHXKeHHs noesja, a yepes t = 2 ¢ 0
HEro JI0HecCsl I'yA0K JOKOMOTHBA NpH oTnpasieHHH. Ha ka-
KOM pacCTCAHHH OT CTAHUMM OTIPABJIEHHS HAXOAMJCH Mac-
Tep? CKOPOCTH 3BYKOBBIX BOJIH B BO3lyXe U B CTa/JH NPHHATD
paBHBIMH U] = 330 M/ ¢ 1 vy = 5000 M/ ¢ COOTBETCTBEHHO.

780. Y3 nyHkTa A B yHKT B aBaXKabl ObLI OCNAH 3BYKO-
BOM cHrHaJ, yactota xotoporo v = 50 'L, npxyeM B nepBblH
pa3 CKoOpocTb 3ByKa 6biia vy = 330 m/c. Bo BTopo# pa3
TeMIepaTypa BO3/yXa Oblja Bblllie, IO3TOMY CKOPOCTb 3BYKa
NOBbICHJIAaCh W CTana paBHOH vy = 340 M/ c. Yucno BoJH,
YKJIafbIBAIOLMXCS HA paccTOsiHUK oT A 10 B, Bo BTOPOH pa3s
0Ka3a/ioch, Kak M B TNepBbIH, 11eJ1bIM, HO Ha /iB€ BOJIHbI ME€Hb-
uie. OnpefesuTh pacCTOsIHHE MEXY NYHKTaMH.

12. AJIEKTPOMAIHUTHbLIE KOJIEBAHUA U
BOJSIHbI

MeToauuyeckue yKkazaHUA K peLueHUIo 3aaay

Psn 3apau Ha 3/1eKTpOMarHMTHLIE KoJsleGaHHUs peluaeTcs ¢
npuMeHeHHeM ¢dopmysbl TOMCOHa, a Takke $OPMYJbl eMKo-
CTH TIJIOCKOTO KOHJeHCaTopa M ¢OpPMyJbl CBSA3H MEXAY NJIH-
HOH BOJIHBI, CKOPOCTBIO PacnpoCTPaHeHUs KoJeOGaHHH U Ie-
puoznoM. IIpr 3TOM Heo6X0AHMO YUHTHIBATD, UuTO popmy.ia Tom-
COHa CMpaBeJIMBa TOJbLKO B TOM CJIy4ae, CJIH aKTHBHBIM CONPO-
THBJIEHHEM Ko0J/1e6aTe/bHOIO KOHTYPa MOXHO npeHebpeub. B
npoueccax, NPOHCXOAAUWIMX B KoJiebaTelbHOM KOHTYpe, BbINOJ-
HFETCS 3aKOH COXPaHEeHHs M NpeBpalleHUs SHEPrHH.

IIpu pelieHun 3anay Ha nepeMeHHLIH TOK HEOOXOAMMO [TOM-
HHTb, 4TO CHJIa TOKa, HanpsikeHde U DJIC B uensx nepemen-
HOTO TOKa COBEpLIAIOT TapMOHHYeCKHe KoseGaHHA C pas/uu-
HeIMH (pasami. TlosToMy npu nocsieoBaTeNbHOM COeTUHEHHH
CHJ1a TOKA Ha BCEX y4acTKax Lenu B OQWH H TOT XK€ MOMEHT
BpeMEHH OJIMHAKOBA, a HANpsKeHHe BO BCEH [enH, B OTJIHUHE
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0T LENH MOCTOSTHHOrO TOKA, He PABHO apHMMETHUECKOH CYM-
Me HarpsiKeHHH Ha OTAebHBIX ydacTKax. OHO HaXOZMTCSH 10
MPaBHNY CJI02KE€HHS BEKTODHLIX BENIHYKH, [TPH 3TOM YYHTbIBa-
eTCH HajlMuHe 3KTHBHOTO, MHAYKTHBHOIO H €MKOCTHOTO CO-
MPOTUBJEHHH.

OCHOBHbI€e 3aKOHbl U (popMyFbI

Dopmyaa Tomcona:

T =2nJLC,

roie T — neprof cBOGOAHBIX 3/MEKTPOMArHUTHLIX KoJiebaHUH B KoJe-
6aTesibHOM KOHType, COCTOsLEM H3 KOHAeHcaTopa eMKocTbio C H
KaTyLUKH HHAYKTHBHOCTbIO L.

Menosennvie snayenus 3JC e, Hanpaxerus u u curel i ne-
pEMEHH020 MOKA COOTBETCTBEHHO DaBHbL:

e =8, sin(wt +¢), u=U,sin(wt +¢), i=1,sinwt,

rae = 2r/T = 2nv — kpyrosas (UMK/IHYeCKas, yrioBas) yacToTa,
T — nepuon; v — 4actoTa; ¢ — HauyajbHas ¢asa JC uau Hanps-
xeHus (HauanbHas Gas3a CU/BI TOKA NPHHATA PaBHOU HYJIO);
&n, Uy, I,,— amnanTynHble 3HadeHdst DJC, HanpsKeHHs H CHJIbI
TOKa.

Pasnocms (cdsuz) gas konebanuit cunbl Toka i = [, sint u
Hanpsxenus u = U, sin(ot + @) onpenensercs ¢opmy/ioh

igo = oL —lle/(coC))

roe L, C, R — COOTBETCTBEHHO HHIYKTHBHOCTb KaTYLUKH, eMKOCTb
KOHEHCATOpa K aKTHBHOE CONPOTHBJEHHe PEe3HCTOpa, Moc/JefoBa-
TeJIbHO BKJIIOYEHHbIX B UMb NNepeMeHHOr0 TOKa.

Hrdykmusnoe conpomusienue Kamywku UHIYKTHBHOCTbIO L

XL = L.
Emkocmnoe conpomusnrenue konderncamopa eMkoctbio C

[loanoe conpomugaenue yenu

2
z =\/R2 +(mL—L)
oC

3akon Oma OAR 3AeKMPUHECKOL yenu nepemerno20 moKa:
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U v,
wm l, = =
JR? + (oL - 1/(C))

rae 1, U, — aMIJHTyAHble 3HAUEHHS CHJIbi TOKA H HalPS2KEHHUS,
R — aKTHBHOe COMNpPOTHBJEHWE; WL — WHIYKTHBHOE CONPOTHBJIE-
Hue; 1/(wC) — eMKOCTHOE COMpOTHBJIEHHE.

Heticmayowje 3HaweRus CUAbL NEPEMERHO20 MOKQ, HANpPA-
aenun u 3J[C:

I=1,/N2, U=U,/J2, &=%,/32,

rae [, U,, &, — aMIOIUTyHble 3HAYECHHS.
Koauuwecmao menaomet, gotdensiemoe npogo0HUKOM, aKTHBHOE
CONPOTHBJIEHHE KOTOPOTO R, NPH NPOXOXKAEHHH IO HEMY NepeMeH-

HOTr0 TOKa B T€4e€HHE BpPEMEHH t,

Q = I2Rt.

[ =

Zm
m .
z

Ha HHAYKTHBHOM H eMKOCTHOM CONPOTHBJIEHHRAX TEMJOTa He Bble-
JIfeTCs.
Mownocme nepemennoco moka

I
P=1Ucosop = ’";j”‘ cos @,

rae cos @ — KO3(QPHUMEHT MOWHOCTH: cos® = R/Z; R — akTHBHOe
CONPOTHBJEHHE LenH; Z — ee IOJHOEe CONPOTHBJIEHHE.
Koagppuyuenm mpancpopmayuu

k—:ﬂl/ﬂQ ZUI/UQ,

rae nj, fip — YHCJI0 BUTKOB I1ePBHYHOH H BTOPHYHOH 06GMOTOK TpaHc-
tdopmatopa; U, Up — HanpskeHHs Ha NepBHYHOH H BTOPHYHOMH
0OMOTKaXx.

NMpumepbl pelueHun 3agav

781. Cuna Toka B lleNIM H3MEHSIeTCH ¢ TeyeHHeM BpeMEHH

no 3akony [ = 5,0sin200n¢ A, rae ¢ BbIpa)kaeTcsi B CEKyHAaX.
OnpenenuTs aMNAUTYAHOE 3HAYeHHe CHJbI TOKA, YaCTOTy H
nepuon. Haiitu cuny Toka ans dasel @) = 31/8.

Peuw eHue 3anaua pelaeTcs aHaJOrHuHO 3agave 731.

ConocTaBus ypaBHeHus i = [, sinwt ¥ i = 5,0sin200nt, Haii-

pem: [, =50A, ot =200nt uau 2n/T =200n, T = 0,01 ¢,
v = 100 I'u.
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Paze ¢ = 3n/8 coOOTBETCTBYET CHJIA TOKA
i = 5,osin%" A =46 A

782. Ha xakywo AJHHY BOJIHBI HacTPOEH KoJeOaTeNbHbll
KOHTYD, €CJ1 OH COCTOHT M3 KaTYLIKH UHAYKTHBHOCTbIO L =
= 2,0 - 1073 T 1 myockoro KoHgeHcaTopa? PaccTosiHye Mexy
NJIaCTHHAMM KOHfeHcaTopa d = 1,0 cM, mM3/eKTpUYecKas npo-
HHLAEMOCTb BEILLECTBA, 3aMOJHUBIIEr0 IPOCTPAHCTBO MEX]
naactTvHamy, € = 11. [Tnowans kaxpo# naactunsl S = 800 cm?.

Pewe nwue Hiuna sonusl A = ¢7T, rge ¢ — CKOpPOCThb
snexTpomaruuTHbIX BoaH (¢ = 3 - 108 m/c); T — nepuon
Kosnebanuit. [lepron Halizem no gopmyse ToMcoHa:

T=2nvLC,

rae L — MHAYKTHUBHOCTb KaTyIWKH; C — eMKOCTb KOHJEeHCaTo-
pa. [Toactasus B 3Ty popmyay 3Hadenue eMxkocTd € = €qeS/d,
MOJYYUM

_ €0ES
T=2n L——d .

CJIe}.IOBaTeJIbHO, JJIHHA BOJIHbBI

A= 2mc LEOdES, A=24-103

783. Omnpenenuts caBur ¢as kojeGaHHH HaANPSIKEHHS
u=Upysin(wt + @) 1 cuel Toka i = [, sin®! AN JIEKTPH-
YEeCKOH LeNH, COCTOSILLER W3 TOCJIe10BATENbHO BKIIYEHHBIX
NPOBOJHMKA C aKTHBHBEIM conpoTHBleHHeM K = 1 kOwm, Ka-
TYWKHA HHAYKTHBHOCThIO L = 0,5 I'H M KOHAeHcaTopa eMKo-
cteio C = 1 MxP. OnpenesuTh MOLUHOCTb, KOTOPAS BbIEASIET-
Cs B LINH, eCHM aMIIMTyna Hanpsokenda U, = 100 B, a
gactora v = 50 I'w.

Pewemnwue Cupurdas mexay HanpseKeHHEM H CHIOH
TOKA, KOTOpble 3afaHbl ypaBHenusimu u = U, sin(wf + @) u
{ = [, sinw!, onpeensieTcss COOTHOLUEHHEM

tg @ = ol - Ile/(u)C).

[{uxnuyeckasn yactora ® = 27v. CiefoBaTesbHO,

2nvl - 2nvC
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MoulnocTb, KOTOpast BhieAAeTCs B LENH, ONpPeNeJ]HM [0
topmy.ie
[U
P =-"""cosg,
2
rae /,, Uy, — aMIUIMTYAHBIE 3HAYEHHS COOTBETCTBEHHO CHJIbI
TOKa W Hanpsixenus. Tak Kak [, = Um/Z, TO
U2
P =-=Zcose,
27 ¢

rae Z — ToJiHOe COMPOTHBJEHHE LeNH; ero HaxoAuM Io ¢op-
MyJe

2
_ [p2 __1
Z_\/R +(coL mc)_
CrenoBaTesibHO,

U2 cosg

P= .
2R? + (0L - 1/(0C))? (2)

[TopcTaBuB YHCOBHE 3HAUYeHHSI B HOPMYJay (1), Hatigem:
tg@ = -3, @ =-72° (MHHYC NOKa3bIBAaeT, YTO HANpsKEHHe
oTcTaer no ase ot ToKa), cos@ = 0,3. [TogcTaBHB YHCIOBBIE
3HaueHHs B dpopmyay (2), nosyuum P = 0,5 Br.

784. DnexkTponeys conpoTuBiaeHreM R = 22 OM nuraercs
OT reHepaTtopa IepeMeHHOro Toka. OnpefesuTh KOJHUECTBO
TEMJIOTH!, BhIeJsieMOe Neyblo 3a BpeMs | = | 4, ecyd aMIIM-
TyAa cuabl Toka /, = 10 A.

P eweHue KoauuecTBo TennoTh, BelAesOlLIeeCs B
NpPOBOAHHKE MPU MPOXOXKIAEHHUH MO HEMY NMEepPeMeHHOTo TOKa,

Q=12Rt,
rae / — pedcTByloulee 3HaueHHe CHJbI TOKa. [JocKoabky
I =1,/3J2, 10
Q=12Rt/2, Q=4-10% IIx.

785. Papunosiokatop paboTaeT Ha AjnHHe BoJHBE A = 20 cM
¥ paet B cexkyHay n = 5000 UMNy/ bCOB ANHTENbHOCTBIO
T = 0,02 mKc xaxabii. CKOJbKO Kose6aHHH COCTaBAAIT OLHH
UMIYyJIbC M KaKOBO MaKCHMaJ/bHOe DacCTOSIHHE, Ha KOTOPOM
MOXeT ObITb 0OHapyXeHa LeJfb?

Peuwenue Yncno konebanuil B ofHoM umnyJbce N = vt,

roe v — yactoTa kojebanuit. Tak Kak v = ¢/A, Tie ¢ — CKo-
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POCTb 3/IEKTPOMAarHHTHBLIX BOJIH B Bakyyme: ¢ = 3 - 108 m/c;
A — [MUIMHA BOJIHBI, TO

N =ct/x, N =30.

3a npomMeXXyToK BpeMeHH ¢ = |/ n Mexxny AByMs MOCJe0-
BaTe/NbHBIMH MMITYJIbCAMH 3/16KTPOMATHUTHBIE BOJHbBI JOXOAST
J0 UeJH W, OTPa3UBIUKCh, BO3BpaulawTcs obpaTtHo. [lostoMy
2s = ct, TAe s — paccTosiHWe [0 uesd. TakuMm o6pasom,

s=ct/2=¢/(2n),s=3 10" m.

786. K HCTOUHHKY NOCTOSTHHOrO TOKAa Napallie/lbHO TNMOJA-
KJIoueHbl KoHaeHcaTop eMKocTblo C = 20 MK u KaTyuika ¢
uHaykTHBHOCTbIO L = 0,02 ['H. [Ipu 3TOM HanpsXeHHe Ha KOH-
nencarope U = 100 B, a cuna Toka B katyuwke /; = 2 A. 3atem
HUCTOYHHK OTKJIoualoT. Kakol 3apsn 6yaeT Ha KOHJAeHcaTope
B MOMEHT, KOT/Jla CHJIa TOKa B KaTywKe /9 = 1 A? [lotepsimu
SHEPrHH Ha HarpeBaHHe npeHebpeyb.

PeweHnue CornacHo 3aKOHY COXpaHEHHS 3HEpruH,
CYMMa 3HepruH 3apsXKeHHOT0 KOHJEeHCaTopa W 3Hepruu mar-
HHTHOTO II0JISl TOKA OCTAeTCs MOCTOSIHHOM:

Wl +WM1 = WQ +WM2,
rae W, Wy — HauanbHas M KOHe4yHasi 3HepPrHs KOHAEHCaTo-
pa; Wy u W9 — HauanbHas ¥ KOHeuHasi 3HePrisi MarHUTHO-

ro mnoJsi ToKa. Belpa3WB 3HauyeHHS 3THX 3HEPrHH, NOJYUUM
ypaBHeHHe

2 2 2C 2’
rae g — uckoMbiit 3apan. Otciona

g=yc(cut +L(12 - 13)), g=2107 Ku.

cuz LI? 2 L2
I 4 1_q+ 2

787. KoneGaTesnbHbId KOHTYp, COCTOSIILHH M3 KaTyUIKH
HHAYKTHBHOCTH H BO3[YyUIHOTO KOHAEHCAaTOpa, HAaCTPOEH Ha
aauHy BosHbl A; = 300 m. [Ipu 3ToM paccrosiHHe MeXxnay
MJIaCTHHAMH KoHfleHcaTopa d) = 4,8 mM. KakuM 10/KHO GbITh
3TO PAaCCTOsHHE, YTOOBI KOHTYD Obl HACTPOEH Ha IJIHHY BOJI-
HBL A9 = 240 m?

Pewenue J[1Ha BoJHb B MepBoM ciydae A = ¢Ty,
BO BTOPOM A9 = cT9, rge ¢ — CKOpOCTb 3/eKTPOMAarHHTHbLIX
BoJH B Bakyyme: ¢ = 3 - 108 m/¢; T}, Ty — nepuonsi KoneGa-
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HHU KoHTypa. Beipasus nmepuonnl no ¢opmyse TomcoHa, Gy-

aeM UMeTh:
}\.1 = QEC\/LC N }\.2 = 2T[C1/LC2,

rae L — HHAYKTHBHOCTb KaTywKH; C;, Cy — eMKOCTH KOHAEH-
catopa. Tak kak C; = £¢S/dj, Cy =€gS/dy, TO

A =2mc Lﬁ, Ao =2mc ’Lﬁ.
4 d

Pasne/nB MOUJEHHO MepBOe PaBEHCTBO HAa BTOPOE, MOJY-
4uM A; /A9 = {dy /d; , oTKyna '
dy = dy(A/A9)?, dy =75 mm.

788. MmertoTest 18a KonebaTebHBIX KOHTYpa C OAMHAKOBBI-
MH KaTylUlKaMH W KOHAeHcaTopaMH. B kaTylKy OfHOro H3
KOHTYPOB BCTaBHJIH KeJIE3HbI CepAeUHHK, YBEJHUHBILHH ee
HHAYKTHBHOCTb B n = 4 pasa. HaliTh oTHOLIeHHe pe30HaHC-
HbIX YaCTOT KOHTYPOB M HMX 3IHEPTHH, eCJH MaKCHUMaJjbHble
3apsifibl Ha KOHAEHCATOPaX OfHHAKOBbI.

PeweHue IlycTb L — HHAYKTHBHOCTb KaTyWIKH 6e3
cepeyHHKa. Toraa HHAYKTUBHOCTb KaTYIIKH C CEPAEYHHKOM
L2 = ﬂ.Ll.

Pe3oHaHCHble JJIMHBI BOJH KOHTYPOB (CM. peleHue npembl-
Aylied 3a1a4m):

A = 2mc[LC, Ay = 2mcy[nL,C,

Tle ¢ — CKOPOCTb 3J€KTPOMAarHHTHbIX BOJH B BaKyyMme: ¢ =
=3 -108 M/c; C — eMKOCTb KOHJIeHCATopa, OAHHAKOBas B
060uX KOHTYpax. PasfenuB nouseHHO mepBoe paBeHCTBO Ha

BTOpoOE€, NOJYUHM
}\.l/}\.Q =\ﬂ/ﬂ. (1)

Ec/m V) M Vo — pe3oHaHCHbie 4acTOTH, TO A = ¢/ v, hg = ¢/ V.
[TonctaBuB 3TH 3Hauyenus B BuipaxeHue (1), noayuum:

Yo _ /L Yo _ 1

Vi n ’ 1 2
789. 3apsixeHHbI! KoHAeHcaTop eMKocThio C = 0,2 Mx®d
NOJAKJIOUHIHN K KATYLIKe HHAYKTHBHOCThIO L = 8 MI'H. Uepes
KaKoe BpeMs OT MOMEHTA MOAKJ/IOUEHHS SHEeprus 3JeKTpHye-

CKOTO I10/1T KOHJeHCATOpa CTAHEeT PaBHON 3HEPTHH MarHHUTHO-
O 10J5 KaTYLIKH?
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Pewenne CreueHHem BpeMeHH ¢ 3apai KOHAEHCATO-
pa H3MeHseTCs MO 3aKOHY

q = qm COS WL,

rae 4, — aMIUIATygHO€ 3Ha4eHHEe 3apaaa, W — UHKAH4YeCKas
4acToTa.
3Heprmx 3JIEKTPOCTATHYECKOro I10J11 KOHAEHCATOpAa

2 2
WS =9 _ gﬂcos2

o = o . (1)

DHeprust MarHHTHOIO NOJS KaTYLUKH
W, =L1%/2,

rae [/ — cuna Toka. Crya TOKa paBHa POM3BOAHOM 3apsja Mo
BpeMeHH:
1 =q =-q,0sinnt.
CanenoBaTesbHO,

W, = gq,%,w2 sin? ot (2)

Uepes Bpems {| 0T MoMeHTa noaxmoyenns 6yaer Wy =W, .
Ha ocHoBaHHM 3Toro paseHcTBa M BhpaxeHHH (1) ¥ (2) no-
JYYHM

T 0o0c? of = L 22 o2 sin
2¢ °8 ot = 5 qm®" sin ot
OTKyAa
2
t .
% = Lo? sin? of.

[ToacTaBHB B 3TO ypaBHeHMe 3HayeHHe o? =1/(LC), noay-
YHM

cos? o = si_n2 wt.
Orciona HaxoauM tgwy =1. CnemoBaTtespHo, 0t = n/4, a

TaK KaK ® = = % OTKyZa

1 1
—_ —_— 1
e’ "’ e

tl =n—4@, t=3'10_5 C.
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3apgaum AnA cCaMOCTOATENbHOrro peLleHns

790. Karywka usaykruBHocthio L = 3 - 1075 I'n npucoe-
AMHEeHa K NVIOCKOMY KOHAEHCATOPY, IJ10MWaAb KaXXA0H [J1aCTH-
Hbl KoToporo S = 100 cM2. PaccTosiHHe Mexay MJacTHHaMH
konneHcatopa 4 = 0,1 Mm. Uemy paBHa AH3/eKTpHUECKas
NPOHHLAEMOCTb CpPe/ibl, 3aMOJHSIOWEH TPOCTPAHCTBO MEXAY
NJIACTHHAMH KOHJEHCaTopa, eC/H KOHTYp pPe30HHpYyeT Ha BOJI-
Hy AMHHOH A = 750 M? CKOpOCTb 3JIEKTPOMArHUTHbLIX BOJH B
Bakyyme ¢ = 3 - 108 m/c.

791. OnpenenuTs QJIHHY BOJIHBI, Ha KOTOPYI0 HAacTpoeH
TNPHEMHHK, eCJIH ero NpHeMHbIH KOHTYp o6JsafaeT HHAYKTHB-
Hoctbio L = 0,003 T'u u emkocteio C = 10 Mxd. CkopocTs
5JIeKTPOMAarHUTHBIX BOJH B BakyyMe ¢ = 3 - 108 m/c. ,

792. KoHTyp paguonpHeMHHKa HacTpPOeH Ha YacTOTy
v =9 MI'u. Kak Hy>XHO H3MeHHTb 3J€KTPOEMKOCTb lepeMeH-
HOTO KOHJEHCaTopa 3TOro KOHTYpa, 4ToObl IPHEeMHHK Obl Ha-
CTpoeH Ha AJAHHY BoaHel A = 50 M? CKOpOCTb 3JeKTpoMar-
HUTHBIX BOJIH B Bakyyme ¢ = 3 - 108 m/c.

793. Ilocne 3apsakH KOHAEHCATOpa OT HUCTOYHHKA NOCTO-
SIHHOTO HanpsKeHUs K04 K nmepeksnoyaroT Ha KaTylKy HH-
nyktusHocTbio L) (puc. 249).
B KOHTYpe BO3HHKAIOT rapMOHH-
yeckHe KosleGaHHsl ¢ aMILIHTY-
3 IO¥ CHJIBI TOKA /1. ONbIT NOBTO-

T 97 pSIOT 1O MpexKHeH CXeMe, 3aMe-

HHUB KaTYIIKY Ha APYTYIO, HHAYK-

THBHOCTbIO Lo = 2. Haiit am-

TUITYAY CHJIbE TOKA /)0 1151 BTO-
poro cJyyasi.

794. KonebaTesbHbl KOHTYP COCTOHT M3 KaTyLUKH MHOYK-
tHBHOCThIO L = 0,2 Mk['H ¥ mepeMeHHOro KOHAEHCATopa, eM-
KOCTb KOTOPOTO MOXeT H3MeHsiTbest oT Cy = 50 nd no Cy =
= 450 n®. Kako# a¥ana3oH 4acToT W AJKH BOJH MOXHO OXBa-
THTb HAaCTPOHKOH 3TOro KOHTypa? CKOpOCTb 3JIeKTPOMAarHHT-
HBIX BOJIH B Bakyyme ¢ = 3 - 108 m/c.

795. KonebaTe/bHbIH KOHTYD CONEPXKHT KATYLIKYy H KOH-
neHcatop. Bo ckosbKo pas yBeqMYHTCS NepHoa COGCTBEHHBIX
KosleOaHHH B KOHTYpe, eCJIH HapaseNbHO KOHAEeHCATOpY MoJ-
KJIIOYHTH ellle TPH TaKHX XKe KOHAeHcaTopa?

796. B xone6atesbHOM KOHTYpe ¢ eMKOCTbiO C H HHAYKTHB-
HOCTbI0 L coBepluaoTcs cBOGOAHblE He3aTyxawluue Kojeba-

K

P uc. 249
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HHs. F3BecTHO, 4TO MakcHManbHOe HanpsiXKeHHe Ha KOHJeHca-
Tope paBHO U,,. HallTh MakcHMajibHYIO CHJIy TOKAa B KOHTYpe.

797. KonebarenbHbiH KOHTYD COCTOHT M3 KAaTYLIKH HH-
AykTHBHOCTbIO L = | MI'H ¥ KOHZeHCcaTopa, 06KIaaKH KOTOPO-
ro — [Be KpyrJ/ble NacTHHbI aHaMeTpoM D = 20 cM Kaxaas.
Paccrosnne mexxay niaactuHamu d = | cm. OnpepenuTts ne-
puoa KosebGaHH KOHTYpa, €CIU NPOCTPAHCTBO MEXAY MNJa-
CTHHAMH 3af0JIHEHO MJIEKCHIJIACOM, IU3JIEKTpHUecKas npo-
HHL2eMOCTb KOTOPOro € = 3. DjleKTpHYecKas NOCTOsHHASA
go = 8,85 10712 /m.

798. B xosie6aTenbHOM -KOHTYpe MPOUCXOAAT CBOOOIHbIE
He3aTyxalwliie 3JeKTPOMarHuWTHble KoJeGanus. 3Ras, 4TO
MaKCHMaJIbHbIH 3apsl KOHIeHcaTopa ¢, = 1 - 1076 K1, a mak-
cuManbHas cuaa Toka [, = 10 A, HaHTH, Ha BOJHY KakoH
JJIMHBl HaCTPOeH KOHTYp. CKOPOCTb 3/1eKTPOMAarHUTHBIX BOJIH
c=3-108m/c.

799. Kartywka MHAYKTHBHOCTH MOAKJIIOYeHA K KOHMAeHCa-
TOpy, 3apsn Kotoporo ¢ = 2,5 - 10710 K. B o6pasosantom
KOHTYpe BO3HHKJH CBOOOHbIE 3JIEKTPOMarHUTHbIE KoJ1e6aHHs,
yacToTa KoTopeix Vv = 4 - 107 Tu. Onpenesuts MaKCHMasb-
HYIO CHJy 3JIEKTPHUYECKOTO TOKA, POXOASLIEr0 Yepe3 KaTyui-
Ky. AKTHBHBIM CONPOTHBJIEHHEM KaTYLIKH NpeHebpeyb.

800. 3aBHCHMOCTb CHJIBI TOKA OT BpeMeHH B KoJebaTesb-
HOM KOHType omnHcbiBaercsi ypaBuerueM / = 0,1sin300mt A.
HafTiH MHOYKTHBHOCTb KOHTYpa, €C/M MaKCHMaJjbHasi 3Hep-
TS 3JIEKTPOCTATHYECKOTO 11015 Konaencatopa W, = 0,005 k.

801. K HCTOUHHKY TOKA TI0JKJ/I0YEHA KaTyllKa HHAYKTHB-

HocTeio L = 0,81 ' u pesucrop conpoTtuBnenuem R = 25 Om
(puc. 250). Cpasy nocse pasmbixa- p
HHUA Koya K B pesucTope BbizensieT-
ca TensoBas MouHocTs P = 100 Br. 6_J_
ConporusneHre 06MOTKH KaTyIIKH / R
npeHebpexxuMo mMano. Kakoe KoJu-
4eCTBO TeIJIOTHl BbIAEIUTCS B pe-
3UCTOPE K MOMEHTY HCYe3HOBEHHs
TOKa B LenH? Puec 250

802. KosebGaTesnbHbIH KOHTYP
COCTOMUT M3 KOHJeHcaTopa eMKOCTbio C = 1,2 HD 1 KaTywku
MHAYKTHBHOCTbIO L = 6 MKI'H M aKTHBHBIM CONPOTHBJIEHHEM
R = 0,5 OM. Kakyo MOIHOCTb AO/KEH NOTPEBJATL KOHTYP,
4TOOBI B HeM NOJAE PXKHBATHCh HE3aTyXaol1e rapMOHHYEeCKHe
Kose6aHUA C aMIVIMTYAOH HaNpsKeHUs Ha KOHOEHCATOope
U,=10B?
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803. Pamka ruomaaeio S = | amM? U3 npoBOJOKK COMpO-
tusjeHneM R = 0,45 Om Bpaluaercs ¢ yrJOBOH CKOPOCTBIO
o = 100 paa/c B OAHOPOAHOM MArHUTHOM I10JI€ C HHAYKLUHEH
B = 0,1 Ta..Ocb BpallueHHs!. pAMKH JIEXKHT B €€ MJIOCKOCTH H
nepreHAHKYJsSpHA BEKTOPY MarHMTHOH HHAYKuMH B. Onpefe-
JIUTb KOJMYECTBO TEMJIOTHl (J, KOTOPOE BBIAEJHTCS B PaMKe 3a
N = 1000 o6oporo. CamouHAYyKUHEH NpeHebpeyb.

804. HanpsixeHue 3axurandst HeoHoso# amnsl U, = 80 B,
HanpsbkeHue rawenus U, = 70 B. BonbTMeTp noxasbiBaert,
UTO B CETH MepeMeHHOro Toka Hanpsixxende U = 60 B. Byzer
JIY JIAMIIOYKA TOPETb B 3TOH CeTH?

805. B ceTb nepeMeHHOro TOKa ¢ NeHCTBYIOLIHM 3HAYEHU-
em Hanpsikenus U = 220 B u yactoroit v = 50 I'u nocaeno-
BaTeJbHO BKJOYeHbl peauctop conporuBaeHHeM R = 200 Owm,
KaTyuika HHayKTHBHOoCThio L = 40 MI'H u xoHpeHcatop em-
koctbio C = 80 mk®d. HaliTu HHAYKTHBHOE, EMKOCTHOE H 10JI-
HO€ CONPOTHBJIEHHUS LeNH, a TAKXKe AEHCTBYIOLee H aMIIH-
TYZHOE 3HAUYeHHs CHJIbl TOKA.

806. Pesucrop conporuBieHdeM R = 30 Om BKJ/0OYeH
NOC/Ie0BATENbHO C KOHAEHCATOPOM B CEThb [IepEMEHHOT0 TOKa
¢ AeHCTBYIOIMM 3HaueHHeM HanpsekeHus: U = 220 B u yacro-
ton v = 50 I'u. AMnauTtyna cusel Toka B Uend f, = 2 A.
HafTH emMKoCTh KOHAEHcaTOpa.

807. K HCTOUHHKY NepeMEHHOr0 HaNpsi>KeHHs ¢ JelCTBYIO-
M 3HadendeM U = 100 B u yacroro#t v = 500 'y noax.o-
YeHa LleMNb, COCTOSIIAS H3 M0CJeI0BaTe/bHO BKJIOYEHHBIX pe-
3ucTopa conpotHsieHHeM R = 20 OM, KaTyUIKH, HEAYKTHBHOCTb
kotopoi L = 40 MI'H, 1 KoHzeHcaTopa eMKocTbio C = 12 MKD.
Ha#iTu cuny Toka B LeNH M NOKa3aHHS BOJIbTMETPA Ha Kax-
IOM 3JIeMeHTe LM .

808. KaTyuika HHAYKTHBHOCTH, KOHJEHCATOp H MPOBOJ-
HHK C aKTHBHBIM CONPOTHBJIEHHEM COEJHHEHb! MOCJe0BaTe b
HO. JleficTBymolMe HanpspKeHHss Ha HHUX — COOTBETCTBEHHO
Uy =15B, Us=10B, Up = 12 B. UeMmy paBHO neHCTBYIO-
llee HaNpsDKeHHe Ha BCeM ydacTke?

809. Jlamnouky ans KapMaHHOro

@ < toHaps, pacCUMTAHHYIO HA HaNpshKeHHe
Il Uy =35Bucuny tokal/ =028 A, u
KOH/EHCATOp COENMHHUJH MOCJef0Ba-
TesbHO (pHc. 251) U BKIIOYHAH B ceThb
o o | MepeMeHHOro TOKa ¢ AeHCTBYIOLUNM 3Ha-

- : yenHeM Hanpsbkenus Uy = 220 B u
P uc. 251 yactotoit v = 50 I'u. Kako# momxHa




6bITb EMKOCTb KORAeHcaTopa, YToObl Hakas) J1aMNOYKH Onlj
HOPMAJIbHBIM ?

810. DsexTpuueckas nedb, CONPOTHBJEHHE KOTOPOH
R =20 Owm, nonxnoueHa K ceTH mnepemeBHoro Toka. Ha#tu
KOJIHUECTBO TENJOTH, BbiaessieMoe Ieybio 32 BpeMsi ¢ = 2 y,
ec/IH amMIsiTYAa cHan Toka [, = 10 A

811. B ce7b nepemenHoro Toka c¢ yactotod v = 50 [u
BKJIIOYHJIH 1€KTPOTUIUTKY, a 3aTeM MOCJIeL0BaTebHO C Hel
TIOAKJIOUWIH KaTyUIKy, BCJeACTBHE Yero MOLIHOCTb TJIHTKH
yMeHbIIHaach B n = 3 pasa. Pabouee conpoTHB/IeHHe TIJIHTKH
R, = 60 OM. HaiiTi HHAYKTHBHOCTb KaTyLIKH. AKTHBHOe co-
NPOTHBAEHHE KaTyWKH Ry = 2 OmM.

812. K ssiekTpHuecko#l uenu nojBeleHO NepeMeHHOE Ha-
npsbkenue u = 180 sin w! B. AMnepmeTp, BKJIIOYEHHBIH B 3Ty
uemnb, nokasbiBaeT cHay Toka / = 1,4 A. Onpepnenutb K03¢-
$HLUMEeHT MOLIHOCTH UeNH, eCcJH OHa noTpebssieT MOLIHOCTD
P = 144 Br.

813. [lpu noakiouyeHHH nepBHYHOH OOMOTKHM TpaHchOpMa-
TOpa K HCTOUHHKY NlepeMEHHOr0 CHHYCOHIAJbHOTO Hampsi>KeHHs!
BO BTOPHYHOH 06MoTKe Bo3HHKaeT DJC & = 16 B. Ecan x Tomy
Xe UCTOYHHKY NOAKIIOUYHTb BTOPHYHYIO OOMOTKY, TO B IepBHY-
Ho# Bosnukaer DJIC &= 4 B. Haiitu nanpskeHne HCTOYHHKA.
[Motepu sHepruu B TpaHcgopMaTope He YUHTHIBATD.

814. [lepBnunas 06MOTKa CHJIOBOro TpaHchopMaTopa AJs
Hakasna paanosamnsl UMeeT n| = 2200 BHTKOB H BKJIOYeHa B
ceTb C NEHCTBYIOIUMM 3HaueHHeM Hanpspkenus U;= 220 B.
CKONbKO BHTKOB [I0/KHA HMETb BTOpDHYHasi 06MOTKa, eCJi ee
akTuBHOe conpoTtuBaenue r = 0,50 Om, a HanpsKeHHe HaKa-
aa gamnsl Ug = 3,5 B npu cuae Toka Hakana [ = 1 A?

815. IlepsrHuHas 06MOTKa MOHHKXKamwLero TpaHcdopmaro-
pa ¢ ko3pduuMeHTOM TpaHcopMaurn k£ = 10 BKJIOYEHa B
ceTb ¢ Hanpsixennem U = 220 B. ConpoTHBjiieHHe BTOPHY-
HO# 06MOTkH 7 = 0,5 OM, TOK Bo BTOpHYHOH o6MOoTKe [ = 4 A,
Onpepeantb HanpsixxeHHe Uy Ha 3aXKHMax BTOPHYHOH 0OMOT-
ki [loTepsiMu B nepBuuyHOM 06MOTKe NpeHebpeub.

816. DnexTpo3Heprus nepenaeTcs OT reHepaTopa K norpe-
6uTenlo no nposoaam, ofllee CONPOTHBJEHHE KOTOPBIX
R; =400 Om. KoadnunenT nosesHoro aeHCTBHS JHHHH Ne-
penaun M = 0,95. OnpenenuTb CONPOTHBNEHHE HATPY3KH, €CJIH
BHyTpeHHee conpoTHBjeHHe reHepartopa r = 100 Om.

817. Ilpu nepenaue 31eXTPO3HEPrHH Ha 60JbLIOE PACCTOSA-
HHe HCnoJb3yeTcsl TpaHCHOPMATOP, TIOBbILIAOIMH HaNpsKe-
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Hue no U = 6 - 103 B u Harpy»keHHbli 10 HOMMHA/NbHOM
moiHocTi P = 108 Br. [pu 3TOM pasHoCTh NOKa3aHHi cyeT-
YHKOB 3JIEKTPO3HEPTHH, YCTAHOBJIEHHbIX Ha TpaHcdopmaTop-
HOH NOACTAHUMH H B NPHEMHOM MYHKTE, YBEJHYHBAETCSH €xXe-
cytouto (¢ = 24 y) Ha AW = 216 kBt - 4. Bo ckosbKO pa3
Heo6XOAHMO NOBLICHTbL HaNpsiXKEHHe B JIMHUH, YTOOHI MpH me-
penade notepu sHepruu He mpesbimwand N = 0,1%?



V. ONTUKA

13. 3AKOHbI| OTPAXEHUA U
NPENOMINEHUA CBETA

MeTtoauueckue YKa3aHUA K pelueHUo 3ana4

ITpu peuieHny GONBIIMHCTBA 3a/1a4 IO OTITHKE BaXKHOe 3Ha-
4YeHHe HMeeT NPaBUJbHO CAeNaHHbIH 4epTex.

B 3agayax o npesoMyieHHH CBeTa Ha IJIOCKOH rpaHHle pas-
fena ABYX CpPej IPH IOCTPOEHHH XO[a Jydya HYXHO YUHThI-
BaTb, YTO NPH Iepexoje Jyya K3 ONTHYECKH MeHee IJIOTHOH
CpeAbl B ONTHYECKH GoJlee NJIOTHYIO YroJl NpeJIoMIeH!s] MeHb-
e yrja NajeHHus, a IpH Nepexoae U3 oNnTHYecku OoJsee NJ0T-
HOM Cpelbi B MeHee IJIOTHYIO YToJ IpeoMJeHUs 6obllie yria
nafeHus. Ecau ke Bo BTOpoM cayuyae yroJ nafeHus Gosbile
TNpefleJIbHOTO YIJa, TO JyY HE NepeXOdUT BO BTOPYIO CPeLy —
TIPOMCXOJUT NOJIHOe OTpakeHHe cBeTa. ChesaB yepTeXx, Hazlo
Ha OCHOBaHHWH 33aKOHA IpeJIOMJIEHHsi CBETa COCTAaBHUTh ypaBHe-
HHUS IS Ka)XXAOH TPaHHLbI pasjena cpel W AONOJHHUTENbHbIE
yPaBHEHHS HCXOAS K3 reoMeTpHUECKHX cooOpaxenui. 3aTeM
U3 3TOM CHCTeMbl YPAaBHEHHH ONpefiesIsIioT HCKOMYIO BeJIHUHHY.

OCHOBHbI€ 3aKOHbI U (hopMynbi

3aKkoHnb ompaxenus cgema:

1. IMagaowui 1yd4, OTpaxKeHHbIH JYy4 U NEPNEeHAHKYAAP K rpa-
HHLE pasfena ABYX CDel, NpOBefeHHbIl B TOYKE NajeHHs Jyu4a,
JleXaT B OHOH TJIOCKOCTH.

2. Yroa oTpakeHHs paBeH yray nafeHus.

3aKoHbL npeAOMACHUA cBema.

1. Manatowuit ayy, npesoMJIEHHbIH Jy4 H NeprneHAUKYJIsp K rpa-
HHLe pa3fesa ABYX Cpell, NPOBEJEHHbIH B TOUKe NafeHHs Jyda,
JexaT B OAHOH MJOCKOCTH.

2. OTHoweHHe CHHyCa yr/ia NafieHHsl K CHHYCY yrja npesomJe-
HHA AJ18 NaHHBIX ABYX Cpell eCTb BeJHYHHa MOCTOAHHAsA, Ha3biBae-
Mas OMHOCULMEAbHbIM NOKAZAMeNeM NPEAOMACHUS BTOPOH cpelbl
OTHOCHTEJILHO TepBOil:
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sinQ

= ng|.
sinB 21

ABCOAIOMHBIM NOKAZAMEAEM NDEAOMAELHUA CDeJlbl Ha3biBaeT-
Cfl 1I0Ka3aTesb NPeJIOMJIEHHsS STOH Cpelbl OTHOCHTEJbHO BaKyyMa.
OH nokasblBaeT, BO CKOJIBKO Pa3 CKODOCTb CBeTa B Cpefle MeHblie
CKOPOCTH CBeTa B Bakyyme: n = ¢/u, [ie ¢ — CKOPOCTb CBETa B
BaKyyMe;, U — CKOpOCTb CBeTa B JaHHOH cpefe. OTHOCHTeJ/IbHBIN
TOKa3aTeb MpeJOMIEHHS

_u _C/ﬂl _ g

Ug C/HQ m
rfe U], Up —CKOPOCTH CBeTa B MepBOH H BTOPOH cpenax; ny, ng —
aBCONIOTHbIE [10KA3aTeNH NPEJOMIIEHHS] ITHX CPef.

. Ilpedeavnotii y2oa noaH020 ompaxenus ONpefenseTcs H3 Co-
OTHOUIEHHS

nay

>

sinoag = n9 /ny,

rie rng, ny — aBCoOMIOTHBIE [TOKA3aTeH MpPeJIOMJIEHHA cpell.

Mpumepbl pelweHus 3anay

818. Jlyu cBeTa, oTpaXKeHHbIH! OT IJIOCKOTO 3epKaJja, Nagaet
TIepNeHANKYJ/ISPHO Ha IJIOCKMH 9KpaH, yAajeHHbt Ha [ = 8,0 M
OT 3epkaja. Ha xakoe paccTosiHHe nepeMecTHTCS CBETOBOH
3alYUK Ha IKpaHe, eCJH OBEPHYTb 3epKaJso Ha yroa ¢ = 20°
BOKDYT OCH, JleXallled B IJIOCKOCTH 3epKaJia U MepHeHAHKY-
JSIPHOH IJIOCKOCTH, B KOTOPOH HaXOIsATCA NaJaloUIMH K oTpa-
JKEHHbIH JIy4H? ,

Pewe nwue Ilpn noBopore 3epkana Ha yroa ¢ orpa-
XKEHHBbIH JIyU [10BEPHETCS Ha yroJ 3 (puc. 252). Toraa cBeto-

Puc. 252
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BOH 3aHUMK NepeMecTUTCH Ha paccTosHHe d. M3 npsimoyrons-
Horo tpeyrosbHrka OAB naxoaum d = [tg 3.

Haiinem teneps yron 3. I1pu nosopore 3epkana Ha yron @
NepneHAMKYJSp K 3epKasy, BOCCTaB/JeHHbH B Touke O nage-
HHS Jly4ya, TaKKe [TOBEPHETCS Ha Yyrosl @, MO3TOMY yroJ naje-
HHUA O6ydeT paBeH o + ¢, a YroJ MeXLy NajalolidM K oTpa-
eHHbIM Jydamu paseH 2(o + ¢ ). [1o 0BOpoTa 3epKana yrod
MeX[y NaJalolHM H OTPa>KEHHbIM Jy4aMH Obla1 paBeH 20,

[TockonbKY HanpaBJieHHe MaJaloLlero Jyya ocTaloCch HeH3-
MEHHbIM, TO OTPa)K€HHBIH Jy4 NOBEPHYJICS Ha YroJ

B =2(c+¢@)-20 =2¢.

Taxum obpasom, ¢ = [tg 2¢. [loncTaBuB unc/IOBLIE 3HAYe-
Hus, Haugem d = 6,7 M.

819. CpeToBo# ny4 nagaet nox yriaom o = 30° Ha MAOCKO-
napas/esbHYI0 CTEKJASHHYIO IACTHHKY TosuHol d = 10 cm.
Onpenennuts cMellleHHe Jyda NMJIaCTHHKOM, €CJIM OHa NOTrpyXKe-
Ha: B cepoyrJepos; B Boay. Ilokasaresd npesoM/eHHs cepoyr-
JIepOJla, CTeKJsIa W BOAbl — COOTBETCTBEHHO n; = 1,6, 79 = 1,5 1
ns = 1,3

PemweHue Xoxsyua B IEpBOM MU BTOPOM CJy4asix
N0Ka3aH Ha puc. 253, a, 6. IlokasarTesib IpesIOMJIEHHS CepOyT-
Jeposia GoJblie MOKa3aTessl NpeJOMJIEHHS CTEKJa, a MoKasa-
TeJlb NpPeJOMJIeHHUs] BOAbl MeHbLe [10Ka3aTess MpPeJOMJEeHHS
cTekna. [1o3TOMy B epBOM cJyyae NpeslOMJIeHHBIH J1yY B CTeK-
Jie yHaJseTcst OT NeprneHAUKyJ/apa, BOCCTABIEHHOIO B TOYKE
MajeHus, a BO BTOPOM NpHOMKaeTcst K Hemy. Boiwenuuuii U3

a d

o

n, & n,
g

AN
\

, a,
-
A

P uc. 253
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TJIACTHHKH Jy4 B 000MX cjyyasx OyaeT napajuieseH nagaoo-
LLEMY. -

OmnpenenuM CMelleHHe §| Jyda, KOTaa MJacTHHA [orpyxe-
Ha B cepoyraepon (puc. 253, a). U3 npsiMoyroJsibHbIX Tpe-
yronbuHkoB AOB u COB noay4um

S1 —_d
sin(B; — @)  cosPy

Orcrona
Sl:dsin(Bl—a). (1)
cos B,
i n
[To 3aKOHY NpesOMJeHHs cBeTa —to- = —2  orKy/a
sinB; m
. nysino

sinfy = 2 : (2)

ny
CaenoBaTefbHoO,

cospy = y1-sin? By =L o} —nsin?a. @)

[oactaBus 3Hauenus (2) u (3) B popmyay (1), nocse npe-
06pa3oBaHHi MOJYUHM:

n sin2a

2\/n§ - "12 sin? o

51 =d —sina |, 5; =5,9-107% m,

Jlisi cnyyasi, Koria njacTuHKa [IOrpy»KeHa B BOAY, CMelleHNe
onpeaensieTcs aHajoruuHo. [lostoMy unrartenio pekoMeHayercs
HaNTH CMeLLleHHe CaMOCTOSITENbHO, HCIIOAb3Ys pHc. 253, 6.

820. OnpenenuTb yroJ OTKJIOHEHHS CBETOBOTO Jlyya Tpex-
rPaHHOM NPH3MOH C NPEJIOMJSIOUINM YIJIOM (P, €CJIH yroJ mna-
[eHMsl Jy4a Ha NepefHIOI0 IPaHb paBeH O, a [10Ka3aTeJsH mpe-
JIOMJIEHHs] cpeflbl BHE NPHU3Mbl M MaTepHaJja IIPHU3Mbl PaBHbI
COOTBETCTBEHHO 7| H ng, TIpHYEM ng > nj.

PeueHue. ¥Yros oTkioOHeHHs Jyuya

6=(c—-B)+(B —0ay) (1)

KaK BHeUWHH# yros TpeyrosbHuka ABC (puc. 254). Kpome
toro, LAEB = ZBDK = ¢ Kak yIJbl O B3aHMHO INepreHH-
KyJSIpHBIMH CcTOpOHaMH. Yroa BDK siBnfieTcsi BHEIUIHHM yT-
JoM TpeyroabHHka ABD, nostomy
Q= B + Q. (2)
Ha ocHosanuu Buipaxenuit (1) u (2) nonyuum
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9=(x—(p+[31. (3)

I/ICHOIIb3yH 3aKOH IipeJsioMJie-
HHA CBE€TA, MOXEM 34dIIMCAaThb:

sinow _ M2 siney o

sinf  n sinB;  ny (4)
OTcroaa
. ny sino . ny sino
sinf=———, sinfB; =———~.
) n

Puc. 254

W3 Buipaxenus (2) caenyer,
yto o) = ¢ — B, mostomy

sinf; = Z—?sin(cp—[}) = Z—?(sincpcosB —cos@sinf).

[ToncTtaBrm B 3Ty opmyny 3HaueHHe sin W npousBenem rpe-
06pa3oBaHHA:

nf sin? o
.n2

sin B :Z—T (sing), |1
2

—(cos@)Lsino | =
n

2
= %’:’_(Sm(p)Jl - (Z—‘) sin? o — cosgsina. (5)

2

Yuutsias pasenctsa (3) u (5), monyuaem 3HayeHue yria
OTKJIOHEHHS JIyda TIPU3MOK:

2
8=q0—@+arcsin nﬁ(sin(p)dl—(;l—l) sin o —cos@sina |. (6)
1 2

[Toseano o6paTHTh, BHUMaHHE Ha TO, YTO B Cjy4ae, KOTIa
NpesOMJISIOLHEA yroa ¢ Maa (Npu3mMa TOHKasi) W yros nage-
HHS O MaJl, BbIpaXKeHHe 1JI yrja OTKJIOHeHHS O HMmeeT Gosee
npocTyio ¢popmy. [leficTBHTE/IbHO, B 3TOM CJy4ae, 3aMeHsisl B
dopmysax (4) cuHYCHl YIJIOB X 3Ha4eHMAMH (B pagHaHax),
nosyyaem:

P B, B O

[ToncTasuB 3TH 3HaueHHs B Gopmyay (3) u yuuTbiBas Bbpa-
xeHue (2), uainem

0 =(ny/n —1e.
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Ara dopMyJa ABAAETCS YaCTHBIM caydaem Gopmyasl (6) npu
Manbix @ ¥ o . OHa MOXKeT GbiTb ToJlydyeHa U3 popmyJbl (6),
eCJIH 3aMEHHTb CHHYChI YIJIOB ¢ H O MX 3HauyeHHsMH (B paiua-
Hax) Y npeHe6peyb YJIeHaMH, IPONOPUHOHANBLHBIMU O1° H @,

821. Ha xaxo# rnybuHe pacrnosoxXeH TOYeUHbIH HCTOUYHHMK
cBeTa S B BOJE, €CJH C MOBEPXHOCTH BOAbI JIY4YH BHIXOASIT B
BO3ayX M3 Kpyra amametpom d = 20 m (puc. 255)? Ilokasa-
TeJb npesoMyeHus Boabl n = 1,3.

d |
| i
g Bl - it el . i
N A=
| "N\«
— %5
Puc 255

Peuwenue Bropas cpena (Bosnyx) onTuyeckH MeHee
NJI0THast, yeM nepsast (Bofa), N03TOMY M3 BOABI BEIHAYT TOJb-
KO Te JIyYH CBeTa, Yyros NajieHHsi KOTOPbIX MeHbliie Npeaesb-
HOTO yra1a o . Kak BHIHO M3 pHcyHKa, ray6uHa

h=d/(2tgag). (1)

Jln1si npenesibHOrO Yrila CrpaBevIMBO COOTHOLIEHHE Sin oty =
= ng/ny, rie ny, ng —abcoIOTHbIE NOKA3aTe/H peJoMIeHHS
COOTBETCTBEHHO BOABl H BO3nyXa. Tak Kak n; = n, ny =1, T0
sinag = 1/n. Torna

sina 1

tgao = = .
Jl — sin? (e Vn2- 1

[ToncraBus 310 3HaueHue B Gopmyay (1), nonyyum:

2
hzd—\'ﬂg—l, h=83 M.
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3apaum ANS CaMOCTORTENbLHOro pelleHus

822. JlazepHH# BU3UD NpHMeHsAeTCS ANf 3aaHHA HaNpas-
JeHHH NpH reoje3H4ecKHX pabortax. JanbHocTb HEHCTBHSA
npubopa /; = 2 kM. Ha 3TOoM paccTOSsHHH QHaMeTp CBETOBOTO
nyuka d = 200 mm. OnpenennTb, Ha KAKOM PaCCTOSHHH IHa-
MeTp cBeToBOro myyka do = 10 mM. Ha#ith TenecHuit yroa
3TOTrO MyYKa M MJIOCKHH yroJ MpY BepILHHE B OCEBOM CEYEHHH
KOHyca.

823. Tlnockoe 3epkasio, Haxoxsileecs B leHTpe KPUBH3HH
cepuyeckoro skpaHa pamuyca R = 10 M, Bpamaercs ¢ no-
crosHHOM yactoToit n = 0,5 ¢~1. C kakoit ckopocThio nepeme-
ILaeTCH MO 3KPAHY «3aHUYHK»? '

824. Tlog KakuM yrjoMm K FropH3OHTY
cJlelyeT pacloJIoXHTb [JIOCKOe 3epKallo,
4TOOH OCBETHTb AHO KOJIOANA OTPAXKEHHHI-

MH OT 3epKajia COJIHEYHHMH Jy4aMH, B TO
BpeM# KaK CBeT Mnajiaet nox yriom o = 30°
K ropu3onTy (puc. 256)?

825. Ha nsockoe 3epkajo magaer ot
HCTOYHHKA CBeTa PaCXOAALUHHCS MoK yr-

JoM O my4ok Jjydei. OnpenesnHTb yroa
MeX Ay Jy4yaMH MOCJe HX OTPAXKEHHS OT
3epKaJa.

826. Otpaxaroias NOBEPXHOCTb 3ep- P x c. 256
Kaja COCTaBJIfieT C IIOCKOCTBbIO CTOJIA
yroa o = 135°. [1o HanpaBneHHIO K 3epKaJjly MO CTOJNY KaTHT-
csi mWap co cKopocTbio U = 3 M/ c. B KaKOM HarpaBJieHHH H ¢
KaKOH CKOpPOCTBbIO ABHXKETCSl H306pakeHHe uapa?

827. Yron najenus ny4a cBeTa Ha rpaHHLy ABYX cpen (ripu
nepexoje ero u3 MepBod cpensl Bo BTopyw) o = 60°. A6co-
JIOTHHIA TOKa3aTeJb NPeJIOMJEHHSI BTOPOH cpeiH ng = 2,4.
Hajfitr abconoTHHIH noka3aTesb NMpeOMJIEHHS NEpPBOH cpe-
Obl, €CJH OTPaXK€HHBIK H NpPEJIOMIEHHHNH Jy4H B3aHMHO Nep-
NeHOHKY S PHH.

828. KakoBa TOJIKMHA MJIOCKOMApAJJENbHOR CTEKJISHHOH
IUIaCTHHKH, €CJIH TOYKY, HaHEeCEHHYIO YeDHHJIAMH Ha HIDKHeH
CTOPOHE IIaCTHHKH, HaGJII0AaTeNlb BUOHT HAa PaCCTOSIHHH £ = 5 cM
OT BepxHeH MoBepXHOCTH? Jlyy 3peHHs NepneHAHKYJApPeH
NOBEPXHOCTH NJIaCTHHKH, [loka3aTesb npesoMJIeHHA CTeKJaa
n = 1,6. lng mMannix yryoB tg o = sino = o
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829. B MHKpPOCKOT pe3KO BHUAHA BePXHSIS IpaHb [JIOCKONA-
pajJieJbHOM MNACTHHKK ToawuHoi d = 3,0 cM. YUtob6bl nogy-
YHTb pe3Koe H300parkeHHe HHXKHeH IpaHH, TyO0yC MHKPOCKO-
na onyctuan Ha A = 2,0 cm. OnpeieiMTh NoKasaTespb IPesoM-
JIeHHsl BellleCTBa, U3 KOTOPOTO M3TrOTOBJIEHA IJIACTHHKA.

830. Kaxywasica rnyouHa Bogoema i = 3 M. Kakosa ero
HCTHHHas rny6uHa? [Tokasatess npesomseHus Bomsl n = 4/ 3.

831. [1nacTHHKA COCTOHT M3 HECKOJBLKHX IJIOCKONApaJile/ib-
HBIX CJ10€B pa3/HYHBIX BellecTs. Jlyu cBeTa magaer U3 Bo3ay-
Xa Ha nepBbid CJI0H NMox yriaoM ¢. OnpeneanTsb yrosa npesaom-
JIEHUsl B TIOCJEJIHEM CJIOE, €C/IH MOoKasaTelb NpPesoMJeHHSs
BellleCTBA 3TOTO CJI0Sl paBeH 1.

832. Ha ropr3oHTabHOM [He BojoeMa riay6uHod A = 1,2 M
JEeXHT Miockoe 3epkano. Ha kakom paccTosiHuM 0T MecTa
BXOX/IEHUS Jlydya B BOAY ITOT Jyd CHOBA BbIHAET Ha [0BEpX-
HOCTb BOABI T0CJ€e OTPaXKEHHsS OT 3epKasa? YroJs nageHus
ayuya o = 30°, nokasaTe/b NpesoMJIeHHsI Bogu n = 1,3.

833. Han norpysuBueiics Ha HeGoJbluyio TMyO6HHY NOA-
BOJIHOM JIOAKOM TpoJieTaeT camoJieT Ha BeicoTe A = 3 kM. Ka-
KOH TTOKa)kKeTCsi BEICOTA MOJIeTa caMoJleTa NPH HabJ/II0AeHHH ¢
soaxu? [okasarteap npesomnenus Bomsl n = 4 /3.

834. I1lyyox napasiesnbHbIX Nydell cBeta WHPHHOK b = 20 cm
BLIXOAHT M3 CTEKJSHHOH NJIACTHHKH B BO3AYX 4Yepe3 MJ0CKYIO
rpaHb M1aCTHHKH. Onpene/HTb WHPHHY MyYKa B BO3yXe, eCJIH
yrosl naJeHHs Jyda Ha rpaHHLy cTekao—Bo3ayx o = 30°, a
10Ka3aTesb NpesoMJeHHs cTekaa n = 1,8.

835. Jlyu cBera magaer moa yraoM © Ha MJOCKONapas-
JIeNIbHYI0 CTEKJSIHHYIO MJIACTHHKY TOJWHHOH d. BuluMcauTh
CMelleHHe Jlyda IPH ero MNpPOXOXAEHHH CKBO3b MJACTHHKY.
[Tokaszaresb NpesoOMJEHHS CTEKJa PaBeH 7.

836. Cget, nagamwiunil U3 BO3yXa Ha CTEKJSHHYIO TJI0C-
KonapaJ/lyie/IbHYIO IVIACTHHKY, 0TPaKaeTcst OT MJIACTHHKH N0L
yraom Y = 60° u nmpesomasieTcs B MJIACTHHKE NOA YIJIOM
B = 30°. OnpenenuTs CKOpOCTh CBeTa B MacTHHKe. CKOPOCTh
cBeTa B Bo3nyxe ¢ = 3 - 108 m/c.

837. Ha crone nexurt nuct G6ymard. Jlyu csera, nanaio-
WHH Ha Oymary nog yrsiom o = 45°, o6pasyer Ha Hell CBeTJoe
naTHO. Ha CKoMbKO CMeCTHTCA 3TO NSATHO, ecsd Ha Oymary
MOJIOXKHTh CTEKJIAHHYIO IJIACTHHKY TOMUHHONH d = 2 cm? [lo-
KaszaTeJsb [pesIoMJIEHHs cTekaa n = 1,5.

838. ToueuHbIt HCTOYHHK CBETA PACIOJIOXKEH HA [HE BO-
noema rayounoi A = 0,6 m. B HekoTOpo#t Touke NOBEPXHOCTH
BOJbl BLILUEAWHKH B BO3AYX MPeJIOMJIEHHbIH Jy4 0Ka3aJcs rep-

374



NeHAHKYJISPHbIM J1ydy, OTPaXEHHOMY OT IOBEPXHOCTH BObI
o6paTHO B BOAY. Ha KakoM pacCTOSIHHH OT HCTOYHHMKA Ha JHe
BOJAOEMa JOCTHTHET AHa OTpa)eHHblH ay4? [lokaszaTens npe-
JIOMJIeHHsT BOfBI n = 4 /3.

839. Ha creknsiHHY0 nJ0CKonapallielbHYI0 NJACTHHKY
majaet Jyd cBeTa Mof yrjioM 0. Jlyy 4acTHYHO OTpa)kaeTcs
OT BepxHeHl MOBEPXHOCTH, YACTHYHO MNPOXOAMT BHYTPb IJa-
CTHHKH, CHOBA OTPa)aeTcs OT HHXKHeH NOBePXHOCTH H 3aTeM
BLIXOJMUT Yepe3 BepxHIOK. HalTH yros Beixoa jy4ya U AJHHY
NyTH, NPOHAEHHOrO JIy4OM B MJACTHHKe. TOJILMHA NJIACTHH-
KH d, 1oKasaTesb MpeJsioMJIeHHs CTeKJa 7.

840. OnpenesuTh yroJ OTKJIOHEHHSs Jyya TPeyroJbHOH
MPU3MOH, eCJIM YroJs NaJleHHsl 3TOT0 Jyya Ha NepeHIO rPaHb
MpHU3MBl O = 53°67, a NpeJOMJSIOLIME yros Npu3mMbl ¢ = 60°.
[Tokasartesan npeJioMJIeHHs cpelibl, B KOTOPOH HAXOAUTCS [IPHU3-
Ma, Y BellleCTBa IPU3MBl — COOTBETCTBEHHO 1] = | ¥ ng = 1,6.

841. Jlyy cBeTa magaet Ha rpaHb CTEKJSHHOH TpPeyroJib-
HOH MPH3MBI NepreHIUKYJ/SPHO ee INIOCKOCTH H BBIXOIWT H3
TIPOTHBOIOJIOXXHO! I'PAHH, OTKJOHHBILHKCH OT MepBOHAYaJbHOIO
HanpasJenust Ha yroa o (puc. 257). OnpeneauTs npeoMsio-
LMK YroJ1 NPU3MBl, €C/IM M0Ka3aTedb MpeJOMJIEeHHs CTeKa 1.

842. BuyTpH cTeksa HMeeTCsl BO3AYLUHASl MOJOCTb Tpe-
yrosibHoro cedenust (puc. 258). YroJ npH BeplIHHE TPeyroJb-
Huka @ = 30°. [Tokazarte i mpeJOMJEHHs CTEKJIA U BO3yXa —
CoOTBEeTCTBeHHO 1. = /3, ny, = 1. Ha 60okoByio rpaHb Tpe-
YyroJIbHOM BO3AYIUHOHM NPHU3MBbI TAfA€eT Jy4 CBETA MOJ YIJIOM
o = 30°. OnpenesuTh, MOJ KaKMUM YIJIOM BHIXOIHMT JIyd M3
NPYroi rpaHy MPH3MBL.

i
Y

V4

Y, /a/

V4

P uc. 257 Puec 258
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843. Onna rpaHb TPeyronbHOM MPH3MbI € NPEJIOMJISIOIINM
yriom ¢ = 30° nocepebpena. Jlyd, nanarowmi Ha Apyrylo rpaHb
noA yryioM o = 45°, nocsie npeJOMJIEHHS] © OTpaXKeHHs OT moce-
peGpeHHOM IPaHK BEpHYJICS 110 NpeXXHeMy HarnpasJjenHwo. Uemy
paBeH M0Ka3aTeJib NPeIOMJIeHHsT MaTepHaJla NpU3Mbi?

844. [lonepeyHoe ceyeHHe CTEKJSHHOM MPH3Mbl HMMeeT
¢opMy paBHOCTOpPOHHero TpeyrosibHHKa. Jlyd cBera mapaet
M3 BO3[AyXa Ha OfHY M3 rpaHel NpPH3Mbl T€PrIeHANKYIAPHO eH.
Ha#itu yron mexxny JyuyoM, BbIXOAALIMM H3 IIPH3MbI, H IPO-
LOJKeHHeM Jiyda, Tajawmuero Ha npuamy. [lokasaTesns mnpe-
JIOMJIEHHS cTekaa n = 1,5.

845. Ha xakylo MakcHMalbHY0 IyOHHY MOXHO MOTpY-
3UTb B BOAY TOYEUHBIH UCTOUHHK CBeTa, UTOOBI KBaApaTHBIHA
10T ¢o cTopoHoH a = 4,0 M He nponyckaJs cBeT B IPOCTPaH-
CTBO Hajl TOBEPXHOCThIO BoAbI? [Toka3arenb npesoMieHHs Boabl
n = 1,33, UeHTp N/0Ta HAXOAWTCH Hal MCTOUHHMKOM CBeTa.

846. Ha xaxolt yros OTKJIOHSIeTCS JIy4 OT NepBOHa4a/bHO-
o HalpaBJieHHs, BHIXOAA M3 cTekJa (mokasaTenb mpesomJe-
Husi n = 1,567) B Bo3nyx npu yrae nagenus o = 30°? Moxer
JIK JIy4 He BBIATH M3 CTeKJa B Bo3nyx? EcJi na, To npy Kakom
yCJI0BHH?

847. Yron nagenrs Jyua M3 BO3AyXa Ha CTEKJSHHYIO NJOC-
Korapas/esbHY0 MJaCcTHHKY TOJIUHON d paBeH yrIjy MOJHO-
ro oTpax<€HWs NJif CTeKJa, U3 KOTOpOro H3roToBJjieHa IJac-
THHKA. BeIIUCaUTb CMellerHe Jyya B pe3ysbTaTe NPOXOXKIe-
HHMS ero CKBO3b MJACTHHKY. IloKasaTesb NpesnoOMJIeHHS CTeK-
Jla paBeH 7.

14. COBUPAIOLLIUE U PACCEUBAIOLLUUE
JINH3bI

MeToauueckue YKa3aHuUA K pelueHu1io 3agad

Peulenre 3anay, cBI3aHHbIX ¢ U300paXkeHHeM NpeaMeTa B
JIMH3e, PeKOMEHAYeTCs HayHMHaATb C MOCTPOeHHs H3oGpaxe-
nusa. [lpy 3TOM Ba)KHO YYMTBIBAaTb, KaK Pacrlo/ioXKeH NpeaMeT
OTHOCHTEJIbHO XapaKTePHbIX TOYEK JIMH3bl, TaK KaK OT 3TOro 3a-
BHCHT TI0JI0XKeHHe H306pakeHHs. TIpH nocTpoeHHH H306paxe-
HHs IpeiMeTa Hafo HalTH H3o0parkeHHe HECKOJIbKHX TOUEK 3TO-
ro npeaMeTa, a 3aTeM 10 HUM MOCTPOMTb M300pakeHHe BCero
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npeamera. Hanpumep, a1 noctpoeHus u3o6pakeHus oTpes-
Ka NpPsSIMOK 1OCTaTOYHO CHavasa NnoCTPOHTb H306pa>KkeH e KOH-
LIOB 3TOr0 oTpe3kKa. UTo6bl HalTH U306pa>KeHHe TOUKH, 10CTa-
TOYHO NOCTPOHTb XOA ABYX JlyueH, HCXOASILUMX U3 STOH TOYKH.

[locne noctpoenns n3o6pa)keHHs COCTABJSIOT ypaBHeHHe
Ha oCHOBe ()OPMYJIbl JIMH3H], 3 TAKXKE ApyrHe ypaBHeHHH, cJle-
AYIOLLHE U3 YepTerXKka, 3aTeM PellaioT CUCTeMY OTHOCHTEJNBbHO
HCKOMOH BeJIHYMHHL.

[lpy pewrennu 3anay Ha U306pakeHHe NpeaMeTa B ONTHYe-
CKOM CHCTEMe, COCTOSILIEH M3 HECKOJNbKHX TOHKHX JIHH3, CJIO-
JKeHHBIX BIJIOTHYIO, HY>KHO CHauyajla HaHTH (OKyCHOe pac-
cTosiHHe cucTeMbl. OnTHYeCKas cusla CHCTEMbl paBHa CyMMe
ONTHYECKHX CHJl COCTABJSIOILMX ee JHH3 (MpH CymMMHpoOBa-
HHH ONTHYECKHE CHJbl OTAEJbHbIX JIHH3, CJIOXEeHHbIX BIJIOT-
Hy10, 6epyT CO 3HAKOM «IJIIOC» HJIM «MHHYC» B 3aBHCHMOCTH
OT TOro, COGHpAIOIIME OHHM WJM paccenBawilHe). DOKycHOe
paccTOsiHHe CHCTeMbl — BeJNMUHHA, 0OpaTHasi ee ONTHYECKOH
cuse. Korpa ¢okycHoe paccTosiHHe onpefiesleHo, pacyeThl Be-
ayTcs 1o GopmyJie JIMH3L.

IIpn noctpoeHHH H306pakeHHs B ONTHYECKOH CHCTeMe,
COCTOALIENR H3 HECKOJIbKHX JIMH3, HAXOAALIMXCA APYT OT Apyra
Ha HEKOTODOM pacCTOSIHHH, CHayaja CTpOSiT H3oOpakeHHe,
JaBaeMoe IepBOH JHH30H. IT0 H306parKeHHe pacCMaTpHBaeT-
Cfl KaK NpeiMeT AJIS BTOPOH JIHH3bL U T. A. [lnd pacuyeTta Kax-
JOT0 H306paxKeHHs NMpUMeHsieTcs HopMYyJa JIHH3L.

OCHOBHBbI€ 3aKOHbI U (pOPMYIibI

Dopmyra monkol Aun3bL:

5
[N
] —

rae F — ¢okycHOe paccTosiHHe JIMH3bI; d — pPacCTOsIHHE OT MpeaMe-
Ta [0 JIMH3bL, [ — paccTosiHMe OT JMH3bl 0 H306paxeHHs. [1paBuio
PaCCTaHOBKH 3HAKOB cJjefymoltee; ecjJH (OKyC, npeaMeT HJH H30-
fpaxkeHHe SIBJSIOTCS AEHCTBHTEJbHBIMH, TO Mepei COOTBETCTBYIO-
UWHMH YjleHaMH 3TOH (OpMYJbi CTABHTCS TJIKOC, €CJH MHHMBIMH, —
muHyc. [IpeameT cunTaeTcst MHHUMBIM, €C/IH Ha JIHH3Yy NafaeT CXO-
ASIHHCS NYYOK Jydel. DTO BO3MOXHO B ONTHYECKHX CHCTEMAX,
rfie HMEeIOTCS IBe HJIH HEeCKOJbKO JIHH3.
Onmuueckan cunra AUH3bL

D=1/F,
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rae F — cokycHoe paccrosiHHe. OHa MOXeT ObiTb pacCUHTAHA MO

tdopmyae .

n

D = _1 -1 _1_ + L ,

ng R Ry
Tae ny, ng — aGCOMOTHBIE NOKA3ATe/H NPEJOMISHHS BELIECTBA JHH3bI
H OKpyXxatwule# cpeabl; Ry, Ry — paanycbl KpUBU3HbI IOBEPXHOCTEH
AHH3bl. Paguychl BhINYK/bIX MOBepXHOCTeH OepyTcsi €O 3HAKOM
«IJII0C», BOIHYTBIX — CO 3HAKOM «MHHYC».

Onmu4eckas cuAa cucmembt AuUH3, CJIOXKEHHBIX BIJIOTHYIO,

paBHa anreﬁpaw{ecxoﬁ CYMMe€ ONTHYECKHX CHJl JIMH3, BXOAALIHX B

CHCTEMY:
D= Dl + D2 +...+ Dn.

Juneiinoe ysesuvenue AuH3bL

a1
hod’
rne H, h — nuHelHble pa3Mepbl COOTBETCTBEHHO H306paXKEHHSA H
npeamerta,
Yeearuuenue ayno
I =dy/F,

rae-dg = 25 ¢cM — pacCTOsIHHE HaW/yyllero BUAEHUS MJISi HOpMaJb-
Horo ryasa; F — ¢OKycHoe pacCcTOSIHHE JIyMbl.

Mpumepb! pewenus 3agay

848. Bosaywnas JvH3a, o6pa3oBaHHasi ABYMSI TOHKHMH
CTEKJaMH C pPa3/M4YHbIMH pafHyCaMH KPHBH3HBI, IOMeLUEeHa B
Bony (pHc. 259). HaiiTu ¢oxycHoe paccTosiHMe 3TOH JIHH3MI,
3Hasl, UTO CTeKJsHHas JIMH3a TakoH ke (OopMbl HMeeT B BO3-
nyxe ¢oxycHoe pacctosHHe F; = 40 cM. ABGCOMIOTHbIE NOKa-
3aTeJIH NpeJIOMJIEHHS CTeKJa B BOAB! —
COOTBeTCTBeHHO n; = 1,5 U ng = 1,3.

Pemenwue Ilycte Ry u Ry —
PaaHyCbl KPHBH3HbI CepHUECKHX NO-
BEPXHOCTeH JMH3 (y BO3AYWHOH M
CTEeKJISIHHOH JIHH3 OHH, COIJIacHO ycC-
JOBHIO, ofHHaKoBh), F) u Fy — ¢o-
KyCHble DACCTOSIHHSI COOTBETCTBEHHO
— —— —— ——  CTeKJSHHOH JIMH3bl B BO3AYyXe H BO3-

Py 259 AYLWHOK JHH3b! B Bofe. Toraa, npume-

378



HAi (opMyny A/ pacyeTa (POKYCHOTO pPACCTOSIHWS JIHH3BI,

6yneM HUMeTb:
Lo (o) Ly L
Fx—[ﬂa IIJ(Rl +R2J' (1)

1 na 1 1 :
R L R S U |
Fy ["2 J[Rl sz (2)
rae ny — aGCOJIIOTHBIA TOKAa3aTeslb MPEJOMIEHHs BO3ayXa:
fl3 =1.
Paspenus nounenHo pasencTso (1) nHa (2), nadinem:
n/n, — 1
FQ —_—FIL, FQ = -87 cm.
ﬂs /le -1

Munyc ykasblBaeT Ha TO, YTO JIHH3a pacCeHBaloLIas.

[onydeHHbIH pesyJbTaT [10Ka3blBaeT, YTO ABOSIKOBBINYKJAs
JIMH3a fIBJsSETCH COOMparollel, ecyi abCoJIOTHBIA MOKa3aTellb
NpeJIOMIIEHHUS CPefbl, OKpYXKalolleH JIHH3Y, MeHbllle abCOMI0THO-
ro NnokasaTeJist TpeJIOMJIEHHS BelleCTBa JIHH3bI, HIH pacCenBato-
1eH, ecsin aBCOMOTHBIN NMOKa3aTe b NpesjoMIIeHHsT cpeabl 60Jb-
e abCOJIIOTHOTO TI0Ka3aTe s NPeNIOMJIEHHS BELLECTBA JIHH3bL.

Uurarenio npeptaraercss AaTb 060CHOBAHHbIA OTBET HA BO-
npoc: «Bcerna nH ABOAKOBOTHYTas JIMH3a SIBJASETCS pacceu-
BAIOLLIEH P» '

849. Ilnocku# npeamer AB ycTaHOBJIEH NepneHAUKYJIsp-
HO TJIaBHOH OCHM ONTHYECKOH TOHKOH JMH3bI. [locTpoHTb H30-
OpakeHHe 3TOFO MpejaMeTa B JIMH3E NPH pPa3jIMYHbIX paccTos-
HHUAX d OT npeamMeTa 10 JHH3bL. [TosoxeHHs QOKycoB JMHH3bI
H ee IJ1aBHOH ONTHYECKOH OCH 3aAaHbl. PaccmoTpeTh ABa cay-
yasi: | — qun3a cobuparpowas, Il — auH3a paccerBarowas.

Pewenue I Jna nocTpoeHns usobpaxeHHs npeaMera
HeOOXO0AMMO HaNTH H300pakeHHe psifla TOUEK STOro NpeaMeTa, a
3aTeM Mo HUM NOCTPOHTh H3o6pakeHue. [lis nocTpoeHHs H3o6pa-
’KEHHSl TOUKH MOXXHO MCIOJb30BaThb JI00ble [BA U3 CJEAYIOLIHX
Tpex Jydeil: 1) Jyd, NanaowM1i Ha JHMH3Y NapajjesbHO [Jas-
HOHM ONTHYECKOH OCH; 2) Jiyd, NPOXOASLIMH YePe3 ONTHYECKHH
LEHTD JIHH3bI; 3) Jlyd, NPOXOASLIKME Yepe3 rV1aBHbli (okyc. Xon
3THX JIydeH TOCJe IMPOXOXKIAEeHHs 4epe3 COOHPAIOLLYIO JIMH3Y
M3BECTEH: MEePBbIH J1yd POXOAHUT Yepes IVIaBHbIH (DOKYC JHH3bI,
BTOPOH He M3MEHsSieT CBOEro epBOHAYANbHOIO HalpaBJEeHHS,
a TPeTHH WIET napaJlyie/bHO [VIaBHOM ONTHYECKOH OCH.

Ha puc. 260—-264 noctpoeHo nzo6paxernue A8 npenme-
Ta AB B cobupaiolelt JHH3e s NSITH Pa3/JU4HbIX Cly4aeB.
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1. Ecin d < F, T. e. IpeaMeT HAaXOAUTCS MeXAy HOoKycoMm
W NHH30H, TO H306pa)KkeHHe MHHMO€E, YBEeJHYEHHOe U NpsMOe
(puc. 260). .

2. Eciu d = F, T. e. IpeIMeT HAaXOAHTCH HAa PAaCCTOSHUH,
pPaBHOM (DOKYCHOMY PacCTOSIHHIO, TO M300paXKeHHe HAXOOMT-
ca Ha 6eckoneuHocTH (puc. 261).

3. Ecniu F < d < 2F, 7. e. npeaMeT HaXOOUTCH MEXIY
($hOKyCcOM H TOYKOH, OTCTOfilLleH OT JIMH3bl Ha pacCTOSIHHH,
PaBHOM [BOHHOMY (HOKYCHOMY PacCTOSIHHIO, TO H300pakeHue
LeHACTBUTENbHOE, yBeNUYeHHOe H nepesepHyToe (puc. 262).

4. Ecnin d = 2F, T. e. npeaMeT HaXoAMTCH HAa PACCTOSHHH,
PaBHOM ABOHHOMY (HOKYCHOMY PacCTOSIHHIO, TO H300paXKeHHe
NEUCTBUTENLHOE, TAKOE XK€ N0 pa3Mepy, KaK W caM MpeaMerT,
W nepesepHyToe (pHc. 263).
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5. Ecmm d > 2F, T. e. npeaAMeT HaXOZHTCH OT JIHH3BL Hé
paccTOSHUH, NpeBbLILIAOLIEM IBOHHOE (DOKYCHOE PacCTOsIHUE,
TO H300parkeHHe OeHCTBUTENbHOE, YMeHbIIEHHOE U NepeBep-
HyTtoe (puc. 264).

[lonesHo o6paTuTs BHUMaHHE Ha TO, YTO 1-H ciyuad coot-
BETCTBYET NOCTPOEHHIO H300paXKeHUs B /yne, 3-U — B MpOeK-
uMoHHOM annapaTe (kHHoTpoekTope), 5-i — B oToannapare.

II. Ecan nun3a paccenBawomas, T0O HE3aBHCHMO OT pac-
CTOsiHMSA OT npeaMeTta AB 10 nHH3bI H300paxkenne A|B| Bce-
r[a noJy4aeTcsi MHUMOE, yMeHblieHHoe U npsiMoe (puc. 265).
Ilpu nocTpoenun u3obpaxeHHs B pacCEHBAIOIIEH JIHH3e HC-
NOJIb30BAJIMCh [Ba Jiyya: Jy4, HAYLIHHA NapajesbHO r1aBHOH
ONTHYECKOH OCH, H Jy4, NPOXOAALLHH yepe3 ONTHUECKHH LEeHTP.
IlepBoift y4 mocse NpesioMJIEeHHS JIMH30H HAET TaK, YTO ero
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TIPOJIOJXKEHHE NIPOXOJUT Uepe3 IJIaBHbIH oKy, a BTOPOH Ny,
KaK M B cJydae cobHpalolieH JHH3bl, He M3MEHSieT CBOEro
MepBOHAYAJIbHOTO HANpaBJeHHs.

850. Ha puc. 266 noxasansl noJoxeHus npeamera AB.
[TocTpoHTh M306paXkeHHs NpeaMeTa.
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Peuwenue ITlocTpoenne H3o6paxKeHUH 0Ka3aHO Ha
puc. 267. INosicHum noctpoenre. YTobul NOCTPOHUTbL H306Da-
XKeHHe npeameta AB, exaiuero Ha rjlaBHOM ONTHYECKOH OCH
(puc. 266, a), HyxHO HaiiTv H306paxenus A, u B| Touek A 1 B.
Bo3bmem Hcxonsiume U3 Toukd A ABa Jyya: OAMH — HAYUMH
BZIOJIb [JIABHOH ONTHYECKOH OCH, APYro# — NaJaiouii Ha JHUH3Y
TOA TPOM3BO/bHBIM yryioMm (puc. 267, a). Hanpasnenue nep-
BOTO Jy4a NocJ/e NPOXOXKAEHHA Yepe3 JIMH3Y He H3MeHSeTCH.
Jst onpenenenns xoma BTOpOro Jyya nposeieM NOOOUHYIO
OTNITHYECKYIO OCb, MapaJslIe/IbHYI0 3TOMY Jy4y, H (POKaJbHYIO
TJIOCKOCTb, NPOXOASAILYIO Yepe3 3afHHH (oKyc JHH3bL. Touka
nepeceyeHHs: MOGOYHOHN ONTHYECKOH OCH ¢ (POKaJBHOH IJIOC-
KOCTbIO IBJIAETCS 060YHBLIM (pokycom Fy. Uepes Hero u mou-
)KeH MPOHATH BTOPOH JIyd4 IoCJ/e NpeJIOMJIeHHS B JUH3e. Touka
A| nepeceyeHHUsl MepBOro U BTOPOrO JyuyeH, NMpOLIENUIHX Ye-
pes JHH3y, siBaseTcs H3obpaxeHneM Touku A. Takum xe cro-
co6oM cTpouTcsl n3o6paxenue B Touku B.

5,

A 7
A’
1/1’
Foxh F
8 \\
P uc. 267
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B cayuae pacceusaioieil anH3bl (prc. 266, 6) nocTpoesHe
BBINOMHSIETCs: aHanoruuto (puc. 267, 6). OTaudMe COCTOUT B
TOM, YTO NYyY, HAYWIKH NapanieNbHO NOGOYHOH ONTHYECKOH
OCH, 1ocJie NpeOMJIeHHs] B IHH3e HIEeT TaK, 4TO ero NpoaoJ-
YeHHe NPOXOAHUT yepe3 NnoGouHbIH QOKyC, ABIAOIMHCA TOU-
KOH TnepeceyeHHs 3TOH NOOOYHOH OCH ¢ (OKANbHOH IJIOCKO-
CTbi0, NIPOBEJEHHON Yepe3 nepeiHHH GOKyC.

Ilns nocTpoenus H3oGpaxenust npeamera AB, pacnoJo-
YKEHHOTO TOJ HEKOTOPLIM YIJIOM K TIJIaBHOH ONTHYECKOH OCH
(puc. 266, 8, ), cTpoum uzoGpaxenus Ay u By touek A u B.
Ju1st 3Toro GepeM no ABa Ny4ya, HCXOASLIMX H3 KAX/AOH TOUYKH:
Jyd, HAYIIHE NapanesbHO IJIaBHOH ONTHYECKOH OCH, H JYY,
HAYIIME 4Yepe3 ONTHYecKH# UeHTp JMH3b (puc. 267, 8, 2).
[TepBHif 1y4, NpesoMJssICh B cOOHpaIOLIeH JIHH3e, NPOXOIHT
yepe3 ee POKYC; ec/H Ke JIHH3a pacceHBamoLlas, TO Jyd MO-
CJle TIpeNOMJIeHHs B JIHH3e HJeT Tak, YTO ero npoioJKeHHe
NPOXOAUT yepe3 nepeaHWH ¢okyc JuH3bl. [anbHelmde mno-
CTPOEHHS SICHBI U3 PHCYHKOB.

851. Haiiti nocTpoenrem noJiokeHHe CBEeTSALIEHCS TOUKH,
eCJIH M3BECTeH XOf Jiy4yel NocJje HX NpeJOMJEHHs B JIHH3E.
OnuH M3 3TUX JIyueH NlepeceKaeTcst ¢ IVIABHOK ONTHYECKOH OChbIO
cobuparollei JuH3b B ee dokyce (puc. 268, a). B cayuae ¢
pacceuBaolleil JuH30M (pHc. 268, 6) omHH U3 Jyyeil mocJe
TNpeJIOMJIEHHS B JIMH3e MAeT TakK, YTO ero NpoAoKeH e nepe-
ceKaeTcsl C IVIaBHOH ONTHUYECKOH OCbIO JIMH3K! B ee (hoKyce.

P e enue Paccmorpum cHavyana ciayvan ¢ cobuparoiei
JuH30H. [1pogo/mxKB 3anaHHble JIYUH O UX NepecedeHHs, N0-
ayuum H3o6paxkeHHe S’ ceTsiiedcs Todku (puc. 269, a). Co-
eHHHM TOYKYy S’ ¢ onTHYecKHM leHTpoM JHH3bl O. Jlyu AF
rnocJjie NpeJIoMJIeHHs B JINH3e NPOXOAHUT Yepe3 HOKYC, 3HAUHT,
JIO0 MpesIOMJIEHHSI OH LlIeJ NapaJsuleJibHO TJIABHOM ONTHYECKOH

B A

P uc. 268
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ocu. [Tposenem AS|| FO. Ha nepeceuenuu AS u OS’ nexur
HCKOMasi CBeTSLAsica TO4YKa S.

B cayuae paccenBawoiueil anuzel (puc. 269, 6) usobpaxe-
HHe S’ cBeTslleHCs TOYKH NOJYYHUM TaK Xe, NPOJOKHB 3a-
JaHHble NY4H 10 HX nepeceyenus. CoeqMHHM TOuKy S’ ¢ ueH-
tpoM sHH3bl O. Jlyd BC nociie npesoM/ieHHs HAET Tak, YTO
€ro NpoAOJ/KeHHe MPOXOAHT uepe3 ¢okyc quH3b. Caenoa-
TEJIbHO, 0 NpeJIOMJEHHS OH We/ NapajjesNbHO TJIaBHOM OIl-
THYeCKOH ocH JHH3bl. [IpoBenem BSﬁ)FO. Hckomas Touka S
JeXXUT Ha nepecedeHun OS’ u BS.

852. Cobuparowmas nHH3a AaeT H306paxKeHHe HEKOTOPOTO
npeaMeTta Ha skpaHe. BeicoTa usobpaxenus pasHa H;. Oc-
TaBJIsISt HEMOABHXXHBIMH KPaH H NpejaMeT, HAYHHAIOT ABHIATh
JIMH3Y K 3KPaHy M HaXOAsT, YTO NPH BTOPOM YETKOM H306pa-
YKeHHH NIpeiMeTa BbicoTa H306paXkeHus pasHa Hy. Haittu nest-
CTBUTEJLHYIO BBICOTY NpeamMeTa. :

PeweHue OO603HaYMM paccTOsIHHE MEXAY IIPEAMETOM
¥ 3kpaHoM yepe3 [. Torna npy nepBoM NOJIOXKEHHH JIHH3I

HJIH
fldl =Fl, fl +d1 =l, (l)

rae [, d| — pacCTOSIHHsS OT JIHH3bl COOTBETCTBEHHO [0 3KpaHa
U 10 npeaMeta; £ — QOKyCHOe pPacCTOSIHUE JIHH3BL.
[1pu BTOPOM NOJIOXKEHHH JIMH3BI AHAJOTHYHO IONYYHM:

fodo =Fl, fo +dy =1. (2)

Ha octoBauuu Boipaxenui (1) u (2) MoxHO cnenaThb Bbi-
BOJ, 4TO d| U f|, TaK Xe Kak do U fo, ABNAIOTCSH KOPHAMH
KBaJIpaTHOTO ypaBHeHUS BHAA x?2 —Ix+Fl=0,1 e

13 3ak. 2680 385



2 [Q
dy = x; :éﬂ/%—ﬂ, h = %9 =é— - - FL

a TaKXe

’ ) 2 2
dy = xp :é—,/%—m, h=x =§+1/’7—F1-

Takum o6paszom, nosydaem: .
d =fo, fj =ds. (3)

DTOT pe3ysbTaT ABJIAETCA CJeACTBHEM OOpaTHMOCTH CBETO-
BBIX JIY4eH.

[TycTh h — melcTBMTesIbHAS BbICOTA NpeaMeTa. Toraa yse-
JMUYeHHe B N1€PBOM CJydae ‘

H /h=1}/d, (4)
a BO BTOPOM

Ho/h=1fy/dy. (5)

[TepemHoXxuB mouseHHo paBedcTBa (4) u (5), ¢ yduerom

Buipakenns (3) nonyunm H{Hy/h% = 1, otkyna h = JH,Hy .
853. CrepxeHb pacno/ioKeH BAOJb [VIABHOH ONTHYECKOH
OCH TOHKOH COGHPAIOLLEH JHH3bI TaK, YTO €r0 KOHLb! YAaJeHbl

OT JIMH3BI HA paccTosiHuA d) = S F u doy = éF, rae F — Heus-
p 175 275

BeCTHOe (hOKyCHOE paccTOsiHHe JMH3bL. Bo cKkosbKO pas anuHa
n306paxkeHus 6oJiblue NJHHBI CAMOro NpeaMerar’
Pewenune. Hapuc. 270 noctpoeno nzobpaxkerue A B
npeameta AB (NOSCHEHHUs K MOCTPOEHHIO CMOTPHUTE B pelue-
Huu 3agaun 850). M3 pucyHka BHAHO, UTO ANHMHA TpeaMeTa
l=d| — dg, a pnHa nusobpaxenus L = fo — fy, rme [, fo —
pacCTOSIHUA OT JIMH3bl 10 Todek B; M A| COOTBETCTBEHHO,

N

Puc 270
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ABJAIOIMXCS H306paxkeHHsaMK Touek B u A (KOHLOB cTepx-
ua). OTHOLWEHHE STHX LJIMH, T. €. JHHEHHOE yBeJHYEeHHE,
h —h

=L_~L~h
F_z d, —dy’ v(l)

Tak xak u3zo6pakeHHe NEHUCTBHTENbHOE, HOPMYJY JIMH3bI

: ) 1 1
sanuuwenm B Bule 7 = g T 7, oTkyna f = Fd/(d = F).

Ha ocnoBanuu nocsnenseil ¢opmMyJibl BBIPa3HM PACCTOSTHUS
frufy
v f1=Fd1/(d1—F), f2=Fd2/(d2—F).

[ToncTtasus 3TH 3Hayenus B Boipaxkenue (1), mocse npeoGpa-
30BaHUS MOJYUHM:

_ F? _
r= (dy — F)(d, - F)’ r=8

854. C noMouiblo TOEKOH JIMH3LI TOJYYaIOT yBeJHYeHHOe
B I’ = 2 pasa mefictBUTe bHOE H300paXkeHHe MpeaMeTa. 3aTeM
JIMH3Y nepelBUraloT Ha [ = 8 ¢M W NoJy4yaloT MHUMOe H3o6pa-
JKeHHe Takoro e pasmepa. OnpenenuTb POKycHOe paccTosi-
HHe JIMH3bI.

Pewenwue. EciauBnepsoM ciayyae npeaMeT HAXOAHTCS
Ha pacCTOSHHH d OT JIWH3bl, 2 H300paXKeHHe — HA PACCTOSHUH
f1 ot Hee, To yBenunuenne I = f|/d, cinenoBaTenbHo,

Hh=Td (1)

Bo BTOpOoM ciyuae paccTOSHHeE OT NpeaMeTa JIO JTHH3bl paBHO
d — I, a oT u3o6paxkeHUs 10 JHH3bI

fo=T(d-1). (2)

[IprMeHUB HOpPMysy TOHKOH JIMH3bI B MEpPBOM H BTOPOM
cayuasix, 6yneM UMeTb:

L_1,.1
ARV (3)
F d-1 TW@-0'

387



W3 ypasuenus (3) naitnem d = F(1 +1/T). [loacTasus 310
3HayeHHe B ypaBHeHHe (4), nonyuum
' 1 1-1/T
FOF(L+ /1) -

Pewus 3to0 ypaBHEHHE OTHOCHTEJBLHO F, naugem: F = 1F/2,
F =8cm '

855. Cobuparouias ¥ paccerBaOlIas JKH3bl pacnoJjioxe-
Hbl TaK, YTO HMeloT 0OLLyl0 I/IaBHYIO ONTHYecKylo ocb. Ha
3TOH OCH HaXOAMTCs cBeTsiasics touka S (puc. 271, a). [lo-
CTpPOeHHeM HaHTH H300paKeHHe 3TOH TOUKH.

PeweHue Urobbl HaliTH H30OparkeHHe TOUKM S, pac-
CMOTPHM XOJ MCXOASILLMX H3 Hee ABYX syded: nyya SFo, uny-
ero BJOJb IJ1aBHOM ONTHYECKOH OCH, U MPOU3BOJBHOIO Jy-
ua SA (puc. 271, 6). [lepBblit Aiyy, Mpoxoas 4yepes OMNTHYEC-
KHe LEHTPbl 06eHX JIHH3, He H3MeHsieT CBOero NepBOHaYalb-
HOro HanpasJieHHs. Utobbl HalTH Xoa Ayda SA nocse rnpesom-
JIEHHs1 B cOOMpalollel iHH3e, IPOBEAEM NapassejbHO 3TOMY
JAydy no6ouHyio ontHdeckyio ocb OF| . Touka F}’ nepeceue-
HHSI MOOOYHOM ONTHYECKOH OCH ¢ (hOKaJbHOH MJOCKOCThIO
JHH3bl IBJAAETCH NOOOUHBIM (POKYCOM, uepe3 KOTOPLIH MpoH-
net ayd SA nocse cobupalolled JUH3bL.

Jis naxoxpenus xoma nyda AFy nocne npesomieHHs B
pacceuBallel HH3e HalleM T060uHbIH PoKyc Fy, T. €. TOU-
Ky nepecedyeHHs NOOOUHOH onTHUYeCKOH ocH FgOq , MPOBENEH-
HOM napaJsnenbHo aydy AFy, ¢ $hoKaabHOH MIOCKOCTbIO pac-

a r ’

n

Puc 271
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ceuaoled JHH3bl. [locne NHH3bI nyy MOHAeT Tak, 4TO ero
NPOAOJKEHHE MPOHAET yepes TOUKY fg.

Takum o6pa3om, BbI6paHHblE HAMHK ABA Jyya, NPOHAA ye-
pe3 ofe JMH3bI, pacxoasTcs. [loaTomy usobpaxenne S’ Tou-
KH S MHHMOe M HaxXOQUTCS B TOYKe MepecedeHus jydya SFo u
rnpono/ukeHus ayda S’B.

856. ToueyHbll HCTOYHHUK CBeTa HAXOAUTCS Ha rJIaBHOH OI-
THYECKOH OCH TOHKOH cobupalolliedt JHH3bL. JIMH3Y paspesanu
Ha [IBe MOJIOBHHbI, KOTOpbie
Pa3fBHHYJ/M Ha PACCTOSIHHE
r=2 mm (puc. 272). Haiitu
paccTosiHHE OT TOYeYHOro
HCTOYHHKA CBeTa A0 JIMH-
3bl, €CJIH PACCTOSIHHE MeX-
Ay AeHCTBUTENbHBIMH H30- — .o . . . I
fpaKeHHSIMHM HCTOYHHKA
[ = 6 mm. PokycHoe pac-
cTosiHHe anH3b £ = 40 cm.

PewmeHnue Kaxpas
M3 pasfBHHYTHIX NOJIOBHH
JIMH3bl I€HCTBYET Kak Le- d
Jlas JIKH3a, I71aBHas ONTH-
yeckast 0Cb KOTOPOH Haxo- Puc 272
IUTCS Ha PacCTOSiHUH h =
r/2 ot uctounuka S (puc. 273). [lns HarJsAHOCTH NpeacTa-
BMM, 4YTO MJIOCKHE npeamers SA 1 SB yCTaHOB/EHbI [eprieH-
AMKYJISPHO IV1aBHBIM ONTHYECKUM OCSIM 3THX JIHH3, H MOCTPO-
UM Hx H3o6paxkenus S’A’ u S”’B’. flcko, uTo ToukH S' U S’

=]

d f

Puec 273
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ABAAIOTCS M300paXKeHHAMH HCTO4YHHMKA S. Kak BHAHO H3
puc. 273, Boicota h npeameta SA pasna r/2, a Bbicora H
nsobpaxenus S’A’ pasna ([ — r)/2. CnefosaTenbHO, yBesH-
YyeHHe OJHOH W3 IOJOBHH JHH3bI

r=H_-1=r (1)

Ho, ¢ apyro# cTOpoHbl,

=f/d, (2)

rae f — paccrosiHue oT U306paXkeHHS 10 JIHH3bl; d — paccTosi-
HHe OT NpeaMeTa [0 JHUH3BL :

Uz cdopmyn (1) u (2) cnenyer (I — r)/r = f/d, otkyna
f=d(l = r)/r. lloncTaBuB 3TO 3HaueHHe B GOPMYJY TOH-

. 1_1 + 1 -1, _r
KOW JIMH3bl F = g T F, moayuum 7 = ;+ 7. Orciona
d=Fl/({—-1r),d=0,6wm.

857. Heb6onbliomy MmapuKy, KOTOPbBI HaXOmMTCs Ha I0-
BEPXHOCTH FOPH30HTA/ILHO PACNOJIOXKEHHON TOHKOH cobupato-
UleHd JMH3bl C ONTHYecKoH cujod D = 0,5 auTp, coobuiMIH
BEPTHMKA/IbHYIO HAaYa/bHYl CKOPOCTb Ug = 10 M/ c. CKosbKo
BpeMeHH Oy/JleT CYLeCTBOBAaTh AeHCTBUTENbHOE H306paXKeHHE
IIApHKa B 3TOH JIMH3E?

Pewenue Hzobpaxenue wapuka 6yneT 1eHCTBHTENb-
HbIM TOT[a, KOTAA pacCTOsiHHE OT LiapHKa A0 JIMH3b 00Jblle
(boKycHoOro pacctosiius F 3Toi Juu3bl (cM. pelueHHe 3anaun 849).

BeibepeM cucTeMy koopavHaT Tak, 4Tobbl ock OX 6blia
pacrnosioxeHa B (POKaJbHOHM MJIOCKOCTH JIMH3bI, 4 HAa4alo KO-
opavHat O coBrnajano c ee raasHbM Qokycom (puc. 274).
Bpemst 6y1eM OTCYHTBIBATH C TOTO MOMEHTA, KOTAA WAaPHK ObiJ
B touke O. Torna 3aBHCHMOCTb KOOpPAMHATHI Yy LIAPHKA OT
BPEMEHH ! BBIPA3UTCHA ypaBHe-

y HHUEM

yzvlt—gt2/2, (1)

=<

TAe U| — CKOPOCTb UIApPHKa B
& ¥~ Touke O; g — YyCKOpeHHe CBO-
6OJHOTO NajJeHHs.

w 7 Harnpem Bpems T, 3a koTo-
poe WWApPHK, BhIJIETEB H3 TOUKH
£0 O, BepHeTcsl B Hee o6paTHO. B
i MOMEHT NaJeHHus Ha HOKaIbHYIO
rnockoeTs t = 1T, y = 0. Co-
Pyc 274 riacHo ypasHenuwo (1),
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0=o1- g'cQ/?.
Peluus 3To ypaBHeHHe OTHOCHTEJBHO T, MOJYYHM
1=20,/g. (2)

(BTopo#t Kopeb T = 0 COOTBETCTBYET HayaJbHOMY MOMEHTY
BpeMeHH.) CKOPOCTb U HaileM Ha OCHOBAHHK 3aKOHA COXpa-
HeHHUs 3Hepruu. Dynmem cuMTaTh, 4TO HAa YPOBHE JIMH3bI I10-
TeHUHANbHAsl 3Heprus LlapuKa E = 0. Torza B Touke O
Ep = mgF, rne F — dokycHoe paCCTOﬂHHe JlHH3bI Knnern-

yeckasl SHeprus lapuka B 3Toi Touke Eyj = mu; 2/2 B mo-

MeHT 6pocaHusi KHHeTHueCKas sHeprus £y = mug 2/2.
[To 3aKoHy cOXpaHeHHsI 3HEpruu

-Ek+Ep=Ekl +Epl
HIn

mv2 /2 = mu; 2 /2 + mgF.

Otciona vy = ,/0(2) -2gF.
Tak kak F = 1 /D, 1o v; = ,lv% —2g/D . TlonctaBus 3To

3HaueHue B popmyJy (2), narinem Bpems T, B TeU€HHE KOTO-
poro H3o6pakeHHe 1Iaprka 6yneT AeHCTBUTEJbHBIM:

1=2 (2) 28 - 2 c.
g D’

858. dokycHoe paccrosiHHe 00BEKTHBA NPOEKLUHOHHOTO
anmnapara F = 0,25 M. Kakoe yBesnueHHe 1Hano3WTHBa AaeT
3TOT amnmnapar, ecJIM 3KpaH yzajleH oT oObeKTHBa HA PaccTos-
Hue f = 4 m?

PeweHue J[lnanosuTus nomMemwarT BOIH3K (OKAIBLHOM
NJIOCKOCTH 06BbEeKTHBA Ha PAacCTOSIHHH, OosblueM ero ¢okyc-
HOro paccrosiHus. M3obpaxeHre nosydaercs ReHCTBUTENbHOE,
yBesnueHHoe U obpaTHoe (cM. puc. 262). YBeanuenue

i
F=2=f, (1)

rae f — paccTosiHHe OT 3KpaHa (u306pax<eﬂu;1) 10 0O'bEKTHBA;
d — pacCTOsiHHe OT AMano3UTHBA A0 0OBLEKTHBA.

1 _ 1 1
W3 popmyabl nubssl F = 4 7 HaxomuMm
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3apauu gna CaMOCTOATEeNNbHOIo peleHun

859. IlocTpouts xon ayya AB, najawoiuero nog HEKOTOPLIM
YIVIOM K I/IaBHO# ONITHYECKOM OCH Ha cobupatomyio (puc. 275, a)
u paccenpawouywo (puc 275, 6) aun3bl. [1010XKEHHs [NaBHBIX
ONTHYECKHX OCEH JIMH3 M UX (POKYChI 3aaHbl.

a A J T

F 0 F F 0 F
8 8
v A
A A
Puc 275

860. Ha puc. 276 nokasan xon snyua ABC uepe3 JMH3Y.

[Toctpoutb xon nyua DE nocie NpoX0oXIeHHs ero yepes JHH3Y.

861. 3anan xon nyua BC nocJse npesoMaeHHs ero B CO6H-

patoweit (puc. 277, a) u pacceusawowme# (puc. 277, 6) nun-

3aX, a TaKXe IT0JI0XKEeHHS TJaBHbLIX ONTHYECKHX OCeH H (OKY-

cbl aMH3. Halitu noctpoenueM Xxop Jydya fO JHH3bI B 060MX
: caydasx.

8 862. 3anaHbl rnaBHasi ONTHYe-
cKas ocb JuH3E OO0, cBeTsILAsCS
TouKa S U ee U300pakeHHe B JIHH-

7 3e S’ (puc. 278). Haiitu noctpoe-
HHEM I0JI0XKeHHe (DOKyCa JHH3bL.

£ 863. ITocTpouTb H306parkeHHe

CBETALIEHCS TOUKH, Jiexaulel Ha

Puc 276 TJIABHOH ONTHYECKOH OCH JIHH3b

b
~

o
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Puc. 277

Ha pacCTOSIHHH, MeHbLIeM (o-
KycHoro. [lonoxenue ¢oky-
COB JIMH3b! 3a1aHO. PaceMorT-
pETb [iBa CJ1ydast: ) JIMH32 CO-
6uparolas; 6) TMH3a pacceH-
BalOIASA. Puc. 278

864. [Ipenmer u ero nps-

Moe u306paxKeHHe, Co31aBaeMoOe TOHKOH JIMH30H, pacnoJioxe-
Hbl CHMMETPHYHO OTHOCHTeJbHO (oKyca JHH3b. PaccrosiHue
oT npeaMeta 1o ¢okyca auH3bl [ = 4,0 cm. Hantu dokycHoe
pacCcTOSIHHE JIHH3HI.

865. PoxycHoe paccrosiHue cobuparowent JuH3e! F = 10 ¢,
paccTosiHHe OT NpeaMeTa 10 nepearero ¢okyca [ = 5 ¢M, a
JIMHEeHHBIH pa3Mep npeaMera A = 2 cm. OmnpenenuTs pasmep
u3obpaxkeHus. Ha KakoM pacCTOSIHMM OT JIMH3bl HYXXHO pac-
MOJIOXKHTb NpeAMeT, 4TOObl MONYUUTh H306paxKeHHe C YBeJH-
yenuem I' = 10?

866. Haiitu dokycHoe paccTOsHHe H ONTHYECKYIO CHJY
OBOSIKOBOTHYTOM JIMH3BI, €CJIH PACCTOSIHHE OT JIMH3bI 10 Apen-
meTta d = 36 cM, a g0 u3obpaxenns f = 9,0 cm.

867. Paccrosinde or mpeamera no 3kpaHa L = 105 cm.
ToHkas NHH32, NOMEIUEHHAsh MEXAY HHMH, 1aeT Ha 3KpaHe
yBeJHUeHHOe H300pakeHHe npeaMeTa. Ecay nMH3y nepeMec-
THTb Ha [ = 32 cM, TO Ha 3KpaHe NOJYYHUTCS YMEHbIUIEHHOe
uszobpaxende. HaliTu ¢okycHoe paccTosHHe JIHH3B. .

868. C nomouupio cobupaiolled JHH3b Ha 3KpaHe MoJyye-
HO yMeHblIeHHOe AeHCTBHTENbHOEe H300pa)KeHHe IJIOCKOro
npeaMeTa, pacloOXKEHHOrO NepreHAHKYISIPHO TJIaBHOH OI-
THYeCKOH ocH. Bricota npeaMera 2 = 6 c¢M, BbICOTA H300pa-
xeHus H; = 4 cm. OcraBnssi 3KpaH U NpeAMeT HENMOABHKHbI-
MH, JIMH3Y NepeMeLlaloT B CTOPOHY I1peaMeTa A0 TeX 1op, NOKa
He IoJlydaT BTOpOe pe3koe u3obpakenue npeamera. Onpene-
JIUTb BBICOTY BTOPOTO M300paKeHHS.

S
L ’

S
*
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869. JIuH3a ¢ QoKycHbIM paccTossHHeM F = 3 c¢M co3naer
nepeBepHyTOEe H306paXKeHHe NpeaMeTa. PacCcTOAHHS OT Npea-
MeTa /10 JIMH3bl H OT JIHH3bi 10 H306paXKeHHs Pa3/IH4aOTCS Ha
[ = 8 cM. C KakHM yBeJHYeHHeM H306pakaeTcsi peaMeT?

870. Msobpaxenue npegMera, yaajeHHOro oT cobHparo-
wen JuH3L Ha paccrosiHue d = 0,4 M, 6oJsblie NpeaMeTa B
I' = 5 pa3. HaliTu BO3MOXHble 3HaYEHHS ONTHYECKOH CHJIbI
JIMH3BL.

871. PaccTosiHHe OT OCBeUIEHHOro MpeaMeTa A0 3KpaHa
L =100 cM. JluH3a, nmoMellleHHAst MEXIYy HUMH, [aeT YETKOe
H306paXkeHHe NpeaAMeTa NPH ABYX IOJOXEHHSX, PACCTOSIHHE
mexny KotopuiMH [ = 20 cm. Ha#th ¢okycHoe paccTosiHHe
JIMH3BI.

872. Ha kakoM paccTosiHHM Nepe] pacceHBawUled JUH30H
C ONTHYeCKOM cusol D = —2 [nTp Hago NMOCTaBUTb [peaMer,
4yTOObl €ro MHHMOe H300pa)keHHe MOJNYYHMJIOCh Ha CepeluHe
PacCTOSTHHUS MEXIY JWH30H U ee MHUMBbIM (OKycoM?

873. ToHkas /MH3a co3faeT M300paxkeHHe HeGOJBLIOTO
npefMeTa, HAXOASALErocs B ee POKANbHOMN IJIOCKOCTH H yCTa-
HOBJIEHHOTO NTepIIeHAHKYJIAPHO [VIABHOM ONTHYECKOH OCH JIMH-
3bl. OnpenennTh BBICOTY NpeAMeETa, eC/M BbICOTA H3o6paxe-
aus H = 0,70 cm.

874. Ha xakoM pacCTOSHHH OT PacCeHBAIOLIEH JIHH3B C
ONTHYECKOH cHiIon D = —5 ANTp HaNoO NOMECTHTb MpeaMerT,
4TOOBl €ro MHHMOe M300paXKeHHe IOJIyYHsloch B k£ = 4 pasa
MeHblile CaMOoro npeameTtar

875. B 0ck0JIOK TOHKOCTEHHOH CTEK/ISIHHOH CchepHuecKon
Kosbbl, paguyc KpUBU3HH KoTopot R = 10 cM, Hanuau mpo-
3pauHyl0 XHAKOCTb, C NOMOLIbIO MOJNYyYEHHOH JIHH3b NeHCT-
BHTeJIbHOe H300pakeHHe MpeaMeTa, MOMELleHHOro Haj Hel
Ha pacctosHud d = 1,0 M, moay4uaoch ymeHbuleHHBM B k£ = 5,0
pa3. OnpenesuTb MoKasaTeJb NPeJOMIEHHS XKHIKOCTH.

876. MnuMoe H306paxkeHHe IpeMeTa B pacCeHBaiolleH
JIMH3e HaXONMTCSl OT Hee Ha pPacCTOSIHMM B £ = 3 pa3a MeHb-
wewM, yeM npeamet. Halitu paccrosiHe oT JIMH3bI 10 H306pa-
XEeHHsA, eclIM POKYCHOe pacCTOsiHHe F JIMH3bl U3BECTHO.

877. Cobuparomas JMH3a JaeT AeHCTBUTE/bHOE H300pa-
xenue ¢ yBesmyenueM I' = 2 pasza. Onpenenutsb $okycHoe
paccTosiHHe JIMH3bl, eCJIM PacCTOSIHHE MeXIy JHMH30H U H30-
6paxenueMm f = 0,3 M.

878. Ha xaxo# MakCHMaJIbHbIH YTroJl MOXKET OTKJIOHHUTHCS JIyd
CBETA, MAKAMLIMH Napa/eIbHO [VIABHOH ONTHYECKOH OCH Ha JIHH3Y
¢ oKycHbIM paccTosiHHeM F = 8 ¢M u auaMetpom a = 10 cMm?
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879. Jlunaa naet MHUMOe H300paXKeHHe NpeaMeTa, YBE/H-
yenHoe B [’ = 2,0 pa3sa, ecsqi¥ OH HaxXOQUTCH OT Hee Ha pac-
crosiiud d = 5,0 cm. Kakas 3To quH3a — cobHpaiolas HiM
paccenBalowas? Yemy paBHO ee HOKyCHOe pacCTOsiHHe?

880. Ha kaxkom pacCTOsiHHH OT coO6Hpalollled JHH3bl HANO0
MOMECTHTb NpeAMeT, 4TOObl PacCTOSIHHE MeXAY NpeaMeTOM H
€ro NeHCTBUTEJNbHbIM H300pakeHHeM OblJIO MHHHMAa/bHbIM?
®doKycHOe pacCTOsIHHE JIMH3bl PaBHO F.

881. [IpoBepsisi CBOH OUKH, UEJIOBEK MTOJYUHJ HA TTOJTY KOM-
HaTbl JEHCTBHTEJbHOE H300paKeHHe JaMMbi, BHCSLIEH Ha
BbicOTEe A = 2,5 M, Jep»Ka OYKOBOE CTeKJIO MOA JaMIoH Ha
paccrosinud [ = 1,5 M ot nosna. KakoBa onrtHueckas cusa
OUKOB?

882. CxonslMics nyuox Jy- \
Yel MajaeT Ha pacceuBaOILYIo
nun3sy (puc. 279). B oTcyTcTBHE AN
JIMH3b! JIyYH CXOAHJIHUCH Obl B TOU- N\ 4 8
Ke A, pacnosoxxeHHOH Ha pac-
cTosiHKH [} = 10 cM OT JIHH3bI. yd
[Tocne mpenomseHHs B JHMH3e Z
Jy4H cxopsitcs B Touke B, yna- : /
JIEHHOH OT JIHH3bI Ha PacCTOSIHHE
lo = 15 cm. Haiit hoxycHoe pac-
CTOSIHHE JIHH3bI.

883. Ha pacceuBaioulyo JHH3y BAOJb [JIABHOH ONTHYe-
CKOHM OCH NajaeT UHJIHHAPHUYECKHH NYYOK NapajJjesbHbIX Jy-
yed. lnameTp nyuka d; = 3 cM. Ha skpaHe, noctapneHHOM 32
JIMH30H Ha paccTosiHuM [ = 12 cM, nosydaeTcs CBETJIbIH KpyT,
nuameTp Kotoporo dg = 8 cM. Haltr dokycHoe paccTosiHue
JIUH3bIL.

884. Ha rnaBHo# onTHueckoH ocH Ha paccTosiHuH d = 60 cm
oT cobupalouled NHH3b, (POKYCHOe DAcCCTOSIHHE KOTOPOH
F =40 cmM, pacnosioxeH TOUeYHBbI UCTOYHUK cBeTa. JIMH3Y 1o
LHaMeTpy pa3pes3aly Ha fBe NOJOBHHbI H CHMMETPHYHO pas-
IBHHYJH HX Ha paccTosiHKe r = | CM B HampapJ/IeHHH, epIIeH-
AMKYJISIPHOM TJIaBHOHM onTHYecKoH ocH. Ha kakom paccros-
HHH ApYT OT Apyra GYAyT pacloJioXeHbl H300paXKeHHs: HCTOY-
HHKa, NOJyYeHHbie B OJIOBHUHAX JIHH3bI?

885. C nomouibio JHH3b NosTyyeHo u3obpaxenrne ConHua.
Hunametp H3obpaxkeHust d = 31 MM, a pacnoJioXKeHO OHO Ha
pacctosiHud f = 32 ¢M oT JUH3LL. M3BeCTHO, YTO paccTosiHHe
ot 3emusd g0 ConHua R = 150 MJIH KM, 2 TPOJAO/KHUTENBLHOCTD

Puc. 279
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3eMHoro roga T = 365 cyT. BeruncanTb yckopeHHe cBOOOAHO-
ro nageHus y nosepxHocte CosHUA.

886. [IBe sHH3bI, H3 KOTOPBIX OfHA pacceHBamollas ¢ §o-
KYCHbIM paccTosiHHeM F|, a apyras cobupanuias ¢ PoKyCHbIM
paccrosinieM Fo = 2F,, pacroJ/ioxeHbl Tak, 4TO HMeKT 06-
ILyI0 [JaBHYIO ONTHUYeCKYyl ocb. KakuM nO/mKHO ObiTh pac-
CTOAHHE MeXIY JNHH3aMH, 4ToObl Ny4OK JydyeH, fapaJiefb-
HBIX TJIABHOH ONTHYECKOH OCH CHCTEeMbl, NPOHAA obe JHH3HI,
He W3MeHHJ HalpaBJeHHs?

887. Haiitu moctpoeHneM H3oOpaxkeHHe cBeTsALUeHCs TOU-
KH S B ONTHYECKOH CHCTEMe JBYX TOHKHX JIHH3 — pacceHBalo-
et 1 cobupawomwei (puc. 280). dokychl 06enx NUH3 3a1aHbl.

v ‘r

“ ;L
~n
<n
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h

A J

P uc. 280

888. Jlpe cobHpaiowve JHH3bl, (POKYCHble PacCTOSAHHA
koTopblX Fy =12 cM H Fg = 15 cM, pacnoJsioxeHsl TakK, YTO UX
r/aBHbBlE ONTHYECKHe OCH coBnanawt. PacctosHue Mexny
auK3amu [ = 36 cM. [lpeaMer HaxoauTcA Ha pacCTOSHHH
d| =48 cm or nepBoM AHH3E. Ha KakoM paccTosiHHH OT BTO-
pO¥ JIMH3bl MOJNYUYHTCH U306pakeHHe npeaMeTar

889. HNcTounnk cBeTa HaxonuTcs Ha paccTosiHud d; = 30 cM
oT cobuparolleH JHH3b ¢ HOKyCHbIM paccTosiHHeM Fy = 20 cm.
[To npyryto cTopoHy JMH3bl Ha pacctosuuu [ = 40 cM pacro-
JIOXKeHA pacCeHBAalOUlasl JHH3a ¢ (POKYCHbBIM PacCTOSTHHEM
Fg =12 cM. Ha kakoM paccTosiHHH OT pacceHBalouIeH JHH3bI
HaXOAHTCA H300paxKeHHe HCTOUHHKA?

890. 1anbHO30pPKHH YesiOBEK HAUHHAeT Pe3KO pas/HyaTth
OuepTaHHUs NpeaMeToB ¢ paccTosiHusa d = 1 M. Haiitu onTuye-
CKYIO CHJIY OYKOB, KOTOpbieé HY)XXHbl 3TOMY ueJ/OBeKY, 4TOGb
OH MOT 4eTKO BHAeTb IIPeAMeTbl C PacCTOSHHMS HaWJy4llero
BHAEHHA d = 25 cM.

891. C camouiera, sieTeBliero Ha BoicoTe 4 = 2000 M, npo-
H3BOAHUIOCH POTOrpadHpOBAHHE MECTHOCTH C NIOMOLLBIO a3PO-
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doroannapaTa, 06bEKTHB KOTOPOro UMeeT (HOKyCHOe paccTos-
Hue F = 0,5 M. Kakos macitaf rnosyyeHHbIX CHUMKOB?

892. Ilpn ¢oTtorpadMpoBaHHH NpeAMeTa C PaCCTOAHHA
d; = 15 M BbicoTa ero u3obparkenusi Ha potonnenke Ay = 30 um,
a npu poTorpadupoBaHHH C pacCTOsIHUS do = 9M — hg = 51 um.
HaliTu dbokycHoe paccTosiHHe 06beKTHBA (hoToanmnapara.

893. Kakoe yBesHueHHe gaeT Jyna, HMEIOLIAs ONTHYECKYO
cuny D = 16 antp? IlocTpouTb H306paXKeHHe B JyIe.

894. IlpoekHOHHBIN annapaT JaeT Ha 3KpaHe yBeJHueH-
Hoe B ' = 20 pa3 nsobpaxkeHne auanosutusa. Haitu pac-
CTOSIHHE MeXXy 0O'beKTHBOM IIPOEKLHOHHOTrO afnnapaTa H H3o-
fpakeHHeM, ecJiH GOKyCcHoe paccTosiHie o6bekTHBA F = 20 cM.

895. Ceersiuiasicsi TOUKA, HaXOAALUIASCH HA PACCTOSIHHH
d =15 cM oT cobupaiouied JHH3bl ¢ QOKYCHBIM PacCTOsIHHEM
F =10 cM, ABHXeTCS CO CKOPOCTbIo U = 2 cM/ ¢ NepreHaHKY-
JSIPHO TJIaBHOH onTHYeckoH ocH. C KaKOH CKOPOCTbIO 1BH-
XKeTcst H300paXKeHHe TOYKH?

896. KrnHokamepo# CHAJH KOJNe€OaHHS TsIKENOro TIpysa,
nojBelIeHHOro Ha mnpoBosioke. CbeMKa Besacb C TOMOILbIO
06beKTHBA ¢ QOKYCHBIM paccTosiHHeM F = 5 cM. M3o6paxe-
HHe MasTHHKA Ha ruieHKe uMmeeT Anuny [ = 20 mM. 3a Bpems
ChbeMKH ¢ = | MHH MasTHHK coBepwusa N = 24 noJHbIX Kone-
6anus. C Kakoro pacctosiHusi (0T 06BEKTHBA 0 MasiTHHKA)
Bes1ach cbeMKa? MaATHHK CUHTATb MaTeMaTHYECKHM.

15. CBETOBbIE BOJlHbI

MeToaunyeckue YKa3aHusa K peweHnto 3agavd

[Ipu pelwienrH 60JbUIMHCTBA 3a/1a4, B KOTOPbIX PACCMaTPH-
BaeTCs MHTep(epeHLHs CBeTa, HYXHO CHaya/ja BbISCHHTb,
royeMy BO3HHKaeT M YeMy PaBHA ONTHYeCKash pa3HOCThb X012
HHTephEepPHPYIOLUHX BOJH. 3aTeM, NIPHMeHss YCJI0BHE MaKCH-
MyMa HJIH MHHHMyMa OCBELUEHHOCTH NpPH HHTepdepeHUdH,
COCTABUTb YpaBHEHHE, H3 KOTOPOTO MOXKHO ONPeNesNHTb HCKO-
MYIO BEJHUHHY.

B psne 3apau paccmaTpuBaeTcs QUdpPAKUUS CBETa Ha IH-
bpakuroHHOH peuteTKe. [IpH pelIeHHH HX HYXHO HCIIONb3O-
BaTb YCJIOBHE IVIABHLIX MAKCHMYMOB OCBEUIEHHOCTH B AHGpak-
UMOHHOH KapTHHE, YYUTBIBAaTb CHMMETDHUHOCTb 3TOH KapTH-
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Hbl OTHOCHTEJBHO LIEHTPAJbHOTO MAKCHMYMa, a 3aTeM H3 co-
CTaBJIEHHOHM CHCTEMbl YPaBHEHHH HAWTH HEH3BECTHYIO Be/NH-
YHHY.

OCHOBHbI€ 3aKOHbI U (hopMYyTibl

Hauna csemosot BoAHbL 8 cpede
Aep = A/n,

rae A — AJIMHA CBeTOBOH BOJIHBI B BaKyyMe; /1 — a6COJIOTHBIN MOKa-
3aTesb [peJOMJEHUS Cpelbl.
Onmuueckas 0auna nymu CBETOBOH BOJHBI

L = nl,

rae [ — reoMeTpHueckasi AJIHHa MYyTH.

Onmuvueckas pasnocms x00a ABYX BOJH

A = L2 - Ll ,

rre Lo, L| — onTH4eckHe AJHHBI NyTe#d 3THX BOJH.

Ycaosue unmepgepenyuonHbIX MAKCUMYMOB:

A=k\ (R=0%1%2 ..),

rae A — onTHYeckas Pa3HOCTb XO[a ABYX CBETOBBIX BOJH; A —

IJIMHA BOJIHBI,
Ycaosue unmepepenyuoHHbIX MURUMYMOB:

A :(2k+1)% (k=012 ..).
Ycaosue zaasnbix makcumymos ocsewennocmu npu dugppax-
Yuu Ha JMPPAKLUHOHHOH pellleTKe HOPMAaJbHO MAfalLLEro CBeTa:
dsing=4kA (k=0,%21,£2, ..),

rae d — noctosinHas (nepHon) AH(PPaKLHOHHON PElUeTKH; @ — yron
OTKJIOHEHHS JydyeH, COOTBETCTBYIOIUHH 3TOMY MAaKCHMyMY; £ — mo-
DSIZIOK TVIABHOIO MaKCHMyMa; A — AJIHHA CBETOBOU BOJIHBI.

NMpumepbi pewleHnUs 3apad

897. B onbite IOHra HCTOYHHKOM CBETA CJAYXHT SIPKO OC-
BelleHHas y3kas wedab S B 3kpave A (puc. 281). CseT oT Hee
nagaeT Ha BTOPOH HENpO3payHbld 3KpaH B, B KOTOPOM UMEIOT-
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csl [IBe ONMHAKOBblE Y3KHe
wead S; U Sy, mapannenn- S ot
wole S. Ulean S; u Sg raxo- | //‘/d/z
AATCH Ha He6OJbIIOM pac- < L
CTOSIHUH APYr OT ApYra H a2
SIBJISIIOTCS] KOT€PEHTHBIMH HC- 5

TOYHHKAMH cBeTa. MiHTepde-
peHuMs HabnoQaeTCs Ha 9K- A 8 c

pate C, napajsenbHOM 3K-
paHy B 1 pacnosioxxeHHOM OT

Hero Ha paccTosiHuM /[, npuyeM [ > d. UHTephepeHuroHHas
KapTHHA NpeacTaBiasieT co60H uepenoBaHHe CBeTJbIX H TeM-
HBIX nosioc (MaKCHMyMOB H MHHHUMYMOB), lapaJliieJIbHbIX APYT
apyry. HaiiThH paccTosiHHe MeXAy OBYMsi COCEJHMMH MaKCH-
MyMaMH, ecJH H3BecTHo, uTo d = 0,2 MM, [ = 2 M, AjauHa
cBeTOBOM BosiHbI A = 500 HM.

PeweHue B HekoTopolt Touke M skpana C 6ynet
Ha6MOaTHCA HHTepGhePEHUHMOHHBIH MaKCHMYM TIPH BbINOJIHE-
HHH YCJIOBHS

S g

P uc. 281

A= kA, (1)

rae A = Ly — L) — onTHyecKasi pasHocTb Xofa. B nanHoM cay-
yae A = /9 — Iy, TaK KaK [T0Ka3aTeJIb peJioMJIeHHs Bo3ftyXa 11 = 1.
O603HaunM uepes X, pacCTOsIHHE OT TOYKH M 10 ToukH O, cuM-
MeTPUYHOH OTHOCHTEJbHO 1enel. K3 pucyHka BUAHO, UTO

12=1% +(xp ~d/2)?, 12 =12 +(xp +d/2)%.
OTciopa nonyuum:
12 -12 =2xpd, (g +1))Uy — 1)) =2x,d,
12 - ll = 2)de/(12 + ll)-

Hs ycnosusa [ > d cnepyert, uto Iy + 1} = 2/, nostomy

A= x,d/l. (2)
IloactaBus 3nayenne A us pasenctsa (1) B (2), Haitnem
Xk = kl?\,/d

Paccrosnne Ax MeXay OBYMsl COCENHHMH HHTepqoepeHun-
OHHBIMH MaKCHMYyMaMH

_ e+ DI RN _
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OTMeTHM, 4TO BeJMYHHA AX Ha3blBaeTCs TaKXKe WUPUHOU
unmeppepeRyUOHHOU NOAOCHL.

898. UToObl yMeHLILUTbL NIOTEPH CBeTa HM3-32 OTPaXKeHHs
OT NOBEpPXHOCTEH CTeKJa, OCYLIeCTBJSIOT TaK Ha3blBaeMoe
npoceemaenue OnmMuKu: Ha CBOOOJHble MOBEPXHOCTH JIMH3
HAHOCAIT TOHKHE IJIEeHKH BellecTBa C 110Ka3aTeJeM IpesomJe-
HHSl 7 MeHbLINM, 4eM y cTeksna. Onpefie/IiTh MHHHMAaJbHYIO
TOJILIMHY TJIEHKH, IPH KOTOPOH BO3HHKaeT HHTep(pepeHLUHOH-
Hbl# MHHHMYM OTpa)KeHHs AJS CBeTa C MJHHOH BOJIHbI
A =550 um, najamoulero B Hanpas/ieHHH HopmaiH. [lokasa-
TeJb NIpeJIOMJIeHHS TJIeHKH n = 1,2,

Peuwenune [lpuoTpakeHud cBeTa OT rpaHHL pasjena

BO3AYyX—IIJIEHKa H BO3LYyX—CTEKJO
fnenka Cmexme (pyc. 282) MPOMCXOAMT MOTEPS MO-
JyBoJiHbl (caBHr mo dase Ha 180°),
TaK Kak M B IIePBOM, H BO BTODOM
cJydae CBET OTPaXKaeTcsi OT ONTHYe-
cKH Oosee nuoTHOH cpennl. [loaTo-
My ONTHYeCKast Pa3HOCTb XOAA Kore-
PEHTHBbIX BOJH I’ W 2’ 3aBUCHT TOMb-
KO OT TOJILLIMHBI JIEHKH d U ee MoKa-
3aTeJisl IPeJOMJIEHHUSA 71

A =2dn.

3nech y4TeHO, YTO BOIHA 2" MPOXOAUT [ONOJHHTENbHbIA NYTb,
PaBHBIN YABOEHHOH ToJUHHE njeHKH. FHTepdepeHUHOHHBIA
MHHHMYM B OTPa)Xe€HHOM cBeTe OyaeT HabJ0AaTbCs TIPH BbI-
TMOJIHEHHH YCJIOBHS

=(2k+1)%, WK 2dn:(2k+l)% (=0, 1, 2..).

Puc 282

[Ipn £ = O noyYHUM MHHHMANbHYKI TOJILIMHY MJEHKH:
A = :
min = I dmin = 1,2 - 102 uwm.

899. Kosbua HeloTona ofpasyioTcs B Npoc/orike Bo3ayxa
MeXAy IJOCKOoNapajJe/bHOH CTEKJSHHOH MJIACTHHKOH H NO-
JIOXXEeHHOH Ha Hee NJIOCKOBBINYK/IOH JIHH30H C PafHyCcOM KpH-
Bu3Hbl R = 5,0 M. HabsroneHue Begetcsi B OTpaXKeHHOM CBe-
Te. Paguyc TpeTbero TeMHoro koJsua rz = 3,1 mM. Haiith
ANMHY BOJIHb CBETa, NAAIOWEro HOPMANbHO Ha MUIOCKYIO To-
BEPXHOCTb JIMH3bI.
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PeweHHe B orpaxeHHOM cBeTe TeMHble KOJbla
06pa3yTCsl NIPH BLINOJHEHHH YCJOBHS HHTepdepeHLHOHHbIX
MHHHMYMOB

A=(2k+l)% (=01, 2..), (1)

rae A — OITHYECKas Pa3HOCTb XOAA BOJIH, OTPAXKEHHbIX OT Bbl-
NYKJOH TOBEPXHOCTH Ha TpaHHLe T
pasjesa CTeKJO—BO3LYX K OT Ila- / N
CTHHKH Ha IPaHHLE BO3LYX—CTEKJO // \
(puc. 283). Bo BTOpoM cayyae oT- \
paXkeHHe TPOMCXOMMT OT ONTHYe- | 0 \
CKH 6oJiee MJIOTHOM CpPefibl, I03TO- l\ R J
MYy TepsieTCa MoJoBHHA BoJHbl. C \{ '

Y4ETOM 3TOrO HAXONHM, YTO pas-

HOCTb XOfia J { /

A=2dn+\/2, (2) [ |

rae d — TOJIMHA BO3AYLIHOrO 3a-
30pa; n1 — MOKa3are/b IIpesoMJe-
uua Boaayxa (n = 1).

I/Is pPHCYHKa BHIHO, UTO R? = r +(R- d)2 win R2 =
=r? +R? - 2Rd+d2 Orcrona, qub{Baﬂ yro d < R, no-
AyunM d =1} 2 /(2R). MoacTasus 310 3Hadenne d U n = 1 B

dbopmyay (2), nonyuum
2
e A
A=+ (3)
IMpupaBusB npabble yact Boipaxkenuit (1) u (3), Gynem
MMeTb (GOPMYJy Ut PafMyca R-TO TeMHOro KoJblia HbioTona
B OTPaXXEHHOM CBETE:

e =vEAR (=0, 1, 2,..).

OTciofia HalleM JJIHHY CBETOBOH BOJIHBI:
)

r
=k
k—kR.

Puc. 283

CaenoBaTtedibHO,
: 2

x:i, A=64-10"7 M

900. Ha md(ppaquOHHylo pewretky miauHoH [ = 20 MM,
copepxauyio 7 = 1,0 - 10* wrpuxos, nagaer HOpMaabHO MO-
HOXPOMaTHYeCKHI cBeT. 3pHTesbHas TpyOKa ClIeKTpoMeTpa
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HaBeJleHa Ha IVIaBHbIM MaKCHMyM [epBoro nopsigka. Urob6wl
HAaBeCTH TPYGKY Ha APYroll MakKCHMyM TOTO XKe MODsifiKe, ee
HeoGXOIMMO MOBEPHYTh Ha yro o = 40°. Onpenenuts: 1) wm-
HY CBETOBOH BOJIHBI; 2) UMCJIO MaKCHMYMOB, HabJi01aeMbIX B
creKTpe NHGPaKUHOHHON peleTkH; 3) yros OTK/IOHEHHs Jy-
YyeH, COOTBETCTBYIOUIMH NOCAEHEMY MaKCHMYMY.

PemeHue V3 ycnoBus rnaBHbIX MAaKCHMYMOB OCBe-
LEHHOCTH s AU PAKUMOHHON peleTKH dsin@ = kA caeny-

eT, 4YTO AJIMHA CBETOBOH BOJIHBI _

X.= dsin@ ,

] .
rae d — NMOCTOSIHHAS peleTKH; ¢ — yroJ OTKJIOHEHHs JydeH,
COOTBETCTBYIOIIHH MaKCUMyMy k-ro nopsinka. MakcHMyMbl
PacrosoXKeHbl CUMMETPHYHO OTHOCHTENbHO LEHTPAJbHOrO
MaKCHMYMa, 03TOMYy MaKCHMyMy nepsoro mopsinka (& = 1)
cOOTBeTCTBYeT yroa ¢ = 0/2. Cie0BaTeNbHO, MVIHHA BOJHbI

A =dsing; = dsin%.
IocTosiHHas peueTkH d = [/ n, nostomy
A=2Lsin® A=68107 um
n 2

Jlas onpenesieHuUs YKC/la MAKCHMYMOB, faBaeMbIX AU paKuy-
OHHOH pelleTKOH, BbIMHUCIHMM CHauana HauboJbillee 3HaueHHe Mo-
pSIKa MaKCHMyMa R ... MaKCHMaNbHbIA YTON @ ., OTKJIOHEHHS

Jydelt He moxkeT npesbinath 90°. I1pu sin @, =1 HMeem

b < dsinQ . {%.

max by

Bbrumc/inB, noayuuM ko, < 2,9. UHCT0 Ry JOMKHO GbiTh
LleJIbiM, TO3TOMY. 6epeM MaKCHMaJbHOe 1eJloe YHCJIO, He Tpe-
Bocxoasiee 2,9, 1. e. R, = 2. BieBo ¥ BnpaBo oT LeHTpab-
HOTO MakcHMyMa 6yneT HabJI0AaTbCs 0 OMMHAKOBOMY UHCTY
MaKCHMYMOB, DaBHOMY k... C yueTOM 1eHTPaJbHOrO MaKCH-
MyMa oblllee YHEI0 MAaKCHMYMOB

N =2k +1, N=5

HaiineM MakcHUManbHBIE YroJl OTKJIOHEHHS JyueH: .

. ko A o R A
SINQPmax = %—, Pmax = arcsm(%]' Qmax = 43°.
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3aaauun ana caMoCTOATENbHOro peluieHUA

901. OnpenenuTb ANHHY [; OTpe3Ka, Ha KOTOPOM YKJa/bl-
BAeTCH CTOJbKO >Ke IJHH BOJH MOHOXPOMATHYECKOro cBeTa B
BaKyyMe, CKOJIbKO HX YKJIaJIblBaeTCs Ha OTpe3Ke AJHHOH
ly=12 mm B Boze. [lokasarenp npenomseHus Boasl n = 1,3.

902. Mexay IByMs napajjlesNbHbIMH CTEKJISHHBIMH NJia-
CTHHKaMH HMeeTcs HeGosabWOH BO3AylUHbIH 3a30p. CKBO3b
MJIACTHHKU TIPOXOJUT Y4 MOHOXPOMaTHYECKOTO CBeTa, Majao-
LMK NeprneHaUKYIaPHO TOBEPXHOCTH MJACTHHOK. [1pH 3ToM B
BO3/IYIIHOM 3a30pe yKiaabiBaetcs N = 30 AjiuH BoJIH cBeTa.
CKOJIBKO IUIMH BOJIH TOTO XK€ CBEeTa YJOXHUTCS B 3TOM 3a30pe,
€CJIU ero 3aloJHUTh XHAKOCTBIO C IOKa3aTeJJeM I[pesioMJle-
HUsA n = 1,37

903. Bopa ocBelleHa 3esieHbIM CBETOM, AJMHA BOJIHBL KO-
Toporo B Bozayxe A; = 540 um. OnpenenuTb AJMHHY BOJIHBI H
4acTOTy 3TOro cBeTa B Boje. Kakol LUBeT BUIUT YeJIOBEK, OT-
KpHIBILIME rnasa noj sBopon? [lokaszaTtesnb npenomsieHHsi BOAbI
n =4/3. CkopocTb cBeTa B BakyyMe ¢ = 3 - 108 m/c.

904. B Bo3ayxe A/HHA BOJHB MOHOXPOMATUYECKOrO CBETA
A1 = 600 HM, a B cTekne — Ao = 420 um. [loa kakum yriom
najaeT CBeT Ha IJIOCKYIO I'paHHLy pasfesa BO3AYyX—CTEeKJo,
€CJIH OTpPaX<eHHBbIH U NpPeJIOMJIEHHbIH Jy4u 06pasyioT NpsiMoH
yroa?

905. O6bekTHB hoTOANNAPATa MOKPLIT CJI0EM NPO3PAYHON
naeHKH ToawmHol d = 0,525 MxM. Ob6ecneyuT M 3TOT CJIOH
TNIPOCBeTJ/IEHUE /151 3€JIEHOrO CBETA C ANUHOMN BOJIHBL A = 546 Hu,
€CJIM M0Ka3aTesb NPEJIOMIEHUs NyieHKd n = 1,317

906. B onbite IOHra wesy ocBelaloTcsi MOHOXPOMaTHYe-
CKHUM CBETOM ¢ JUIMHOH BoJiHbl A = 600 um. Ha cKosibko HyX-
HO U3MEHHTb [JJIHHY BOJIHbl MCTOYHHMKA, OCBELIAIOLLETO HIeH,
yTOObl IIPH 3aMOJHEHHH TIPOCTPAHCTBA MeXAY 3KpaHamu B u
C (cm. puc. 281) Bomo#l paccTOsiHME MeXy COCEeIHHMH HH-
TephepeHIIMOHHBIMH MaKCHMYMaMH 0OCTaJloCb HEM3MEHHbIM?
[TokasaTenb npesnomJyenus sogsl n = 1,33.

907. B onsite IOHra paccrosinde Mexay wensmu d = 1 My,
a paccrosinde [ oT wenel 10 3xkpaHa pasHo 3 M. lllenu oceewia-
I0TCSl MOHOXPOMATHYECKHM CBETOM C JUTHHOH BoJIHBL A = 600 HM.
Ha kakoM paccTOsiHHH OT LeHTpaJNbHOH CBETJIOW TOJIOCH Ha-
XOMUTCS TPETbs TEMHas noJioca?

908. YcraHoBka 1 HaboeHUs KoJell HbloToHa ocBella-
€TCsl MOHOXPOMATHUECKHUM CBETOM C [VIMHOK BOJIHBL A = (0,66 MKM,
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nafamoliM HopmaibHo. OnpenenHTb TOJIIHHY BO3AYLWHOIO
3a30pa, 06pa30BaHHOrO MJOCKONApasJ/enbHOH MIACTHHKOH H
COMpHKacamwllehcss ¢ Hel MJO0CKOBBINYKJIOH JHH30H B TOM
MecTe, T/le B OTPaXKeHHOM cBeTe HabJI0faeTCs YeTBepTOe TeM-
HOe KOJIbLO.

909. Panuyc TpeTbhero cBeTIOrO Kosblia HbloToHa B oTpa-
keHHoM cBeTe paseH 0,80 mM. YcTaHoBKa ana HabmwoneHHs
KOJlell OCBEWAeTCsi MOHOXPOMATHYECKHM CBETOM C JUIHHOH
BosiHbl A = 400 um. Halitu paguyc KPHBH3HbI JIMH3BI.

910. MoHoxpoMaTH4YeCKHH CBET ¢ AIHMHOH BOMHBEL A = 600 HM
najgaeT HOpMaJbHO Ha AMDPAKLUHOHHYIO PELIETKY C IePHOAOM
d = 3 MxM. CKOJIbKO TJIaBHBIX MaKCHMYMOB MOXHO Hab.1i0-
JaTb B NIH(MPAKUHOHHOH KapTHHe?

911. IndpakuroHHas pelLleTKa OCBellleHa HOPMaJbHO Mna-
JAOLHM MOHOXPOMATHYECKHM CBETOM. [JIaBHBII MaKCHMyM
BTOPOTO NOpsifKa HabaopaeTcs nod yraom ¢ = 10°. Tlox ka-
KHM YIJIOM HabJ1l01aeTcsl MaKCUMYM TPETbero Mopsifika?

16. ANEMEHTbI TEOPUM
OTHOCHUTESIbBHOCTH

MeToguueckue YKa3aHUAa K pellueHnio 3agav

Heo6xonpuMo MMeTb B BHAY, HTO B CIE€LHAJbHOH TEOPHH
OTHOCHTEJIbHOCTH PacCMaTpHBAIOTCS TOJMbKO HHEpPLHaJbHble
CHCTeMbl OoTcueTa. B 3anayax OGLIYHO MpEANoJaraeTcsi, 4To
cucteMa K’ IBHXKETCS CO CKOPOCTBIO U OTHOCHTENBHO CHCTe-
mbl K, npuueM ocu OX u O’X’ coBnanaior, ocb OY coHanpas-
JeHa ¢ ocbio O’Y’, a ocb OZ — ¢ ocvio 0’Z’ (puc. 284;7

YK YK,

i

7 z
Puec 284
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OCHOBHbIe 3aKOHb! U POPMYnbI

Tlepsoui nocmyaam cneyuarbnol meopuyu OMHOCUMEAbROCMU
(npunyun ommnocumesvnocmu 3Jinwmeina): B MOGHX HHEPLUH-
ANbHBIX CHCTEMAaX OTCHeTa BCe GH3NyecKHe ABJIEHHA NPH ONHHX H
TeX e YCJOBHAX NPOTEKAIOT OHHAKOBO.

Bmopoi nocmyaam cneyuasbhod meopuu omrocumesbHocmu
(npunyun nocmoswcmsa cxopocmu csema): CKOPOCTb CBETa B
BaKyyMe OHHAKOBAa BO BCEX HHEpDLHaJbHBIX CHCTEMAaX OTCYeTa H
He 3aBHCHT OT ABHXEHHA HCTOYHHKOB H NPHEMHHKOB CBeTa.

Pesrsmusucmcxoe coxpaujenue Orunbs: ecnu lg — jAHHa cTepX-
HA B cHcTeMe K’, OTHOCHTE/IBHO KOTOPOA OH MOKOHTCA H pacnoJo-
XeH Bgoab ocH O’X’, a | — panHa 3TOro CTepXHA B cHcTeMe K,
OTHOCHTe/ILHO KOTOPOR OH ABHXETCR CO CKOPOCTbIO U, TO

=IoJl—vé/c2,

rae ¢ ~ CKOPOCTM cBeTa B Bakyyme: ¢ = 3 - 108 m/c. [Tonepeunsie
pa3sMeps CTEPXKHA HE MEHAOTCA.

Peramusucmcroe samedrenue spemenu: eCan Ty — NPOMeEXy-
TOK BPEMEHH MEXAY ABYMA COOLTHAMH, MPOHCXORAUWMMH B OQHOR
H TOH Xe TOYKE, HENOABHIHON OTHOCHTe/bHO CHCTeMbl K’ a T —
TIPOMEXKYTOK BPEMEHH MEXIY 3THMH Xe COOBTHAMH B cHcTeme K, TO

= To
Ji-v?/c?
Persmusucmexuil 3axon croxmenus cxopocmei:
' _  uy+u
1+ ujv/c?
me Uy =~ NPOEKUHA CKOPOCTH 4 vacTHun B cHcTeme K Ha ock OX;

%’ = MPOEKUHA CKOPOCTH U’ YaCTHUL B-CHCTeMe K’ Ha ochb ox:
v- MORY/Ib CKOPOCTH CHCTeMbl K’ OTHOCHTeJbHO CHCTeMu K (cm.

prc. 284).
3asucumocme umnyasca wacmuybr Om cKOPOCMuU:

. ms__
,/l-ui/c§

rae m - macca (Macca nOKoA) YACTHUM; U — €e CKOPOCTb.

fMosnas amepzus (cyMma KMHETHYECKOH 3MEPrHM M IHEPrHH
NIOKOA) HACTHUM

E= MC2 2 .4

_Tﬁ, E2= p%?+ mct
-y ¢
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JHepeus noOKOA HacCMmuybl

Ey = mc?.
3aKon 83QUMOCBA3U MACCHL U IHEP2uUlL: BCAKOE H3MEHEHHE
Macchl Tesa Am COMpOBOXIAACTCR M3MEHEHWEM JHEPIHH IOKOS!

AEg = c?am.

Mpumepsb! pelueHus 3agay

912. Tesio aBHXKETCS C NOCTOSSIHHOHA CKOPOCTbIO U OTHOCH-
TeJIbHO HHepuualbHOH cucTeMbl oTcyeta K. Ilpu kakom 3Ha-
4EHWH U NPOJOJIbHbIE PAa3MePbl TeJ1a yMEHbUIATCSA B 1 pas A
Habmonatesns B 3Toi cucreme? Bbiuucautb v npu n = 1,0
CkopocTb cBeTa B Bakyyme ¢ = 3 - 108 m/c.

Pewenwue Tak kak B cucteMe K anHHa Tena

U =lgy1-02/c?

W 1aHo, uto I/l = n, 10 ly = nl, crenoBaTesbHO,

[ =niJl1-v2/c2?
OTcroaa

I _q_ _
L=1-2 u=c

Mpu n = 1,5 nonyuum v = 2,3 - 108 m/c.
913. BLuHCIHTD MOZLyJIb Hmnynbca 3JIeKTPOHA, IBHXYllle-
rocsi co CKOpOCTb}O v =26 108 Mm/c. Macca aneKTpOHa
me=9,1" 1073! kr, CKOpOCTb CBeTa B BaKyyme ¢ = 3 - 108 m/c.
PeweHnue DrexTpoH UMeeT HMIYJbC, MOAYJb KOTOPOrO

myv

p:Jl - v2/c? '

IloncTaBuB B 3Ty opMYyJy 3Ha4eHHUSA 3alIaHHbIX BEJIMYHH U
NPOU3BENs BBIYHUCAEHHS, MoayuuM p = 2,4 - 1072 “m/c.

914. BbluKc/aHTb H3MeHeHHe SHePrHH MOKOs, COOTBeTCTBy}O-
ulee U3MEHEHHIO Macchl Ha BeJMYHMHY, PaBHYIO Macce IMOKOs-
werocs MpoToHa.

PeweHue CornacHo 3aKoHy B3aUMOCBSI3M MacChl H
3HepruH,
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AEgy = c2Am,

rae ¢ =3 108 M/ c; Am paBHO Macce NpoToHa m,= 1,67 10727 kr.
B pesyabraTe BhUMCAeHui Hainem AEy = 1,5 - 10710 Ix.

3apaum gnNA caMoOCTOATENbHOro peleHunA

915. JlkHeiika AaHHOM [ = 1 M 1BHXeTcs BRosb ock OX B
MHeplUHalbHOH cHcTeMe oTcueTa K (cm. puc. 284) co ckopo-
ctbio v = 0,8¢, rae ¢ — cKOpocTb cBeTa B BakyyMme. KakoBsa
IJIHHA 3TOH JIHHeHKH B cHcTeMme K?

916. KocmuueckHd kopabJib ABHKETCS MHMO HenoJBHX-
Horo HabJuoznaress co ckopoctbio v = 0,6¢, rae ¢ — ckopocTb
cBeta B BakyyMe. CKOJbKO BpeMeHH NpOHAET MO yacaM Ha-
6Ji0faTess, eCH MO 4acaM, HaxoAswHMMcs B KopabJe, mpo-
mo Ty = 100 y?

917. Ha#iTu nosHy10 3Hepruio H KHHETHYECKYIO 3HEPTHIO
peNIATHBHCTCKOM (IBHXKyLIEACs CO CKOPOCTbIO, GJH3KOH K
CKODOCTH CBeTa) 4aCTHUbI, MOAYJIb HMIYJAbca KOTOPOK p =
=568 - 10719 xr - M/c, a macca m = 1,67 - 10727 «kr.
CkopocTb cBeta B Bakyyme ¢ = 3 - 108 M/ c.

918. BriuMcaHTbL 3HEPrHio NoKos Teja Maccol m = | kr.
CkopocTb cBeta B Bakyyme ¢ = 3 - 108 m/c.

919. Kocmuuecku# KopabJb ynansercs oT 3eMJH CO CKO-
poctbio ] = 0,80c, a 3aTeM ¢ Hero cTapTyeT pakeTa B Hanpas-
JIEHHH OT 3eMJIH CO CKOPOCTbIO U9 = 0,80c OTHOCHTEJILHO KO-
pabas (¢ — ckopocTb cBeTa B BakyyMe). Onpenesiutb CKo-
pPOCTb pakKeTbl OTHOCHTENbHO 3eMJIH.

920. [Ipe peJsiTHBUCTCKHE YACTHUbI IBHXKYTCH HaBCTpeuy
ApYT OPYTY BHOJb ONHOH NpsIMOH, mapajsesbHoH ocH OX, B
cucteme K (cM. puc. 284) co ckopocrsamu v; = 0,70c¢ u
vg = 0,80c, rae ¢ — ckopocTb cBeTa B BakyyMe. Onpenenntsb
OTHOCHTEJIbHYIO CKOPOCTb 3THX YacTHL B cucteMe K', 1BH-
Xyuieics ¢ nepBoi yacTHued. -



V1. KBAHTOBASl ®U3UKA

17. CBETOBbIE KBAHTbDI

Metoauyeckue YKa3aHuA K pelieHUo 3agay

3ajauu 3TOH riaBbl CBSA3aHBl B OCHOBHOM C HaxoXXIeHHeM
3HEPrHH U UMNyJbca (POTOHOB, a TakKe ¢ HOTO3(PPeKTOM H
stdexkTom KommnroHa.

B 3amauax Ha ¢oTo3ddeKT npUMeHsieTCs ypaBHeHHe DHH-
IITeHHA, KOTOpOe BbIPaXKaeT 3aKOH COXPAHEHHsI SHEePruH IpH
dotoapdekre. Ecau $hoTO31€KTPOHD 331eP>KHBAIOTCS TOPMO3S-
ILIUM 3JIEKTPHYECKHM II0JIeM, TO, COIJIACHO TeopeMe 06 H3MeHe-
HHH KHHETHYeCKOH 3HePrHH, MaKCHMA/IbHAsl KMHETHYeCKast SHep-
rHs OTO3/IeKTPOHA paBHa paboTe cua noas: meu?/2 = el.
[ToaToMy B COOTBETCTBHH C ypaBHeHHeM DHHIUTEHHA NOJYYHM

hv=A+el.

[Tpu pelienry 3agau Ha spdekt Komntona caenyeT umetb
B BHAY, UTO, COIJIACHO KBAHTOBOH TEOPHH, 3TOT 3ddekT pac-
CMaTpPHBAETCSl KaK yNpyroe CTOJKHOBeHHe (OTOHA C MOKOSI-
IIHMCA 3JIEKTPOHOM, KOTOPO€ [OAYHHSAETCH 3aKOHAM COXpaHe-
HHS 3HEPrHH U UMINyJbca. POTOH nepenaeT 3JE€KTPOHY HaCTh
CBOEH 3HEPrHH H 4acTb HMIYJbCa H H3MEHseT HalpaBJjeHHe
CBOETO JBHXXEHHS, T. €. paCCEeHBAETCA. YMeHbILIEHHe SHeprHH
¢oTOHa 03HayaeT B COOTBETCTBHH ¢ GopMyaoH E = AV ymeHb-
LIeHHEe YACTOThl, T. €. YBeJHUEHHEe AJHHbI BOJHBI.

B ¢oroapdexTe 1 3ddekre Komnrona npossasioTes KBaH-
TOBble CBOHCTBA 3JIEKTPOMAarHHTHOT'O H3Jy4eHHSI.

OCHOBHbI€ 3aKOHbI U d)OpMy.ﬂbI

Jnepeus gomona
E =hv = ho,

roe A = 6,63 - 10734 [ - ¢ — nocrtosnHas [lnanka; v — 4acToTa
cBeta; h=h/(21) =1,05-1073* K - ¢; @ — UMKIMYECKAS YAaCTOTA.
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Hmnyavc gpomona
p=hv/c=h/A,

re ¢ — CKOpOCTb CBeTa B BaKyyMe: ¢ = 3 - 108 M/c; A — nnuHa
CBETOBOM BOJIHbI.
Ypasrenue Jinwmeitina dan pomosppexma:

hv = A+ maul,, /2,

roe hv — sHeprust GoToHa; A — paboTa BbIXOAA 3/IEKTPOHA; meur%lax /2=
MaKCHMaJlbHafl KHHeTHYeCKas SHEprusl BblJIETAIOLIEr0 3JeKTPOHa;
Umax — €M0 MaKCHMasbHas CKOPOCTb.

Kpacnas epanuya gpomosgpdexma

Vinin = A/h, wan A,y = he/A.

Ippexm Komnmona: npH paccessHHH KOPOTKOBOJIHOBOIO 3JleK-
TPOMarHWTHOrO W3/ydyeHHsi (PeHTreHOBCKOro M raMma-HajyyeHHs)
Ha CBOGOAHBIX HJIH €J1a00 CBSA3aHHBIX 3/1€KTPOHAX [JIMHA BOJIHbI €T0
YBeJHYHBAETCS HA BEJHYHHY ‘

AA = 21 gin? g HIH AA = —-ﬁ——(l —-cos9),

myc myc

rae AL =A’~A; A, A’ — JJIMHA BOJIHbl COOTBETCTBEHHO Nafalollle-
ro M paccesiHHOIO M3/NYYeHHS; M, — Macca MOKOR 3/1eKTPOHa; ¢ —
CKOpOCTb CB€Ta B BakKyyMe; 8 — yroa paccesHus.

Bemunna A = h/(mgc) HaspiBaeTcs KomMnmoHo8CKoL OrunoL 804-
How anexmpona: Ac = 2,4-10712 u. TTostomy AX = Ac(1-cos9).

Npumepbl pelweHus 3agay

921. Jlasep, pabGoTaiolllMi B HeNpepeIBHOM peXKHMe, H3Jy-
yaeT KpacHblif CBeT C JJIHHOH BosaHB A = 630 HM, pa3BuBas
moiwHocTe P = 40 MBT. Cxonibko QOTOHOB M3Jaydaert Jiasep 3a
BpeMmsi t = 10 c? IlocrosiHnas [1nauka A = 6,63 - 10734 IIx - ¢,
CKOpOCTb cBeTa B BakyyMe ¢ = 3 - 108 m/c.

Pewenwue KonuuectBo QoTOHOB, H3lyHaeMbIX 3a
BpeMsl ,

N=W/E,

rpe W — cymmapHas sHeprus gortonos: W = Pf; E — sHeprus
¢ortona: E = hv = hc/A. CrenoBatelibHo,

N=%, N=13-10!8,
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922. MakcHMa/bHasi KHHETHYECKasi SHEPTHs 3J1EKTPOHOB,
BLIIETAIOLIMX M3 PYOHAHS NMPH 006JyYeHHH ero %nmpa(pnone-
TOBBIM CBETOM C JJHMHOM BOJHBL A = 3,17 - 107" M, Ey a0 =
=284 - 10719 IIx. Onpenennts paboTy BbIXOAA 3JJEKTPOHA H
KpacHyw rpanuuy ¢orostddexra ana pyduaus. IlocrosiHHast
Inauka b = 6,63 - 10734 [Ix - ¢, cKopocTb CBeTa B BaKyyMe
c=3-108m/c.

Peuwenue YpaBHeHHe DHiHuUITeHHa 114 HoTO3(DeEKTa

HMeeT BHJI
E=A+ Ek max:

rae E — 3Heprus nagamliero Ha BeliecTso GpoToHa; A — pabo-
Ta BbIXOA 3JIEKTPOHA; Ey .. — MaKCHMaJlbHas KHHETHYeCKas
3Heprus BbuleTalollero 31ekTpoHa. Otcroga A = E — Ey ...
Tak kak 3Heprusi potoHa E = hv = hc/\, To pa6oTa BbIXOJA

A=hc/h—Egmax, A=343-10710

KpacHo# rpanuue ¢oTostdekra cooTBeTCTBYeT AIHHA BOJ-
Hbl A = hc/A. ClenoBaTelbHo,

— Ac _ -7
}\.max = m, }\.max = 5,8 10 M.

923. Ha nnaTHHOBYIO NVIaCTHHKY NajfaeT yaAbTpadHoneTo-
Boe uanyyenue. ns npekpameHus gotosddekTa HyKHO IIPH-
JIOXKHTb 3ailepXXHBatollee Hanpskenre U = 3,7 B. Ecan naa-
THHOBYIO IJIaCTHHKY 3aMEHHMTb IJaCTHHKOH H3 [pyroro me-
Ta/ula, TO 3ajflepXKHBAIOLIee HANPsIKeHHe HYXHO YBEJHYHTb
no Uy = 6,0 B. Onpenenntb paboTy BbIXOJ@ 3JEKTPOHA H3 3TOrO
MeTanna. Pa6oTa Bbixofa 3/eKTpoHa M3 naathuel A; = 6,3 3B
(1sB = 1,6 - 10719 1x).

Pemenue. IlycTs V — yacToTa nagamwuiero H3ay4eHHs.
Torma n/si NJIaTHHOBOM NJIACTHHKH, COTJACHO YPAaBHEHHIO
DHHIITEHHA, HMeeM

— 2
hv = A +mev. . /2,
TJ€ Upax | — MAKCHMaJIbHask CKOPOCTb BBLIETAIOLIMX 3/€KTPOHOB.

YT06h! 3a[1epKaTh BbIJICTAKOLIHE 3JICKTPOHBI, Heo6X0AUMO
[IPHJOXXHTDb 3aJ€PKHBAKOLIIEE HAIIPAXKEHUE Ul' Torna

/27
rae e — 3apsa 3neKTpoHa. Takum o6pasom,
hv=A1+eU1. (1)

_ 2
elU, = Mmevs 1

410



Ananoruunoe Bblpa>X€HHE 3anuiueM s IJACTHHKH H3
Apyroro MeTaJJja:

hv = Ay +elUy. - (2
W3 cootnowenuit (1) u (2) naxoauwm:
AQ—Al—e(UQ—Ul) A2 6,4 - IO“IQIL)K.

924. DHeprusi (OTOHA PEHTreHOBCKOrO H3jaydenus E =
= 0,3 M>sB. doton 6bl1 paccesiH IpH cCOyfapeHHH co cBoboa-
HbIM MTOKOSILUIHMCS 3JIEKTPOHOM, B pe3YJIbTaTe Yero ero JAJH-
Ha BOJIHB! yBesJH4Haach Ha AA = 0,0025 um. OmnpenenuTs:
3HEPrHi0 paccesiHHOro GOTOHA; yroJ, Mo KOTOPbIM BblJIeTel
3JIEKTPOH OTAAUH; KHHETHUECKYIO sueprmo 3JIeKTpOHa 0T/a-
yn. CKopocTb cBeTa B Bakyyme ¢ = 3 - 108 m/c. [TocTosHnas
Inaska A = 6,63 - 10734 [[x - c. DHeprus nokosi 3MeKTPOHA
Eo= myc2 = 0,511 MaB (1 MsB = 1,6 - 10713 [x).

PeweHnne. YBeluueHHe NJUHBI BOJHbl PEHTTEHOBCKOTO
M3JlydeHHs TIPH ero pacCesiHUK Ha sJaeKTpoHax (shdekt Kom-
HT_OHa) o6bsacHAeTCA TeM, uTo QOTOH, Kak U Jiobas 4acTuua,
o6saflaeT onpenesieHHbIM HMOYJbCOM M 4TO aKT pacCesiHHs
npeacTasJ/isieT co60H ynpyroe cTONKHOBeHHe (POTOHA C 3JIeKT-
POHOM, aHaJIOTHYHOE COYAapeHHI0 YIIPYTHX WaprKos. [1py aTom
BBINOJIHSAIOTCS 32aKOH COXPAHEHHS HMINYJIbCa H 3aKOH COXpaHe-
HHS SHEprud. YIpyro coyaapssicb ¢ 3J€KTPOHOM, (POTOH me-
pefaeT eMy HacTb HMIYJIbCA H 3HeprHH. DHeprus QoToHa ornpe-
neasieTcs no popmyJe

E =hv =hc/A, (D

rfe v — yacToTa; h — nocrosiHHas [lnaHka; A — pJMHA BoOJI-
Hel. OTcloa BUHO, UTO yMeHbllieHHe 3Heprud ¢GoTOHA O3Ha-
4aeT yMeHblleHHe YaCTOTbl PEHTIeHOBCKOTO H3JIyUeHHS H yBe-
JIMUeHHe ero IJIHHbI BOJHBI.

Haiipem sHepruto £ paccesnnoro ¢ortoHa. Cornacho ¢op-
myae (1),

E'=hv' =hc/N\,
rae A’ = A+ AA — [UIMHA BOJIHbl PaCCESIHHOTO PeHTreHOBCKO-

ro U3JyuYeHHs; A — AJHHA BOJNHbl NAJalOLIEro H3JIydeHHs:
A=c/v=hc/E. CnenopatenbHo,

T A+ AN Rc/E + AN hc + EAL 1 + EAA/(hc)”

,_ hc _ “he Ehc E ( )
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[lycTs p — uMOy/bC Magamuero GoToHa, p’ — HMIYJbC
pacceaHHOro (OTOHAa, p, — HMMYJbC 3JE€KTPOHA oTAa4yd. Ha
puc. 285, a u3zobpaxKeHa CHTyanus A0 CTOJKHOBEHHS, Ha
puc. 285, 6 — nocae cToskHoBeHHUs. [looXHUTebHOE HAanpas-
Jenre ocu OX coBnajaeT ¢ HanpasJ/eHHeM BeKTopa p, Haya-
JIO KOODAHMHAT — C TOYKOH, [Ie HAXOAHJICSA 3JEKTPOH B MOMEHT
coyaapeHHs ¢ (OTOHOM.

Puc. 285

M3 3akoHa coxpaHeHHs HMIy/lbCca CJAEAYeT, 4TO CyMMa
NPOEKUHHA HUMIYJ/bCOB (OTOHA H 3JeKTpoHa Ha ock OX u OY
A0 CTOJIKHOBEHHSl PaBHAa CyMMe IPOEKLHH HX HMIYJbCOB Ha
3TH OCH IOCJIe CTOJKHOBEHHSI:

p+0=p"cosB+p.cos®, pesing—-p’sin®=0,
12607
Pe COSQ =p—p’cosB, p,sing =p’sin, (3)
TAe ¢ — yroJ, 1oj KOTOPbIM BblJIETEN 3JeKTPOH OTAadu; 8 -
yroJ paccesiHdsi POTOHa.

PasnennB nounenHo Bropoe u3 ypasuenui (3) Ha nepsoe,
TOy4HM
sin 8

e = p/p’ — cos®’

(4)
Monyab umnynsca nanawouero ¢poToHa
p=E/c, (5)
rae E — aHeprus ¢oToHa.
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AHa/OTHYHBIM COOTHOLLEHHEM CBS3aHbl TAKXKe HMIYJ/bC p’
W aHeprus L’ paccesiHHOro ¢ortoHa:

p'=E"/c. (6)

PasnesuB paBeHcTBo (5) nouseHHo Ha paBeHcTBO (6), mo-
ayduMm p/p’ = E/E’, uan, yuutbiBas 3Hauenue (2),

p/p’ = (hc + EAL)/(hc). (7)
Ha ocrosanun oipaxenuit (4) n (7) 6ynem nmers
tg @ = sin® - (8)

(hc + EAL)/(Ac) — cos®

Kocunyc yraa paccesiuus 0 onpepeniM, BOCNoJb30BaBUIHCD
dopmyort Komnrona

Al = A (1 -cos0),
rie A KOMITOHOBCKAs AJIMHA BOJHBI 3jekTpoHa. OTcioaa

cos®=1-AL/A¢. (9)
Torpa

2 J—_——_
sin® =+v1-cos? 9 =‘/1,—[1—%j =—w. (10)

IoncTasus B BhipaxkeHHe (8) BMeCTo cosO H sin® ux 3Ha-
uenusi (9) u (10), nocse npeo6pasoBaHuil NOTYUUM

_ V2 /(an) -1
=R St v 1 (1)

Tak xak Ac = h/(mqc), 10
Ere . B _E (12)

rie Ey = mec? — 3Heprus Mokos 3JeKTpoHa. .
[MopcraBuB 3Hauenue oTHowenus (12) B dopmyny (11),

MONYy4YHM
_ A2/ -

E/EO + 1

tg ¢ (13)

Ha ocHOBaHMM 3aKOHA COXpaHEHUs IHEPIHU KHHETHUYeCKas
JHEeprys 3JIeKTPOHA OT[a4H¥ paBHa Pa3HOCTH MeXy 3Hepryen
E naparwowmero ¢oToHa u 3Hepruent £’ paccesHHoro $hoToOHa:
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—E-E =FE_-__fErc _
Ey=E-E'=E hc + EAN

[Tocsie npeo6pa3oBaHHH NOJYYHM

Y 14
Ex he/(Ah) + 1 (14)

Teneps, MOACTABHB YMCJIOBblE 3HAUEHHS! BEJIHYHMH B (op-
myas (2), (13), (14), noayuum: E = 0,2 MaB, tg¢o =0,6,
¢ =31°, E, = 0,1 MaB.

3agaum gnsa caMoCcToAITeNbLHOro peweHnA

925. OnpeaesuTh 3HEPTHIO U HMIYJbC (POTOHA BUAHMO-
ro CBeTa, AJIHHa BOJIHbl KoToporo A = 0,6 mMxm. [TocTosiHHas
nanka b = 6,63 - 10734 JIxx - ¢, cKOpPOCTb CBETa B BaKyyme
c=3-108m/c.

- 926. B cpene pacnpocTpaHsercs CBeT, HMEIOUIHH LJAHHY
BonHel A = 300 uM U sHepruio poToHa E = 4,4 - 10719 k.
Onpenenutb aGCOMIOTHBIA MOKa3aTelb MPEJOMJIEHHs Cpenbl.
CxkopocTb cBeTa B Bakyyme ¢ = 3,0 - 108 M/ ¢, nocTosiHHas
[nanka £ = 6,63 - 10734 Ix - c.

927. YenoBeyeCKHH I71a3 MOXeT BOCNIPHHHMAaTb CBETOBOH MO-
TOK MowHocTbio P = 2 - 10717 Br. Haiitu uncso ¢hoToHOB cBeTa
¢ AJrHOH BosHbL A = 0,5 MKM, Nonapfarmllyx B IJa3 3a BpeMs
t =1 ¢ npu ykazanHoH MolIHOCTH. CKOpPOCTb CBETa B BaKyyme
c=3,0-108m/c, nocrostnas [Tnauka h = 6,63 - 10734 Ik - ¢.

928. McTtousHk ceTa uanydaer N =1 - 1019 doronos 3a
BpeMs { = | c¢. JlnuHa BOsHBI H3nydeHus A = 4,95 - 1079 M.
Kakyo MouHocTb moTpe6JisieT 3TOT HCTOYHHK, €CJH B 3Hep-
ruto ceeta nepexondt N = 0,1 nortpebnsemort sHepruu? [lo-
crosuHas [Tnanka kA = 6,63 - 10734 [Ix - ¢, CKOpOCTb CBeTa B
Bakyyme ¢ = 3 - 108 M/ c.

929. HexoTopblil MeTa/J1 OCBELIAETCS CBETOM, AJHHA BOJIHbBI
kotoporo A = 0,25 mkM. [Ipene6peras umnyascoM (oToHa, Hail-
TH MaKCHMaJIbHbIA HUMIYJ/bC, NepeaBaeMblll MOBEPXHOCTH Me-
TaJjlJla NP BbUIETE KAXK/JOI'O 3JIeKTPOHA, eCJIM KpacHasi rpaHHla
¢poTosppexTa aas 3Toro mertaana A, = 0,28 mxm. Cko-
pocThb cBeTa B BakyyMe ¢ = 3 - 108 M/ ¢, nocrosnnas [1nanka
h=6,63"- 10734 )k - ¢, macca sJieKTpoHa m, = 9,1 - 10731 kr.

930. DoTo31eMeHT 06/1y4aeTCH MOHOXPOMATHYECKHUM XKeJl-
ThIM CBETOM, [JIMHA BOJHBL KoToporo A = 600 HM. 3a HeKoTO-
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poe Bpemst GOTO3IEMEHT NOMOTHA SHeprao W =1 1075 Ix.
Hasite ynciso norsowenHbix ¢otoHoB. [locTosiHHas [Inanka A =
= 6,63 - 10734 I - ¢, ckopocTh cBeTa B Bakyyme ¢ = 3 - 108 m/c.

931. HaiiTh yacToTy cBeTa, BHIPHIBAIOILErO C MOBEPXHOCTH
MeTaJlIa 3JIeKTPOHBI, KOTOpbIe TIOJIHOCTBIO 33AepXKHBAIOTCH Halps-
xeHueM U, = 3 B. Poroaddexr y 3Toro Metanna HauuHaeTcst
NIPH YacTOTe NaJAIoWEero CBeTa V iy = 6+ 1014 ', Haiitn gaéo-
Ty BbIXOfi@ JeKTpoHa. 3apsin anekTpona e = 1,6 - 10719 K,
noctosindasi [Inanka A = 6,63 - 10734 Ix - c.

932. Lleauesniil kKaToa GHOTO3/IEMEHTA OCBEIIAETC MOHO-
XPOMATHYECKHM CBETOM, [JIHHA BOJHbI KoToporo A = 600 HM.
Onpepe/uTb CKOPOCTH BHUIETAKOLIMX H3 KaToAa (OTO3JIeKTpPO-
HOB, €CJIM KpacHas rpaHuua gotosddexra aas Uesnst A ., =
= 650 umM. [loctosuuas [nanka & = 6,63 - 10734 I - ¢, Mac-
ca antextpona m, = 9,1 - 10731 kr, ckopocTs cBeTa B Bakyyme
c=3 108m/c.

933. KpacHas rpannua ¢otoaddexra aas Mateprana ¢o-
TOKaTofa A ,,, = 700 M. PoTOKaTOA OCBEIAOT MOHOXPOMa-
THYeCKHM CBETOM C [JIMHOH BOJIHbI A, a 3aTeM — C JJIHHOH
BOJHH Ag. [IpH 3TOM OTHOLIEHHe MaKCHMaJbHbIX CKOPOCTeH
BbIJIETAIOLIMX 3JIEKTPOHOB k& = 3/4. Onpepenutb Ag, €ciu
Xl = 600 um.

934. Ha puc. 286 nprBesneH rpadMK 3aBUCHMOCTH MaKCH-
MaJIbHOH KMHETHYeCKOH 3Hepruu Ey, 3JeKTPOHOB, BbLIETAl0-
IHX € NOBEPXHOCTH 6apHsa NpH $oTo3ddeKTe, OT YACTOTH V
obnyuaroutero cserta. HMcnonbayst rpaguk, paccydrath MocTo-
sHHYIo IlnaHka W paboTy BhIXO[a 3JeKTpoHa U3 Gapus.

935. [1yuok yabTpadHONETOBbIX JIyueH ¢ AJIHHOM BOIHH A =
= 11077 M, nafawoLmil Ha METaJIHYECKYIO IOBEPXHOCTb, Tepe-
Haet eit Mowmocts P=1- 1076 Br. F '
OrpesieIMTh CHITY BO3HHKILETO Ho- ;;%
TOTOKa, ecJH (PoTo3(pdekT BbI-
apiBaet M = 0,01 nagarommx ¢oto-
HoB. CKOpOCTb CBeTa B BaKyyMe
c=3 - 108 M/c, nocrosinuas
[nanka A = 6,63 - 10734 x - ¢, 3a-
pan anextpoHa e = 1,6 - 10719 Kn.

936. Ha metananyeckyro naa-
CTHHKY IlaiaeT MOHOXpoMaTHye-
CKHH CBET C IVIMHOH BOJIHbI A} = 0
=4,13-1077 m. TloTok ¢oTo- s 6 75 0
3JIEKTPOHOB, BbIPbIBAEMbIX 3THM Puc 286

99

415



CBETOM C MOBEPXHOCTH MeTaJll1a, NMOJHOCTbIO 3alePXXHUBAETCH
pasHocTbio noTeHuranos U = | B. Onpenennts paGoTy BbIXO-
Ja 3JIeKTPOHA M3 MeTa/iia Y JJIMHY BOJIHB CBETA, COOTBETCT-
BYIOLLLYIO KpacHOH rpaHuue gotoaddekra. [locrosinnas [l1anka
h=663 10734 Ix - c, 3apsn 3JIeKT§)OHa e=1,6-10"19 Kn,
CKOpPOCTb CBeTa B BakyyMe ¢ = 3 - 108 M/ ¢, macca 3/1eKTpoHa
me = 9,1 - 10731 kr. Bynet s HabmonaTbest GOTOIGPEKT,
ec/u [UIHHA BOJIHBI Najaioulero cseta Ay = 7 - 1077 m?

937. [lnacTUHKY, H3rOTOBJIEHHYIO M3 HEKOTODOro MeTasl-
Jla, OCBELIAIT CHayala OJHHM CBETOM, BbI3LIBAIOWIMM (OTO3)-
¢eKr, a 3aTeM ApYruM, sHeprusi oToHa kotoporo Ha AE = 3 3B
Gosble 3Hepruu GoToHa nepsoro cBeta. Ha ckosibko H3MeHH-
Jlach TPH 3TOM MaKCHMaJslbHasi KHHEeTHUeCcKasi SHeprusi $poTo-
3J1eKTPOHOB?

938. Ilpu yBenuyeHHH 4acTOTH NAAAIOLIET0 HA MeTaJll
CBeTa B 71 = 2 pasa 3aflepXUBaiolllee HanpshxeHHe st GoTo-
3JIEKTPOHOB YBeJIHYMBAETCS B 719 = 3 pa3a. HacToTa nepBoHa-
yanbHO namaioulero csera v = 1,2 - 1015 I'nm. Onpenenuts
IJIMHY BOJIHBI CBETa, COOTBETCTBYIOLLYIO KPAaCHOH rpaHHue ¢o-
To3ddexTa ans storo mMetanna. CKOpocTb CBeTa B BaKyyMe
c=3108m/c.

939. MertannnyecKu LWApHK, YAAJeHHbIH OT APYTHX Ted,
o6syyaeTCst MOHOXDOMAaTHYeCKHM CBETOM C [IJHHON BOJIHbI
A =200 nM. Iapuxk, Tepsisi $0oTO3JIeKTPOHBI, 3apsiXKaeTcs 10
MaKCHMaJIbHOrO MOTEHUHANA @, = 3 B. Onpenenuts pabo-
Ty BbIXOJa 3JeKTpoHa U3 MeTasna. [loctoanHas Ilnauka A =
=6,63 - 10734 JIx - ¢, ckopocTs cBeTa B BakyyMe ¢ = 3 - 108 m/ ¢,
3apsia s/ekTpona e = 1,6 * 10719 K.

940. DOoTOH ¢ IJHHOH BOJNHBI A BBHIPLIBAET € OBEPXHOCTH
MeTa/sa (QOTO3JNEKTPOH, KOTOPBLIH- MOMajaeT B OAHOPOAHOE
MarHHTHOe 1ToJIe C HHAYKUHEH B M ONMHUChIBaeT B HEM OKPYX-
HOCTb paavyca R. HaitH paGoTy BbIXOAA 3/IeKTPOHA H3 Me-
Tajsa. Macca snekTpoHa m,, ero 3apsa e, nocrtosiHHas [lian-
Ka /1, CKOPOCTb CBETAa B BaKyyMe C.

941. POTOH DEHTreHOBCKOTrO HM3Jyd4eHHsI C 3HepPrHeH
E = 0,45 M5B paccesics Ha cBOGOIHOM 3J1€KTPOHe. DHeprus
paccesinnoro gotona £’ = 0,40 MsB. Onpepenuts yroa pac-
cesiHHs (DOTOHA M KMHETHYECKYIO SHEPTHIO 3JeKTPOHA OTAAYH.
DHeprus nokost anekTpoHa £g = 0,511 M3B.

942. PeHTreHOBCKOE M3JyUeHHE ¢ JUIMHOH BOJIHBL A = 5 M
paccerBaeTcs Ha CBOOOAHBIX 3JEKTPOHAX NOA yrjioMm 6 = 20°,
Haiity umMmysnbc snekTpoHa oTAaud. KoMMTOHOBCKas AJHHA
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BOJIHBI 3JIEKTPOHA Ac = 2,4 nM, nocrtosnHas [lnanka h =
=6,63 - 10734 IIx - c. : _

943. B pesysbrare coynapeHUs co cBOGOAHBLIM 3JEKTPO-
HOM (OTOH OT[aeT €My TPeTb CBOEH 3Heprud. YroJ pacces-
Hua 6 = 60°. OnpeneauTb SHEPrUI0 M HUMIYJbC PaCCESHHOIO
¢ortona. CKopocTb CBeTa B BakyyMe ¢ = 3 - 108 M/ ¢, nocro-
aunas [InaHka A = 6,63 - 10734 JK - ¢, KOMITOHOBCKAS MTH-
Ha BOJIHBI 3JIEKTPOHA A = 2,4 mMm.

18. ATOM U ATOMHOE A1PO

MeToauueckue ykasaHusi K peLueHuIo 3agay

[Ipu pelieHMH 3ajay pacyeTHOTO XapaKTepa, CBS3aHHbIX
CO CTPOEHHEM aToMa M aTOMHOIO SIpA, HCIOAb3YIOTCS B OC-
HOBHOM IIpHBefleHHble HHXKe ¢opMyJbl. Kpome Toro, mpume-
HSIOTCS 3aKOHBI COXPAHEHHS HMITYJIbCA, SHEPrHH, 3JeKTpHYe-
CKOro 3apsiia, a TaKXKe 3aKOH B3aHMOCBSI3H MacCChl H SHEPrHH.

OcHOBHbI€e 3aKOHbl U (hOpMy bl

- [epsotii nocmyaam bopa: aTOMHasi CHCTEMA MOXKET HaXOAHMTh-
€Sl TOJIBKO B OCOBBIX CTALMOHAPHBIX, WM KBAaHTOBLIX, COCTOSIHHUSIX,
KaXXJIOMY M3 KOTODLIX COOTBETCTBYeT Ollpeje/ieHHast SHeprus E ; B
CTaLOHADHOM COCTOSIHMM aTOM He M3J/1y4aer.

ONeKTPOHBI B aTOMe MOTYT ABHraThCsl BOKDYT $IAPa TOJBKO MO
Oflpefie/leHHbIM KPYToBbIM OPOHTaM, PagHYyChl KOTOPHIX YCTaHaBJIH-
BAIOTCS CJEAYIOIMM [1PABHJIOM KBaHTOBAHMSA:

mov,r, = nh,

rae m, — Macca 3JeKTPOHa; U, — CKOPOCTb /IeKTPOHA Ha n-# op6u-
Te; rp, — pamMyc n-it op6uTH; n = 1, 2, 3, ... — NOPSAAKOBLIA HOMep
op6utsi; h = h/(21) = 1,05 - 10734 Ik - ¢; A — nocrosiuuas [nauxa.

Bmopoi nocmysam Bopa: npu nepexoje aToMa M3 OJHOTO CTa-
LIMOHAPHOTO COCTOSIHHS B [PYroe HCIYCKaeTCs HJH MOrJolWaeTcs
KBAHT 3JIEKTPOMarHWTHOH SHepru.

Snepzus (pomona paBHa PasHOCTH SHEPrHH aToMa B ABYX €ro
CTaUMOHAPHBIX COCTOSTHUSIX:

hvp, =E, - E

14 3ax. 2680 417
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rae h — noctosHHas [lnanka; v ,,, — 4acToTa Kosne6aHHH, COOTBET-
cTBylolas Hcnyckaemomy (MM TorjowaeMoMy) KBAaHTY H3Jyue-
HHSI; m, n — HOMepa CTaLMOHAPHBIX COCTOSHUH (MM COOTBETCT-
BYIOLLMX 3THM COCTOSIHMSIM 3JIEKTPOHHbIX op6uT); E,, E, — 3Hep-
FHsl aTOMa B CTAUMOHAPHBIX COCTOSHHAX.

Inepeun c8A31L amomnozo A0pa

Eg = c2am,

rie ¢ — CKOpPOCTb CBeTa B BakyyMe; Am — gedekT Macchl, T. e.
Pa3HOCTb MEXAy CYMMOH Macc NpPOTOHOB H HeATPOHOB, o6pasyio-
UIMX PO, H MaccoH sapa.

Hegpexm maccet

Am=Zm, + Nm, —mg, (1)

rae Z — 4ucJsI0 NpOTOHOB B siape; N — uHcso HelTpoHoB: N=A ~ Z;
My, My — Macchl CBOGOAHBIX NPOTOHA W HeHTPOHa;, mg — Macca
siipa.

CnepoBaTesbHO, SHEpPrusl CBA3H

Eg =(Zmy +(A~Z)m, —m, )2

O6biuHO B TabJHUAX Macc H30TONOB AAIOTCS MaccChl HEHTPaJb-
HbIX aTOMOB, HO He sgep. [lostomy dopmyay (1) uenecoo6pasto
npeo6pa3oBaTh Tak, yTOObl B Hee BXOAMNA He macca sapa mg, a
Macca m, COOTBETCTBYIOLIErO HeiTpanbHOro atoma. Tak kKak mg =
=m, = Zm,, rie m, — Macca 3/1eKTpoHa, To popmyJy (1) mMoxHo
3aMEHHTb CAeLyoLei:

Am=Zm, + Nmy —(m, = Zm,),
HJH
Am=Z(m, +m )+ Nmy —m,.

YuutbiBas, uto my + me = m, TAe m,, ~ Macca aToMa BOJIO-
pona, noay4aem ! :
Am = Zm{H +(A-Z)my, —m,.
Amomnasn edunuya macce (a.e.m) — macca, pasHas 1/12 mac-
chl atoMma M30Tona yrnepofa 12C:
1 a.em. = 1,66053 - 10727 k.
Jarexmponsorem (3B) — elnHMUA 3HepruM, pasHas SHepPrHH,
KOTOPYIO IpHOBpeTaeT YacTrLa, 06/1aa101as 31eMEeHTaPHBIM 3NeK-

TPHUECKHM 3apsAoM (3apsnoM, PABHBIM 3apsily 3JeKTPOHA), NPOXO-
Afl PasHOCTb noTeHudanos 1 B:

1 3B =16 10719 Ix.
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Jnepeemuueckutl 3K8UBANERM AMOMHOIL eGUHUYbL MACCHL
(1 a.e.m.)c? = 931,5 MsB.

JHepaus c8A3U AmMOMHO20 A0PA B METa3/eKTPOHBOJbLTAX Bbl-
YHCASIETCSE IO opMYyle '

Ey = 931,5(Zmy + (A = Z)m, — my),

Tle MacChl POTOHA M, HEHTPOHA My M SAPA My BbIPAXKEHbL B aTOM-
HBIX €JMHHUAX MacChl.
3akon paduoakmusroeo pacnada:

N=N02—I/T,

rae N — 49HCI0 HepacnaBLUMXCS PAJHOAKTHBHBIX SiIeP B MOMEHT
BpeMenH #; Ny — YHMCJI0 HepacnaBIUMXCs $iflep B Haua/bHbill MOMEHT
BpeMenH (npu ¢ = 0); T — nepxox nosypacnaga. ITOT 3aKOH MOX-
HO TaKXe 3arHcaTbh B BHAE

N =Nge ™™,

[lle € — OCHOBaHHMe HATypaibHbIX JOrapu(MOB; A — MOCTOSHHAs
pafMOaKTHBHOrO pacrnaja ijs JaHHoro Buaa sifep. [loctosiHHas pac-
naza CBS3aHa ¢ MePHOJOM MO0Jypacnafa cooTHolleHnem T = In2/ A.
IIpasuara cmeuwjenusn npu paduoakmugrsix pacnadax:
npu o-pacnage 5 X —4_3Y+3He,
npu P-pacnaze 'qu—’zfot?e'

rie X — CHMBOJ MaTEPHHCKOrO siApa; Y — CHMBOJ JOYEPHEro syipa;
4He - aapo renus (O -yacTHua); __?e — 0603HaueHHe 3JEKTpPOoHa

33ap;u1 ero pased —l, a MaccoBOe YHCIO — HYJIO).
Inepeusn (anepeemuuecxui 8boixod) adeprol peaxyuu

Q = c:(my + my) — (m3 + my)),
rae mjp, Mg — Macchl sAPa-MHIUEHH H 60MOapIAHPYIOLIEH YaCTHLbI;
m3 + m4 — cCyMMa Macc NpOLYKTOB peakuuH (sigep u yactuu); eciu

my +mg > m3+ my, TO 3Heprua Q BhbIeAseTCs; ecAH m| + mg <
< mgz+ my, — norjowaercs.

MNpumepbl pelueHus 3agay

944. Bo Bpems Nepexoia 3/JEKTPOHAa B aTOMEe BOJAOPOAA C
TpeTbeH CTALHMOHApHOH OpOHTBI HA BTOPYIO aTOM H3aydaeT ¢o-
TOH, SHEPTHS KOTOPOTO COOTBETCTBYET [JIMHE BOJIHBI A = 652 HM
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(kpacHas simnKs criektpa). Ha cKosIbKO yMeHbLIaeTest NP1 STOM
3Heprusi aToma Bofopoaa?

Pewenue CornacHo BTOpOMy noctysaaty bopa, sHep-
rusi GOTOHA paBHA Pa3HOCTH 3Heprud E3 U Eo cTaUMOHApHBIX
COCTOSIHHH:

hv = AE,

rage A — nocrosHHas [lnaHka, v — yacrora: v =c/\; ¢ —
CKOPOCTb CBETA B BaKyyMe; A — MUIHHA BOJHbL; AE = E3 — Eg.

Taxum o6pasom, AE = hc/A. TloacraBus B 3Ty <popMyny
YHCJIOBbIE 3HAYEHHsl QJHHbI BOJHB A, NocTossHHOH [lnanka
h=6,63-1073% Ix - ¢ u ckopocTH ¢ = 3 - 108 M/ ¢, Halinem
AE =3 - 10719 [Ix.

945. Tlonb3ysich Teopued bopa, HalTH paguyC n-H dJjekK-
TPOHHOH OpPOHTHl B aTOME BOLOPOAA, CKOPOCTb H YCKODEHHe
3JIEKTPOHA Ha 3TOH opbHTe.

Pewe nue Cornacko Teopur bopa, 31eKTpoH B aToMe
BOLODPOAA BpalilaeTcsi BOKPYT sipa, COBepLIas PaBHOMEpHOe
OBH)X€HHe N0 KPYroBoH opOHTe B COOTBETCTBHH C 3aKOHaMH
Hbiorona. I1pu 3T0M cHiia F B3aUMOJEHCTBHSA 2JIEKTPHYECKHX
3apsinoB siapa M saexTpoHa (puc. 287) coobuiaeT 3JeKTPOHY
ueHTpOCTpeMHTeanoe YCKOpeHHe

a, =vk /rn, (1)

TAe U, — CKOPOCTb 3JIeKTPOHa Ha n-H opOuTe; r, — pajHyc
3TOH OpPOHTHI.
ITo 3akony KyJsoHa cHsa B3aMMOLEHCTBHS 3JIEKTPOHA C

SApOM )

F=——. (2)

4TC€0f"

S

-
CorutacHo BTOpoMy 3akony Hbio-
TOHa, ' = m.a,, ui1 ¢ yueTom

dopmyn (1) u 1 (2)

e? mev

7= , (3)

dnegr,

e me — Macca 3JeKTpOoHa.
CornacHo Tteopuu bBopa, u3
BCEX BO3MOXHbIX OPOHT paspe-
IIEHHbIMH SBJISIIOTCS TOJILKO TE,
LJISL KOTOPBIX BBIMOJIHSIETCS Mpa-
Puc. 287 BHJIO KBAHTOBAHUS
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mev,r, = nh, B (4)

rnen=1,2 3, ..; h=h/(2n); h — nocrosuuas Ilnaxka.

Pemus coBmMecTHO ypaBHenus (3) u (4) oTHoCHTe/bHO 7,
U v,, HalleM pajguyc rn-H 3JEeKTPOHHOH OpPOHTHl MU CKOPOCTb
3JIEKTPOHA Ha HeH:

47eqn’n’
r, =0t % (5)
mee2
2
e
v, = ———.
n 4negnh (6)

IToacTaBus B Buipaxenue (1) snadenus (5) u (6), nomyuum

6
mee

nz—-
641t398n3h4

a

946. HaliTH HanpsKeHHOCTb 3JIEKTPHUYECKOro I0Jsl Ha
4YeTBEpPTOH 3JIEKTPOHHOH OpOUTE B aTOMe BOAOPOJA.

Pemw e Hue. CoraacHo Teopud Bopa, paguyc rn-i opbu-
Tbl B aTOMe BOAOPOAA, KaK ITI0KA3aHO B pellleHHH NpefiblayLieH
3aJauH,

41t£on2h2 (
, = i )
mee
rae €g = 8,85 - 10712 /M — 3JIEKTpHYeCKas NOCTOSHHAS;
h=h/(21) = 1,05-1073% I - ¢ — nocrosiHHas I[lnaHka;
me=19,1 - 10731 kr — macca 3nextpona; e = 1,6 - 10719 Kn —
3apsj 3JeKTpoHa.
HanpsxeHHOCTb 3/1eKTpHUECKOTo MNoJisi Ha n-H opOHTe

E,=—¢_

.
41'(80""
[TopctaBuB 310 3Hauenue B popmyay (1), mosyuum

mz-e5

64nsegn4h4‘

E (2)

n

Tlonctasus B popmyay (2) 4HcIOBbE 3HAYEHHS BEJHYHH H
NPOH3Be/si BHUHCIEHHS, HAaleM HArNPSIKEHHOCTb SJeKTpHYe-
CKOro noJisi Ha 4eTBepToit (n = 4) opbute: E4 = 2+ 109 B/m.

947. HaitH yHCJI0 POTOHOB M HEHTPOHOB, BXOJSIUHMX B

COCTaB AJep TPeX H30TOINOB MarHHs: :123 Mg, %g Mg, %g Mg.
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Pemedu e OG6bYHO HEHTPAJNbHBIA aTOM M €ro siapo
0603HAYaI0T OJHUM H TeM >Xe CHMBOJIOM

72X, (1)

rae X — o603HayeHHe 3aeMeHTa: Z — YHCJIO MPOTOHOB B sifpe

(mopsimxoBbIH HOMEp 3JEeMEHTa B NEPUOLHYECKOH CHCTEME

I. . MenpeneeBa); A — MaccoBoe YUCJIO (cyMMa 4ycIa npo-

TOHOB M HEATPOHOB B Siipe, PaBHAs OKPYIJIEHHOH 10 GJIHXKaH-

LIEro LeJIOro YHCJ/a Macce aToMa, BhIPaXKEHHOH B 4.€.M.).
Uncso HeRTPOHOB B siApe

N=A-2Z (2)

Ha ocnoBanuu dopmya (1) u (2) Haxoaum, uto ﬂnpo Mg
conepme 12 npotonoB u 24 — 12 = 12 HelTpPOHOB, ﬂnpo
Mg — 12 nportoHoB 1 25 — 12 = 13 HEHUTPOHOB M SIAPO

12Mg — 12 nportonos u 26 — 12 = 14 HeHTpPOHOB.
948. Hailti 3Hepruio CBS3M siApa JHUTHSA gLi. Macca aro-
Ma gLi m, = 7,01601 a.e.M., Macchl aToMa BOaOpPOAA iH u

HeHTpOHa — COOTBETCTBEHHO m Ly = 1,00783 a.e.m. u m, =

=1,00867 a.e.m.
Peuwenue 3DHeprus cBsi3u aTOMHOrO smpa onpeness-
eTcs 1o (hopMmyiie

E.. = CZAm,

CB

rae Am — nedekTt mMacchl: Am = Zm}H +(A-Z)m, —m,.

Tak xak aﬂepremqecxuﬁ SKBHBAJIEHT ATOMHOH eIMHKIIbI

Macchl paBeH 931,5 M3B, To Bbipa)keHHasi B Meras/JeKTpOH-
BOJIbTAX 3HEPrusi CBA3M siApa

Ey =931,58m = 9315(Zm, , +(A~Z)m, —m, ), (1)
1
TR€ MMy ., My BHIPAXEHD B a.€.M.
1

Has sanpa gLi pmeeM: A = 7, Z = 3. [TogcTaBUB YUCIOBLIE
3HaueHHsl BeJMUMH B popmyay (1), nonyunm E., = 39,26 M3B.
949. Kakoe Konu4ecTBO o- M [-pacnafoB CONEPKHUTCS B

LleroyKe NpeBpalleHu ypaHa 235 5 U B cBUHeL 207 pb:)
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Pewenue. [lpu a-pacnage 3apsaoBoe 4HcI0 Z yMeHb-
maeTcs Ha 2, a maccoBoe yueao A — 1a 4. CUMBOJIMYECKH 3TO
MOXKHO 3alMcaTh TakK:

2 X437 +3He,

rae gHe — 0DO3HAaUYEeHHEe (x-YaCTHLEI.

[Tpu B-pacmaje 3apsioBoe YKMCJIO yBEeJHUYHBAETCS Ha elH-
HHLY, 2 MaCCOBOE YHCJIO He U3MEHSIEeTCH:
A A
7 Xo 7+ le
roe _(l)e — 0603HaYeHHe 3JIeKTPOHA.

Tak Kak MaccoBOe YHCJIO M3MEHSIeTCSt TOJAbKO TNPH - pac-
naje, TO [IpH NpeBpaLleHHH 235 oUB 207 o Pb KoqmyecTso o- pac-
najgoB

N, =285 207 _7
4
B pesysbTaTe ceMH (- pacnajoB 3apsif0BOE YHCJIO YMEHb-

waetcs Ha 2 - 7 = 14, a nocJe NB pacnajfoB OHO yBeJH4YHUBa-
eTcs Ha NB' CienoBaTeJbHO,

92 — 14 + N = 82,

OTKy/la HaXOAHM KoJHuuecTBO [B-pacnagos: Ng = 4.
950. OnpenesuTb, CKOJIBKO aTOMOB pacnafaercsi B m = 1 mr

PaaMOaKTHBHOrO H30TONAa HE3Hs 1% Cs B TeueHHe NpoMe-
X)yTKa BpeMeHu | = 20 puei. [lepuon noJsypacnajga uesus
T = 30 nHe#.
Pewenwue 3aspemsa { pacrnafaercss KOJHYECTBO
aTOMOB ‘
AN =Ny -N, (1)

rae Ng — 4YMCJIO HepacNaBUIMXCS aTOMOB B HayaJbHbIH MO-
MeHT BpeMeHH fy = 0; N — 4yHCJIO HepacnaBUIMXCS aTOMOB
yepe3 NpoMexyTok BpeMmeHH f. CorjacHO 3aKOHY paaHOaK-
THUBHOTO pacrnaja,

N=Ny-271/T, (2)
HepBOHa‘{aﬂbHOC YHUCJIO ATOMOB
No =3 Na, (3)
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rge m — Macca H3oTtoma; M — ero MojspHasi macca: M =
=137 - 103 kr/moab; N — nocTosiHHas Asoragzpo.
MNoncrasup Buipaxenus (2) u (3) B (1), nonyunm:

AN = No(1-27/T) = 2 Ny (1-27/T), AN =2-10%.

951. Hajitu 3Hepruio silepHOH peakLHH
9 2 10 1
aBe + {H - 5B + gn

Maccol sgep zBe, %H, lgB pPaBHBI COOTBETCTBEHHO

9,01219 a.e.m., 2,01410 u 10,01294 a.e.m, Macca HeHTpOHa
m, = 1,00867 a.e.m.

PeuweHune DHeprus sanepHOH peaklHH, BhpaxKeHHas B
MerasJeKTPOHBOJbTaX,

Q = 931,5((mp, + my) ~ (mg + m,)),

T. €. H3 CYMMBbl MacC 4acTHL [0 PeakUHH BbHIYHTAETCH CyMMa
MacC 4acTHU [OCJe peaKLHH M De3yJbTaT YMHOXKaeTCsi Ha
JHepreTHYeCKHH 3KBHBaJEeHT aTOMHOH eIMHHLBI Macchl. [lox-
CTaBHB B 3TO COOTHOLIEHHe YHCJOBbLle 3Ha4yeHHUs, HaHieM
Q = 4,359 M3B. INoayuuau Q > 0. CnenoBartesibHO, 3HEPrus
BhIIEJISETCS.

952. Boluncauts KI1J| nBurateseldl aToMHOro JegokoJa,
ecad MowmHocTs X P = 3,2 - 10* kBT, a aToMmublil peakTop
pacxonyet m = 200 r ypaHa-235 B cyTku. Benencteue nenenns
OIIHOTO $Ipa aTOMA ypaHa Bbizensercs sHeprus Eg = 200 MaB.

Pemewnue KIII gsurartens

n=-L-100%, (1)
rae P, — nosHasi MOLUHOCTb!
P,=E/t; (2)

E — 3Heprus, BbIENSIOILASICA IPH [I€IEHHH ypaHa, Macca KOTOporo
m, 3a BpeMs {. UHCJIO aTOMOB, COlepXAalUMXCA B 3TOM ypaHe,

N=2Ny,

rae M — monsipHas Macca ypaHa; N — noctosiHHast ABoran-
po. Torna :

E=Eg TNy (3)
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U3 ¢opmya (1)=(3) caeayert, uto

— _ PMt )
1= gy 0%

IoncraBum B nocsenHio0 HopMyJTy YHCIOBbIE 3HaUEHHS, BbIpa-
xeHHble B CU: P;=3,2- 104 103 Br; M = 235 - 1073 xr/ mou;
t=1cyr =24 4=24-3600c = 86400 c; Ey = 200 - 106 x
x1,6 - 10719 Ix; m = 200 - 1073 kr; Ny=6,02" 1023 moap1.
MNocsie BHUKCIeHHE noayyrM N = 17%.

953. IlpoToH, /NeTAIIHH FOPH30HTAJbHO CO CKOPOCTBIO
v=4,6 - 10° M/ C, CTalKHBAeTCsl C HEMOJABHXHBIM CBOGOJ-
HbIM aToMoM renusi. [locsie ynapa npoToH OTCKaKHBaeT Hasaj
CO CKOpOCTBIO U] = v/2, a aTOM IepPeXOmHT B BO3GYXKAEHHOE
COCTOsIHHe. BBIYMC/HTD AJHHY BOJIHBI CBETA, KOTOPBIN H3JydaeT
aTOM reJiHsl, BO3BpAllasch B IePBOHAYANLHOE COCTOSTHHE.

PewmweHue Bo3spamascs B nepBoHayaJbHOE COCTOSA-
HHe, aTOM H3/ydaeT (OTOH, 3Heprus Kotoporo E = W, rne
W — sHeprusi Bo3OyXAeHHS, T. €. IHEPrHs, KOTOPYIO NIOJYUHJ
aToOM NpH nepexofe B BO3OyXJeHHOe COCTOSHHE.

Dueprusi potoHa E = hv = hc/A, The h — nOCTOsHHaS
Ilnanka; v — 4acToTa cBeTa; ¢ — CKOPOCTb CBETA B BaKyyMe;
A — aauHa BosHbl. CnefoBatenbho, Ac/A = W, oTKyaa 4JH-
Ha BOJIHBl H3Jy4aeMOro CBeTa

C A= he/W. (1)

Yro6bl HaHTH 3Hepruto Bo3b6yxneHuss W, coctaBuM ypas-
HEeHHsl Ha OCHOBAHHMH 33KOHOB COXPaHEHHS HMIyJbCa H CO-
XpaHeHHUs! SHeprHH:

mu = —m10/2 + motg, (2)
2 2
Y = —”’—‘(2) F M Ly 3
2 2 \2 2 ' ( )
rge ml — Macca IpoTOHQ; m2 — Macca aToMa reJus, 02 -

CKOPOCTb aTOMa TeJIUs 110C/e COYAapeHHS.
Peuns coBMectHo ypaBHenus (2) u (3) oTHocuTensHo W,
HakzeM

w =%m102(1——m). (4)

my

IToncraeus B BoipaxkeHue (1) snauenne W, nosyyensoe no
dopmyJe (4), Haiinem
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— 8hc ] (5)
A 3mp? (1 - 3my/my)

Macca npotona m; = 1 a.e.m. = 1,66 - 10727 kr, macca
atoMa resius my =4 a.e.M. = 6,64° 10727, nocrosinuas Ilnas-
kKa h = 6,63 - 10734 I - ¢, cKOpoCcTb cBeTa B BaKyyMe
c=3"108M/c. [loncTaBuB 3TH 3HAaUEHHS M 3HAYEHHE CKOPO-
cti v B hopmyay (5), naiinem A =6 - 1077 m.

954. B sigpo Kucaopoaa 1gO yaapsieT OL-4yacTvla (éHe) H
3acTpeBaeT B HeM, BbiOHBasl HEHTPOH (01”)' HamucaTb peaxkuuio.

Peuwenue /Ilycts éX — s1po, 06pa3oBaBlieecs B
pesyJbTaTe peakUud. Toraa siiepHyo peakuMio 3amnylieM Tak:

16 4 1 A
8O + 2I—Ie = on + ZX.

YuuThiBas, 4TO B AIepHOH PeaKLIHH COXPaHsieTCs 3JeKTPH-
4YeCKHH 3apsifl, T. €. CyMMa 3apsioB YaCTHL H siep, BCTymalo-
ILMX B PeakKiMIO, paBHA CyMMe 3apsiioB 06pasylolMxcs Jac-
THL U sifiep, cocTaBUM paBeHCTBO 8 + 2=0+ Z, otkyna Z = 10.

B sinepHOl peakuuH COXpaHSieTCsl MOJHOE UMCJIO HYKJIOHOB,
T. €. CYMMbl MacCOBBIX UHCeJ YaCTHI H siiep [0 M M0CJ/Ie peak-
LMK [NOJDKHBE PaBHSITbCS ApYT Apyry. [Toatomy 16 + 4 =1 + A,
otkyma A = 19.

ITo Tabsmue MeHzeneeBa HAXOAMM, UTO 3/IEMEHT, Y KOTOPOTO
siEpo atoma cofep:kuT 10 mpoToHoB, — 3T0 HeoH. Takum o6pa-
30M, SIIEPHYIO PeaKUMIO MOXKHO OKOHYATeNIbHO 3aMHCaTh Tak:

16 4 1 19
8O + 2I—Ie = on + 10Ne.

3agaum ANA CaMOCTOATENbHOro pelleHnA

955. OnpefenuTh MJIOTHOCTb SIAEPHOrO BEILECTBA, CYMTAS
pamuyc sfpa atoma R = ROQ/Z, rae Rg=1,3 - 10715 M, A -
MaccoBoe uMcsio. Macca HyKJIoHa my = 1,67 - 10727 xr. Kaxo-
Ba Gblia 661 Macca Tesla o6beMoM V = 1,0 cM3, ecsn 61 OHO
COCTOSJIO M3 OfHUX siflep?

956. B onbitax Pe3ephopaa o -yaCTHIBI B MOMEHT II0MaaHHS
Ha TOHKYIO 30JI0TyI0 (hoJIbIy MMeJH cKopocTb v = 2 - 107 M/ c.
[lonarasi BeKTOp CKOPOCTH OL-YaCTHLUbI COBMAJAIOIMM C Mpsi-
MOH, COeMHSIIOUIEN YacTHUy U siAPO aToMa 30j0Ta (J1060Boe
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COylapeHHe), HAUTH PACCTOSIHHE MAKCHMAJBHOTO TPHOJIHKe-
HHS O-4acCTHUBl K sAPY aToma 3osoTa. MoJsipHas macca re-
aus M = 4 - 1073 xr/wmonb, nocrosuHas Aporagpo Ny =
= 6,02 - 1023 mosn™~!, snementapHmiit 3apsm e = 1,6 - 10719 K,
3apsan sapa 3onota g = 79e, aneKTpHueckas NMOCTOSIHHAS
g0 = 8,85 10712 d/m.

957. Pesepdopn Habmoaan, 4To npH 1060BOM COyAapeHHH
C HENMOJABHXHBIMH SIAPAMH aTOMOB MeX (L-4aCTHI C 3Hepruer
Eg = 5,0 MsB nocnegnre oTieTarwT Hasal C JHeprHeH
E =3,9 M>B. BrlyHCIHTh IO 3THM AaHHKIM OTHOLIEHHE Macc
siipa aToMa Meld M O-4acTHUbl. B3auMHBIM OTTaJKHMBaHHEM
3apsoB npeHe6peyb.

958. KakoBa cKOpOCTb (1-4aCTHLLI ¢ KHHETHYECKOH 3Hep-
rueit E, = 7,68 M3B? Macca ot-uactuns m = 6,64 -+ 10727 kr.

959. Jlyyok OZHOKPaTHO HOHH3HPOBAHHLIX H30TONOB Mar-
HHSA 24Mgr H 25Mg BJIeTaeT B OJHOPOJHOE MarHHTHOE MOJe.
OnpenenuTh pagvyc R| OKpYy>KHOCTH, IO KOTOPOH ABHXXYTCS
JIETKHe H30TONbl, eCJIH [Js TSKEJbIX H30TONOB OH paBeH Ry.
CKOpOCTb BCeX MOHOB B Ny4YKe CYHTATh OJHHAKOBOH.

960. Arom Bofopona COCTOHT M3 siIpa, BOKPYT KOTOPOTO Bpa-
1aeTCsl eIMHCTBEHHBIH 3/1eKTPoH. C KaKo¥ 4acTOTOH BpalaeTcst
3JIEKTPOH Boxg)yr SIApa, eCaM ero opbuTa — OKPYXKHOCTb pauyca
r=5,3- 10711 m? Macca snextpona m, = 9,1 - 10731 xr, sapsan
snekTpona e = 1,6 - 10719 K1, sanexTpuyeckas nocrosiHHas
eo = 8,85 - 10712 b /m.

961. Arom Bozopoa NpH Nnepexoe U3 ONHOTO CTALHOHAPHO-
O COCTOSIHHS B IPYrO€ HCNYCKaeT NMOCJeA0BATEbHO 1B KBaH-
Ta, JUIMHBI BOJH KOTOpbIX A = 4051 HM u A9 = 97,25 HM.
OnpenenuTb M3MeHeHHe 3HEPrHH aToMa Bogopoaa. IlocTosiH-
Hasi [lnanka A = 6,63 - 107%4 Ix - c, CKOPOCTb CBEeTa B Ba-
kyyme ¢ = 3,0 - 108 m/c.

962. Ha xakoM pacCTOSIHMH OT LEHTPA Siipa HaXOAHUTCS
3JIEKTPOH B aTOMe BOAOPOAA, €CJIH CKOPOCTb €ro ABHXKEHHS
no opébute v = 2,2 - 106 m/c? Kakosa HaNpsi)KeHHOCTh
1N0Jsl, CO3/aBaeMOro siApOM B TOYKax OPOUTHI? 3apsii 3JeK-
TpoHa e = 1,6 - 10719 Kn, 3JIeKTPHUYECKasi NIOCTOSIHHAS € =
= 8,85 - 10712 & /m, macca saektpona m, = 9,1 - 10731 kr.

963. Paguyc nepsoi opOHTHI 3JIeKTPOHA B aTOMe BOLOPO-
ma r; =53 - 10711 M. HaiiTh HanpsskeHHOCTD 3/IeKTPHYECKOro
T0JIst Sipa Ha 3TOM PACCTOSIHHH W KHHETHYECKYIO SHEPTHIO 3JIeK-
TpOHa Ha nepBoii op6ute. 3apsaa saekTpoHa e = 1,6 - 10719 K,
5JI€KTPHYEeCKasi N0CTosiHHas £ = 8,85 + 10712 & /m.
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964. Bo cKo/bKO pas JIMHeHHas CKOPOCTb 3JIEKTPOHA Ha nep-
BOM OpOHTE B aToMe BOAOPOfA GoJblie CKOPOCTH U NACCaX<Hp-
ckoro camoJiera Ty-134, pasnoit 850 xm/ u? [locTosnnas [Taan-
Ka h = 1,05 10734 I - ¢, 3apsan snextpona e = 1,6 - 10719 Kn,
3JIeKTpHYecKas NocTosiHHas €¢ = 8,85 - 107 12 CD/M

965. LIMEKOBYIO NVIACTHHY OCBELIAT MOHOXPOMATHYECKHM
CBETOM, JJIMHA BOJIHb! KOTOPOr0 COOTBETCTBYET EPEXOLY 3JeK-
TpPOHa B aTOMe BOOpOJia ¢ YpoBH# ¢ 3Heprued W = —0,38 3B
Ha ypoBeHb ¢ 3Heprued W, = —13,6 3B. Onpeneants, Ha
KaKoe MaKCHMaJbHOe PacCTOsIHHE OT IJIACTHHKH MOXeT yna-
JUTbCs1 HOTO3JEKTPOH, ecJH BHe ee HMeeTCsl 3allepKHUBalo-
1lee ONHOPOJHOE 3JEKTpUUYecKoe MNoJe HaNpsXeHHOCTbIO
E=10B/cm. 3apsn saektpona e = 1,6 - 10719 K, pa6ora
BBIXOJIa 3JIeKTpoHa M3 uuHKa A = 6,4 - 10719 JIx.

966. Ha ocHoBaHuu Teopuu Bopa HalTH oTHOLIeHHe nNO-
TeHUHAIbHOH SHEepruu E, 5/1eKTPOHa K €ro KHHEeTH4eCKOH
sHepruu E| B aTome BOlIOpOlIa

967. Hantu Lmcno NPOTOHOB U HeﬁTpOHOB, BXOISIIHUX B

COCTaB sifiep: a) Al 6) 20 2 Pb B) “3 2
968. Onpenenmb 3Heprmo CBA3H smpa ypaHa 235U Mac-

ca sgpa 235U mg = 234,99331 a.e.M., Macca npoToHa

m, = 1 00728 a.e.M., Macca HedTpoHa my = 1,00867 a.e.m.,
laem =1 66053 10727 kr. CKOpOCTb CBeTa B BaKyyMe ¢ =
=2, 998 108 M/ c.

969. Macca m, angpa lgO paBHa 16,00 a.e.m. OnpenenuTsb
ero gedexr MaCCbI U 3HEPTHIO CBS3H, €CJIH H3BECTHO, YTO Mac-
ca mgy Anpa , 4He paBua 4,00 a.e.M., a ero gedeKT Macchl Amg =
=0,03 ae. M CkopocTb cBeta B Bakyyme ¢ = 3,0 - 108 m/c.

970. Halitu 3Hepruo CBsi3u, NPUXOASULYIOCH HA OfHH HY-

KJIOH B siipe aToMa KUCJ0po/a 16O. Macca aToma kucnopoaa

=15,99491 a.e.m., Macca aToma Bogopona miy = 1,00783 a.e.m.,
Macca HeiTpoHa m, = 1,00867 a.e.m.

971. Onpenenm‘b 3HEPrHI0, KOTOpast BbiAeaseTCsl NIPH fe-
JeHHH OfHOro siipa ypaHa 235U ecJM NpH [eJeHHH BCeX

fiep, CONepMaLUXCs B ypaHe maccod m = 1,0 r, BuIeas-
ercs s”eprus £ = 8,2 - 1010 IIx. TocTosuHas Asoranpo
Ny = 6,02 - 1023 monp~!

972. Onpepnenuth 3MEKTPHYECKYIO MOLIHOCTb ATOMHOM 3JI€K-
TPOCTAHLMH, pacxonywoued B cyTkH (£ = 24 4) m = 220 r ypaua
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2ggU 1 umerowiedt KITI N = 25%, ecly H3BECTHO, 4TO npu
LeNeHHH OJHOTO siApa ypaHa BulaeJsieTca sHeprus £y =
= 3,2 107! k. [ocrosiunas Asoranpo Ny = 6,02 - 1023 mos !

'973. [1pu neneHun ofHOro siApa ypaHa 233U BbIIEJISIETCS
sneprust Ey = 200 M3B. 3a kako#l mpoMeXXyTOK BpeMeHH Macca
ypaHa B peakTope ymenswintcst Ha o0 = 0,02 nepBoHaya bHOH
macceol m = 10 kr? MownocTs P peakTopa NocTOsIHHA ¥ paBHa
1,0 MBr, noctosinHast ABoragpo N = 6,02 - 1023 moup~!.

974. B nepuonnyeckol cucTeMe 371eMeHTOB MeHpeneeBa
PSIOM PacCIoJioXeHbl TPH 3/1eMeHTa. YCJIOBHO Ha30BeM HX &,
b v ¢. PanoakTHBHBIH M30TOIN 3J1€MEHTa a NpeBpallaeTcs B
3JIEMEHT b, a TOT B CBOIO ouepeflb — B 3neMeHT ¢. [locaenHun
TNpeBpallaeTCss B M30TON HCXOAHOTO 3JeMeHTa. Kakumu npo-
eccaMu o00ycJIOBJIeHb! nepexonbl @ = b, b—> ¢, ¢ - a?

975. [lepron nosnypacnana ooHOrO H3 PAaAHOaKTHBHBIX H30-
tonoB #ona T = 8,1 cyT. Uepe3 kakoe BpeMsi YHCJIO aTOMOB
3TOrO BelllecTBa okaxketcs B n = 100 pa3 mMeHblIHM No Cpas-
HEHHIO C HX Ha4YaJIbHbIM YHCJIOM?

976. OnpenenuTb nepuol noJypacnajga pajioHa, ecyad 3a
Bpems ¢t = | cyT u3 Ng = 1 - 10% atomoB pacnapmaercs N =
=175 - 108 atomos.

977. Asor obnyuaercs B TedeHne T = 1,0 4 nyukom o -yac-

THIL (gHe), YCKOPEHHBIX B IMKJI0TpoHe. HalTv xoauyecTBo ato-
MOB 06pa3oBaBllierocst H30ToNa 1;0, €CJIH CHJIa TOKA B IyuKe

/= 200 MKA U sizepHYI0 peaxlHio léN + gHe = lgO + }H
BHI3bIBAET OJHA OL-4aCTHLA U3 KaxaseX 7 = 1,0 - 10° yacTuu B

nyuxe. 3apsn anextpona e = 1,6 - 10719 Ku.

978. B peakupHy B3aUMOJEHCTBHSA aJIOMUHUS %g Al ¢ yrne-
ponoM lgC 06pa3yIoTCcs Ol-4acTHLA, HEATPOH U AP0 HEKOTO-
poro usorona. OnpenesuTb KOJHYECTBO HEHTPOHOB B 3TOM
sipe.

979. Ilpu B3aUMOLEHCTBHH A74pa H30TONA JHTHA gLi H
NPOTOHA 06Pa3yIOTCs [BE OAHHAKOBbIE YACTHUB M BhIAGJSET-
ca sHeprus Eg= 17,3 MaB. OnpenentTs 4aCTHILY H 3HEPTHIO,
KOTOpasi BbUIEJIHUTCS, €C/IH ¢ NPOTOHAMH NpPOpearupyioT sapa,
comepxaumecss B m = 1,0 r usorona sutHsa. IocTosiHnas
Asoragpo Ny = 6,02 - 1023 momb~1.

980. [Ipu B3aHMOEHCTBHH Silep AJIIOMHHHS %g Al ¢ X-yac-

THUaMH 00pasyloTCs siApa M30TONa MarHHs %g Mg 1 [Y-uactu-
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ua. [lpy B3anuMozneHdCTBHH Xe |Y-4acTHL ¢ SApAaMH aJIOMUHHSA
%g Al o6pasyloTcst simpa H30TONA MarKua %g Mg ¥ Z-4acTHlBbL
Kakne minpoko u3BecTHble yacTHubl X, ¥ U Z y4yaCTBYIOT B
3THX SJEePHBbIX pPeaKUusax”?

981. 3anucaTth CAeAyOLIHe sepHbie PeaKLUMH: a) 3aXBaT
HeUTPOHa NPOTOHOM C MCITyCKaHHeM Y -KBaHTa; 6) pacuiere-
HUe Y-KBaHTOM fipa gBe ¢ o6pa3oBaHueM ABYX O -4acCTHLI.

982. BuluMCAHTD SHEPTHIO AAEPHBIX PeaKUMH:

61 4 2 4y 4 14 4 1 17
3L1 + 1H - 2He + 2He, 7N + 2He - 1H + 80'
Maccni sipep gLi, 21H, gHe, lgN, {H, lgO paBHbI COOTBET-

ctBeHHo 6,01513; 2,01410; 4,00260; 14,00324; 1,00782 u
16,99913 a.e.m.
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PR RS

OTBETbHI

1. OCHOBbI KWHEMATUKH

27. d =vtsine =35 m. 28. v = 5Mm/c, y =—0,5 + 0,8x.
29. vy =v +2u=19 xM/4, vj =v; +v=17 xm/u.

30. y =L+1’(~l=)2 +o2 =14 m/c.

=50 mMm/c, 02————25M/c
Jt b

32, t=L+L_19.102 ¢
v

33. Ha paccrossHun 200 M OT MecTOHaxoXIeHUs aBTOMOOWJIA B Ha-

yanbHB MoMeHT BpeMeHH (cM. puc. 288); ¢ = f_ =20 ¢; He u3Me-
v
HHTCH. ara
34. 1y =242 _ 30 wun
=4 <
35.1=—S =44 5=—2=20-102 k.
L ) U - vy ¥ 242
36. vy =2 =87 m/c. 37. 1~zo-——1 10 m. 38. t=1 "2
tg o 2a 2t2

g
39. tp = (2+V2)y =102 mux.
L - -
40. a =2—211= 0,63 M/c?, vy = M:&S M/c.
T VA

2 .
a1. H=£(L+1] =24-102 m. 42. H=6g2 =21.10% xu.
2\gt 2

43. u —M—IOM/C 44. vy =L =10 m/c
) WE — ot T J2 '
45. 0y = 257185 _ o6 w/c. 48, -’1=3.

t

2,2
47.1:8"1—”22_38 kM. 48. 1, = 2L (1+ 1+£]=4c.
alyy +vy) g a

49, o, = 212 +%) _ 4o sy
Py g 1y
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1l Ak

300 !
7 / 2 3 4 1.¢

200
-

100 2
_J»\

0 10 /) tc
Puc. 288 Puc. 289
50. v, =— 25  _ 58 um/u. 51. v=+2al =89 m/c.

T 25 v, — i — by

52. At =1T- ﬂ% =037 c.
g

53. PewnB ypaBHeHHe T = ‘2}1 +—}L, nonyunm A = 150 M.

54, 1; =2c 55. 1= ——-t—lc
acosa v

56. h = 5—301« hy = 9 =90 M, Ay —%—150;«
57. Cm. puc. 289. 58. Cm. puc. 290 n 291.

432

P uc. 290 P uc. 291

2
59. 1= gt + g21 = 41 m. 60. Cm. puc. 292.
g

2 2
61 =L +2=6c h=2_8" _12.10% u. 62. | = V2upt.
1 = g 2 c 2g ) M UpT

63. vy = yui +2g(H —h) =17 m/c, v= v} +2gH =22 u/c.
64. ny =1+(n, —1)’%:11. 65. 1= g}~ ) =15 m.

i
66. vy =%Jg(8h+g1:2 =40 u/c.

67. g =-g-2'°—=50 m/c, H=gt®/8=13-102 u



0 8 0 X
/ '
T
x VB £ I 4
A N V-\
0
g
s
o A c _lo_1e
7
A B¢ £ £
Puc 292

[.2
+ +2 :
68. t=w, v=\u§ +2gh.

(v —op)t e
69. a=—=—=1 . 70. = L -7 .
; pan vy = h S M/c

Ty =up = Jud +2gh =25 m/c. 72 v = o +2g(H — h) = 25m/c.

73. vy =511% =10 M/c, o, = y0§ +2gH =14 u/c.

.
4. T g2 75 H-8" 5
Hy 8

76. 1 = vp sin o~ yud sin? o — 2gh ~03c,
g
_ v sin o + v sin o — 2gh ~08 ¢

g

ty

77. h = é’i(tg2 oo —tg? a)cos? ag = 6,7 m.
8

2 '
78. v= o +2gh. 19. hmin = ltga-—E - =03 w.

cos™ O

80. s = 8hsina =8 m. 81. s = t‘/vl2 +u3 — 200y coslay — o) = 46 M.
82. Ypasuenne tpaektopun x2 + y2 = R2 DTo ypaBHeHHe OKpyX-
HOCTH pamuyca R. Moay/ib ycKOpeHHS! @ = ®W“R, HanpaB/eHO OHO MO pa-

HIHYCY K LEHTPY OKDY)XXHOCTH; ) — YIJ0Basi CKOPOCTb.

83. B 2 pasa. 84. u; = 20 = 40 xn/u. 85. R = — 2
U —U

=18 m.
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86. n=-2=110%c' 87. v=2nrn/-—2 =6 m/c.
nd 2rn

2. OCHOBbI AUHAMWKU

m(y —vy)

116. F = =28-10% H.
117, o= Fleosarpsine) —umg ,_4q /0o 0t 90,102 y,
m 2 .
8. a=—F  _pg=aws, T=—"E _3y
my + moy my + imng
119. a :L COS Oy —MCOSGIJ= 0,82 M/Cz.
m mg ~ Fsin o
_ 2
120, s = FE—Umt” g 121 Fam 2t —g? =7H.
2um?g
122. g, = 2gm?——2ml= 2.8 m/c2, ay = gm?—_2ﬂ= 14 m/c2,
4my + my 4my + my
’]i:M:]ﬁHl 7226'"17'"2@’:2,6 H
4my + my 4my + my
123. t = M =14 c.
Ug(ml - my)
124. o= 872 _95wm/2, T="U"28 _751

my + my m + my
125. T, = F - T=70H.

126. F = ESIAI =216-10* H, Fpy = 0,5 = 7.85-10° H.

127. t=ﬂ[1+ fL]
mg F-mg

2 _
128. F = m[v 5 % +g(ucosa+sina)}
s

129. m = 2[M—F—A] =2-102 kr.
g

_ g(m(sina —pcosa) — my) — 1w/l
m| + mg
my _ 2s(my +my)

130. a

131. m = 3my. 132. 1 = T2 =02
m mgt _
133. g = alm +ms) _ 98 w/c?. 134. my = —dms __jor.
mo —m : gt* —2s
_Ammag ) ol o136, Ao 1tMtga

135. F

1.

my + my FE l-ptga
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m(g +a)
2cos(o/2)

139. F=m(g+2—"fgh]=2,2 H. 140. F, =F—%=2-103 H.

137. T = 138. F =pSe? =3-10! H.

a

2
141, (= 2 =51 w. 142. o = 2%~ 90 xu/u.
2ug ap - q
143. Fpyp = —228_ ~15.102 H. 144. F,, = ktcosa = 6 H.
Juz +1
5. 7720 _goy .

146. Fp; = mgsino npu tgo <, f; = pmgcoso npu tgo> .

_a ta
147. o = arcsin————2 =11°; 3gech q =3 M/c?, ay =08 M/c? wa-

X0AuM U3 rpadmuka.
9 2
148. p =2 =Ligq=02 149 h= 08X
n® +1 2g(tga—p)

M =20 m/c.
n

152. v> J(n—-1)gR. 153. T = ’3—3 =1-10% mun.
p

154. R = 2 = 51 w. 155. F, =3mg =12.10% H.
Hg

©9
150. o = arctg L— = 45°. 151. v =
gR

156. 0= |—2 =5 pan/c, T=—%_-2H.
lcgsa cos ,
4n“lcosa 2 mu 2
157. =2 L — 98 m/c?. 158. R=—"Y0 ___ =4.10° m
gn T2 [P2 _ m2g?
159. v = R(ﬁ—gj ~14-102 m/c.
m
n?
160. g = g3——l7M/c —:£—24
Yoa n

161. |Ap| = J—mv =14 xr-M/c. 162. o = arccos0,5 = 60°.

12 J _
163. T=mg[1+—L" | =9 H 164. T = 3mg.
mg[ Tatm-n)” meg

165.T=3mgsina=15H T =3mg =29 H.
166. o = arctg L. 167. p = ann’r _ 951072,
R g

168. © = 8 _5pan/c (smech o = 60°).
Rcosa

169. T = ’5—" ~97.10% ¢ 170. M = R _90.10%0 .
pG G
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3rv? 2 3 _op2l 11
171, p = 2% = 5.10° xr/m°. 172. r = gyR [————J
P = nGRY v o}

vy
2
173, F = 07 =0GmM 10y 1 on [R 84 wun
R? g

175. vy = 01/ =1-10" km/c.
ny

3. 3AKOHbI COXPAHEHHH B MEXAHUKE
205. F, = 2 (
2d
207. A= [7 + InQ]gl =13-10411x. 208. A = m(g + a)h = 3-10° [Ix.
209. A =pumguvt =18-10° Ix. 210. A = 2mgh.

of —v§)=63-10* H. 206. A =15mgl= 15102 [lx.

211. .5 = um2g5[1+—] 88 k. 212. F, = (20—8t)2 = 8 JIx.
. m

213, A= Bme) =01 Ix. 214. p_——-"i—*=0,2.
2k mgs — Atga
215, 5= — o1 . 216, u= TR _g 102 /0
m1+m2

217. v= UM"JM(m +M) =56 m/c.

218. vy = AT _ 3102 m/c, 5y TL 4.

m
219. a) U=% :2_]0M/c; 6)v=0
2) U=u(M,:m+M+2 J_QZM/C
0= GrTmaTIm = 020
220, v = Y +(mal oo 190

my + my

222, v =ufl - w =Y 293 f =4/[=40 cm.
=0 M Y M 1 ™

224, x =& [1+ f1+ 2"’?]:0,1 M.
k mg

225. £y = %(ug - 2upgtsina + g21?) = 2.10% TIx.

226. v = 2J06g! =42 m/c. 227. v = Jagi.

' 2 2, .2
228. = Tt _y 1o 5 999 @= A ter)
2(ml+m2) 2(m1+m2)
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230.

a) F= m,g[l +

2
‘”’#] =89-10* H

h(m; + my)
2
6) F=(m +my)g|1+ Hm =92-10* H.
h(ml +M2)2

231 4 =02 4y = 2m, v ompu my >my.

m, +IH2 ml +III2

2 _ 2
232. F=m "% 4 g|=75.10% H
2k — hy)
233. v= o +2gH. 234. B Tpetbeil.
2 2
1 my v
235. 00 = arccos l—-—(—) npy ——————< 4
[ 2gl\m+M P gl(m + M)?
2

236. Q= m(glsina—%—] =1,4-10% JIx.
237. k = 2’"35' =4.102 H/m. 238. E, = L m(od + g%?) = 6102 [Ix.

(Al 2

2,2

239. (=Y - 05 m 240. N = pFrdn = 5-10% Br.

2ugM
241. A, = mg(%R—H):—?-lO‘Z Iox. 242. by = 2R =10 m.
243.F-M 2103 H. 244. p= RL=1?

245,

mymyu* 2
247, Q= MY _ h=15-10
Q 2(ml +m2) ng II)K
248. Q=ﬂ[1-ﬂ] =25 Ix.
2 my
2 - 2
249, @ o2 _ M0 o6 o5g p- 0D 5
Ey Ug Mvg 2n
3.3
251, s < M=—mlo” _ 44
2NM?
ImE(1 - cosr)
252. AE, = mgl(l —cosa) = 98 Ik, h = —————— =016 m.
(ml +M2)2
253. v = v /w =08 u/c.
"Ysina + pcosa
254. N = pg(sina +pcosa) = 2-10% Br.
255. N = %‘ﬂ =23-10% Br (aaecsn = 09). 258. N = "’2g".

U = J ~ gt =40 m/c. 246.

28(M+m)’

1120‘ Dgh =14 m/c.

4427
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. 2 .
257. v = vy = O +2gh =25 u/c. 258.Q=mg( —%J:OJIDK.

2
259. v= 1’(::0 ] +2gH. 260. | =2Jh(n +D(H = h) = 1,6 u.

261 o = arcco: 1-—L"2—] 30°.

(M+mPgl

262. Ek,——Eo, Eyg = 3150 263. mg—?

4. OCHOBbI CTATUKH

o84, | = Mh + mb

=6 cM.
m +my
285. F =[m2 +M‘[(’_’;+_”'l)’1]g= 4H
|
286, m= 2 —8m _
287, x= Xm+m/D _ oo 288 r= 2 _0g
m+my+m Ry + Ry
289. m=Jmm; =4 xr.200. F=—FT€ ____9on,
cosq + pusinq
mg(;u/l2 -k 4 h)
291. F = ; =22-10% H. \

292. Ay =+l= 20 cu. 283. F =”‘u—f(h—u\/12 ~h?)=14 H.
n® +

294. F = mg(sina—pcosa) = 16 H.

295. F = -5—(M1. +m(2L - ) coso. 296. | = —%
m

297. F,;, = 28 =6.102 H.
1

208. = -8 __3.102 H, F2=mg—Fl=2-102H
20-1)
M
2909. m>M, m>05xr. 300. F=— 28 __|.102 H.
301 F,, = 8 =49 H. 302. =M=0_5.
® 2tgo b T 2sina

303. o > arctg S, o > 84°.
m
: 2
304. T=E—%=l.5-102 H



in2
F. =mg(l_lsm GCOSGJ=5J,102 H

2h
F, = mglsmacosa =17-10% H
2h
R : mgh 3
305. h= =15u. 306. T = =3-10° H.
ey Vg -2
307. T = %, = Et—J“gz o+1, N cocrasaser ¢ rOpH30H-
go ga

ToM yroa B = arctg(2tga).
Fl
308. h=—tgasina =3 u. 309. F = mg_\“'(:R;h) .
mg -

310. r—2p—R-—55 cM.
+

p1+ P2
311. Ha paccrosanuu 0,3 M oT wrapa Maccodt my.
312. Ha paccrosuuu r = R/ 6 5,0 cM OT UEHTPA NJACTHHKH.

RE-R}
R"+R3

314. Ha 6Hcce|crpuce yr/a, B BepUIKHE KOTOPOrO HAXORMTCH LaPHK
Maccoit 27, Ha pacCTOSHHM avJ3/4 or aroro LIapHKa.

=Lfz_mh)_o5 o=60°
315. cosa 2(3 M] 5, o .

313. x=

316. F = mg(cosa~sinatgP) =36 H. 317. a = arctg-él— =18°,
5. XMOKOCTU U TA3bI
340. M-F =18cm. 341 Fr,=pghS=15H.

32 h="LDP0 o9y 343, 5= 2802 _533.10° s,

P8 PL+P,
2

M4 p = PERR) gy 0% e M5 1=h e PBRC

12k e

2
346.Fop = DB 2. 10°R.

2
347.p=ﬁ’&ﬂ/2221iF_°’)_14 10° xlla. 348, F = P(l—:;]:ﬂ»l.

1

__P (2 1) o qadus
349. Py = =1521H. 350. V=m | = —— | =9.10° M.
I-p,/p, Py P

35L.p = Fipops =2-10" i’
(R + P - F)p, — Py,
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H=—p—2h—=16 M. 353. m = Sd(p, —p;) = 20 «r.

352.
P2 —pP1
354. V, = [1-"—2]1/. 355. 5= P3P =P2) 4
Py 2p2(py - p3)
356. m. = mp—Z, Ha APYIyio YallIKy.
P
1/p, -1
357. m, =M=0’3m_ 358 q=PL_5
1/94 - 1/93 py 4
359. p3 = op; + 0tppy = 4103 kr/ M3
360. n, = 2PL"P2 _0)9g
P — P2
361. Ahl = % =6 CM, Ahg = n2M1 = 0,4 CM.
po(l+n°)
362, h =P8 _ 97 o 363, h= "0t Loy
Pa 208
364. Ah=-" =1.102 w. 365. h= VAT M _ o0
203 S +S,
366, 1o P2 P A/A-P) a0 o ago.
‘y P2 — Py A_p
-2 21-035=065 T. e 65%, V=-1"12_400 cm3.
|4 : pg
367. m = LM =peSH) _ o0
P1—pP2
368. m = PLUAPI —(R - Alpy) _ oo
palp —p2lg
369. Ah=—”§—=8-10“3 M. 370. m = pSh=3-10° k.
5 :
371. S =— ™ =9 M2 372. pg =p; -2 =7-102 3
min d(Pz "pl) P2 P1 v KF/M
S _
373. h=— " __79.10% m.
glpr —p2) .
374. T, = glpV -m) =91-102 H, T, - 10103 H
COosS O
375. py =%pl =75-102 kr/ M3,
376. A=mg(H +h)-pVgh=15 10 Ix.
377. A =mg[1-ﬁ][h- ﬂ] =12-10° Ik
P1 P
2 .
378. A, = pgg" =2-10% Ix.



379. h =

381. Q=
382, P =

R, P2 [2H 3g¢ p-
Pt — P2 PL—pP2 ¥ & P1
(91 - Pg)Vgh =4.10"2 JIx.

3
_mP2gV o1y 383, H = ARP_ ]
M+m+plV 3m

hpy - p

) =02 m.

. OCHOBbI MOJIEKYNTAPHO-KUHE FMLIECKOM TEOPWUMN.

- 401.
402.
403.
405.
406.

408. M, =

410.

WOEASIbHBIN FA3

mNA

Onuuakosoe yucao N = —A =3.10%5,

/3 % , 3pVM -
(V) = PT —2.10% m/e, (E) = QZNA =7-1072

Po 25 -3 _2E _ 5
= =27.10 . 404. p=4£=8.10° Ma.
" ’ " P=3y 2

n =

(Uxa)—"Spv 12103 m/c. 407. T:%:&g.
m

0
pVM

op = 4107 kN =

mzl,z.lo“,
RT :

m
hM,

=4-1073 xr/monb. 409. hy = Tpo 8k
{—h pg

m=my/[—LRL__1]-6.10
M(p,y + pgh)

5:[? ]100%_ %. 412. m, =%. 43, a=1-12.

I I,

102 K

=8-10' m

411.
1
ata. 7, = —PYTO 5o ¢ (po =1.10° TTa, T, = 273 K.
pViTo — poVoTh
M M -26
a15. p= P2 _ 1 ke /M3, my =L =53.10726 xr.
P RT O = Na
plmy + my) 3
416. =0,5 Kkr/m°.
p= (my /M, + my/ Mg)RT /
NpoVo 5 v
417. p="070 - 2.105Ma. 418. 2o = ___ L _g4
4 o ¥po/p-1
419. m=pV 1-—P -6«
] Paru +PEH
2 -
420. F,,, = W =21 H.
421. T, = T 422, p = PV + Py
)
. ' pa;rMS pSh
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= Ti(panl + pgh(l + S2/S| ))(V| + 32/1)

423. T,
paTMl/l
5
424. Piru = %(ﬁa - g) =1,0-10" Ma.
425, o= BRT _ 90 yv/c 426. 1, = 11°C.
pMSt 2
427. ¢, = o, P02 _ 629,
pozT|

428. m = (po) — Po2)Sh = 1.6 107 xr (9 = 0,73).

429, m = (91P0L = @oP0)V _ go
100%
0,
mRT -100% _ 1.9-103 Ma. 431. ¢ = Vit 27%.
MVep N+,

432. A=2chly =13-10 IIx. 433. N = 78 _11.10%.
ond

430. py =

434. m = ™0l _ 90 «r 435, o = PEALM _ 5 102w/,
a1 4(d2 —d])

436. m =ond/g =2,3-107° «r.
TENNOBbLIE ABNEHUA. OCHOBblI TEPMOOQUWHAMMKM

pVe(T, - Ty) maAT

451 m=—"2 <" =] kr. 452. my = ———— ————= =30 «r.
K+C(T2—T3) CQ(TQ—Tl—AT)
453. t, = 4, + X 00 oC. 454 n=l+M=l,15.
cmg r
455. m{ =m - oy (tny —12)}: ey~ thy) =19 kr, mj =21 «r, rae
1, =0°C

_ my(r+clty —4))

456. 1 =0 °C, my =4 kr.

A
my(A +¢y(Tyy -~ 1)) - eymy(Ty — T})
all - +r-a(f - 1)

458. v = ‘M =45-10% m/c.
n
2h(0g — 2cAT) ma't’
459. [= |20 077 - 984 M. 460.Q = =210 Ix.
g 2

2
a61. AT =-"P__ -8 K 462. V = (l-lj—"’" =9
M

457. my =

= 2emM pcAT
nuh
463. m=— " 1 met, =0°C n=08.
m U DA Kr, e &, n



ita

464. 19 = ———— = 30 muH, rae {, =100 °C.
C(IK —/[)
465. n = 28T 100% = 34% 466, 1= 7LAT+A) _ o 50wy,
qml P
1 mlRAT ] 3
467. my = L[ 20 _ 505 ]=28103 «r.
my g[ Mh Po : Kr

468. AU = Q- VR(T, - T})) = 2-10° [Ix.

469. U=3pv -6-10° k. 470. Y2 =, @ __3
2 v VRT

mg\[ Ty 2
A= +—=||=-iV=2-10 .
471 [po S }[Tl ] Jx

472. AU =(C—MJAT= 4107 Jx.
MQ -Q) 4

om=0 T 481074 ki
473. m RAT K
474. A=(n—VRT =8-10° [l 475. c, = 2 & o, = 3K
476. Q= A =25 x. 477.v= = 3 MOJIb.

3RAT

478. Q= 5(n - 1VRT = 19.10% I, 479. L =1+—4_=2

’ 2 ' ’ 7 VRT

480. AU =%ﬁRAT=3-103 DX, A=ﬁRAT:2-103 Tix,
Q=AU+A=5-10° IIx.
_(n-DpV+AU
ng
_LL-T}
=

1-
484. hy,, = M =86 M, rae Ty =273 K

481. m =6-107 xr.

482, 7, - T; =-117 K. 483. Cm. puc. 293.

Puc. 293
443



mgHT2

c=—"8112 - 49.10% I /(xr - K).
485. €= L T _
gV -T) _ 5 02
=7 ) 5 0
486. S T KM.
_ Q-@Q
487.AU=Q,—%‘V2V‘):5-102 Tk, 1 =22 100%=20%.
8. ANEKPOCTATUKA
521 T=mg-—2%_-15.107 H. 522. F.=[3ﬂql:8 108 H
4dnegr 4dnegr

_ 2
523. ¢ = “02;'6“0’ F o 6.10% K, gy = Qg = 210 Kan.
524. |Q|=%q, Q<0.

525. Q = _ZZT‘JW’Z +d2)3 =-38.106 Ka.

. 3

526. £ =‘/—L"2 = 3.101 B/w. 527. g = “0Ed” _ | 510 ¢,

4118011 !
528. E =J20 _ 80 B/m, non yriaom o = 45° K rOpH3OHTY.

€0 :

529. £ =19 530, a = arctg 2E = 450

9eg mg
531. g5 = —%—3—1] = -5 mkKn. 532. F = —Lz =41 B/M, ¢ =0,

TEgEaQ
533. £ = 0, ecaiM Ha KOHLUAX AKArOHa/JH HaXOAATCA OAHOHMEHHble

3apsigu, H E = ‘2

, €CJJH Pa3HOHMEHHbIE.

ameg ,
R2

534. A= ___ .10 Ix.

go{R+7) Tx
535. £ =119 >=33-107 B/m, 52=——_R2i"__2=1,1-|o2 B/m.

(R +r) (R +R))(R +r)
536. A _ﬂ’L[L_L]=9.10‘2 JIx.

41‘508 r n
537. q=[ 66 +c3)u= 1,3-1073 K. 538. c:M)ST.

C+C - d(4e + (e +1)%)
539. Ag = S0&-DSE o5 10m10 g,
540. C2=CI_(U%J_—_U2_)=3 mkd. 541. U, =‘1'Ll’1—Ul=2-1o2 B.

2 i



2
a2, 1= QCWi+U) o 1064 543 he Hp—2+q72.
(¢ +Cy) P1 2€0eS°P18
5a4. Uy = 21 545 aq= €U — 50 mxKn, g, = 0.
e+l 2
546. g = EOs—m‘g'tgoz =36-10" Kn. 547. r = 3}39—U =4.10% m.
90 4ndpg
548. T = mg S0S2¢ 87 1073 H.
cos
i 2
549. T = mgsin” atga =35.107% H, paBHOBecHe Ge3pa3/HYHOE.
€
30000 —
550. £ = 22802 =) _ 4 104 g/
6g
551. ¥YBenuuutcs Ha Ag = 9E _ 96-107 m/c?.
m
20U
552. { = /7‘ =9.102 c. 553. a = £ = 089 m/c2.
gl -Uy) 11
554, z=2[1+%—] =16 cm. 555. v= |2V —80.105 m/c.
2 qU, . m
medzv2 2
556. U= ——— =6-10°B.
el
r g w’r -7
557. g=+—_— [2neym - O ) - 413.1077 K.
sSin ¢ Cos (X sina
2
558. v =,|v§ + [8—5’] = 9108 M/c, o = arctg €EL = 940
me meUp
(@ = yron Mexjy BEKTOPaMH U H Up).
2
9
550. T=—1 —— “"8 _01H 560. 0= [2U =12.10" m/c.
4negl2  tg60 m
2
561 s =Y =2.10% m 562.0=J blmg + 4F) 7— =3 M/c.
2qE m(tg o +tg B)cos® a
' 2
563. h=L2L=6-10-3 M.
2dvc me
564. B = arctg 08D _ 450
p=arctg vcoso + eEAt/m,
565. Wy = W4 + 05R(3mg — F) = —4 107 IIx.
2
566. A = (g2 —1)£‘4/—_ 567. U >Kl‘i=2-1o2 B.
e
2(p _
568. Ay = COUT(EI) Ay = —CoU (e -1).
2,42 E?
569. W:QEQ—d:z-lo*”’ Tk, @ =297 _ 41078 [Ix/mC.
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GG U —Uy)?

570. Q=121 " 27 5107 I
Q 2(C, +Gy)
2 2
571, A = EoSY” ﬁ-1]=1,7-10-3 Ik, 572. AW = - CU~
2d, | 4

573.t=2RC =200 c.

9. 3AKOHbl MOCTOAHHOIO TOKA

M -5 Uy o/ _ 0
08. v= =18-10 . 609. 8§ =—2.100% =0,3%.
6 u epSNA M/C laRB (4 (J

610. R, = 2R =90 Om. 611. n = JR /R, = 4.
2 8 1 1 2

612. CoefHHHB TOYKH C OAMHAKOBBIMH
[IOTEHLKaNaMH, T0J1y4YHM SKBUBAJIEHTHYIO CXe-
my (puc. 294). Io Heil HalineM COnpoOTHBJe-
nue: R, = 7R/ 12 = 3,5 Om.

613. U = 22 B.

614. R, = RB[DQ——IJ =36-10° Om.

Puc 294 2
- 615.I=Ia[l+nd Ra]:lsA_
: 4pl
616. 1= JaRaS _o
o/ -1,)
617. U, =—2R_ _ 1408, U, =R _160 B,
1+R2 Rl +R2
2 -
618. 1= TR _ 2 ¢ e19. R=M=24,Q Om.
A 2 P 2
620. A= 2 _ 960 Br, Py =2 __ 144 Br.
( 1 +P2) (Pl +P2)
2
621. R=—2U"__ _02 Om
(1+k)2P _
21 P 201 p
622. A =M=BBT, P, =M=12 BT,
R(112 —Ill) ( 1)2 -1
g =1y Rylly = 1)
= N2 T 04y =227 3
' LR - Ry 2= TR - Ry)

,
623. Eciu R > r, To 60/1b11a8 MOWIHOCTb BbIAEASETCH NPH NMapasJelib-
HOM COeIMHEHHH PEe3HCTOPOB, ey R < 7, — NpPH NOC/IEIOBATE/LHOM,

2 2
624.U = U, + 2P _50.10? B 625, m = AOPLUHRNP

nd?U, kU2

2
626. & = (V2 +1) [PR ;- Y2 p 627 py-
2 2 Py

78 kr

=10 Br.



628. n=1-—1R__09 629. n:%’t‘.loo%zz;g%.

&-1Ir
¢l kg?
630. Pmax = Zax = 3 Br. 631. Pmax = m =5 Br.
2 2 2 p2
632. ' = M: 72 Br, Pf = % =16 Br,
Ul(Pl+P2 +P3) Ul (Pl +P2+P3)
2 p2
p =213 Uih'hy — =32 Br.
Uf (PR + P+ P)
2
633 & _ w 14 634, 221
9)) (r+R) A
2
635. 1=— "S5t 19 (s =100 °C).
pm(c(ty =)+ 1)
-2
636. AT =1 P 02k
cD
2 _ py2 _
637. s = 2L Al _ 5 p r=gl‘—2Pl=2,0 Om.
Ly (1 = 1) I
638. AQ = /Ut —cmlty — ) =19-10° [Ix, n = onlly —h) _ 0,7.
Ut
639. 13 = B 5,7 MHH, T4 = 7| + Tg = 28 MHH.

Ty + 19
P
640. ty = 4¢; = 12 mun. 641 r = JRR, =6 Om. 642. FT= é.

643. o =1-2YAT 04 6aa. 1, =12 _g
Pr Il+12
(81 - 82)(R1 + R3 )Cl (81 - 82 )R3C2
645. g = y 4o = .
R +Ry+ Ry R+Ry+ Ry
’ 8 14 7
646. U= —8 _ -7B U;=8-U;=5B.
YT+ U, /U, 2 !
647. R=—£97_ -5 0m 648. U, =U, = 45
¢-Ed 97
649. q=(1—ljgc_ 650. 5= ZR*2R) 10 p
n 1
651. g:M:l.lol B, r:M:;;oM,
h-1 h-1
652. 6= — Y2 _ 408 653. g=—ECR__12.10 Ka.
30, — 2U, 2R+ 3r
654. 8= U - Ir =23 B. 655. [, = 227Vl _ g5 5
U -U,
& ry — Bor,
656. R=—2_ "2 _ 09 O

&y
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r(2vk -1)

657. R=——" " _08 Om. 658. r = R.
2 -V
659. r=M=o,3 OM, &= 12(R+L]=2 B, rme n = 3.
nly — Iy n
282" )
660. R = =10m..
=T
661. P g’ 42 Br. He 6yne
. = 5 = T. e AeT.
LS PWr /Py y |
2
662. P=™R _40Br. 663. Al=1-"=0] A,
k212 kt

664. q=12_f=20 K, m=k7”=6,6-10‘6 K.

665. m = kjStN =36-10* xr, W = UjStN=11-10"% Jx.

666. =2 —29 4 667. w = UFmn _ 13108 nix.
k nM

f
668. g = 2ewdSC,R=6-107'3 Ku.

669. F = 11/M =20-107 H.
e

10. MATHUTHOE NOIJE.
ANEKTPOMATHUTHAA UHOYKLUSA

692. M:%:o,s H-m.
P
693. Ilpsimast, npoxoisiian NapanienpHo NPOBOJAHMHKY Ha PaCCTOSIHHK

r:}'l—ol=5»10—2 M oT Bero, F =Bl =5-10"3 H.
2nB

694. o = aresin £ =30°. 695, = mero/b _o

IBsina
696. l=m—g =5A.697. A, = IBls = 1,5 107! Ix.

2aB
22 p2
698. £, = ¢B°R" _56.10716 11x. 699. R=-LL =5.103 u.
2[7!e UoB
700. L = 8U__1.108 Ka/xr. 701. v < €84
m  B? m,
702. p = hqB =73-1072 xr-m/c.
21 cosol
27U COS O -4
703. B = 2T0COSQ _ 9 15~ T
(e/me)L
2n2p2
704. W, =-TBR 191076 % 705. N _rBle/me) 5 g0

k = -
2msin? o 21U COS



= .10M!
708. —‘— 2R2 1,76 -10'! Ka/xr.

707. B=E“2T. BLE w B1o. 708. :=R—EBJ,.-| =2.107 ¢

1/2
_ ¢B( | 4m’g
709. u, = [5¢I + 2 1= {1+ 2521
70. v = -L- [qB + ‘J(qB)z + —1’1'2—] Isina.
2m lcos

&t
m. ar=N® _48.10" . m.a=2“;‘_ =3-102 u.
] 3Bsina

713. q:B;;S. T14. 3= Blv=4-10"* B.
P

718. Q=B’le"2'=2-lo-2 Iix. T18. © =-§I¥2— =75 paa/ec.

. 2
7. F=3Tf’°. 8. q=(;sAAtﬁ=5-1o-’° Ka.

2
1=—1"_AB _4 .10 A. 720. ...@AL-
719 12 4 20. U 5 15 B.

2 -
721. /,, =“%’=s,o-|o4 A. 722. I=B—(s|m—sz—=4-10'° A

- 2
728. B= 21 = 20.10% . 724. q=—2%8=3-10'6 Ka.
a

qR) o
725. a = - —| = 60°.
5. o arccos( N

726. Q = ﬁ"‘—%!’iﬁ—no"mn1q A‘«‘f’- =1-10% Iix.

728. (s,)=%=o,s B, Q=L2L=4,3-1o-5 Jix.

= LU _ =4LU
720. W 2R 13 Lk, (8,) Y 25 B.

AI/Al

730. |s |_ _0.25 B.

11. MEXAHUYECKMUE KOJIEBAHUA U BOJIHbI

742. £py =50 M, Uy =52M/¢, 8y =54M/ 2, Fpy = 108 H, E=27 - 10° inc
743. T=6c¢, x, =2 M, Qo =x/4. 744. 5. ’& =18
2 Ypo

745, Ex - tgz(glt) 746. T = 2;\[—2 =51.10" ¢
' E, T g
15 3ak. 2680 449



747.

749.

751.

753.

755.

757.

758.

760.

761.

762,

764.

765.

766.

767. || =

768.

769.

771. x

[ =4tva =04 m. 748. Uy —X,,,J’ 38 m/c.

2m k1+k2 kb,
Banax = —& g 750, o = 2 e
b Nl] —ars2. =18 5
4 Ny mg + F

2 2
1= _g.10°2 v 754. A/:l[l—tig]=8'10_2 M,
!1.2—1 ([+At)

ﬂ:o,awo? c.756. T=om [—L
T ~Ty g(l=p2/p1)

{ -1
T, =2n |————— =7-107" ¢, ecau BeKTOP HANPAKEHHOCTH
L Vg +qU/(md)
[
[MoJIA HampasJeH BHU3, T, = 2x [———F——— =92 ¢, eCAIH BeK-
P 2 Vg ~-qU/(md)

TOP HANpPsXKEHHOCTH MOJIA HanpasJ/eH BBEPX.

2
F= mg[l—v—] =4-107" H. 759. U:L‘fi =19 m/c.
2gl 2n ¥ !

T?.
[ = 5—2 =2.107" M (T = 1 ¢ cnefyeT M3 BaHHOrO YpaBHEHHS).
b

At =

T?.
a= g[:{% - 1] =2 M/c?, yckopeHne HampaBieHO BBepX.

AT=T0%=3»10‘3 c. 763. N =1 %[ng:lo.
T a

T=2mn L _o C, MHUOT ABHKeTCA AU60 BHM3 € BO3PACTAIO-
g-a

"le#t CKOpOCTbIO, 160 BBer ¢ y6biBaIOLIEH CKOPOCTBIO.

Exm = Epm = E = 21%v2mxl, =2-107 Jx.

&
U =x,,,\g=2-10—‘ m/c, F, = 2L 8%m _ o) n

6!
(N/—NAI)Q_I =249 cm, by = L + Al = 99,6 cm,
1 2 -

_ AnNEAL
L2((Ny/Ny)? = 1)
a) Tz?nF:lA? ¢ 6) T=2m —b _ =138¢;
g g2 2

| =

= 9,82 m/c?.

+a

B) T=2n |—L — =144 c
geosa

T2n,[ =2 770. T =2m |1
pgs
_ vao J" 040 m. 772. v =-L PF’SQ 2 T
m+ M 27




773, h=PET" 034 774, Aq;—M:n.
4n? Po

AAg

775. zl=22‘-=30 om, lp = 5L =75 cm. 776. X:ﬁ:S,OO-lO"’ M
s

777. Ay = MUy 778, 0= 2vly — ) = 36102 M/c.
Y

779. 1= 9921 _7.102 v 780. [ =
v -y v(vy -y,

2U¢=45.102 M

12. ANEKTPOMATHUTHbLIE KONEBAHUA U BOJIHbI

2
790. £=2}‘+=6. 791. A = 2neVLC =3 - 10° M.
~ 4n*c’gylS
792. Y w/e) =2 703. 1 , =1 |2 = Im
. BeJHYHTDL B c = 434. s Apo = —_—=
p 2 m) LZ \/5
i 7 1 7
794. Ot vy = ———=5-10 Tupgo vo = ——=2-10" I'n,
' on LG 2

2nJLC,

OT A =c/v; =6 M0 Ay =c/vy =15 M.

795. 12 _ 9 796. I, = U,,,JE. 797. T = nD‘/m =2-10"5 ¢
S L d

798. A = 2%4m _ 9 10% w. 799. I,, = 2nvg = 61077 A.
m
800. L = 2W =1 Th 801 Q= PL_1611>«
CU R 2
802. P = 7" o7 =5-10"3 Br. 803. Q:%:rlo-l Iox.

804. Byner ropeTs.

805. X, =2mvL =13 Om, Xc =—L— = 40 Om,
2nvC

2
Z=JR2 +(21WL——1-—J =20-102 Om, 1=Y — 11 A,
2nvC z
In =12 =15 A
!
806. C = m =2.10"° .

2nvy2U? — 2R2
807. I = Y = =099 A, Up =/R=20B,

JRQ + [anL - #J
2nvC

Uy =2rvLI =13-102 B, Uc =2—’—C-: 27 B.
v

808. U = JUZ +(U_ -Uc)? =13 B.

451



452

2
809. C=-L ——2—‘—2 =4-10"% &. 810. Q=2 l’" Rt =7-10% IIx.
2mv Y Us - Uj
811 L=-1- ‘/an — (R, +Ry)? =03 Tu. 812. cos@ = fs*é;
813. U = J6¢, =8 B. 814. n :Mﬂo,
1

815. Uy =U,/k—1Ir=2-10' B. 816. R, =

U AW
817. L= | 8% _ =
U tPn/100%

13. 3AKOHbl OTPAXEHUA U NPENIOMAEHUA CBETA

nR +r) 95.10% Om.

822.12=ﬂ=1-102M ﬂ—sm-f’ ep, (p—i—l»xo*‘pan_
dl 4[1 1
823. v = 4nnR = 6-10' m/c. 824. ﬁ=%+%=60°_ 825. y =

826. BepTHKabHO BBEPX €O CKOPOCThIO ¥ = 3 M/ c.

827. n; = t"—? —1,4 828. H=nh=8cMm 829. n = % =15.
go

830. H=nh4m. 8313 = arcsin(sm—aj_ 832.1 = % =097 u.
" :

n® —smn® o
[l — 2 qin2
833. H=nh =4 xm. 834, pr = p¥1=n"SIN" _ 10 ¢
Ccos X
835. s=d[1—Ljsma. 836. v=cﬂ=2-108 M/c.
Vn? —sin? siny

837. s :d(tga—smiaj =09 cm 838. /=20 _0g m.

vn? —sin? o n
839. vy = q, j=——2dn___

n? - sin? o

840. 0 = o — ¢ + arcsin

2
Q(Si““%’l‘[ﬂ] sin® & —cos@sino | = 47°.
n ny

841. ¢ = arctg(%].
n-—coso

2
842. B = arcsin[sinacostp—(sin 0) (i"—] —sin a] 17°.
n'C

843. n=S5NC _14 844. ¢ =60°. 845. h—Q\/n -1=18m.
sin @



846. ¢ = arcsin(nsina) — o = 22°; He BLIAET NPY yraax nageHHs
o > arcsin(l/n) = 40°.

d 1
847. s = =1 - .
”{ Vn2+lJ

14. COBUPAIOLLUUE U PACCEUBAIOLLIUE JIUH3bI

859. Cwm. puc. 295. 860. Cm. puc. 296. 861. Cm. puc. 297.
862. Cm. puc. 298. 863. a) Cm. puc. 299; 6) cm. puc. 300.
864. F =+(1+v2)/ =19,6 cm.

865. H:.%:znm, d,=F(l+%):llcm, d2=F[l——l£-)=9CM.

866. F = 1% —12 cm, D=L = 83 anrp.
d-7 F

a d
\
A /L;
F F F F

Puc. 295

T

= n
Iﬁ/ S \\“‘

P uc. 296
453



a d
8
A
A I3 [
e F 7 F S~ F a F ~
N
Puc. 297
S
7] F Ng'
Puc. 298
1 %.«
S F 5 7% F
v

Puc 299

_L2-2 _ W
867. F = =24 cm. 868. Hy =2 =9 cm.
4L H,

‘/2 2
869. Ecan d > [, 10 r=2F-l+v0+4F” 1

oOF + I+ V12 +4F2 3’
ecand < f, 10 T.= OF + 1+ V12 + 4F® _
2F ~ 1+ V12 + 4F2

NpeaMeTa N0 NHH3bL, [ — pacCTOAHHE OT JIMH3bL N0 H30BPAMEHUS).

3 (d — paccrosinue or

454



870.

871. F =

873.

875.

877. F =

879.

880.

882.

884.
886.

Dl=l"+

d

LZ

h=2H=14cm. 874. d

T

I

P uc 300

r-1_
rd

1-3 antp, Dy = -—= =2 anTp.

— 04 . 872 d=-L =05 m
4L

+ Rk +1)
d

f

+

=16. 876. f = (1 - %)F -

1D
l_
ol

] =0, m. 878. ¢, = arctg-2-=

=06 M.

ZF
3
3

2F

JInuH3a cobupawias, F = % =10 cm.

d=2F 881. D=

F =
)

l._

i)

-d—F

._[l

=30 cm. 883. F =

=3 cm. 885. g¢c =

h
f(h=p)
ld)

2 -4
16n2Rf?
T242

[ = F. 887. Cm. puc. 301.

Y

[

4

=17 antp.

=7 cMm.

[

P u c. 301

=27-10%2 m/c2.

455



Fy(ld, — IF, - diF)

888. [, = =60 cm.
b= @ RU- Ry - diF
889. f, = Fyld —IR ~dF) __ 45 . gop. p=2=% -3 ANTP.
(4 - R+ R)-dA ddy
891 I = —F _1.4000. 892. F = 22 =M _ 04,
h-F hy — hy

893. I' =dyD =4, dy =25 cm, cM. puc. 260.
894. j=(1+T)F =42 m. 895, v/ = dUFF =4 cu/c.

2
896. d=F|1+—&__|-4y
4n* Nl

- 15. CBETOBbIE BOJTHbI

90L. / = nly =16 mm. 902. N’ = nN = 39.
c _

h =405 HM, vy = v == =56 10!4 I'u, 3es1eHbi.
n A’l

904. o = arctg:—l =55°. 905. Obecneunr.
2

906. AL = (n— DA =198 um. 907. x; = (2’*2;;)“ =6 mm (& = 3).

2!’/3
(26 -1

910. N = 9. 911, ¢s = arcsin[%ﬂﬂ] =15° (k =2, k) = 3).

903. Ay =

908. d = % =13 mrm (k= 4). 909. R = =064 m (k= 3).

16. ANIEMEHTbI TEOPUXN OTHOCUTENBLHOCTH

2 T
915. I=f J1-L =06m 916. 1= ——=0 __ =25 u.
c? JI-v%/c2

917. E = cyfp? + m¥%c? = 210710 [Ix,
Ey =cyp? + m*c? —mc? =5.107"! JIx.

918. Ey = mc? = 9.10'6 JIx.

919. u= AT - 098 rre c =3 108 m/c.
l+U|UQ/C

920. vj = '""2—"””2 =096c, rre ¢ = 3 - 108 m/c.
1+yuy/c

456



925.

926.

929. p

930.

931. v=v_, eifs =110 Ty, A= hvy, =4-1072 IIx.
932, o= |2Cmax =X _ 9 105 /e
MAmaxA
2
933. },2 = Lxmax? = 540 uM.
Amax — (L~ £2)) _
934. h=—DBm _ _66.10% Ix.c, A= AV = 4-1071% k.
V = Vnin
935. 1= P2 _ g 10-10 5,
he
936. A= —hf—eU =3-107"% Ik, Apay = ﬁAQ =6-107" M, He 6ynet.
C AF = _ fng =) 7
937. AE, .« =AE =3 53B. 938. A ,, =———=5-10
(ng —fll)V
2
939. A=HC _oo -4 5B 940. A=he_(RBeS
A A 2m,
941. 9 = arccos{l - %J =31°, E, = E-E’'=0,05 MsB.
942. p, = JpQ +(p')2 —2pp’cosB = 5.1072 kr m/c, rae p= %
pl = . h
A+Ac(l-cos@)’
, 2hc 1 10-13
943. E/'=—*<% __=1.10 ,
3rc(l = cosB) Tox
p’=—¢= 4.10722 xrom/c.
3rc(l —cos@)
18. ATOM U ATOMHOE AQPO
955. p= —= 3Mo_ 181017 ke /M8, m=pV =1810" kr
41IRO
956. r:—q’W—A? 3104 w. 957. M - VEo +VE |
negMu ma ,/ JEo -VE

E =

n=

ma

17. CBETOBbIE KBAHTbI

%—3 10719 I, p——;l:=l-10‘27 kr-M/c.
)\.E 1,5. 927. N = =5-10". 928. —nM T.
= w=4.10-25 —

xmaxx

N=YA_308
h

[4

457



958. v="ﬂ =192-107 mM/c. 959. R, = 0,96R;.
m

960.n=—©€  —66-105 ¢! 961. AE = hc[L+LJ= 13 3B,
dnr fnegmer Mo g
2 2. 4 N
962. r=—2©¢  _=52.10"" m, E =4"€°#= 53-10'' B/m.
41u:0me e
963. E = 5 =51-10'" B/m, E, = =22-1071 .
4“0’] 8 Y|
2 —
964. & - =93.10%. 965. d = Wi-Wa-A 49107
v 4n€0hv e
966. E,/E,

967. )z= 13, N=14;6) Z =82, N=1258) Z =92, N = 143.
968. E., = c?(92m, +(235 - 92)m, ~ m,) = 1784 M3B.

969. Amy = 4(Amy + my)—my = 012 a.e.m., E,, = c2Am = 11-10° MsB.
Eo (Z+(A-2Imy - m,)9315

970, = = = 7,98 M3B.
A A
971, Eg =EM 391071 [k (M = 235107 xr/mon).
mNA
972. p = DE0"NA__ 59 107 By
Mt -100%
973. 1= Va0 _ 19,102 cyr (M = 23510 kr/som).

PM
974. Tlepswit ¥ BTOpO#H nepexoan 06ycloBAeHb [(-pacnanoM, a Tpe-
THR — O -pacnajzom.

Tlgn : tig2
975. 1=~ B8" _54 cyr 976. T = =4 cyT.
g2 Y 1g(Ng/(Ng —aN)y Y
977. N=1T -23.10'3. 978. N = 17.
2en
E
979. «-Yactuua ($He), E = %N" =24-10' fx

(M =7-10"kr / mosin).
980. HeittpoH, npoTOH K or-yacTHua.
981 a) IH+ jn - JH+y; 6) §Be + vy — #He + 4He + {n.
982. Q, = 22,4 M3B, Q; = -1,03 M3B.



NMPUNOXEHNSA

1. O npubBNIMKEHHbIX BLIYUCIEHUAX

ITpyu pewenKn 3agay no HU3HKe HAA0 NOMHMTH, YTO UHCJOBBIE 3Haue-
HUs DU3MYECKHX BEJUUUH ABAAIOTCA npubauxcennoimu wucaamu. K npu-
G/IMXKEHHBIM YMCJIaM OTHOCSTCH TaKxe TaGJMYHBIE 3HAYEHHS PU3MUYECKHX
W MaTeMaTHYeCKMX BeJHYHH, OKPYI/IeHHbie 3HAaUYeHHsS TOUYHbIX UMCes W Ap.
HanpuMep, npubanKeHHBIMK SABJAIOTCH 3HaYEHHsl YCKOPEHHS CBOGOAHOrO
nageus g = 9,8 m/c2, nocrosnoi [nanka b = 6,63 - 10734 Ik - ¢, umcna
1 = 3,14, ckopocTu csera B Bakyyme ¢ = 3 - 108 M/cu 1. n.

Tourbimu wucramu SBNKIOTCH: YHCIO0BEE KO3(DOULUMEHTH! U NOKa3aTe-
JIK cTeneHy B GopMyJax; KO3(pOHUUHEHTb!, OTPaXKaKOLLHe KPAaTHOCTb U A0JIb-
HOCTb eMHKL PU3UHECKUX BEeJMUYMH; YKC/A, 3aflaHHbie ONpeleNeHUAMH, 1

ap. Hanpumep, B ¢dopmyse obbvema wapa V = %1{1?3 TOYHBIMH ABJISIOTCH

4
KO03(phHUMEHT = 1 Mokasare b cternelu 3; B pasenctse 5 kv = 5 - 1000 m

yucao 1000 — TouHoe. A

3nauaugumu yuppamu 1pubIHKEHHOTo yncaa (B AeCATHYHON 3anucH)
Ha3blBalOTCs BCE ero UMGpbl, KpOMe HyJel, CTOSILMX B HayaJje yuciaa. Tak,
yucaa 0,0307; 2,019 - 105; 4,1228 uMewT COOTBETCTBEHHO TPH, YeTblpe U
nATh 3HayalwMx uMdp. 3Hayawed uudpa HasbiBaeTCs NOTOMY, YTO OHA
03Ha4aeT COOTBETCTBYIOLUMH AeCATHYHHI pa3psf 3Toro yucaa. Hanpumep,
B npubamxeHHoM uucae 2,03 uucpa 2 o3Hauaer pas3psi eaMHHU, uudpa
0 — paspspn AecsAThiX goneH, undpa 3 — paspsa coTbiX gojed. TolcsuHble U
ApYrie LOJM HEM3BECTHbI, MO3TOMY COOTBETCTBYIOLUHE DA3psibl HE O3HA-
YyeHbl HUKaKMMH LHdpaMi. B npubammensom uucse 0,0516 nmepssie asa
HyJsi He fBAAITCA 3HayawMMH. OHY CNYXKAT TOJBKO AJIS YKa3aHUS COOT-
BETCTBYIOIMX AECATHUHBIX Pa3psifoB OCTalbHuIX UK (umop 5, | u 6).
TMpubanmennole unucaa 2,5 u 2,50 otsmuyaloTes Apyr OT Zpyra Tem, 4To B
NepBOM YHMCJ/le BEDHBIMH SBJSIOTCSH LeJble W AeCATbie L0AH (COThie, ThiCAUY-
Hble M T. . HEHM3BECTHbI), 4 BO BTOPOM BEPHBLIMM SBJSIOTCH M COThIE JOJH
(T. . H3BECTHO, YTO MX KOMMYECTBO PABHO HYA10). DTOT IPHMep N0KA3bLiBa-
eT, YTO NPHNHCbIBAHHE HJIH OTGpachiBaHMe HYJeH B NOCAELHUX Pa3psaax
NpHOAHIKEHHBIX HHCEJN H3MEHSeT HX TOYHOCTH. B c/yyae TOYHLIX 4HCES
3anucu 2,5 1 2,50 He pasanyaroTCs.

IMpubanKeHHble YHCIA MOXHO 3aNHCHIBATL B HOPManbHOU (opme: nep-
Bas 3Havalllas uMGpa CTABUTCS B Pa3psil eAMHHL, a OCTa/bHble — B AECSTHY-
Hbie Paspsibl NOc/e 3aNATOH M MOJdyHeHHOe YMC/Io yMHOXaeTcst Ha 107, rae
n — lLeJoe MOJOXHTeNbHOE WJH OTpHLuaTelbHoe uucao. Hanpumep, uncio
0,0516 B HopManbHO# dopMe uMeeT BUA 5,16+ 1072; ypcao 2170 — 2,170 - 103
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OkpyereHue NpUBNMIKEHHOTO HAH TOYHOTO YHCJA = 3TO YMEHbLIEHHE
KOJIMYECTBA ero 3Hayawnx uigp. YToObi OKPYIAHTL YHC/IO A0 /1 3HAYAWIMX
uHdp, oTOpachLBaOT BCe ero uudpbl, CTOsALME Nocjae n-ro paspsaa. Ecau
NpU 3TOM TepBasi U3 oTOpachiBaeMbiX UMD MeHblle D, TO MOCAeNHNA K3
COXpaHAEMbIX HE MU3MEHSIETCSH; eC/H e NepBas M3 OoTOpacbiBaeMbiX UHGP
Gosbllle UM paBHA 5, TO MOC/AEAHAS M3 COXPAaHAEMbIX YBEJMYMBAETCA Ha
equnuuy. Hanpumep, okpyraue uncao 25,84 1o Tpex 3Hayawmx uuop,
nonyynm 25,8, no asyx — 26. Okpyraenue uucen 1782 u 0,0503 no nByx
3Hauawmux uudp naet coorsetcTseHHo 1,8 - 103 1 5,0 - 1072,

[lpu pelneHun 3ajau cienyer co6a100aTh CleAyOWHe Npasuia npu-
6auscerHHbIX BbIMUCACHUL.

1. Tlpu caomceruu u 8biuumanuy NPHOGIHKEHHBIX YHCE B DE3y/bTaTe HYX-
HO COXPaHATb CTOJILKO AECATHYHbIX 3HAKOB, CKOJIbKO TAaKHX 3HAKOB B CJa-
raeMoM ¢ HaHMeHbIUKM uX KoaudectsoM. Hanpumep, 7,53 + 13,8 + 0,064 =
=21,394 = 21,4. CymMa OKpyr/eHa TakK, YTO OHa CONEPXHT ONHH Aecs-
THYHBIHA 3HAaK, KaK ¥ BTOPOE CJaraemoe.

2. [Tpu ymuomceruu u Geseruu B pesyJibTaTe CleflyeT COXPaHSAThb CTOJIb-
KO 3Ha4aliMx UMp, CKOMLKO TAKOBBIX B COMHOXHTeJe ¢ HX HaWMeHbLUHM
konudectsoM. Hanpumep, 38,6 - 0,52 = 20,072 = 20. B npoMexxyTouHbIX
pe3y/bTaTax HYXHO COXPaHATb Ha OAHY 3Hauawywo uudpy Goabiwe. Ha-
nprmep, 38,6 - 0,52 - 0,721 = 20,1 - 0,721 = 14,4921 = 14.

Ecnu nexolHble COMHOXHTENM PasiHYaOTCS KOJMYECTBOM 3HAYaLMX
uu¢p Ha 1Be M Gosee, TO CHAYaNa HYXHO BCE COMHOMKHTENM OKPYIJIMTb
TaK, 4yTOObl K2XAbIH Coepxall 3Hauammux undp Ha onuy (3sanacnyio) 60.b-
lle, YeM MX MMEeT COMHOXHTE/b C HaWMEHbLUHM YHCJIOM TaKMX UHp, a
3aTeM nepemHoxutb. Hanpumep, 1,5 - 4,825-1,1936 = 1,5-4,83- 1,19 =
= 8,62155 = 8,6.

3. IlIpu 8o3sederuu 8 cmenendb B Pe3y/bTaTe COXPAHAETCH CTOJLKO
3HaYalMX UKPP, CKOJIDBKO HX UMeeT NPUOIHMKEHHOE UHC/I0, BO3BOAHMOE B
crenenb. Hanpumep, 0,253 = 1,5625 - 1072 = 1,6 - 1072.

4. Ilpu uzgrenenun KOpHA NOGOH CTENEHH W3 NPUOJIHMKEHHOTO YHCAA
B pe3y/ibTaTe CJelyeT COXPAHATb CTO/bKO 3HaYaliMX UHGP, CKOAbKO HX B

nozkoperHoM Bbipaxenns. Hanpumep, ¥2,12-1078 =~ 145602 = 1,46 -1073.
5. ITpu sbinucaenuu CAOHCHbLX BbipAKCENU HYXXHO NPUMEHSTb nepe-

YKCJIeHHDbIe Bblllle [PABHJIa B COOTBETCTBHH C BHAOM MAaTEMAaTHYECKUX AEHCT-
Bui. Hanpumep,

(12,438 + 5,7)J7.39
8,32-6,072-43-10%

ComHoxuTeas 4,3 - 10% umeeT HauMeHbllee YHCAO 3HAYALIMX UKD —
IB€, MO3TOMY pe3y/bTaTbl BCEX MMPOMEXYTOUHBIX BLIUMCIEHHH HYXHO OK-
PyrJsTh 10 TPeX 3HAYALIUX UHPP:

(12,438 + 5,7)J7,39 __181.272 492 297.10°5
832.6,072-4,3-10* 505-43-10* 217106 '

OKpyraus 10 ABYX 3HauauwMx uuobp, nonygum 2,3 - 1075

6. Ilpasuno 3anacroi yugpet: B NPOMENKYTOUYHBIX pe3ybTaTax, T. €.
B TeX NPHOJIHKEHHBIX UHCJ/aX, KOTODble HCIOJb3YIOTCH B MOC/ELYIOWHX
pacuerax, CjellyeT COXPaHATb Ha OJHY 3Hauaulyo U{dpy 6onblie, yeM 3TO
TpebyeTca npaBHaami 1—5. B okoHuaTenbHOM pesyabTaTe 3anacHas uud-
pa oTt6pacsiBaetcs (cM. npeabinyiiHit NpHUMep).
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2. OcCHOBMbI€ eANHULBI (o4

Dusnyeckas Ennanua
BEHYHHA | Hapumeno- | O603na- Onpenenenue
BaHHe yeHHe

JavHa MeTp M MeTp paBeH paccTOSHHIO, IPOXOIUMO-
My B BaKyyMe MJIOCKOH 3/1eKTPOMarHuT-
HOIl BOJHON 32 | /299 792 458 poaw
CEKYHAb

Macca KHJIO- Kr Kusiorpamm paeen mMacce mMexayHapoa-

rpamMm HOTO MPOTOTHNA KMJAOrPaMMa

Bpems CeKyHaa | ¢ CekyHna paeua 9 192 631 770 nepuo-
A13aM H3JYdeHHs, COOTBETCTBYHOUIETO
f1epexony MexAiy ABYMs CBEDXTOHKH-
MK YPOBHSIMM OCHOBHOIO COCTOSIHHS
atoma ueauns-133

Cuna anex-| amnep A AMriep paBeH cHJjle HEM3MEHSIOWEroCs

TPHYECKOTro TOK@, KOTOPBIA MPU NPOXOXKLEHHH M0

TOKa ABYM fapaJijie/IbHbiM TPAMOJIMHEHHbIM
NpPOBOAHMKAM BECKOHEYHOH MJIMHBI H
HMYTOXHO MaJoH MJ0LANM KPYTrOBOIo
NOMNEPEYHOr0 CeYEHMs, PACNOJI0MKEH-
HblM B BaKyyMe Ha pacCTOsHMH | M
OfIMH OT APYrOro, BHI3bIBaJ Obl HA KaX-
[IOM y4acTKe JJIMHOM | M CUy B3auMO-
LeicTBum, pasHylo 2 - 1077 H

Tepmomn- | wenpsun | K Keabsun pasex | /273,16 yacTu Tepmo-

Hamudec- AMHaMU4eCKOH TeMnepaTypbl TPOHHOM

Kas TeM- TOYKY BOfbI

neparypa

Koanyect- | moab Moiab | Moilb paBeH KONIMYECTBY BELLECTBA CHCTE-

BO BE- Mbl, COAEP)KALLEHi CTOMBbKO XK€ CTPYKTYp-

wecTBa HbIX 3J1IEMEHTOB, CKOJIbKO COAEPXHTCS
aToMoB B yraepofe-12 maccoi 0,012 xr.
| [Ipy npUMeHeHMH MOJS CTPYKTYPHble
3/1eMEHTb! ROJDKHbI ObITh CrieUnduuH-
POBaHb! X MOTYT OLITb aTOMaMH, MoJe-
KyJaMu, HOHAMM, 3JEKTPOHAMH HJH
APYTHMK 4aCTHUAMM KM CTleHbHLHPO-
BAHHBIMH TPYMNaMH 4acTHL

Cuaa KaHaesaa | Ki Kanpgena pasHa cHJe cBeTa B 33AdHHOM

cseTta HanpaBNeHW! UCTOUYHHKA, UCIYCKAIoLLIe-

IO MOHOXPOMATHYECKOe H3NyyeHHe Yac-
toToit 540 - 10!2 T'y, cuna H3J1ydeHus
KOTOPOTO B 3TOM HafpasJ/ieHHHU COCTaB-
aset 1 /683 Br/cp
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3. JononHuTenbHble eguHnubl CU

duznyeckas
BEJIHYHHA

Ennnuua

Onpenenswotuee
ypaBHeHHe

HanmeHo-
BaHHe

O6o3Ha-
YyeHHe

Onpenenenue

ITrockui
yroa

Tenecusin
yroa

ol
.

pamuax

cTepajgHaH

pan

cp

PagnaH paBeH yray
MeXAY ABYMSA paauy-
CaMH OKPYXHOCTH,
JUIHHA AYTH MEXAay
KOTOPbIMH paBHa pa-
Anycy

CrepagnaH paBeH Te-
JIECHOMY yray ¢ Bep-
LIMHOW B LIEHTPe ce-
Pbl, Bblpe3atoLieMy Ha
NOBEPXHOCTH cdepnl
TJI0WAAb, PABHYIO /10
WagHd KBagpaTa co
CTOPOHOH, paBHOM pa-
auycy cdepst

4. HekoTophle npon3BogHble eguHuubl CU
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Enunnua
Pusnyeckas 5 » 5
npeneasio- AUMEHO- 603Ha-
BENHYHHA mepe ypas- BaHMe Yenue Onpenenenue
HeHHe

I'thowans S=2 KBajpar- m2 KsanpartHblit MeTp paBeH
HbIA MeTp TJIOWAAH KBAAPaTa, AIHHBL
CTOPOH KOTOPOIro paBHbl 1 M
O6bem, v=25 Ky6uuec- M3 Ky6uyecknit metp paseH
BMeCTH- KHH MeTp obbeMmy Kyba ¢ pebpamy,
MOCTb AJIMHBL KOTOPBIX PaBHB 1 M
CkopocTs =3 MeTp B M/c | Merp B cexyuny pasex cko-
! CeKyHAY POCTH NPAMOJIMHEHHO H paB-
HOMEpPHO RBMXKYLIEHCH TOU-
KH, NPX KOTOPOH 3Ta TOY-
Ka 3a BpeMs | ¢ nepeme-
aeTCs Ha PacCTOsHHe 1 M
Yckopenre | g = Ao MeTp Ha | M/c? | MeTp Ha ceKyHay B KBal-
At | cexynny paTe paBeH YCKOPEHHIO
B KBaj- NPSMOJIHHENHO H PaBHOYC-
pare KOPEHHO ABHKYLUEHCS TOY-
KH, NPH KOTOPOM 3a BpeMs
! ¢ ckopocTb TOYKH H3Me-

HieTc Ha | M/ ¢




[fpoponxenwue npuj 4

Epunnua
Pusuyeckan o
Onpepensito- | Haumeno- 603Ha-
peantinna ulep: ypas- BaHUe YeHHe Onpeneenne
HeHHe
Yraosas w=2 pangua B| pan/c |PagnaH B CeKyHLy paBeH
CKOpOCTb t CEeKYHAY Yr/I0OBOH CKOPOCTH paBHO-
MEpPHO JBHXYLleHCs IO
OKPYXHOCTH TOYKM, [IDH
KOTOpOi#l 3a BpeMs | ¢ CoO-
BeplIAeTCH NOBOPOT pPafHy-
ca, NpOBefleHHOro K TOYKe,
Ha yroa 1 pax
UacrtoTa n =ﬂ CeKYHAA c_l CeKyHna B MHHYC nepsoﬁ
BpaLleHHs ¢ B MHHYC CTeneHH pasBHa HacToTe
nepBoH pPaBHOMEpPHOIo BpAlUeHHS,
CTeneHH npu KoTopoH 3a Bpems | ¢
TeJs0 COBepluaeT OAMH noJ-
HbI 060pOoT
Yacrora v=4 repy, 'y I'epu paBeH yacTOTe nepHo-
nepyoau- T IHYECKOro npouecca, npH
4eCcKoro KoTopo# 3a Bpems 1 ¢ co-
npouecca ' BepLUAeTCR ONHH LMK/ 3TO-
ro npouecca
Yrnosas © =21V | cekyHaa ¢! | Cexynna s munyc nepsoit
(xpyrosas, B MHHYC CTeNneHY paBHa YIJIOBOH
UHMKJIHYec- nepBoH 4acToTe, NMpU KOTOPOH 3a
Kast) 4ac- ‘ CTeneHH BpeMsi | ¢ coBepwaeTcs 21
ToTa LHKJIOB BpateHus (110HbIX
060pOTOB)
Maothoets | p =1 KHno- kr/m3 | KujorpaMmm Ha KyGHueCKmit
4 rpaMm Ha MeTp paBeH MJOTHOCTH Ofi-
Kybuyec- HOPOJHOFO BeleCTBa, Mac-
KHHA MeTp ca KOTOpOro fnpH obbeme
1 M3 paBHa | xr
Hmnynbe p = muv |KHnO- kr-M/c | Kunorpamm-meTp B cexyH-
(xonnuecT- rpaMm- ay paseH umnyabcy (konu-
BO ABHXe- MeTp B YeCTBY ABMXKEHHR) TeJa
HHA) Tesa CeKYHRY MaccoM 1 Kr, ABHXKYLUero-
s co cKopocTbio | M/ ¢c
Cuna F = ma | HbioTOH H HbioToH paBeH cHuse, c006-
wamlen teny maccoi 1 xr
yckopenne 1 m/c? B Ha-
npas/ieHHH AeHCTBUA CHAbI
Hmnyabe J = Ft HboTOH- | H - ¢ | HbloToH-cekyHpa paBHa HM-
CHJIbI CeKyHna y/bCY CHAbl, CO3RaBaEMO-
My cunoit | H, menictayio-
et B TeyeHHe BpeMeHH | ¢
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[Mponoanxeune npun 4

Ennuvua
dusnyeckan
Onpepensio- | Haumeno- | O6o3Ha-
BeNMHYHHA
lee ypas- BaHHe yeHHe Onpenenenue
HeHHe
MowmeHnt M=Fl HbioTOH- | H M | HbloToH-MeTp paBeH MoMeH-
CHJIBI MeTp TY CHJIbI, CO3JaB2EMOMY CH-
a0k 1 H otHocuTenbHo ocH,
pacmoJiOXXeHHOH Ha pac-
CTOIHHH | M OT JIHHUH feld-
CTBHSl CHJIbI
- F
Dasnetne p= S nackanp Ma | INackans pasen nasaenuio,

BbI3biBaeMomy cuiod | H,
PaBHOMEpPHO pacmpefeneH-
HOH RO MNOBEPXHOCTH MJIO-
waneio 1 M2, pacnonoxen-
HOJ NepreHIHKYISPHO CHile

¥ectxoers | & = £ HoioToH | H/M | HeoTon ua MeTp paBeH
Al Ha MeTp JKECTKOCTH TeJ1a, B KOTOPOM
BO3HHMKAeT CHJa YNPYrOCTH
I H npu abcomorHom yau-

HEHHH 3TOro Tesa Ha | M

Hopmaus- c= % nackaJjb [Ta | Ilackanb paBeH HOPMaJ/bHO-
HOe MeXxa- My MeXaHHUYECKOMY Hanps-
HHYecKoe XKEHHIO, BbI3LIBAEMOMY CH-
Hamnpsxe- no# ynpyroctu | H npu pas-
Hue HOMEPHOM pacrpefieJleHHH

ee M0 Ce4yeHHIo NJOWAAbIO
1 M2, pacrnoyoXeHHOMY
NEePneHAHKYARAPHO CHIe

Monyb E=S nacKanab a ITackanb paBeH mMogy. o npo-
MpPOJONBHOM € AOJIbHOH YNpPYrocTH Tesid, B
YNpyroctH KOTOPOM MPH OTHOCHTEJIb-
(monynb HOM YIJIMHEHHH, PaBHOM
1Onra) elMHHLE, BO3HUKAeT Mexa-

HHueckoe HanpspkeHue | [1a
Mosepx- c=FL£ HBIOTOH H/m | HbloToH Ha Metp pasen no-
HOCTHOe l Ha MeTp BEPXHOCTHOMY HaTSKEHHIO,
HaTsXeHHe co3gaBaeMoMy cunon 1 H,

NPUJIOKEHHOR K Y4acTKy-
KOHTYpa cBOGOAHOM NOBepx-
HOCTH BJIHHOH | M U ReHCT-
BYIOIWIEH HOPMaJIbHO K KOH-
TYPY H MO KacaTesJbHOH K
NOBEPXHOCTH
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MpornanxenHe mpua 4

Ennnuua
duanueckas
senuunna | Onpexeasio- | Hausmeno- | O6o3ua-
ulee ypas- BaHHe YeHue Onpepenenue
HeHHe
Pabora, A= Fs IoKoy1b Ik | Ixoyas pasex paGoTe, co-
3Heprus BepuiaeMoit cusioit 1 H npu

nepeMelleHd TOYKH OPH-
JIOXKEHHS CHJIbL HA PacCTOR-
HHe | M B HanpaB/eHHH
JleHCTBHA CHJIbL
Motunocets | P = A BaTT Bt BatT paBeH MOILHOCTH, NpH
t KOTOpPOi 3a BpeMs 1 ¢ co-
sepuwaerca pagora | JDx

Koauuect- | Q= A mxoyab |- Jx JI>x0yJ1b paBEeH KOJIHUECTBY
BO TENJOThHI TENJOTHI, 3KBHBAJIEHTHOMY
) pabote | Ix '
Tennoem- C= Q wxoyae | [k /K | JUkoyab Ha KeJbBMR paBeH
KOCTb TeJsia AT Ha Kenb- TEeNJOEeMKOCTH TeJsa, MOBbl-
(cucTembr BHH LIAOLLEro TeMIepaTypy Ha
Ten) 1 K npu coobwennu emy
_KosinyecTBa TenaoTs 1 Jx
Ypenbnas c=L wxoyas | Jok/ | Jkoyas Ha xumaorpamm-
TensioeM- m Ha kuso- | (kr ‘K) | KeJbBHH paBeH yjeJbHOH
KOCTb rpamm- TENJOEMKOCTH BELLECTBA,
KeJIbBUH uMerolero npu Macce 1 kr
tennoemkocts 1 [k /Kr
YapenvHoe | = Q mxoyas | Jok/xr| [Koyab Ha kuaorpamm pa-
KOJIHYeCT- m Ha KHJO- BeH YAEJLHOMY KOJIHYecT-
BO TEMJIOTh rpamm By TeNJOTbl nmpouecca, B
(ynenpHas KOTOPOM K BelUEeCTBY Mac-
TenJjoTa coit | kr nonpoautcs (uau
N/1aBJEHH, OTBOMUTCR OT HEFO) KOJIH-
napoo6pa- yecTBO Ten1oTH 1 JXK
30BaHUS,
Cropasus
¥ ap.)
Monspras M= kua0- | kr/mons| Kusorpamm Ha mMoab pasex
macca vV |rpamm Ha MOJIIPHON Macce BeluecTsa,
MOJb MMEIOLIEro MpH KOJUYecT-
Be BewecTBa | MoJb Maccy
N 1 xr
Konuenr- | n = v METp B M3 | Metp B MuHyc TpeTbeit
pauuxa MHHYC | CTeleHH paBeH KOHLEHTpa-
MOJIEKYJ TpeTbeH UMK MOJIEKYJI, TPH KOTOPOH
cTeneHy B o6veme 1 M3 HaxomuTca

OllHa MOJieKyna
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Mpononxkenne npun 4

Ennuuua
Pu3uveckas 5
On eleSIAr0- Hanmeno- 603Ha-
peawtmHa u.Lepe ypas- BaHHe YeHHe Onpenenene
HeHHe :
DJIeKTpH- qg=1t KYJIOH Kn Kyson paBen 3sieKTpuuyec-
YeCcKHH 3a- KOMY 3apsily, IPOXOAALIEMY
pan (kouu- yepes nonepedHoe ceyeHue
4eCTBO NPOBOIHHKA NPH CHJIE TOKA
3JIeKTPH- : ! Aszaspems | ¢
yecTBa)
[Tosepx- =41 kynou Ha| Kn/m2| Kynon na kpapatHbiit MeTp |
HOCTHas S KBanpar- paBeH NOBEPXHOCTHOH N/0T-
MJOTHOCTH HbIA MeTp HOCTH 3JIEKTPHUYECKOTrO 3aps-
3JIEKTPH- Ia, NP KOTOpOH 3apsif, pas-
4ecKoro HOMEDHO pacnpefe/ieHHbI
3apsana 110 NOBEPXHOCTH NJIOLLAMbIO
1 M2, pasen 1 Kn
Hanpsxen-| E = U BoJIbT Ha| B/M | BosbT Ha MeTp paBen Hanps-
HOCTb d MeTp XEHHOCTH OAHOPOAHOrO
3JIEKTpH- 3JIEKTPHYECKOro MOJA, NpH
4eCKOro KOTOPOH MeXAy ABYMSl TOY-
noJs KaMH, HaxoAWHMMHCSA OfHA
: OT APYroH Ha pacCTOSIHUH
1 M BROJIb JIHHUH HANPsLKeEH-
HOCTH NOJIs, CO3AAeTCS Pas-
HOCTb noTeHuManos | B
Pasuoctb u=A4 BOJIbT B Bosabt paBen pasHocTd no-
NOTeHLH" q TEHLHAJOB MeXJay ABYMs
asnoB TOMKaMH, eCJIH NPK Nepeme-
wenuy 3apsaga 1 Kn us opn-
HO! TOYKH B APYIyl0 nose
copepuraet pa6ory 1 Jhk
SneKTpo- g=A BOJIBT B BosbT paBeH ssekTpopBu-
ABHKYLIAS q XyUleH CH/Ie HCTOYHHMKA TO-
cuaa (AC) Ka, IPH KOTOPOH CTOPOHHHE
CHJIbl COBepiuapT paboTy
1 Jx npy nepemeLIeHHH 10
JI0XHTeNbHOro 3apsifa | Kn
OT OTPHLATE/NLHOrO NoJICa
K MOJIOXKHTEJIbHOMY M0JII0CY
MCTOMHHMKA BAOJIb BCEH SJ1EK-
TPHYeCKOH uenu
IneKTpH- v=L BOJIBLT B BonsT paseH snektpuuec-
yeckoe I KOMY HanpspKeHHIO Ha ydya-
Hanps- CTKE 3JIEKTPHYECKOH LenH,
XeHue MpH KOTOPOM B yYacTKe Mpo-
XOOHT MNOCTOSHHBIA TOK CH-
noit 1 A u satpauusaercs
MOLHOCTL | Bt
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Mpoanonxeunne npua 4

Eanunua
dusnueckan
Onpegensito- | Haumeno- | O6o3na-
peantina u.xepe ypas- BaHHe yeHHe Qupepeenne
HeHHe
JnekTpu- c=4 dapaa Lo} dapan paBeH 3jeKTpHYec-
Heckas U KOH eMKOCTH KOHJIeHCaTOopa,
eMKOCTb npu Kotopol 3apsg 1 Kin
COo3KaeT Mexay OOKJIanKa-
MH KOHAEHCaTopa Hamnps-
xeHue 1 B
dnekTpH- rR=Y oM Om | OM paBeH 3sieKTpH4eCKOMY
Heckoe / CONpPOTHBNEKHIO NPOBOLHH-
COMpPOTHEB- K3, B KOTODOM NpH Hanps-
JleHHe XEHHK MeXAy KoHuamu | B
cuna Toka pasHa 1 A
YnesnbHoe p= % om-MeTp | Om - M | Om-mMeTp paBer yaesbHOMY
3/EKTpH- 3/IeKTPHYECKOMY CONPOTHB-
yeckoe NEHHIO BELUECTBA, NPU KO-
COIPOTHB- TOPOM H3IOTOBJIEHHBIH H3
JleHHe 3TOrO BeLUeCTBa NPOBOAHHK
IJIKHOH | M H MJIOLLAALIO 110
nepeunoro cedenus 1 m2
umeet conpoTHaiedse 1 Om
Temnepa- o =B8R | wempun | K-! | Kenbsun B MHHYC nepBoi
TYpHbIH Rot B MHHYC CTeneHu paBeH TeMneparyp-
Koadpduuu- nepeon HOMY KO3 QHLUHEHTY co-
€HT conpo- CTeneHH NPOTHBJEHHS, NPH KOTOPOM
THBJIEHHA M3MeHeHHe TeMIepaTyphl
Ha | K Bbi3biBaeT OTHOCH-
Te/bHOE H3MEHEHHe COMpo-
THBJIEHU$, PaBHOE eHHHLEe
JseKTpo- k=1 kuno- | kr/Kn | Kunorpamm Ha KysoH paBen
xUMHqec- q rpamm 3N1EKTPOXHMHYECKOMY 3KBH-
KHH 3KBH- Ha KyJOH Ba/JieHTY TaKOro BelyecTBa,’
BaJIeHT | xr xoToporo BbuienfeTCs
Ha 3/1eKTPOAE NPH NPOXOXK-
AEHHH Yepes JJEKTPOJAT 3a-
E psana 1 Kn
MaruuTHas| B=-T2% |  recaa Tn Tecna paBeH MarkKHTHOH MH-
HHIYKUHUS 1 AYKLUMH OAHOPOLHOrO Mar-
HUTHOCO NOJIA, KOTOpOE Ha
NPOBOAHHK IMUHOR | M npH
cHse ToKa B Hem | A ned-
CTBYeT C MaKCHMAaJILHOM CH-
o | H
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Mpononxeunwe npun 4

Eannnua
Puznueckas o5
Onpegensio- | Haumeno- 03Ha-
BEJHYHHA u.xepe ypas. sanme wenme Onpegenenne
HeHHue

Marnur- P=85 sebep B6 Bebep paBeH MarHuTHOMY

HbIH NOTOK NIOTOKY, KOTOPbI} CO31aeTcs
OJHODPOAHBIM MarHHUTHBHIM
nosem ¢ uaykuuen | Ta ye-
pe3 MOBEPXHOCTb NJIOWIAAbIO
1 M2, pacnosoxennyio rep-
NeHIUKYSIPHO BEKTOPY Mar-
HHTHOU MHAYKLHH

UHaykTuB- L=2 reHpH I'n [eHpu paBeH HHAYKTUBHOC-

HOCTb ! TH 3JIEKTPUYECKOH LlenH, ¢
KOTOPOM MpPH CHJIe MOCTOSIH-
HOTO TOKa B Helt | A cuenuisi-
eTCsl MarHUTHbIN notok 1 B6

CseToBOH ¢ =lw NIOMeH M JliomeH paBeH cBeTOBOMY 110

NOTOK TOKY, HCIYCKaeMOMY TO4Yeu-
HbIM HCTOUYHHKOM CHJIOH CBe-
Ta | K1 B TesniecHoM yriie | ¢p

OcBeueH- E=2 JIOKC ak | JlooKke paBen OCBEIEHHOCTH

HOCTb S NOBEPXHOCTH MIOWAMbIO | M2
NIPH NajaloueM Ha Hee CBe-
TOBOM noToke | /M

Axtusnoers | A=X Gekxe- Bk | Bekkepe/sb paBeH aKTHBHO-

pagnoak- ! pesib CTH PafMOHYK/IHAA, [1PH KO-

THBHOrO TOpOH 3a | ¢ nponcxomuT

BelecTsa OIMH aKT pacnaja

DKCnosu- X = Q KYJIOH Kn/xr | Kynou na kunorpamMm pasex

LHMOHHAs m Ha KHJ0- JKCMO3HULUHUOHHOK f103€ raMm-

n03a rpamm Ma- ¥ PEHTIeHOBCKOIO U3Jy-

H3J1y4YeHHs YeHHH, Npu KoTopoi B | Kr
CYXOro aTMOCQepHOro BO3-
Ayxa 06pa3yloTCsl HOHbI, He-
CyllHe 3apsifl KaXKAOro 3Ha-
Ka, paBHbilt 1 Kn

Y,

Mouocrs | X =4 amnep A/xr | AMnep Ha KHOrpaMM paBeH

IKCTO3H- t Ha KHJIO- MOLIHOCTH 3KCNO3ULHOHHON

LLMOHHOH rpamMm [03bl, NIPXU KOTOPOM 3a 1 ¢

[03bl H3JY- CYXOMY aTMOC(epHOMY BO3-

YeHus AyXy nepefaeTcs 3KCMO3HU-
LMOHHAA [033a H3Jy4yeHHsA
1 Kn/xr
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OxoHuyaHHue nouad 4

Eannuua
busnueckan
Onpepensw- | Haumeno- | O6o3Ha-
peqmnna Ulepe ypas- BaHHe YeHue Onpenenenue
HeHHe
p=E£ 3 A A
[Tornowen- = rpa# I'p I'pafi paBen noraouwexHHoH
Hasi 1032 m [l03e M3JIyueHusl, NPH KOTO-
H3Jy4eHK S poO# 06/yUEHHOMY BEleCTRY
maccoH | Kr nepegaertcs
| IHEPIHS HOHH3UPYIOLLErO H3-
ayuenusn 1 Jhx
o D . . .
Mouwiocts | D =5 rpsit 8 | [p/c | [pait B cexynay pasen mout-
NOrJIOUIEH- t CeKYHIY KOCTH MOIJIOLLEHHON [03bl
HOM A03bl M3/1yYeHHA, IPH KOTOpO# 3a
H3Jy4eHUs BpeMs | ¢ o6ayqeHHbIM Be-
LeCTBOM NOTJOLIALTCS A032
n3ayueHus 1 I'p
DKBHBa- H = Dk 3HBEPT 38 31BepT paBeH IKBHBA/EHT-
JIeHTHas HOM [03€ H3Jy4YeHHA, NpH
no3a KOTODOH NOIJIOLIEHHASA 1032
H3JyYeHHS paBHa | I'p u koapduument
KayecTBa PaBeH efHHHLe
Mounoers | H =% 3uBepT 8| 38/¢ 3nBepT B CeKyHAy pabed
3KBHBA- CceKyHay MOLLHOCTH 3KBHBANEHTHOH
JIeHTHOM : 03Bl M3JTY4EHHS, NPH KOTO-
103 poH 3a BpeMs 1 ¢ ob6aydae-
H3NYYeHKS MbiM BELLECTBOM NOTJO-
LAaeTcA 3KBUBaJeHTHASA
1032 usayderds 1 38

Npumeuanmue. Ha npakTHke HCNONb3OBAMHCL BHECHCTEMHBIE €lu-
HHUB HOHH3UDYIOWHX U3ayuennit: [A] = 1 Ku (xiopu) = 3,7 - 10'0 Bk,
[X] =1 P (pentren) = 2,58 - 1074 Ka/«r, [D] = 1 pan (pan) = 102 Tp,
[£] =1 65p (63p) = 1072 35. B HacToAiLIEE BPEMA, COFAACHO ACHCTBYIO-
UM CTAHOAPTAM, 3TH BHECHCTEMHBIE @HHHLb], @ TAKXKE BEJTHUHHN “IKC-
NO3HUHOHHAas A032” W “MOIMHOCTb 3KCMO3MUHOHHOH A03bl” NPHMEHATH
He clenyer.



5. BHecucTeMHble eAUMHULbI, AONTYCKaeMblie K MTPUMEHEeHUIO

HapaBHe ¢ eanHnuamu CH

duanyeckan Exnunua
BE/IHHKHA Hanmeno- O603Ha- CooTHolueHHe
BaHHKe yeHHe ¢ eguHruer CH
TOHHA T 103 xr
Macca aTOMHAas eAMHH- aeM. |1,66057 10727 xr
La Macchl (npubauanressro)
MUHYTa MHH 60 ¢
Bpemsn yac 4 3600 c
CYTKH cyT 86 400 c
rpanyc . (n/180) pan =
= 1,745329... - 1072 pan
Tlnockuit MHHYTa - (n/10800) pan =
yroa = 2,90888... - 104 pan
CexyHna (n/648000) pan =
= 4,848137... - 1076 pag
rpan (rou) rpan (n/200) pan
acTpoHOMHMYec- a.e. 1,49598 - 10t M
Kasi elxiHALA (npu6aH3HTENBLHO)
Jauna CBeTOBOI rof ¢B. ron 9,4605 - 1015 m
(npubausuTebHO)
napcex nx 3,0857 - 1016 m
(npr6aN3UTEILHO)
[nowans rexTap ra 104 M2
Obvem, JUTP a 1073 3
BMeCTHMOCTb _
OnTHyeckas ~1
cHna AHONTPHUSA ANTp I
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OKoH9aHue mpHA D

DuU3KuecKan E,!IHHHHE
Be/MiHRA Haumeno- OGosHa- CooTHoueHke
BaHHe YeHHe ¢ exnnnuen CH
DHeprus J 3J1eKTPOH-BOJILT 3B 1,60219 - 10719 [k
(npubausutennHo)
[Tonnas BOJLT-aMMep B-A
MOLLHOCTh
PeaktuBHan | pap Bap
MOLLHOCTb

Ipumeuannsa: 1. JlonyckaeTcs npHmMeHATb OPYrue eiHHHUB Bpeme-
HH, MOJIyYMBIUHE LIHPOKOE DacnpoctpaHeHue (Hemess, MecAll, roj, Bex,
ThiCSYEJIETHE W Ip.).

2. Envuuuy “auMTp” He peKOMEHAYeTCs HCMOJIb30BaTbh NPH TOUHBIX M3-
MepeHHSsX.

3. Epunnupl Bpemenu (MuHyTa, uac, cyTku), naocxoro yraa (rpagyc,
MMHYTa, CEKYHA2), ACTPOHOMHHYECKYIO €HHHLY, CBETOBOH [Ofl, AHOMTPHIO
M aTOMHYIO eQHHHLY MACChl He JONYCKAeTCs PHMEHATHb ¢ NPHCTABKAMMU.

6. MHOXUTenu U NpUcTaBku Ans o6paloBaHust
DEeCATUYHLIX KPaTHbIX U AONbHbIX eAUHHL

O60o3HaueHHe NIPHCTABKH [prcraska Muox#HTens
3 3Kca 1018
I nera 1015
T Tepa 1012
r rura 109
M Mera 106
K KHJIO : 103
r rekTo C102
aa Lexa 10!

i neuu 107!
c CAHTH 1072
M MHJIH 10-3
MK MKKPO 1076
H HaHO 10-¢9
n NHKO 10712
¢ dbeMTO 10715
a aTTo 1018
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7. MncbMeHHOe opopMNEeHMe pelleHus 3aaay

O6luenpHHATHIH CNOCO6 NHCbMEHHOTO OPODMJEHHA peuleHHA 3a[auH
no QH3HKe 3aK/IIOHAeTCR B CJEAYIOLLEM,

CHauaJ/ia 3anXChIBAIOT ycaoBHe (TeKCT) 3a1a4H MOJHOCTBIO, 6€3 COKpa-
lueHHH, a 3aTeM KpaTKo. KpaTkas 3ankch OTpa)kaeT, UTO AaHO B YCJIOBHH H
YTO HYXKHO ONpPEeE/HTh, NPH ITOM BCe 3HAYEHHS NaHHbIX BEJHUHH 3aNUChHIBA-
10T C/leBa B CTOJAOMK B TOM NOPsiKe, B KOTOPOM OHH BCTpeYaloTcs B ycJo-
BHH. HanoMuuM, yTo 3HaueHHe QU3HYECKOH BENHUHHBI COCTOMT H3 HHCIO-
BOTO 3HAYeHMsl M HaHMEHOBAHHA eQMHHUM 3TOoH BeJWuHHb. Hanpumep, B
3anucH v = 5 M/c v — 0603HayeHHe CKOPOCTH, 5 M/C — 3HaueHHe CKO-
pocTH, 5 —uucI0BOe 3HayeHHe, M/ C ~ enMHMUa cKopocTH (TouHee, 0603-
HaueHHe eJMHHMUbI CKOPOCTH — MEeTpP B CeKyHRY).

CHH3Y cTON6HMK JaHHBIX 3HAYEHHH NOAYePKHBAIOT TOPH3OHTAIbHOM Yep-
TOH M NOA Hel MUIIYT HCKOMYy!o BeaudHy. CnpaBa CTONGHK OTLEJRIOT
BEPTHKa/NbHOH 4epTO# W MUWYT 3arosoBok ‘Peurenue”.

PelwaloT 3ajauy M 3amMChIBAIOT pelleHHe B o6ileM BHAe, B GYKBEHHbIX
0603HaueHHAX, NPH ITOM NPOMEXYTOYHBIE BEIYHC/EHHA He NPOM3BOAAT. B
pe3y/bTaTe NoJy4aeTcss pacyeTHass (OPMyJia, B KOTOPOH HCKOMasi BeJHUYH-
Ha Bblpa)keHa B 0003HaYeHMAX BeAHYHH, 3alaHHbIX B YCJAOBHH 3ajauH.

Peluenne QO/KHO CONPOBOXAATbCR KPaTKHMH, HO MCHEPNbIBAIOLLIHMH
NOSICHEHWAMH, B KOTOPHIX faeTcst 060CHOBAHHe HCMOJib3yeMbix GOpMya M
o6bsicHeHHe 0603HayenHiH. Heo6xoaMMo genaTh CXeMaTHYeCKHH 4epTex
(pucyHOK), ecnn 3TO BO3MOXHO B aHHOM 3afade. PHCYHOK noMoraer Ha-
TAHee NPeACTaBHTL PaCCMAaTPHBAEMYIO B 3a7aue CHTyalUHIo H bosee yeT-
KO ONHCaTbh XOJ peLIeHHS.

Iocne noayueHHs pacHeTHOM (GOpPMYJbl ee NPOBEPSAIOT CJAEAYIOLUHM
o6pa3oM! B npaBylo 4acTb (GOpMyJbl BMecTO 0603HauyeHHH (H3HYECKHX
BeJHUYHH NOACTaBAsA0T o6o3Hayenus eanHul CH atux BenuuuH, npousso-
[AT ¢ HUMH HeoOXOAHMMble NeHCTBHA H y6eXJAOTCS B TOM, YTO MOJYYeH-
Hasi NPH 3TOM elHHHLA COOTBETCTBYET HCKOMOH BeJuuHHe. 3aTeM HHCAO-
Bble 3HayeHWs BeJHYMH BbipaxaiwoT B eiMHHuax CH, noacrasaswor ux B
pacyeTHyio QOPMyJy ¥ NPOH3BOASAT BbIYHCAEHHS, co6/10aas NPH 3TOM NPaBH-
J1a npu6AHXKeHHBIX BoldrcaeHui (cM. npua. 1). B KoHue peuienus sanuckhi-
BalOT OTBET. :

PaccmoTpuM npuMep odopMJeHHR pelleHUsl 3aflayd HA [IHCbMEHHOM
3K3aMeHe.

3apaua. DneKkTpoH BAeTaeT co ckopocThio v = 5 - 108 M/ ¢ B ogHopos-
HOE 3JEKTPOCTATHYECKOE M0Je, HampsKeHHocTh KoToporo £ =1 - 103 B/mM u
Hanpas/ieHa TakK Xe, KaK H CKOpOCTb 3jieKTpoHa. CKOo/bKo BpeMeHH Oynet
JBHTaThCs 3MEKTPOH 0 MOMEHTA OCTaHOBKH M KaKOH NyTb OH [IPH 3TOM I1POH-
geT? 3apsan saektpora e = 1,6 - 10719 K, ero macca me = 9,1 - 103! kr.

5106 m/c Pewenune

v
103
E=1-103B/m B 3/1eXTpOCTaTHYECKOM TNOJe Ha 3JeKTPOH

= .10-19 N "
fne =l,§,1 vl(;o—SlK;:r AeHCTBYeT cuna F, moaynb Kotopoih F = eF, a

HalpasJieHHe NPOTHBOMNOJIOXHO HanpaBJeHHIO Ha-

t—=?s-7 NpPSXKEHHOCTH E (puc. 302). DnexTpon ABHMKET-
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st NPSIMOJIHHERHO (CHIO0 TAXKECTH npe- E

He6peraem) B TeueHHe HEKOTOPOro NpPo- —_—

MEXYyTKa BpeMeHM { 10 OCTAHOBKH, IPH /':' i o 2

3TOM NIOA AeHCTBHEM CHJIBl F HMIYJbC S ;V J

3/1eKTpoHa uameHseTcA. CorsacHo BTO- 0 3 ¥

pomy 3akoHy HbloToHa, >
Puc 302

Ft = m,oy - m0;,

The Uy, U — CKOPOCTb 3JIEKTpOHA B TOUKax 2 ¥ | COOTBETCTBEHHO.
Jns npoekurit Ha ocs OX ypaBHeHHe HMeeT BHA Fl = myvy, ~ muy,.
B nannom cayuae F, = —=F, vo, = 0, v, = v, nostoMy F{ = mu, oTKyna
y x 2x lx y y.
t=mev/F, nan

meu

t= . (1)
eE
H3meHeHHe KMHETHYECKOH SHEPrUM 3J1€KTPOHA pasHO paboTe CHab F:
2
mevg _mey =A
2 2

YuutwiBas, uto vy = 0, vy =v, A= Fscosl80°= —Fs, noayuaem
mv? /2 = Fs, TAe S — MOAYJb MepeMelleH s, KOTOPbIH B JaHHOM CJydae
paBeH mpoiaeHHoMy nyTH. CiefloBaTeNbHO,

2 . 2
m,u m,
S=—2— HImMSs=—S—. (2)

Pacuetnnie dopmyan (1) u (2) nposepuM ¢ moMowbio AeACTBHHA Han
€NMHHLEAMH QU3HYECKHX BEJIHUHH:

MU | _ o _ xr-m2 _xrom?__xrom? =c=[{]
eE ki.B KiB-c HOx-c  gr.om? ’
M 2 €

2 2
(M xkr- M
mou? =Kr (c) _ c? = m=[s]
2¢E Kn-B  kr-m® .
M

M‘C2

[MoacTaBHM YHCNOBLIe 3HaYeHHR Beanuu B dopmyast (1) u (2) u npo-
M3BeJleM BbIYHCJIEHUSR:

;291107 5.10°
16-10719.1.10°
=31 612
s 91107 (510 ); w7107 m
2.16-10719.1-10

c=3.10"8 c,

Otser: (=3 108¢cs=7"10"2m.
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8. HekoTopble cBeAEHUA NO MaTeMaTuke

Ksadpamnoe ypasHenue ax! +bx+c=0 a=0.
Kopru xeadpamnozo ypasHerus

—b+ Vb2 ~ dac .

A2 = 2a

Keadpam cymmer deyx wucen
(a+b) =a® +2ab+ b2
Kesadpam pasnocmu dsyx wucen
(a—6)? =a® - 2ab+ b2
Pasrnocme tcaadpamoe dsyx uucen
— b =(a+b)a-b)
Ilponopyus — paBeHCTBO ABYX OTHOILEHMH:

L-C p20, d=0.
b d

OcHosroe cgoiicmgo nponopyuu: ad = bc.

TMrowade mpeyzoasnuxa S = —;—ah, rIe @ — OCHOBAHHE TPEYrOJIbHH-

Ka; A — ero BblcOTa.
Mrowade mpaneyuu

1
S ==2(a+ b,
2(a )

roe a, b — OCHOBaHHA Tpaneuuu; A — BbICOTA.
Haurna okpyxcrocmu L =2nR | rpe R — paguyc OKpyXHOCTH.
ITrowade kpyza S = nR?, rae R - paluyc Kpyra
Marowade cpepuneckoii nosepxrocmu S = 4nR?, rae R - paauyc
cepsl.

Obvem wapa V = nR3, rae R - paadyc wapa.

-<c.o|.x:-

Obvem yurunopa
h — ero BbicoTa.
Teopema curycos:

= RQh, rie R — paaMyc OCHOBaHHS LMJIMHAPA;

a _ b

c
sina sinf  siny’

rae a, b, ¢ = CTOPOHBI TPeyroJIbHHKA; o, B, y — YIJ/bi, Jexaluue NpoTHB
CTOPOH @, b M ¢ COOTBETCTBEHHO.
Teopema Kocurycos:

2= p? 42 — 2bc cos a,

rae a, b, ¢ — CTOPOHbI TPEYrONbHHKA; O — YrOJ, JeXalMi NpOTHB CTOPO-
Hbl Q.
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Hexomopsie mpuzonomempureckue Gopmyst

sinfoa+cos?o =1, tgo =S
cosa
ctga = £B5%
sino.

sin{a + B) = sin o cos B + cos ausin B,
sin{a — B) = sinacos P - cosasin B,
cos(a +B) = cos acos B — sin o sin B,
cos{o. — B) = cosacosP + sinasin B,

sin 200 = 2sina.cosa,

cos2a = cos® o — sin? o = 1 - 2sin? o = 2cos? o - 1,
sino + sinP = 25sin a+p cosa—_ﬁ,
2 2
sino —sinp = 2cosa—+Bsina——B,
2 2
cosa +cosP = 2cosa+Bcosa—B,
2 2
coso —cosfP = -2sin OH'BsinOL_B.
2 2
Hexomopoie 3nauenus mpuconomempuueckux Gyrkyuil
Yroa, rpaa {pan)
DyHKuUmus
0 30 (n/6) | 45 (x/4) | 60 (n/3) | 90 (n/2) | 180 (™)
: 1 J2 3
sinol 0 9 5 5 | 0
V3 V2 1 _
cos a 1 5 5 9 0 1
tgo 0 —‘éi 1 J3 - 0
ctga - J3 1 % 0 -
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[Tpou3sodnvie OCHOBHBIX 3/eMEHMAPHBIX DYHKYUL

f(x) Fix) f(x) Flx)
1
= , X > 4]
C (C = const) 0 Jx ovx
1 1
x : x X2
X" nx" =1 Inx L
X
e* e* sinx CcOSx
a* a*Ina CcoSx —sinx
1 1
log, x xina tgx cos? x
x2 2x ctgx -1
sin? x

[Tpocmeliwue unmezpano

JO-dx=C, C = const, J‘%=—%+C,

Jl-dx:de:x+C, Je"dxze"+C,

J‘xdx=x2—2+C, Ja"dx: l(rlliz+c'

Jx"dx: x"+“1+C’ Jsinxdx=—cosx+C,
n

J‘—(—i}&:]nx-}-c' Jcosxdx:sinx+C.




9. laturckun andaBuT

Ty | o | e | M | g [
Aa A a a Nn Nn | on
Bb Bé | 6o Oo 0o 0

Cc Ce w || Pp Pp |ns
Dd| 94 | » [ Qq | Q¢ |w
Ee &e e Rr R | ap
Ff F/ s | S8 |- 38s |
Gg | G99 | » | Tt Tt |
Hh Hh At Uu Ue |y

li L " Vo Ve | s

Jj }/ K W w Wew | ryomss
Kk | 4 | w | Xx | Tx |
Ll 2 s | Y Y Yy | wrpex
Mm| Mn wm | £z Ez | s

TMpumeyanne. s 6y g, A, j, y naHel QOpaHUy3CKHe HA3BaAHuUS,
KOTOpble OGLUENPHUHATHl B WIKOMLHOH NPAKTHKE, U nobaBiaeHa Oyksa w,
ynoTpeGisiemast B MaTeMaTHKe ¥ DH3UKE.
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10. Mpeyecknn andaBuT

[TeyaTHbie
6YKBbI

PyxonucHble
O6yKBbI

Haspanue

Q
EE€XR 6 A 0V AOUMMCE PR T 3TN MR w®R

DEXBg<-IMOT OO ZZI>R"TOINODD 1T >

Q .
EERNRB|T SO N JIOMITE PR T I NO X ™R

OE>XB/<NMTIOmZE>X" "o NTOD >

,
anbda
,
6eTta
,.
ramMma
’
nenbTa
’
3TCHJIOH
’
n33Ta
,
3Ta
,
T3TA
o
HoTa
,
Kanmna
’
Jnambaa
MIO
HIO
KCH
’
OMHKPOH
nH
po
,
CHrMa
,
Tay
’
HIICHJIOH
¢u
XH
ncu

’
oMera




OrnasneHue

TIDE@A M CIOBH @ oottt e 3
I. Mexanuka 5
1. OCHOBbE KHHEMATHKH .........oooviieieiiieeee i B
2. OCHOBbI IHHAMHUKH ..ccootiiieiieiiiie e e e 43
3. 3aKOHbI COXPAHEHHS B MEXAHHUKE ....cooviiiiiiiiliiiiieeiee e 84
4. OCHOBBL CTATHKH .....iiiiiiei e 120
5. FKHUAKOCTH M TABBI c.eoiiiiiiiiiiic et 146
I1. MoneKkyasapHas PHIMKA ........coooociii e 176
6. OcHoBbl MONEKY/ISDHO-KUHETHHecKoH Teopud. MlneansHeiit ras 176
7. TennoBbie siBaeHUsi. OCHOBbI TEPMOLHHAMHKY . ...ovvvrenieeeaeen., 197
III. OCHOBBI BNEKTPOMMHAMMEKM ......ooooiiiiiiiiiiiiiitaereieeeeiae 218
8. DUIEKTPOCTATHKA ...oeiiiiiiin ittt cir e ee et 218
9. 3aKOHbI TOCTOSHHOIO TOKA «oovvvvvieeieiieie e 265
10. MarnuTHoe nojle. DIeKTPOMArHUTHASA MHAYKLHSA . oovrenveennnne 305
IV. KONEGAHMSA M BOIHBI .......ooiiioiiiiiiiiiiiceecieee e 338
11. MexaHUHeCKHE KOMEOAHUS H BOJHDI .....ovvveeeeeeieeinieeeeeeeeieaenns 338
12. 21eKTPOMarHUTHbIE KOJEGAHHA M BOJHbBI coccoettttniviireeinieeenis 354
Vo OIITHKA Lo e 367
13. 32KOHBl OTPaX(€HHS H TPEJOMIEHHUS CBETA covvverriereririeaeerannn 367
14. Cobupamoilte U pacCeHBAIOHIME JHH3bL ..ocoviiiuieieeeeeiieiieee e 376
15. CBETOBBI® BOJIHBI ...coeiviiiiiiiiiiiieeie ettt e 397
16. D/eMeHTbl TEODHH OTHOCHTEAbHOCTH ............. e 404
VI. Ksantosas ¢nsuxa .. 408
17. CBETOBDBIE KBAHTDI .cvvvviviiesiineiveesceieraieeis e e eimsiaeaasaeesreee e 408

417

431

459

479



Yyebroe u3nauue

Capuenko Huxonait EMenbsHOBHY

PEUIEHUE
3AJIAY 110 ®U3UKE

Yy4ebHoe nocobue

Penaxrop E.8. Manviuesa
Xynoxectsensbiit peaakrop B.A. Apowesuy
Texuuyeckuit penaxrop A.H. babenxoea
Koppekrop T K. Xears
Komnbrotepras Bepctka A. H. babenkogoi

TMoanucado B Neyars ¢ AHANO3ZHTHBOB H3NATENLCTB2 «Boimdiimas wkona» 28.09.2011.
dopmar 84x108/32. Bymara mns odceTHoH nevaru. [aprnTypa «AHTHKya».
Odcersas nedars. Yon. ney. 1. 25,2, Yu.-u3a. n. 24,03, Tupax 2500 ok3. 3axa3 2680.

Pecny6nukaHckoe yHHTapHOe npeanpuATHe « M3narenscrso “Bonudimas wkona™».
JIK Ne 02330/0494062 ot 03.02.2009. Ilp. [MTobenutenei, 11, 220048, Munuck.
e-mail: info@vshph.by http://vshph.by

Pecrrybnukanckoe yHuTaphoe npennpustie «M3narenscrso “Besopycckuit Jlom nevarn™».
JITT Ne 02330/0494179 ot 03.04.2009. Ip. He3zasucumocty, 79, 220013, Munck.

Y



