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NMPEANUCJIOBUE

CoBpeMeHHbIH  3Tan pa3BUTUS HAYKH M TEXHUKHU
TpeOyeT MOATOTOBKM OOJIBIIONO YHCJIAa BBICOKOKBAJIHU(PUIHUPO-
BaHHBIX CHENMAIMCTOB B OOJACTH E€CTECTBEHHBIX M TEXHMYECKHX
Hayk. Hapnexainee peiieHue 3ToH 3aady HEBO3MOXHO 0e€3 cylie-
CTBEHHOTO TOBBIILIECHUST YPOBHS NpeNnofaBaHUs (PU3MKH, YCHUIICHUS
HHIWBUAYAJILHOTO MOAXO0JA, PAHHETO BBISBJICHUS U PAa3BUTUS TBOD-
4eCKMX CIocoOHocTell Oynymmux cnenuanuctos. Ilpu sTom BaxHyio
poJib MIpaloT OJMMIHAAbl MO (U3MKE [JIS YyYalIMXCS CPEIHHUX
UIKOJ M NPOodhecCHOHATILHO-TEXHHYECKUX YYHIIUII, KOTOpbIE CIOCO0-
CTBYIOT BBISBJICHHIO Haubojiee OJAPEHHBIX YYalIUXCs, MO3BOJSIOT
NpaBWILHO COPUEHTHPOBaTh UX B BbIOOpe Oynmyinedt npodeccun,
NpoNaraHIUpyIOT Hay4YHO-TEXHUYECKHE 3HAHHMS CPEIM MOJIOOEKH.

Ipennaraemasi yutatenssM KHMra «3aaid MOCKOBCKHX ¢usmye-
CKMX OJIMMIIMAI» IOJBITOXHBAET ONBIT IPOBEACHHS MOCKOBCKHX
OJIMMIHMAA LIKOJLHUKOB Mo ¢usuke 3a nocueanue 15 jger. Mockos-
CKas OJIMMIMANa BKIIIOYAET TPH TEOPETHYECKUX Typa — paHOHHBIMH,
TOPOACKOH, OTOOPOYHBI — MU  3AKJIIOYUTEJILHBIA, 3KCIEPUMEH-
TaJBHBIA TYp, MO pe3yJbTaTaM IIPOBEAEHUS KOTOporo ¢opmupyer-
cs KOMaHAa IIKOJbHUKOB I'. MOCKBBI 111 ydacTus Bo BcecorosHoit
oJuMITHaae. Y poBeHb CJIOKHOCTH 3a/1a4 HapacTaeT, HAaYMHas C [po-
CTEHILUX 3a7a4 pailOHHOrO Typa, pelIieHHe KOTOPBIX TPEOYET JIUILb
YBEPEHHOT'O BJIA[ICHUS] OCHOBHBLIMH 3aKOHAMH M TOHATUAMHU (U3HU-
KM, H KOHYasi JOBOJIbHO TPYAHBIMU 3aJayaMH OTOOPOYHOro Typa.
Hexotopble u3 3ajay mocjeqHero, OTOOPOYHOro Typa MpencTaB-
JISIOT cob0it HEOOJIBIIOE HAYYHOE MCCIENOBAHUE (KaK MPaBUIO, 3TH
3a1a4d SBJISIOTCS YKPAlllEHHEM OJIMMIMAMbI).

B HacTOAMIYIO KHUTY BKJIFOYEHBI TOJBKO 3a0a4Yd TEOPETHYECKHX
TypoB. CTpyKTypa KHHUTH MOJHOCTBIO OTPaxaeT MNpeacTaBUTEJNb-
HOCTh pas3J/IMYHBIX pa3fenoB Kypca ¢u3ukd Ha onummnuage. Ilpu
3TOM, €CTECTBEHHO, Y€M DpaHbllie TOT WIX HHOH pa3fen OHU3UKH
U3yyaeTcs B LIKoJie, TeM OoJiplliee YUCIO 3adad 3TOro pasiena
BCTpEYaeTCs HA OJMMIMALE, TeM GOJIBLIMHA yAeNbHBIH BEC COOTBET-
CTByIOLErO pa3fesia B npemiaraemoil kuure. Ilockonbky or-
Jle/IbHble TeMbl OKa3aJIUCh MPENCTaBJICHHbBIMH OJHOM-ABYMs 3ala-
4aMH, a HEKOTOpble — JECITKOM 3aJay, Mbl HE CTajJl¥ BBOOHUTHL
HoApo6Hy0 pyOpHKaLuIo.
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BOJBIIMHCTBO 3a1a4 SBJISIOTCS OPUTMHAJIBHBIMH, 3HAYMTENbHAS
UX YacTb [peIoXKeHa aBTopamu kHurd. HauGonee cinox-
Hble 3aJayd OTMedeHbl 3Be3gouko. IlpencraBnsas npowusBeneHue
3aMKHYTOTO KOJIJIEKTHBA aBTOPOB, OHHM OTPAaXalOT ONpeacicH-
Hble TPaJUIMH, ONBIT MPOBEJEHHS WUMEHHO MOCKOBCKHMX OJIMMITHAL,
mepelalOT Hay4yHble BKYCHI M CTHJIb paboThl KOJIJIEKTHBA €OH-
HOMBILIUIEHHUKOB — B 3TOM COCTOMT creluduka mnpeanaraeMoii
KHUTH.

YuuThIBasi BCE CKa3aHHOE, KHUTY MOXHO PEKOMEHIOBaTh OYEHb
mupoxkoMy Kpyry uutatenell. Haunbonee nenecoobpasuo ucnonp3so-
BaThb €€ B KayeCTBE NONMOJHEHHs K MMEIOUIMMCs COOPHHKAM 3aday
no snemeHTapHoil ¢usuke. OHa OyneT Hoje3Ha TeM, KTO MHOCHE
noApo6HOro u3y4eHust Kypca QU3NKU XO4eT YriyOuTh CBOM 3HAHHS,
nonpo6oBaTh CHJIbI NIPH PELIEHMH HECTaHNAPTHBIX 3aaadv, pa3BUTD
¢usuueckyro unHTyummioo. IlpennasHauas ee B IepBylo ouepelb
IIKOJIbHUKAM CTapIIMX KJIAacCOB, MBI CYHTAeM, YTO U CTYIEHTHI
MEePBLIX KypCOB HAMAYT B Hell KOe-4TO HHTEPECHOE, & PYKOBOIUTEIIH
(buU3UYECKHX KPYXKKOB, NpENoJaBaTesli BEYEPHUX H 3a0YHBIX IUKOJI,
y4HTesl, BeAyILe (baxynbramnﬂble 3aHATHS, TOXE IMOYEPIHYT JIs
ce6s1 MHOTO ITOJIE3HOTO.

Hacrtosmas kHuUTa HHKOrna He yBufesia ObI CBET, eCiiM Obl He
BIOXHOBJIAIOMIAsl TOAJCPKKAa MHAECH ee CO3NaHHS aKaJIeMHKOM
M. K. KukoussIM, KOTOPHIH Ha NMPOTSDKCHHH MHOTHX JIET BO3IJIAB-
nan Uentpansublif oprkoMuteT Bcecoro3Hoit onuMmmansl MIKOJb-
HHKOB, pelKoJulerHto xypHana «KBaHt» u cepum «bBubimoreuka
«KBaHT». JlaHHas KHUTA SIBJISCTCS NAHbBIO HALLIETO yBaXEHHUS M Ia-
MSITH 3TOMY KPYIHEHIIeMYy COBETCKOMY yY€HOMY, MYAPOMY U YyT-
KOMY Y4YHUTEJIO.

Ham 6Bl xoTenoch BBICKa3aTh CJIOBa 0JIArOJapHOCTH CBOHM
CTapIIMM TOBapHUIAM-KOJUIeTaM [0 OJIUMIMAJHON HEATeNIbHO-
ctu — B. K. ITerepcony, TI. E. IlycroBamoBy, T 5I. Mskuwesy,
A. B. Txauyky, B. W. I'puropreBy, b.B. byxoBueBy, coBmecTHas
paboTa ¢ KOTOpHIMH criocoOcTBOBaja GOPMHUPOBAHHUIO HALIETO IO-
HUMAaHHs TOTO, YTO Takoe ¢u3myeckas 3agavya. Mbl DpH3HATEIbHbI
TAaKXKe BCEM 4WIEHAM XIOPH MOCKOBCKHX OJIMMITHA[ IOCJEIHHX JeT.
Wneu psna 3amay mpHHAIIEKAT UM.

Hakonen, Ham oueHb NpuaTHO nobiaroxaputs I'. B. Menenuna,
CaMbIM TIIATENILHEIM 00pa3oM MPOYMTABIIETO KHHUTY B PYKOIHCH
U CHeJIaBLUCTO PsAl MOJIE3HbIX 3aMEYaHHH Kak MO COAEPXKaHHUIO, TaK
U IO CTHJIIO KHUTH.



3AJAYH

1. MEXAHHUKA




B 3amauax 3TOro pasiena, Tam, rie Heo6XOMMMO, CUMTATH YCKODEHHE
cBoGonHoro manexus g = 10 m/c?

1.1. Kaxoe Bpems 6onblie =-crycka Tela MO HAKJIOHHOH IIO-
CKOCTH C BBICOTHI h (IpM Hy/NeBOH HAYaNbHOM CKOPOCTH) MIIH
NOIBEMA C TAKOW HAYaJIbHOW CKOPOCTBIO, YTO TEJIO OCTAHABJIMBAET-
cs Ha TOH ke BbicoTe h?

1.2. JlokxoMoTHB Haxonmics Ha paccrosHud L =400 m ot cBe-
Todopa W MMEN CKOPOCTb ¥ =54 KM/4, KOrja HavaJoch TOPMO-
KEHHe.

Ornpenenure NOJOXEHHUE JTOKOMOTHBA OTHOCUTENIBHO CBeTodopa
yepe3 1 MHHYTY HOCJ€ Hayajla TOPMOXEHHS, €CIM OH [BHraJcs
¢ yckopenueMm a =03 m/c2. -

1.3. BeproseT B3yeTaeT ¢ a’spoApoMa IO BEPTUKANIH C yCKOpe-
HueM a=3 m/c? u HayamLHOHM CKOPOCTBIO, paBHOH Hymo. Uepes
HEKOTOpPOE BpEMS ¢, IMHJIOT BBIKJIOYWJI JBUTaTeNb. 3ByK Ha 3emile
B MeCTe B3JIETa IepecTan ObITh CIBILIEH cnycTs Bpems ¢, =30 c.

Onpenenute CKOPOCTh BEPTOJIETA ¥ B MOMEHT HpPEKPAllleHUs pa-
60tsl gBuratens. Cyurate ckopocTh 3Byka ¢ =320 m/c.

1.4. MarepuanbHass TOYKa HAYWHAET ABUTATHCA MO HNpIMOH
C NOCTOSIHHBIM ycKopeHueM a. CnycTs BpeMd t, IOC/Ie Haiajia ee
IBIKEHUS YCKOpDEHHME MEHSET 3HAK Ha NPOTHUBOINOJIOXHBIH, OCTa-
BasiChb HEM3MEHHBIM NO MOIYJIIO.

Onpenenure, yepe3 kakoe BpeMs ¢t ocjie Havaja OBIDKEHHS TOY-
Ka OKaXeTCs B MCXOJHOM HOJIOKEHHH.

1.5. JIBa Tena OBUXYTCA MO NPsAMOH HaBCTpeuy IApYr APYry
C HayaJbHBIMH CKOPOCTSIMH v; M U, U HNOCTOSHHBIMH YCKOPDEHMSIMH
a, ¥ a,, HanpaBJIEHHBIMH IPOTHBOIOJOXHO COOTBETCTBYIOILUM
CKOPOCTSIM B Ha4aJIbHbIi MOMEHT BPEMEHH.

Tpu KakOM MaKCHMAaJIbHOM HAaYaJbHOM PACCTOSHHUHU lpg, MEXILY
TEJaMH OHH BCTPETATCSA B MpoIecce IBIKECHUSA?

1.6. Ha ynpyryio niauty cBoGOIHO NaJaloT JBa CTAJBHBIX IHa-
puka: 1-if ¢ BbicoThl h; =44 cMm, 2-if ¢ BbIcOTH h, = 11 cM cnycrs
T cekyH[ nocne 1-ro. Yepes HeKOTOpOE BpeMs T CKOPOCTH IIapHKOB
COBNAJAIOT IO MOJYJIO W HANPABJIECHHIO.

Ornpenenure BpeMsl T M HHTEPBAJl BpEMEHM, B TEYEHHE KOTOPOTO
CKOpOCTH 00ouX 1apukoB 6ynyT paBHbIMH. CYHMTaTh, YTO ILIAPHKH
Mexny coboif He coymapsroTcs.

1.7*. Ha Borayryro cdepuueckyio IOBEpXHOCTb paauyca R
¢ BbicoTsl H = R/8 B6/IM3K BEPTHKAJILHON OCH CUMMETPHHU NafaroT
C HYJIEBOW HayaJIbHOW CKOPOCTBbIO MaJIeHbKHE LIAPHKH.

Cuutas yoapsl LIAPHKOB O [IOBEPXHOCTh aBCOMIOTHO YHNPYrHMH,
NMOKaXHUTe, 4TO Hocie 1-ro coy.lapeHust Kax bl LIapuK Ionagaet
B HH3ILUYIO TOYKY ctepuueckoil moBepxHocTd. CuuTarth, 4TO ILIapu-
KH MeXIy coboit He coynapsroTCs.
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1.8. ManeHbkuit mapuK, OPOIIEHHBI C Ha4YaJIbHOR CKOPOCTbIO
vy TOI YIJIOM O K TOPH3OHTY, YOapujcsi O BEPTHKAJbHYIO CTCHKY,
IBIDKYLIYIOCS €My HaBCTpedy ¢ TOPU30HTAJLbHO HAMpPaBJIEHHOH CKo-
pOCTBIO U, M OTCKOMMJI B TOYKY, M3 KOTOpoH Obu1 OpolreH.

Omnpepnenure, Yepe3 Kakoe BpeMs t mociie 6pocka HpOH3OILIO
CTOJIKHOBEHHE Iapuka co crenkoi? IToTepsiMu Ha TpeHHe npeHe-
6peub. .

1.9*. He6Gosbloi IapuK IBHXETCH C MOCTOSAHHOM CKOPOCTBHIO
v IO TOPH3OHTAJILHOM NMOBEPXHOCTU U NONajfaeT B Touke A B Bep-
THKQJIbHBIH IMJIMHApHYECKHH Kojomen riayobunst H u paguyca r.
CxopocTh IapHKka v COCTAaBJIfET Yrojl O C OAUAMETPOM KOJoAIa,
NpoBeIeHHBIM B TO4YKY A (puc. 1, BHO cBepxy).

IIpu xakoM COOTHOILICHUH Mex 1y v, H, r ¥ o Iapuk nocje ynpy-
THX COyIapeHHi CO CTEHKAMH U JHOM CMOXET «BHIOpaThCA» U3 KO-
sonna? IlotepsMu Ha TpeHHe NMpeHeOpeub.

Q0

g ifIV ‘:72”(
L ]

Puc. 1 Puc. 2

1.10. ApTunnepuiickoe Opyaue CTPEeNSET H3-NOJ YKPBITHA, Ha-
KJIOHEHHOTO MOJ YIJIOM O K TOpu30HTY (puc. 2). Opyaue Haxomutcs
B TOYKe A Ha paccTosiHMU | OT OCHOBaHHs YKpbITHA (Touka B). Ha-
YajbHas CKOPOCTb CHapsija paBHa U,, TPA€KTOPHs CHapsIa JIEXHUT
B IUIOCKOCTH DHCYHKa.

Ormnpepenute MaKCHMAJIBHYIO NaJbHOCTb NOJIeTa CHapafda Lipay.

1.11. B oxHoif aBTOMAIIKMHE JI0OOBOE CTEKJIO HMEET YroJl HAaKJIOHA
K rOpH3oHTYy, paBHbiii f; = 30°, a B npyroit B, = 15°.

IIpm kakOoM OTHOIIEHHH CKOPDOCTEH ABYX aBTOMAIMH U,/v,
BOJUTEJM YBUAAT I'PAUHBI, OTCKAKUBAIOIIUMHU OT JIOGOBBIX CTEKOJI
CBOMX MalIMH B BEPTHKAJILHOM Hampasiie-
Huu? CuuTaTh, 4TO OTHOCHTEILHO 3€MJIH
rpagiHbl NMAJal0T BEPTUKAIBHO.

1.12. T1o rnagxoif TOpU3OHTAILHON TO-
BEpXHOCTH aBMXercs JmcT (anepbl. Cxo-
poctu Touek A U B paBHBEI v H JeXaT B
miockoctd Jmcta (aneps (puc. 3). Puc. 3

Onpenenute ckopocth To4kH C.

1.13. Heo6xoquMoO NOCTaBUTh B HEGOJILINON MPOCBET MEXIY
BEpEHHUIIEH aBTOMAINWH, CTOSAIIMX BAOJbL TPOTyapa, e€lle OIHY
MalIuHy.




Kak crnemyer 3ae3kaTh B NPOCBET: NEPEOHHM XONOM WM 3a-
JIHMM, €CJIH Y MaIlIMHbI IOBOPAYUBAIOTCSA TOJIbKO MEPENHHE KOJEca.

1.14*. CamoneT, NeTALHA TOPH3OHTAIBHO CO CKOPOCTBIO vy,
HaYMHAEeT NOJHHMATBLCS BBEPX, ONHCBIBAS OKPYXHOCTb, JIEXKAIYIO
B BEPTHKaJbHOHW IUJOCKOCTH. CKOpPOCTH CaMoJieTa NpPH 3TOM Me-
HSETCS C BBLICOTOM h Hal NMEepBOHAYaIbHBIM YPOBHEM [BHXXEHHS IO
3akoHy v = vg — 2aoh. B BepxHeil TOUke TPAEKTOPHH €TO CKOPOCTh
OKa3bIBa€TCS PABHOH vy = Uy/2.

Ormnpenenute YyCKOpPEHHE a CamMoJieTa B TOT MOMEHT, KOra €ro
CKOPOCTh HampaBJjieHa BEPTHKAJILHO BBEDX.

1.15. OTkphiTast Kapycejb BPALIAETCS C-YIJIOBOH CKOPOCTHIO (.
Ha xapycenn Ha pacCTOSHMH r OT OCH BDAILIEHHS CTOHMT YEJOBEK.
WUper moxap M Kamid AO0XAS [AgaloT BEPTHKAJIBLHO BHHU3 CO
CKOPOCTBIO Uy,

Kaxk uemoBek mOMKEH AepXaTh 30HT, 4TOOB HamJIydymuMm oGpa-
30M YKpBITbCA OT A0Xnas?

1.16*. Katymka xaTurcs O€3 NpOCKaldb3bIBAHHS IO TOPH30H-
TaJIbHOH IOBEPXHOCTH, IPHYEM CKOPOCTb KOHIIA HUTH (TOYKa A) ro-
pu3oHTanbHA M paBHa v. Ha xaTymky ommpaercs IIapHHPHO 3a-
KpemjeHHas B Touke B mocka (puc. 4). BHyTpeHHHMHl M BHEIIHHIM
pagMychl KaTyIIKH paBHBL r © R COOTBETCTBEHHO.

OrmnpenenuTe yrioByl0 CKOPOCTb O HOCKH B 3aBHCHMOCTH OT
yria o.

o

Puc. 4 Puc. §

1.17. Ha nycTtyro xaTymiky MarHuTodoHa, BpaLIaloulyocs ¢ mo-
CTOSTHHO# YIJIOBO# CKOPOCTBIO, MEpEeMATHIBAETCS MarHUTHAS JICHTA.
ITocne mepeMOTKH KOHEYHBIH paguyc r, HAMOTKHM OKa3ajcs B TpH
pasa Gonbllle Ha4YaJIbHOrO pagmyca ry (puc. 5). Bpems mepemoTku
JICHTBI PaBHO t;.

3a xakoe BpeMs t, Ha TaKylo € KaTyLIKy NepeMOTaeTCs JIEHTA,
BIBOoe Gostee ToHKas?

1.18. Ilpn npociaymuBanun MarHutodoHHOH 3amucu ObLIO 3a-
MEYEHO, YTO DPaaUyC HAaMOTKH IUIEHKH HAa KacCeTe YMEHbIIMJICS,
BOBOE 3a BpeMms t; =20 MuH.
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3a xakoe BpeMs t, IOCJIe 3TOTO paJMyC elle pa3 yMEHBIIHTCS
BIBOE?

1.19. /IBa koneuka O u O’ HAAETH Ha BEPTHKAJIBHBIE HEINO-
OBWKHBIE CTepXHH AB u A'B’ coorBercTBeHHO. HepacTsxumas
HWUTH 3aKpeIuieHa B Touke A’ U Ha kosieuke O U mponera 4yepe3 Ko-
seyko O’ (pwuc. 6).

Cuuras, 4yTO KOJIe4yko O’ ABHXKETCS BHU3 C IOCTOSIHHOH CKO-
POCTBIO vy, ONPENEIUTE CKOPOCTD v, Kojiedka O, eciiu £ AOO' = a.

y 77 N
A A |4
o'
b
$ 8
0c¢ %
N
b 5 AN NN
Puc. 6 Puc. 7

1.20. Ha HemomBWXHOM KJIHHE, 0OpasyromeM yroi o C ropu-
30HTOM, JIOKHUT HepacTskuMasi HeBecomasi BepeBka (puc. 7). OmuH
U3 KOHLIOB BEPEBKH NPHUKpEIJIEH K CTeHe B Touke A. B Touke B
K BEpPEBKE MPUKPENJIEH HeOOJbmoi Ipy3uk. B HEKOTOpPHIE MOMEHT
BPEMEHH KJIMH HAYMHAET JBUTATHCA BIIPABO C MOCTOSHHBIM YCKOpE-
HHEM 4. '

Omnpesenure YCKOpeHHMe g, IPy3HKa, IIOKA OH HAaXONHWTCS HA
KJIHHE.

1.21. Mypaseii GexuT OT MypaBeiiHHKAa HO NPAMON TaK, YTO
€ro CKOpOCTh OOpaTHO NMPONOPHHOHAJIFHA PACCTOSIHUIO A0 LEHTPa
MypaBeiiHuKka. B TOT MOMEHT, korna MypaBedl HaxXOAMTCS B TOYKE
A Ha paccrosiHuH [; = 1 M OT HeHTpa P
MypaBelHHKa, €ro CKOpPOCTh pPaBHA %

vy =2 cm/c. ’IX
3a kakoe BpeMsi t MypaBeil 10- 1
\

6eXHT OT TOYKH A [0 TOYkH B,

KOTOpasi HaXOJHUTCS Ha DPacCTOSHHH AN
I, =2 M or uenrpa MypasBeiHuka? D A
1.22. Bo BpeMsi OBMXKEHHA Iapo- Puc. 8

BO3a MO 3aKpyrjieHHIO paxumyca R
B TOPHM30HTAJIBHOM HalpaBJeHUH
nyetr Berep. ®opma AbIMHOTO ciiefa u3obpaxena Ha puc. 8 (Bun
CBEpXY).

Ompenenure, UCNONB3Ys PUCYHOK, CKOPOCTH BETPA vy, €CIIH H3-
BECTHO, YTO OHa IIOCTOSIHHA, a CKOPOCTH NAapoBO3a v, = 36 KM/u.
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1.23*. Tpoe wkosbHuKOB — CnaBa, Urops 1 Hukura — pemu-
JIM oKaTaThCs Ha Kapycensx. Cinasa u Uropb 3aHsiuM 1uamMeTpalib-
HO TNPOTHBOIIOJIOKHbBIE TOYKH Kapycenau paauyca r. Hukura BriGpan
Kapycenb paguyca R. PacnosoxeHue MaJIbYMKOB B Ha4aJdbHBIA MO-
MEHT BpeMeHH II0Ka3aHO Ha pmuc. 9.

VuuthiBas, 4TO Kapycelu KacaloTCs Apyr Apyra ¥ BpalllaroTcs
B OJHY U Ty )€ CTOPOHY C OJTHOH M TOM € YIJIOBOM CKOPOCTBIO O,
onpezenuTe xapakrep ABWkeHUs: Hukutel ¢ Toukm 3penus Urops;
CnaBbl C TO4YKHM 3peHHss Huxursl

G Y @]

Puc. 9

1.24. Ha ropH30HTaJIbHOH NOBEPXHOCTH CTOUT 0Opyd panmyca
R. MuMo Hero ABHXETCS CO CKOPOCTBIO U TaKo# xke oOpyd.

Haiinure 3aBHCMMOCTb CKOPOCTH U4 BepXHEH TOUYKH «Iepeceue-
HUS» o6Opyuel oT paccrosiHus d Mexay ux neHrpamu. CHHTATh, YTO
oOpy4yn TOHKME M BTOpPOH 00pyi «IIpoe3Xaer» BIUIOTHYIO
K NEpBOMY.

1.25. MapuupHast KOHCTPYKIMSI COCTOMT M3 TpeX poMOOB, cTO-
POHBI KOTOpBIX OTHOCATCS *Kak 3:2:1 (puc. 10). Bepmmna A5 nepe-
MeILaeTCs B TOPU3OHTAJIBHOM HANpPaBICHHH CO CKOPOCTBIO V.

Omnpenenure ckopoctu BepuuH A, A,, B, B TOT MOMEHT, KOraa
BCE YIJIbl KOHCTPYKLIHH IPSMBIE.

V777 sz

V7000000
Puc. 11 Puc. 12

1.26. KoHen HATH, HAMOTaHHOM Ha KaTYIIKYy, BHEIIHUH paauyc
KOTOpOH paBeH R, BHYTpDEHHWIl — r, HepeKMHYT 4epe3 BOUTHIH
B cTeHy rBo3ab A (puc. 11). Huth TAHYT ¢ NOCTOSHHOH CKO-
POCTBIO V.
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Haiinure CKOpPOCTh v, OBWXKEHHs IEHTpPAa KATYIIKH B TOT MO-
MEHT, KOT/la HUTh COCTABJISET yroJ o C BepTHkajbio. CYUTaTh, 4TO
KaTylIka KaTHTCS MO TOpHM30HTAJILHOH NOBEpXHOCTH 6e3 mpo-
CKaJIb3bIBaHUS.

1.27. XKectkas 3aroToBKa 3a)xaTa MeXIy ABYyMs NapajulebHbI-
MM HAIMPABJISIONIMMHY, JBIKYIIUMHUCS TOPH3OHTAIBHO B IPOTHBO-
IIOJIOKHBIE CTOPOHBI CO CKOPOCTSIMH U; M U,. B HEKOTOpBI MOMEHT
BpEMEHHM TOYKH KacaHMs 3arOTOBKM M HANPaBISIOLIMX JeXaT Ha
NpsAMO#, NepleHINKYJIAPHON HalpaBJIeHHSM CKOpPOCTeH vy U v,
(puc. 12).

Kakue TOYKM ‘3arOTOBKM HMEIOT B 3TOT MOMEHT CKOPOCTH,
paBHBlE MO MOIYJIIO ¥; ¥ 0,7

1.28. Ha nnuHHYyIO rOpH30HTAJIBHYIO JIEHTY TPaHCIOPTEpa, IBH-
KYIIYIOCS C MOCTOSHHOM CKOPOCTHIO, NMOJIOKMIN 6pPYyCOK ¥ coOOLIH-
JIK €My CKOpPOCTbh OTHOCHTEJBHO 3eMJIM Uy = 5 M/C, HaIlpaBJIEHHYIO
NPOTHB IBMXEHHs JIeHTHl. CHycTs BpeMs t =4 ¢ cKkopocTh Opycka
CpaBHsIaCh CO CKOpOCThbIO JieHThl. KoadduiueHT TpeHus Mexay
OpyckoM u nenToii paBen p=0,2. ’

Ormnpenenute CKOPOCTh v JIEHTHI TPaHCIOPTEpA.

1.29. Teno cockanp3biBaeT 6e3 HavaJbHOH CKOPOCTH C Bep-
[UMHBI HAKJIOHHOM IUIOCKOCTH, OOpa3yromiell yroi o ¢ TOpU30HTOM.
Ko3¢puuueHT TpeHHs | Mexy TeJIOM M HAKJIOHHOH ILIOCKOCThIO
U3MEHSETCSA C YBEJIMYEHHEM PACCTOSHUA | OT BepIIMHBI HAKJIOHHOM
IJIOCKOETH 1O 3aKoHy U= bl. Teno ocraHaBiMBaeTcs, He OOMOsA IO
KOHIIAa HAaKJIOHHOHM IUIOCKOCTH.

Haiigute BpeMs ¢, Mpolleliee ¢ Hayaja JIBIKEHHS Tejla 10 ero
OCTaHOBKH.

1.30. Canu c rpy3oM, eayiiue N0 JbAy, MONAJAIOT HA yYacCTOK,
MOCHINAHHBIA TECKOM, M, He MpOHIs M IIOJOBMHBI CBOEH [JIHHBI,
OCTaHABJIMBAIOTCA He pa3BopauMBasch. Ilocjie 3TOro MM pe3kuM
TOJIMKOM COOOIIAIOT MEPBOHAYAIBHYIO CKOPOCTD.

Haiinute OoTHOIIEHME MyTeH M BpeMEH TOPMOXEHHs IO NEepBOM
OCTaHOBKH M IOCJIE PEe3KOro TOJIYKA.

1.31. Uepe3 HenmonBmxHOe, FOPH30HTAILHO DPACHOJIOXEHHOE Ha
HEKOTOpo# BbicOTe OpeBHO nepebpomieHa BepeBka. UToObl ymep-
KaTh Ipy3 Maccoii m = 6 Kr, NOABEIICHHbIH Ha OJHOM KOHIIE Be-
PeBKH, HeOOXOOUMO TAHYTh BTOPOM KOHEIl C MMHHMMAJbHOH CHIIOH
T, =40 H.

Ornpenenure MHHUMAaNIbHYIO cuily T,, ¢ KOTOpOil HEoOXOAUMO
TSHYTh BEepeBKy, YTOOBI Ipy3 Hayaj NOJHMMATHCS.

1.32. IToyeMy TpyOHO MNOBEpHYTH pyJb, KOrAa aBTOMOGHIIL
CTOMT, W JIETKO, KOrJa aBTOMOOWIb JBHXETCH?

1.33. Ha Teyo, ABHXylIeecs C NOCTOSHHOM CKOPOCTBIO ¥, Ha-
4YMHAET JEHCTBOBAaTh HEKOTOpas IMocTosiHHas cuia. Crycrts npome-
XKYTOK BpeMeHH At CKOpPOCTh Tesla yMEHbINAeTCs B JABa pasa
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Crycrs ele Takoil ke MHTEpBAJ BPEMEHH CKOPOCTh YMEHBIAETCS
elle B 1Ba pasa.

Onpenenure CKOPOCTh v, TeJla Yepe3 MHTEpBal BpeMeHH 3At
C Hayajla AeWCTBHUS TOCTOSIHHOM CHJIBL

1.34. B 3aKkpbITHIii BaroH, CTOSIIMHA Ha PENbCax, MMPOJIOXKEHHBIX
1O TOPH3OHTaJbHOM TOBEPXHOCTH, CEJ YEJOBEK, y KOTOPOTO
MMEIOTCS NMIPYXUHHBIE BECHl M ceKyHAoMep. Cuas IMIOM mo Hampa-
BJIEHUIO [IBUXEHHs BaroHa (BIOJb DEJLCOB) M NPHIENHMB K IIpy-
XHMHHBIM BECaM IPY3MK Maccoil m, 4esioBek ctay HaboJaTh 3a Ha-
 TIPABJICHHEM OTKIIOHEHHS IPy3HKa U NIOKA3aHUAMH BECOB, UKCHPYs
T€ MOMEHTBI BPEMEHH, KOrga MOKa3aHHUs H3MEHSJIHCh.

Barou mpuilen B ABHXEHHE U NEPBble t; =4 C IPy3uK ObUI OT-
KJIOHEH K YeJIOBEKY, 2 BEChl NoKasbiBaau 1,25mg; 3aTeM Bpems, pas-
HOE f; =3 C, TPY3HMK BHCEJ BEPTHKAJILHO, @ BECHl MOKa3bIBAJU mMg.
ITocye 3TOro rpy3suk OTKJIOHHJICS BJIEBO (HOHEPEX BArOHA) M TpPH
3TOM B TEYEHHE BPEMEHH ¢; = 25,12 ¢ Bechl ONATHh NOKa3bIBAJIH
1,25mg. Haxomen, emie Ha NPOTSDKEHUH t, = 4 C IPy3UK ObLI OTKJIO-
HEH BIIEpeq MpH TeX Xe NMOKa3aHHUAX BECOB.

Omnpenenute, TA€ OTHOCUTENIBHO CBOErO MEPBOHAYAJBLHOIO MO-
JIOXKEHHS OKa3aJICsl BaTrOH U C KaKOH CKOPDOCTBbIO OH K 3TOMY MO-
MeHTy Asuraics. CuuTaTh, YTO NPH M3MEHEHMH HANpAaBJIEHUS OT-
KJIOHEHHsT M TIOKa3aHMH BECOB YEJOBEK Cpa3y TacHUT pYyKoi
BO3HHUKAIOII#E KoJebaHus.

1.35. /IBa HEBECOMBIX OJHHAKOBBIX CTEPXKHS COENMHEHBI WIAp-
HHPHO APYT C APYrOM U NMOABEIIEHBI Ha IIapHUPaX K FOPU30HTAJIb-
Hoit 6anxke (puc. 13). XKectkocTh Kax-
Ioro u3 crepxHei paBHa ko, yron
MeXAy HUMH 20

Haiigute xectkocts k cuUCTeMBl
CTEP)KHEH 1O OTHOINEHHIO K BEpPTH-
KaJIbLHOMY CMEIIEHHIO IMapHupa A non
IeicTBHEM HeKOTOpo#t cuibl F. Cuutath
CMEILIEHHE MaJIbIM 1O CPaBHEHHIO C
JUIAHOH CTepXKHEH.

1.36. VI3 1ByX pacnoJIOXEHHBIX B OJHON TOPH3OHTAIBHON ILIO-
CKOCTHM Ha paccTosiHuM s = 10 M oIHa OT Apyroif NpyXHHHBIX My-
IIeYeK OJHOBPEMEHHO BBUIETAIOT TSDKEJblE IIAPHKH, OJMH H3 KO-
Topbix (1-f) MMeeT HavyalbHYI0 BEPTHKAJIBHYIO CKOPOCTh Uy =
=10 m/c, a 2-i BbUIETaET NOA YoM O K TOPH3OHTY CO
ckopocThio v, =20 M/c. Ha kax[siil U3 IAPUKOB JEUCTBYIOT CHIIA
TSXKECTH M CHJIAa CONMpOTUBIEHUs Bo3ayxa F =u, p=0,1 r/c

Haiinure, kakuM OOJDKEH OBITH YroJ o, YTOOBI IIAPUKH CTOJK-
HYJHMCh B BO3IYXE.

1.37. Jlerkas npyxuna IiuHbl [, xecTkocTu k ycTaHoBjeHa Ha
ctosie BepTukaibHO. Ha Hee magaer HeGoJbIION IMapuk Maccoi m.
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Ormpesnesnute, Ha KaKo# BHICOTE h OT NMOBEPXHOCTH CTOJIA LIAPUK
O6yeT UMETh MAaKCHUMAJBHYIO CKOPOCTb.

1.38*. Ha nHeBecoMol HHMTH IJIMHOW [ mpuBs3aH TKEIbIH Ia-
PHMK Maccoif m; cujla TPEHHs IIAPHKa O BO3AyX MPOMOPIMOHATbLHA
CKOPOCTH €ro JBIKEHHS OTHOCHTENBHO Bo3ayxa: Fp, = pv. Hdyer
TOPU3OHTANbHBIA CHJIbHBIA BETEP C IOCTOSHHON CKOPOCTBIO .

Onpenenute nepuon T manbix xosiebanuit. CuuTaTh, YTO KOJIE-
6aHus IIapuka 3aTyXalOT 3a BpeMs, MHOro OoJjbluee nepuona
koJebaHui.

1.39. Pe3unHOBY10 HAUTH MAacCOM m M XECTKOCTH Kk TMOABEIINBAIOT
3a OIMH M3 KOHIIOB.

Omnpenenure odiuee ymiuHeHne HATH Al

1.40. [Ins moxosueiics cucreMsl, m3006paxeHHOW Ha puc. 14,
HalIuTe YyCKOpPEHHs BCEX TPY30B Cpa3y Mociie TOro, kak Obuia mepe-
pe3aHa yaepXuBaromas ux HWKHAS HATh, CUATATh, YTO HUTH HEBE-
COMBI M HEPACTSKMMBI, IPYXHUHbI HEBE-
coMbl, Macca Oyi0xka mnpeHebpexuMo
Malla, TpeHHE B IOIBECE OTCYTCTBYET.

N\\N\\\N

Puc. 14 Puc. 15

1.41. YenoBek.moqHUMal OQUH U3 ABYX I'PY30B paBHON MacChl
C MOCTOSIHHOM ckopocThio v (puc. 15). B MoMeHT, xorma ob6a rpysa
0Ka3aJIMCh HA OJWHAKOBOW BBICOTE h, BepxHHUil 6JIOK pacTOpMO3WI-
cs (MoJIy4us1 BO3MOXHOCTb BpalaThcs 6e3 TpeHHs, Kak ¥ HIDKHHA
6J10K).

Ornpenenvre, Kakoil U3 IPy30B M CHYCTS Kakoe BpEMs ¢ NMEPBbIM
OKaXeTCs Ha MOJIy, CYMTAs, YTO YeJOBEK MPOAOJIKAET BHIOUPATDh Be-
PEBKY C MpeXHel NOCTOSIHHOM ckopocThio v. Maccoii 6510k0B, Bepe-
BOK M pacTsDKEHHEM BEpPEBOK NpeHeOpeys.

1.42. VMeroTcs HAKJIOHHAS IUIOCKOCTh M OpycOK, KOTOpHIH MoO-
XKET CKOJIb3UTh IO Hell B pa3iIMYHbIX HampaBieHusx (puc. 16). Ecian
6pycKy coOOImMTE HEKOTOPYIO HavajbHYIO CKOPOCTh v, HAlpaBJIeH-
HYIO BIOJIb HaKJIOHHOW IUIOCKOCTH BHHM3, TO OH OyAeT IBUraThCs
paBHO3aMEJIEHHO M MpoineT n0 ocraHoBku paccrosiHue l;. Eciu
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OGpYCKy COOOILMTDH TaKylO ke IO MOIYJIIO CKOPOCTb, HO HAllpaBJICH-
‘HYIO BBEpPX, TO OH, JBHIasCh BBEpX, NPOMIET O OCTAHOBKM pac-

crosHue l,. B HwkHe#l 4acTh Ha-
KJIOHHOH IJIOCKOCTH YCTaHOBJIEHA
HIEIBHO TIjIajikas TOPU3OHTAIb-
Q‘ Has HalpaBJIfIoIIas IUIaHKa.
v Kaxkoe paccrosHue | mpoineT
, OpYCOK IO HaKJIOHHOH IUIOCKOCTH

Puc. 16 BIOJIb TOPH3OHTAJBHOW Hampas-

JIsrolLed TUTAHKH, eCJId €My CO00-

LUTh B TOPH30OHTAJILHOM HallpaB-

JICHHH Ty Xe MO MOIYJII0 HavyajJbHYIO CKOPOCTb, YTO M B INpEIbI-
OyLHX ciaydasx?

1.43. Bpycox TOJIKHYJIH pe3KO BBEPX BIOJIb KpHINIH, 0Opa3yro-
Lied yrojl o ¢ rOpU3OHTOM. Bpems mogbema Opycka mo BhICHIEH
TOYKH OKa3ajoch B IBa pa3a MeHblle, YeM BpeMsl CIycka O HCXOZ-
HOU TOYKH.

Onpenenure k03bdUIHEHT TpeHHS WU MexAy OpyckOM H Kpbl-
LIeH.

1.44. Ha «ueBecoMoii moacraBke», 0Opa3soBaHHOM ABYMs TIJiaf-
KMMH HaKJIOHHBIMH IUIOCKOCTSAMH, Kaxas U3 KOTOPBIX COCTaBJISET
yrojl o ¢ TOPU3OHTOM, HAXONATCS [(Ba IIapHWKa, PaclOJIOXKEHHBIE,
Kak noka3aHo Ha puc. 17. [loncraBka MoxeT 6e3 TpeHUs CKONb3UTH
[0 TOPHU3OHTAJIBLHOW IUTOCKOCTH. BepxHuil 1mapuk, Macca KOTO-
poro m;, OTIYCKaloT.

Ornpenenute, NpH KAKOM YCJIOBHHM HIDKHHI IIapuK, Macca KOTO-
poro m,, Ha4yHeT IIOCJIe OJTOro «3abupaTbCs» Ha IOACTaBKY.

Puc. 17 Puc. 18

1.45. Hununnp Maccoit m U paguyca r onMpaercss Ha ABe MOI-
CTaBKH OJMHAKOBO# BhICOTHI (puc. 18). OnHa nmoacTaBka HEMOIABHXK-
Ha, a [Jpyras Bble3kaeT u3-NOA LMWIMHIpPA CO CKOPOCTBIO V.

Onpenenute cuiay paeineHus N IWIMHOpa Ha HENOIBIDKHYIO
MONCTaBKy B TOT MOMEHT, KOIZla pAacCTOSHHE MEXIy TOYKaMH
OIOpHI paBHO AB = r]/i CuutaTh, YTO B HAYaJIbHBIH MOMEHT IOA-
CTaBKM PacClojarajuch o4eHb OJIM3KO ApYT K APYTY; TPEHHEM Me-
KOy OMIMHAPOM M NOJACTaBKaMH IpeHeOpedb.
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1.46. ITo nByM IyIaiKMM HaKJIOHHBIM IIJIOCKOCTSIM, o6pa3syro-
IIMM OAMHAKOBBIE YIJIBI O C TOPH3OHTOM, IBHXKYTCS, Kacasch Opyr
Ipyra, QWIMHADP M KJIMH, OJHA U3 ILIOCKOCTEH KOTOPOrO BEPTHUKAJIb-
Ha (puc. 19). Macca nunusapa m,, Macca KJIMHA m,.

Haiinute cuny paBieHus N KjiMHA Ha OMIMHADP. TpeHueM Me-
XAy LUUIMHAPOM M KJIMHOM IIpeHeOpeyb.

——d <

Puc. 19 Puc. 20

R

7,

1.47. HeBecoMmslil cTepxeHb NIMHOH | C HEGOJIBLUIMM Ipy3oM
Maccoil m Ha KOHIE IIApHUPHO 3akpeiuieH B Touke A (puc. 20)
W HaXOOUTCS B CTPOrO BEPTHKAJBLHOM IIOJIOKEHHH, KacasCh HpH
3TOoM Tena maccoit M. OT He6GOJBIIOro TOJIY-
Ka CHCTEMa NPHXOAMT B IBHXXEHHE.

Ilpu xakoMm oTHouieHHH Macc M/m ctep-
*EeHb B MOMEHT OTpbIBa OT Tena OyIeT co-
CTaBJIATh C TOPU3OHTOM yroi o = 1/6? Uemy
OyneT paBHa B 3TOT MOMEHT CKOPOCTb U Tesia?
TpenueM npenebpeds.

1.48. Opnoponuslil crepxedb AB Maccoii
m [MHBL | HIWKHHM KOHLIOM OIIMpaeTcs O
CTeHy U ¢ nomoursio HUTH DC ynepxuBaercs
B HAKJIOHHOM HajnoxeHuu (puc. 21). Hurtp
npuBsizZaHa kK cTeHe B Touke C, a K CTepx-
HIO B Touke D, Takoii, uto AD = AB/3. VYriusl,
COCTaBJIieMble HMTBIO U CTEPXKHEM CO CTe-
HOM, paBHBL & M § COOTBETCTBEHHO.

Haiigutre BO3MOXHble 3HaueHUs Kkoabdu-
UEHTA TPEHUS P MEXAY CTEP)KHEM M CTEHOM.

1.49*. MaccuBHbIii OMCK BpallaeTcs BO-
Kpyr BEpTHKAaJIbHOM OCH C YIJIOBOH CKOpO- .
cTeio Q. Ha Hero cBepxy omyckalOT IHUCK Maccoil m panuyca r,
OoCh KOTOpOrO HAaINpaBJieHa CTPOro BepTHKajbHO (puc. 22). Pac-
CTOSIHHE MEXAY OCAMHU IOUCKOB paBHO d (d >r), xo3dduuuent
TPeHHS MEXIy MOBEPXHOCTSIMH pPaBeH M.

Omnpenenvre yCTaHOBUBUIYIOCS YIJIOBYIO CKOPOCTh ® MAaJIOro
nucka. Kakoit MoMenT cun A HEOGXOOMMO HPHUIIOKHUTH K OCH
60JIBIIOTO OUCKA, YTOOBI CKOPOCTH €r0 BPAILEHHS OCTaBaJlaCh HeE-
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usmennoi? Paauyc MaccuBHoro mucka R > d + r. TperueM B ocsix
IHUCKOB IpeHeOpeyb.

Puc. 22 : Puc. 23

1.50. [1Be XeCTKO CBSI3aHHbIE OJHOPOIHBIE HAJIOYKM OJMHAKO-
BOM JUIMHBL MAacCaMu m; U m, oOpa3yioT yroJ m/2 u JiexaT Ha Iie-
PpOXOBaTO# TOPU3OHTANBHOM NoOBepXHOCTH (puc. 23). CucreMy pas-
HOMEPHO TSHYT C IOMOIIBIO HHUTH, npmcpeunenﬂoﬁ K BEpIIHHE
yrjla 4 NapajuiesIbHOM NOBEPXHOCTH.

Ormpepenute yroja o, KOTOPHI COCTaBIfA€T HUTh C MAJIOYKON
Maccoi m.

1.51. Ms4, nBmKymmics co CKOpOCTbiO, paBHOu v= 10 m/c,
ynapseTrcs o Hory ¢yrbomnucra.

Onpenenure CKOPOCTh 4, ¢ KOTOPOW MOJDKHA JBUIaThCA HOra
¢yTbonucTa I TOrO, YTOOB! YNAPUBLIMHCA O HOTY MsAY OCTaHO-
Buwics. CuuTaTh Maccy Msi4ya MHOTO MEHbILEH Maccel Horu ¢yT6o-
JIUCTa, a yoap abCoJIIOTHO YHOPYIHM.

1.52. B6su3u HOBEPXHOCTH 3€MJIM CBOOOIHO MagaeT TEJIO Mac-
coif m. B HEKOTOpBI MOMEHT BPEMEHH B HEro NMomajaaer (4 3acTpe-
BAcT) FOPH3OHTAIBHO JICTSAINAs TsKejas Myjs Maccod M.

Kax u3MeHuTCs BpeMs maneHus Tena Ha 3emuno? Omnpenenure
BpeMsl NafieHus ¢ TeJla, €CJIM U3BECTHO, YTO IyJis HONaja B TEJIO HA
IIOJIOBUHE MYTH, @ BPEMs CBODOOMHOTO NMaJeHUsl TeJa C TOW XK€ BhI-
coTBl paBHO t,. CyuTaTh, YTO Macca MyJH MHOTrQ OOJIBILE Macchl
Teaa (M >>m). ConpoTHBJICHUEM BO31yXa MpeHEOpeyb.

[ e /)
m, ! m

Uy A

my
Puc. 24 Puc. 25

1.53. 1sa Tena maccamu m; =1 Kr, m, =2 KI OBUXYTCA Ha-
BCTpeYy IOpYr APYry BO B3aUMHO NEPIECHAUKYJISPHBIX HaMpasiie-
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HHSAX CO CKOPOCTAMH v, =3 M/C, v, =2 M/c (puc. 24). B pesynbTaTte
COylapeHusi TeNd CIIUMAIOTCS.

Onpenenure, Kakoe KOJIMYECTBO TEIJIOTHI  BBLICIUTCH B pe-
3yJbTaTe COyAapeHHs.

1.54. [Isa noABHXHBIX KJIMHA OOUHAKOBOH Macchl M HMeIOT
IUTaBHBIE ITEPEXOAbI HA TOPU3OHTAJILHYIO IIOCKOCTSH (pHcC. 25). C Je-
BOTO KJIMHAa COCKaJb3biBaeT HIaiiba Maccoit m ¢ BbICOTHI h.

Ha xakxyio MakCHMAaJIbHYIO BBICOTY h,,,, IIaiiba MOIHUMETCS Ha
npaBoM kinuHe? Tpenuem npeHebpeus.

1.55. Ha riagxoi#f rOpH3OHTaJILHOM IMOBEPXHOCTH OKOJIO CTEHKH
HOKOUTCSI CHMMETPHYHBIA GpYCOK Maccoit m; ¢ yriry6sieHHeM Mmoury-
chepuyeckoii popmsl panuyca r (puc. 26). U3 HavanbHOrO mosioxe-
HuA 663 TpeHHs COCKaib3bIBA€T MaJieHbKas maiba Mmaccodt m,.

HaiiTu MakcHMaJbHYIO CKOPOCTh Opycka IpH €ro IOCHeAyIo-
IIEM IBHXEHHU.

7 | y/j |
i p o~ |
anm v
7 2 A ?—»
7 .
7 g
7
my T
T T ] =
Puc. 26 Puc. 27

1.56. Ha crtone nexuT kpyrias kopoOka ¢ BHYTPEHHHM IHa-
meTpoM D, a B Helt maitba pamuycom r (puc. 27). Kopobky kxax ne-
'JI0e HAYHHAIOT [BHTATh C MOCTOSHHON CKOPOCTHIO v, HAMPABICHHON
BIONb JIMHHM LEHTPOB KOpOOKkM M miaibpl. B MOMeHT BpeMeHH ¢,
maiba ynapsercss 0 KOpOOKy.

Halinure BpeMeHHbIE 3aBHCHMOCTH [EPEMEIUECHHS LEHTPA
HIaM6El X,; ¥ €6 CKOPOCTH vy, OTHOCHUTEJIBLHO CTOJIa, HAYMHAs C MO-
MEHTA to ¥ CYMTas BCe yaaphl mIaiGsl 0 KOpOOKy aGCONOTHO ympy-
rumH. [Toctpoiite rpaduxu xy (f) ¥ vy (t). TpeHueM Mexay Kopo6-
Ko M miaiGoit mpeHebpeys.

1.57. Tonkuit 06pyy Maccoit M u panu-
yca r TMOCTaBJieH Ha TOPH30HTAJILHYIO
IJIOCKOCTb. B HadanbHBIE MOMEHT 00py4
nokoutcs. ITo rmaaxomy kaHairy, mpoxoas-
meMy BHYTpH oOpy4a, COCKaJib3bIBacT H3 \ S
BEepXHell ToukM Oe3 HaYaIBHOH CKOPOCTH A
HebospiIas maitba maccoit m.

Ompenendte CKOPOCTH 4 LIEHTpa g
obpyya B TOT MOMEHT, Koraa I[iaib6a Puc. 28




HaxOIMTCHd B HEKOTOPOH Touke oOpydya A, paauyc-BEKTOp KOTO-
poii obpasyer yron ¢ c BepTHKaubio (puc. 28). TpeHuem Mexny
00pyYeM U IUIOCKOCTBIO NIPEHEOpEUb.

1.58. 'opu30OHTAIBHO DPACHOJIOKEHHBIH HEBECOMBIH CTEPXEHb
IuHO#M 3] ¢ 3aKpenieHHBIMH Ha HEM Ha PaBHBIX PACCTOSIHUAX IPYT
OT Ipyra U OT KOHIOB yIEPXUBAIOIIMX €0 BEPTHKAJbHBIX HUTEH
rpy3aMH MaccaMd m,; U m, HaXOAMTCS B IOJOXEHUH DaBHOBECHS
(puc. 29).

Omnpenenure cuiy HarTspkeHus T JIeBOH HMTH B TOT MOMEHT
BpeMeHH, Korla NpaByl0 HHTh IEepepe3aroT.

£

my m,
R

t

Puc. 29 Puc. 30

1.59. Koneuko Maccoii m, cBOOOAHO CKPEIUISAIOLIEE JABA TOHKHX
OIMHAKOBBIX 00pyya mMaccoit M Kak[blli, HAUMHAET COCKAJIb3bIBATh
BHHU3; OOpYyYH NIPU 3TOM pa3be3kalOTCS B pa3HbIE CTOPOHHI IO 1ie-
PpOXOBaTOM TrOPU3OHTAJbHOH NOBEPXHOCTH.

Onpenenure yCKOpeHHE d KOJIeuka B HayaJlbHBII MOMEHT Bpe-
MeHH, ecnd £ AO0,0, =a (puc. 30). TpeHueM Mexay KOJEUKOM
U obpyuyamu npeHeOpeuyb.

1.60. I'ubkuii TpyOGonmpoBon mauHO#M | coenHHAET B HPOCTPaH-
cTBE TOYKM A U B, pa3HOCTb BBICOT MEXAY KOTOPbIMH paBHa
h (puc. 31). Buytpu TpyGompoBona mo Bcell ero MJIMHE JIEXHT Be-
pEBKA, KOTOPYIO YIEPXHBAIOT B TOuke A.

OnpenenuTte YCKOPEHUE d, ¢ KOTOPHIM HAYHET JBHTATHCS BEPEB-
Ka B HavyaJbHbIH MOMEHT BPeMEHH NOCJE TOro, Kak €€ OTHYCTHAT.

A TperueM Mexay BEpEBKOH M CTEH-

T KaMi TpyGompoBona INpeHe6peys.

Puc. 31 Puc. 32

1.61. Ha rpynny u3 Tpex IJaAKuX OJMHAKOBBIX KyOUKOB, Jiexa-
IIMX Ha TJIAAKOH TOPH3OHTAIbHON IOBEPXHOCTH, KaK MOKAa3aHO Ha
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puc. 32, HajeTaeT co CKOPOCTBIO v IJlafKas maitba. Macca xaxmoro
KyOuka paBHa Macce mai6el. JluameTp maiibul ¥ €€ BLICOTA PaBHBI
pebpy kybuka.

Ornpenenure CKOPOCTH BCEX TEJ IOCJE COyIAPEHHMS.

1.62. B riiagxoit HemoABMXHOM KpyroBoii TOPU3OHTAILHOU TPyGe
MOKOATCS HECKOJIbKO OJMHAKOBHIX IIAapukoB. OOMH M3 ILIAPHKOB
B3PHIBAETCA, paclafasch Ha [IB€ YaCTH HEPABHOM MAacCHI.

Ormpesenure OKOHYATEJLHYIO CKOPOCTh OOpa3oBaBILErOCs MO-
cie Bcex coynapeHuil Tena. CuuTaTh BCE COymapeHHs abCONIOTHO
HEyNpYrUMH.

1.63. Tpu HeGonbIIUX Tella, MacChl KOTOPBIX omocsrrca KaK
3:4:5 (Macca caMOro JIETKOTO TeJla paBHa m), YIEPKHUBAIOTCS
B TP€X Da3JIMYHBIX TOYKAX HA BHYTPEHHEH IOBEPXHOCTH IJIAAKOM
noJtycepryeckoit yamm paauyca r. B HuxHeit Touke yama 3akpern-
JIeHa Ha TOPU3OHTAJLHON IOBEPXHOCTH. B HEKOTOPHII MOMEHT
BpPEMEHM TeJid OTHYCKAIOT U NMpPENOCTaBJIAIOT camuM cebe.

Ornpenenute MakCUMaJIbHOE KOJIMMECTBO TEIJIOTHI (), KOTOpOE
MOXET BbINENIUTHCS B Takoi cucreme. IIpn xakoM HavaJbHOM MO-
JIOXKEHUHU TeJI 3TO ocyecTBuTca? CuuTaTh Bce coylapeHus Tesa ab-
COJIFOTHO HEYNPYTUMH.

1.64. IToxaxuTte, 4TO MaKCHMaJIbHas CKOpPOCTb, KOTOPYIO IpH
CTOJIKHOBEHHH MOXET coonnTb MPOTOHY O-4aCTHIA, COCTaBJIAET
1,6 ee Ha4YaJIBLHOM CKOPOCTH.

1.65. Ilpu OBIKEHUM TO MECKY PEKOMEHIYIOT ,ZlaBJIeHPle BO3.y-
Xa B IIMHAX aBTOMOOWJIS YMEHBIIUTH. 3aueM?

1.66. [InunHas riaakas UOWIMHOpUYeckass Tpyba paauyca r
HAKJIOHEHA MOA YIJIoM o K ropu3oHTy (puc. 33). U3 Ttouku A mo
BHYTPEHHEH MOBEPXHOCTH TPYOhI IMyCKarOT BBEPX HEOONBIIOE TEJIO,
HamnpaBJIEHUE Ha4yaJIbHOM CKOPOCTH KOTOPOrO COCTaBJISET Yroil ¢
c npsMmoil AB.

Onpenenure MHHAMAJBHYIO HaYaJbHYIO CKOPOCTb Vg, NPH KO-
TOpOil TENIO HAYHET ABUTAThCH BBEPX O€3 OTPLIBA OT NMOBEPXHOCTH
TpYyOBI.

1.67*. K ocu xoJsieca Maccoii m pa-
IUyca r TpHUBS3aHAa HEpacTskKAMas Be-
peBKa, KOTOPYIO TSHYT B TOPH30HTaJIb-
HOM HAIIPaBJICHHH B IUTOCKOCTH KOJIECa.
Koneco xaturcs 6€3 MoacKOKOB IO pe-
LIETKE, COCTOSINEH M3 IapajlJIeTbHBIX
TOPH3OHTAJIbHBIX TNPYThEB, PpaccTos-
HME MEXAy KOTOpbIMHM paBHO [, mpu-
weM | < r.

Ormpenenure, kakoi IOJKHA OBITH CpefHsAs cuia HaTsOKeHHs T
BEPEBKH, YTOOLI KOJIECO NBUTAIOCh B CPEJHEM C IOCTOSHHOM CKO-
pocthio v? CuuTaTh Maccy KoJieca COCPENOTOYEHHOH B €ro OCH.
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1.68. Ilo mepoxoBaToii rOPU3OHTAIBLHOR IUIOCKOCTH, NEPEXOAs-
el B HAKJIOHHYIO, COCTABJISIOIIYIO YTrOJ O C TOPU3OHTOM, KaTUTCA
6€3 MpOCKaJIb3bIBAHUSI C HEKOTOPOH CKOPOCTBIO v, NEPIEHIUKYIIAP-
HOWM IpaHMUe pa3jesa ILUIOCKOCTEH, KOJIeCHas mapa, cocTosmas u3
JIBYX JIETKHX KOJIEC paguyca r, HACAXXEHHbIX Ha TOHKYIO TSKEIYIO
och (puc. 34).

Onpenenure, IPH KAaKOM 3HAYEHHH v KOJIECHAs Napa NepeKaTHT-
C C TOpM3OHTAJbHOM IIJIOCKOCTH Ha HAaKJIOHHYI0 6e3 oTpbIBa.

Puc. 34 Puc. 35

1.69. Tonkuit 060x Maccoit m M paaMyca r cKaThIBaeTCs C Ha-
KJIOHHO# IJIOCKOCTH, 00pa3yrolei yroji o ¢ TOpH30HTOM, HaMaThl-
Basg IIPM 3TOM Ha cebs TOHKYIO JICHTY, JIMHeliHas ILIOTHOCTh
KOoTOpo#i paBHa p (puc. 35). B HavabHBI MOMEHT 0004 HaxoouTCs
Ha BBICOTE h HaJ TrOPU3OHTAJLHOW NOBEPXHOCTBIO.

Ornpenenure, HA KAKOM PACCTOSHUM S OT OCHOBaHHMS HAaKJIOHHOM
IJIOCKOCTH 0004 ocTtaHoBUTCA. CYHTATh IEpexod OT HAKJIOHHOM
MJIOCKOCTH K TOPU3OHTAJIBLHOH ITOBEPXHOCTH IIJIaBHBIM.

1.70. C aspocrara, napsmero B Bo3ayxe, COpOCHIM ABa OXHHA-
KOBBIX I10 pa3MepaM MaJIeHbKHX Iapuka Maccoii m, u m, (m; >
> m;), CBA3aHHBIX TOHKOH HEBECO-
MOW HHUTBIO.

Hadinute cuny HatsokeHuss T HH-
TH B TOJIETE IIOCJIE TOTrO, KaKk ABH-
JKEHHE IIApUKOB YCTaHOBUTCS.

1.71*. Hlapux HeBecomoll Hepa-
CTSOKMMOW HHTBIO TIPHKDEIUIEH K
HETOABIWXHOMY LWIMHADY paauyca r.
IlepBoHayanbHO HHTL ObLIa Ha-
MOTaHa Tak, YTO HIapHK KacaJcs [H-
nuHApa. B HEKOTOpBIE MOMEHT Bpe-
MEHHM IIApuKy Oblia cOoOOIIEHa CKOPOCTh U B pafiMaJIbHOM Hampas-
JICHMH M HHMTh Havajia pa3MmartbiBaThbes (puc. 36).

Haiinure nnuHy | pa3MOTaHHOrO yyacTKa HHTH K MOMEHTY
BpemeHHd t. CuJof TsDKECTH NpeHeOpedb.

- 1.72. Tpn ManeHbKHX IapUKa OAMHAKOBOH Macchl — Geinvli (B),
3eneHblil (3), rony6oit (I') — 3akperieHs! HEBECOMBIMH CTEPXKHSIMH

Puc. 36
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B BEpHIMHAX PaBHOCTOPOHHETO TPEYroOJILHUKA CO CTOpoHo# [ Cu-
cTeMa IIApHKOB IOJIOKEHA Ha IUIaJKyH0 TOPU3OHTAJIBHYIO HOBEPX-
HOCTh M TIpHBEICHA BO BpallleHHEe BOKpPYI LEHTpa Macc C IepHO-
noM T. B HekOTOpPBIE MOMEHT BpeMEHU IroJiyboi apuK OTphIBaeTCs
OT KapkKaca. >

Onpenenure paccrosiHue L, Ha KOTOPOM OKaXXeTCs TOJyOoi ma-
PHK OT 3eJIEHOro cmycTs Bpems T.

1.73. Ha paccrosinud | ciieBa OT Kpasi CToJia JIEXHT OpYCoK, co-
€IUHEHHBIH C APYTMM OpYCKOM TaKOH e MacChl Ye€pe3 HEBECOMBIiH
6710k HEBECOMOH HEpaCTSHKMMOW HHUTBIO IUTMHBL 2, TepeKuHyToH
uyepe3 6iok (puc. 37). IlpaBeblii GpycOK ymepXkHBarOT Ha OXHOM
YPOBHE C JIEBBIM TakK, YTO HUTH HE HATAHYTa U HE IPOBUCAET, 3aTEM
€ro OTIYCKAaloT.

Yro npousoineT paHblle: JEBBI Opycok HoeneT no Kpas (mo-
cturHeT Oroka) crosia WM OpaBelil Opycok ymapurcs o cro?

/

—

7

Puc. 37 Puc. 38

1.74. Ha xoHuax HeBeCOMO# HepacTsHKMMOH HHUTH, nepe6Gpo-
DIEHHOH 4Yepe3 HEBECOMbI OJIOK, HaXoOATcs ABa Ipy3a OIHOU
U Toii ke Macchl (puc. 38). CHavaa cucTeMa IOKOMTCS ¥ Tpy3bl Ha-
XONATCS Ha ONHOM YypoBHe. 3a- 2
TEM IIPaBOMY Ipy3y TOJYKOM CO-
oblaeTcss ropu3oHTaNbHAs CKO-
pPOCTb U B IIJIOCKOCTH PHCYHKa.

Kako#t u3 rpy3oB OKaxercs
HIDKE 4epe3 HEKOTOpoe BpeMs?

1.75. K xoniy cBOGOIHO BHUCS- I %
IIETr0 CTEpXHS HAa [BYX HHTAX W
mmHo#A ;=7 ecMm u [, =11 cMm
NOJBEIIeHbl IIAPUKH  Maccamu m, my
m; =561 u my =28 r (puc. 39). Puc. 39

Omnpenenurte YrioByl CKO-
pOCTh ®, ¢ KOTOpOH Hago Bpa-
LIATh CTEPXEHb BOKPYT BEPTUKAJILHON OCH, YTOOBI OH He OTKJIOHSICS
OT BEPTHUKAJILHOTO "TIOJIOKEHHS.
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1.76. Boxpyr BepTHKaJbHOH OCH BpallaeTci C IOCTOSHHOH
YIJIOBOH CKOPOCTBIO ( HEBECOMBIN FOPH3OHTAJILHBIN XKECTKHUI CTEp-
XE€Hb, IO KOTOpOMY 0e3 TpeHHs MOTYT ABHraTbCs IBa IIapHKa
onHO# U Toit e Maccel m. lllapuku coequHEHBI MeXay coboil HeBe-
COMOIi MIPY>XHHOM >XECTKOCTH k, IUTHHA KOTOPOH B HEHANPSDKEHHOM
COCTOSIHUM paBHa l,. Bimmkailiinii x BepTHKaJIbHOM OCH LIAPHK CO-
eIMHEE C HeH TakKo# e MPYXUHOM.

Haiinure nuuHy kaxnod u3 npyxuH. [Ipn kakux yciaoBusax mia-
pUKH OynyT IBUTaThCS 1O OKPYXHOCTSM?

1.77. 3aBucHUMOCTb KHHETHYECKOH 3Hepruu W, Tema or nepeme-
IIEHHs S NPH OBIKEHHH Teja Mo NpsAMoil w3obpaxeHa Ha puc. 40.
M3BectHO, uTO B TOouke A Ha Tedo neiictBoBana cuina F,=2 H.

Ornpenesmre, Kakde CWiIbl [EHCTBOBAaJM Ha TeJO B TOYKax B
u C.

Wy

\

//
L
8 c A s
Puc. 40
14

v

[] —=—

A
Puc. 41 Puc. 42 Puc. 43

1.78. JlenTa TpaHcmopTepa IUIMHOM l, HA KOTOpO# JIEXHUT Gpy-
COK Maccod m, IBHXKETCS CO CKOPOCTbIO v (pHC. 41).

Onpenenure CKOPOCTb ¥y, C KOTOPOH HYXKHO TOJIKHYTH GpPYyCOK
NPOTHUB JBHXXEHHS TPAHCHOPTEPA, YTOOB! KOJHYECTBO TEIJIOTHI, BbI-
JleIUBIIEECS IPH TOPMOXEHHH Opycka JIEHTO#M TpaHCIopTepa, ObLUI0
MakCUMajibHEIM. YeMy paBHO 3TO MaKCHMAJbHOE KOJIMYECTBO
TEIOTH @, ecid Ko3h)HUIHEHT TpeHHS PaBeH WU WU BBHINOJHAECTCS
ycnosre v <]/ 2ulg? ’
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1.79. MaccuBHas Tpyba CKaThIBa€TCS C OJMHAKOBOH BBHICOTHI
¢ ropok pasHoro npodmis (puc. 42, 43). B mepBom ciiydae mnpo-
CKaJIb3bIBaHHUS HET, a BO BTOPOM Cllyyae Tpyba MpOckasib3bIBacT Ha
HEKOTOPOM Y4YacTKe MyTH.

Onmnpenenure, B KAKOM ClIy4ae CKOPOCTb TPYObl B KOHIIE TOPKH
OymeT MeHbLIe. .

1.80. Ha serkoit npyxuHe moasewieH Tsokelbiit rpys. IIpyxuny
MeJICHHO OTTSTHMBAIOT BHHU3 3a CepelUHYy, COBEpIlIas MPH 3TOM He-
KOTOpylo paboTy A, 3aTeM IpPYXHHY OTIYyCKaroT.

Omnpenenute MakCUMaJIbHYIO KHHETUYECKYIO 3Hepruro W, rpysa
IpH TIOCJIEAYIOIEM JBHKEHUM.

1.81. Macchl ABYX 3B€31 PaBHBI /M, U M,, PACCTOAHHME MEXIY
HUMH paBHO .

Haiinute nepuon T obpaleHus 3TUX 3Be3[ 10 KPYrOBBIM OpOu-
TaM BOKPYI HX OOLIEro HEHTpa.

1.82. MeTeopur, jeTalMid Ha MiIaHeTy Maccod M (1o mpsMoi,
HPOXOISIIEH Yepe3 LEHTP IJIAHEThI), MONafaeT B aBTOMATHYECKYIO
KOCMMYECKYIO CTAHIIMIO, BPAIABLIYIOCS BOKPYT IJIAHETHI IO KPyro-
Boit opbute pamuyca R. Macca cranmmu B 10 pa3 mpeBocxomut
Maccy MeteopuTa. B pe3ynbTaTe CTONKHOBEHHS METEOPUT 3acTpe-
BaeT B CTaHIMM, KOTOpass HEPEXOAMT HAa HOBYIO OpPOMTY C MHHH-

- MAJILHBIM PAacCTOSIHUEM [0 IUIaHeTsl R/2.

Onpenenure CKOpOCTb ¥ METEOPHTA MNeEpeld CTOJKHOBEHHEM.

1.83. BoicaguBIIMCh HA TOJIFOCE HEKOTOPOM ILIAHETHI, KOCMO-
HaBTHl OOHAPYXHJIH, YTO CHiIa TsbkecTH TaM cocTaBisier 0,01 3em-
HOH, a IPOAOJDKUTEILHOCTh CYyTOK Takas e, kak U Ha 3emie. I1pu
KCCIIEIOBAaHUU IJIAHETHI O0Ka3aJIOoCh,
YTO HAa ee OJKBATOpe Tela HeBe- <
COMBI. '

Onpenenute paauyc R 3Toi nia-
HETHL.

1.84. Panuyc op6utsl Hentyna B
30 pa3 Oosbuie paauyca OpPOHTHI
3emMin.

Onpenenute nepuon oGparueHus
Hentyna Ty soxpyr Connna. Puc. 44

1.85. Ha HuTH, nepekuHyTOH dYe-
pe3 aBa 6Ji0ka, HOMBEIIEHbI TP Tpy-
3a, Macchl KOTOPBIX paBHBI My, my, 1 M (puc. 44). bioku HaxoasTcs
Ha OOMHAKOBOH BHICOTE OT TOYEK IOABECA.

Haiinure cCOOTHOLIEHHS MEXIY MAacCaMH rpy30B, IIPH KOTOPBIX
BCs CHCTeMa OyneT HaXxOAMTbCS B COCTOSIHMM paBHOBecHus. Bcernma
JI 3TH YCJIoBHs ocyulecTBUMBbI? TpeHneMm npeHeOpeyb.

1.86. Onpenenure, NpH KakoM MUHMMAJIBHOM Ko3bdumuente
TPEHHS WP, OTHOPOIHOTO TOHKOI'O CTEPXXHS O IHOJ 4YeJIOBeK MOXET
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MEUIEHHO 0€3 IpPOCKaIb3bIBaHUSA NOTHATH €ro C Iojla A0 BEPTH-
KaJIbHOT'O IOJIOXKEHH s, IPHJIaras K KOHIly CTEPXHsS CHJIY, NEpIeH TH-
KYJSDHYIO €MY.

1.87. Tpu HeBeCOMbIX IIAPHMPHO CBA3aHHBIX B Toykax C H
D ctepxHs [UIHHBI | KaXIblil 3aKPEIUICHBI TAKXKE IIAPHHPHO B TOY-
kax A u B, JNexalux Ha ONHOW Tropu3oHTauH (puc. 45); AnuHA
AB=2I. K mapHupy C nonBecujud Ipy3 Maccoi m.

Onpeneaute MEUHUMAJIBHYIO CHNY F,, IPHIOKEHHYIO K IHap-
uupy D, npu xOTOpO# CpenHui CTEPXEHb COXPAHSET TOPHU3OHTAJIb-

HO€ ITOJIOXKCHHE.

N#

o

Puc. 45 Puc. 46

1.88. Ecin miecTHrpaHHbId KapaHAAll IOMECTHTh Ha HAaKJIOH-
HYIO IUIOCKOCTB, COCTAaBJISIOIIYIO YroJl O C TOPH30HTAaJIBHOH IHO-
BEPXHOCTHIO, NIEPIEHAUKYJISPHO ee oOpasyrolleil (JIuHHM Iepeceve-
HHS TUIOCKOCTM C TOPH3OHTAJIbHOW IIOBEPXHOCTHIO), KapaHIarl
O6ynet noxouthes. Eciu €ro noJIoXuTh NapasulesibHO 00pa3yrolei,
OH OyHeT CKaThIBAThCSA BHH3.

Ormnpenenure yroj @ MEeXAYy OCbIO KapaHaama H obpa3syoineit
HAKJIOHHOM IIOCKOCTH (pHC. 46), TP KOTOPOM KapaHnaul eiie Oy-
€T HAXOIUTHCS B PABHOBECHU.

1.89. OnHopoaHbIi CTEPXEeHb MIMHBL 2] ONMHPAETCS OXHUM KOH-
LOM O BEPTUKAJbHYIO CTEHYy, a APYTHM KOHIOM O TJIAAKYIO Hemo-
IBIDKHYIO TIOBEPXHOCTB.

Kaxkoit pynknueii y(x) HJOJDKHO OMHMCHIBATHCS CEUEHHE ITOM IO-
BEPXHOCTH, 4YTOOBI CTEpXEHb B JIIOOOM MOJIOKEHHH OCTaBaJICs
B DaBHOBECHH [aXe B OTCYTCTBHE TpEHHSA?
CuHTaTh, YTO CTEPXKEHb BCE BPEMsS HAXOIHT-
csi B (PMKCHPOBaHHOH BEPTHUKAJIBLHOM ILIOCKO-
CTH, NEPIEHAUKYJISAPHON IJIOCKOCTH CTEHBI

1.90. Tonxuii abGCONIOTHO XECTKHUHl HEBe-
COMBIH CTEpXKEHb, Ha KOHLE KOTOpPOro 3a-
KpEIUIEeH TOYEYHbIH INapUK, OTKJIOHWIM Ha
HEOOJIBIION YIOJI o OT HOJIOXKEHHs PABHOBECHS
U OoTHycTHIH. B MOMEHT, KOrza CTepXeHb Co-
CTaBiAd yron P <o C BEpTHKAJIbIO, IPO-
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H30ILIO abCONIOTHO YNPYroe COyJapeHHE ILApHKa C HAKJIOHHOH
cTeHkoit (puc. 47).

Omnpenenure otHomenue T,/T mnepuonma kosnebaHHii Taxoro
MasTHHKa K TMEPHONY MAaTeMaTHYeCKOTO MasATHMKA TOH Xe
JUTHHEL

1.91*. Ha wvamky npyX#HHHBIX BECOB Maccoii M c HEKOTOpO#
BBICOTBI MagaeT mapuk Maccoit m (M >> m). JKecTKOCTh NpYXUHBI
paBHa k. )

Ornpenenure cMmerneHre AX TOYKH, OKOJIO KOTOPO# OyneT coBep-
maTth koyiebanus crpeika BecoB. CUMTAaTh yAaphl IIapuKa O YallKy
abCoJIIOTHO yNPYTrUMH.

1.92. Ilo nuMHHOW HPOBOJIOKE, M3OTHYTOH B BEPTHKAIbHOM
IUTOCKOCTH B BHE rpaduka HEKOTOPO#H (YHKIMH, MOXET IBUTATHCH
6e3 TpeHns OycuHka Maccoit m. Ilycts Iy — nimMHA y4acTka NpoOBO-
JIOKH OT Havajla KOOpAWHAT IO HEKOTOpoii Touku A. M3BecTHO, 4TO
€CJIA OTIYCTUThL OYCHHKY B TOUKe A, TakoM, 4TO Iy < le’ TO ee IBH-
XKeHue OyneTr cTporo-rapMoHuYecKHM: [(t) =4 cosot.

Hoxaxwure, 4TO CymecTBYeT Takas Touka B (I, < Ig), B xoTopoi
yCJIOBHE TapMOHMYHOCTH KoJjiebGaHMH OyneT HapyIlleHo.

1.93. Ha ropu3oHTaJIbLHON NJIOCKOCTH JieXaT ABa Opycka Mac-
caMH m M 2m, COEOMHEHHBIE NMPYXHHOH XXECTKOCTH K.

Haiinure nepuox T MalbIX NpOJOJBHBIX KOJIEOAHHH CHCTEMBI.
TpenueM npeneOpeys.

1.94. Tspxenoe kpyrioe GpeBHO NOABECHIM 32 KOHIBI HA IBYX
KaHaTax TaK, YTO PAcCTOSHHE MEXAY TOYKAMH IOJBeca KaXIOou
BEPEBKM PaBHO auaMeTpy OpeBHa. JIJIMHA KaXIOro BEPTHKAJILHOTO
y4acTKa KaHATOB paBHa .

Onpenenure nepuon T Manbix KoJeGaHMH CHCTEMBI B BEPTH-
KaJIbHOH IUIOCKOCTH, HEPIEHIUKYJISPHOR OpeBHYy.

1.95. Ha ropu3oHTaNbHBIX pelbCax HAXOMUTCH
rpy3 maccoii M. K HeMy HpukpensieH MasTHHK —
IapuK Maccod m Ha HEBECOMOH HEpacTIKUMOH
HATH. ['py3 MoOXeT ABHUraTbCi TOJBKO BAOJb
PENBCOB.

Haiinure otnomenne nepuomoB T,/T; Manbix
KoneOaHHH MasTHHKA B IApaJUIeIbHOA M IEpIIeH-
IUKYJISPHOH pesibcaM BEePTHUKANBHBIX IIOCKOCTSX.

1.96. YeTsipe HEBECOMBIX CTEPXHS IJIMHBI | Kax-
Obli COeNUMHEHBI IIAPHUPHO H o06pa3yroT poMb6
(puc. 48). Mapuup A 3akpemien, a Kk mapHupy C
noaseuted rpy3. Mlapuupsl D u B coenuHeHbl HEBe-
COMO#i INIPYXHHOM, uMelolledi B HeneOPMHPOBAHHOM COCTOSHHH
iy 1,5 I B nosioxeHun paBHOBeCHS CTEPXKHH OOpa3yloT C BEPTH-
KaJblO0 Yribl oo = 30°.

Haiinure nepuon T Manbix xonebanuii rpysa.

Puc. 48
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1.97. Toukuii 06py4, LIADHUPHO 3aKPEIUIEHHBIA B Toyke A, pac-
M0JIararoT B HA4YaJbHBIi MOMEHT TaK, 4TO €ro LEHTP MacC Haxo-
JMTCS TIOYTH TpsMO Haj Toukoit A (puc. 49). ITocie atoro o6pyu

OoTHycKaroT 0Oe3 TOJYKa, U CIyCTs
Bpems t=0,5 c meHrp Macc
oOpyya 3aHMMaeT KpaiiHee HMX-

8 Hee MOJIOXEHHE.
Onmnpenenure Bpems t, 3a Ko-
r TOpOE BEPHETCS B HIDKHEE IIOJIO-
JK€HHME PpaBHOBECHS  MAasTHUK,
A A npeacTaBisiomui coboit Maccus-
7 7 HBI mapuk B, 3akpemieHHBIH Ha
Puc. 49 Puc. 50 HEBECOMOM XXECTKOM CTEpXHE,

JUITHHA KOTOPOTO paBHA' paauycy
o0pyua, ec)id B HaYaJIbHbIH MOMEHT LIAPUK 3aHUMAJ NOYTH KpaiiHee
BepxHee nosioxeHue (puc. 50) u ObLI OTHyIeH Oe3 TOJYKa.

1.98. HeBecomplit xecTkuil CTEPXEHb C TPY30M Ha KOHIE IpU-
KpEIUIEH LIAPHUPHO B TOuKe A K CTEHE TAK, 4TO MOXET NOBOPAdH-
BaThCs BO BCe CTOPOHHI (pHc. 51). CrepxeHb yaepXHUBAaeTCs B TOPH-
30HTJILHOM IIOJIOXKEHUH BEPTHKAJIBHOH HEPACTSIKUMOH HUTBIO
IUTMHBL |, mpuKperUieHHo# k ero cepenuse. I'py3y coobwunu um-
NyJIbC, NEPNEHAVMKYJIAPHBINA MJIOCKOCTH PHCYHKA.

Haiinute nepuon T Maibix kose6aHURl CHUCTEMBL

1.99. OnHa BepeBka Kauesieil 3akpelUIeHa BBILLIE OPYroi Ha Be-
mmuuHy b. PaccrosiHue Mexay croinbaMu kavesieil paBHO a. J{muHbI
BEPEBOK DaBHHI Iy M I, npuuem a
2+ 13 =a® + b? (puc. 52).

Haiinute nepuon T Maibix
KayaHui Ha TakWx Kayeisx. Pas-
MepaMH 4ejIoBeKa TpeHeGpeds Mo
CpaBHEHHIO CO BCEMH YKa3aHHbIMU
BHILLIE JUIMHAMH.

B8
/
7 * I
Puc. 51 Puc. 52

1.100. JIudTep BBICOTHOTO 31aHMsi, OyIy4yd YeJOBEKOM IIyHK-
TyaJIbHBIM, NIOBECHJ HAa CTEHY JM(Ta TOYHBIE MASTHHKOBEIE 4acChl,
4TOOBl 3HaTh, KOTAA KOH4YaeTcs pabouuii neHb. Bpems aBwxeHus
madra ¢ ycKopeHHeM, HANpaBJIEHHBIM BBEPX M HANpaBJIEHHBIM
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BHHU3, OOUHAKOBO (IO HENOOBWXKHBIM 4YacaM); OIWHAKOBBI Takke
MOJYJIU YCKOPEHHUH.

Kak BbI nymaere, 3akOHYMT Jid JHdTEep paboTy BOBpeMms, mepe-
paboTaer unu Hexopabotaer?

1.101. Kak wu3BecTHO, aTMochepHOe OaBJicHHE YMEHBIIAETCS
¢ BbIcOTOM. [103TOMy B CaMbIX BEpXHHX 3Taxax BBICOTHOTO 3[aHHUS
MTI'V atMmocdepHOe 1aBieHHE TOJDKHO OBITh MEHBIIE, YEM B CaMBIX
HIWKHUX. UTOOBI NPOBEPUTH 3TO, YHAIIMHCSH COEOHUHMI Tpybamu
ONHO U3 KOJICH MaHOMETpa C BEpXHeH aynuTopuel, a npyroe
C HIDKHEH. -

Yro mnoka3zan MaHomerp?

1.102. [Ise TOHKOCTEHHbIE TPYOKH, 3aKpbIThie C OJHOTO KOHIA, -
BCTaBJICHBI OJIHA B OPYIyIO M LEJIMKOM 3aloJIHEHbI pTyThIO. Ilio-
@M NONEepeYHbIX cedeHnid TpyOok paBHBI S U 2S. ATMochepHOe
IaBJICHUE PaBHO Do = Ppgh, TAE Py — IIIOTHOCTb PTYTH, g — YCKO-
peHure cBOGOAHOrO maneHus, h — BeicoTa. [InuHa kaxmo#d TpyGku
paBHa > h.

Kakyro paboty A HyXHO NPOU3BECTH BHEIUHUMU CHJIAMH,
4TOOBI MEUICHHO BBITAIUTL BHYTPEHHIOO TpyOKy? JlaBneHueM na-
POB PTYTH M CHJIAaMH CHEIUICHHS PTYTH C MatepudanoM Tpybok
npenedpeb.

1.103. Ha ropu3oHTanbHOM NOBEPXHOCTH PpACHOJIOXKEHBI IBa
munuHapa. Ock OZHOTO U3 HUX TOPU30HTAJIbHA, a APYroro BEpTH-
KaJlbHa, U B HIDKHEH 4YacTd IH-
JIMHAPBI COEOUHEHBI TPYyOKOH He-
6ospmoro cedenus. «Iopuson-
TAJBHBIH» LWIMHAP paguyca r C
OHO# CTOPOHBI OTKPBIT, U B HETO
BCTaBJICH NOpIIeHb (puc. 53). «Bep-
THUKaJIbHBIN» IMIMHAD OTKPBIT C Puc. 53
BepxHei#l CTOpoHbl. B muIMHIPHI
HaJIMTa BOJa, NPUYEM B «(TOPU3OHTATIbHOMY» IUJIHHIPE OHA 3aNIOJIHSIET
BCE OTHENsAEMOE MOPIIHEM HPOCTPAHCTBO, 4 B «BEPTHUKAILHOM
CTOMT Ha HEKOTOPOM YDOBHE.

Onpenenure ypoBeHb h BOIBI B BEPTUKAJILHOM LMIMHAPE, NIPH
KOTOPOM TOpHIEHb HAXONMTCA B pPaBHOBECHH. TpEeHHEM IIpeHe-
6peub. .

1.104. Ha npobky maccod m,, HaMOTaHa NpPOBOJIOKA U3 aJTIO-
Mmunns. [noTHOCTL Mpo6ku paBHa Py, =0,5-10% xr/m3, amomunus
Pan = 2,7-10% xr/M3, BOmBI P, = 1.10% xr/m3,

Onpenenure, KaKyr0 MUHUMAJIBHYIO MacCy m,, NPOBOJIOKH HaI0
HaMoOTaTh Ha NpoOKy, 4TOObI NpoOKa BMecTe C NPOBOJIOKOH moj-
HOCTBIO NOIpYy3Ujach B BOZY.

1.105. K mapy maccoit M =10 xr u guamerpomM D =03 M
(06Bem Taxoro mapa V = 0,0141 M>) npukpeniesa oAHUM KOHIIOM
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KeJle3Has lenb, APYroi KoHen unenu cBoboneH. [liuHa nenu paBHa
l=3 M, Mmacca m=9 xr. lllap ¢ nenpi0 HAXOOMTCS B BOIOEME,
rny6una xkotoporo paBHa H =3 M.

Onpenenute riayouHy, Ha koTopo#t 6yaer mmasath mmap. Cuu-
TaTh, YTO Xe€JIE30 TsKesee Boasl B 7,85 pasa.

1.106. Ha puiyare ypaBHOBEILEHBI ABa Pa3JIMYHBIX 11O BeECy, HO
ONMHAKOBBIX MO 00BEMY Telna.

HapymuTcs 1u paBHOBECHE, €CJIH TMOTPY3UTh phl4ar B BOAY TakK,

4TOOB BOAA HOKPBLIA Teja LEIUKOM?
" 1.107. B aByxX OOMHAKOBBIX COCYydax C BONOW IUIaBalOT ILUIOCKAs
IIMpOKash M BHICOKas y3kas KopoGouku. Kopo6Gouku He yTOHyIH,
KOrla B KaXIYyIO M3 HHUX MOJIOKHJIM MO OJMHAKOBOMY TSDKEJIOMY
HpeIMETy MacCoi m.

B xaxoM U3 cOCyI0OB ypOBEHb BOABLI DU 3TOM MOAHAJICH Bbiie? .

1.108. B cocynme ¢ pTyThiO IUIaBaeT CTAJbHOMN IIapHK.

Kak u3MeHHUTCS OOBEM 4acTH IIapUKa, NOTPYXEHHOH B PTYTh,
€CJIM 1I0BePX PTYTH HAJMTh CJOH BOIBI, IOJHOCTBHIO 3aKphIBaroleit
mapuk ?

1.109. B cocyne ¢ Bomo#, moBepx KOTOPOW HajluT cioi Hoiee
JIETKOTO Macia, IJIaBaeT KyCoK JIbJa.

Kak usMeHHTCS ypOBEHb IpaHHUIBI pa3zena BOAbl U Macia, eciu
nen pactraer? Kak npu 5ToM M3MEHHTCS OOLIMH YPOBEHB XHIKOCTH
B cocyne?

1.110. K xoHuny omHopomHo#i majoyku Maccoi M =44 r nox-
BellleH Ha HeBECOMOM HUTH OJXHOPOIHBIA aJIFOMHHHEBBIH IIapHK pa-
ouyca r=0,5 cm. Ilanouky kyagyT Ha Kpaii cTakaHa c BOIOM, IO-
OGUBasACh TAKOTO NOJIOKEHUS! PaBHOBECHS, IPH KOTOPOM MOTPYXEH-
HOM B BOIY OKaXeTcs MOJIOBMHA Iunapuka (puc. 54). IlmoTHOCTH
AMOMHHHS paBHA p,, =2,7-10% kr/M>, NIOTHOCTE BOAMWI P, =
=1-10% xr/m>.

Onpenenute, B KAKOM OTHOLIEHHH /X NEUTCS JUIMHA MAJIOYKH
B 3TOM ciiyyae. II0BEpXHOCTHBIM HAaTSIKEHHEM Ha I'DaHHIE LIApUKa
U BOIBI NpeHeOpeyb.

4

Puc. 54 Puc. 55

1.111. To xakoro nejieHus 3alOJHAT TPYOKY PTYTh CBOGOIHO
najaroliero 6apomerpa nimHoi 105 cMm npu atMochepHoM nasie-
Huu 760 MM pT. CT.?
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1.112. IIpocTeiimuit akcesiepoMeTp (mpubop M H3MEPEHHUS
yCKOpeHHii) MoXeT ObITh cejaH B BHAE TPYOKH, 3amOJIHEHHOH
XHIKOCTBbIO M H3OTHYTOM, KaK moka3aHo Ha puc. 55. Ilpu nBmwxennu
YPOBEHb XHUAKOCTH B JIEBOM KOJICHE YCTaHOBHJICS Ha BBICOTE hy, a
B [IPaBOM — Ha BBICOTE h,.

Haiinurte yckopeHue a BaroHa, B KOTOPOM HaXOJHUTCS aKCelepo-
metrp. Cyurath QUameTp TpyOKM MHOro MeHble, 4eM h, # h,.

1.113. PeaxTuBHbIii JIaliHep, IJIMHA CaJloOHAa KOTOPOro paBHa [ =

=50 M, JIETHT TOPH3OHTaIbLHO C yckopenueM a= 1 m/c?. ILiot-
HOCTb BO3[yXa B CaJIOHC paBHa

p=12-10"3 rfem?. 0

Ha ckompko omimuaercs oT  “+7® 7 72
aTMoc(epHOro JaBJICHHEC HA YILIH
[acCaXupoB, CHIAINMX B Havale,
CepefiMHE W KOHILE cajioHa? -_—_—_-L_—_—_L —]

1.114. 3akpsiTas ¢ 060HX KOH- > —
OB TPyOKa, IOJIHOCTBIO 3aIoJ- 2
HEHHasi BOJOW, PaBHOMEPHO Bpa- g

Puc. 56

[IA€TC B TOPHU30HTAJILHOM ILIO-
ckocTtH BOkpyr ocu OO0'. Ha 60xko-
BOM CTEHKEe TPYOKH Ha PAacCTOSHHAX r; U r, OT OCH BpAalICHHS
YCTaHOBJIEHBI MAaHOMETPBI, KOTOPbI€ IOKa3bIBAIOT NABJIEHHUS p; U
P2 COOTBETCTBEHHO (pHC. 56).

Omnpenenurte yrjioBylo CKOpOCTh ® BpaimneHus Tpy6ku. Ilnor-
HOCTb BOIBI P, CYUTATh H3BECTHOM.

1.115. IIpenmoJioxum, YTO B HEKOTOPO#H cpele Cujla CONpOTH-
BJieHHsl F IBIXKEHHIO Tejia 3aBHCHT OT CKOPDOCTH U IOCJIEIHEro Kak
F=w" roe a>0.

IIpu xakux 3HaYeHHSAX MOKA3aTENs -CTEHEHH O TEJO IOCJE IpH-
JaHHS €My HayaJIbHOTO HMMITYJIbCA MPOXOAUT OECKOHEYHO OOJBIIOE
paccrosiHue?

1.116. U3BectHO, yTOo aTMocdepHOe NaBiaeHHe Ha Mapce cocTa-
Bistet 1/200 yacth ot atMochepHoro aasyieHns Ha 3emute. JIuamerp
Mapca nmpuMepHO BABOE MEHBIIE 3€MHOrO, H €CIM CpedHss IJIOT-
HOocTb 3emum paBHa p3.=55-10° kr/M3, To Mapca py=
=4.10° xr/m3.

Onpenenure, BO CKOJLKO pa3 Macca MapCHaHCKOH aTmoctepbl
MEHBIIIE, YEM 3€MHOM.



2. TEIUIOTA U MOJIEKYJIAPHASA ®U3UKA




B 3agayax aroro pasiena, TaM, rie HeoGXOOMMO, NMPUHATH YHHBED-
caJlbHYI0 ra3’oBylo moctosHHyio R = 8.3 JIx/(mons - K).

2.1. B nByx BepTHKaJBHBIX LWIMHIpax pa3jIMYHOIO IOINEepel-
HOTO CEYEHHUS MOJ NOPIIHAMH, MAacChl KOTOPBIX m; =1 KT U m, =
=2 Kr, HaXOOUTCA Ta3 INpH IOCTOSHHOH TeMmepaType, a Haj
HOpUIHAMH — BakyyM. LIMnMHIOpBI coeIWHEHBI BHU3Y TPYOKOH,
a NOpILIHM pacloyaraloTcs Ha OIMHAKOBO# BeICOTE ho =02 M.

KakoBa 6ymeT pa3sHOCTb MX BBICOT h, €CJIM YBEJIMYUTH Maccy 1-ro
HOpLIHA [0 Macchl 2-ro?

2.2. CteHku cocyla, B KOTOPOM HaxOOUTCS Ta3 TeMIepaTypsl
T, umerotr temmnepatypy T..

B kxakoMm ciyyae [aBJ€HME ra3a Ha, CTEHKH cocyaa Oosblie:
Korga CTeHKH cocynma xosonHee raza (T, < T) uiM Korja Temjiee
(T.>T1)?

2.3. C n MoJAMH HMIEQJIBHOTO ra3a COBEpLICH KpyroBoil mpo-
necc (uukn) | — 2 — 3 — 4 — 1, cocroamuii u3 OByx uzobap 2 — 3
U 4 — 1, u3oxopsl I — 2 ¥ HekoTOpoOro npouecca 3 — 4, U306paxeH-
HOro Ha pV-auarpamme npsmoil nuHuer (puc. 57). TemnepaTypsi
ra3a B coctosiHusx 1, 2, 3 pasusl Ty, T,, T3 COOTBETCTBEHHO, TOYKH
2 u 4 nexat Ha OOHOHW H30TEpMeE.

P Onpenennte pabotry A rasa 3a
IMKJL
7, -7
7/ ,4’
14 T
Puc. 57 Puc. 58

2.4. C 3 MONAMH HOEaNbHOTO OJHOATOMHOTO Tra3a COBEpIIEH
UMK, u300paxenHbii Ha puc. 58. TemnepaTypsl ra3a B pa3jMYHBIX
cocrosuusx paBHel; T, =400 K, T, =800 K, T;=2400 Ku T, =
=1200 K.

Haiinute paboty A ra3za 3a LMK

2.5. Onpenenute pabotry A, KOTOPYIO COBEpPLIAET HICATbHBIH
ra3 B 3aMKHyTOM uukie [ —»4—>3—->2-]1, n3o0paxeHHOM Ha
puc. 59, ecnmu p, = 10° Ia, p,=3-10° Ila, p,=4-10° Ma, V, —
—V,=10 n u yyacTku nukia 4 — 3 u 2 — | mapajuieJabHBL ocH V.

2.6. Han ra3oM coBepILaioT ABa TEIJIOBBIX MpoOLECCa, HArpeBas
€ro U3 OJHOTO U TOTO X€ Ha4aJbHOTO COCTOSIHMS [0 OJMHAKOBOH
KOHeyHO#H Temmepatypsl. Ha pV-mumarpamme mnpouecchl H306pa-
XaroTcs npsAMbiMH JuHuAMH [ — 3 u I — 2 (puc. 60).
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Onpenenure, OpY KakoM u3 p
NpoLEeccoB ra3y coobuaercs 60b- 2
1llee KOJIMYECTBO TEIJIOTHL

<
<

Puc. 60

2.7. Cocyn BMectuMocThio V=30 1 pa3zeneH Ha TpU paBHbIE
YaCTH HENOABHXHBIMHU TOJIyIPOHUIIAEMBIMH TOHKAMMU Neper opoaka-
MH (puc. 61). B neByro 4acTe BBOASAT my, = 30 I BOZOpPOAA, B CPEAHIO0
mo, =160 T kuciropona u B mpaByro my, =70 T azora. Uepes Je-
BYIO NEPEropoixy MoxeT AupdyHaupoBaTb TOJBLKO BOAOPOI, Ye-
pe3 mpaByio — BOAOPOA U a3oT.

Kakoe napneHue 6yner B xax- b, yen.ed.

IOH U3 Tpex 4acTeid cocyza nocie g
YCTaHOBJIEHHS! DPaBHOBECHUS, €CJIH
OH IOJIEPKUBACTCA IpPH NOCTO- .,
sHHO#M Temmepatype T= 300 K?

>

20+
H 0, N2 i

2000 3000 te
Puc. 61 Puc. 62

2.8*. CnyckaeMblii anmapaT KOCMHUYECKOro kopabns mnpubiau-
" JaeTcs K MNOBEPXHOCTH IUIAHETHI IO BEPTUKAJIU C MOCTOSHHOH CKo-
pocThbIO, NiepenaBast Ha 60pT xopabiyis JaHHBIE O HAPY>KHOM JaBlie-
Hud. ['padyk 3aBUCMMOCTH [aBjeHHs (B YCJIOBHBIX €JMHHULIAX) OT
BpeMEHH NpHBeAeH Ha puc. 62. OnyCTUBLINCh Ha NMOBEPXHOCTH IUIA-
HETHI, annapaT U3MepHJI ¥ nepenas Ha 6opT JaHHBIE O TeMIepaTy-
pe: T=700 K u yckopenun csoboaHoro manenus: g = 10 m/c.
- Onpenenure: )
CKOpPOCThb ¥ CHyCKa anmapaTta, €CIM M3BECTHO, 4TO aTMochepa
IUTaHETHI COCTOMT M3 yriekucioro rasa CO,;
Temnepatypy 7T, Ha BbicoTe h =15 KM HajJ NOBEPXHOCTHIO
IUTaHEThI.
2.9. B BepTUKaJIbHOM IMIMHIPE BMECTHUMOCTHIO V moa Heseco-
MBIM NOPIIIHEM HaXOJUTCS N MOJIEH HeaTbHOTO OIHOATOMHOTIO ra3a.
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I'a3 nox mnopmHeM Temlou3onupoBad. Ha mopiieHbs MOIOXHIA
rpy3 maccoit M, B pe3yibTaTe 4ero MOPIIEHb MEPEMECTHIICS Ha
paccrosinue h. i

Ormnpeennte KOHEYHYIO TeMIlepaTypy rasa Ty, YCTaHOBUBIIYIO-
csl TOCJIe TiepeMellieH)s TIOPIIHS, €C/IM IUIOIIaJb MOPILIHSA paBHA S,
atMocdepHOe [JaBJICHHE P,. ,

2.10. B BepTHKaJBHOM IIUIMHIAPE C IUIOHIAABIO MONEPEYHOTO
cevueHdsi S moj MOPIIHEM, Macca KOTOpPOro paBHa M, HaxomuTcs
1 MOJb HOeabHOTO ONHOATOMHOIrO ra3a. B HeKOTOpbIE MOMEHT
BpeMEHM MOf MOPIIHEM BKJIOYAETCS HArpeBaTellb, INepeNaroiiuit
rasy 3a eQUHHIy BPEeMEHH KOJIMYECTBO TEIUIOTHI (.

OnpefeuTe YCTAaHOBUBINYIOCS CKOPOCTB U JBH)KEHHS IMOPIIHSA
TIpH YCJIOBHH, YTO JaBJICHHE Ta3a IOJ MOPIIHEM MOCTOSHHO H paB-
HO Po, Ta3 TNOJ TNOPIIHEM TEIUIOH30JIMPOBaH.

2.11*. TIpousBenenue AaBJICHAS ra3a Ha ero o6semM (pV) He Me-
HSETCS C W3MEHEeHHEM o0beMa INpH MOCTOSHHOW TeMIepaType,
TOJILKO €CJIM TPEIONOXKUTh, YTO ra3bl, C KOTOPHIMH MbI HMEEM [ie-
JI0, SIBJIAIOTCA HIEAJIbHBIMH.

Ompenenure, OyAET yMEHbIIATHCS WIHA YBEJIHYHBATHCS NPOU3BeE-
nenre pV NpU oYeHb CHIILHOM CXKAaTHH ra3a, eciid He AejaTh Npen-
MoJIOXKeHus: 00 HMAeaJbHOCTH MOCIETHErO.

2.12*%, TOpU30OHTANIGHBIH UWIMHAPHYECKHH cocyn mJuHON 2l
pasfiejieH TOHKAM HETEIUIONPOBOASAUIMM MOPIIIHEM Ha [BE PaBHbIE
4acTH, B KaX/J0# M3 KOTOPBIX HAXOJHUTCS 1O N MOJIEH HICAIBLHOTO
ofHOATOMHOro rasa mpu Temmepatype T. IlopineHe npukperuieH
K TopuaM cocyna HeaehOpPMHPOBAHHBIMU MPYXHHAMH XECTKOCTH
k xaxpas (puc. 63). a3y B mpaBoil 4aCTH COOOIIMIM KOJHYECTBO
TEIOTH Q, B pe3yJibTaTe 4Yero NMOpIlieHb CMECTHJICA BJIEBO Ha pac-
crosiHue X = /2.

Ornpefenute KOJIHYECTBO TEIUIOTHL ', OTJAHHOE NPH TeMIlepa-
Type T TepMOCTaTy, C KOTOPBHIM ra3 B JIeBOH 4aCTH BCE BpeMs Ha-
XOIWJICSA B TEIUIOBOM KOHTAKTe.

21

k k
PWWWWAWWWWWA

n,T \ T

R

Puc. 63 Puc. 64

2.13. Temnon3oaupoBaHHbBIA COCyl pa3fejeH Ha [Be YacTH He-
TEIUIONPOBOASLIAM TMOpPIIHEM, KOTOPBIH MOXET IepeMelaThCs
B cocyne Ge3 TpeHus. B sneBo#t yactu cocyna conmepxurca 1 Moib

2 A. W Bysgud u mp. 33



HOEaJIbHOTC OJHOATOMHOroO rasa, B npaBoit — Bakyym. Ilopmens
coelWHEH C NMPaBOil CTEHKOH cocylna NpYXHHOH, NIMHA KOTOpPOH
B CBOOOIHOM COCTOSIHMM paBHa [JMHe cocyna (puc. 64).

Oupenenure TemwioeMKocTb C cHCTeMBI. TemIOEMKOCTBIO COCy-
[1a, TMOPIIHS U TPYXHUHBI HpeHeOpeys.

2.14. lokaxwuTe, YTO K. IL [I. TEIUIOBOH MAIIUHBI, UCIHOJIb3YIO-
LIei [UKJI, COCTOSIIMIA M3 IBYX M30TEPM M [IBYX H30XOp, MEHBLIIE
K. I I{. daeajbHO| TerioBoit Mammuabl Kapro, paboTaromieit ¢ Te-
MM € HarpeBaTejieM M XOJONUIbHUKOM.

2.15*%, IIpenmosioxuM, 4YTO IJIaHETy Maccoit M u paguyca
r oKpyxaeT aTMocdepa HOCTOSHHOM IJIOTHOCTH, COCTOSIIas U3 ra-
3a C MOJISIDHOH Maccod W.

Omnpenenurte Temnepatypy T atMmocdepsl Ha ITOBEPXHOCTH ILIA-
HETHI, €CIM TOJIIMHA aTMocdepsl paBHa h (h <<r).

2.16. M3BecTHO, 4TO €CIM TeMIepaTypa Ha YJHUIE paBHa
—20°C, To B KoMHaT¢ Temmneparypa pasHa + 20°C, a eciu Ha
yjiune temrnieparypa paBHa —40°C, TO B KOMHATe yCTaHABJIMBACTCS
Temnepatypa + 10°C.

Haiinute temnepatypy T ©Oatapen, oTamiuBarolleii KOMHATY.

2.17. Kocmuueckui 06bekT UMeeT ¢opmy Liapa paguycom R.
ITo Bcemy ero o6bmeMy paBHOMEDHO pacnpeneieHbl HCTOYHUKH,
obecrieynBarolie BBIIEJICHHE TEIUIOTHI C NOCTOSIHHONH CKOPOCTBIO.
KomnuiecTBo TEIUIOTHI, BhIAEAAEMOE €AMHUIEH ILIOMIAAN TOBEPXHO-
r r CTH, HpPOMOPUHOHAIBLHO 4-if
ui N CTENEHH TePMOIMHAMHIYECKO#H
‘ 1 TEMIIEPaTYpBHL. .

Bo ckompko pa3 u3MeHH-

J1ack ObI TeMIlepaTypa 00bekTa,
Tz U= 3'4 <—Ty2  ecin ero panuyc yMEHBIUMIICS
—U 651 BIBOE?
2.18*. TennoobmeHHHK
l mmHbl | cocToMT W3 TpyOBI
IJIOLIAABIO MOMEPEYHOIO ceye-
HUs 2S, BHYTpH KOTOpOH mpo-
XoOuT apyrast Tpyba miomanpio monepevHoro ceyeHus S (puc. 65).
TpyOnl TOHKOCTEHHBIE. BCS KOHCTPYKLMSI TEIJIOM30JMpPOBaHa OT
BHEIIHEH cpenpl. B Tpybax co cKOpOCTbIO v MPOKAaYMBAETCA XKHUI-
KOCTb MJIOTHOCTBIO P U yINEJbHOM TEeIIoeMKOCThIO ¢. TemmepaTypbl
XHUAKOCTH IpH BXOJ€ B TEIUIOOOMEHHUK paBHbl Ty U Ty COOTBET-
CTBEHHO.

Omnpenenure teMnepatypsl Ty U Ty, XUAKOCTH NPH BHIXOAE M3
TEIJIOOOMEHHHMKA, €CJIM MOTOKH XHOKOCTH MO TpybaM TekyT Ha-
BCTpe4y Apyr Apyry. CyurtaTts, 4YTO TEIUIOTA, NEpelaHHAs B €IHUHHUILY
BPEMEHM 4Yepe3 eAMHHYHYIO IUIOLIAAKY, MPONOPLUOHAJIbHA pas3-
HOCTH TeMIepaTtyp ¢ Ko3pdHIHEHTOM NPOHOPLUHOHATBHOCTH K.

Puc. 65
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TenonpoBOAHOCTBIO KHIKOCTH B HAIpPaBJIEHUU €€ TEYEeHUs .JpeHe-
Opeub.

2.19*. B 3axppITOM LMIMHIPUYECKOM COCYAE C ILTOWLA;IBIO OC-
HOBaHHMsA S HaXOAMTCS BEILIECTBO B ra3000pa3HOM COCTOSHWH BHE
nojs tarotenus 3emun. Macca raza paBHa M, naBiieHue p. npuyeM
P << Pyac» TAE Pyac — JaBJICHUE HACBHILICHHBIX NAapOB BELIECTBd NPH
naHHoi TemmepaType. Cocyll HaYMHAIOT PAa3rOHATH C YCKOPEHHEM
a, HaNpaBJICHHBIM IO OCH IMJIMHApa. TeMnepaTypa noauepiusaet-
csl MOCTOSIHHOM.

Onpenenute, Kakas Macca XHUIKOCTH M, oOpasyeTcs B pesy.b-
TaTe OBUXKEHUS B COCYIe.

2.20. Ha HexoTOpo# NJjaHeTe AaBJIEHHE HACBHILEHHOI O BOIHO-
ro mapa paBHO p,= 760 MM pT. CT.

Omnpenenure ero IIOTHOCTH .

2.21. B X0n0IHYIO MOTOAY U30 PTa NMpPU ObIXaHHU W11 -I1ap».
Eciu npuOTKpHITE Beph B TEILIYIO M30y B MOPO3Hbiil IEHb. TO
B KOMHATy TOXeE€ BPBIBAETCH «map».

OOBsAcCHUTE 3TH SABJICHMUS.

2.22*. Cocyn 06vemMoM V' =2 11 comepXuT my, =2 r Bo,10po1a
U HeMHoro Bonsl [laBienue B cocyzne paBHo p, = 17-10° Jla. Co-
CyIl HarpesarOT Tak, YTO AABJCHUE B HEM YBENUYUBACTCSH .10 p, =
=26-10° Ila, u vacTb BOmH Hcmapsercs. MoJApHAs Macca BO-
IsHBIX NapoB paBHa W= 181073 xr/moub.

Onmnpenenute HayaapHYIO T U KOHEYHYIO Ty TeMOepaTypbi BO.1bl
U ee maccy Am.

VY xa3anue. Bocnons3ylitech cienyroleil Temreparyphoii 3a-
BUCHMOCTBIO JaBJICHHUS HACBILIEHHBIX NAPOB BOJbI:

T, °C 100 120 133 152 180
Duacs 10° Tla 1 2 3 5 10
2.23. Hwknuit KoHenm Kamwuispa paamycoM r=0.2 wM

u Hel [ =8 cM morpyxes B Body, TeMmepaTypa KoTopoii no-
crosHHa ¥ paBHa T, = 0°C. TemnepaTypa BepXxHEro KOHHA KaliMj-
Japa paBHa T, = 100°C.

Ha xaxyro BbicOTy h NMOZHHUMETCS BONA B xanuispe? Cynrare,
YTO TEIUIONPOBOJHOCTh KAlMJLIAPA HAMHOrO NPEBOCXOAMT TenJjio-
NPOBOAHOCTD BOAbI B HEM. TemnooOMeHOM C OKpYXalouM Bo3ay-
XOM IpeHeOpeyb.

Vxasanue Bocnoae3syiitecs cienyomeii TemnepaTypHoii 3a-
BHCHMOCTBIO IIOBEPXHOCTHOI'O HATSDKEHHMS BOIBI:

T, °C 0 20 50 90
o,MHM 76 73 67 60

2.24. B uunuHIpe ¢ NOABHXHBIM MOPLIHEM HAXOMMTCA BO3AYX
TIOJ NaBJICHHEM p; M MBUIBHBIA Ny3bipb paauyca r. IloBepxnocTHoE
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HATSDKEHME pABHO O, TemuepaTypa T NOANEPXHUBAETCS MOCTOSH-
HOM.

Onpenenute OaBjeHHE P,, N0 KOTOPOTO HYXHO CKaTb BO3LYX
MEJICHHBIM BIBHTaHHEM HOPIIHS, 4YTOOBI MBUIBHBIH My3bIpb
YMEHBIIMI CBOM pa3Mephl BIBOE.

2.25. Tlouemy npu KjlaaKe KMPIMYHBIX Hededl UCIONb3YIOT M-
HSHBIA PAacTBOp IUIsi CKPEIUICHWs KUDIHYel, a He, HAaOpuMep, lie-
MeHTHBIH (Oosnee npouHbIi)? YuecTh, 4TO IJis KJIagKd Ieveil wuc-
MOJIL3YIOT KPAaCHbIA KUPNHY, CACJAHHBIA M3 TJIMHBL

2.26. B Tennon3oJIMpOBAHHOM COCY€ MMEIOTCS ABE XHIKOCTH
¢ HavaIbHBIMHU Temnepatypamu T; u T, U yOENbHBIMH TEIIOEMKO-
CTSMH C; U C,, pa3lelieHHble HEeTeIUIONPOBOMSILEH NePeropoakoi.
Ileperopoaxy yb6upaioT, H Iocjie YCTAHOBJICHHS TEIUIOBOTO paB-
HOBECHs Pa3HOCTb MEXIy HavyaJbHOH TeMIepaTypod oOHOH wu3
KHUOKOCTEH M yCTaHOBHUBIIEHCS B cocylne TeMmepaTypodt T okasbl-
BaeTCs B IBa pa3a MeHbIIE PA3HOCTH Ha4allbHBIX TeMIEpATyp
KUOKOCTEH.

Haiiiure OTHOUIEHME MacC XUAKOCTEH m,/m,.

2.27. B nepsblit pa3 B npoOUpKy HAJIUWIM BOAY NpPH TEMIEpATy-
pe 20°C. Ino npoGupky NOrpy3Hyid B GONBIIOE KOJIHIECTBO BOMIbI
npu temnepatype 80°C. Bona B npobupke Harpesiach 3a BpeMs
1o 80°C. Bo BTOpO#i pa3 B NpoOUpKy HaJWIM BOAY IpU TeMrepa-
type 80°C. IHO npoGHpKH NOrPy3uiH B GONBIIOE KOJIHIECTBO BO-
el mpu Temrnepatype 20°C. Boma B npobupke oxjianuiace 3a Bpe-
Mms t, oo 20°C.

Kakoe Bpemsi Gosblue: t; WA t,?

2.28. B [Ba OOMHAKOBBIX JIETKMX METAJUIMYECKHX COCyla HajH-
JIM OfHY U Ty xe Maccy Bonbl Tsbkenbli mapuk (Macca KOTOPOTO
paBHa MacCe BOZBIL, @ €ro IVIOTHOCTh MHOTO 6ojibllie NJIOTHOCTH
BOJbI) ONYCTUJIM Ha TOHKOM HETENJIONPOBOASAIIEH HHUTH B OAMH M3
COCYZIOB TakK, YTO OH HaXOOHUTCSA B IIEHTpe o6beMa HaJIMTOH BOIBL
Cocyapl Harpeild A0 TEMIEPaTyphl KUNEHHS BOABI U IOCTABHIIH
ocThIBaTh. VI3BECTHO, YTO BpeMsl OCTBIBAHUS COCyla C IIapPHKOM 0
TEMIIEPATYpBI OKpYXarolie# cpenbl B k pa3 60JibIle BPDEMEHH OCTHI-
BaHMs cocyna 6e3 lIapuka.

OnpepenuTte OTHOLICHHE YAENbHBIX TEIUIOEMKOCTEH MaTepHala
IIapHKAa U BOIBI Cy/Cy.

2.29. 1Ba OOMHAKOBLIX TEIJIOM30JIMPOBAHHBIX IIMIMHIPHIECKUX
KaJlopuMmeTpa BBICOTHI h =75 cM 3amonnensl Ha 1/3. IlepBniit —
JIbAOM, 0Opa30BaBIIAMCS B pe3yJIbTATe 3aMeP3aHUs HAJIMTOH B He-
ro Boasl, BTOpo#t — Bonoit npu T, = 10°C. Bony u3 BTOporo kajo-
pHMeTpa IepesiuBaloT B NEPBHIA, B pe3yJIbTaTe Yero OH OKa3hIBaeT-
cs 3anmoyiHeHHBIM Ha 2/3. Ilocne Toro xak TeMmepaTypa B HEpBOM
KaJIOpHMeTpe YCTaHOBUJIACh, YPOBEHb 3aNOJHEHUS €ro yBEJIUYHIICS
Ha Ah =05 cm. IlnotHocth JbHma paBHa p, = 09p, ynenbHas

36



TEIUIOTa INaBlieHHs Jbaa A = 340 k/[x/Kr, yneimbHas TEIUIOEM-
KOCTb JbJA ¢y = 2,1 kJUk/(kr-K), ynenpHas TeIIOEMKOCTb BOZIBI
= 4,2 xIx/(xr - K).

Haiitu HavanbHyto TemnepaTypy T, jibga B IEPBOM KaJjlOpH-
MeTpe.

2.30*. B Temyion30oNMpPOBaHHOM IWUIMHADHUYECKOM COCYAE MOX
JIETKAM TIOpUIHEM HAaXOIOWTCS CMeCh paBHBIX MacC BOABI U JIbAa:
m = my, = m,; = 1 xr. JlaBJieHre Ha NOpIIIEHb MEIJIEHHO YBEJIUYUBAIOT
OT HaYaJIbHOTO 3HaueHHs po = 10° Ia o p; = 2,5-10° Ma. Yaens-
Hble TEIUIOEMKOCTH BOABI M Jbaa paBHB ¢, = 4,2 xJx/(xr - K),
¢ =21 xIOx/(xr-K), ynempHas TemioTa IUIaBJIEHMS JIbJa
A =340 xJIx/kr, mIOTHOCTE Jbda Pp=09p, (P — IIOTHOCTD
BOJIBI).

Onmnpenenute, Kakast Macca Am Jbaa IPH 9TOM pacTaeT U KaKyro
paboTy A CoBepIIHT BHEIIHAA cmia. VI3BecTHO, YTO AN yMeHbIlle-
HHsl TeMIepaTyphl IUiaBjeHus abaa Ha 1°C HyXHO HOBECTH HaBlie-
HHe 10 3HaueHus p = 14-10° Ila, a nns yMeHblIeHUs 06bema Heko-
Topo#l Maccel Boabl Ha 19, nmaBieHwe Hy)l(Ho MOXHATE 0 p' =
=20-10° Ia.

1) Pemnre 3agady, cuutas BOLY M Jel HEC)KMMACMBIMH.

2) OuennTe HONPaBKY, KOTOPYIO HaeT y4eT CKUMAEMOCTH, CUH-
Tasi CXKAMaeMOCTh JbJa PaBHOH IIOJIOBHHE CXMMAaEeMOCTH BOIBI

2.31. U3BecTHO, YTO €CNI OOBIYHYIO BOAY MOJCOJNHTb, TO TEM-
mepaTtypa ee KHIEHHs CTaHET BHIIIIE.

Onpenennute, Kak NpH 3TOM H3MEHHTCS IUIOTHOCTH HAacCHI-
IIEHHbIX BOASHBIX NApOB IIPU TEMIlEpAaType KHIEHMS.

2.32. JInst MHOTHX BELIECTB CYIIECTBYET Takoe 3HaUeHHE TeMIle-
paTypsl T;, U NaBIEHHS prp, IPH KOTOPOM BCe TPH (a3bl BellecTsa
(ra3oo6pa3nas, XuoKasi W TBepHas) HAXOAATCS B PaBHOBECHH IpPYyT
¢ ApyroM — Tak Ha3blBaeMasi TpOiHas Toyka BemecTBa. Hanpmmep,
aast sopsl Topy = +0,0075°C, p;p, =4,58 MM pT. cT. VaenbHas Te-
IUIOTa HCHApeHHMss BOABl B TPOMHOW TOYKE paBHA =
=2,48-10% kI/kr, yOenbHas TEIJIOTa IUIABJEHUS JbAa A=
=0,34-103 xJ{x/xr.

Haiigute ynenpHyto TemwioTy cyGiuManuu Boabl V (T. €. IpsAMO-
ro mepexoja M3 TBEPAOro B ra3oobpa3Hoe COCTOSIHHE) B TPOMHOM
TOUKe. '

2.33. M3BecTHO, YTO AaBiieHMe HACHILIEHHOTO Napa HaJ BOXHBIM
pPacTBOPOM Caxapa MeHblIIle, Y4eM HaJl YHCTO# BOJOIA, Iie OHO paBHO
Duac> Ha BenmmuMHy Ap = 0,05p,,.c, Toe ¢ — MOJIsApHAs KOHIEHTPALHMs
pactBopa. llununapuyeckuii cocyl, HANOJIHEHHBIN 1O BBICOTHI h; =
=10 cM pacTBOpOM caxapa C KOHIleHTpamuei ¢, = 2-1073, nome-
AT MOJ INApOKMH Koimak. Ha ropH3oHTaIbHYIO ITOBEDXHOCTH
HOJ KOJIIAKOM HAJIMT TOT XK€ PACTBOP C KOHIEHTpammeii ¢, = 1073,
€ro ypoBeHb h, << h, (puc. 66).
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Onpenenure ypoBeHb /i pacTBOpa B IIIMHAPUYECKOM COCYIE
1ocne yCTaHOBJIGHHs paBHOBecHs. TemmepaTypa NOIIEpXUBAeTCs
noctosiHHoi 1 pasHoit 20 °C. [1ap Hal NOBEPXHOCTBIO pacTBOpa CO-
JePXHUT TOJNBKO MOMEKYJIbl BOJbl, MOJSIPHAsh Macca BOASHBIX NapoB
paBHa = 18-10"3% kr/monb.

7, T
3_
2b- = - -
1
7} [
|
== . I | | 1
aq 20 40 80 T,MuH
Puc. 66 Puc. 67

2.34, BepTukanbHas IJIMHHAsi KUpNU4yHasi Tpyba 3amoJiHeHa vy-
ryHoM. HwkHu#t koHen TpyObl noaaepXuBaeTCsl NpH TEMIEpaType
T, > Ty, (T,, — TeMnepaTypa NJaBJIeHUs] 4yryHa), BEDXHUH — IpH
temneparype T, < T,,. TennonpoBOAHOCT, Yy pacIUIaBJIEHHOIO
(xmnxoro) uyryHa B k pa3 Gonbllie, yeM y TBEpAOIO.

Omnpenenure, Kkakasg 4acTb TPyObl 3aHSATAa pAacCIUIaBJICHHBIM
MeTaJJIOM.

2.35%. O6oyI04Ka KOCMHYECKOM CTaHIMHM TNpelcTaBisieT coboii
3a4epHeHHYI0 cepy, Temnepatypa KOTOpOH B pe3yibTaTe paboTsl
annapaTypbl BHYTPH CTaHuuM mMoffepxusaercs paBHoit T = 500 K.
KonuuecTBO TEIUIOTHI, BBIAENSEMOE €AMHHLEH IUIOIIAAN MOBEPXHO-
CTH, IPONOPLMOHATILHO 4-i CTeNneHH TEPMOIUHAMMYECKOH Temiie-
PpAaTyphL

Onpenenurte Temnepatrypy o6ono4ku T,, €CIM CTAHIMIO OKpY-
XKHUTb TOHKHM 4YepHbIM CepuueckuM 3KpaHOM IOYTH TAKOTO XK€
paauyca, Kak U pamuyc ee 00OJIOYKH.

2.36. B Beape HAXOAMTCA CMECh BOABI CO JILAOM MAaccodl m =
=10 xr. Benpo BHeciIM B KOMHATY M CPa3y K€ Ha4ajd U3MEPSThb
Temnepatypy cmecd. IlosyuyuBIHasiCsi 3aBHCHUMOCTb TeMIepa-
Typel oT Bpemenu T(t) m3obpaxeHa Ha puc. 67. YnenbHas
TEIUIOEMKOCTb BOJIHI paBHA ¢, = 4,2 JIx/(kr-K), yaenpnas temnora
wiaBneHuss apaa A = 340 xJx/xr.

Ormnpenenure Maccy m, jibia B BeJpe, KOTJd €ro BHECIH B KOM-
HaTy. TennoeMkocThio Beipa MpeHeOpedb.

2.37*. [Ins wucCrenoBaHUS CBOMCTB HEJIMHEHHOro pe3ucTopa
6bu1 pou3BeneH psn IkcnepumMeHToB. CHavana 6bljia MCCIENOBaHA
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3aBMCHMMOCTb COIPOTHMBJIEHHS De3UCTOpa OT TemmepaTtypbl. Ilpu
MOBBILIEHHH TeMnepaTyphbl 10 T, = 100°C MIrHOBEHHO NPOMCXOIMI
CKa4yOK CONPOTHBJIEHHs OT 3HaueHus R, = 50 no R, = 100 Om; mpu
OXJIaX/IeHNH OOpaTHBIH CKaiOK INPOUCXOAMJI NpH TeMIepaType
T, =99°C. 3aTeM K PE3UCTOPY NMPUIIOKUIMA MMOCTOSHHOE HAMpPsIKe-
Hue U; =60 B, mpu KOTOpOM ero TemmepaTypa OKa3ajlaChb paBHOM
T; = 80°C. HakoHen, Koraa K pe3sucTopy MPUIOKUIMA MOCTOSHHOE
Hanpspkenue U, =80 B, To B nenu BO3HHMKIM CaMOIHPOU3BOJIbHBIE
KojebaHuA TOKa.

Temnepatypa Bo3ayxa B Jjabopatopud MOCTOSHHA M pPaBHa
To =20°C. TemnooTnaya OT pe3ucTOopa MPOMOPLUOHAIBLHA PA3HO-
CTH TEMIIEpAaTyp PE3UCTOpa M OKPYXaIOILEro BO3AYyXa, TelIoeM-
kocTh peducropa C =3 Ix/K.

Onpenenure nepuon T 3Tux KojebGaHWid, a Takke MaKCHMAJlb-
HOE M MHHHMMaJIbHOE 3HAa4YCHMs CHJIbI TOKa.

2.38. Korpa jieToM moce cyxoil u ’Kapkoi Moroas! UAeT A0XIb
Y KalUld M[ONAaJaloT Ha CTeHYy M3 KPAacHOrO KHMpIUYa, CIBIUIMTCH
LIUNEHHUE.

OO0msacuuTe, noueMy?

2.39. Toukas U-obpa3Has, 3anasHHas ¢ OOHOrO KOHLA TpyOka
COCTOMT U3 TpexX KOJIeH MUIMHOH mo [ =250 MM Kax[oe, COTHYThIX
NoJ NPSMBIMH yIiIaMH. BeprTukanbHble yacTH TpyOKH 3amoJiHEHb:
PTYTbIO [0 MOJIOBUHBI (puc. 68). MemneHHO HarpeBas B 3amasHHOL
Tpybke ra3, oTAeneHHbI# OT aTMocdepbl PTYTHIO, MOXHO BBHITEC-
HUTH U3 TPYOKH BCIO PTYTb.

Onpenenure, kakyio paboTy A COBEpIIUT NPH ITOM ra3 B TpyO-
Ke, MOJIHOCTBbIO BBITECHUB DPTYTh. ATMOC(HEpPHOE JIABJICHHE PAaBHO
Po = 10° ITa, mnoTHOCTb PTYTH Py =13,6-10° kr/m>, nmomepeunoe
ceuenue Tpybku S=1 cm>

g F
8 c
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, | . |

f i A z, 7 T A
Puc. 68 Puc. 69

2.40. OcraTounyio nepopmMaundio ympyroro CTEPKHS MOXHO
rpy6o omucaTe B pamkax ciepyroieir momenu. Eciu pacrskenue
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ctepxHs Al < xo (TOe Xo — 3aJaHHas MU OAHHOTO CTEPXKHS BEJIHU-
Y@HAa), TO CHJIa, HeOOXO0AUMast IS TOTO, YTOOBI BHI3BAThH PACTXKEHHE
Al, ompenmenserca 3akoHoM ['yka F=kAl, rae k — xecTkocTh
crepxHs. Eciu Al > x,, TO cHiIa NEpPecTaeT 3aBHCETh OT pacTsKe-
HHsl (BELIECTBO CTEPXKHS HavyMHAeT «Teyb»). Eciu Temeppr HauaTh
CHMMATb HArpy3Ky, TO YIJIHHEHHE CTEpXHs OyAeT cnanaTh Mo MyTH
CD, xoTopbI#t OJ1 NPOCTOTHI CYMTAEM MNPAMBIM H NapajuieIbHBIM
yuyactky AB (puc. 69). I[To3ToMy NpH NOJHOM CHATHH HArpy3Kd
CTepXeHb OCTaeTcsi AeOpPMHPOBAaHHBIM (TOo4ka D Ha pHCYHKe).
| IMycTe cTepkeHp BHayaje pacTAHYT

i Ha Al =Xx>Xxy, a 3aTeM Harpysky

T WO R ybuparort.
I

Omnpenenute MaKCHMajabHOE W3-

—  meHenue AT TemnepaTypsl CTepX-

- - = = = — — Hs, €CJIH €ro TEIUIOEMKOCTh paBHa

= T T T T T 7 . Crepxenp Temnou3onmpoBaH.

Puc. 70 2.41. TOHKOCTEHHBIH 3allOJIHEH-

HbIi Ta3soM LHJIHHAPD Maccoh m,

BBICOTH h M ILIOHIANBIO OCHOBaHHs S IiaBaer B Boae (puc. 70).

B pesyspraTe NOTEpH repMETHYHOCTH B HH)XKHEH 4acTH IMIMHApA
ero ryiyOuHa NMOTpyXeHUs YBEJIHYHIAch Ha Ah.

Ornpenenure HaYaJIbHOE NABJICHME p; ra3a B LWIMHApE. ATMO-
cepHOE naBlICHHE PABHO p,, TEMIlEpaTypa He MEHSETCH.

2.42. YnapHas BOJIHA NMPEACTaBIAET COOOM 06JaCTh MOBBIIEH-
HOro NaBJICHHS, PACHpPOCTPAHSIOIYIOCS B NOJOXHTEIBHOM Hampa-
BJIEHHH OCH X C OoibIIo# cKopocThio v. B MOMeHT mpuxona Boi-
HBI [aBJICHHE PE3KO MOBHIIAcTCA. JTa 3aBHCHMOCTh HM300paxeHa
Ha puc. 71.

=, (NS

(a4
Y/
2,00 - —
2.
[N}
,Do __________ — m
/]
x
Puc. 71 Puc. 72

Omnpenennre, KaKylo CKOPOCTb 4 NMpHOOpeTaeT KJIMH cpa3y Io-
cle NpOXOXIEHUS 4epe3 Hero ¢poHTa ynmapHo#l BoiHbl. Macca
' KJIAHA paBHa m, pa3sMephl yka3aHbl Ha pHc. 72. Tpenuem mpeHe-
6peyr. CyurTaTh, 4YTO HpHOOpETacMas KIMHOM CKOPOCTb MHOrO
MEHBIIE CKOPOCTH BOJHBI (U << D).



3. 9JEKTPUYECTBO U MATHETHU3IM
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B 3amauax 3TOro pasfena, TaM, i€ HEOOXOOMMO, CYHTATH IJIEKTPH-
YECKYIO MOCTOSIHHYIO €¢ 3aJaHHOM.

3.1. Mexay OByMs pa3sHOMMEHHBLIMH TOYEYHbIMH 3apsAaaMu
+q, B —q, TOMEIIAOT TOHKHHA MHIIEKTPHYECKHH CTEpXKEHb

(puc. 73). _
Kakx uaMeHsiTcs CHIbBI, HeicCT-
BYIOLIHE Ha 3apsabi? ,A-\
A =
e [___Joe A £l
% 92 7y 9

Puc. 73 Puc. 74

3.2. JIuHus HaUPSDKEHHOCTH BBIXOAHT H3 NOJIOKHTENIBHOTO TO-
4EYHOTO 3apsga + ¢; NMOX YIJIoM o K MpsMOH, coeAMHsIomEH ero
C OTpHIATENIbHBIM TOYEYHBIM 3apsioM —g, (puc. 74).

Ilon xaxum yrjiom P JIMHHS HAUPSDKEHHOCTH BOWAET B 3apsin
—q,?

3.3. Halinute HampsbkeHHOCTh E 3JI€KTpHYECKOro MOJIA B IEH-
Tpe moiycdephi, CO3AaBaeMyI0 3apsaMH, pacHpeleIeHHBIMH paB-
HOMEPHO C ILUIOTHOCTBIO G MO BCeil MOBEPXHOCTH 3TOH moiycdepsl.

3.4. HanpskeHHOCTh 3JIEKTPHYECKOTO MOJIA, CO3/JaBaeMas 3a-
psAaMH, PaBHOMEDHO PpacClpedesieHHBIMH IO MOBEPXHOCTH MOJIy-
chepei, B 1nentpe O oToii monychepsl paBua E, [IBymsa
TUJIOCKOCTSMH, POXONSIIMMH 4epe3 OIMH M TOT XK€ JHAMETP M CO-
CTaBJISIOIMMH JPYT C IPYTOM YTOJ &, OT 3TO# nojychepsl OTaEIe-
Ha 4acTh NoOBEpXHOCTH (puc. 75).

Hailinute HanpskeHHOCTh E 3JIEKTPHYECKOTO NOJsA B TOH XKe
touke 0, CO31aBaeMyIO 3apsi/laMH, HaXOOSIIMMHCSH Ha OTIEJIEHHOMN
49acTH NOBEPXHOCTH (Ha «OJIbKEN).

Puc. 75 Puc. 76

3.5*%. JlBa muoCKHX KOHAEHCATOpa PAaCHOJO0XEHBI NEPNECHIHKY-
nspHO oOwieii ocu. Paccrosinue Mexay xoHIOeHcaTtopaMiu d MHOTO
GoJiblile pa3MepoB MX IUIACTHH H paccTosHus | Mexny Humu. Ob6a
KOHJEHCATOpa 3apsDKeHbl — 3apsj [epBOro KOHIEHCAaTopa (g,
a BTOpOToO ¢, (puc. 76).

Haiinure cuny B3aumopelictBusg F KOHIOEHCATOPOB.
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3.6. Haiinute cuty B3auMOOEHCTBHA F IBYX CONPUKACArOUUXCs
o Bceil MOBEPXHOCTH nostycdep paauyca R, ecinu oqHa U3 HHX pas-
HOMEDHO 3apshkeHa C MOBEPXHOCTHOHM IUIOTHOCTBIO O,. a Apyras
o,.

3.7. U3BecTHO, 4TO MUHHMAaJIbHAsl HANPSDKEHHOCTb OAHOPOOHO-
ro IEKTPUYECKOT O TI0Jis, KOTOPOE Pa3phIBAET HA [BE YaCTH MPOBO-
IALIYIO HE3apsHKEHHYI0 TOHKOCTeHHYK cdepy, paBHa E,

Onpenennte MUHUMAJIBHYIO HanpsbkeHHOCTh E; nosd. koTopoe
pasopseT chepy BABOE OONBILIETO paaMyca, eCid TOJLIHHA €€ CTe-

HOK OCTae€TCsl MNOCTOSIHHOIA.
3.8. Tpu HeGONbUIMX OJMHAKOBBIX HE3APSHKEHHBIX MeTasiude-

CKHX IIapHKa HAXOIATCA B BEPIIMHAX PaBHOCTOPOHHETO TPEYTOJib-
Huka. llapuku noouepeaHo Mo OAHOMY pa3y COEAMHSIOT C yna-
JIEHHBIM OOJIBIIMM 3apsSKEHHBIM TpPo-

BOJAIIMM IIApOM, LEHTPp KOTOpPOro

HAXOAMTCH Ha NEPNEHIUKYJAPE. BOC-
CTABTEHHOM K IUIOCKOCTH TPEYIOJib-

HUKAa M MPOXOIALIEM Yepe3 LEHTP MHo-

cirennero. B pesynerate Ha nepBowm

LIApUKE OKa3a.Ics 3apald ¢,. a4 Ha BTO- ‘9
pPOM — 3apan (.

Ortipenenute 3apsiil (3 TPETbEIO
HIapuUKa.

3.9. Metamidueckuit uiap paiuyca
ri. 3apsKEHHbIH [0 MOTCHUMWIA Q.

OKPYXat0T MNPOBOIAILELH TOHKOCTEHHOH cdepuieckoir 060:104K0MN
paauyca r, (puc. 77).

Onpenenute MOTEHLHAN @, IIapa Mocie TOYo, Kak luap Oyler
Ha HEKOTOpPOE BpEMs COCAUHEH IPOBOJHUKOM ¢ 000JI0UKO?

3.10. Ouenn ManeHbKas 3a3eMileHHas nposolsduias chepa Haxo-
JUTCA HAa PacCTOSIHUM ¢ OT TOYEYHOTO 3apsja ¢, U Ha PACCTOSHHUU
b ot ToueyHoro 3apsana ¢, (a < b). B HekoTOphIl MOMeHT cdepa
HAYMHAET PACIUUPATHCA TaK. MTO €¢ PajAUyC PpacteT MO 3aKOHY
R = ut.

Onpenenvite 3aBUCUMOCTb CUJIBI TOKa OT Bpemenu [(t) B mpo-
BO/IHUKE, OCYLIECTBIISAIONIEM 3a3eMsieHHe. CHUMTaTh, YTO TOYEYHBIE
3apsanel 4 HEHTP cdepbi HENMOJBIKHBI MU B COOTBSTCTBYIOILHME MO-
MEHTBl BPEMEHM UCXOIHbie TOYEYHbIC 3apAdBl NMOMATAlOT BHYTPb
pacumpstoiieiics cdepsl, He kacasch ee (depe3 HeboJblne OTBEp-
CTHS).

3.11. Tpu He34pSKEHHBIX KOHIEHCATOPa, E€MKOCTH KOTOPBIX
paBubl Cy, C, u C;, coeAMHeHbl, KaK MOKa3aHo Ha puc. 78, u uoa-
kmoyeHbl K ToukaM A4, B u D. [ToTeHunanbl 3THX TOYEK paBHbL @4,
®p 1 Op.

Onpenenure NOTeHUHATT Qo oOwed Toukyu O.

Puc. 77



3.12*. TomuMHA ILUIOCKOTO JINCTKA METAJUIHYECKON (OJIBIU paB-
Ha d, iomanb JIUCTKa S. PaccTosHHe OT_HEKOTOpOro 3apsaa q 1o
HEeHTpa JUCTKa paBHO I, mpuueM d << |/S << I.

Omnpenenute cuny F, ¢ KOTOPO# JIUCTOK NPUTATUBACTCA K 3apsi-
ny q. C4uTaTh, 4TO NMpsSIMasi, COCAMHSIOMAS 3apsi/ C HEHTPOM JIUCT-
Ka, NMepHeHIUKYJISpHa NMOBEPXHOCTH JIMCTKA. .

A
L.
PN a

b v/
Puc. 78 Puc. 79

!

3.13. K xakoii mape Touek cxeMbl, U300pakeHHON HA pHC. 79,
HajO MONKIIOYHTh MCTOYHHK TOKA, YTOOBI 3apsANUTh BCE ILIECTh
KOHICHCATOPOB, EMKOCTH KOTOPBIX DaBHBI?

3.14. Ilockuii KOHAEHCATOP 3aIllOJIHEH IUIJIEKTPHKOM, IIPOHH-
[[aEMOCTb KOTOPOTr'O 3aBHCHT OT HalpsDKEHHsl Ha KOHAEHCATOpe I10
3akoHy € = aU, rne a =1 B™!. [TapanensHo 3TOMy «HEJIHHEHHO-
My» KOHIEHCAaTOpPY, KOTOPHIH He 3apsDKeH, NMOAKIIOYAIOT TakoH xe
KOHJIEHCATOp, HO 6e3 AUAJIEKTPHKA, KOTOPHIH 3apsbkeH O Halpshke-
uus Uy, =156 B.

Ornpenenure HanpsbkeHHe U, KOTOpoe yCTaHOBHTCS Ha KOHIEH-
caTopax. .

3.15. [Isa HeOOJBIIMX IAPMKA MAacCOM m, HECyIMe OIMHA-
KOBBI# 3apsifi q KaXIbli, COeUHEHBI HEMPOBOIAIIEH HUTHIO [JIHHBI
2l. B HEKOTOpBIf MOMEHT BPEMEHH CEpelvHA HATH HAYMHAET [BH-
raTbCs C MOCTOSIHHON CKOPOCTBIO ¥, MEPIEHAUKYJIAPHOW HAMpaBJe-
HHUIO HATH B HAYaJIbHBIH MOMEHT BpPEMEHH.

Ormnpenesnure, Ha KakOe MHHHMAaJIbHOE paccTosiHue d cOmm3sTcs
[IAPHKH.

3.16. [IBa mapuka c 3apsnaMi ¢, ¥ ¢, UMM BHaYajle OfMHa-
KOBBIE [10 MOAYJIIO U HampaBJieHHIO ckopocTd. ITocie Toro xak Ha
HEKOTOPOe BpeMs ObLIO BKJIIOYEHO OTHOPOIHOE 3JIEKTPHYECKOE IO-
Jie, HampaBJIeHHE€ CKOPOCTH 1-ro Iapuka IOBepHyJoch Ha 60°,
a MOIYJIb CKOPOCTH YMEHbIIWICS BaBoe. HampaBieHue cxopocTu
2-ro miapuka nosepHyJiock Ha 90°.

Bo cxonpko pa3 M3MeHHWIach CKOpocTh 2-ro miapuka? Ompene-
JIATE MOJYJIb OTHOLIECHHS 3apsana K Macce JJIA 2-ro LIapHKa, eCJH
is l-ro oH paBeH k,. DJIEKTPOCTaTHYECKMM B3aUMOIeHCTBHEM
IIAPMKOB MpeHeOpeyb.

44



3.17. B BepmuHax HpaBWIBHOro 1977-yrojpHHKa CO CTOPOHOM
a ObUIH 3aKperieHbl HeOONbIINe OIUHAKOBHIE IIAPUKHA C PaBHBIMH
3apsigaMi. B HEKOTOpHIH MOMEHT BPEMEHH OAMH H3 IIapUKOB ObLI
OCBOOOXIEH, a 4epe3 NOCTATOYHO OOJIBLION MPOMEXYTOK BPEMEHH
6BLI OCBOOOXIEH IIApHK, COCEMHUH C 1-bIM 0cBOGOXIeHHBIM. OKa-
3aJI0Ch, YTO Ha JOCTATOYHO OOJIBIIIOM PAaCCTOSIHUM OT MHOTOYIOJIb-
HHKa KMHETHYECKHE SHEPrHH OTHYIIEHHBIX IIAPHKOB Pa3jIM4aroTCs
Ha BenuuuHy K.

Haiigure 3apsa g KaxIoro miapuka.

3.18. IToueMy ymapHyI0 MOHHM3ALHUIO (MOHHM3ALHUS B pe3yibTaTe
CoyJIapeHusi) aTOMOB NPOU3BOASAT JJIEKTPOHBI, & HE HOHBI, XOTS T
U ApYrue NpHoGPETAIOT B YCKOPSIOIIEM I0JIE OAMHAKOBYIO KHHETH-
4egKYIO 3HEpPrHIO mv2/2 =eAQ (e — 3apsn vacTuil, AQ — pa3sHOCTb
MOTEHIMAJIOB ycKopsowiero moust). CHuTaTh, YTO NOCHE COyAape-
HHUSI HOHHU3UPYEMBIH aTOM M HaJleTeBLIAs Ha HEro 4acTHIAa HMEIOT
OPHUOIU3UTENIBHO OIUHAKOBBIE CKOPOCTH.

3.19. [IBa HeGOMBIIKMX OOUHAKOBBIX LIAPHKA, JISXKAIe HA TOPH-
30HTaJIbHOM IUIOCKOCTH, COSIMHEHBI HEBECOMOM mpyxHuHOH. Onun
U3 MIapUKOB 3aKkpeIUieH B Touke O, npyroi cBobomen. Kaxnawiii u3
IIApUKOB ONMHAKOBO 3apsIWiH, B pe3yibTaTe YE€ro NIPYXHHA pac-
TSAHYJach B [1Ba pasa.

Ornpenennure, BO CKOJBKO pa3 U3MEHHJIACh YaCTOTa rapMOHHYE-
CKHUX KoJeOaHM CHCTEMBIL.

3.20. IBa HeGOJNBINUX IIApUKA, HMEIOIUX OJMHAKOBBIE MAcChI
M 3apsaabl U HaXONALIMXCSA HAa ONHON BEpTHKAJM Ha BHICOTaX h; H
h,, 6Gpocunu B OmHY CTOPOHY B T'OPHU30OHTAJBHOM HAaIlPaBJICHHUH
¢ onuMHAaKoBbIMH cKopocTsMu v. Hlapuk 1-#f xocHysics 3emiid Ha
paccrosinud | OT BepTuKaiu GpocaHus.

Ha xaxoii BeicoTe H, B 3TOT MOMeHT Oynet 2-if mapuk? Co-
IPOTHUBIICHHEM BO3/yXa M BJIMSHHEM HHAYIHMPOBAHHBIX Ha 3eMJIe
3apsaaoB NpeHeOpeys.

3.21. MoToK roso# NpoBOJOKH, COCTOSIIEH U3 CEMH C MOJIOBH-
HOW BHTKOB, PaCTSIHYT MEXIy ABYMsi BOUTBIMH B JOCKY I'BO3[ISIMH,
K KOTOPBIM NPHKpEIUIEHBl KOHIBI [IPOBO-

" noku. ITogxioumB K rBo3asiM NpuUGOpHI,
H3MEPHIIH CONPOTUBJIEHHE LENH MEXIY
TBO3ISIMH.

OnpenenuTe, BO CKOJBKO pa3 M3MEHHT-
Csl 3TO CONPOTHBJICHHE, €CJIHK MOTOK pa3-
MOTaTh, OCTaBHB KOHUbI NPHCOEIUHEH-
HBIMH K TBO3[SM.

3.22. II9Th ONMHAKOBHIX CONPOTHUBJIE-
HHH (cnHMpanieit i 3JEKTPHYECKUX TUIH-
TOK) BKJIFOYEHBI [0 CX€M€, YKa3aHHOW Ha
puc. 80. Puc. 80

—0 A/ O~
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Kak v3MeHuTCs Hakay npaBoif BepXHei CNMpai, €ClM 3aMK-
uyte o K?

3.23. Kak U3MEHHUTCH CONPOTHUBJICHUE LIEMH, COCTOAILEH U3 MATH
OUHHUKOBBIX TPOBOMHHUKOB, €CJIH 100ABHTH €IUE NBA TAKUX X€ MpPO-
BOJIHIKA. KAK [10Ka3aHO HITPUXOBO# yMHHMeR Ha pwuc. 817

3.24. [TpoBosounslit kapkac B Buae terpadnpa ADCB noaxro-
qey K WCTOYHHKY MOCTOSHHOTO Toka (puc. 82). ConmpoTHBIeHHs BCEX
pedep 1cTpadilpa CAMHAKOBBL

OupeiiesinTe, HCKIIIOYEHHE Kakoro M3 pebep kapkaca NpHBEAET
K HaWOu.IblIeMy H3MEHEeHMIO Toka | B uenu. Yemy paBHO 3TO Mak-
CUMTRHOE H3MeHeHHe ToKa Al ., 7 COnpoTHBIIEHHEM MOIBOSAIINX
APOROVR (TPEHEOPEYD.

3.25. B cxeme, u300paxeHHodl Ha puC. 83, COMPOTHBIEHUA BCEX
pesicTopoB VAUHAKOBH M paBHbl R. Hampskenue Ha KileMMax pas-
uo L.

Onpeteaure cuny Toka | B TOABOAAIIMX IPOBOAAX, €CJIM HX CO-
UPOTHUB.ICHIEM MOXHO NpeHebpeys.

3.26™. Oupenenure COUpPOTUBJICHHE HEMU R, g MEXOY TOYKAMH
A u B kapraca. COCTaBIEHHOTO M3 [EBATH ONMHAKOBHIX NPOBOJIO-
4CK coNpoTUBJICHHEM R kaxnmas (puc. 84).

3.27. Havaute conportusienue R,p Mexny ToukaMu A U B kap-
Kacd. W3TOTOBJEHHOTO U3 TOHKOH OJHOPONHON IPOBOJIOKH
(puc. 855 Uucno mocnexoBaTeNbHO BJIOKEHHBIX PaBHOCTOPOHHHUX
TPEYL L. [bHHKOB (CTOPOHBI KaXJIOr0 MOCJEIYIOWIETO YMEHBINAIOTCSH
B iIBa pd3a) CYMTATh cTpeMAmMcsa Kk 6eckoHeunocTH. CtopoHy AB
UPHHATE PABHOH @, CONIPOTHBJICHHE €AMHMIB! AJIMHBI MPOBOJIOKH .

3.28. Cxema U3 Pe3NCTOPOB COCTOMUT M3 o4eHb Goapuoro (Gec-
KOHEUHO1 0! YMCIa 3BeHbeB (pHUC. 86). CONpOTUBIICHUS pPE3UCTOPOB
KaX:10i 0 [OCIEIYIOIEr ¢ 3BeHa B k pa3 OTJIHMYAIOTCH OT 'CONPOTH-
BJICHHSA PC3UCTOPOB B (PEABIOYIIEM 3BEHE.

Haii:tre conpotusnenre R,z Mexny toukamu A U B, ecnu co-
nNpoTHBASHHA B NEPBOM 3BeHe paBHBI R, u R,.

3.29. 119 perynupoBaHus HalpsDKEHHs HA HArpy3ke coOpana
cxema. #3o0paxenHas Ha puc. 87.ConpoTHBIEeHUs HATPY3KU U pery-
JIAPOBUMHOro peoctata paBHbl R. Harpyska monkiodeHa K IOJIO-
BUHE peocTaTa. BxooHoe HampsbkeHue HemsmMeHHO M paBHo U.

Oupeaennre, Kak M3MEHHUTCS HANPSDKEHWE HA HArpy3ke, eCld ee
COTPOTHBICHHE YBEJIUYHTh B [Ba pa3a.

3.30. Mmerotcs aBa pasubix amnepMeTpa. OTKIOHEHUE CTPEJIKH
B KQKIOM aMIepMeTpe NpONOpHMOHATLHO CHJE TOKa, a IIKajbl
HMCHOT paBHOMEpPHBIE Jenenus. K mepBoMy ammepMerpy NOIKIIIO-
YeH Pe3UCTOP C COMPOTHUBIEHHEM Ry, KO BTOPOMY aMIIEpMETpPY —
pe3MCTOP ¢ HEM3BECTHHIM comporuBiieHneM R,. CHauana ammep-
MeTDB! COCNIMHAIOT TIOCNIEN0OBATENbHO U MOIKIIOYAIOT K TO4KaM
A v B {xak moka3zaHo Ha puc. 88). OTKJIIOHEHHs CTPEJIOK B aMmep-
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. .
2 |
Puc. 86 Puc. 87
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MeTpax B 3TOM ClIy4ae PaBHBI N; U N,. 3aTEM OTH aMIepMETpPHI CO-
eIHHAIOT NapaJUIeIbHO U MOIKIIOYAOT K ToukaM A u B (xak moxa-
3aHO Ha pwuC. 89). OTKJIOHEHHS CTPEJOK BO BTOPOM Clly4ae DPaBHBI
n/ unj,.

Puc. 88

Ornpenenure HEU3BECTHOE CONPOTHBJIEHHE R, BTOpPOro pes3u-
cTopa.

3.31. VimeroTcst 1Be POBOJIOKM OIMHAKOBOM IJIMHBI, HO Pa3HO-
ro KBaJpaTHOTO CEYEHHUs, CIACJIaHHbIE U3 OJHOTO U TOro Xe Marte-
puana. CTopoHa cedyeHHs NepBOil NPOBOJOKH d; =1 MM, BTOpO#
d, =4 mm. 11 TOro 4TOOBI pacnjiaBUTh NEPBYIO HPOBOJIOKY, Ye-
pe3 Hee HYXHO IponycTuTs Tox I; =10 A.

Omnpenenure cmity Toka I,, KOTOPBIH HYXHO NPONYCTUTH Yepe3
BTODYIO NIPOBOJIOKY, YTOOBI OHa paciulaBuiack. CUHTATh, YTO KOJIM-
4eCTBO TEIUIOTHI, YXOAslllee B OKPYXaroulyro cpeay 3a 1 cekyuny,
nonuunseTcs 3akony Q = kS(T — T,), rae S — miomanb NOBEPXHO-
ctu npoBojiokd, T—ee Temneparypa, T, — TemrepaTypa oOKpy-
Xaroled cpelbl BOATH OT IPOBOJIOKH, k — ko3dduuueHtT nponop-
IMOHAJIBHOCTH, OJWHAKOBBIH 1711 06omx o6pa3uos.

3.32. B cxeme, wusobpaxennoit Ha puc. 90, nepexoyaresnn
K MoxeT HaxoauThCd B NOJIOXEHUsAX 1 ¥ 2. B uenn BIIIOYEHHI ABa
HCTOYHHKA TIOCTOSHHOTO TOKa,
BA pe3UCTOpa H aMIepMeTp.
D. 4. C. OHOTO HCTOYHHKA TOKa
paBHa &, 3.1.C. ApYroro He-
H3BECTHA. BHyTpeHHEe CONpOTHB-

. & JIEHHE WCTOYHHKOB TOKAa PaBHO
f;\ Hymo. CONpOTHUBJIEHHE pPE3UCTO-
poB Taxxe HeusBectHo. Compo-

Puc. 90 THUBJIEHME OJHOTO DPE3UCTOpA SB-

JIAETCA HEPEMEHHBIM, M €ro noa-
GuparoT Tak, YToObI TOK Yepe3 AMNEPMETP NPH IBYX NOJOXKEHUAX
nepexaroyaTesis OblI ONMHAKOBBIM; 3TOT TOK M3MEDSIOT, M OH
OKa3bIBac€TCs paBHBIM I.

OnpenenuTte CONpOTUBJIEHUE, 0603HaYeHHOE Ha cxeme depes R,.
3.33. MoxeT ¥ CHJIA _TOKa, NPOTEKAIOLIETO YEPE3 PE3UCTOP,
YBEIMYHTHCS, €CJIM 3aMKHYTh HAKOPOTKO OIMH U3 HUCTOYHHUKOB TO-
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Ka, HalpUMep C 3. I. C. &,, Kak nokasano Ha puc. 917 IlapameTps
3JIEMEHTOB CXEMBI CYHTATh 3aJaHHBIMH.

3.34*. CkpslTast cxeMa, COCTOSIIAs M3 PE3UCTOPOB («YEpHBIil
AIUK»), UMeeT 4YeTbipe BhiBoAa (puc. 92). Ecnu k 3axumam 1 u
2 MOJBECTH HANPSDKEHHE, TO NIPH Pa3OMKHYTHIX KileMMax 3 u 4 BHy-
TPHU CXEMBI BBIAENSAETCS MOIIHOCTL N, =40 BT, a mpu 3aMKHYTBIX
Kiemmax 3 u 4 N, =80 Br. Ecitu k TOMy e MCTOYHHKY MOIKIIO-
YHUTh KJIEMMBI 3 U 4, TO IPH Pa3OMKHYTHIX kjeMMax I U 2 B cxeme
BbLIENsETCA MOUIHOCTL N3 =20 Br.

Onpenenute MomHOCTh N,, KOTOPYIO GyneT NOTpebiATL cxema
IPH 3aMKHYTHIX KJIeMMax | W 2, KOTAa TO Xe€ HamnpsbkeHHe OyneT
TPHJIOXKEHO K KiemMMaM 3 u 4.

3.35. B cxeme, n300paxeHHO# Ha puc. 93, ompemenuTe CcHiy
NPOTEKAIOLIETO Yepe3 O6aTapero TOKa: B NEpBLIi MOMEHT BpEMEHH
nocyie 3aMbikanus kmoda K; cmycts 60JbIIOH NpOMEXYTOK Bpe-
MerH. [lapaMeTphl 37€MEHTOB CXeMbl CYMTAThH 3aJAaHHBLIMH,

3.36. Kirou K (puc. 94) 3aMbIKalOT NOOYEPENHO C KaXIbIM H3
KOHTAaKTOB Ha MaJlbleé OJUHAKOBbIE NIPOMEXYTKH BPEMEHH, TaK 4TO
H3MEHEHHE 3apsja KOHAEHcAaTopa 3a BpeMs KaXJOTo 3aMbIKaHUSA
MaJio.

Kaxoi#t 3apsan gy, ycraHoBuTcs Ha KOHIEHcaTope?

3.37. B anexkTpuueckyio ILeNmb BKIIOYEHbI HCTOYHHK TOKa
C 3. . C. £ U BHYTPEHHHM CONPOTHBJIEHHEM F, KOHIEHCATOPHI €M-
kocteio C, n C, u pe3ucropsl conmpotuBiienneM R; u R, (puc. 95).

Haiinure nanpskenus U, u U, Ha KaxIOM KOHIEHCATOpeE.

3.38*. Mexny toukamu E m F cxeMbl, M300paxeHHOW Ha
pHc. 96, BKJIIOYAIOT CHaYajda HACAbHBIA BOJBLTMETP, 4 3aTEM
HEATbHBIA aMIEPMETP; UX NOKa3aHUS COOTBETCTBEHHO paBHbI U,
u I,

Onpenenute cuity Toka I, KOTOpBIH GYIET TeUb Y€pe3 PE3UCTOP
CONpOTHUBJIEHHEM R, BKIIIOUYEHHBIH Mexay Toukamu E u F.

3.39. IMnacTiHa A IUIOCKOTO KOHIEHCATOpPAa HENMOIBHXKHA,
IUIaCTMHA b IpuKpeIUieHa K CTEHKE MPYXHHOM W MOXET JBUTaThCH,
OCTaBasCh mapaenabHoll mnacture A (puc. 97). [ocne saMbikaHus
xmova K nnacruda b Havana ABUTaThCsS M OCTAHOBHIIACH B HOBOM
nonoxeHun pasHoBecus. IIpy 3TOM HavanbHOE PaBHOBECHOE ™ pac-
crosiHue d MeXIy IIACTHHAMM KOHIEHCATOpa (KOTha IpyXHHA HE
pacTgHyTa) yMeHblIMIOCh Ha 109,

Ha ckonpko m3MeHHNOCH 6bl PaBHOBECHOE DPACCTOSHHE MEXIY
IUIACTHHAMH, €CIM 6bl kimrod K 3aMKHYIH Ha KOPOTKOE BpeMs?
CuMTaTh, 4TO 3a 3TO BpeMs MJacTWHA B HE YCNEBAaET 3aMETHO
CIOBUHYThHCSL.

3.40. Y3 onHOpPOIHOl NPOBOJIOKH TIOCTOSIHHOTO CEYEHHS COCTa-
BJICHa TOKa3aHHAas Ha puc. 98 uemns.
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Haiinure oTHOIIEHHME KOJIMYECTBA TENMIOTHI Q4,/Q34, BHLIEISIO-
IIeecss B €AMHMIYy BpeMEHHM Ha ydactkax 1 —2 u 3—4.

3.41. HanpspkeHne MexAy aHOAOM M K4aTOOOM BaKyyMHOTO
nuonda pasHo U, aHOOHBIN TOK paBeH I.

HaiiTu cpennee naBiieHMe p,, SJEKTPOHOB HAa AaHOL IJIO-
miaaeo S.

3.42. Ha xnemMsbl AB (puc. 99) momaercs Takoe MEHSIOMIEECS
BO BPEMEHHU HAIPSDKEHHE, YTO HANpsDkeHHe Ha oOKJIankax KOHOEH-
caTopa MEHSETCA IO 3aKOHY, NpencTaBjieHHOMy Ha puc. 100.

Hapucyiite rpaguk 3aBHCHMOCTH HaNpsDKeHHs OT BPEMEHHM Ha

kiemmax CD.
3.43. [IBe Gatapen c 3. 4.C. §; ¥ &,, KOHIEHCATOD €MKOCTBIO

C ¥ pe3ucTOp CONPOTHBJIEHHEM R COeNMHEHBI, KaK NOKa3aHO Ha
puc. 101.

Ornpenenure KOJIUYECTBO TEIUIOTHI Q, BBIAENSAIOILEECS HA pe3u-
cTope mocje nepekroueHus ximoya K.

3.44. DrexTpHueckass Leb COCTaBl€HA M3 HCTOYHHMKA TOKa
C 3.0.c & ¥ BHyTPEHHMM CONDOTHBJEHHEM r M JBYX TNOIKIIO-
YEeHHbIX TNapasuleNbHO K HCTOYHHKY TOKa pe3ucTOopoB (puc. 102).
ConpoTuBiEeHHE OIHOTO U3 PE3UCTOPOB R; HEM3MEHHO, a COIPOTH-
BJIEHHME Npyroro R, MoxHO nmomobparb Tak, 4ToObI BhIesseMast
B 3TOM PE3HUCTOPE MOMIHOCTh ObLIa MaKCHMaJbHOM.

HaiinuTte 38ayeHne R,, COOTBETCTBYyIONIEE 3TOH MaKCHMaIbHOH
MOIIHOCTH.

3.45. Konnencarop eMkocThio C; pa3psiKaeTcs uepe3 pPe3HucTOp
conportusieHneM R. Korna cuna Toka paspsina NOCTHraeT 3Hage-
mus I,, xmouy K pasmeikaror (puc. 103).

Haiinure konu4ecTBO TEILUIOTH Q, KOTOPOE BHIAEIUTCS Ha pe3u-
CTOpE, HaYMHas C 3TOrO MOMEHTa BPEMEHH.

3.46. BaTapes ¢ 3. 1. C., paBHO# &, KOHIEHCATOPHI EMKOCTSIMH
C, u C, ¥ pe3UCTOp CONPOTHBJICHHEM R COenMHEHBI, KaK NOKa3aHO
Ha puc. 104. ] :

Haiinure xonu4ecTBO TEIUIOTH! Q, BBIAEISIOUIEECS HA PE3UCTOPE
nocsie nepekiaroueHus kmoya K.

3.47. B cxeme, nokasaHHoi Ha pwuc. 105, mepen 3aMbIKaHHEM
xmoya K xoHaeHcaTtop eMmkocThio C He Obln 3apsokeH. Kimrou 3a-
MBIKaIOT Ha HEKOTOPOE BpEMs, B TEUC€HHE KOTOpPOro KOHIEHCATOp
3apsiauics Oo HanpsbkeHus U.

Onpenenure, Kakoe KOJMYECTBO TEILIOTHI Q, BBIICIHTCS 33 3TO
BpEMs Ha pPe3uCTOpe CONPOTHBIEHHEM R,. D. . C. HCTOYHHKA TOKa
paBHa &, ero BHYTPEHHMM CONpPOTHMBJEHMEM HNpEHEGPEYD.

3.48. 1o ropu30HTaJILHBIM NAapaJUIETbHBIM DPENbCaM, paccTos-
HHE MEXAY KOTOPBHIMH paBHO d, MOXET CKOJIb3HUTh 0e3 TpeHwus
nepeMBliKa, Macca KOTOpOH paBHa m. PenbChl coenuHeHbl pe-
3IUCTOPOM CONPOTHBJIEHHEM R M TOMEWIEHbHl B BEPTHKAIBLHOE
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ONHOPOJHOE MAarHMTHOE HOJ€, HHAYKUHS KOTOPOro paBHa B.
[TepeMbIuke COOOILAIOT CKOPOCTH g (pHc. 106).

Haiinure nyTh s, npoiaeHHbIH NepeMbIYKOd 10 ocTaHOBKH. Kak
3aBUCHT OTBET OT HANpAaBJICHHs HHOyKuuu B?

3.49. Kak Oynyt 3aBHCETh OT BpEMEHHM MOKa3aHHS IaJIbBaHO-
MeTpa, BKJIIOYEHHOI'O B LENb PACMOJIOXEHHOTO TOPH3OHTALHO
KpyroBoro KOHTYypa, €CJIM BHOJIb OCH 3TOro KOHTypa Oyner mamarh
3apsOKEHHBIA MIapHK?

3.50. B 01HOPOAHOM HOCTOSHHOM BO BPEMEHH MAardHMTHOM MO-
Jle, MHOYKIMS KOoToporo B HampaBjieHa BBEpX, ABMIXKETCS IOJBe-
LICHHBIH HA HEPACTSDKUMOM HUTH JUIHHBI | MaJleHbKHH 3apsKCHHBIN
mapHk. Macca mapuka paBHa m, 3apsn ¢, nepuon obOpaiueHus T.
Halinure paguyc r OKpyXHOCTH, MO KOTOPO# IBHXETCS IIAPHK, €C-
JI4 HHTH BCE BpeMs HATsAHYTa.

3.51. B oqHOpOOHOM MAarHUTHOM moJjie ¢ WHAyKiued B c mo-
CTOSTHHOH CKOPOCTBIO ¥ JBHXKETCS METAJUIMYECKHH MIApHK pajuy-
car.

VKaxXuTe TOYKH LIapuKa, pa3HOCTb MOTEHIMAIOB AQp,, MEXIy
KOTOpBIMH OyleT MAaKCHMAlbHA, H ONpENEIHTE 3Ty Pa3HOCTh IO-
TeHunanoB. CYHTATh, YTO HAIpaBJIEHHE CKOPOCTH COCTABIISET C Ha-
MpaBJcHHEM MarHUTHOM WHAYKUMH YIrOJ o

3.52. ITo 06MOTKe MJIMHHOIO UHJIMHIPHYECKOTO COJIEHOHAA pa-
nuyca R mpoTekaeT MOCTOSIHHBIR TOK, CO3AOIUWH BHYTpPH coJle-
HOMJA OZHOPOJHOE MarHHTHoe mosie ¢ uHAaykuued B. Mexny Bur-
KaMH COJICHOMAA B HErO BJIETAET [0 Paxuycy (IepneHAMKYJIAPHO
OCH COJIEHOWJIA) JIEKTPOH CO CKOPOCThIO v (puc. 107). OTKIOHSACH
B MarHMTHOM IIOJIE, IEKTPOH CIIYCTSI HEKOTOPOE BPEMs MOKHHYJI
COJIEHOUN.

Ornpenenite BpeMs ¢ OBIKEHUs 3JIEKTPOHA BHYTPH COJICHOH[A.

g By

Puc. 107 Puc. 108

3.53. [To nByM mnapajensHbIM METAJUIMYECKHM HAMpPaBJISO-
MM, HAKJIOHEHHBIM IIOf YIJIOM O K TOPU30HTY H PACHOJIOXEHHBIM
Ha pacCTOSHHH b Ipyr oT Ipyra, MOXeT CKOJIb3UTh €3 TpeHHs Me-
TaJulAiecKas TepeMblika Maccoif m. Hampapisroime 3aMKHYTHI
CHH3y Ha He3apsKEHHBIH KOHAEHCATOp eMKOCTbio C, H BCA KOH-
CTPYKUHS HAXOJHMTCA B MAarHHTHOM IOJle, HHAYKLHS KOTOPOTO
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B HampaBiieHa BEpTHKAJIbHO. B HayayibHBIH MOMEHT IIEPEMBIYKY
YIOEPXKHUBAIOT HA paccTOSHUM | OT ocHOBaHHs «ropkm» (puc. 108).

Ormnpenenure BpeMs t, 32 KOTOpPOE NEPEeMbIYKA JOCTHTHET OCHO-
BaHMUS «TOPKH» IIOCJE TOTO, Kak ee OTIyCTAT. Kakyro cKOpocTk Uy
oHa Oynmer umerh y ocHoBaHUsA? CONPOTUBIEHUEM HANPABJISIOIIHX
U NEepeMBIYKH IpeHeOpedb.

3.54*. KBappatHas HenedpopMupyeMas CBEpXIPOBOASIIAS paM-
Ka Maccoit m co CTOPOHOH a pacIoyiokeHa TOPH3OHTAJILHO H HAXO-
JUTCS B HEOMHOPOIHOM MAarHUTHOM IT0JIe, HHAYKIUS KOTOPOTO Me-
HsIETCA B IPOCTPAHCTBE MO 3akoHy B, = —ax, B, =0, B, = az + By

z (puc. 109). MHOYKTUBHOCTB - paMKH
pasHa L. B HauanbHBIE MOMEHT BpeMe-
HY LIEHTP PaMKH COBNAJaeT C HayaaoMm
koopauHaT O, a CTOPOHBI Iapalicib-

& HBI ociM X M y. Tok B pamke B 7107

Z  MOMeHT paBeH HyJr0. Pamky oTnyckaro1.
Kak ona Oyner nBuratbCsi W 11€
OKaXeTCs CIyCTS BpeMs ! Iociie Hayd.1a

Y JBIXEHUS ?
Puc. 109 3.55. NnunHas nwIMHOpUYecKas K-
TyIIKa, HAMOTaHHAs Ha KapKac AHaMeET-
pom D,, umena HHAYKTUBHOCTH L;. Ilpu moaxiroueHH# KaTyIIKU
K HCTOYHHKY TOKa BHYTPH Hee CO3[0aBajloCh MarHHTHOE MOJIE ¢
uHaykuvei B;. IToTom katyniky peumnn nepenenats. Ee pazmoranu
U TOT X€ NPOBOJA HaMOTadH Ha Kapkac nuamerpoM D,. MHmyk-

TUBHOCTb KaTyHIKH CTana L,.

Omnpenennre MHAYKUMIO B, MarHUTHOTO NOJS BHYTPH HOBOW
KaTyLIKH NPU NOJKJIIOYEHUM €€ K TOMY K€ UCTOYHHKY Toka. Cyu-
TaTh, YTO [JIMHA NpPOBOJA HAMHOrOo Oosble [JIMHBI KaTylIek.

3.56*. [lBe [IMHHBIE UATHHAPUYECKHE KATYIIKH C PABHOMEPHOM
HAMOTKOM OJWHAKOBOH JUIMHBI M IIOYTH OJMHAKOBOTO paxuyca
HUMEIOT HHAYKTHBHOCTU L; u L,. YIx BcTtaBuwiu Opyr B apyra (cooc-
HO) M NPHCOENMHHIIM K LeNH TaK, Kak Noka3aHo Ha puc. 110. Ha-
[paBJIeHUE TOKA B LENH U B BUTKAX KATYyLIEK ITOKA3aHO CTPEJIKaMH.

Hajinute uMHAYKTHBHOCTH L Taxo# COCTaBHOW KATYLIKH.

3.57. Jlebenxa npuBOAMTCS B [ABMXEHHE IJIEKTPOABHraTe/leM
C HE3aBUCMMBIM BO36Y>KI€HHEM, IUTAIOIIUMCS OT OaTapeu ¢ 3. 1. C.
¢ =300 B. Fe3 rpy3a koHeum Tpoca ¢ KPIOKOM IOJHHUMAETCS CO
CKOPOCTBIO v; =4 M/C, ¢ Ipy30M Maccoit m ="10 Kr Co CKOPOCTBIO
v, =1 Mm/c. :

Onpenenure, ¢ Kako ckopocTbio v OymeT ABHraThcs Ipy3
U KakoBa HOJDKHA OBITH ero macca m', 4yToObl Jjiebenka passuBaja
MakCUMAaJIbHYIO MOILHOCTh. Maccolf Tpoca ¢ KprokoM npeHeOpeus.

3.58. Cxema c uieabHBIM JIUOAOM BKJIIOUEHA B CETh NEPEMEH-
HOro Tokxa (puc. 111).
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Omnpeznenure, B KaKuX Opeaesiax H3MEHSETCS HaIpsDKEHHE Me-
xnay Toukamu A u K.

3.59. KonneHcaTop HEM3BECTHON €MKOCTH, KaTylIKa WHAYKTHB-
HOCTBIO L U pe3ucTop conmpoTuBieHHEM R HOIKIIOYEHBI K MCTOY-
HHUKY TEpeMEHHOro Hanpsokenus § = & cos ot (puc. 112). Cuna To-
ka B uenu pasna I =(&y/R)coswt.

Omnpenenute avniauryny Hanpspkeaus U, Mexny obkiaaxaMu
KOHZIeHCaTopa.

° K
/ / A
~72T7 Y4 ==
Puc. 110 Puc. 111

P
T o

—
.

£ L
-0 N0 \AAAS
Puc. 112 Puc. 113

3.60. ITox neiictBueM mocTosHHOro Hamnpspkenus U KoHueHca-
Top emkocthio C = 107! @, Bxomswmmil B cxeMy, yka3aHHyIO Ha
puc. 113, 3sapsxaercs n0 3sapsma g, = 107° Kn. ManykTuBHOCTB
kaTymku pasia L= 1075 T'n, conpotusieane ——
pesuctopa R = 100 Om. c

Onpenenute aMILUIMTYy YCTaHOBMBIIMXCS
Konebanuil 3apsna qo KOHAEHCATOpa INpU | (Z A
Pe30HaHCe, €CJIM aMIUIMTYAa BHEUIHErO CHHY-
coupanbHOro HampspkeHus pasHa Uy = U.

3.61. Batapes u3 OBYX HOCHENOBAaTEebHO -1—

COEAMHEHHBIX KOHAEHCATOPOB €MKOCThio C Puc. 114
KaxIplil 3apsbkeHa 1o Hampsokenus U m

B HayaJIbHbII MOMEHT BPEMEHM MOAKIIFOYEHA K KaTyIKe WHIYKTHB-
HocThio L, Tak 4to oOOpasoBaincs KoyieOaTeNbHBIA KOHTYD
(puc. 114). Cnycrs uHTEpBa] BpeMEHH T OAMH M3 KOHIEHCATOPOB
npobuBaeTCA M COMPOTHBIICHHE MEXAY €ro oOKiIaJkaMu CTaHOBHUT-
Cs PaBHBIM HYJIIO.

Haiingute ammurtyny konebaHuil 3apsma g, Ha HenmpoOMTOM
KOH/IEHCATOpeE.

3.62. Kax MoxHO H30exaTb aBapuM, CBAI3aHHOHW C meperopa-
HHEM OOMOTKH CBEPXNPOBOISILETO CoJieHOHIa?

=
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4.1. ToueuHblif HCTOYHHK S HAXOOWTCS HA OCH IMOJIOTO KOHyca
C 3epKaJIbHOH BHYTpeHHEH moBepxHOCThIO (puc. 115). C momorbio
cobuparonief JTUH3BI HA 3KpaHe O MOJIyYaroT U300PaKEHHE MCTOU-
HHKa, CO3JaBaEeMOE JI[yiaMH, OJHOKPATHO OTPAXEHHHIMH OT 3€p-
KaJIbHOM TNOBEPXHOCTH KOHyCa (NMpsAMBIE JIyYd OT HCTOYHHKA Ha
JIMH3Y HE MONAaNaloT).

Puc. 115 Puc. 116 Puc. 117

Uro mpousoiiner ¢ u3obpaxeHHeM, €CIM JIMH3Y 3aKpBITh AHa-
¢parmamu, Takumy, Kak Ha puc. 116 u 1177

4.2. Ha nocraTtoyHo ynajieHHbIE IPEIMETHI CMOTPST 4epe3 co-
6uparomyro JHH3Yy ¢ (OKycHBIM paccTtostHMeM F =9 cM, pacmoia-
ras rjla3 Ha PacCTOSHUU a = 36 CM OT JIMH3BL

OueHure MHHEMAJIBHBIH pa3Mep JKpaHa, KOTODBIH HY)XHO pac-
MOJIOKHTB 3a JIMH30H Tak, 4TOObI OH IepeKpbLI BCe Mosie u300pa-
xeHus. I'me cnenyer pacnosioxuts 3kpaH? CyHTaTh, YTO 3pavoK
rjasa paBeH r & 1,5 MM.

4.3*. Iunuuapuueckuii mpo3pauHbiii cocyl BbIcOTHl | (I < R,
R — pagmyc cocyna) 3amosiHeH HAEAJIbHBIM ra3oM C MOJISIPHOM
maccoii p, remrepatypoit T nmox AaBJCHHEM p. 3aBUCUMOCTh MOKa-
3aTesisl MPEJOMIIEHUS N Ta3a OT €ro IUIOTHOCTH P YIOBJIETBOPSET
cooTHomIeHHIo n =1 + ap. Cocyn npuBeaH BO BpAIllEHHE C YIIIOBOM
CKOPOCTBIO ® BOKPYT OCH. Bosib ocm Ha cocyn mamaer y3Kui ma-
paJUIC/IbHBIA CBETOBOH IMy4OK pajmyca ry.

Onpenenute paguyc R NmsATHA HAa 3KpaHe, PAaCIOJIOXEHHOM Iep-
NEHAMKYJISIPHO OCH COCyna 3a HUM Ha pacctosiHud L. Cuurats, 4TO
M3MEHEHHE NaBJICHUS Ta3a B KaXIOH TOUKe COCyna BCIESACTBUE Bpa-
LIEHHA MaJio 1O CPaBHEHHIO C p,. BiausHueM TOpLOB cocyna Ha X0
CBETOBBIX JIyded MpeHeOpedb.

4.4. Ilog3opuas TpyGa, uMmeromiast yriosoe ysenuwdenue k = 20,
COCTOMT M3 [BYX coOMparonmx TOHKHX JIMH3 — oObekTHBa ¢ (ho-
KyCHbIM paccTosiHueM F = 0,5 M U OKyJipa, KOTOPHIH MOXHO MO[-
CTpauBaTh 1O TJyasy B npepenax oTr D_ = —7 mo D, = + 10 goTp
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(mpu TOACTpO#KE OKYyJIAp NEpPEMEIIAaeTCs OTHOCHTEIBHO OOBbeK-
THBA).

Hauunas ¢ Kakoro MHHHMAJIbHOTO PAcCTOSHUS d OT OOBEKTHUBA
MOXHO pacCMaTpuUBaTh YIAJICHHbIE NPEIMETHl HEHANPSDKEHHBIM
HOPMAJILHBIM TIJIa30M IIPH NOMOLIH 3TO# TpYyOHI?

4.5. MoXHO JTH C MOMOWIBbIO PaCCEMBAIOLICH JIMH3BI YBEIHYHTD
OCBEILIIEHHOCTh HEKOTOPBIX YYacTKOB HMOBEPXHOCTH 3KpaHa?

4.6. TouHO HaI KapaHAAlIOM, PacHOJIOKEHHBIM BEPTHUKAJIBLHO
HaJ BOIOH, HAXOAMTCA TOYEYHBIH MCTOYHMK cBeTa. Ha mne cocyna
c BOJOW BHIOHA TeHb KapaHjamia. Ecnu xapaHmamr omyckaroT B BO-
1y, TO, KOTAa OH BXOIWT B Hee, pa3Mep TEMHOrO IATHA YBEJIMYH-
Baercs. Ecnu 3aTeM Kapangani BeITACKABAIOT U3 BOIBI, TO HA MeCTe
TEMHOr'0 MOSIBJIAETCS CBETJIOE HATHO.

O6BACHATE ONHCAHHBIE SBJICHHS.

4.7. Ecni cMOTpeTh Ha OCBEILEHHYIO NOBEPXHOCTH Yepe3 LIMpO-
KOE OTBEPCTHE KOPITyca IIAPHKOBOH PYYKH, TO BOKPYI Y3KOro OT-
BEpPCTUS B KOPIyCe BUIHO HECKOJIb-
KO KOHLIEHTPHYECKHX TEMHBIX U CBET-
JIBIX KOJIell.

_ OG6bsacauTe, mnoueMy Habmo-
S -Q,I JaloTCs 3TH KOJIbIA.

4.8. ToueuyHblil HCTOYHHK CBETA S

l HaXOOMTCA Ha paccTosHuu | = 1 M ot

9kpaHa. B skpaHe HampoTHB MCTOY-

HHKa CIeJIaHO OTBEPCTHE AHMAMETPOM

Puc. 118 d =1 cM, B KOTOpOE NMPOXOIOUT CBET.

Mexay HCTOYHHKOM M 3KpaHOM

NMOMEIIEH Npo3pauHbld mumMHApP (puc. 118), mokasarens mpenaoMm-

JIeHHs1 KOTOpOro paBeH n = 1,5, muuua | = 1 M, a AuaMeTp TOT Xe,

49TO U Y OTBEpPCTHSL.

Kak u3smeHntcs cBeroBoil moTtok 4epe3 orBepctue? Ilorsome-
HHEM CBETa B BEIIECTBE mpeHeOpeub.

4.9. O6BEKTHB ¥ OKYJISIP ONTHYECKOH TPYOBI MPENCTABIIAIOT CO-
60/t OBOSKOBBIIYKJIBIE CHMMETPHYHBIE JIMH3bI, M3TOTOBJICHHBIE M3
CTeKJia C MOoKa3aTesieM npejoMileHns n., = 1,5. Tpyba nacTpoena Ha
6ECKOHEYHOCTD, NPH 3TOM pACCTOSIHHE MEXIY OOBEKTHBOM H OKY-
JapoM paBHO Ly =16 cm.

Omnpenenurte paccrosinge L, HA KOTOPOM [OJDKHBI HaXOTUThCS
OOBEKTUB U OKyJAp TPyObI, HACTPOCHHO# Ha GECKOHEYHOCTb, €CIIH
MEeXOy OKyJsIpOM M OOBeKTHBOM Oyner HanuTa Boaa (n, = 1,3).

4.10. Ha noBepXHOCTH CTEKJIIHHOIO ILIapa HaxXoOATCS HaykK
1 Myxa. ['1e Ha MoBepXHOCTH IIapa NOJDKHA HaXOOWTbCS MyXa,
49T106BI Mayk cMor ee yBuaerb? CuHMTaTh, 4YTO pafMyC LIapa MHOIO
6oJipile pasMepoB nayka u Myxu. IToka3atenb NpesoMIICHHS IS
CTeKJia paBeH n. = 1,43.
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4.11. ToueuHblii UCTOYHHUK CBeTa S PacHoOJIOXKEH BHE LUIMHOpaA
Ha ero ocd BOJIM3M TOpLA (OCHOBAHHS).

Haiinute MUHUMAJIBHBIN NOKa3aTesb MPEJIOMJICHHS n MaTepHa-
Jia WITHHIpA, TPH KOTOPOM HU ONUH JIy4, BOLUEMIIMH 4epe3 OCHO-
BaHWe, He BBIANET 4Yepe3 OOKOBYIO MOBEPXHOCTh HApPYXY.

4.12. B xoHIpB! TpYOBI, BHYTpeHHSsT OOKOBas MOBEPXHOCTH KOTO-
poli 3avepHeHa, BCTaBJIEHbl ABe coOMparomiue JHH3BL JlMaMeTpbl
JINH3 paBHBI nuaMeTpy TpyOsl. DOKyCcHOE pacCTOSIHHE OJHON JIUH3BI
B 1Ba pasa Oousblie GOKYCHOro paccTosiHHS Apyroi. JIuH3B Haxo-
A8TCA Ha TAaKOM PAacCTOSIHHM IpPYr OT Jpyra, 4To napaujieibHble
JIyYH CBeTa, NaJaolliie BAOJIb OCH TPpyOBl HA OQHY JIHH3Y, BHIXOISAT
U3 BTOPOH JIMH3BI TaKXKe NapajulesibHbIM IydkoM. Korma mmpoxwuit
fly40K CBeTa NajaeT Ha JHH3Y C GOibHM (OKYCHBIM paccTos-
HUEM, TO Ha JKpaHe IOJIy4aeTCs CBETJIOE MATHO C OCBELIEHHOCTHIO
E,. Tenepsr nepesepHeM TpyOy Tak, 4TOOBI CBET NMagaj Ha JIHH3Y
¢ MeHbIHM (pokycHBIM paccTosiHueM. Ha skpane mosiyyaercs CBeT-
JIoe MATHO C OCBEIleHHOCThIO E,.

Ormnpenenure, BO CKOJIbKO pa3 H3MEHHUTCS OCBEIIEHHOCTb Ha
9KpaHe.

4.13. Haunnaroumit dotorpad, 3HaTOK reoMeTpudecKkoi OnTH-
ki, QortorpadupoBan ¢ HekOTOpoO# BBIOEpXKO#H ¢acan 3maHus
¢ pacctosiuus 100 m. Ilonmoiins x 3maHuio Ha paccrosiHue 50 M,
4TOOBI OJIy4UTh CHUMOK B OoJbilieM Maciitabe, OH' pEIUW, 3Has,
4TO MJIOIIAAL M300pakeHUsl YBEJHYUTCH B 4eThIpe pa3a, COOTBET-
CTBEHHO YBEJIMYHTh B YeThIpe pa3a M BblIepXkKy. [loma, nposiBuB
IUIEHKY, OH OOHapyXHJ, YTO NEPBbIH CHUMOK IOJIyYHJICS XOPOLIO,
IUJIS BTOPOr'O € BbIIEpXKa OKa3ajlaCh HeNpaBIJILHOI.

Ornpenenure, BO CKOJIBKO pa3 HYHO ObLIO Ha CAMOM jeje u3-
MEHUTb BBIAEPXKY H IIOYEMY.

4.14*. Ha onsom Oepery 3amuBa, KOTOpBId 00pa3syeT KiuMH
C YIJIOM O, )KHBET prIOaK; ero NoM HaxoauTcs B Touke A (puc. 119).
Paccrosane oT TOoukM A no Ommkaiiueidt Kk Hel TOYKM 3ajuBa
C paBHO h, a pacCTosiHHe [0 KOHIa 3aJIUBa, T. €. 40 To4ku D, paB-
Ho I. Ha apyrom Gepery 3aimBa B Touke B HaXOAMTCS AOM MpPHATE-
nsa poibaka. Touka B pacnosiokeHa CHMMETPUYHO (OTHOCHUTEJBHO
3anmuBa) Touke A. B pacmopspkeHnu ppibaka HMeeTCs JOOKA.

Omnpenenutre MHHMMAaJIbHOE BpeMs f, HeobOxoaumoe pruIOaKy,
4TOOBI OH U3 CBOErO JIoMa CMOT H06paThCs M0 10Ma MPHSTENS MPU
YCJIOBHM, YTO PbIOak MOXET ABHUraThCsA IO CYIIE CO CKOPOCTBIO v
4 IUIBITH 11O 3aJIMBY B JIOJKE CO CKOPOCTBIO, B JIBA pa3a MeHbLIeH
n=2).

4.15. V300paxeHne TOYEYHOTO MCTOYHMKA S’, Haxonsuieecs OT
HNpO3paYvHOro IIapa Ha pacCTOsHUHU b, co3gaHo Grnarogaps HeGOb-
moi auadparmMe TOJIBKO JyyaMd, OJM3KUMH K ONTHYECKOH OCH
(puc. 120).
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I'ne 6yner usobpaxeHue, eCcid pacIWIMThL HIap IIONOJAM Iep-
MEHIUKYJISPHO TOPU3OHTAIBHOM OCH M IUIOCKYIO HMOBEPXHOCTH Je-
BOW IOJIOBHHBI IOCEpPEeOPHUTH?

D

Puc. 119 Puc. 120

4.16.' B nuuine cyaHa cheiaH CTEKISHHBIA HIUTFOMHHATOp IJIst
HaOJIIO/IEHNs 32 MOPCKMMH XHUBOTHBEIMHU. JluaMeTp MIIIFOMHHAaTOpa
D =40 cMm MHOro 6onblle TOJUIMHBL CTEKIA.

Ompenenute mwiomanb S o63opa AHA M3 TAKOrO MIJIOMHHATO-
pa. IToka3atenb IpeJIOMJICHHS BOJBI PaBeH n, = 1,4, paccTosiHME 10O
mHa h=15 M.

4.17*. IlpenmonoxuM, YTO Baml COGECENHMK, C KOTOPBLIM BBI
pasroBapHBaeTe, CHAS HANpOTHB HETO 3a CTOJIOM, HOCHT OYKH.

CMOXeTe JIM Bbl ONPENETUTh, KAKUM 1e(DEKTOM 3PEHHs — Aallb-
HO30pPKOCTBIO WM GJM30pyKocThIO — OH obnanmaer? EcrecTBenHO,
KaK BOCIIUTAHHBINA Y€JIOBEK, BBl IIPH 3TOM HE CTaHETE IIPOCHTH cobe-
CeIHMKA JaTh BaM IIPUMEPHUTH €ro OYKH U Boobuie He GyneTe 3aBo-
IUTh O HHUX Pa3roBOD.

" 4.18. Yenosex unmer o mpsAMOii, obpasylomen yroia o c Iuio-
CKOCTBIO 3€pKajla, CO CKOPOCTBIO U.

Ormpepenute, C KaKO# CKOPOCTBIO Uoyy OH IIPHOIIIKAETCS K CBOE-
My u3obpaxeHuto. CIMTaTh IPEAMET U €r0 H300pakeHHE CHMMe-
TPUYHBIMH OTHOCHTEJLHO IUIOCKOCTH 3€pKaja.

4.19. Ha cdepuueckoe 3epkaiio paguyca R =5 cMm magaror ma-
paJUIeNIHO €ro ONTUYECKOH OCH /Ba JIy4a — ONMH IPOXOIHUT OT OCH
Ha paccrosHud h; =0,5 cM, npyroii Ha paccrosHMH h, =3 cMm.

Onpenenure paccTosiuue Ax MexIy TOYKaMH, B KOTODBHIX 3TH
JIyYH IEpeceKaroT ONTHYECKYI0 OCh IOCJIE OTPaXEHHs OT 3epKaja.

4.20. BHyTpeHHSS IOBEPXHOCTh KOHYCa, IOKpHITas OTpaxaro-
MM CJIoeM, oOpa3yeT KOHHMYeCKoe 3epkano. Bmons ocu koHyca
BHYTPH HEro HAaTSHyTa TOHKAsl CBETSMIASCS HUTb.

Onpenenute MUHAMAaJIBHBIA Yrojl o pacTBopa KOHyca, IpH KO-
TOPOM JIy4YH, HAYIIME OT HUTH, OyIyT OTpaxaThCsl OT NMOBEPXHOCTH
KoHyca He Oosee OmHOro pasa.
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PEMIEHUSA
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1.1. IIpeamonoXxuM CHavana, 4TO TpeHHe OTCyTcTByeT. Torma Bcnen-
CTBHME 3aKOHA COXPaHEHHs HEPTHM CKOPOCTh TENa v MOCIE CIycKa Mo Ha-
KJIOHHOHM IJIOCKOCTH C BBICOTHI h paBHa CKOPOCTH, KOTOPYIO HYXHO COO00-
MIUTL TeNy, YTOOBl OHO MOHSIOCH Ha Ty XK€ BHICOTY h. Ilockoseky mpu
HOABEME M CIyCKe YCKOPEHHE 110 MOILYIIO OJHHAKOBOE, BPEMs noabema Oy-
[IeT PaBHO BPEMEHH CIIyCKa.

Tlpu yd4eTe CHIBI TPEHHS CKOJBKEHHSA CKOPOCTh vy TENa MOCIe CIycka
B KOHIIE NyTH MEHbIlle CKOPOCTH v (M3-3a paboThl CHABl TPEHHS), a CKO-
POCTB ,, KOTOPYIO HYXHO COOGLIMTB Tely AMIs Hoabema, 6oJbIue v Mo TOH
xe npu4uHe. ITI0CKOJbKY CIYCK M MOXBLEM IPOHCXOISAT C NOCTOSHHBEIMHU (XO-
TS M pa3HbIMH) YCKODEHHSMH, a NpPOMIEHHBIC NyTH OAHHAKOBBI, TO BPEMs
Crycka t, ¥ BpeMs NoIbeMa f, HaineM M3 ypaBHEHHH

s=v,t/2, 5= 0,t,/2,

rae s — IVIHHAa NPOXOOMMOIO BIOJb HAaKJIOHHOM INTOCKOCTH myTH. Tak kak
BBITIOJTHAETCS HEPABEHCTBO vy < U,, TO JIETKO MNOJYYMM, YTO ¢, >t,. Takum
06pa3oM, NpH HAJIMYHK CHJIBI TPCHHS CKOJIbXKEHMS BPEMS CIIyCKa C BBICOTBHI
h Gonpllle BpeMEHM MOABEMA HA Ty XKE BBICOTY.

Ipu permenun 3ama¥d He NpUHUMAJach BO BHMMAaHHE CHJIA CONPOTHB-
JIeHus Bo3ayxa. TeM He MeHee JIETKo NoKa3aTh, YTO €CIHM Hapsdy C CHJIOH
TSOKECTM M CHJION HOpMaJIbHOM DEakKIMH HAKIOHHOH IUIOCKOCTH MMEETCs
CHjla CONPOTHBIICHMS BO3JyXa, TO HE3aBHCHMO OT KOHKPETHOTO BHIa IO-
cnemHed BpeMs crycka Bcerna Oymet Oosbiue BpeMeHHM moabeMa. HelicTBu-
TeJILHO, €CJIM TEeNIO B Ipoliecce OABEMA 0Ka3aJoCh Ha MPOMEXYTOYHOH BbI-
cote K, To, 4TOOBI OHO CMOIJIO MOJHATBCA Ha BHICOTY H, €0 CKOpocTh v’ Ha
BBICOTE h’ MIpH HaJIAYMH CHJIBI CONPOTHBIIEHUs NOJDKHA ObITh GONbIIE, YeM
IpH ABIKEHMH 0€3 CONMPOTUBJICHHUS — 4aCTh KHHETMYECKOH JHEpPruH IpH
NocNeAyIoIEeM NoabeMe nepeiieT B TemnoTy. Ilpu cnycke ¢ BhICOTHI h Te-
10, OKa3aBIIMCh HAa BBICOTE K, U3-3a pabGOTHI CHIBI CONPOTUBIEHHs OyneTr
HMETh CKOPOCTH »”, KOTOpPast MEHbIIE CKOPOCTH TeJja, CIYCKAIOIEToCs B OT-
CYTCTBHE CHJIBI cOnpoTHBJICHNS. TakuMm oOpa3oM, mpoxons OAHY M Ty XKe
TOUKY HAKJIOHHOM MJIOCKOCTH, Ha MOXbEME TEJIO HMEET CKOPOCTh GOMBIIYIO,
yeM Ha cmycke. Ilo3tomy HeGOJbIIOH y4acTOK HAaKJIOHHOH NJIOCKOCTH
B6M3M TOukH h' TeNo Ha MomgbeMe MpoiineT OhICTpee, YeM Ha ciycke. Pas-
6uBasi Bech NMyTh Tela Ha HeOOJIbIIME Y4acCTKH, BHAMM, 4TO Ha MOAbEME
KaXIbld Tako# y4acTOK OyneT MpoHAEeH TeJoM ObICTpee, 4eM Ha CIYCKe.
CnenmoBaTenbHO, M oOllee BpeMs NoabeMa OYHET MEHbBIIE BpPEMEHH
chycka.

1.2. MockonbKy MNocie Hayajga TOPMOXEHHSA JIOKOMOTHB MIBHKETCS
paBHO3aMeEIEHHO, TO OH OCTaHOBHTCS uepe3 BpeMs ¢ = v/a = 50 c, 3a ko-
TOpoe OH mpo#neT nyTh s = v2/(2a) =375 m. Takum oGpasom, uepe3 1 mu-
HYTy nocJjie Hayajla TOPMOXEHHs JIOKOMOTHB OYymeT HaXOOMThCS Ha pac-
crosumu | =L—s=25 M oT cBetodopa.

1.3. B MOMEHT BBIKJIFOUEHHS IMJIOTOM JBHTaTeNs BEPTOJICT HaXOOUJCs
Ha BbicoTe h = at}/2. VuuThIBasi, 4TO 3BYK Ha 3eMJIE IepecTaln ObiTh CIIbI-
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IIE€H CHYCTS BpeMs t,, MOJYYAM YpaBHEHHE

t + aty
=1 _
T e

rIie COpaBa Mbl yWIM BpeMs MOObEMA BEPTOJIETa HA BBICOTY h M BpeMs, KO-
TOpOe Liell 3BYK C BBICOTHI h 10 3eMiH. Pemas moryueHHOe KBa[paTHOE
ypaBHeHHe, HalileM BeJHYHHY

c c c
t,= — ) +2—t; ——.
a a a

Mbl OTOPOCHIIM BTOPO} KOpEHb ypaBHEHHMA, IIOCKOJIBKY OH He HMeeT Qu3H-
YECKOro CMBbICTIA.

CKkOpoCTh BEpTOJiETa U B MOMEHT IpeKpalleHHs paboTel IBHraTess
C YYETOM YHCJIOBBIX [JAaHHBIX 3a[ayd HaiJIeM H3 COOTHOLIEHHS

v=at,=a[ il +2—c—tz—ij|=]/c’+2act1—c=80 m/c.
l’(a) a a

1.4. Cnycrs Bpems ¢, MaTepHaJibHasA TOYKA, IBArascCh C YCKODEHHEM a,
npoiimer myTh s = at}/2 u GydeT UMeTb CKOPOCTh v = at;. Beibepem xoop-
JMHATHYIO OCb X, KaKk MOoKa3aHo Ha puc. 121. 3meck O — TOUKa, U3 KOTOPOH

s=at?/2
= L = v=at
V4 A x
Puc. 121

HayajaoCh ABMXEHHE, A — Ta TOYKA, II€ TEJIO OKA3ajoCh CHYCTH BpeMs t,.
VYuuTbiBas CMeHy 3HaKa YCKOpDeHHMs H NpHMeHAs dopmyny Ijs nyTtd npu
PaBHONEPEMEHHOM [BHKCHHH, HalileM BpeM4 t,, 32 KOTOPOE TEJIO Nepeme-
CTHTCA M3 TOYKH A CHOBa B TO4Ky O:

0=at?/2 + at,t, — at?/2;

orciona t, =t (1+}/2).
Bpems ¢, npolueniee OT Hauyaja MBHXEHHS OO BO3BPATA B MCXOMHOE
NOJIOXKEHHe, HalineM no (opmyie

t=t1+t2=t,(2+|/§).

1.5. Bynem paccMaTpuBaThb OTHOCHTEJBHOE ABHXKEHHE TEJI C TOYKH
3peHus 1-ro tena. Toraa B HavaJbHBIA MOMEHT BPEMEHH 1-€ T€JIO MOKOMT-
cs (OHO OyneT HaXOOUTHCH B MOKOE H B INOCJIENYIOLIME MOMEHTHI BPEMEHH),
a 2-e IBHKETCS €My HaBCTPEYy CO CKOPOCTBIO v, + v,. Ero yckopenue mo-
CTOSHHO, PaBHO IO MOIYNIO @, + a, W HampaBJeHO NPOTHB HaNpaBJCHUS
€r0 HayaJIbHOM CKOPOCTH. YCJIOBHE BCTPEYH O3HAYaeT, YTO PAcCCTOAHHE, HA
KOTOPOM CKOPOCTh 2-r0 Teja OGpaTHTCA B HyJb, JOJDKHO OBITH Goublile,
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YE€M PpaACCTOSAHHUEC MEXAY TEJIaMH B HA4ajl€ ABHXCHHs, OTCHOAa MOJIydaeM

Imax = (v +0,)*/[2(a, +a))].

1.6. ITockosibKy OBHXEHHE IIAPUKOB HPOHCXOOUT IO BEPTUKAJIBHON
OpsSIMOi, HampaBUM KOOPAMHATHYIO OChb BEpTHKAJBbHO BBepX. IlocTponm
rpaduK 3aBHCHMOCTH NPOEKIHH CKOPOCTH WIAPHKOB OT BPEMEHH Ha 3Ty
och — puc. 122 ans 1-ro mapuxa (v, (¢)), puc. 123 gna 2-ro (v, (t)) (MoMeHTHI
Hayajla [BMXKEHHS [IOKa HUKAK HE CBA3aHBI MeXAy coboif). dtu rpaduku

Y, i
Yt-t-r-F-t-t-Kk-t-t-t-1t-1-
t
L R R . T S O R S B
Puc. 122
U2 tz

RN
NN

Puc. 123

OGyoyT mpencraBisATh GECKOHEUHbIH HAGOp ONMHAKOBO HAKJIOHEHHBIX (YCKO-
peHHE OJMHAKOBOE) Y4acTKOB HpsMBIX. ITo OCH BPEMEHH 3TH OTPE3KH OT-
CTosT ApYr OT Apyra: Ans 1-ro Wiapuka Ha BenmdHHY t, = 2|/2h,/g, nns
2-ro Ha BeNMuMHY t, =2]/2h,/g. Tak xak no ycnosuro 3agauu h, = 4h,, To
t, =2t,, T. e. [yIs 2-TO IapuKa Jpmxenue 6yIeT Bo30OHOBIATLECA BABOE Ya-
me. U3 cooTHOIIeHHs HaYaJbHBIX BBICOT CJIEAYET, YTO MAKCHMAJIbHO M0-
CTHXHMBIE IIapUKaMH CKOPOCTH Takxe OyayT OTIHYAThCS B Ba pa3a (CM.

puc. 122, 123):
Vimax = 2V2max = |/ 2h,g = v,.

s Toro 4TtoGbI CKOPOCTH IIAPHKOB COBMNAJH B KaKoH-HHOYIb Mo-
MEHT ¥ [0 MOAYJIIO, ¥ [I0 HANPABJIEHHIO, UMEETCS ABe Bo3MoxHocTH. JIubo
BIIEpBbIE CKOPOCTH LIAPHKOB COBHANM cuycTa T=nt; (tne n=0, 1, 2, ..)
OT Hayajla ABHXKEHHs B TEYEHHE HHTEpBANa BpEMEHH (;/4, a MOTOM
OHM COBIAJIA CIYCTS BpeMs 3t;/4 oT Hayaja ABHXEHHS M COBHNANAJM B Te-
ueHHe MHTepBaya t,/2. BrnociaencTsu# C NEPHOMHMYHOCTBIO !, COBIIAJEHHE
ckopocreil GymeT MpoJOJIKAThCS B TEYEHHE MHTEpBajia BpeMmeHH t,/2. Jpy-
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rasi BO3MOXHOCTb COCTOHT B TOM, 4TO 2-i IIapHK Havaj [JBHXEHHE CIyCTs
Bpemsa T=t,/2+nt, (rme n=0, 1, 2, ...). CnycTs MHTEpBaJ BpeMEHH t,/4
CKOpPOCTH IIApHKOB BIIEPBBIE COBNANAIOT, ¥ IOJIHOE COBMAJEHHE CKOpOCTei
IUIATCSA B TEUCHHE MHTEpBajla BpeMeHH t,/2. Jlanee xapTHHA NMOBTOPSETCS
C NEPHOTHYHOCTBIO ¢.

ITpu Apyrux MOMEHTax Hauaja OBHXXKEHHs 2-ro IIapHKa H3-3a KpaTHO-
CTH NEPHONOB HOBTOPSEMOCTH [IBIDKCHHI INapHKOB rpadMKH CKOpOCTEll He
6ynyT MMeTh OOGIIMX TOHYEK, €CIM MX COO1BETCTBYIOIIMM 00Opa3oM «HaJo-
JKHTBH», NO3TOMY 3ajaya He OyneT MMeThb pelleHHid.

1.7*. PaccMOTpHM ABHXEHHE ONHOTO IIapHKa, CBOOONHO NMaJalomIero
BOJIM3H OCH CHMMETPHH C BBICOTH' H, HaYMHasi C MOMEHTa €ro COyJapeHHs
C NOBEPXHOCTBIO. B MOMEHT ynapa mIapHk HMeeT HayaJbHYIO CKOPOCTh
vo =)/ 2gH (mockosibky ynap abCOJIIOTHO yNIpyruif), HanpaBJeHHE CKOPOCTH
Vo COCTABJIAET Yros 20 C BEPTHKAIBIO
(puc. 124). |

ITycTh cnmycTs BpeMs ¢ mocije coyna-
PEHHSI C NOBEPXHOCTBIO CMEILCHHE Ima-
pHKa IO TOpPH30HTAJM paBHO S, TOrnaa
vosin2a-t =s. Orcioma moJyiyyaeM f =
= 5/()/2gH sin 20), roe v sin 2o — ropu-
30HTaJIbHas COCTAaBJIAIOLIAas HavaJbHOH
CKOpOCTH HIapuKka (3a BpeMs ¢ LIApHK
6oJibllle HE ymapsieTCs O NOBEPXHOCTB).
BricoTa, Ha KOoTOpOi OymeT HaXOAUTHCA
IIAPHK CIYCTS BpeMs !, paBHa

Ah = ho + vo cos 20+ t — gt2/2, Puc. 124

Ile vy COS20 — BEPTHKAJIbHAS COCTAaBJIAIONIAas Ha4ajlbHOHW CKODOCTH IHa-
pHKa.

ITockonbKy Inapuk Hawa mafath C BRICOTH H BOJIH3H OCH CHMMETDHH
(yros oo MaJj1), MOXHO CYMTaTh, 4TO hy % 0, sin2a ~ 2a, cos2a =~ 1, s ~ Ra.
VyuThIBasi 3TH U NOJIyYE€HHBbIE BbIIIE COOTHOIUEHHS, HalEM YCJIOBHs HOMa-
[aHWs [IapuKa B HHU3IIYIO TOYKY CHEpHYECKON IMOBEPXHOCTH:

t =s/()/2gH sin 20) = R/(2]/ 2gH),
Ah ~ vyt — gt*/2 = R/2 — R*/(16H) = 0.

Orciona nonyyaeM, yto H = R/8.

1.8. Tak xak CTeHKa rjiagkas, TO yAap O CTEHKy HE M3MEHsEeT BEpTH-
KaJIbHYIO COCTABJIAIOLIYIO CKOPOCTH Iapuka. [JoaToMy nosHoe Bpems aBu-
XEHUs IIapuKa ¢, NpEeACTaBiiseT coboi MmoHOe BpeMs MoabeMa M CITycKa
Ha NEepBOHAYAJIBHYIO BBICOTY B IOJIE€ CHJIBI TSKECTH Teja, OpOIIEHHOTO
BBEPX CO CKOPOCTBIO Vgsina. CrenoBaTesNbHO, t; = 2v,5in a/g. JIBmkenue
IIapHKa [0 FOPH30HTAJM CKJIAABIBAETCS M3 ABYX Y4acCTKOB HMYTH: IO COy.na-
PEHHsI CO CTEHKOH OH [BHTAJICS CO CKOPOCTBIO Uy COSO; MOCIE COyNapeHHs
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LIapHK MpOJieTe] Ha3alk TaKOH e NyTh, HO C OpYro# ckopocTbio. UTobsl
PpaccYHTaTh CKOPOCTh OOpaTHOTO [BWXKCHHs IIAPHKA, 3aMETHM, 4TO CKO-
pocTb CcOMMKeHUs IIapHka M CTEHKH (1o Tropu3oHTanu) Obina paBHa
vocos a + v. [Tockonbky yaap abcosIOTHO ynpyruil, TO MOCi¢ yaapa HIapHK
6yneT ynajasThCss OT CTEHKH CO CKOPOCTBIO ¥, COSQ + ¥, MIO3TOMY OTHOCH-
TEIbHO 3¢MJIM OH Oyner MMETb TOPH3OHTAIbHYIO CKOPOCTb

(vocosa + v) + v =pycosa + 2r.

Ecnu 10 yaapa O CTEHKY HIApHMK JIeTell BpeMs f, TO, MpUpaBHHUBas MHyTH,
NpoMIeHHbE UM 10 M NOCNE COyNapeHHs, MOJYYHM YpaBHEHUE

voCO8 -t = (t; — t)(vy cOS &L + 20).

OTC}OIla, YYHTBIBasd, YTO HNOJHOC Bpemn ABHMOKEHUsI HIapuka paBHO tl =
= 2v, sin ot/g, NOITYIHM

t = v sina (v cos a + 2v)/[g (vo cos a + v)}.

1.9%. Ha puc. 125 npHpeneH BHI CBEPXy Ha TPACKTOPHIO IBIKCHMS
miapuxa. [1ockonbky coynapeHus wapuka CO CTEHKOH M JHOM KOJonia
yOopyrue, MoJyJdb TFOPHW3IOHTAJbHOR COCTaBASIOLICH CKOPOCTH HIapHKa
OCTaeTCs HEU3MEHHBIM M PABHBIM V.
PaccTosHus MO TOPHIOHTANM MEXY
TOYKaMH, B KOTODBIX TIPOHCXOAST
ABa IOCJIEAOBATEALHBIX COYHapeHHs,
PpaBHBI AA, = A1A; = A4y = ...
...=2rcosa. Bpems Mexny IAByms
NOCCAOBATENLHBIMI  COYJAPERUAMHU
_[IapHKAa CO CTEHKOH KOJOANA PaBHO
t; = 2rcos o/v.
Puc. 125 BepTHkaibHas  COCTaBJISIOIast
CKOPOCTH HIAPHKa IPU COYAAPESHUH CO
CTEHKO# HE M3MEHSETCH, & HPH COYNAPEHHH C THOM MCHSCT 3HAK Ha NPOTH-
BOMONOXHBIA. MONY/L BEPTUKANBHOH COCTARIAIOMEH CKOPOCTH NIpH NEp-
BOM yZape 0 AHO paBeH |/ 2gH, Bpems OBHXKEHHS OT BEpXa KOJOALA A0 JHA
paBHo t, =|/2H/g.

Puc. 126
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Ha puc. 126 npeacrapicHa IIOcKas BepTHKaJibHas pa3BepTKa MHOIO-
rpaHHMKa A,A,A;...; Y1aCTKH TPacKTOPHMH JIBMXEHHS LIapHKa BHYTPH KO-
QA HAa TaKoH pa3BepTke — napaboibl (uenbie napaGosbl — yYaCTKH
TPAekTOPHH MEXAYy IIOCHENOBAaTEIbHHMHU yaapamu o axo). [Hapux cmoxer
«BHIOPATBHCA» M3 KOJIOANA, €CJIM MOMEHT MAakCHMAaJbHOTO NOABbEMA IO Ha-
paboJie cOBMALAECT C MOMEHTOM COYJAAapeHHs CO CTEHKOH (T. €. B MOMEHT
MaKCHMAaJIbHOTO TMOXbEMa LIAPHK OKAXKETCA B TOYKE A, Kpas KOJOINA).
Ilpu 3TOM Bpemena t, M t, OyAyT CBA3aHBI COOTHOIUEHHEM

nt, = 2kt,,
rae n ¥ k — uensie B3aUMHO ﬂpO(fTble yucna. [oacrasnss 3HaueHHsd t, Aty

HaXxOAHM COOTHOLUEHHE MexXay v, H, r u @, IpH KOTOPOM IIAPHK MOXET
«BHIOPATHCE» U3 KOJOALA:

nrcosafv=k)/2H/g.
1.10. U3 Bcex BO3MOXHBIX TPacKTOpHi CHapsAna BbiOepeM Ty, KoTOpas

xacaercs ykpeITus. PaccMoTpum BmkeHHe CHapsiAa B CHCTEME KOOPIAHHAT,
OCH KOTOPO# HanpaBJIeHb! Tak, Kak Moka3aHo Ha pHc. 127. B atoii cucreme

«rOpM3OHTANBHAM» (BIOJb OCH AX) COCTaBNsoLias HadajbHOH CKOPOCTH
CHapAla PaBHA Vyy = UoCOS(Q — &), a «BEPTUKaNbHa®» (BHOJIb ocH Ay) co-
CTaBNAIOLIAA PABHA gy, = U, Sin (@ — @), TA€ ¢ — YroJ, KOTOphiil COCTaBNsAeT
C TOpM30HTOM HamNpaBJIcHHE HAYaJbHOH CKOPOCTH CHapsja.

Touka C, B KOTOpO#l TPAaCKTOpHs CHApsAfa KacaeTcsi YKpBITHs, omnpene-
JIfeT MakCHMAJIbHYIO BBICOTY h' MONHATHS CHapAda HaJ «TOPH30HTOMM,
paBHylo, kak BUOHO u3 puc. 127, Isina. B 3T0i# Touke cocraBndiouias moj-
HO# CKOpOCTH v CHapsma Ha oCb Ay paBHA HYJIO H

K =v5y/(29),

rae g’ = g cos oL — KyCKOpeH#He CBOOGOJHOro MafAeHus» B CHCTEME KOODAMHAT
xAy. Takum obGpa3zom,

v2sin? (¢ — o) = 2gl cos asin a.
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OTCIofia, B YaCTHOCTH, BBITEKAET, YTO €CJM MO YCIOBHIO 3aJadH
v3 < 2gl cos asin o = gl sin 2a,

TO HH OHA U3 TPAEKTODPHUii CHApsJa He KOCHETCS YKPHITHA U MaKCHMallb-
Has JAaJbHOCTDb nojeTa Ly, OyAeT y cHapsia, NyLUEHHOrO NOJ YIJIOM @ =
= /4 X TOPU3OHTY; NPU ITOM Ly, = v3/g.

Ecau nmo ycJIOBHIO 3a7avd BBINOJIHAETCS COOTHOLICHHE

v2 > glsin 2,

TO IJISl TOTO, YTOOBI TPAEKTOPHA Kacajlach YKPBITHSA, CHAPSI IOJDKEH ObITh

nylleH MO YrioM )
@ = Qyqc = o + arcsin |/ glsin 2a /v,.

Ecfu mpu 3TOM MO YCNOBHIO 3a[a4¥ BBINOJIHAETCS HEPABEHCTBO
v3/(v3 + 2gl) < sin 2a,

YTO B CBOIO OYepelb O3HAYAeT BBIMOJIHEHUE YCJIOBUA (Pyac => T/4 (mMOKAXHU-
Te!), TO yroj BblIETa CHApAJa C MAaKCHMaJbHOM NaIbHOCTBIO MOJIETa PaBEH
@ ="/4 u Ly, = v2/g. Ecnu Xe no ycnoBuio 3a1auu BbnojHseTcs o6pat-
HOE HEpaBEHCTBO

v3/ (v + 2gl) > sin 20,

4YTO B CBOIO oOYepenb O3HAYACT BBLINOJIHEHHE YCIIOBUA Qyac < T/4, TO

}/ glsin 2a

vo ’

}/ glsin 2o
Vo )

1.11. IlpeanosyioxuMm, 4TO rpaj NafacT BEPTHUKAJILHO CO CKOPOCTBIO 0.
B cucteMe oTcyera, CBA3aHHOH C aBTOMAILKHOM, yroa majeHus rpaja Ha
JI060BOE CTEKJIO PpaBeH YIJy OTpPaXeHHS.
CkopocTh rpaja INpH 3TOM JAO mOmaga-
HHS Ha CTeKJIO Gyner paBHa v — vy (puc. 128).
IMockonbky mociae OTpPaXeHHs TI'paguHbI
(c TOukM 3peHHs BOOUTENA) JETAT BEPTH-
KaJIbHO BBEPX, TO YrOJI OTPaXXEHHUA, a 3HAYHUT,
¥ yrona naneHus pasuel B; (B; — yrona ua-
KJIOHa JI060BOrO cTekJla aBToMaluubl). Cie-
oBaTeJbHO, o + 2B, = 7/2, npuyeM tgo =
=uv/v;. Otcriona tga=tg(n/2 —2B,)=
=ctg2B,, v/vy =ctg2B,. IMosromy mus
OTHOILICHUS CKOPOCTe#f NBYX aBTOMAILUHMH MOJYYHM YCIIOBHE

v1/v, = ctg2B,/ctg 2P, = 3.

1.12. IlepeiineM B cHCTEMy OTCYETa, OBHXKYIIYIOCS BMECTE C TOYKAMH
A u B. B 3101 cucteMe oTcueTa CKOpOoCTH Todek A U B OynyT paBHBI HYJIIO.

@ = Qyac = O + arcsin

v2 v2
=—"sin2¢p = —sin2 (a + arcsin
g [}

Puc. 128
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ITockonbky paccrosinust AC u BC nocrosiHlbl, Touka C, C OQHOU CTOPOHHI,
MOXET ABHraThbCi IO OKPYXHOCTH pamuyca AC C IEHTPOM B Touke A,
C OpYroél CTOPOHBL,— IO OKPYXHOCTH pamuyca BC c ueHTpoMm B Touke B.
ITosTtoMy HanpasieHue ckOpocTH To4kH C HOJDKHO OBITH NMEpHEeHIUKYIsp-
Ho kak npsMoi AC, tak u npsamoit BC. ITockonbky Touku 4, B u C He ne-
XaT Ha ONHOM NpSMOM, TO HanpapyieHHe ckopocTH Touku C 6bUIO 6BI IEp-
NEHAHMKYJISPHO ABYM nepecekaromumcs npsaMbiM AC u BC, 4TO HEBO3MOX-
Ho. CnenoBaTenbHO, CKOPOCTh TOukH C B [IBHXKYILUEHCS CHCTEME paBHa
HYJIIO, 2 B HCXOQHOM cHcTeMe (CBA3aHHOM C 3eMJieii) ckopocTh ToukH C pas-
Ha CKOpOCTH Touyek A u B.

Ecnu 6b1 Touka C nexana Ha npsiMoit AB ¥ ee CKOpOCTh (B CHCTeMe
oTCcYeTa, CBA3aHHOM C JucTOM (aHeps!) He Obula GBI paBHA HYJIO, TO CIIy-
cTs HeboJIbIIOA MHTEpBal BpeMeHu JH6o paccrosuue AC, nubo paccros-
HUe BC ROJKHO YBEJIHYUTHCS, YErO HE MOXET OBIThb.

CnenoBaTeNbHO, NPH DPAacCMAaTPUBAEMOM [BHXXEHHH JHMCTa (aHepsl
CKOPOCTH BCEX €ro TOYEK OJUHAKOBHI.

1.13. ITycts MammHa 3aexajla B HEGOJBIIOH IPOCBET MEXAY IBYMS
ApyruMu aBToMamiyHaMu. IIpu 3TOM OHa pacrnoJjiokeHa Mo OTHOIUEHHIO
K TPOTyapy Tak, kak Ioka3aHo Ha puc. 129. IToctaBuM Bonpoc: Kak Jierye
MaIllMHe Telephb BbIeXaTh — HNEPEAHUM WM 3aRHUM XonoM? Ilockosbky mo-
BOPAYHBAIOTCA TOJBKO MEPENHME KOJeca, TO IpH JIFoOOM MaHEeBPHUPOBAHUH
MAaIUHHBl HEHTP OKPYXHocTH O, MO KOTOpOH MaIllHHA BBIE3IXKACT (BIEpEnR
MM Ha3an), BCerja JeXHT Ha NMpSIMOH, NPOXOAAIIel Yepe3 LEHTPHl 3aTHUX
kosiec. TakuM 06pa3oMm, NpH BhIE3JE 3aJHUM XOLOM TPACKTODHS MAILWHbI
CKOpee «3afieHeT» 3aJHIOI0 MAaIUWHY, Ye€M IIPH BBIE3lc NEPENHHM XOIOM
(EHTP COOTBETCTBYIOWIEH OKDPYXHOCTH CIBHHYT Ha3aj IO OTHOLICHHIO
K cepenuHe MamuHbI). JIerko NHOHATH, YTO BBIE3[ MAIIMHBI — 3TO 06pa-
ImIEHHBIH BO BpeMeHH Bbe3l. IlosToMy 3ae3xaTh B HeGONBLIOW HPOCBET
caenyeT 3aJHHM XOIOM.

N A
/

°1

Puc. 129 Puc. 130

1.14*, PaccMOTpHM [BHXKEHHE CaMOJIETa, HAYMHASA C MOMEHTAa €ro
mepexona Ha Kpyrosyio Tpaektopuio (puc. 130). Ilo ycnoBuio 3anaum
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B BEpXHeHl TOYKe TPAaeKTOPHH B CKOpPOCTb camoJyieTa paBHa v, = Uy/2, NO-
JTOMy pafi¥yC 7 ONHCHLIBAEMOW CaMONETOM OKDYXHOCTH HafiieM H3
COOTHOUIEHHS

v3/4 = v} — 2a,-2r,

KOTOpOE TOJIy4aeTCs U3 3aKOHAa ABHXKEHHA camoneTa mpd h =2r. [lng Tou-
ku TpaexkTopuu C, rfie CKOPOCTb CAMOJIETA HAaNpaBJieHa BBEpX, obilee ycko-
penne OyAeT CKNAbIBATHCA M3 LEHTPOCTPEMHTENLHOTO YCKOPEHHS dy =
= v [r (vF = v3 — 2ayr, rae vc — CKOPOCTh caMorneTa B Touke ) H TaHTeH-
LMAJIbHOTO YCKOPEHUS d, (3T0 YCKOPEHHE OTBEYaeT 33 U3MCHEHME MOIyJs
CKOPOCTH).

Yto6bl HANTH TAHTEHUNANLHOE YCKOPEHME, PacCMOTPHM HeDONIbHIOE
nepemenienue camonera u3 Todku C B Touky C. Torma vd =v}—
— 2a,(r + Ah). TlosToMy vE — v} = —2a,Ah, rae Ah — U3MeHEHHE BBICOTHI
caMoJieTa NpH nepeMeuieHnH ero B Touky C'. Paznenum ofe 4acTu nonyyeH-
HOr0 COOTHOUICHHA HA TOT IPOMEXYTOK BpeMEHH Atf, 3a KOTOpBIH 3TO Nepe-
MeIlleHHe TPOHU30LI0:

(vk — v2)/At = —2a,Ah/At,

Toraa, ycrpemus touky C'— C u At -0, nomyyum
ZDCa, = - 2aovc.

Otciona a, = —a,. O61iee yCKOpeHHE CaMOJICTa B MOMEHT, KOTJia €ro CKo-
POCTb HAmpaBJjieHa BEPTHKAJIbHO BBEPX, IOJYYHM B BUNE

a=J)a;+E/r)? =a,)/109/3.

1.15. MycTs cxopocTh Kane b HAA YEHOBEKOM OTHOCHTEABHO Kapycesu
HANpPaBJICHA DOJ YTJAOM O K BEPTHKANH, DTOT yroj ONpeAc]fercs H3 Tpe-
YyroJbHHUKA CKOPOCTEH, H300paXeH-

=~Ogp HOro Ha puc. 13L
]
Do q,
Pac. 131 Puc. 132

Tax kak, COrNacHO 3aKOHY CIOKEHHS CKOPOCTEH, Oy = oy + Byap, THE
cap — CKOPOCTD KapyCENH B MECTE HAXOXKICHHA YEJNOBEKA, TO Uory = T —
— Diap- CRODOCTH Kapycerll PaBma Oy =@r. CrenosatensHo, ctgo=
= D/ (@r).
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HMr1ak, och 30HTa AOMKHA ObITh HAKJIOHEHA M[OA YIJIOM o=
= arcctg [vo/(wr)] K BepTHKAaIM B HAMPABJICHUM ABHXKEHUS KAPYCENH U fep-
NEHIUKY.IApHA Paauycy Kapycesu.

1.16*. ITycTh B HEKOTOPbIH MOMEHT BPEMEHH [OCKA KacaeTCsA KaTYLIKH
B Touke C. CkopocTh ToukH C CKJIaAbIBAETCA H3 CKOPOCTH Vo OCH KaTYIUKH
O ¥ paBHOH el N0 MoxyIIO (MPOCKaJIb3bIBAaHHA HET) ckopoctH Toukn C (oT-
HOCHTEJIbHO To4kH O), KacateabHol k okpyxHoctd B Touke C. Ecxu yrio-
Basg CKOPOCTb JOCKH B 3TOT MOMEHT BPEMEHH paBHa , TO JMHeHHas CKO-
POCTb TOH TOYKH JOCKHM, KOTOpas KacaeTcd KaTylkd, OyaeT paBHa
@Rtg ~!(/2) (puc. 132). MockoabKy JOCKAa BCE BPEMsS KACAETCS KATYIIKH,
CKOpOCTb TOYKH C OTHOCHTEJIbHO JOCKH OyNeT HampaBjieHa BAOJNbL JOCKH,
otkyna ®R tg ~! (/2) = vy sin . M3 OTCYTCTBHS MPOCKAIL3LIBAHUS KATYIIKH
[0 FOPH3OHTA/IbHOH MOBEPXHOCTH CJIEAYET, 4TO

vo/R =v/(R +1).
IToatoMy nJis YriioBOH CKOPOCTH () MOJIy4HM BHIPaXEHHE

L. 2vsin? (o/2)
o= sina-tg—= ——
R+r 2 " (R+r)cos(o/2)

1.17, Tlocne nepeMOTKH TONCTOI JIEHThI OHa GyleT 3aHMMaTb 4acThb
KaTylWIKH Wiomanasilo S, =n(rf —rf)=8nrl. Torna amuma HaMOTaHHOM
neuTh Oynet | = Si/d = 8n{rl/d), rae d — TONIMHA TOJNCTOH NEHTEL

IMocne nepeMOTKH TOHKOH JICHTH OHa OyIeT 3aHUMATh 4acTh KaTYLIKU
nomansio S, = n (1 — ri), rae ri — KOHEUHbIH pafMyC HAMOTKU BO BTOPOM
cayyae. Tax kak [UTMHBI JICHT OQMHAKOBbI, @ TOJIIHHA JIEHTHl BO BTOPOM
CHY¥a¢ BABOE MEHBIIEC, Y€M B MEPBOM, MOXHO HANMCATH

I=2n(r? - rdfd, r2—ri=4rd

CrenoBaTe/IbHO, KOHEUHBIH PafinyC ry HAMOTKH BO BTOPOM CiyYae paBeH

‘ ry= I/gr,_,.

Yuciro oboporop Ny m N, KaTymik, COEJaHHBIX IIPH NEPEMOTKE

po 1 2 P!

B NePBOM H BTOPOM CIY4afX, MOXHO 3allACaTh B BHIC
N 2ry, N (‘/g —ry
) S d > 2 d/2 k)
otkyna t, = (/5 — ),

118, ITycTs HavalgbHBIH paaHyC HAMOTKH ObLT 4r, TOrAa NIPH yMeEHb-
WIEHHM paaMyca BuBoe (X0 2r) miOWAAb HAMOTKM YMEHBLIATCH Ha
BEJTHUHHY

S =n(16r’ — 4r?) = 12nr?,
YTO PaBHO MPOM3BENCHHIO MJIMAbI CMOTARIICHCA [UICHKM | Ha €€ TOINMHHY
d. Tlpu npoCAyIIMBAHMH 3aIHCH CKOPOCTh ABHXKCHHS JIEHTHI 0 NOCTOSHHA,
no3ToMy } = v¢;, H MOXHO HANHCaTh COOTHOLIECHHE

12872 = vt d. (1)
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Korna paanyc HAMOTKH Ha KacceTe yMEHBIIMTCS €llle pa3 BABOe (C 2r
IO r), IUIOIIAAb HAMOTKH YMEHBIIMTCA Ha BeauymHy 1t (4r2 —r?)=3nr?, 1. €.

2

3nr® = vt,d, )

TJie t, — BpeMs, 32 KOTOPOE YMEHBIIWICSA PafHyC HAMOTKH BO BTOPOM CIIy-
yae. [lonenuB ypaBHenus (1) W (2) mouneHHO Opyr Ha Apyra, Hainem

t,=t,/4="5 MuH

1.19. IlepeiineM B CHCTeMy OTCYeTa, CBA3aHHyI0 C Kojeukom O

B 3T0it cucTeMe oTcyeTa CKOpoCTh ToukH O paBHA v,/COSQ W HalpaBiieHa
BBEpX, TaK KaK HHTb HEPACTHKMMAa M OTHOCHTEJbHO Kojeuka O’ BepeBkKa

BHIOHpaeTCs C IOCTOSHHOMH CKOPOCTBIO v,. I103TOMY OTHOCHTEIBHO NPAMOit
AA', cBa3aHHOH C 3emuleif, ckopocTh koseuka O GyneTr paBHa

v, ) 2sin? (a/2)
cosa cosa

)

Puc. 133 Puc. 134

1.20. K MOMeHTy BpeMeHH ¢ OT Hauyaja JBIKCHHS KJIMH Ipoiaer pac-
CTosHME s = at’/2 ¥ TMpHOGPETET CKOPOCTh Uy = at. 3a 3TO BpeMs [Py3HK
HepeMECTHTCA BAOJIb KJIMHA HA TAaKOE )K€ PACCTOSHHE S, & €r0 CKOPOCTh OT-
HOCHTEJIbHO KJIHMHAa OydeT paBHa vy =dat W HamnpaBjeHa BIOJb KJIHHA
BBepX. CKOPOCTH vrp TPY3MKA OTHOCHTENBHO 3€MJH PaBHA ¥p = oy + T,
T. €. (puc. 133)

vrp = 20, sin (a/2) = [2asin (¢/2)] ¢,
a yroJs, KOTOPHI CKOPOCTb trp COCTABJISET C TOPH3OHTOM, PaBeH

B=(n —a)/2 = const.

Takum o6pa3oM, Ipy3HK OBHXKETCS BOJb NPAMOMH, coCTaBisroleH
C TOpH30HTOM yroi P =(n —a)/2; yCKOpeHHe Ipy3WKa OTHOCHTEIBHO 3€-
MJI4, TIOKa OH HAaXOJQWTCS Ha KJHWHE, PaBHO

arp = 2asin (a/2).

1.21. CxopocTs MypaBbsi MeHSETCS CO BpEMEHEM HE MO JIHHEHHOMY 3a-
xoHy. ITo3TOMy cpenmHsiss CKOPOCTh Ha pa3HBIX y4acTKaxX HyTH pa3iHYHa,
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M NOJIb30BATBCS NS PEHICHHs: H3BECTHBIMH QOPMYJIaMH sl CpelHER CKO-
POCTH HEJNb3s. .

Pa3obbem myTh MypaBbs OT TOYKH A [0 TOYKM B Ha Manble y4yacTKH,
NpOXOoAMMBbIE 3a OOMHAKOBble NPOMEXYTKH Bpemenun At. Torma At=
= Alfvep (Al), Tne vep(Al) — cpennss ckOpoCTh Ha JaHHOM oTpeske AL Drta
¢dopMyna nomckasplBaeT HIOCIO peLIEHHs 3aJa4YM: HAPHUCYEM 3aBHCH-
MOCTb BeJIM4HHBI 1/vc, (Al) oT I Ha myTH OT TouKH A 10 TOukHM B. dTOT rpa-
¢uK — oTpe3ok mpsmMoit (puc. 134); 3amTpuXxoBaHHas Ha PHCYHKE ILIOMIAND
S MOX 3THM OTPE3KOM HYHCIIEHHO paBHA MCKOMOMY BpPeEMEHH. BhrHCIHM ee:

/v, + 1/v, <1 11 2P
S="L1 2, —y)=—+—2)l - 1) =22~
2 (=) 20, T 0, 1, (=1 20,1,

(tax kak 1/v, = (1/v;)1,/l;). Takum ob6pa3om, MypaBell TOGEXHT OT TOYKH
A 1o Touk# B 3a Bpems

; 4Mm2—1 M2 _

T 2.2M/e-1072 1M

75 c.

1.22. OueBUAHO, Bce YyYaCTKH ALIMHOTO Cliefla B FOPH3OHTAJLHOM Ha-
NpaBJIeHHH XBHXKYTCSA CO CKOPOCTBIO BeTpa. PACCMOTPHM TpPAeKTOPHIO IBM-
XKEHHs NapoBO3a OTHOCHTENIBHO CHCTEMBI OTCYETA, ABHXKYILEHCS BMECTe
¢ BeTpoM (puc. 135). Toukn aeiMHOrO cnena A’ U B’ cOOTBETCTBYIOT OBIMY,

——— ,’,—--N\

/ N
FANPS ‘v& \\
/
! 0 o |
\ , !
A —————— - /
;; - ' /’I
~ o S
c
Puc. 136 Puc. 137 Puc. 138

BBINYIIEHHOMY NAapOBO30M B TO4YKaXx A M B ero kpyrosoil TpaekTropuu oT-
HOCHTENbHO 3eMiH. Ilpu 3ToM oueBHAHO., uTO AA'| BB'. Jlerko NOHATH,
YTO TPAeKTOPHs NapoBO3a OTHOCHTEJILHO CHCTEMBI OTCYETA, NBIXKYILCHCS
BMECTE C BETPOM, GyleT MpeacTaBiisTh COOOH TPAEKTOPHIO TOYKHM KOJi€Ca
panuyca R, KoTopoe BpalllaeTCsi CO CKOPOCTBIO Uy M KaTHTCs IIPOTHB BETpa
(BreBO) co ckopocThbio v;. Kak HM3BeCTHO, 3Ta TPaeKkTOpHs Ha3BIBAETCH
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HUKTOU10H. B 3aBHCHMOCTH OT COOTHOLICHHA CKOPOCTEH vy M v, TPACKTO-
PHsl CYIIECTBEHHO pa3iHyHa B CBOed HuOKHeH wacTH. OHa nubo obpasyer
MeTJI0 — ciay4ai v, > v, (puc. 136), 1ubo MMeeT MecTO IUIaBHBIA Nepexon,
KOTZa vp < vy (pHc. 137), 160, HakoHeW. 0Opa3yeT OCTPHIH «KIOB», KOTraa
vy =vg (pHc. 138). Ilocneanmit ciyyail oTBevaeT Haiued 3anmave. Takum
o6pa3oM, CKOpPOCTh BeTpa paBHa vy = v, = 10 M/c, a 4TOOH HaHTH ee Ha-
IpaBJieHHE, TPOBEIEM H3 OCTPHS «KJIOBa» KacaTedbHylo CC' K TpacKTOpPHMH
[BHXKEHHS [APOBO3a (OKPYXHOCTH) OTHOCHUTENBHO 3EMIIH.

1.23*. IlycTh Kapycesid MOBEPHYJIHCh HA HEKOTOPLIH yroi @ (puc. 139).
IMocTpounm Touky O (0OA = R) takyio. uto Touku O, C. A, A 6yayT nexars
Ha OnHO# nmpsaMoit. Toraa HETPYIHO BHIETH, uto OH = R + r B moboii Mo-
MmeHT BpemenH. Kpome Toro, Touka O oTHocutensHo Urops nemonBumxHa
(CnaBa Bce Bpemst Haxoautcst Hanpotus Mrops). [1osToMy ¢ TOYKH 3peHus
Urops Huxura Oyaer ABHraTsCsl NOCTYNATENbHO HO OKPYXHOCTHM paaMyca
R +r c ueHTpoM B Touyke O, KOTOpasi OTHOCHTEIBHO 3E€MIH IBIDKETCS 1O
OKpPYXHOCTH pazgnyca R ¢ ueHTpoM B Touke A. CiaBa ¢ Touku 3peHus Hu-
KHTBHI OyAer MOCTYNaTeabHO IOBHIATBCA MO OKPYXKHOCTH paauyca R +r
C UEHTPOM B Touke O, HENMOIBHXHBIM OTHOCHTeNbHO Huxutel. OnHako oT-
HOCHTEJIBHO 3eMJIM Touka O OBMXETCS 110 OKDYXHOCTH pajuyca r C LEH-
TpoM B Touke B.

7, A7, 7
Puc. 139 Puc. 140

1.24. TlockonbKy 06py4 C HEHTPOM B Touke O, MOKOHTCSH, CKOPOCTh 4
BepXHeH TOUKH A «nepeceveHHs» oOpy4ei B 11060#f MOMEHT BpeMEHH 10J-
XHa OBITP HaNpaBJleHa N0 KacaTeJbHOM K OKPYXKHOCIH € UeHTpom O,
(puc. 140). Otpe3ok AB B m060#t MOMEHT BpEMEHH NENUT paccTosHue d =
=00, Mexny HeHTpaMH oOpyueil monojaM, MOITOMY TI'OPH3OHTANBHAS
TIPOEKIHS CKOPOCTH v4 BCE BpeMst paBua vf2. CeN0BATEILHO, CKOPOCTD Uy
COCTaBJIsIET C FOPH3OHTOM Yroi @ =m/2 — o ¥ pasHa

vg=1v/(2cos @) =v/(2sina).

ITockonbky sina = [/1 —cos?a=]/1—(d/2R)? To ckOpoCTh BepxHell TOUKH
«mepecedyeHns» o6pyuel paBHA
v

- 2/1—(d/2R)*
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1.25. U3 ycioBus 3agav CiaeAyeT, YTO BO Bpems [ABHXCHHS KOHCTPYK-
uMH Mexay aauHaMH [y, 1,, I3 oTpeskos AgA,, AyA,;, AgA; coxpaHseTcs
COOTHOIICHHE

Lzl l3=3:5:6.
Tlo3ToMy CKOpPOCTH To4eKk Ay, A,, A; OTHOCATCA Kak

Vg,:04,:04,=3:5:6

u, CjieqoBaTeNbHO (pHC. 141),
v4, =0/2, vy, =50/6.

PaccMoTpuM Teniepnb jBHXeHHe cpenHero 3pena (4;B,4,C;) B TOT Mo-
MEHT, KOI/1a YIJibl KOHCTPYKUHH NpsAMble. B cucTeMe oTcdeTa, ABHXKYLICHCS
CO CKOPOCTHIO Uy4,, B 3TOT MOMEHT CKOPOCTb vp, TOYKH B, uampasiena

YA 7

Puc. 141 Puc. 142

BIOJIb CTOPOHBI B,A,; CKOpOCTh TOYKH A, HANpaBjicHA TOPU3OHTAJIbLHO
U paBHa
V4, =04, — 04, = 0/3.

W3 ycroBusi HEPACTSHKMMOCTH CTepkHs B,A, BBITEKaeT, 4To
vg, = v4, sin(n/d) = v}/2/6.

CxopocTy TOYKH B, OTHOCHTE/ILHO HEMOJBMXHOH CHCTEMBI OTCYeTa Hail-
€M, BOCHOJIb3OBABIIMCh TEOPEMON KOCHHYCOB:

vf, = 0%, + v} + (2)/2/2)04,08, = (17/36)1%,

vp, = ([/1-7- /6)v.

1.26. Ecnu HuTh TAHYTH TaK, KaK NOKa3aHo Ha pHc. 142, xarymika 6y-
JeT KaTHTbCS BIpaBO, BPAIllasiCh 1O YacOBOIl CTpEJIKe BOKPYr CBOECH OCH.

Jlns Toukn B cymMMa mpoexumit CKOPOCTH Vg NMOCTYHATEILHOTO ABUXe-
HHS H JIMHEHHOH CKOpOCTHM BpallaTeJbHOTO IOBHXKEHHS (C YrJIOBOH CKo-
pPOCTBIO ) Ha HATIPAaBJICHHE HHTH paBHA U:

v=1v,sina — wr.
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Tak KaK 1o YCJIOBMIO 3a[a4¥d KATyIIKa ABIKETCS MO OPHU3OHTAJIBHOH Mo-
BEPXHOCTH 6€3 NpockKajb3bIBaHHA, TO CyMMa IIPOEKLHH COOTBETCTBYIOLIHX
ckopocteit mig Toukd C paBHa HYJIO:

vo— R =0.
Pemas mojyyeHHbIE ypaBHEHHs, HaXOOMM, YTO CKOPOCTb U, paBHa

vy =vR/(Rsina —r).

OueBUAHO, YTO IPH R sin o = r (3TO COOTBETCTBYET CiIy4alo, KOra TOYKH A,
B u C nexat Ha OJHO# NpAMO¥) BhIpaXeHHe IS v, TepSeT CMBICI. 3aMe-
THM TaKXe, 4YTO HallcHHOe BhIpaX€HHE ONMUCHIBAET JBH)KCHHE KaTYIIKH Kak
BhnpaBo (korga Touka B Haxomutcs Bbime npsamoir AC u Rsina >r), Tak
H BieBo (korga Touyka B Haxomurcs Huxe npsaMoit AC u Rsina<r).

1.27. CxopocTH To4eK 3aTOTOBKH, JIeXaIlUX B ZaHHBI# MOMEHT Ha OT-
pe3ke AB, paBHOMEPHO MEHSIOTCS OT vU; B Toyke A g0 v, B Touke B. Cre-
[OBaTeNbHO, CKOPOCTh TO4KH O (puc. 143) B nman-
HbI#i MOMEHT paBHa HyJ0. Toyka O — MIHOBEHHBIIH
uenTp BpamieHus. (Ilockonbky 3aroroBka o6BEM-
Has, Toyka O JIEXXHT Ha MIHOBEHHOW OCH Bpallle-
\ HHA, KOTOpas NMEPNCHAUKYIAPHA IJIOCKOCTH PHUCYH-
| ka.) TIoHATHO, 4TO CKOPOCTb v; B JaHHBIH MOMEHT
HMEIOT TOYKH 3arOoTOBKH, JieKalllie Ha OKPYXKHO-
ctd paguyca OA, a CKOpOCTb U, — TOYKH, Jiexa-
el Ha OKpyXHOCTH paxuyca OB. (B o6peMHOi# 3a-
TOTOBKE TOYKH C TaKHMH CKODOCTAMH JieXaT Ha
UHIHHAPAYECKHX MOBEPXHOCTAX, PagHyChl KOTOPHIX
paBHbl cooTBeTcTBeHHO OA 1 OB.)

1.28. Jins ommcaHus ABWKeHHS Opycka BbibGepeM CHCTEMY OTCYeTa,
CBA3aHHYIO C JIHTO# TpaHCopTepa. Toraa B HavajldbHbI MOMEHT BpPeMEHH
OpyCOK HMeJl CKOPOCTb Ug = Vg + U, a €ro JABHXEHHE NPOHUCXOIHJIO C IOo-
CTOSIHHBIM yCKOpeHHeM a = —Hg. JInsd MOMEHTa BpPEMEHH !, Korja CKo-
pocTh Opycka CTaHeT paBHOW HyJIIO, MOJIyYMM ypasHeHue 0= v, + v — ugt.
Orcrona HaiiieM CKOpPOCTh JIEHTHI TpaHCHOpTeEpa: v = ugt — vy =3 M/c.

1.29. 3anuiieM ypaBHeHHe [BHXEHHS Tejia [0 HAKJIOHHOM IUIOCKOCTH.
IMycTh ero MrHOBEHHass KOOpPAMHATA paBHAa X (CMEIIEHHE OT BEPIUHMHBI Ha-
KJIOHHO# IIIOCKOCTH), TOFAa

(7 ids i
- 07

Q7 zzzzzzzz:24

Puc. 143

ma = mgsina — mgcosa-bx,

rae m — mMacca Tejia, a — €ro yckopenue. IlosydeHHOe ypaBHEHHE HBHXXEHHA
110 CBOEMy BHIY HANOMMHAET ypaBHEHHE KOJeGaHHil Tena, MOIBEIEHHOTO
Ha OpYXHHE XeCTKOCTH k =mgcosa-b, B mojie «CHIBI TSHKECTH» mgsind.
Anajiorus ¢ xojebaTeJbHBIM [BIKCHHEM H [OMOTAaeT pEHIMTh 3ajayy.

HaiineM noJjioxeHHe Tena Xo, A7 KOTOPOro CymMMa JNEHCTBYIOIUMX Ha
Tesio CHJI paBHA HYJIIO — 3TO GYIET «IIO0JI0OXKEHHEM DaBHOBECHSA» IIPH KoJie-
GaTenbHOM ABWXeHHH Tesa. OueBHOHO, mgsina — mgcosa-bx, = 0; orcio-
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12 HaxonuM xo = (1/b) tg . B 3TOT MOMEHT Teno GyneT HMeTh CKOPOCTD vy, *
KOTOPYIO HOJYYHM M3 3aKOHa H3MEHEHHS MEXaHHYeCKOH JHepruu Tena:

2 2
mvo : kxg : mgb cos o
=mgsina-x, — =mgsina-x, — 19208 % 2
2 2 2
) . R g sin’a
vy = 2gx,sina — ghxgcosa = — ———,
b cosa

Ilpu mocnenyrolieM NBHXEHHH TeJIO CMECTHICS €Ille HA BEJIMYHHY
Xo — «aMILUTATYIHOE» 3HAYeHHe KoyeGaHuil, 4TO JIETKO MOJNYYHTh M3 «3aKO-
Ha COXpaHEHHS MeXaHH4ecKoi# s3Heprum». HacTOTy COOTBETCTBYIOLIETO KO-
NneGaTeNLHOrO NBHXXEHMS HAWIEM M3 COOTHOLIeHHs k/m = gbcosa = 3.

Taxum o6pa3oM, Tesio, NpOHAs NOCJE «IOJIOXKEHHS DaBHOBECHS» ellle
paccrosinue x, = (1/b)tga, ocTaHOBHTCA. B 3TOT MOMEHT BoO3BpalnaroIas
CHJla «IpOMafeT», Tak Kak OHa €CTh He YTO MHOE, KaK CHJIa TPEHHS CKOJIb-
xeHus. Kak TOJIBKO TelO OCTAaHOBHTCS, CHJIA TPEHHS CKOJbXEHHS H3MEHMT
HanpasjleHUe H NPEBPATHTCA B CHIIy TPEHHUS MOKOs, paBHYyI0 mgsin a. Koad-
GUIMEHT TpeHUsl MeXIy TElNOM U HAKJIOHHOHM IIOCKOCTBIO B MECTe OCTa-
HOBKH TeJla PaBeH loer = b-2X, = 2tga, T. €. €ro 3aBENOMO XBATHT, YTOOBI
TEJIO OCTaBaJIOCh B MOKOE M Aajblile.

C Touku 3peHHs Koje6aTeJbHOTO NMOAXOAA K ONHCAHUIO JAHHOTO JBH-
JKEHUs NOJIHOE BPeMsl IBHXKEHHS Tejla 3aiiMeT MOJIOBHHY «Iiepuona kojeba-
Hui». Takum obpa3som,

t=T/2=2n/Q20,) = n/}/gbcosa.

1.30. Cuna Tpenus cane#l ¢ rpy3soM Fpp(x) mpsmo nponopuuoHaibHa
IJIMHE X BbeXaBlleH Ha MECOK 4aCTH CaHei; 3amMilieM ypaBHEHHE NBHXKECHHUS
caHell TMpU MX TOPMOXEHHH IIO MECKy B MEPBOM Ciydae:

ma= —mg(x/n,

rie m — Macca, a — ycKopeHue, | — niuuHa, g — K0o3hGHIHEHT TpeHus caHei
o necok. Kak u B pemienuu 3anauu 1.29, Mbl OJIy4HJIM «ypaBHEHHE KoJie6a-
Hui». [ToaToMy TopMoXeHue caHeil NpH ‘Bhe3le HA NMECOK COOTBETCTBYET
IBIKEHHUIO Tpy3a Ha npyxuHe (kecTkocTH k = (mg/l) ), xoropoMy cooburu-
JI B TIOJIOXKEHHH PaBHOBECHS CKOPOCTB Uy. Toraa 3aBHCHMOCTb OT BpEMEHH
BBhEXaplileil Ha MeCOK YacTH caHeil x (t) ¥ UX CKOpOCTh v(t) MOJMYYHM B BHIE

X (t) = xoSin®yt, v(t) = vy COS Wy,
MpHYeM
Xo=0o/0g, ©, =] kim=V/(g/ln.

HeTpynHo MOHATH, YTO BpeMs IO NMOJHOM OCTaHOBKM CaHEH PaBHO 4eTBep-
TH «Iepuofa kosiebGaHu»; TakuM obpa3oM,

ty = 1/200) = (1/2))/ I/ (ng).
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Bo BTOpOM cCilydae ([OCJie PE3KOTO TOJYKA) JBHXKEHHE MOXHO pac-
CMaTpHBaTh, KaK €CJIH OBl CaHH, BBE3Xas Ha MECOK, UMEJIH CKOPOCTb ¥, > ¥,
H, NPOiias pacCTOAHHE X, 3aTOPMO3HINCh X0 CKOPOCTH v, (C 3TOr0 MOMEH-
Ta U HACTynaeT BTopoi#l ciyuai). [Ipu 3ToM HHTepecylolliee Hac JBHXXCHHE
caHedl moCJie TOJMMKA NPEICTaHeT B BHAE YacTH OOLIEro koneGaTeabHOTO
[BIKEHHSA IO 3aKOHY

x(t) = x, sinwyt, v(t) = v, cos Wyt

C MOMEHTa BPEMEHH f,, KOTAa CKOpocTh caHel crana paBHO#M v, Kak
U mpexge, x, = v,/0, Kpome Toro,

[mg/ (2D} xf = mv}/2 — mv3/2;

OTCIONA Dy = X0, 1/5
Mocne Tonmuka canu NpoRAyT NyTh

Xy = Xo = 0,/0y — 0o/, = (1/0,) (v, — vo) = x(,q/i -1
Crenopate/bHO, OTHOLICHUE TYTEH TOPMOXKEHKS PABHO

(xy — Xg) [Xo = ]/5 -1
Jinsa HaxoxJeHHA BPEMEHHM NBWXKEHHS CaHell MoCie TOJMKAa MBI [OJI-
XHBI ONIPEJIENINTL BPEMs IBWKECHHSA CaHEl OT MOJOXEHHA X, HO MOJIOKEHHUS
x;, #cnoip3ys Gopmyny x(t)=x,sinwyt. [na sroro Haiigem f, mo
dbopmyne

X = X4 SiN @t ,.

Tak xak x, =}/2x, T0 Wy, =n/4. CienosarenpHo, t,=mn/(4wy)=1,/2.
TlockombKy t3 =t; — t,, THE t; — BPEMA IBHXEHUS CaHel MOCie TOJYKa, No-
JyYIM HCKOMOE COOTHOMLICHHE:

ty/ty =1/2.

1.31. Cuna Ttaxectu rpysa mg = 60 H 3HauuTesnpHO GoJyblle CHITHI,
C KOTOpPOH HaXo THHYTb BEPEBKY, YTOOBI ymepxkarb rpys. DTo ompeness-
€TCH CYHIECTBCHHBIMH CHJIaMH TPEHHS BEPEBKH O OpEBHO.

CHayasia CHIbl TPEHHS HPENATCTBYIOT COCKaJb3HBaHHIO Tpy3a nofn
nedicTBHeM cuibl TaxecTH. IMonmbilf pacder pacrpemesieHHs CHJI TPEHHS,
NefCTBYIOIINX Ha BEPEBKY, MOBOJBHO CIIOXKEH, IIOCKOJILKY CHIIa HATHXEHHS
BEPEBKM B MECTaX €€ CONPHUKOCHOBEHHA ¢ GpeBHOM MeHsercs oT F, mo mg.
B cBolo ouepenb CHila naBliCHHS BEPCBKHM Ha OpEBHO TakXe MeEHSETCH, OY-
Iy4YH NPONOPHHOHAJNLHON B KaXZOH TOYKE COOTBETCTBYIOMICH JOKaNbHOM
cHsie HaTAKeHHs BepeBkd. COOTBETCTBEHHO M CHJIBI TPEHHMS, NEHCTBYIOLIHE
Ha BEPEBKY, ONPENENAIOTCS HMEHHO YKa3aHHbIMH CWIaMH IaBienus. OnqHa-
KO [JIS PelIeHHs 3afa4d NOCTaTOYHO 3aMETHTh, YTO MOJIHAS CHNIAa TpEeHHs
Fip (cnaratomme KoTOpO# MPOMOPHHOHAJIBLHEI B KaXA0OH TOYKE CHNE peak-
uuH 6peBHa) OydeT C COOTBETCTBYIOIMMH KO3pdHUHEHTAMH HPONOPLHO-
HaJlbHa CHJIaM HATSDKEHHs BEPEBKM HA KOHIAX; B YaCTHOCTH, C HEKOTOPBHIM
kosdduunentom k ona Gyner pasHa Gonbiueit cune HaTsxenus: Fr, = kmg.
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DT0 03HAYAET, YTO OTHOLHEHHE GOJIBILEH CHIIBI HATSDKEHUA K MEHbIIeH ecTh
BEJIMYHHA TOCTOSIHHAS [JIS JAHHOTO PAaCIOJNOXEHHS BEpeBKM M OpeBHa:
mg/T; = 1/(1 — k), nockombky Ty = mg — kmg.

Korma Mpl XOTHM NOJHATH I'PY3, KOHIBI BEPEBKM Kak Obl MEHSIOTCH
mectamu. Cusia TpeHus Teneph HAAPaBJICHA NPOTHB CUIHl T, M yXe HE mo-
moraet, a Metaer. OTHouenue 6oblIeH CHIIBI HATSKECHHA, PABHON Teneph
T,, K MeHbINEH — mg OyneT, O4eBHIHO, TAKHM X€, KAK H B MEPBOM Ciydae:
T,/(mg)=1/(1 — k)=mg/T,. Otcrona HaxoauM, 4To

T, =(mg)*/T, =90 H.

1.32. PaccMOTpHM, 4TO NMPOMCXOIMT, KOI/a BOOMUTEIb MOBOPAYHBAET
nepeqHue KONeca MOKOSHIETOCs aBTOMOOMIIA (pedb OyACM BeCTH NMPO OOHY
muny). B HavanbHbIE MOMEHT KoOJieCO HE IeOPMHUPOBAHO (B CMBICHTE KpY-
YeHHUS), IPA 3TOM YHaCTOK IUMHBI MJlomaau S kacaercd 3emum. Boautenn
NpU TIOMOIUH PYJIEBOTO YNpaBiieHUs IeGOpPMUPYET MOKOAIIYIOCH LIMHY 10
TeX MOP, NOKA MOMEHT CHJI 5, IPUIOKEHHBIX K KOJNECY (¥ CTPEeMALIUXCS
€ro NOBEPHYTb), HE CTaHEeT OOJIBIIE MAKCUMAJBHO BO3MOXHOI'0 MOMEHTA
CHJI TPEHMS NOKOs wiMHb momanyu S. IIpy 3ToOM CHIIBI TpeHus NeprneHin-
KyJISPHBI TDTOCKOCTH KacaHHsl Kojieca.

IMycts Tenepr aBTOMOOMIL IBKeTCS. CUiIbl TPeHHsS NOKOS NpHIIO-
KEHbI K TOMY € yYacTKy LUMHBI IIOWAAM S, MPUYEM OHM HOCTHraloT MO-
YTH MaKCHMAaNbHOTO 3HAYEHUS M JIEKAT B MJIOCKOCTH Kojeca. Ipunoxenus
K KOJIECYy HEGOJIBILOTO MOMEHTA CHII g GyIeT HOCTATOYHO, 4TOOBI mOBEp-
HYTh KOJIECO, TaK KaK MPOTHUBOACHCTBOBAaTh 3TOMY MOMEHTY GyaeT Temeph
CyMMapHbIif MOMEHT «KOCBIX» CHJI TPEHHs IMOKOS, KOTOPBI 3HAYUTEILHO
MeHbLIE, 9eM B cly4ae aBToMobuis, Haxoasierocs B nokoe. ITo cytu me-
J1a, COCTaBJSAIOIAs CUJIBI TPEHHUS MOKOHA, CO3MAI0illasi MOMEHT CHJI, IPenAT-
CTBYIOILMX NMOBOPOTY KoJieca, MPH ABHXYILEMCS aBTOMOOWIE aHAJIOIMYHA
CHJIC XMJIKOTO TPEHHs, TaK KaK JJIA JABMXKYILErOCs KOJIECa MpONajaeT sBJe-
HHUE 3aCTOSl TIPU MOBOPOTHOM IBWXEHUH. Takum o6pazoMm, HEGOIbLIOH Mo-
MEHT CHJ CIOCOGEH JIErKO MOBEPHYTH ABIDKYIICECS KOJIECO, MPHYEM, 9eM
6Gonblile CKOPOCTh OBIKEHHUS (TeM OJMKe K NMPEeAeTbHOMY 3HAYCHHIO CHJIBI
TPEHHs NMOKOs), TEM JIerye MOBEPHYTh KOJIECO.

1.3L BribepeM cucteMy KOOpIMHAT, KaK yKa3aHO Ha puc. 144, “YC_“:
BekTOp OA sBIsSeTCS BEKTOPOM HAUaJILHOU CKOpocTH v. Torma BexTop AB
€CTh M3MEHEHUE ckopocTu 3a BpeMs Ar. Tlockoabky cuna, AeicTByromas Ha

Y

Puc. 144
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TeJI0, NOCTOSHHA, TO BEKTOP B—C), paBHBIH BEKTOpY AB ectb w3menenue
CKOPOCTH 3a CJIEAyIOMmIHHA HHTepBas Bpemenu At. I1o3ToMy cmycTts uHTep-
Bajn BpemeHd 3At mocie Hauaia IEHCTBHS CHJIbI HANpaBJICHHE CKOPOCTH
Tena n306pa3n§x BekTopoMm OD , npuueM AB = BC = CD . Ilycth mpoek-
LMK BekTOpa AB Ha OCH x U y paBHbl Av, M Av), Torma mojyuyum aBa
ypaBHEHHUA:

(v + Avy)? + Av} = v?/4,

(v + 2Av,)* + 2Av))* = v*/16.

VuHTBIBas, YTO KOHEYHAss CKOPOCTb YAOBJIETBOPAET COOTHOLICHHIO
vi = (v + 3A0,)% + (3Av))%,

NOJIy4HUM C HCIOJb30BAaHHEM MPEAbIAYIIUX ypPAaBHEHHH, 4TO

o = (//7/4)v.

1.34. TTockoyibKy ABHXEHHE NPOUCXOJUT B [OPH3OHTAJBHOM ILTOCKO-
CTH, BEpTHKaJIbHAas COCTABJIAIOLIAsA CHJIBI, AeHCTByIoUIeH Ha rpy3HK, paBHa
mg, a ropusontanbHas F? —(mg)® =mg}/a® — 1, rme o= 1,25 (puc. 145).
Topu3oHTaNbHOE YyCKOpPEHHE Ipy3a (M BaroHa) ONpeaesseTcss 3TOH ropU3oH-
TanpHO#M cuioit: ma=mg)/a? —1; cremoBatenbHO, a= 2% a?—1=
=(3/4)g = 1,5 m/c?.

Ha mepBom yuacTke IBMXKEHHS BaroH YCKOPSETCS OO CKOPOCTH v =
=at, =(3/4)gt, = 30 M/c, npoxoas NyTh s, BIEpe] MO MPAMOA:

s;=at?/2=(3/8)gt? = 60 m.
Manee Bpems, paBHOE ¢, = 3 C, OH HACT C IOCTOSHHON CKOPOCTBIO ¥ H NpO-
XOIMT MyTh
S, =vt, =90 m.

Taxum obpa3oM, uepe3 7 CeKyHIX MOC/e Hayana ABM)XXECHHS BAaroH OKa3bl-
BAcTCA BIEPEAUM HA PACCTOSHUH S; + S, = 150 M OT HCXOAHOrO MOJIOXEHHS.

Ha Tperbem yuacTke BaroH QBHXKETCSA IO 3aKpYIJIEHHIO JOPOTH BIIpa-
Bo. Tak kak CKOpPOCTh BaroHa, ABHXYILErOCS MO pejibcaM, BCE BPEMs Ha-
TNpaBJieHa 6004b BaroHa, TO MOCTOSHHOE (B TEUEHHE BPEMEHH t; = 25,12 c)
HonepevHoe yckopenue a = (3/4)g sBAseTCS YeHmpocmpemumesbHbim, T. €.
BaroH JBIKETCS MO OKPYXXHOCTH C IOCTOSHHOM CKOPOCTBIO v: a = v?/R, pa-
auyc oxpyxHocTd R = v%/a = 120 m. ITyTh Baroma BIOJL OKPYXHOCTH 6y-
JieT paBeH

53 = Ro = vt3,

OTKyZJa yrojl NOBOpOTa BaroHa BOKPYI LEHTPa OKPYXHOCTH paBeH ¢ =
= vt3/R = 6,28 = 2n papm, T.e. BaroH ONMCHIBAET IOJIHYIO OKDYXHOCTb.

Ha mocnennem yuacTke BaroH TOPMO3HTCS M OCTAHABJMBAETCH, IO-
CKOJIbKY YCKOPEHME BIOJIb BaroHa paBHO NEPBOHAYAJIBLHOMY H JEHCTBYET
CTOJIbKO Xe BpeMmeHH. Iloatomy s, =s; =60 M. Barou ocraHoBuTCcs Ha
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paccTosiHUH s = 2s; + 5, =210 M Bme-
pead 1O OTHOLICHHIO K IepBOHAYab-

HOMY IIOJIOXEHHIO (pHC. 146).
S; Sy S4

N + + "

S3 >

Puc. 145 Puc. 146

1.35. Ilyctb B pe3yJsibTaTe NPHJIOKEHUA CUJIbl F IIapHHP CMECTHUTCSH
BHM3 Ha MaJylo BeIMYHMHY Ax, a CTEpXHHM YIUIMHATCS Ha BenuyuHy Al
(puc. 147). Torna xecTKkOCTb k CHCTEMBI CTEpXHeEH Haiiiem M3 ypaBHEHHS
kAx =2ky,Alcosa’, Toe 20 — yron MexAy CTEpXHAMH IIOCJE CMEILIECHHS.
Tak Kak CMEILEHHE MAJIOE, TO

o' ~a Alx~ Axcosa;

oTCrofia mojtydaeM, 4to k = 2k, cos? .
1.36. IIpennonoxum cHavajua, YTO CH-
Jla CONpPOTHBJIEHHS BO3/yXa OTCYTCTBYET.
Torma IIapUKH BCTPETATCH, €CIH BEPTH-
KaJlbHas COCTaBJfAIOIIas HavYanbHOH CKO-
poCTH 2-TO IApUKa paBHA BEPTHKAIbHOM
COCTaBJAIOILEH CKOPOCTH 1-ro mapuka:

Puc. 147

v, = v,sina;

oTcIofa sin o = vy /v, = 10/20 = 1/2, o = 30°. IIpu 3TOM BpeMs IBUXECHHS
LIapUKOB [0 BCTPEYH paBHO t=s/(v,cosa) = 0,6 c.

IToCKONbKY IIApPUKH TSKEJbIE, TO JIETKO OLEHHTb POJIb CHJIBI CONpPO-
THBJIEHHs Bo3ayxa. OOwmuit xapakTep ABHXEHUS 1-ro IIapuKka CYLIECTBEHHO
HE U3MEHMTCH, IIOCKOJIBKY YCKOpPEHHe, OOYCJIOBJIEHHOE CHJIOH COIIpOTHBIIE-
HUS, Jaxe Ipd Macce mapukoB mo 10 r M NpU MaKCHMAaJbHOH CKOpOCTH
1-ro mapuka v, = 10 M/C PaBHO dpa =1 M/c®. DTO yckopeHue He Gonee
yeM Ha 19 u3MeHseT obuiee BpeMs aBMxeHHA 1-ro mapuka. ITockosbky
CHJIa CONPOTHBJICHHS BO3JyXa HalpaBJieHa NIPOTHB CKOPOCTH IIapHKa, TO
no6GHTECS TOro, 4TOOB 2-d LIAPMK CTOJIKHYJICA € 1-M, MOXHO, coo6LIUB
€My OAMHAKOBYIO C 1-M COCTaBJIAIOLIYI0 CKOPOCTH IO BEPTHKAJHM IIPH YCIIO-
BUM, YTO B IOCJEAYIOLIME MOMEHTHI BPEMEHH BEPTHKAJIbHBIE IIPOEKIIHH
YCKOPEHHii IIApUKOB ONMHAKOBHI B 1060 MOMEHT BpeMmeHH. [[na sroro
yroi o, obpa3yeMmsblil CKOpOCTbIO 2-TO IapHKa C FOPH3OHTOM, B MOMEHT
BbUIETA JOJDKEH ObiTh paBeH 30°. .

1.37. 3anuiieM ypaBHEHHMe ABHXKEHMs IIapHKa B MOMEHT, KOrAa IIpy-
KHMHa CkKaTa Ha BeNMYHMHY AX:

ma = mg — kAx.
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IMoxa ycKopenHue Iapuka NOJIOXHUTENbHO, ET0 CKOPOCTh Bo3pactaet. B Mo-
MEHT OOpalieHnsi YCKOPEHAS B HY;Tb CKOPOCTh IIAPHKA TOCTUTHET MARCH-
MajibHOTO 3HavyeHusd. IIpyXuHa NP ITOM COXMETCS Ha Benuymuy Al
npHYIeM

mg — kAl =0;

oOTCrO1a
Al = mg/k.

TaxuMm 06pa3oM, KOraa CKOPOCTb ApAKa AOCTHIHET MAaKCHMAJbHOTO 3Ha-
YEHMH, IIAPUR OYAEF HAXOMMTBCA OT MOBEPX-
HOCTH CTOJia HA BBICOTE

h =1— mg/k.

1.38*. Jlerko nokasatb, 9T0O LIAPUK JOCTHI-
HET MOJIOXEHUS PABHOBECHHd NpPH yrje OTKIO-
HEHHUS 0, HHTM OT BEPTHKAIH, OIPEIEIIEMOM
ypABHCHHEM

tg o = pv/(mg).

Ilpu konebaTeNIbHOM [BHXCHHHM IIapHKa Ha
Hero Oynmer HeHCTBOBATh MOCTOSHHAs Oonbluas
cuna F =|/(mg)® + (u)? u uebonbuias TOpMo-
3smas cuna (puc. 148). CienosatesipHO, ABHXE-
HUe MIapuKa OyaeT SKBHBAJICHTHO [BIDKEHHIO C1abo 3aTyXarollero mare-
MaTHYeCKOTO MasiTHHKA C YCKOPCHHEM CBOOORHOrO MaJcHHs g', PABHbIM

g 9 Ve + (o =gl/1+(ﬂ>’.
mg

g
Puc. 148

COos o mg

IMepuoa Manbix (HO BCe-TAKH 3aTYXAIOIHUX) Koyiebanuil miapuka HaineMm u3
COOTHOLICHHS
2n 2n

T= =
Vol —wlan) 1/ @/)YT + (uolm) — w*/(an)

1.39. 3anuiueM ycroBuE paBHOBECHS HEOOJBILIOTO y4acTKa HMTH, KO-
TOpHIl 1O NOABEUMBAHMS MMeEJN AJIMHY AX H HAXOAMICS OT TOYKH MOABECA
Ha paccTosHHM x (puc. 149):

%Axg + T(x + Ax) = T(x),

rae L — anuHA pe3uHOBOil HAUTH B HEPAaCTAHYTOM coctosHuH. Takum obpa-
30M, BHIHO, YTO 10CJie MOJBELIMBAHHA HATSDKEHHE IO JUIHHE HUTH Oyaer
PaBHOMEDHO TajaTh OT 3HAYeHUS mg A0 HyJs.

B cBSI3M C 3TUM OTHOCHTEJbHBIE YIIMHEHHS HEGONBINMX y4aCTKOB HH-
TH OJMHAKOBOH [JIHHBI B HEHANPSHKEHHOM COCTOSHHMH IIOCNE NOABELIMBA-
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HUS TAKXKE JuHEHHO GyAyT cuajaTh OT MakcUMalbHoOro no Hyuas. ITosromy
NOJYCYyMMa YIUTHHEHHH JIBYX CHMMETPHYHO PACIIOIOMEHHBIX OTHOCHTEILHO
CepelMHBl HHTH YYaCTKOB OyIeT paBHa yUIMHEHHIO HEHTPAJIbHOTO YYacTKa,
KOTODHIH HCOBIThIBAaeT HaTskeHue mg/2. [lostoMy oblice yaNKHEHUE HWTH
Al 6ynet takuM, xak eciu 6bl Ha Hee OeiicTBOBajla cwia mg/2 S
B TOYKE MOJBECA H B HWXHEM KOHILE, a HMTh Obisla Obl He-
BECOMa; OTCIOJA

Al = mg/(2k). L]

1.40. CuntaeM, 4TO BBINOJIHSEICA YCJIOBHE my + my >
> ms + m,, HHaYe paBHOBECHE HEBO3MOXHO. JleBas mpyxuHa
6pu1a pacrsHyTa ¢ cwioil Ty, ypaBHOBemIMBAarOLIeH CcHIY g
TAXKECTH Tpy3a myg: Ty = myg. VciioBue paBHOBecHS rpysa 3
m; COCTOSUIO B CJIEAYIOLIEM: | |

myg + T, — Fy =0, Puc. 149

rae T, — CHia HaTAKEHAs NPaBoil NpyXuHbl, F, — CHia HATAXKEHHSA BEPEB-
KH, nepebpoittenHoit yepe3 6iok (cM. puc. 14). DTa BepeBKa YHepKHMBAET
IPy3sl MaccaMH m; H m,, OTKyIa

Fy=(m; +my)g.

IonyduM BeIpakeHHe IS CHIIBI HaTskeHHs T,:
T, =(m, +m,—m;)g.
ITotnie nepepe3anns HUXHEH HHUTH YpaBHEHHA IBHXEHHA BCEX Ipy30B
HaxXoIuM B BHJE CJICAYIOIUCH CHCTEMBI:
mya, =myg — T, myay =T, +myg — Fy,
ma, =myg+Ty—F,, —mya,=mug—T,.
Hcnone3ys HaiineHnvie panee Buipaxenus aus cui T, T, u Fy, noayinm
ay=a,=0a3;=0, a,=(my+m,—m—m))g/m,
1.41. Cpasy nocne pacropMoxenus BepxHero O5ioka JeBblif rpy3
HMeeT CKOPOCTb U, HaNPaBJICHHYIO BBEPX, a MpPaBblii MOKOHWTCHA. YCKOPEHHS
rpy30oB GyAyT TAaKUMH Xe, Kak ecnu Obi CBOOOOHBIN KOHEN BEPEBKH HE IBH-

raJjcs ¢ NOCTOSIHHOM CKOPOCTHIO, 2 6bu1 3akpenie. Haiinem ux u3 cnenyio-
LIHX yPaBHEHHN :

ma; =T, —mg, may,=T,—mg,
2T, =T,, a;=—2a,
rae m — macca kaxnporo rpysa, T,, T, — CHJIBI HaTSXKEHHS BEPEBOK, MEi-

CTBYIOLINE Ha JIBHI M MpaBblii rpy3. Pewas cuctemy ypaBHEHHH, NOJIyYHM
a, = —(2/5)g, a, =(1/5)g. Takxnm ob6pa3oM, yCKOpeHHE JIEBOrO Ipy3a Ha-
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NpaBJieHO BHM3, IPABOTO — BBEpPX. BpeMs maneHus JeBOro rpysa Haiizem
U3 yPaBHEHHS
h — vt —0,4gt%/2=0;

t=25v/g +)/6,25v%/g* + Sh/g.

IMpaBuiii rpy3 Bce 3TO Bpemsi Gymer aBurathcs BBepx. ClefoBaTesbHO,
[EPBBIM HA MOJIy OKaXeTCs JIEBBIH Ipy3.
1.42. Kaxnslii pa3 6pycok Gyaer
JBUTATHCSA 1O HAKJIIOHHOM IUIOCKOCTH
C NOCTOSHHBIM YCKODEHHEM, NpHUEM

OTCroa

Puc. 150 Puc. 151

MOJYJIH YCKOPEHHH NpH IBMXEHHM BHU3, BBEPX M BIOJb FOPH3OHTAJIBHOM
Hamnpasjsoleid 6yayT cooTBercTBeHHO paBubl (puc. 150):

a, =pgcosa — gsind, a, =Hgcosa + gsind, a=pgcoso.

3meck o — yros, obpa3yemblii HAaKJIOHHOH IUIOCKOCTBIO C TOPHU3OHTOM,
p — ko3bdunuent Tpenus. OTcrona HOJNYYHM COOTHOILLEHHUE

a=(a, +ay)/2.

Paccrosnus, npoiiieHHble B yKa3aHHBIX YCJIOBHSAX 3aa4i Opyckom mpH
PaBHONIEPEMEHHOM NBHXXEHMH C HAYaJIbHOH CKOPOCTBIO v IO QOCTaHOBKH,
MOXHO 3alicaTh B BH[E

I, =v%/(2a)), I, =v?/(2a,), I=0v*/(2a).

VuuTeiBas CBA3bL YCKOPERHH a,, a, U a, Halinem paccrosHue [, mpoineHHoe
6pycKOM BIOJIb FOPH30OHTAJIBHON HAMNpPABJIOIIEH IJIAHKH,

I=2L1L/0 + 1)

1.43. 3anuineM ypaBHeHHs JBHXEHHsS OGpycKa B IPOEKIMH HA OCh, IpO-
BEJICHHYIO BJOJIb HAKJIOHHOM IjlockocTH BHM3. Ilpm mBwkenun 6pycka
BBEDX, YYUTHIBasi BCE ACHCTBYIOIINE HA HETO CHIbI: CHIY TSXKECTH myg, CHIy
peakuuu onopsl N u cuiy Tpenus Fp, (puc. 151), ypaBHeHHe NPHMET BUI

mg sin o + pmg cos o = ma,
U COOTBETCTBEHHO INpPH ABWKEHHH BHH3

mg sin o — umg cos o = mas,.
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ITycTh npu MoABEME M CIYCKE TEJIO MPOLIIO paccTosiHue s. Toraa Bpe-
Msi MOABEMA t; U BpPEMs CIOycKa t, ONpPeNesIMM U3 ypaBHEHHi

s=a,t}f2, s=a,ti)2.

Mo ycnosuio 3amaum 2t; =t,; orcioga 4a, = a,. CiaenosaTensHo,
gsina +-pgcosa =4(gsina — pg cosa),
U OKOHYaTeJbHO

p=06tga.

1.44. Eciu HWKHHH [AapuK OGyIeT O4YeHb JIETKHM, OH HAYHET MOMHH-
MaThCs Ha MOAcTaBky. Hailimem ero mpenmenbHyio Maccy md, mpu xoTopoii
OH ellle He HaYaJl MOJHHUMATECH, HO yXe IepecTaj JaBUTb HA NpPaBYIO Ha-
KJIOHHYIO IJIOCKOCTb. IIpum 3ToMm,
MOCKOJILKY ~ MOACTaBKa  HEBECOMA,
JOTKHBI OBITH PaBHBI ' OPU3OHTAIIb-
Hble COCTaB/ISIOIIME CHJI JABJICHHS
(paBHBIE IO MOMYJIIO CHJIAM PeaKIHH
OMOPhI), OEHCTBYIONIME HA MOACTABKY
CO CTOPOHBI IapukoB (puc. 152),
HHAYe «IMOACTaBKa» npuodbpena Ol
6eCKOHEUHO GOMBIIOE YCKOPEHHE:

Nisina = N,sina, N; =N,.

Kpome Toro, Tak kak HIKHHH LIAPHK HE NOJAHMMAETCH, TO COCTABJISIOLIUE
YCKOPCHHH IIapHKOB Ha HOPMaJlb K NPaBOH HAaKJIOHHOH IJIOCKOCTH OOJ-
XHbl OBITH PaBHBI (B 3TOM HANPABJIEHUH Y HHUX HET OTHOCHTEJILHOIO CMeE-
menus). Kak sugHo u3 puc. 152, yron Mexay HanpaBjIeHHEM CHIIBI peaKIHH
noactaBkd N, M MpaBoii HAKJIOHHOH IIOCKOCTHIO paBeH 7/2 — 24, H, Clieno-
BaTEJIbHO, NOCJIEAHEE YCJIIOBHE MOXHO 3amHucaTh B BHIC

(mygcosa — N,)/m, = (m3gcosa — N, cos 2a) /m3;
1 1 2 2

OTKy[a MONyYHM, 4TO m = m, cos 2¢.. Takum 06pa3oM, HIKHHUI Wapuk Gy-
ET «3a0HpaThCs» BBEPX, €CJIH BHINOJIHEHO YCIOBHE

m, <m, cos20.

1.45. o Tex mop moka LMWIMHAD HE OTOPBETCS OT ONOP, OCh LHUJIMH-
Apa GymeT Bcerga HaXOOMTHCA TOYHO NOCEpeAHHE MexAy onopamu. Ciaemo-
BaTeJIbHO, TOPH3OHTAJIbHASA COCTAaBJIAIONIAas CKOPOCTH OCH IMJIMHApA PaBHA
v/2. IlockosibKy BCE TOYKM OCH MMJIMHApPA MABHXYTCH IIO OKPYXHOCTH
C IEHTPOM B TOUYKE A, MOJHAsA CKOPOCTb # KaXJOH TOYKH OCH HampaBjieHa
B 1000 MOMEHT BpeMEHH NepHEeHIUKyIsIpHO paauycy OA =r. Cinemosa-
TEJNBHO, BCE TOYKH OCH OBHXYTCS C HEHTPOCTPEMHTENILHBIM YCKOPEHHEM
ay = u?/r.
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3anuiIeM ypaBHEHHE IBHKEHHS TOUKH O B NPOEKIMM HA «HEHTPOCTpE-
MHTETLHYIO» OCh:

mg cos o — N = may = nu?/r, 1)

rae N — cua peakliiH CO CTOPOHBI HENOIBIXKHO# onopsl. U3 ycnosus, 4ro
paccTosiHue MeXAy TOYKaMH ONop paBHo r|/2, cienyetr oTCYyTCTBHE BKJana
CHJIbI pEakliH CO CTOPOHBI NOJABHXHOH MONCTAaBKA Ha «IEHTPOCTPEMHTENDb-
Hyto» ock. [1o TperbeMy 3akony HploToHa ¢ Takoif xe Mo MOAYIIIO CHIOH
LMAMHADP OaBHT Ha HENOIBHXHYIO onopy. U3 ypaBuenus (1) nHaxomum

N = mg cos o — mu?/r.

B TOT MOMEHT, KOrfa paccrosiHie MeXAay Todkamu onop A u B (puc. 18)
paBHO AB = rl/i

cosa=r)/2/2rn=1/)/2.

FopusonranbHas cocTaBisionias CKOPOCTH ToukH O paBHA u#COS o = v/2,
OTKymau =v ]/5 Takum obpasom, npu AB =r 1/5 cWia JaBJICHUS IWINHIPa
paBHa

N =mg/ /2 — mv*/(2r).

Jins Toro 4ToOb! UYIIHHAD HE OTOPBAJICS OT OMOP AO TOro, Kak AB craHer
paBHBIM r}/2, RmOMKHO BBHINOJHATECA YCJIOBHE ¢/ [/i >v2/(2r), T.e.
v< gr]/i.

1.46. Ha umumHap AeCTBYIOT: CHJIa TSXKECTH Mg, CAJIa HOPMalibHOM
peakuuu N, €O CTOPOHBI JICBOH HaKJIOHHOH IJIOCKOCTH H CHJIa HOPMaJIbHOM
peakuyu N, cO CTOpoHbI kKiMHa (cuna N, HanpaBiieHa TOPU30HTAJIBHO). 3a-
MUIIEM YpaBHEHHE [BHXCEHUS IM-
JIMHApa B JIPOSKIMH HAa OChb X,, Ha-
NpaBJCHHYIO BIOJIb JIEBO HaKJIOH-
HOM TrockocTH (puc. 153):

mya; = mygsina — Nycosa, (1)

rae a; — DPOeKUMs YCKOPEHHs IM-
JMHOpA Ha OCh X;.
Puc. 153 Ha xumn peiicrBylor: cwia Ts-
JKECTH Mg, CHJIA HOPMAJILHOH PEaKIHH
N, co cToponsl NpaBoO# HAKJIOHKOM IJIOCKOCTH M CHJla HOPMaJbHOM peak-
MM CO CTOPOHMLI LIMJIMHIPA, KOTOpas, COrJacHO TperbeMy 3akoHy HproTo-
Ha, paBHa — N,. 3amuileM ypaBHEHHE [BIKEHHS KJIWHA B IPOEKIMH Ha OCh
X,, HaNpaBJECHHYIO BAONb NMPaBOH HAKJIOHHOH IJIOCKOCTH:

mya, = —m,gsina + N, cosa. 2

B mpouecce MBHXXEHHs KJIHH CONPHKACAETCH C LUWIHHAPOM; NO3TOMY,
€CTM TIepeMellieHne KIMHA BIOJNb OCH X, PaBHO Ax, TO ueHTp LHWIMHApA
(BMe€CTe C BepTHKaJbHOH IpaHbIO KJIMHA) CMECTHTCH MO TOPH3OHTAJIH Ha
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Axcosa. Ilpy 5TOM BIONL JIEBOH HAKJIOHHOM MJIOCKOCTH (BAOJAb OCH X,)
UEHTP UHIMHAPA CMECTHTCA HA Ax. DTO O3HAuaeT, YTO B Ipouecce ABUXe-
HH KJIMHA ¥ (WJIMHIPA BHIMOJIHACTCH COOTHOIUCHHE

a, =a,. 3)

Pewas cosmectHo ypasuenus (1)—(3), nafinem cuny N = N;, ¢ koto-
poil KNMH NaBHT HA WHIMHIP:

Ny =[2mm,/(m, + m))]tge

1.47. o Tex mop moka rpy3 KacaeTcs TeNa, CKOPOCTb IOCJICIHET0 paB-
Ha TOPU3OHTAJIBHOH COCTaBJAtOUIEH CKOPOCTH Ipy3a, a YCKODEHHE Tela
PaBHO TIOPM3OHTAJIBHOH COCTaB-
JIAOIIEH ycKOpeHMs Tpy3a.

Ilyctb @ — noJsiHOE yckOpenue
rpy3a, Torga MOXHO HAIHCaTh:
a=a, +a, rae a; — UEeHTPOCTpe-
MHTENIBHOE YCKODEHHE Tpy3a npH
€r0 [BWKEHUM MO OKPYXHOCTH
pamyca I, T.e. ag;=0?l, rne Puc. 154
v — CKOpoCTh rpy3a (puc. 154).
TlopusoHTanmbHas COCTaBAAIOWIas YCKOPEHHsS Ipy3a paBHa

ar = a;sino — (0*/)cos .

C raxum YCKOPEHHEM [IBHXCTCA H TEJO. Hanumem YPaBHCHUE [OBHXKCHHSA
TéNaAa:

N = Ma, = Ma,sina — M (v*/l)cos o

rae N — cwia HOpMaJIbHOTO JABJICHHS HA T&JIO CO CTOPOHBI Ipy3a. B MoMenTt
oTpbBa Tpy3a N =0 un

a;sina = (v?/l)cos a.

Vckopenne @, B MOMEHT OTpHIBA COOOMIAETCA TpPYy3y TOJbKO CHIOH
TSKECTH

a, =gcosa.
Takum o6pa3oM, ckopocTh rpy3a B MOMEHT OTphIBA paBHA

v=]/glsina,
a CKOpOCTh Te€jla B TOT XXE& MOMEHT

u=vsina = sinal/;m.
CornacHo 3aKOHY COXPaHEHHsS JHEPTHH,
mgl = mgl sin o + mv?/2 + Mv? sin® o/2.

IMoacraBuB B 3TO paBeHCTBO Hal[eHHOE BBIpaXEHHE IS U B MOMEHT
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OTpBIBA M 3Ha4YeHMe sin o = sin n/6 = 1/2, HaiineM oTHoiueHue M/m:

M/m= (2 —3sina)/sin®a =4.

CkopoCTb Tesla B MOMEHT OTpDbIBa Ipy3a paBHa

u=vsino=(1/2))/gl/2.

1.48. Ha crepxeHb OEHCTBYIOT TpH CHIbI: cHuia T HaTsOKEHHS HHUTH,
CHNIA TSXKECTH Mg M CHJIA PEAKUUH CO CTOPOHBI CTeHkH R = N+ Fp
(N — cuna HOpManbHOH peakuuu CTeHKH, Fp, — cuna Tpenus, Frp <pN).

Puc. 155

B cocTosiHMM paBHOBECHS CTEpXHS CyMMa MoO-
MEHTOB 3THX CHJI OTHOCHTEJIbHO JIFOOOH TOYKH
paBHa Hymo. UToOBI 3TO yClOBHE BBIIOJHA-
JIOCh, JINHAA JEHCTBHA CWIBl R [0MKHAa IpoXo-
IMTH 4Yepe3 TOUYKY NePeceYeHHs JIMHUN NeHCTBUS
cui Tu mg (MoMeHTsI cusl TH mg OTHOCHTEJILHO
9TOH TOYKH paBHBI HYNIO).

B 3aBHCHMOCTH OT COOTHOIIEHHS MEXAy
yriamMa o ¥  ToYyka IepecedcHHs JIMHHH IeH-
crBus cw1 T ¥ mg MoOXeT Jexarb: 1) Bhlile
nepnesaukyaspa AM, x cTeHe (Touka M; Ha
puc. 155); 2) HuXe 3TOrO NEepHeHAMKyJspa (Tod-
ka M,); 3) Ha HeM (ToYKa M,). CoOTBETCTBEHHO
ciwia TpeHus Jubo HampasieHa Bxomb AC
BBepX (Frpy), 1M60 — Brons AC BHH3 (Frp),
nubo paBHa Hymo. PaccMorpum kaxabid 3
9THX CJIy4aeB OTIEJIBHO.

1) Yuiosne paBHOBeCHS CTEPXHS:

Tcosa + Frpy —mg =0, N — Tsina=0(1)

— PaBE€HCTBO HYJIIO CYMMBI l'IpOﬁ(I.lPlfl BCEX CHII

Ha OCH y U X COOTBETCTBCHHO, a TAKX¢ paBCHCTBO MOMCHTOB CHJI OTHO-

CHTEJIbHO TOYKH A:

mgd, = Td,, wunu (mgl/2)sinB = (TI/3)sin(x + B), )

rae d; u d, —neun cun mg u T coorserctBenHo. U3 (1) u (2) umeem

=
Hy 2 N 3

sinasinp  tga 3

tgfp tga

Frp1 _ 2 sin(a+P) 1 1 ( 2 1 )

9TOT cily4aif OCYINECTBIISETCS NPH YCIOBHH 2tgo > tgf.
2) HamucaB yciioBHs paBHOBECHs, HaineM

1 1 2
N Pyt

3 \tga tgP

3TOoMy Ciy4aio COOTBETCTBYEeT yclioBHe 2tga < tgP.
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3) B 3TOoM ciyyae CTepXeHb HAXONUTCH B PaBHOBECHH NpU JHOOOM
3HAYEHHH [y 2tga =tgP.
TakuM 006pa3oM, NpU NPOU3BOJHLHOM COOTHOIIEHHH MEXAY YIJIaMH
o H P cTepXeHb HaXOIUTCS B PABHOBECHH, €CIH
111 2

WE—|—— -

3 tga tgP

1.49*. PaccMoTpuM, Kak OymeT ABUraThCs MaJblif QHCK cpa3y Iociie
CONPUKOCHOBEHHS C OOJIBILNM.

BriGepeM [1Ba OOMHAKOBHIX HEOOJIBIIHX y4aCTKa MaJIOro JHCKa, paclo-
JIOXKEHHBIX Ha ONHOM JAHaMeTpe CHMMETPHYHO OTHOCHUTENIHO LIEHTPa 3TOro
nucka O'. Ha puc. 156 Touku A, W A, — NEHTPHl MacC TaKHX YYacTKOB.

Puc. 156

B MOMeHT kacaHHMs AMCKOB (KOraa MaJiblif JMCK ellle IOKOUTCH) CKOPOCTH
v, H v, TeX TOYEK GONBIIOrO JUCKA, KOTOPHIE CONPHKACAIOTCA C TOYKAMH
A, u A, Majoro Iucka, HalpaBJeHH TaK, Kak oKa3aHO Ha puc. 156 (v, =
=Q-04,, v, =Q-0A4,). [lousaTHO, 4TO BOOJIb CKOPOCTEH v, U v, OyAyT Ha-
TpaBJieHbl B MOMEHT KacaHHsl CHIIbl-TpeHHs Frpy U Frp), meficTeyromme co
CTOPOHBI 60MBIIOro AUCKA HA LEHTPbl MacC BHIOPAaHHBIX Y4aCTKOB A, U A,
majioro aucka (Frpy = Frp)). Ilockonbky ie’o l; cunmbt Frpy OTHOCHTENBLHO
OCH MaJIOro JMCKa MeHblue mieda I, cunbl Frpy (puc. 156), cymmapusiit mo-
MeHT napsl ¢ull Fryy ¥ Fry) Gyner 3akpyyuBaTh Malblif QHCK B Halpasiie-
HHH BpalleHHs GOJIBIIOro JMCKa.

PaccMOTpeB aHAJIOTHYHBIE Napbl yY4aCTKOB MaJIOro JHCKa, NPHXOJUM
K BBIBOJY, YTO Cpa3y IOCJie KacaHHs MaJIblii ANCK HAYHET 3aKPy4YHBaThCS
B HANpaBJeHHU BpalleHUs GOJBILIOTO MMCKa.

IIycTs B HEKOTOpHI MOMEHT BPEMEHH YrjoBas CKOPOCTh MaJoro AM-
cKa cTayla paBHOH ®. CKOPOCTH y4acTKOB C LIEHTPaMH MacC B TOYKax A, H
A, 6ynyt paBHH v =v,=0r, rae r=0'A, = 0'A, (puc. 157). Cunsr Tpe-
uas Fi,) u Frp), neficTByromue Ha 3TH y4acTkH, O6yAyT HalpaBlieHbl BIOJb
BEKTOPOB ¥; — v, (OTHOCHTEJbHAast CKOPOCTh TOYKM 6OJBLIIOro OHCKa, Ka-
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catoueiics Toukd A;) U v, — vy (OTHOCHTE/IbHAA CKOPOCTH TOYKH 00JIb-
WIOT O /IUCKA, KACAIOLIEACs TOUKH A,). [TOHSTHO, 4TO MOMEHT napsl cuil Fipy u
Fip2 GyneT packpyuuBaTh Majblii QHCK (T. €. YIJIOBas CKOPOCTh aucka 6y-
eT MEHATBHCS), €ClM vy = v, < B,B,/2=Qr (cMm. puc. 157; ana yno6Gecrea
CpaBHEHHS BEKTOPbI, «OTHOCHIIHECH» K TOYKE A,, NEpeHECeHbl B TOUKY A,).

Puc. 157

Taxum oBpasom, noka ® <2, UMEETCA OTIHYHEIH OT HyJs MOMEHT
CWJI TPEHMS, PacKpyuHBarommx Majbii auck. Ilpu o = oTHOCHTEbHBIC
CKOPOCTH YYACTKOB C LGHTPAMHM MacCc B TOUKaX A; u 4, HaNpaBjieHbl nep-
NEHAMKYISPHO OTpe3ky OO0’ (Bmosnb orpeska A,C Ha puc. 157) u MoMeHT
CHJ1 TPEHHS OTHOCHTEJIbHO OCH MAJIOFO AMCKa paBeH Hyio. Cienopareib-
HO, M B AafbHCHINEM Manbid auck 6yneT BpamiaTbCs C yYCTaHOBMBIHeHCH
YIJIOBO# CKOPOCTBIO Q.

Ipr © =€ BCe CuUNM TpeHHs, ACHCTRYIOMHE HA AHATOTHYHBIC Naphi
Y4aCTKOB MAJioro Aucka, OyayT paBHBl HO MOAYJIIO H HANPABJCHBI OXMHA-
KOBO — NOPROHAMKY/IspHO oTpe3ky O0'. Cornacuo TpeTheMy 3akoHY Hpio-
TOHA, PO3YIbTUPYIOLAA BCCX CHJI TPEHMA, CHCTBYIOWMX HA 0ONbIION IHCK,
GyneT npunoxena k Touke GONBIIOro JUCKa, Kacalomieics nenrpa 0' MaJo-
TO OucKa, #H paBHa pmg. YT06bI KOMNOCHCHPOBATh TOPMOSAINME MOMEHT
3TOM CHJIbL, K OCH GOJIBIIOFO AUCKA HaXO NPHIOXHTH MOMEHT CHII, paBHBIH

M = pmgd.

1.50. Ilocae ycTaHOBJIGHHSA NOCTYHNATEbHOIO ABHKEHHA CHCTEMBbI OT-
HOLteHHe CHJI TPeHHs Frpy B Frp), NeACTBYIONMX HA TIEPBYIO ¥ BTOpPYIO Na-
JI0YKH, OyeT PaBHO OTHOHICHHIO CHJI AABJIEHHA COOTBETCTBYIOILHX YYacT-
KoB: Fyp1 /F3p2 = N/N,. Tlockosibky Kaxias W3 CHJI AaBJCHUsS TPONOPHHO-
HanbHa Macce: Ny =m,g, N, = m,g, TO OTHOIICHHE CHJI TPEHUS NOJYYHM
B BHIE

Fipi/Frpa=m,/m,. 1)
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C ppyro#i CTOpOHbI, H3 PaBEHCTBA MOMEHTOB 3THX CHJI OTHOCHTE/IbHO BEp-
WHHBI NPAMOro yrja (puc. 158 — BUA CBepXy) NOJAYYHM

[Fypicos @ =1Fpp,sing, 2

rae | — paccTogHHe OT BEPUIMHBI 10 HEHTPOB MACC najoyex. U3 ypaBHenuit
(1) u (2) HaxoaMM, 4TO tg @ = m;/m,, TAe @ =
=o — n/2. CrneaoBaTenbHo, Yroa o =mn/2+
+ arctg (my/m,).

1.51. Eciu nHora ¢yrbGonucta mpu yaape
JBHXETCS CO CKOPOCTBIO U, TO B CUCTEME OTCYETA,
cBmaHHOH ¢ Horoi ¢yrbonmucra, ckopocTh
Ms4Ya paBHA v + u (OCh MBHXKEHHMS PACTIONIOKEHA
no HanpasjieHMIO ABwkeHus Ma4a). IMociae ab-
COJI}OTHO YNPYroro yjapa CKOPOCTh Ms4Ya B
310l ke cucreme Oyner —(v + u), a ero cko- Puc. 158
POCTh OTHOCHTENILHO 3eMitd — (v + u) — u. Benn
nocie yaapa Ma4 OCTaHOBWICH, TO ¥ + 2u = 0; oTctofa u = —vf2 = —5 m/cC.
3nak MHHYC yKa3niBaeT, 4To Hora (hyrGonucTa AOMKHA HBUTATHCA B TY
%€ CTOPOHY, 4TO ¥ MAY A0 yAapa.

1.52. [Tockonbky [ocie NONANAHNA NYJM B TEJIO YMEHBIIAETCA BEPTH-
KaJIbHas COCTABJIAIOIAA CKOPOCTH CHCTEMBI T€JIO — NyJA (3aKOH COXpaHe-
HMY MMIYJIEC3), TO BPeMs MAJACHHA Tejla HA 3E€MJIIO YBEIHYHTCA.

Yrtobpl onpenennTs BpeMs MAJCHUA TeNA HA 3eMIIIO, HalaeM Bpems
OadeHus ¢, TeAa 0O NOoNafaHuA B HEro NyJH H BPEMA [, NBHKCHHA Teaa
BMecTe ¢ nyje#. Mtak, nycts ¢, — BpeMa CBOGOJHOTO NAJACHUSA Teja C Bbi-
cotel h, Torma nepsyio NonoBHHY NMyTH Teno Hpolifer 3a BpeMs 1y =
=m=to/ |/§ B MoMeHT nomajaHHa B TeJo Maccolfi m mymu maccoff
M ero umnyanc Obijl HANpPaBjieH BEPTHKAJNBLHO BHU3 ¥ PABEH

my = mgtoﬂ/i.

Tlonasuias B TenO TOPH3OHTAMBHO J€TALIAA MyJS HE M3MEHHT BEpPTH-
KaJIbHOH cocTapasiouicli MMIyinca 0OPa3oBABLICHCA CHCTEMbi, HOITOMY
CKOPOCTh CHCTEMBI TEJAO — Nyjis B BEPTHKANLHOM HANpaBICHHH OyaeT

paBHa

m m ty
u= v= —_
m+M m+M? V§
OcTaBiyiocs MOJIOBYHY IYTH CHCTEMA TeJIO — MyJI NPOHACT 3a BpeMs

t,, KOTOpOE MOXKHO HafiTH H3 ypaBHCHHA
hj2 = uty + g13/2.

OTRyna HaxOmuM BpeMsd i,:

to Ym*+m+M?P-M

V§ m+ M

t, =
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Taxum o6pa3oM, ofuiee Bpems NaJeHHs Tesla Ha 3eMJI0 OydeT paBHO

(M >>m)
to Ym*+m+My>P+m 4

t=—— ~
l/i m+M l/§

1.53. [Ina pemieHus 3aa4 BOCNOJIb3yeMCs 3aKOHOM COXPAHEHHS MM-
nyJbca CHCTeMHL. BriOGepeM cHCTeMy KOOpAMHAT TakK, KakK yKa3aHO Ha
puc. 159: ocb X COBNAnaeT C Hampas-

9 JIEHHEM CKOPOCTH v; Tejla Maccoit m;,
' OCb y HampaBlieHa BJOJb CKOPOCTH
v, Tesma Maccoil m,. ITocne cinvmanus

myv, z
m2U2 .
1)
® M m Y M
Puc. 159 Puc. 160

TeJa MOJETAT CO CKOPOCTBIO u, NMPHYEM
myv; = (my +my)uy, myv, =(my +my)u,.
Ho coymapeHHs KMHETHYECKas JHEprus CHCTeMBl Gblna paBHa
.2 2
Wi =m,v/2 + m,v3/2.

KuneTHueckast 3HEPrusi CUCTEMBI NOCJIE COYOAapEHHs (CIMNAHKs) Tel CTAHET
paBHO#

m; +

m
Wi= T’(uﬁ +u))=

myv} +myv3
2(my +my) ’

Taxkum 06pa30M, B pe3yJbTaTe COYNApPCHHUs BBINCIUTCA KOJIHMYECTBO TeE-
IJIOTHI, paBHOE

mym,

=W, -W'=—12
2 ) ) 2(my +m,)

(v} +0v3) ~ 43 Ox.

1.54. Tak xak TpeHHE OTCYTCTBYEeT, TO B FOPH30OHTAaJLHOM HanpasJe-
HHMHM Ha Hallly CHCTeMY He JeHCTBYIOT BHeluHHe cuuibl (puc. 160). s onpe-
JEJIEHHs CKOPOCTH ¥ JIEBOTO KJIMHA H CKOPOCTH u LIaWOBI cpa3y mocsie CHy-
CKa MOXHO BOCNOJIb30BAaThCS 3aKOHOM COXPaHEHHS JHEPrHH U 3aKOHOM
COXpaHeHHs MMIyJbCa:

Mv?/2 + mu?/2 =mgh,  Mv=mu.
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ITockosbKy B MOMEHT HaHBBICIIErO NMoAbeMa I1aiObl Ha NpaBblid KJIMH
Ha BBICOTY N, HX CKOPOCTH OYAyT OOMHAKOBBI, 3aKOH COXPAHEHHS HM-
myjbca 3amMIIeM B BHAE

mu=M+m)V,
rme V — obas ckopocTs maiibu ¥ npasoro kiuHa. Kpome Toro, Bocmons-
3yeMCAl 3aKOHOM COXDAHEHHsS JHEPTHH:
mi® M+m
2 2

CoBMeCTHOE pellicHHE BBIILICHANHCAHHBIX YPaBHEHMH JaeT BbIpaXeHHe
U MakCHMAaJIbHOHM BBICOTHI NMOAbEMA INAWOBI HA NpaBblil KIHH:

M2
Boppy =h——.
MM+ m)?

V2 + mghmax.

1.55. Jo Tex mop noka maiiba He OKaXeTCs B HAMHH3LIEM IOJIOXKEHHUH,
6pycok Gynmer xacatbcs cTeHsl. K 3TOMy MOMeHTY Bpemenu Inaii6a npu-
O6peTET CKOPOCTL v, KOTOPYIO HalileM H3 3aKOHA COXPAHEHUS JHEPIHH:
v? = 2gr. TIpu nmocreqylOUWeM ABWKEHHH
cucTeMbl maiba Oyner «3abupaTecs» Ha
npaBylo NOJNIOBHHY Opycka, Bce Bpems
yckopsis ero BmpaBo (puc. 161), moka
HAKOHEll CKOPOCTH a6l u O6pycka He
cpaBHsloTC. [anee 1maiiGa oTHOCH-
TedbHO Opycka HaYHET COCKaIb3bIBATH
BHH3, NIDH 3TOM, NOKa OHa ONATb He 7 7z
NpoiieT Hu3lIee NONoXKeHHe, 6pycok Bce
eme Oyner yckopatbcsa. Takum oOpa3om,
MaKCHMaJIbHast CKOpOCTb Opycka Oyner B MOMEHTH NPOXOXJCHUA
I1aif6oif HM3IIEr0 MNONOXEHHs NpH e¢ [BHXKEHHH Ha3al OTHOCHTEJIbHO
Opycka.

Y10o6b1 HaliTH MaKCHMaJILHYIO CKOPOCTb OpyCKa, 3amMiieM 3aKOH CO-
XpaHEHHs HMIIyJbCa MOCJE TOTO, KaKk OpYCOK «OTOpPBETCS» OT CTEHBI:

Puc. 161

m, )/ 2gr = myv, + m,v,,
U 3aKOH COXDaHEHHsS JHEPIHM IJIs MOMEHTOB NMPOXOXICHHA IIaiGoi HHU3-
IIETO TOJIOKEHHS :
2 2
mvy | Ml
2 2

Hanucannas cucrema ypaBHeHHH MMeEET [Ba DELUECHHS:

mygr =

L vy=0, v,=])2gr

2m, m, —m,
2. vy =——"—1)2gr, v, =——|/2gr.
! m; +m, g 2 m; +m, g
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Pewienne 1 oTBe4aeT MOMEHTaM BPEMEHM, KOI'Ad 1uaiiba asuxkeTcs, a Opy-
cok HaxoauTcs B nokoe. Hac uuTepecyer peilieHHe 2, OTBEYAIOilEe TEM MO-
MEHTAM BPEMCHH, KOrjJa Opycok MMEET MaKCHMAJbHYIO CKOPOCTE:

V) max = 2M, ]/Z-g;/(m, +m,).

1.36. Ilepeiinem B cuUcTeMy OTCHETa, CBJ3aHHYIO ¢ kopoOkoii ITo-
CKOJIbKY yJAaphl WafOH 0 KopoOKky abCOMOTHO ynpyrue, TO CKOpOCTb
maiopl OTHOCUTENBHO KOpOOKM OylneT NepUOAMYECKH MEHSTh CBOE HANpa-
BJICHHE, OCTaBAaACh paBHOH no Moxaymo v. HerpyaHo noHdaTh, 4TO xapakrep
aBixeHds walibn GyAeT NOBTOpATBCA uepe3 BpeMs 2At, rme Ar=
=(D — 2r) /v — Bpems mpoJieTa 1HaHiGL 0T OJHOrO COyJapeHus ¢ KOopoOGxo#
10 creayromero (UEHTp WaiGhl Beaxuil pas npoxoauT nyte D — 2r co cko-
POCTBIO D).

BosBpaiascr B CHCTEMY OTCHETa, CBA3AHHYIO C 3€MJIEH, MOXHO NO-
CTPOMTH rpadux 3aBHCHMOCTH CKOPOCTH LEHTPA IIaHOBI OT BPEMEHH vy (t).
Pacnioyiaras 3aBUCHMOCTBIO Uy (t), JIETKO MOCTPOUTH TPAPUK 3aBUCHMOCTH
nepeMelleHds [EeHTpa LaiGh OT BPEMEHH Xy (1) (puc. 162).

Uy
2v » >
,z-uzg V&2 \
@y | 12
1.1 l'l;zf’_,___

t,  t; 2% &8t; 4t; ot ¢
Puc. 162

1.57. Cunpi, neficTByroue Ha cHCTeMy oOpy4 — maiiba,— 310 cmia
THXECTH H CHJIa HOPMaJIbHOH pPeakumu CO CTOPOHBI IIIOCKOCTH. Obe 3TH
CHJbl HAnpaBieHb! BAOJb BepTHkand. CrnefoBaTtesibHO, LEHTP Macc CH-
CTEMBbI B TOPH3OHTAJLHOM HANPABJICHHH HE NEPEMELIAETC.

IMockonbky TpeHHE MeXAy oOpy4YeM u IUIOCKOCTBIO OTCYTCTBYET,
ofpyH aBmkeTcs nocrynarteiabHo. CorjacHO 3aKOHY COXPAaHEHHMs MMITYJIbCa,
B j1000#f MOMEHT BpEeMEHH

Mu + my, =0, (1)

TA¢ 4 ¥ U, — TOPH3OHTANbHbLIE NPOEKIMHA CKOpoCTed meHTpa oOpy4a
# maiibbl. Tak kak v, NEPHOANYECKH MEHAET 3HAK, TO M U «CHHXPOHHO» Me-
HsaeT 3HaK. OOwnit XxapakTep JBIKCHHA 00pyda TakoB: maitba Ha ydacTkax
BC u BE — nentp o0pyya aBuXxeTcs BNpaBo; Iajiba Ha yuyactkax CD
¥ DE — nentp obpyua npuxercs Bieso (puc. 163).
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Cxopoctu waibbl v ¥ oOpy¥a u CBS3aHBI 3aKOHOM COXPaHEHHS
JHEepruu:

mgr (1 + cos @) = mv*/2 + Mu?/2. (93]

JABuxeHue HIAAOL OTHOCHTENBHO HEMOIBHXHOTO HabarozaTess MOX-
HO NIPENCTAaBUTH B JHO6OH MOMEHT BPEMEHH KaK CyNEpIIO3MIMIO [BYX [BH-
KEHHH : IBWKEHHS OTHOCHTEJbHO LEHTpa oOpyya CO CKOPOCTBIO vy, Hampa-
BJICHHOH IO KacaTelbHOH K oOpydy, W ABHXEHHE BMecTe C obpyiem co

Y
g ),
A £
[/
12 2 3
Puc. 163 Puc. 164

CKOPOCTBIO #, HANPABJIEHHOH FOPH3OHTANBHO (pHC, 164). Kak BunHo M3
PHCYHKa,
vp/(0x + V) = tgP. 3)

Pemras corMecTHO ypasdenus (1)—(3), HalieM CKOpOCTH HEHTpa obpy-
4a B TOT MOMEHT, KOra Pauyc-BeKTOP TOMKH, B KOTOPOH HAXOAMTCS IHAMH-~
6a, COCTaBJIICT YroJl (¢ C BEPTHKAIBIO:

u=mcos @)/ 2gr(1 + cos @)/ [(M + m}{M + msin ¢)}.

1.58. B MoMeHT oOphiBa NpaBod HHTH Ha CTEPXKEHb AEHCTBYIOT: CHJIA
HaTsDkenus T neBoit HuTH u cuiil Ny 1 N, HOpManbHOTO [ABJICHHUS TPY30B
Maccamu m, u m, (puc. 165). Ilockonnky CTepkeHb HepecoM (ero macca
paBHa HYJIIO), YPAaBHEHHS €O NMOCTYMATEBHOTO H BPAIRATEARHOTO ABHXKE-
HUH TPUMYT BHI

—T+N,—N,=0, N E=2N,k

U3 Broporo ypapHEHHS (YCIOBHE PAaBEHCTBA HY/IIO CYMMBI MOMEHTOR BCEX
CHJI OTHOCHTEJbHO TOukH O) cieayeT

N, =2N,. (§3]
C y4€TOM ITHX COOTHOILUEHHH mosy4aeM (cM. puc. 165)
T=N,-N,=N,. @

VckopeHns Ipy30R Maccamu m, ¥ m, B NEPBbI MOMEHT nocjie obpui-
Ba npaBod HUTH GyAYT HampamjieHbl BEPTHKAJIBLHO (TOuKa O HEMOABIDKHA,
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CTECPXEHDb HepacmmuM) H CBsSiI3aHbl COOTHOILIEHHEM
a, = 2a,. )

3amnuiem YPaBHEHUS OBUXCHHUS IPY30B B 3TOT MOMEHT:

’ ’
mg—N{=ma, myg + N, =m,a,,

rae N{ u N, — cuiIbl peakilMH CTEpXHs, NEHCTBYIOIHE HA PY3bl MaccaMH
m, u m,. Ilockonmbky N/=N, u N,=N,, 10

m,g — 2N, =ma,, myg + N, = 2m,a,.
Orciona HaxomuMm N,, a clefoBaTenbHO (cM. (2)), B CHJIy HATSKEHHS
mut T
m;m
T=N,= v
m, +4m,
1.59. ITycth 3a Manblit NpOMEXYTOK BpeMeHH At 1ocJie Hayajla ABHXKe-
HHSl CHCTEMBI KOJIEYKO OIMYCTHJIOCh Ha paccTosiHHe Ax OT TOYKH A U npu-
obpeno ckopocts v (puc. 166). Cko-
Z POCTh TNOCTYNATENbHOTO ABHXXEHHS
ob6pyuel B 3ITOT MOMEHT JIOJKHA OBITh
paBHa u =vtga (At HacToJbKO Ma-

N, 3
T N,
0 ”2’
W myg
mg
Puc. 165 Puc. 166

JI0, YTO YroJl O MPAKTHYeCKH He w3Menmwics). CienoBaTesbHO, TaKOBa e
JIMHEHHAst CKOpOCTb BceXx Todek obpyded. CorsiacHo 3aKOHY COXpaHEHHs
JHEPTHH,

mg Ax = 2Mu? + mv?/2 = 2Mv? tg? o + mv?/2,

rine Mu? — xuHeTHYecKas SHEpPrHsi KaXIoro obpyda B naHHb MomeHT. U3
3TOrO paBEeHCTBAa HAXOOMM

2 m 1

I T aMmygia

v
2Ax ~ AMtgta+m

Tpu Ax — 0 MOXHO CHHMTaTh, 4TO v? = 2a AX, Tie @ — YCKOPEHHE KOJeuKa
B HayaJbHbIi MOMeHT BpeMeHH. ClieoBaTeNbHO,

1
=7 +4(M/m)tg?a g
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1.60. TlycTh 3a Manblii NPOMEXYTOK BpeMeHH At mociie Hadaja ABHXe-
HHS BepeBKa NepeMecTHIach Ha paccTtosHHe Al M mprobGpena CKOPOCTb .
Taxk xak At Majlo, MOXHO CYHTaTh, YTO

v =2aAl, 1)

rI€ a — YCKODEHHEe BCEX TOYEK BEPEBKH B HaYaJIbHBIi MOMEHT BPEMEHH.
M3 3akoHa COXpaHEHHA 3HEPrHH (TpEHHE OTCYTCTBYET) CIEAYET, YTO

Mv*/2 = AW, @

rae M — macca Bceit BepeBkH, AW, — H3MEHEHHE NMOTEHIHAJIBLHOH 3HEPrHH
BepeBKH 3a Bpems At. OueBuaHO, 4To AWy COOTBETCTBYET Nepepacnpeene-
HHMIO MacChl BEPEBKH, B pe3yJibTaTeé KOTOPOTO KyCOK BEpEeBKH MIHHOH Al
«nepexoauT™ U3 To4kH A B TOuky B (cm. pmc. 31). Takum obpasom,

AW, = (M/l) ghAl 3

M3 (1)—(3) HaxoguM yciOBHE IBHXEHHMS BEPEBKH B HAayaJbHBIH MOMEHT
BpPEMEHH

a=gh/l.

1.61. OueBunHO, B MOMEHT yOapa TOJbKO KpaiiHHe KyOMKH conmpmka-
caroTca ¢ maitboit. Cuna, neficTBylolas Ha KaXIbliH M3 3THX KYOHMKOB, Ha-
npaBJieHa NEpNeHINKYIAPHO TPaHH KacaHHs MWAai6bl C COOTBETCTBYIOLIMM
KyOHKOM H NPOXOIMT 4Yepe3 ero HEeHTp (auaMerp waiiGel paBeH pebpy Ky-
6uxa!). [osTtomy cpenHuit KyOHMK B pe3yJibTaTe 3TOrO yaapa OCTAHETCH He- .
nonBHXHLIM. I kpaiHHX KyOMKOB M mAiGsl MOXHO HallKCaTh 3aKOH CO-
XpaHEHHs MMIIyJbCa IO HANpPaBJICHHIO CKOPDOCTH LIAGHI v:

my=2mu-|/2/2 + mv,

3€CH m — Macca Kaxnoro kybuka m wmaibel, v’ — ckopocTs maibel mocie
COyNapeHus, ¥ — CKOPOCTb KaXIOro M3 KpaWHHX KyOukoB. 3aKOH COXpaHe-
HHUS 3HEPrHH NaeT ypaBHEHHE

v?=2u? 4+ v

B pesynbTaTte mosyyaem, 4T0 4 = v]/i, v’ = 0. CnenoBaTenbHO, NOCJE yaapa
CKOPOCTH KpaliHHX KyGHKOB COCTaBIAIOT yrisl 45° co ckOpocThIO v, maiiba
OCTaHaBJIMBAETCS, CpeHUH KyOMK TaK H OCTaHETCS HENOIBHXHBIM.

1.62. B naHHOM cilydae 3aKOH COXpPaHEHHSA HMIIYJIbCA YOAETCA NpUMe-
HHThb B HECKOJIbKO HEOXHHNAaHHOM Bune. IIpu B3phiBEe IIapHKa COCTaBISAIO-
IIasi MMIYJIbCA LIapHKa BOJIb TPYOBI OCTAaETCA paBHOM HYJIO, TaK KaK Tpe-
HHE OTCYTCTBYET M CHJIBI PEaklHH HaNpaBJieHbl NEPHNEHIMKYIAPHO ChopoO-
craM yacteil. Heynpyrue coynmapeHus Taxke He HM3MEHSAIOT NPOAOJIbHOMN
cocTaBisoLell HMIynbca cucTeMbl. ClleoBaTeNIbHO, OKOHYATENbHAsA CKO-
poCTh oOpa3oBaBllerocs MOCiA€ BCEX COYyAapeHHH Teja paBHA HYJIO.

1.63. Ins Toro yToGbl BhIAEJIHMBILIEECS KOJMYECTBO TEILUIOTHI OBLIO
MaKCHMAaJIbHBIM, HEOOXOIMMO BHINOJIHEHHE CIIENYIOIHX YCJIOBHIA:
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1) moTeHUWaNbHAS JHEPTUsA TeJ B HaYaJIbHBIK MOMEHT AOJIKHA OBbIThH
MaKCHMAaJIbHOH;

2) Tena AOJKHBI CTOJIKHYTHCA OQHOBPEMEHHO B HIDKHEH TOYKe YallH;

3) ckopocTb Tesl cpa3y IHocie CTOJKHOBEHHS JAOJ/DKHA ObITh paBHa
HYJIIO.

IIpu BLINOJHEHHH 3THX YCJIOBHH BECh 3allaC HAYaJbHOK IIOTEHIHMAJIb-
HOM 3HEpruy Tel mepeiaer B Temnoty. ClenoBaTenbHO, TENA B HaYaIbHbIR
MOMEHT JOJDKHBI GbITh PaclosIOKeHb Ha KPOMKE Yallld Ha BHICOTE r ‘Hal €€
HIKHeH Toukol. Pacnonoxenne Tel AOJKHO OBITh TakuM, 4TOOBI MX CyM-
MapHbI UMIYJIBC Nepel CoyAapeHHeM ObLI paBeH HYJIO (Toraga mocie co-
ylapeHus CIMIIIIeecs TEJIO OCTAHETCS HEMOABIXHBLIM B HIDKHEH TOYKe va-
wiy). ITockonbky 3HaueHHs HMMIIYJLCOB TeJl B JO60H MOMEHT BpPEMEHH -
OoTHOCATCA, Kak 3:4:5, pacnoyiokeHde Tel B HAYaJIbHBIH MOMEHT JOJDKHO
6BITH TaKUM, KakK Ha puc. 167 (Bun csepxy). Ilocie npenocraBienus Ten ca-
MHM cebe KOJHMYECTBO TEIIOTHI, KOTOPOE BBLIAEIHMTCS B CHCTEME, MaKCH-
MaJbHO ¥ paBHO Q = 4mgr.

Y

Puc. 167 Puc. 168

1.64. I1ycTh BHa4aje OTHOCHTENLHO HENMOABHXHON CHCTEMBI OTCYETa
NPOTOH NMOKOMTCH, a 0-4aCTHIA HMEET CKOPOCTb v,. IIponecc ux ympyroro
COyAapeHUs OMHMCHIBACTCHA 3aKOHOM COXPAHEHHS MMIyJIbCa:

4mvy = mv; + 4mv,,
U 3aKOHOM COXDaHEHHs SHEpTHH:
4mvk/2 = mv3/2 + 4mv3/2,

rie vy ¥ v, — CKOPOCTH NIPOTOHA M 0-4aCTHIbI B HEMOJBMXHOH cHCTEME OT-
cyeTa mocjle coynapeHus, m 4 4m — Macchl NPOTOHA U O-4YaCTHIBL
PaccMoTpuM mpouecc coyaapeHds ITHX YacTHII B CHCTEMe LEHTpa
Macc, T. €. B HHEPUHUAILHON CHCTEME OTCYETa, JBHXYILEHCS OTHOCHTEIBLHO
HETIOJBMXXHOM CHCTEMBI OTCYETA CO CKOPOCTBIO
v’ = 4moy/ (m + 4m) = (4/5) v,
(B yMcIUTENE NMEPBOH APOOH CTOUT MOJIHBIA MMITYJILC CHCTEMBI, B 3HAMEHA-
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Tese — ee momuas Macca). Ha puc. 168 u3o6paxeHsl CKOPOCTb ¥, H CKOPO-
CTH 0-4acCTHIBI (BEKTOP 0‘3) U NPOTOHA (BEKTOP 071)) B CHCTEME LIEHTpa
macc o coynapenus: OB = (1/5)v,, 04 = (4/5)v,. CornacHo 3akoHy coxpa-
HEHUsS] UMIYJIbCA, TIOCTE COyAapeHHs BEKTOPhI O—B) u OA cxopocreit o-4a-
CTHIBI ¥ NPOTOHA JOJDKHBI JIEXaTh Ha ONHON NMPAMOH M HOJDKHO BHINOJ-
HATBCA cooTHomenne OB : OA' = 1:4 (cm. puc. 168); cornacHo 3akoHy co-
xpaHenus 3Hepruu, OB'= OB u 0A' = 04 (nokaxure!).

CKOpOCTH 0-4acTHULIBI M INPOTOHA B HEMOJBHXKHOH CHCTEME OTCYETa
u300paxeHbl Ha PHCYHKE BEKTOPaMH ()_C"z =0B +v n —O_C’, =04 +v.

Yro0bl OTBETHTH Ha BONPOC 3aJaYH, HYXKHO ONPEAEIHTh MaKCUMaJILHO
BO3MOXHYIO IIMHY Bekropa OC;, T. €. B paBHOOEIPEHHOM TPeYrOJbHHKE
0A’C, Heo6X0aUMO ONpele/ T MaKCHMAaJbHO BO3MOXHYIO JUIMHY OCHO-
BaHHs NPH HEM3MEHHBIX IJJHHAX GOKOBBIX CTOpOH. O4YeBMIHO, YTO MaKCH-
MYM oC 1 paBeH 2 -(4/5) vy = 1,6vy. DTa cUTyanus OTBe4aeT LEHTPaLHOMY
yhnapy.

1.65. IIunbl aBTOMOGHIS B Necke MPOMHUHAIOT ciied. Uem Goubilie na-
BJIEHHE Ha IECOK, TeM Gouibiue riayGuHa ciiefia, TeM OGoJibllic BEPOSTHOCTD
MalluHe 3acTpATh. ECiAM IIMHBI 3HaYMTENBHO CHYIIEHBI, TO IJOIMIaab CO-
NPUKOCHOBEHHS HIMH C NECKOM YBejguuuBaeTcs. JlaBjieHHE Ha MeECOK IpHU
3TOM YMEHbBILAETCS, CJAECAOBaTeJIbHO, YMEHbIIAeTCd H TJyOMHA ciena.

1.66. CnoxHoe NBHXEHHE Tejaa BHYTpH TPYyOHl B JII06GOH MOMEHT
BPEMEHH MOXHO HPEICTABUTH KaK CYyNEepIO3HLUMIO IBYX HE3aBHCHMBIX IBH-
XKEHUH — IBIXKEHHUS BIOJb OCH TPYObl M JABHXEHUS IO OKPYXHOCTH B ILIO-
CKOCTH, NepIeHAuKyIsapHOi ocH Tpy6hl (puc. 169). OTphIB Tesa OT mMoBepX-
HOCTH TpYOBI CKaXeTcs TOJIbKO Ha BTODOM [BHXEHHHM — TeJo He Oynmer
IBUTaThCA MO OKPYXHOCTH. IT03TOMy MBI DPacCMOTpHUM TOJIBKO 3TO
IBHXKECHHE.

i =\ g’
VR
Puc. 169 Puc. 170

Ha Teno, aBuxyleecs Mo OKpYXHOCTH, NEHCTByeT cuiaa N HOpMaib-
HOH peakIHM CO CTOPOHBI CTEHOK TpYObI (BekTOp N JIEXHT B IUIOCKOCTH,
NepIeHIHKYJIAPHOH ocH TpyOH) M «cmia TskecTH» mg' = mgcoso. Hann-
LIEM YCJIOBHE IBMXXEHHS Teja IO OKPYXHOCTH:

mg'cos B + N = mv?/r, 1
rie B — yroj, KOTOPBIH COCTaBJISET PaHyC-BEKTOP TOH TOUKH OKPYXKHOCTH,
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B KOTOPOH B [aHHBIH MOMEHT HAXOOHTCA TeEJO, C «BEPTHKaJbiO» )
(puc. 170). Yto6bl Tes0 He OTPHIBAJIOCH OT MOBEPXHOCTH TPYOBI, HOJDKHO
BBLINOJHATLCS ycnoBue N = mv?/r —mg cos B >0, oTkyna cieayer

v2 = g'rcosB. )

Casi3b CKOPOCTH v, C KOTOPO# B HaHHBIH MOMEHT ABHXETCS TeJO IO
OKDYXHOCTH, C Ha4YaJIbHOH CKOPOCTBIO D, HaiiieM, BOCIIOJIb30BAaBIIAChL 3a-
KOHOM COXPaHEHHs! JHEPrU#: NPH JII060M 3HAYEHHH Yria B IOKHO BHINOJI-
HATBCS COOTHOILEHHE

mv?/2 + mg'rcos B = m (v, sin ©)%/2 + mg'r;
orcrona
v? = v sin? @ + 2g'r — 2g'r cos P. 3)

Ioacrasus (3) B (2), HalineM, IpH KakuX 3HA4YEeHHSAX U, TEJIO HE OTOPBETCH
OT TpYORI:

v2 > 3g'rcos B/sin2 @ — 2 g'r/sin? @.
IMoCKONBLKY 3TO YCIOBHE IOJDKHO BBIIOJNHATHLCA NpPH JIIOGOM 3HAYCHHH
Be[0, 2n], okonuyatenbHO HMeeM

v > g'r/sin® @ = gr cos a/sin® @.

1.67*. Ilycte B HEKOTOpHIA Mo-
MEHT BPEMEHH KOJIeCO HAXONHTCAi B
OIHOM M3 NOJOXEHHH, KOT4a ero LeHTp
MacC pacrnojioXkeH Halg NPYTOM H €ro
CKOpOCTh paBHa v. B MomeHnt ypa-
pa o cienyromuit npyt (puc. 171) uenrp
Macc KoJieca HMEET HEKOTOpPYIO CKOPOCTh

Puc. 171 v', HaNPAaBJICHHYIO NEePHEHIUKYJIAPHO JIK-
HHMH, COCIHMHSIOLIEH €ro ¢ nepBbIM Npy-
TOM. DTa CKOPOCTb HAXOMHTCA M3 3aKOHA COXPAHEHHs SHEPrUHM:

mgh + m*/2 = mv'?/2.

3necy h=r—)/r? — /4 =~ I?/(8r). Ilonyyaem

v =v)/1+ gl*/(@4rv?).

IMo ycnosuro 3anauu (nBmkeHHe 6e3 MOACKOKOB) ynap Kojeca o npyT abco-
JIIOTHO HEYNpyruil. DTO O3HAYaeT, YTO NpPH yaape [ACHTCS NPOEKHUS HM-
myJibca KoJjleca Ha NMPAMYIO, COCOHHAIOMIYIO HEHTP KoJjieca ¢ NpyToM. Tem
CaMbIM NpH KaXIOM yaape MPOHCXOAMT MOoTeps (Iepexon B TEIUIOTY) JHEp-
THHM, paBHOH

AW = m(v'sin 0)?/2,
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rae sina & I/r. YToObI CKOPOCTh ¥ OCTaBaJiaCh NOCTOSHHOM, HYXHO, YTOObI
pa6oTta cuibl HaTskeHHs T BepeBKH Ha NyTH | KOMIIEHCHpOBaja 3Ty HOTe-
pro sHeprud. Takum ob6pa3om,

mp? gz \ P
Tl= 2 1+ > | 2

4rv r
Ortcrona
T mv?l - gl? ~mvzl
T2 U a2 )T 2

1.68. ITockonbKy MpOCKaJIb3bIBAHUA HET, TO NPH NEPEKAaTHIBAHHM YEpe3
rpaHuLly pa3fena MIOCKOCTEH OCh KOJIECHOH maphl BpalllaeTcs BOKPYT TO4Y-
xu O (puc. 172). B MOMeHT OTpbIBa CHia
JlaBJIeHHsI KOJIECHOH mapbl Ha IUIOCKOCTh H
cWila TPEHHS paBHBI HYJIIO, IO3TOMY Yroi B,
mpd KOTOPOM HPOHCXOXHT OTPhIB, Haxo-
JATCA U3 YCIIOBHS

mg cos p = mv?/r.

W3 3akoHa COXpaHEHHs 3IHEPIHH MOJIydYaeM

mv?/2 = mv?/2 — mgr (1 — cos B).

Puc. 172

OTpeBa He MNPOHCXOMMT, €CIIH ompefe-
JIeMBI M3 3THX YpaBHEHHWH Yroia B He MeHbIE o U, CIEIOBATENBLHO,

cosP <cosa.

Orcrona BBITCKACT, YTO YCJIOBHE

v<|/gr(3cosa —2)

€CTh YCJIOBHE NEpeKaThIBaHHs KOJIECHOH maphbl uepe3 rpaHuuy pasjgena 6e3
orpbiBa. Eciu 3cosa —2 <0, T. e. o> arccos(2/3), To oTpeiB mpousoiaer
npu J06o# ckopocTH v.

1.69. TloTeHnMaNbHast 3HEPrdS CHCTEMbl B HayalbHbIA MOMEHT
CKJIafIbIBAETCA U3 MOTEHUMAJIBLHOM 3HEprud o6onaa, paBHOM myg (r + h), 4 mo-
TEHIHAJILHOH 3HEPIHM YacTH JIEHTHI, JeXalle# Ha HaKJIOHHOH IJIOCKOCTH,
pgh?/(2sin a). TloHAS KOHEYHAS FHEPTHS CHCTEMB] TAKXKE GYNET YHCTO TO-
TEHI[HAJIbHOH M paBHOM BBHAY OTCYTCTBHS TPEHHS HavyalbHOM 3Heprau. Ko-
HeYHasi JHEprus CKJIaAbIBaeTCs u3 3Heprud o6oja mgr H SHEPrHH
HaMOTAaBILUEHCS Ha Hero JeHThL. LIeHTp Macc mocnenHedt GymeM cYHTaTh
COBHAJAIOIIMM C LEHTPOM Macc o6ofa. To HpeAnooXeHHEe BEPHO, €CIH
IJMHA HaMoTaBllelcs JIEHTHI MHOTO GOJibllle JJIHHBI OKPYXHOCTH obGona.
Torna moTeHuManbHas HEPTHUs HAMOTABILEHCS JIEHTHI €CTh

p(h/sina + s)gr,
NpHYEM JUIMHA JIEHTHl paBHa h/sina + s, roe s — HCKOMOE PpacCTOSHHE,
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npoiiiecHHOoe 000AO0M OT OCHOBaHMS HAKJIOHHOM IUIOCKOCTH 1O TOYKH
OCTaHOBKH.
W3 3akoHa COXpaHEHHs JHEPrHH IOJIy4aeM

h? h
mg(r+ h) + pgm=mgr+ pgr(sina +s);

oTcroaa
mg + p(h/sina)(r — h/2)
pr

1.70. YcraHoBHBIIMMCS ABHKEHHEM CHCTEMbI B BO3JyXe GyHeT BEpTH-
KaJIbHOE IaJIcHHE IapUKOB C MOCTOSIHHOH CKOpOCTbIO. CHIIBI CONPOTHBJIE-
Hus Bo3ayxa. F, neiicTByroliue Ha HUXKHMi (OoJiee TSXKeNBIH) U BepXHHIA
MIapHKH, OAWHAKOBBI, ITOCKOJILKY OJHHAKOBbI CKOPOCTH M pa3Mephl IIapH-
koB. Ilo3TOMy ypaBHeHHs IBHXXCHHS LIAPHKOB
3amMIIYTCS B BHIE

mg—T—F=0, myg+T—F=0.

Pemas 3Ty cucreMy, NOJy4UM CWIY HaTSKEHHS
HWTH

T=(m, — my)g/2.

1.71*. B xaxabiii MOMEHT BPEMEHH 4epe3
TOYKYy KAaCaHHs HUTH C IGUIMHOPDOM HPOXOIMT
MrHOBEHHAas OChb BPallieHAs Iapuka. ITO O3Ha-
4aeT, 4TO CHWJIa HATs)KCHHSs HHTH NepHeHIH-
KyJIsipHa, CKOPOCTH IIapHka, OTKyJa CJIeayeT, 4TO 3Ta CHJa He COBepluaeT
pabotbl. TeM caMBIM KHHETHYECKas IHEPrHs LIAPUKA HE MEHSIETCS, M €r0
CKOPOCTb OCTaeTCs MO MOJIYJIO PaBHOM v.

YT0oObI HaliTH 3aBHCMMOCTH | OT t, MBICIEHHO pa300beM pa3sMOTaB-
IIyIOCsi K MOMEHTY ¢t 9acThb HMTH Ha O4YeHb 0ojibmoe 4uciao N MaJbix
paBHBIX kKycoukoB miuHbl Al = I/N xaxnapiii. IlycTh pasMaTbsBaHue n-ro xy-
COYKa NPONOIIKANIOCh BpeMs At,. 3a 3TO BpeMsi KOHEI] HUTH NMEePEMECTHICS
Ha paccTosHuE v At,, a caMa HUTb NOBEpHYJach Ha yrol Ae, = vAt,/(nAl)
(puc. 173). Ha 3T0T Xe yron moBepHyJICS M PaguyC, NPOBEAECHHbIH B TOYKY
KacaHHMs HHTH C IWIMHADOM, T. €.

A, = Ag = Aljr;

Puc. 173

oTcrona
At, = n(AD?/ (vr).
Torna
t=At, +At, + ... + Aty =
1(A:  2(A)? N (Al)? A} N(N+1
_l@p 240 N@P @) NN+
vr ur or vr 2

102



IMockonpky N Bemuxo,
t=(AI2N%/Qur)=2/(or), 1=}/ 20rt.

1.72. 3a Bpems T rosy6o#i mapux npoiiner paccrosuue o (l/ [/3)T=
=21|:l/]/§ (puc. 174; ® =2rn/T — 4yacToTa BpamieHHs). 3a 3TO Xe BpeMs
HEHTP MacC 3€JIEeHOro M Oeyloro LIapUKOB IMEPEeMECTHTCA Ha PpaccTos-
HHe co(l/2]/§)T=1|:l/ [/5 OIHOBpEMEHHO CTEpXEHb, COCAMHAIOIIUM 3e-

wh

P T

pm————

Puc. 174 Puc. 175

JieHBIH u Gelbli IIapHKH, TOBEPHETCS HA yroJl 27, TaK Kak nepuon obpaime-
HHS 3TMX UIAPHKOB BOKPYI MX MEHTPa MAacc COBNAafaeT ¢ mepuoaom T.
ITo3TOMy HCKOMOE pacCTOSIHHE PaBHO

L=1)/3/4 + x)/3 + 127

HIIM NIPH JPYTOM pacloJIOXEHHH LIapuKoB (Genblif M 3eeHbli Ha pHCYHKe
HYXHO NOMEHATh MECTaMH)

L= 1[/3/4 +(m)/3-1/22

1.73. Ha neHTp Macc CUCTeMBI, COCTOsIEH u3 GPyCKOB M HMTH, A€H-
CTBYET B FOPH30HTAJIBHOM HalNpaBJIeHUH TOJBLKO CHJIA CO CTOPOHEI OJioKa.
SIcHO, ¥TO TOpPH3OHTIbHAS COCTaBJIOIAs 3TOM
cwiel, paBHas T(l —cos¢), rae T— cuila HaTsxe-
HUsS HHMTH, BCerfja HampaBieHa BmpaBo (puc. 175).
IMockonbky B HadaJIbHBIH MOMEHT LIEHTP MacC Haxo-
IMTC Hajx GJIOKOM M NMOKOMTCH, B IPOIECCE IBHXeE-
HUs OH Oyner cMemaThCs MO TOPH3OHTAIM BIPABO. 1
Orciona cienyeT, 4TO JeBblit 6pycok OOCTHTHET 6io- 7T |
Ka paHblie, YeM NpaBblif yIaPUTCA O CTOJ, MOCKOIBKY T
B NPOTHBHOM cCllyYae IEHTp Macc oKa3ajci Owl B
MOMEHT yJapa clieBa OT Gioxa.

1.74. Bnaronaps HadYaJlbHBIM yCIOBUAM (JIEBBIH mg
rpy3 HeNOIBHXEH, NPaBOMY COOOIIEHA CKOPOCTh v) mg
JeBbI Ipy3 Oyoer IOBMraThCS MO NPAMOM, NPaBHIH Puc. 176
NMOMHMO [BHXKCHHS NoO mnpsaMod OymeT coBepiIaTh
Konebanus. B HEKOTOpEHI MOMEHT BpeMeHH HA JIEBBIN IPY3 10 BepTHKAIH
neiicreyeT cwia mg — T, Ha TipaBbiit mg — Tcos @ (puc. 176; BepTHKaIbHAS
OCh HampasjieHa BHH3). 3neck T — cuila HaTskeHMs HUTH. OTciona clexyer,

Z
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YTO pa3HOCTb BEPTHKAJIBHBIX COCTaBJIAIOILMX YCKODEHHMI mpaBoro (a;) #

JeBoro (a,) rpy3oB, paBHas

T T T
a, —a,= g—-;coscp - g—; =;(l—cos<p),

BCeraa HEOTpHILATEIIbHA. Hocxonucy OTHOCHTEJIbHOC PACCTOSAHHE U OTHOCH-

Puc. 177

TeJIbHasi CKOPOCTb IPY30B IO BEpPTH-
KM B Ha4albHBIH MOMEHT paBHBI
HYJIIO, TO C TEYEHHEM BPEMEHH pa3-
HOCTh OpOMHAT MNPaBOr0 M JIEBOTO
rpy3oB Oyner yBelM4HBaTBHCH, T. €.
B JII060H MOMEHT BpPEMEHH MpaBbIi
rpy3 HaxXOOWTCsS HHXE JIEBOro.

1.75. Tlycts npaBasi HUTb OTKJIO-
HWIAaCh Ha Yros B OT BEPTHKAIH,.a
neBas — Ha yroj o (puc. 177). Urobu
CTEpPXEHb HE OTKIOHAJICA OT BepTH-
KUILHOTO IOJIOXKEHHs, HeobxomiMo
BBLINOJIHEHHE PaBEHCTBA

T; sina = T, sin B, 88

rae Ty, T, — CHNbl HATSXKEHHS COOTBETCTBYIOLIMX HHTEH.
3anuilieM ypaBHEHHs NBHXEHHS OOOHX TeJl B BEPTHKAJIbHOM H TOpH-

30HTAJIbLHOM HaIllpaBJICHUAX:

T,;sina=m,0?l sina, T, cosa=nm,g,

T, sin B = m,w?l, sin B, T,cos B =m,g.

Pemus nosnyueHHy!o CHCTEMY ypaBHeHu#t ¢ yyetoM (1), Haiinem

2

0= gih ("'____
212 272

myly —m3l3

—m;

2 1/4
) % 14 pan/c.

1.76. O6o3HauumM uepe3 I, u I, NIMHBI NpPYXHH, COEAHHSIOLIMX OCh
BpAIlleHHs C NepBbIM LIADHKOM H IIapHKH Mexay coboi. Tak kak mapuku
IBHXYTCS MO OKDYXHOCTH, TO YPaBHEHHs HX [BH)KCHHA INPHMYT BHI

mo?ly = k(ly —lo) — k(l, — o),
mwz(Il +hL)=k(l; —1ly);

oTCroaa

lo

T 1= 3ma*/k + (mo?/k)?’
(1 — mo?/k)lo

Iz=
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Peuenne uMeeT GU3MYECKHE CMEIC], €CIH BBINOJHSIOTCA HEPABEHCTBA
1 — 3mw?/k + (mo?/k) >0, 1 —mo?/k=0.
Mycte mo?/k=x. Tak ¥ak mo?/k>0, #H3 BTOPOro YCIOBHS CledyeT
0 <x < 1. IlepBoe ycnoBue Haer
x2-3x+1>0,
otkyma mu6o x > (3 +1/5)/2 26, mbo x <(3—/5)/2 ~04. Cnenosa-

TelbHO, 00JNACTh HONYCTHMBIX 3HaueHWH x ecTh 0 <x<(3 —|/§)/2,
OTKyZia

1.77. ismeHeHMe KMHETHYECKOM 3Heprud Teida Wy npu HeGombLIOM
nepeMellleHnH As 3anMChIBacTCsl B BHIE

AW, =F As,
rae F — cuna, gedicteyiomas Ha teno. [ToaroMy Ha rpaduke 3aBHCHMOCTH

KMHETUYECKOH JHEPrud OT NEPEMEUICHHSA IIpH Hp}lMOJ‘lHHeﬁHOM ABHXCHHH
CHlIa B HCKOTOPOﬁ TOYKE TPACKTOPHH OBHXCHHUSA OINpEAe/IsAeTCSd KaK TaHICHC

Wk
N\
S 6' /
\
\\ N
tg¢5=li ,\\‘ 7\7'\
| | | [t8=%=4®
8 c A s
Puc. 178

yria HakjJOHAa KacaTeJlbHOM B cOOTBeTCTBYyIowIeH Touke rpaduka. Mcromn-
3ys rpaduK, NpUBEIEHHBIA B YCIOBHH 3adaud, MoctpoeHneM (puc. 178) Ha-
xomuM Fe~ —1 H, Fp~ -3 H.

1.78. KonuyecTBo BbimenuBILUEHCS TEMIOTH 0OyldeT MaKCHMalbHBIM
OpH YCJIOBHH, YTO OpyCOK NpOHIET MaKCHMAalbHOE PAcCTOSHHE OTHOCH-
TenbHO TpaHcnoprepa. [lnsa 3toro Heob6Xomumo, 4TOGBI OKONO pOJIHKA
A CKROpocTb OpycKa OTHOCHTENBHO 3€MIM CTajla paBHOH Hymo (cM.
puc. 41). HavanbHas CKOpOCTh OTHOCHTENBHO 3€MIIH, KOTOPYIO NPH 3TOM
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OJDKEH UMETh OpYCOK, ONpeneiseTcss YCIOBHAMH
—vo+at=0, I=uvot—at?f2,
rae a=pg — yCcKopenue, coobmaemoe Opycky cmioil Tpenus. OTcroma
v, = |/ 2ugl.

Bpemst qBmxeHHs Gpycka 1O JIeHTe TPaHCIOpTEpPa OO POJiHKa A paBHO

t=|/2l/(ng).

Jo ocrtaHoBKH GpycOK MpOMIET MO JIEHTE MyTb, PaBHBIA

sy =1+0t =1 +0)/2(g).

Hdanee 6Gpycox HauHeT ABUTaThCS PaBHOYCKOpeHHO BrpaBo. MHTepman
BpEMEHH, CHYCTA KOTODPBIH INPEKPAaTHTCA NPOCKAJIb3bIBAHHE, PaBEH T =
= v/a = v/pg. 3a 3TO BpeMs OTHOCHTEJILHO 3eMJIH OPYCOK NMEPEMECTHTCS Ha
paccrosiHue

s = at?/2 = v?/Q2g).

Tak xax no ycmosmro 3amaum v<J]/2ugl, To 3a Bpems T 6pycok He co-
CKOJIb3HET C TPAHCIOPTEpa, T. €. § <l

ITyTs, xOTOpBI 332 3TO BpeMs GPYCOK MpOHIET OTHOCHTENBHO JIEHTHI
TPaHCIIOPTepa, paBeH

53 =|v*2a — vt | = v*/(2ug).

INonusi#i MyTh Opycka OTHOCHTENBHO JIEHTHI paBeEH

s =35, +5;, =1+ 0}/2l/(ug) + v*A2ug) = (v + /2ng)%/2ng).

KonuyecTBO TEINOTHI, BbIAENMBIIEECS 33 CYeT PabOTHI CHJIBI TPEHHS,
paBHO

Q = pumgs =m(v + |/ 2pgl)?/2.

1.79. B nepBoM ciyuae (nBuXeHHe TPYObl Ge3 MPOCKaJb3bIBAHUA) MEp-
BOHAYaJbHBIH 3aNac MOTEHIHAJLHONH FHEPIHH B IOJIE CHJIBI TSDKECTH Hepe-
XOJUT B KMHETHYECKYIO JHEPIHIO ABHXEHHS TpyOBI, KOTOpas HENMTCH HO-
POBHY MeEXJy 3HEprueil BpalllcHHs H SHEprueil MOCTYMATEeJbHOIO ABHXe-
HU1. Bo BTOpoM ciyyae (OBHXXEHHE C IPOCKalb3bIBAHHEM) HE BCH
NOTEHIIMAJIbHAS YHEPTHA NepeiiieT B 3HEPrHIO JBHXEHUA B KOHIIE TODKH H3-
3a paGoThl CHJIBI TPEHHSA. A NMOCKOJIbKY 9Ta dHEPrHA TakXe paclpeneuTCs
TIOPOBHY MEX/y JHEPrHsMHM IOCTYNATEIBHOTO M BpAILATEIBHOIO IBHXe-
HHS, TO BO BTOPOM CJIy4a€ CKOPOCTb TPYObl B KOHII€ 'OpKH OyJeT MeHbLIE.

1.80. ITocne Toro xak NMpyXHHY OTHYCTHJIH, YCTAHABJIMBAETCA €€ PaB-
HOMEpHOe pacTsbkeHHe. [IpH 3TOM BO3HHKAIOT O4YeHb OBICTpBIE KOJIEOGAHHSA
CaMoif NpPyXHHBI, KOTOpEIE TakXke OBLICTPO 3aTYXaroT. 3a 3TO BpeMs Ipy3
NPaKTHYECKHM HE YCIIEBAe€T CMECTHTBCH, T. €. €CJIH, COBeplias pabory A, ce-
PEAMHY NMPYXHHBI CMECTHJIH HAa PAcCTOSHHE X, TO TeNeph BCs MPYXHHA pac-
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TAHYTa Ha X. 3HAYMT, ee MOTEHIHANIbHAs SHEPTUsA, KOTOpas NpPH MOCIENYIO-
meM KosiebaTeJIbHOM MABIXKEHHM Ipy3a paBHa MAaKCHMAJIbHOH KHHETH4e-
ckoif, paBHa W, =kx?/2; rme k — xectkocTb BCell upyxuHbl. Ilpu
OTTATMBAHUM NPYXHHBI BHM3 3a CEPEAHHY YMIMHMIACH JIMIIL €€ BEPXHAS
MOJIOBHMHA, XECTKOCTh KOTOpOil cocraBiser 2k, u paboTa, paBHas NOTeH-
UMATBLHOM HEPTHM PACTSHKEHHs BePXHEH 4acTH MpyxmHbl, A = 2k(x%/2) =
=kx2. Orciofa MOXHO 3aKJIIOYHTb, YTO MAaKCHMalbHasi KHHETHYECKAs
3HEpPTus rpy3a NpM NOCienyrolleM IBHXeHUM paBHa W, = A/2.

1.81. Beuny 3aMKHYTOCTH CHCTEMBI 3Be3Abl OyNyT BpamiaTbC BOKPYT
CBOEro IEHTpa Macc N0 KOHHEHTPUYECKMM OKPYXHOCTAM. YpaBHEHUS NBH-
XKeHHs 3Be3]] MMEIOT BUA

m i, = F,‘ m,w3l, = F; 1)

30ech ®;, ®, — YIJIOBBIE CKOPOCTHM BpalleHHA 3Be3n; Iy, I, — pamuychl ux
opbut; F — cuna B3aumoneiictus 3Be3n, pasHas Gm,m,/I%, rne | — pac-
CTosiHMe MexJy 3Be3gamu, G — rpaBHTanMoOHHas NocrosHHas. M3 onpene-
JIEHUsE LIEHTPa MacC CIeAyeT, YTO

mly=myl,, 1+ =1 @

Pemas coBmectHO (1) u (2), mosy4aem

0, =0, =/G(m, +my) /P =1""|/G(my + my,

a MCKOMBIii mepuon OOpalleHHs 3THX 3Be3[l pPaBeH
T =2al)/l/[G(m, + m,)].

1.82. IlycTe v, — CKOPOCTH CTaHIHMH IO CTOJKHOBEHHMS, U, — CKOPOCTh
CTaHUMH M METEOPHTA Cpa3y NOCJE CTOJKHOBEHHS, M — Macca METEOpHTa,
10m — macca cTaHIMH.

Jlo CTONKHOBEHHS CTAaHLMSA IBHrajach BOKDYI IUIAaHETHI MO KPYroBoi
opbute paamyca R, NO3TOMYy CKOpOCTh CTAaHUMHM 0; HaXxOOUTCA M3
ypaBHEHMs

10mv}/R = G - 10mM/R>.

Orciona vy = ]/GM/R. CxopocTH u, vy ¥ v,, COTJIACHO 3aKOHY COXpaHeHHs
HMIIYJIbCa, CBA3aHbI COOTHOLIEHHEM

mu + 10mv, = 11mv,.

Hanuiuem 3aKoH COXpaHEHHs MMIOYJIbCa B NPOEKLHMAX Ha OCH X H
y (puc. 179):

10mv, = 11mv,,, (1)
mu = 11mv,,. (2)
IMocne cTONKHOBEHMS CTAHIMA NMEPEXOAUT HA IIUIMNTHYECKYIO OpOHTY.

3Hepmx CTaHIUM C 3aCTpSABIIMM B He# METCOPUTOM IIpH ABHXKEHHH IO
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3TOH IJUIMNTHYECKOH OPGMTC OCTaeTCsl IOCTOSIHHOM. CJ'ICI[OBBTCJIBHO,

11mM
R

-G

11imM  11lm

borid)= -6l s My )

R/2 2

rae ¥V — cKkopoCcTh CTaHUMH B MOMEHT HaHOOJBIIEro COIMKEHHs C IUIaHe-

x 122

Puc. 179

ToOH. 31ech MBI HCIIONIB3yeM G opMyIty
Ui NOTEHIMAJILHOH JHEPrHM I'DaBH-
TallMOHHOTO B3aMMOJEHCTBUA ABYX
Test (my ¥ my): Wy = —Gmym,/r. Co-
rjacHo BTOpoMmy 3akoHy Kemrepa,
CKOPOCTb ¥ M CKOPOCTB v, CTaHLHUH
cpa3y mocjie CTOJIKHOBEHHS CBS3aHBI
COOTHOIIEHHEM

VR/2 =v,R. @
Pemas coBmecTHO ypaBuenus (1) — (4)
M yudTHBasg, 4ro v; =|/GM/R, Ha-

XO0MUM CKOpOCTb METEOpHTa Iepen
CTOJIKHOBCHHEM |

u =}/58GM/R.

1.83. [Insa Tena Maccoif m, nokos-
LIErocst Ha 3KBAaTOPE IUIAHETH, KOTO-

pas MMeeT paaMyc R M Bpauaercs ¢ YrjoBo# CKOPOCTbIO (), ypaBHEHHE

JABHXCHHUA HUMECT BHUI

mo?R =mg' — N,

rae N — cusa peakuuu MOBEpXHOCTH IutaHeTH, ¢’ = 0,01g — yckopeHue cBo-
6onHOrO mMajfieHus Ha miaHete. ITo ycioBHIO 3afavM Tejla Ha 3KBaTOpE He-
BecOoMHI, T. €. N = 0. VuuteiBas, yrto @ = 27/T, roe T — nepuon obpalleHus
IUIAaHETHl BOKPYT OCH, PaBHBIA NpPOJOJDKUTENIBHOCTH 3€MHBIX CYTOK, MO-

JIy4uM

R =(T?*/4n?)g.

TMoncrasnsas 3navenus T =8,6-10* ¢, g’ ~ 0,1 M/c?, nomyuum

R ~1,8-10" Mm=18000 xm.

1.84. 3anumem ypassenus aemwkenns Hentyna u 3emumn Bokpyr Couin-
Ha (@i MpocTOTHl PAacCyXIECHHH MPENOJIOKHM, YTO OpPOHTH KPYroOBLIE):

myoiRy = GMmy/RE,
mwiR3 = GMmy/R3.

3necy my, m3, ®y, 03, Ry, R3 — Macchl, yrjioBele CKOPOCTH, PagHyChl Op-
6utr HentyHa u 3eMiu cooTBeTcTBeHHO, a M — macca ConHua. Yurtem Te-
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1lepb CBS3b MEXIY YIJIOBOH CKOPOCTbIO H NEPHONOM OOpauleHHs BOKpYT
ConHua:

oy =2n/Ty, w3 =2n/T3.
3mecy Ty — mepuon obpamenus Henrtyna, a T3 — mepuon obpamienus
3emnu Bokpyr Conuua. B pesysnpTaTe Haxoaum, 4To mepuon obpaieHus
Hentyna Boxpyr CoyHna paseH

Ty = T3/ R} /R3 ~ 165 ner.
AHaJIOTHYHBIH Pe3yJIbTAT MOJIyYHTCS M JUIS JUIANTHYECKHX OpOHT M3 3-To
3akoHa Kennepa.
1.85. PaccmoTpuM n1Ba NyTH peElEHHs 3alayH.
1. Yciosus paBHOBecHs Ipy3oB mmeroT BuI (puc. 180)
T, =myyg, T, =myg,

Mg =T,sina, + T,sina,, T,cosa, = T,cosa,.

W3 3THX COOTHOIIEHHH MOXHO HAHTH YIJIBI, COOTBETCTBYIOLIHE MOJIOXe-
HHIO PABHOBECHS CHCTEMBI:
M? —m2 +m? M? —m? +m?

sina, = X sina, =
2Mm, 2Mm,

OueBHIHO, YTO PABHOBECHE OCYUIECTBHMO He Beerna. ecTBHTENbHO,
s paBHOBeCHS HEeOOXOmMMO BHIMOJIHEHHE yclIoBHiH 0 <oy <m/2
O<a, <m?2, Te.

M’—m§+mf<l’ 0<M’—m§+m§
2Mm, 2Mm,

0<

W3 3TuX HEPABEHCTB CIEAYET, YTO BCA cHCTEMA GyNET HaXOMHTHCA B PABHO-
BECHH JIMLIL NPH BBIMOJIHEHHH YCIO-
BHi

M<m+my, M*>|m}-—mi|

2. PaccMOTpUM paBHOBECHE y3-
na A. B 3TOM ciiydae Ha Hero HeiCT-
BYIOT TPH CHJIBI:

Ty =myg, T,=myg, T5=Mg.

Jins paBHOBecHs y3jia HeoOXOIMMO,
4yTo68I TpH cwisl Ty, T,, T3 o6pa3osa- Puc. 180

nu TpeyrojsHUK. ITockombky B Tpe- '

YrOJbHHKE CyMMa [UIHH JBYX CTOPOH He MeHbllle TPEThel, MONYYuM COOT-
HOILIEHHE MEX Iy MaccaMu m,, m,, M, abecneunBaroliiee paBHOBecHe y3yia A:

m; +m,>M, M+ my>m,, M+my>m.
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\ 1.86. PaccMOTpHM yCJIOBHS paBHOBecUs

N CTEpXHSA B TOT MOMEHT, KOI[Ja OH HaKIOHEH
K ropusonTy noa yriom o. Cuwibl, neicr-
BylOIlME Ha CTEPXEHb, MH300paxeHb Ha
puc. 181. Ilpu pemrenun 3amaum ynobGHee
BCEr0 BOCIHOJIB30BaThCH PAaBEHCTBOM HYJIIO
CyMMBI MOMEHTOB CHJI  OTHOCHTEJbHO
TOYKH TNEpecedcHHUs JIMHUHM [NEHCTBUS CHIB
TSAXECTH Mg W TPWIOKEHHOH YeIOBEKOM
NIEPIIEHAMKYIAPHO CTepxHIO cuibl F (Tou-
xa O) — IpH 3TOM MOMEHTHl NaHHBIX CHJI
PaBHBI HYJIIO.

Iycty winHa crepxHs paBHa 2I, Toraa
IUIeY0 CWIHI peakiuu omnopbl N cocTaBiiser
lcosa, a mwieyo cwibl TpeHus — I/sina + Isina, U ycioBHEe paBHOBeECHS
3aNUCHIBAETCS B BHIE

_—— e ——————

Fr/p/

Puc. 181

Nlcosa = FTPI(—,—I— + sina) = Fqppl 1+_.sin_2l;
sin o sina
oTciona -
Fo= cosasina _ cosoasina _ 1
R 1+4sin20  2sin?o+cos?a 2tga +ctga

C npyroil CTOpOHBI, CHJa TPEHHS HE MOXET IPEBBLIIATL 3HAYECHUs
BN — CHIBI TPEHHS CKOJbXEHHS, MO3TOMY

P
H= 2tga +ctga

3TO HEPaBEHCTBO JOJIKHO BBINOJHSATbCA HpH BceX 3HaueHusx yriaa o. Cie-
JIOBATENIBHO, JUISl HAXOXAEHH MHHMMAJbHOTO Ko3hdHImenTa TPeHUS Hpmin
Heo6xonuMo HaitTm MakcumyM oymkumu (2x2 + 1/x?)7!, roe x?=tga.
U3 ToxmectBa 2x% + 1/x%= ([/ix —1/x)? +2)/2 cnenyer, 4ro Makcu-
MaJibHOE 3HaveHne 1/(2tga + ctga) paBHo 1/(2 ]/i) = 1/5 /4 u poctaraercs
npa x2 =tga=[/§/2. TaxuM 06pa3oM, HCKOMBIN MHUHAMANBHBIA K03ddu-
LHEHT TPEHUS paBeH

Honin = /2 /4.
1.87. Mockonbky mapHup C HAXOOUTCS B PABHOBECHH, CyMMa CHI,
IEeHCTBYIOLUIMX HAa HEro, paBHA HyiO. 3almuchiBas CHIBI, NEHCTBYIOLIME Ha
mapaup C, B NMPOEKIHMH HAa OCh, NepHEHIHKYIspHyl0 AC, MOIyIdM

(m + my)gsina = Tcos o, 1)

rae my, — Macca MIapHUpa. AHaJIOTMYHO, H3 YCJIOBHS PaBHOBECHS LIapHHpa
D u ycnoBus TOPH3OHTAJIBLHOCTH CPEIHETO CTEPXHA CIeIyeT, YTo

Tcos o = Fcos B + myg sina. ?2)
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W3 (1) u (2) nonyyaem

Tcosa — sinaa  mgsina .
= Ml = = mgsino.
cosp cos B

F

Takum o6pazom, MUHMMasbHas cuina Fry,, OpH KOTOpOH cpensu# CTep-
XE€Hb COXpPAHSET FOPU3OHTAJbHOE MOJIOKEHHE, PaBHA

Fpin = mg sin o = mg/2

¥ HamnpaBjieHa MEepIEeHAUKYJISAPHO CTepXHIo BD.

Puc. 182 Puc. 183

1.88. 13 ycimoBus 3ama4u cienyeT, 4To KO3 GHUUHEHT TPEHUSA CKOJIbXeE-
HUS KapaHJallla [0 HAKIOHHONW IJIOCKOCTH YIOBJIETBOPSET YCIOBHIO
W = tg o. JleficTBUTENLHO, KapaH Jalll, TO;I0KEHHBIH IepHeH IuKyIapHO obpa-
3yIolleH, HAXOAUTCSA B PABHOBECHH, @ 37O 03HAYaET, YTo mgsina = Foy,, rae
mg — cuna Tsbkectd, Frp —cmna tpenus. Ho Fp <pmgcosa. Crnenosa-
TEJILHO, Mg Sin o < Umg cos o, OTKyJa W = tgao.

Takum 06pa3oM, HH NpU KaKUX 3HAYCHUSAX yIJla ¢ KapaHAall Mo Ha-
KJIOHHO#M IUIOCKOCTH CKOJIb3UThb He OyOeT.

CxaTbIBaHHE KapaHJalla MOXET HayaTbCA NPH TaKOM YIJ€e @, Koraa
BEKTOP CHJIBI TSDKECTH «BBIAAET» 3a Ipenesbl Yy4acTKa CONPUKOCHOBEHHS
KapaHZalla ¥ HaKJOHHOM IUIOCKOCTH (Ha puc. 183 J>TOT y4acTOK 3alUTpHXO-
BaH). JI1 HaXOXXICHUA 3TOro yrja CIpPOeHMPYEM HAa HAKJIOHHYIO IJIOCKOCTh
LEHTp Macc KapaHgama (TOYKy A) ¥ OTMETHM TOUYKY NepeceyeHHus BepTHKa-
JIM, MPOXOnsIIEH Yepe3 ero HEHTP MacC, C HAKJIOHHOH IUIOCKOCTBIO (TOYKY
B). OueBuaHO, NpH pa3IUYHOH OpHMEHTALMM KapaHAalla, €CJId ero LEHTP
MacC OCTaeTcs Ha MecTe, ToYkd A U B GyayT HEMOABMXKHBI, MPUIEM ECIIH
CTOpOHA HIECTHYrOJILHOTO MONEPEYHOro CEUYEHMs KapaHmama paBHa 2I, To
AB =2lcos 30°tga (mpuiem 2/cos30° — 3TO paaguyC BOMCAaHHOH B IIECTH-
YrOJIbHOE CEYEHUE OKPYXHOCTH).

IToka To4Yka B nEeXUT B 3alUTPUXOBaHHOM 0O6JacTH, KapaHzaail He Oy-
€T CKaThIBAaThCH.

HanumeMm ycnoBue Hayasna CKaThIBaHHS KapaHaina:

AD/cos@y,=AB, wumn l/cosg,=1]/3tga.
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Orcrona
@, = arccos(1 /1/5 tga).
Takum o6pa3oM, eciid yroj @ YIOBJIETBOPHAET YCIOBHIO

arccos(l/[/§ tga) < @ <12,

KapaHJalll HaXOQUTCA B PaBHOBECHH. BhIpaxeHde 1 yria ¢, HMeeT
CMBICJI TIPH YCJIOBHH tgo > l/[/g Tot ¢akT, 4T0 KapaHAall, NMOJIOKEHHBIH
napajulesibHO 06pa3yrollei, CKaTRIBAETCA, O3HAYAET, 4TO tg o > l/[/g (moxka-
KHTE 3TO CaMOCTOSATENBHO). )

1.89. IlycTh cedeHHE NOBEPXHOCTH ONHCBIBaeTca (GyHKuMed y(x),
u300paxkeHHo#! Ha puc. 184. TTocKoIbKY CTEpXKEHDb AOJDKEH B JIIOGOM MOJIO-
XKEHHH HaXOMHThCA B PAaBHOBECHH, 3TO PABHOBECHE MOXET OBITH TOJBKO
6e3pa3IMYHbIM, T. €. UEHTP MAacC CTEPXKHSA JOJDKEH HaXOAMTbCA Ha OJHOM
YPOBHE NpH JIIOO0M MOJIOKEHHH CTepXKHSA. ECIIH KOHel CTepHs, omMparo-
IIMICA HA TMOBEPXHOCTh, HMeeT abcuuccy X, TO OpIMHATa yo APYroro ero
KOHIIa, Kacalollerocs BEPTHKAJIbHOM CTEHKH, HaXOAHTCH M3 YCIOBHSA

P=[yx)—yo?+x*  yo=yx) )PP -x2
ITockonbKy CTEpXeHb OXHOPOJEH, €ro LEHTP MAacC HaXOMUTCH B CEPENHHE
crepxHs. Ilonaras s ONpefeNeHHOCTH OPAMHATY LEHTPAa MacC PaBHOM
HYJIIO, NOJYYHM ’

[yo+y()]/2=0,

y)= £/ P -x*/2

OusnyecKkuil CMBICJI MMEET JIMLIBb PELIeHHE cO 3HakoM muHyc. HTak, ceue-
HHE TOBEPXHOCTH ONMChIBaeTCA B OOLIEM ciyyae (yHKuMei

y)=a-|Pr-x2,

rae a — NpoU3BOJIbHAA IOCTOAHHAA.

4

sINLC /(A

OTCrOAa

Puc. 184 Puc. 185

1.90. B oTCyTCTBHE CTEHKH YrOJI OTKJIOHEHHS MaTEMaTHYECKOro MasT-
HHKa MEHSETCS [0 TapMOHHYECKOMY 3aKOHy ¢ mepumonoM T H YriaoBoi
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aMuuTy 10 o. Takoe xe JBHXEHME COBEpIIAET MPOEKIMsA TOYKH, obpaia-
JoLLEACs 0 OKPYXHOCTH paJMyca o C yrJIOBOi# CKOpocThio ® = 27/T. A6co-
JIIOTHO YNPYTHil yaap >KeCTKOro CTepXHS O CTEHKY NpPH YIJie OTKJIOHEHHs
B cooTBeTCTByeT MTHOBEHHOMY NEPECKOKY M3 TO4YkH B B Touky C (puc. 185).
Iepuon ymensinaercs Ha At = 2y/o, rae y = arccos (f/o). CrnenosaTenbHo,

T, =2n/o — 2y/®,
a HCKOMOE€ OTHOIIECHHE PaBHO

L= 1 —iarccos—.
T n a

1.91*. ITycts mwapuk Maccoif m, magas ¢ BBICOTHI h, yIpyro yaapsercs
O HENOABHXHYIO [OPH3OHTAIbHYIO MOBEpXHOCTh. CUHTas, 9TO BpeMs CO-
yAapeHHsl IIApUKAa C MOBEPXHOCTBIO MAJIO MO CPaBHEHHIO C HHTEPBAJIOM
BpeMeHH At MexIy ABYMsS MOCIENOBaTENbHBIMH COYAapeHHAMH, Hailoem

At =2/2h/g.

3a kax[0e COoyaapeHHe HMIIYJIbC IIapHKa MEHJETCd Ha BeJHYMHy Ap =
=2mv =2m]/2ﬁ. ITosToMy 3a OAHO COyIapeHHME C FOPH3OHTAJILHOH IO-
BEPXHOCTBIO NOJIyYaeM TOT Xe HUMIyJbe Ap =2m m

YTo6BI HaliTH CPEAHIOO CHITY, AEHCTBYIOLIYIO CO CTOPOHBI IIapHKa Ha
TOPH30HTAIbHYIO NMOBEPXHOCTb, PACCMOTPHMM HMHTEPBaJl BpEMEHH T >> At.
3a BpeMs T MMIYJbLC, NepeAaBacMblil TOPH3OHTAIbHOM MOBEPXHOCTH, paBeH

V2ght

=amL T = mgr.

T
AP=Ap—
P 21/2h/g

CrnieioBaTeNIbHO, YCPEOHEHHYIO M0 MHTEpPBAJly BPEMEHH T CHIIY, AEHCTBYIO-
LIy}0 HA FOPH3OHTAJLHYIO MOBEPXHOCTH CO CTOPOHBI NMPHITAIOIIEro MIapH-
Ka, HaiileM M3 COOTHOIIEHHS

Fop=APlt=mg.

ITo ycnoBuio 3aayu Macca M HalK¥ BECOB HAMHOTrO GoJIblLleé MAacChI
m mapuka. ITo3ToMy Ha MefleHHOe KoJjeGaTenbHOEe IBHXKEHHE HaILKH Be-
coB OyIyT HaKJIaaBIBAThCA NMOYTH NMEepHOANYEcKHe yAaphl mapuka. CpenHss
cuna, JEHCTBYIOIAs Ha YalKy CO CTOPOHH Iapuka, 6yner paBHa Fc, = mg.
CrnenoBaTelIbHO, HCKOMOE CMellieHHe AX NMOJIOXEHHs PaBHOBECHs BECOB Oy-
IET PaBHO

Ax = mg/k.

1.92. Cuna, neiicTByromas Ha GYCHHKY, HaXOIsILYIOCA B Kakou-nubo
TO4YKe A, B HalpaBJICHHH, KacaTeJIbHOM K NPOBOJIOKE, paBHa F =mgcosa,
re o — YyroJa MexAay KacaTeldbHOH B Touke A M ocbio opauHat (puc. 186).
Jns Toro 4yTo6Bl AJIMHA y4acTKa MPOBOJIOKH OT Hayajga KOOpOHMHAT A0 Gy-
CHHKM MEHAJIACh MO TapMOHHYECKOMY 3aKOHY, HEOGXOIMMO, 4TOOHL cHiia
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F B Touke A Gblna mpomopuuoHanbha qiuHe l4. Ho F <mg, a |4 HeorpaHu-

4eHHO Bo3pacTaeT. CieqoBaTenbHO, JOJDKHA CYLIECTBOBATh TO4ka B, B Ko-

TOpPO# yCJIOBHE MPONMOPIHOHAILHOCTH HAapyIIaeTCd. JTO O3HAYaeT, 4TO KO-
J1eGaHuA C aMIUTHTYIOH g yXe He MOr'yT
ObITh rapMOHHYECKHMH.

A 1.93. U3 ypaBHeHHil IBHXEHHS
6pyckoB
ma,; = Flep’ 2"‘02 = —Fyl'l'p’
mg

rne Fyy, — CHIa YIPYrocTH NPYXHHbI,
ClIeNyeT, YTO HX YCKOPEHHs B KaXIblit
MOMEHT BPEMCHH CBS3aHbI COOTHOLICHHEM d, = —ay/2. Orcioga BHI-
TekaeT, YTO B HMHEPIHAJIBHOM CHCTEME OTCYeTa, CBA3AaHHOH C IEHTPOM
Macc GpycKOB, MoCiIeHHE COBEPLIAIOT KoslebaHusi B NpOTHBOda3e, MpUYeM
OTHOCHTEIIbHBIE CMEILIEHHs! GPYCKOB OTHOCHTENbHO HX IOJIOXKEHHH paBHO-
BECHA CBA3aHBI TEM XK€ COOTHOILIEHHEM, YTO M YCKODEHHA:

Ax, = —Ax,/2.

Puc. 186

Torna
Fyp=—(3/2)k Ax, = 3k Ax,.

CrenoBaTenbHO, HEPHOA MajIbIX NPOLOJBLHBIX KoJieGaHHH paBeH

T = 2n})/2m/ (3k).

1.94. OT™MeTHM ropU3OHTaNbHBIA nHaMeTp AB = 2r GpeBHa B MOMEHT,
Korja OpeBHO MPOXOIMT MOJOXKEHHE PAaBHOBECHS.

PaccMoTpuM Teneph GpeBHO B MOMEHT BPEMEHH, KOTla HHTH MoaBeca
OTKJIOHEHBI OT BEPTHKAJIM Ha KaKoW-1uOo Manbiif yron o (puc. 187). Ecnu
NMPOCKAIB3LIBAaHUS HUTEH HET, TO HETPYIHO M3
rEOMETPHYECKHX COOOpakeHHil NOJIyYMTh, 4TO
OTMeueHHbIH auamMeTrp AB Bcerza B mpomecce
xonebaHus OpeBHa OCTaeTCs IOPH3OHTAJbHBIM.
JHedicrsutensuo, ecmm EF L DK, 10 FK =
=2rtga~ 2ra. Ho BD =~ FK/2 ~ ra. Cueno-
BaTeJIbHO, KaK M YKa3biBajloch, £ BOD = a.

Tak kak guamerp AB c TeyeHHEM BpPeMEHH
OCTaeTcss TOPU3OHTAIBHBIM, TO OpEBHO [BH-
KETCs UIOCKONAaPaJllIeSIbHO, T. €. CKOPOCTH BCEX
€ro TOYeK ONMHAKOBBI B KaXIbIi JAHHBIA MO-

Puc. 187 MeHT BpemeHd. IlosTomy pBmxenHe OpeBHa

CHHXPOHHO KOJIEOAHHIO MaTeMaTHYECKOr 0 MasT-

HHKa ¢ nuuHo# moaseca |. Taxum obpasom, mepwonx Manbix KkoneGaHuit
OpeBHa paBeH

T =2n}/l/g.
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1.95. Tlepuon xonebaHus MasTHHKA B HaNpaBJICHHH, NEPHECHIUKYJIAP-
HOM peJibcaM, paBeH
T, =2n}Yljg

(I — nnMHA HEBECOMOHM HEpACTSXMMOH HHTH), Tak Kak rpy3 M npu 3ToM
nokoutcs (puc. 188).

Ilepnon xoneGauuif B MIOCKOCTH, NapajUIeNbHON peiibcaMm («mapaj-
JiesbHBIe» KoyieGanus), HalleM M3 YCJIOBHA HENOIBWXHOCTH LEHTPAa Macc
cucremsl. Tlonoxenue . eHTpa Macc CHCTEMBI
ompenensercs ypaBueumeM mly =M (I —1,).
Takum 00pa3oMm, LIAPHK coBeplIaeT koynedaHus
NpH HENOABHXHON Toyke O, HaXoIich OT Hee
Ha paccrosHuu l; = MI/(M + m). Orciona ne-
pHOA «mapaieNbHBIX» KojeOaHMi MasTHHKA
6yner paBeH

T, =2n})/Mif(m + M)g].

CrnenoBaTesbHO, Puc. 188

1.96. Co CTOpoHBI CTepXHEH Ha rpy3 neiicTByer cuna F, =2F, cosa,
Ha npyxuny — F, = 2F, sina (cM. puc. 48). Cornacuo 3akony I'yka, F, =
= (1,51 — 2lsina) k, roe k — xecTkocTs npyxunsl. B pesynabrare

F, =1,5lkctga — 2lkcos a.

Yto6nl HaliTH mepuon Manbix KoJieGaHHMH, HYXHO ONpPENEIHTb CHILY
AF, neficTByIOIIyl0 Ha Ipy3 NPH MajloM HM3MEHEHMH BHICOTH Ipy3a Ah
OTHOCHTEJIbHO TNOJIOXKEHHs paBHOBecus hy = 2lcoso,. Tlomyyum

AF = 1,5k A(ctga) — 2lk A(cos o),

rae
A(ctgoz)=(dag°‘) Ao = — .Aza , A(cosa) = —sinag - Aa.
do a=a sin® o
CrnenoBaTenbHO, NOCKONIbKY Ah = —2lsinagAa, To
1Aa .
AF = — 1,5k ——— + 2kl sin o Ao = — 5kl Ao, = —5k Ah,
sin? o

Tak Kak sinog, = 1/2.

Ilepmon manbix kosieGaHMit rpy3a HaiineM no d¢opmyne T =
= 2r}/m/(5k), rne m — Macca rpy3sa, ompenensicMas U3 YCJIOBHS paBHOBE-
cus:

1,5kl ctg o — 2lk cos oy = myg,
m=()/3/2)(ki/g).
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TakuM o6pa3oM,

=2/ )/31/(10g).

1.97. Kunetnueckass 3Heprus obGpyya B KaXAbIHi MOMEHT BpEMEHH
CKJIaJbIBACTCA M3 KHHETHYECKOH JHEPrHHM IBHXECHHS LEHTpPa Macc oOpyda
M KHHETHYECKOH JHEPrHH BpallleHHs oOpyda BOKpYr meHTpa Macc. Tak kak
CKOPOCTb TOYKH A 0Opyua BCe BpeMs paBHa HYJIO, TO 00€ 4aCTH KHHETHYe-
CKOM JHEpruH paBHbI (CKOPOCTb LIEHTPa MacC paBHa JIMHEHHOH CKOPOCTH
BpAILEHHs OTHOCHTENLHO HEeHTpa Macc). [103TOMy mHosiHas KMHeTHuecKas
smeprus obpyda paBHa mpv> (m — ero Macca, v — CKOPOCTh €ro IEHTpa
Mmacc). CoriacHO 3aKOHY COXDaHeHHss 3HepruM; mv? =mg(r —hy), Tae
h4 — BbicOTa LEHTpa Macc oOpyya Had TOYKOH A B KaXIblii MOMEHT Bpe-
mend. CrenoBaTelbHO, CKOpOCTh LEHTpa MacCc obpysa paBHa v =
=|/g(r — hy). B TO Xe BpeMs CKOPOCTb MasiTHHKa B B MOMEHT, Koria oH
HaxoJMTCA Ha BbICOTE hy Han ocChbio BpameHus A, paBHa v = |/2g(r — hy),
’ T.e. B |/2 pa3s Gombure. Takum 06-
5% pa3oM, MasATHHK JOCTHTHET IOJOXe-
s HHUA DaBHOBECHS B [/5 pa3 OmicTpee,

/‘ \ 49eM 00pydY, T. €. 3a BpeMs
/

. : t=1/)/22035 c.

1.98. 3ameTuM, 4TO MaJsie KoJie-

GaHMs Trpy3a OPOHMCXOAAT OTHOCH-

llﬂy TeJbHO HENMOABMXHOH ocu AB

Puc. 189 (puc. 189). IIycte DC L AB. Torpa

. Majiple koinebaHus TIpy3a OKBHBa-

JIEHTHH KOJieGaHMAM MaTeMaTHYECKOrO MasTHHKA TOH € MacChl, HO C
JUIMHOW moaBeca

b Y
S

1

VI + L2y

, L2
g =gcoso=g——=—,
V 2 +(L/2)?
roe L= AD.

TakuMm 06pa3oM, HCKOMBIH NepHON MaJibIx KoJeOanuii cucteMsl OyneT
paBeH

I'=Lsina=L

H YCKODCHHUEM CBOOOIHOTO TManeHus

T =2n)/1lg =2n)/2l/g.

1.99. Ins peurenns 3agayy DOCTaTOYHO 3aMETHTh, YTO IBHXKEHHE Ka-
9eJIei eCTh BpallleHHe BOKPYT OCH, MPOXOASAIIEH 4epe3 TOYKH KpEIUICHUS Be-
PEBOK, T. €. CHCTEMa NpEICTaBIACT COOOH «HAKIOHHBIH MaTeMaTHYECKHH
masaTuuk» (puc. 190). CocraBnsrolmias CHJIBl TSXECTH mg, HampaBlicHHas
BIOJIb OCH BpAILECHHUS, HE BJIMACT Ha KojebGaHHA, a NepleHOUKyJspHas Co-
CTaBJIsolas mg sin a ABiseTcs HaKTHIECKH Bo3Bpalalollell cuioi. B pe-
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3ynAbTaTe, MCMOJb3ys GopMyilTy s
nepuofa MaTEMAaTHYECKOTO MasTHH-
Ka, HaigeMm

T=2n]/h/(gsina),

rae
W Ll

h= - \
VBE+B Va*+b?
. a
ST

MO3TOMY MEpHOI MAalbIX KauyaHMi l myg

paBsen
T=2n l/ lllz/(ag).

1.100. Ilepron MaTeMaTHYECKOro MasTHHKA OOpaTHO MpPONOpUHMOHA-
JIeH KOpHIO KBaJpaTHOMY U3 yCKOPEHMS CBOGOJHOro mMajeHHs:

T~1/)/g.

ITycts Moaynms yckopenus judrta paBeH a. Toraa mepuon MasTHUKA NpU
IBIKEHMH JMPTa BBEpX C ycKopeHHeM a OyldeT mponopuuoHajieH

~1/yg+a

npu IBIWKeHUH audTa BHU3 C YCKODEHHEM a

Ty~1/)g—a

ScHO, 4TO BpeMs, KOTOPOE OTCYHUTHIBAIOT MAasATHHKOBBIC 4achl NMpPH IBHKe-
HHMH BBEPX C YCKOPEHHEM d, NMPONOPLHOHANLHO OTHOLICHHIO BPEMEHHU Iy
PaBHOYCKOPEHHOTrO [BMXXEHHA BBepX Kk mepuony Ty:

ty=t/Te ~ty[/g+a.

BpeMx, KOTOpO€ OTCYMTHIBAOT MAaATHUKOBbIC 4YaChl IIpH NABMXXCHWH BHH3
C YCKOpEHHEM a, paBHO

cty=tg/Ty~ty)/g—a.

ITo ycnoBuio 3ajaun BpeMeHa paBHOYCKOPEHHOIo JBH)XEHHs BHM3 M BBepX
PaBHBL: ty =ty =t,/2, e t; — MOJHOe BpeMs ABIKeHHs JMdTa C yckope-
HueM. B utore BpeMs,, KOTOpOE OTCYMTHIBAIOT MasiTHAKOBBIE Yackl 3a pabo-
YUl OeHb, paBHO

Puc. 190

=/ +a) g+ g a)/g] +1,.

3nech t, — BpeMsi ABWXeHus JndTa Ge3 yckoperus. HenoasmkHeie MasiTHH-
KOBbIe 4Yachl MOKa3anu Obl Bpems

txt + ¢t
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Jlerko yGemuTLCS, YTO BBINOJHAETCSA HEPABEHCTBO |/g+a+|/g—a<2 [/;
JleiicTBUTEILHO,

<l/m+l/g———a)z= g+Vg -a
2V/g 29

Otcroza BBITEKaeT, YTO MasTHUKOBBIE Yachl B JIH(Te B CpeqHeM UAYT Men-
neHHee: t' <t, U, clefoBarteNbHO, NUdTep mepepaboraer.

1.101. Kak cnenyer u3 3akoHa Ilackans, B cooOIarommxcs cocyaax
JaBJIeHUs ra3a Ha OJUWHAKOBOM BbICOTE coBmajaroT. Ilockonbky Tpy6sl Ma-
HoMeTpa coolmarorcsi ¢ atMochepoil, naBlieHMe BHYTpH HHX OymeT Me-
HATBCA C BBICOTOM MO TOMY Xe 3aKOHY, YTO M NaBIieHHE aTMOCHEpHOTO
BO3yXa. DTO O3HAYAEeT, YTO JAaBJICHHE BO3[yXa Ha XKHIKOCTb, HaX OASLIYIO-
Cs B Pa3JIMYHBIX KOJICHAaX MaHOMETpa, OJMHAKOBO M PABHO [aBJICHHIO aT-
MocepHOro BO3[yXa Ha TOH BBICOTe, Ile HaXOOUTCA MaHoMeTp. Takum
ob6pa3oM, NoKa3aHUA MaHOMETPA HyJIeBble, IIOCKOJIbKY HET pa3HOCTH
aBJIeHUH.

1.102. BriGepeM HyseBoif ypoBeHb OTCYeTa NOTEHIMAJbHON 3HEPrHU
COBNAJAIOIUM C JHOM BHelHe#l TpyOku. Toraa B HayaJbHBIH MOMEHT NO-
TEHIMAJIbHAS SHEPrHs PTYTH paBHA

W= 251959 (1/2) = PyrgSI2.

IMoTtennuanbHas 3Heprus PTYTH B KOHEYHBII MOMEHT (MOMEHT OTpbIBa
BHyTpeHHeil TpyOku, puc. 191) pasna (o ycnosuio [ > h)

Wy = 28xpprg (x/2) + Shpprg(x + h/2),

re X — ypOBEHb PTYTH BO BHeLIHeiHl TpyOke B MOMEHT OTpBIBA; 3TOT ypo-
BEHb HAaXOHMTCA M3 YCJIOBMs NOCTOSIHCTBA 00beMa PTYTH:

28x + Sh =25, x=1—h/2.

PasHocTh MOTEHUMANBHBIX JHEPTHil paBHA CYMMe MCKOMOM paGoTHI
A BHEIIHUX CHJI H pabGoTHI CHJIBI aTMOC(epHOro NaBlieHUs, AeHCTBOBaBILE-
ro Ha TMOBEPXHOCTh PTYTH BO BHEIIHeH TpyOke M Ha BEpXHMH (3anasHHBIH)
KOHEIl BHyTpeHHe# TpyOki. CMeleHue ypOBHSA PTYTH BO BHEIIHeH TpyOke
paBHO |— X, cooTseTcTBylOmas paGora CHIBI aTMOCHEPHOrO NaBJICHHS
paBHa poS (I — x) = pprgSh(l — x).

CMellenne 3anasHHOTO KOHIA BHYTpeHHedl Tpy6ku paBHo | — (I + X),
COOTBETCTBYIOWIAs paboTa paBHa —poSx = — PyrgShx.

B urtore uckomas paGoTa BHEIIHHX CHJI paBHA

A=Wy — Wy — pprgSh(l — 2x) = porgSh(l — 3h/4).

1.103. [JaBneHue y AHA «BEPTHKAJIBLHOTO» UUJIMHIPA PABHO P = P, +
+ Pegh, re p, — aTMOChepHOE naBiieHue, P, — MIOTHOCTh BOMBIL, g — YCKO-
penre cBobomuoro magenus. ITo 3akony Ilackans To Xe naBjieHue Aeii-
CTBYET Ha HIXKHUH Kpail MOpIUHS, HAXOJAIIErOCs B «TOPU3OHTAIBLHOMY IH-
nuaape. Boobiie naBieHMe BoaBl Ha 4YacTb NOPIIHS, OTCTOSINYK OT
HIDKHEro Kpas Ha PacCTOsSHHME X IO BEPTHKAJIH, paBHO p — pgx (puc. 192).
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PaccMOTpHM 4acTH MOPILIHSA, NpeACTaBifioline coboil y3kue (LIHpH-
HO#l AX) TOpH3OHTaJIbHbIE MOJIOCKH, OTCTOSILIIHE HAa paBHbIE PACCTOSAHHA
a ot ero HeHTpoB. Cuyla NaBJieHHs BOJBl Ha BEPXHIOIO IOJIOCKY paBHa

[p — peg(r + @) AS, :
a CWJIa OJaBJICHHS Ha HHWXHIOKO
[P — psg (r — )] AS,

rae AS — niowanes nogockd. CymMMa 3THX CHJI NPONOPHHMOHANbHA IUIOLIA-
JI¥ TOJIOCKH, NpuYeM KO3G(PHIHMEHT NponopuuOHaILHOCTH, paBHBIA 2(p —
— pgr), He 3aBuCcHT OT a. OTCIONa CiieNyeT, YTO MNOJHAs CHJIAa JaBJICHHS BO-
bl Ha NOpLIEHb paBHA

2 __ 2

(p— Pogr)mr® = [po + Pog (h — )] mr’.
Yr1006bI MOpLIEHh HAXONMJICA B PaBHOBECHH, HEOOXOIHMMO DPaBEHCTBO 3TOM
cwibl cuiie atMocdepHOro naBleHHs, AEHCTBYOLIEH Ha MOPIICHb CJiCBa

u paBHo#l pynr?. Otcrona
h=r,

T. €. MOpHICHb HAXONUTCA B PaBHOBECHH, €CJIH YPOBEHb BOJbl B BEPTHKAaJIb-
HOM IIMJIMHADE PaBeH pajauycy ropusoHrtaisbHoro. U3 paccMoTpenus BuI-
HO, YTO PaBHOBECHE YCTOHYHBOE.

38
» a
a
Q_/
Puc. 191 Puc. 192

1.104. YcrnoBuem MOJHOTO NOTPYXEHHA Teja ABJIACTCS
M=V,
rae M — macca Tena, V — ero o6sem. B namem ciyyae momyuum
M =mpp + myy, V = My [ Pap + May /Pas.
Orcrona cieayer, 4“TO MHHHMAajbHasg Macca NPOBOJIOKH paBHa

_ Pan(Ps — Pup)
(Pax — Ps) Prp

a Mpp X 1,6myy,.
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1.105. fcHo, 4TO B MOJOXEHHH PABHOBECHS IIap HaXOOUTCS HAa HEKO-
TOpO# BbICOTE h Hay OTHOM BOJOeMa, a IEMb YaCTHYHO JIOKHT Ha JHE, Ya-
CTHYHO BHCHMT B BOXE MEXAY NHOM M LIapOM, NpHYEM BHCALUMHA Yy4acTOK
pmenu BepTukaieH (puc. 193). JlaHHbIe 3aja4u TaKOBBI, YTO MOXHO 3apaHee
yTBepXIaTh, YTO LIap LEIUKOM HaXOAUTCS MOX BOXOH (B NMPOTHBHOM CIIy-
Yae MOYTH BCA LENb OKa3ajach Obl BUCALIEH, YTO HEBO3MOXHO BBHAY 60Jb-
o# IIOTHOCTH XeJie3a). BoicoTa h B TakoM cily4ae MOJIy4dTCS M3 YCIOBHS
PaBEHCTBA CyMMAapHO# CHIBI TH-

JKECTH IlIapa U BUCAIIETO Y4aCTKa HENd
4 2]
A
4 Fy
mg m9
Puc. 193 Puc. 194

4 AefCTBYIOIIEH Ha HHUX BBITAJKHBAIOLIEH CHJIBI:

<M+ h—D/2> (V+ m h—D/2>
m———|g= — g
o )a=ml\VE =)

D BV -M
h=—+—"——I=16 M.
2 m(l—ps/Pw)

OTcrona

I'nyOuna, Ha kKoTopo# miaBaer wap, paBHa H —h=14 m.

1.106. -YcioBdeM paBHOBECHS pbluara ABJIAETCS PaBEHCTBO MOMEHTOB
cuxa (puc. 194). B Bo3nyxe 3THMHM CHIaMH SBJISIOTCS CHJIbI TSXKECTH Tel m,g
U m,g. ITockoIbKY OHH pa3iu4YHbl, Pa3jaMYHbl U COOTBETCTBYIOIIUE IUIEYH
l;, 1,, Tak kak

mygl; = mygl,.
Ilpu norpyxeHHH pbluara B BOAY Ha Teja AOMOJHHUTEILHO K CHiE TH-
JKECTH HayWHAaeT AEHCTBOBaTh BHITAIKHBAIOLIAs CWIAa CO CTOPOHBI BOBI,

KOTOpas NpoNopUHOHaIbHA 00beMy Tena. B cuimy ycnoswmit 3anauu F, = F,.
B Takom ciydae

(myg — Fy)l; # (myg — F))l,.
ITosToMy paBHOBECHE phlYara HapyLIHTCH.

1.107. O6seM morpyxeHHO# B BOAY 4acTH Kaxaodl KopoGodku Me-
HSAETCS Ha OXHY M Ty Xe BequuHy AV =m/p,, rie m — Macca NpeaMerTa,
Ps — IULIOTHOCTH BoOABL ITOCKOJBKY M3MEHEHHE YPOBHS BOABI B KaXJOM M3
COCYZIOB ONpeNEAeTCs TOJIbKO BEIMYMHOM AV M cOCyabl OXHHAKOBBI, YPOB-
HHM BOJBI B HHX M3MEHATCA Ha OQHY M Ty )K€ BEJIHYHHY.
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1.108. ITycts o6beM CTaibHOrO HIapHKa paBeH V, a 06beM ero 4acr,
[OTPYXXEHHON B PTYThb, paBeH V, [0 HajuMBaHMSA BOAbI M V, mocie Toro,
KakK BOIa MOJIHOCTBIO 3aKpoeT LIapuK. BenuunHa V, HaXOOHTCH U3 YCJIOBHS

! PerV = ppfl‘VO’

TOE Per U Ppr — IIIOTHOCTH CTaNd H PTYTH. IToCKONbKY NaBiieHHE BOIBI
nmepenaercs uYepe3 PTYTh Ha HIXKHIOIO 4YacThb IIAPHKA, BBITAJIKHBAIOIIAS
Cujia, JEeHCTBylollass Ha HEro CO CTOPOHBI BoOb, paBHa py(V—V))g,
A€ P — IJIOTHOCTh BOXBI, a BLITAJKUBAIONIAS CHJIA CO CTOPOHBI
p'ry'm‘— PprV19. YcCioBHE NaBaHHsA IIApHKA Tenepb MPHMET BUL

PerV = PprVy + PV = V),
OTKyna
.
Ppr — Ps

TakuM 06pa3om, oTHOLIEHHE 06HEMOB MOTPYXEHHON B PTYTh YacTH LIapH-
Ka B NEPBOM H BTOPOM CJIy4asiX PaBHO

Yo _ Por Por—Ps _ 1= Ps/Ppr

Vi Pr Por—P 1= P/Pr
TockonbKy ppr > Per, T0 Vo >V, T. €. 06Bb€M NOIPYKEHHOH B PTYTh 4acTH
LIapHKa NPH HAaJMBAHUA BOIObI YMEHBIIHTCH.

1.109. M3BecTHO, 4TO NpPH TasAHWM JIbJA, IJIABAIOLIETO B COCyHe C BO-
IOH, ypoBeHb BOObL HE MeHsETCS. B HaieM ciyyae GyneM cYMTaTh ypOBEHB
BONbI B HAYaJIbHbIH MOMEHT (OTCHUMTBLIBA€MBIH OT
Ha COCyHa) pPaBHbIM hy, ypOBEHb MOBEPXHOCTH
macna h (puc. 195). Eciiu 651 B cocyne Haxonunacs [ —__. ‘F/ Y W
TONBKO BOJA, TO €€ YPOBEHb h, IpH YCIIOBHH He- \ @
H3MEHHOT'O MOJIOKEHHS KYCKa JIbJA OTHOCHTEJILHO
cocyna MOmYMHSUICH OBl yCIIOBHSM ST <

v,

ho <hy <h.

Ilpu Tasimmu Boja, obpasyromascs W3 JbIa,
¥MeeT 0o6LeM, paBHBIH OGBEMy 3AlIITPHXOBAHHOM Puc. 195
obnactn Ha pucyHke. [1OCKOJIBKY 4acTb 3TOr0 00beMa BLIXOOMT 3a IIpe-
Il MOBEPXHOCTH BOABI (By > hy), TO NIPH TasHWH JbAA YPOBEHb BOJMBI
nosbiiaercs. C Opyro# CTopoHbi, MOCKOJIBKY hy; < h, Macjo 3amoJIHAET
o6pasyrouyrocs <«JIYHKY», T.e. OOIHii YypOBeHb XHIKOCTH B cOCyIe
MOHHMXAETCH.

1.110. ITycts x — nJmMHA YacTH AJIOYKH, CBELIMBAIOLIEHCS BHYTPDb CTa-
KaHa, a y — JUIMHA ee HapyXHO# yactd. Torga AJIHHA NAJIOYKH paBHA X + ).
Ientp nmanouku HaxomuTCs Ha PACCTOSAHHH (X + J)/2 OT ee KOHIOB M HA
PacCTOsAHHHA (y — X)/2 OT HapyXHOro Kpas. YCJIOBHS PaBHOBECHS INOJyYHM
M3 PaBEHCTBA HYJIO CYMMBI MOMEHTOB CHJI OTHOCHTENbHO Kpas CTaKaHa:

(Fu — Fa)x = Mg (y —x)/2,
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rae Fyu=myug= paygV —cusla TsDKeCTH INapuka, a Fp = py,gV/2 —
BLITAJIKMBAIOmas cuia (cuia Apxumena), mpuieM V =(4/3)nr’ — o6bem
apuKa.

HckoMoe OTHOLIEHHE paBHO

y/x=1+4+2(Fy—Fa)/(Mg) = 15.

1.111. IIpu cBo6OMHOM HaAeHHH CHJIA JaBJICHHS aTMOC(epHOro BO3-
nyxa GoJiblie HE KOMIIEHCHPYETCSl BECOM CTOJI0A PTYTH HE3aBHCHMO ‘OT BbI-
coTsl cToi6a. B pesyibTaTte pTyTh 3amoaHMAT TPYOKy 6apoMeTpa LEnHKOM,
T. €. no menenus 1050 mm.

1.112. B cocyne ¢ XHIKOCTbIO, IBHXKYIIEMCS B TOPH3OHTAJIbHOM Ha-
TIPaBJICHHA C YCKOPEHHEM 4, MOBEPXHOCTh JKHIKOCTH CTAHOBHMTCS HaKJIOH-
HOH IUTOCKOCTBbIO. YTOJN HakJoHa ¢
OnpeneaseTcs TEMH YCIOBHAMH, YTO
cyMMa CWiIbl AaBJieHus F u cuibl
TAXECTH Mg, NEHCTBYIOIMMX Ha JJie-
MEHT TIOBEPXHOCTH, paBHA ma H
CWia JaBJIEHHS HOPMaJIbHA K IMOBEPX-
HocTH. Otciona

Puc. 196 g ¢ =afg.

B cuy 3akoHa coobInaromuxcs cocy-
OB TOBEPXHOCTH XHIKOCTH B KOJEHAaX MAHOMETPa NPHHALIEXAT YHO-
MSHYTOH BBIIE HAKJIOHHOH IUIockocTH (puc. 196). M3 reomerpHyeckux
coobpaxxeHuil OYEBUIHO, YTO

tg@ =(hy — hy)/(hy + hy);
oTCcroga
a=g(hy —hy)/(hy +hy).

1.113. Ha cio#t Bo3Qyxa, HaXOASIUMHCA Ha PACCTOSHHH X OT Havajik
CajoHa M HMMCIOIIMA TOJUMHY AX, NEHCTBYET CHJa [NAaBJEHHs, paBHas

[p(x +Ax) - p(x)] S,

rae S — mwiomanp NONIEPEYHOr 0 CEYCHHUA CaJIOHa. HOCKOJ’ILKY OTHOCHUTECIIBHO
CaJIOHA BO3OYyX NOKOHMTCS, YPABHCHHE IBHXCHHSA paccmarpmaaemoﬁ Macchbl
BO3yXa HMECT BHI

pS Axa = [p(x + Ax) — p(x)] S.
Ycrpemiias Ax K HyJO, HOJIyYaeM
dp/dx = pa;
orcrona

p(x)=p, + pax.
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TTockoIBKy CpellHEe [aBJIEHHE B CAJIOHE OCTAETCS HEU3MEHHBIM M PaBHBIM
aTMOChEpPHOMY [aBJIEHHIO p,, NOCTOSHHAasS p, HAaXOOUTCA M3 YCIOBHS

Po =Py + pal/2,

rae | — winna canona. TakuM 00pa3oM, B CepellHE CajlOHA JaBJCHHE paB-
HO aTMOocdepHOMY, a B Hayaje U B KOHIIE CajJlOHa JaBJICHHE COOTBETCTBEH-
HO MeHblle B GoJible aTMOCHEPHOrO Ha BEIHYHHY

Ap = pal/2 = 0,03 Ila.
1.114. PaccMOTpUM yClOBUST DPaBHOBECHS OTHOCHTEIBHO TPYOKH
Macchl BOIbI, HAXOMALIEHCS MEXAY TIONEPEYHbBIMA CEYEHHSAMH, OTCTOSIIMMHU
Ha X ¥ X+ AXx OT ocu BpaieHHs. DTa 4acThb XHIKOCTH, Macca KOTOpo#
paBHa PpS AX, paBHOMEPHO BpallaeTcs C YIJIOBOH CKOPOCTBIO ® NMOA Aeii-
CTBHEM CHJI JaBJICHHS, OEHCTBYIOIUMX Ha ee 6oxoBble mosepxHocTd. OGo-
3Havasi JABJEHHE B CEYEHHH X Kak p(x), HaxomuM
[p(x + Ax) — p(x)] S = pS Axo? (x + Ax/2).
Verpemnsas Ax K Hymo, NMOJy4aeM ypaBHeEHHE
dp/dx = py0x;
oTcIofa
p(x) = P> x?/2 + p,.
Hcnone3ys naHHble 3ajavd
2
Py =p(ry) = P’ r3/2 + po,
2.2
P2 =p(r;) = Ps@°73/2 + po,

HAaXOAMM YIJIOBYIO CKOPOCTH BpAIleHHS TPyOKH:

_2_ P2 — Pi
P r3-ri

1.115. ITycTe moxa3aTeinr CTENEHH O TAKOB, YTO TeJIO, HMEIOLEe Ha-
YaJIbHYI0 CKOPOCTH ¥, IPOXOOHUT B cpele KOHeyHoe paccrostHue s(v). ITo-
CKOJIbKY CKOpOCTb Tejla NpH €r0 IBHXEHHH B Cpele MOHOTOHHO YMEHb-
LIaeTCs, ACHO, 4TO s(v)>s(v;) mpu v>v,. OueBHAHO Takxe, 4TO s(v)
CTpEMHTCs K Hymo npu v — 0. YCI0BHEM OCTaHOBKH TeJjia SBJISETCS paBeH-
cTBO paboThl A CHIbI CONPOTHBJICHHSA HAYaJbHOH KMHETHYECKOW 3HEPrHH
Tena:

mo?/2 = A. )

HOCKOJILKy CHJila COIPOTHUBJICHHA MOHOTOHHO yﬁunae'r BMECTE CO CKO-
POCThIO T€JIa B NPOLIECCE €ro ABUXECHUA, TO

A < prs(v). V)]
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Moncrasnas (2) B (1), noxydaem
m
> —v77
s(v) w v

OTKyZda CJedyeT, 4To IpHu o > 2 Hapymaercsa yciosde lims(v) =0. Taxum
v=0
06pa3om, IpH o > 2 TeJO0 HE MOXET 3aTOPMO3UTBECA HA KOHEYHOM Y4YacTKe
MyTH.
1.116. Cuna npuTskeHHA TeJa Maccoi m Kk Mapcy Ha ero mOBEpPXHO-
MMm
Rft ’
rae My — macca Mapca, a Ry — ero paguyc. OTo 3Ha4YHT, YTO YCKOpPEHHE
cBOGOIHOrO MajieHHs Ha IOBEPXHOCTH Mapca paBHO gy = GMy /R¥y. Ecu
Macca MapcHaHCKo# aTMocdepbl paBHa my, TO OHAa NPHTATHBAETCA K IHO-
BEPXHOCTH C CHJIOH myggm, KOTOpas U NPEeACTaBisAeT cOGOH CUly NaBJIeHHS
atMoctepsl, T.€. [OaBJ€HHE HAa TNOBEpXHOCTH Mapca paBHO py =
= mpmgm / (4nRE). AHAIOTHYHO I COOTBETCTBYIOIIAX [IAPAMETPOB HA 3e-
Mile p3 = myg3/(4nR3). OTHoweHne Macc aTMochep Mapca u 3emiu pasHO

CTH B COOTBCTCTBHH C 3aKOHOM BCEMHPHOI'O TATOTEHUSA paBHa G

myM _ pm-4nRYgs |
my  p3-4nRigm

yuauTHIBasA, YT0 My = (4/3)nR3Y Py (4 aHANOTMYHO AN 3emiu), MOJIyYaeM,
MOACTABIAA NaHHblE M3 YCJIOBHA,

m_M=p_M_Rﬁ"__?i_~34.1o-3
my  ps Ry pm

OTMeTuM, 9TO NPH PEeUIeHHH 3aJaYd Mbl (aKTHYECKH CUHTaNH aTMochepy
PacHoyIoeHHOH BOIH3M MOBEPXHOCTH ILIAHETHL. DTO AEHCTBUTENBHO TaK:
BBICOTA aTMOC(epbl MHOTO MeHbIIIEe paJuyca IUIaHeT (Hampumep, Ha 3emie
Ha BeicoTe 10 KM yXe HedeM [JblIIaTh, a pagdyCc 3eMJIH paBeH
R3 ~ 6400 xm!).
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2.1. Tak xak BEepTUKAJIbHbIC HWJIMHIPHI npéncrannﬂ}ot coboi co06-
MIaFOIIHECS COCYIBl, TO MOCTIE YBEIUYEHHSI MAcChl 1-ro MOPIIHS paBHOBECHE
HACTYNHT JIMIIL MOCTE TOTO, KaKk OH «JISXKET» Ha NHO CBOEro IQUIMHAPA,
a Bech ras mepeifiner Bo 2-ii muiuuHAp. ITockonbky NaBjieHHME rasa H €ro
TeMIlepaTypa OCTAlOTCS HEU3MEHHBIMM, TO U MOJIHBIH 00beM, 3aHMMaeMbIi
ra3oMm, /IOJDKeH OCTaThcsi HeM3MeHHbIM. OTcrlozma 3akmovaeM, 4to S, hg +
+ S,ho =S,h, tne S, u S, — nonepeuHLle CeueHHs MOpIIHEH 1-ro U 2-To
HWJIMHAPOB, @ h — BBICOTa, HA KOTOpPOH OyIeT HAaXOOMMTHCA 2-H NOpIUEHb,
T..¢. KaK pa3 UCKOMasi pa3HOCTb BBICOT (Belb 1-i IOpIIEHb JIEXHT Ha IHE).
BHauasne NaBleHMs, CO3JaBacMble MOPUIHAMH, ObUIH ONMHAKOBHI;, TAKHM
obpa3oM,

m,g/S, =myg/S,,
$,/8; =m,/m,,
a, 3HAYHUT,

h=ho(my/m, +1)=0,3 m.

2.2. Ecii TemmepaTypa cTeHOK cocyna T COBNafaeT ¢ TeMIEpaTypoi
raza T, TO MoJieKyJa, ynapsach O CTEHKY, MEHSET HOPMAJIbHYIO KOMIIO-
HEHTY HMIYJlbCa py Ha —py. 3HAYHT, CyMMapHOEe H3MEHEHHE HMMIIyJbCa
paBHo 2p,. Korma temneparypa crenok T, > T, ra3 HarpeBaeTci. ITO 03-

HAaYaeT, YTO MOJIEKYJIbl rasa oT-
CKaKMBAaIOT OT CTeHKM C GoJsbLiei
CKOPOCTBIO, 4eM HAJIETAIOT, a Clie-
[IOBATENILHO, U C OOJBIIHM HM-
myJbcoM. B pesyibrate M3MeHe-
HHe uMIyJbca Oymer Oombine,
ueM 2p, (puc. 197).

4 7 Ecnu xe T, < T, To ras oxiax-

l.'> T §<7‘ c ’
JIaeTCs, T. €. MOJIEKYJIbI Fa3a OTCKa-
Puc. 197 Puc. 198 KHBAIOT OT CTEHKM C MEHBIIHM

HMIyJIbCOM, YeM HaJeTaloT Ha
Hee. SIcHO, 4TO M3MEHEHHe HMIyIbCa B 3TOM Clydae GymeT MeHbllle, 4YeM
2p, (puc. 198). Tak kak B COOTBETCTBMH CO BTOpbIM 3akoHOM HbloTOHa
HU3MEHEHHE MMIYJIbCA MPONOPIMOHAIBLHO CPENHEH Cuile, TO NaBJICHHE ra3a
Ha CTeHKH Ooubllle, korna cTeHkH Temiee rasa (T, > T).

2.3. PaGora A rasa 3a IukI onpeleisercs IUiomaablo Ha pV-mua-
rpaMMe, OFpaHHYCHHOM LHMKJIOM, T. €. IUIO@ANblo Tpanenuu (cM. puc. 57):

A=, —p)Vs=V,+ V= V))/2.

Herpynso BIpa3uTh Bce BeJIMUMHBI Yepe3 AaBiieHHe H o6beM B Touke I: p,
u V,. [HeiictButenbHo, u3 3akoHa [eii-Jlroccaka cieayer, uro V3=
=V,T5/T,=V,T3/T, n V,=V,T,/T,=V,T,/T;, a u3 3aKkoHa
Mapns — p, = p, T,/T,. TloncraBnsis 3Tu 3HaUeHWss B BHIPaXKeHHE VIS
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paboThl, HaXOOHMM

TZ_TI T2 TS )
A=p Vv, 2L 243 -2)
pl ! Tl (Tl TZ

Vpasuenne Menzneneesa — Knanedipona s n Moueit maeajsHOro rasa
no3BoJjser HanmucaTh p,V, =nRT,, u B pe3yibTaTe OKOHYATEIILHO MOJYYHM

A=nR(T, — T,)(T,/T, + T4/T,—2).

2.4. U3 puc. 58 BuaHo, 4To Ha yyactkax I — 2 u 3 — 4 peanmusyercs
npsiMas NPONOPLMOHAIbHAS 3aBHCHMOCTD JABJICHHS OT TEMIEParyphl, T. €.,
KaK cienyer U3 3akoHa MeHneneeBa — Kianeiipona, o6seM rasa npu aTtom
HE MEHSETCH, a 3Ha4YMT, H paboThl ra3 He cosepuiaer. Heobxonumo, Takum
o6pa3oM, HaiiTH paboTy rasa JMIIbL NPH H300apHYeckHMx npoueccax 2 — 3
u 4—1. Ha yuactke 2 — 3 cosepiieHHas paboTra Oymer paBHa A,;=
=p,(V3— V), a Ha ydactke 4—1 A4y =p; (Vs — V). Honnas pabora
A ra3a 3a LHKJ paBHa

A=p,(V3=V)+p, (V= V,)

Vpasuenne MenzeneeBa — Kianefipona nis 3 Mouneit uaeaibHOro ra-
3a 3anMceiBaeTcs B Buae pV =3RT, H, cleN0oBaTeNLHO,

P1V1=3RT,, p,V4=3RT,, p,V,=3RT,, p,V3=p;3V3=3RT;.

IMoncraBnss 3TH 3HAYEHHsT B BLIPAXEHHE [UIs pabOTbl, OKOHYATENHLHO
noJiy4yaem

A=3R(Ty + Ty— T, — T)=2-10* Ix =20 xIx.

2.5. BeinosiHenue mukia I -4 —3 -2 -1 GakTHYECKH IKBHBAJIEHTHO
BBINMOJIHEHHIO [BYX NpPOCTHIX LHKIOB |1 -»0—-2—-1 u 0545350 (cMm
puc. 59). Pabora rasa ompenensercs IUIOMANAbI0 COOTBETCTBYIOIIETO LUK
Ha pV-puarpamme. OHaKO €CIM B NMEPBOM LMKJIE OHa MOJIOXKMTEJbHA, TO
BO BTOPOM OTpHUaTelbHa (pabota coBepuiaercs Hax ra3om). Herpymao
HaliTH paboTy A,, COBEpILCHHYIO B IIEPBOM LHKJIE:

Ay =Po—p) (Vo= V)2
Yo xacaerca nuxiaa 0—4—3 -0, To cooTBeTCTBYIOLIMH eMy Ha pV-nua-

rpaMMe TPEYroJIbHHK NOA00EH TpeyrojibHHKY, OTBEYAIOWIEMY MEPBOMY
mukiay. B pesynbraTe pabora 4, Bo BropoM mukie Gyner

A, =—4, (Pz - Po)z/(Po —Pl)z-

(IMTnomans NMONOGHBIX TPEYrOJLHUKOB OTHOCATCS, KaK KBaAPaThl JUIMH CO-
OTBETCTBEHHBIX 3JIEMEHTOB, B JaHHOM ciyyae — BhiCOT.) IlonHas paGora
A 3a muka 1 -4 -53-2-1 Gynmer, TakuM o6pa3oM, paBHa

A=A [1-(py — po)*/ (b6 — P1)*] = 750 k.
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2.6. CornacHo 1-My 3aKOHYy TEpMOJMHAMMKH, TIPH II€peXole rasa u3
coctosiHus 1 (py, V) B coctosinue 2 (py, V) (puc. 199) KONMMYECTBO TEIUIOTHI
AQ;, MONy4eHHOE Ta30M, PaBHO

L AQ, =AU, + A,,

rae AU, — H3BMCHEHHE €ro BHYTPEH-
Heil 3Heprum, a A, — pabora, coBep-
IIEHHAas Ta30M, IMpHYEM

Ay = (po + p1) (V1 — Vo)/2.

Ilpu mepexone rasa 3 cocrosHus [

B cocrosnue 3 (p,, V,) (Touxu 2 u 3

JiexaT Ha OJHOH HM30TEPME) BBINOJI-
v HSAIOTCA COOTHOILEHHS

AQ: = AUZ + Az,
Ay = (po + p2) (V2 — Vo)/2.

IMockonbky KOHEYHass TEMIEpaTypa rasa B COCTOSHHH 2 M B COCTOSHHM
3 onna u Ta xe, To AU, = AU,. UTo6B!I BEISCHHTB, B KAKOM H3 IPOLECCOB
rasy coobmaercs Gonpllee KOJHYECTBO TEMJIOTHI, HAAO CPaBHUTh PaGOTHI
A, u A,. CnoenaeM 3T0:

Ay — Ay =P+ p)(Vy = Vo) /2= (pg + p) (V= Vo) 2=
=[(PoVy — PoV3a) + (p2Vo — P, V)] /2 <0,
Tak Kak poVy < poVa, p2Ve <py Vo CnenoBatenbro, A, > A; u AQ, > AQ,,
T. €. B mponecce I — 3 razy coobiraercs Gonbluee KONHIECTBO TENJIOTHI
2.7. IMockonbky Bomopon nuddyHmupyeT 4epe3 Bce MEperopoixH, TO

OH PaBHOMEPHO PacMpenesuTCs 0 BCEMY COCYAY, ¥ AaBJICHHE BOAOPOLAA BO
BCEX TPeX 4acTAX cocyna OGymeT paBHO

N

] IO
S
N

Puc. 199

my, RT
b, V
(Beob ecnu ra3 NpOXOOHUT 4Yepe3 Meperopoiky, TO B PABHOBECHH €ro JaBJie-
HHE N0 06e CTOPOHBI NEPErOPOAKH HOJDKHO GBITH OIHHAKOBBIM).

A3zor MoxeT mubdyHIMPOBaTh JIMIIb Yepe3 NPaBylo NEePeropoaxy, mo-
3TOMY OH 3aNlOJIHMT CPEOHIOIO M NpaByl 4YacTH cocyaa (cM. puc. 61) o6-
umM obseMoM (2/3) V; ero naenenue Oynmet

mn, 3RT
BN, 2V

Kucnopon ne muddynaupyer yepes meperopoikd, W OaBJiEeHHE KHCIOpOAA
B CpefHell 4acTu cocyia paBHO

2

2

mo, 3RT

pPo, = bo, V
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CornacHo 3akoHy [laibTOHa, JaBJieHHE BO BCEX TPEX 4acTAX cocyxa Oyner
PaBHO CyMMe MapUUalbHBIX MNABJIECHUH HAXOOAIIMXCS TaM Tra3oB, T. €.

Py =pu, ®1,3-10° Ila=1,3 I'Ta,
P2 =PH, + Po, + PN, ®4,5-10° [la=4,5 I'Ta,
Ps=pu, + PN, ©2,0-10° Mla=2,0 I'Ma.

2.8*. Omnpenenum cHavajta CKOPOCTb CIyCkaeMOTro anmapata. [y 3To-
rO 3aMETHM, YTO M3MEHEeHHe NaBJieHus Ap C U3MEHEHHEeM BLICOTH Ah cBs-
3aHO COOTHOUIEHHEM

Ap= —pg Ah, (1)

rae p — mwioTHocTh rasza. M3 3axona MenneneeBa — Kunaneiipona cnenyer,
uTo p = (p/w) RT (3meck T — TeMneparypa ra3a UMEHHO B TO# TOuke, BOJIu-
31 KOTOPOH MBI HHTEpecyeMcs H3MEHEHHEM [aBJIeHHs). YYHThIBasf, 4TO
Ah= —vAt, rne v — CKOpOCTb crycka ammapata, At — BpeMs CIyCKa, MOX-
HO 3amucaTh Bblpaxenue (1) B BuIe

Ap u At

> 9RT @

3Has oTHoluenue Ap/At, T. €. TAHT€HC yrjla HAKJIOHa KaCaTeJbHOW B KOHEY-
HOM Touke A rpaduka, ¢ NIOMOIIBIO COOTHOWIEHUS (2) HaiieM CKOPOCTH .
(OTt™eTuM, 4TO, OCKOJILKY B JIEBOH 4acTH (2) CTOMT OTHOlueHue Ap/p, Ham
6e3pa3nyHO, KakoB MacliTab rpapuka no ocu opauxat.) Haxoxs u3 rpa-
¢duxa (Ap/Af)p~ ' u moacraBnss pu=44 r/mons ana CO,, modydum, 4TO
CKOPOCTb CIyCKa anmapaTa KOCMHYECKOTO Kopabis paBHa

RT Ap 83 Ix/(K-moms)-7-10% K 115 wfc
gn pAt 10 M/c?-44-1073 kr/momb-1150 ¢ '

Iepeiinem Tenepp k peLIEeHHIO BTOPOW 4acTd 3ajayd. YUHTHIBas, YTO
CKOpOCTh anmapara paBHa v = 11,5 M/c, Ha BblcoTe h = 15 kM Hal nmoBepx-
HOCTBIO MIaHeTHl oH 6buT 32 1300 ¢ Ko mocanxw, T. €. 3TOMY COOTBETCTBYET
Bpems t=2350 c. C momompo cooTHowerus (Ap/At)p~! B atolt Touke
rpaduka u3 BhIpaxenus (2) HalineM uckomyro Temmnepatypy Tj:

Ty = ﬂ(”—m> ~ 430 K.
R Ap J;

2.9. Tak kak MOpIIEHb, KOTAa HA HETO TMOJIOXKHIM Ipy3, NEPEMECTHIICS
Ha pacCTOsHME A, TO ITO O3HAYAET, YTO OOBEM ra3a YMEHBILMJICS Ha BEJH-
uyuHy hS ¥ cran paBHbIM V — hS. [laBieHne rasa nmox mopLUIHEM PaBHO aT-
MochepHOMY NaBJIEHHIO p, IUIIOC AaBlieHue Mg/S, co3maBaeMoe rpy3oM,
T. €. po + Mg/S. B pe3ynbTaTe MOXHO 3anucaTh ypaBHEHHA Menneneesa —
Knaneiiposa s raza Ao Toro, kak Ha MOpILIEHb MOJIOXHIN IPY3, H 1ocie

5 A. Y. Bysauu ¥ np. 129



3TOrO:
PoV =nRT,, i
(Po + Mg/S)(V — hS) = nRT. )

3neck Ty m Ty — HauanbHas M KOHEYHAs TEMIEPaTyphl rasa.

ITockonbKy Mo yCIOBHIO 3aJaud ra3 TeIUIOM3OJHUPOBaH, TO, Kak Cle-
nyeT U3 1-ro 3aKkoHa TepMOAMHAMHUKH, BCs COBEpLICHHas Halx HUM pabora
A noiiner Ha U3MEHEHUE BHYTPeHHeH 3Heprum rasa, 1. e. A =(3/2)nR (T —
— T,) (BHyTpeHHss dHeprus 1 Mous unmeanbHoro rasa U =(3/2)RT). He-
TPyOHO cooOpa3urh, YTo pabora pasHa A = Mgh, 3Hauwmr,

Mgh =(3/2) nR(T, — Ty). 3)
Briunras nowreHHo u3 (2) ypasuenue (1) u mcnonw3ys mias T, — T, BhIpa-
xeHue (3), MOJYYHM ypaBHEHWE [JIA OIpeneteHus h:
MgV/S — Mgh — pohS = (2/3) Mgh. 4
Orcrona HaimeMm, 4to
MgV

h = T T . A
S (poS + Mg/3)

W, HOACTaBisisA h B ypaBHeHue (2), onpenesiMM KOHEYHYIO TeMIEpaTypy rasa:

T = (poS + Mg)(3poS —2Mg) V
X (3poS + Mg)SnR ’

2.10. B cootBeTcTBHH C 1-M 3aKOHOM TE€PMOIWHAMHKH IOIBEAECHHOE
K ra3y KOJHYECTBO TEIUIOTHI Q MIET Ha M3MEHEHHE €ro BHYTPEHHEH 3Hep-
run AU u coBeplieHHe ra3oM paboTsl A:

Q=AU + A.
BuyTtpenuioro suepruro 1 MoJis uoeansHoro raza U MOXHO 3alHcaTh B BH-
ne U =cyT=(3/2) RT, 1. e. AU = (3/2) RAT. Pabota, cosepmiacmas rasom

IIpH MOCTOSIHHOM [aBJicHMH p, paBHa A = pAV = pS Ax, rne Ax — cMmelne-
HHe nopiuHs. JlaBienue rasa paBHO

P =po + My/S,

T. €. NpeACTaBIseT coboif cymMMy aTMochepHOrO naBieHHs W NaBJICHHA,
cosnasaemMoro nopinseM. Hakonen, u3 3akona Menneneesa — Knaneiipona
pV = RT MOXHO HallTH CBs3b MeXAy u3MeHeHMeM obbema AV u u3MeHe-
HHEM TemrepaTypbl AT nHpu NMOCTOSHHOM [aBJIEHHH:

pAV =RAT.

IMoncraBnss Beipaxenus mis AU u A B 1-if 3akOH TepMOJHHAMHKH
M y4YuTBHIBas CBsi3b Mexay AV u AT, nonyyum

Q=pAV +(3/2)pAV =(5/2) pS Ax. 1)
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IMockosbKY 338 €QMHHIy BPEMEHH HarpeBaTelib BBIINCIACT KOJHYECTBO Te-
mwioTsl ¢, To Q = qAt, rie At — COOTBETCTBYIOIINH NPOMEKYTOK BPEMEHH.
CKOpOCTb IBHXEHHS NOPIUHSA paBHa v = Ax/At, U u3 Bbpaxenus (1)
HAXOIUM

2 q

p=—
S poS+ Mg

2.11*, IIpu oveHb CHJIBHOM CXKATHM Ia3a HaYMHACT CKa3bIBATHCA OT-
TaJKMBaHHE MEXIY €ro MOJIEKYJIaMH — HEOOXONHMO YYHTHLIBATH KOHEY-
HOCTb MX Pa3sMepoB. DTO O3HAa4aeT, YTO NpPU NPOYHX PaBHBIX YCIOBHSX
JlaBJieHHE PeajlbHOrO ra3a NPEBOCXOAMT NaBJICHHE MIEAbHOTO rasa TeMm
Goubllle, YeM CHIIbHEE CXKAT Ta3. B pe3ynbTaTe, €CJIM NPH MOCTOSHHOA TeM-
neparype npou3sBefeHue pV MAEaNbHOrO ra3a NOoCTOSHHO, TO JUISl PeajibHBIX
ra3oB OHO OymeT pacTM NO Mepe YMEHbleHus oObeMa rasa.

2.12*. PaccMOTpUM HPOMEXYTOYHOE IOJIOXKEHHE MOPIIHA, KOrJa OH
CMECTHUJICS Ha BEJIMYHHY )y OT CBOEro IepBOHa4asibHOro nojoxenus. ITycts
Opu 9TOM [aBJICHUE ra3a B NPAaBOH 4acTH COCyJa PaBHO p,, a B JIEBOH p;.
ITockonbKy MOpIIEHb PH 3TOM HaXOOUTCS B PaBHOBECHH, TO CyMMa CHI,
NEHCTBYIOIMX Ha MOpLIEHb, PaBHA HYJIO:

(P2 —p,)S —2ky=0, M
rae S — miomanab MOpIIHS.
ITpu mocnenyiomeM HeOONBIIOM NEPeMEILEHHH NOPIIHA Ay mosHas
pabora raza AA paBua AA=AA, + AA4,, rne AA, — pabota rasa npasoit
yacti, AA, — pabora rasa jeBoil 4acTH, pHYEM

AA, +AA, =p, AyS — p; AyS = (p, — p1) AyS = 2ky Ay. 2

TakuM 06pa3oM, K MOMEHTY CMEIIEHHUs MOPIIHA Ha BEJIHYHMHY X = [/2
nonHas pabora rasa Oyner paBHa cyMMe INOTEHIMalbHBIX JHEPrHi, 3ama-

CCHHBIX B IPYXHHaXx:
k (1)
A=2.—(=]). 3
“(5) o

Eciu k ra3dy B mpaBoil 4acTH NOABEJM KOJMYECTBO TEILUIOTH (), a ras
B JIEBOM 4aCTH mepefas KOJHMYECTBO TEIIOTH Q' TEPMOCTATy, TO MOJIHOE
COOOILIEHHOE CHCTEME KOJIMYECTBO TeIUIOTHI OyneT Q — Q', ¥ MOXHO Hanu-
catb (1-#f 3aKOH TEPMOIMHAMHUKH)

k1)
Q—Q’=2'7<7> + AU, “4)

rae AU — u3sMeHeHune BHyTpeHHe# dHepruu rasa. ITockosnbky moplueHb He-
TEIUTONPOBOASLIMA, TO TEMIEpaTypa rasa cjeBa HE MEHIETCS M BCE U3Me-
HEHUE BHYTPEHHeR 3Hepruu raza AU oOycioBjieHO HarpeBOM rasa cnpasa
Ha AT, mpuyeM i1 n Mosie uaeanbHoro rasa AU = n(3/2) RAT.
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IoBuimienne TeMnepaTyphl AT HaiiaeM H3 YCJIOBHS paBHOBECHS B KOHLE
npomecca.

JlaBeHne ra3za p B NpaBOH YaCTH COCYJa B COOTBETCTBHH C 3aKOHOM
Menneneesa — Knaneiipona paBHo p =nR(T + AT)/[S(I +1/2)], ¢ apyroit
CTOPOHBI, OHO AOJXHO ObITh PaBHO CyMMe [aBJICHHs rasa ciesa p' =
=nRT/[S(I—1/2)] u naBnenus, coznaBaeMoro mpyxuHamu, p” = 2kl/(2S),
T. €.

2nR(T + AT)/(3Sl) = 2nRT/(SI) + kI/S.

OTtciona HaxomuM, 4ro AT =2T+ 3k12/(2nR) M OKOHYaTEeJbHO C MO-
Molilbio (4) noxyiaeMm

Q' =0 - 3nRT — (5/2) kI~

2.13. ITycte T, — HayaJNpHass TeMOepaTypa ra3a IoOJ HODIIHEM,
T, — TeMnepaTypa rasa Hocjieé TOro, Kak CHCTeME COOGIIEHO KOJIHYeCTBO
Tertothl AQ. TTocKkOIBKY TPEHHE OTCYTCTBYET M COCYH TEILIOM3OJHpOBaH,
BCs Temwtora AQ uaeT Ha u3MeHeHHe AW BHYTpEHHEH 3HEPrHH CHCTEMBL,
T. €.

AQ = AW

V3meHeHHe BHYTDEHHEH SHEPIMHM CHCTEMBI CKJIAAbIBACTCH M3 H3MEHEHHs
BHYTPEHHEH JHEPIMM ra3a W W3MCHCHMS NOTEHIMAJLHOW JHEPIHH CXKAaToM
NpYXHHBI (TaK KaK TEIIOEMKOCTBIO COCY/a, MOPIIHA M NPYXHHbI NpeHe6pe-
raem).

BHyTpeHHs 3Heprus 1 Mo MAEaJbHOro OMHOATOMHOIO ra3a NMpH Ha-
rpeBaHHH oT Temmepatypel T, no Temnepatypel T, yBeJIMYHMBAETCA Ha

AW,=(3/2)R(T,—T)). 1)
INoTtenuuanbHass JHEprus CKaToM NPYXKHHbB H3MEHSETCS HA BEJIMYHMHY
AW, =—(xz —xl), ?2)

rae k — XeCTKOCTh NPYXHHBI, a X; H X, — 3HaYeHHd abCOTIOTHOTO CMelle-
HHs JIEBOTO KOHIA (nedopMammuu) NpyxHHBI OPHM TeMmepaTypax rasa T, u
T, coorBercTBeHHO. Haiinem cBA3b MexX]y mapaMeTpaMH rasa moj nopui-
*HeM M JepopManuer NpyXHHBL
W3 ycmosus paBHOBECHs MOPIIHS CIENYET, YTO

p=F/S =kx/S, x = pS/k, 3)
rae p — naBieHHe ra3a, S — miomans nopmHsa. CoriacHo 3akoHy Menne-
neeBa — Knaneiipona, nns 1 mMons uneannHoro rasa pV = RT. Tlpu nedop-

MalluM X TNPYXHHH OGBEM raza mnoa MOpIIHEM paBeH V=xS u p=
= RT/(xS). [ToacraBnss 3To BhipaxeHde I p B (3), HAXOOHUM

x? = RT/k. (C)]
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Takum 00Opa3oM, M3MEHEHHME NOTEHIMAJbHOH JHEPrHMHM CXAaToOH INpy-
JXKHHBl NPU HarpeBaHUM CHCTEMBbI PABHO

AW, = (R/2)(T, — T)).

IMonHoe u3MeHeHHE BHYTPEHHEH 3HEPTMM CHCTEMbl NIPH HATPEBAHHH OT
Temnepatypsl T, 1o Temmepatypsl T, paBHO

AW = AW, + AW, =2R(T, — T}),

U TEMJIOEMKOCTh CHCTEMbBbI COCTABHT
C=AQ/AT = AU/(T, — Ty) =2R.

2.14. TIpoananu3upyeM paboOTy TEIUIOBOH MAILUHHBI, HMCIOJb3YIOIIEH
[UKJI, KOTOPBIA COCTOUT U3 OBYX H30TepM M ABYX H30xop (puc. 200). [Tycts
TemrepaTypa XosoguwibHuka T, (COOTBETCTBYIOIAs HHXHEH H30TepMe),
a HarpeBaTtensi T, (COOTBETCTBYIOILAS p
BepxHell m3orepMe). Ha wu3oxopuue- N
cKOM yuacTke | —2 ob6BeM Tasa He N2
MeHseTcs, T. €. paboTsl OH He CoBep-
[IaeT, OJHAKO €ro TeMHeparypa yBe- Z—f g2=A2
nuyuBaercs or T; mo T,, u, 3HAYMT, ~
K ra3y HOOBOAMICS HEKOTOPOE KONH- g
4ecTBO TemwioThl Q;. Ha u3orepmu-
4eCKOM Yy4acTke 2—3 BHYTPEHHAA -G
JHEpPIHs ra3a NOCTOSIHHA M BCS MOJBO- 4
nuMas Telota (), MOET Ha COBep-
menne paborbi: Q, = A,.

Ha uzoxopuyeckoM y4yactke 3 —4 " Puc. 200
TeMIepaTypa Tra3a BO3BpallaeTcs
K CBOEMYy HavaJbHOMY 3Ha4yeHHI0O T;, T.e. OT rasa OTGHpaeTcs KOJH-
4yecTBo TeminoTel Q;. Ilpu m3orepmuueckoM mpomecce 4 —1 coBepiuaemas
ra3oM pabora oTpuuaTedbHa U, CIEAOBATeNILHO, OT HEro TakkKe OTOMpaeTCs
Temwiora. Takum o6pa3oM, NoJHAaA TEMIOTa, MOABEACHHAA 3a OOWH IHMKJI K
rasy, coctaBiser Q, + A,. Pabora rasa 3a muxi, kak BUAHO u3 puc. 200,
CKJIA[ILIBAETCS M3 IOJIOKUTENRbHOK paboTH A, Ha yyacTke 2—3 W OTpHHA-
TenbHOH A4 Ha ydacTke 4—1.

CpaBHMM naBiieHHs] B TOYKaX, COOTBETCTBYIOUIHX OQHHAKOBHIM OOBe-
.MaM, Ha yvacTkax 4—1 u 2—3. U3 3akomna Ilapns cnenyer, uTo OTHOIMIE-
HHe 3THX [aBieHuii paBHo Ty/T,, a, 3HauMT, pabora rasa A, =
= —(T,/T,) A,. Ilonnas pabota 3a nuK1 Gymer

A=A,+A4,=1-T,/T,)A,,

<Y

a K. II. O. .
A 1-TyT,
0, +4, 1+0,/4,

n <1-T,/T,,
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T. €. K. I. . TEIUIOBO# MAaIIHUHBI, HCMIOJIB3YIOLIEH LUK, COCTOSIIMA U3 ABYX
H30TepM M IBYX H30XOp, MeHblle K. I. A. 1 — T,/T, uneanpHO# TemioBoi
mamunbl KapHo.

2.15*. HaiinemM BHadajie yCKOpeHHE CBOOOTHOrO MafeHHsA ¢, Ha NO-
BepXHOCTH miuaHeTel. C OQHOH CTOPOHBI, H3BECTHO, YTO CHJIA NPHTSKEHHSA
TeJa MacChl m K IJIAHETE paBHA mgy, C APYroil CTOPOHBI, U3 3aKOHA BCe-
MHDHOTO TSATOTEHHS CJEAYET, YTO OHa paBHa GmM/r?, rne G — rpaBuTa-
nMoHHas nocrosinHas. OTcrona nonydaem g, = GM/r?. Jlapnenue p, co3na-
BaeMoe aTMOC(epHBIM CTOJIGOM BBLICOTBI h Ha MOBEPXHOCTH IUIAHETHI,
6yner paBHO

P = Pgnh, 1)

rae p — IJIOTHOCTh aTMocdephl. 31ech NPH ONpPEAEICHHH JaBJICHHS aTMOC-
(epHOro cronba yckopeHHe CBOGOAHOTO NMaACHHS CYMTAEM HE 3aBHCAIIAM
OT BBICOTHL. DTO NPEANOJIOKEHHE ONPABIAHHO, NIOCKOJBKY IO YCIOBHIO 3a-
a4y BbicOTa aTMochepbl HAMHOTO MEHbIE pajuyca IUIaHeThl r (h < r).

Hanucas ypaBHenue Menneneesa — Knaneiipona nns Maccel M rasa,
3aHuMarouieil oovem V, B Bune pV = (M/p)RT u yuutbiBas, yto p= M/V,
HaxoouM

p=pi/(RT).
IMoncrasnsas 3To BhIpaxeHue 1A p B (1) U cokpamias Ha p, onpenenseM
Temnepatypy T atMocdepbl Ha NMOBEPXHOCTH ILIAHETHI:

T = pggh/R = pnGMh/(Rr?).

2.16. 3nece HEOGXOOMMO Y4YHTHIBATH, YTO NEpeAaBaeMasi B €AHHHIY
BPEMEHH TEILJIOTa NPONOPLHOHANbHA Pa3HOCTH TemmepaTyp. Beemem o6o-
sHavenus: Tyy, Ty u Ty, Ty — TemnepaTypbl Ha yJIMUE M B KOMHATe
B [IEPBOM H BTOPOM ciydasix. TemsoBas MOIIHOCTb, paccemBaemas Gara-
peeit B xoMmHare, paBHa k,(T — Ty), rae k, — HeKOTOpBI# KO3 PHULHEHT.
TemnnoBas MOIMHOCTB, pacceMBaeMasi U3 KOMHATHI Ha YJIHLY, 6yzmeT k, (T —
— Ty); 3nech k, — HexoTopkIit Apyroi ko3pduuueHt. B ycjoBusx Temnoso-
ro paBHOBECHsI paccenBaeMasi 6aTapecit MOILHOCTL paBHa MOIIHOCTH, pac-
CeMBaeMOH H3 KOMHaThl Ha yiuuy. B pesynbTaTe MOXHO Hamucath

kl (T - Txl) = kz(Txl - Tyl)’
M aHAJOrMYHO BO BTOPOM Ciy4ae

k(T - T =k; (T2 — Ty2)~
ITonenuB onHO ypaBHeHHWe HA Opyroe, HaXOOHM

(T — T) /(T — Tid) = (T — Ty))/(Ti2a — Ty2)-
Orciona onpenensiem T:
T= (TKZTyl ~Tx Tyz)/(sz + Tyl - TyZ —Tu)= 60°C.
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2.17. TlonHOE KOJIMYECTBO TEIUIOTHI ¢, BBIZEIAEMOE KOCMHYECKHM
00BbEKTOM B €IHMHHMIy BpEMEHH, NMPONOPLHOHAIBLHO €ro obbeMy, T. €. g =
=aR3, rae o — HexoTopHIt Kko3ddumenT. IToCKOMBLKY KOJIHMYECTBO Te-
[UIOTH, OTAAHHOE €IWHHIEH MOBEPXHOCTH, MpoMopIMoHaNbHO T* u
B PaBHOBECHH BCS BblJeJiieMas TEIUIOTa PAacCEUBAETCS B NMPOCTPAHCTBO, TO
MOXHO 3anmucaTe ¢ = BR2T* (Wiowanb NOBEPXHOCTH MNPONOPLHOHAILHA
R? u B — mexoTopuiit ko3dduuuenT). [IpupaBHSBE ABA BHIPAXEHHA WA ¢,
HaiaeMm

T*=(a/p)R.

CnenosaTtensHo, 4-51 cTeneHb TEMNEPaTypbl 00beKTa NMPONOPIUOHANBHA €T
panmumycy, ¥, 3HAYMT, OPH YMEHBIIEHHMH pajuMyca B ABa pa3a TeMIepaTypa

YMEHBUIUTCS JIMIIb B T/E ~ 1,19 pasa.
2.18*. [Ina onpeneneHHOCTH GyaeM CYHTATh, YTO XKHIKOCTB, TEKylUas
[0 BHYTPeHHeH TpyOe 2, yMEHBIIAET CBOIO TEMIEPATYpY, T. €. Ty > Tyo,. 4,
3HAYHT, Tyy < Tyq. Ilockonbky miollanb Ce4eHHs MOTOKA XHUAKOCTH, TEKY-
meit nmo BHewHelt Tpyb6e 1 (2S5 — S =S), paBHa miollaaM ceYeHHs MOTOKA
XKHIKOCTH, TEKyllled mo BHyTpeHHeHd Tpybe 2 (S), m HUX cKOpocTH coBma-
[al0T, TO YMEHbIIEHHE TEMIEPaTyphl XHAKOCTH, TeKylleil mo Tpybe 2, mo
Mepe ynajieHHs OT BXOJHOTO KOHIA PABHO YMEHBIUCHHIO TEMIEpPATyphl
XHIKOCTH, TeKywel no Tpy6e 1. JIpyTuMu clioBaMH, pa3HOCTb TeMIEPaTyp
KHMIKOCTEH OCTaeTcs MOCTOSHHOM MO BCeH [JMHE TeIIOOOMEHHMKa, M,
CIIeA0BaTENBHO,
Tw2 — Tt = Ta — T (1)
IToCTOSHCTBO pa3HOCTH TeMMepaTyp BegeT K TOMYy, 4YTO CKOpPOCTb
nepeqayd TEIUIOTHl MOCTOSHHA BAOJIL TemnoobMeHHuka. KoimdectBo Ten-
JIOTH! Q, NepeJaHHOE OT XHUAKOCTH, TeKylleld mo Tpybe 2, X XHAKOCTH, Te-
Kywed mo Tpybe 1, 3a Bpems t, paBHO

Q = Seoxkt (Tuz — Tw1); @
3mech Sgox — MIIOLaAbL GOKOBOM MOBEPXHOCTH BHYTpEeHHeH TpyObl, Seox =
= 2nrl, e r — panuyc BHyTpeHHe# Tpy6wl, T. e. tr2 =S, r= V/ §/=. Tenno-
Ta Q MAET Ha HarpeBaHHE XXUIKOCTH, Tekylleit nmo Tpybe 1: 3a Bpems t mo

BHelIHe# TpyOe 1 mpoxoauT Macca XXKHAKOCTH m = putS, a ee TeMmepaTypa
noBsimaercs or Ty, no Typ; 3HA4uT,

0 = potSc(Tyy — Twy). 3)
INpupaBHuBas Bripaxenus (2) u (3), nonyyaem

2n )/ S/nlk(Tyz — Tar) = pvSc(Tyy — Ty).

Orcrona MoxeM Haiitn Tyy, a ¢ noMomsio (1) u Tyy. B pesynsrare G6ynem
HMeETh

Tei = Ty + (Toy — Tu) [1 +2)/n/S lk/ (poc)] 7+,
T = T +(Tuz = Tu) [1 + 2)/7/S I/ (pvc)] %,
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2.19*. SlcHo, 4TO moOCJjie nepepacnpelesieHHs NaBJCHHE ra3a MakCH-
MaJIbHO y 3ajHe#l (0 OTHOWIEHHMIO K HAINPaBJICHHIO IBMXKEHHS) CTEHKH CO-
cyna, Tak Kak HMEHHO CHJIa aBJIEHHS CO CTOPOHBI 3TOH CTEHKM coobuiaer
rasy yckoperue a. O6GO3HAUUM €TO Pmax. C Opyroil CTOPOHBL, Prax < Pyac-
V4HTBIBasA, YTO Pyac >> P H, CIE€NOBATENIbHO, CHIOH NAaBJIEHAA CO CTOPOHBI
nepeHeil CTEHKH MOXHO NpeHebpeyb, ¢ nomolnbio 2-ro 3akoHa HeroToHna
MOJIyYHM

Pmax = Mya/S < Pyacs
TIe m; — mMacca BEIeCTBa, HaXOMSALIErocs B cCocyle B ra3zoo6pa3sHoM co-
crosiHuy. CienoBaTeNIbHO, NPA @ < PyacS/M KOHIEHCALIMH NPOUCXOAUTH HE

6ymeT, a IpH a > py,acS/M Macca rasa cTaHeT paBHOH m = py,.S/a U B cocy-
[le OKaXEeTCs Macca XHIKOCTH, paBHas

My =M —m=M — py,cS/a.

2.20. Kunenue BOAbl NpPeNCTaBisieT COOOH NPOLECC HHTEHCHBHOrO
obpa3oBaHus NMy3bIpbKOB Nnapa. B my3bIpbkax HaXOQHMTCH HACBHILIEHHBIA BO-
[sHO} nap, ¥ MX o6pa3oBaHHE BO3MOXHO, €CIM [AaBJICHHE HACHILEHHOTO
BOASHOrO Napa gocturaer atMmocdepsoro nasiexus (760 mMm prT. cT., WM
10° ITa). Kax u3BeCTHO, 3TO YC/IOBHE BBHINOJHSAETCS NpH TEMMEPAType, paB-
Ho#t Temnepatype kunexus Bonsi: Ty = 100°C (mmm 373 K). ITo ycnosuro
3ajavi NaBJICHHE HACBILIEHHOTO BOJSAHOTO Napa Ha IUIaHETe PaBHO p, =
=760 MM pT. cT., a, 3Ha4YHT, TeMinepaTypa Ha miaaHete T = T =373 K. U3
ypaBHeHus MeHneneeBa — KnaneiipoHa BbITeKkaeT, 4ro

p = Pol/(RT),

roe p — MoJspHas Macca Bodbl, a po — atMocthepHoe naBieHde. Ilon-
CTaBJIsAs YHCTOBBIE 3HAYeHHs, HaxomuM p = 0,58 xr/m3.

2.21. Ecnu B X0JIOOHYIO TOTOY MBI BHIIbIXaeM H30 PTa BO3AYyX, TO OH
pe3ko oxyaxnaaercs. Kak H3BecTHO, IpH YMEHBIIEHHH TeMIIEpAaTYphl AaBJie-
HHe HaChILEHHBIX NMapoB NanaeT. BonsHoil map B BeIAbIXaeMOM BO34yxe
IpA OXJIaXIEHWH CTAaHOBHTCS HACBILIEHHBLIM M IpeBpalllaeTCs B Mejbyaii-
LIHe KaneJbKH BOMbI — «map.

Ecnu npHoTKpeITE ABEpL B TEIUTyIO W36y B MOPO3HBIN N€Hb, TO NPOHHU-
KaIOILMH C yJIHAIBI XOJNOAHBINH BO3JyX OXJaX[aeT Napel BOAbL B BO3LYXE H3-
6. OTO OnATh-TaKM NPUBONMT K TOMY, 4TO Map CTAHOBHTCS HaChl-
IICHHBIM, H MbI BHJUM «Iap» — KalleJbKH CKOHIACHCHPOBABUIEHCS BOJBL

2.22*%. 3agauy mpoiue Bcero peinath rpaduueckd. IlonHoe naBnenue
p B cOCyne CKIA[BIBAETCS M3 NaBJEHHs HACBLIUEHHBIX NMAPOB BOMBI Py
H [1aBlieHus Bofopona py,. CornacHo ypasrenmio Menneneesa — Knaneii-
POHa, NaBJICHHE BOIOPOAA DPaBHO

my, 2-1073 xr-8,3 JIx/(mons- K)
PH, = RT = =3 -3 3
ua,V 2-107° xr/monp-2-107° M

T=415-10> T,
TO€ py, U3MEPSETCS B MACKAJsAX. 3aBHCHMOCTD sz(T) JIMHEHHas; M03TOMY,
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BLIMHCTHB py,(T) TpH M[BYX 3HAYEHHSX TEMIEPATYp, HANpHMEP MpH
T,=373K, pu,=155-10° Ia,
T,=453K, pu,=188-10° Ia,
noctpouM rpadux py, (7).
IMonb3ysach yka3aHueM B YCIOBHHM 3aJa4d, CTpoMM rpaduk ¢yHKuun
Puac (T). «CxnanpBas» rpapuxu Py, (T) # pyac(T), monyyaeMm rpadux 3aBu-

CHMOCTH ITOJIHOTO JaBJIEHHS B cocyle oT Temmnepatypsl p (T) (puc. 201). U3
nmostyyeHHoro rpaguxa p(T) no 3ajaHHBRIM B YCJIOBHH 3a/a4yd HAYaJIbHOMY

Ap,70° fla

Pl -——mm e m = ID=/0H2+/Duuc

8,8(

M
155 T T T T T =

273

Puc. 201

M KOHEYHOMY [aBJIEHMSAM HAaXOAUM HAYyaJbHYI0 U KOHEYHYIO TEMIIEpaTyphbl
B cocyne:

pu=17-10° Ila, T,=T,~380 K,

px=26-10° Ma, T,=T, ~440 K.
HaiineM Temepp Maccy Hcnapusimeiics Boabl. CuMTas mapbl BOJbI
HeaJIbHEIM Ia30M, ONpeNeSIMM Ha4albHOE Py U KOHEYHOE Pp, IABJIEHHS

napoB Boasl B cocyne. [t 3Toro BOCIOJIb3yeMCs MOJy4eHHBIMH rpaduka-
mu. Ilpu T, =380 K nasnenne Bonmopoia paBHO pH, ~155-10° [1a u

Pm = Pu — PH, ~ 1,5-10° Ia.
Tpu T, =440 K pff, ~18-10° Ila u
Pm2 = Px — Pii, ~8-10° Ila.

HanuineM ypaBHEHHE COCTOSHHMS [UIs NIAPOB BOIbl NPH pn, 1y
Pn2, TZ:

My

My
Pan= RTb Pn2V=IRT2’

T
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rae myy, My — HavyanbHas ¥ KOHEYHas Macchl mapoB B cocyne. OTciona Ha-
XOIMM MacCy HMClapuBLIEHCS BOMBI:

Am=m,,2-m,,,=f"l(""2 3 pm>=
R \T, T,
_18-107° Kl‘/.MOJ'IL~2-10_3 M3 (8 Ma 15 l'[a>. s
8,3 Ix/(K-moub) 440 K 380 K
=6-10"3 kr=6r.

2.23. Ecnu h — BBICOTa CTOJIOMKA BOABI B KaMJLIAPE, TO TEMIEpaTypa
Kanuuispa W, CJIeJOBaTeJIbHO, BOAbI HAa 3TOH BHICOTE paBHA

T, = Tgh/l.

Boma B kanmuuisApe YAEpKUBACTCA CHIAMH IOBEPXHOCTHOrO HATSKEHHS.
Ecnu o), — MoBepXHOCTHOE HATsDKEHHE mpu Temnepatype T, ToO

h =204 /(Pagr),

rae pg — MIOTHOCTL Boabl. OTCI0JAa HaxXoIouM
oy = pgrh/2 = (pgrl/2)(Ty /Ty).

IMonb3ysch yka3aHHEM B YCJIIOBHM 3aflauM, CTPOMM rpaduk ¢yHKIuH
o (T). Temnepatypa T, Ha ypOBHE MAaKCHMAJILHOTO NMOJHATHA BOMABI OMpE-
JeJsAeTcs TOUKOM mepeceyenus rpaduxos 3aBucumoctu (pgrl/2) T/T, u 3a-
sucumoctd o (T). U3 puc. 202 sunno, uto Ty ~ 80°C. CuenosareinsHo,

h=1Ty/T; =64 cm.

3agauy MOXHO PEIINTh M AHAJUTHYCCKH, €CJIM 3aMETHTh, YTO 3aBHCH-
Mocth O (T) sBIAETCA NMPAaKTUYECKH JIMHEHHOM.

| G, MH/M
80

60

2.24. YciioBue paBHOBECHS MBUILHOM IUIEHKM Iy3BIpA 3aKJIOYaeTcs
B TOM, YTO JABJICHHE BO3JYyXa B HEM p;; PaBHO CYMME BHEIIHErO NaBJICHHA
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p, ¥ U30BITOYHOTO JaBJeHUS 4G/r, CO31aBaEMOro IMOBEPXHOCTHBIM HATsKe-
HueM. OOpaTuM BHHMaHHE, YTO B MBUIBHOM IMY3bIpE UMEIOTCS ABE rpa-
HHULBI pa3fiesa BO3AYX — MbUIbHAs IUICHKA, KaxJas M3 KOTOPBIX CO3IAaeT
napieHue 2c0/r. IMeHHO MO3TOMY mNOJIHOe U3OGBITOYHOE AaBieHue Oyner
paBHo 2-26/r = 4o/r. ITak, cHayaja MOXHO 3allUCaTh YCJIOBHE PABHOBECHUS
B BHIE

Pn1 = p, +40/r.

Ilocne TOro xak paauyc My3bIps YMEHBIIHJCS BIBOE, IOBEPXHOCTHOE
HaTskeHue O6yner co3nasath nasienue 8o/r. [To ycnoBuro 3agauu Temrepa-
Typa MOJIEPXXUBAETCA MOCTOSHHOM, a 3HAYMT, B COOTBETCTBHH C 3aKOHOM
Boiins — Mapuorra npu ymenbllieHHd oObeMa my3blps B 8 pa3 (paauyc
yMEHBbIIWICS B 2 pa3a) gaBlieHWe Bo3ayxa B HeM Oyaer 8pny;, M MOXHO
HaIHCaTh

8Pn1 = p, + 8o/r.
IMoncraBnss cioma p,; U3 NEPBOTO ypaBHEHHs, OKOHYATENIBHO HAXOIMM
p, =8p, +24c/r.

2.25. B nmeun Bo3MOXHBI Gosblne nepenaas! Temnepatypsl. Eciu kup-
NHYM M PAcTBOP CHEJIaHbl M3 Pa3HBIX MAaTEpHAJIOB, T. €. M3 MaTepHaJIOB
C pPa3HBIMH TEMIEPaTYpHbBIMH K03(p(duIMEeHTAMH paclIMpeHHs, TO Imevb
pacTpecKkaeTcs. '

2.26. Ilycts B pe3ynbTaTe CMEIINBAHHA XUAKOCTEH, HayaslbHBIE TEM-,
nepatypbl KoTophix 6euin T, u T,, TeMnepatypa CMECH B COCyfle cTaja
paBHo#t T. Tak kak cocyn TemnousonupoBaH (AQ =0), To

cymy (T —T,) + c;my (T — T,) =0;
oTcroa '
myfmy, = (cyfe,)(T = T)(Ty — T)™%,
CornacHo ycnosuto 3anauy, 2(T, — T)=T, — T,, a, 3Hauut, T — T, =
=T, — T, u ornowenue (T — T,)/(T, — T)=1. Takum oGpa3om,

my/my = cyfcy,

T. €. OTHOIIEHHE MAacC XHIKOCTeHi paBHO OOGpPaTHOMY OTHOILEHHIO HX
TEMJI0EMKOCTEH.

2.27. B nepBoM ciyyae HarpeBaHHE BOIbI B NIPOGUPKE B OCHOBHOM 0Y-
JIeT TIPOMCXOAMTh 3a CYET KOHBEKLMH, Tak Kak GoJjiee Telulas BOIA Jierde,
4yeM XoJiofHas. Bo BTopoMm ciyyae ocThiBaHHe GYHET NPOMCXOOUTH TOJBKO
3a CYET TemJoo6MeHa MeXAy CosSMH Boabl B npoGupke. Tak Kak ycioBus
Tena006MeHa MexAy NpoOUPKO# M BHEIIHeH BOIOH OCTalOTCS OIUHAKOBBI-
MH, TO t,; <t,.

3aMeTHM, 4YTO eciM IOMeHAT, mnapamerpsl 3agaun: 20°C—0°C wu
80°C—4°C, to otBer Gyner obparubiii. Boga B npo6upke Oyner Harpe-
BaThbCs JOJbIlE, YeM OCThIBaTh. IIpHYMHA 34eCh B aHOMAJUH BOAbI — B HH-
TepBanie 0—4°C Gosnee xonogHas Boja Jierde, yeM GoJiee Temias.
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2.28. IMoTok TemnoTHl B eAMHHNY BpeMeHH g = AQ/At 4epe3 HoBepx-
HOCTb KOHTAKTa HCCIIENyeMOM CHCTEMBI (COCyA — BOJa, COCYHA — BoAa —
IAPHK) C OKpYXalomed cpenodl 3aBHCHT OT Pa3HOCTH TEMIIEpaTyp:

AQ/At = aF (T, — T);

3mecy t — Bpems, T, — TeMnepartypa cocyaa, T — TeMmepaTtypa OKpYyXaro-
meit cpenst, F — Hexoropas ¢yuxuus remneparypel. Kosdduunest o ompe-
[leNisieTCs YCIOBUSMH KOHTAaKTa HCCIAENYEMBIX CHCTEM C OKpYXaIomeH cpe-
noi. B HameM ciyyae 111 oGOMX COCYIOB YCIOBHS KOHTAKTa OJHHAKOBBI,
no3roMy koadouuueHt o aAns oboux ciaydaes oauHakos. ITorepst cocymom
HEKOTOPOI0 KOJIHYECTBA TEIUIOTh AQ NMPUBENET K CHIKEHHIO TEMIEPATyphl
cocyna Ha AT..
Jns cocyna ¢ BOZOH HOJTYyYHM

AQ, =(Mgycy + mec) AT,
e My W cy—Macca ¥ ydeldbHAas TEIUIOEMKOCTb BOABL, Me |
C. — aHAJIOTHYHBIE BEMMYHHEI A5 cocyna. Jls cocyna ¢ Bomoit M MapHKoM
Haxoaum
AQ, = (Mycy + mycy + mycy) AT,

rae my U ¢ — Macca ¥ yneJibHad TeIIOEMKOCTh Iuapuka. ITo ycnosuro 3a-
maum me << My, my =M, Kpome TOro, c.<<c, IlosroMy MoxeM
HamucaTh

AQ, =My, AT, AQ, = My(cp + ) AT...

HetpynHo Bupersb, uyTo u3menenue temnepaTtypsl Ha AT, B 060MX cocynmax
NMPOXOOHUT 3a pa3Hble BpeMeHa At, u At,, npuYeM
AT, a At AT, _ a
F(Te=T) My, " F(Te=T) My +cw)

At,;

OTCIOJa TOJIYyYUM
At,/At, = cy /(cp + Cm)-

ITosToMy ¥ 11 OGIMIMX BpEMEH OXJIaXIEHHS COCYNOB t, M t, Oyner BbImoJ-
HEHO COOTHOIICHHE

ty/ty = (¢ + cw)/cs = k; oTciona cyfcy =k — 1.

2.29. Ecnu ypoBeHb 3amojiHEHHsI KaJOpHMeETpa MOCJe YCTaHOBJICHHS
TEMJIGBOIO PaBHOBECHS NOBBICWICS, 3TO O3HAYaeT, YTO 4acThb BOIBI 3aMep3-
na (mpu 3amep3anuu o6GbeM Boabl yBesMuuBaercs). Mexay TeM MOXHO
yTBEpXIaTh, YTO He BCS BOIA 3aMep3jla — B NIPOTHBHOM Cllyyae ee o0beM
yBesmuwicst 661 B py/p, & 1,1 pa3a, a ypoBeHb 3amoJIHEHHsl KaJOPHMETpa
yseauumics 6ul Ha (h/3)(1,1 — 1) 2,5 cM, Torga kak mo ycioBuio Ah=
=0,5 cm. HTak, mpuxoauM K BBHIBOIY, YTO YCTaHOBHMBIIASCS TeMIlepaTypa
B Kasopumerpe pasHa 0°C.
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Hcnonb3yst 3TO yCNOBHE, 3alMIEM YPaBHEHHE TEIUIOBOro Gananca:
¢y (T, — 0°C) = —A Am + ¢,;m; (0°C — T)), 1)

rae T, — HauajibHas TeMmepaTypa Jbja, a Am — macca 3aMep3iied BOIBL
Kak yxe oTMedanocs, NpH 3aMep3aHHH 00BEM yBEJIHUHBAETCS B Py /Py Pas,
3HAYHT,

AhS = (py /Py — 1) Am/py, ()

3ech S — MUIOLAAb MOMEPEYHOro cedeHus Kajopumerpa. IToxcraBnss Am
w3 (2) B (1) m wucnoms3ys coorHowmenuss my = (h/3) psS, my = (h/3) p,S,
nosyiaem .

¢St p, T, = —asan PaPe__ oo st
3 Ps = Pa 3

OTcrona

2.30*. 1) Cuntas BOAy W Jiel HeCXMMaeMbIMH, HaifiileM yYMeHbIIEHHE
TEMIEPaTyphl CMECH B pe3yjbTaTe YBeJIWYeHHS BHEIIHETO JAaBJICHHA:

AT =(p,/p)-1 K ~0,18 K.

Cronp Majioe H3MEHEHHE TEeMIepaTypbl YKa3bIBae€T Ha TO, YTO PACTaeT
Jumb HeGosblIasi Macca JIbAa, T. €. Am << my.
3anumeM 3aKOH COXPAHEHHsSI SHEPIHH:

A=AAm —(c; + c)mAT.

OnenuMm paboty A BHemHeidl cuinbl. W3menenne o6beMa CMecH B pe-
3yn1bTaTe TasHUA JIbAA MAacCel Am paBHO
Am  Am Ps — Pn

AV=————=Am—<<0,11~ 1074 M3,
Pa Pa P Pn Pn

Mbi yu1u, 9TO MIOTHOCTh BOABI NPH 3aMEP3aHUM YMEHBIIAETCS NPUMEPHO
Ha 109, T.e. (ps— Py)/Ps ~0,1. B pesynbTaTe UMeeM OLEHKY

A< p, AV =025 x[Ix.

Komugectso Ttemmotht AQ, Heob6Xxomumoe Ui HAarpeBaHHs Macchl
m JbJa ¥ Maccel m Boxabl Ha Temmneparypy AT, paBHO

AQ=(c,+c;)mAT =~ 1,1 xOx.
Bunso, 9to A << AQ; no3TOMy MOXHO CYMTaTbh, YTO A Am = AQ, oTKyaa
Am=AQ/A=32r.
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H3menenne o6beMa 3a cYET TasHUA 3TOH MaccChl JibJa PaBHO
Ps — Pn

a1

AV, =Am ~3,5-1077 M3
VuntbiBas, 4TO [IPH MEIJICHHOM YBEJIWYEHHH NaBJIcHHS H3MEHEHHE oObema
AV, ~ Ap, naiinem pa6oTy BHEIIHEH CHIIBI:

A=p AV 2 044 Ix.

2) IIpumeM BO BHHMaHHME CKHMAEMOCTb JbAa M Boxabl. V3MeHeHue
obbema Jiba M BOABI GyneT paBHO .
p - p - -
AV =-10"2 Vo + —-1072V,; 2-1075 M3,
p 2p
rne Voa=10"3M> u Vo =1,1-10"3 M® — navanpuele 06BLEMBI BOMBI
H JbJA.
PaGora A’ BHemHe#l cuibl, 3aTpayeHHas Ha CXKaTHE CMECH, paBHa

A'=p AV'[2 =25 Ix.
ITosnxas pabora BHeLIHeH CHIIBI paBHa
Arom=A+A =3 IIx.

SAcHo, 4TO, MOCKOJBKY ONATh Apom << AQ, Macca pacrasBuIero janaa oyner ’
Takod XKe, Kak B ciyiae l.

2.31. VuutbiBas, 4TO IUIOTHOCTH raza paBHa p= M/V, MoxeM 3amu-
caTh ypaBHEHHE COCTOSHHS BOASHBIX NMapoB B Buie p=(p/H)RT, rme p,
M — IUTOTHOCTH M MOJISIPDHas Macca BOASHOro napa. Kumenue npowucxonur,
KOrfla JaBJICHHE HACBHILCHHBIX TapOB CTAHOBHUTCA PaBHBIM aTMOC(hEpHOMY.
p Ecnu TeMmeparypa KHMIEHHS IIOJCO-
JICHHOW BOJIbI IOBBICHJIACH, TO IIPH HE-
W3MEHHOM aTMochepHOM [aBJICHHH
3TO O3Ha4aeT, YTO IUVIOTHOCTb HAChl-
LICHHBIX BOJASHBIX [1apOB JOJDKHA
YMEHBIIHT bCSL.

2.32. PaccMOTpHM LHMKJI, OKpY-
KAIOLHHA TPOHHYIO TOYKy: A —> B —
— C - A (puc. 203); npu 3TOM 110 Oue-
T pend NPOHCXOOAT CJeAyIoIHe IpeB-

Puc. 203 pamenus ¢a3: ruiaBJeHHE — HCIape-

HHE — NPEeBPAallleHHE ra3a HenocpenacT-

BEHHO B TBepnoe teno. M3 1-ro Hauaja TePMOOMHAMHKH NPH YCJIOBHH,

YTO LMKJI HEOTPAaHHYEHHO CXHMAETCS B TPOHHYIO TOYKY, MOJYYHM s
Macchl m BelLleCTBa

mA +mqg—mv =0,
Tak Kak pabora CHCTEMBI 3a LIMKJI paBHA HYJIO, IPHTOKA TEIUIa W3BHE HET,
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a, 3HAYMT, NOJIHOE HM3MEHEHHE BHYTpDEHHEH JHEpPrHH TakXe paBHO HYJIO
(npaBas yacTb ypaBHeHus1). OTCI0Oa HAXOIHM YEIbHYIO TEIUIOTY Cy6numa-
LMY BOABL B TPOMHOH ToYKe:

v=A+q=282-10° IIx/xr.

2.33. KoHlEHTpalUs HAJMTOr0 Ha TOPH3OHTANBHYIO TOBEPXHOCTh pac-
TBOpa caxapa NMPaKTHYECKH HE MEHSETCS.
IMocne ycTaHOBjEHHs paBHOBeCHS KOHLEHTPAllMsi pacTBopa B CoOCyie
O6ymeT paBHa
c=c,h/h

(u3MeHeHHe KOHIEHTpAlMH NPOMCXOTUT 3a CYET HCHAapeHHs U3 pacTBopa
MOJIEKYJT BOABI — yBEJIMYEHHE KOHIEHTPAIMH, JHOO 3a CYeT KOHAEHCAUUHU
MOJIEKYJI Mlapa B COCyJ — yMEHblIeHHe KOHIeHTpauuu). JlaBjeHde Hachl-
LIEHHOTO Napa HajJ pacTBOPOM B LMJIMHAPHYECKOM COCYJE€ MEHbLIE, YeM
HaJ pacTBOpoM Ha aHe, Ha Ap = 0,05p,,c(c — ¢,). DTa pa3HOCTh HaBseHHi
ypaBHOBEIIIMBAETCA AaBJIEHHEM CTOJ0a Hmapa BHICOTH h:

' Pugh = 0,05pyac(c — ¢,).
OTcroza HaxoauM
h =0,05pyac (¢ — ¢3)/(Png)-

IInotHOCTH p; mapa npu temnepatype T =293 K Haiimem u3 ypaBHe-
HHSl Ta30BOTO COCTOSIHHSA:

Pn = — Puack/ (RT).

Takum o6pa3oM, BeICOTa cToj0a napa h, yOOBJETBOPSET KBaApPaTHOMY
YPaBHEHHIO

h = (0,05¢,RT/ug) (2 hy/h — 1).

IMoncrasnsis NpUBefeHHBIE B YCIOBHH YMCIIOBbIE JaHHbIE M pelllasi KBaapat-
HO€ ypaBHEHHE, HaXOIHM

h ~164 cm.

HHTEpecHo OTMETHTB, YTO, KaK ClelyeT U3 PacCCMOTPEHHOM 3ajauH, ec-
JI¥ TI0J KOJIMaKoM OyIyT HaXOMUTLCS JBAa OJMHAKOBEIX COCYJa C pacTBOpa-
MH Pa3sHBIX KOHLEHTPaUHH, To ucnapenue OyaeT MPOUCXOIUTh M3 pacTBOpa
¢ MeHblllel koHneHTpauueil. 1 Hao6opoT, BoasHO# map OyneT KOHUEHTpH-
poBaThCs B pacTBop ¢ Goublueit koHueHTpauueil. TakuM oGpa3oM, KOHUEH-
Tpauuu OynyT CTPEeMHTbCS BBIpaBHATHCA. MIMEHHO ¢ 3THM (Qu3HyecKHUM
SIBJICHHEM CBSI3aHO HaMOKaHHe caxapa, COJId U T. Il. B aTMOoC(epe BIaXHOro
BO3/yXa.

2.34. TTockoybKy HMXHHE KOHen TPYObl MONNEPXHBAETCS NPU TeMIle-
patype T,, 6Goblueil TeMIepaTyphl IUIaBJIEHHs, YyI'YH BHH3Y OyleT pacia-
BieH. TemnepaTypa rpaHunbl Mex /Iy PacilaBJeHHBIM H TBEPABIM YyTYHOM,
€CTECTBEHHO, paBHa TeMIepaType IiaBieHus Ty;.
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Tak kak TeMIEepaTypsl BEPXHETO U HHXKHETO KOHLIOB TPYObI MOAIEPXKH-
BalOTCA TNOCTOAHHBIMH, KOJIHYECTBO TEIUIOTHI, NMPOXOASAIICH 3a eNuHHIY
BPEMEHH Yepe3 NMONEpevHoe CeueHHe TPyOhl, B JIF0GOM MecTe TpyObl mOJI-
XHO OBITH OIHHM H TeM Xe. J[IpyruMu cjioBaMu, OTOK TEIJIOTHI Ye€pe3 pac-
IUIaBJICHHBIH M TBEPHABIH YYTYH NOJDKEH OBITH OZHHM M TEM Xe (KHpIHYHAs
TpyOa MJIOXO NMPOBOOHT TEIIO H TEIIOOOMEHOM Yepe3 €€ CTEHKH MOXHO
npeHedpeys).

IToTok TemIOTH HMPOMOPLHHOHAJICH TEILUIONPOBOAHOCTH, ILIOLIANH MO-
NMEPEYHOro CEUCHHA M PA3HOCTH TEMIEPATYp, NMPHXOMSALICHCA HA ENUHHILY
nuHel. Ilycth |, — nmHa HUXHEH 4acTH TPYOBI, I'ie YyryH pacIUIaBlieH, a
l, — nnuHa BepXHe# YacTH, rie YyryH HaXOOUTCA B-TBepHoit dase. YcioBue
MOCTOSIHCTBA MOTOKAa TEIUIOTHI 3aNHMIIETCS TOTOa B BUIE (CeueHHE TPYOb
MOCTOSIHHO)

U (Ty = T /1y = Y (T — T) /1,

TE€ %y M %y — TEMUIONPOBOAHOCTD XUAKOIO U TBEPIAOrO 4yryHa. YYHTHI-
Bas, YTO %y = k¥ 3, HAXOOUM

Iy =Lk(T, = Ty (Tyn — T).
IMonnas nmueHa TpyOBl paBHA I, + [,. 3HauKT, PaCIJIaBIEHHBIM METAJIOM
3aHATa 4acTh TPyOBl, omnpenenseMas OTHOLICHHEM
ll - k(Tl = Thy)
L+l k(Ty=Tuw)+ (T —Ty)

2.35*%. ITonHOe KONHYECTBO TEIUIOTH Q, M3Jy4aeMoill B MPOCTPAHCTBO
B €IMHHI]y BPEMEHH, OCTAHETCS MPEXHHUM, TaK KaK OHO ONPENENseTCs IHEp-
TOBBIIC/ICHHEM TIpH paboTe anmapaTypel cTaHmuy. [Tockobky B mpocTpan-
CTBO H3JIy4acT JIAMIbL BHEHIHAS MOBEPXHOCTh 3KPAHA M 3TO H3JIyUCHHE OIpe-
HeNISeTCs TOJBKO €ro TEMINEpaTypoi, TO TeMIepaTypa 3KpaHa AOJKHA
GbiTh paBHa HauanbHOH Temmneparype cranmuu T = 500 K. Dkpan, omuaxo,
H3JIy4aeT TOYHO TaKOE XK€ KOJHYECTBO TEIUIOTH! Q M BOBHYTPb. DTO M3Iy-
YeHHe MomnanaeT Ha 060JI0UKYy CTaHUMM H morjomaercs ew. Takum obpa-
30M, TIOJIHEIH TONBOA TEIJIOTHl B €QUHMIY BPEMEHH K CTAHUMH CKJIabi-
BAaeTCA U3 BhlAeIseMOi npu pabote npubopoB TemwIoThl Q M HorJiomaemMoin
OT BHYTPEHHEH MOBEPXHOCTH 3KpaHa TEIUIOTH Q, T. e. paser 2Q. U3 ycio-
BHs TEIUIOBOro 6ajnaHca OHO X€ NOJDKHO M HM3JIyYaThCsl; 3HAYMT,

0/(2Q) =TT,

rae Ty — nckoMas teMnepatypa o6osnouku craHimu. OKOHYATENBHO HAXO-
UM

4
T, = /2T~ 600 K.
2.36. Kak Bugno u3 rpaduka, mepssie 50 MHHYT TeMIepaTypa CMECH

He MEHANach u ocTaBanack pasHoil 0°C. Bece 310 Bpems Temiora, nosydae-
Masi CMECBIO M3 KOMHATHI, 1lJ1a Ha TasHue Jbaa. Yepe3 50 MHHYT Bech jen
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pacTasii M TeMIepaTypa BoIbl Hadajia moBblaThes. 3a 10 MHHYT (OT T, =
=50 mo 1, =60 MuH) Temneparypa moBeicuiiack Ha AT =2°C. Temnora,
MOCTYMMBIUAs K BOLE M3 KOMHATHl 32 3TO BpeM#, paBHa ¢ =cymy AT =
= 84 xJIx. 3HauuT, 3a nepsBble 50 MHHYT K CMECH W3 KOMHATHl NOCTYIHJIO
KOMYeCTBO TewoThl Q = 5¢ = 420 x/Ix. DTa Tenmnora M molNa Ha TasHHE
Maccel my; abaa: Q = Mm,. Takum obpa3oM, Macca jbia B BeApe, BHECEH-
HOM B KOMHATY, paBHa

m; = Q/A ~ 1,2 kr.

2.37*. O603Ha9uM K03(GHIHEHT NMPONMOPIMOHAIBHOCTH MEXAY pac-
CEeMBaeMOl Ha PE3HCTOPE MOLIHOCTBIO H PA3HOCTBIO TEMIIEPATYP PE3HCTO-
pa B OKpyxarllero Bozayxa udepe3 o. Torma, mockosibky npu T, =80°C
CONPOTHBJIEHHE pe3UCTOopa paBHO R,, a HampskeHue Ha HeM U, TO paccen-
BaeMas MOMHOCTL paBHa UZ/R,, W MBI MOXeM 3alHCaThb, 4TO

U3/R; =a(T; — Ty). B (1)

Ipu noBbilIEHHH NMPHJIOXEHHOTO HANPSKEHHS TeMIepaTypa pe3HcCTo-
pa pacTeT, TaK KaK YBEJIHYHBACeTCS BBIAENAeMass NPH HPOXOXKIEHHH TOKa
temwrora. Korna temmeparypa mocturaer Benmuunbl T, = 100°C, compo-
THBJIEHHE PE3HCTOPA CKa4KOM YBEJIMYHTCS B 1Ba pa3a. Beinesnsemas Ha HeM
TEIUIOTA YMEHBILUHTCA, H, €CJIH HaNpsXKEHHE HE OYEeHb BEJHKO, OTBOX Tel-
JIOTBI OKaXeTcs Gosiee GBLICTPBIM, YEM €e BhIIENCHHE. DTO NPUBEAET K maje-
HHIO Temmepatypel no T,=99°C, HO Toraa CONPOTHBJIEHHE CKaYKOM
YMEHBLIATCA [0 NpeXHed BEIHYUHbl M NPOLECC HAYHET NMOBTOPAThCA. Ta-
KHM 06pa3oM B LiemM BO3HMKHYT KOJleGaHHs TOKa, CBS3aHHBIE CO CKauKo-
0o6pa3HOil 3aBHCHMOCTBIO CONPOTHBJIEHHS PE3HCTOpPa OT TEMIEpaTyphl.

TemnepaTtypa pe3ncTopa BO BpeMs 3THX kojiebaHHH NOYTH MOCTOSAHHA
(ona uzmeHseTtcs B npenenax ot T, =99°C no T, = 100°C), Tak 4T0 MOX-
HO CYHTaTh TEILIOOTBOJ IOCTOSHHBIM, H OTBOAHMAs MOLIHOCTH COCTaBJIAET
a(T, — Ty). Torma, BBO;s t, — Bpemsa Harpesa (ot 99 no 100°C),
t, — BpEMs OXJIaXICHHUA H t, +t, = T — nepuoa KosnebGaHHH, MOXHO Halu-
caTh YPaBHEHHs TeEILUIOBOro GajaHca:

Uity/Ry = a(Ty = To)t, + C(T, — T)), @
Ulty/R, = a(T, — To)t, — C(T, — T)).

Hcnons3ys HalnenHoe u3 (1) 3HaueHHe 0, HaXOOHM

= C(Tl - Tz)
' UYR, - UH(T, ~ To)/[Ry(T5 — T
= C(T,~T,)

Uf (T1 - To)/[Rx (Ts - To)] - Ug/Rz ’

IMoacraBnss 4HCIOBBIE 3HAYEHHs BEJIMYMH, IOJyYaeM, 4YTO f; =1, =
=3/32c=~01c,aTx02c
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MaxkcuManpHOe . MHUHHMAJIbHOE 3HAYEHHMsS TOKA JIETKO HAaXOAMM, Tak
Kak B mpolecce KoyiebaHHif COHPOTHBIICHHE CKAYKOM H3MeEHAeTCHA OoT R; =
=50 no R, =100 OmM; crienoBaTelbHO,

Imax=Uy/R, =16 A,  Ipm=U,/R, =08 A.

XoueTcs o6paTHTh BHUMaHHE Ha TOT (akT, YTO ONHMCHIBacMas B 3aja-
4e CHTyalus oTBedyaeT (a3oBOoMy nepexoay l-ro pona B MaTepHaie, U3 Ko-
Toporo cienad pesuctop. Ilpu HarpeBanuu mpu temmeparype T, = 100°C
NPOUCXOJMT IepeXos MaTepHaja B HOBYIO a3y (3TOT Hepexoi, Hampumep,
MOXET OBITh CBA3aH C IEPECTPOHKOH KPHCTAJUIMYECKOR pelleTKH MaTepua-
na pesucropa). O6paTHEIA NMepexon MPOMCXOMMT MpH Gollee HU3KOM TeMe-
patype T,=99°C — 3r0 sBJ€HHE TaK Ha3bBIBA€MOro THUCTepe3Uca, CBOii-
cTBeHHOro (a3oBbIM nepexozaM 1-ro pona.

2.38. Kamuu noxnis, momaB Ha KHPIHY, B NEPBHIE MOMEHT 06pa3yloT
IJIEHKY Ha €ro noBepXHOoCTH (puc. 204). Kupnuy HMeeT NOPUCTYIO CTPYKTY-
py. ITops mpeacTaBiasAoT co60#t KamMLIAPHL 3a CYET CHJI MOBEPXHOCTHOIO

Puc. 204

HATSHKEHUS BoJa BTATMBAETCH B MOPHI-KaMMILIAPHL. Kamumisphl coequHeHb!
Mexay coboit. Ux pa3Mepbl pa3jiMyHbI: Y3KHX KalHWJLIApoB GoJiblne, YeM
IIMPOKUX. B IIMpokux kanmuiuispax BTArHBalolllas CHJIA2 HOBEPXHOCTHOTO
HATSDKEHHS MEHBIIIE, 4eM B y3kuX. [T03TOMy B IIMPOKMX KamuiUispax BOLs-
Had IUJIEHKa [JOJDKHAa B3OYTHCS M JIONHYTb. JTO U SBJISETCA NPHUYIUHOM
LIMOCHHS.

2.39. CoBepiaemas ra3om pabora A CkiaablBaeTcsi U3 IBYX 4YacTeid:
paboTel A; NpOTHB CHJILI aTMoc(epHOro HaBjeHUs U paboThl A, MpPOTHB
cuibl TsokecT. I'paHuMma pasgmesia ra3 — pTyTh OO IOJIHOTO BBLITECHEHHS
pTyTH nepememiaercs Ha 2l + /2 =(5/2)1, u, 3Hauur,

A, =(5/2) poSL.

Pa6ora 4, mpoTHB CHJIBI TSXXECTH paBHA M3MEHEHHIO MOTCHLMAJILHOM
3HEPTUH PTYTH NPH €€ BBITeCHeHMH. Bcs pTyTh B pe3yiibraTe BLITECHEHHS
TIOHMMAETCSl Ha BBICOTY | OTHOCHTEJILHO TOPH3OHTAJILHOTO Y4YaCTKa; 3TO
4 HaJl0 CYMTATh KOHEYHOH BHICOTOH LeHTpa Macc pryTd. HagansHoe moiio-
XKEHHEe LEHTPa Macc PTYTH, KaK HETPYAHO BHAETh, paBHO hy = l/8. Otcrona
MOXHO 3aKJIOYMTh, YTO

A, =Mg(l = 1/8)=(7/8) Mgl,
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rne M = 2ISpy; — macca pTyTH. OKOHYATENILHO HAXOOMM
5 7
A=A4,+4A,= ?pOSI + =T PprgSP ~ 7,7 Iix.

2.40. Pa6oTa A, xOTOpY10 COBEpIIMJIA BHEIIHSASA CHJIA B Pe3yJIbTaTe Ha-
JIOXKEHUs. U TIOCHENYIOIIEro CHATHS Harpy3kH, ONpenesieTCs IUIOWANbIo
¢urypst ABCD (cm. puc. 69). B cooTBeTCTBHH € 1-M 3aKOHOM TepMOAHHA-
MHKHM H3MEHEHHE BHYTPEHHEH 3HEPIMH CTEpXXHs (CTepXeHb TEIIOH30JHPO-
BaH) M OyZeT paBHO 3TOH paboTe, T.e.

AW = A =kxy(x — X,).

C npyro#t cropousi, AW =CAT, rae AT — u3MeHeHHe TeMuepaTypsl
CTEPXHS, M B Pe3yjbTaTe HaXOJuM

AT = AW/C = kxo(x — x4) /C.

2.41. ITycTh NMIMHIOP 3aNOJHWICS BOMOH IO YPOBHS X OT HHXXHETO OC-
HoBaHusA. VI3MeHeHue BHITANKHBAIOLIEH CHIIBI PABHO YBEJMYEHHMIO CHIIBI TS-
KECTH, JEHCTBYIOIIEH Ha IMIMHAD C BOJOH. DTO MO3BOJIAET CAENATh BbI-
Bof, YTo Ah=x. U3 ycioBus paBHOBeCHS WHJIMHApPAa MOXEM HaIHCaTh

P28 = PoS + mg,
Il€ p, — JaBJIEHHE ra3a B LIJIMHIPE MOCJE TOro, KaK B HEro BOLLIA BOJA,
T. €. p, = po + mg/S. Ucnonb3ys 3akon Boitns — Mapuorra, HanuieMm, 410
p,(h— Ah)=p,, roe p, — HavaJIbHOE JaBiieHHe rasa. OKOHYATENBHO HAXO-
IIM
g
Py = (po + mg/S)(1 — Ah/h).

2.42. BribepeM Hayajo OTCYeTa
BIOJIb OCM X Tak, Kak IOKa3aHO Ha
puc. 205. Torma cuna, neicTByroiias AN ¥
Ha KIHH, 3aBUCHT JIMUIb OT KOOpIH- 0 N Sz
HaThl X poHTa yaapHoii BoxHbl. I'o- % \
PpHU3OHTAIbHAS COCTABJIAIOIIAS JTOM
CWIBI paBHA

}
|
1
[}
| SO

F, = pocx tg o = pocxa/b = pocavt/b, Puc. 205

roe x =t — xoopAuHata (poHTa

BOJIHbI K MOMEHTY BpDeMEHHM ! OT Hayajla NPOXOXIEHHMs BOJIHBI Yepe3
xJMH. YcKkopeHue, coobimiaeMoe KIMHYy B [JaHHBIH MOMEHT BpPEMEHH,
paBHO

a, = F, /m = pycavt/ (bm).

B TOT MOMEHT BpeMeHH t,, koraa GpOHT BOJIHBI JOHIET MO JajibHeit
TpPaHH KJMHA, T. €. KoopAMHaTa (poHTa Gymer paBHa b= vt,, ycKkopeHHe
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KJIMHa COCTaBHT
a,, = poca/m.

ITockonbky yckopeHHe KJIMHA JHHEHHO 3aBHCHT OT BPEMEHH, AJIS BBIYHUCIIE-
HHSl CKOPOCTH 4 KJIHHa K MOMEHTY BPEMEHH !, BOCIONB3yeMCS CPEIHHM
3HAaYEHHEM YCKODPEHHS dcp = Poca/(2m):

u = agpty = poabe/ (2mv).
Koraa Bech KJIMH OKaXeTcsi B 061aCTH MOBLIIUEHHOTO JaBJIEHUS, PE3yIbTH-

pyloluas cuia, neficTByiomas Ha KiauH, Oyner paBHa Hyaro. Kak BuaHO u3
OTBETa 3a[ayM, yCJOBHE U << D O3HAYAET, YTO p, << 2mv?/(abc).



3. QJEKTPUYECTBO U MATHETU3M
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3.1. VI3-3a nonspu3anuy AM3JEKTPUYECKOTO CTEPXKHS AB Ha TOYeYHbIH
3apsA + ¢, TOMHMO TOYEYHOroO 3apsaa — ¢, OyAyT neHcTBOBATbL MOJISPH-
3alMOHHBIE 3apsabl, 0Opa3oBaBIIMecs Ha

8 KOHLAX cTepxHA (puc. 206). Cuna npu-

(C) - + © Taxenns co CTOPOHBI OTPMIATEIHLHOTO
9 . 2 3apsna, BO3HMKLIEro Ha KoHue A, Gy-
Puc. 206 ner Gonbie CWIbI OTTAJKHBAHUA NOJO-

KHTEJLHOrO 3apsja, BO3HHMKIIETO Ha
koHIe B. Takum obpa3om, obmias cuna, gelcTBylomas Ha 3apsan +qq,
YBEJTHUMTCS.

3.2. B HEMOCPEACTBEHHON GJIM30CTH OT KaXI0ro M3 TOYEYHBIX 3apANOB
BKJIaJ B OOIIyI0 HANPSXKEHHOCTH IOJIsi OT APYroro 3apsaa NpeHeOGpexumMo
Majl, MO3TOMY JIMHHM HANpPSHKEHHOCTH BBLIXOAAT (BXOASAT) PaBHOMEDPHBIM
NPOCTPAHCTBEHHBIM ITy4YKOM, OOIlEe MX YHMCJIO MPOHOPLMOHANLHO MOAYJIIO
3apsna. BHyTps KoHyca ¢ yryiiom 2o npu BepiuuHe BOiM3M 3apsna + g, mo-
NajaeT TOJNbKO 4acTh JUHUA. OTHOIIEHHE UX YMCIIA K OOILEMY YMCIY BHIXO-
AKX U3 3apsana + ¢, JIMHUA Hanps>keHHOCTH PaBHO OTHOIUCHUIO IJIOLIA-
Jieil COOTBETCTBYIOIIUX C(PEPUUECKMX CETMEHTOB:

2nRR(1 —cosa) 1 ;
————————=—(1—"cosa).
4nR 2

ITockonbKy JINHUM HATpPSXKEHHOCTH CBA3BIBAIOT MeXAy coboil paBHbIE MO
MOAYJIO 3apsfbl, TO YHCJIO JHHHH, BRIXOAALIUX M3 3apsana + ¢, BHYTpH
yraa 2o, paBHO YMCJY JIMHHMi, BXOAAIIMX B 3apsn —g, NOX-yriom 2f.
CrnenoBaTesbHO,

141 1(1 —cosa)=1{q,|(1 — cos B);

sin (B/2) = sin(0/2))/| g, 1/14, |-

Ecnu |/1q,1/1q,|sin(0/2)> 1, To NMHWA HaNpsSXEHHOCTH He BOMIET B
3apax —(q;.

3.3. IIpexne ueM mepeiiTé K pelieHuio 3amauu 3.3, chopmynupyem
TeopeMy, TNOJE3HYIO AJIs pelleHHs U Gonee cioxHbIX 3amau. Huxe Oyner
JaHO NOKa3aTeJbCTBO 3TOH TEOPEMbl NPUMEHMUTENHHOE K KOHKDETHOMY
Cllyyalo, pacCCMOTPeHHOMY B 3anaue 3.3.

Ecnu 3apsn ¢ mOCTOSHHOH IUIOTHOCTBIO O pacmlpelesieH Mo y4acTKy
cdepuueckoil MOBEpXHOCTH panuyca R, To mpoekuus co3naBaeMoil 3TUM 3a-
PANOM HANpPSXKEHHOCTH 3JIEKTPHYECKOTO HONA B HEHTpe cdepudeckoil mo-
BEPXHOCTM Ha NPOM3BOJLHOE HalpaBiieHHE a OyJeT paBHa

oTCroaa

E - 1 c
‘" 4ne, R?

S.La,

rae S| g — MIOIAaAb NPOEKUHH 3TOTO Y4acTKa MOBEPXHOCTH HA ILIOCKOCTS,
NEPNEeHINKYIAPHYIO HANpPAaBIEHUIO a.
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PaccMOTPHM HEKOTOPbIH y4acTOK ChepHyecKOi MOBEPXHOCTH — «IOJIb-
Ky» H COPHEHTHPYEM €€ TaK, Kak yka3aHo Ha puc. 207 — IUIOCKOCTb CHM-
METPHH «IOJILKH» COBMECTHM C ocimu Oz u Ox. U3 cummetpun pacnosio-
JKEHHs 3apsla OYEBHOHO, YTO 06llas HaNmpsHXKEHHOCTh B ILEHTPE CHCTEMBI
koopauHat (Toyka O) 6yner HanpasieHa npoTHB ocH Oz (ecnu o > 0), a co-
CTaBAAIOLIME HANPSHKEHHOCTH Mo ocsiM Ox u Oy OymyT paBHHI HYJIIO.

Puc. 207

PaccMOTpHM HEGOJIBINOH Y4acTOK MOBEPXHOCTH «HoJbkH» AS. Beprtu-
KaJIbHYIO COCTaBJIAIOLIYIO HaNpsDKEHHOCTH B TOYKe O, CO3AaBaeMyIO y4acT-
koM AS, onpenmenum no dopmyie

1 c
2
4ne, R

AScos @,

rZe ¢ — yroj Mexay HOpMaJIblo K Ilolaake u Beptukainpto. Ho AS cos ¢ —

3TO IWIOWIadb NMPOEKIMH YYacTka AS HA FOpH3OHTAJBHYIO IUIOCKOCTh. OT-

CloJa MOJHasA HampsHKEHHOCTb B Touke O HaxoaMrcs o ¢opmyie
1 of

4ne, R?’

E =

roe S — wiowanb 3alUTpuXxoBaHHOH ¢urypel Ha puc. 207 — npoekuuu
«IONBbKW» HAa TOPH3OHTAJIbHYIO INIOCKOCTh xOy. Tak kak Iwiomaigs JIro-
60t y3koii monocku 3To# 0b61acT (YepHOro yyacrka Ha puc. 207) B sin (0/2)
pa3 MeHbIlle IUIOMIaJH COOTBETCTBYIOIIEH MOJOCKH GONBINOTO Kpyra, TO
M BCs IUIOWIaJb 3alTPHXOBaHHOHM o6iactu B sin(a/2) pa3 Oymer meHblue
wromanu Goxapioro kpyra. Otcrona
oS o . a  osin(x/2)
E=——r=——nR%sin— = ——n—,
4ng R*  4neR? 2 4g,
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B ciysae nomycoepn a =1 U
E = o/(4¢,).

3.4. U3 coobpaxeHuii CHMMETPHH JIETKO NOHATb, YTO BEKTOp Hamps-
KEHHOCTH 3JIEKTPHYECKOrO MO «AONbKU», YTOJl pacTBopa KOTOPOH paBeH
0., JIOKXHT B IUIOCKOCTSX HMPOJOJILHOH M NMONEPEYHOH CHMMETPHUH «IOJbKH».
ITycts Monyns 3Toro Bekropa paseH E. Bocross3yeMcs NpHHIMIIOM cymnep-
MO3WIWH U JOMOJHHAM «IOJBKY» H0 mosycdepsl, 3apskeHHOU C TO# Xe mo-
BEPXHOCTHOH MIOTHOCTBIO. TOrna NMpHIOKHM K MCXOJHOH «HOJbKe» elle
OJIHy C yrijioM pacTtBopa %t — o. IIycTe MozayJib BekTOpa HaNpPsOHKEHHOCTH IO-
JIf, CO3aBaeMoro 106aBovHOM «HoabKkoi» B HeHTpe chepsl, paseH E'. Jler-
KO MOHATB, 4TO BekTOphl E u E' B3aMMHO NMEpNEeHAMKYJIAPHBI, a MX BEKTOP-
Hast CyMMa HIpEJCTaBJISeT co6oi BEKTOP HANPSXKEHHOCTH MOJA moiychepsl
B ec nenTpe. Ilo ycioBuio 3amaum 3ta cymma pasHa E,. ITockoneky yron
mexay Bektopamu E u E, paseH m/2 —a/2, TO

E = E,sin(o/2).

3.5*%. PaccMoTpuM cayyaif, Korga KOHAEHCATOPbl OpPHEHTHPOBAHLI
IpYr Ha Ipyra OAHOMMEHHO 3apsbkeHHbIMH IUtacTuHamu (puc. 208). Ilose,
co3aBaeMoe NEpPBLIM KOHIEHCATOPOM HAa OCH HAa PAcCTOSHUM X OT MOJIO-
JKHUTEJIbHO 3apsSKEHHOU IUIACTHHLI, PaBHO

E(x)=-N [i 1 ]~ 2a,! (x >> D).

dngy | X2 (x+D? | dmepx®

Cuna, feficTByIoIas Ha BTOPOH KOHIEHCATOP, HAXOISIIMICS HA pacCTosi-
HUH d OT NepBOro, paBHa

2
F =g, [E@)—E@+1)] =22 [ L __ 1 ]~ 30,4,

dngy | d°  @d+D° | 2meqd*

3HauuT, B 3TOM Ciy4ae KOHIEHCATOPHl OYOYT OTTaJKHBATHCS.
AHaJOrHYHOE PAaCCMOTPEHHE MOXHO NPOBECTH M I Ciydas, Koraa
KOH/JEHCATOPbl OPHEHTHPOBAHBI JPYr Ha Apyra pa3sHOMMEHHO 3apsiKEeHHbI-

MH IUTacTHHamd. IIpE 3TOM KoHOeHca-
- 7’;, Z+ 72_ Topbl OyOyT NPHUTSTUBATLCA C TOH Xe
____.I‘F:—__—___‘:H.--_. crtoft
e—Z— o3 aal
Puc. 208 T2 med*’

3.6. BoibepeM 1Ba HeGONBIIMX MPOU3BOJLHLIX YY4ACTKA ILIOMIAIBIO
AS, u AS,, mpuHa/Ulexalux NepBoil u BTopoi moaycdepam. ITycte pac-
CTOSIHHE MEXIY STHMH y4aCTKaMH PaBHO r;,. CHiy B3aMMOJEHCTBHS 3THX
y4acTkoB AF, onpemenuM u3 3akona Kynona:

1 AS; AS
y T61A5102A82=1—226
Ty riz 4neori,

AF ,=
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IMpu HaxoxaeHuu obuieil Cuiibl B3auMozeicTBus moiychep ™Mbl JoJI-
KHBI, HCXOZsl W3 MPHHIMIA CYNEPHO3HINH, MPOCYMMHpPOBAaTh CHiIbl AF,
IJIA BCEX B3aMMOAEHCTBYIOLIMX Nap y4YacTKOB, TaK 4YTO pe3yJbTHpYHOIIas
cuia B3auMoneiicTeus monychep F mpuMer BHI

F =ko,0,,

rae xo3d¢uuneHT k onpenenseTcs JIMIIb FreOMeTpHEH pacroyloKeHus 3aps-
OB ¥ BHIGOpPOM cucTeMbl equHuL. Ecin 6bl mosycdepsl GBIIM 3apshkeHB
C OIMHAKOBOM MOBEPXHOCTHOMN IJIOTHOCTBIO 3apsiia G, COOTBETCTBYOLIAS
cuia B3aumoneiicTsus moisrychep F 6bina 6u1 paBHa

F = ko?,

rae kodpduunent k TOT Xe, 4TO M B Ipeabiayueir popmye.

Haiinem cuy F. Jlas 3Toro paccMoTpuM «BepXaioto» moaycdepy. He-
GosblIol ee y4acToK miomansio AS Hecer 3apsan Aq = 6 AS u Haxomurcs
MOA eHCTBHEM 3JIEKTPHUYECKOTO MOJIs, HaNpshXKeHHOCTh KoToporo E’ cocra-
BJISIET NOJIOBHHY HANpPsXXEeHHOCTH cheprsl paguyca R, paBHOMEPHO 3apsiKeH-
HOM MO MOBEPXHOCTH C ILUIOTHOCTBIO 3apsaaa ©. (Mbl HOJKHBI MCKIIIOYHTH
U3 HaOpsKeHHOCTH Ty ee 4acTh, KOTOPas CO3JaeTcs CaMHM 3apsagoM Aq.)
Ha 3apsn Aq neiicrByer cuia

1 4nR?* o?
AF =AQE' =0cAS——o0——=—AS,
4ng, R%*.2 2,

KOTOpasi HalpaBjieHa INepNeHANKYJIAPHO IOBEPXHOCTH YydacTka. UToOmI
HallTH CHJly, AEHCTBYIOLIYIO Ha BEPXHIOKO Mojycdepy, 3aMETHM, 4YTO U3 Bbl-
paxenns mis cunsl AF cnenyer, 4to nojycoepa kak Obl HaXOZMTCS MOX
neiicreueM addexTuBHOrO naBiaeHus p = 62/ (2¢g,). OTcrona obuwas cuna F,
JedicTBylolas Ha BepXHIOIO mnoaychepy, paBHa
2
F=pnR? = iR
2¢,
(xors B Beipaxenune AF pas cuusl, JeiCTByIOIIei Ha ydacTok AS, maer
BKJIaJl HE TONBKO «HHXHAs» moiychepa, HO M BCE OCTAaJNbHBIE YYACTKH
«BepxHel» monycoepsl, B 0OIIeM BBIPAXEHHH IJIs CHIIBL B3aNMOJECHCTBHA
noaycdep, HaliieHHOM Bblllle, CHIIBI B3aNMOIEHCTBHS y1aCTKOB BEPXHEi 1o-
nychepsl Mexay coboit B3aMMHO COKpPaTSATCA.)

Mockonbky F = ko2, monyunM creayromiee BLIPaKEHHE IS CHIIbI B3aH-
MopeiicTBus nonycpep B cClydae HX pPa3sHOHM NMOBEPXHOCTHOM IUIOTHOCTH
3apsa0B:

nR?
F =ko,06,=——0,0,.
2¢,

3.7. IInOTHOCTHL 3apsjoB, HAaBeNEHHHX Ha cbepe, NPONOPIMOHANb-
Ha HANpPsHXKEHHOCTH 3JeKTpHieckoro mnonas: o ~ E. Cuna, neicTpyromas
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Ha NOJOBHHKM chepsl, MPONOPIHOHAIbHA HANPSXEHHOCTH:
F ~G6SE ~ R2E?,

rae S — miomans noJioBuHkM ceprl, R — ee panuyc. IIpn n3Menenun pa-
nMyca chepsl B n pa3, a HANPSHKEHHOCTH nous B k pas3, cuna F usMenutcs B
k?n* pas. T1oCKOJILKY TOJIIMHA CTEHOK cepl OCTAETCS MOCTOSHHOM, CHIIA,
paspeiBaiolas chepy M NPHXONAIIAACA Ha €IMHHMIY IJIMHBI, 1OJDKHA GBITH
npexHeit, T. e. k2n?/n=1, k= 1/[/7_1 =1/ 1/5 CnenoBaTe bHO, MHHUMAIIb-
Hasl HANPAXEHHOCTb IOJfA, KOTOPOE Pa3OPBET NPOBOAAMIYIO 06OIOYKY
BIBOE GONBIIEro paadyca, paBHa

E,=EJ/)2
3.8. ITycTh paccTosiHMe OT 6OJBILOTO LIAapa A0 KaXJOro HeGOJIBILIOro
LIapyuKa PaBHO I, pacCTOAHHE MEXAY IIapHKaMH d, paJuyc KaXIOoro Liapu-
Ka r. l'lpn COCIMHCHHH 6oJp1IOTO mapa C nepBbIM ILIADHKOM HX IOTECH-

LMAJIbl CPABHHBAIOTCA:
1 9 4
—+— =0, 1

4ne, ( l r M M

rae Q — 3apsaa Gonpiioro mapa, ¢ — ero noreHuman. Ilpu coeauHeHHm
6oJbIIIOro 11apa CO BTOPLIM LIAPHKOM MOJYYHMM aHAJIOTHYHOE YpaBHEHHE,
OTBeYarollee paBeHCTBY NOTEHIMAIOB 6OJIBLIOrO LIapa M BTOPOTO IIapuKa:

1 Q 4 4
—+—+—)=0. 2
4neo(l+d+r M @

(MBI npenmoNoXuiIy, YTO NPH KaXKAOM 3apsie IIapHKOB 3apsal M NOTEH-
Has GOJBILOro LIapa MeHSIOTCS He3HauuTelbHO.) [Ipu coenunennu 607b-
LIOrO 1Iapa C TPEThMM LIAPHKOM, KOTAa IEPBLI U BTOPOHM 3apsiKEHBI, CO-
OTBETCTBYIOLIEE ypaBHEHHE DAaBEHCTBA IOTEHLMAJIOB NPHMET BHUJ

1 (Q 4 4  45)\_
4neo<l+d+d+r = ¢

3apsan g, Haiinem, pemas ypasHenns (1)—(3):
95 = 43/4;-
3.9. 3apsan g, wapa Haiigem mo ¢opmye
q, = 4mEQ,T;.

ITocne coenuHeHus 1wapa u 060JI0YKH BeCh 3apsAf ¢, NIEpeTevYeT C luapa Ha
0BOJIOYKY M PACHpENENUTCs PaBHOMEPHO N0 MOBEPXHOCTH 06Gonouku. Ee
NOTEHIMA @, (COBMAfaroLMii C HOBBIM 3HAa4YeHHEM NOTEHUMana 1uapa) 6y-
€T paBeH

qy Ty

¢ =—"—=0,——
27 4megr, 'y,
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3.10. 3amuiueM ycioBHEe DaBEHCTBa IMOTeHUMANa chepbl, a 3HAYMT,
U mo6ol TOYKH NMPOCTPAHCTBA BHYTPH Hee (B YaCTHOCTH, LEHTpPA) HYJIIO
K MOMEHTY BPEMEHM [, NpPHUYEM BBIACIMM TPH HHTEPBAJIA BPEMEHHU:

1) t <afv, 2) afv <t <bfv, 3) t = b/v.

O603nauuM 3apsan coepsl ¢(t). [Ias MOMeHTa BpEMEHHU ¢ BHYTPH IEPBOIO
HHTEpBaja 1 mosy4yum

4:/a+qy/b+q(®)/(vr)=0;
oTcIOa

q(t)= —v(g,/a+ q,/b)t, I,(t)= —v(q,/a+ q,/b).

Jlns MOMEHTa BpEeMEHH ¢ BHYTPH HHTEpBaJia 2 MOJYYHM, YTO MOJS BHYTDH
cepbl ¥ BHE Hee HE3AaBHCHMBI; OTCIOAA
a0+49, 4, L= —v P
ot b> 2 b’
Haxonen, xak ToJbKO cdepa MOraoTHT BHYTPH ce6s 06a TOUEUHBIX 3apsaa
q, ¥ q,, IPOTEKaHHE TOKA IO «3a3EMIIAIOILEMY» €€ IIPOBOLHUKY [IPEKPATHT-
cd, 4

I,(t)=0.
Hrax,
—v(q,/a + q,/b), t <ayv,
I(t) = § v4,/b, afv <t <b/v,
0, t > b/v.

3.11. YVuuTbiBas CBA3b MEXAY EMKOCTHIO KOHJEHCATOPA, HANPSXKEHHEM
U 3apSJOM Ha HEM, MOXHO 3allicaTh YpaBHEHHS [IJIS TPEX KOHICHCATOPOB:

Pa—Po=q,/C;, ©B— P=45/Cs, @p— 9o =45/Cs,

rae Cy, C, u C3; — eMKOCTH COOTBETCTBYIOIIMX KOHIEGHCATOPOB, a ¢,, g, U
g3 —3apanbl Ha HX oOknankax. CorjlacHO 3aKOHY COXpaHEHHs 3apsna,
g, + 4, + g3 =0; no3TroMy noreHuuan obuieii Touxu O paBeH

@0 =(94C, +98C, + 9pC3)/(C, + C, + Cy).

3.12*. Tak kak JHCTOK METaJUIMYeCKuii, 3apsabl JOJDKHBI Iepepacipe-
NIETUTLCS MO €r0 MOBEPXHOCTH TaK, 4YTOOBI NMOJIE BHYTPH JIUCTKA OTCYTCTBO-
Bajo. B neppom mpubimkeHHH MOXHO CHHTATh 3TO paclpelelieHHe paBHO-
MEPHbBIM KaK [O BEpXHEH, Tak U MO HIKHEH INOBEPXHOCTH JIMCTKA
C IJIOTHOCTBIO —O M O COOTBETCTBEHHO. M3 mpuHUMNA Cynepno3uIMH IO-
JIyYUM YCJOBHE OTCYTCTBHS IOJIA BHYTPH JIMCTKA:

q/(@neyl?) — o/ey = 0.
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VureM Tenepbr HEOTHOPOLHOCTH MOJII TOYEYHOrO 3apsAAa, TaK Kak
HMMEHHO BCJIEACTBUE HEe BO3ZHHUKHET CHja B3ammogeicTBus F. BepxHsas mo-
BEPXHOCTb JIMCTKa [O/KHA HNPHTSTUBATBCA C CWIOH 0Sq/(4ncyl?), a HEX-
HfiS — OTTAJKUBaThcs ¢ cuioi oSq/[4ney (I + d)¥]. CrnenmosartenbHo, cuna
npuTsbkeHns F jucTka K 3apsAny paBHa

F oSq ) 1 __4a’sd
T 4ne,? [ (1 + d/Ip ] = 8n2e,l®
3.13. HeTpyaHO MHOHATH, YTO CXeMa, MpeIJIOKEHHAs B 3aaadve, mpel-
cTaBisfeT coboi «IpaBHILHBIN» TeTpasap, B pebpa KOTOPOro BKJIHOYEHBD)
IIECTh OAMHAKOBBIX KOHAeHcaTopoB. I103ToMy U3 cooGpakeHuit cumMmer-
pHH ACHO, 4TO, K KaKoi GBI mape TOYEK MBI
v/ HH TMOJKTIOYWIM MCTOYHHK, BCErJa Haii-
ZIETCd KOHAEHCATOp, KOTOphIH He Oyner
3apskeH (KOHIEHcaTop pebpa, CKpelueH-
/< HOTO C pebpoM HOAKIIOYEHHS HCTOYHH-
ka). Hanpumep, Ha puc. 209 npu noa-
KJIIOYCHHH HMCTOYHHKA K ToukaM 4 u B
KOHJIEHCAaTOp, coenuHsomui Touku C u
D, He 6yner 3apsixeH, OCKOJBKY IOTEH-
miayel Todek C 4 D paBHBL
3.14. EMKOCTh HEJIHMHEHHOro KOH-
JIEHCaTopa paBHA

C =¢Cy =aUC,,

c
Puc. 209

rae C, — eMKOCTh KOHIeHcCaTopa 06e3
mmonekrpuka. Ha HenmHe#iHOM KOHAeHcaTope 3apan Oymer paBeH g, =
=CU =aCoU?, a Ha OOGEIYHOM COOTBETCTBEHHO go = CoU. U3 3axona
COXPaHEHHs 3apsana

du +4go=CoU,
HOJIy4yaeM HCKOMOE HaNpsiKeHHE
U=(/4aU, +1-1)/Q0) =12 B.

3.15. IlepeiineM B HHEPLHANBHYIO CHCTEMY OTCYETA, CBA3AHHYIO C JBH-
KYIIUMMCS LeHTpoM HuTH. Torna B HavajdbHBI#E MOMEHT BPEMEHH LIAPHKA
HUMEIOT OJMHAKOBYIO CKOPOCTh v. [lepBOHAYaIbHEI 3amac HEPrUM B CHCTE-
Me paBeH

W, = q*/(4ngy - 21) + 2mv?/2.
B MoMeHT HanGosbiero cOMMKEHHSA FHEPrHs CHCTEMbI paBHA
W, = ¢*/(4ngyd).
W3 3ak0oHa COXpaHEHHA JHEPruHM IOJYYMM OTBET:
d =2Ig%/(q* + 8meymuv?l).
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3.16. IycTts v; 4 v, GyAyT COOTBETCTBEHHO CKOPOCTH 1-ro M 2-ro ma-
PHKOB IOCJIE BBHIKIIOYEHHsS OJHOPOIHOro 3nexTpuieckoro mojs. Io ycio-
BHIO 3a/1a4H YIOJI MEXAY CKOPOCTBIO v; M HAayaJIbHOH CKOPOCTBIO U PaBeH
60°. TloaTOMy H3MeHeHHEe HMIyJbca Ap, 1-To mapHka paBHO

Ap, = q,EAt = m vsin 60°.

3nech Mbl HCIOJIB30BAJIH YCJIIOBHE v, = U/2, H3 KOTOPOrO CIEAYET, YTO Ha-
NpaBJIcHAE M3MEHEHUs MMIIyJbca 1-ro Imapuka Ap; NEpreHAMKYISpHO Ha-
NPABJICHHIO €0 CKOPOCTH ;.

Tak kak E | Ap, W HampaBjeHHE H3MCHCHMs HMIYJbca 2-TO HIApHKA
napaJule/ibHO HAaNpaBjeHUuIO0 Ap,, TO I CKOPOCTH 2-TO IIapHKa MOJyYHM
(erko morafaTeGs, KCTATH, YTO 3HAKH 3apsAf0OB IIAPHKOB COBNAJAIOT)

v, =vtg30° = v/[/g.
CooTBeTCTBYIOIEE H3MEHEHHE HMIYJbCA 2-TO IIAapHKa paBHO
Ap, = q,E At = m,v/cos 30°.
OTcrona NMOJyYdM, 4TO

9 m, sin 60° 2 4 q

g, my/cos30°’ m, 3 m

4
'—? 1°

3.17. KuHeTHyeckylo 3Hepruio 1-ro OcBoOOXJICHHOrO MLIApHKA HA
6eckoHeyHOCTH (CHycTs 6O0JBIION NMPOMEXYTOK BPEMEHH) HalIeM H3 3aKO-
Ha COXpaHCHHs JHEprHHU:

2 2 7

my 1 1

i W | <—+—+...+ 1 s
2 4ne, \a;, a, ay -1

rae a,, a,, ..., dN—1 — PacCTOSHHsA OT 1-ro IapHKa JO TOTO MOMEHTA, Kak
OH O6bLT OCBOOOXIEH, MO OCTAJIbHBIX WIADHKOB MO Kpyry, a, H
ay_1 — paccrosiHus A0 Gnmkafiumx coceneit, T.e. a, =ay_;=a (N=
=1977).

Ipu ABWKEHHH 2-TO LIapHKA BIMAHHEM 1-ro OCBOOOXAECHHOTO IIapHKa
npeHeGperaeM; Toraa

mv3 2 (1 1 1
2 1 <—+—+ e ,
2 4ney \a, a, aN_-2

T. €. B CKoOKax He XBaTaeT oqHOro Gimxaiimero cocena. Takum obpasom,

HiH
q =)/ 4ne,Ka.
3.18. CornacHo 3aKOHY COXpaHEHHS HMMITYJbCa,
my=(m+ M)u,
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rae m — macca YCKOpeHHOH uyacTuubl, M — Macca aToma, a u# — HX CKO-
pOCTh cpa3y HOCNE COyAapeHHs.

OG6o3naumB yepe3 W, 3HEpruI0 HOHH3ALMH, 3aKOH COXPAaHEHHS 3HEp-
THH MOXHO 3allHCcaTh B BHIE

mv?[2 = Wy + (m + M)u?/2.
HckniouuB U3 3THX YpaBHEHHH CKOPOCTH U, HOJIYyYHM

mv?/2 = Wy (1 + m/M).

Ecnu m — macca anektpoHa, To m/M << 1 n Heobxoaumas AN HOHH3ALUH
KHHETHYECKas 3HEprus paBHa

mp*/2 ~ Wy.

B'cny-xae CTOJIKHOBEHMS aTOMa C HOHOM, Macca KOToporo m = M,
mv?/2 ~ 2W,, T. e. 3Heprus uoHa, HeobXoauMas AJIS MOHH3ALMH, JOJDKHA
6bITh B ABa pa3a Oouble, 4eM 3HEPTHs 3JIEKTPOHA.

3.19. M3 paBeHcTBa 3JIEKTPHYECKOH M YHpYroi cuil, AeHCTBYIOLIMX Ha
He3aKpeIJICHHBIH IapHK,

q%/(4ney-41%) =k,

[oJIydaeTcsl CJeyIollee COOTHOLIEHHE IS JJIMHBl HEpAacTAHYTOH Ipy-
XHUHBI [:

1P = g%/ (16me,k),

rae k — XecTKOCTb NPYXHHBI, § — 3apiAdbl LIapUKOB.
ITycTh He3axkperuleHHbIN IApHK OTKJIOHHJIM HAa MaJjloe [0 CPaBHEHHIO

c | paccTosHHE X OTHOCHTEJIbHO NMOJIOXeHHS paBHoBecHd. IToreHumanbhas
9HEPrHus CHCTEMBI CJEAYIOMINM- 00pa3oM 3aBHCHT OT X:

1 q* 5

Wx)=—k(l—x)* + ———— x~—kI? + kx2.

2 4ngy(2l—x) 2
3mech MBI yWIH COOTHOLICHME MeXAy ¢y, K H I, TMOJIyuYeHHOe paHee, U
B BBIpaXeHHH

1 1 _1{1 (x) (x 2 }
d-x aa-xz 2l \@)" E) *oe

OCTaBWIH cllaraeMble ¢ TOYHOCThIO Ho [x/(2])]%. Takum obpa3zom, pac-
TAHyTas NpykHuHa obnajaeT kak Gbl BABOE GOJBbIUEH KECTKOCTbIO, H OTHO-
INEHHE YacTOT TaAPMOHMYECKHX KoJeGaHHi CHCTeMbl PaBHO

Vy/Vy = ‘/ﬂ/ﬂ = 1/5

3.20. PaccMoTpuM [Ba 3apsKEHHBIX IIapHKa KaK EIUHYI0 Mexa-
HMYECKy10. cucTeMy. KyJNOHOBCKOE B3auMOJEHCTBHE MeXIy UIAapUKaMH
SIBJIS€TCA BHyTPEHHMM, IIO3TOMY OHO HE BIMAET HA ABH)XEHHE LEHTpa Macc.
EnuHcTBeHHas BHEWIHASA CHA, AeHCTBYIOLIasA Ha CHCTEMY,— CHJIA TXKECTH,
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TOJIbKO OHA M OyHeT ompenenaTs OBIKEHHE LEHTpa Mace cucTeMsl. Tak kak
Macchl IapUKOB PaBHbI, TO HaYaJIbHOE MOJIOXKEHHE IIEHTPAa MacC HaXOAUTCA
Ha BeicoTe (h; + h,)/2 ¥ €ro HayalbHas CKOPOCTH U HAaNpaBlieHa TOPH30H-
TaibHO. B maneHeiiieM neHTp Macc 6yner nBurathca no mapabose, xapak-
TEpU3yeMOH ypaBHEHHEM

h=(hy +hy)/2 = (g/2) (x/v)?, ]

rae X — KOOpAMHATa LEHTpa MacC IO TOPU3OHTald, h — IO BEPTHUKAJIM.
Korpa 1-it mapuk ynaj Ha 3eMJII0 Ha pacCcTOsHMM X = I, BeicoTa H neHTpa
Macc CHCTEMEI, KaK 3TO cieayeT u3 BbipaxeHus (1), Obuta paBHa

H = (hy +hy)/2 = (9/2) (/o).

ITockosibky Macchl IAPHKOB OOMHAKOBBI, TO 2-# IIAPHK JOJDKEH HAXOXUTh-
csi B 3TOT MOMEHT Ha BeicoTe H, =2H. Takum oGpa3om,

H,=h, +h, — g(ifv)>.

3.21. IMycrs compoTHBieHne nojsoBuHbl BuTKa paBHO R. Torma B mep-
BOM Clydae Mbl MMeeM NapaJulelbHOE COECAMHEHHE MATHAAUATH CONpPOTH-
BJICHMH BeJuYMHbI R Kaxnoe; obllee conmpoTuBieHue paBHO R/15.

Bo BTOpOM cily4ae MBI MOJYYHM HNOCJIENOBATEIbHOE COSAMHEHUE ITHUX
e NATHaJUATH CONPOTHBIICHHH; obiiee conporuBieHue Oymer 15R. Takum
obpa3oM, NpH pa3sMaTbIBAHHM MOTKAa CONPOTHBIICHHE NPOBOJIOKH YBEH-
uurcs B 225 pas.

3.22. U3 coobpaxeHHil CHMMETPHH HETPYIOHO 3aMETHTh, YTO IOTEH-
muansl Touek A u C (puc. 210) B mo6oit MOMEHT BpeMeHH OymyT onuHa-
KOBBIMH, IIO3TOMY 3aMblkaHWe KiIoya K He NmpHMBe#eT K M3MEHCHMIO pa-

60THI cxeMbl, a caMa cnupais AC He

A 6yner HakajieHa.
3.23. Ilocne nobaBneHMs OBYyX
NPOBOIHHKOB IieNb INpPUMeET BHIA,
u3obpaxenHbli Ha puc. 211. B cuiy
O ~v O
Puc. 210 Puc. 211

cUMMeETpuHU 00pa3oBaBILIEHCA CXEMBbl LEHTPAJIbLHBIA NPOBONHUK He Oyner
yiacTBOBaTh B MpOIECCaXx NepeHoca 3JeKTpHueckoro 3apsma. ITosTomy,
€C/IH MCXOJHOE CONpOTHBJIeHHEe mend R; Gbuto paBHO R, =5r, roe r —
CONPOTHBJIEHHE OJHOTO MPOBOAHHUKA, TO MOCJIE M3IMEHEHHS CXEMBI HOBOE ee
conpoTHBIeHHEe R, CTaHET paBHBIM

R, =2r+2r2=73r.
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Takum o6pa3om,
R,/R, =3/5.

3.24. O6iuee compoTuBieHue R p kapkaca JIETKO BBHIYHCIAETCS, YYHThI-
Bas, 4To mo pe6py CD u3 coobpaxeHuil CHMMETpHH TOK He TeueT: Ryp =
= R/2, rae R — CONPOTHBJICHHE KaX-

c) noro m3 pebep, moIToMy

I =2U/R,

rae U — mogaHHOe HampsiKeHHe.

Hsmennty o6muii TOK MOXHO
nByMsa crnocobamu: 1) y6pate omHO
u3 pebep: AD, AC, BC wiu BD —
W3MEHEHHE TOKa NpH 3ToM Gyner oau-
HakoBbIM; 2) ybOpats pebpo AB.
B ciysae 1 usmenenue Toka Oyner
paBio Al = —(2/5)U/R = —1/5, B
ciydae 2 obliee conpoOTHBIICHHE paB-
Ho R, mostomy Al=-U/R=
= =12 =Al,,.

3.25. U3 coobpaxeHuit cuMMeTpuM noTeHnuaasl Todek C U D paBHbI,
[O3TOMY JAHHYIO CX€MY MOXHO 3aMEHHTh Ha 3KBHBAJICHTHYIO (MBI 06BeaH-
HuM y3abl C u D, puc. 212). ConpoTuBiieHHe MeXIy TOYKaMu A U B cxeMbl
HaiiieM 1o GopMyJiaM CONPOTHBJIEHMs AJIs MapajuiebHOro U INOC/IeqoBa-
TEJILHOTO COeNUHEHU#H mpoBoaHuKOB. OTCiona

R/2(R/2 + R) 3 R 3

R =——=——=—R,
COB=RND+R2+R 4 2 8
R 3 7
RAC(D)B"-?"'?R:?R,
R(BR 7

BT RYIBR 15

TakuM o6pasom, Tok I B NOABOIAIMX NPOBOAAX Haiimem mo ¢Qopmyne
I U 15 U
T (/15R 1 R
3.26*. [Ina pewieHus 3aqa4d NpeNCTaBUM CXeMy Lemd B Gonee cuM-
merpuyHoM Buze (puc. 213). ITony4yeHHy1o cXeMy He yAaercs yIpoCTHTh Iy-
TEeM pa3beAMHEHHS WM COCAUHEHHS Y3JI0B (MM NyTeM YNAJICHHS KaKUX-HH-
6ynb» NpOBOAHUKOB), YTOGBI YIPOIIEHHAs CXeMa NpencTasisia co6oi numb
napajulebHble W MOCIENOBaTeNbHbie COeNUHEHHs NPOBOAHMKOB. OmHako,
NOCKOJIBKY JIfobast 3ajaya Ha MOCTOSIHHBIH TOK MMEET €IMHCTBEHHOE pelile-
HHE, TNOMBITAEMCH «YrafaTb», MCIOJb3ys CHMMETPHIO CXEMBI, CXOICTBO
B CHJIaX TOKOB, IIPOTEKAIOIMX IO LEIH.
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IMopagum Ha Hawmy uenb Hanpspkenume U. ITpocTaBEM BO Beex yudacT-
Kax Lenud TOKUH. B JaHHOM ciyyae HaM NMOHaZOOHMTCA HE AEBATH BEJIHYUH

15
/,
A Y] t4 7 12
A s
/1
%2 7,
-0 4 o 15 4
Puc. 213 Puc. 214

(xax 6bUIO GBI IPH NPOM3BONLHBIX 3HAYEHUAX CONPOTHBIIEHHH yYacCTKOB Iie-
), a JHIb NATh BeNWuuH: Iy, I,, Is, 14, Is (puc. 214). Ilpn Takux Tokax
nepBoe npasmio Kupxroda, 3anucanHoe ang ysna C:

I 1 = I 3 + I 55
u y3na D:
IL+1,=1,+1,
aBTOMAaTHYECKH BBINOIHAECTESA LA y310B E u F (MMEHHO B 3TOM IPOABHIIO
ce0Gsi paBEHCTBO CONPOTHBJICHHH BCEX PE3UCTOPOB CXEMBI). 3aMuilleM Teneph

BTOpOe mpaBino Kupxroga, 4ToGbl HONY4YHTh CUCTEMY NATH HE3aBHCHMBIX
YPaBHEHHIA:

(Iz +15 +11)R = U,
(I3 + 1) R =1I;R,
(Iy + I)R=I1R,

rae R — conpoTHBIIEHHE KaXA0Oro pe3ucropa. Peras cucTeMy naTu ypaBHe-
HHH, BbIDa3WM Bce TOKH B Lienu 4epe3 TOK I;:

6 I, 3 4
=45 L=l L=<l

Kpowme Toro,
4 6
U = (Il +?Il +?11)R.

CnepoBatensho, U/I, = 3R.
VunTteiBas, YTO CONPOTHBIIEHHE LENH R, p yAOBNETBOPSET YPaBHEHHIO

Rap=U/(I, + I,), HaxonuM, 4TO

v U _ 5

T L+1, I +(6/591, 1

U
. R —
AB 1,

O’rcrona C YY€TOM IOJYYEHHOI'O BBHILIIEC COOTHOLICHHS UCKOMOE CONPOTHBJIC-
HHE PaBHO
Ryp = (15/11)R.

6 A. V. Bysmuu u 1p. 161



3.27. U3 coobGpaxéHuii CHMMETPHH HCXOOHAsi CXeMa MOXET ObITh 3a-
MEHEeHa Ha JKBUBaJIEHTHYIO (pUC. 215); mpH 3TOM Mbl 3aMEHMM «BHYTPEH-
HHii» TPEYroJbHHUK M3 OECKOHEYHOro 4YHC/a 3BEHbEB PE3MCTOPOM COHPO-
TUBJIeHUs R 4p/2, npuyeM conpoTuBiieHHe R 45 TakOBO, 4TO Ryp = R,, R p =
= ap. [Tocne ynpomieHus: cxeMa NpeAcTaBisieT coboif CHCTeMy IociienoBa-
TeNbHBIX H TNAPaJUIENIbHBIX COCAMHEHHH HPOBOMHHMKOB. [l HaxoXIeHHs
BEJIMYHHBl R, NOJIy4HM YypaBHEHHE

R—R(R+ RRs/2 )(R+R+ RR:/2_\™
T R+R, /2 R+R./2)

Pemmas ero, Haxomum

Rgp=R,=R()/7- 13 =ap()7-1/3.

3.28. M3 coobpaxenuii CHMMETPHH, €CIIM H3 CXeMbl y6paTh NeEpBOe
3BEHO, TO CONPOTHBJIEHHE OCTaBIleHcs menu Mexay Toukamud C u D Gyner
paBHO Rcp = kR4p. ITostomy 3k-
BHBAJICHTHasA cxeMa OecKOHEeuHOM

a b ¢
]
Ral| #Fus
8 2
Puc. 215 Puc. 216

LENOYKH NPUMET BHI, U300paxeHHslii Ha puc. 216. OTcroga, npuMeHss
¢dopMynIBl IS pacyera CONPOTHBIICHMH NOCIENOBATENLHOIO H NMApasLieNb-
HOTO COEAHWHEHHs PE3UCTOPOB, NOIYYHM

Rap=R; + RkR4p/(R; + kR 4p).

Pemras kBaZpaTHOe ypaBHEHHE OTHOCHTENBbHO BeJMYMHEI R,p, HaiimeMm (B
YaCTHOCTH, IPH ycioBud k = 1/2)

Rap=(R, — R, +/R> + R% + 6R,R,) /2.

3.29. PeoctaT BMecTe C Harpyskoifi 3KBHBaJICHTEH Pe3HCTOPY CONpO-
THBJICHHEM

R RR2 5
Ry=—+

— _“Rr
2 R+R2 6

Otcrona o6wmii Tox B uenu I, paseH
U 6 U
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Hanpskenue Ha Harpyske Ujgzarp OymeT paBHO

R 2
UlHarp= U—117=?U.
EciM CONpOTHBIEHHE HAIPY3Kd CTaHET paBHBIM 2R, obmmit Tox I, Gyner
paBeH

U 10 U
L=2—®merR =9 ®
2 " R2+2R
HamnpsokeHde Ha Harpy3ke CTaHeT PaBHBIM Ujpyarp:
R 4

Unap=U =L, 5-=5-U.

TaxuMm oGpa3oM, HanmpshkeHHe Ha Harpyske U3MeBUTCH B k= Uzyarp/Utnarp
pas:
k.= Usyarp /U arp = 10/9.

3.30. B nepsBoMm ciyyae BhIMOJHsETCH ycnosue Iy =I,, npuiem I, =
=o,n,, I, = a,n,, clenoBaTeNbHO, o, N, = d,n,. Bo BTropoM ciyyae I R, =
=1I,R,, rae R, — conpoTusieHde BToporo pesucropa. Kpome toro, I =
=o,n,, I, =a,n,;, noITOMY

r__ ’
Rjo,n{ = R, o,n,.

OKOHYATENbHO NOJYyYHM

Rynj/ny = Ryny/n,.
Taxum o6pasom,

Ry = Ry nynj/(nyn;).

3.31. VcnosueM TOro, YTo NPOBOJIOKA HArpPEBAETCsH, a 3aTEM IUIABUTCH,
SBJISIETCH MPEBBIIEHHE BLIAECIUBILETOCS IXOYJIeBa TeIIa Hall KOJHYECTBOM
TEIUIOTHI, YXOMALEH B OKPYXAIOUIyI0 Cpeny:

IPR>kS(T — Tep).

ITo ycnoBuio 3amayu mis TOoro, 4ToGbl NepBasi NPOBOJIOKA PAcCIUIaBU-
Jlach, HeoOXOAMMO NpONYCTHTh 4Yepe3 Hee TOK, Gonbmmii wem 10 A.
ITosTomy

k-4d,1(Ton — Tep) = PR,

rae | — miaHa npoBonok, Ty, — TemmepaTypa IJIaBJeHHs MaTepHaa Ipo-

BOJNOK, I;, Ry — TOK M CONPOTHBJIEHHE NEPBOH NPOBOJOKH.
ConpoTHBJIcHHE BTOPO# NPOBOJIOKH paBHO R, = R,/16. Takum obpa-

30M, 4ToGBI BTOpas IPOBOJOKA paclUlaBUIach, HeoOXOMMMO 4Yepes Hee
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OPONYCTHTh TOK I,, YIOBJIETBOPSIOUHI COOTHOIICHHIO
IZR, > k-4d,] (T — Top).

OKOHYATETBLHO NOJIyYHM
I,>8I, =80 A.

3.32. IycTs 3. I. ¢. BTOPOTO HCTOYHHMKA paBHA &,. Toraa no ycioBuio
3aja4u

1 =(gl + gz)/(R +Ry) = gz/R,

roe R — CONPOTHBJICHHEC NEPEMEHHOI'O0 PE3HCTOpa NpH OAHWHAKOBOM TOKE.
Orcrona NOJIyYMM OTBET:

Ry=&,/I.

3.33. Cuna Toka I, mpoTeKaowero 4epe3 KOHTYp A0 3aMBIKAHHS MC-
TOYHMKA TOKA C 3. J. C. &, YOOBJIETBOPSET YCIOBHIO

Li=(& +&)/(R+r,+1)),

rOe r, U r, — BAyTPCHHHE CONMPOTHBJICHHA HCTOYHHKOB Toka. ITocne 3ambl-
KaHHsi HAKOPOTKO MCTOYHHMKA TOKa C 3. A. C. §, CHiy ToKa I, 4epe3 pe3u-
cTop compoTHBieHHeM R Hafinem no ¢opmyie

I=%/R+r)
OueBHIHO, YTO €CIIH

EUR+r)>@E+&)(R+r1,+1),

TO OTBET Ha BONPOC 3aNaid OyNEeT yTBepAMTEIbHBIM.

UTak, ecnu BHIMOJHEHO HepaBeHCTBO &, (R +r, +7,)> (&, + &,)(R +
+r,), a 3HaumT, &,r,>&,(R+r,), To TOK B uenu ysenuuusaetcs. Ecmu,
Haobopot, &,r, <&,(R+r,), TO 3aMbIKaHHe UCTOYHHKA TOKA NPHBONHT
K YMEHBIIEHHIO TOKa B LIEIH.

3.34*. Bocnosnsdyemcs TeM GakToM, 4TO JIOOYIO CXEMY «4EPHOrO
SIHKa» U3 PE3HCTOPOB MOXHO NPHBECTH K BUAY (puC. 217), rxe BeIHYHHBI

Puc. 217 Puc. 218

Ry, Ry, ..., Rs BBIpaXKaroTcs 4epe3 CONMPOTHBJIECHHS HCXOMHBIX PE3UCTOPOB
CXEMBI «YEPHOTO ALIMKA» (YOEOUTBCS B 3TOM MOXHO, HCHOJB3YS B MCXOI-
HOM cxeMe mpeo0Opa3oBaHHA THIA 3Be3la — TPEYroJbHHUK M HaobGopot). ITo
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YCJIOBHIO 3a/1a4M 4Yepe3 Pe3HCTOpHI CONPOTHBIEHHEM Ry M R,, a Takxke R,
H R Kaxabiii pa3 NpOTekaloT paBHbIC IO 3HAYEHHIO TOKH (60 BooOIIE He
TEKyT, Korja KJIeMMBI pa3OMKHYThI). Bocmoibp3oBaBmIMCE 3THM 06CTOS-
TEJILCTBOM, CXE€MY JUIS IPOCTOTH PACCMOTPEHHS NpHBEAEM K BHAY, H306pa-
XKeHHoMy Ha puc. 218. Torna mo ycioBuio 3aJadd

U2 U2
Nl =" N2 = b
R{+R, R{+ R;R;/(R; + Rj)
v? U2
N3

“R+R T RIARERJR TR
Hetpyano yb6eautscs, 4TO
N,N,=N,N,.
CrnenoBaTenbHO,
N,=N,N,/N, =40 Br.
3.35. B mepBuiii MOMEHT BpeMEHH IOCJE 3aMbikaHus Kioda K KoH-
JEHCATOpbl HE 3apsKEHBI, [O3TOMY HANpSIKEHHE MeXAy ToukaMH A H

B paBuo Hyio (cM. puc. 93). Cuity Toka I, B memu B 3TOT MOMEHT BPEMEHH
HalieM M3 YCJIOBHA

I, =&/R,.
B ycraHOBHBLIEMCS peXHME TOK MexAy Toukamu A u B Gymer Teun

yepe3 compoTHBieHus R, u R,. IMosromy cunmy toxa I,, coycrsa Gonbimoit
IPOMEXYTOK BPEMEHH, HaiinieM mo ¢opmyre

I,=&/(R, + Ry).
3.36. PaccMOTpMM YCTaHOBHMBILUMICA DEXHM, KOr[a HANpPsHKEHHE Ha
KOHJIEHCATOpPE TNPAKTHYECKH HE MEHAETCA M paBHO B cpeaHeM Uycr.

ITpu ovepennoM 3aMbIKaHHHU KJIFOYa B NMoJyioxeHHe | 3a HeGOJbIION HH-
TepBajl BpeMEHH At 3apsl KOHICHCATOpa M3MEHHTCH HAa BEJIHYHHY

At(&, — Uye)/R,.
Ilpu 3ambikaHHE KirOYa B MOJOXEHHE 2 3apsiil M3MEHHTCA HA BEJHYHHY
At(&, — Uyer) /R,
CyMMapHOe HM3MeHEHHe 3apsia 3a LUMKJI AOKHO OBITh PaBHO HYNIO:
(£, — Uyel) /R, + (€, — Uyer) /R, = 0.
Otcrona nanpsixenne Uye; 4 3apsl KOHACHCATOPA Gycr B YCTAHOBHBIIEMCS
pexuMe HaiineM no ¢opmynam ;
Uycr = (ngx + gle)/(Rx + Rz),
dyer = CUyer = C(£,R, + &,R,)/(R, + R,).
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3.37. IlocTosHHBIA TOK 4epe3 KOHAEHcaTophl eMkocThio C; u C, He
TeueT. [103TOMY B YCTaHOBHMBILEMCS DEXHME 4epe3 HCTOYHHK Toka Oyner
TeYb TOK, PaBHBIH

I=&/(r+R,).

Tak xak KOHICHCATOPbl COCAUHEHBI NMOCJIEAOBATEIIBHO, TO HX 3apslbl g Gy-
OYyT OAHHAKOBBI, IIPHYEM

q/Cy +g/C, =IR,.
CnenoBaTelbHO,
q= ngC1Cz/ [(r + Ry)(C, + Cy)).

Hanpsxenus U, u U, Ha KOHAEHCATOpaX COOTBETCTBEHHO HaiieM IO
$bopmynam

U,=¢q/C,= 3’R2C2/ [(" + Ry))(C, + Cz)],
U, =4/C, = #R,C,/[(r + R,)(C, + Cy)].

3.38*. Bxiro4uM MBICJIEHHO MexJy ToukaMH A H F nocienoBaTenbHO
IBa HIOEaJbHbIX (03 BHYTPEHHEIO CONPOTHBIIEHHA) MCTOYHHKA TOKa
¢ 9. . c., paBHbIMH — Uy 1 U,. Takoe BKIIIOYEHHE, OYEBHIHO, HHYETO HE U3-
MEHHT. 3aBUCHMOCTb MEXIy CHJIOH TOKa, TEKYIIEeTo 4Yepe3 BKIJIIOUEHHBIA pe-
3UCTOpP CONPOTHBJIEHHEM R, H 3. 1. C. HCTOYHHKOB Oyner HMeTb BHI

I=a$’—BU0+|3Uo,

rae & — 3. A. C. HCTOYHHKA, CONEPXALIErocs B cxeme, a KO3QQHIHEHTH o
H P 3aBHCAT OT CONPOTHBJIEHHH CXEMBL.

Ecnu Mexny Toukami A ¥ F BKIIFOYHTB JIHIIb OJHH HIAEAJbHBIA HCTOU-.
HHK C 3. 1. C., paBHO#i — U,, TO pa3sHOCTh NMOTEHIHAJIOB MEXIy TOYKaMH
A u B craset paBHO# Hymio. 3Ha4HT, IBa NEPBLIX YJIEHA B YPaBHEHHM IUIA
I xommencupytorcsa: I =BU, Koapbumment P pasen, oueBHaHO,
1/(R + R,g),r 1€ R,y — CONPOTHBIICHHE MEX Y TOYKAMH A U B IpH OTKIIIOYEH-
HoM conpoTHBiieHHd R. Jta dopmyna cmpaBemtnBa H mis ciayvas R =0,
4TO COOTBETCTBYET BKJIIOYCHHIO aMIEPMeETpa; NpH 3TOM

Iy = Uy/Ryp.

CJ'ICJ]OBaTCJ'IbHO, HCKOMas CHJIa TOKa paBHa
I=Uly/(RI + U).

3.39. Korna xmou K 3aMKHYT, HanpsDkeHHEe Ha KOHIEHCATope mojuep-
KHBAETCS TMOCTOSHHBIM H DaBHO & — 3. 4. C. 6ataped. Ilycth cmeluenue
IUVIACTHHBI b MIpH TOCTH)XEHHH HOBOTO NOJIOXKEHHS PaBHOBECHS PaBHO —X,.
3apsa Ha KOHAEHCAaTOpe NpH 3TOM OyneT paseH g, = C,& =£,S&/(d — x,),
rae S — mIowaab IIACTHH KOHAeHcaTopa. HanpskeHHOCTb OIS B KOHICH-
catope pasHa E, = &/(d — x,), HO OHa co3aaeTcs ABYyMs ILTACTHHAMH; 1O-
9TOMY HANpPSXKEHHOCTH IMOJIs, CO3JaBaeMas OIOHOH IUIacTHHOM, paBHa E,/2,
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U a8 CHIIBIL, HeﬁcTBy]Omeﬁ Ha IJIaCTHHY B, MOXEM HalHucaTh
E q1/2 = £,S8?/[2(d — x,)*] = kxy, (1)

rae k — XeCTKOCTb NpPYXXHHBL

PaccMoTpuM curyanmio, korja kiod K 3aMKHYJIM Ha KOPOTKOe Bpe-
Ms1. KoHzleHCaTop npH 3TOM MONYYHN 3apsif ¢, = £,5&/d (wiacTuHel He yc-
neJM CIBHHYTHCH), KOTOPHIH B NajibHelIleM ocTaeTcs nocTosHHBM. ITycTh
B HOBOM IIOJIOXEHHMH PaBHOBECHsS CMeEIlleHHe MIacTHHeI B cocraBiser x,,
TOTZIa HANPSDKEHHOCTH M0JIA B KOHAeHcaTope paBHa E, = q,/[C,(d — x,)] u
C, =¢,5/(d — x,). YcnoBue paBHOBeCHS IUIaCTHHBI B 3amuieTcs npu 3Tom
Tak:

E»q,/2 = 43/ (2€,5) = £,587/(2d%) = kx,. 2
Monmenus mounenso ypasuenus (1) um (2), Haiimem x, =x, [(d - x,)/d]*.
VYuureiBas, 4YTO N0 ycnoBHio 3anaud x; = 0,1d, momyyum otser:

x, = 0,08d.

3.40. TIpencraBMM LEHTPAJIbHOE COENMHEHHE NPOBOJOK B BHIE IBYX
Y3JIOB, COEMHEHHBIX NMPOBOAOM 5 —6, kKak 3TO MoKa3aHo Ha pwuc. 219. Tor-
na u3 coobpaxeHHH CHMMETPHH CIIELYET, YTO TOK HO 3TOMY NPOBOILY HE
TedeT. I1o3TOMYy B HMCXOAHON CXeMe LEHTPAJbHOE COEOMHEHHE MOXKHO

3 4 3 4
&
J J
7 2 7 2
Puc. 219 Puc. 220

ybpaTh, B MBI IPUXOIMM K cXeMe, MOKa3aHHOH Ha puc. 220. ITo ycioBuro
3aJdavyu

Ri;=R;3=R3, =Ry, =r,
Ris=R;s =Ry =Ry = "/l/i

Mycty nanpsxenne Mexay Toukamu ! u 2 pasHo U. Torna B eauHumy
BPEMEHH Ha y4acTke | — 2 BBIAENHMTCH KOJIMIECTBO TEIIOTHI

01, =Ur.

U3 sakona Oma mojyyaeM CHIy TOKa, NPOTEKAIOLIEro MO Y4acTKy
3-4:

L, =U/[r(/2+3)].
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B CIHHHUILY BpEMCHH Ha Y4YacCTKe 3 — 4 BbIIENUTCS KOJMYECTBO TEIUIOTHI

Qs4=13,r=U?% ["(l/_ 2+3)%].

TakuMm 06pa3oM, HCKOMOE OTHOILLUEHHE PaBHO

012/Q3s = (/2 +3)? =11 +6)/2.

3.41. ITockonbky aHOAHBIA TOK paBeH I, TO YHCJIO HOCHTeNEH 3apsana
(3NIEKTPOHOB) N, NOAJICTAIOMIMX K aHOAY B €JMHHIY BpPEMEHH, HalieM mno
dopmyne

n=1/|e|,

rae e — 3apan oxHoro Hocurens. UMnynbc Ap, nepenaBaeMbiif HOCHTEIAMH
3apsfa aHONY B €AMHHIy BPEMEHH, paBeH

Ap = nmy,

rzie m — Macca HOCHTEN, U — €ro CKOPOCTb. DTOT MMIYJIbC PaBeH CpPemHer
CHJIe, NeHCTBYIOLEH HAa aHOJA CO CTOPOHBI OCENAIOIIMX HAa HEro HOCHTEJEH
3apaga. Tak xak mv%/2=|e|U, rae U — pa3sHOCTb NOTEHHMANOB aHOAA
H KaToja, TO CpeaHee NABJIEHHE pcp, JJIEKTPOHOB Ha aHOA HailiieM 1o

dopmyne
Py = nmv 2|e|U 2mU
P |e| l/ I’ lel :

3.42. Herpynso coobpa3uts, 4To 3a Bpems oT 0 0 ¢, Hanps>keHHE Ha
KOHJIEHCaTOpe PaBHO HYJIIO, 3aps]] ero Takxke paBeH HYJIO, TOK 4epe3 KOH-
[IEHCATOD He TeYeT, a, 3Ha'4MT, Ucp Boe 3TO BpeMs paBHO Hymo (puc. 221).

”0” [r—
! |
' ]
i L 5, t
%, 2t, Ti
————)
Puc. 221

3a Bpems OT t, [0 2t, HaNpsHKeHHEe Ha KOHIEHCATOpE, a CIENOBATENbHO,
M 3apsAd Ha OOKJIafkax pacTyT JIMHEHHO, a, 3HAYMT, B LENH TeyeT IO-
CTOSIHHBIH TOK, N03TOMY HanpsbkeHne Ucp noctosHHo. B uHTepBane Bpe-
MEHH OT 2ty 00 3t, HanpskeHHE Ha KOHJECHCaTOpe He MEHSETCH; 3HAYMT,
Tok He TeueT W Ucp paBHO Hymo. Hakonen, B uHTepBaine ot 3t, mo 5t,
KOHJICHCAaTOP pa3pskaeTcs, TOK, TEKYIIMH 4epe3 PE3HCTOp, OTpHLATEJNICH
¥ NOCTOSIHEH, M €ro 3Ha4YeHHe B JBa pa3a MeHbIe TOKa B MHTEpBAaJie Bpe-
MEHH OT t, O 2t,.
3.43. lo nepexnioyeHus xmoya K 3apsan KoHIEHCaTopa paBeH

9= glcy
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NpYYEM Ha HIDKHEH IUIaCTHHE OKAaXeTCA IOJOXKHTENbHbIH 3apsan, a Ha
BEpXHEH — OTPHUATENbHbIH.

ITocne nepexsroyeHus xmoya K B mporecce nepe3apsfakd Ha BepxXHeH
MJIaCTHHE OKaXXETCA MOJIOKHTENbHBIA, 2 Ha HIXKHEH OTpHIATENbHBIN 3apsal,
paBHBLIR

9.=¥&,C.

Takum 06pa3oM, HCTOHHHK TOKa C 3. I. C. &, coepwut pabory &,(q, +
+ ¢,). MickoMoe KONHYECTBO TEILIOTHI, BBHIAEIAIOUIECECS NPH 3TOM Ha pe3H-
CTOpE, PaBHO

2 2
Q=g2(‘11+‘12)_<q_2_q_1)

_C(E,+8&,)
2 2c) ’

2
3.44. Haiinem cuny Toka I, Texyumiero B menu 4epe3 MCTOYHHK TOKa:
I & _ &R, + Ry
r+R,R,/(R,+R;) r(R,+R,)+RR,’

Hanpsxenue Ha xaxaoM H3 pesucTopoB R, u R, ompexensM mo
dopmyne
#R R,

Ug, =& —Ir=——"2
'R, + R,(r +R,)

Momsocts Ng,, BhiZENAEMylo Ha pesucTope R,, Halimem mo dopmyre
Uk, [ #R,R, 1
Ng,= = —=
R, rRi +R,(R;+7r) ] R,
#7R?

T *R)*R,+2rR,(r+R,) + r + R,’R,

MaxcumanpHOH MOIIHOCTH GyHeT COOTBETCTBOBATbH MHHMMYM 3HaMeHaTe-
ns. VYHTHIBaA KJIACCHYECKOE HEPABEHCTBO a’ + b? > 2ab, moay4um, 4TO Npu
R, =rR,/(r + R,) 3HaMeHaTens ApOGH MHHHUMAJIEH U BhIEId€Mas Ha PE3H-
cTope R, MOIIHOCTh MaKCHMaJbHa.

3.45. B MOMEHT, KOIZia TOK Yepe3 PEe3UCTOp AOCTHTaeT 3HadeHus I,
3apsil KOHIEHCATOpa eMKOCThI0 C, paBeH

4, = C,I,R.

OHeprus, 3anmaceHHas B KOHIEHCATOPE B 3TOT MOMEHT, PaBHA
— g2
W, =4qi/2C,).

IMocne pasMBIKaHHMS KJl0Ya, B KOHUE MPOLECCA Mepe3apsakH, oOmmid
3apsx Ha KOHIEHCATOpax paBeH ¢,, 4 HaNmps)KEHHA Ha obxiagkax o6Gomx
KOH/IEHCATOPOB pPaBHbI. 3alMLIEM 3TH YCIOBHS B BHIE IBYX YDaBHEHHIA:

47+ 4, =4, 4,/C, = 4,/Cy,
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roe g, ¥ ¢, — 3apsOsl KOHAEHCAaTOPOB mocie mepe3apsaku. Otcrona
[OJIy4HUM

4/ =q,C,/(Cy + C)), 4;=4,C,/(Cy + C)).
TonHas SHEPTUs CHCTEMBI HOCNE MEPe3apsikKh PaBHA
W, = q/(2Cy) + 47/(2C,) = 43/[2(Cy + C2)]).
KoJH4eCTBO TEIUIOTHI, BHIAEJIMBILEHCS B PE3UCTOPE 3a 3TO BpeMs, PaBHO
Q =W, —W,=(I,R?C,/[2(C, + C))].

3.46. Jo mepexmoyeHus kioua K TOK yepe3 Pe3UCTOP CONPOTHBIIC-
HHEM R He TeideT, M 3apsal KOHIeHcaTopa eMKocTelo C, Haiinem Tmo

dopmyne

q=¥¢C,.
DHeprus, 3amaceHHas B 9TOM KOHIEHCATOpE, ONPENeNseTcs Mo (popmyle
_ g2
We, = £2C,2.

ITocne nepexmouenus kmoya K 3apsan g nepepacnpeneiiuIcs Mexny
[ByMsl KOHIEHCATOPAMH TaK, YTO 3apsl ¢, Ha KOHAEHCATOPE eMKOCTbIO C,
"M 3apsan ¢, Ha KOHAeHcaTope eMKocTeio C, HaiimeM mno ¢opmyiaam

91 +4;=4q, 4:/C1 = 4q,/C,.

Tonnasi 3HEpTUsl OBYX KOHIEHCATOPOB OyneT paBHa
We,+c, = ¢*/[2(Cy + C)] = &2C3/[2(C, + Cy)).
TTo3TOMy BbIZENHUBIIEECS HA PE3UCTOPE KOJMYECTBO TEIUIOTH Q MOJYYHTCS
H3 COOTHOILICHHS
_&c, &£c, G #2c,C,

2 2 (C,+Cy) 2(C,+Cy)

3.47. TIycth K MOMEHTY, KOTla HalpsDKEHHE HAa KOHIEHCATOpe CTaJIo
paBHO U, 4Yepe3 MCTOYHHK TOKa npotek 3apsn g. OueBunHo, uto q/U = C.
W3 3akoHa COXpaHEHHs HEPTHHM MOJIYYHM

¥9=0+4°/0),

rae Q — KOJNMYECTBO TEIUIOTHI, BhiNeNuBINEecs Ha oboux pesucropax. Ilo-
CKOJIBKY pEe3HCTOpBI COeQUHEHBI mapajiensHo, To Q,/Q, = R,/R,; orciona

U? R CUR
Q,= c(&"u U\ A !
2 JR,+R,  2(R,+R)

(2¢ -U).

3.48. TIpn OBMXKEHHH NEPEMBIYKH MEHSETCS MOTOK MarHHTHOW MHIYK-
LUK Yepe3 KOHTYp, oOpa3syeMblii NMEPEMBIYKOH, peJIbCaMH H PE3HCTOPOM.
B xoHType BO3HHKaeT 3. 4. C. HHAYKIIMH M NOSABIAETCA TOK. B pesynprarte
JEHCTBHS MarHUTHOTO IOJS Ha TOK, TEKYIHH MO MepeMbIYKe, IepPeMBIYKa
6yIeT TOPMO3HTHCS.
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HaiineM Topmo3ssmyro cuity F. ITycTh cKOpOCTb IBHKEHHS NMEPEMBIYKH
B HEKOTODBIf MOMEHT BPEMEHH PaBHa v. 3a MaJjblif IPOMEXYTOK BpEMEHH
At mepeMbIYKa NEePeMECTUTCS BIOJb PEJIbCOB Ha Majioe pacCTosHHe AX =
= v At. 3MeHeHue mromanu koHTypa Oynaer paBHO vd Af, TOTOK MarHur-
HOM MHOYKIMH 3a 3TO Bpems u3MeHHTCH Ha A® = Bud At, B KOHType no-
SBATCA 3. A. C., paBHas

& = —A®/At = —Bud,

H N0 MepeMBIYKe, cOrjaacHo 3akony Oma, 6yner Teus Tok I = &/R. Cuia,
JefCTByIOLIast HA NIEPEMBIYKY CO CTOPOHBI MarHUTHOrO IOJs, OydeT paBHa

F =1Bd = — B*d%y/R.

Hanpasnena cuna F, cornacHo npaeuiy JleHIa, NPOTHB CKOPOCTH JBHXe-
HHSL TIEPEMBIYKH V.

HanuieM Tenepb ypaBHEHHE IBHXEHHs NEpEMbIMKH (Ha MaJloM Iepe-
MereHnu Ax):

ma=F = — B*d*y/R,
WM, y4dTbIBas, 4T0 a = Av/At, v = Ax/At,
mAv = — B*d* Ax/R.

MbI BUAMM, YTO M3MEHEHHE CKOPOCTH [IBIXXEHHS NEPEMBIYKH NPONOPIMO-
HAJIbHO M3MEHEHHIO e KOOPAMHATHI X (B HaYaJbHBIH MOMEHT X, = 0). 3Ha-
YHT, NIOJIHOE U3MEHEHHE CKOPOCTH Uy = Vg =0 — vy = —v, CBA3aHO C H3Me-
HEHHEM KOOPIHHATHI (C NMOJIHBIM NEPEMEIIEHHEM S) COOTHOIIEHHEM

m(—v,) = — B%d?s/R.

Orcrona HaXOJHMM NyTh S, NPONAEHHBIH NEPEMBIYKON N0 MOJHONW OCTAHOB-
KH:

s =mRvy/B%d>.

B ToM cnyuae, korna HampaBieHHe MHAyKuMM B cocrtaBiser yroa o
C HOpPMaJIblO K IUIOCKOCTH PEJBbCOB,

s = mRuv,/ (B*d* cos? o).

JleficTBUTENBHO, 3. . C. MHAYKUMM H, CIENOBATENbHO, TOK, TEKyLIMil IO
nepeMbluKe, ONpPefesAIOTCA NOTOKOM MarHUTHON HHIYKUMH 4Yepe3 KOHTYP,
a MOTOK B 3TOM ClIy4ae ONpeneseTcs npoekuued nHAykuuu B Ha HOopMaib
K IUTOCKOCTH KOHTypa.

3.49. JIuHuM MHOYKUMH MarHUTHOTO NOJIs, CO34aBaeMOro NaJaroLIuM
3apsHKEHHBIM HIApHKOM, JIEXaT B TOPH3OHTAJbHOM miockocTH. IToatomy
NOTOK MarHUTHOH mHAykuumm Dp 4epe3 miomanb, OrpaHHYEHHYIO KOHTY-
PoM, B oGO MOMEHT paBeH HYJIO, Tak 4YTO MOKa3aHUs rajibBAHOMETpa
OynoyT HyJeBBIMH.
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3.50. BribepeM cucteMy koopauHaT xOy, UEHTP KOTOPOH COBIagaeT
C MTHOBEHHBIM MOJIOXKEHHeM Inapuka (puc. 222). Oce Ox — «UEHTpOCTpe-
MHTeJIbHas», ockb Oy HalpaBjieHa BEPTHKAJIbHO, KAK M MHAYKIHMA MArHATHO-
ro nons B.
CucteMa ypaBHEHHI, ONUCHIBAIOIIUX [ABHXKEHHE MIAPHKA (CYMTAEM, 4TO
LIAPHK JBHXKETCA MO OKPYKHOCTH IIPOTHB YacOBO# CTPEJKH), 3alHIIETCH
B BHAE

\l} N sin o — qvB = mv?*/(l sin o),
Ncosa =mg.
8 Kpome Toro,

2nr/v =T, r=Isina.

Pemas mony4enHylo CcHCTeMY YpaBHEHWiA,

fm e e HaxoJuM
0 S L P —(T)2n)
TR IS [2n/(gT) + gB/(mg)]?
mg
3Hax IUTIOC, €CIIK IApUK BpallaeTcs NpOoTHB
Puc. 222 4acoBOH CTPEJIKH, H 3HaK MHHYC, €CJIH IIO

4acoBOH cTpeiike (CMOTpPeTh HAalo CBEPXY).
3.51. Ilpn [BHXEHHH METAJUIMYECKOro LIApHKa B MAarHHTHOM IIOJiE
U3-3a JeicTBHA cuiibl Jlopenna Ha CBOGOAHBIE 3JIEKTPOHBI NOCJIEIHUE pac-
npeJefATCA IO NMOBEPXHOCTH IApHKAa TakuM o00pa3oM, 4Tobbl pe3yibTH-
pyloliee 3JIEKTPHYECKOe TToJIe BHYTPHY HIapuka GbIJIO OXHOPOJHBIM H CBOMM
JefiCTBEM KOMIIEHCHpoBaJo aeficTBue MarautHoro nous. ITocie atoro Ha-
NpaBJICHHOE JBH)XCHHE 3JIEKTPOHOB BHYTPH MeTajUla IpekpatuTca. Takum
o6pa3oM, HampsHKeHHOCTh 3TOTO MOJS paBHA

Epesq+q[vx B] =0,
oTciona
Epes =[B x v].
Ml npuxoiMM K BEIBOIY, YTO BHYTPH HIAPHKAa NOSBIAETCS OMHOPOIHOE
3/IEKTPHYECKOE II0JIE BETHYHHOM
| Epes| =|B]| v|sina.

MakcuManbHash pa3HOCTh NOTEHUHMANIOB AQpa, BO3HHKHET MEXIY TOY-
KaM{ JuaMeTpa IIapuKa, NapajulelIbHOTO BeKTOpY Epe,, mpuuem

AQmax = | Epes |- 2r =| B|| v|sino-2r.

3.52. Unaykuus MarHATHOTO NOJS COJICHOMJA HANpaBJiCHA BIOJIb €0
ocw, o3ToMy cuinia JlopeHua, neiCTByomas Ha 3JIEKTPOH B 11060i MOMEHT
BpeMeHH, OyleT Jiexath B ILUIOCKOCTH, NEPIEHIMKYJIAPHOH OCH COJICHOMAA.
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Tak kak B HayaJbHBIH MOMEHT CKOPOCTb 3JICKTPOHA HalpaBJIeHa NEPNECHAM-
KYJISIPHO OCH COJICHOM/A, TO M TPAEeKTOPHUS IBHXKCHHUS 3JIE€KTpoHa Gyner Je-
KaTb B IJIOCKOCTH, NEPHEHIUKYIAPHOH ocu cosienouna. Cuiy .Hopenua
Haliiem no 3akoHy F = evB.

TpaekTopus ABHXEHHS 3JICKTPOHA BHYTPH COJIeHOMOa OynmeT mpencra-
BJISITh YTy OKPYXHOCTH, pafuyc KOTOpPOH HailineMm u3 COOTHoleHus evB =
= mv*fr; orcrona

r = mv/(eB).

Tpaexropus OBHXEHHs JIEKTPOHA NMOKa3aHa Ha pHC. 223 (BHI CBepXy), rae
0, — nentrp myru AC, ONHCHIBAEMO# 3JIEKTPOHOM, V' — CKOPOCTb, C KOTO-
Ppoii 3IeKTPOH mokujaaeT conesoun, OTpesku
OA u OC xacaroTcs TPacKTOPHH 3JIEKTPOHA
B Toukax A 1 C. O4eBHIHO, YTO YrOJ MEXIY
v u v paBgH @ = 2« AO0;C, TNOCKOJBKY
£ 040, = £ 0CO,.

Y06l HAWTH @, PACCMOTPHM MPSMO-
yronbHei  TpeyrosibHMk O0AO;; KaTeT
0A =R, xateT A0, =r. Orciona tg(g/2) =
= R/r = eBR/(mv). Takum oGpasom

@ =2 arctg (eBR/mv).

OueBHIHO, MOAYIL CKOPOCTH HE MEHS- 4,
€TCA Ha Bcell TPAaeKTOPUM, NOCKOJILKY CHJIA Puc. 223
Jlopenna B 11060if MOMEHT BpeMeEHH mep-
neHauKynspHa ckopoctH. ITo3TOMy BpeMs IBHXEHHA JJIEKTPOHA BHYTDH
COoJIeHOMAa HallIeM W3 COOTHOIIEHHS

rg me 2m eBR
t=—=——=——arctg .
v eB eB my

3.53. Ilpu aBMXEHUH NEPEMBIYKH MEHSETCS MArHUTHBIA NOTOK, IpO-
HU3BIBAIOIINH KOHTYD, «3aMBIKAEMBII» NEPEMBIYKOA. B pe3yibTaTte B KOH-
Type BO3HHKAET 3. [. C. HHAYKIHH.

B Teuenue Majioro npoMexyTka BpeMEHH, KOTa CKOPOCThb U NEPEMBIY-
KM MOXHO CYMTAaThb HEM3MEHHOH, MTHOBEHHOE 3HAYEHME O. M. C. MHAYKIHH
paBHO

& = —A®/At = —vbBcosa.
Cwia TOKa, TEKYIIETO Y€PE3 NMEPEMEINKY B 3TO BPEMs, pPaBHa

I =Aq/A,
rae Ag — 3apaj, HakONMBIUMMCA Ha KOHICHCATOpE 3a BpeMs Af, T. e.
Aq=CAZ = CbBAvcosa
(OCKOJIBKY CONPOTHBJICHHE HANPABJISIOMINX M TNEPEMBIYKH OTCYTCTBYET,
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MIHOBEHHO€ 3HAYCHHE HANPAXKEHHUS HA KOHIAEHCATOpPE pPaBHO g) Hrak,

I = CbB(Av/At)cosa = CbBacosa,

Il @ — YCKOPEHHE, C KOTOPHIM IBIXKETCS NepeMBIYKa.
Ha nepeMbiuky OeiCTBYIOT Ciila TAXeCTH M cwia Ammnepa. Hamummem
ypaBHEHHE IBHXEHHS NEPEMBIYKH:

ma = mgsina — IbBcosa = mgsina — Cb2B2%acos? a.
Orciona Haiimem
a=mgsina/(m+ Cb2B%cos?a).

BpeMs, 332 KOTOPOE TEpeMbluKa JOCTHTHET OCHOBAHMS «TODKH», OMpe-
nenuM w3 yciosus [ = at?/2:

21 L2
= |/ = V_— (m + Cb>B? cos? o).
[/ a mgsina

CKOpOCTb NepeMBIYKM ¥ OCHOBAaHMS paBHa

: 2lmg sin o
v=at= |/ ———m—————
x m + Cb*B?cos?a

3.54*, MaruuTHbIi NOTOK, NPOHH3BIBAIOLIMH IJIOIAAKY, OTpaHHYEH-
HYIO CBEPXIPOBOIAIIMM KOHTYPOM, MocTosiHeH. JleficTBuTenbHO, AD/At =
=&, o & = IR =0 (nockosbky R = (), cienosatenbHo, ® = const.

MarHuTHBIH NOTOK 4epe3 IUIOIIAJAKY, OTPaHMYEHHYIO KOHTYPOM,
CKJIABIBAETCA U3 IIOTOKA BHEIIHETO MArHUTHOTO MOJIA M NOTOKAa MAarHUT-
HOTO MOJIs, CO34aBaeMOro TokoM I, Tekyuum uepe3 koHTyp. Takum obpa-
30M, MarHATHBIA [TOTOK, NPOHU3BIBAIOLINI PaMKy, B J1000H MOMEHT Bpe-
MEHH paBeH

® =a’B, + a’uz + LI

Tak xak B HavanbHbli MoMeHT (z=0, I =0) ® = Bya?, B moboit mpyroi
MOMEHT BpeMeHH cuia Toka I OydeT ompenensTbCsi COOTHOLICHHEM
B
LI = —aza?, I= —azd?/L.
PesynpTupyromas cuna, JeHCTBYIOIAA CO CTOPOHBI MarHUTHOTO NOJIA

Ha PaMKy C TOKOM I, paBHa CymMMe CuJl, IEHCTBYIOILIMX HA T€ CTOPOHBI pam-
KH, KOTOpbIEe NapaJlje/ibHBl OCH ), T. €.

F =2alox|I = a®al,

M HampaBJjieHa BIOJIb OCH Z.
Takum o6pa3oM, ypaBHEHHE ABHXKCHHS PAaMKH MMeEET BHI

mz'= —mg + a’*al = —mg — a*a’z/L.
OTOo ypaBHeHMe aHAJIOTMYHO ypaBHEHMIO KojiebaHHMH Tena Maccoit m,

174



MOJBELIEHHOT 0 Ha MPYXHHE KEeCTKOCThIO k = a*a?/L:
mZi'= —mg — kz.

U3 3Toil aHAJIOTHH SCHO, YTO paMka GyIeT COBEpINATh FAPMOHHYECKHE KO-
neGaHuA BIOJL OCH Z OKOJIO MOJIOKEHHS DAaBHOBECHS, ONPENEAEMOro H3
ycioBus

a*a? mgL

Zo= —myg Zg= ——t.
o 0
L ’ a*o?

YacroTra 3THX KoJieGaHMi paMku OyaeT paBHa
a’a
y Lm

KoopmmaTa pPaMKH uYepe3 BpeMs t NMOCJ€ Ha4ajla OBUXEHHS paBHa

mgL { +cos a’o .
=2 _ .
a*a? ]-/ Lm

3.55. Ilnomaayu MOMEPETHOrO CEYEHHs KaTyllek paBHH S, = nD?/4,
S, = nD%/4. Bocnionb3yemcs U3BECTHOH dapMyIloit s MOTOKAa MarHUTHOM
uanykuus ® = LI = BSN. Orcrona nonyyum B = LI/(SN). ITostomy

o=

Ho I, =1,, Tak Kak NPOBOJ U HCTOYHHK TOKA OCTaNMCh npexHumu. OTHo-
LIEHHE 4YMCJia BUTKOB HaiimeM no ¢opmyne N,/N, =D,/D,. Toraa mony-
YUM

B,/B, = LZSIDZ/(LISZDI) =L,D,/(L,D,).

CienoBaTe/IbHO, HHAYKLHS MArHUTHOrO TOJIi BHYTPH HOBOH KaTyIUKH

paBHa
B, = B,L,D,/(L,D,).

3.56*. Ilycte N, — uHC/IO BUTKOB KaTYIIKH C HHIYKTHBHOCTBIO L,
N, — 4HCJIO BUTKOB KaTYLIKH C HHAYKTHBHOCTBIO L,. 3amMeTHM, 9TO COCTaB-
HYIO KaTYLIKy, HHAYKTHBHOCTb L KOTOpOH MBI HINEM, MOXHO PacCMaTpH-
BaTb KaKk KaTymiky ¢ uyucioM BuTkoB N = N,; + N,. Eciu 3HaTh CBA3B
MeXIy HHAYKTUBHOCTBIO H YHCIOM BHTKOB, TO TOIJa MOXHO BbIpa3suTh L
yepes L, u L, Jlna JaHHBIX T€OMETPHYECKHX Pa3sMEPOB KaTyHIKH Takas
CBSA3b JEACTBHUTENILHO NOJDKHA CYLIECTBOBATh, IOTOMY 4TO HHAYKTHBHOCTB
OINpeneNseTCs TONBKO TEOMETPHYECKHMH pa3MepaMH H YHCJIOM BHTKOB Ka-
TYIIKH (MMEIOTCS B BHAY IJIMHHBIC IUJIMHIPHYECKHE KaTYLIKH C paBHOMEp-
HOWl Hamortko#). Haiinem 3Ty cBa3b.

W3 npuHLUMOA Cynepno3uluy JUIs MAFHUTHOTO MOJIA CJEAYET, YTO Mar-
HHUTHOE IOJIe, CO3AaBaeMoe TOKOM I B KaTylIKe NaHHBIX pa3MepoB, Ipo-
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MNOPLHOHANBHO YACIY BUTKOB B Hell. JleHCTBUTENBHO, yABOCHHE YHCIA BUT-
KOB B KaTyIIKE MOXHO pacCMaTpHBaTh KaK 3aMeHy KaXJOro BHTKAa Ha JIBa
HOBBIX, GJIM3KO PacNoOJIOKEHHBIX. DTH ABa BUTKA OaAyT BABoe Oonbliee mo-
Jie, Y€M OIMH BHUTOK, TAaK KaK IOJS OT ABYX BHTKOB CKJaabiBaloTca. Takum
o6pa3oM, mojie B KaTymike NPH YOBOCHUH YHCJIa BHTKOB YBEIHYHBACTCH
BaBoe. Utaxk B~ N (B — MarHuTHas MHAYKIMSA, TOK (UKCHpOBaH). 3ame-
THM, YTO MATHHTHBIA IOTOK, OXBaThIBaeMblif BHTKAMH KATYIIKH, PaBeH

® =BNS~ BN ~N2

Ocranock y4ecTb, 4TO
L=®/I ~N2

Takum o6pasoM, Mbl monyyund, uto L=kN? npu naHHOH reOMeTpHH.
HNanbie yuarem, uto N, =)/L,/k, N, =]/L,/k, nostomy L=k(N, + N,)>.
CnenoBaTteibHO,

L=L,+L,+2)LL,
3.57. Ina nsurartess ¢ HE3aBUCHMBIM BO36YXIAECHHEM IOJIy4HM CXEMY,
w06 paxennyro Ha puc. 224. B nepBoM ciydae, T. e. korjga aebenxa He Ha-
TpyxeHa, 0 =1, =(& — &,)/r, rme r — BHyTpeHnee
_'I_é'_li_ COIpOTHBIIEHHE ABHTaTeNs, § | — HABOIMMAA 3. 1. C.,
npmyem &, = ap,. Takum obpasom, §, =&, oTkyma
o =& /v;. Bo BTOpOM ciyuae pacxomyemas MOTO-

/®/ POM MOIIHOCTh PaBHA
3212 2(3 - gz)gz/r = mgv,.

Puc. 224

HaBoaumas 3. I.C. MHOYKIMH DaBHA &, = av,.
TakuMm 00pa3oM, LIS BHYTPEHHETO CONPOTHBJICHHS NBHTATENId HAaXOOUM
r=(& — aw,) o/ (mg).
B ciyyae BblOe/eHHST MaKCHMaJIbHOH MOLIHOCTH MOXHO HAaNMCaTh
Nmax=(& — &) &'/r=m'gv',
npHYeM MaKCHMaJIbHOE 3HAa4Y€HHE BBIAENACMOH MOLIHOCTH, KaK HETPYAHO

110Ka3aTh, & = o' JOCTHraeTCA NpU ycioBuu & = &/2 (MakcUMyM 3HaMe-
narens). Orciona

v=8/Qu)=1v,/2=2 m/c,

2
m=mo,/[2(v; —v,)] = 10? ~ 6,7 xr.

3.58. Hapucyem rpaduky 3aBUCHMOCTEHl OT BPEMEHH BHEIIHEro Ha-
npsixerus Ugy (t), Toxa B nenu I¢(f) (KOTOPBIH NPOTEKAET TOJBKO B OJHOM
HanpaBJIeHHH, KOT1a IMOJ OTKDHIT), HaNpsDKeHHs Ha KoHueHcarope Ul ()
H Hanpskenus Ha muone Uyk (t) (puc. 225).
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TakuMm o6pa3oM, HampsDkeHHe Mexay ToukaMH A u K MeHsercs
B npemenax or 0 mo —2U,.

Uﬂul
N K B e

0

le
Ua wl

+y

U

Uax

RRNTARNTS

Puc. 225

3.59. Tak Kak TOK M HanpspKEHHE H3MEHSIOTCS CHH(}a3HO H aMIIHTYyRA
toka paBia I=&,/R (r.e. BxaageL C H L CKOMIEHCHPOBAJIHCH), TO

1/(oC) = oL.

U3 cootnomennit Uc = q/C, dg/dt = I monyyaeM
Uc = &, sin ot/ (RaC).
IMosTtoMy aMmuATyna HanmpsDKeHHS MeXIy OOKIaAKaMH KOHJEHcaTopa
paBHa
U, = &,oL/R.

3.60. ITpu ycraHOBHBIUHXCS KOJIeGaHHAX paGoTa BHELIHETO HCTOYHHKA
TOKa [JOJDKHA PaBHATBLCA BBIACIAEMOH Ha CONpOTHBICHHH Temiore. Jas
3TOrO NOJDKHBI GBITH PaBHBI AMIUTHTYABI BHEIIHETO HANpPsDKCHHS M Hamps-
KeHHs Ha comporuBieHuH: RI, = U,. ITockonbky TOK B Liemd H 3apsAn Ha
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KOH/IEHCATOpe cBsA3aHbl ypaBHeHHMeM I = dq/dt, ammiuTyasl Toxka I, H
3apsafa g, HaxoAsT no ¢opmyre

Iy = ©¢go,
rae pe3oHaHCHas 4acToTa ©, paBHa o, = 1/]/LC.
ITo ycnoBuio 3amauu
Up=U=4¢q,/C;
orciona

4o = (ql/R)I/ L/C =10"8% K.

3.61. Ilpu 0 <t < 1 B KOHTYpe GYAYT NPOMCXOOUTHL KOJNeOAHUs 3apsna,
npudeM

q=(CU2)coswyt, w,=])2/(LC).

B MoMeHT BpeMeHH T npobuThIi KoHaeHcaTtop uMen 3apan (CU/2)cos oyt
u obnanan sneprueit (CU2/8)cos? ,t. Ilocne npo6os 3Ta 3HEprus mepe-
IJa B TEIUIOTy W Obina morepsHa mis cucreMsl. OcraBluasics 3Heprus
paBHa

W = CU?/4 — (CU?/8)cos? o,t.

Ammuryny xoneGaHuit 3apsama mocie npo6os HaiimeM u3 ycioBus W =

= q2/(2C); otcroma
4o =(CU/2)|/2 — cos? @,T.

3.62. JocTtaTOYHO 3alIyHTUPOBATH CBEPXIPOBOMSIIYI0O OOMOTKY pe3H-
CTOPOM C MaJIbiM CONPOTHBJIEHHEM, CHOCOOHHIM BBIAEPXKATh OOJBILYIO
Temnepatypy. Toraa B paboueM CocTOssHMM TOK OymeT MATH Mo oOMOTKe,
ckoJib GBI Masio HH GbLIO CompoTHBIeHHe pe3ucTopa. Eciu xe yusacTok 06-
MOTKH YTPAaTHT CBEpXIPOBOJAILHKE CBOHCTBa, T. €. y Hero Oymer Gobluoe
CONPOTHBJIEHHE, TO TOK INOTEYET dUYepe3 MIYHTUPYIOIEe CONMPOTHBIICHHE.
B 3TOM ciyyae TemTOTa BBIAEIMUTCA Ha PE3UCTOPE.



4. OIITUKA




4.1. JIy4n, ODHOKPAaTHO OTPaXX€HHbIE OT 3€PKaJIbLHOH TIOBEPXHOCTH KO-
Hyca, paclipOCTPaHSIOTCS TaK, KaK e€CJii Obl OHM IIUIM OT COBOKYNHOCTH TO-
4YeYHbIX MHHMBIX HCTOYHHKOB, PAaclOJIOXKEHHBIX IO OKPYXHOCTH. KaxIblii
TaKoOH MCTOYHMK CHMMETPHYEH HCTOYHHKY S OTHOCHTEJIbHO COOTBETCTBYIO-
e obpasyromeit konyca. M3o06paxkeHHeM 3THX MCTOYHHUKOB Ha JKkpane Oy-
et kojbuo. CymecTBEHHO, YTO Iy4OK JIyueif, MONmafaromuii OT Kaxiaoro
MHHMOTO MCTOYHHKA Ha JIMH3Y, IJIOCKHHA: OH NPOXOAMT HE 4Yepe3 BCIO IO-
BEPXHOCTb JIHH3BIL, @ NEpeceKaeT JIMH3Y BIOJIb COOTBETCTBYIOLIETO [Ha-
meTpa. [ToaTOMy cTeneHs ocnabieHus Takoro myuka guadparmMoil 3aBUCHT
oT GOpMBI U OpHeHTaUHH AHadparMsel.

CuMMeTpHYHas KosbueBas adadparma (cMm. puc. 116) B pasHO# Mepe
0CJIabUT NyYKH, HAYLIHE OT BCEX MHUMBIX HCTOYHUKOB. B 3TOM ciyuae oc-
BEILICHHOCTh KOJIbIIa Ha JKpaHe YMeHBLIHTCS paBHOMepHO. [luadparma,
u3obpaxeHHas Ha puc. 117, MPONYCTHT LENMKOM IyYKH, IUIOCKOCTH KO-
TOpBIX 06pPa3yloT C BEPTHUKAIBIO YIJbl o < 0. CiemxoBaTeNbHO, OCBELIEH-
HOCTh BEPXHHMX M HIDKHHMX 4acTed KoJIbLIa Ha 9KpaHe He u3MeHMTCs. IIpouue
nyykd OyayT cpe3aThcs auadparMoi, IpuieM TeM CHIIbHEe, 4eM OJimke
IJIOCKOCTh Ny4Ka K TOPH30HTaJbHOW IUIOCKOCTH. IleaToMy Ha GOKOBBIX
y4acCTKax KOJbLIa IO Mepe H3MEHEHHs yIja o OT O, JO 7/2 OCBELUEHHOCTh
OyIeT yMeHbLIAThCA. '

" 4.2. Tpene6peseM CHayala pasMepaMH 3payka, CYHTAs €ro TO-
4eyHbIM. SICHO, YTO M3 NpOLIEAIIAX 4epe3 JIAH3Y Jyueil B rjia3 HomagyT
Te U TOJbLKO T€, KOTOpBie Nepel NONaJaHMEeM Ha JIMH3Y IPOLUIH 4epe3
Touky B (puc. 226), conpsixeHHYI0 C TOH TOYKOH, B KOTOPO#H PacnoaoxeH
3payok. Paccrosnne b oT nMH3BI 10 TOukH B HaiizmeM, BOCIOJIb30BaBLIKCH
(hopMyJIoii TOHKOM JIMH3BI:

1 1 1 aF

4~ b=

3 — =12 cm.
F a b a—F

Tenepr NOHATHO, YTO 9KpaH MAOJDKEH COBNAAaTh C JAEHCTBUTEIbHBIM
u3obpaxeHreM 3payka B miaockoctd S. U3 puc. 226 BuaHO, YTO paamyc Mu-
HHMAaJILHOTO JKpaHa paBeH

R=—r=~0,5 mm
a

H €ro Hamo PpacloOJIOKHTh B IUIOCKOCTH S C LEHTPOM B Touke B.

4.3*. Hafinem cuauana pacnpezejieHde NaBjieHHs rasa BOJIH3M OCH CO-
cyna. PaccMorpuM 3nemeHT 06beMa raza Ar AS (puc. 227). LleHTpocTpemu-
TEJIbHOE YCKOPEHHE 3TOTO 3NEMEHTa a = ®’r 06eCreuuBaeTCs Pa3HOCTHIO
COOTBETCTBYIOIIMX AaBJICHHIA:

[p(r + Ar) — p(r)] AS = pAr ASw?r.
TMo3TOMYy /I M3MEHEHHs NABJICHHUS TOJNYYMM ypaBHEHHE

dp/dr = po?r.
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[
]

a5

Puc. 226 Puc. 227

Tak Kak [Uis HOeaJbHOrO rasa BBIIOJHSAETCS COOTHOmIeHHe pp = pRT
(R — yHuBepcanbHas ra3osas NMOCTOsSHHAs), TO

dp/dr = p(u@*/RT)r.

CornacHo YCIOBHMIO 3aauH, PH r<ry  p(r) — po << py; CIENOBATENBHO,
2

ho 2

2RT ’

CoOTBETCTBEHHO IS NMJIOTHOCTH rasa NpH r < rp NMOJYYHM

po? i
P(r) =~ po (1 +— rz), Po = Po =

p() zp; (1 +

2RT RT’

a OJid IoKasaTejs NPEJIOMJICHHA HUMEEM

2
n(r)=no+kr?, ny=1+ap, k= ago (%) .

Hajinem Tenepr yron mpenoMIieHHs Jiy4a, IPOXOMSIUETO Yepe3 COCY.
Ha PacCTOAHHH r OT ocH. ONTHYECKHIi NyTh, NPOMEHHBIH UM B COCyIE, pa-
BeH n(r)l.

Onturueckas pa3HOCTh X0na 8oy, OBYX GJIM3KHX JIy4ed MOCIe mpOXo-
XIEHHA COCyla NOJDKHA PAaBHATHCA F€OMETPHYECKOM Pa3HOCTH XOoza 3, BhI-
3BaHHOM OTKJIOHEHHMEM JIy4eH OT NEPBOHAYaJbHOTO HaNpaBJIEHHA pacupo-
cTpaHenns. B atoM ciyuae maTepdepen-
IMs JIyded TNpHBEJET K HX YCHICHHIO

®
(npunnun IMoiireaca). U3 puc. 228 cie- N
Ayer, 4TO . 34
Somr =[n(r + Ar) = n(r)] 1, 8 = Arsin . /,’
Orcroma ) H it .
7/
- L' 4

sing = S _ Mﬂl:%h. .‘8'

Ar Ar W r Ar
3mech MOXHO CHENaTh CIEYIOLMHA BbI- !
Boa. Ecim paccMarpuBaTh y3KMH mydok Puc. 228
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CBE€Ta TaKOH, 4TO YroJ OTKIOHeHHs ¢ Oymer Mal, To @ ~r, T.e. Bpa-
maromuics cocyn Gymer paboraTth kak pacceMBarollascs JHH3a C¢ ¢o-
KycHbIM pacctosHueM F = (2kl)~!.

Hrak, 118 MakCHMajbHOTO yIjia OTKJIOHEHHS IOJYYHM

Sin Qpay = 2kiry.
ITosToMy MCKOMBIH paJMyC NSATHa Ha 3KpaHe paBeH
R=ry+ Ltg@pax.
B npubmkeHuH pacceMBarolled JHMH3BI MOJIYYHM

. 2
po
R xry+ Lopax ®ry+ 2klrgL=ry [1 + apylL (ﬁ .

4.4. PaccmatpuBaeMas B 3aJaye noa3opHas tpyba — cucreMbl Kemue-
pa. Yriosoe yBenwyenue k = F/f, no3TOMy (DOKyCHOE PACCTOSHHE OKynsApa
paBHO f = F/k =25 cm. Ilpn npu6GanxeHun paccMaTpHBaeMOro npeaMera
u3 6ECKOHEYHOCTH 1O MHHHMAaJbHO BO3MOXHOTO DAcCTOSHHS a H3o6paxe-
HHE NpeaMeTa B 00beKTHBE OyleT nepeMelathcs U3 HoxanpHON MIOCKOCTH
B CTOPOHY OKYJIfApa Ha pacCTOSIHHE X, KOTOPOe MOXHO HadTH mo ¢opmyie
JIMH3bI:

1 1 1 1 a—F aF F?

= x=———-Fx—)

+ =7 s
a F+x F F+x aF a-F a

T. . a >> F. Takum o6pa3oM, Hago HaiitH Xx. Okynasp TpyObl — jayna; mpu
paccMaTpHBAHHH NpeJMETOB Uepe3 Jyly HeHANDPSKEHHBIM, T. €. AKKOMOMIH-
POBaHHBIM Ha GECKOHEYHOCTb, [JIa30M NpeIMeT NOJDKeH pacloJiaraThCs
B (OKaIbHOM MIOCKOCTH Jynbl. MIckoMoOe pacCTOSHHE X PaBHO CMELLECHHIO
(hoxanbHOM MUIOCKOCTH OKyJIpa NPH €ro HacTpOMKe; NPH ITOM, OYEBHIHO,
OKyJIip Hall0 OTOABHIaTb OT OOBEKTHBA.

Puc. 229

Kak BuaHO M3 puc. 229, npH paccMaTpHBaHHHM GECKOHEYHO yNaJIEHHBIX
NpeIMETOB Yepe3 CABHHYTHIA OKYJISp MyYOK CBETA Ha BBIXOAE M3 OKyJsApa
6yner cxopsmumcs. Ilpn nagennu Ha TpyGy mapaulesbHOTO Mydka Jiydei
Taxkoe MOJIOXKEHHE OKyJApa HEOOXOOMMO [ HaJbHO3O0PKOTO IJa3a, ONTH-
4eckas CHJIa KOTOPOTO B HEHANpPSXKEHHOM COCTOSIHMH HEIOCTATOYHA IS
coOMpaHHs NapajIelbHOTO Nyika CBeTa Ha cerdaTtke. MaKCHMaJIbHBIN
CHBHMI OKyJiipa COOTBETCTBYET onTH4eckoi cmie D, = + 10 gnrp. Ouxu
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C Tako¥M ONTHYECKOH CHIIOH COGHpalOT MapajulejbHbINA My4OK CBETA Ha pac-
crosuuu b=1/D,. D10 "paccroaHue b U ompenesnseT pacCTOSHHE X:

! +1—1 orcioga X = Ui =— cM
f+x b f b—f 6
HckoMoe paccTosiHHe paBHO
F?  025.6 M2
ax—=——"->—=30Mm
x 5-107* M

4.5. Moxno. Orser ciienyer.u3 puc. 230. MickoMble 06acTH 3aluTpH-
XOBaHBIL.

4.6. Korga xapaHjam BXOOMT B BOAY, MOBEPXHOCTh BOABI OKOJO Ka-
paHgama o6pa3yeT pacCeMBalollyIo JIHH3Y — JYYH OT HCTOYHHMKA CBETa OT-
KJIOHAIOTCA OT ocH Kapaunama. [Toatomy
noJ KapanjalmioM obpasyercs Goibluoe
TeMHoe nATHO (puc. 231).

Korpa kapaHpalll BLITaCKMBAaiOT M3 T
BOObI, NMOBEPXHOCTb BOJABI OKOJIO Ka-
pangama obpasyer cobuparomyio aum- .| — .
3y — JIy4d OT HCTOYHHKA CBETZ OTKJO-
HAIOTCA K OCH KapaHjawa. ITostoMy mon
KapaHJalloM o6pa3yercs CBETJIOe MATHO
(puc. 232).

4.7. OtBer cneayer u3 puc. 233.
IlepBoe cBeTI0€ KOJBLLIO 06pasyIoT J1yyH, Puc. 230
HCTIBITHIBAIOIHE OXHO OTPaXeHHe OoT
CTEHOK KOpNyca OO BBIXOJA M3 HEro (OpUMep Takoro Jiyya obo3HaueH
mudpoii 1). Bropoe cBeTiioe KonbHo 0O0pPasyloT JIyYH C IBYMsS OTpaxe-
HHAMH (HA PHCYHKe 3TOT JIy4 obo3HayeH madpoit 2) u 1. a. [lousTHO, uTO,
4YeM Oonpllle OTpaxkeHHH, TeM OGojbllle CBETa INOIJOLIAETCS KOPMYCOM

R

Puc. 231




Puc. 233

HIapHKOBO# pyukH. [T03TOMY 4eM Jajble CBETJIOE KOJBLO OT LEHTPa, TEM
OHO MeEHee CBETJIOE.

4.8. IToxaxeM, 9TO BCe JIy4H, HAYIIHE OT TOYEYHOro HCTOYHHKA B Ha-
NpPaBJICHHH K 3KpaHy, MOCJIC NPEJIOMIIEHHS OKaXyTCd BHYTPH IHJIMHApA
H IIOCJIe MHOTOKPATHEIX OTPaXXCHHH OT €ro GOKOBOH NOBEPXHOCTH B KOHIE
KOHIIOB NPOMIYT 4epe3 OTBEPCTHE B 3KpaHe.

JleliCTBHTENILHO, NPENENbHLINA JIyd OT TOYEYHOrO MCTOYHHKA CBETa S,
yroJjl maeHHs KOTOPOro Ha JIEBOE€ OCHOBaHHE LHJIMHIPA PaBeH 7/2, mocie
npesoMiieHus Gyner oGpa3oBLIBATE YrOA O C OChIO IMJIMHApPA, NpUYEM
sina = 1/n (IO 3aKOHY NpEIOMJICHHSA). YTOJI NaJeHHs ¢ 3TOro Jjyya Ha 60-
KOBYIO MOBEPXHOCTb WWIMHIPA YIOBJETBOPAET YCIOBHIO o + @ =T/2

" (pHc. 234). Tak xak

sina=1/n=1/1,5 <}/2/2,

TO o0 < /4, a @ > 7/4, T. €. yroj mafeHus Ha GOKOBYIO NMOBEPXHOCTb IMJIMH-
npa Oynmer Oonblie yriaa HOJHOTO
0 BHYTpEHHero otpaxenus. Iloatomy
] T~ BHOCHEACTBUH 3TOT Jy4 HE CMOMXKET

a

Sl "1 N . BLIATH U3 ITHHAPA HHT e, KPOME KaK
N\ ; S| yepes mpasoe ocmosamme. JIro6oit

7 OpYrod Jiy4, BBIXOSIUMHA W3 HCTOY-

d HHKA B CTOPOHY 3KPaHa C OTBEPCTHEM,
Puc. 234 OCJIe TPEJIOMJICHHS B JIEBOM OCHO-

BaHMHM LWIMHIDA NONAET NMOJ MEHb-
INKM YTJIOM K OCH, @ TEM CAMBIM YNafeT Ha GOKOBYIO NMOBEPXHOCTH IO
YIJIOM, 3aBEIOMO GONBIIMM YIjia MOJHOTO BHYTPEHHETO OTDPAaXCHHS.
Tpo3pavHblil IUTHHAD, TakuM 0Gpa3oM, «cobepeT» B OTBEPCTHE JIY4H,
NOMajalolllHe B TElecHbIH yron 2m crepanMaH.
B OTCYTCTBHE WMIMHIApA B OTBEPCTHE 3KpaHa IONajaj CBETOBOH Io-
TOK, COCPEAOTOYEHHBIN BHYTpH TejecHoro yria nd’/(4])2. Takum o6pa3zom,
CBETOBOH NOTOK 4epe3 OTBEPCTHE B MPHCYTCTBHH NPO3PAYHOro LWHIMHADA

184



YBEJIMUHTCH B
2n
nd*/ (4]
4.9. TommuHy JuH3bI 00BbEKTHBA HalIEM M3 reOMETPHYECKHX coobpa-
xeHu# (puc. 235). JleiCTBHTENBHO,

r?=(R, —h)h ~2R,h, h=r*/(2R,),

=8-10* pas.

rae R; — paguyc kpuBH3HBI OOBEKTHBA.
3anumieM paBeHCTBO onrtHueckux myteit ABF u CDF B ciyyae, koraa
B TpyOy HajiuTa Boza:

(f1 = h)ng + 2hney = myl, + h.

3neck f; — (okycHoe paccTosiHMe JHMH3BI O6BHEKTHBA, KOT[a HAJMTa BOJA.

__ ¢
| P
| _IA <
i . d N
A 5 :
%
A N
I I ]
Puc. 235

MNoncrasnss suavenus h u I, =/ f2 +r? ~ f, +r3/(2f,), nonyuum
ri 2

2f,

Hy = Zr_I;l [("cr =1+ (ne — ”n)]'
Otcrona

_ Riny

fi= (ner — 1)+(ncr_”n)‘

B ciayuae, xorma B Tpybe HeT Bombl, HOKYCHOE PacCTOSHHE JHMH3BEI OGBEK-
THBa PaBHO

oo R
2 —1)
ITostomy
2(nee — )n
fi= 10) = >

(ner — 1) + (ney — ) '
Anarnormuneit pacuer s GOKyCHBIX paccTosHuH f, (c Bomoi) u [0
(6e3 BomEI) MMH3BI OKyJSpa HAeT CAEAYIOWIMH pe3ynLTaT:
fz = zo) 2(nCT - l)nB §
(nex — 1) + (ner — ny)
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Takum oGpazom,
2(ney — 1)y
Rer — 1)+(nc‘r'“”n)‘

L=f1+fz=(ﬂ10)+f(20))(

Tak xax [+ fQ) =L, To HCKOMOE paccTOSHHE MeXAY OGBEKTHBOM
H OKyJSpOM DaBHO

2(ney — 1)y

L=L
© 2y —ny — 1

=30 cm.

4.10. ITycrty mayk Haxomurcs B Touke A (puc. 236), pacmosioxeHHOoH
Haj BepxHeH Touykoi D mapa. IToBepxHOCTh IIapa, COOTBETCTBYOIIAA OyTe
OKpY)XXHOCTH BDB', sBiIsieTCS BHIMMOMK
s nayka. Touxku B u B’ — ToukH mepe-
CeYCHHs KacaTeJbHBIX, HPOBEICHHBIX M3
To4YkH A K NMOBepXHOCTH wwapa. Jlyu AB
6Gyner pacHpoCTpaHATbCS BHYTpH ILUapa
no orpesky BC. Vron a HaxomuTcs
U3 yCIOBHS

sina = 1/ng,,

rae ng; — KO3QQUIHEHT NpeIoMIICHAS
cTekjia. DTOT JydY BHIIAET M3 luapa IO
Hanpasjieauro CA'. Ilostomy wacre HO-
BEPXHOCTH IlIapa, COOTBETCTByIOLIAs Ayre
CD'C’, 6yner Takxke BHAMMOM (IJs mpH-
Mepa IIOKa3aHO NPOXOXIECHHE Jyya
AKLM).

Henpfmmoﬁ_ MJis nayka Oymer mo-
BEPXHOCTh IUApOBOrO IOSCA, KOTOPOH
cooTBercTBYIOT Ayru BC u B'C'.

Vron y ompenensiercs W3 ycnoBug

cosy =R/(R + h),

Puc. 236

rae R — paguyc mapa, h — BbicoTa nayka
HaJl HOBEPXHOCTRIO mapa. Tak kak mo ycnoBuro R > h, To y ~ 0. 3amernm
Temeps, 4To f =7 — 2a, a sina = 1/n,. [TosaTomy

B =m — 2arcsin (1/n;) ~ /2.
Hraxk, BuguMoii ONis mayka sBIS€TCA NPOTHBONOJIOXHAS Ui HETO IOJIO-
BHHa NOBEPXHOCTH IUapa; TaM M JOJDKHA HaXOOUTHCA MyXa.

4.11. Yepe3s GOKOBYI0 NMOBEpXHOCTh HHIMHApAa HE BHIAOET HU ONMH
JIyd, eclu [UIsl JIy4a C yTJioM mafeHus y & m/2 (puc. 237) yron namesus o Ha
BHYTPEHHIOIO NOBEDPXHOCTb OGYNET yNOBJIETBOPATH COOTHOILEHHIO Sin o >
>1/n. B 3TOM ciyyae Ha GOKOBOH NOBEPXHOCTH JIy4Y HCILITAET MOJHOE
BHYTpEHHEE OTpaXXCHHE.
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M3 reoMerpuyeckux coobpaxeHuit CeayerT,

11O
sina =)/1—sin?B, sinf=1/n

TakuMm o6Gpa3zom,
Nmin = l/i

4.12, U3 ycmoBus 3anadd ciiedyeT, 4TO o/g
dokycsl 00enXx JTHH3 COBMEILEHBI, T. €. PacCTos- S Vd

HHE MeXy JIMH3aMH paBHO 3f, rae f — ¢pokyc- |
HOE paccrosiHue GoJiee cnabol JIMH3BL

B nepBoM ciyuyae BCe JIyYH, MONABLIHE Puc. 237
B TpyOy, BHIAYT U3 Hee M 00pa3yloT KpyrJjioe
nATHO paMyca r/2, rae r — paguyc Tpy6sl (puc. 238). Bo BTopoM ciyuae
u3 TpyObl BBIAAYT TOJBKO T€ JIyYH, KOTOpble A0 TPyOBbl IJIH Ha PaccTos-
HUMH, MEHbILIEM 4YeM r/2, OT OCH TPYOBL. A Ha 3KpaHE 3TH JyuH obpa3yroT

2

Puc. 238 Puc. 239

KpyTjoe narHo paxuyca r (puc. 239). Takum obpazoM, ecnu J — cwia cBeTa,
[aJarolero Ha Tpydy, TO OTHOLUEHHE OCBELIEHHOCTEH IATEH OO M IOCie
nepeBepThHBAHUS TPYOBl paBHO

J J/4 E, 1

E,= =2

Ei=——y, ,
Y @2 mr? E, 16

4.13. B anmapaT NoCTynaeT CBET, OTPaXEHHBbIH OT MOBEPXHOCTH ¢aca-
na. OTpaxeHHe CBeTa OT IITYKATYPKH MOXHO CYMTaTh NPAaKTHYECKH He 3a-
BHCSALIMM OT yIja OTpaxeHHs. B 3ToM ciyyae Ha OOBEKTHB ammapara na-
[IaeT CBETOBas JHEprus OT 0OBEKTa, NMPOIOPLHOHATbHAS TEJIECHOMY YTy,
MoJ KOTOpbIM BHIEH W3 oObexkTHBa dacan. Ilpu cokpallleHHH paccTOSHHSA
o oObekTa B [IBa pa3a TEJIECHBIH yroJl YBEJHYHBAETCA B UETHIpE pa3a, H Ha
06BbexkTHB OT TOH Xe IUIomanH oObekTa MajJaeT B 4YeThipe pasa GoJblie
CBETOBOH 3JHEPTHH.

Tlpu Takux GONBIINX PacCTOSHHUX A0 OOBEKTa pacCTOAHHE OT OOBEK-
THBa [0 ILJICHKH B aniapaTe MPaKTHIECKH HE H3MEHAETCH NPH BBICTABJICHUH
Ha 00BEeKTHBE PacCTOSHHA 10 O0BEKTa, T. €. IpH GPOKYCHPOBAHUH MOCIEqHE-
ro, 1 paBHO (OKyCHOMY paccTosHHIO OObekTHBa. TesieCHBIH yros, BHYyTpH
KOTOPOrO 9Heprus oT oObekTHBa NafaeT Ha IUIOWIAAb W300paKeHus, 3aBU-
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CHT JIMHEHHO OT TEJIECHOTO Yrila, MOA KOTOPBHIM BHAEH dacah, T. €. JIMHEHHO
3aBUCHT OT PacCTOAHMs 0O 00BekTa. B 3TOM cilyyae OCBELUEHHOCTH ILIOIIA-
o1 u3obpaxeHHa (OHA MO YCIOBUIO PAaBHOMEDHO paclpeleseHa IO 3Toi
IUIOLIaaH), KOTOpasi M ONPENENseT BLIAEPKKY, IPONOPIMOHANBHA COOTBET-
CTBYIOLIEH 3HEprud, nasaromeil Ha o6bekTHB OT dacaia, H o6paTHO mpo-

Puc. 240

NOPLMOHAJIbHA IUIOIIAMH H30-
6paxenns. Tak xak 3TO OTHO-
LICHHE TNpPaKTH4YeCKH He 3a-

., BHCHT OT pacCTosHHsA 1O

00bexTa MpH JaHHBIX YCJIOBH-
AX, TO BBIIEPXKY MEHATH
ObUIO HE HYXHO.

4.14*, 3apavya sBiageTCA
aHaJTOroM ONTHYECKOH 3ala-
4, B KOTOpOH paccMaTpuBa-
eTCs NpeloMJIEHHe IUIOCKOH
BOJIHBI B mpm3Me. IIpu 3ToM
Jiydy CBeTa, HOyWleMy OT
To4kH A B TOouky B (puc. 240),

COrJIaCHO 3aKOHAM TEOMETPHYECKOH ONTHKH, TpebyeTca HaWMEHbIIee
BpEMs 1O CPaBHEHMIO CO BCEMH IPYIMMHM TPaeKTOPHUAMH.

Poibak DOMKEH OBHraThCA IO TPAEKTOPHH «JIyYa CBETa», T. €. MOMOHTH
K Touke E 3anMBa mom yrjioMm Y, NMeperuibiTh 3ajJIMB B JIOAKE NEPHEHIUKY-
JIAPHO OHCCEKTpHCE yrjia o M JBUraThCA Jajiee IO Cylle B HalpaBJICHUH

K TOYke B.

Vron y nHailieM 43 3akoHa mnpesomiieHus (n =2):

siny = nsin (o/2).

Paccrosnue a paBHO

nsin (ot/2)

a=htgy=h

/1 —n?sin? (a/2)

Paccrosnue b naiinem u3 ypasuenus a+ b=]/I> —h% Orciona .

b=|/12_h2_h~._"_sin_(°L‘
/1 —n*sin?(2/2)

2 oin2 2
o b>0, 1., 2 —h? > h2—"on (42

1 —n?sin?(a/2)’

TO pm6a1( OOJDKEH BOCHOJIb-

30BaThCA JIoOkod. OTHeNbHbIE YYacTKH INYTH HPH 3TOM OyAyT paBHBI

EK=p=bsin%—=( P_h*—h

h

/1= n?sin?(a/2)

nsin (0/2) )s' o
2 ’

h

cosY  |/1—n?sin?(«2)
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12— h? n?sin? (a,/2)
h? 1 — n?sin? (a/2)

=2<1+L)=

v uhn

_ 2h < 1 n)/ 1 —h2 sin (a/2) n?sin2 (a/2) )
v

+
V1 = n?sin® (a/2) CY1—wsin? @)

l/ _h?
< 1 —n?sin? —+ nsm—)

I/ITal(, €CJIH ,» TO HCKOMO€ BpE€Ms paBHO

2 —p? " 2 sin? (/2) .
TO =——.
B T 1—n?sin?(e/2)’ v
4.15. B cuiy cuMMeTpHH H300paXKeHHe TOYEYHOTrO HCTO4YHHKa S Oyner
ONATh HAa PAacCTOSHMM b OT mapa, HO C APYrod CTOpPOHH (pHC. 241).

Ecnu

4.16. HabGmronarens BHYTPH KO-
pabJist CMOXKeT yBHAETH JIMIIb T€ JIYYH, /
IS KOTOpBIX sina < 1/ng (ecim
sin o0 > 1/ng;, TO Takoit Jy4 HCHbITAET I3
y/A
/- T
4 T AT = — =
.oS_ S . . . ® T T A=
4
Puc. 241 Puc. 242

moJIHOE BHYTPEHHee OTpPaXKeHHe M He momajer k Habmoparemo, puc. 242).
Jna yrma B umeeM COOTHOILIEHHE

. :n_ Ner
nysin B =ngsina, sinP= "
B

sina,

TA€ ne; — MoKa3aTedb mpeomieHds crekia. Tak kak |[sina| < 1/ne;, TO
|sinB| < 1/n,. [TosTOMy HabGmrOAdTEIH CMOXET BHAETH TOJNIBKO T€ OGBEKTHI,
CBET OT KOTOpPBIX MNOMAaJaeT HAa WUIIOMHHATOP C YIJIOM TaJeHHs
B < arcsin (1/n,). U3 puc. 242 scHo, 4ro paauyc R kpyra Ha JHe, JOCTYIIHOTO
Haburonenuto, G6yner R =~ htg B, u uckomas wiomans (htg p > D/2) paBHa

S =nR? x wh?/(n2 —1)~82 Mm%

4.17*. Biau3opyKHe JIIOAH HOCST PacCEMBAIOLIME OYKH, YMEHBIIAIOLIHE
ONTHYECKYIO CHJIy MX IJa3, a JaJbHO30pKHe — cobuparomue. Hetpyano co-
o6pa3uTh, YTO IJIa3 3a pacCeHBaloOllcH JIHH30H OyNeT Ka3aTbCs YMEHBb-
LIEHHBIM, a 3a cobGuparomeil — yBetuyenHbiM. OIHAKO ecM Bl He BHJE-
nu Bamero cobecennuka Ge3 OYKOB, TO ONPENENHTh, YBEJIHYCHB HIIH
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YMEHBILUEHBI €ro TIja3a, OYeHb TPYHHO, OCOGEHHO €C/IH O4YKHA He CIHIL-
KoM cuibHble. IIpolie Bcero onpeneiTuTs, KyJa CABHIAETCS BUAMMBIA Kpaii
JIMNA 32 OYKaMHM [0 OTHOLIEHHIO K COCEIHMM YacCTAM JIMIA: €CJIH BHYTDb,
TO 3TO PacceHBAaIOLHE JIMH3BI — Y coOeceHHKa OJIM30DPYKOCTh; €CIH Ha-
PYXy, TO cobuparoiine JIMH3b — AAJTbHO30PKOCTb.

'U‘L 7 -U_L
Puc. 243 Puc. 244

4.18. Pa3jioxuM BEKTOp CKODOCTH 4YejOBeKa v Ha [BE COCTaBJIsIO-
IHe — ONHY MapajuiebHYIo 3€pKaly v M APYIyro — NEPIEHAHKYJIAPHYIO
sepkaity vy :v = vy + vy (puc. 243). O4eBHAHO, YTO CKOPOCTb H300paKeEHUs
‘Gyner pasHa v’ = vy — v . [103TOMy CKOPOCTB, C KOTOPOH YeTOBEK MpHOIH-
XA€Tcsl K CBOEMy H300paXeHHIO, HaXOQWTCA KaK CKOPOCTb 4eJIOBEKa
OTHOCHTEJILHO CBOero m3obpaxeHus no ¢opmyie

Vory =2v; =2vsina.

4.19. IMycts O — nentp chepuyeckodt MoBepXHOCTH 3epkana, ABC —
JIyd, KOTOpbIi mafaer Ha paccrosuud BE ot ocm 3epkana. OB=R
(puc. 244). M3 npsMoyroJbHOTO TpeyrojbHuka OBE HaiineM, 4ro sino =
= h/R. Tpeyronvuuk OBC paBHOGenpeHHbIH, Tak kak £ ABO = « OBC no
3aKOHY oTpaxeHus, a £ BOC = « ABO xak BHyTpeHHHE, HAKPECT JIeKaIHe
yribl. Otcioga OD = DB = R/2. U3 tpeyronsauka ODC Haxogum

x=R/(2cosa)=R*/(2)/R* — h?)

(C — TouKka NepecevyeHHs OTPAXEHHOrO OT 3epKaja Jiyya C OHNTHYECKOH
OCbI0).

Jlns 1y4a, IPOXOMAAIIEro HA PAcCTOSHHH hy, BBUAY Toro 4To h? << R2,
X, = R/2 ¢ norpemnocrbio okoyio 0,59% . [lia ny4a, NpoxXonsIero Ha pac-
CTOSHMH h,, paccTosiHHE X, = 3,125 cM. OKOHYaTEeNbHO NOJIyYHM

Ax=x,—x, 206 cM#0 (!)
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4.20. PacCMOTpPUM HEKOTOPYIO CBETSILIYIOCS TOYKY A HHMTH M IIpO-
H3BONBHBIA J1yd AB, Buxoasummii u3 Hee. IIpoBeneM MIOCKOCTh Yepe3 ITOT
NIyd W CBETAILYIOCS HUTh. VI3 reoMeTpHH 3a1ayd OYEBMIHO, YTO NAHHBIH
JIyd OpH BCEBO3MOXHBIX OTPaXEHHAX Bcerga OyaeT ocTaBaTeCs B IO-
crpoenno#l wiockocru (puc. 245). Ilocne nepsoro OTpaxeHHs OT KOHMYe-
CKOM MOBEPXHOCTH Jiyd AB moiiner Tak, Kak eciu OBl OH BBHIIIEN M3 TOYKH
A’ — MHEMOTrO M306paxeHus TOUKH A. A 4TOGHI TOCIE IEPBOrO OTPAKCHH

Puc. 245

HM OJMH BBIXOISAILMI U3 TOYKH A Jy4 Gosbllie HA pa3y He Momaj Ha 3€pka-
110, HEo6XoaAMMO, YTOGBI Touka A’ nexana He Boiue npsMmoir OC — Bropoii
obpasyroleii KoHyca, Jexatleil B IIIOCKOCTH Jy4a (Touka O — BepIUHHA KO-
HHYECKO#M MOBEpPXHOCTH). DTO OyneT MMeTh MECTO, €ClH

£ A'OD + 2 AOD + 2 AOC = 3(0/2) > 180°.

CrenoBartenpHo,

Omin = 120°.
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