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OT COCTABMTEJNIEA

OsuMnuansl MKOJBHHKOB B HAUIEH CTPAaHE HMEIOT CBOIO HCTOPHIO.

B 1962 r. no unHuuaTHBEe NapTHHAHON H KOMCOMOJIBCKOH Opranu3a-
nHd MockoBckoro ¢usuKo-rexHdueckoro uucruryra (MPTH) Onina
BIEPBBHIE NPOBEHEHA OJMMNHAAA NIKOJBHHKOB. Jra MHHIHaTHBA OblLla
noguepxxana LUK BJIKCM, xoropslii fan ykazaHye oOKoMaM U TOPKO-
MaM KOMCOMOJIA TIOMOYE B NPOBEJEHHH OJHMNHajul. B oanmnuazne npH-
HAJO y4yacTHe GoJiee 6 THIC, HIKOJBPHHKOB H3 68 ropolioB U IOCEJKOB.

B stom xe roay yuenriMd CHOHpPCKOro oraeiendsa AKaJlemMuH HayK
CCCP fmi1a npoBesena neppad BCGCHﬁHpCKaH oJIMMIHaAa yyaluxcs
CPEIHHX IHKOJI.

B 1963 r. OJIHMIKALY y4aUlHXCs cpe,uﬂﬂx mxoJa npoBel MocKoB-
CKHU rocyrapcrsesuniii Vuueepcurer uM, M. B. JlomMonocoBa. B sroit
ONUMIIHAAE TIPHHSUIH y4acTe WKOJIbHHKH esporneiickoi wactd CCCP u
pecny6JuK 32KaBKa3b4.

Onumnuanst MOTH u MI'Y 6114 GpU3HKO-MaTeMaTHYeCKUMH (KaXxK-
IOhIH U3 YYaCTHHKOB IoayyaJs Oujer, B KOTOpoM OBLIM TPH 3ajJayH IO
GbU3HKe U TPH 3aJa4d [0 MaTeMATHKE).

C 1964 r. nauaau nPOBOAUTLCH eqUHBle BCepoccuiicKue OJHMIIHA-
Aul. Ha 3akmiounTeNbHbIe TYPBl 3THX OJHMIHKAJ NPHINALIAINChE TaKKe
KOMAaHJbl BCeX COIO3HBIX PeCchyf/HK.

BceecowsHpie OMMMNUAAL ILKOJBHHKOB HpoBoadrcsa ¢ 1967 r.

[Ipeacenarensimu xiwopu Bcecoio3nblX oauMOpan no (usnke ObUIH
BHIHBIE COBETCKHE YYEHBIE:

I Beecowsnoit  oauMnuaasl (1967 r., MockBa) — akaleMHK
U. K. Kukous,

II Bcecowsnoii oauMnuazsl (1968 r., r. EpeBan) — akaaeMHK
A. V. Anuxauss, -

III Bcecowosnoit onumnuagsl (1969 r., r. Aama-ATa) — MAHHCTP
npocBeiienud KasCCP K. A. AirManos,

IV Bcecoiosuoit oaummmansl (1970 r., r. CBepANOBCK) — aKajeMHK
C. B. BoscoBckui, |

V Bcecoiossoii oxumnuannl (1971 r., r. HoBocuGHpck) — aKageMux
C. T. benses,

VI Bceecoiosuoii onamauans (1972 r., r. T6uaucu) — axagemuk AH
I'CCP 2. JI. AHapoHuKaIUBHIY,

VII Boecolosdoii oaumanaan (1973 r., JIesHHTpal) — WieH- KOp-
pecnongeat AH CCCP H. . Kosaparees,.



VIII Bcecorosnoit onumnuans (1974 r., r. T'opekuil) — akajgemuk
A. B. T'anonos-I'pexos,

IX Bcecoiosnoli onumnuans (1975 r., r. Kaayra) -— gokrop ¢usu-
Ko-MaTeMatHuecKuX Hayk JI. H. ¥Ycaues, H

X Bcecoosnoii onumnuans! (1978 r., r. Munck) — npodgeccop bI'y
C. 4. Ilywkesuy,

X1 BcecolosHoit onuMnuaaws (1977 r., r. ®pyuse) — npogeccop
JI. B. Tyao0s,

X1I Bcecolosnoii onumnuanel (1978 r., r. Amxaban) — Buue-Inpe-
sugent AH KasCCP O. Osesreabpapies,

XII1 Bcecowsnoit oaumnuansl (1979 r., r. JIbBoB)— wieH-KOppec-
nogpent AH YCCP M. P. IOxuosckuii,

X1V Bcecowsno#t oaumnuaget (1980 r., r. Pura) — npodgeccop
H. K. BuroJc.

CopeBHoBanusi Beepoccuiickux # nepBoéi BcecoiosHoit onuMNHaz
COCTOSI/IM H3 PEIICHHA TONBKO BBIMHCAWTENbHBIX 3anay. Hauwnas co
II Bcecow3Ho#l OMUMIMAABI BKIIOUAJIHCE TaKXKe 3KCIEPHUMEHTAJIbHDIE
3afiauy.

Omumnuany 1968—1970 rr. maukWHaauch ¢ 3aoyHoro Typa. Ero
nobequTeId NpUIIallaJdchk Ha oGsaactHbie TYphl. [locse 1970 r. posb
3a0YHOro Typa OJHMIHKANbl B3fAJ Ha ce0s1 KOHKYPC MO pellleHuio 3aj1ady,
ApoBOAUMBIH XypHaltoM «KBant». 150 mobenutesneii o6nacTHLIX TYPOB
COCTSI3AI0TCA B 3aKJIOMHTEJLHOM TYpe.

Jna pelieHUs OMUMINMANHBIX 3afa4 TPeOyloTCH 3HAHHUA U YMEHHd,
HE BLIXOJALIKE 32 PAMKH NpOrpaMMhl cpeiHell WKoJB. PelueHHd 3THX
3ajad, KaK NpaBHJIO, HE CBA3aHbl ¢ HEOOXOAHMOCTBIO BBITOJHATH I'po-
MO3JIKUe BBIUHCJEHHA. B TO xke Bpems JJif pelIeHHd OJUMIHAAHON
3a0ayd HENOCTATOUHO YMEHHS NPHUMEHATh IMIHPOKO HIBECTHOIO aJfro-
putMa. OauMmnuazuble 3agaud TPpeOYIOT 0T YYALHXCA SICHOTO [TOHHMa-
HUA OCHOBHLIX 3aKOHOB, NOAJMHHO TBOPYECKOrO YMEHHs! NPHMEHATD
3TU 3aKOHDLI AJd OObACHEHHA (DU3HUECKHX fBJEHHH, PA3BHTOrO acco-
UHaTHBHOTO MBILJIEHHS, CO0OPA3UTE/bHOCTH. ]

Kaxapiii BapuaHT oObIYHO COAEPIKUT NAThL 3alay Pa3JHYHOH TPYA-
HOCTH: JBe JIerkue 3ajauy, ofiHY 3ajauy cpeJHed TPYAHOCTH H IBe TPYA-
‘Hpte. (Ilpapaa, chopmyanpoBaTh, YTO TaKoe Jerkas U TPyAHAd 3ajada,
A0BOJBHO cyoxkHo. Ciyyaercs, 4T0 3a7aua, KOTOPVIO KIOPH CUHTAer
TPYAHOH, pemaercs GOJLIIMHCTBOM YYaCTHHKOB OJIMMIMaiml H, Ha-
o0opoT, «wIerkaa» 3aflaya B JEHCTBUTENbHOCTH OKAa3biBaJach CJOXKHOH.)

JKCNepuMeHTa bHbIE 3aaYyd MOXHO VCJIOBHO pPasfefuTh HA TPU
TUIIA:

1) uamepende Kaxkoro-ju00 mapamerpa Tela HJAH CHCTEMH Ted
(nyorHoctH, Maceel, KT/, 31eKTpHuecKOro ConpoTHBAEHH A, HHIYKTHB-
HOCTH H T. 1.);

] 2) BhiaBaeHue Hekoropoll zaBucumoctH (KII HakjIoHHO# MAOCKO~
CTH OT YIVIa €e HaKJIOHA, COTIPOTHBJICHH A IAMIILI OT CUJIBI TOKA, CHJIBL TO-
Ka NIJIaBJICHHA IPOBOJHHUKA OT ero JHaMerpa, 4acTOTh! KoJeOaHHU CTPY-
HbI OT CHUJIbI'€E HATSKEHHUSA ¥ T. 1.);

3) onpefieNieHHEe KMHEMATHUECKOHN, SJEKTPHUECKOH HJM ONTHYECKOH.
CXEMBL «4EPHOI'O AUMKA» U NapaMeTPOB 3JEMEHTOB 3TOH CXEMH.
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Tlps BHINOMHEHHH BCEX IKCMEPHMEHTANBHBIX 3aJlaHull yqalluecs IMo-
JIY4aloT HOBBIE 11 HUX pe3yabTathl. (C Takoi#l XKe HeNbl0 CTaBHTCH 3KC-
NEePHMEHT U B HaYKe — OTKPBLIBATH HOBBIE 3aKOHOMEPHOCTH NPHUPOIHI,
H3MEDATh NapaMerpol, XapaKkTepH3yiouWHe (u3HuyecKHe SABJIEHHA H TeX-
HHYECKHE IIPOIECCHE.)
© OO6bHO 3KCTIEPUMEHTAJbHOE 3aJaHHe HMeeT HEeCKOJBKO Croco6oB
petueH#dd. [Ipy ero BHINOMHEHHH YYeHHK NOJXKEH NPOBECTH aHANU3 KaXK-
JOr0 M3 HUX, OIEHHTb TOYHOCTh COOTBETCTBYIOIIHMX PE3YyJbTATOB H BhI-
Opatp onTHMaabUBIH cnoco6. Oco6yl0 LEHHOCTH TPENCTaBJAIOT 3a1a-
HHS, KOTOPBIE B ONpeleTeHHONH CBoeH YacTH Obl/IM HOCHJBHBI KaXAOMY
YUEHHKY W B TO K€ BpeMs COJepsKaJH 3JIEMEHTHI, KOTOPHIE MOIVIH GBITh
3aMeyeHbl JHIUIb CaMbIMH Hab/IofaTeIbHBIMH yYEHHKaMH.

Kak npaBu/sio, KCHepUMEHTa bHbIE 3aJlaHHsl COOTBETCTBYIOT 060-
PYAOBAHHIO, KOTOPOE MMEeTcsd B THIOBBIX (PH3HUECKWX KabuHeTax o6-
eo6pa3oBaTeNbHBIX IKOJL.

Ipy oueHKe BHINOTHEHHS SKCIICPUMEHTAJNBHBIX 3aJAHHH YYHTHIBA-
10TCSl CAENYIOIUEe JIEMEHThI: TeopeTnyecKoe 000CHOBaHHEe paboThl, BbI-
Cop MeTola ee BLIOJIIECHUS, [IPollecC NMPOBEAEHUS HU3MepeHHH, OlleHKa
NOrPellHOCTed u3MepeHuit H oOCYKIEHHE pe3y./bTaToB BBIIOJHEHHOH
paboThi. ¥ UNTEIBARTCS TAKXKe KauecTBO O(POPMJIEHHSA OTYETA O NPOBELEH-
HOHl paGoTe u coGJ/uoJeHHe NpaBu/ TeXHUKU 0e30NacHOCTH.

YuacTHHKAM OJHUMIHANBI NPEeJOCTABJSAETCH BO3MOKHOCTb OCHOPHTDL
NIPABUJILHOCTL NPOBePKH PaboThl, 0OGCYAUTL CBOE pPelleHHe C YJEHAMH
Xkiopd. HHorza npu 3TOM OKasblBaeTcsi, YTO, HECMOTPSA HA TUIATEJb-
HOCTb [IpOBepKH paboThl, ObL1a AoNyleHa OUIHOKA.

[ToGenurenn onumnuansl Harpaxparorcad aungomamy I, II u IIl
CTeNeHe#, NOXBaJbHLIMM TIpaMOTaMH, UEHHbIMH IoAapKamMu # cie-
LIMaJbHLIMH NpH3aMH (6uOIHOTEYKH Mo QU3HKe M MATeMaTHKe, H3MepH-
TeJbHbIe NPHOOPBLI, pajuonpueMuukd H Ap. ). CrenpajbHble MpHU3DLI
JAlOTCA HMIKOJbHHKAM 3a JY4IIHe DelleHHd TOH WJW WHOH 3ajaud, a
TaKMe CaMOMYy MOJONOMY YYacTHHKY, YYaCTHHUIE OJUMIHAfLI, [OKa-
3aBLUEl Jy4YilHe Pe3yabTarel CPeau JAeBYIIeK, W Ap. Bce yyacTHHKH
OJMUMITHANBI MOJAYYUAIOT NMaMsATHHE 3HAYKH., YueHukd 8 U 10 kJaccos,
HarpaxiaeHuole aungoMamu I u II cremenu, noaydaior npuriauieHue
YyyacTBOBATb B 3aKJIOYHTEIbHOM TYpPe OJUMIHAAL CJASAVIOWEr0 roja
HE3aBHCHUMO OT Pe3yJ/bTaTOB WX Y4acTHs B pecnyOJUKaHCKUX, obaact-
HBIX U APYTHX oJuMnuajgax. YueHuku 10 kjaacca, HarpaxkieHHHE IHII-
Jomamu I n I crenenu, BMectTe ¢ JuUNJIOMAMH NOJYYAIOT PEKOMEHAA-
(MY B BY3bl (QU3HKO-MaremaTtuyeckoro npogunas. Hs gecaruxkaaccHu-
KOB — noGefiuTesiell BcecowosHbIX OoMUMNIHAL OTOUPAIOTCS KaHIHAATHI
B KomaHjpl CCCP Ha Mexnaynapoiable oJHMOHAnGl N0 (PU3HKE, KOTO-
pole nposoasatcs ¢ 1967 r.

B sr10ii KHUre npuBejeHE 3ajauH, KOTOPHIE HpejIarajuch Ha Hep-
BbIX OJMMIOHAAAX, NMPOBOJUBIIUXCA MOCKOBCKHM (PHU3HKO-TEXHHYECKUM
HHCTUTYTOM H  MOCKOBCKHM  TOCYJApPCTBEHHBIM  YHHBEPCHTETOM
um. M.B. JlomoHocoBa, Ha 3akmounTenbHeiX Typax I u 11 Beepoceuiicknx
u I—XIV Beecoiosuuix onumnuan. Jdaa yao6cTBa noJib30BaHHSA KHH-
rofi oHa cHa0KeHa TeMaTHYECKHM yKasaTeseM 3aiad. C ero NnoMouisio
JIETKO OTBICKaTh 3aJaud Ha onpejeneHHyio temy. IlpaBaa, Hano umers
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B BHLY, YTO MHOTHE U3 3ajau #BAAIOTCA «KOMOHHHPOBaHHLIMH», T. €.
OTHOCSITCSI OJHOBPEMEHHO K HECKOJBKUM pa3fesam.

B saknmogexHune CuutaeM HeeOXO[MHMMBMM HA3BaTh T€X, KTO NPUHUMAN
Haubojee aKTHBHOS Y4YacTHE B COCTABJICHHH 331384 H NPOBEREHHU
oJuMNHAA. 3To mnpenojfaBarend MoCKOBCKOrO (H3HKO-TeXHHEECKOIro
usctutyra npogeccop C. M. Kosea, I'. M. Kocoypos, B. E. Benonyu-
kuH, A. JI. Cracenko, J1. Il. Bakanuna, 3. B. OranecoBa, B. E. Cko-
poBapos, npenogasartesas HoBocuOHPCKOro rocynapcTBEHHOTO YHH-
Bepcutera B corpynuukH CO AH CCCP M. &. T'ursbypr, I'. JI. Kor-
kua, O. d. Casyenro, C. A. Xefigen, A. T. HposzoB, aomeHt Moc-
KOBCKOro HHXeHepHo-¢pusuueckoro uHcrutyta H. H. Toapadap6,
npenofaBaTes i  MOCKOBCKOro  roCydapCTBEHHOIO  YHHBepCHTeTa
B. B. Byxosues, C. G Kporos, nayunbie cOTPYAHUKH HHCTHTYTOB
Axkapemun Hayg CCCP 0. M. Bpyk, A. P. 3uas6epman, E. JI. Cyp-
KOB, npenofaBateib MOCKOBCKOro MHCTHTYTA CTaJd W CIJIaBOB
JI. I'. Acsama3sos, npenojasatesn JICHHUHIPaacKoro rocyaapctTBeHHOTO
yauuBepcutera E. M. Byrukos, A. C. Kouaparbes, A. A. DBrikoB, Ha-
VUHHEH cOTPYAHMK Akagewmuu negaroruuecknx Hayk CCCP O. @. Ka-
bapaud, vuureas M. M. bBanamos u H. A. [larpuxeeBa. Becp sToOT
60IbILIOH KOJJEKTUB BO rJape ¢ OecCMEHHLIM mpejacenatesnem lLlenT-
pPaJbHOrO OpPrKOMHTeTa BCecolosHoll OaMMIHaipl LKOJBHHKOB aKaje-
mukoM M. K. KukouHbiM oGbeguHsieT MHOTOJIETHEE COTPYAHHYECTBO H
Apyx0Ga.

CoctaButey JAHHOH KHWTH, Ha NPOTSIKEHHH MHOTHX JIET y4acCTBO-
BaBIIKE B TMPOBEJEHHH OJHMIOHAJ HO (H3HKe, OPOBeJH CHCTCMATH3a-
M0 3a37ay, NpenJaraBlIMXCH HA OJIMMMHAxax, oTo0pann HauboJee
VUHTEePeCHBbIE DELIeHHS H YTOUHHJM #X. PaGoTa Haj BHMHCIHTEIbHHMHE
safayamy BoinosHena K. II. Cno6GozeukuM, a Haj 3KCHePHMEHTANbHbI-
My — B. A. Op/oBbiM.



3JADAYH

OJIMMINTMALIA MMTH
(1962 r., Mockaa)

Bapwanr 1

1. K konuy BUCAUCH BepTH-
KaJbHO TPYVIKHHEIL, Maccoii KoTo-
poii MoxHO npenebpeub, NoibBe-
IIHBAIOT TPY3 Maccoft m. 3arew
K CepeliiHe yiKe pacTauyTo# npy-
KUHBl TOJIBEHINBAIOT elje OAHH
rpy3 Takoil e Maccol. Onpeje-
JUTh A THHY PacTAHVTOH OPYyHHU-
HH. JKeCTKoCTb TPYXHHBLI paBHa
k, a ee AjyHa B HEPACTAHYTOM
COCTOSIHHM L. '

2. Ha KoHmax u B cepeaune
HEeBECOMOTO CTEPIKHS JIHHBI [ pac-
MOJIOKEHB! OJNHAKOBLIE IHAPHKH.
Crep:keHb CTaBSIT BepTHKAJbHO I
ornyckaior. Cunras, urTo TpPeHHe
MY TJIOCKOCTbIO H HMXXHUM ILa-
PHKOM OTCYTCTBYET, HaHTH CKO-
POCTDb BEPXHEIO lHapHKa B MOMEHT
yAapa 0 rOPH30HTAJBHVIO HOBEepX-
HOCTh. Kax HM3MEHHNTCH OTBeT,
ecsid HHIKHHH LIapHK lUapHHPHO
3aKpenJieH?

3. Tpameaiinbiii nposoax o6op-
BaJaCAd M JIeKMT Ha 3eMie, Heno-
BeK B TOKONpoBOjsuiell ob6yBu
MOKeT TOAOHTH K HeMY JIHIIb Ma-
J€HbKUMHU IuaraMu. [lenate xe
Goanbmue warky onacHo. Ob6bsac-
HUTh NOUYEMYy.

Bapuany 2

4. Bpycox maccel M HaxonuTcs
Ha rJaagkoM TOPH30HTAJBHOM CTO-
Jie, 10 KOTOPOMY OH MOXKET jBH-

rarbcss Ge3 Tpenud. Ha 6pycke
cTouT Ky6 MacCol m, ymnupato-
IHiCA B HebGoJbIIOH BHICTYI

(puc. 1). Ilpy kakoM mMakCHUMAaJib-

i

HOM 3HAuYeHMH MOAYJA CHJAbl F,
IIPHJI0KEHHOU K OPYCKY, HE NpOoH-
30HJeT ONPOKHJbIBaHHA Ky0Oa?

5. Maremarnueckuii MdATHHK

OTKJIOHWJIH Ha yroa 90° or Bepru-
KaJH H OTNYCTHJIH.

B T1or mo-

Puc. 2



MEHT, KOrza MasaTHHK [POXOJHJ
NoJICKeHHEe PaBHOBECH#A, TOUKA
ero Inoapeca craja JABHUTraThbCHd

BBEPX ¢ YycKopenueMm a. Ha xakoi
MaKCUMaJIbHBIA YroJ OTKJIOHHTCA
MaATBUK OT BepTHKaJjH?

6. Ha riamkoM ropusoHTasb-
HOM CTOJIe HAXOJUTCS MeTajljIuye-
CKu#l cTepenb AJMHOA [ W Mac-
COH M, KOTOPbIil MOKET JBUTAThCH
no crony 6e3 tpeuus. K ogHOMY
U3 KOHLOB 3TOr0 CTepKHf MNpH-

KpemieHa HenpoBoAsllas HUTH,
nepekunyras uepes 670K, YKpern-
NeHHBI# Ha KOHUE croja (puc. 2).

Ha pgpyroM koHue HWTH BHCHUT
TOYHO TAKOH e CTepeHb. Dy-
AYyYd [PenoCTaBJICHHOH CaMOH ce-
fe, cHcTeMa MNPHXOAUT B JBHXKe-

uue. Hafitu nanpsixenue (pas-
HOCTb TOTEHIMAJ0B) MEXAY KOH-
[aMH KaxKaoro u3 crepxHeit. Tpe-
HHEM B OCH 6sioKa U MacCol HHTH
npeHedpeyb.

ONMMMITHUALRA MITH WU MI'Y
(1963 r., Mocksa)

Bapuanr 1

7. JIBe rnankHe NJOCKOCTH Ha-
KJOHEHBl K TOPH3CHTY U JPYyr K
apyry mnox yraamu B 60°. Kak
HYKHO NOJIOXKUTD KyO MeXIY I7TH-
MU NJOCKOCTAMH, 4TOOBI OH Ha-
xoaunJcst B paBuoBecuu? TpeHunem
MeXAY IJIOCKOCTAMH H  KyOom
npenebpeys.

8. HaliTh eMKOCTb  CHCTEMbI
OJJMHAKOBLIX KOHACHCATOPOB, H30-
Opax<eHHoil Ha pucyuke 3. Ewm-
KOCTh Ka:KJOT0 H3 KOHACHCATOPOB
pasua C.

1L

C4 05 " les

Puc. 3.

9. Ha ropusonTanpuoft nJjoc-
KOCTH JIeXKHT OpyCOK Maccod m,
H HAa HeM — Apyroit O6pycoK Mac-
Col m,.

Uepes cucreMy 0J0KOB, H306pa-
MEHHYIO Ha PHCYHKe 4, mepeku-
HYTa HUTHb. K TOJABHKHOMY OJIOKY
nojBemie rpy3 wmaccoii M =
= my ~+ M.

[Ipu KakoMm COOTHOILICHUH MEXKNY
MaccaMH #ny U m, OpPYCKHd He
OYAYT CKOJb3UTB APYT 0O APY-
Iy, ecjau KO3p(PUUPEHT TpeHus
MeXAy OpycKaMH paBeH M, a
Ko2hdHIMEHT HHXHETo O6pyckKa o

Puc. 4



nJocKocTh paBed HyJJawo? Hurs
CUHTATh HEBECOMOH H HEpPaCTHAXKU-
MOH, Maccoll 6JI0KOB M TPEHHEM B
HUX npeHedpeusb,

Bapmuant 2

10. /IBe pAuHaMO-MallliHbl BhI-
pabaTeiBaloT NOCTOAHHOE HAaNpsa-
keHue: ogna — 110 B, apyras —
220 B. Kakoe HanpsiKeHie mo-
KaxeT BOJBTMETp, NPUCOSIHHEH-
HBIl K «JI0CY» OAHOH NHHAMO-
MAUIHHBI U «MHHYCY» JIPyroi?

11. [Ba omUHAKOBBIX KYyOGHKa
HaxoAATCA HAa TOPH3OHTAJIBHOH
JIOCKOCTH H NpHKaTel K ylnopam
C NOMOULbIO MPYKUHBL (pHC. D).
Kak Oymer pABUrarbcsi cHCTEMa,
ecyan ybparTb OAKWH W3 YIOPOB?

12. Mmeercst noaBecka,  CO-
CTOAILLAA W3 CTEpPKHEH, COeNUHEeH-
HbIX mapuupHo (puc. 6). Crepx-
vu AD, BC, DE uw CH cnaow-
Hpte. Mexny roukampg O u M Ha-
TsiHyTa HUTh. OOpefeyuTb Cuay
T uarskenua uatH OM, ecau
Macca BCeH CUCTeMBl paBHa 1.

Puc. 5

| BCEPOCCHUMCKAS OIIMMINMARA
(1965 r., Mockea)

13. LiBeTHoe CTEKJO pacTepTo
B [OPOIIOK, KOTOPBHIH Kaxercd
coBepiieHHO OenniM. Kak y3Hath,
KaKoB Oblyl 11BeT CTeKJjar

14. Yernlpe OJHHAKOBBIX HOPO-
BOJa 3aKJIOueHbl B TpyOy, HAY-
ILYyI0 C TPerbero Ha YeTBepThid
taxK 3panud. [IpoBojga BHCTY-
HalwT W3 TpyObl HA KaxKaoM H3
stux sraxkei. [IpoBoga nponyme-
pOBaHbl HA KOHNAX, BBHICTYNAIO-
IMX Ha TperbeM 3Taxke. Heobxo-
JIAMO TPOCTaBHUThL 3TH K€ HOMEpa
HA KOHUAX, BHICTYNAKIUX  HAa
yerTBepTOM 3Traxe. Kak, uMmes B
CBOEM pacriopsi:keHHH Oarapeiiky,

JIAMIIOUKY, KODOTKHH KYCOK Ipo-
BOJA U COBEpIUHB HauMeHbilee
gqucJa0 npol, YCTAHOBUTH, KaKoil
HOMEp COOTBETCTBYeT KaxkJOMY H3
KOHIIOB HA UeTBepTOM 9Taxe?

15. JlaMmouky xapmaszHoro ¢o-
Hapd, PacCYUHTAHHYIO HA Hanps-
xenue 3,5 B u cuay Toka 0,28 A,
COENUHHUJN  MOCJAEAOBATEJLHO C
JaMroukoii MomHocteio 110 B,
PacCUMTAaHHOH Ha  HalpAXKeHHe
220 B. Ilpu srom jaMmnouka xap-
MaHHoro ¢oHapsa neperopesna. [lo-
yeMy 3TO NPOH30LLI0?

16. B Kakyw CTOpOHY NOKa-
THTCA KaTYIIKa, €cjd MOTSHYTh

9



3a HHTh TAK, KAaK [OKAa3aHO Ha
puUcyHKe 7?7 Tpenue MEXAY Ka-
TYINIKOH H IOJOM BE&JIHUKO.

17. Tloyemy BeloCUNEQUCT MO-
KET nepeMemaTses 3HAYHTENLHO
OnicTpee OeryHa, xotd B 000OuUX
cayuagax pabora coBepuiaercd 3a
CUeT IHEPruM MhI Ye/10BeKa?

18. /lpa xanmuansApa pPasHoOro
JdaMeTrpa ONVYIIEHbI B  COCYA
(puc. 8). Kamuinisapel coelHHEHbI
TPpYOGKOH ¢ KpanoM, HTo npousoi-
JeT, eCld OTKPHITb Kpau?

19. dokasarp, 4T0o YHOpyTHil He-
BeCOMBIH IIAPUK, OpPOLIEHHLIA B
YyroJl KOMHATBI, BBLIETHT H3 HeEro
10 HanpaBJ/IeHHIO, MapaJljenbHo-
MY TOMY, [0 KOTOpPOMY OH OBl
Opotues.,

Puc. 7¢

Puc. 8
10

28. Moxkasarb, yro npu abeo-
JIOTHOM HYJIe TeMueparypsi TBep-
JOe TENO AOJKHO OhiTh KPHCTAJ-
JIHYECKHM.

21. Ilouemy Bparapio ¢yT60Jb-
HOH KomaHapl Ow/O Obl TPYZHO
BLIOUTL JAJE€KO B I0Jie JAepeBsH-
HE IHap HJAH caabo HapyThld
MaY?

22, Ha H&KJOHHOH TJIOCKOCTH
aexut MoHera. Kak Oyjper nBH-
raTbCd 3TA MOHEra, €CaH eil co-
OoOUTb  T'OPH3OHTAJNbHBIH  UM-
NYJAbC, NapaaieSibHBIH HHUXKHEMY
KParo HaKJOHHOH IMJOCKOCTH?

23. [IBe nepecekamoniygecst mnJo-
CKOCTH PaBHOMEPHO 3apAKEHB! OT-
pULATEIbHBIM 33apanoM. B Heko-
TOPOH TOYKE MEXAY IMJIOCKOCTAMH
HOMellleH PafHOAKTHBHBIH HCTOY-
HUK. HauepTuth npuMepHblii BUJ
TPACKTOPUH JBHXKEHUS TOJOXKH-
TEJBHO M OTPUIATEJIbHO 3ap sgxKeH-
HBIX YACTHL, HCIIYCKAaeMbIX HCTOU-
HUKOM. YTO 3TO 3a KpuBEHIE?

24. Jlpa ILIKHBA COSNUHEHRBI pe-

MEeHHOH nepenaueit,  Bepombiil
IIKKB, Bpalwascb, MOAHWMAaET
rpy3. Ilpu 3toMm coBepinaercd

Hekoropasl pabora. DHeprud, He-
obxonumas JAJS1 COBEPLUEHHA pa-
60TBl, NepenacTcd OT BELYILETo
IIKKBa K BEJJOMOMY uepe3 peMeHb
B BHJIE NOTEHNHAJbHOH 3HEPLHH
yOopyrou jaegopmauuy pactaAHy-
tore pemusa. OAHAKO, KaK BHUJIHO
U3 PUCYHKA 9, pacTsiHyThie 4acTH
peMHH, HeCyiide 3HepPrUio, IBH-

@

Puc. 9



KYTCA HE OT BERYHIEro INKKBA K
BEIOMOMY, a HaoOopor. Kak ke
NIPOHCXOAUT TlepeAada SHEPTHH
OT BEAYIIEro IWKHBa K BEAOMOMY?

25. llouemy ¢ MOCTa Ayunie BHA-
HO pHOY, NJBBYHIYIO B DEKE, yeM
¢ HU3KOro Gepera?

26. Mmerorca B2 OIHHAKOBALIX
Hiea/lbHBIX TpaHCPopMaropa ¢
Kos(ppunuesTtoM TpaHchopManuu
(OTHOILIEHHEM YHCe/ BHUTKOB) K ==
= 1/3. IlepBuunas o6MOTKa Of-

HOTO H3 HUX NOCHEROBATEILHO
CoeIHHENa CO BTOPHYHOH OOMOT-
KOH BTOpOro, a cBOOGOAHBIC KOHIILE
ITHX OOMOTOK BK/IOUYEHH B CeTh
NePEMEHHOr0 TOKAa HANpaXKeHUEM
Ue == 100 B. Bropuunasa o6moT-
Ka IepBOro TpaucopMaropa no-
CJIeIOBATE/IHO COeIUHEHA ¢ Tep-
BUYHOH 0OMOTXOH BTOpOro., On-
penenuts ammauryay U, nepe-
MEHHOTO HallpSIKEeHUA MEXAY CBO-
601HbIMH KOHLAMH 3THX OOMOTOK.

i BCEPOCCHMHUCKASA OJIMMITMARA
(1966 r., Mockea)

27. Tloyemy TOHKas MejaHasn Mpo-
BOJIOKA MJIaBHTCSA B IJIaMeHH raso-
BOA nJHTH, B TO BpPeMsl Kak
TOJICTBI MEJHLIH CTepxKeub Jake
He pacKaJfeTcs JOKpacHa?

28. 3aueM HYXeH MOCTOAHHBIH
MarHuT B Tese()OHHOM HaVIHHHKe?
Kak HYXHO H3MEHHTb CXeMYy Te-
JePpoHHON JIHHHH JJ TOTO, YTOOLI
MOXXHO ObL10 OGOHTHCE (€3 3TOro

MaTHHTAa?
29, Ot yero 3aBUCHUT OKa3aHue
TepMOMEeTPa, [IPUKPENJICHHOT0

CHAPYXKU K CHYTHHKY C ero TeHe-
BOH CTOPOHBI?

30. OObscHHTL, noueMy 4Yeno-
BeK Momer Oexkarb N0 TOHKOMY
Jblly, Ha KOTOPOM HE MOXKeT
CTOSTh, He NPOBaNHBANCH?

31. [lo noBepXxHOCTH CTOJIA RBH-
JKETCI € HNOCTORHHOH CKOPOCTbHIO
yepHas J0OCKa. [lo Jocke JABHXKET-
Cfl KYCOK Me/ia, NYIieHHBIH 110 Hel
TaK, 4TO B Hauya/JbHbii MOMEHT
CKOPOCTh M€Jia OTHOCHUTEJIbHO CTO-
Jla [epHeHIuKYJAapHa CKOPOCTH
Jnocku. Kakok dopMmbl clief ocTa-
BHT MeJI HPH CBOEM ABIIKCHUR?

32, J/IBa cCnyrHHKa JQBHAKYTCA
Ro OfRHOH KpyroBoit opbute Ha
HEKOTOPUM PacCTOsIHKH APYF OT
apyra. - Ha «noroMsiomem» ¢myT-

HUKE HA KOPOTKOE BpeMs BKJ/IIOUa-
10T IBUTaTeNb, COOOUIAIOMIHE CITYT-
HHKY JOTOJHUTEJBHBIH HMIOYJILC
no KacateJbHOH K TPAeKTOPHH,
Berpersated M cnyTHHKH 1ocjie
3TOro?

33. Ha yauue uenwii 1eHb Mo-
POCUT XOJIOAHBIH OCEHHHH JOXKIb.
B KyXxHe pasBecusJHd MHOI'O BH©
crHpanHoro Genpsi. BpicTpee aH
BLICOXHeT Oesbe, eCcJu OTKpPBITh

(OpTOUKY?
34. Kakyio u3 najok Jerue
YASPKHBATh  BEPTHKAJBHO B

paBHoBecu# Ha manbue (puc. 10):
KOPOTKYIO MJIH AJHHHYIO?
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35. Tlouemy Ha Benocunene
MOXHO exarb, HE JepxkKach 3a
pyan?
© 36. Iaa uero K BO3LYIIHOMY
3Mel0 NPUAebIBAIOT XBOCT?

37. Ouenutk BpeMd YIOPYroro
coylapenud Mexiy AByMA OJHHA-
KOBBIMH MeTa/MJIUUYeCKUMU KyOu-
KaMH, CTaJK{BaIUMHCA CBOH-
MH OOKOBBIMH IPaHAMH.

38. Kax u3MeHuTCA OCBEU(EH-
HOCTb H300paXkeH 1A [JIAHeTHI, pPac-
CMaTpHBaeMoOH B Te/iecKon, 00bek-
THUB KOTOPOTO HMeeT auaMetp D =
= 80 MM u (oxkycHOE paccTod-
Hue F = 800 Mm, npu 3aMeHe
OKyJsipa ¢ (POKYCHLIM PacCTOAHN-
eM F;, = 50 MM Ha oryasap ¢ ¢o-
KYCHBIM paccrosinuem [y, = 100 MM
HJIY Ha OKYyJaAp ¢ (OKYCHBIM pac-
crosuiem F; = 2b mm? duamerp
3paykKa rJiasa IPUHATb PABHBIM
Qo = O MM.

39. Mmeercs JaMHaMO-MAaIMHA
C HEe3aBHCHMBIM BO30YKAECHHEM,
Ha dKOpe KOTOpoH HMeEIoTCa JBe
COBEpLICEHHO OJHHAKOBHIX 0GMOT-

KH C compoTuB/eHueM R. Kaxpas
H3 0OMOTOK CoOejyHEHa C OJHHM
H3 ABYX OJUHAKOBBIX KOJIJIEKTO-
poB. OnHy H3 OOMOTOK NOAKJIO-
UYJIH K HCTOYHUKY C HANPSKEeHH-
eM U. Ipyryio oOMOTKY 3aMKHY-
JH HA PE3HCTOP C CONPOTHUBJCHU-
eM r. Kax 3aBucur yrjoBag
CKOPOCTb BpallieHUA AKOpA H
CHJIa TOKAa B KaxJod u3 00-
MOTOK OT 3HAUYEHHH COIPOTHBJE-
HUS P

40. 3akpoIThiii COCYA 3anoJ/Hen
Bojofl mnpu Temneparype 27 °C.
HeMy cTaso Obl PaBHBIM JaBJCHHE
BHYTPH CocyAa, ecau Obl B3aUMO-
JeHCTBHE MEXKAY MOJIEKYJaMd BO-
bl BHE3aIHO HCUE3JI0?

41, Touka nojBeca MaTeMmaTH-
YecKOro MasiTHHKa IJNHHBI L co-
BepLlaeT TIOPH3OHTAJbHBIE KOJje-
GaHusl; OIPU ITOM €e KOOPAUHATA X
MEHAETCS CO BpeMeHeM [ IO
3aKOHY X = a ¢os of. Cunras Ko-
JeGaHdd MaJ/IbIMH, HAUTH aMIJIH-
TYAY U a3y BBIHYKAEHHBIX KoJe-
GaHHi MaATHHKA.

| BCECOKO3HAS ONMMITHARA
(1967 r., Mocksa)

42, (8 k1.) B uuauHApHYECKH
CTakaH HaauBawoT Boay. llpu ka-
KOM YpOBHE BOABl [EHTP TSXKe-
CTH CTakaHa C BOJOH 3aHuMaer
HAHHU3ILee I0/IOXKEHHEe?

43. (8 &a.) Kaxk onperenantb
HalpaBjieHue BpauleHus JBura-
TEJASA JEKTPHUYECKOH KO(DEMOJIKH,
€CJId KOpNyC KO(EeMOJIKH HeNnpo-
3paueH?

44. (8 ®a.) 3akpuHTHIl  He-
NIPO3PAYHBIA AIMK COACPIKUT BHYT-
PH 3JEKTPUUECKVIO  Uelb, CO-
CTOSIYIO JIMIUL U3 Pe3UCTOPOB.
Ot Tpex ToueK 3TOH 1eny UMelTcs
BHBOAH /, 2 U 3 CHapyXU dIUKa.
OmMMeTp, npUCOENHHEHHBIH K BhI-

12

BozaMm I u 2, nokassiBaer 3 Owm,
NIpUCOEAHHEHHBIH K BhIBOAAM 2 H
3-—5 OM, K BeiBoaM — I H
3 — 6 Owm. HapucoBarb, kakue
Hen# ¢ HaHMEHBUIHM BO3MOXKHBIM
YICJ/IOM PEe3UCTOPOB MOTYT Haxo-
JUTbCH BHYTPH SILHKA.

45, (8 kn.) Hdna kaxmoit us
Tpex CXeM BKJIIOYeHHd peoctata R
(puc. 11) napucoBare rpaduku
3aBUCHMOCTH OOLIEro CONnpoTHUBJE-
HUA R, UeNH OT CONPOTUBJCHHUSA 7

‘eBOH (IO PHCYHKY) 4acTH peo-

crata (10 JBHXKKa).
46. (9 xu.) Llenouka us oxuHa-

. KOBBIX KOPOTKHX MPYXHHOK XKe-
CTKOCTBI0O B H Maccoil m Kax-
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Pue. 11

Jlasi TOJBEILEHa 3a OJHH KOHEIl.
Ha ckonbko pacramercsi ata 1ue-
nouka? PacrsiXkeHueM InpyXHHKH
3a CYeT ACHCTBYIOIIEH HA Hee CHJIHI
TSKECTH TipeHeOpeub.

47. (9 kK1.) B kakom ciayuae
nyJas, npobuBaromas JBe KopoG-
KH, B ONHOH H3 KOTOPHIX Haxo-
JUTCST M€JI, & B Apyroi — Boxa,
ITPOJIETHT JaJbllie: ec/iH OHa BHa-
yaJjie MOoNajaeT B KOPoOKy ¢ Me-
JIOM HJIM €CJIM BHayaJjie OHa IoMNa-
JaeT B KOpoOGKY C BOJOi?

48. (9 k) Be oxHHAKOBBIE
TaHTEJIbKH JIETSAT HaBCTPEUy JAPYT
apyry (puc. 12), Kak onu 6yayr
JBHIaThCH TII0CJE CTOJIKHOBEHHSA?
CuntaTh, YTO PasMephl LIAPHKOB,
YKpPENVIEHHbIX Ha KOHHAX raHTe-
JIEK, MaJbl TI0 CPaBHEHHI0 ¢ pas-
MepaMu raHresek. CTOJKHOBEHHU S
IIapHKOB alCOJIIOTHO YNPYTH.

49. (9 k1) Ha noxacraske ne-
AKUT TEJO Maccou m, HOoJBEHIeH-
HOEe Ha MPYXKHHE KECTKOCThIO R
(puc. 13). B HauanpHbI MOMeHT
NpyxKuHa He pactsaHyTa. [loxcras-
Ky Ha4HHAaWT OIYCKAaThb BHU3 C
ycKopeHHeMm a. Yepes Kakoe Bpe-
Mf IIOACTaBKa OTOPBETCA OT Tena?
Kakum Oyzer MakcuMma/bHOe pac-
TSXKEHHE TPYKUHBL?

Puc. 13

Puc. 12

'50. (9 xn.) I'paduk saBHCHMO-
¢t ofbeMa Tesa OT TEMIEPATYpPh
g uurepsane or 0 °C no temnepa-
TYypHl f; npeipcraBiser coGoi mna-
paoay, Tepexoisllyo nmpH (=t
B NpSMYyl0, He ABJSIOMIYIOCSH Ka-
caresqbHON K Tapa6one (puc. 14).

Kaxk 3aBuCHT KO3(ppHIHEHT TEN-
JIOBOTO PACIIMPEHU S 3TOTO T€NA OT
reMnepatypel npu ¢ <4 H
t>4? |

Yr1o MOXKHO CKa3aTb O KOo3QdH-
HMEHTE pacCHIHPEeHus paccMaTpH-
BaeMOro Tesaa npu f = §?

51. (9 kn.) Kak 3aBHCHT TemJo-
Ta HCTapeHHs XKHAKOCTH H KO-
(HIUEHT TIOBEPXHOCTHOIO HaTs-

"

|

}

|

|
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Puc. 14



Puc, 16

XeHHAl oT Temnepatypei? Ortger
06GOCHYHTE TEOPETHUECKH.

52. (10 xa.) Kax 6yser MEHATH-
Cf1 TOK B LIENH coteHonAa (puc. 15),
€CJIM  COJIEHOHA ObICTPO pacnps-
MUTD, TIOTSAHYB 3a KOHUBI MPOBO-
JIOKH?

83. (10 ka.) Hoxasarb, yto na-

Pajlie/IbHBI  IYYOK CBETOBLIX JIV-

ueff, KOTOpLIA NajgaeT Ha ONHOPOX-
HBId CTEK/ISIHHBIA [map, HE MOXKeT
BBIATH U3 ITOTO LIapa NapaJtienb-
HBIM.

54. (10 ka.) B cepenune mio-
CKOTO KOHJEHcaTopa, 3apfKeH-
Horo jpo Hanpsixenus U, Haxo-
JHTCA MajIeHbKHH MeTasiMYecKuil
LapuK pajguyca r. Kako# 3apsj
NOSIBUTCSl Ha HIapUKe, €CJIH €ero
COENIMHUTD TPOBOAHUKOM C OAHOH
u3 IacTHH? Ilepepacnpezenenu-
eM 3apfja BAOJb NJIaCTHH KOH-
JileHcaropa foJi BO3AEHCTBHEM HIa-
pHKa HnpeHedpeysb.

55. (10 ka.) Kaxyio Haun6oJib-
YO Pa3sHOCTb MNOTEHLHAJOB BEl
cMoTsH Obl IONYYHTH, UMes Oara-
peitky ¢ DAC, paBuo#i &, U ABa
OAMHAKOBHIX KoHjeHcatopa  06e3
YTeYKH?

56. (10 1) B mexannyeckoH
cucreme, uszobpaxkeHHOH Ha pH-
cyHKe 16, 6pycok Mmaccoit M mo-
XeT CKOJb3UTh 10 penbcam 0e3
TpeHHsl. B HavaabubIi MOMEHT
NOJBeIUEHHBI HAa HUTH TPy3 OT-
BOASAT Ha YroJx ¢ OT BEPTHKANH H
otTnyckator. KakoBa macca m 3ro-
ro Ipysa, ecj yroJa, ob6pasyeMblil
HUTBHH C BepTHKanblo, HE MEHAET-
CA MPH ABHKEHHH CHCTEMEI?

it BCECOIKO3HAA OJIMMIUAA
(1968 r., Epesan)

NEPBLIA TYP

57. (8 ka1.) B BeprukasbHo pac-
MOJIOKEHHHH  IUJIHHAPHYECKH
cocyq, IVIOWanb aHa KoToporo S,
HaJINTa XKuJKOCTh € IVIOTHOCTBIO P.
Ha cko/lbKO H3MEHMTCA YpOBEHD
HKHIKOCTH B COCYHE, €CAH B HEro
ONYCTHTb TENO Maccod m Mpou3-
BOJILHON GOpPMDBI, HMElolllee BHYT-
PH HEOZHOPOXHOCTH W NYCTOTHI H
HeToHyILee?
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58. (8 ka1.) B kanopumerp Ha-
JUTh my = 0,5 KT BojABI IIpH TeM-
neparype £, = +15°C. B Bony
ONYyCKAalOT KYCOK JbJa C Maccom
my = 0,0 Kr, umeroumiufi Temne-
parypy ¢, = —10 °C. Haiiru rem-

' IIepaTypy CMECH TOC/e YCTaHOB-

JICHUSl TelJIOBOTO PaBHOBECHS.

YienpHasa TeIVIOGMKOCTh BOJHL
6 ~ 4,2-10° Ox/(kr-K), ynenan-
Has TemJOeMKOCTh JIbJd Cy &
~ 2,1-10% Ox/(xr-K), yzenpuas



TeImJoTa TNABJAGHHA Jbla A A
~ 3,3-10° Ox/kr.

59. (8 xa.) Ha rnasnoi onru-
yeckol ocH colnpawmeil JAHH3LI
HaxXOAHTCA CBeTALlafACA TOUKA Ha

paccrosuud d >2F (tae F —

OKyCHOE  pacCTosiHye JIMH3EI).
JIni3y paspesasm Ha jBe MNoJo-
BUHKH H PasiBUHYJIH HX Ha He-
KOTOPO€ paccToAHHe, Kak IOKa-
saHo Ha pucyuke 17. Kak Oyner
BLITJIAAETb n300paxeHHe cBeTd-
nefcs TOUKH?

60. (8 xn.) CoGpana 3neKTpH-
yeckas uelb IO cXeme, NPUBEAEH-
Holi Ha pucyuke 18. Boabrmerp,
BK/IIOUEHHbIH NapasieabHO Pe3Hc-
TOPY r; COIPOTHBJIEHHEM I =
= 0,4 Owm, moKaswBaer U; =
= 34,8 B. Hanpsxenue nHa 3a-
JKMMaX HCTOYHHKa TOKa IOAjep-
KMBAeTCsl NOCTOAHHBIM H PaBHBIM
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Puc, 18

100 B. Hafirtu orHOHmIEHHE CHJIH
TOKa, HAYIIETO Yepe3 BOJbIMETP,
K CH/ie TOKa, HEVIGEMY 10 Pe3H-
CTOPY Iy ¢ COBPOTHBVIEHHEM 7g =
= 0,6 Om.

61. (8 xa.) Ilouemy B Mapre
IPONOJDKHTENNLHOCTD AHA MEHser-
csi GECTpee, WeM B fAexadpe?

62. (8 xa.) [lokasaTb, 4TO B
n3oTepMuyecKo#t atmocdepe Moxb
eMHasi CHJa a3pocTara ¢ JacTH4-
HO# O0O0JOYKOM He 3aBHCHT OT
BHICOTHI ITOJ'b€Ma a’spocraTa IpH
no0oM 3aKOHe K3MEHenHa AapJje-
HHSI C BHICOTOH.

63. (9 kx.) Yenopex GexuUT 1O
6eCKOHEeuHOoH JEHTe, HajaeTod Ha
JiBa TOPH30OHTANLHBIX POJINKE, Tpe-
HUE B OCAX KOTODHIX OTCYTCTBYET
(puc. 19).

[lo 3akKomy COXpPaHeHHS HM-
NyJbCa HEHTP Macc CHCTEMBL «ue-
JIOBEK —~ JIEHT2» OCTaercd Heus-
MEHHLIM. A TaK KakK TIOJIOXKEeHHE
HEHTpa Macc JBHKYLIEHCS JIEHTHI
HE H3MEHSeTCs, TO H IOJIOKEHHE
[IEHTPa MacChi YEJIOBEK2 TaKKe
JI0/BKHO OCTaTHCA HEH3MEHHBIM OT-
HOCHTEJIBHO 3eMJIH.

OpHako OHLIT HOKa3hiBaer, 4TO
yesoBeK Moxer cOexaTh C JCHTHIL.
OO6bsCHUTE TOT DaKT.

64. (9 xa.) Kaxyw cuay F
JO/IKEH TIPHJIOKHTD UEAOBEK Mac-
coii m, uroOH CABHHYTH C MECTa
sk maccoit M? KosbdunuenTh
TPEHHA O TION 4esioBeKa M AMHKa
ONMHAKOBLI ¥ paBubl p. CuuTarh
M >m.

Puc. 19



65. (9—10 xn.) U3 aByx oam-
HAaKOBLIX KYCKOB CTalbHOH mpo-
BOJIOKH CBHJIM JiBe IIpYXHHLI. [lna-
MeTp BHTKOB OfHO#i M3 HHUX d,
apyroit — 2d. Ilepsas npyxuHa
noj JACHCTBHEM TIpy3a pacTAHY-
Jack Ha 1/10 cBoefi gmuub. Ha
KaKyl 4acThb CBOEH JAJMHBI pac-
TAHETCS TOJ JEHCTBHEM TOIO Ke
Tpy3a Bropas NpyxKuHar

66. (9—10 xn.) B Goabiiof
KacTproJie C KHIII4eHOH BOJOH
nJaBaeT MaJieHbKasi KacCTprJisl ¢
CHIpo#i Bomo#i. Boabinylo Kactpro-
JII0 CTaBAT Ha muTy. [lpn 3TOM
BOJila B MaJ/JIeHbKOH KacTploJie 3a-
KHIIaeT paHbIe, 4eM B OOJIBLIIOH.
OOBbsCHUTE ITOT OIBIT.

67. (10 xa.) Hanpsaxennocrs
JEKTPHUECKOTO TI0JS1 B 3JEKTPO-
MargsHTHOH BOJIHE HYacTOThl @ ==
= 2. 10 ¢, Mo y/IUPOBAHHOH MO
aMIUIATyJle € vacroToili R =
= 2. 10" ¢~ 1, Mensiercs co BpeMe-
HeM 10 3akoHy £ =a(l+4
~+ cos Qf) cos of (rme a — 1o-
crosHHas). OnpenejsutTb SHEPTHIO
3JIEKTPOHOB, BHIOMBaeMbIX 3TOMH
BOJIHOH H3 aTOMOB rasoo0pasHoro
BOJIOpOJia C SHEprued HOHH3amHH
Wi = 13,5 3B. ArtoM norJouiaer

MOHOXPOMATHUECKHH CBET IIOp-
UMAMH {KBaHTaMH), HEPTHA KO-
TOPEIX Aw (rme A = 1,05- 10734

Jk- ¢ — mocrosinas Ilaanka).

68. (10 ka.) Ha paccrosinuu R
OT HEHTpPa HE3apsXKEeHHOTO MeTall-
JIUYECKOro HIapa HaXOAuTCsi TO-
weuHblit 3apsay ¢. Onpenenute no-
TeHLHaJA 1apa.

69. (10 ka.) UssectHo, uto Hc-
KYCCTBEHHHIH CHYTHHK  3eMJH
MOXKHO 3aNyCTHTh TakK, 4YTOOBI OH
HENOABHKHO BHCEJ Haj ONHHUM H
TEM 3Ke reorpaduuecKHM ITYHKTOM
3emau. MoxHO /M 3anyCTHTH
CIYTHHK rak, 4To06nl OH Kasa-
JICSI HETMOJBHKHEIM OTHOCHTEJIBHO
3Be3n?

‘16

BTOPOWH 1YP

70. (8 kn1.) Kak Moxuo ompe-
JeTHTh IJIOTHOCTh KaMHSA Hempa-
BHAbHOH  QopMu? Omnpepenure
IVIOTHOCTb KaMHf,

[Ipuboper u marmepuanet: JUaHa-
MOMETp, KaMeHb, COCYABI C BOJOH.

71. (8 ki) Kak mnpu orcyrer-
BHH BECOB ONPBIENHTh IJIOTHOCTh
KHJKOCTH, HMesi MEpHBIl [H-
JHHAP, MacCa KOTOPOI'0o H3BECTHA?

Ilpubopsr u mamepuanor: Mep-
HbIi HHJMHJP H3BECTHO#l MacCHI,
HecaenyeMas KHAKOCTh, COCYJl C
BOJIOH.

72. (8 ki) [ann amnepmerp,
BOJIbTMETD, HMCTOYHHK THTaHH,
pE3UCTOp C HEU3BECTHLIM CONpO-
THBJEHHEM H  COENHHHTEJbHBIE
npososa. Kak usmeputs conpo-
THB/I€HHE Pe3uCTopa ¢ Hau6O/Ib-
mel TouhocThio? Creaaire 3To.

73. (8 kn.) CpaBHure TenJyo-
TIPOBOJHOCTH JIBYX IPOBOJIOK OJiM-
HaKOBOTO pasMepa, COCTOSIIMX H3
pPa3HbIX MaTepuasos.

Obopyodosarue: nBa KycKa IIpo-
BOJIOKH OJHHAaKOBOI'O pasMmepa H3

pPasHBIX MaTepHasoB, JHHEHKa H
cBeua.
74. (8 xn.) Paccyuraiite u

M3roToBbTE H3 raseTHoH Oymarn
NOABEMHBIH 1iap, HaMoJIHAEMBIH
rOpsAiYdM BO3AYXOM (iIap MOKer
uMeThb J6yto dopmy). [TrotHoers
aTMOC(PEpHOTO BO3AYXa Py =
= 1,3 kr/mM®, mAOTHOCTB ropsiue-
ro Boznyxa p; = 1,0 kr/m®. Ka-
KOBB! JIOJIZKHEI OBITH pasMepel H3-
rOoTaBJUBaEMOrQ iapa?

75. (9 kja). Ha nosepxuoctH
BOJIBI HAXOAUTCA B IIOKOE JIOJKa.
UenoBeK, HaxoAAIIHICA B HeH,

' IIepexoAuT ¢ KopMel Ha Hoc, Kak

OyneT ABUTAaTbLCA JIOJAKA, €CJH CH-

Jla COIPOTHUBJICHHS  JBHXKEHHIO
NpONOPIHOHAJEHA CKOpOCTH
JIOJIKH?



76. (9 xa.) Tor, K10 Habmonan
JOAKY, BEAYINYIO Ha GykcHpe Apy-
I'yI0 TaKyi0 e, MOT 3aMeTuTh,
yTo OYKCHPHBIfi Kapar HaraHyT
He Bce BpeMA. [louemy? Kak me-
HARTCS HAaTSIKEHHE KaHaTta npH
OYKCHPOBaHMU JIOfKH. MoIIHOCTD
OyKCHDa TIOCTOSIHHA.

77. (9Ka1.) B aomnnom upaupipe
¢ TEIJIOHM3O0JIHPOBAHHBLINE  CTEH-
Kamu Haxomutcs ras. Cocyp 3a-
KPHIT TEMN/IOH30/IMPOBaHHLIM HOP-
mHeM. [lopmHio MrHOBeHHO coO-
OOWHJ/IN TNOCTOAHHYID CKOPOCTh.
Kak HM3MEHHTCH TeMmnepaTypa ra-
3a? Kak 3aBHCHT H3MEHEHHe TeM-
IepaTyphl £a3a OT CKOPOCTH MOPIL-
HA?

78. (9—10 kn.) [ipa penbguua
JBHXKYTCS HaBCTPeuy APYr IpPy-
ry. OnMH H3 HHX H3JaeT 3BYKO-
Bhle HMNVJBCHI C YacTOTOH cJe-
JoBanus v. C Kako#l uactoTon vi
NPUXOJAAT 3TH HMIYJbLCHI K JPY-
TOMYy JeJb}uHY, €CAH CKOPOCTh
JENbPUHOB  OTHOCHTEJNBHO BOJALI
paBua v? CKOPOCTh 3ByKa B BOJE C.

79. (10 xa.) Ecnw cMoTperb Ha
Kanu/LAApHYI0 TpyOKYy, BHEIIHHH

paguyc Kotopo#i R, c6oky, TO BH-
JMMBIH BHYTPEHHUH paguyc Ka-
nuanapa paseH r. KakoB HCTHH-
HHHA  BHYTPEHHHH  paguyc 7,
Kanuiansapa? [lokasatenp npesom-
JIEHH Al CTEKJIa PaBeH A.

80. (10 kn.) B BbICOKHH 1iH-
JHHJIPHUECKH#  COCYA  HaJ/uTa
AKUAKOCTL. Ha noBepXHOCTH Xuj-
KOCTH JIEKHT MOPilieHb, HE MPOBO-
namuit rennorel. CTeHKH cocyja
TEMJIOU30JHPOBAHKl, & Yepe3 JHO
COCYAa K XKHJAKOCTH MOABOAMUTCS
TETJI0Ta, NPUYEM KOJIHYECTBO Tel-
JIOThI, TIOJIBOJUMOE B €JIHHUILY Bpe-
MEeHH, TIOCTOsIHHO. Kak 3aBHCHT
BBICOTA MOJABEMa ITOPILHA OT Bpe-
MEHH, €CJM TelvioTa NOJABOJHMTCS
JOCTaTOYHO MeJJICHHO?

81. (10 kn.). B Kakywo cTOpoHy
OTKJOHHTCS 3apsKeHHasl 4acTH-
1A, npoJeramomas Ha GOJIbILIOM
pacCTOsIHUKM OT JunoJsa (naphH pas-
HOHMEHHbIX 3apsiioB +q¢ H —¢,
PacnoJIoXKeHHBIX Ha O/lH3KOM pac-
crosiHun fpyr or japyra)? Cko-
POCTb YaCTHLKI IEPBOHAYaIbLHO Ma-
paJJjejbHa JAUNOMI (YroJd OTKJIO-
HeHUs1 MaJl).

it BCECOIO3HAA OJIMMIMKMA LA
(1969 r., Anma-ATta)

TECPETUMUECKUHA TYP

BapmaHTt 1

82. (8 kn1.) B rupasune, co-
CTOSILEH W3 COJBILIOTO YHC/a OfH-
HAKOBbIX JIaMIIOUEK, KaxJas H3
KOTOPHIX paccudraHa Ha Hanps-
Keune 12 B, mneperopena oJHa
H3 HHX. 3aMeHsis MeperopeBlIyio
JaMINo4Ky, YYEHHK -3aMETHJI, 4TO,
eC/M BMECTO Hee BKJIIOYUTH JIaM-
IIOYKY, pacCuuTaHHy® Ha Hanps-
xeuue 6,3 B, sta Jjammnodka He

neperopaer. LEciau Ke BKIIOYHTH
JaMTIOYKy, PacCuMTaHHYIO Ha Te
xe 12 B, ona meperopaer. Kak
9TO MOXKHO OOBSCHUTL? =

83. (8 ku.). B Tpex muauHIpH-
YeCKHX CooOIanmuxcs cocynax,
OCH KOTOPHIX HAXOAATCS Ha OJH-
HaKOBLIX DPacCTOSIHHAX @ JpYT OT
apyra (puc. 20), umeercs Boaa.
Bo Bcex nu/MHAPAX NMOBEPXHOCTH
BOJIbl TPHKPHITA NOPIIHAMH ORH-
HAKOBO#1 TOJILIMHEL, H3TrOTOBJEH-

_ HBIMH H3 OJHOTO H TOro Ke Mare-

- 17
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Puc. 20

puata. K nopmuaMm npHKpereHa
Ha BePTHKAMbHBIX  CTEPHKHAX
OYeHb JIerKas MaJjgka. B kako#
€€ TOUKE HYKHO NPHKPENUTE TPY3,
uyroObl PaBHOBECHE He HapyLIH-
JIOCh U TI0JI0KEHHE MaJKH HE H3-
MEHHJIOCh. JIHaMeTphl COCYJI0B YKa-
3aHH Ha PHCYHKE.

84. (8 k1) Teno, umerouee
mMaccy M = 2 Kr u obpem V =
= 107 M°, Haxopurcs B o3epe
Ha rayouHe hy = 5 M. Kakas pa-
6ota Jo/xkHa ObITb COBepllIeHa
IIpU €ro NOAbeMe Ha BhicoTy H =
== 5 M HaJl IOBEPXHOCTbIO BOJBI?
PaBHa /M coBepitieHHAsl IPH 3TOM
pabora H3MEHEHHID TIOTEeHHHAaJb-
HOH 3HEpruu Ttejar

85. (8 ka1.) Omrruueckas cHcTe-
Ma JlaeT JEHCTBHTENbHOE H300pa-
keHHe mpenmera. MoxHO  JH
HaHTH TaKoe TIOJIOKEHHE pPacCeH-
Baroulell JIMH3bI C (POKYCHBIM pac-
crosinveM | M, IIPU KOTOpPOM H30-
OpaxeHue ocTaHeTcs AeHCTBHTENb-
HbIM U CTaHeT B TPH pasa GoJibine?
3ajlauy penTbh NOCTPOEHHEM.

86. (9 kn.) Byrmaky ¢ Jaumo-
HAJIOM CHJIBHO BCTPAXUBAIOT, NPH
3TOM 00pasyercs. MHOTO NY3bLIPb-
KOB pasHoro auamerpa. [louemy
yepe3 HEKOTOpoe BpeMms focJe
TOro, Kak OYTHIKY IOCTaBHJIH Ha
CTOJ, ¥ NOBEPXHOCTH KpYIHbIE

18

NY3BIPBKH Hax
MEJIKMMHU ?

87. (9 kn.) Ha#itu Aabienue B
HEHTpE KaAOH NJJaHeTHl pajpuyca
R, ecsii XKHIKOCTb HECKHUMAEMa H
HMeeT IJIOTHOCTh p. OO6beM HIapa

paguyca R BBHIUMC/IfIETCS TO ¢OP-
Myqae V = %nR?

pacnoJaratorcs

88. (9 kn1.) Hmeercs BHKJIOYA-
TEJb H JBE 3JEKTPUUECKHE JIaM-
IIOYKH, Ha HOKOJE OJHOH H3 KO-
TOPLIX Hamucano 75 Br, 220 B,
a Ha uokonae japyroit — 15 Br,
220 B. CocraBHTb 3JE€KTPUUECK VIO
CXeMy, VIOBJACTBOPSILYIO CJe-
AYIOINMM YCJOBHSIM: KOLAA Bb-
KJIouaTeslb HaXOAHTCA B 10JO-
JKeHUH (BKJ/IOUEHO», TOPUT TOJBKO
Jdavrna 75 Br, ecau xke ero mepe-
BECTH B TIOJIOKEHHE «BBIKJIIOUEHO,
TO 3Ta JlaMAa racHeT, HO 3aro-
paercs Jamrna MomHocrbio 15 Br.
HapucoBaTb cxXeMy H OOBACHHTD
NpHHUMN ee paboTH.

89. (9—10 xu). [Isa 1uapukxa
NOABEUIEHH PAJOM Ha HUTNX pab-
HOH JJIuHBL ( puc. 21). JleBmit mo
PHCYHKY ILApHK OTKJOHHJIM Ha
yron o u ornyctuau. Ilocae co-
yAapeHHns 1IapoB JeBblH OCTaHa-
BJIHBAETCHA, & IIPaBbiil OTKJOHAET-
ca Ha yroa PB. Ha kakoii yroa
OTKJIOHUTCSl JIEBHIH HIap 1ocie




BTOpOTO COyAapenun? Caurarb, 4TO
MpU KaXJIOM COYAAapEHHH Iepe-
XOJHUT B TEIVIO OJHA H Ta Ke J0JIf
NOTEHIMAJNBHON 3HEPIHH Jaedop-
MaliMy I11apoB.

90. (9—10 kn.) Ha rennucHsifi
MsiM ¢ BRICOTH | M majaer Kuprnudg
U nioacKakupaer nnoytH Ha 1 M. Ha
KaKy0 BbICOTY NOACKAKHBAET Msiu?

91. (10 kua.) das warpeBanus
1 kr »emsBecTHoTO rasa Ha 1 K
IpH TNOCTOSAHHOM [ABJEHHH Tpe-
Gyerca 912 JIx, a Anas HarpeBa-
HMS TIpDH IIOCTOSIHHOM o00beMe —
649 Hx. Yro 310 3a ras?

92. (10 xu.) SKopsa ABYX oau-
HaKOBBIX 3J/IEKTPOJBUTATENEH IO~
CTOSTHHOTO TOKa COOCHBI H JKECTKO
COENMHEHBI APYT ¢ ApyroMm. K ob-
MOTKaM SIKOPeH NMOAKJIOUeHb! oJH-
HaKOBhLIE HCTOUHHKH Toka ¢ 2C,
paBuoil &. Ilpm 3TOM yrioBas
CKOpPOCTb BpallleHUs sIKOped TpH
paGore asurareneil 6e3 Harpy3KH
6nlia paBHa p. Ecau JBHTraTesu
NOJHOCTBIO 3aTOPMO3UTD, TO CHJIA
TOKa B SIKOPSIX OKashiBaercs pas-
"o I,

Oaun M3  HCTOYHHKOB nepe-
K/IIOUH/IM TaK, 4YTO Bpallaloiliie
MOMEHTBI JBUTaTeJed CTa/H Npo-
THBOTOJOXHbIME. Kakoii Bpatiia-
IOLEUH MOMEHT HYXHO NPHJIOKHTH
K COeIHHEHHBIM HKOpSM, [/
TOTO 4TOObLI OHH BpalIaNHuCh C 3a-
JaHHOH YIVIOBOH CKOPOCTLIO @7
Tpeune B gBurarensix npeseépe-
JKHMO MaJjlo, MarHHTHOE TIOJE CTa-
TOpa CO3Aaercf NMOCTOAHHBLIM Mar-
HHTOM.

93. (10 kn.) Ha kpbitke 3a-
KpBLITOTO SIiMKa BHICOTOH A==1 M
uMeeTcsl Kpyrjoe orepcrie. Kaxk
H3MEHHTCS OCBEHIeHHOCTb AHA IOJ
OTBEPCTHEM, €CJH B OTBEpPCTHE
BCTaBHTH JUH3Y B | anrp? Hmuk
CTOHUT MOA OTKpPHITEIM HeGom, 3a-
TAHYTBIM DPaBHOMEPHOH NJIEHKOH
00/1aKO0B.

Bapuanr 2

94. (8 ka.) Hmeercs BuIKIO-
yaTesb, JABE 3JIEKTPHYECKHE JlaM-
NIOYKH, Ha LOKOJAX KOTOPBIX Ha-
nmucano 75 Br, 220 B u 15 Br,
220 B, u poserka cerd moj Ha-
npsixkeniem 220 B. CocraButhb
1eNb, YAOBJETBOPSIOILYIO CJle-
AVIOOIUM YCJIOBHSAM: KOTJA  Bbi-
KJA04aTe/lb HAaXOAHTCS B  10JIO-
XKEHHH «BKJIOYEHO», TOPUT TOJBKO
JaMmra MomHocrelo 75 Br, a
€cJIM ero NEePEeBECTH B MNOJOXKEHHE
«BBIKJIIOYEHO®, TO 3Ta Jamia rac-
HeT, HO 3aropaercs Jamia MOII-
Hocrelo 15 Br. Haueprutb cxemy
genud H oObsICHHTbL ee paboTy.

95. (8 kua.) [louemy MOKpYIO
OyMaxHYI0 BEpPEBKY pa3opBaTh
Jlerye, 4eM Cyxym?

96. (8 ka.) Onrtyueckass CH-
creMa Jaer JEeHCTBUTEJbHOE H30-
Opaxenune npeavera. I'ae Hago
IOCTaBHTDb JIHH3Y ¢ POKYyCHBIM pac-
crossuueM 25 cM, uToGel H300pa-
KeHHEe CTaJ0 MHHMBIM H YBeIH-
YeHHBIM B 4eTbipe pasa? 3apauy
PElIHTh NOCTPOEHHEM.

97. (8 xa.) B cocyne ¢ Bojofi
IJ1IaBaeT MeTaslIH4ecKass KacTpio-
Jis, B KOTOPYIO HAJIHTO HEKOTOpOe
KOJIHYECTBO BOJmI. (CrepxkeHb, 3a-
KpEIJIEHHBbIH Tak, KakK MOKa3aHO
Ha PUCYHKe 22, KacaeTcs moBepx-

WL/ 7144714011 1 74

Puc, 22
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HOCTH BOAM B Kacrpionie. B cocyn
HAaYMHaT [JOCTaTOUHO Mes/1eHHO
HaJguBaThb Bony. Kax 3aBucur
pacCcTOSIHHE MEXIy JHOM KacTplo-
JM U ypOBHeM BOAH B COCyne OT
KOJIMYecTBa Hamutoi Boawpl? Ha-
YepTHTb TpaUK 3TOM 3aBHCHMO-
CTH.

98. (9 ki1.) TpexkomecHblil Be-
Jocunen 6e3 TopMosa, HERANH KO-
TOPOro COEANHEHB! C 3aJIHUM KOJe-
COM Iienblo, CTOMT Ha POBHOM
nojay. B Kakylo CTOpOHY CJBH-
HETCA BEJIOCHNE], €CJIU, [pHBA-
3aB K HHKHEH nejasu BepeBKY,
NOTSIHYTh 3a Hee Bmepej? O6nsc-
HHTDL TIOUEMY.

99. (9 ka1.) Ha ropusonTaJbHOH
IJIOCKOCTH HaXOmATCA JBe OfHHa-
KOBbIE TOHKOCTEHHBIE TPYOBI Mac-
COH m KaxJad, OCH HX mapan-
JenbHbl. BHavane omHa u3 Tpy6
IIOKOHTCA, a Bropas KaTHTcs 6es
NpOCKaJ/Jb3blBAaHHS MO HaMNpaBbJie-
HHIO K TIEPBOH JO CTOJIKHOBEHHSA.
CkopocTh HOCTYINATE/JbHOTO JBH-

xKeHus Tpy6Hl paBHa v. Kak 3aBu-
CAT OT BPEMEHH MNOCTyNare/bHbIe
1 YIJIOBble CKOPOCTH BpalleHHus
Tpy6? Koshdunuentr  Tpenus
CKOJIbKeHH s TpyO O rOpU30HTANb-
HYI0O TIIOBEPXHOCTh {4, TPEeHHEM
MeXHy Tpyb6aMH IpH CTOJKHO-
BeHHH MpeHeOpeus. CrOJKHOBEHHE
cyutarhb abco/oTHo ynpyrum. Ha-
pucyiite rpaguk. Paauyc Tpy6
paBeH R

100. (9 xn.) TopusonranbHmii
crepxxenb OA anuubl [ Bpaimaercs
BOKpYI' BepTHKaneHoH ocu O
(puc. 23). Ha koHue crepxus Ha-
caxeHno kojeco pamuyca r. Ocb
KoJleca TOpH3OHTaJbHA M COCTaB-
JAerT yrosl & co crepxueM OA.
KoJsieco Bpamaerca Ha ocu 0es
TpeHud H Karurca no semne. Tpe-

HHE MeXKAY KOJECOM H TNOYBOH

Gonpuioe. CKo/bKO 0GOPOTOB cjie-
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Puc. 23

Jaer KoJeco K TOMY MOMEHTY,
KOTZIa CTepXKEeHb CHeJAaeT ONuH
obopoT?

101. (9 k1) KocmMoHaBT Haxo-
JUTCSI HA HEKOTOPOM PacCTOSIHHH
OT KOCMHYECKOro Kopab/sd, umes
¢ cobo#l /BA OAHUHAKOBBIX OJHO-
3apsiAHbIX nHcTosetra. KoCcMOHaBT
MOXKET CTPENATh OJHOBPEMEHHO H3
06OHX THCTOJIETOB HJH 10 ovepe-
ni. Kak jgoskeH OH IOCTYIHTD,
4yToObl OHICTPEE BEPHYTHCH  Ha
Kopalap?

102, (9—10 kn.) Taxkenasn ua-
ctuna Maccod M crajiKHBaercs
C TIOKOSILEHCA JIETKOH 4YaCTHHEH
maccon m. Ha kako#fi maxkcu-
MaJlbHbIA YIOJ MOXKET OTKJOHHTh-
cA TAMEJAd YacTHia IpH Yyaape?

103. (10 xn.) B xon0iH/BHHK
yepe3 CTEHKH TNpPOHHKaeT B 1 u
KOJIHYECTBO Temaothl @ = 7,6 X
x 10® J1x. Temnepatrypa BHYTpH
XoJouabHuKa £ = +5°C, a B
KoMHare ¢, = +20°C. Kakyw
MHHHMAaJ/JbHYI0 MOILHOCTH  JIOJI-
XKeH TOTPeOJATE  XOJOAUJIBHHK
orT cetu?

104. (10 k1.) HMmetores uerwipe
TOHKHE TIPOBOJIOYHEIE CTIHPaJH,
KaxJas M3 KOTOPHIX paccuHTaHa
Ha MouHOCTh He Gojee 2 Bt. Co-
npotuBaeHua cnupanei 10, 20,
30 u 40 Om. Kak u3 atux cnupa-
JeH COCTaBHTh HarpeBare/b, B
KoTopoM ucTounuk ¢ D4C §=20 B
H BHYTPEHHUM CONPOTHBJIEHHEM
r = 25 OM GyxeT pasBHBAThL HaH-:
60MIBIIYI0 MOUIHOCTE?



105. (10 ki) OO6bekTup paer
B (OKAMBLHOH NJOCKOCTH JeHCT-
BATENEHOEe H3006paxenue CoJsnna.
MoxHO JM HafiTu Takoe mnoJo-
JKEHHE  pacCeuBaIOUICH  JIMH3HI,
HMero1eH ONTHYECKYIO ¢Uay 1 arrp,
npH KotopoM H3oGpaxkenue CoJH-
ua, OcraBasicbh AEHCTBHTE/NLHBIM,
Ouiyio O6b1 B 3 pa3a 6OJibilig, 4eEM B
OTCYTCTBHE pacceHBaolleil JuH-
3BI?

106. (10 xn.) Ilepamm Tpex-
KOJIECHOTO BeJIoCHTIeNa COeHHEHB
C 3aJHUM KOJIECOM C TIOMOLIbIO
Hend. B KaKyw CTOPOHY moemer
BEJIOCHTIE][, €CJId, TMIpHBA3aB K
HHIXHEH nefanu BepeBKYy, MNOTH-
HYyTh 3a Hee Bnepen? B Kakyio
CTOPOHY TIIOEAET BEJIOCHIIQN, €C/U
Ha Hero csAier MaJbuyuK H HOC-
KOM GOTHHKa OYHET TOJAKaTh HHXK-
HIOIO Teflanib Brepen? OGBACHUTH
nouemy.

DKCNEPUMEHTARLHLIA TYP

107. (8 kxn.) llepen Bamu «uep-
HBIH SIIMPK» ¢ JBYMs BBEIBOZAMH.
B Bamem pacnopsiKeHHH HCTOY-
HHKH TIOCTOSIHHOTO H TI8PEMEHHO-
ro nanpsxkenus 1o 20 B, a Takxe
3NMeKTpuYecKas  JIaMIloOYkKa Ha
6,3 B. Uto HaXxonuTcsa B «4epHOM
AUKE»?

[Ipumeuanune. B aAmu-

Ke  HaXOAWTCH KOHJIEHCATOD
(puc. 24).
108. (8 «xn.) Ilepen Bamu

«IEPHBIA SIIHK» C YeThIPEMSA BhI-
BOJlaMH, a Takxke Oarapesi Kap-
MaHHOI'o ()OHapA H BOJIBTMETP CO
mkanod g0 6 B. YUro Haxomurcs
B «YepHOM SIIuKe»?

IlTpumeuanue B smuke
HMeercs elb, CXeMa KOTOpoH no-
Ka3aHa Ha pPHCYHKe 20.

109. (8 kn.) Onpenenurtb Ko-

JIHYeCTBO BUTKOB OGMOTOK IIKOJIb-
HOro pasbopHoro TpaHchopMmaro-

I
4
:
I

Puc. 24 Puc, 25

pa. OGopynoBaHue HpeIOKUTE
CaMmH.

110. (8 ki1.) Onpegenure mMacey
rpysa Ha HEPaBHOIVIEYHLIX Be-
cax, eCJM Macca KamJAOH H3 JBYX
qyameK BECOB H3BECTHA.

IIpubopsr 1 mamepuanel: He-
paBHONJIEYHbIE BeChbl, HAOOP FHPb.

111, (9 xa.) Onpenenutsb
VACJAbHYIO TEIVIOEMKOCTh — Belle-
CTBa KaJlopuMmerpa. -

I[Tpubopor u mamepuaas: Kamo-
pPHUMETD, TEPMOMETP, H3MEPUTEJb-
HBIH IWJIHHAD, COCYA C BOJAOH,
HarpeBaTtesb.

112, (9 xa.) Omnpeneauts Ko-
3¢pUITHEHT TPEHHUS CKOJIbXKEeHUA
JepeBa 10 JAEpEBY.

[Tpuboper u mamepuaas. JOCKa,
JIepeBAHHBIH OPYyCOK, AHHAMOMETP.

113. (9 ka.) OmpenesuTe CKO-
poCTh BBLIETa CHapsja H3 Ipy-
XHHHOTO MHCTOJETA.

ITpubopsr u mamepuavt: Tpy-
JKMHHBIH THCTOJET, JUHEHKa, uia-
PHKH-CHapAAbl K MHCTOJETY.

114. (9 xa.) Onpenesuts IMO-
BEPXHOCTHOE HAaTSKEHHE KHIKO-
CTH.

[Ipubopet u mamepuanst. COCYXR
C 2KMJIKOCTBIO, UYBCTBUTEJbHaA

NpyXKHHa, NPOBOJOYHOE KOJBIO,
JUHEeHKa, THPbKH C H3BECTHBIMH
MaccaMHu

115. (10 xn.) Haiitu skcnepu-
MEHTAaJbHO 3aBHCHMOCTDb TOKa, HpH
KOTOPOM IJiaBUTCH NPOBOAHHK, OT
JuaMerpa IMPOBOJHHUKA.

[Tpubope: u mamepuassl. pe-
TYIUpPyeMEI#i HCTOYHMK TOKa, Ha-
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Gop NPOBOAHKHKOB,;
MHKpPOMETP.

116. (10 xa.) Onpenenurb TeM-
neparypupil  Ko3bdHIMeHT Jab-
JieHHs Bo3jyxa.

Ipubopsr u mamepuasvl: raso-
BRIl TepMoMeTp, BoisfHaa Gaug,
PTYTHEHIH TEPMOMETD.

117. (10 xa.) Onpepenutb 4uc-
a0 Dapazes.

amnepmerp,

Hpuboprt u mamepuasvi: Am-
niepMerp, HCTOUHHK TOKAa, PeocTar,
CEeKYHAOMEP, BECHI, 3JICKTPOJIHTH-
yecKas BaHHa, pacTBop cyabdar
menn (CuSQ,). %

118. (10 kn.) Ouenurs mNOKa-
aare/ib NpeoOM/IeHH s CTeKa C Mo-
MOLLbIO MHKDPOCKOTA.

Ilpubops v mamepuaivl. MHK-
pocKon, Habop CTEKOJI.

IV BCECOIO3HAS OJIMMITMALA
(1970 r., Csepanosck)

8
A
Pue. 26
15 Om
‘ :
P 10 0w
S0 . 10 Om A
k L
Puc., 27

TECPETHUYECKHH TYP

119, (8 xa1.) Msiu Gpolten Bep-

THKaIpHO BBepX. UYro GoJblue:
BpeMs TIOAbeMa HJH BpeMs mnaje-
HHA?
. 120. (8 k1) B cocyne nMewoTca
JIBE HECMEIHBAaIOIHeC KHUJKOCTH
C TJIOTHOCTSAMH 0 H Qo5 TOJIILHHBI
CI0EB 3THX KUAKOCTEH paBHBI d;
u d, coorBercTBenHo. C moBepx-
HOCTH MKHJIKOCTH B cocyn ony-
CKaloT MalJleHbKoe 00TeéKaeMoe Te-
JIo, KOTOpOe JOCTHTaeT JHa Kak
pa3 B TOT MOMEHT, KOTJa €ro CKo-
POCTb CTEHOBHTCSI PaBHOH HYJIO.
KaxkoBa INIOTHOCTbL MarepHasia, H3
KOTOPOTO CAENAHO TeJO?

121. (8 ka1.) Kakoe u3 pebep
HPOBOJIOUHOTO Ky6a HYXKHO YJHa-
JuTh, 9T00bl CONPOTHBJICHHE MEXK-
Ay Toukamu A u B (puc. 26) uame-
HHUNOCH Hanbo/ee 3HAYHTEJIBHO?P
Conporuejenns Bcex pefep Ky6a
OJHHAaKOBBI.

122, (8 kx.) B mieckoM 3e¢pKa-
Jié BHAHO H300paseHHEe CBeuH.
Uto mpousoier ¢ 3FHM H300pa-
JKEHMEM, eC/l MEXRRY 3€PKaaoM H
CBeuoH ROCTABHTH INIOCKORApaJl-
JIeTIBHYIO TIACTHHKY?

128. (8—9 wa.) Hro noxaxer
amprepMerp B CXEMe, H300paKeH-
woit na pucyrke 27? Conpornbie-



HHe amrnepMmerpa npeHe6peRHMo
MaJo.

124, JBa OAMHAKOBHIX [UAPH-
Ka, CBSI3aHHBIX NPYXKHHKOH, IABH-
KYTCA 110 TOPH3OHTANTBHOMY NOJY
C OJAHHAKOBOH CKOPOCTbIO, TMep-
[MEHAUKYJAPHOH  BEpPTHKAJBHOH
creke. OnummTe, Kak NpPOHCXO-
JMT COYAApeHHe CUCTEMBI CO CTEH-
xofi. Kak 6yAyT ABurarbes mapu-
KM Tocne yaapa? Yjap mapuxa
0 CTeHKYy abCoMIOTHO Ynpyrui,
BpeMf COyJAapeHHs IIpeHeGpexu-
MO MAJIO IO CPaBHEHHIO C TIEPHO-
JoM KoOJebauuil I1IapukoB  Ha
np y:KHHKeE.

125. (9 ka.) Ornenure, Ha Ka-
KYy10 BEICOTY TIOAHHMETCS CTpeJa,
NyIMEeHHast U3 JYK2 BePTHKAJILHO
BBepx. Macca crpeart m = 20 r,
anuHa Tetussl [ = 1 M. Teruny
OTTSTHBAIOT Ha hy = 5 cm. Cuay
YOPYTOCTH HATSAKEHU A TETHBLI CYH-
TaTh NOCTOSHHON U paBHoi 250 H.

126, (9—10 xua.) Ilouemy duoar
«IOJIOUIETCH» HA BETPY?

127. (9—10 xa.) U-o6paznas
TpyOka 3anojseHa Bojoi. 3
OJHOTO KOJeHa TPYOKH BO3AYX
yaaJeH; naBjaeHue E03yXa B JApYy-
rOM KOJIEHE TIPH TeMmneparype { =
= 20 °C paBHO aTMoChepHOMY.
0O6a xouna TpyOKu 3anastunl. Pas-
HOCTH MEXJAY YDOBHSIMH BOJAbl B
kKoseHax h = 15 m. Kaxo# Gyner
pa3HoCTh YPOBHEH BOJLl B KoOJe-
Hax, ecau TpyOKYy Harperb J0
100 °C?

128. (10 k1.) B maruutioMm mo-
Je ¢ OoJbINOH BBICGTHI T1ajaeT
KOJIbIIO, UMElomee AHaMerp d H
conporuBjieHue K. Iliockocts
KOJbila BCE€ BPEMSI TOPH30HTA/b-
Ha. Hailith ycranoBuBIIyioCcs CKO-
POCTh TAfeHHA KOAbIA, @C/AH MO-

Rynb HHAYKUHY B MarguTHOTO I10-
Jil U3MEHSeTcs: ¢ BhICOTOH H 1o

SaKOHY 15! = By (1 -+ aH).

129. (10 kn.) Ha Ban saxopsa
JUHAMO-MAalIHHEI HAMOTA/H BEpEB-
Ky, K KOTOpoH NPHKpPENuJn rpys.
Onyckasch, Tpy3 Bpamani AKOPb.
Korga sixopb packpyTuicfi, K
K/IeMMaM MaLIMHbl TPHCOEAHHHIH
conpoTuBiaeHHe Harpysku. Hso-
Opasure Ha rpadHkKe 3aBHCUMOCTD
CKOPOCTH BpauUleHH A SKOPA OT
BpeMEHH ¢ MOMEHTa HauaJja JBH-

. JKEHMSA Tpy3a.

130. (10 xn.) Ha rnaakom ro-
PH30HTAJbHOM CTOJIE JexKaT J[Ba
OAUHAKOBLHIX KyOHKa Macco m
KaxAell, Ky6HKYU coenHeHH TIpy-
JKHHKOR ectkoctd k. Jnuua
NPYKUHKH B HEPaCTAHYTOM CO-
croanun I, (puc. 28). Ha neBniit
KyOHK BHE3alHO HauWHaeT AEHCT-

BOBaTh CuJja F, TOCTOfIHHAA MO
MOIYyJI0 M HamupabjienHwo. Hafgu-
T€ MHHHMAJbHOE H MAKCHMANbHOE
pacCcTosiHie MEXKAY KYOUKaMH IIpH
JIBUIKEHHH CHCTEMBI.

131. (10 &n.) @otorpagupoBarhb
THrpa ¢ paccTosiHus Menee 20 M
onacHo. Kaxo#t pasmep Moxer
MMeTb Kamepa-o0cKypa € OTBep-
cTHeM AuamerpoM B 1 MM, uroOwi
TUrp Ha (Qotorpapuu OBLT T10JIO-
carbiM? PaccToanue Mexay nonao-
CaMH Ha IUKype THrpa paBHO
20 cm.

DKCIMEPUMEHTAJIbHBLIA TYP

132. (8 ka.) Ompeneaurs co-

NPOTUBJCHHE 3JEKTPHUECKOH JaM-

Bl KapMaHHOTO (oHap4.
IIpubopor u mamepuaas;: 6ara-

JaMnoyKa,

peiika, aMmIitepMerp,




BOJILTMETP, PeOCTaT, COSNHHHUTENb-
HBie MPOBOJA.
133. (8 xun1.) Onpeaennuts IJ0T-
HOCTH HEH3BECTHOH IKHIKOCTH.
Ilpubopst u mamepuasol:  uc-
cleayeMas KHAKOCTh, MEDHBIH LU~
JHHAP, KHAKOCTb C H3BECTHOH
IJAQTHOCTBIO, AUHAMOMETP.
134. (8 kn.) Onpeneants
IIpOTUBJIEHHE peoCcTaTa.
IIpuboper u mamepuaabl. HCTOU-

CO-

HHK TOKa (Oatapefixa), BOJBT-
METp, Ppe3UCTOp C H3BECTHLIM
CONPOTHBNEHUEM,  COCJUHHTENb-

HBEI@ IIPOBOJA.

135. (8 kn.) Onpenenurs ¢ M0-
MOLLbIO JAMHAMOMETpa Maccy Te-
Ja, BeC Kotoporo 6oJiblle npeaena
H3MepeHHs JAMHAMOMeTpa, HO He
GoJiee, yeM BIBOE.

IIpubopebr 1 mamepuasol: [UHA-
MOMETp, KyOuK, HHTKA.

136. (9 xn.) Onpenenuts yaenb-
HYI0O Temlotry napoobpazeBaHus
BOJBL.

Ilpubopor u mamepuaael: 31€KT-
pONIHTKa, COCYA C BOAOH, uacHl,
TEPMOMETDP. Y he/bHasl Tenjoem-
KOCTb BOJBl CUHTAETCSI M3BeCT-
HOH.

137. (9 xn.) Onpeneauts yaenb-
HYIO TEILNIOTY PACTBOPEHUHA HNOBa-
pentofi conu (NaCl).

Ipuboper u mamepuaasl: BECH,

TEPMOMETD, KaNOpUMETP, COCYA C
BOAOH, TMOBapeHHAasi COJb.

138. (9 xa.) Onpenenurs yaenn-
HYIO TeIVIOTY MJaBjeHdsl Hara-
JUHA., YIenbHaS TeIIOeMKOCTh
nagranuna ¢ = 1,3 kIlx/(xr K).

IIpuGopor u mamepuaab:: GaHKa
¢ HadTaJHHOM, TEepMOMETp, Cce-
KYHJOMED, 3M€KTPOIJIUTKA.

139. (10 xa.) Onpeneautb yHu-
BEPCAJIBHYI0 Ta30BYK [OCTOSIH-
HYIO, UCMOAB3YS cjaefyioiiee 060-
pyAoBauHe: MaHOMeTp, Koaby us-
BecTHOro 00bema, Becel, GapoMerp,
(opBaKyyMHHI{I HacoC, OTKauyHBa-
IOWHA Bo3AYX A0 AapjeHuf 10 mMm
pT. cr. OrHocHTeNnbHAS MOJEKY-
JApHAsi Macca BO3jyxa paBda 29.

140. (10 xa.) Iloayuuteb rpaguxk
3aBHCHMOCTH CONIPOTUBJIEHHS Tep-
MHCTEpa OT TeMIepaTryphl.

[Tpuboper u mamepuaavi: TeEp-
MHCTED, COCYJ C BOJOH, 3JIEKTPO-
IVINTKA, HCTOYHHUK TOKA, BOJET-
MEeTpP, aMIepMerp, TepMOMETD.

141. (10 xa.) Onpene/uTh HH-
JYKTHBHOCTE KATYIUKH LUKOJLHO-
ro TpaHcopmaropa.

[puboper u mamepuaavl: pas-
Gopublil IIKOJBHBIA  Tpancdop-
MaTop, HCTOYHHUK NEePEMEHHOrO Ha-
npsxkeans (Ha 36 B), muaamaM-
nepMeTp M BOJLTMETP MEPEMEH-
HOTO TOKa, NpPOBOJA, peocrar.

V BCECOHO3HAA OJIMMINUALA
(1971 r., HoeocuBupck)

TEOPETUHECKMHA TYP

142. (8 xn.) B repmeruuecku
3aKpPHITOM COCYJ€ B BOJe IiaBa-
€T KyCcoK fipa maccod M = 0,1 kr,
B KOTOpHIH BMep3Jia ApoOuHKa
maccoit m = 5 r. Kakoe xoJjnue-
CTBO TemJa HYXKHO 3arpaTuTh,
gTo0Bl pOGHHKA HaAuasla TOHYTh?
[lnotwocre ceunma 11,3 r/emd,
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naorocth abaa 0,9 rfem®, remno-
Ta IaBaeHust abaa 3,3 10° JIx/kr.
Temneparypa BoABI B cocyje pas-
na 0 °C.

143. (8 xa.) K samuky c gpyms
KJeMMAMH TIOAKJIOYHJIH: aMIep-
METP, PE3HCTOP CONPOTHBJIEHHEM
m =4 OM ¥ HCTOUHHK MNOCTOSH-
Horo Hanpsibkenuss U; =05 B
(puc. 29). AwmmepMeTp IOKasan



cuay toka I, = 1 A. Koraa Bwe-
CTO HMCTOUHHKA Hanpsaxenus U,
BKJ/IOYHJM JAPYTOH HCTOYHUK HA-
- npsaxenuss U, = 20 B, awmnep-
"'METp T10Ka3an CHAy Toka [, =
= 2A. Uro Haxomurcs BHYTPH
SIHKA?

144. (8 kn.) Ha raankom croge
pacnoJjiokeHa CuCTeMa TIpPY30B,
uzobpaxkeHHass Ha pucyrke 30
Koaphunuent Tpeuus Mexay rpy-
saMu M u m paBen p. Ilpapuifi
(110 PHCYHKY) HHMKHHH TPY3 TAHYT

BIOJIb CTONA C cuJjod F, kak mo-
kKazano Ha pucynke 30. Haarn
YCKOpeHHE BCEX IPY30B CHCTEMKL.

145. (8 xu.) KombxroGemen Ha
JeSIHOA RoPOKKe CTapaercs npofi-
TH BHPaX KAaK MOXKHO OJHXKe K
BHyTpeHHeil OpoBke. Besocune-
JUCT K€ Ha BEJOTPEKE IPOXOANT
BHpax BO3MOXKHO JANbIl€ OT BHYT-
peHneli 6poBkid. Kak o0bacHHTH
3TO pa3/ifuke B IBUKEHHH KOHbKO-
Oexla M BEJOCHIEANUCTA HA BH-
paxke? I[Ipodmib Tpeka HaoGpaxeH
ua pucyske 31,

146. (8 xua.) OueHuTp Makcu-
MaJIbHYI0 CHNY, KoTopylo Oyner
NoKas3kBaTh JAUHAMOMeTp, TIpH-
COEMHEHHBIH MeKNY ILJIOCKOCTSI~
MM, 3aKphIBalOIMUMH «Margebypr-
CKHe mnoJlyliapusy nojaycdepbr ¢
pagunycoM R = 20 cm (puc. 32).
Ilonycdepnt pacTaruBamwIcst B
IIPOTHBOTIOJ/OXKHbBIE CTOPOHBI. AT-
MocepHOe  JAaBJeHHe  paBHO
10° ITa,

147. (8 xn1.) B crakaH ¢ Bojpoii,
Bpaulaiomyicst BOKpYT CBOe#f OCH,
Opocalor wapukK, KOTOpHI mnJa-
BaeT HA [IOBEPXHOCTH  BOJAEI
(puc. 33.) B xaxom Mecrte r10-
BepXHOCTH OyAET HAXOAUThLCS HIa-
PHK?

148. (9 xa.) Ceer oT HCTOYHHKA
S AByMSA NyTSIMM TPUXOJHT K 3K-
pany, INpOXOAA uepe3 CTeKJfH-
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HbIe 1IpSIMOYTONBHbE NPH3MEL A H
B (puc. 34). Iauna xaxpaoi U3
npusM {. CkopocTh CcBera B BO3-
Ayxe paBHa c¢. Iloxasarelb mpe-
JoMJleHust crekaa n. Hackoabko
OricTpee CBeT NpofifieT N0 HHKHEMY
OyTH, ecnay npusmy B npuBectH
B JBHIKEHHE B CTODOHY 3KpaHa
CO CKODOCTBIO ¥?

149. 9 k1) Tpu Tena ¢ mac-
camm 11y, My, MMy MOTYT CKOJib~
SUTb BJAOJb TOPU3OHTANbHOH Npsi-
Mol Ge3 Tpenus (puc. 35), NpHYeM
my >>my u my >>m, Onpe-
JAE/IUTH MAaKCHMAJbHBIE CKOPOCTH
JBYX KpafHHX TeJ, eCjJu B Ha-
yaJIbHbili MOMEHT OHH NOKOHJHNCE,

a CpenHee TeJIO UMEJIO CKOPOCTh U.
Ynapel cuurarh aGCoOMIOTHO yNIpy-
THMH.

150. (9 kn.) WMlap paauyca R
COCKaJb3bIBAET MO JIECTHHULE, IIH-
pHHA U BBICOTA CTYNEHEK KOTO-
poil a << R (puc. 36). Coyaa-
pEeHHs llapa Co CTyneHbKaMmMu He-
ynpyrue, Tpenus Her. Kaxoi Ha-
HOOMbIICT CKOPOCTH  JOCTHIHET
map npH JOCTaTouyHo OBOJBLIOH
JNHHEe JIeCTHHIBI?

151. O ka.) B ummungpe c

—& —®- @
‘.mf m, ms
Puc. 35
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Puc. 39

nopIuHeM HAXORUTCH BOJA, BHYT-
pH KOTOPO# B Haua/IbHBIH MOMEHT
HMEETCST  NOJOCTh  o0bemMa V
(puc., 37). [Hasaesue mnapoB B
NOJOCTH TNPEHEOpeKUMO  MaJo.
[Mopuenb okasuBaeT Ha BOAY IO-
CTOSIHHOE JaBienue p. Kakymw Ku-
HEeTHYECKYI0 3Hepruio npHobpera-
€T BOJia B MOMEHT, KOT/Aa II0JIOCTh
ncuesner? Hawanbrasi CKOpPOCTh
YacTHYEK BOjAbl paBHa HyJmo. Cu-
Ay TSKECTH He YUUTHIBATA.

152. (5—10 ka1.) B kamepy cro-
paHUs peakTUBHOTO JBHTraress
(puc. 38) mnoerynaer B CEKYHAY
macca m Bogopola n ueobxoiu-
MO€ JAN5l TONHOTO CrOPaHHd KO-
JUYECTBO Kucjopoja. Ilnomans
CeYE€HH 1 BBIXOAHOTO OTBEPCTUSA CO-
mJa ABHratrens S, JIAaBJeHuHe B
TOM CEYeHHH p, abCoJIOTHAS TeM-
neparypa T. Onpeieiutrs CuIy
TATH ABHIaTe]sA. _

153. (10 kn.) Ha pucynke 39
NoKasaHa 4YaCTh CXEMBl, COCTOA-
IeH H3 Pe3HCTOPOB, CONPOTHBIE-
HHA KOTOpBHIX HeuaBecTHBl. Kak,
HMEes aMIEpMETP, BOJBTMETp, HC-
TOYHHK TOKA H COEQHHHATENHHLIE



NpoBOA3, MOXHO OHpEICHHTh CO-
NPOTHBICHHE ORHOTO H3 PE3UCTO-
poB, He paspoiBas HH QRHOIO
KOHTaKTa B cxemer

154, (10 xa.) K Mmasteky AB
¢ mrapukoM Maccoit M rmnojaseineH
MaaTHHK BC ¢ wapukoM MaccoH
m (puc. 40). Toyka A coeepuiaer
Ko/Je6aHus B ropH30HTaJbHOM Ha-
npaenenyd ¢ nepwoaom 1. Haii-
TU AJuHY HUTH BC, ecjid H3BeCT-
HO, uT0 HUTb AB Bce Bpemsi ocTa-
€TCH BepPTUKaJbHOH.

155. (10 ka.) JIBa mporona H
JlBa TO3UTPOHA, [EPBOHAYAIBLHO
MOKOHBIIKECS! B BepIIMHAX KBAaJ-
para (puc, 41), pasnerawtcs. Ot-
Hollenue nx macc M/m = 2000,
a 3apdAnb oAuHaKosbl. Hafitu o71-
HOILeHHEe CKOPOCTEH MPOTOHOB H
NO3UTPOHOB NOCJE pasgera (HA
GeCKOHEUHOCTH ).

156. (10 xx.) CBer OT HCTOUYHH-
Ka S Mo NyTh K 5KpaHy NPOXOAUT
yepe3 CTEKJSIHHYIO TIPAMOYFOJIb-
Hy10 npusmy Aauuoil I (puc. 42).
Hackonpko Gbictpee cBer Aofiner
AC 3KpaHa, ecJud [pH3My TpHBe-

A . ®
8 M
® .
e+
c®mn F
Pmec, 40 Puc. 41
AN
———
s
1
Puc. 42

CTH B ABHXKCHHE B CTOPOHY 3Kpa-

Ha €O cKopocThio 0? CKOpOCTH
CBeTa B BO3AYyXe ¢, HOKasarehb
NpeJIOMIEHUST CTeKsaa 1.

IKCEPHMMEHTARBHLIM TYP

157. (8 ka1.) B oano#t 3aKphITON
KOpoOKe HAaXOJUTCsA SJEKTpUue-
cxasl JaMma I/l KapMaHHoro ¢o-
Hapsl, B Apyroit — pesucrop. On-
pedenuTb, B Kako#l KOpoOKe Ha-
XOJMTCSl JlaMOa.

[Tpuboper u mamepuaast; UCTOY-
HI K TOKa, JIBe KOPOOKY C BEIBOJa-
MH, peOCTaT, MHJIIHAMIEPMETp,
JIBA  MHUJJHBOJILTMETPA, COEIH-
HUTEJbHbBIE TNPOBOJA.

158. (8 ka.) Onpenemure KITJQ
HaKJIOHHOHW IJIOCKOCTH.

[Ipubopor u mamepuaave: TpPH=
Gomerpuyeckass JIMHEHKa, JAepe-
BAHHBIH OpYyCOK, MacwITabHas JiH-
HelKa, LUTaTuB.

159. (8 ka.) Macca cranpHOTO
mapuxa 50 r. Hafitn maccy mna-
CTHJIMHOBOIO IUapPHKa H IIOTepio
MEXaHHYECKOH 3HEpruHd IMpH HX
HeYIpYyroM yaape.

Hpubopst u mamepuaase: cTanb-
HON H [INIACTHJIHHOBHEA IIApUKH
auamerpoM 20-—30 MM, HUTH, IUTa-
THB CO CTePIKHEM, TPAHCIOPTHD,

MacwTaduHas JIHHeHKa, OJIacTH-
JguH. [110THOCTB LJacTHJARHEA
1,2 r/em®,

160. (8—9 ka.) OnpeneauTs oT-
HOIUCHHE ROI(dHIOUEHTA TPEHHSA
DOKOA K KOFOPUBREHTY TpPEHHSA
CKOABIKCHUEA REpeBa O JEpeBY.

Ipubopsr u mamepuassi: ne-
peBsiHLik Opycox, 2—3 Kpyr-
JbiX REePeSREHMX CTepMEHS, ce-
KYHAOMED, Macirrabras nemefika.

161, (9 1) Oupereanys WiIOT-
HOCTH FCESBOCTHOR  JKNEROCTH.

I pubope: & samepsass: npa
cocyia C OJHOH H ToH K€ HuA-

27



KOCTHIO, CTeKJAHHAA TpyOKa AMH-
Ho#t 80— 100 cm, MacmTabHas Ju-
Hejika, pesuHoBast TpybOxa, Bo-
pPoHKa.

162. (9—10 kn.) Onpeneauthb
TPOIIEHTHOE  COAEpIKaHHME CHera
B BOJE B Hauane ousira.

ITpubopsr u mamepuansl: Kano-
pHMeTp, TepMOMETp, MEH3YPKA, CO-
CyA € KOMHATHOH BOJOH, CMeCh
CHera ¢ BOJNOH, KaJIOPHMETpHYe-
CKO€e TeJIO.

163. (9—10 xa.) Onpenenurb
3aBHCHMOCTH IlepHoja KoJseBauus
(PM3HUECKOr0 MasiTHHKAa OT [10JI0-
JKEHHA €ro TOYKM TojBeca.

ITpuboper u mamepuaavr: ¢u-
3UueCKHil MasTHUK (JUHeHKa C
OJIHMM OTBepCTHEM JJIs1 T0JBeca),
(H3HUECKHH MasiTHHK  (JHHeHka
C HECKOJBKHMHM OTBEPCTHSIMH),

IITaTHB CO crepxueM (OCh MadT-
HHKa), MacluraGHas JuMHeHKa.

164, (10 xn.) Ha¥%ta mnokasa-
TeJIb TIPEeJIOM/IEHHS! BelllecTBa MNJ0-
CKomnapa/mienbHOH NJacTHHBI OT-
HOCHTE/NbHO BO3AYXa.

[pubopbt u mamepuaasi: A0~
CKOTIapaJl/iesibHas! ILJ1acTHHA (IIpo3-
pauHasi), YHCTBIH JucT Oymard,
UEPTEIKHBIA NHPKYJb, JHHeHKa
Ge3 meneHHil.

165. (10 x1.) Onpegenurs D4C
HEH3BECTHOTO HCTOUYHHMKA TOKA, 4
TaKXKe €ro BHYTPEHHEE COTpPOTUB-
JIEHHE,

TIpuboper u mamepuaast: NCTOU-
HUK Toka ¢ HensBecrHoil DJ1C, uc-
TOUHUK TOKa ¢ u3BectHoi I/C,
ABa KOHJEHCATOpa OIHHAKOBOII
€MKOCTH, MHKpoamnepmerp, pe-
3HCTOP C conporuBienueM 1 Owm.

VI BCECOIO3HAA ONMMMIIMALA
(1972 r., T6BunucH)

TEOPETUHECKUHA TYP

166. (8—9 xu.) Illectuyrons-
HBIH Kapaugauwl TOJKHYJAH BAOJb
TOPH30HTANbHOHA MJIOGKOCTH, KakK
loKa3aHO Ha pucyHKe 43. Ilpu
KakKHX 3HaueHuax koadduiuuenra
TPEHHA W MEXKAY Kapanjamom M
NJOCKOCTBIO KapaHjall Oyner
CKOJIb3UTh TI0 IIOCKOCTH He
Bpamasach?

167. (8—9 xn1.) KyOuk us ne-
nonsacra maccot M = 100 r je-
XKUT HA TFOPHU3OHTAJbHOH IOJCTAaB-
Ke (puc. 44). Bricora KyGuxa
h = 10 cm. Cuusy KyGHK Npo6u-
BaeT BePTHKAJbHO JETHALUIAS My/s
maccod m = 10 r.

CKOpoCTh IMyJH NpH BXOJE B
KyOuk v, == 100 m/c, npu Bruierte
v, = 95 M/c. Tlogmpeirger Jm
KyOHK?
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168. 8—9 «xn) B xopoGke
(puc. 45, a) cobOpana HeKoTOpas
9JEKTPHUECKAS LENb H CHEJAHbB
JiB€ TIaphl BHIBOAOB: «BXOJ» H «BbI-

" xony. K kJIeMMaM «BeIXOJA» TOJL-

KIIOYeH HJeaJbHBIH  aMmOepMeT)p
(ero COMPOTHB/IEHHE PaBHO HYJIIO).
K KjaeMvaM «BXOJA» TOAKJIOUAIOT
yepe3 Pe3UCTOP COUPOTHBJIEHHUEM
R = 10wM 6atapew ¢ 9[ACE=4 B.
[Ipu 2TOM uepe3 amnepMmerp Teuer
Tok [, = 1 A. Ecjiu K kJaemmam
«BXOJi» MOJKJIOUHTD LENb H3 ABYX
Takux Oarapeil ¥ TakKHX Xe ABYX

zm 4

Puc. 43 Puc, 44



pesucropoB (puc. 45, 6), To yepes
aMnepmerp rteueT Tok [, = 2 A.
Haueprure cxeMy KaKOH-HUOYAb
OJHOH, 110 BO3MOXKHOCTH IPOCTOH,
[leNd, 3aKJ/JIIOYeHHOH BHYTPH KO-
poOKH.

169. (9 kn.) K nunamomMerpy
npuaoxena cuga 4 H rak, uro
OH ABHUKETCSA C NOCTOSIHHBIM YCKO-
pEHYEM O TOPH3OHTAJBHOMY CTO-
aAy. Uro NnoxasblBaeT JuHaMOMETD,
eciM Macca NpYXKUHBL paBHa mac-
ce Kopnmyca?

170. (8—9 xa.) Ha rnagkuii
TOPU3CHTANbHBIA CTOJ M[OCTABHJIH
BEPTHKAJBHO FaHTENbKY, COCTOS-
LLYIO H3 HEBECOMOIO  CTEpKHS C
JIB yMA OJMHAKOBbIMH MAaJeHbKH-
MH IIapHKAMH HA KOHLILAX (puc. 46).
BepxHeMy IIApHKYy VAApOM CO-
0611al0T CKOpPOCTh U B TOpPH30H-
TajJbHOM Hanpasnenuu. [Ipu xa-
KO MHHUMAJBHOH AJHHE FaHTe ! b-
Ku | HUIKHMH WAapHK Cpasy OTop-
BeTcsl OT cToJal

171. (9 xa.) B pacnoJsoxen-
HOM TOPH30HTAaJbHO UMJHMHApE

-
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Puc. 47

(puc. 47) c1eBa OT 3aKpelneHHoro
nopluust HaxoauTcs 1 moap upe-
albHOTO Trasa. B mnpaBoit uacTu
IHJIHHAPA BaKyyM, a MNpYyxuHa,
PacIoJIoKeHHAA MEXAY NOpLIHeM
H CTeHKOH IMJMHADPA, HAXOAHTCH
B HeNePOPMHPOBaHHOM COCTOS-
unn. Lluauuap renon3oJ/iHpoBaH
OT oOKpyxawume#d cpeanl. Koraa
nopueHb 0CBOCOAH/IH, O0BEM, 3a-
HUMaeMpili rasoM, yBeJIHYHJCSH
BaABoe. Kak u3smeHurcs rtemnepa-
Typa rasa 4 ero jabneHue? Ten-
JIOEMKOCTH UUJIHHJAPA, TOPIUHA U
NpYXUHbl TpeHeOpekuMo MaJbl.

172. 9 xn.) Jas pansHed Koc-
MHYECKOH CBSI3H  HCIOJb3YeTCs
cuytHuk obbeMom V = 1000 w8,
HalOJHEHHBIA BO34YXOM, HaXolf-
LIHMCS1 TIpH HOPMAaJBHEIX YCJO0-
BusiX. MeTeopuT npobuBaeT B KOp-
nmyce CHYTHHKA OTBEpCTHE ILIO-
manpto S = 1 cm?® Ouenurs Bpe-
Msi, 4epe3 KOTopoe AaB/IeHHe BHYT-
PH CHYyTHHKA M3MEHHTCH Ha 1%.
Temneparypy rasa CuuTarb HeH3-
MEHHOH.

173. (9 ki) K BeIXOAY «uepHO-
o fMKa» [OJKJUEH HJiealib-
HEIH amnepMerp. Eciu ko BXomy
noax/iouena Garapes ¢ DACE u
BHYTPEHHMM COllpoTHBJeHHeM R,
TO CHJA TOKAa, TeKyuero yepea
aMmIlepMerp, POBHO B 2 pa3a M€Hb-
e, yeM B TOM CJiyyae, KOTAA KO
BXOAY SIIIMKA TOAKNIOYEHHI JiBE
Takue Oarapeu, COCAUHEHHEIE IO~
caenoBarenbio. Hapucopars npo-
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CTEHINYI0 BO3MOXKHYIO CXE€My Ile-
NH, 3aK/JIOUEHHOH BHYTDH «Hep-
HOTO SALIMKAaY.

174. (9 xn.) B ojaHopoAHo#
njasmMe C KOHLEHTpauue#d 3aps-
JIOB 7 (4uC/J0 3apajoB KamxKJAOro
SHaKa B eJuHHie o6beMa) Bce
37eKTPOHBI, TNepBOHadaJbHO Ha-
XOAsIIlHecst B CIO€ TOMWHHOA d,
CMEeLal0TCsl 0 HOPMaJd K 3TOMY
CJI0%0 Ha paccrosinue d.

HafiT HanpsEEHHOCTD  SJ€K-
TPHYECKOTO MO/ B TOYKax MJAOC-
xoct S (puc. 48).

175. (10 ka.) Onpenenutrs, BO
CKOJIBKO Da3 U3MEHUTCS OCBeIeH-
HOCThL M300pamenusn ConHua, no-
JYUEHHOTO C TIOMOIBIO TJIOCKO-
BBINYKJIOH JIHH3H, €CJAH JIHH3Y
paspe3arb 1O JHaMeTpy H CJo-
KHTE TJIOCKUMH CTOpOHAMH.

176. (10 xn.) B ropusonTaapHo
pacnoJIOXEeHHOM LHIHHIPE (pHc.
47) cJieBa OT 3aKPEILICHHOTO TOP-
mWHA HAXOAUTCHA #AeasbHBIH ras.
B  npaBo#t = uacTh UHJNHI-
pa — BakyyM, a TPy:KuHa, CBs-
3bIBAIOIAsT TIOPLIEHE CO CTEHKOH,
ne aedpopmuposana. Huauuap ren-
JIOH30JIHPOBAH OT OKpYIKaromen
cpennl. Koraa nopiuesb ocBoGo-
JAad, 00beM, 3aHHMaeMblH FasoM,

+++++
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Puc. 48

yBenuuuacs Bjpsoe. Kar u3MmeHH-
Jack TeMneparypa rasa? Teilio-
EMKOCTBIO HHAMHIPA H NOPUIHA
peHeOpedb. KOSPGHUHEHT HPo-
NOPIIMOHANBHOCTH MEXAY  TEM-
neparypofi M BHYTPEHHEH 3Hep-
rHed rasa paBeH (£, Tak YTO
U=cT.

177. (10 wa.) CorsiacHO OfHOMN
U3 nepBalx Mojesed {Mojean Tom-
COHA), aTOM BOJAOPOAA NpEICTaB-
Jg€T o060l paBHOMEPHO 3aps-
AKEHHBIH NOJOKHTEIBHEIM  3JIEKT-
PHYECTBOM IIap, B HEHTPE KOTo-
poro HaxoguTCcs 3AeKTPOH. B e-
JoM aroMm He#itpasneH. Ha#tu pa-
JMYC TAaKOro aroMa, ec/JIM M3BecT-
HO, YTO MHHHMMAJbHAS DHEPTHS,
KOTOPYIO HYXKHO COOOLIHTD 3JIEKT-
pOHY AJIA €T0 yJiaJeHHs! H3 aToMa
Ha OoJsbllioe PacCTOSIHHE, paBHA
W,. 3apan aaekrpoua e.

Ykasariue. [IpuHATE BO BHHMA-
HHE, 4TO pPABHOMEDHO 3apsiKeH-
HBIH 11apOBOH CJIOH B CBO€H BHYT-
PEHHEH TNOJOCTH 3JIEK TPHUECKOTO
MoJs HE CO3]AeT.

178. (10 &n.) Ilposopsmui
CTEepIKeHb NOABELLUCH MOPH30HT A/1h-
HO Ha JABYX JIETKHX TIPOBojax 8
MarHUTHOM [OJIe, MHAYKLHS KO-
TOPOro HampaBJieHa BepPTHKAJbLHO

g

00
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BHH3 H II0 MOAYJIO paBHa B =
= 1 Tn (puc. 49). Jdnuua crepx-
Ha [ = 0,2 m, macca m = 10 r,
aauHa npoBojoB L, = 0,1 M. K
TOUKAM 3aKpelJieHHA TPOBOJOB
MOJAK/IIOUAIOT KOHAEHCATOP EMKO-
crbio ¢ = 100 Mk, 3apsizkeHHbIH
J0 Hanpskenus U = 100 B.
Onpenenntb: a) MakcHMAJIbHBIH
YroJl OTKJIOHEHHS! CHCTeMBl  OT
NOJIOKEHHUA  PABHOBECHS!  [{OCJE
paspsAKH KOHJEHcaropa, cuuras,
YTO paspAika NPOHCXOJAUT  3a
OueHb MaJoe BpeMms; 0) eMKOCTb
C, KoHJeHcatopa, HpH paspsaake
KOTOPOI'0 CHCTEMA  OTKJOHHTCS
Ha yron o = 3° ecau npu pas-
pfKe 3apsiKEHHOro JO TakKoro
e HalpAKeHUs! KOHJIeHCaTopa eM-
Kocthto Cp = 10 wmrd yroa ot-
KJIoHenus P = 2°.

179. (10 xn.) Hmerorca  ape
KaTyuKH, pPacloJOKEeHHbIE KOaK-
cuanpHo. B omHO# H3 KaTymek
CHJa TOKAa, CO3/aBaeMOro BHeLI-
HHM HCTOUHHKOM, H3MEHSIETCH BO
BpeMEHH TaK, Kak IOKa3aHo Ha
pucyuke 50. Bropasi xarymka
3aMKHYTa HakopoTka. HMsobpa-
3UTh Ha Tpaduke 3aBHCUMOCTD
CHJIBI TOKa BO BTOPOH KaTyllke
OT BpEMEHM.

Puc. 50

SKCNEPHMEHTANLHLIA TYP

180. (8 kn.) Omnpemenutp yc-
KOpE€HHE CBOOOJHOTO MajeHusd.

[Tpuboper u mamepuaavy: He-
NOABUKHBIA GJOK, ABa rpysa, Be-
Cbl, HaboOp THDPb, CEKYHIAOMED,
HUTh.

181. (8 xn.) Omnpenenutb Ha
OllbiTe 3aBHCHMOCTh NEpPHONA KpY-
THJIBHELX KOJ1e0anuii fucka(puc.51)
OT €ro paauyca ¥ Macchl.

I1puboper u mamepuaips: CEKyH-
JIoMep, BecH, pasHoBec, Habop
IUCKOB,

182. (8 ka.) IlocTponrs rpaguk
3aBHCHMOCTH CUJBl YOPYIOCTH pe-
3HHOBOTO KIyTHKA OT €ro YyIJId-
HEHU 5.

Ilpuboper u mamepuasvl: pesn-
HOBBIH XKI'YTHK, FPY3HK (HEH3BECT-
HOH MaCCHI), JHHEHAKaA.

183. (8—9 ka.) Onpenenuts Te-
IVIOTY NIaBJeHHSA JbAA.

IIpubopee u marmepuans: TeEP-
MOMETpP, BoOja, J€i, MEPHBIH UM-
JHHJIP.

184. (9 kn.) Omnpenenure 3a-
BHCHMOCTb CONpPOTHBJEHHS, AcH-
CTBYIOIIETO0 Ha IIapHK, ABHIKY-
LIMHCS B BA3KOH cpeje, OT pasme-
poB mapuka. MsBecTHo, 4TO CHJIA
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COMPOTHBJEHHA NPSAMO [Pomnop-
HHOHANbHA CKOPOCTH JBHKCHHSH
Iapuka B BA3KOH cpejie.

IIpubopet u mamepuanst: TPYO-
Ka ¢ raugepuHoM, HAbOp 1waph-
KOB O/JMHAKOBOH ILIOTHOCTH, Ce-
KYHJIOMEp, LUTaHTCHIMPKYJb.

185. (9 xua.) Onpenenurb 371eK-
TPHUECKVIO €MKOCTh  KOH/JeHCa-
TOpa METOJAOM €ro 3apsiiki HJIH
paspAAKH.

[Ipubopel u mamepuaiss. KoH-
JeHcatop O0JbILIOH €MKOCTH, MH-
KpoaMmepMerp, pEesHcTop ¢ Hs-
BECTHRIM COTIPOTUBJEHHEM, HCTOU-
HHK NOCTOAHHOTO TOKAa, CEKYH[0-
Mep, KJxou, MPOBO/A.

186. (9 wia1.) Onpepennty 3a-
BHCHMOCTbH IIOJIE3HOH MOILHOCTH
OT CWJ/IbI TOKZ B LICMH; ONPeNesUTh
SJC u BHYyTpPeHHEE CONpPOTIIBJIE-
HHE UCTOUHMKA [IOCTOSHHOTO TOKA.

[Ipubopsr u mamepuaavt: uc-
TOUHHUK IIOCTOSIHHOIO TOKa, am-
nepMeTp, BOJABLTMETP, peocTar,
KJ04, MPOBOJA.

187. (9—10 xa.) Onpeaenntn
JHIJIEKTPHUECKYIO NIPOHHIIAEMOCTb
JU3JIEKTPHKA (rpoMacheHHolt Oy-
Marm).

[Ipubopor u mamepuaisi: Tpo-
mMacjenHass Oymara MexkIy ABymMmA
CJIOSIMH  MeTa/l/IndeCKoll GoJabry,
BoabT™Merp Ha 300 B, muanmam-
nepMerp (C npeHeOpewxiMO Ma-
JbIM BHYTPEHHHM  COIDOTHBJIE-
HHeM), JuHeHKa, MUKPOMETp,
CTeKJAHHan TpyOKa, HCTOUHUK
Hanpsikenu s (cerb 220 B), xirouy,
npoBoJA.

188. (10 xn.) Onpeneaurs am-
IAHTYAHOE 3HAUCHHE CHUJLI Iepe-
MEHHOTO TOKa.

[Ipubopoe w mamepuaaot: uc-
TOUHHK N[EPEeMEHHOT0 TOKa HH3KO-
ro HaNpsIKeHHs, KaJopuMerp,
KPHIlIKA KaJopuMeTpa ¢ 3axu-
MaMu, Memanka, gexpajeBbii
NPOBOJHUK, BECH C Pa3sHOBECAMH,
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MepHBIR  LUJIHHAP, TEPMOMETP,
NpoBOAa, CEeKynaomep, JHHEHKa,
MUKDOMETD, IIOCKOryOupl, CTEK-
JauHasi TpyOKa, KJiod.

189. (10 xJa.) Hsmeputre me-
pPHOARl KDPYTHJIBHBIX KOJeGaHHH
JMCKOB Pa3HOH TOJIIHHAEI M pas-
HOro paauyca. BnisicHHTH, pa-
BEHCTBO KAKHX BeJHuHH obecrneuu-
BACT DPaBEHCTBO NEPHOAOB KoJIe-
Ganuil.

[Ipubopsr u mamepuaavi: TOL-
Bec (cMm. puc. 5l), cexyniomep,
Hab0op JIMCKOB  pasHkIX  pas-
MEpPOB, HO OJMHAKOBOH MacChl.

190. (10 xn.) Onpenesuth HH-
LYKLIHIO MATHHTHOTO II0Js1  TIO-
CTOSIHHOTO MAarHHTA.

[pubopsr 1 mamepuaas:: Mmar-
HHT, TranbBaHOMETpP,  HCTOUHHMK
TOK4, KaTylIKa C YHCJA0M BHTKOB
n == 1200 1 MaJupIM CONPOTHBJIE-
HHEM, MarHHTHasi CTPeJkKa.

191, (10 a.) Ompegesuts 3a-
BUCHMOCTb  HHAYKIMM MarduTt-
HOTO MOJIA NPSIMOJHHEHHOTO TOKa
OT CHJIBI TOKA K pacCTOSHUS 0
TOKa. ['OpH30HTa/NbHAS COCTABJS-
oA HHAYKIIHH MarHuTHOTO INoO-
ast 3emau paBHa 2,5 -107° Ta.

IIpuboper 1w mamepuarsy: Mar-
HHTHag CTpenka, OGonabluas Tpo-

Puc. 52



BOJIOYHAS PAMKa, HCTOUHHK TOKa,
peoctar, BOJBLTMETP,  JIMHERKA.

192. (10 kn.) Onpenenurs nO-
TepU SHEPTHU ABHIXKYUIUMCA Te-
JIOM TIPH €T0 CTOJIKHOBEHHYU ¢ baj-

JUCTHUECKUM MassTHUKoM (puc. 52).
Ilpubopot u mamepuaavi: O~
tok (1), Habop KyOukoB, Oaniu-
CTHYECKUH MaATHHK (2), mnepe-
Memjaroniyiics yrnop (3).

Vii BCECOIO3HANA OJIMMITMALLA
(1973 r., Nenunrpan)

TEOPETUMECKMHKA TYP

193. (8 kn.}) Mcnean kopabas
TOJYKOM COOOUNJN CKOPOCTh U =
= 10 m/c. Ilpu aBHKEHHH MOAEH
HA Hee JEeHCTBYeT CcUJa conpo-
TUBJEHUA, MOAYJIb KOTOPOH TNpo-
MopUHMOHA/AEH CKopoCTH: F =
= ——kv. Halitu: a) nyrs, npoi-
JEHHLI MOAENAbIO 3a BpeMms, B
TeYeHue KOTOPOTO €€ CKOPOCTh
yMEHbIIHJJACh BIBoE;, 0) nyTh,
NpOHACHHBIH MOJEIBIO A0 NOJHOH
ocranoBky. Cunrars k = 0,5 kr/c.
Macca mopeau m = 0,5 kr.

194. (8 xa.) Tlo nepeBauHbIM
CXOAHAM, OOpa3yIoOUUM yroa o
C TOPH30HTOM, 3a BepPeBKY PaBHO-
MEpHO BTackuBaior aAmuk. Kosd-
GUUUMEHT TPEHUA AMMEKAE O CXOXHH
p. Hoa KaxnM yIVioM K FOpH3OHTY
caenyer HanpaBUTh BepPeBKY, YTO-
Obl BTaCKUBAaTb fMMK C HAHMEHb-
HIHM  yCHJIHEM?

195. (8 xn.) Ha konue pocku
anuHo# L u Maccoit M Haxonuren
KOPOTKHII Opycok Maccoil  m
(puc. 53). Hocka MOMXKET CKOJib-
3uTh Ge3 TPEeHUS No rOPH3OHTAb-
Hou  nJiockocty.  Koadpdmuument
TPCHHA CKOJIbXEHUs OpyCKa no
MOBEPXHOCTH AOCKH paBeH p. Ka-
KYI0 CKOpPOCTb U HYXKHO TOJUYKOM
coolbmuTh A0CKe, 4TOOH OHa BbI-
CKOJIb3HYNA H3-noj Opycka?

196. (8 kn.) Hna toro uroGu
" BKJIIOYYTHL JaMmny B CeTb, Hanps-
JXEHHe KOoTopod OoJbiue Hanps-

92 3akas 164

KEHUA, HA KOTOPOe paccyuTaHa
JlaMna, MOXKHO BOCNOJb30BaThCA
onHoft u3 cxem (puc. 54). ¥ ka-
KOH 43 B3TUX CXeM KO3(PpHIUEHT
NOJAEe3HOr0 ReHCTBUA Bbillle, eCJaH
B KaxKjioM cJyuae Jamna ropurt
B HOPMAaJILHOM pexume?

197. (8—9 xn.} OnuoponHoi
TOHKOH miafibe, Jexaiuled Ha ro-
PH3OHTAJDLHON 1IEepOXOBATOH IO-
BEPXHOCTH, COOOWAIOT  Bpalya-
TeNbHOE ABUIKEHUe C YIJIOBOH CKO-
POCTBHI0O @ U MOCTYNATe/JbHOE CO

cKkopocThio Uy (puc. 55). Ilo Ka-
KOH TPAeKTOPHH JABUNKETCA IEHTP
waiOpi? B KakoMm ciayuae 1waiiba
nposiner CONBIIMHA NYTh A0 OCTa-

Puc. 53
e
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Pre. 54
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Puec, 55

HOBKH: TpH oo =0 wuam npu

Wy 5= 0 (Uvp onuHAKOBO B 060uX
cayyasnx)?

198. (9 kn.) Ins usmepenus
PaccTofAHusA, TNPOXOAUMOIO CaHf-
MH, OBLIO HCIONb3OBAHO BEJOCHU-
NeqHOE KOJIECO ¢ JJIMHOH OKpYXK-
HocTH B 1 M, ycraHasauBaeMoe
€341y CaHeH U CBA3AHHOE CO CYerT-
ugkoM o6oporos. [lpa pemonre
sroro npubopa K ofony KoJseca
NIPUILJIOCh NPUKPENUTh JIOMOJHHU-
TeJBHBI TPY3 MaJOro pa3sMepa,
umewolmi Macey m = 30 r. Ipu
KaKO¥ CKODOCTH [BHXKeHUS caHell
KOJIECO HA4yHeT [OANPBLITUBAThL?
Macca xoneca M = 450 r.

199. (9 xn.) 3apsikeuHbIH Me-
TaNJIMYECKHH Imap paguyca R
paspe3aH Ha JABE YACTH MO ILIO-
CKOCTH, OTCTOAIEH HA DPACCTOA-
Hu¥ h or nedrpa (puc. 56). Haitru

CUAy, C KOTOPOH OTTaJKUBAalOT-
cqa 3TH yacTH. Ilonunii 3apsag
mapa Q.

Pue. 56

200. (9 k1) Juonm BKJOUEH B
1eMb, H300PaKEHHYI0O HA PHCYH-
ke 57. HMneanu3upoBannast BOJILT-
aMnepHas XapakTepHCTHKA AHOLA
npuBeneHa Ha pucyuke 58. Kou-
JEHCATOP IIPenBapuTeNbHO HE 3a-
paxen. Kmou K 3ampbikaior. Ka-
KO€ KOJUYECTBO TeIjia BbifleJuTCH
B PpEsycTope CONpoTUBJIeHHeM R
npy 3apajgke xoujeHcaropa? Eu-
KocTb KoupeHcaropa C, DC uc-
TOYHHKA &. BuHyTpenHee conpo-
THBJIEHUE UCTOYHHKA MaJo.

201. (9—10 xa.) B crakan ua-
JIHTHL 1B€ HECMELIM BAIOIIIHECH Ky~
KOCTH: UYETBIDEXXJOPHMCTHIHA  yr-
nepon (CCly) u Bogpa. Ilpu HOp-
MaJbHOM ATMOC(epHOM NaBJIEHUH
YETBLIPEXXJIOPUCTHI YI1epon Ku-
nut npu 76,7 °C, a Boga — npu
100 °C. Ilpn paBHOMepHOM Ha-
rPeBanyy CTAKAHA B BOAAHOH Ga-
HE KWIIEHHE HAa TpaHHIe pasjfena
MKUAKOCTeHl HayHHAeTCA NpU TeM-
neparype 65,5 °C. Onpeneaurts,
Kakas 3 XKHAKOCTeH ChicTpee BhI-
KHINAeT TIPH  TaKOM «NOTPAHUY-
HOM» KUIICHHH U BO CKOJIBKO pas.
JasJieHye HaCBIM AWM X TAPOB EO-
Al mpu 65,5 °C cocraBaser
192 MM pr. crT.

202. (10 ka.) Ha nokosuiywocs
Ha TJIaJKOH TOPU3OHTANLHOH mno-
BEPXHOCTH CHCTEMY, COCTOSIILYIO
U3 JBYX INAPHKOB Maccod m

KaxIbf, COSIHHEHHBIX MPYIKH-
. ‘I+
—P—
K
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1 o] U, U
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Puc, 57 Prec. 58



Puc. 59

HO#, HANEeTaeT CeBa IHAPHK Mac-
coit M (puc. §9). llpu 3ToM npo-
HCXOZUT J000BO# a6GCOJIOTHO Y-
pyraii ynap. Haitrd npuGinxen-

il
HO OTHOIHEHHE Macc —AT =7,

[IpY  KOTOPOM VAApP INPOU3OHAET
emie pas.

203. (10 xn.) [Ilo nepessnubIM
CXOAHAM, 00pasyioluM Yyros o
C TOpPH30HTOM, BTACKHBAIOT 33
BepeBKY aumk. Koapduuuenr
TPeHHs AuMKa o cxoaHd p. Ilog
KAKUM yIJIoM K TFOPH30HTY  CJie-
JYeT HanpaBuTh BepeBKY, uTOOLI
C HaWMEHbUIMM YCUJIHEM BTACKH-

BaTh SAlMK: a) paBmoMepuo, 6) ¢

3aJaHHBIM YCKOpEeHNeM q?

204. (10 xn.) ODaekrpoasura-
TeJlb NOCTOSHHOFO TOKAa C He3a-
BUCUMBIM Bo30yxKAeHHEM (MU €
[HOCTOSIHHBIM MATHUTOM) TNOXHHU-
MaeT Tpy3 CO CKOPOCTBIO v; NpPH
MoMOIIM HHTYH, HaMaThiBAOWENACH
Ha BaJ jgBurarenas. B orcyrcrBue
rpysa HeBecoMas HWUTb TMOAHU-
Maercsi €O CKOpocThio vy C Ka-
KOH CcKopocThio v, Oyaer omyc-
KaTbcA TOT K€ IPy3, ecad B LenHd
AKOpA NPOU30HNIET 3aMbiKayue, B
pesyJbTaTe KOTOPOro 0OMOTKa AKO-
PA OKaxkeTcd 3aMKHYTOH Hako-
porko? TpenueMm B MOAIIMIHMKAX
npeneGpeys.

205. (10 ka.) Ha ropounannsHeiit
cepieuHuK M3 ¢eppura ¢ MarHuT-
HOi npoHunaeMocTeio p = 2000
HAMOTaHbl ABE KaTYIUKH: [epBHY-
Has, copepxkaman n, = 2000 Bur-
KOB, H DBTODHUYHAA, B KOTOPOH
HMeercs 1, = 4000 purkos. Kor-

2'

Ja Ha MepBHUHYIO KaTYHIKY Okl
JO TOJAHO HanpsKeHue
= 100 B, na pasomkuyTto#i BTO-
puuHo# Obio U, = 199,0 B. Haii-
TH, KaKoe Hanps:kenue Oyjper Ha
pa3sOMKHYTOH BTOPUUHOH Karyul-
Ke, €eCAd HCHoJb30BaTh APYroi
CeplieyHUK TAKOTO Ke pasMmepa,
Ho u3 ¢eppura ¢ p = 20. Pac-
cesiHye MAarHuTHOFO MNOTOKA U
nOTepy B CEPAECUHUKE HE YUHUThHI-
BATD.

13

DKCMEPHUMEHTATILHBIA TYP

206. (8 &n.) Ha mamem crone
yCTaHOBJIEH OaNNUCTUYECKUH TH-
CTOJIET, CTPEJISIOIMH CTaJIbHBIM
maprkoMm. B Bamem pacnopsixe-
HUH HMEIOTCH: JIMHEHKa 1A u3-
MepeHHs1 pacCTOAHWH, SAUHUK ¢
HECKOM, KYCOK MéJia H TPUTOHO-
MeTpHUecKue TabauIbLL. YTOM, noj
KOTOPBLIM MPOU3BOJUTCH BBICTpE,
H3MEpSALTCH C  [IOMOLLbIO YIJO-
mepa (TpaHCcHopTUp H OTBeC), coe-
AMHEHHOIO CO CTBOJIOM MUCTOMETA,

Jo ycTaHOBKH MHIUEHH Y/JEHOM
JKIOPY Bbl UMEETe IIPaBo CTPeNTh
Jiofoe KOMHYeCcTBO pas Non Jo-
ObIM YIVIOM K TOPH3OHTY.

Onpenenure MeCcTo MNONAXAHUSA
wapyka H3 6aNJAMCTHYECKOro INHUC-
TONETA NOPYU 3aNAHHOM YIJIe BHI-
CTpesa ¥ 3aJaHHOH BBICOTE YCTa-
HOBKY MUIUEHH, MOCJEe TOTO Kak
YJIEH JKIOPY YCTAaHOBHT YroJ, Moj
KOTOPBIM HYXKHO CTPENATb, H BHI-
COTY MHUIEHW HAjA [osioM. Ber
JOJKHbl YCTAaHOBUTL MUILEHbL B
HYKHOM MECT€ W B MPUCYTCTBHH
yleHa KIODH [IPpOU3BECTH EJHH-
CTBEHHBIH BLICTpPEJ H I[I0M1acTb B
MUIIIEHb.

207. (9 xn.) Hsmepurp cpen-
HIOKO YAGJABHYIO  TEIVIOEMKOCTH
TpancopMaTOPHOIoO MAcaa B HH-
TepBajie TemnepaTyp 45—50 °C
iy 50—55 °

35
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ITpuboper u mamepuawt: Kano-
puMeTp (XMMUYECKMH  CTaKaH ¢
NCHONIJIACTOBOH  TeMJIOU 30 M-
eii), repmoMeTp co Kagaoi 0—50°C,
3JIEKTpOHAarpeBare/ib-Melaaka (co-
NPOTHBJIEHWE HATpeBaTeJas Ipu
remneparype oneita 200 Om, a
JONYCTHMAs MOUIHOCTb, BhIeJsie-

Masi Ha HarpeBateje B XXHIAKO-
crti, 30 Br), wMuajgHaMIepMerp,
peocrar Ha 30 Om, 5 A, wraTue
1abopaTopHbId, CEeKYHAOMEep, HC-
TOYHUK IIOCTOSHHOTO Halpsxe-
nust 50 B. JlaGopatopHhie Bechl,
Macao, AUCTHAIMpPOBAHHAsA BoJa
HaXONATCA Ha OTAENbHEIX CTO-
nax. IloNb30BATLCA UMH MOXKHO C
paspemieHufl JAeXKYPHBIX HUJEHOB
xiopy. I'panyupoBky Bcex mpu-
GOpoB cuuTaTh  HAEAJLHOH.

208. (10 kn.) Onpenenurtb, Ka-
Kasg U3 INPUBENEHHBIX  CXEM
(puc. 60) coorsercTBYET NENH,
COLEPKAMENACA B MPEANOKEHHOM
Bam saumyke. Onpeaenurb napa-
METPEL 3JEMEHTOB, BXOAALHX B
CXeMy.

Jnst pelleHHs InocCTraBJeHHOH
3ajayd B BalleM pacHopsiKeHHU
UMEIOTCHA UCTOYHUK MepPeMEeHHOro
HanpsKeHHA (3BYKOBOH TreHepa-
TOp), CHOCOOHBIH BbLIpaGaTHIBATH
CUHYCOUAANbHOE HaNPAXKEHHE C
yacroroit ot 20 I'm no 200 xI'u, u
JAMIMIOBLIA BOJBLTMETP. 3BYKOBOH
reHeparop IHOJAKJ/IOUEH K KOH-
tTaktaM [ u 2 (puc. 60). Jlamno-
BLI BOJDLTMETP MOXKHO MOJKJIO-
yath K Kourakram 2 u 4 Jmnbo 3
H 4. ColGpannas K BaleMy TpH-
Xony cxema H3o0paxKeHa Ha pu-
cynke 61. Kpome toro, B Baiuem
PacnopfAKeHHH — TPH DPE3HCTO-
Pa ¢ pasHbIMH CONPOTHBJICHH AMY,
KOTOpEIE BBl MOZKETe BKJIIOYATh
MeX1y /000H Mapoll KOHTAKTOB.

Vil BCECOIO3HAA ONMMITMALLA
(1974 r., Fopbkuit)

TEOPETMYECKHMHA TYP

209. (8 xa.) Ilo croponam mps-
MOIO yIJIa CKOJIb3WT MKecTKas ma-
JIOUKa JAJUHOH 2I, .mocepenune
KOTOpOH 3aKpenJieHa OyCHHKa Mac-

3%

cot m. CKOpPOCTb TOUKH B m1ocTo-
fiHHa 4 paBHa v (puc. 62). Ompe-
ReJUTDh, C KAaKOH CUJIOH JeHCTBYET
6yCHHKA Ha INaJI0OYKy B TOT MO--
MEeHT, Korja o == 45°,



210. (8 ki) Kanan npoxoaut
no Mocry Haj umocce. B karom
caydae JaBJieHWe Ha MocT Gonb-
me: Korja no KaHady [BHMKer-
ca MNyCras uau HaTrpyXeHHasd
Gapxka?

211. (8—9 xa.) Tpybka, B
KOTOPOH HAaXOIUTCA TMpYXKUHKA
anuHolt [y = 2 cm ¢ mnpukpen-
JEHHBIM K HeH IUapuKOM, MOKeT
BpalaThC BOKPYr BEPTUKAJALHOM
OCH, INPOXOAAIEH uepe3 KOHel|
TpyOKH. CBOGOAHBIH KOHer Mpy-
XKHHKY TNpUKpensied K TpyOke
(puc. 63). Hapucyiire npumepubiit
rpapuK 3aBHCHMOCTH CMELCHU S
HiapykKa BAOAb TPYOKH OT YrJoO-
BOH CKOPOCTH NpH YBEIUUYEHHH ee
OT HYJASE A0 3HAYCHUA, NPU KOTO-
pom F = bH. Kak muamenurca

o )

Puc. 63
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Puc. 64

3Ta 34BUCUMOCTb IpH YMEHbIle-
HUH YrJoBOH cropoctd? [paduk
3aBUCUMOCTH MOAYJfA CHJBI YIpy-
roctd F OT YAJHHEHUA NPYKUHBI
pencraBjed HA pHCYHKe 64.

212, (8—9 kn.) B Heoramau-
BaeMOM NOMelieHH paboraer Xo-
JOZUJBHUK C TEPMOPETYAATOPOM.
B MOMEHT MHOAKMOYEHHS XO0J0-
JUJBHUKA K CETH TEMNEparypa Ha
YAHLE, B NOMEIIEHHH H B X0JO-
nuabHuke Obina oxuuakosa. Cuu-
Tasi TeMIEPATYPY HA Viuue Imo-
CTOSIHHOH, H306pasuTe NpUOIIH-
JKeHHO Ha rpadukax, KaK MeHf-
Jach TeMIleparypa B NOMEIEHHH
nocjie  MOAKMIOYEHHS  XOJONHb-
HuKa. Paccmorpure Tpu ciyyasa:
1) XoyomuIbHUK NyCcTOH; 2) 3a-
NoJHeH HPOAYKTaMu; 3) mBepua
X0JI0NUJbHHKA OTKpbita. Bee Tpu
rpaguka 3aBHCHMOCTH Temlepa- -
TYPBI OT BpEMEHU HAuepTure Ha
OXHOM PHCYHKE.

213. (9 ka.) Cocyrn C coobia-
ercsl ¢ OKPYXKAalmuM [pocTpaH-
CTBOM uepe3 Majioe OTBepCTue.
Temneparypa rasa B OKpYXKaio-
mem npocrpanctse T, naBnexue p.
a3 HACTONBKO pa3pekeH, 4To
MOJIEKYJIM! TIpPH TNpoJieTe B COCYA,
H U3 COCY/la Ha MPOTSKEHHH pas-
MEpPOB OTBEpCTUS = HE CTalKUBa-
Iorcsl Apyr ¢ .ApyroM. B cocyze

a7



HOJIEPKUBaETCS TeMmieparypa
4 T. Kakum 6yger paBjeHue B CO-
cyne?

214. (9 k1) 3apsxenHole Hia-
PUKH C OJHHAKOBOH Maccoi, pac-
NONIOKEHHBIE HA PACCTOAHHH [
JApyr oT gApyra, ornyctuan  6es
HayanbHOM cxopocrd. Uepes Bpe-
MA { pacCTOAHHE MEXKAY HHUMH Yi-
BOHJIOCh. Uepes Kakoe BpeMs YA-
BOUTCH PACCTOAIHME MEXIY 3ITHMH
apHKaMy, €CJIH HX OTNYCTHTBL C
HadyajabHoro paccroauus J3[?

215. (9 xa.) Ilpu wuccrenona-
HHM VYHOPYIHX CBOHUCTB CTAJBHOH
[IPOBOJIOKM JJUHOH [ yCTaHOBH-
JIM, UTO €CJH OJHH KOHel ee 3a-
KpenuThb, a JIpyro# NOBEPHYTH Ha
yroJ & BOKPYT OCH, TO BO3HUKAET
MOMEHT cuJ ynpyroctu M = ka.
Tlocsie 310TO U3 NMPOBOJIOKY HABH-
JU TPYXKHHY paguyca R ¢ mia-
roM, MHoro mensumMm R. Omnpe-
JEeNUTb  KECTKOCTh TP YIKHHB,
CYHTaTh, YTO YOpyrue CBOHCTBa
CTaM¥ IOC/e HABUBKH [IPYXKUHBI
NIOJIHOCTBIO BOCCTaHABJHBAIOTCH.

216. (10 xa.) Cuumox (puc. 65)
clleNad OAHOJIMH30BBIM OOBEKTH-
BOM ¢ (OKyCHBIM paccTosHHeM
F =4 cm. ©Qororpadus ysenu-
yeHa B n = 10 pas. Onpepenure
NIpUG/IU3HTEILHO paccrosiHye
MEXKAYy NpegMeTaMH B Harype, Ha-
npumep paccrosinue /y ot o6Gbek-

38

THBA 0 OKHA, paccrosdue [ ot

OKHa J0 MOCTHKa, Bbicoty A
OOBREKTHBA HAJ MNOXOKOHHHKOM.

217. (10 kn.) IIBa aBromobuns
A u B enyr psajgoM no mocce ¢
OJHHAKOBBIMH CKOPOCTfIMH, paB-
HBIMH 110 MOAYJ/I0 ¥v. 3aTeM aBTo-
moGHib A yBenHuyuBaeT CBOIO
CKOpoCTh A0 2v. OTHOCUTENBHO
pabamwonarensi, CTofiero Ha HIoC-
Ce, KUHETHYeCKass 3Heprusd aBTo-
MoOunsag Bhipocsa BRa AW, =

3
== muv®, a OTHOCUTENbHO  IUO-

¢pepa B aBTOMOOMNEe B 3Heprus
ysenuyuaach Ha AW, = 2imv2.
O6psacHUTe NAPANOKC: KOJAHYeCT-
BO CPOpEeBIIEr0 ToNMuBa A5 0bo-
nx Habuopnarened OnHO H TO Xe,
a V3MEHeHue 3JIHEePruu pasHoe.
OnuHakoBa JM TeIJioTa CrOpaHus
TOMJIHBA C TOUKH 3PEeHMS KaX-
noro u3 HaGmogare emn?

218. (10 kn.) [IBa oquHAaKOBHIX
KoHgeHcaropa A W B, Kaxuhi c
emKocTbio C, U KaTyIUKa ¢ HHAY-
KTUBHOCTBIO L coejHHeHBl, Kak
MOKa3aHo Ha PHCYHKe 66. B Ha-
yaJbHeit MOMEHT Kjaiou K pa-
30MKHYT, KoHjeHncarop A 3apsa-
XKEH JIo PA3HOCTH noreHnuanos U.
Koupencarop B He 3apsikeHn
TOK B Karyiuke orcyrcrsyer. On-
pemenuTb MAaKCHMAaJbHOE 3HadYe-

N
S

Puc. 66



HHUE CHJIBl TOKa B Karyllke rnocje
3aMbIKaHHA KJIOYa.

219. (10 ka.) Kpyrias  me-
TAaJJHYECKAss TJIaCTHHA  I1ajaer
BEPTHKA/JbHO BHU3 B OJHOPONHOM
MaCHUTHOM [OJIe, NapajneNbHOM
noBepxHoctd 3emiad. B mporecce
NajeHHs OHA OCTaeTcH Napanneb-
HOH JNHHUAM MHAYKIHH MAarHUT-
HOTO MOJIfi W NepHeHAuKYJsapHOH
noBepxuocty 3eMmau. ToJmnyna

NJAACTHHBL d MHOTO MeHbIle ee

papuyca R, ee Macca paBHa m,
MOAYJIb HHIAYKIIUY MAPHUTHOTO NO-
ng B, yckopenue cBoGoaHoro na-
nenus g. Onpenenuts yCropenue,
C KOTOPBIM NajfaeTr NnacTuua.

220. (10 xn.) U3 onno#t TOUKH
HA JHE TOPU3OHTANLHOIO KpYyro-
BOro xejioGa pasJjeraworcs lia-
PUKH ToA HEOONbIYMH Yraamy
K obpasyomeit xenoba ¢ onuHa-
KOBBLIMH NPOEKIY AMH CKOPOCTY Ha
HanpasJjenue oGpasymwoueii. Berpe-
TATCA AM 3TH WIAPUKU?

DKCTIEPMMEHTANbHLINA TYP

221. (8 ka.) Ilepuon koaeGa-
uua T rpysa Ha npyxuhe 3aBu-
CHT OT Macchl m rpy3a. Mayuure
3Ty 3aBHCHMOCTb, HCNOJAb3YA NPY-
JKUHY, CeKYHJOMep U HaGop rpy-
30B C HU3BeCTHRIMH Maccamu. [Jo
pesyJbTaraMm  OHNEBITA MOCTPOHTE
rpaduk. Ilocrapaiirech nonoGparb
dopMyay, ONUCHIBAIOIMIVIO  [I0-
JY4YeHHYIO 3aBucumocts 7 oT m.

[Ipu HeKOTOPHIX 3HAYEHUAX MAC-
Chl Ipy3a Jerko 3aMeTHTh, Yro
Kojie6aHusA BROJAb [PYIKUHLL CO-
IPOBOXKAAIOTCA  MaATHHKOOGpas-
HbIMH KoJeGaHuamu.  HMayuure
370 ABJIEHHE H OMHUIIUTE ero 3akKo-
HOMEPHOCTH.

222, (9 xa.) Usyuure «yepHBIH
AUKY (SJACKTPHYECKHI YEThIpeX-
NOJIIOCHHK), O KOTOPOM H3BECTHO
TOJIBKO TO, YTO OH COCTOHT H3 ue-

ThIpeX ABYXIOJIOCHUKOB, CO€XH-
HEHHBIX 3Be3foH (T. €. TaK, Kak
NOKa3aHO Ha pHCYHKe 67).

ITpuboper u mamepuansvi: 6a-
Tapeiika, BOJLTMETP H MHJJIHAM-
nepMeTp, NHPOBOJAKUKH,

[Ipameyaunne. B «uyep--
HOM {IIMKE» HAXOJUJIAch OJHa U3
CXeM, MOKA3aHHaf Ha pUcyHke 68.

223. (10 xn.) Yro npoucXomur
¢ usolpaxenueM npenmera, IO-
JYYEeHHUBIM NIPH NOMOLIH CobUpalo-
1ied NUH3bI, eCJH 3aKPhiTh MOJIO-
BHHY JIMH3bI HENPO3pAUHbIM IKpa-
HOM?

OrserbTe Ha 3TOT BOMNpPOC, a
3aTeM NpOBEPBLTE CBOH OTBET 3KC-
MepHMEHTANbHO, [OJAYUHB Ha Oe-
JOM 3KpaHe C TOMOIIbIO JIHH3EL
H3oOpaxKeHye CrpenkH-npeamera
NpH IBYX pas/iMuHbIX 3HAYEHHAX
ysemmuenua I ) T>3; 2) < 1/3.

Onummrte d o6BLACHUTE  CBOH
IKCTIEPUMEHTAJIbH bIE pe3yJib-
TATHI,

Jns npoBepKd 3TUX OGBACHEe-
HUH NpURyMaiite H OCYIIECTBHTE
KayeCTBEHHbIE U KOJWUECTBEHHbIE
KOHTDOJIbHbIE ONBITH, UCHONb3Y A
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AJS 3TOTO 1O CBOEMY YCMOTPEHHIO
JIIOOBIE feTald YCTAHOBKH: JIHH3Y,
crpenky-npenmer, Ghonapb, Gennli
3KpaH, 4epHyio Oymary, JunHeH-
KH, HOXHHHEL _
[IpoBeaure aHAJOTHYHBIE  HC-
CJAeIOBAHUS NS JeHCTBUTENBHOTO
H300paxkenusi, HabJmogaemoro Ges
3KpaHa, ¥ JAJs MHHMOro H3o06pa-
WKEeHN A,
B kayecrBe TmipenMera B ITHX

ONBITaX  YAOOHO HCIOJAb30BaTh
HHTDb JIAMIIOYKH,

[Ipu naGmoseHusix 6e3 3KpaHa
MEXKAY UCTOYHHKOM CBeTa H IJa-
30M  00sA3aTeNbHO  MOMeElanTe
nNeHKy — ocjaaburenb  c¢seral

IIpubopst u mamepuanov. JHH-

3a, (oHaps, npenmer, IITATUB,
3KpaH, oclaCHrtenb, uepHaf Oy-
Mara,  JIdHeilka, HaCTONLHAA
JaMna.

iIX BCECOIO3HAA ONMMINIMALA
(1975 r., Kanyra)

TEOPETHMUYECKMIA TYP

224, (8 xin.) Paxera umeer jBa
IBUrarens, KOTOpbie MOTYT CO-
oflIaTh eH IMOCTOAHHBIE YCKOpe-
HUA Q) U Gy, HATIPABJICHHEIE BEPTH-
KajabHo BBepX. [Ilepsolii nBura-
TeNb paccyuTaH Ha paGoTy B Te-
yeHue BpeMenu f;, a BTOpOH — B
TeYeHHEe BpeMeHH f,, TIpHUEM
a >a, 0 t; <t,. dsurareny
MOT'YT BKJIOUATBCS KaK OAHOBpE-
MEHHO, TaK M MOCJeJ0BATEJLHO.
Kakoft nopafok BKIOYEHUS JNBH-
rarefned ciaeayer BoIOpaTh  ANAA
TOTO, uTOObl K MOMEHTY OKOHYa-
HHA palGoTel JBHTaTesiefl pakera
MOJH SIJIACh HA MAKCHMAJIbHYIO BbI-
coTy?

225. (8 kn.) KocMuueckuéi Ko-
pabib JABHKETCH -TI0 KPYroBOii
opbute BOKPYr 3emau B IJoC-
KOCTH OpOUTH JIYHH ¢ YIJoBoH
CKOPOCTBIO, paBHON YIJIOBOH CKO-
pocTH BpaimieHud JIyHB BOKPYT
3emiu. Bo BpeMss ABHXKeHHS KO-
pa6Jyib HaXOAUTCH HA IPSAMOH, COe-
JHHALMER ueHTpul JIYRH # 3eMm-
Ju. Paccrosrue oT Kopabas no
3eman TakoBO, YTO CHUJBI MPHTHA-
JKeHH#, AeHCTBYIOIHE Ha Kopab.ib
€O CTOpPOHH 3emi U JIyHBI, pab-

HH Apyr Apyry. PaGoraior

40

asyraresay Kopa6na? Kakos Bec
KOCMOHaBTa, HAXOASAIErOCH  Ha
KopaGne? Macca KocMoHaBta m =
= 70 Kr, nepuop obpamenns Jly-
Hel Bokpyr 3emmn T = 27,3 cyr.
Macca 3eman B 81 pas GoJbiue
Mmacesi JIyHbi, a paccrosinue L or
3emay Ao JIYHBI NpUMEPHO PaBHO

60 3emupM paguycam. Paguyc
3emsy R, DpUHATD  DABHBIM
6400 KM,

226, (8 kn.) Ins perynuposa-
HHAL HANpPSIJKEHHS HAa HACpY3Ke
coOpaHa cxema, IOKA3aHHAA HA
pucyuke 69. ConporusieHus Ha-
TPY3KH U OOMOTKH MOTEHIMOMETPaA
ORUHAKOBH ¥ pasnn R. Harpyska
NOJKJ/IOYEHA K [0J0BUHE OOMOT-
Ky norenuMomerpa. Kak wano us-
MEHHTb MOJIOKEHUE JIBUKKA MO-




TEHUHOMETpa I TOro, YTOOH Ha-
IpsKEHHe Ha Harpyske OCTajoCh
NpEeXHUM, ecJaH Hanpskepue U
H4a BXOJE 1ENH -YBeJHYUBACTCSH
BJIBOE?

227. (8 xn.) ¥ron, noxy Koro-
peiM Buano CosHpe ¢ 3eMnu (yr-
JMOBOH JHamerp), paBen npuGnu-
sgreqpio o & 1072 pap. Pamuye
3eman Rz = 6400 km. Onpeje-
JAUTE OTHOIUIEHWE CPefHUX IJIOT-
nocreit 3eman # Connna, MPUHH-
Masi BO BHHMaHue, uyto | rojg =~
~ 3-107 ¢,

ITpumMeuasnne Obbem la-
pa Belyycasercs no gopmyne V =

= —g—:n:)fi”3 (rne R — pajuyc 1a-

pa).

228, (8—9 ka.) Ouennre Mori-
HOCThL JABUrarens, HeoGXOoIUMYVIO
AN4 NOJIEpIKAHUA B BO3yxe Bep-
tonera maccoit m = 500 Kr, ecqu
JIONAacTy Mponejjiepa UMET AJu-
Hy | =3 wm.

Cunrarb, UTO BECh BO3AYX Mof
BPAIAIOLIUMHACS JIONACTAMH JBU-
raercsd  OAHOPOJAHEIM  TIOTOKOM
BHU3.

229. (9 kn.) Hneanwvunlit onno-
ATOMHbBIH ra3, HaXONALHHCA IpH
HOpMaJbHBLIX YCIOBHAAX, NepeBo-
nAT 13 cocrosHua I B cOocTOsiHue
2 pByma cnocobamu: [ —»3 - 2
u I —4—2 (puc. 70). Haitru
OTHOIIIEHHE KOJHYECTB TEMJOTHI,
KOTOpBblE HEOOXOoauMOo COOOIHUTD
1 KMoab rasa B 3THX ABYX Npo-
- peccax.

230. (9 xa.) 3apsap Q pasHo-
MEPHO pacupeneneH IO TOHKOMY
JHIEKTPHUECKOMY KOJbHY, KO-
TOpOe - JEXKUT HA TAQNKOR TOpH-
aopraabpoli .MoeKoerd.  Mugyk-
WA MAarvyTHOrO Mojd, IepHeH-
BRKYASPHOTO MJOCKOCTH KOJbLA,
mensercs oT 0 no B,. Kakywo yr-
JIOBYIO CKOPOCTDH BpAILEHHA Npu-

oGperaet Nph 3ToM KoJabuo? Mac-
Ca KoJblla paBHa m. ’
231, (9—10 xn.) Hajrn 3aBh-
CHMOCTbh HaNpAXKEHUs Ha pesHc-
Tope R Ueny, cxeMa KOTOpPOH IO-
Ka3aHa Ha pHCyHKe 71, or co-
NPOTHBJIEHUA 3ITOr0 PE3UCTOPA.
DJIC Kaxnoro U3 UCTOYHHKOB pPap-
Ha &, a BHyTpeHHee CONpPOTHBJe-
uue r. Jlyom cyyrath UneasbHbM
(ero conpoTuBJeHHE B IpAMOM Ha-
npaBjeHHH PABHO HYJIO, a8 B 06
paTHOM — GECKOHEYHO BEJHKO).
232. (9 gn.) KocMmuuecku#d Ko-
pabab Bpamiaerca BOKpyr JIyHb!
no KpyroBo#i opOure paguyca
R =3,4-10° m. C Kako#l cKo-
pPOCTHIO HYXKHO BLIOPOCUTL H3 KO-
paG/asa BbIMIIEJa 110 KacaTeJbHOH K
TpaeKTopuu Kopabysg, 4YTOGH OH
ynajl Ha IPOTHBOMNOJIOKHOH CTO-
poHe Jlynbi? Uepes kakoe BpeMs
BeIMIlenn ynager uHa JIyuy? [lpu-

Pl
28 4 2
p e — >
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I I
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0 v, v, v
Puec. 70
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Puc. 72

'

;
I

Puc. 73

Puc. 74

HATb, YTO YCKOpeHue ¢BOGOJHOIO
najgeHds TeJ BOIM3H IOBEPXHOCTH
Jlyupl B 6 pa3 menblie, yeM Ha
3emJie.

Panuyc JlyHbl NpHHSATL PAaBHBIM
1,7- 105 wm.

233. (10 kn.) KocMuvecku#t Ko-
pabnb noAXoaur K Jlyue no napa-
GOJMHYECKOH TpaeKkTopuyu, MOYTH
Kacaloueics noBepxHocTy JIyHH.
Urobsl nepefiTd Ha CTeNIOLLYIOCS
Kpyrosywo op0bury, T. €. Kpyro-
Bylo opOHTYy, OueHb OJU3KYIO K
NOBEpPXHOCTH JIyHBL, B MOMEHT
HauboJibiiero cOmuxkenus c Jly-
HOM BKJIOYAeTCA TOPMO3HOH NBU-
rareis.

. OnpepenuTs, HACKOJbKO u3Me-
HHTCS CKODOCTb JIBHIKeHUs Kopab-
JIF [IPH BBINOJIHEHHH 3ITOT0 MaHeB-
pa. Ycropenue coOopHOro naie-
HHA Tesl HAa INOBEPXHOCTH JIYHEI
g, = 1,7m/c?, pagayc JIygs R, =
= 1,7-10° m.

Honornumenvnoilt eonpoc. Ilo-

49

npobyiire OlEHHTH, KaKyl0 4acTb
NepBOHAYaJbHOH Maccel Kopabiis
LOJI)KHO COCTABHTD COXKIKEHHOE I'0-
prouee, ecJu TOPMO3HOH ABUTATE/b
BLIOpAaCKIBaeT TIPOAYKTHL CTOPAHKUSA
C  OTHOCUTENIBHOH  CKOPOCTBIO
v = 4.10% m/c. ,

234. (10 kan.) JIge npaBu/bHBIE
mecturpainee npwamset ABCDEF
u A'B'C’'D'E'F’ w3 mnpozpaunoro
Marepyana CJOKEHBI BIJIOTHYIO
3ayepHeHHbIMY rpaHaMu DE u
D’E’ (puc. 72). OcrajbHble rpanu
UMEIOT TPOCBEeTJIsIollee  TOKpPhI-
THE, T. €. HA HHX He TPOHCXOILHUT
orpaxenus csera. I'paus AB
OCBEIIAETCA WHPOKUM apaJsijiesib-
HbIM MY4YKOM CBeTa, Mapajjesb-
HBIM TJIOCKOCTH OCHOBAHU S [IpU3-
Mbl. [lpH HEKOTOpPOM 3HAYEHHH
yrjia nageHuf Bech CBETOBOR MO-
TOK, Nonajawlowui Ha rpaus AB,
BIXOAUT uepe3 rpain A'B’ Bro-
po# npusmsl. OnpeneauTs noxa-
3aresib MPeJIOMIEHU S MarepHana
IpU3M.

235. (10 xn.) Oxna u3 oGKha-
JOK MJIOCKOTO KOHAECHCATOPA ILIO-
waneo S nojBeieHa Ha Ipy-
XKHHE, a Jipyrags OOK/1aiKa 3a-
KpenJieHa HenoaBuixKHO (puc. 73).
Paccrosinne Mexny miacTyHamu
B Haya/bHbIH MOMEHT paBHO /.
Koupencatop Ha KOPOTKOe Bpems
NOAKAIOYHIM K OGarapee, H OH
3apsauacd A0 uHanpaxenusa U.
Kaxol 10o/1:KHA GBITh 3KECTKOCTh R
NPYyXUHLI, 4YTOObI HE NPOUCXO-
JUJ0 KacaHuf MJaCTHH B pe3yJib-
TaTe HX B3aUMHOrO0 NPUTHKEHHS
nocje 3apsaaxku?

CMenieHyeM IIacTHHBI KOH AeH-
caTopa 3a BpeMfl 3apsAKH MOXKHO
npeuebpeyb.

236. (10 xx.) [Ipu caabom yxa-
pe (yTGoIBPHOTO MsYa O CTEHKY
oH JedopMHpPYETCs, Kak IoKasa-
HO Ha pHCyHKe 74. Ilpu 3tom Jne-
dopmanusa ¥ MIYa MHOTO MEHBIIe



€ro paanyca ¥ MOXKHO € XOpPOWIUM
npub/InKEeHneM cyHTarh, 4yTO ,AaB-
JeHue p BO3LyXa B MsAYe B Mpo-
uecce yjgapa He mensiercsi. Ilpe-
Hefperas yYIpPyrocTelo MOKpPhI-
KH, OLEHUTb BpeMs COYJapeHus
MAYa co creHoH. IlpoBecTH umC-
JIOBOM pacyeT 3TOro BpeMeHH AJiA
cJaydas, KOrja macca Msiya m =
= 0,5 ,Kr jaBieHne B HeM p =
= 2.10° Tla u paguyc msiya R =
= 12,0 cM.

SKCNEPUMEHTANbHbLIA TYP

237. (8 xJ.) Onpepejuts  He-
CKOJMbKHMH  CIloco0aMH  TIIOTHO-
cTH Macja W pPacTBopa MEJHOro
Kynopoca. Kako#i u3 cnoco6oB
nzet HauboJiee TOUHBIH pe3yJib-
TaT?
" Tlaotucers Bojasl 10° kr/md,

IIpuboper 4 mamepuanst. Mep-
Hple IEJAHHAPBI, CTaAKaHbl C BOLOH,
MacJIOM H P&CTBGPOM MEJIHOro Ky-
nopoca, npobupxu, mpsmMasa u U-
o6pasHas CTeKJdgHHAaa TPYOKa, H3-
MepuTebHasd JHHeHKa.

238. (8 ka.) OnpenesuTs Mak-
CHMAaJIbHYIO CKOPOCTh, KOTOPYIO
cooflIaeT NpYyXUHHAaA «Kartany,ib-
Ta» JepeBSHHOMY OpyCKY.

TIpuboper u mamepuaivt: nepe-
BSIHHAS JOCKA C <«KaTalyJabTOH»,
JuHelika, waiba.

239. (9 ka.) Onpexpesmry co-
NPOTUBJICHHE DPe3uCTOPa, MCIOJb-
3yA W3 H3VMepHTeNbHBIX NpHOGPOB
NHIub BOJbTMETP. BHyTpennee co-
npoTuBjeHHe GaTapedKH Majao no
CPaBHEHHIO C  CONPOTHBJIEHHEM
BOJIbTMETpa.

IIpuboper u mamepuaiel:  pe-
3HCTOP € HEW3BECTHBLIM COMPOTHE-
JIeHHeM, pesHCTOp C H3BECTHBIM
COTPOTHBJEBHEM, BOJBTMETD, Ga-
Tapeiika, NMPOBOAA.

240. (9 xn.) Onpenenutb, Ka-
KHE JBa 3JIEMEHTA 3JIEKTPHUECKO
HeNnd HAXOSTCA B «UEPHOM SIIH-
Ke» ¥ KaK OHH COeIHHEHH.

ITpubopbr u mamepuasvi: peo-
CTaT, BOJILTMETP, MHJLIHAMIIEp-
merp, OaTapeiika, COENUHHTE/b
Hble TNPOBOjA.

[Ipumevauune B amuke
HaXOJIHJIHCh NOCJIENOBATENLHO
COEMHENHAN JIaMIIOYKa M JHOA.
TpeboBanocs CHSITD BOJIbT-
aMIePHYI0 XapaKTepHCTHKY, o0Ha-

PYXUTb H OOBACHHTL €e  He-
JIMHEHHOCTb.

241, (10 xa.) CocraBuTb TpH
ABYXJIHH30BLIE  YBEJHUHTEJbHLIE

ONTHYECKHE CHCTEeMBl H3 JaHHBIX
JIMH3,

Teopernueckn W 3kCrnepuMen-
TaJbHO ONPEASNHTh VBEeJHYEHHs
3THX CHCTEM.

OKCIIEpHMEHTANbHO  YBeJaHye-
HHE CHCTEMBI MOXKHO OIIPEeJe/HTh,
OJHOBpEeMEeHHO paccMarpuBasi H
CPaBHHBAsI IMHeHHbIE Pa3Mephl NpeJi-
METa B ero H300pakeHus.

IIpubopet u mamepuanei: TpH
JIMH3BI H3 IIKOJIbHOTO Habopa, mra-
THBBI, 3KpaH, JHHEHKa, CBeua,
CIIHYKH, MeTpoBas JHHEHKa C Je-
JIEHHSIMH

242, (10 kn1.) Onpenesmuty pas-
pelIalomYyIo C1ocoOHOCTL CBOEro
rjasa ¥ €€ 3aBUCHMOCIL OT JHa-
Merpa JaHagparMpl, MNOMeIleHHOH
nepej rj1asoM (paspeliatoias Crno-
COOHOCTb XapaKTepH3yercsi MHHH-
MaJIbHBIM PACCTOSTHHEM MeXK1Y ABY-
Ms TOYKAMH, TIPH KOTOPOM 3TH
TOYKH BOCTIPHHUMAIOTCA I/1a30M
OTAEJIbHO).

llpubopot u  mamepuaivi: uc-
TOUHMK CBeTa, cobupaioumas H
pacceWBamlollas JIMH3a, 3KpaH,
¢osibra, JMHEHKA, U3MEpHTElbs
Hasa uIKaJja.
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X BCECOIO3HAA ONMMNIMALA
(1976 r., Munck)

TEOPETUMYECKMHA TYP

243, (8 ka.) Mammuuct mnac-
CaxKUPCKOTO mnoe3na, ABHraBlle-
rocs co cKkopoctbio v; = 108 km/u,
3aMeTHJ1 Ha paccTosiHuM [p =180 M

Briepennd JBHXKYLWHHACA B Ty ke
o Al @—9

© =

Puc. 75

CTOPOHY CO CKOPOCTBIO U, =
= 32,4 KM/4 TOBapHBIi THOE3].
Mammaucer cpasy BKJIOYHJ TOp-
Mo3, Ojarojaps 4emMy Haccakup-
CKMH r1o€3] HayaJl JABHIaThCsi C
yckopenueM a = —1,2 M/c?. Ilo-
CTaTo4HO JIH 3TOr0 JJsA  TOro,
yToObl 10€e3/la He CTOJIKHYJIHCEH?
244. (8 xa.) Kosbdunuenr xe-
CTKOCTH PE&3HHOBOTO XKIyTa, JJIu-
Ha KoToporo [ u Macca m, paBeH k.
Koubi10, H3roTOBNEHHOE H3 3TOr0
JKT'yTa, Bpamaercs ¢ yIJoBoH CKO-
POCTLIO B FOPH30HTAJbLHOH MJIO-
CKOCTH BOKPYT BepTHKAaJbHOH OCH,
NPOXOJAIIEH uepe3 EHTP KOJbLa.

Onpeneaurs pagdyc BpailarmoLie-

rocsi KOJbIa.

245. (8 xu.) U3 pesucropos c¢
conporuBaenussMd 1, 2, 3 @
4 Om coOpana nenb, CxeMa KOTo-
poifi mMoKa3agya Ha pPHCYHKe 75.
Kako#t Tok Teuer uepe3 awmmep-
meTp A,, ecjau TOK uepe3 ammnep-
merp A, pasen 5 A? Bosabrmerp
nokasbiBaer 10 B. Mamepure/n-
Hpie 1pHOOPHI CYUTATL HJealb-
HbBIMH.

246. (8—9 xua.) Onnopoanyio
TOHKOCTEHHYI0 Cdepy pazguyca R
paspe3aju Ha ABe 4acTH U CKpe-
MUJH, KaK TOKa3aHo Ha pHCYH-
Ke 76. Ha kaxkoil BpicoTe Haxo-
JIUTCA LEHTP THAMXECTH MOJY4YUB-
ierocs 0okKaJa, ecJii BhICOTA €ro
HOXKH h?

247. (9 xa.) HMmeercs1 uneasnn-
HBIH 3anupawiMi CJIoH ¢ p — A~
nepexoAoM. TOJIIHUHA 3TOro CJ04
d, AHSNEKTpHUeCKasa [pOHHIae-
mocthb & Hapucyire rpaguk Ha-
NP SXKEHHOCTH U MOTEHIIH AJ1a 3JIeKT-
pHUECKOTo NOJA B CJoe, noJjaras
pacnpefe/enne MIOTHOCTH 3apsiia
B CJIOE TaKMM, KaK MOKa3saHoO Ha,
pucynke 77,



248. (9 ka.) Onpenesutb CHIY
TATY PaKeTHOro ABUTrarelid, B KO-
TOPOM HCIOJB3YIOT B KauecTse
roployero BOJOPOA H B KauecTse
OKHCJIUTENA KUAKUH KHUCJIOpOA.
CekyHAHBIH pacxoj BOXOpPOAA Wy ==
= 24 kr, CKOpOCTb HCTeueHHsd ra-
30B M3 COmva pakerh u = 4,2X
x 10® m/c.

249. (9 xa.) B asekrpoBaky-
YMHOM npHOope YHCTLIH BOJbL(Pa-
MOBBEIH KaToj Haxoautrcsa B 60Jib-
wod Koabe, colepxKameld OCTaTKH
KHCJIOpOJa MNPH JaBJAEHHH p =
= 1072.Tla u Temneparype T =
= 300 K. Cuuras, 4To Kaxasa Mo-
JIEKyJa, TIoTlapnIas Ha Karoj, npu-
JUNaeT K HeMy, OLeHUTh BpeMs
00pa3oBaHH i MOHOMOJIEKYJISIPHOTO
cyod. MoJekyJsbl MOXKHO CYHTATh
mapukamMid guamerpoM d =3.1078
cM. MoaspHaa Mmacca Boab(ppama
M = 0,184

MOJIb

250. (9—10 ka.) Kakoe Ham-
OoJsibllee JaBJe€HHE MOXHO H3Me-
puTh ¢ mnoMombio  U-00pasHBIX
PTYTHBIX MAaHOMETPOB, COEJHHEH-
HBIX IIOCJEN0BATEeNbHO KOPOTKOH
TPYOKOH, €ClH KaXJAbli H3 HHX
NO3BOJIsIer H3MEPHTb JaB/IeHHE J0
10° Tla?

251. (10 ka.) YenoBex cJaeaur
3a NTHIEH, HaXoAMEeHCA No3anH
Hero Ha paccrosHud d = D M,
o OTPaxKeHHAM B CTEKJaX OYKOB.
IIpu 3TOoM oH BHAMT JABa uU300pa-
JKeHMsd NTHIBL OAHO —Ha pac-
crofHud f; = O M, Apyroe — Ha
paccroanud [, = 5/7 m. Ilosep-
HYBIINCh JIMIOM K NTHIE, . OH
CKBO3b OYKH BHAMT ee u3o0paxke-
HHE Ha PacCTOAHHH [z = 2,0 M.

Onpepenuth noOKasatesb mpe-
JOMJIEHHSI CTeK/a, U3 KOTOpOro
H3TOTOBJIEHBI /HH3bl OYKOB,

252. (10 xn.) Tlouemy c mno-
MOIIBIO JIHH3BI MOXHO 3aXeub Oy-

mary cBeroM ot CousHna, HO Helb-
31 CBETOM OT 3BE3JnI?

253. (10 xu1.) CnyTHHUK ABH XKeT-
¢4 Mo Kpyroso#r opbute Ha pac-
CTOAHHH OT MOBEPXHOCTH 3eMlH,
paBHOM ee paauycy R. B Heko-
TOPBIH MOMEHT CO CINYTHHKAa 3a-
NyCckaercda CTaHndsa Ha JpYyTyio
nJaHery, IoCJe yero OCTapLIascd
YacTb CITYTHHKA JABHXXETCS 110 3J-
JIHIITHYECKOH opbute, mnojAxoAd-
e oueHb OJU3KO K MOBEPXHOCTH
3eMJ B TOYKe, IIPOTHBONOJIOXK-
HOM TOuke crapra craHuuu. Ka-
KyI0 MaKCHMaJpHYI0 4acTh Mac-
Cbl CIIYTHHKA MOMKeT COCTaBJATh
MacCa MEXIIJIAHeTHOH CTaHIMH?
(TloTeHIHaNbHAsA BHEPTHS TeJa
MacCHl /m B MOJ€ TATOTCHUSA TeJa

maccel M pasaa W, = _G Mm )
r

254. (10 k1) B sjaekrpuuecko#
Hend U3 JBYX OJAWHAKOBHIX KOH-
JeHcaropoB eMKOocTH C ¥ KaTyLIKH
C MHAYKTHBHOCTBIO L, coepuHeH-
HBIX TIOCJIeoBare/ibHO (puC. 78),
B HayaJbHbIH MOMEHT OAHH KOH-
AEHCATOp HMeeT 3apsaf §p, a BTO-
poii He 3apsioked. Kak Oyayr us-
MEHSTHCA CO BPEMEHeM 3apsiibl
KOHJEHCATOPOB M CHJa TOKa B
KOHTYpe 10oC/Ie 3aMBIKaHUA KJIio-
ya? [llpenjoxure MexaHHYECKYIO
Kone0areJbHYI0 CHCTEMY, aHalo-
THYHVIO JAHHOH 3JEeKTPHUYECKOH

SKCNEPUMEHTANDbHLIA TYP

255. (8 ku.) Ompenpesuth cxe-
MY LieNH, HaXOAAmeHAca B KOpoOKe
C YeTBIPbMs1 BLIBOAAGMH, H 3JIEKT-
pHUeCKHEe napamerpnl AeraJeid, u3
KOTOPBHIX COCTABJIEHA 3Ta IElb.

Ilpubopst u mamepuarvi: ACTOU-
HHK INOCTOSIHHOTO TOKa, De3ucTo-
pHl, amnepmerp, BOJbTMETp, HpO-
BOJIA. \

ITpumeuanue B kopo6-
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Puc, 80
Ke HaxoauJach llellb, cXeMa Ko-

TOPOH N0OKa3aHa Ha PUCYHKe 79,
256. (8 ku.) Ilosnb3ysace auna-
MOMETPOM, OTIPeeJHThL Maccy Tpy-

: METP,

3a, BeC KOTOpOro RPEeBOCXOAHT
npexesa u3MepeHusl JaHHOIO JAHHA-
MOMeTpa.

ITpubopsl u mamepuaabi: 1ITa-
THB, HEOAHOPOAHMIH CTePIKEHb, AU~
HamoMeTp, rIpy3, HHTb, MHJJIH-
MeTpoBasi Gymara.

257. (9 ka.) Hameputsr armoc-
¢epHoe JaaBieHHe,

[Ipuboper u mamepuaast: CTEK-
JsiHHBle TPYyOKH, pe3HHoBas TPyG-

Ka, npo6Ka, IUTATHB, JIHHEHKA,
CTaKaH ¢ BOJOH.

258. (9 ka.) Omnpenenuts ewm-
KOCTb KOHJEHCATOPOB.

[Ipubopot u mamepuaibt: KOH-
JEHCATOPBI (2 IUT.), UCTOYHHK TIO-
CTOSAHHOTO HAMpSU’KEHHA, BOJIBT-
COeJHHHTENbHBIE ITPOBOAA,
CeKyHJoMep, 3TaJOHHBEIE CONpo-
THUBJCHHA (3 WIT.).

259. (10 ka.) Onpenenurs, Ka-
KHE 3JIeKTPHUECKHE JeTajd HaxXo-
AATCA B Kopobouke C TpeMsli Bbl-
BOJAMU MU MO KaKOH CXeMe OHH
COeHHEHBI.

IIpubopet u mamepuaist: am-
NepEoJLTOMMETP, TPOBOAA.

Ilpumeuanue B kKopob-
Ke HaxoAu/ach OJHa H3 CXeM, IOo-
Ka3aHHbIX Ha pucyHke 80.

260. (10 ka.) Onpeneauts Ko3¢-
(PHIMEHT TpeJoMJIeHHS  XKHAKO-
CTH, HAXOASINEHCH B CTaKaHe.

{Ipuboper u mamepuaast: cra-
KaH ¢ BOJO#H, JHHeHKa, JaMIloy-
Ka, Oarapeiika, 3KpaH.

Xl BCECOIO3HAS OJIUMITMAQRA
(1977 r.,, OpyHse)

TEOPETUUECKMHA TYP

261. (8 ka1.) HdedicrByromas mo-
Jiesib NOABEMHOTO KpaHa cnocoG-
Ha noauATh 10 GeroHHRIX KT Ges
o6prisa Tpoca. CKONMBKO IVTHT TIOJ-
HUMET peajibHbiH KpaH, H3rOTOB-
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JIEHHBIH H3 Tex Xe MarepHanos,
€C/IH JIMHefiHble pasMepH KpaHa,
Tpoca H IJMT B 12 pas Gouabiue,
yeM MOJeJb?

262. (8 ka.) [iBe AbAMHBI ABH-
XKYTCSl MOCTYyNareJbHO C OAHHA-
KOBBIMH 10 MOAYNAM CKOpPOCTS-



MH, OfHa Ha CeBep, Apyras Ha
szanax. Oxasanoch, yT0 B JOGOH
MOMEHT BpeMeHH Ha o0enx Jbau-
HaX MOXHO TaK PacHOJIOXHTb 4a-
CBbI, UTO CKOPOCTH KOHUOB CEKYHA-
HBIX CTPeJIOK OTHOCHTEeNbHO 3eM-
JU O6y1YT OXHHAKOBBLIMH, MpHYEM
AJIs1 KaXKJIO0T0 MOMEHTa BpEeMEEH
MOXET OHTh JHIIb OJHO Tagoe
pacnoJsioxkenue, Onpezxejdtb, Ha
KaKoe pacCTosiHHe TepeMelaTcs
JbXUHBL 32 CYTKH, €CJH JI/iHHa
KaXJ0l CEeKYHJIHOHM CTpeJKH pas-
Ha ! cm. ludep6isar gacoB pac-
TIOJIOXKEeH FOPH30HTAJIBHO.

263. (8 xa.) Ilpu nmojgkmouenun
rajbBaHHYeCKOro 3/eMCHTa Ha-
npsokenreM 1,6 B K 3axumam A
" B (puc. 81) amnepmerp nokasans
ok 1 A. Koraa noaspuocrs
3JIEMEHTa M3MEHMJH Ha IPOTHBO-
NOJIOXKHYIO, TOK YMEHBIIMJCS B
JBa pasa. Kakas snekrpuueckas
Lenb HAXOAUTCH BHYTPH KOpoO-
KH?

264. (8 xn.) Pucynox 82 cpe-
JIAH €O CcTpobockonuueckol (oro-
rpadun  KyOHKa, JABHXKYILIErocs
BJOJIb HAKJOHHOH IIJIOCKOCTH.
TIpoMeXyTOK BPEMEHH MEXAY 1O~
CJIeAoBaTeNbHEIMH BCTIRIHIKaMH
Jamnel paBen 0,1 ¢. Onpegenuthb
KO3(pHUIIHEeHT TpeHHsi KyOuka o
NJOCKOCTD.

265. (9 xa.) Uenb, nokasannasa
Ha pHCYHKe 83, coGpana U3 ojH-
HAKOBBIX Pe3UCTOPOB H OJAHHAKO-
BEIX BOJILTMETPOB. llepBetil BOJIBLT-
Merp mnokaseiBaer U; = 10 B, a
tperuit U; = 8 B. Kakoe noxka-
3aHHe BTOPOro BOJILTMeTpa?

266. (9 ks.) Ha pucynke &4
H300paXKeHHl 1Ba 3aMKHYTLIX HHK-
Ja: ABBA nw ABI'A. O6a mmukJsa
NpoBeleHBl ¢ HACAJBHBIM  OAHO-
aroMHbIM rasoM. Ha kakux yua-
CTKaX IHKJIOB ras nojiyyuaer M Ha
KaKHX YuacTKax OTAaeT Temio?
Y Kakoro H3 OHKJIOB Ko3(du-
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IHeHT TI0JIe3HOTO JAEHCTBHSA Bhlie?
Bo ckoibko pas?

267. (9 ki.) B BLICOKOBOJBT-
HOM 3/ICKTPOCTaTHYECKOM TIeHepa-
Tope (puc. 8D) 3apsipl HEPEHOCHAT-
Cs  JHUSJCKTPHYECKOH JIGHTOH H
3apsAXKalor BbICOKOBOJBLTHBEIA cee-
PUUECKHU 3JEKTPOJ, paluyc Ko-
toporo R = 1,0 M. Ouenutp Mak-
CHUMaJbHble 3HAUeHHS Hanp sxkKe-
HHSA H CHJIbl TOKA, KOTOPbie MOXKHO
NOJYYHUTH OT TAKOTO reHepaTopa,
ecyIH CKOpoCTh JenTht v = 20 M/c,
a ee mmpHHa d = | m. IIpoboit
B BO3/lyXe BO3HHKaeT NpPH Harmps-
JKEHHOCT#  3JeKTPOCTATHYEeCKOoTo
noast £ = 30 kB/cm.

268. (9 ka.) Ilpupoaunil ypau
COCTOHT M3 CMECH JBYX H30TOIIOB
¢ aroMHbIMH MaccaMH 235 u 238
K OTHOIEHHEM KOHLIeHTpauHi
ATOMOB 3THX JBYX  W30TOIOB
7 : 1000. [ ypesiHueHH s KOHIIEH-
TpauuH u3orona *°U, Korophlil
NpPUMEHsAeTCs B arOMHBIX PeakTo-
pax,  HCNOJb3yeTCA HCTeyeHue
razoo6pasnoro coepunenus UF,
(rékcadTopu ypaHa) B BaKyyM
yepe3 MasieHbKHe oTBepcTHdA. I'a3
nponyckaercsi yepes 1py6éy 7T ¢

48 )

NOPUCTBHIMU CTeHKamu (puc. 86).
Ipoweammi yepes creHKH TpYyOH
raz OoTKaunBaeTcsi H3 coCyAa
OueHUTh NpoHCXoAAILIEe HPH 3TOM
HU3MEHEeHHe KOHIIEHTpPanHH MoJie-
Kyn rekcagropuza ypana. Or-
HOCHTEJIbHAA aroMHada Macca ¢rTo-
pa paBHa 19.

269. (9 k1) Pucynok 87 cue-
JaH co cTpobGocKonuueckoil doro-
rpaduH JABHXKEHHst ABYX CTaJKH-
BAOLIM XCA IIAPHKOB OfHHAKOBOIO
J1aMeTpa, HO pasHux macce. CrpeJ-
KO Ha pHCYHKe [I0Ka3aHO Ha-
npasjeHHe JBHXKEHHSA ONHOIO H3
IIaPUKOB JO CTOJKHOBeHHus. On-
PeAeJUTDL OTHOILEHHE MacC HIapOB
YKaszatb, B KakoM HaIlpaBJeHHH
JBHTAJCA 1O CTOJKHOBEHHSA BTO-
po# 1wap.

270. (10 ka.) Hawepturs mpu-
MEpHBLIH XOX Tpapuka 3aBHCHMOC-
TH OT BPEMEHH TIOKa3aHHS BOJIBT-
MeTpa IIOC/IE 3aMbIKAHHA KJOYaA
K (puc. 88). Boaprmerp u karyu-
Ky HHAYKTHBHOCTH CYHTaTb Hje-
a7 bHBIMH.

271. (10 xa.) Jlyna oxHoBpe-
MeHHO (oTorpadupyercsa ¢ ogHoH
H TOH e CTOPOHB! C 3eMJH H CO
cnytHuka Jlywel. OpOura cnyr-
HUKa Kpyromada. Jluamerp wu3o-
OpaxkeHus JIyHnl Ha ¢oTorpaduH,
NoJy4eHHoH ¢ 3emiH, d = 4,5 MM,
a ga dororpaduu, MOOJYYEHHOH
co cnyTHHKa JIyHbl, dy == 250 MM.
Haiitu nepuox oOpamenus cnyr-

100 Om
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HuKa JIyuel o ero op6ure, ecin
o6a CHHMKa CJeJaHbl C TOMOIIbIO
OJIMHAKOBLIX OOBEKTHBOB ¢ ¢ho-
KYCHBIM paccrostHueM I = 500 mu.
IpuusTh, 4To yCcKopeHHe CBoGOI-
HOTO nageHusi Ha JlyHe B 6 pas
MeHbllle, ueM Ha 3eMJe, H pac-
crosauue L oT 3emaH Jo JIyHml
paBHo 380 000 xwm.

272. (10 ka.) Tengousomupo-
BaHHAA N0OJOCTH HEOOMBIUIMMH OH-
HAKOBbIMH OTBepcTHAMH (puc. 89)
coenMHeHa ¢ JAByMs obneMamy,
coiepXxamyMH ras3oo0pasHblii re-
Juii. JlapjenHe reqHa B 3THX
ofbeMax TOANepXKUBAETCS  I0-
CTOSIHHLIM U paBHBIM P, a TeM-
neparypel MOAAEPKHBAIOTCH paB-
HeIMH 7 B opHOM H3 00BEMOB H
2 T B gpyrom. Hafitn ycrano-
BHBIIEECS JaBjeHHe H TeMIlepary-
PY BHYTPH IIOJIOCTH.

273. (10 xa.) Pucynok 90
caesnan ¢ ¢ororpadun  TpeKoB
yacTdl B Kamepe Buascona. Pac-
najabl filep rasa, HAanoJHSIOLETO
Kamepy Buascona,

OpicTpBIX HedTpoHOB.  Kamepa

BLI3BAHBl B -
JAHHOM cJ1yyae JeHCTBHEM HA HHUX

Busbcona Guia 3anosHena cMechio
Bonoposa (H,), mnapos cnupra
(C.HSOH) u soae (H,O) u no-
MellleHa B MaTHHTHOE I0JIe C WH-
Aykuued 1,3 Ta. Bekrop war-

HHTHOM HHAYKUMH  HampasJeH
NEPNeHAUKYJISAPHO IVIOCKOCTH pH-
CYHKA.

1. Onpepesuts 3HEpruI0 npo-
TOHA, INOSIBUBILETOCA B TOUKe 4.
Tpaexktopust sroro mporosa —
KpuBaa AA’. llouemy Mensiercs
KPHBH3Ha TPaeKTOPHH [POTOHA?
KakoBa 3Heprusi 3Toro nporosa B
Touke C TpaexTtopuu? Macca npo-
ToHa pasHa 1,67-10"% Kr,

2. Onpegenutsb, sApPO  KaKoOTG
aroMa pacnajoch B TOUKe a,
eCJIH TPEKH 4aCTHIl, HauWHaloue-
CS B 3TOH TOUYKE, HACHTH(PHLHPO-
BaHbl KaK Caejbl ABYX IPOTOHOB U
ABYX O-YaCTHII.

274. (10 kn.) Ha pucynke 91
MPHBE/ICHA BOJBT-aMNepHas Xa-
PaKTepHCTHKA JIaMIIOYKH OT Kap-
MaHHOTrO  ¢onapsi.  Jlamnouka
BKJIOYEHA B CXeMy, I[0Ka3aHHYI0
HA pHCYHKe 92.

1. Haitu rpaduueckn cuay ro-
Ka B JaMIlOuKe.

2. Tlpy  kKakoM  TIOJIOXKEHHWH
JABUXKKA MOTEHIMOMeTpa Hamps-
XKenue Mexay Toukamd A4 u B
PABHO HYJIO?
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3. Ilpp KakoM  10J0XKeHHH

ABHXKKA [OTEHIIMOMETpPA Hanpsi-
JKenne wmexny Toukamu A u B
noytu He Oyger MeHATbCA TIpH
HeboapIIHX  H3MeHeHHsaAx SJIC
Oarapen?

BHyTpeHHUM CONpPOTHBIIECHHEM
Garapen npeneGpeysb.

SKCNEPUMEHTATNBHBLIA TYP

275. (8 xa1.) OmnpeneauTsy nIoT-
HOCThL MeTajna, HaxoAdilerocs
B OJIHOM M3 JIBYX KYCKOB ILIacTH-
JINHA, eCH H3BEeCTHO, YTO MAacChl
IIIaCTHJINHA B 060OUX KYCKax Ofu-
Hakoebl. OueHHTe TOYHOCTD IOy~
yeHHoro pesyJasTaTta. FsBaekarb
METaJ/1 U3 IVIaCTHJHHA He paspe-
Laercs.

[Tpubopot u mamepuansl: Hc-
cJiefyemele oOpasnpl, BECHl C pas-
HoBeCaMH, CTaKaH ¢ BOJAO#, uITa-
THB.

276, (8—9 kn.) C nomomswo
JBYX AMHAMOMETPOB H ABYX H3Me-
PUTEJBHBIX JIUHEEK ONPEIEJIHTh
BO3MOXKHYIO MEXaHHUYECKYI0 CXe-
My H napaMeTpel COCTaBJIAIOLULHX
3JIeMEHTOB B KOpoOouke, He
BCKphiBasi ee.

[Ipumeuanne He pas-
peinaercs H3rubarb BHICTYNAlOLIHe
IIPOBOJIOUHBLIE KOHIBI H pacTArU-
BaThb UX C CHJIOH, NpeBHILaoUIeH
npeJle/IbHBIE 110KAa3aHUA JHWHaMO-
Merpa.

Ycrpo#ictBo  smHKa ObLIO  Ta-
KHM, KaK MOKa3aHO Ha pUCYHKax
93, au 93, 6.

277. (9 k1.) Onpegenuts 00neM
BO37yXa, BLIKAUHBaeMOTO HacoCOM
KomoBCKOro 3a oxHH LHKJ, H ar-
MocepHoe JaBlIeHHe,

IIpubopst u mamepuaavt: HacoC
KomMoBckoro, BakyyMHasi TapeJska
C KoJimaKoM, MaHOMeTp, JHHeHKa,
MaTEMATHYECKHE TabJHIbL.

278. (10 kn.) Onpejenure Kak
MOXKHO TOuHee HOKa3aTesb IIpe-
JIOMJIEHH ST KHAKOCTH.

ITpubopel u momepuaast: Konda
¢ HCCJAeyeMOil JKHIAKOCTBIO, CTEK-
JsHHAas KioBeTa, JWH3a, 3KpaH,
JaMmriouka, Oaraperika, I0JIOCKa
MHJITHMeTPOBOH GyMard.

279. (10 kn.) Onpenennre Mak-
CHMaJbHO BO3MOXKHO€ YHCJO Ma-
paMeTpoB KHAKOCTH.

[Ipubopvt u mamepuaivl: KOJ-
6a C JKUJAKOCTbIO, XUMHUYECKHH
cTakah, OaTapeHka, amMmIepMmerp,
BOJITMETD, AUHAMOMETP, KOJIOAKA
C 3JIEKTPOAAMH,  BBIKJIOYATe/b,

PESHHOBHIA JKT'YTHK,  JIHHEHKA,
KYCOK IIPOBOJIOKH, TpY3.
¢ v & )
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Xil BCECOIO3HAS OJIMMITMARQA
(1978 r., Awxabag)

TEOPETUYECKMHA TYP

280. (8 kn.) Ha rpaduke
(puc. 94) npHBeneHa 3aBHCUMOCTH
CHJIbI TOKA, TEKYLIEro uepes asTo-
MOOHJBHYIO JIaMNIOUKY OT  Ha-
NpAXKeHUs Ha HeHd. JlaMIouky
NOAKJ/IOYAIOT K HCTOYHHKY TIOCTO-
ssHHOro Hampsipkenuss U = 10 B
NOCJIeAOBATEJILHO C  PE3HCTOPOM,
HMEIOLIHM CONpoTHBJeHHe R =
= 4 OmM. Omnpenenutrb MOULHOCTD
JIAMINOYKH.

281. (8 ku.) Cumapsii pasphl-
BaeTCsl B HEKOTGPOH TOYKE TpaekK-
TOPHH Ha JBa ockoska. Ha pu-
CcyHke 99, BHINOJIHEHHOM B OIIpe-
JeJIeHHOM MacuiTafe, KpecTHKaMH
OTMeueHbl IOJIOKCHHSA CHApAZa H
OJIHOTO M3 OCKOJIKOB gepe3 Ioc/ie-
J10BaTe/ibHble paBHbie NPOMEKYTKH
BpemeHnd. Hafgure noJoxenus
BTOPOTO OCKOJIKA B COOTBETCTBYIO-
IIH€ MOMEHTHl BpeMeHH, €CJAH H3-
BeCTHO, YTO OH HAXOLHTCH B TOY-
Ke B B TOT MOMEHT, KOrJia NepBhiit
OCKOJIOK HaXoJIHTCA B Touke A.
Crpesikoit Ha pHCYHKE IOKA3aHO
HanpasJeHHe YCKOPeHHst ¢B0GOA-
HOTO NajeHus.

282. (8 xn.) B ane nmamBApH-
yeCKo# Kacrtpliond maowand Sy
NpOCBePJIH/IM OTBEPCTHE MJICLIAAH
Se U BCTAaBWJM B Hee IJacTMac-
coByro TpyOky. Macca kacTpio-
Nu ¢ TpyOkoil paBHa m. Kacrprous
CTOUT HA POBHOM JIHCTE DPE3HHBI
aHoMm BBepx (puc. 96). Ceepxy
B TPYOKY OCTOPOXKHO HAJIUBAIOT
Boxy. Jlo XKaKore ypoBHS MOKHO
HaJHUTh BOJYy, 4TOoObI OHA HE BHI-
T€KalJla CHU3y?

283. (8—10 xxn.) MasTHHK
npeacTaB/iaer co0oil JIETKHH CTEp-
XeHb JJIHHbE [ ¢ TSXKENBIM I'PY30M
Ha xomune. K gpyromy Komuy
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nNpUKpenyieHa Jierkasa LIHIUHAPH-
yecKast BTyJ/IKa ¢ BHYTPEHHHM pa-
JUYCOM 7, Hajeras Ha Bpallao-
UIYIOCS  TOPH30HTANbHYIO  OCh
(puc. 97). Kospduuuent tpeHus
MEeXJ1Y BTYJKOH u ockio . Ormpe-
JIEJTUTh YTOJ o OTKJIOHEHH s CTePK-
HA OT BEPTHKAJH B PaBHOBECHH.
284. (9 xn.) Teiizeppl MOTYT
paccMatpuBarbc Kak  OoJibILHe

noJ3eMHble  pe3epByapbl,  Ha-
TNOJIHEHHble TPYHTOBOH BOJOH H
nporpeBaemble  3eMHBLIM  TeIlIOM

(puc. 98). Brixog U3 HHX HA HO-
BEPXHOCTb 3eMJIH OCYIIeCTBJSAET-
Csl 4yepe3 y3KH{ KaHaJ, KOTOPHH
B «CIIOKOHHBIA» MNEePHOA IPAaKTH-
YeCKH [EJHKOM 3aroJiHeH BOJOH.
Cuuras, 4TO «aKTUBHBI» NepHOA
HacTynaer, KOorja B II0A3eMHOM
pesepByape 3aKHIIAeT BOJA, H 4YTO
BO BpeMsl H3BepPKEHH$S KaHaa 3a-
NOJIHEH TOJBKO IM13apOM, KOTOPHIH
BoiOpachiBaeTCA HAPYKY, OLEHHTD,
KaKyio 4acth BOApBL TepsieT pesep-
Byap reHsepa BO BpeMs OAHOTO
u3Bepxkenusi. ['y0HHa KaHana
h = 90 M; TemyoTa HCIapeHHd
BOAE A = 2,96.-10° Hx/kr, ften-
JIOEMKOCTh Boanl ¢ = 4,2 - 103
Jx/(kr - K). 3aBHCHMOCTD AaBie-
HHS HAachillecHHOTO BOJASIHOTO Ha-
pa OT TeMmepaTypel 337aHa Ha
rpaduke (puc. 99).

285. (9 ka1.) Mozeab BepTOJe-
Ta, Warotoesennas B 1/10 nary-
pa/ibHOH BEeJIHUHHDL, VAePKU-
BaeTCs B BO3AYXe NIPH MOMOLIH MO-
tTopa MmoinHocTeio 30 Br. Kakoi
NOJ3KHA OpiTh MHHHMAJIbHAs MOLII-
HOCTb JABHrarejsi Bepronera, Ha-
TOTOBJIEHHOTO M3 TeX Xe Mare-
pUaJOB, YTO W MOJEenb?

286. (9 ki) B ueru, cxema
KOTOpO# NoKa3ana Ha pucyske 100,
IJIC Garapen & = 100 B, ee
BHYTPEHHEe CONPOTHBJICHUE 7 ==
= 100 Om, eMKOCTb KOHAEHCATd-
pa C = 200 Mk®P u CONpoTHBJE-



HHe Harpeparenss R = 10 Owm.
Kmou K nepekJioyaercss Mexay
KOHTakTaMH a u 6 10 pas B
1 ¢. Korna Kjouy HaxonuTcs B Mo-
JIOXXEHHH @, KOHJIeHCarop moJ-
HOCTBIO 3apsiKaercs, a NPH ero
nepeépocke B MoJOKeHHE O KOH-
JEHCATOP  NOJIHOCTBIO  pasps-
XKaercs. Uemy paBeH KoaddunMeHT
NoJie3HOro jesictBus nenu? Bo
CKOJIbKO pa3 OH BBILE, 4eM IpH
HEMOCPEeACTBEHHOM MOAKJIIOUEHHH
HarpeBatens K BGarapee? Kakosa
CPeaHAA  MOIIHOCTbL 3JEKTPHYE-
CKOro TOKa B Harpesarene?

287. (9 xa.) Ha pucynxe 101
npuBeneH rpaguk  3aBHCUMOCTH
HaNpsKEeHHS Ha DaspsgHOM TIpo-
MEXYTKe JYyroBOro paspsga oT
TOoKa. Jlyry noax/aioudaior K He-
TOYHHKY MOCTOSIHHOTO HampsixKe-
HHSl NOCJIENOBATENBHO C PEe3UCTO-
poMm. Ilpnm gakom MakcuMaJabHOM
3HAYeHUH COIIPOTHBJEHHA pesu-
CTopa JAYyra MOKET TOpeTb IpH
HaupsiKeHHH MCTOUYHHKA Uy =
= 85 B?

288. (9—10 ra.) TlpocrpancrBo
MEXKJY CTeHKaMH KOJIOBI TEpMO-
Ca OTKAauaHO [0 JaBJEHUSA p ==
= 1072 [la npu KOMHATHO#N TeM-
neparype. OueHutrb Bpems, B
TeYEHHE KOTOPOro uaii B Tepmoce
ocruiger ¢ 90 jo 70 °C. I_IJIOHLa,ILb
NOBEPXHOCTH KOG S = 600 cm®.
EmkocTs Tepmoca 1 J. Ynenbuad
TEIJIOEMKOCTh BOAbl ¢ = 4,2 X
x 103 Ix/(xr-K); yHHBepca.anaﬂ
rasopasi IOCTOfIHHAasl
= 8,3 [Ix/(Mmonb-K). ¥Teuky Ten-
Ja yepe3 NpoOKYy He YUHTHIBATH.

289. (10 xJ.) Ilpu yBenuueHHu
CHJIbI TOKa HamnpsKeHHe Ha pas-
PALHOM IIPOMEXYTKE  JYrOBOrQ
pa3psia yMeHbIaeTcs, CTPeMsch
npd GOJIBIIHX 3HAUEHHAX CHJBI
TOKa K HEKOTOPDOMY MOCTOSTHHOMY
3HAUEHHUIO. IEKTPHUYECKYID AYrYy
BKJIIOYHJM B C€Th MOC/€10BaTe/b-

HO C HEKOTOPbIM 0a//IaCTHBIM pe-
sucropoMm. BoJabr-amnepHaa xa-
PaKTEePUCTHKa 3aBUCHMOCTH Ha-
NpsKEHUss OT TOKa TaKOH LEIH
nokasaHa Ha pucyske 102.

1) TIoCTPOHTb BOJIBT-aMIIEPH VIO
XapaKTepPUCTHKY Ayrd Oe3 6aJl-
JactHoro peaucropa. 2) Hcenosb-
3y  MOJIYUYEHHYIO BOJbT-amiiep-
HYI0 XapaKTePHCTHKY JYyrH, Ol-
PeleNHTh MAaKCHMAaJbHOE COMpPO-
THBJIEHHE O0aJlJIJACTHOTO Pe3UCTo-
pa, OpH KOTOPOM JYyra MOKer
ropeTb INPH HaMpPSMKEHHH HCTOY-
nuka U, = 85 B. :
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290, (10 kn.) B nemu, cxema
KOTOpO#l H3o0pakeHa Ha PUCYH-
ke 103, 9/IC &, 6arapeu b, 60/1b-
mwe, uyem 2JIC &; Oarapeun by.
Onpenenuth 3apsa, KOTOPLIH Mpo-
Teuer 4yepes Oarapeilo b, Ipu
3aMBEIKaHHH Kmoya K,  cudras
BHYTPEHHHE CONPOTHBJEHHA 00e-
ux Gartapefl U COMPOTHUBJIEHHE Xa-
TYIIKH ouenb manbiMH. Huwop D
CUHTaTh HJeaJbHBIM (€ro mnpsamoe
CONPOTUBJEHHE PaBHO HYJIO, a
o6parnoe — GeckoHeuHOCTH). KoH-
gencarop C A0  3aMbIKaHHs
KJioya ObL1 HE 3apsikKeH.

291. (10 xa.) Hcnonabsya do-
tTorpaguo, CIENTAHHYIO ANs  pe-
KJaMHOTO TIaKara (puc. 104),
onpepeauts: 1) doxrychHoe pac-
croaune F ofGpextuBa doroanna-
para, 2) Ha KaKOM PacCCTOSIHHH X
OT JajoHell PYK pacnoJarajics
obbexkTHs upu ¢oTtorpadupoBa-
HUH, 3) pasmep ! puiGbl, NOAMaH-
Hofi puiGakoM, 4) puamerp d
0ObeKTHBA; NpHHAThH, UYTO pas-
MLITHE Jeranell H3oOpaxkeHUA Ha
dororpagun HE  MPEBOCXOIHT
0,2 mm. O0bexTuB (poTOANNaparta
paccMarpyBath  KakK TOHKYIO
JIMH3Y.

DKCNEPUMEHTANLHLIA TYP

292, (8 ka.) OnpeaenuTb OTHO-
[IeHHe IVIOTHOCTeH ABYX 3alaH-
HBIX KUIKOCTEH.

Ilpuboper u mamepuaasl: JBa
cocy/la C pasHBIMH XKMJAKOCTSIMH,
peiuar-JiMHeHKa, JBa Tpysa, wTa-
TUE ¢ MYDTOH H JaNKOH.

Puc. 104

54
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293. (8 xa.) Ilpoeepnre 3KC-
NEPHMEHTANMLHO BHINOJIHEHHE 3a-
KOHA COXPaHEHHs HMNYJbCa MpH
CTOJIKHOBEHHH ABHIKYIIErocs iia-
pa ¢ HEMOABUIKHLIM, YCTaHOBJICH-
HBIM HA rOPH30HTAJILHOM YYaCTKe
JoTKa, OGBbACHHTE MNOJYYEHHHE
pe3yJabrark.

ITpubopsr u mamepuaas. 1ITa-
THB ¢ MY(TO# U Jiankoii (puc. 105),
Habop H3 JBYX NJAacTMacCOBHIX H
JABYX MeTaJ/IM4eCKHX I1apoB, Jo-
TOK JAYyroo6pasunii, JHCTH GeJoil
H KONUpOBa/JbHOH Oymaru, Ju-
He#Ka macumitaGHasi, Bechl ¥ pas-
HOBeC.

294. (9 kn.) Tlpomepwre 3KC-
NEePUMEHTAJIbHO  BLINOJIHEHHE 3a-
KOHOB COXpaHEHUs HUMIyJbca H
3HEpTHH TIPH CTOJKHOBEHHWH JBH-
JKYILErocs 1lapa ¢ HEeNOABHIKHBIM,
YCTAHOBJICHHBEIM Ha TOPH30HTAJb-
HOM Yy4acTKe Jiotka. OObscunre
MOJIVUEHHBIE pE3YJbTaTHI.

IIpubopst u mamepuaisy: 11Ta-
THB ¢ MY¢ro#i 1 nanko# (puc. 105),
Hab0op H3 IBYX MeTaJHYeCKHX H
JBYX TJIaCTMacCOBBLIX IIApoB, JIO-
TOK JMyroo0OpasHbuld, JIHCTH Oenoii
M KOINHpoBaJjbHOK OyMaru, Jid-
Hefika MaciuTabHasi, BeCHl H pas-
HOBEC, MajiIeHbKHH LIAPHK H3BECT-
HOH Macchl.

295. (9 ka.) Onpenenure cxemy
«UEPHOI'0 ALIHKa, COAEPKALIEro
3 pesucropa u 2 muoza. Haitgure
COMPOTHBJIEHHS PE3HCTOPOB.

Ilpubopet u mamepuass: Ko-
pobouka ¢ TpeMmsi BEIBOZAMH, OM-
METP, JHOL.

IIpumeyanue B ueprom
«sSIIHKEe» HaXOAUJach IeMb, IOKa-
saHHad Ha pucyske ]06.

296. (10 xua.) Omnpenenure na-
paMeTpel  3JIEMEHTOB — €MKOCTH
KOHJCHCATOPOB H HHAYKTHBHOCTD
KaTyLIKH — B NPELJIOKEHHOH
SJEKTPHYECKOH IIENH.

ITpubopet u mamepuase: snexT-

pUYeCKasd nenb, COCTOSAMAs M3
ABYX KOHJEHCAaTOPOB H KAaTYIIKH
HHAYKTHBHOCTH (puc. 107), aso-
METP, 3BYKOBOH reHeparop, COefH-
HHTEJbHBIE APOBOJA.

297. (10 k1) Omnpegenute omn-
THUYECKYIO CXEMY «UEPHOTO AIHKA»

Puc. 105
&_ o
1 2
Puec. 106
c2

| )

?—"—_ﬁ T
¢t
' L
Pue. 107
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H BO3MOXKHBIE NapaMerpsl OINTH-
YEeCKHX JJIEMEHTOB, HaXOASAMHUX-
Csl B HEM.

Ilpubopss u mamepunsst: Ko-
poOKa C MIEeCTBIO OTBEpCTHSIMH,
JMHelKa wmaciutabHas, 4 OynaB-
K¥, NOJABEMHBIA CTOJIHK, OyMmara.

IIpumeuanue  Ycrpoi-
CTBO KOPOOKH IOKAa3aHo Ha pH-
cyuge 108,

Xili BCECOIO3HAS OIIMMIUARA
(1979 r., Jlbeos)

C ]
- N
X .
C ]
Puc. 108
TEOPETHMUYECKHMHA TYP
298. (8 ki)  Pucymox 109

cuenan ¢ ororpaguu uneidon
JbiMa, TAHYIUMXCA OT ABYX Napo-
BO30B, KOTOpBIE JBHKYTCA 110 Mps-
MOJIUHEHHOMY YUacTKYy JOPOTH €O
ckopoctsiMi vy = 50 KM/4 U v, ==
= 70 gM/u (Bujg cBepxy). Hampag-
JIEHHS1 JIBHKEHHS I0€3/0B YKasa-
Hbl cTpenkamd. Haiitn cxopocts
BeTpa.

299. (8 ka.) Ha6monarens nBu-
KETCA C TOCTOSHHOH CKOPOCThIO
10 HEKOTOPO# HAKJOHHOH 1Jo-
ckoctd. Dpomiennoe nox yriom
K TOPH30HTY Te&J0  MNepecexaer
TPaeKTOpHUio Habaiofarens JABaXK-
Ibl H C UHTEPBAJOM BpEMEHH T.
O6a pasa Tes0 HaxOmUTCSs BHEpe-
JIU HaGmonaTtens Ha OJHOM H TOM
Xe paccTosiHug Ot Hero. Kak
BBIIVISIUT TPAEKTOPHSA JBHIKEHHU A
TeJla C TOUKH 3PeHus HabJioja-
TEJIA?

[Tocsie BTOpPOTO mepeceuenHs
FpaekTopuil HabJogarenb HaMme-
psier NyTH, MNPOHJIEHHBIE TEIOM
3a MOCJeJoBaTe/bHbIE npome-
JKYTKH BpeMeHH, paBHpie T. Haii-
TH OTHOILEHHE ITHX MmyTeH.

300. (8 xa.) Hmeiorca  zBa
TeNJIOH 30/ POBaHHEIX cocyaa.
B nepsoM M3 HHX HaXOOUTCA O

56

BOALI NpH TeMmIeparype f =
= 60 °C, Bo BropoM — | J BOjHI
npu Temneparype f, = 20 °C.
Brauale yacTb BOABI IEPeJIHJIH
H3 IEepPBOrO COCYLA BO BTOPOH.
3aTeM, KOTJa BO BTODOM COCYiE
YCTAHOBHJIOChL TEMJOBOE pPaBHOBE-
CHe, M3 HEro B NepBbI# COCYJ OT-
JIUJIK CTOJIbBKO BOAbI, uTOOLI ee
00beMBI B COCYJAX CTalH DPaBHBI
nepBoHauasbHeIM. - [locje  atux
onepauHi TeMneparypa BoJAnl B

NEPBOM COCYAE CTasa paBHA fy =
= 59 °C. CxoJIbKO BOJAH NepeJH-
BaJd M3 NEPBOTO COCYAa BO BTO-
poit u obparHo?

301, (8—9 ka.) Yernipe ogaM-
HAKOBLIX aMIEPMETPa H PE3HCTOP
BKJIIOUEHBI TaK, Kak II0Ka3aHO Ha
pucynke 110. Amnepmerp A, no-
KaspiBaer TOK [, = 2 A, amnep-
merp A, — Tox 1, == 3 A. Kague
TOKH IIPOTEKAIOT 4Yepe3  aMmep-

" Puc. 109
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Puc. 110
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A
Puc, 111

meTphul Ag, A, 1 pesucrop? Haiitu
r
OTHOLIEHHE —- BHYTPEHHEro Co-

NPOTHBJICHHA r amIlepMerpa K co-
NPOTHBAEHHIO R pe3ucTOpa.

302. (9 kn.) Pucynoxr 111 cue-
JaH ¢ Qororpaduu maeidoB Abl-
Md, TSHYIMHUXCS OT TpeX NapoBo-
30B, KOTOpbIe JBHKYTCA IO MNps-
MOJIHHEAHOMY VYaCTKy KEJE3HOM
gopord. CKopocTh NEpBOro napo-
Boza ©u; = 50 Km/y, a BTOpOro
v, = 70 rM/4. Hampaenenus ux
ABUIKEHUS YKa3aHbl Ha DPHCYHKe
crpeskamu. Haiitn ckopoctb Tpe-
ThEFO MapoBO3a;

303. (9 xa.) lllap maccoil 2 m
OpocaloT  BE€pPTHKAJNbHO  BBEpX
CO CKOpPOCTBIO Up. K mapy mnpu-
BA3aHa Jierkasgd HHTb AJHHOH [ <

02
<—2§, Ha BTOPOM KOHLE KOTO-
pOH HaXoJAUTCH LIap ' Maccoit m.

Uepes Kakoe BpeMs M Ha KaKOM
paccTosHMH OT TOYKH Opocanus

mapw ctoarmyres? Hutb abeo-

JIIOTHO XKeCTKas.

304. (9 xn.)  Temtonsonupo-
BaHHBIA COCYJ OTKayaH j0 IJy-
6okoro BakyyMa. Oxpyxaromui
COCYJ OJHOATOMHBIH, Tra3 HMeeT
temnepatypy 7To. B HeroTopmiil
MOMEHT OTKPLIBAIOT KpPaH M Ipo-
HCXOJIHT 3aloJiHEHHE COCYyJa ra-
3oM. Kakywo Temneparypy 7; Oy-
JIET UMETb a3 B COCYJe MoCJe ero
3arMOJIHEHU 1P

305. (9—10 ka.) B HebGosb-
IIVI0O TOHKOCTEHHVIO MeTaJlu-
YecKyI0 KacTtpio/o Hanuiu 0,5 J
BOJLI H TIOCTaBHJH €€ Ha IIMTY.
HMsmepsas TtemnepaTypy BOJH B
pasJuuHble MOMEHTH BPEMEHH, MO-
CTPOUIH I'pavK 3aBHCHMOCTH TeM-
nepaTtypet OT BpeMeHH. 3aTeM BO-
Iy BBUIMJIH H B Ty XK€ KacTpHJIO
Haauan 0,7 xr cmupra. CHoBa
NMOCTABHB KAaCTPIOJIIO Ha TY IKe
IVIMTY U HOBTOPHUB H3MePeHHE TeM-
neparypel, HOCTpOHIH I'padHK 3a-
BUCHMOCTH TeMIEpaTypsl CIIHPTa
or BpeMenu. O6a rpaguka mnpu-
BefleHbl Ha pucyHke 112. Ompe-
JIeMuTh, IOJbL3YyACH 3ITHMH rpa-
(huKaMH, YAEJBHYIO TEINJIOEMKOCTh
CIHPTA U YIAENbHYIO TENJIOTY €ro

L,
110 - |
100

90
80 =

50
40
30

10

20 30 40 30 min
LPuc.l‘11'2
| 57



napoo6pasoBauHsi, ecaqH 3a 45
MHUHYT KHIEHHSI KOJIHUECTBO CIHP-
Ta B KacTpioJieé YMEHBILIHJIOCH
BABoe. TeMI0eMKOCTb  KacTpio-
ay ¢ = 200 Ix/K. Hcnapenuem
C MOBEPXHOCTH JKHUAKOCTEH MpeHe-
Opeub.

306. (10 xs1.) B unaunape o6s-
emoMm 10 J1, 3aKpeITOM mHOplIHEM H
NOMELIEHHOM B TEPMOCTATE C TEM-
nepatypoii 40 °C, HaxoguTtca 1o
0,05 monb aByx BemectB. Ompe-
ReJIMTL Maccy 3IKHAKOCTH B [{H-
JUHApE I10CJie H30TepPMHUYECKOTo
CXKaTHs, BCJEACTBHE  KOTOPOro
o6BLeM MOJ TOPLIHEM YMCHBIIAET-
ca B 3 pasa. [lpn Temneparype
40 °C naBJjenue HaCHIUEHHBLIX 11a-
POB MEPBOM KHAKOCTH p,; =
== 7 Klla; gaB/jieHHe HaCBILEHHbIX
NapoB BTOPON KUJAKOCTH INPH TOH
Ke Temmeparype p,, = 17 Klla,
HauepTtuTh H3oTEpMY CKaTHa, Mo-
JASIpHAsi Macca MNepBOH KHIKOCTH
coctaBaser M, =1,8- 102 xr/moub,
a BTOpoii — M,=4,6- 1072 xr/MoJb.

307. (10 xn.) Tlpm nBUKeHuu
TpamMBasg MO TOPH30HTAJbHOMY
y4acTKy NYTH C HEKOTOPOH CKO-
pOCTbIO €ro jgsurartelib Iotpe6.s-
er ok /; = 100 A. KILQ nBura-
Tena n = 0,9. Ilpyu ABUKeHuu
TpaMBas MO HAKJOHHOMY Yy4acTKy
NYTH BHH3 C TOH 3KXE CKOPOCThIO
JBUraTejb TOKa He MnoTpedasier.
Kaxkoil Tox 6yaer notpebiaTh ABH-
rare/ib NPH JABHXKEHHH TpaMBag
0 TOMY K€ y4acTKy NYTH BBepX C
TOA e cKopoctbio? Ilpu perre-
HBHH 3ajayd  ydecTh, uyto KIIJ[

Puc. 113

JBUTaTeNs 3aBUCHT OT moTpebise-
MOTO TOKa.

308. (10 xkn.) Hpa wnunuaapa
pasiHUHBIX  PaguycoB Bpara-
IOTCSl B IIPOTHBOIOJOMKHBIE  CTO-
POHBI BOKPYT TOPH30HTabHLIX Na-
pPalyIeNIbHEIX OCeH C YIJIOBOH CKO-

POCTBIO @) = 0, = o = 2 ¢ L
PaccrosHue MeXay OCAMH MO
rOpU3OHTaJH paBHO [ =4 M,

B wmowmenT Bpemenn f =10 Ha
UUJAHHAPE MNEPHEHAHKYJ/ASPHO HX
ocAM KJaagyT O6asKy, TakK 4YTO OHa
HaXOJUTCs B FOPH30HTA/MbHOM IO~
JOXKEHHH H OJHOBPEMEHHO Kaca-
eTCs NoBepXHOCTeH 000U X MUIUH -
POB, a2 ee cepelHHa pacnoJoxKe-
Ha TOYHO HaAA OCbI0 HHJHHIPA
MeHblIe paguyca r = 0,25 M, Kak
nokaszano Ha pHcynke 113. Pac-
CUMTaThb H TPOHJIIIOCTPHPOBATH
rpaduyeckH 3aBHCHMOCTb FOpH-
30HTAJbHOTO CMElIeHURA OaJiKH OT
Bpemend. Kosddunuent tpeHus
n = 0,05, yckopenue c¢BoGOJHOIO
nageHust g TNPHHATb PaBHBIM
10 m/c2.

309. (10 kn.) FIpoBognux Mac-
Chl m H AJuHH [ mojBemieH 3a
KOHIIBI K JHIIEKTPHKY C MOMOILBIO
JBYX OJMHAKOBHIX NPYXHH C 0O-
e JKECTKOCThIO &.

[IpoBOAHHK HaxOAHMTCH B OJ-
HOPOXHOM MArHUTHOM IIOJIE, HH-

AyKnuss B KOTOporo mnepnesja-
KyJAspHA ILIOCKOCTH, B KOTOpO#
J€XKAT NPOBOAHMK H TPYIKHHEI.
IIpOBOZHHK CMECTHJH B BEpPTH-
KaJIbHOH IUVIOCKOCTH H3 MOJIOXKe-
HHSl DaBHOBECHS] H OTHNYCTHJIH.
Omnpenenautb JajbHefliee ABHXKe-
HHEe NPOBOAHHKA B BePTHKAJIbHOMN
IVIOCKOCTH, €CJH K BEPXHHM KOH-
UaM NPYXKHH TPHCOEIWHEH KOH-
Jencatop eMkoctd C. Conpotus-
JienueM, COOCTBEHHOH HHAYKTHB-
HOCTBIO U €MKOCTBI0 ITPOBOAHHKOB
npeHeGpeys.



SKCNEPUMERTANDHLIA TYP

310. (8 kn.) Onpenesntdh Mac-
CH My U My JBYX METaJIHYECKHX
TPY30B H MacCy mg AepPeBSHHOTO
CTEPXKHA,

I1pubopst u mamepuaswr: jpepe-
BAHHBIH CTepIKeHb, MeTaJ/uye-
CKMe Tpy3el, omopa, NMpH3Ma, H3-
MepHTeJbHas JHHeAKa, MepHbil
IHJUHAP, CTaKaH C BOJOH, HHTKH,

311. (8 kn.) Onpemenute Ho-
poabl nepeBAHHLIX 00pasnoB H
IVIOTHOCTh pacTBOpa MEAHOTO Ky-
nopoca.

[Ipubopor u mamepuaiet: o6pas-
bl JABYX pa3/iMUHbIX NMOPOX Jpe-
BEeCHHBI,  H3MEPHTEJLHBIH  [H-
JUHAP, CTakaH C BOJOH, CTaKaH
C PacTBOPOM MEJHOTO KYINOpOCa,
KPIOWoK, Taba¥na  INVIOTHOCTeH
pa3JHUHLIX TNOPOJ JPEBECHHH.

312. (9 kn.) Onpegenutsh C HaH-
MEHbLICH BO3MOKHOH IOTPENlIHO-
CTbIO HeH3BeCTHoe CONPOTHB/IE-
HHE pe3NCTopa, BHYTDEHHEe CO-
NPOTHBJ/IEHHE MCTOYHHKAa TOKa H
ero I]J1C.

Ilpubopsr u mamepuasst:  Hc-
TOUHUK IIOCTOSIHHOTO TOKa, MHJI-
JHAMIepMeTp C BHYTPEHHHM CO-
npotusaenneM R, = 0,8 Owm, aBa

pe3HucTopa € H3BEeCTHHIM M Heus-
BECTHLIM CONPOTHB/ICHHSMH, KJIOY,
COEJMBUTEJbHLIE TMPOBOJA.

313. (10 xn.) Onpegenutb, nG
KaKo# cXxeme cobpaH BbIIPSAMH-
T&Ib — 10  OJHONOJYIEPHONHOK
HAH JBYXMNOJYNEPHOIHOH.

Ilpubopsr u mamepuavi:  Bbl-
npsAMHTEIbL 6e3 CriakKuBaloulero
dunpTpa C npenebpeKUMO MaJibIM
BHYTPEHHHM CONIPOTHBJEHHEM, JIBA
OJMHAKOBHIX Ka/lOpPHMETpa C OfH-
HAKOBBIMH 3JeKTPHUECKHUMH  Ha-
rpeBareiiMH,  JIEKTPOJIHTHYEC-
KU KOHAeHCATOP OOJIBLIOH EMKOC-
TH (M3MEHEHUE HaNpAXKEHUA Ha
Kongencarope 3a spemsi 0,02 c
NnpH pa3psiKe KOHAEHCATOpa ue-
pe3 HarpeBarte/b IpeHeGpekKHMO
MaJjIo IO CPaBHEHHUIO C CaMHM Hal-
PAMKEHHEM), JHOA.

314. (10 xn.) o Bo3amoOkHOCTH
TOUHEE OMNPEJEJIHTH KOIPPUIHEHT
NpeJOMJCHHS CTeKJa, H3 KOTO-
pOro H3roToBJieH MNOJYDHJIMHAP C
NIOJIHPOBAHHOH IOBEPXHOCTLIO.

Ilpubops: u mamepuassl: Ma-
TOBO€ CT€KJIO, YTOJIbHHK, JIHHEMH-
Ka, 3JeKTpHYeCKas  JIaMIIO4Ka,
HNOACOEHHSAEMAA K KJI€MMaM BEl-
npsiMutens, Gesas u yepHas Oyf
Mara.

XiV BCECOIO3HASR OJIIMMIMTMALRA
{1980 r., Pura)

TEOPETHUECKHMH TYP

315. (8 xu.) lllapuupHas KoH-
CTPYKIHS COCTOMT M3 TpeX poM-
€oB, CTOPOHHI KOTOPBLIX OTHOCAT-
co, KakKg3 ¢ 2 : 1 (puc. 114). Bep-

muHa Ag nepememaercss TOpH-
30HTaJIBHO CO  CKOPOCTBIO Uy,
OnpesesuTb  CKOPOCTH BepHIHH

A, A;, B, B TOT MOMEHT, KOIja
BCe YTJIBl KOHCTPYKIHMH HPAMBIE.
316. HeGosbmaa  -poxneras

Pre. 114
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Kamigd nokujaer o6J1ako B Ges-
BETPEHHYIO NOrOAY HA OGOJbILOH
BhiCOTe. B MOMenT, xorzaa yckope-
HHE 4 KallJIi CTaJjlo paBHBIM 5 M/c2,
ee CKOpPOCTh Oblla paBHA y =
= 7,5 m/c. B61u3u semsy Kamus
NanaeT ¢ MOCTOAHHOH CKOPOCTEHIO.
Ionanas na GokoBoe cTekio JIBH-~

60

_ XKYIerocs aBTOMOOGHJIA,

Karis
OCTaBJIACT HA HEH cJie] NoJ YIJIoM
o = 45° K BeptHRam. Owrpa-
¢yer a1 uucnextop T'AU BojuTe-
Ml 32 TpeBblllieHHE CKOPOCTH,
€CJIM pa3pelleHHasi CKOPOCTh J[BH-
XKEHHsl aBTOMOOHNSA Uy == 60 Km/y?
Cully  COTPOTHBJIEHHA  BO3xyXa
CYHTaThb MPAMO NPONOPLHOHAJb-
HOH CKOPOCTH KaILTM O THOCHTEJILHO
BO31YXa.

317. (8 xua1.) B Benpe Haxonutcs
CMeCh BOAB CO JbAoM. Macca
cmeci M = 10 kr. Bejpo Buecsn
B KOMHATY H Cpasy e Hauaju
H3IMEpATL TeMnepatypy f cmecH.
[lonyuuBumiics rpaduk 3aBuCH-
MOCTH TEMIIEPATYpPhLI OT BPEMEHH T
H300paxkeH Ha pucyure 115,
YienbHas TeIVIOEMKOCTb  BOJBI
C = 4200 Ix/(xr-K), u Temaora
IJIaBJeHH  Jbjla A =3,4- [0°
JLK/Kr. OnpeneduThb, CKOJIBKO Jbja
ObUIO B BeApE, KOTAAa €r0 BHECJH
B KoMmHaty. TennoeMKocThIO Bejy-
pa mpeHeOpeyb.

318. (8 K1) 2nexkTpuyeckas
Lefb, COCTOfIlIAsi H3 PE3UCTOPOB
R1, R2, R3 c conpoTuBJeHH AMHU
Ry, Ry 1 Ry, COOTBETCTBEHHO 1107-
KJIIOYEHA K JIBYM HCTOYHHKAM IO-
CTOAHHOTO Hanpsxenusa U, u U,,
KaK MOKas3saHO Ha pucyHke [16.
IIpn kaxux ycjoBHSX cuaa ToKa
yepes pesuctop Rl Oymer pasua
H YJII0?

319. (9 kn.) Wapuupras Kou-
CTPYKHHMS COCTOHT H3 TPeX pOM-
GOB, CTOPOHBI KOTOPBIX OTHOCSHT-
cd, Kak 1 :2:3 (puc. 117). Bep-
mpHa A NepeMeliaeTcs B ropu-
30HTAJIbHOM HaNpaBJIEHHU CO CKO-
poCcTbIO Uy, OnpesesuTs CKOpoCcTH
Bepulny A,, B,, A, B TOT MOMeHT,
KOTa BCe YIVIbl KOHCTP YKIHH TP -
MEIE, . .
320. (9 kn.) Kpynuas . goxze-
Basi Kamid Nokujaer 061ako B
Ge3BETPEHHYI0 TIOTORY Ha GOJb-



moil BeicoTE. B MOMeHT, Xorja
YCKOpEHHE @ KalJii CTajJo pas-
HBIM 7,5 M/c?, ee ckopocTh Obljia
paBHa v = 20 M/c. B6au3n 3em-
JIU KaIlljif MajaeT ¢ MNOCTOSIHHOH
CKODOCTbIO M, momajgasf Ha OOKo-
BO€ CTEKJO aBTOMOOHJSA, OCTaB-
J9eT Ha HeM cJyejl Moi  YIVIOM
a = 30° Kk pepruramu. Omrpa-
dvyet qu HHcnektop 'AM BonuTens
3a NpeBHILIEHHe CKOPOCTH, €CJH
paspeleHHas CKOPOCTb JBHIKe-
HHS aBTOMOOMJS ty = 60 km/4?
Cuaty  compoTHBJIEHHA  BO3AyXa
CYHTATb NPONOPLHOHAJBHOA KBaJ-
paTy CKOPOCTH KaIlH.

321. (9 ka.) B nayuno-ganra-
CTHUECKOH TOBECTH ONUCLIBAETCSH
aBapHiiHas#d CHTyanMs, B KOTOpDOH
acTpoHaBT Maccoii M = 100 kr
OKa3aJic1 Ha pacctosHud [ =
= 100 M oT xopabns co cTaKaHOM
3amepamie BoApl. ObecneuuBas
cybsaumanMio (HCIapeHHe) Jbja,
ACTPOHABT  BO3Bpaiiaercsd  Ha
kopabnb. PeajieH JH TakoH CIo-
co6 BoaBpaueHusa? OpeHuTb, 3a
KaKoe BpeMsi aCTpPOHABT BO3Bpa-
THTCA Ha Kopabab. Cumrtarb, UTO
cy6aumMany s Jbaa NPOMCXOIUT NpH
IOCTOAHHON TeMmnepatype T =
= 272 K. JlasneHde HacCBILAl0-
IMX 71apoB HpH 3TOH TeMmilepary-
pe p, = 550 Ila. YuuBepcainp-
Has rasoBas noctrosfinnasg R =
= 8,31 x/(mosn-K). Pasmepn
cTakaHa M Maccy JbJla 3ajafre
CaMOCTOSITEJILHO.

322. (9 xa.) HanpasnenHsifi no-
TOK  9JIEKTPOHOB BBLIETAaeT ° U3
TOHKOH IUUPOKOH Miedd CO CKO-
pocteio v = 10® Mm/c (puc. 118).
KoHIeHTpauus 3MeKTPOHOB B
nmotoke n = 10'° wactun/m®. Ha
KaKOM pAacCTOAHMH OT HIEJH TOJI-
IIMHA MYy4YKa yBeJH4YuJach B 2 pa-
3a? Macca anektpona m =
=0-10"% kr, 3apsiy 9MeKTpoHa
e = 1,6- 1071 K, anexTpuueckas

nocrosHHas &y=8,85- 10712 ®/um.
323. (9 kn.) na mnonydeHus
HANPSXKEHHs, KOTOpoe Obl Mano
3aBHCEJIO OT TeMmneparyph, COGH-
paloT YCTaHOBKY IO CXeMe, NpHBe-
JeHHoH Ha pucyuke 119. BoJasr-
aMIepHble XapaKTePHUCTHKH AHOAA
D npu TemnepaTypax OKpy¥Xaio-
meid  cpexst £, = 125°C, f, =
= 25 °C, t; = —60 °C npupegennl
Ha pucynre 120, Hanpaxenue
ucrounuxa U = 6 B npu temme-
parype 25°C H C YyBeJUUEHHEM
TEMIepaTypel BO3pacTacT JIuHEH-
Ho. TemneparypHbli KO)hUIHEHT
H3MEHEHHs HAaNpPsIKeHHs  paBeH
25- 10~ B/K. Haiitu HanpsaxeHue
Mexay 3axumMamMd A H B npm
{ = 25°C H 3aBHCHMOCTL 3TOFO
HampsMeHusi OT TeMmlepaTyphl.
324. (10 xa.) C KOxHoro
CeBepHOro 1noJ/ocoB 3eMJIH OJHO-
BPEMEHHO CTapTYIOT JB€ paKeThl

Uens

Puc. 118
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C OJHHAKOBLIMH HAYaJbHBIMH CKO-
POCTSIMH, HalpaBJ/JEHHBIMH TOpH-
30HTaJbHO. Yepes BpemMa T =
= 3 y 20 MHH pakKeThl 0Ka3aJiCh
Ha MaxkCHMAaJIbHOM YVIaJi€eHHd Jpyr
or Apyra. Onpelenutb MaxcH-
MaJjlbHO€ pacCTosfHHE MEXAY pa-
KeTaMH. YcKopeHHe CBOOOZHOTO
najeHus Ha J3emJe CUHTaTh W3-
BeCTHBIM. Panuyc 3emmn Ry =
= 6400 KM.

325. (10 xua.) I'pomkorosopu-
TeNlb HMeeT puddy3op ¢ a060BOH
mromankio S = 300 cm® M mac-
coit m = 5 r, Pesonancuasa uac-
tota pudpdysopa vo = 50 I'n. Ka-
KOH OKakeTcsi ero pe3oHaHCHas
YyacToTa, €CJH NMOMECTHTh T'POMKO-
FOBOPHTENbL HAa CTEHKE 3aKPBITOro
amuka o6vema Vy = 40 4, xax
nokasano Ha pucyake 121. Pac-
YeT BECTH B MPENIOJOXKEHUH, YTO
TeMIepaTypa BO3AyXa BHYTpH
AMMKa HE M3MEHAETCS MpH KoJe-
6annu augdxpysopa.

326. (10 xn.) Cxema, u3oGpa-
XKeHHasi Ha pucyHke 122, cocrout
U3 JBYX OAHHAKOBHX PE3HCTOPOB
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Puc. 121
e
L oy
R1 R3 l ¢1 == DI
0, u
4]
- 2
—
Puc. 122 Puc. 123

R, 1 R conporuBieHueM R xax-
Jblii ¥ JBVX OAHHAKOBBIX HEJH-
HeHHBIX  pesucTopoB R1, R4,
BOJIbT-AMIIEPHAA XAPaKTePHCTHKA
KOTOpPhIX uMmeer Bug U = a/? (rme
o ~- H3BECTHRIM MOCTOAHHHIA KO-
s¢pcpumment). Ilpu xakom nanps-
JKEHHY HCTOUHHKA nutaHHa U,
CHJIa TOXKa uepe3 rajbBaHoMeTp G
paBHa RYJIO?

327. (10 ka.) Uens, cocrosiuias
H3 JBYX KoHjpencatopos C; u Cy
HeoHHaKoBOH eMxocTH (Cy > C))
M JIBYX uIeanbHbiX AuogoB DI u
D2 (puc. 123), nogxrJioueHa K uc-
TOYHHKY [EPEMEHHOI'O HampsKe-
uua u = U, cos of. Onpegenure
3aBUCHMOCTb HampsKeHHs  Ha
KOHIEeHcaTopax OT BpEMEHH B yCTa-
HOBHBIIeMcA pexuMme. H3obpasu-
'T€ MNOJy4YEeHHbIE 3aBHCHMOCTH Ha
rpauke. ConpoTus/eHHe HAEAND-



HOTO JMOAa B NpSMOM HamnpasJe-
HUM PaBHO HYmO, B 0O6paTHOM —
GECKOHEYHOCTH.

328, (10 xn.) IlpasnonopoGen
JH paccKa3 0 TOM, YTO IpedeckHe
BOMHE 1O COBery Apxumena co-
XKIJIH  JI€PeBAHHELIH Kopabab
PHUMJAIH, HanpaBHB Ha HErC COJI-
HEUHBIE JIY4YH, OTPaKEHHBIE OT
NJ0CKUX ImuToB? IlpuHaTs nau-
ameTp ura D = 1 M, ynucsio Bou-
Hop n = 100, paccrosune g0
Kopabasa [ = 20 M.

V3BecTHO, YTO B COJHEYHYVIO
NOroNy YAaeicsd 3a)eub KYCOK
CYXOTO JepeBa NpH NOMOIIM JHH-
3bl ¢ POKYCHBIM paccTosaHHeM F =
= 0,1 M u gHamerpoMm d = 3 cM.
Yraosoii pasmep CosHua npu-
HATb paBHBIM a = 0,01 pan.

IKCNEPMMEHTAJIbLHDBIA TYP

329. (8 xa.) 1. Ilpennoxure
meroj, usmepenus KII/ nakjoH-
HO# IJIOCKOCTH C MOMOLIbIO JHHA-
MOMETpPa H JIHHEHKH.

2. DKCHEPHMEHTA/NbHO H3YUHTE
saBucumoctb KII/ Hak/soHHOMH
NJIOCKOCTH OT €€ BBICOTHI M MO-
cTpoiite rpaguk 3TOH 3aBHCHMO-
CTH.

3. CpaBHHTE MOJYUYEHHVIO BaMH
9KCNIEPUMEHTANLHYIO 3aBUHCHMOCTD
KITd HakJOHHO# MJOCKOCTH OT
€e BLICOTLI C TEOPETHUYECKOH.

ITpubopst u mamepuaavl: Ha-
KJIOHHAas IJIOCKOCTb, OpYCOK, OH-
HaMOMETp, H3MEpHTeNbHas  JH-
Heitka, MHAIuMeTpoBas Oymara.

330. (8 ka.) Onpenenute naoT-
HOCTb JAHHOH KHIKOCTH.

[Ipubopst u mamepuanvt. COCyA
C JAaHHOH XKHJIKOCTbIO, COCVYH C
BOIOH, H3MEPHTENbHAR JIHHEHKa,
JBa MeTannuyeckux Opycka, pbl-
yar,

331. (9 ka.) Ompenennte 1O-
BEPXHOCTHOE HATAXKCHHE JaHHOH

JKHJKOCTH, HCTIONB3YA KUIKOCTh,
MOBEPXHOCTHOE HATHAKEHHEe KOTO-
pOo¥ HM3BEeCTHO.

[Tpuboper u mamepuarvl: Ka-
NUJNIAP, W3MEPUTENbHAA JIHHER-
Ka, pblyar, JBa MeTaJJHYeCKHX
rpysa, COCyL C KHAKOCTbIO, TO-
BEPXHOCTHOE HAaTAXKEHHE KOTOPOH
H3BECTHO, COCYL C HCCIefyeMoH
KK KOCThIO.

332. (9 xa.) 1. Hccnenyiite ¢
TIOMOIIBIO PETYJIHP YEMOTO HCTOYU-
HHKa IOCTOSHHOIO TOKa H JABYX
JIAMIOYEK HAKAJHUBAHUS TPHHLHAI
padoThl «4epHOTO SUIHKAY.

2. Ha ocHoBanuu pesyabTa-
TOB, MOJYUYEHHBIX NPH BBINOJ-
HeHHH 3ananus 1, napucyiite npu-
MEPHBIH X0 BOJILT-aMNEpHOH Xa-
PAKTEPUCTHKH <«UEPHOTO SIIHKAP».

[Ipubopor u mamepuassl: «uep-
HBIH AIHK», JBE JAMIOYKH HaKa-
auBauus (6,3 B; 0,3 A), uctou-
HUK TMOCTOSIHHOTO TOKa (MaKCH-
MaJibHoe Hanpskenue 12 B), peo-
CTaT, COEAMHHTE/bHBIE MNPOBOAA.

ITpumeganue [dag pe-
TYJIHPOBAHHS  HANpsXKeHHA B
IMHPOKHX TIpefeNnax HUCNONb3YH-
te norenndomerp. Cobaropafite
cAEIVIONe Mephl TNPerocTOPOK-
HOCTH: a) He MNOJAKJIouaiTe «yep-
HbIl AIUK» HEMNOCPEACTBEHHO K

. KJeMMaM peryJupyeMoro Hanps-

KEHHU S,

6) yuuThIBaiTE, YTO MaKCHMaJb-
HOE€ HalpsXKEeHHe HUCTOUHHKA TOKa
12 B, a namMmnouku pacCydTaHbl HA
HOMHHAJbHOE Hanpskenne 6,3 B.

333. (10 kn.) 1. Usyuure pa-
6oty npeoGpasoBaTens CHCHaJA
[IC u ycTaHOBHTE, KaK H3MEHSIEeT-
¢ B HEM CHHYCOHJAJIbHEI CHI'HAM,
NOJaBaeMbIH Ha €ro BXOJA ¢ BHIXO-
Ja TreHepaTopa 3BYKOBOH uvac-
TOTBI.

2. Omnpepenute HHIYKTHBHOCTD
L. katymku, HaOmonas Ha 9Kpa-
He ocuuaaorpada 3aryxamoouue
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RoJiebaHusn B napaniebHOM KoJie-
6atesibHoM KouType CL, (puc. 124).
3. Bruounte BMECTO KoJeba-
TeJLHOIO KOHTYpa IHHAMHUYECKHI
IPOMKOTOBOPHTEND U IIOJIYUHTE HA
3KpaHe OCHUJIJIOTpaMMy, 1ox00-
HYIO TO#, Kakasg MNoJAyyuJjgach B
safanvd 2. OObACHHUTE MOJYUEH-
HBIE pe3yJibTar.
- Hpubopet u mamepuaasl: repe-
paTop 3ByKoBo#H wacToTh I'3, npe-
obpasoBaTtesb curuanoB [1C, sjek-
TPOHHBLIK ocmmitorpag S0, na-
pasyie/bHBH KoseGaTeNbHbIE KOH-
1yp CL,, nAHHAMHYeCKH i TPOMKO-

rosoputeds J{I', MHKPOKaJbKY-
JSTOp, NPOBOAA.

334. (10 xn.) 1. Ilpennoxure
MeTOABI MOCTPOEHHS XOAa JYy4ed
B TPO3pauHOH TMPAMOYTOJbHOH
NJAaCTHHKE W H3MEPEeHHs YIJVIOB
NpeJOMJIEHHS © NPH PasIHUYHBIX
yrjax MNajeHHs o, ToJAb3yAach
TOMBKO MHJIJIHMETPOBOH OyMarou.

2. DKRCNEPUMEHTANLHO  HCCJIe-
JAyiATe 3aBUCHMOCTH YIJia NPEJOM-
JeHus f ot yria najieHHda & u
NOCTPOiiTE COOTBETCTBYIOIHH Ipa-
duK.

3. Ucnonbays pesyabrarthl, no-
JyUeHHbLle B 3aRaHUn 2, OINpene-
JyTe: a) Ko3hpULHEHT IpeJiomMe-
HUS MaTepuana, U3 KOTOPOro H3-
rOTOBJIEHa TNpoO3pauyHasg [IpAMo-
yroaibHaf I1J1aCTHHA,

6) yrosq npejgoMseHua [ mnpu
yriae nagenus a = 90°,

[Tpuboper u mamepuaavi: TMpo-
3pauHas NpAMOYroJbHad MJIACTH-
Ha, MuAJumeTpoBasg dymara, MHK-
POKaJbLKYJAATOP.



PELWLEHUA

1. Tlpu noxperuyBanHy NEPBOTO
rpysa mpyxuna yanuaugercd Ha
m

Al =8,

T. €. KaxKjaas [10JOBHHA NMPYHHUHEI
VAMUHACTCSA Ha

Al =18,

2%
tlpy noaBeimmBaHUH BTOPOTO FpY-
33 JJIMHA HUXKHEH TOJIOBHHEI NIPY-
JKHHBL HE MeHsdeTcH. Y JIMHEHHE
7K€ BEPXHEH IOJIOBHHbBL NPYXKHHEL
YBEGJAHYHBAETCS BABOE H CTaHOBHT-

mg
CA PABHLIM 2—-, TdK Kak CH/JIa
2k

HATSKEeHHA 3TOH YaCTH NPYKUHDLL
BO3pacTaeT B JBa pasa. Y ujIHHe-
uHe BCel MNPY:KHHBI, TAkKUM obpa-
30M, CTaHET PaBHBIM

’_’Eg_}_f’f_g:iﬁg

R 2 &’

a JIuHa [pYKHHbL OyaeT
3 mg
10 ST T T .
2 R

2., Tak Kax B TOPHSOHTAJbLIOM
HANpaBJEHHH HA CUCTEMY He JeH-
CTBYIOT HHKAaKH€ BHCIIHHE CHJIH,
TO LEHTP Macc cHCTEMBl (CpefHUH
IHaPHK) JABHIKETCS BEPTHKAJBHO.
SOTo 03HayaeT, 4TO B TOT MOMEHT,
KOTJa BEPXHHH IUAPHK KacaercH
IIJIOCKOCTH, CKOPOCTb HHIKHETO
I1ap¥Ka paBHa HYJIO, a CKOPOCTDb
BEPXHEro INAapHKa HamnpasJ/eHa

3 3aga3 164

BEPTHKAJIbLHO 1 1O MOAYJ/IO BABOE
foJibllie CKOPOCTH CpeJHero Iia-
pHKa. 3aMeTHM, YTO XOTSl JBHIKe-
HHE CHCTEMBI B TOM CJy4ae, KOTja
HHXKHHH L1apHK 3aKperJieH, H OT-
J4aeTcs oT cJayyas, Korla OH He
3aKpenJieH, IOJYYCHHRI BLIBOJ
00 OTHOWICHHH CKOPOCTEH UWIapPH-
KOB ocTaercsl cupaBenauBbiM. [lo-
3TOMY B 0060HX CJIy4asX COTVIACHO
3aKOHY COXpaHCHHUSA 3SHEPTuH

{ muy? m [ v\2
mg— +mgl =— 4+ —(—|,
g +mgl =" +2(2)
TIe 1 — macca KaXkA0ro U3 luapH-

KOB.
Otcrona

iy 3
ImeZQE/Eg.

3. DJEKTPHUECKHH TOK CHM-
METPHYHO «pacTeKaeTrca» 0T ylas-
LIer0 TPOBOXA BO BCE CTOPOHHL.
Hanps:xenne mexny nByMs TOU-
KaMH Ha 3eMiie, OUEBHIHO, 3aBHCHT
OT Pa3HOCTH PACCTOAHHH ITHUX TO-
yek Ao nposopa. Yesmosek, npu-
O/HXKAACh K YMaBlieMy NPOBOAY,
saMbiKaeT co00#l Yy4acTOK 3eMJIH,
COMPOTHBJICHHE KOTOPOTO MHOTO
6oJbIIE CONPOTHBJCHHUS YesoBe-
kKa. Ecau uyenoBek cienaer 6onb-
IIOH 1Aar, TO HanpsXKeHUE MEXIY
TOUKaMH, B KOTOPbIX HaXOASITCH
€ro HOTH, MOXKET 0KasaTbCs 3Ha-
UHTENbHBIM H Yepe3 YeaIoBeKa Nou-
JeT TOK, OIAaCHBIH AN KH3HH.
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4. Tlpn MaKcHMaJILHO BO3MOXK-
HOM YCKOPEHHH @ OpycKa KyGHK
onupaercsd Ha Hero B Touke O.
B sroii Touke (puc. 125) na ky-

6HK JeHcTByeT cuaa peakuuu N
Opycka W TOpPHU3OHTaJbHAas CHUAA

F,, coofmaipman 6pycKy ycKo-

penne g. OyeBHIHO, YTO
Fi=mau N 4 mg =0,
Haa Toro urobpl KyGHK He Bpa-
maJcsi, PaBHOAEHCTBYIOUlAas BCeX
CHJ1, AeHCTBYIOUIUX Ha HEFo, J0/IXK-
Ha NPOXOAHTL Yepes HEHTP Mace

KyfHkKa. DTO 03HAyaeT, YTO @ =
= 45°, 1. e. F{ = N, uan

= mg.
OTciona
a=4g.
Has Toro yrofel 6pPYCOK H KY-
GUK ABHTAJAUCL C TAKUM TOPH30H-
TaJbHLIM YCKOPEHHEM, Ha OpycoK
LOJ/IJKHA JeHCTBOBATbL CHJIA

F= M+ m)a,
Han (Mo MOXYJIO)
=M+ m)g

5. I3 3akoHa  coxpanenus
SHEpPrHH CJETYeT, 4TO B TOT MO-
MEHT, KOrma MafTHUK NOPOXOIHJ]I
NoJIOKEHHE PaBHOBECHA, €ro KH-
HeTHueCcKas sHeprud Oblia paBHa
mgl:

— = mgl.

Puc. 125
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Orciona

v="1 2gl,
rne | — jquHa MagTHHKA. B 1anab-
HeHleM MasaTHHK OYyAeT JBHTaTb-

cd Tak, Kak ecaqu Obl TOYKa IOA-
BeCa NMOKOHJIach, a CHUJA THAXKECTH

crana pasnoit m (g — a). [lpu
MAKCHMAaJLHOM OTKJOHEHHH Ma-
ATHHKA (puc. 126) ero noTeHipanb.
HafA sHeprust 6uis1a Opl B 3TOM CJY-
yae paBHa

m{g + ah,

rme h = [ (1 — cos ). M3 3axko-
Ha COXPaHeHHsl SHEPTHH cJielyeT,
4TO

m p2

m(g4-ayh =

HJIH
(g + a) I (1 — cos a) = gl.
Orcrona

COS O = .
g4a
6. Tlpexxne Bcero wmaimem yc-
Kopenus crepxuei. Jas 3toro
3aNMileM YPaBHEHHA HX JABHIKE-
HHSA:
mg — T = ma — 19 BepTHKAJb-
HOFO CTEpPKHA,
T = ma — 18 TOPH30HTA/ b~
HOTO CTEPXKHH.
Orciona

C TaruM K€ YCKOpCHHEM JBHKYT-
CAl ¥ 3JIEKTPOHLI B CTEPKHAX. ITO
BO3MOZKHO, €CJIH B CTEPKHAX BO3-
HHKHYT  JICKTPHYECKHE  M0J4
(puc. 127), HanpsAMXKEHHOCTH KO-
TOpuIX E; U E, YAOBIETBOPSIOT
YCJIOBH SIM:

eE, =m, £,
2’
m

m,g — Eze - '%

e



Puc, 126

Tie 1, — Macca JeKTPOHa H e —
MOJYJb €ro 3apsja.
M3 3TuX ypaBHeHHH HAXOIUM:

1
E=E =EFE,="%,
22
Tar xaxk a/ekTpHUecKHe MNojd
B CTePXKHAX  ONHOPOIHK!, TO

Usp=U-p = El = T8 ],

2e

7. Ha xyOux JeicTByIOT TpH
CHJIBL: CHJIA THAIKECTH M JBE CHJIH
peaknyu 1ockocteit. [lpu pas-
HOBCCHH JIMHUH ACHCTBHA 3THX
CHJl JOJIZKHbL IlepecekKaThCs B Of-
HOH TOYKE (HHaue CymMMa MOMEH-
TOB CHJI OTHOCHTEJLHO OCH, TpO-
XONAIEH uepe3 TouKy nepeceue-
HUS ABYX cuJ, He Oyner pasHa
HYJI0). DTO YCJIOBHE BBHIMOJIHACT-
CA B ABYX CJAYyuafx, INOKasaHHBIX
Ha pucyHnke 128. OxHo M3 yKa-
3aHHBIX TOJIOXKCHUH pPaBHOBECHS
KyOuka ycToilumBO, Jpyroe —
HEYCTOHYHBO. B MNOJOXKeHHH Yyc-
TOHYHBOTO pPaBIOBECHA  MOTEH-
HHAJMbHAS dHEpTHA KyOHKa T0JIK-
‘Ha ObITh MHHHMaJabHOH. B cay-
yae, IMOKa3aHHOM Ha pHCYHKe
128, a, BHICOTa yeHTpa Macc paBHa

hlz—gcthOO +§:

aw

In
b

¢ me§

Puc. 127

=—g—(]/§—}— 1) ~ 1,36a.

B cayuae :ke, noka3aHnoM Ha
prcyHKe 128, 6, nmeem:

hy = V2 19 30°= 21/ G 1,%0.
2 2

CnegosaTesqbHo, YCTOHWIBO MO-
JOXeHUe, MOKa3aHHOe Ha PHCYH-
ke 128, 6. K Takomy iKe BLIBOAY
MOXKHO NpHiiTH, paccmarpuBas
MOMEHTBI CHJBl TAXKECTH W PaBHO-
TCHCTBYOLWEH CHJ! PeakiuH IJ0-
CKOCTEH W yuuThiBasi, 4TO TOYKA
OPHJIOKEHHA 3TOH PaBHOACHCT-
BYIOLLCH HAXOAUTCS B TOUKE Nepe-
CeYeHHs CHJ PEaKLHH.

8., Cxemy yno0HO mnepepHCO-

Puc. 1 28
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BaTh TaK, Kak [OKasano Ha pu-
cynke 129, a. W3 cummeTpHH Cxe-
MBI CJIEAYET, 4TO PasHOCTb IOTEH-
LiHaJOB MJACTHH KOHJEHCcaTopa
C; paBHa nuymo. CneloBaTeJbHO,
3TOT KOHJAEHCATOP HE 3apsiXKeH W
MOzKeT OnITh H3BAT (puc. 129, 6).
EMKOCTL MOJYUYMBIIEHCH CHCTEMBI
naiitn yxe serko. Oua paBna 2C.

§. 3anumeM ypaBHeHHA JIBH-
XeHus OpPYCKOB B INPOEKHHH Ha

ocu X un Y (puc. 130):
(my 4 my)g — 2T = (my +m,)a,
T — F'rp = ma, (l)
T + Fip = myas.
,czI le o ”"Lc
. c
T4 H cl
5 (N1 o ==
(A
g i —t—
a )
Puc. 129
X
0 -

Puc. 130
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31™H YypaBHEHHS  CIpPaBeAJHBH
KaK NpH NpPOocKanb3piBaHuu Opy-
CKOB, TaK H B Clly4ae OTCYTCTBH
cKoabkeHnun. HanpaBnenuwe cHibl

F,, He mpefomnpeleneHo, BaXHO
TONbKO, YTO B TMOCJEAHHX JABYX
ypaBHeHHsX 3HaKu nepexr Fo,
pasauWyHbl B COOTBETCTBHH C Tpe-
TbUM 3akoHoM HpioToHa.

Ecay  ckoJbXKeHHe  OTCYTCT-
BYET, TO @ == a3 U F; ~— 3710
CHJIa TpPEHHA TMOKOdA, KOTOpPAas

MOKET NPHHHMATh 3HAYEHHA OT
0 no pm,g:

Frp << wmsg. (2)
Oueppano, 4TO  CKOJbKEHHE
HauHe1Csd, Kak TOJIbKO F., cTaHer
paBHbiM pm,g. [lonmaras B cu-
CTeMe TIOJiYYEHHBIX YpaBHEHHUH
a; = @, = a, Hailgem F,, B OT-
CYTCTBHE CKOJIbXKEHMA. (CHauaJja,
CNOXKHUB B(€ YpPaBHEHHA, HAHIEM
YCKOpEHHE:

3aTeM U3 MepBOTO ypaBHEHHS MO-
JYUHM:

i
T = "I(ml + mz)g

M uaxkownen, aw€oe U3 OCTABLIUX-
Cd JIBYX YypaBHCHUH NO3BOJSET
HauTyd CuJAYy TPEHHUA:

g
Frp= (m; —my) R

Ionctasasiga 310 BeIpaKeHne As

F., B HepaBeHCTBO (2), noJyuyuMm:

P
| g |
| (my — m,) . | L WLg,
HJTH
my

-

My
10. Moxer nokasatb Jnoboe.
OTBer 3aBHCHT OT TOrO, coelHHe-

< 4.




HBl JIH JpYTHE KJAE€MMBI MalUMH H
K 4eMy OHH [PUCOEAUHEHHI.

11. PaccmoTpuM  cucreMy B
MOMEHT, KOTJa MpYy:KHHA B nep-
BLIH pas pasxajach 10 IJHHBI,
KOTOpYIO OHA HMeeT B Hexedop-
MHPOBaHHOM cocToAHNH. Cuaa
peakKudH ymnopa B 3TOT MOMEHT
CTAHOBHTCHA PaBHOH HYyM0. 2TO
3HaYHT, 4YTO Ha CHCTEMY B 3TOT
MOMEHT IlepecTaioT JIeHCTBOBAThH
BHEIIHHE CHJILI U UCHTP THIKECTH
CHCTEMBl HUMEET  ONPENEJEHHYVIO

.
CKOPOCTL Uy, COXPaHAIOUIYIOCH B
JanbHedieM. B cucteme koop-
JUHAT C HA4YaJIOM B LEHTpPE TA-
JKECTH CHCTEMBl KYOWKH B pac-
CMATPUBAEMLI MOMEHT JBUIKYTCH
OT Hayaja KOOPAHHAT C paBHLI-
MH M IPOTHBONOJOKHO Hanpas-

JIEHHBIMH CKOpPOCTAMH £ Uy U B
nanbHefeM KoJedHJorcs ¢ dga-
CTOTOH, ONpPEeIeIAeMON KeCTKO-
C7bI0 MPYXKUHBL M MacCaMH KYV-
6ukoB. [IpH 3ToM KamIbld H3
KYOHUKOB KoJeOJaeTcs Tak, Kak

ecH Obl OH Obl1 MPHKpEIVIEH K.

OTACJbHOH NpPYiKHUHE, AJAMHA KO-
TOPOH B JIBa pa3a MEHbLIC JJIHHLI
JAHHOH MNPYKHUHLIL, a KECTKOCTh,
cJe10BaTebHO, BABOe OGOJIBIIC.

12, Tlpy YyMeHDBIUEHHH JJIHHH
HuTty Ha Al gyuMnpa Bcel NoABECKH
ymenbliutca Ha 3Al H, caeroBa-
TeJABHO, UEHTP TSKECTH TMOIHH-
mercss Ha 1,5 Al. Pabora cuan
nataxenusa HuTH 1Al 1mo/KHa,
OUeBHJIHO, OBITL pPaBHOH H3Me-
HeHHI0 MNOTEHHUAJbHOH 3HeprHH
CHCTEMBI:

T-Al = 1,b mg-Al,
OTKyza '

T=15mg. =

13. Hago norpysuts nOpoOIIOK
B XHAKOCTbH C TAKHM Xe NOKasa-
TeJNEM TNIPENOMJCHHS, 9TO H CTEK-

Jo. Torza nopoumwok nepecTaHer

pacceuBarb cBer aubddysno (pas-
HOMEPHO BO BCe CTOPOHE]) u Oy-
JeT BeCTH cebs Kak uesoe CTeKJo.
14. Coenuuuts Tpu mpoBoja Ha
TPETheM 3Taxe BMecTe; Ha Yer-
BEPTOM 3TaxKe HIACHTH(UIMPOBATH
UETBEPTBHIA MpOBOA (jBe omepa-
IHH). 3areM COCIHHHTL € HHM
OIHH H3 TpeX OCTaBILMXCHA IIpO-
BOJAOB H 3aMKHYTL JBa OCTaB-
wuxcg. Ha Tperbem 3Taxke ujeH-
TH(QHUHUPOBATL BTOPOH MPOBOJ
(nse onepanuu). Haxoneu, co-
€IHHHTL OJMH H3 OCTaBIIHXCS
NMPOBOJOB C OJHUM H3 HAECHTHU(H-
nHpoBaHHLIX. Ha ueTseproM 3ra-
XKe OMNpeNe/uTh, KakHe U3 KOH-
OB I[IPUHAAJAEKAT OCTaBIHHMCSA
npoBoxaM (oxHa onepapus). Bcee-
ro HeoGXOAHMO MATb OMNepanHu.
15. ConporuBnenne JaMIIOUKH
KapMaHHOI'0 poHapsa PaBHO

3,5
r — —0Om = 12,50m,
0,28
a CONPOTUBJIEHHE JIAMIThi
nocteio 60 BT paBuo

R = 20 Oy — 4400

MO~

[Ipu mnocaexoBaTe/lbHOM — BKJIO-
YEHHH JaMIIOUeK B CeTh yepes HHUX
Oyner UATH TOK

22 A—-0494
452,57

H MOIIHOCTL JaMIOYKH OT Kap-
ManHoro ¢ouapsa 6yJIeT paBHA

p=Ir=~3,1 Br.

PaccugTaga xe JlamMnouka Ha

MOHIHOCTD

P,=0,28-3,b Br =~ 1 BrT.
[TosToMy JaMmmouka neperopaer.

16. MomenT cuanl T HaTaKe-
HUSI HUTH OTHOCHTEBHO TOYKH O
KacaHHs KaTYMKH TOBEePXHOCTH
cToJla HAmNpaBJjeH IO YacoBoi
crpeqke (puc, 131). CnenoBarenn-
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Puc. 131

HO, KaTyliKa NOKaTHTCA BIIPano.

Ecoau aunus pedcrsus cunasl T
npoxXoauT mnpasee Toukn O, Ka-
TYIIKa OYyIeT KaTUThCHA BJISBO.

17. Tlpu Oere uenTp TARXKECTH
ye/IoBeKa ONYCKAeTCR ¥ MOAHH-
maercst. [loabem uentpa TAKecTH
ocyiuecTBAAeTCA Oaaroxapd  pa-
Gote Mbir wesnopexka. Cuna ynpy-
TOCTH MBI J0J7KHA GbITH PaBHA
mg (rae m — macca 4YeJIOBEKa).
Tak Kak MOUIHOCTL 4YeJOBEKa Or-
pa"HuyeHa, TO CKOpPOCTb nepeme-
LHIEHHA LIeHTPa Macc M, cJjejoba-
TEJLHO, CKOPOCTh Oera maJja.

IIpH IBUIKEHHH HA BEJIOCHIIENE
BCPTHKAJBHAIE NEepPEMEIECH 51
LEHTPa THKECTH UEJOBECKA MaJbi;
Masna H cuaa Tpenud. [lostomy
CKOPOCTb JBHKEHHS MOKET OblTb
GONBIION.

18. B touke A (puc. 132) pas-
JIEHHE MeHbiie arTMOochepHOro 1ia
BesingyHly pgh;, a B To4Kke B —
Ha Beauuwny pgh,. Ilosromy

pa = po— 0gh,
ps=po—pegh,.
CrenoBaiesibHo,

pa — ps = pg (hy, —Hh,),
T. €. JaBJieHue B 10uke A Goabiie
JaBJeHHss B Touke B mHa pgAh

(r;e Ah =h, —h;). 3r1a pas-
HOCTb JaBJieHuii obecrieynBaeT pa-

BHOBECHE CT0sI0a KUJIKOCTH B
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Puc. 133

COETHHHTENBLHOH TpyOKe, KOIrLa
KpaH OTKPBIT.
19. PaccmotpuM BHauale yn-

pyroe CTOJKHOBEHHE IHapHKA €O

creukofl. CKOpPOCTE U ULIapHKa
MOKHO TIPEJCTaBHTb B BHIE CYyM-
MBI JIBYX COCTaBJSIOIMX BEKTO-

poB (puc. 133): vy, mapanienbHO-
ro CTeHKe, U Uy, NMEPNEeHIUKYAAP-
noro K Hed. I'lpu ynape mapuka o

CTCHKY BEKTOp Uy OCTa€TCA HEH3-

MCHHLIM, a4 BEKTOp U, MCHHAET
CBOEC HaMNpaBJeHHe Ha TPOTHBO-
nosioxkHoe.  1lodTOMy CKOPOCTH

v, liapuka 1mocJjJe ynrapa Oyaer

paBHa CYMME BEKTOPOB Uy H Us,.
PaccmoTpum Teneph ABHKEHHE
IIapuKa, OpolUCHHOTO B YT0J KOM-

HaTtel. [lpeicTaBUM CKOpOCTh U



ulapuka B BHJIC CYMMH TPeX BeK-

TOPOB U;, Uy H Ug, KaKIBIA W3
KOTOPHIX TMepHeHAHKyaapeH On-
HOH M3 TpPex B3auMHO NepneH/iH-
Kyaapubix niockocteir I, 11 ®
111, obpasyeMblx MOJOM H CTEH-
kamu (puc. 134):

U=0; 4 U+ Us.
[locae CTOJNKHOBEHHA C ILJIOCKO-

—

cthio I, cocrtaBsfoman Uy H3Me-
HUTCA Ha MNPOTHBOMOJOKHYWO, &

v, H Us OCTAHYTCHA MPEKUHMH,
CKOpOCTE lIapHKa CTaHeT PaBHOH

v = — v+ Uy Vs

[locae cTONKHOBEHHS € MJOCKO-
cthio 11 cxopocThs mapuka cTaHeT
paBHOH

0 = — v, — U, + Uy

M, naxouey, 1oc/ae CToJAKHOBSHUA
¢ nnockocrelo 1 wapuk 0oTCKO-
UHT 110 HalpaRJeHHIO, POTHBO-
MOJOKHOMY TOMY, B KOTOPOM OH
Gbis1 GpolIeH:

¢

- —_ - -

'03:-"“-~—'U.

—
17

v

Ilo TeM e NpHyHHAaM JYUH CBe-
TA, DONajfaiomye Ha TPH B3aHMHO
neprneH HKyIAPHBIX sepkaJna,
BCETAA OTpaykaioTcsi B IPOTHBO-

=——~Ul-—~"0

MMoJIOAHHEHOM HaﬂpaB.ﬂeHHH. Ha
£ q . 7
A !
7
t-j_-.,
in
i
Puc, 134

3TCM CBOHCTBE «yTOJKOBOI'O OT-
paxartensa» — CHCTEMbl H3 B3aHM-
HO NIEPNEHIAHKYJASAPHLIX 3epKaa —

OCHOPRAaHO YCTPOHCTBO  aBTOMO-
OWJbHBIX  OTpaxarened — Karta-
doroB. Takasg ke 3epKajbHad

cuctema Oplia JocTaBjeHa Ha Jly-
HY H HCNOJb30Bajgach AJAS Ja-
3epHOH JIOKauHH JIyHEL

20. Cocrosinue tena npu aceo-
JIOTHOM HYVJe — 3TO BBIAC/JIEHHOE
COCTOSIHUE C MHHHMaJbHOH KHHe-
THUYECKOH 3Heprueil mosmexkyn. Ta-
KOE€ COCTOSIHHE JOJXKHO ObITh Of-
HOo. HerpucrasiuueckKux :xe co-
CTOSHH{ TIpH [NaHHOH 3SHEpPTHH
CHCTeMbI BCErjia MMeEeTcs MHOKe-
CTBO. JTH COCTOSIHHSI pasjuya-
FOTCSH PaCIOJIOKEHHEM YacTHIL.

21. Ilepefinem K cucremMe OT-
cyeTa, CBA3aHHOH ¢ HOro oyr-
GoJsicTa. B 3TOR cucreme ortcue-
1a TOKOAMKMACA  OTHOCHTEJBHO
3eMJIH MAY HaJeTaeT Ha HOTY C
HEKOTOPOH CKOPOCTEIO.

Ecsay mpu ynape He TIPOHCXO-
JUT MOTEPH 3HEPTrHH, TO MSY OT-
JIETAeT C TOH KE CKOPOCTLIO H,
CJEN0BATE/]BHO, €0 CKOPOCTh OT-
HOCHTEJLHO 3e€MJH paBHA YJIBOEH-
HOH CkopocTi HOTH. [loTepu snep-
THH TPUBOAAT K TOMY, UYTO CKO-
pocTh Msiua OYJAeT MeHbLUe. B cay-
yae abCoJIOTHO HEYAPYroro yaa-
pa CKOpOCTL MfAYA paBHA CKOPO-
CTH HOTH, H TOTAAa AaJbHOCTH
noJsieTa mMaya nNpAmMEpHo B 4 pasa
MEHbIIe JaJILHOCTH €ro IoJeTa
npy abCOMOTHO YNPYIOM Yyaape.

PaccmoTtpuM, uem onpenensior-
cqa notepu suepruu. Ilpum ygape
Jedbopmanuu 60THHKA ¥ MfAYa §B-
JAOTCA YOPYIUMH (€C/IH TOJMLKO
MAY9 HaKauyaH He CJUKOM cJ1ado),

‘TaK Kak INocae yjaapa u GOTHHOK

M MAY BOCCTAHABJIWBAIOT CBOIO
dGopmy. OnHako BocCTaHABJHBATDH
CBOIO (popMy MAY H OOTHHOK MO-
IyT E€ OJHODPEMEHHO, H TOTAA
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MSY OTCKOUHMT, He TMONYUYHB BCEH
3amaceHHoi InpH yAape ImOTeEn-
LUMaJIBHOH 3HEpTHH ZedopMalyH.

22, Cuna TpeHus NPH JABHIKe-
HHU MOHeTHl OyjaeT HalpaBJieHa
MMPOTHBOIOMOKHO CKOPOCTH  MO-
HeTbl. Tl03TOMYy, KOILJa MOHETA
NMPUAET B ABUKCHHE, CYMMa npo-
KA JCHCTBYIOMIUX HA MOHETY
CHJI Ha OCh, HallpaBJE€HHYIO BIOJb
HAKJIOHHOH IJIOCKOCTH (MO Hampa-
BJIEHUIO cNycka), He Oyler paBHa
Hy/I0. DTO NPUBEJET K TOMY, 4TO
MOHETa OYJeT CKOJAL3UThL, TMpPH-
dnHMxKaach K OCHOBAHHIO HaKJOH-
HOH TJIOCKOCTH.

23. 3apampl Kaxaoid H3 TLIO-
CKOCTEH CO3/1aI0T OHOPOIHOE 3J1eK-
TPOCTATHYECKOE T10JIE C HATIlp AXKEeH-

HanpasBJCHHOU INEp-
NJIOCKOCTH. Mo-
onpene-

N
HocTeio E,
NEHAUKYJIIPHO
JIyJab  HanpsaKReHHOCTH
Jagerca GopmynoH
o
E = 280 ’

rie o -— IVIOTHOCTD 3apfAnoB. Co-
[JIaCHO NPHHLHMY CYNEPHOIUIHH
nose 06eux TIUIOCKoCTEH Oyaer
TOYKE€ OJHOPOAHO, a €ro Hamnps-
JKEHHOCTh OyAer paBHa BEKTOp-
HOH CyMMe HanpsiKEHHOCTeH Io-
JeH IJIacTHH, pPe3YJbTHPVIOUIAA
O6yner Hampas/ieHa Iapanielb-
HO OHccekTpuce yraa, o6paso-
BAHHOTO IIOCKOCTAMH. B Takom
110J1€ 3apsKEHHBIE YaCTHUh! OYAYT
JABUTaTbCH TakK XKe, KaK U Tena B
noJie CHJBL TAXKECTH, — [0 Aapa-
fonaM C OCAMH CHMMETPHH, na-
pannenbHbIMH OHCCEKTpHCe YrJa,
00pa30BaHHOTO TWIOCKOCTSMH.

24. Tlpome Bcero pasoOparbcs
B TOM, Kak Iepejaercsi 3Heprus,
eCJIH PaccMOTPeTb, YTO TPOHCXO-
JMT TIPY YBEJIHYEHHH CKOPOCTH
BpalllcHH s BeAYLIero 1wkHBa. Jeil-
CTBHTEJIbHO, TOTAA LIKHB CO06-
maeT OHKaNHMM yyacTKaM peM-
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HS YCKOPeHHe H nedopMalus pem-
HA Bospacraetr. BoaspacraeT H
CHJIa HATAXKEHHS peMHA.  I10
NPUBOJUT K TOMY, YTQ MOSBJSET-
Csl YCKOpEHHE Y cAeAyioluX yda-
CTKOB peMHsa H 1. A. [lo pemHuio
GeXHT BOJIHA AedopMalHH OT Be-
N YHIENO WKHBA K BeIOMOMY. Eca
¢ — CKOpPOCTb 3ByKa B peMHE (C
TaKOH CKOpOCTBIO pacipocTpaHi-
eTC ynpyroe Bo3aMyllueHue B le-
NOABHIKHOM pEMHE) H U — CKO-
POCTE JIBUXKEHUSA PEMHA, TO € — U
eCThb CKOPOCTb PaclpOCTpaHEHU st
BOJIHLL AedopManuud OT BeAYLIETO
IIK{BA K BEIOMOMY.

25. Korza priba paccmartpHBba-
eTca € MOCTa, JIyYyd CBeTa, HAY-
mye OT kee, NPOXOAAT MOBEpX-
HOCTDE BOALI TOYTH MEpneHIuKy-
aapro Kk Hed. [lpu srom  cBer
oTpaxaercs 0T MOBEPXHOCTH BOJBI
HE3HAYHTEJbHO, H TMO3TOMY CBETO-
BO MOTOK, HAVIIHH OT poLIOH,
CpaBHUTENBHO BeJUK. Ecau me
paccmaTtpuBaThk peIGY € HH3KOTO
fepera, TO JY4H, HAYUIHE OT PBI-
6ol K Habmoparenio, 00pasyioT ¢
HOPMAJIbl0 K MOBEePXHOCTH 00Jib-
ol yroa ¥ 0oJibliiasfi 4acTbh CBe-
TOBOTO [IOTOKA OTPamkaercad OT
OBEPXHOCTH.

B rinas nabmoparens, Kpome
TOro, TONAAaIoT JYYH COJIHiA,
cospawomue caenawui ¢ou. Ilpu
HaOMIOfeHHH C MOCTa B IJ1a3 HO-
najaioT Te JYUH, KOTOPEIE Majasu
Ha MOBEPXHOCTb BOALI H OTPaXKa-
JHCb OT HeE MOYTH NOJ MpsAMbIM
yriaoM. Otpaxkaiorcs 3TH JYUH
CPaBHHTEJBHO Cjaabo U CO3JAIOT
HesspKH# ¢oH. HaoGopor, oTpa-
JKEHHEe JiyYeHl, nonajammux Ha
MOBEPXHOCTD MoJ GOJNbUIHM  YI-
JIOM, BEJHKO H COJIHEUHBIH CBeT
IIPH pacCMaTpPHBaHHUH PLIOHI C Ge-
pera cospaer Apkuéd ¢QoH, YXYA-
IALHH VCAOBHA HAGMIONEHH A
pLIGHL.



26. Tak kak cucreMa TpaHc-
(bopMaTOpOB He Harpy:keHa, TO OHA
He noTpebsasieT 3HEPTHH OT CETH
(MBI CuUHTaeM TPaHCPOPMATOPHI
HJeaJbHBEIMH). DTO O3HAUAET, UTO
cymma DJIC, BosHHKawIux B 00-
MOTKaX TpaHcopmaropa, NoLKJIIo-
YeHHBLIX K CEeTH, paBHa CETEBOMY
Hanpskenuo Uy

61+ &3 = U, (1

Ho 21C &, Bosuukawuag B 06-
MOTKE, NPONOPUHOHAJIbHA YHCTY
BHTKOB 7 H CKOPOCTH M3MEHEHHS
MarHHTHOTrO NoToka. MarguTHhIH
e T0TOK, B CBOIO OUepEenb, TOXKE
NpPONOPUHOHAJEH YHCIY BHTKOB,

Takum o6paszom, & ~ n® Cre-
JOBATENbHO, &y ~ N3, &g ~ 13,
[Tostomy

Cf?i — f: ,}2 2)

&2 n2 ' (
Nz (1) u (2) nomyuaeM:

k2 I

b1 T ke U, 6o= 14 A2 3)

Hanpsixennss U; u U, Ha BTO-
PUYHBIX OOMOTKAaX CHCTEME
PaBHBL:

1 k
Ul = 23- gl - -|— k2 Uo'
Uy = kéy == Uo ()

[TosroMy ecaum 3TH OOMOTKH CO-
elHHEeHbl TaK, KakK IOKasaHO Ha
pucyuke 135, a, TO

U=U,+U

ecqJi 2Ke OOMOTKH BKJIOUEHBI TIO
cxeme, NPHBEACHHOH Ha pHCYHKe
135, 6, TO

U= U, — U, =0.

27. KoauuectBo TemioTH Q,,
KOTOpPOEe CTEpHeHb MOJYy4aer oOT
IJIAMEHH, NPONOPUHOHAIBHO ILIO-

1008 E

:
é

a

1008 [

;
:

K
¥

Puc. 135

—_— & O

Wmanu S NOBEPXHOCTH CTEPXKHA H
Pa3sHOCTH TeMIePaTyp CTEPKHS U
IVIaMEHH

Q~ (Tn.n - TCT)S =
= 2nrl (TI'IJI — TCT)v

rae r — paguyc crepxua, [ -—
JIJMHa HarpeBaeMoro y4dactka. Ko-
JUYECTBO XK€ TEILIOTH, KOTopoe
OTBOJUTCH OT HAarpeBaeMoro Me-
cTa, MPOMOPUMOHAJIBHO IJIOLLAAH
TMIONEPEYHOTO CEUEHHS H Pa3HOCTH
TEMIIEPATYP MEXKAY  HarpeThiM
CTEpxKHEM H KOMHATHHIM BO3-
LY XOM:

Qu~{T, —Tgs =
"“‘ﬂfz (T{:T_"TO)

[Ipy  TemyioBoM paBHOBECHH
Q, = Q,. Orciofa clepyer, 49TO
T —
m e g L
TCT_TO l

TJe ¢ — KO3PPUUUERT NPOIOPHH-
oHanbHOCTH. Hcnonabsysa cBo#-
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CTBa NPONOPLHH, HOJYyUYaeM:

T[”I — TCT —_ OU’
Tun—T, 14ar
OTKY/a
cr
TCT e Tl'”[ — l +ar (Tn_y! - To).

3 stoit opmyasl BHANO, YTO 4eM
CoJibli€ r, TEM MEHbIUIE TeMIlepa-
TYpa CTepIKHA.

28. MemOpana npuTariuBaercs
K KarylKe BHE 3aBUCUMOCTH OT
TOrO, KakKOH MOJIOC 3JEeKTpoMar-
HuTa ofbpaileH K MemOpane. [lo-
3TOMY, €CJIH Obl NOCTOAAHHBIA Mar-
HHT OTCYTCTBOBaJ, 4YacToTa KoJie-
Oanuii MeMOpanbl HayIIHHKa Obl-
Jda Obl B nBa pasa GoJibllie YacTo-
Thl KoneGaHMuil TOKa, IHTAIOLIErD
HaywH#K, T. €. 4acToThl nepega-
BEAEMOT0 CUTHaja.

O6oiiTuch fe3 NoCTOIHHOTO Mar-
HUTa MOXKHO, €CJIH B {iellb KaTyll-
KH 3JIEKTPOMAaTHHTA BKJAIOYUTE HC-
TOYHHK TIloCTosiHHOTO ToKa. [lpu
3TOM aMIVIUTYAHOE 3HAa4YeHHe CH-
Jbl TOKa CHTH4JIa JOJIKHO OBITh
MeHbIIE NOCTOAHHOH COCTaBJIsIIO-
el Toka.

29. IToxasanue TepMOMeTpa OI-
peaessieTcsa usjayYeHHeMm CHYTHH-
Ka, 3Be3jl, IJAHET H CaMoro Tep-
MOMETPa M pAaBHO €ro «pPaBHO-
BECHOM» TeMmeparype.

30. Ecan genosek GexuT Mo
NOBEPXHOCTH JIbAa, BpeMs, B Te-
YeHHe KOTOPOro OH HAXOAKWTCS Ha
KaKOM-JIH00 y4acTke Jbjla, MaJo.
Bestenctsue unepTHOCTH €] He
YCIIEBaET 3a 3T0 BpeMsA NPOrHYThb-
€A HaCTOJbKo, 4YTOOBI PaspyHThb-
cst. Ecay e 4yenoBeK CTOMT Ha
JIBAY, TO nporud Japza onpeness-
€TCS1 TOJIbKO BECOM 4€JI0BeKa; MpH
9TOM OH MOXKET OHITH JOCTaTOYHO
GOJBIINM H JIEJl paspyIHaeTcs.

31. B cucreme koopaunar, gBH-
HKYIIEHCS OTHOCHTEJBHO NOBepX-
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HOCTH CT0J1& C TOH Ke CKOPOCThIO
U, 4TO H JOCKa, MeJ HMEET CKO-

—>' - —
pocth 4’ = u — v. Tax Kak cuJja
TPEHUS1 HANPaBJIEH& IPOTHBOINO-

JIOXKHO BEKTOpY &', TO HampasJe-
HHE CKOPOCTH MeJia MEHSTLCH He
oyner. Bymer wsMmensathca Jaumb
abCoMIOTHOE 3HAuYeHHEe CKOPOCTH
Mesna., IJTO 03HAYaeT, 4YTO Men
MPOYEPTHT NPAMYIO JHHHIO, HAY-
mylo Tox yriom a = arctg £ k
U
BeKTopy — ¢ (puc. 136).

32. Kazasioce OB, CKOPOCTh
CIYTHUKA TIPH BKJIIOYECHUH JBUTa-
TENIA RoJkHa Bospactd. Oanako
3T0 He TakK. CKOpOCTL CHOYTHUKA
vyMmedblnaercs. JokaxkeMm 3To,

O6o3nauum gepes R paguyc op-
OWTHl CYTHHKa. TakK Kak 3aBHCH-
MOCTb CHJIbI TATOTEHHS OT pac-
CTOSTHUSl MENAY TeJdaMd aHaJjo-
THYHa 3aBHCHUMOCTH CHJILI B3aHMO-
BREHCTBHA pPAa3HOMMEHHBIX Toued-
HBIX 3apsi0B, TO N0 aHAJOTHH C
SJIEKTPUYCCKHM IoJieM AJd  Io-
TEH{MaJbHOH DSHEPIUH CHYTHUKA
MOXKHO 3amHCaThb

W= — @,
R

rme M — wmacca 3eMan u m —
Macca CIyTHHKA.

Kuneruueckad
HHKa

SQHEprusa CIyT-

2
|\ /AL
K 9

Tak Kak eHTpoCTpEMUTEIbHOE YC-
KOPEHMe CIIyTHHKY Cool11aeT cuJia

o

Pre: 136



TSAPOTEHHU A, TO

met_ M

R R

[TosTomy a9 KUHETHYECKOH SHED-
THII CIIYTHHKa IOJy4aem:
ue Mm

W, " a2
7009 _GQR

Orciofia BIALIO, YTO KHHETHMUeCKas
SHEPTHA CHYTHHKA BABOE MEHbLIe
afCOMIOTHOTO 3HAUYEHUS]  TOTEH-
uuanbuoll suepruu. Iosnas xe
SHeprusd CHyTHHKA paBHa CyMME
KHHETHYECKOH H TOTeHIalbHOH
SHEPTHHU:

Mm Mm
W=-—0—4-0— =
+ R
:“4@:_%,
2R
[Tocse BiJOUEHHS  ABUTATENs

SHEepriusd CIYTHHKA H3MEHAeTCs Ha
Benuuuny pabotel A ABurarens u
CTaHET paBHOMH

W= —g¥m g g,
2R 2R
U3 31oro paB@HCTBa BUAHO, 4TO
Mm
C—
< T

T. €. YTO KHHETHYecKas 3IHeprus
CIYTHHKA yMEHbLIAETCH, a8 Paguyc
opOHTBLl BO3PacTaeT:

R" >R.

CKOpOoCThL CHYTHHKaZ  yMeHb-
HIMTCA, H OH NEPeHieT Ha opOuTy
¢ GoJiblIM CPeHIM panmycom.
CrnepnoBatenbuo, BTOPOH CHYTHHK
nocJie BKJIOYEHHS JBUTaTe sl Hau-
HET 0TC1aBaTh OT IEPBOTO.

33. Ilap kak Ha yauue, Tak H
NpH 3aKPLITOH QOPTOUKE B KYyXHE
Hachlen. Ofnako TeMepartypa
H& YJHIE HHXKE, UYEM B TIOMelle-
HUH. 3HAuyuT, KaBjleHHe Napa Ha

yAHIle MCHbIIE, YeM B KOMHATe.
[lostomMy mnpu ortkpwiBanun ¢op-
TOUKH Map M3 KyXHH OyAer BHI-
XOJUThL Ha yJjuny, Ojaaronaps ue-
MYy nap B KyxHe GyJeT Bce Bpems
HeHaChIIeRHbIM. beqbe Gyner cox-
HYTb OblcTpee.

34. IIns Toro utoObl INajkKa
YAEpXKHBatach B  paBHOBECHH,
HY2KHO B Cjy4yae ee OTKJOHEHHS
OT TOJIO2KEHHS PaBHOBECHS, T. €.
MOBOPOT& Ha HEKOTOPHH yroJa,
yCleTb TOABUHYTH TMaJel Tak,
yToOBl OHa BHOBb OKasaJjach B IO-
JOKE€HHH paBHoBecHd. JaunHas
najka OyleT OTK/JIOHATHCH MEX-
JEHHEe, yeM KopoTKas, TakK Kak
€e HEHTP TSKECTH JIEKHUT BBILIE.

Jlasg toro utobbl yOejaHThCH B
9TOM, PacCMOTPUM, Kak 3aBHCHT
BpeMsl NajeHus JerKoro CTepKHsA
C YKpEIJIEHHBbIM H& €ro KoHUE Ts-
JKeJbIM  1apoM  OT  AJIHMHbLI
CTEPKHA.

[Tycte nanka noBepHyJach Ha
yroa a (puc. 137). Lentp Ta:ecTH
NaJKH ONYCTUJICS NpH 3TOM HA
BLICOTY

h =1l —cosa),

rae | — nomiHa nanky. [To 3akouny

COXpaHeHHs IHEPTUU
2
mv? — mgh,

HJIH
2

’—“éi = mgl (1 — cos ).

Orciola Mosiydaem:

v ‘/Qg(Z——cosa)
l [ ’

T. €. YIJIOBas CKOPOCTb  NaJKH
00paTHO NPONOPIHOHAILHAE KOPHIO
KBaJpaTHOMY H3 AJUHBI I4JKH.
3unauuT, AJHHHAA najdka Oyaer na-
JaTh JA0Jbile, yeM Kopotkas. llo-
3TOMY JJIMHHYI0 NAIKy YAepXH-

) =
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Puc, 137

BaTh B paBHOBECHH JIeTYe, 4YeMm
KOPOTKYiO.

35. [las Toro yTolbl COXpausTh
paBHOBeCHEe IIpH e3/le Ha BeJOoCH-
iele, HYXKHO TI0Jb30BaThCs CJie-
JVIOUMM TIPaBHJIOM: Tepds pas-
HOBeCHe, T. €. HaKJOHAACh B Ka-
Ky10-HUOYAbL CTOPONY, 11Y>KHO BCEr-
Ja TIOBOpauuBaTh PyJab B Ty XKe
CTOPOHY, B KOTOPVIO MNajkaelib.
[Ipn e3ne «0Ge3 PyK» 3TO JAOCTH-
raercsl 6sarojaps TOMY, 4TO OCb
KoJieca, a Ojarojapd 3ToMy |
ILeHTP Macc BUJIKH U KoJieca BeJsio-
CHTIENE, JEKUT HECKOJBKO Bhepe-
a4 ocu pyasa (puc. 138).

151 To10 4TO6B! NOBEPHYTH «6e3
PYK», HaOpumep, BIPaBO, HYKHO
COTHYTh TYJOBULIE TakKHM o6pa-
30M, 4TOObI BEJOCHIIE] HAKJOHHJI-
cqa Brpaso. [lepenuee Koaeco Bme-
CTE C PyJeM BeIOCHTIENA IOBEPHET-
Cst M0 4&COBOUl CTpeJkKe, H BEJO-
CHIEA IOBEPHET Hanpaso.

36. boaroaapsa pasnuunoit aJiu-
He HHTEH, MAVIIMX OT OCHOBHOH
6GcueBKY K YI/iam 3Mesd, NOoCJAeNHHH
YCTOHYUB OTHOCHUTENILHO  Bpalie-
nus orojio ocei 00" u 0,0,

(puc. 139). XBocT ofecTeuHBaeT
YCTOHYUBOCTL 3MES1 OTHOCHTEILHO
BpalleHUHd OKOJIO BEPTHKAJILHOH
ocu 0,0,.

37. Ilpy CTONIKHOBeHHH KYOUKH
ynpyro pAeopMHPYIOTCS H B3aH-
MOJIEHCTBYIOT CHJI4MM YOpYToCTH
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Puc, 139

Fe=—ES-, (1)

rne E — moayab IOunra, S = a*—
IIomaib rpanu KyOuka, a —

anuna ero pebpa. Tak kax
F, = —kx

X

(rpe k = La), To MOXHO CUNTATh,
4TO BO Bpemsd C10JKHOBenud KyOu-
KH JABUXKYTCA KaK TpYXKUHHbE
MasiTHEKY, & BpeMms CTOJIKHOBEHU S
paBHO TMOJIOBHHE TIEPHOAA KOJie-
OaHui:

in ( 2)

1 m
Ea’

l=—T=m
2

rie m = pa® — Macca KyOuka,
o — ero mroruoctb. O1clona

pa’
t = —, 3
: A
Jlng cranbHBIX KYOHKOB C a4 = O CM
noayyum (E = 2,1- 101 H/m?,
o = 7,8 10° xr/m®):
{~ 3107 c.
3anuceiBass  BeIpaxkeHue 1), MbI
NpennoJjaraiid, 4TO OTHOCHTEJb-

Has jedopmauusa kKyOHUKa paBHA
X

~, T. €. 4T0 JePOopMHPYETCH Kak
a

0Ll Bech KyOHK. 3T0 He Bcerja
crpaBenauBo. Jlegopmauus pac-
npocTpansercss B KyOHKe - He
MTHOBEHHO, & CO CKOPOCTbIO 3ByKa



¢, paBHOH paA cranun 6- 10° m/c.
[lostoMy AedopMauusl MOJHOCTHIO
«OXBaTH1» KyOUK 3a BpeMs 1:~§.
[TpuBenenHoe peuieHue CIpaBej-
JHBO, cJienoBaTeAabHO, €CJH Tt 1.
B paccmatpuBaemom cayuae TR
~ 0,8-107° ¢, U MOXHO CUUTATD,
YTO YCJOBHE T «{ BBINOJHSIET-
ca. Ecny xe 3T0 yCJOBHE HE Bbl-
NnoJnFHO (Hampumep, MpH CTOJK-
HOBEHUHU CTEPXKHEH), TO BMeCTO @
nHyxkuo B fopmyJie 1 Oparb pasmep
obaactu Jeopmauun cf.

38. Ilmamerp nyuka, BhIXO-
AALIETO M3 OKYyJsApa Teseckola,
onpejennerca QopMyon

d= Do,

rne F,, — QoKycHoe paccTosinye
okyaapa (puc. 140). Ilpn F, =
= F; = 50 MM mnoayuaem: d; =
= S mm; npu F,, = F, = 100 MM
umeem: d, = 10 MM; HakgoHerL,
npu F,, = Fg = 25 MM gpamerp
nyuka Oyaer pased dg = 2,5 MM.
B nepBoM U TperbeM cayyasXx B
rias 1nolapaer Bech CBETOBOH MO-
ToK @), nocrynawouuii B oObEK-
THB, & BO BTOPOM CJiyuae —— JIHIIb
MNOTOK

dg \% 1
d 4

Huamerp nsobpaxenus mniane-
TBlL Ha CeT4YaTKe TI/a3a pasel
F.,- o (rpe F., — doKycHoe pac-
CTOfIHME TrJjas3a W o — YILJIOBOH
auaMmerp IaHeTol npu ee HalbJio-

Y

Puc. 140

JEHHH B Tejeckom). Tak Kak yr-
JOBOE yBejHueHue reneckona I' =

—_ Foé =
=22, TO VyIJIOBOH

Fox'
IIaHeTsl B IIEPBOM Cliyyae paBeH
a; == I'jop = 100y, Bo BTOpOM
caygae oy = Iyag = 80y H B
TpeTbeM caydae oy = [gop =
= 320,. [lnomanu uzobpaxenun
nJadeTsl OYAYT COOTBETCTBEHHO
PaBHbL:

JHameTp

1
S, = " .TEF{?)H“% == 64::1Ffﬂ°°§,

S, = 1631F§HO‘3 u 83:256annag.

YuuThIBas, YTO OCBEIICHHOCTE 130~
Opaxkenus
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E=—

S
(rme P — cBeTOBOIl  MOTOK,
Najamyi B rnas), HMeem:

_____ By 035 1
E, WS, E, @S, 4°

39. Ilpu paBrOMEpPHOM Bpalle-
HHH SIKOPS MOMEHTHI CHJ, C KOTO-
pbIMH MarHuTHoe MoJie AEHCTBYer
Ha ero oOMOTKM, JOJKHBI ObITh
OAMHAKOBBIMH 10 alCoJIIOTHOMY
3HaueHnw. IDT0  O3HAUaer, uTo
OIMHAKOBHL TOKH, TEKyuwe 1o
0OMOTKaM, U BO30yKAaeMble B HUX
DIC unpykuuu 6. [lostomy

I10-

Y= 6
R R+tr
Orclozna
&=UREr
2R H-r

40. BemecTBo, B KOTOpOM OT-
CYTCTBYET B3aHMOJACHCTBHE MEXK-
LY MOJEKYJaMH, TPeICcTaBJIsieT
co00# HAEaNbHBIH I'a3 H MOfUHHA-
€TCSl YpaBHEHHIO [a3oBOrO COC-
TOSIHHA:

pV =

JE

RT,
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HJIII
= P pr
p= RT,
[TopcraBass ciofa 3HadeHu s Be-
aaupn o = [0* kr/M, M =
= 18-10% kr/mons, R = 8,31

kr/(moqik- K) u T = 300K, nony-
YHM:
p ~ 1,4-10" H/m?.

Oro napjiedue B 140 pas npeBsl-
maetr aTtMoc(epPHOE.

41, Paccmotpum  MareMatHue-
CKHHA MasTHUEK, dYacToTa MaJiblX
KoJsie6aHHH KOTOpOro paBHa .
H3 ¢opmynbl

U)_—'.. -—g.
Vi

H4aX0AUM JQJHHY L Takoro masri-
HHKa.

[Ipu manbplx KojieGanusx MOIKHO
CYHUTATh, YTO BCE TOYKHU MAasITHHKA
JBHKYTCA TO  TOPHU30HTAJBHBIM
npsameM. [1ycTe ammiauTyna Kode-
Oanuii rpysa MadTHHKa TaxkoBa,
YTO TOYKa A, HaXoAAadacs Ha
paccrosiuuu ! ot rpysa, xoJjebJer-
€4 ¢ aMILIMTYAoH a.

Kosie6anng MagTHuKa, OYEBUJ-
HO, He U3MEHATCS, €CJIH MBI
cAeiaeéM TOUYKOH MojBeca MasaTHHU-
Ka 104Ky A # Oynem nojnepxiu-
BaThb €€ Kosiebanusa 1akuMH, yTo0bI
€e CMEIIEHH sl OCTAJNCEH NPeKHUMH
B KaXJIblii MOMEHT BpemeHH. IlIpu

3ToM, ecaud [ <L (ummm | < %),
()]

TO, KaK BHJHO U3 pHCYHKaA 141, q,
b L

OTKYJ4
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Paza Konebauuil MasITHHKA B 3TOM
cJayuae paBHa o©f.
Ecnu [ > L (puc. 141, 6), T0

b _ L
a I—L'
OTKYAA
h— 98
w2 —g°

B srom cayuae dasa Konebannii
paBHa of -} .

42, TTonoxenve ueHTpa THAKeE-
CTH CcTakana ¢ BoJOH OyjaeT Hau-
HU3MWUM B TOM CJy4ae, KOTia OHO
COBIaZaeT C YPOBHEM BOAbl B CTa-
Kae. [lelicTBHTeIbHO, €CJH [IEHTD
TsKecTd O CcUCTEMBL HaXOAUTCA
BBllIE YPOBHA BOJABI B CTAKaHE
(puc. 142, a), To OH MOHU3UTCA
IPH JOJUBAHUU B CTakKaH BOJBI.
Ecjd e LEHTDP TAMKECTH CHCTEMEI
JIEKHT  HUMKE  YPOBHHA  BOAHI
(puc. 142, 6), To OH TMOHU3UTCH,

a a

Pue. 142



€CVIH BBUIMThH 4aCTh BOZbLI, HEXO-
JSIIEHCH BHIIIE LEHTPE TSAKECTH.

43. Hanpasnenne  BpauleHHS
MOXKHO OIPEAEJHTh, €CJH Kode-
MOJIKY TIOABECUTh Ha HHTH H
BKJIOYHTE  MoTop.  Kodemo.Ka
HaulieT BpaulaTbcd B HanpasJje-
HHH, TPOTHEONOJIOXHOM HAalpab-
JEHUIO BPaUlCHHUA $IKOPS MOTOpa.

44. [lpocreliunie  BO3MOMKHbLIE
CXeMBl oKa3ausl Ha pucynke 143.
dro 3ee3fa (puc. 143, a) ¥ Tpe-

yroqegHk (puc. 143, 6) us pesu-

cropos. B ciyuae 3Be3jnl

Ry + Ry = 3 Oy,
Rg _!— Rg =5 OM’
121 _1— Rg = 6 OM’

OTKY/a
R]_ = 2 OM,
R, = 1 O,
Ry = 4 Om.

B ciyuae tpeyro/ibHuKa
i r
1(2 _|— 3) — SOPVI}
rntrotry

nln v 5Oy
rytrackry ’

73 (ry 1)) — 601\1,

ry+ry+rs
OTKYAa
r; = 3,5 0m, re = 1 OM 5
rg = 14 Om.

45. Cm. puc. 144,
46. Ha p—l-onpyxuuy neficr-
BYET CO CTOPOHBI p-i IHPYMHHKH

cusa F ynpyrocrH, paBHas Ho Mo-
LyJio Becy p — [ MpyXUHOK:

F=(p—1)mg.

Y AuHEHHE X,, KOTOPOE IOJyua-

eT p-fl NPYXKHHKa, BBHIPaKaeTcs
TaK:
F — |
Xy = — = p=lmg
' R k

YanunenHe e BCell UENOYKH
paBHoO

=X+ Sty Xy =

=04+=F 278 4

(t—hhmg n@r—1 mg

LS 2 '

47. Tlpu pBuxenun Nyaun B
JKHJKOCTH € BOJibIIOH CKOPOCTBIO
Ha MyJlo JIeHCTBYeT cuJsia Colpo-
THBJICHU A, MPONOPUMOHAJBHAS
CKODPOCTH:

a) TpPII JBHIKEHUN B BOJIE —

- -

FCOI’]p == —0L?,

6) Tpu JBHMKEHHH B MERy —

g2 g2
R2
r1 r2
R1 :
R3 ,
! ; 4
&1 36 b1 3%
a )
Puc. 143

0 ' R/2 R r
Puc. 144



Fconp = —Qy0,
e oy > 0.
PazobbeM XKUAKOCTH Ha TOHKIE

cjiod. TIpH POXOKAEHUH OJLHOTO
{-TO CJIOS1 TOJHUMHOR X; UMIYJbC
NyJaH H3MEHMTCA Ha

|Ap;| = |m- Ay;| = ]Fcon]),cp.ml_
Tak Kak

, Oy
At =2
ch Vi _}_1’4’—-1
pos .-*’ —|— ﬁ_. ljr' '—1;‘ {;_
FCOnp, op = Ml__,é# = o ._._2;_1_},,
TO
1Ap;| = ox,.

Orcrona caeayer, 4to npu Tpo-
Jere yepe3 KoOpoOKY € Bojo# Mmo-
LYAb UMOYJAbCa TYAX WU3MEHHTCS
Ha

(rape | — nimHa KOpPOGKH), a TpH
npoJiete uyepe3 KopobKy ¢ MeqoM
MOAYJ/Ib HMIYJABCA MYJH H3IMEHMT-
¢Sl Ha

Ap' = o, .

QOueByjno, 410 HE3aBHCHMO  OT
PAacCIoi0KeHN a KopoGoK Mpy Mpo-
Jgere uepes gbe KopoOKU MOAVJ/ib
HMIYJIbCA MYJH YMEHBUINTCS Ha
(g + @) L CrenoBaresibHO,
LAJbHOCTh ToJeTa MYJad B 060X
cayuaax Oyner oguHaKOBO.

48. B cucreme Koopavuar, 1Bu-
MYIIEHCsT ¢ TOH K€ CKOPOCTBIO,
4YTo ¥ LEeHTP MacC ranTe/iex, rad-
TCJABKH  JIETAT HaBCTPeuy Jpyr
APYTY € ONMHAKOBBLIMH 110 MOAY-
JIO0 ckopocTamu (puc. 145, a).
B MOMEHT coypapeHns MmapuKoB
2 u 3 (puc. 145, 6) onu «oOmeHH-
BalOTCSA» CKOPOCTAMH H [aHTe/Ib-
KH HA4YMHAIOT BPaaTbCs BOKPYC
WX I[EeHTPOB MacC. 3areM Ipo-
MCXOIHT CTOJIKHOBEHHE ILIAPHKOB
I 1 4, ipu KoTopoM OHH «OOMEHH-
raloresi»  ckopoctsimu (145,  8).
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Qo 1@ 2@
[ -U - -
—~
|
- Fl 3 & |-
2 U l3 o |-V g1 4
1
|

i

~l) =) =D
b U 4 U3

a ) 6
Puc. 145

[Tocse 3rtoro ranrteJbkKd OyAyT
NBHraThCsl TAaK, KakK OHYU JBHTa-
JIUCh 0 CTOJIKHOBEHUS.

49, 3anumeM YypaBHEHHE JBH-
KeuHd TeJa B NPOSKIMH Ha OCh X,
nanpasJIeHH V1o BEPTUKAJABHO
BHU3!

Ma= Mg —N—T,

. —
rie Mg — cuna Ttaxectu, N —
cuja peakuud  MOACTaBKU 3
—_

T = kx — cujna YyOpyrocru Hmpy-
KUHBL (X -— YIJIMHEHHE  TIPYIKU-
Hbl). YUUTHBasg, YTO B MOMEHT
oTpbiBa TeMa OT NoAcTasky N =0,
0Ty 9HUM:

Ma = Mg — kx.

M3 sToro ypasHEHHS MoJiydaeM,
470 TeJIO OTPBIBAETCSA OT MOACTAB-
KH TIOC/I€ TOro, KakK TNOACTaBKa H
TeJIo TIPOHAYT pacCTosiHue, PaBHOE

l:x:M(g—a),
k

C napyroii CTOPOHBL, TakK Kak

" IojcTaBKa M TEJO BHau4a/Jie JBHTa-

JHCb PaBHOYCKOPEHHO C YyCKOpeE-
HIEM Q,



rpe ¢ — Bpems C MOMEHTa Hauana
JABHKEHHS  TOACTABKH JO TOTO
MOMEHTa, KOFJa TeJO OTPHIBAETCS
OT Hee. IDT0 o03HadYaer, urTo

at*. M (g —a)

2 b !
OTKYAa

:}/2{?

HaklineM Tenepp Makcumal/bHOE
pPacTs;KeHHEe HPYKHHH Xy, Boc-
HOJIb3YEMCH I 3TOr0 3aKOHOM
coxpauenua sueprun. B moment
OTPLIBA OT MOACTABKU I'py3 HMe!l
CKOPOCTh

M@—m

V =af = a‘/g

KHHETHUECKYIO SHEPTHIO

MV: M (g—a)a
2 I
H - HOTEH]_LHEJ]I)H}'}O SHQPFHPO
M2 (p—a
Mg (xy —1) = Mgx, — Mie—ae

k

(Mpl CUHTaeM, 4TO MOoTeHUHa/bHas
IHEpPrua rpyaa paBHa HYJIO, Korjla
NpyKHHA MAKCHMAaNbHO pacTauy-
ta). Tak Kak B 3TOT MOMEHT Ipy-
JKUHA pacTAHyTa Ha AJIHHY

M (g — a)

[ =29
k

TO €€ TIoTeHUuasnbHass BJHEPTHA
paBHa

kRIZ M2 (g—a)®

2 o
Cymma W, sneprufl tesa 0 npy-
JKHHBI paBHa

M2 (g — a)®
W, = Mgx, — —>—~.
1 8%y on
B momedT, KOIZAa NpYXKHHA M3K-

CHMaJLHO pacTAHyT4, CKOPOCTh
rpysa, a 3HauuT, H €ro KHHETH-
yeCKasi SHEPrus paBHBI HYJIIO.

[Ipu stom smeprus W, rpysa i
NPpYXKHHEI PaBHA

Fx,?
W2: 9 .
2
[To 3akoRy coxpauneHus suepruau

Wl = Wg,

HJH

kiifz' "‘A/fgxo +

OTKYJa

M g—a)? _
2/ ?

Mg + M 'l/a (2g — a) .

It k

Ho MakcumagabHoe pacTaKenue x
NPYKUHBL JOJKHO OBITH OOMBLIR

Mg
P
Y j

paBHOBECHH TeNa (Koraa CHJa Td-
skectn Mg ypaBHOBelieHa CuJoi
VOpYrocTH npyxuusl T = kx),
TaK KakK MPH NMPOXOKIEHUH I10/JI0-
JKEeHUSsl pasBuoBecud Teqo Oyler
UMETb HEKOTOPYX CKOpOCTb |
o0da3aTebHO NPOCKOUUT €ro.

CiienoBaresibHO, HU3 JIBYX KOp-
HeH ypaBHEHHS MbI JOJIKHBEI B3SITh
OOJIbILINI;

M MYV a@e—a
;eg + k : )

MUmeer 1 PpU3HYECKUH CMBIC/
BrOopoe 3nageHue x,° [la, HO oHO
R2eT HE MAaKCUMaibHOE, a MHHHU-
MaJIbHOE PaCTAXEHNe TIPYIKUHBI
npH xgoJsebaHuu Tela.

Ammytypa gosebGanuii  tena
paBHa TMOJIypasHOCTH 3HAYCHHH
o00MX KOpHEH ypaBHEHud, T. €.

_ MVaeg—a
m k .

50. Kosddunuent  TensoBoro
pAaCIIMPEHHS O UYHCNEHHO paBeH
T@HI'EHCY YIVIda HAKJIOHZ Kaca-
TeJabHoH K rpajuky V (f). Tlpu
t > 1 Ko3ppHUHEHT TEIIOBOIO
pacIIMpeHHs1  NOCTOAHEH (o ==

A’O =

ee pacraxenud x, =

Xo =

X
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= const), a npu t < f; oH npo-
HIOpUHOHAJEH TeMnepartype (o~1).
[Ipu ¢ = ¢ 3nauenne Ko3(du-
IIHEHTA O, UCTILITHIBAET CKEUYOK.

51. ¥Ymenblnaiorcsi ¢ TOBHILe-
HUEM TeMIIEpaTyphl, TaK KaK yBe-
JUYIBAETCs CPeAHSS KUHeTHUYe-
CKasl sueprus MOJEKYJI.

52. Buauajie cuJja TOKa yBe-
JUYUBaETCs, TaK Kak COTJIAaCHO
sakopy Jlemna 3JIC wHAYKUUH
HalpaBJjena Tak, 4YTO IPOTHBO-
AEHCTBYET — YMEHbUIEHHIO Mar-
HUTHOTO TMOTOKa. UYepes HEKOTo-
poe BpeM$l 3HAUCHHE CHJIbI TOKa
CTAHOBUTCS DaBHBIM nepsona-
YaJbHOMY.

53. U3 pucyuka 146 Buano, uro
JY4 CBeTa, MNPOXOAS CKBO3b 11ap,
OTKJIOHSIETCA  HA  yroJ ¢ =
= 2 (& — P) (tAe @ — yroa na-
JICHHS H [} — YTroJI npesoMieHu ).
Ecin  yron mnajeHus CoCEAHero
Jyuya OTJAMYAETCs OT yTJa naje-
HUSA JaHHoro (1300paxeHHoro Ha
pucynke) syua una Ao, TO yroda
npesioMJieHHd OT/IHYAeTC Ha Be-
aunuuny AP. Tlostomy cocennnii
JYY OTKJOHAETCS Ha yroa ¢, =
= 2 (¢ — B + Ao — Af). Jly-
4yl OCTAlOTCS NapasiesbHbIMU, ec-
JU @ = ¢, UTO BO3MOKHO TIpH
Ao = AB. Tak kaxk sina =
=nsinf, 1O Cos o- Ao =
== ncos f - AB. T[lpu yciosuwy,
uro Ao = Af, umeem: cos &0 ==
= n cos . D10 o3nauaer, 4TO Ofi-
HOBPEMEHHO J0JKHbBI BBIMOJHATD-
Csl PaBeHCTBA:
sino = n’sin’f u cos?a =
== n? cos? .

C/103XUB 3TU paBeHcTBa, NOJY-
qIM:

sinfa 4+ costa = n?(sin®’p +
+ cos® f),
HJIH |
n? =1,

Taxum o6pasom, NyuKu cBeTa Noc-
Jie NIPOXOXKAECHUA CKBO3b L&D MO-
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YT OCTaThCAd HapanJ/enbHbiMH,
ecsid  1oKa3areJb IMpeJoMIEHHSA
paBeH 1,

54. 2me,ur.

55. 3apanuB KaxJblH H3 KOH-
JEHCATOPOB OT HCTOYHHKA JO Ha-
npaxenns U = & 1 cOeJUHHB HC-
ToOUHHK ¥ ofa KOHJeHcaTopa IIo-
CJIe/10BATE/IbHO, MOMKHO IOJYYHTb
nanpsukenne 36. Opnako 310 He
MAKCHMAaJibHO  BO3MOXKHOE  Ha-
npaxenne. JlokaxkeM, d4To, HUmes
JIBa KOileHcatopa U HCTOYHUK,
MOMHO MOJYUNTH HAIP SKEHUE,
CKObKO yrojHo Oyinskoe K 4§&.

Coenuuum MOCJIENOBaTENbHO
HCTOUHHK € OJHUM H3 3apAXeH-
HBIX KOHAEHCATOPOB, & BTOPOH
KOHJIEHCATOP 3aMKHEM Ha 3Ty Ia-
py (puc. 147). Ob6osunaunB 3apajbl
HA KOHJeHCaTopax IIoCJe Takoro
COe/IMHEHHA uyepe3 g; U gy, & Ha-
OpsiXKenus Ha KomjeHcaropax —
yepes U; n U,, MOXKHO 3amucarh:

Cymmapubiil 3apan HUAKUHX (IO
PUCYHKY) IJIACTHH KOHALICATOPOB
pasen 2 CF5. 2ror 3apaix mepe-
pacnpeyesiercs MexAay MJIacTu-
HAMH, HO H3MEHHUTBCS HE MOXKET:

¢ gy = 2C6. (2)

Pemasn ypaBnenuss (1) u (2)

COBMECTHO, Haljem:
3
U, ==26,
2
N
|
-2 1 =
+
Puc. 146 Puc. 147



Puc. 148

Ecin Tenepn MNOBTOpUTL 3TY
onepaiuio, To INOJY4YHAM:

%2%&

[IyTem nocaepyromux nNoBTOpeHui
noJyyaeM:

U, - 26.

CoenyuuB Tenepb HCTOYHHK H 00a
KOHJIEHCATOpa  MOoCJe]oBaTeNbHo,
MBI H MOJIYYUM HAUPSKEeHHe, CKOJIb
yroguo Gumskoe kK 4 &.

56. O6osnauum yepe3 T MoLYyJIb
CWJIbI YNIPYTOCTH HHTH M Yepes
@ MOJLYJb YCKopenHs Opycka
(puc. 148). Tak Kax yroa o nipu
JBUEHHH CUCTEMbl OCTAaeTCs Io-
CTOSIHHbIM, TO TOpPH30HTAJBHASA
pOEKLHA YCKOpEeHHS IPy3a Toxe
paBua a. OueBMJHO, YTO PABHA
H NpoeKuus yCKOopeHHA I'pysa Ha
HanpaBJieHue HHUTH (M3MEHeHHE
AJMHBI OTpe3Ka HHTH, HaxoAf-
meroca 3a 6J10KOM, Bcerjga pas-
HO MOJAYJIO IepeMellcHua oOpyc-
ka). [TosTomy

mgecosa — T =man
T sin o = ma, (1)
rjie m — macca rpyasa.
Ha 6pycox ¢ 6/10k0M B Togke A

JeHCTBYIOT JiBe CHJbl YTIPYrocTH
uutu. IlosroMmy nns 6pycka Moxk-

HO 3anucarth CJAEAYIOUee YpaBHe-
HHe (B TNPOEKHUSX Ha TOPU30H-
TaJdbHOE HaNpaBJIeHHE):

T — Tssin & = Ma. (2)

M3 ypaBuenuit (1) u (2) noayua-
eM:

sin 20

m= M

2 cos ¢ — sin 2o

57. Tlocse onyckanusa B cocyn
TeJa CHJAa JaBJeHds Ha  JHO
cocyza yBeauuutes Ha mg. C
JPYTOH CTOPOHE!, J1aBJeHHe HA AHO
COCY/la YBeJHUUTCHA BO BCEX TOY-
KaX Ha OAHY M TY Ke BeJHYMHY
pgAh 3a cueT nogvemMa Ha Ah
YPOBHS XKHJAKOCTH B cocyue (Teno
He TOHeT U CaMO He «IABUT» Ha

aHo  cocyna).  CienoBatesibHO,
mg = pgAhS.
Orcrona
A= 2,
pS

58. Octeieag 10 0°C, Bona
MOXKET OTHAThb KOJHYeCTBO TeII0-
Thbl, PAaBHOE

Q, = eyt = 3,15 - 10* k.

Jlis garpeanus Jpja jo 0 °C
HeoOXOAHUMO 3aTpaTHTbh KoJHiye-
CTBO TeIJIOTHI

Q, = cymy (0° — £,) =
% 10% JIx.

Jlusi Ttoro utofbl Telepb BeCh
JeJi pacIjiaBuJjcsl, HEOOXO[HMO
elle MOABeCTH K HeMY KOJHYECTBO
TEeIIOThI: :

Qs = Am, = 1,65 10° [Ixk.

Ho nocsie uarpesa jbaa jgo 0 °C
BO/a MOXKeT 0T/aaTh JHlIb 2,1 X
w 10* [Ixx. [lostomy Jeq pacnia-
BHTCS HE BeCcb H TeMIeparypa
CMeCH I10CJIe YCTaHOBJICHHSA Ten-
JIOBOTO  PABHOBECH 6yaer paBsHa
0 °C.

1,06 ¥
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59. Kaxnas u3 NOJOBHHOK JIMH-
3bl «pafoTaeTy Kak uesag JuiH3a
C TeM Ke (POKYCHHM PacCTOSTHHEM
H TOH K€ IVIaBHOH ONTHYECKOM
ocblo. [loatemy, nocie Toro kKak
JHH3Y paspesan 4 MNoJy4YeHHbIe
MOJOBUHKH pasABHHYJAH, H300pa-
KEHHUH cBeTAlleHCcA TOYKH OynaeT
nBa. Hx nonoxenue Jerko Hai-
TH, MOCTpOUB XOA JydeH, uAyuMXx
Yepe3 (hoKyChl [IOJIOBHHOK JIHH3bI
M uepes px onTHuecKue HeHTpui O
u O (puc. 149). Kaxzuoe u3 atux
n3obpaxennit 6yger B 2 pasa
MeHee spKuM, ueM u3obpaxeHue
HCTOYyHKa, noJydaemoe ¢ I0-
MOLLbID HEJIOH JIMH3HI.

60. Hanpsikenne U, Ha pesu-
CTope € comnpoTuBJeHHEM 7, paB-
Ho U — U,, a cuja ToKa, Mayuie-
Fo 4epe3 3TOT pe3HCTOP, OINpele-
Jsietcsl no 3akody Owma:

U—Uy,
Ho
ly=1+ 1,

rie [, — cuaa  ToKa, MAYLEro
gepe3 PesHCTOP € CONPOTHBJIEHH-

em r,, a [, — cuJa TOKa, HANY-
Uero uepes BOJbTMETD. TaK Kak
U
]1 - —J,
"1
TO
U
]H - "2 - _'"1—’
5!
'y g’
F 4/__’/’,:'%
Wl _ D
7 'O’ - -
£ <l
Y 5
Puc. 149
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OTKYIa
b YU _ Uiy ~
[y lore (U—Uy ry
~ 0,004.
61. HMamenenwe  nPONOJIKH-

TeJIBHOCTH JHA CBA3aHO € YIJIOM
HAKJIOHA 3eMHOH OCH K MJIOCKO-
CTH OPOUTHI ABHKEeHHS 3E€MJIH BO-
kpyr Cosuua, paBueiM 23,5°, Ec-
Jay Obl 3eMHas ocb ObLIAa IepneH-
AMKYJIAPHA K ILIOCKOCTH OpOMTEHL,
MPOAO/KUTENBHOCTL  JIHA TpAak-
THYECKH HEe MeHsJach OblL
YKazaHHHH HaKJIOH — 3eMHOA
ocH me Mensiercs. A tak Kak 3eu-
Jsa obpamaerca Bokpyr CoJiHiia,
To npy natmonennu ¢ Cosuua ona
Oblia OBl BHAHA  NO-PA3HOMY
(puc. 150, ). D10 3Hauut, 4YrO
pasuble V4aCTKH 3€MHOH TOBEpX-
HoctH CoJiHlle OCBellaeT B Teue-
HHEe Pa3JHYHBIX [POMENKYTKOB
BpeMeHy. IDTH INPOMEKYTKH Me-
HAIOTCA OTO JHA KO JHI0 M JJ4
KAXA0T0 JAaHHOTC y4acTKa Mo-
BepXHocTH. [lostomy npogomxu-
TeJIbHOCTD JHA HenoctosaHHa, Oue-
BUJIHO, 4YTO B Jiekabpe H HIOHE,
KOTJJa B CeBepHOM TNOAYIIAPHMU
NPOJOJIKHTEJIBHOCTL JHA COOTBET-

L‘eﬁrﬂﬁ Q

\Moya
"Q \\O//
S /) s
.aexaﬁpb ~
Mapr
= A
S
3
S |
B ?é | | i
s | | ! |
,g — L _— ! E .
=~ ] X Xit U mecay
S 5 -
Puc. 150



CTBEHHO MMHHMMAaJIbHA UJH MU4KCH-
mManbHa, a CeBepHBLI MNOJIOC Ha-
Kjoden oT Connua uan K CoJH-
Iy, [OJOXKEeHUEe 3eMHOH OCH OTHO-
cuteabHo CoJlHIA MEHASTCH OUeHb
mMenenno. MeJiIeHHO MeHAeTeA U
NPOAOKHTENbHOCTb JHA. B TO XKe
BpeMs B MapTe H ceHrTabpe noJjo-
JKeHHe ocu MeHgeTcs HauboJee

OpicTpo; HanboJiee OBICTPO  Me-
HAETCA M  [POAQKHTENbHOCTb
nu.

[Ipumepnsiit rpaduk 3aBucUMO-
CTH TIPOJOJIKHTENBHOCTH JHA OT
BpeMeHHM To/lla NpeJCcTaBJeH Ha
pucyuke 150, 6. [pubausutensbno
310 cHHYycouga. CKoOpocTb H3Me-
HEHUS TNPOACJIKUTENBHOCTH JHH,
OuUeBHIHO, NPONOPUHOHAIbHA TaH-
TeHCY YTVIa HAKJIOHA KacaTe/bHOH
K rpajpuxy. B pexabpe u dioue
9Ta KacaTesbHAsl TMOYTH TOPH30H-
TajbHa (OHA TOYHO TOPU30HTAJIb-
Ha 22 upwousa U 22 nekabps), a B
MapTe M ceHTa0pe €€ HAKJIOH
MaKCHMAJIeH.

62. YcioBue H30TepMHYHOCTH
aTMoc(epbl B JAaHHOW 3ajaue He
o6sa3atenbHo. Heobxopumo ToMb-
Ko, 4TeOBI TeMmniepatypa rasa B
aspocTare (MMee1csl B BHILY aspo-
CTaT ¢ TrepMeTHYHOH 0060J0YKOii)
¥ BO3AYyXa cHaApyxy Oblia Bce
BpeMs OJHHAKOBA, UT0, eCTeCTBeH-
HO, BBINOJHAETCS B CJaydae H30-
TePMUUYECKOH aTMocdephl.

[lonsvemHan cuna F aspocTara
obbeMoM V  omnpepenserca ¢op-
MYJIOK

F=(p, — py) gV, (1)

rae p; — IJIOTHOCTh  aTtMocgep-
HOr0 BO3/JyXa Ha TOH BLICOTE, HA
KOTOPDOH HaXoAuTcA aspocratr, U
Py — TUIOTHOCTb  HAMOJIHAOILETO
aspocTar rasa.

M3 ypasrenus Menjeneesa —
Kananelipona cjaenyer, uTo MEXAY
TVIOTHOCTBIO Fa3a H ero JaBJeHueM

HMeeTCa Chaenyilee COoOTHOLUe-
HHE.

= £
p MRT.

Tak kak o06o/jouka aspocTaTta
3/1aCTHYHA, MOXKHO IIpeHeOpedub
PA3HOCTLIO JaBleHUH BHYTpH W
BHE Aa39pOCTATA H CUHTaTb, 4TO
JaBJeHHe BHYTPU as3pocTara pas-
HO JaBJeHHUI0 cHapyxu. [lostomy

ﬂl-RT-:-%RT,
2

M,
HJIH
O __ 0 o
M, Mz' ( )
Ho
m
p2 - V_z,

rie m, ——Macca HAanoJHAOUEero
aspoctaT rasa. IlostoMy cooTHO-
menue (2) MOXHO 3anucaTh Tak:

M
Plvzﬂ‘imz- 3
IToacraBuB Boipaxkenue (3) B
dopmyay (1), nmoayumm:

- M,
F=mag (g, 1)

Orciona BHAHO, UTO NMOALEMHAA
cuJla as3pocTaTa He 3aBUCHT OT
BLICOTBI.

63. 3aK0H cOXpaHeHUus UMY Jb-
ca BepeH JHIIb JJ8 H30JUPOBAaH-
HOH cucTeMbi. B n1auHol e 3anaue
CHCTEMY «JIEHTA ~— YeJIOBEK» Hellb-
31 CUHTATh H3QJHPOBAHHOH, TakK
KaK pOJIMKY 3aKperienbl H, KOTAa
YeJIOBeK YBeJHUYHBAET WJIH YMeHb-
IIaeT CBOIO CKOPOCTb OTHOCHTE/b-
HO JIeHTbI, MMIYJLC Nepelaercs
He TOJBKO JIeHTe, HO H 3eMJe.
ITosTOoMYy ‘uesioBeK MomKeT cOeKaTb
C JIeHTBI, ecau oH Oyaer Gexath
HEePaBHOMEPHO.

64. Paccmorpum cayuali, Korna
yeaoBeK TAHeT gmuk. Jiaa roro
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4To0RI CABHHYTL SAIIHK, HE CKOJDb-
341 10 noJay, 4¢/JI0BEK NOJIKEH IpH-

JOXHTb K AHKY cuny F, ropu-
30HTaJIbHAA [POEKUHUSA KOTOPO# No
abCoJIOTHOMY 3HaveHHIO OoJIbIle
MJH paBHA CHJIE TPEHUS IOKOHA
AMKA O N0 H MeHbIIE CHJbI
Tpenus MNOKOA YeJOBEKa O MOJ:
Fcoso > p (Mg-— Fsin a),
Fecosa<{p(mg+ Fsin a),
rje o — YroJ MekKAY NPHJIONKEeH-
HOH K AIMUKY CHJIOH U TOPU3OHTOM
(puc. 151). Orciona
pFsina > uMg — F cos a,
pnf sin o > Fcos a — umg.
Pemasa 31y cuctemy ypaBHeH#i
OTHOCHTEJIbHO £ sina u F cos «,
noJiyyaem:

. 1
Fsina >~2—(M“m)g,

1
2
CnenoBaTeJIbHO,

F> g VM=—my M+ m)

Fcoso > —p (M 4+ m)g.

65. Yaauuenue Al
MOXXHO BBbIpa3UTh TaK:

Al =n . 2dsin (;i,

TP Y2KUHBI

IJie 1 — YHCJIO BHTKOB NP YKHUHEL
a @ — yroJ, Ha KOTOpblll pas-
BOPAYHBAETCS] BHTOK MNP YXKHHBI
(puc. 152). Tax xaxk obuiee ymsu-
HeHye MPYKHHBI Majg0, TO 3TOT
yroa masna M

sifl E_z g.
2

ClleoBaTe IbHO,

Al = nd a.
¥rol a nponopuHoHajeH  Mo-

mMeHTaM cua F; u F,, KoTOopble
pacTArMBAOT BHTOK:

o ~ Fd,
rae F=17~:1|=|7~:2|. Tak Kkak

86

M7
Puc. 151

Puc, 152

cunnl Fy u F, no Mopy/mo paBHbI
Becy P rpys3a, NOABEUIEHHOTO K
NpYXKHHE, TO

Al ~ nd® P.

Juamerp BUTKOB BTOpOil MHpy-
YKUHBI BIBoe 8oJibille, 2 YHCJIO BUT-
KOB y Hee BJIBOe MEHbIlle; CJeno-
BATRJILHO, a0COMOTHOE YAJAHHEHHE
BTOpPOl MNpYXHHBI BJBoe 060Jb-
e, 4yem nepsod. Takum obpa-
30M, BTOpas NPYXKHUHA pacTAHeT-

2 "
Cs Ha —5— CBOeH JJIMHEBIL.

66. [ipy paBHOBeCHH TrasoBOrO
NY3bIPbKA B JKUJAKOCTH H30BITOY-
HO?2 JaBjeHye BHYTPH HEro pPaBHO

20
—-}-; (I‘}le 0 — TIOBEPXHOCTHOE HAa-

TAxKedue, R — pajuyc Nysbipb-
Ka).

Bona HaurHaeT KumeTb, KOTAa
H30biTOUHOe  JlaBJieHHe BO34YyXa

M HACbIIIEHHOro Napa BHYTPH Wy-
20

3bIPbKOB CTaHeT GOJIbIIE, YeM 3
TAK KaK TOJbKO B 3TOM CJjlydae
ny3bipeK HauyHeT PACIIHPATbCA U
BCILJIBIBET.

B kunsuyeHo#t BoAe OCTAIOTCA
TOJBKO OUeHb MAJIEHbKHE NY3bIPb-
KM, MO3TOMY JJid TOro, 4TOObI OHA
3aKkunena, u3OBLITOUHOE JAaBJEHHE
BHYTPH 3THX TY3LIPBKOB JOJIKHO
ObITh GOJIbIe, UeM B CJydae CHIPOH



BOJbl, cojepxkauiefl GoJsblive ny-
3pipbkH. CJiefloBaTelbHo, TEMIE-
paTypa KuMeHHs KMIISTYeHOH BOJbI
BbILlIE TeMIepaTypbl KUIMEHHS Chl-
po#l Boapl. baaroaaps atomy Boja,
Haxonsmasacss B OoablioH  Ka-
CTpioJie, IDepenaeT BOJAE B Ma-
JEHbKOI1 KacTpoJie TenJo, Heod-
XOUMOe JJifl ee KuneHus. 3To W
o0bACHSCT ONMCAHHBRIA B 3ajaye
OTIBIT.
67. Tax xax

E=gq (1 +cos Q) cos of=

= qcos of + %- acos [(o—Q)¢]-1-

-I- éa cos [( o+ Q)4],

TO MOAYJIMPOBAHHASA IO AMILIM-
TvJle EOJHA NpejacTasisneT coGoh
CYMMY TpeX MOHOXPOMATHYECKHX
BOJIH C YacTOTaMH ®, ®; = o — Q
U, = 0 + Q. KBautsl 3Hepru,
CCOTBETCTBYIOLIHE STUM BOJHAM,
paBHBbI:

W = o = 2,1 -107¥ ]Ik,
W, = ho,= 1,89.10718
Wy = ho, = 2,31.10-18

JIx,
JIK.

Tak Kax 3Heprua MOHH3aUWH ATO-
Ma Bogopoia W, = 13,50 3B =
= 2,16-10-18 JIxx, To W, > W, n
W, > W. lloatomy koJeGaHud c
YacTOTAMH O U @, He MOTYT UOHH~
3UpOBaTh atroM Bojopoja. HMomnu-
3a1MI0 MOTYT HpPOM3BOAUTH TOJb-
KO KoJebaHus C 4acToTofl ..
Oueprusi W, BhIOHTBIX UMH 3]eKT-
poHOB OyjeT paBHA PAa3HOCTH
W, — W, = 151071 JIx.

68. Tax Kak HanpsXeHHOCThb
noJig BHYTPU Ilapa paBHA HYJIIO,
TO TOTEHIIHAJN BCEX TOYEK BHYTPH
11apa OAMHAKOB M pABEH NOTeH-
¥any Touek, Jexamux Ha ero
noBepxHoctd. ITostoMy aoctarou-
HO ONpeJe/IMTh NOTEHIMAN N0Js B
M1060# TOUKe BHYTpPM luapa, Ha-
npumep B ero uentpe. OH paBseH

N _An

? 41tegg R +2 driceyr
rae  Ag, — 3apagb, HHERYHHPO-
BaHHbIE Ha TIOBEPXHOCTH I1Uapa,

r — pajguyc mapa. Tak Kak noJ-
HbId 3apaj 1apa

Q=iZAQi

paBeH HYJIIO, TO BTOpoe cJarae-
MOe paBHO HYM0. B pesyasrarte
HAXOAUM:

q
4mee,R

69. B uHepumanbHO# cCHcTeMe
OTCYeTa, CBA3AHHON CO 3Be3jaMu,
YyIJoBasg CKOPOCTb 00BeKTa, Ka-
XKYUIEToCs HEINoJBHXKHBIM OTHOCH-
TeJbHO 3Be3], paBHa Hy/mo. [lo-
3TOMY 3TOT OOBEKT HE MOXKerT
HUMeTb IICHTPOCTPEMHUTeNIbHOE V-
KOpeHHe #, CJel0oBaTe/IbHO, He
MOXKET BpauiaTheCH OKOJIO KaKOH-
JINOO TOYKH NPOCTPAHCTBA, B TOM
yrcae u Bokpyr 3emsun. Cienosa-
TeJIbHO, TaKOE TejJo He MOMXKeT
OBITH COYTHHKOM 3eMJIH.

70. [Insa onpenenedusa MJIoTHO-
CTH p KaMHA HeoOXO0AuMO 3HATh
ero maccy m u obrvem V:

m

P:”V*-

C noMolbIo JUHAMOMETPa MOXK-
HO ONpeeJUTh 3HAUEHUA BeCa
Tena B Bosayxe P, u B Boje P,.
PasHoCTb 3TUX 3naueHUH paBHA
apxXuMefloBoH cuJe £y, NeiCcTByIO-
el HAa KaMeHb B Boje (apxume-
JOBOH CHJIOU, AeHCTBYIOIIEH Ha
KaMeHb B BO3ayXxe, npexnebpera-
eM). 3Has IJIOTHOCTH BOMABL Po,
onpefetuM oOneM KaMmHA:

e i i — y
Po8 (¥4
H ero nJOoTHOCTE
P, P
P eV P, —p, Po-
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71. Haubousee npocroe peinerue
noJiyuaeTcss B TOM CJydae, ecJu
B paclopsi’keHHH SKCIIepUMeHTa-
TOpa HMeerTcs HebOJbLIIoe Teo,
KOTOpoe IU1aBaeT U B Bojde, U B
HccaeayeMol KuJkoctH. B 3TOM
caydae u3 yCJOBUS IUlaBauHsA 3TO-
ro Tesa B BOJE CJIeAYerT:

mg = p Vg,
HJH
m = prh

rae p; — ILIOTHOCTb Boabl B V) —
o0LeM 4acTd TeJia, MOTPYKEHHOH
B BOLY.-

TouyHo TaK e U3 YCJIOBHA ILIA-
BAHHA 3TOTO Teja B MACJe MMEeM:

m = pgvzg
Il Py -— IVIOTHOCTb Macja u Vy—
00beM 4acTH Tejia, NOTPYKeHHOH

B MacJIo.
Otkypa cnenyer, 4ro

o1V = paV e
HJIH
"

P2 v, P1
Ecny B pacnopskeHUM 3KcIle-
PHEMEHTATOPA HeT NOAXOJALIETO
Te1a, TO 3aJa4y MOMKHO PeIlHTb
ApyruM cnocoboM. B Mepubiil 1-
JUHAD HAJUBAIOT OJHH Pa3 BOLY,
a JApyrofi pas — Hcclenyemyio
KUAKOCTb M TMOTPYKAIOT MENHBIH
HUJIKMHAD B COCYA ¢ Bodoi. Boabi
U HCCJAEAYEMOH KHMJKOCTH HajH-
BalOT B LMJIMHJP CTOJNBKO, 4TOObI
oH 006a pasa masaj B cocyle ¢
BOJOH, NOTPY¥KaACh HA OJIHY U TY
Ke TaybuHy. IT0 3HAUMT, YTO
B 000MX CJydasx Macca MEpHOTO
HMJAHHADA C KUIKOCTBIO OJMHAa-
koBa. ONUHAKOBLI, CJENOBATENb-
HO, W B3dAThle Macchl BOAbl H HC-

caenyeMoil XHIKOCTH:

PIV; = PzV;'

e Vi u V2 — 06beMEl BOJBL H
HCCTIeAyeMoil KHAKOCTH B MEPHOM
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nuaugape. Orcroga

72, JI1a NOBBINEHHA TOYHOCTH
M3MEPEHH I MOXKHO IOCTYNHTH CJle-
gyiomum obpasom. Crauana co-
CTaBUTb NENb 0O Cxeme, IpUBe-
JeqHOol HaA pucyHke 153, a, Ajaa
onpefesieHdd CONPOTHBJCHUS aM-
nmepMeTpa 7,:

!

1’
rae [, u U; — nmokasauus amiep-
MeTpa ¥ BOJbTMeTpa. 3aTeM IMo-

CTaBUTH LENb N0 CXeME, MOKA3aH-
uo# Ha pucyHke 153, 6, U U3 ypae-

HEeHH A |
Iz(Rx—[—rA): U,
(rne I, u U, — noxazaHus am-
nepMeTpa ¥ BOJIbTMETPA) HAaXOAAT
CONpPOTUBJACHHe R,  pesucTopa:
Y, r :gg__g_l.
LA L
73. [lpoBojioky  caenyer mo-
KPBITb TOHKHM CJI0eM  BOCKA.
C 3Toii ueabl0 HX HeoOXOAUMO
HArpeTh M TNPOBECTH MMHU IO KY-
COUYKY TBEpAOrC BOCKa. 3aTeM Bce
NPOBOJIOYKY CHEAYET CKDENUTb ¢
OJHOTO KOHLA M HarpeBaTh B
MecTe CKpelleHud. Uepes pas-
Hple IPOMEXKYTKH BpeMeHH Clle-

Fa

'IlyeT M3MEpSITh JJIMHBI OTPE3KOB.

POBOJIOKH, HA KOTOPBIX BOCK pac-

O

" Puc. 153



niasuiacs. OTHOIIEHHE 3THX JJIHH
I, + 1, : lg... npuGAH3UTENBHO
PaBHO OTHOLUEHUIO KOIPPHUIHEH-
TOB  TEIVIONPOBOAHOCTH  INIPOBO-
Jok. [lorpemHocTs onbiTa Onpe-
Jle/19eTca pas/iduueM TelJIoOTAAUH
y MNPOBOJIOK € pasHoi Telo-
NpOBOJHOCTLIO. HUem Gosblue Tel-
JIOTIPOBOJHOCTD TPOBOJOKH, TEM
OoJible AJIHHA OTpe3Ka HarpeTou
YaCTH MPOBOJIOKH H, CJeL0BaTelb-
1o, OoJablle TerjooTgaya ¢ ee
NOBEePXHOCTH. DB CBA3M ¢ 3TuUM
ONBIT XKeJaTejIbHO NPOBOAHTL JI0-
cratouno OpicTpo. [uast mosayde-
HUus OoJiee TOUYHOrO pe3yabTaTa
MOJKHO IIPOBEeCTH HEeCKOJbKO He-
3aBHCHMBIX OIIBITOB,

74. dna toro wuyroOnl «map»
NoAHHMAJCA, HeoOXoAuMO, 4TOOBI
apxumesioBa cuaa F,, [eHCTBYIO-
masi Ha «ap» ¢o CTOPOHBI ATMOC”
depHOrO BO3AYX4d, Oblia GoJblie
CHJIBI TAXKECTH, JelcTBYIOUEH Ha
000JI0UKY «Iapa» U ropsYui BOs-
JYX, HaXOJAUWMNACSA BHYTPHU «lua-
pa»:

F, >mg-- Vog,
M
Voog > mg - Vog.
Orcrona
m <V (ps — 0),

rjae m— Macca o000JIO4KH, V —
obteM «wapa». Maccy 0060J104KH
MOXKHO HAHTH W3 BbIpaKeHUSA

m = a8,

rie ¢ — Macca eaHHMIlk MoBepX-
Hoctd (1 M%) raserdHoro JHcTa,
S — nnolwaAp NOBEPXHOCTH 000~
JAOUKH «lapa.

Ecan obonouke u3 raserel npu-
nathk dopMy Kyba ¢ pebpoMm a,
TO MOXHO OVIET 3amucaTh:

o - 6a® < a® (pp — p),

OTKVAA

a> 89

Po— P
Takx Kak wmacca OAHOrO CTaH-
JAapTHOTO ABOHHOro ras3eTHOro Ju-
cta pasmepom 0,84-0,59 m? (mJo-
mwanb Sy = 0,5 m?) paBHa my =
=20 1, TO

0 = gﬂ = 0,04 &r/m2,
0
[ToactaBuB npuBeneHHLIE B yC-
JOBUM 3ajaul 3HadyeHusA IJIOTHO-
CTeH p H Pg, NOJYUUM:

6-0,04
a > - M=10,8 M.

Takum oOpasoM, rasetHbii Ky0
¢ pe6pomM OGoabume 0,8 M, Hano.-
HEHHBIH TOPSAYUM BO3LYXOM, CMO-
KET IOAHATHL caMmoro cebsl.

75. Ha Jsopky npu JBHXKeHHH
yeJIoBeKa JeHCTBYIOT JBe CHJILL

cusa F, ¢ KOTopoi yesoBeK ToJIKa-
eT JIOAKY, M CHJIa TpeHHA O BOAY
—> —

F, =—aw,
rie o — KosdgduuueHT nporop-
—_

[MOHANBLHOCTH, a U — CKODPOCTh
JoaKH. 3a Masnoe BpeMa Al pas-
HOJEHCTBYIOWIAA STUX CHJ H3Me-
HHT MMIYJbC JIOAKH HA BEJIHUHHY

A (Mv) = (F — F)Al =
= FA{ — avAl = FAf— aAl, (1)

rae M — Mmacca Jofku, U -— ee
cpeiHsAs CKOPOCTb 33 NpPOMEXKY-
ToK BpemeHM Afu Al -— nyTh, KO-
TOPHIH JI0JKAa DNPOAZET OTHOCH-
TeJbHO BOIBI 3a BpeMsi Af. 3a
5TO Ke BpPeMsA UMIYJILC 4eJIOBEKa
MEHSeTCs Ha

A (mu) = —FAl, @

riae m — Macca uyejoBeka, a y —
ero CKOpOCTb OTHOCHTE/ILHO BOJBIL.

YuuteiBag (2), MOXKHO H3MeHe-
HHEe HMITYJbCa JIOAKH NPEeRCTaBHTH
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TaK:
A (Mv) = —A (mu) — aAl.

3a Bce BpeMs JBHXKEHHSA JIOJKH
ee MMIIYJbC H3MEHHTCS1 Ha BeJId-
YHHY, PABHVIO

SA (Mo) = —2A (mu) — aZAl

HJH
My = —mu — al,

rjge [ — noJjnoe CMeleHne JIOLKH.

Ho nocse nepexona uedoBexka
Ha KopMy oH Oyuer aBurarsca
OTHOCHTE/JBHO BOJABl € TOH XKe
CKOPOCThIO, YTo M Joaka. Kpowme
TOTO, KOHEYHAs CKOPOCTb JIOAKH
paBua HyJIC (JOAKA B KOHIE
KOHHOB ocTaHaBbaupaetrcs). Ilpu-
s v = ¢ = 0, noayuaem: [=0.
TakuM o6pasoM, K MOMEHTY oCTa-
HOBKH JIOJKH OHA BEpHeTCH B TV
e TOUKY, B KOTOpOil HaxoaH-
JaCh JC HauajJa ABHMKEHHUA 4YeJlo-
Bexa.

76. T1vCTh B HEKOTOPBIE MOMEHT
KanaT He HAaTAHYT (uHanpumep,
13-3a TOro, yTo OYKCHD IOTepsn
CKOPOCTh, «IONAaB  Ha BOJHY»).
Torma ckopocTs GyKCHPYeMO# 101
KH YMEHBIIALTCS M3-3a COMNPOTHB-
JIEHHS BOJBI, & CKOpOoCThb OyKcHupa
yBesnuuBaerca onaronapa pabote
rpebuoB uau jBurarens. KaHart
HaTtdaruBaercd., Bpemsa v naTsdke-
Hilsl KaHata IO NOPSIAKY BeJIHYH-
Hbl BIpaxkaeTcsl Tax:

h2
r - —“—’
lv
rje U — CKOpoCTb OyKcHpa OTHO-
CUTeIbHO JIOAKM, [ — puanHa OyK-
CUPHOTO KaHaTa W A — BbICOTA,

Ha KOTOpYIO MNpOBHcAaeT OYyKCHD- .

Hbl KanaT B TOT MOMEHT, KOIJa
OH HauuHaeT Hatarusartbhcs. [lo-
CKOJIbKY 3TO BpeMs OOBbMHO MaJso
(KaHaT HATATHUBACICA «PHIBKOMY),
TO, Kak MpH YIOPyroM coynape-

90

e — . m——
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Puc. 154

HUY JBYX OJUHAKOBLIX TeJ, OVK-
CHP M JIoJKa OOMEHHBAIOTCA MM-
NnyJbecaMy H CKOpPOCTb OyKcHpa
CTaHOBHTCS  MEHbLHE CKOPOCTH
JIOJIKH, Kanar NpPOBHCAET
(puc. 154). 3aTeM onuCaHHLI TIPO-
ecc MoBTOpAETCA.

77. Paccmotpum caydaii, korjga
pH JBHKeHIH Nopuisd o0beM ra-
3a yBesuuuBaercs. las, paciun-
pAasich, coBepuaeT paloty 3a
CyeT CBOEH BHYTPEHHEH 3HEPTHH
U TpY 3TOM OXJaXK[aercs, Tak
KaK Telsoo0MeH ¢ BHELUHeH cpe-
A0H OTCYTCTBYET. .

Ha nopmens monagamT TOJALKO
T€ MOJIeKYJel Tra3a, CKOPOCThb
TeNJIOBOTO  JIBHKEHHS KOTODBIX
foJbllle cxkopoctH nopuns. Ilo-
3TOMY 1nipH GOJBIICH CKOPOCTH
NOPIIHA JiaBle€HHe rasa Ha Hero H,
3HayuT, pabora, coBepllaeMasn ra-
30M, MEHBIIE, YeM NpH MaJo#l
cKopocTH. MeHblle U NoHuXKeHue
TeMNepaTyprl rasa.

Tax xak B rase Bcerja uMeroTCs
MOJIEKYJBl € Ou4CHb  OOJILLINMH
CKOpOCTAMH, TO JaBjeliHe rasa
Ha MNopuledb H, CJIeL0BaTeNbHO,
paboTta, coBepluaeMas rasoM, HHU-
KOIJla He PaBHBI HYJ0, HO MOTYT
ObITb OdYedb MaJIbiIMH, €CJIH CKO-
pOCTb  TMOPIUHA AOCTAaTOYHO
BeJINKA.

Ecan npu JBUXKEHHM TNOpIUHA
o6beM rasa yMeHbINAETCH, TO pa-
60Ta coBeplIaeTCa H 8 I TasoM |
€ro BHYTpPEHHAA SHEPIUA H TEM-

mepaTtypa YBelHUMBaloTCH,



78. Tlyctb B HAuyanbHBIA MO~
MeHT BpeMenn (f = 0) nennduusl
HAaXOANATCA Ha paccTosHud [ #
HEPBBIHl A€Ab(HH HCNYCKaeT HM-
nyabc. BTopoit Aennduu npumer
3TOT HMIIYJAbC CIYCTHA NPOMeKY-
TOK BpeMeHd f;. 3a 370 Bpemsa
3BYK npofigeT nyrtb [ — vf,, Cae-
J0BATeJNLHO,

51—_— l—~z't1' (1)

c

Cnenyomuit #MnOyJabC NePBLIA
Jeab(HH H31aeT 4epe3 NPoMexKy-
T = -

AY
nyJdbC JOHAET A0 BTOPOTO JeJb-
(pHHA B MOMEHT BpeMeHH

t, = T—-}— (lu-w‘l)—zﬂg‘——v (z‘z-—tl). 2)

TOK BpEMCHH ITOT M-

Boiuntas u3 Beipaxenus (2) Bbl-
paxemue (1) u Brenss o0ozHaue-

!
Hue ¢, — f, = T, noayuum:

T/ =T — (T 2T,

c

Orcloga HaxoduM:

c—1u
T"=T )
c+v
CJI@JLOBaTeJinO, 44CTOTa CJelo-
Baiivs HMIOYJbCOB, BOCIIpHHH-

Macmas BTOphIM AedasduHoM, Gyaer
paslia

¢ v
e - v

vVi=1w

210 H3MeHEHHe YAaCTOThl NOJYIUIO
HasBaHue 3¢dexta Jonepa.

79. Bupumbii  BHYTpeHHUI
AHAMETp Kalu/jispa ollpefenser-
Cd TeMHM JIy4aMH, KOTOpPbie, Bbl-
X0/l H3 TPYOKHM TNapasielIbHbL-
MH, HCXOAST W3 TOUeK Ha BHYT-
peHHeli TMOBEPXHOCTH TPYOKH IO
KacaTesIbHON K 3T0H IOBEPXHOCTH
(puc. 155). B stoM cayuae oy
MAKCHMAJbHO VYAAJEHH JpPYyT OT
apyra. Tak Kak

sing 1 r
—— = — § SINPp=cosy= —
sin n P v R’
TO
. r !
sSilQ = — —,
R n
Kak BupHo M3 puCyHKa,
. 1
rg = Rsina =r—,
n
I10 BepHo, ecau R > rpn.

Ecau xe R < ryn, TO BHAMMBIN
BHYTPEHHEN paiauyc TpyOkH Oy-
JET COBNAJAThL C ee BHELIHUM pa-
XUYCOM U TMOYTOMY BHYTpeHHSsiA
NOBePXHOCTbL TpYOku He Oyher
BUJHA: TpyOKa OYyIeT Kas3aThCH
CIVIOIIHOM.

80. [Mpumepnnili rpaguk  3a-
BUCHMOCTH A () npuBeseH HA pu-
cyuke 108G, [lepBrifi  yuactoxk
COOTBETCIBYET TeIIOBOMY pacLuil-
PEHUIO MHUAKOCTH, BTOPOH — HCNa-
peHHI0 XKUAKOCTH IIPH TOCTOSIH-
HOH TeMnepaTtype U TPeTUH —
TENJ0BOMY pACIIMPEHHIO Mapa.

81. Yacrtuiia nezaBUCHMO OT ee
311aKa OTKJIOHHTCS OT AUTMOJA.

Pacemorpum noapo6Ho ciiyuaii,
KOIjla vactTiina npulianxaerca
K JAMIOJIO €O CTOPOHBL  3apsija,
OJIHOMMEHHOTO € 3apAJoM  Yac-
THILbI.

[loka gactuua HaxoAuTcs CJe-
Ba (puc. 157) ot mnockoctu OO,
NpoxoJsimeii yepe3 HEHTD AUIOJHA

Pue, 156
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Puc. 157

NePneHMKYIAPHO K €ro ocH, pac-
CTOSIHHE YACTHIRBI 10 JHTIO5 MeH b
l1e, 4eM KOTJIa 4acTHia HaxoJAuTC s
cnpaBa ot miockoeth OO’ Ha
TAKOM K€ pacCTofHHHd OT 3TOH
iockoctu.  [losTomy cuaa, neit-
CTBVIOILAS] HA YACTHLY H BHI3bI-
BalOlIAR €e OTK/JACHEHHE OT OCH
JHII0JISl, B NEPBOM Cjydae 60J1b-
1€, 4eM BO BTOPOM.

Uto6wt CPABHUTL H3MEHEHH ST UM-
nVJabca YacTHIR, INPOHCXOASIIHe
1o maockeetd OO’ H mocne Hee,
Onpefie/lM  BpeMfA, 33 KOTOPOe
YacTUIA NPOJETaeT COOTBETCTBY-
fouHe yacTu nytd. i storo pac-
CMOTpPHM, KaK HU3MeHseTCs KHHe-
THUeCKasl SHEpPrus 4acTHIbI NpH
ce aBumxeHuu. Ha pucyske 158
H3obpaxe rpaguk 3aBHCHMOCTH
NoTeHHUaJa NoJif, CO37aBAEMOro
JHUTIOJIEM, OT PacCTOAHMSA IO ILIO-
ckoctu OO’. 3aBUCUMOCTL NOTEH-
uyaa noJisi JUINoJia BAOJL TPAEK-
TOPHH YaCTHLBI ONMUCHIBAETCS dop-
MYJIOH

gLl 9,
r Iy
rje ¢ — MOAYJb 3apfAfa 4acTur
AHNOJA, 7y H 7y — PacCTOAHUE OT
4acTHUBE 0 3apAA0B AU,

[onw3yack yxaszanueiM rpadu-

KOM M 32KOHOM COXPaHEHUS SHep-

THH
anm = ch -+ ©qy

(rne Wyoue u W, — cooTBercT-
BEHHO IOAHAS H KHHETHYecKasd

92

SHEePrusA YacTHUH, 'a ¢, ——ee 3a-
DsK), JIETKO MNOCTPOMTH rpaduk
3aBUCHMOCTH KHHETHUECKOi 3Hep-
THYU YaCTHLBI OT €€ PacCTOAHUSA [0
mwiockocts OO’ (puc. 159). Hs
3TOro rpagyika BHJHO, 4TO, KOTrJa
YACTHULA HAaXOAUTCA cJeBa oT ILIo-
ckoct OO0', ee kuHeTHYECKas
IHepTUa U, CJIEAOBAaTe]bLHO, CKO-
POCTb MeHbllle KHHETHUeCKOH 3Hep-
THH ¥ CKOPOCTH HAa COOTBETCTBYIO-
meM ydactke cupasa ot OO0,
3HauuT, BpeMsl, B TeueHHe KOTO-
poro uacTHua [poJeTaer onpe-
JeJEeHHbI OTPe30K NYTH, B Iep-
BOM Cjydae (caesa) GoJblue, ueMm
BO BTopoM (crpasa).

Takum obpasom, Korjga uacTHia
Haxoputesa cieBa ot OO, Ha nee
aeficteyer O66abmas cuaa, 4deM
KOTZlA Ona HAaXoAuTCcsl Copasa.
B nepoM ci1yuae GoJiblie U Bpems
B3auMojeficteug. [loaTomMy u3sme-
HEeHHEe MMIYJ/1bca 4aCTHILI HA Tlep-
BOM OTpe3ke nyTH (cieBa o1 OQ)
6osbllle U3MEHEHHS HMNYJbCa ya-
CTHIIB! HA BTOPOM OTpe3ke (CIpaBa
ot O0Y). CrenoBatesibHo, B UTOTE
Hab/110aeTCA OTKJAOHEHHE YaCTH-
bl OT JUIIOJIA.

—.—- - o
0 X
Puc, 158
Wil

|
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AnanoruyHo paccMaTpHBaeTCsi
cJy4yaH, KOIZa uacrdua npu-
6MmKaerca K AMIONID CO CTOPO-
HBI 3apAja, UMEIOEero 3Hak, npo-
THBONOJIOXKHBIA 3HAKY 3apdAna 4a-
CTHLEL.

82, Jleno He TONBKO B Hanpd-
JKEHHH, HO U B MOIIHOCTH, Ha KO-
TOPYIO JIaMroyka paccuutana. Ec-
JIU MOIGHOCTH HoakJ/Jaouaemoil 12-
BOJILTOROH JIaMIIOYKH MEHBIIIe, ueM
APYTHX JaMOouyex, TO MPHU BKJIO-
yeHHH TaKOH J1aMIIOUKH TPOTeKalo-
as uepes Hee CHJa TOKa 3HAUU-
TeNbHO OO0JbIIE CHJBI TOKa, Ha
KOTOPYIO OHA PACCUHTAHa, U OHA
rneperopaer.

Jlamnouka e Ha 6,3 B He nepe-
TOPUT, €CJil OHa pacCyuTaHa Ha
MOIIHOCTh, KOTOpasi paBHa MU
GoJibille TOJOBHHBI MOIHOCTH UMe-
IOHUXesT B Lenu  12-BOJabLTOBBIX
JlaMIlouexK.

83. Kaxk cuJml Ts:KecTH, TaK H
CUJBl JaBJdeHUs BOJbI, JEHCTBYIO-
M€ Ha NOPIUHH, IPOHOPIUOHAND-
Hbl TJIOWAQAAM TOpLIHeH, T. e.
KBagparaM Hx jadamerpos. Cie-
JIOBATeJbHO,  MPOINOPLUHOHABHLI
KBajgparaM JHamMeTpPoOB H MOIYJIH

pasHojefictBylouux Fy, Fy, u F,
CHJ THAXKECTH W CHJI JaBJjeHHus,
JACHCTBYIOIMHX HA TOPLUHH:

Fl=ad%, Fgr—adg, F3 = Otdg’

o — KO3PPUUHEHT
HaJIbHOCTH,
O6o3naunB 4epes x paccTosiHie
OT CEPeAUHBI CTEPKHSI A0 TOUKH,
B KOTOPOH HAA0 NPUKPENnHUThL Tpy3
(puc. 160), MOxHO ycnoBHA pab-
HOBECUA CTEPKHS 3anucarbh Tak:

PONOPUHO-

EF: 0, wu (Zd%—l— Ctdg_l_ ad:._..

_.Mg= 0,
DM, =0, ww ad; . a — Mgx —
—adia =0,

d? — d?
X=a——
dy -+ ds + d3
84. PaGotra A paBHa wusMeHe-
PHI0 NOTEHLUHANBHON 3HEPTHH CH-
CTeMbl  «3eMJISI — TeJ0 — BOAAY.
Tak Kak 0pu nogbeMe tena o0beM
BoJbl V ¢ TNOBEePXHOCTH nepeme-
LaeTcsl Ha rayouHy fy, TO
A =mgh + h) —pVghy =~
~ 150 [k,

rie  p = 10® xr/vM® — nnoTHOCTL
Boaul. Pafora A Mmenbule H3MeHe-
HUS  [OTEHUHANbHOH  3HEpPIui
Tena.

85. Xopx ayueit B o0oux eayua-
X HOKasaH Ha pucyHke 161,
MaoGpaxkenne AB mnpejavera paer
cucreMa B OTCYTCTBHE [OMOJHH-
TeJIbHONH pacceyBalomieil  JIMH3BL.
B rtouky B npuxomutr cxopas-
IHHCA [YVUOK JyueH.

QOKyCHOE PacCTOsSIHUE pacceu-
BAlOWCH JIMH3b!L AOJKHO OWTh Ta-
KHM, uToOnl paccrosnne OA Oolio
Brpoe Menblue, uem OA’. Torna

(" . :

Puc. 161
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B Touke B’ Toxe coljercs cxo-

1 ry

RAMHACA NYYOK Jyueh %=3.

D10 (JOKYCHOE PACCTOSHHE MOMXKHO
HaWTH, 1M300pasuB Xoj Jyua, KO-
TOPBI {OCJe pacceuBaroweil JuH-
3Bl pPaciipoCTPaHsdeTcs napaJne/b-
HO [VJIaBHOH ONTHYECKOH OCH.
86. Mony/ss  paBHOZEHCTBYIO-

e F apXumenoBO# BBITAJNKHBA-
IOLEH CHJBI 1 CHJIBI TSIZKECTH pa-
BeH (p — py) Vg (the p — mioT-
HOCTb BOABL, Py — IVIOTHOCTD rasa
B nyspippbke u V —obbem ny-
spipbKa). [laotnocTs rasa B ny-
3bIPbKe HPOIOPIUOHATLHA NaBJe-
HUIO p rasa, KOTOpoe paBHO py -+

2—0 (rze R —pamuyc nmy-

3bIpbKa, 0 — [IOBEPXHOCTHOE Ha-
TAKEende BOJBI U py — JaBJenue
rasa Haj HOBEPXHOCTBIO JHMOHA-
na). Tak kak

V:§RR3,
TO
F ~ p~——ozp——gg R?
[ (” R)] '

Cuna xe conporuBaenus F,
NPU BCILILIBAHIH HY3bIpbKa AP MO
NPONOPUUOHAABHA [JIOWAAH  JIO-
6oBoro cedexust, T. €. KBajparty
paaHyca my3sbipbKa:

Fc ~ Rza
ChenoBare/ibHO,

£~ (0 —apy) R + 2o,
F,
D10 OTHOLIEHHE PacTeT N0 JUHEH-
HOMY 3aKOHY C YBGJHYCHHUEM pa-
auyca nysbipbkoB. IToatomy Kpyil-
HBIE  TNY3bIPBKH
60AbIIMM YCKOPEHWEM H OKasbi-
BAIOTCS HAX MEJKHUMH.

87. Pasobbem oObeM nJaHeTHl
HA TOHKHE CepUUECKUE CJIOH TOJ-
uuHof Ar. Jlerko mokasarb, 4TO

94

BCIJILIBAIOT C

PaBHOJAEHCTBYIOLIAA  TPaBUTALU-
OHHBIX CHJ, JCHCTBYIOIIHX CO
CTOPOHBI CJIOS HA YACTHILY BHYTDH
9TOTQ Ccn0f, paBHa nymo. [eict-
BUTEJBHO, PACCMOTPHUM JJIS 3TOIO
KOHYC C MajibiM YIJIOM IpH Bep-
IIMHe, B KOTOPYIO MOMelieHa 4a-
cTupa Maccol m. KoHyc Bbipe-
3aeT U3 CJoA YYacTKH IuIomianf-
ma S; u S, (puc. 162). Ecau mac-
ca BelyecTBa, MNPUXOAAWErocsi Ha
eVHULY  TOBEPXHOCTH  CJOf,
paBHa [\, TO FPaBHTaLUOLHEE CH-
Jbl, JEeHCTByloillMe Ha Maccy m
CO CTOPOHBI Y4acTKoB S; H S,
paBHBbI:

Fy=G™ML F, = G,

2
"y o

HO

S S
—Lcoso, = —cosa, = Q,
2 2
g 72

rae 2 — resecubii yroJa mnpu Bep-
e O Konyca. [lo noctpoenuio
OM]_ = OAI H OMg — OAQ. HO'
3TOMY
N N
OA]_Ml = OAZMZ'
Kpome Toro,

N N
OA_]BI = 014282

. 162



KaK yribl, ongparoniyecs Ha ofuy
M Ty XKe ayry. Tak kak

s i
OAIB]. I OA IMI

i

ey
19|

A~ Y

oy, = 04,8, — 04,M,,

TO Oy = Ly H, CJEJJOBATENBHO,
S, S,

Baaropaps atomy £y = F,, H 3TH
CHJBI B3aMMHO YPaBHOBEIIHBAIOT
apyr ppyra. Ilposens ananoruu-
HOE pacCMOTpeHue pJJas JPYTux
VUaCTKOB CJ0sl, MBI H JLOKaxKeM
clie/iaHHOe YTBEPIKACHHE.

Cuaa, ¢ KOTOPO# pUTATHBAETCS
seMeHT cnost obwemMa AS - Ar

K LEHTPYy MN/JaHeThi, paBHA

4
3 nr3pASArp
F=G .

r2

TAE r — pPaccTosHHe OT 3TOro 3Je-
MeHTa A0 neHtpa miaasersl. OT-
ciona HaWgeM, uYTo VBeJHYCHHE
JAaBJIeHUST HA YYacTKe TOJUMHOMH
Ar paBHO

F 4

= — = — nGp°rAr.
AS 3

ITostoMy paBaeHue HA paccros-

HUH ro OT LEHTpA NJaHeThl OYAET

pPaBHO

p=p, -+ -g—:rtGp22rAr,

Tak kak cymma 2r - Ar pasna
0 il (PUryphl, OrpaHHYeHHOMH
rpaukoM y =r H OChl0 I
(puc. 163), to

S ar— Rbrd R—rg _ RP—rg
2 2

HdaTOMy

2
p = Po =4 5 7Gp* (R* — ro).

[lpunsas pasnenHe p, Ha mo-
BEPHOCTH MJAHETH! PABHBIM HYJIIO,
noJy4aeMm:

2

-

B uentpe nnanets (ry = 0) nag-
JICHIIE PaBHO

p= % nGp®R2,

p=%ﬂsz(R”“-r

[IpnuuMas cpeaHIO0 MJIOTHOCTD
3eMHBIX Hopol paBpod [,7 X
X 107 kr/m® 1 pamguyc 3emau R, =
= 6,4-10% M, noayumm assi JaB-
J€HHA B LEHTpe JeMau: p =
~ 1,6-10° H/m?

88. Peluenue 3agaud npecTaB-
JeHo Ha pucyHke 164. Tak xax

2
MOWIHOCTL  PaBHa %— (rme R —

COIIPOTHBJICHHE JIaMMObl), TO CO-
IPOTUBJAEGHUE R, JaMiibl  MOHL-
HocThio 75 BT B & pa3 meHbie

g A
R —————————
l
|
|
I
Fof————;, =
[
| |
|
0 r‘a R .
Puc. 163
15871 758r
D
0 O=
2208
Puc, 164

95



CONpoTHBJEHHS R, JaMIbl MOUI-
Hocteio 15 Br. Korpa seikmioua-
TeJIb PA30OMKHYT, Hanps:KeHUe Ha
15-BaTTHON Namne B 5 pa3 Gosb-
me, 4eM Ha 75-BaTTHO#l M paBHO
npumepno 184 B. PDra namna
roput. Ha 75-BartHoii naMne na-
npsKeHHe paBHO HPHOAU3UTE/b-
Ho 37 B, W nuTh 3TOH JaMnbl HE
packanasiercs.

89. OGosnauuM uepes [ pJauny
Kaxaoi U3 uurei, yepes M wmac-
Cy JIEBOFO M uepe3 m Maccy npa-
Boro mapa. B HavaJabHbI MO-
MEHT JEeBblil 1ap HaXOAHTCS Ha
BeicoTe h = [ (1 — COS @) OT HHK-
Hell Touku (puc. 165). M3 3akoua
COXPAHCHHS SHEpPruy CJeAyer, uTo
CKOPOCTh U JIEBOTO 1apa B MO-
MEHT CTOJKHOBEHHMS TaKOBa, UTO

%—’m = Mgl (} — cos ),

OTKYyJa

0=V 20l —cosa). (1)

Tak Kak BTOpoii 1ap mocse CToMK-
HOBEHHST TOAHSJICSI HA  BHICOTY
Iy =11 —cos ), To on uwmen
CKOpPOCTh

u=1V 2gl(1 —cosp). (2)
Ho npu cronkHoBeHnu mwapoB HX

CYMMAapHBIH HMIYJbC COXpaHSAET-
cA. [loatomy

MYV 2gl (1 —cos @) =
= m} 2gl (1 — cos P),

OTKYJa
M _ 4 /T=cosp
m l/l—cosa' )

O6Gosnauum uepes W Mexanmnue-
CKYIO 3HEpIHIO,
NEPBOM CTOJKHOBEHHH.

Mgl

Torna
(1 —cosa) = mgl (1 —
—cos B) + W. (4)

Ilycto orHoweHue suepruu W K
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Puc. 165

MaKCUMaJdbHOH  MNOTEHUMUAJABHOH
suepruu W, nepopmamis  1mapos
paBHO k. Tak Kak B TOT MOMEHT,
Koraa jgedopManys 1apoB MaKCH-
MaJbHa, O0a llapa ABHXKYTCS
KaK OHO LIeJI0€ CO CKOPOCTBIO Vg, TO

Mo = (M -+ m) v,

OTKYAa
M
Uy = v
M-4-m
M3 3akoHa coxpaHeHHsl 3HEPTHI
CJACAYET, UTO
Mgz (M m) o} .
;T TV

OTKYZa

2
Wp: " My .
Mi4dm 2
Tak Kak
M 2
%:Mgl(l——cosoc),
TO
Wp: Mm
M-Lm

gl (1 —cos a),
WJIH

Mm
W = kmgl (1 —cosa). (D)

[TopcTasuB 310 BRipaXeHue B (4),
TOJYUHM:

M —cosa) = m (1 —cosf) +

+k _Mm_ (1—cosa). (4)

M4-m



OGo3nauuM uepe3 y yroa OTKJIO-
HEHUS JIeBOoro, a u4epe3 & yroJ
OTKJIOHEHH A NpaBoro Iiapa nocJje
BTOPOTO CTOJKHOBEHHA. Paccyxk-
Jlas TaK ke, KakK IpH BBIBOJE
paBenctBa (4'), mnoayuuM:

m(l —cosf)=M(l —cosy) +
4 m (1l —cosg) —}—kMA:'_nm X
X (1 —cosvy), (6)

C npyrofi CTOpOHBI, H3 YCJAOBHS
COXPaHEeHUS UMIYJbca I[PH BTO-
POM CTOJIKHOBEHHH HMEeeM:

mV 2gl(1 —cosP) =
=MV 2gl (1 —cosy) +

4+ mV 2gl(1 —cosb). (7)

Us ypasrenuit (3), (4), (6), (V)
HAXOJIHM:

v =B

90. B ToT MOMeHT, Korga Kup-
MY OTPHIBAETCA OT MsA4Ya, CKO-
POCTb KHPIHYA pPaBHA CKOPOCTH
BepxHeil Toyku msiya. O6o3HaAuNM
3TY CKopocTh uepe3 v. [lanee
KHPMHUY  ABUIKETCHA CBoOGOAHO H,
NPHMEHUB K HEMY 3aKOH CoXpa-
HEHHA 3HEPTHH

Mu2
2

(h — BbICOTA MOABEMA KHpPIH4YA),
HaHAEM, 4TO

v =1V 2gh.

CKOPOCTb HHKHEH TOUYKH MsS4a B
TOT MOMEHT, KOTAAa KHUPNHY OTpLI-
BaeTCs OT Hero, paBHa HyJo. [1o-
3TOMY SICHO, YTO CKOPOCTb UEHTPA

v
Msua paBHa—Z- . 3anucaB s
MSAYA 3aKOH COXPAHEHUSI SHEPIHU:
v \2
"(3)
———— = mgh
D gny
4 3akasz 164

(rne h; — BbICOTa MOJBEMA MAUa),
HaleM:

hy = -;‘—,q«,25cm.

91. Korxa ras HarpeBaercst npu
nocroHHoM ofbeMe,  3arTpaun-
BaeMasl 3Hepruf HAET TOJbKO Ha
H3MCHEHHE BHYTPEHHEH 3HEpruH
rasa, a npud HarpeRaHud TNpPU MO-
CTOAHHOM JAaBJeHHH —ellle U Ha
coBeplleHHe paBoTEl. 3aKOH CO-
XpaHeHUs 3HepPruH a/d 3THX JBYX
C/y4yaeB 3amHIIeTcsl TakK:

me, - At = AW,
me, - At = AW + 4,

rae ¢, — YAe/bHasl TEenJoeMKOCThb
rasa npu HOCTOSIHHOM [aBJICHHH,
¢, — yIeabHasg TenJ0eMKOCTh ra-
3a NPH NOCTOSIHHOM ofweme, Af —
H3MeHeHHe TeMneparype,, AW —
M3MEHEHHE BHYTPEHHEH 3HEPruH
rasa, m -—mwacca rasa u A =
= p - AV —- coBepiieHHass TpHU
pacuupeduun rasza pabora (AV —
usMeHeHue obnema, p — aasJje-
HUe).

Tak Kak npH OXMHAKOBOM HU3-
MEHEHUH TeMnepaTypHl rasa usme-
HEHHE €ro BHYTPEHHEH 3HEPTUH
OJIHAKOBO HE3aBUCHMO OT TOro,
MPOUCXOXUT JIH 3TO HAarpeBaHHe
NpH NOCTOAHHOM oObeMe WA NpH
MOCTOSTHHOM J@BJIEHHH, TO MOKHO
3aMUCaTh:
cpm- At = c,m- At + p-AV. (1)
TMonb3ysich YpaBHEHHEM Tas3oBOro
COCTOAHHS, MOXHO COBEPIUCHHYIO
rasoM paGoTy BbipasuTh uUepes
Maccy rasa m ¥ rasoBylo NOCTOAH-
HyI0 R:

m

[ToncraBuB 370 BHIpaXKeHHe B
ypaBueHue (1), noayunm:

R
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OTKYAa

— R~ 39.10" kr/moib.

Cp'-'— CV

HeunsBecTHril rasz — KHCJODOL.

92. Ilpy NOMHOCTBIO 3aTOPMO-
KEeHHOM SKOpPe no ero oOMOTKe
HIeT TOK

Otkyna aasa conporuBaenus o6-
MOTKH SIKOPSl ToJyuaeM:

R=¢.
0
Ilpu BpaweHun sikops 3/€KTpo-
ABHrareJii B ero oOMOTKE BO3HH-
kaer 2JIC uHAYKnuu &, Hpomop-
IIIOHAJIbHAS YTJIOBOH CKOPOCTH ©
BpameHus siKopsi:

é = ko,
rae B — KosppuuMedT  nponop-
IMOHABHOCTH.

[lo 3akoHY coxpanenH® 3IHEP-
T'uH

&1t = I?Rt -+ Ni,

HJIH, COKpPaTuB Ha BpeMs { paGoThl
ABHraress, TOJyduM:

Ggl:lzR"l“Nw

rne &1 — mouigocts, noTpebise-
Masl 3JEKTPOABUTATENeM OT CeTH,
I*R — TenJoBbie oTepH B 0GMOT-
Ke saKops, N — MOIIHOCTh, OTja-
Baemasi Harpyske, R — conpo-
THBJICHHE OOMOTKHU AKopA U [ —
cHJ1a ToKa B OOMOTKE.

M3 sroro ypasnenus caegyer,
YTO 1PH OTCYTCTBUH HarpyskH
(N = 0) cuna t08Ka B OOGMOTKE
fAKops pasHa Hymeo. Ho no 3ako-
Hy Oma cusa toka B 0OMOTKe

JoMKHA OHITb paBHA —é——"}—;ﬁ(’—:“—

10 03Ha4Yaer, YTo HPH OTCYTCT-
Buu Harpysku 3I3[IC HHAYKHUH
&, BO3HHKaoU[asn B 06MOTKE SIKO-

o8

psa, paBra 3JIC wHcrounnka &.
[Tocsie nepekmoveHss OAHOTO H3
HCTOUHHKOB B 0OMOTKax siKOpe#d
6yzer Bo3Gyxparscs JEC:

Sl=hka=¢, 2 =&,
Wy @,

IIpu 3toM no oOMmMoTkam GYAYT
HATH TOKH

L= (1-2),
¢

*

&+ &y
B :]0(1 +—03—).

Wy

I, —

3a cuer paboThl HCTOUHHKOB H
BHElIHeH CHU/JIBI TMPOHCXOAUT Ha-
rpeBaHue OOMOTOK:

EN 4681, + N’ = IR I3R.
31ech
N = Fv = Fro = Mo,

rae F — npujokedHas K SIKOPIO
BHEIUNsH cusla, M — MOMEHT 3ToH
CUJILI OTHOCHUTEJIGHO OCH H @ —
YIJIOBASl CKOPOCTh TOYEK Ha MNo-
BEPXHOCTH OCH Axoped. 3amMeHuB
N, 1, [, 1 R UX BoipakeHHAMil
yepes M, o, Iyu &, nonyuum:

Mo + 510[(1+ =) .;_(r — ‘i’_)]:

0 Wy

-1+ 2 (-2

OTKyZa

Mo + 281, = &1, [2 42 (—“’-ﬂ,
Wy
HJIH

M — 281,

@5

93. CpetoBoii NOTOK, RANYyMRE
B €JUMHHUYHOM TeJEeCHOM yrIJe, IIo
BceM HaNpaBJEeHHAM OHUH M TOT
ke, O6o3HayuM Yepes @ CBETOBOH
NOTOK, UAYIUHHA B €IHHHUYHOM Te-
JIECHOM YIJie ¥ Molrajaroliiid Ha



€AHHHYHYIO  IVIOmMAAKY  JIHH3LL
HIM  JAHa [0J  OTBEPCTHEM,.
B ortcyrcTBHE JIMH3EI HA AHO
nonajalT  Jy4d,  MAVIIME B
TEJIECHOM yrie Q= S, . /h?
(puc. 166, d). CrenoBatenbno, cBe-
TOBO# MOTOK B 3TOM Cjyuae paBeH

@, = 0QS,,,, a OCBELEHHOCTD
JHa 10J OTBEPCTHEM paBHa
@, oS
E, = — 0Q = o1
Sors h?

Jlunsa cobupaer B cBoelt ¢o-
KanbHOH NJOCKOCTH HA JHe SAIU-
Ka Ha ILIOHIajKe [aowaneo S
BCE JIY4H, HAYIIHE B TEICCHOM YTJIe
o = S/h® (puc. 166, 6). Takgue
JYYH «HECYyT» CBETOBOH MNOTOK
@, = 0§S,,; ®, TaK 4YTO OCBeIlEH-~
HOCTb H300paxkeHus Heba B 3TOM
cJaydyae paBHA

S
E,=®,S = 9‘7-
Mo Bupgum, uro E, = E,, T. e.
OCBEHIEHHOCTb JAHA fAIIUKA 0oj OT-
BEpCTHEM HE MeEHsercs.

94. Cm. 3anauy 88.

95. Cyxo€e TPEHUE MEXKY BOJIOK-
HaMy BEpPEBKH CMCHSIeTCS Ha BA3-
KOE.,

96. Cm. 3axauy 85.

97. Cm. puc. 167.

o

98. MomeHT cuanl F, mnpuno-

Sorf [ —_

Puc. 166
4‘

hi

Puc. 167

Puc. 163

KeHHOH uepe3 pens (puc. 168)
K 3aQHEMY KoJiecy BeJIocunena, oT-
HOCHUTENbHO MrHoBeHHol ocn OO/
BpailieHu s KoJieca HanpasJieH npo-
THB w4acoBoil cTpenku. [lostomy
KOJIECO, @ BMECTE € HUM U BeJIOCH-
nen, CABUHETCH BIepex.

99, Tak KkKak TpenHe MEXAY
Tpy6amMu Majio, TO MOKHO CUHTATh,
UyTo NOpU coyaapeHun Tpy6é Bpa-
HIeHHE ONHOH U3 HUX He Ilepejaer-
ca xapyroi. Ilostomy, pacemar-
puBas COyJapeHHe, MOXKHO He
VUUTHIBATL HX BpallleHHE.

3anuieM  AJs  CTOJKHOBEHHSA
TPYO 3aKOHBI COXpPaHEHHSI SHEPrUH
U UMIyJbca:

2 2 2
mt 0 mvl mvz

2 2 ' 2°
rie v; U v, — CKOPOCTH MOCTyHa-
TeJIbHOrO JIBUXKEHHST COOTBETCT-
BEHHOQ IIePBG#H # BTOPO#A TPYO noc-
Je coynapenns. Pemas st ypas-
HeHUs COBMECTHO, HaXonum: ©; =0
H U, = U). 1aXdM o0pasoM, TpYy-

e

mu, = muy -+ Mu,,



6 npH coylapenHH «oOMeHHBa-
IOTCSA» CKOPOCTSIME TIOCTYrarte/ib-
HOro J\BHXKEHUS.

PaccMoTpuM Tenepb, uto Oyaer
HPOHCXOAUTE C [EepPBOHAYAJBHO
JBUraBueica TpyGoil mocjae co-
yrapedus. B cucreme kKoopau-
HAT, JABUXKYILIEHCA CO CKOPOCTELIO
Vg, CKOPOCTb Kacalomeucs Mo~
CKOCTH TOYKH nepBoil TpyOnl pas-

Ha — vy, ClenoBaTeslbHO, B 3TO#
CUCTEME KOOpPAHHAT nepBas TPY-
6a nocJse CTOJKHOBEHUS Bpauiaer-
Csl BOKPYTI' CBOEH OCH C YIJIOROI}
CKOPOCTbIO
0=,
R

Cuna tpenus F = pmg (puc. 169),
JeiicTeyomaa Ha sty Ttpy6y, 3a-
MeIJIIET €€ BpaleHHe W OJHO-
BpeMeHHO coolmaer el yckope-
HUE

a = Fw—ug

m

B HaNpaB/JeHUH NEePBOHAYAJABHOIO
ABUKenust Tpyoel. K MoMeHTy ¢
sta TpyGa 6ymeT UMeTh CKOPOCThb
MOCTYNATeILHOTO ABHKEHU S

u = at = ngt

n OyzeT BpamiaThC BOKPYT CBOEH
OCH C YIVIOBOH CKODPOCTLIO

Vg — Ugt
. R

CkopocTh NOCTYNATEJbHOIO JiBU-
JKeHus TPyOH! YBeJHUHBAETCA NPO-

\

031=

_ Puc. 169
100 _

MOPUMOHATBHO BPEeMEHH, a4 CKO-
pOCTh BpalieHU$S TPYOBl YMEHb-
IIAETCA MO JIHHEHHOMY 3aKOHY.

'K Momenty fy, Koraa CKopocTtb no-

CTYNATEJBHOTO  ABUKEHHUS  OCH
TPpYObl CTaHET paBHA JHHEHHOM
CKOPOCTH BpameHust TpyOu Bo-
KPYyr OCH, NPOCKaJb3bIBAHUE TPY-
Obl OTHOCHTEJIbHO IJIOCKOCTH MIpe-
KPaTUTCA, H NOCAE 3TOr0 HU CKO-
poCTb BpalleHHsA TPYyObl @), HU
CKOPOCTb MNOCTYyNaTeAbHOrO JABH-

JKEHUST ocH TpyOBl u; YXKe HeE
GyAyT MeHAThCH. 3 ycjaoBus

ngle = Vg — ugly

HaijgeMm f,:
— Y
, =2
2ug
B 3TOT MOMEHT BpeMeHH
! U U
= = 0 0 = —=,
2 R’

PaccmarpuBas anaJoruuHo ABH-
JKeHHEe BTOPoit TPYObl, HalAeM:

Up—REGL H @y == Let,

Uy, =
JlenicTBytoutas Ha BTOPYIO TPY-
6y cusa TPEHHsS yMEeHbIaeT CKo-
poCThb iy €€ HOCTYNATeJbHOTO JBH-
KEHUS U YBEJHUUBAET YIVIOBYIO
CKOPOCTb BpauUlCHHS ®, BOKPYT
ocu. K MoOMeHTY {, mpocKaJib3nl-
BaHHe TPYyObl OTHOCHTEJLHO IJIO-
ckoctd npekparureda. C atoro Mo-
menta Tpy6a Oyaer uMerh II0-
CTOSIHHYIO CKOPOCTb [OCTYNaTe/b-
HOrO JBHIKEHH A

%

Uy 5
H VYIJOBYIO CKOPOCTb BpallleHUs
BOKPYI' OCH

Tpaduku 3aBMCHMOCTH CKOPO-
CTe# NOCTYNATEJILHOTO JBHIKEHHS
Tpy6 B YIVIOBHIX CKopocTeff Bpa-



IeHHsT TPy6 BOKPYr HX oced OT
BpeMEH! TMOKAa3aHLl HA pPHCYHKE
170.

100. Ecau  yrioBas CKOpOCTb
Bpawenus crepxkua 0,A  oTHO-
CUTEJNIbHO 3eMJu paBHa 2, TO B
cHUcTeME KOOPAHMHAT, Bpal{aromiei-
csl BMECTE CO CTepykKHeM, Touka A
HEMOJBUXKHA, 4 3eMJs BpallaeTcs
BOKPYT ocu {; C yrjoBoH CKO-
POCTBbIO, paBHOH Mo MoayJaio £,
B HanpasJeHWH, HPOTHBOMNOJOK-
HOM  HAmpaBJEHUIO BpAUICHHS
CTEPKHSI OTHOCUTEJLHO 3€MJIH.

CKOpoCTh U TOYKH 3eMJH, B KO-
TOPOH €€ KacaeTrcsl KOJeco, paBHa
no Moaymo ! ¥ nHanpaBjeHa
neprneHAnKyasapHo crepxHio 0;A
(puc. 171). Ee npoeknus xHa nio-
CKOCTb Ko0Ji€ca paBHA v COs o. Tak
KaK TpEHHE KoJeca O MOYBYy Be-
JUKO, TO TOYKa KoJeca, B KOTO-
poll OHO Kacaetrcd 3eMJH, JBHU-
KEeTCHd OTHOCHTENbHO TOUKH-A, a
3HAYUT, ¥ OTHOCHTEJIbHO OCH KOJIE-

v w )
A
(2 2, U,; .
., il
d\t? R 'Zyd\
(4
2 |
' oo A g
/\’W . SO
a )}

Puc. 171

ca, CO CKOpPOCTBIO U; = U COS Q..
D10 03HA4aeT, YTO KOJECO Bpa-
LiaeTc BOKPYr CBOeil OoCcH C yr-
JJOBOH CKOPOCTBIO

o= —0% cosa
r ’ r

OTHoLEH e YIVIOB TOBOPOTA C TEPIK-
HA B KoJieca BOKPYT UX oceif pas-
HO OTHOLIEHHIO VIVIOBBIX CKOPO-
CTeld BpaiieHUN CTEPKHA U KoJle-
ca. IloatoMy, Korja CTepKeHb '
0,A cpenaer ogiH 06OPOT BOKPYT

I

ocu 0y, KOJeco CAeNaeT — cos

0060POTOB BOKPYT CBOEH OCH.

101. Ckopoctb, HoJyuaeMasi
KOCMOHABTOM HPH BEICTPEJE U3 BTO-
poro mnHcrojera, Oyner GoJblue,
ecJId OH BBHIGPOCHUT NepBhil HUCTO-
JeT (Macca KOCMOHAaBTa YyMeHb-
mHTCA). 3HAYUT, OPU  HOCJAEJ0Ba-
TeJbHOH cTpeabbe KM BriOpachiBa-
HUH HCOOJb30BAHHOrC MNHCTOJETA
KOCMOHABT CMOKET CKOpee Bep-
HYTBCS HA KOPabab.

102. O6osnauuM dwepe3 v CKo-
poCThb TAXKEJOH YacTHue KO Yia-
pa. B cucreme KoopauHar, IBH-
KVIIEHCA CO CKOPOCTBIO

G— g

a M+ m
IIEHTPa Macc CUCTEMHI, o6e yacTu-
LB KaK JI0 CTOJIKHOBEHMS, TaK H
IoCJie CTOJIKHOBEHHS HMEIOT OAHU-
HAaKOBLIE TO MOAYJI0 H MPOTHBO-
TIOJIOXKHBIE T10 HanpapBJeHHI0 HM-

nyabcel. Jlo CTONKHOBEHUSA
- - -~ Mm -
ppo=M@U—v)=—"-"1 1
M-+ m

-

~ Pe=—D
EcJqu nocJie ¢CTONKHOBEHHA YaCTHIL
TAMKEAAS YACTHIIA B CHCTEME KLEHTP
mMacc» HMEET uMnyJaec p (a Jer-

Kag - UMOyJaec — p), TO, BOC-

101



N0JIL30BABIIHCH CBS3bI0
Mo2 2
W, = -~
2 2m
M 33KOHOM COXPaHCHUSA MEXaHH-
yecKoH 3Heprud nOpu abCOJIOTHO
YOPYroM yaape, MOXHO 3aMHUCATD!

2 2

Py P
M T 2m

B A
2M+2m.

Orciona caenyer, 4to p = py, T. €.
MOCJE COVAAPEHKHA HYacTHlbl 6ynyT
HMEThb B CHCTEME OTCYETa LEHTP
Macc» TakHe K€ MO MOAYJIO UM-
NYJbChl, KaK ¥ J0 CTOJIKHOBEHH .

HanpaBsienue BekTOpa p 3aBHCHT
OT YCJOBHH CTOJIKHOBEHHSI H MO-
3KeT ObITH HPOU3BOIbHBIM.
CkopoCTh TsxeNnoH uacTHUbI B
«1abopaTOPHOH» CHCTEME OTCYeTd
6yier nocjie CTOAKHOBEHUA paBHa

-

Uy = Uy

a ee UMMYyJabC

==y

p; = le == M_z;u —I—;.

leomeTpuueckan  unTepmnpera-
UHA 3TOFO pesynbraTa INpeiacTas-
JeHa Ha pucynke 172. Tak xak

UMITYJALC p MOXKET uMmeThb Jioboe
Hanpas/eHue, HO MOAYJb ero 3a-

Jlal ¥ paBed U, TO KOHeH

BEKTOpa p JOJKeH
OKpYKHOCTH

Jexarb Ha

ajnyca 0
paiuy Mo
LUEHTP KOTOpPO#A cOBMajaeT ¢ KOH-
nom Bektopa Muo,. M3 pucynka
BHJHO, UTO YFO MEXKIY BEKTOPOM

-p " BektopoM Mu,, T. €. yroa

MEXKAY HanpasjJeHUsIMH ToJieTa
TAXEN0H 4acTHubl HOC/]e YAapa H
JIO yRapa MakCHMaJCH, KOIa BeK-

TOp p, Kacaercsi YKa3aHHOH OK-

102
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Puc. 172

pyxnoctH. [loaTomy

p m

——

My, = M’

SIN Gy =

103. XoJ0IUJBHUK — 3TO TEN-
JoBasi Malnina, paéoTtaiomas o
obpaieHHOMy 1HKAy. Ecau pa-
Gouee TeNo NPsAMOIl  TeMJIoBOH
MAIMHE T0JAY4YaeT KOJHYECTBO
TemsoThl @, OT Tesia, HMEIOWEro
BHICOKYIO TeMmneparypy 7., H
OTHAeT MEeHbllee KOJAUYECTBO Tell-
JoTel Q; Tenay, HaxoauweMmycs
npy HU3KOH Temmepartype Ty, co-
Bepiaa Npu 3T0M pabory

A=Q2'—le

TO XOJOIMUJbHAS MallHHA OTHU-
MaeT KOJHUYECTBO TEIIOTH Q OT

XOJOAHOTO Tesla, HAaX0oAAWEerocs
npu Temneparype T3, M oTAaeT
KOJAHUEeCTBO TemaoTel Q, GoJee
HarpeToMy Teay € TeMmmoeparypofl
T,. Ilpu stoM Hax pabouum tesiom
XOJOJHNbHHKA H3BHE coBepiuaert-
ca padora

A = Qy— Q.

KosppuipeHT M0JE€3HOr0 AekH-
CTBHSA OPAMOH TEMJIOBOH MAaIUH LI
A Q—-0Q

=T

HE MOKET MpeBbllath BEJHYHHLI
T,— T,
TZ
MamumHa paGotana no TOMY  Ke
LMKJY, YTO K NpsAMan " NpH Tex

Ecau OB XOJOAHJBLHAA



xe temneparypax T, n T, TO

umenu Obl MeCTo caeaywoumue pa-
BCHCTBa.

Q=0Q, Q@=0, u A=A

KIT xoM0AuJbHOR MaUIMHBL Obl1
6bl B 3TOM CJy4ae pabBeH

Tl’ _ Q]_ — Q]_
A Q—Q
Tak Kak Ans wjaeanbHO# NpsAMON
MalIHHEL

Q—Q _T,—T,
' Q, Ty, '
HJIH
& _T
Q T,

to aas KIIJL upeansHoft  xoJo-
JUJBHOH MalUMHBL HOJYYaeM:

r A/ Ty
[— QR Ty—Ty
MuHuMaJibHOE 3HaueHue pabo-
Thl, KOTOpas JOJIkKHa OblTb HpO-

u3BeneHa Haj pabounM TeIoM
WjaeajJbHOH XOJONUJBHOH Maliy-

M

Hbl, omnpejensercs Tak:
T
Q=0 T, —T,
[loatomy  nortpebaseMas XoJo-

AHUJIbHOH MamHHOHW MOLUHOCTL BHI-
yucaserca no QgopmyJe

Q_ 7
t To— Ty
[Toacrasus crona 3Hauenig

QL ~ 7,9-10° Ik, T, = 278K u
T, = 293K, wnafizem aas moL-

HOCTH, NOTPebaseMOH XOJOANIb-

HUKOM OT CeTH, 3HaueHuHe P =

12 Br.

Koneuno, KIIJ 0oOBUHBIX XO-
MalldH (Heujealb--

AOTHJBHBLIX
HbLIX) - BHAUATEIbHO  HHXKe, H,
C/Ie0BaTEeIbHO, peaAbHHE X0J10-
THABHUKH TOTPeONAIOT OT CeTH
31 auNTeAbIO CORBUIYIO MOMIHOCTD.

210 CBA3aHO ¢ TeM, UTO NPOUECCH
B peanbHbIX XOJMOAUJbHEIX Ma-

IiMHAX  ABAAOTCA  HeobGpaTH-
MBIMH .
104. MomnocTs P parpeBa-

TeJf C CofipoTHBJeHHeM R ompe-
Jeqsiercs (popmyaod

P—PR——%" R
R+4n2""

rne § — IJC ucrouHuka, r —
€ero BHYTpPEHHeEe CONpOTHBJEHHE,
ITa MOILIHOCTh MaKCHMaJjlbHa IIpH
R = r. Je#hcrBurenbHo, P Mak-
CHMaJbHO, KOF/la BhIpa)KeHUe

(R_f_r)ﬁ - .__Lz_ 2
— R-rR-l— r

MHHHMaJbBHO. Ho

R—-{—-—;:— }2 ]/R%:Qr

ChenoBarennio, P MaKCHMaJbLHO
npu

R-[--%:—_—Qr, T. e, npu R =r,

Takum o6pa3oM, paccMatTpuBae-
Mbli HarpeBaTeib OyjaeT HMeTh
MAKCHMa/JbHYI0 MOLIHOCTb, €CJH
ero COMpoTHBJAEHHE cAejaTh O/iH3-
KMM uJd pasubiM 25 Om. Jlada
3TOTO CIUPAJH HYXKHO COEAHHHTH
Tak, KakK* N0K43aHO Ha pPHCYHKe
173. Herpyano yOenutecsi, 4TO
MOILI{HOCTL KaKAOH Chnupaju MNpH
stonm He Gymer npeBpinaTs 2 BT.

105. CM. 3agauy 85.

10 OM 40 0M
rerrey
200M Joom
s £
Puc. 173
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106. Cm. sagauy 98. Ecan cu-
AAINKH Ha Begocunege (puc. 174)
MaabyuK OyIeT TOAKAThb HHUIKHIOW
nexajdb HOCKoM GoTuska BHEper,
TO Ha CHJEHbe BeJIOCHTIea Ma/ib-
YUK OYAeT aefcTBOBAThH C TaKoO#
e CHJIOH, KaK ¥ Ha nejanb (Tak
KaK Ma/JbuMK HaXOJUTCH B paB-
HOBECHH, TO [OPU30OHTAJIbHBIE CH-
Jbl, JeHdCTBYWIIHE HA HETO CO
CTOPOHBI NNejalu U CHAEHbS, HOJIK-
"HBHI ObIThH paBunbl). Ho MomeHrt cu-

-

- apl F, npuioxeHHOR K cenay or-
HOCHTECJBHO OcH «U», 3HAYUTEBHO
Gosbine MoMenta cuabn Fy = FL
To
(rpe r — AnuMHA phIuara nejpas,
ro — Pajguyc nepBoil ILIECTEPHM),
NPHJIOXKEHHOH K 3ajiHell 1uecTep-
He. [lostoMy B 3ToM cayyae Be-
JIOCHNE] JBUHETCA Ha3aj.

107. Eciu uesaBucuMo OT HO-
JIIPHOCTH TOJAK/IIOUEHHST UCTOYHH-
Ka MOCTOSHHOTO HanpsiyKeHHUs Ha-
KaJ1 JJaMIibl oTCYTCTBYET (puc. 175),
TO 5TO O3HauaeT, YTO B SLIHKE
HAXOHUTCSH 3JEMEHT 3JeKTPHYe-
CKOil ey, IpeJcTaBaAsoU i 60/1b-
Lioe COMNpoTHBAEHHEe JJd I0CTOo-
AHHOTO TOoka. BTopoe HcHbiTaHHe
COCTOHUT B HOHKJIIUEHHH HCTOY-
HHKa NePeMEeHHOTO Hallp AXKEHH A
CBeYeHHe JIAMIILl N03BOJIAET CHe-
JIaThb BBLIBOJ, 4TO B fUIUKEe HAXO-
JHTICSt KOHJeHcarTop.

N

104,

3 l

P(é~®-0 —I'Of O
—o 7
Puc. 176

4 O

Puc. 175

108. ITogkmouum OaTtapeifiky K
KiemmaM [—2 (puc. 176). [Ilo-
Ka3aHHsd BOJLTMETPA MEXAY BCe-
MH BbIBOJAMH SIIMKA NOPeNCTan-
Jeubl B TaCauue 1. IToakaounm
Oatapeliky K BbiBofam J—4. [lo-
Ka3aHHA BOJbTMeTPa MeXLY BCe-
MH BBIBOJIAMH SIIMKa MPENCTaB-
JIieHbl B Tabuaune 2.

Tabauya 1
Howuep
KOHTAKTAa I 2 3 4
2 U, u, | o
3 | o ]u U, /2
3 | Uy | 0 | U,R
Tabauya 2
Homep
KOHTAKTa 1 2 3 4
! U, | o | U,
2 U, Uy | o
3 o | U, U,
3 U, | 0 | U,

IIpn Apyrux BapHaHTax BKJIO-
YeHH 1 HCTOUHHKA BOJBLTMETp Beer-

Aad INOKa3bIBa€T HY/Ib.

ITpoBeneHuble HCHBITAHHA TO-
3BOJIAIIOT CJie1aTh BBIBOJ, YTO B
AllKe OCYIIeCTBJIeHA CXeMa, H30-
GpaxeHHasl HAa pUCYHEe 25.

[IpumMeunande,. Boabr-
MeTp JIO/KEH HMETb CONPOTHB-



JeHne, MHOro GoJibilee CONPOTHB-
JEHHH Pe3UCTOpPOB, HAXOAALHXCA
B «4epPHOM SAIIKKE,

109. HyxHo HamoTath KYCOK
NpoBoAa HA OAHY H3 OOMOTOK
TpanchopMaTopa U noACUYUTaTh YHC-
JIO BUTKOB f15. 3areM rnojaTb Ha-
npsikeHde HA OAHY U3 0OMOTOK
H U3MEpHTh HANpPSKEHHs Ha BCeX
oOMoTKax. B caydae HeHarpy-
XEHHOro TpasHcdopmaTopa OT-
HOIIEHU Sl STHX HaNpsKeHHH pas-
HBl OTHOLIEHUSIM YHCEJ BUTKOB.

110. Ha oxny u3 yalek Becon
NOMECTHTh THPIO, Macca KOTOpOH
3aBeioMO 0oJiblle  MacChl Trpy-
3a. Ha gpyryto yamky BecoB 1o-
JOXHUTb pa3sHOBeC JO YCTaHOB-
JIeHHsl PaBHOBECHs BeCOB. 3areM
Ha 3Ty Xe yalllKy KJajercs Tpys3
HeH3BeCTHOH MacChl, a pasHoBeC
CHHUMaeTCsi J0 Tex MHop, HOKa
pPaBHOBECHE BECOB He BOCCTaHO-
BuTCs. Macca CHATOro pasHoBeca
paBHa Macce rpysa. [lpu 3rTom
criocofe pelleHHs Maccy yallex
BECOB 3HaTb He Hano. Tako# crio-
co0 H3MepeHH 1 MacChl TeJl BIEPBBIE
npexaoxua . M. Mengenees.

111. HarpeB  onpene/yeHHy10
MacCy BOJABLI m; O TeMnepaTyphl
f,, IEPE/IMBAIOT ee B KaJIOPHMETp
Maccoil My C HauaJbHOH TeMIiepa-
Typo#l {,. Viamepus Ttemmneparypy
BoJbl © nocJse nepeaHBaHu A, MOX-
HO Omnpejie/IuTh YAENbHYI0 TelJo-
eMKOCTb Cy BEUeCTBa KaJOpUMeTpa

cmy (4 — ©) = come (0 — 1),
. am (tp—6) ,
my (9 - tz)

rne ¢; — YACAbHAA TermJIOEMKOCTb
BOJLI (CUMTAEeTCA M3BECTHOH).

‘Macch 1y U mgy BOABI H KaJIOpH-
MeTpa ornpelessioT NyTeM B3Be-
IIHBAHUA.

112, bpycok kJanytr Ha Jo-
CKY, KOTOPYIO HAKJOHAKT JO
TaKkoro yraa o, [Opu KOTOPOM

2

6pYCOK HauHHaeT DPaBHOMEPHO
CKOJIb3UTb BHHU3 NIPH JIETKOM KO-
CTYKHBaHuH no jpocke. U3 ypas-
HEHHS JBHIKEHHS

F,, —mgsina =0,

UJIH

wng cos a — mg sina = 0,
HA XO/IHM:

p = tg a.

VamepuBs yrosa o, HaXxojuM 3Ha-
yeHue .

113. CKopocTh vy BBLIETA CHa-
psaa TPYXHHHOTO  NUCTOJIETA
MOYKHO OTIpefieJIMTh 10 JAAJbHOCTH

ero mnoJieta ! B TOPH3OHTAJLHOM
HanpaBJ/IeHUH C BBICOTHI fi:

rpe ! — BpeMs nafieHHd CHaps-
Ia, onpeznenseMoe no gopmysne

oh
t= ]/E'
CiaenoBaTesbHO,

UO=IV%.

JInd DOBLIIEHWS TOYHOCTH H3-
MepeHHH cJieyer HpoH3BeCTH
CepHI0  BHICTpeJoB, (GQUKCHpPYH
MeCTO MNoflafaums ILIapHKa C Mo-
MOLbIO JIUCTOB GeNnolt U Komupo-
BaJbHO# Gymaru, yCpenHHTb 3Ha-
yeHHe JAJbHOCTH noJeTa [ U pace
CYUTATh COOTBETCTBYIOLlEE 3HAue-
HUe CpenHeH CKOPOCTH BBHLIETA
cHapsxa.

114. TloBepxHOCTHO® HaTsXKe-
HHE O MOXHO OIpefeJuTh Kak
OTHOMIEHHE CHJLI IOBEPXHOCTHOTO
HaTaAXenusa F K AMHBEE | rpaHdnni
NOBEPXHOCTH

0= ~,
l

Cuily NoBepXHOCTHOTO HaTSXKe-
HHSI MOIKHO OMNpefedHThb, H3IMe-
pPHB C TIOMOLIBIO YYBCTBHUTEIBHOR
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NP YKHABLI CHMY, KOTOPYIO HYXKHO
NPHJIGIKHTb, 4YTOGBl  PasopBaTh
IJIEHKY MXUAKOCTH C H3BECTHOH
AJHHOM rpanulbl. Hanpumep, npu
H3BJeUeHHH M3 XUAKOCTH KOJbia
C BHEIIHHM M BHYTPEHHHM JHa-
MeTpaMd d; U dy XHAKOCTHas
JieHKa paspbiBaeTcAd Ha JJHHe
n (d; + d,). Tlosromy pns 1o-
BEPXHOCTHOIO HATAXEHHS TMoay-
yaeM:

Fymp
T (dy + dy)
B s1oit popMyae cusa Ynpyroctu

APYKHHKI OTNpefieIseTcsl M0 3aKo-
ny Fyxa;

Fo., = kx,

rie k — JKeCTKOCTb  NPYKHUHBH,
X — €€ YJAJIMHEHHe HPH BHITATH-
BaHMH KOJbLUA M3 HCCJelyeMoH
KHAKOCTH.

JKeCTKOCTh TIPYRKUHLI B MOXKHO
ONpPEEAUTL B OTHEJLHOM OIBITE,
HCTIIONb3YS Pa3sHOBEC H JIMHEHKY.

bBonee TtouHo MOXKHG onpepe-
JUTb CHJY YIPYTOCTH, HE H3Me-
pAst XKeCcTKOCTb MNPYHKHHBL, 3ame-
THB €€ YVAJHHEeHHe NPU BHITATHU-
BaHMH KOJbLA, Harpy»XKamwT 3a-
TEM TPYXKUHY [0 TaAKOro XKe
VAJMHeHHsA pasnoBecoM. B 3TOM
cjayqae CHJa YIOPYIOCTH paBHa
BeCy pasuoBeca:

Fopp = mg.

[Ipu BeInonsennn paGoTH He-
o6xonuMo  ofecneuuTb HHCTOTY
NOBEPXHOCTH KOJbila, TaK Kak
K03puilneHT ROBEPXHOCTHOTO Ha-
TAMKEHHS MUAKOCTH CHIbHO 3a-
BHUCHT OT NpHMECEH.

115, Tlpn BoimoJHeHHH Ppabo-
THl CJeAyeT YBE€JIHUHBATL CHJAY
TOKa TOCTenenHo, 4robbl npouecc
Obl1  paBHOBEeCHBIM H B 1000
MOMEHT BbITIOJHAJIOCh PaBEHCTBO

-Plz-f)zv
106,

rae P, — MolHOCTL  3JEeKTPH-
4ECKOro T0Ka, NPOTEKaIoUEro no
[poBoJioKe, Py — MOUHOCTEL Ten-
Jonepefayn B OKPYKaloLiee BPO-
CTPAHCTHO.

Momsocts P, nponoprnioHadb-
Ha OOKOBOH HOBEPXHOCTH MPOBO-
NoKH 8 = adl (rae d — nuamerp
H | — AJMHa BPOBOJIOKH) W CKJa-
AbIBAETCA M3 MOIMHOCTH H3Jyye-
nua So7? u MOIIHOCTH, Xapak-
TePH3YIOWEN npouece Tenaonpo-
BOJHOCTH,

Sk (T — Ty):

e 6 U k — NoCTOSIHHLIE.
MoIHOCTE  3/1eKTPHYECKOTO TO-
ka paBua P, = I’R. Ho

{

R == R ’){T = --—-—-——--(X,T

TP Sy

[TosTomy
40{f%T
P]. —_ ’
T2

rle o — TeMIepaTypHuli KO3(}-
bunneHT  CONPOTHBJEHHA, P —
yAeAbHOE  COMPOTHBJEHHE - Ma-

Tepuaaa, U3 KOTOpPOro H3roroB-
JdeHa fipoBOJIOKA.
Tax xak P; = P,, T0

BIPIT gl (0T 4 k- AT),
nd?

OTKYJa
] ~ d3 /2.

[Ipy  BBINOJIHEHUH
TI0JIE3HO TOCTPOHTD
Bucumoctu: I* ~ d3.

116. C 7moMOmpi0 Ma”HOMETPa
(puc. 177) HY?KHO H3MEPHUTDL JaB-
Jenye p B ajioHe, KOrja OH Ha-
XOOUTCH Ha BO3AyXe, NMPU TeMIie-
‘parype ¢ u naBieHUM p;, KOTHA
'OH HAXQAUTCH B BOAAHOH Bamue
‘npu Temmeparype ¢;. Temimepary-

paboTel
rpaduk 3a-

Pbl  U3MEPAIOTCA TEPMOMETPOM.
Tak kak npu MOCTOSIHHOM 0OLEMe
Py P -
4oty l—i—ouf
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]
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Puc. 177

TO
Pi—PpP

Pty — pyt .
Hasnenusa p u p; pasHu co-

OTBETCTBEHHO!

p = pa + pgh,
p1=ps + pghl’
rJe ¢ — NJAOTHOCTH PTYTH M p, —
aTMocepHOe AaBJieHHE.

Has Toro utobmt npu  oboux
H3MEpeHu X o0BeM BO3Ayxa OblI
OJAHHM M TEM JKE€, YPOBEHb BOJAKI B
JIEBOM KOJIEH€ MaHOMETPa JOVLKEH
00a paza OBITL OAHHAKOBLIM.

Arvocdeproe napaenme p, u3-
MepseTCsl C MOMOmbLIO 6apoMer-
pa

o, ==

¥17. Tlpy mponyckaHuu uepes
pacTBep  MEIHOFO  KYHopoca
(CuSO,)  3MeKTpPHYECKOTO TOKa
Ha KaToae BoipeamTcs Menb, Mae-
Ca BBEIEAHBICHCH MEIU OHpe-
reasieTcs No gopMyae

I M

m=— —1f

Fn
rae M = 0,064 xr/monp — Mo-
JAgpHas Macca Meik, n = 2 —
BaJIHTHOCTD MEH B 3TOM COCHH-
unenun, F — uicao Qapages,
} — chna texa, i — Bpems npo-
nyckanusa Toka. Orciona
_ ME

mn ]

Cnna Toka ¢Quxcupyercs ammep-
METPOM, BpemM#a NMPONYCKAHHUSA TO-
Ka — ¢ AOMOIXbIO YacoB, Macca
BBIIENTMBLIEHCS MERH  OMpERest-
eTCs1 WO Pa3HOCTH MacC Karoja
Ao H mnocae onbita. [lepexy B1O-
pPLIM B3BELIMBAHUEM KaTOBa €ro
Hal0 XOpollo MOACYNINTE.

118. B ocuese wMerfoga, mpu-
MEHSIEMOTO B 3TOH pabote, JIEKHT
SIBJICHHE KaXYIEerocs yMeHb-
LIEHU d TOJIRUHE! M1aCTHHEL, ROI'AA
paccMaTpuBaOT €KBO3b Hee Mer-
Ky Ha HUXHEeH MOBEpXHOCTH Ijia-
CTHHBI MIPH YIVIaX najieHus Jay-
yeld, OMHU3KHX K HyJi0. B 31om

clydae, KaK BHJHO U3 PHCYHKA
178, rmnokasarenb HOPEJOMJIEHHS
CTeKJIa OTpefeasercs TaK:
sin o {ga H
oo A —_

sinp  tgp A

rae H — nertuMnas TOMUMHA N4
CTHHBI, A — KAMYIAACH TOJLIH-
Ha ee. ClenaB METKH HWa HHUIKHEHR
H BepXHEH HNOBEPXHOCTsSX MJa-
CTHHDBI, HABEAHTEC pPE3KoCTh CHa-
yajla Ha HHXHIOKD METKY H 3a-
bukcupyire npooxenne TyGyca
MHKPOCKORA, a 3aTeM, HPHTIORHH-
Mas TYOYC, BOJYUHTE YETKOE H30-
Opaxxenne BepxHeli MeTku. Pac-
CTOSTHUE, Ha KOTCPOe HOAHMMa-
eTcs1 TYOyC, paBHo Kaxymieics
TOMHIUHEe A njractame. Ecau na
MH KPOCKOIe HeT CHEHAMLHOTO HH-
A¥KaTopa BHICOFLL ROEBEMA TY-
6yca, TO nepeMmemenue TyoOyca

Puc. 178
107



MOXKHO ONPeAeNUTh 10 YyHcay 3y6-
HOB pY4YKH KpeMajbephl MHKpO-
cxona. [lepemelwienne Ty6yca npu
noBopoTe PYYKH HA OJUH 3YOell
RaXOAAT 3apaHee, OHPENENUB XOX
TyOyCca 32 nojHbll 000POT PYUKH
M paszjeiuB erc Ha ofluee YHCIO
3y0unor pydk#. C HOMOWIBLIO MHK-
pPOCKONa MOXKHO TakKke olipene-
AUTb HCTHHHYIO TOJUMHY H 1ja-
CTHHBL.

JIna »srToro cHadajJa HaBOAAT
Ha Pe3KOCTh H300paxKeHHe METKH
Ha CTOJIHKE MHKpOCKOma. 3arTem
KJAaJyT Ha CTOJHK CTEeKJAHHYIO
MJACTHHY W J00UBalOTCA PE3KOro
n3obpaxkenust MeTKU Ha ee BepXx-
Hell mnoBepxHOCTH. [lepemeine-
Hue tyfyca paBHO HCTHHHOH TOJ-
muHe f nnactuuel.

119. M3-3a conpoTuBIeHUS BO3-
JAyXa KHHETHUECKass 3SHePrud ms-
ya Nnpu CHyCKe MeHblle, YeM MHpH
noabeMe. Pa3HocTe MeXAY 3THMH
3HAYeHUSMH 3HEePruH paBHa pa-
60Te CuJ CONPOTUBJIEHHA BO3AY-
xa. Ha mwo6oi BHICOTE CKOPOCTH
MAYa NpH NoAneMe OoJblIe, ueM
npu cnycke. [loHsitHO, 4T0 H
CpeAHsAA CKOPOCTb JBHIKEHHS M-
ya BBepx OGoJplie cpefHed CKo-
pocTH ero aBxkeHHA BHH3. [lo-
3TOMY BpeMs NOABEMa Ms4Ya MEHb-
i€ BPEMEHU MaleHuH.

120. lisMeHende noTeHIUA/b-
HOH 3HepPruu Teja paBHO paGorte
CHJI CONPOTHBJIEHHA:

—mg (hy + hy) = A, + Ay, (1)
rne A; — pabora CHJ CONPOTHB-
JICHUS1 B BEpPXHEH XKHUAKOCTH H
Ay — paboTa CUJ CONPOTHBJIEHU A
NPH JABHXKEHHH -T€JJa B HUKHEH
)uaxKociu. Tak Kak Teno o6re-
KaeMo, TO OCHOBHOH CHJIOH CO-

NNPOTHBJCHHUA ABJACTCA apxXume-.

JIOBA BBITAJKHBalOasd CHJIA:

F, = p,Vg —B Bepxuep
KOCTH,

Fy = p,Vg — B HHXHeil XUJJKOCTH,

HKHL-

1G3

I~y

11 -
10

Puc. 179

rie V — obbneM TeJa.
4, = —p,Vghy,
Ay = —p,Vgh,.
[ToncTaBnsis 3TH BhIpaxkeHUS AJA
A, u A, B ypasuenue (1) U yuu-
TelBafA, 4YTO0 m = pV, MNOJyUHM:
o (b -+ hy) = oty + Polta,

OTKYZa

IMo3TomMy

0 = 017 + pafly i
hl + h2

121, Ilpocuymepyem Bce peGpa
Kyba u ero sepmuHsl (puc. 179).
slcHo, 4TO TOK, HAYWHH 10 pel-
py /, mreantca B Bepmuue [/ Ha
JBe UacTH, HAYHIHE 3aTeM [0
pebpam 7 u 8. AHaJOTHYHO TOK,
HAYWHE no pebpy 2, AequTCA Ha
JBE€ paBHbie YacTH B BepiuxHe [/
U T. 4. Uepes pebpo 4 uper TOK,
mexmui no pebpam 7 u I12...
PeOpy 4 3KkBuBajeHTHH pelpa
5 4 6. 210 O3HayaeT, 4TO 4Yepes
pebpa I, 2, 3, 4, 5 u 6 uzer ToK,
BABOe OOJIbLIHI, yeM yepe3 pebpa
7, 8, 9, 10, Il u 12. $Icvo, uro
CONPOTUBJEHHE CXeMbl H3MEHHT-
cs GoJblie BCero, eCJH H3 CXEeMH
YAa/HTb NPOBOAHMK, [0 KOTOPO-
My #aer Hauboabmmi TOK. U3
NPOBOJIOYHOTO KyOa HYIKHO YyHAa-
JUTb OAHO U3 pebep /1, 2, 3,4, 5
Hiau 6.




122. HapucoBaB xo1 HECKOJb-
KHX Jyueid, HETPYAHO YOeAUTHLCH
B TOM, YTO MOCJe TOTO, KakK MexX-
Ly CBeyoil ¥ 3epKaJioM MHOCTABHJIH
MJIOCKONApaJJIeNbHYI0  CTEKJsAH-
HYX0 MNJacTHHKY, H300paxkeHue
cBeyd NPUOMH3UTCA K 3epKaly.
Ha pucyuke 180 nokasan xop Jay-
ye#t B OTCYTCTBHE MJIACTHHH H HpH
ee HaJ/M4HH.

123. Haiinem BHayage CHIY TO-
Ka, MAYINEro uepe3 HCTOYHHK.
Jlnsa 3Toro HaM HYXKHO Ha#uTH
conporusiaenue BceH wnenu. Co-
NPOTHBJEHHE aMIIepMeTpa MaJio 10
CPaBHEHUI0 C CONPOTHBACHHEM
Bcel nenu. ByjgeM ero cuutars pas-
HBIM HYJIO. 31O NO3BOJIAET nepe-
pUCOBAThL HaLly CXeMy Tak, Kak
nokasaHo Ha pucyske 181. Tlocae
3TOT0 HETPYAHO HAUTH CONPOTHB-
JeHde Bcei nenu. OHO paBHO
7,5 Om. TloaroMy uepe3 HCTOU-

HUK HAeT TOK [y = %(l = 4A.,

-
¥

~
S,
A \\ A
—_ N
4 ol
i1 R
[ )
10 Om
J~ 13 0M
“:F‘ 10 0M 100m
l 1
Puc. 18%

Puc. 182

Tok, uxylui uepes HCTOU-
HHK, CKJaJLIBaeTCsd U3 TOKa, HAY-
IIEro yepe3 aMmepMerTp, H TOKa
[, naymwero udepe3 pesuctop R,
(puc. 182). Hafizem tox /.

B touke A TOK [ menuTcs no-
POBHY MEXNY BepXHed W HHKHEH
BeTBsiMH Uenud. [losTomy uepes
pesucrop R, uner Tox /,, paBHHi
2 A. B touke B 3TOT TOK oNATH
JeTUTCST TIOPOBHY MeXJy pesH-
cropamMd R; u Rg € OUHAKOBBI-
MH conpoTusieHnsamMu. [loatomy
CHJa TOKa, HJYLIEro uepez pe-
aucrop R;, paBHa 1 A. Tenepsn
MOXKHO HaWTH CHJY TOKa, HAY-
mero yepe3 amiepmerp. On pa-

BEH
]0——]1 '—"33A.

124. Tak Kak CKOpPOCTH miapH-
KOB BHauaJje MOCTOSHHEI, HPYKHH-
Ka He JjedopmupoBsana. [locsae
TOT0 KaK MNepBbll LIapHK yAa-
pfETCsl O CTEHKY, ero CKOPOCTb
MEHSIeTCA Ha YPOTHBONOJOXKH ViO.
HI apukyu HaunmHAOT ABUTATbCA Ha-
BCTpeuy APYTr APYTY ¢ OAUHAKO-
BbIMH 10 a06COJIOTHOMY 3HadeHH!O
CKOPOCTAMH, H TIPYKUHKA CXKH-
maeTrcsd (puc. 183, 6). B 310
BpeMsl LIEHTP MacC CHCTEMH He-
noaBuxed. OH octaercsl Henoj-
BHJKHBIM H NIpU JajibHelillleM pac-
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! -



NpAMJIEHUH NPYXHHKH, NPH KO-
TOPOM LIapHKH NPHOOPETAIOT OfuU-
HaKOBBIE 10 MOAY/0 H NPOTUBO-
NOJIOXKHO HallpaBJieHHble CKOPO-
ctu  (puc. 183, 6). M3 sakona
COXpaHeHU s 3HEPTUH CAelYyeT, UTo
B TOT MOMEHT, KOTJa NpaBhi
HIApHK VAapsAeTcAa o CTeHKY, ab-
COJIIOTHLIE 3HauyeHus CKopocreH
HIAPHKOB  pPaBHbl  HaYaJbHbIM
(puc. 183, 2). Ilocae coynapeHus
LapuKa co CTeHKOH ero CKopoCTb
ONdTh MEHSeTCd Ha MPOTHBONO-
aoxunywo (puc. 183, 0d). Tlocne
3T0r0 INADUKM JABHKYTCA OT
CTEHKH C O/IMHAKOBbIMM CKOpO-
CTAMHA. TaK KaK B MOMEHT CTOJK-
HOBEHHS IHapHKa CO CTEeHKOH
npyxuaa ne jepopMupoBaHa, To
OHA ocTaerca HexeopPMHPOBaH-
HOH M TIDH JaJbHeHIIEM JgBHKe-
HUH CHCTEMHI.

125. Dmeprua, npuobperaeMast
CTpeJICH TIpH BbHICTpese, paBHa
paCore cuabl, JAEHCTBYIOWIEH Ha
CTpesy CO CTOPOHBI TETHUBHL. ITY
CHJIY MOXKHO HaiTH KaK paBHO-

—

JeficTByomyo F CHJl YIPYTOCTH
o6enx NoJOBHH TeTHBHI (puc. 184).
Ecau yrona, oGpasyeMmbiil TETHBOH
B Toukax A U B ¢ Jgunueit AB,

Pmc. 183

Puc. 184

0003HAYHTL HEpe3 o, TO HETPVA-
uo Hnafith, 4ro F = 2T sin o.
Tak Kak TeTHBY OTTACHBAIOT HA
paccTosiHMe, Majoe WO CpaBHe-
HHUIO C ee AJUHOH, TO yroJa o Mall.
[Tostomy sina ~ tga =~ o H

F = 2Ta.
[Tockoabky
h
ﬁa’ - 1/2 ’
TO
F=4T 1.

Wrak, cuna, peictsymouias  Ha
cTpeny, MNpONOpHUOHAJbHA CTpe-
je nporuba h. ITlostoMy palora
5TO#l CUJIBI PaBHA CpeHEeMY apHg-
METHUYECKOMY 3HAYE€HHIO CHJIbI, YM-
HOKEHHOMY Ha hy:
h2
A=F,hy=2T —

Ho paGota A paBHa KHHETH-
yeCKo#l 3Hepruu, NpHoOpeTeHHOH
CTPeJOH TpH BhICTpese. Jra Ke
SHepIusl JoJXKHaA ObITb paBHa MO-
TeHLIMaJbHOH SHEPTHH CTPEJB B
BepxHeill Touke nopwema. Crego-
BaTeJbHO,

2

mgH = 2T-—;’~.
Orcioza L
2Th2
H=—26,25 .-
, lmg

126 Hpenno.nommi, 4o : B
KaKOM-TO MecTe qmar CAIéTKA H30-



reyT (puc. 185). B atom cayuae
BBEPXY MNPU OOTEKAHUHM BBICTYyNA
CKOpOCTh Berpa OoJibiie, a BHH-
3y, B o0JacTu BOTHYTOCTH (iia-
ra, — MeHbiiie CKOPOCTH BeTpa
BAaJd ot d¢aara. H3 3zakoua
Bepuyiym caepyer, 4To Npud 3TOM
JaBJieHHe BoO3Ayxa B Touke A
Gosblie, 4eM JaBJeHHe B Touke B.
[TosroMy o6Gpa3oBaBrIKIICA BhI-
CTYN  JO/IKEH YBeJHUHBATLCA.
KpoMme TOro, roCKOJbKY H3-32
oOGpa3oBaHusl BHXPEH 3a BBICTY-
MOM JaBJjieHHe 33 HHM MeHbllle
AaBJAEHUS nepej BHICTYHOM, 3TCT
BeICTYN OYyIer mnepemeliathesl K
kouny ¢uaara. Hrak, cayuaiino
o6pa3oBaBilasaca BOTHYTOCTb dula-
ra Oyjger yBequuuBaTbCs. Ec/au
yuecTsb eule, yro Gaaropapsa obpa-
30BaHUIO BHXpel npu oO0TeKaHHH
Jlaxke TJOCKOro (giara mnpu pas-
HOMEPHOM BHXpe  JaBjieHue C
pa3ublX CTOpoH  (iaFa MOXKET
OKa3aTbCsl pa3HBIM H  [03TOMY
6ynyTr Jerko  oGpasoBblBaThCH
HeGoJbiHe n3rnbbl NOBEPXHGCTH,
CTAHOBHUTCSl TIOHATHbLIM, IOYEMY
(1ar «movioLeTCs» Ha BeTpY.
127. JlaBjenue B JIeBOM KoJie-
He (pue. 186) paBHO JaBJeHHIO
HachIeHHore napa. B npasoM xe
KOJIEHE HaXOJHTCH KaK BOsiyX,
TaK W BOFANOHU Iap H FapdeHUe
paBHO CymMe IapuMafbHbBIX HAaB-
JeHu# Bo3xyxa U napa. [lpuuem
nap: B f1paBOM COCYJIE TOIE HacChl
LEiH, B eT0 HapmMasbHoe RaBle-
HHE PaBHO JABJEHHIO Bmapa B Je-

Pwc. 95

BoM KoJjene., Ilostomy, pac-
CMaTpHBasi paBHOBeCHe BOfbI, MH
MOXEM He Yy4uTHLIBaTh JaBJI€HHH
napa B JieBOM H IIpaBOoM KoJe-
HaX.

3anuimeM yc/OBHE PaBHOBECHS
Bojibl B TpyOke mpH ty = 20° C:

pghﬂ = Pos
rie pop — 3HadeHuWe HopPMaJILHO-
ro armocdepHoro jpaBaenust. [lo-
3TOMY
hy ~ PO =10 wm.
0g

ITpu rtemneparype 100 °C pas-
JeHHe Bo3JyXa B IIpaBoM KoJIeHe
NPUMET HEKOTOpOEe 3HaueHHe p,
a pasHOCTbL YPOBHEH BOAHI B KOJIe-
Hax CTaHeT PaBHOHM

h= L 1)
rg (
JlaB/aeHusa p 0 py CBA3aHH COOT-

HOLIEHHUEM

pVo _ PV
T, T’
Tak Kak
L—ly= < (b —ha),
Vo=1ls, V=1s

(rae s — njowaib ceyeHus Tpyo-
KHn), TO

S

_ L, Il
p‘—‘pogﬁ'jf“*
R b
= Po T, 1 .

la’t‘E (h — k)

Puc. 187

Ell



IloacraBnas 370 BHIpaXeHHe B
ypasuenue (1), noayuum:

h:PaT I, .

og T B

1
0
l, +—Ah
0T

T ly

lo“’r‘"é"Ah

Ecan le- Ah < 1, TO, npene-

.1
Operasi BeJIMUHHOM —2~Ah o cpas-

HEHHIO C [y, MBI NOAYYHJAH  pe-
3YJILTAT, Maj0 OTVIHYAIOIHACA OT
TOYHOTO:

h = h, %— = 13 ™.
0

128, Tak xkak mnocje ycraHOB-
JIEHHs1 CKOPOCTH KOJIblia €ro KH-
HETHYECKAsl JHEPTUST HE MEH ACTCH,
H3MeHeHHe TOTEeHIIHaJAbHOH 3Hep-
THY JOJKHO OpITh PaBHO TeNJo0-
BLIM [OTEPSIM B KOJBIIE.

Ecan ycraHoBuBIIAsics  CKO-
pocTb Koabua pasHa v, To DJC
HHAYKUHH, B036GyxKAaEMOU B
KOJblle TNpPH €ro ABUIKEHHH, TI0
MOAYJIO PaBHa

@
P
At
3nech, @O — MATHUTHLIE IOTOK,

NpoHU3HBAIKA Koabiio. Tak
KaK

® =8 = %08, (1 + aH),

4
TO
AD _nid?p AH - o
At 4 % A
Ho
AH
Al
Iloatomy °
Jtd?

112

H HO KOJbLY HAET TOK
] — ﬂdzBoaU
4R

Ecnu macca koabiia paBHa m
M 3a BpeMs { OHO ONyCKaeTcs Ha
BLICOTY A, TO MO 3aKOHY COXpa-
HEHHA SHePTHH

mgh = I* Rf.
h
Tak Kak - = v, TO

mgv = [*R,

HJIH
ﬂgd“lBgC!ng
Mgy == ————
16
Orcrona
16m
= e
N B

129. Tak Kak f0 NOAKJIOUCHHS
Harpysky MOMEHT BHEIUHHX CHJI,
JEHCTBYIOIIMX Ha SIKOPb, MOCTOS-
HEeH, TO AKOpPL BpallaeTcs ¢ Mo-
CTOSIUHBIM YTIVIOBBIM YCKOpPEeHHEeM
H €ro CKOPOCTb YBEJIHUNBALTCS
HPOTNOPIIMOHANBHO BPEMEHH,

[Tocne moaxk/oueHHsT Harpys-
Ku 110 00MOTKE IKOpSA MOHLET TOK.
Biarogaps stomMy Ha fKopb B
MAarHuTHOM MOJIe CcTaropa OyAer
LeHCTBOBATH. MOMEHT CHJ, [Ipo-
NOpUMOHANLHBIH (KAaK H CHJQ,
JEHUCTBYIOUAA B MAarHUTHOM I10J1€
Ha MPOBOAHUK C TOKOM) CHJe TO-
Ka. 3TOT MOMEHT CHJ TOPMO3HT
BpaieHue skopsi. Tak Kak TOK,
HAYIIME o 0OMOTKe daKops, Npo-
nopuuonasen 3IJIC  HHAYKIHH,
BO3HUHKAawIEH B 00MOTKe, a
SIC uHAYKIUH, B CBOIO OYepe]b,
NPONIOPUHOHAABHA CKOPOCTH W3-
MEHEHH 51 MAaTHHTHOTO NMOTOKA, Npo-
Hu3biBaomero o6MOTKY, T. €, yr-
JIOBOH CKOPOCTH BpauleHu sl AKOpH,
TO HPH HEKOTOPOH YIJIOBOH CKO-
pPOCTH ®p MOMEHT CHJbI, AEHCT-
BYIOINEH Ha SAKOPbh CO CTOPOHH
rpy3a, Oyzer paBeH MOMEHTY TOp-



MO3AIUEH CHJIB!, REHCTBYIOUIEH HA
AIKOph B MAarHHTHOM noJje. 3Ta
yIJoBasi CKOPOCTb ®g H eCThb
CKOPOCTb YCTAHOBHBHIEIOCH Bpa-
LIEHHA SKOPSH.

I'paduik 3aBHCHMOCTH CKOPOCTH
BpalleHH A SIKOPHA OT BPEMEHH no-
Ka3aH Ha pucyske 187 cnuomnoi
JIUHHEeN p1Jis cJyyasi, Korjia CKo-
pOCTH BpailleHus SKOPS B Mo-
MEHT MOAKJ/IOYEHHS Harpy3kH Obl-
Jla MEHbHIE ®), H NMYHKTHPHOHN —
VI cayyas, Korja ona Owiia
GoJbIE  Op.

130. Korna paccrosuue [ mex-
Ly KyOHKamMy MHHHMaJabHO HJIH
MaxkcuManabHo, ofa KyGHKa JBHU-
XKYTCH C ORMHAKOBOH CKOPOCThIO

¢ U KHHeTHYeCKas 9HepI‘HH
9 mu?

CH-

CTEMEI paBHA = muy?.

[Tpu »ToM noreHuuanbHas 3Hep-
THSl CHCTEMbl paBHA NOTEHIHAJb-

HOH 3HEPrHH CIKATOH MNPYRUHHI,
2

kx
T. e.f—z— (TIe U3MeHeHHe JUIMHBI

MPYKHHBl CUMTAETCH  TNOJIOXKH-
TeJNIbHBIM, €CH AJUHA [ mpyxu-
Hbi MeHbiie [y, U OTPHIATENb-
HbIM, €CJAU JJMHA [ TIPYXKHHE
Gonbiie lo). Ilomnas sueprus cu-

CTEMBEI paBHa CYMMe KHHeTuye-
CKO# U NOTEHIIHAJbHOH 3HEPTHH,
kx?

T. €. mvz—i—T, Tak  xaxk

3Ty 3HEpPTHIO CHUCTeMa npHoGpena
Grarogapsi pabore cuiet F, T0O

b2
FL = m® 4 J;—, (1)
rne L -— paccrosiHbe, — KOTOPOE
npouies  JieBHIH (0 PUCYHKY)

KYOHK K TOMY MOMEHTY, KOrjaa
IJUHA TIPYXKUHBI CTajia MHUHH-
mancHoii. Ecam S - paccros-
HUEe, TNpOHAEHHOEe LEHTPOM Macc
cucteMet (puc. 188), TO

1 1
L VA A

CxopocTh v KYOMKOB paBHa
CKOPOCTH LEHTpPa MacC CHCTEMBI.
Tak kak Ha cucremy JAeficTByer
NOCTOsAHHAS BHEIIHAA CHJa, TO
HEHTp MacC JBHIKETCH paBHO-
YCKOPEHHO C YCKODEHHEeM g == i,

m
IlosTtoMy, o0Go3nauuB Yepes ¢
BpeMsi OT MOMEHTa Hayaja JBH-
XKEHHS A0 TOTO MOMEHTa, Korja
IJUHA TPYXKUHEL CTajla paBHa
ly ~— X, MOXHO 3anHCaThb:

al* | x
v=af, L =—+4 —.
2+.‘2

[ToncraBiss T4 BHIpaXKeHU A AJ9
vH L B ypasreune (1), nomyunm:

F('f{— é) = ma’f? 4-

kx?

2
Orcrona
Feg2 X F22 fex2
AF —
4m 2 4m + g’
HJIH
Fx = kx

F
Cnepnoearenbio, x; =0, x, = -

Taxum obGpas3oM, MHHUMAaJbHOE
paccTosiHHe MeXAY FpysaMH pas-
HO

F
k
a MakKCHMAJbLHOC —

L= lg— 5, =l

131. Kamepa-o6ckypa — 3TO
KopoGka ¢ oteepctHeM. Ha doro-

L=S+ —5—

e, &, X

1
Y

S

Puc. 188
113



NJIEHKY, TOMEILEHHYI0O B KaMepy,
nonagaeT IUHPOKHH TNy4yoK Jy-
yell, MAYIMUHA H3 KaXI0it TOUKH
(oTorpadupyemMoro o0beKTa
(puc. 189). Has toro 4roGH TUEP
Ha (ororpadut noay4yHiacs MOJO-
caThM, MUIWILALKH, HA KOTOPHIE
NnonajaoT Jayds, HAYUIHE oT
GJzKaRIuWX TOYEK COCefHUuX TOo-
JIOC Ha IIKYPe Turpa, He ROJIXK-
Hbl TNepekpbiBathcsl. Jlasi 3T0rO0
HeoOXonumo, 4TtoObl MJIEHKA Ha-
XOoiuJaackL ¢T OTBEPCTHsA Ha pac-
CTOSIHHU

X > -——d——.
2tz a
Tak Kak
I
—2-1
tgoc = ’
L4 x
TO
d
X > __Ll:if_)_..
I
Orcroia
d
x> — L -
1'(1 — dji)

ITockoabKY —dl—<< 1, 7t0, npe-

neGperasi 3Tofl BEJNYWHOH IO
cpaBHeHHIO ¢ 1, nmoaywum:

x>-—d7L—-—_IQ CM.

Mxak, raybuna kaMepsl JOJXK-
Ha GwbiTh GoJsbuie 10 cum.

it4

132. Jlns npoBejeHHs H3Mepe-
HUi yA00HO NOJB30BaTLCS YyCTa-
HOBKOH, CXeMa KoTopoH TMpHBe-
neHa Ha pucyHke 190, Hamenss
HanpsXeHde Ha JaMIie ¢ TOMOILBIO
NOTEHHOMETPA, TNPOUM3BOTAT Ce-
pUI0 U3MEPEeHHH CHJIBI TOKa, NpO-
Xonsulero yepes Jjamny, M Ha-
NpsKEeHHs1 Ha Hel. 3areM IO
pe3yabTaTaM KaxJoro H3MepeHHs
PacCuYU THIBAIOT COMPOTHBJ/IEHHE
JIAMITbL:

U U
Rl'z“]—!"'l', Rzz}f,...
[To 9THM JaHHBIM CTPOAT Trpaduk
3aBHCHMOCTH COTIPOTHURJIECHH A
Jamnbl OT CuJasl Toka. Poct co-
MPOTUBJAEHUS JaMnbl NPH  yBeJu-
YegHH CHJAB TOKa OObACHAETCS
TEeMIIepaTypHOR 3aBHCHMOCTBIO CO-
NPOTUBJIEHUS HWUTH JaMITbL,

133. [lpu norpymeHud OIHOTO
H TOIO e rpy3a B JBe pasjuu-
HEle XUIAKOCTH apXHUMEJOBH CH-
Jul, JedCTBYIOUHEe Ha Hero, onpe-
Ne/ISII0TCA TaK:

Fy = 0,8V, F; = p,gV, (1)

rhe p; U P, — MJIOTHOCTH KHJKO-
crefi, H3 KOTOPHIX OJHA (Hanpu-
Mep, p;) Heu3BeCTHa.

Beanuuunt F; 0 Fy MOXHO OIl-
peneJuTb IO pPasHOCTH ToKasa-
HUI OHHaAMOMETpd, K KOTOPUMY
nojBeileH Ipys, Bcaydasx, Korja
NOCJICIHUH HAXOJNHUTCA B BO3JY-
Xe H B xugKkocTAX (puc. [91):

A o~

T F © ©®
I

Pue. 190




foord ~ fén funfa frufraja o
Jos b jam ben b findrs | =1

Puc. 191

Fi =P -—P,F, =P —P,, 2
rne P — nokasaHWe JHHaMoMeT-
pa, KoTfia r'pys HaXoJMUTCS B BO3-
nyxe, Py u P, —nokasanus JIu-
HaMoMeTpa, KoOrja Tpy3 Haxo-
JUTCS B KHIKOCTAX C H3BECTHOM
H HEH3BeCTHOH TIJIoTHoCTAMHU. M3
paBenctB (1) u (2) waxoaum He-

H3BECTHWO HJIOTHOCTH KHIAKO-
CTH.
= f_2_ == f-—z-pl = Pﬁpz%,

134. Ecan conporubnenne R,

BOJILTMETPA MHOTo OGoJblie co-
npotuBieHu#t R, peocrara H R
pPe3HCTOpa, TO IS OINpeae/eHus
COMPOTHBJAEHHA R,  peocTara
MOXKHO COCTaBHTD [I€Nb NO CXEME,
NpHBEAEHHON Ha pHCYHKe 192,

HamepuB mnanpsixkesnue U; Ha
peasucrope U U, Ha peocrare, no-
AYYHM:

_ U Uy
Ry = I Uy
135. Ky6ux  caegyer noxse-

CHTh 32 JB€ HHUTH, K OAHOH K3
HHX HNPHKPENHTh AMHAMOMETP.
3TOM CJly4ae I0Ka3aHHA JHHa-

I
1»!

Puc. 192

MOMCTD& 6}(’,;&"3('1‘ PaBHbI
—. &

=

Ilpy  BbINOJHEHUM  YCJAOBHA
mg < 2 F . HU3MEpPAIOT CUAY
F, a 3areM HaxoJAAT maccy Tena

no topmyane

2F
m— —.

g

136. HanvemM B KasopuMerp
50 r BoAB! M DOCTABHM HA JIEKTPO-
HARTKY. Dbyaem <Cuurazh, YTO
KAJIOpUMETp BpUHUMaeT ©T TJAHT-
KM B €IUHHUILY BpeMEHH KoJnue-
CTBO TEIWIOTHL q. M3mepumM Bpems
Ty, HEOOXQEMMOE LIS TGIQ, YTOGH
Boia Hamnpernacs or 80 go 90 °C.
3aTeM H3MEpHM BpeMsl T,, He-
ob6xonuMoe 1Jis Toro, 4yrolul Bojla
Hcnapuaach (3a Hayalo oTcyera
BPeMEHH TpHHHMaeM Tenepb MO-
MeHT 3aKunaums Bojkbl). TIoCKGJb-
Ky 3HAYeHHs  TemnepaTyphl
80—90 °C u 100 °C 6nm3ku, 6yneM
CYUTaTh, YTO TOJE3HAs TellsioBas
OTJlaya IJIMTKH 1)g B OOOHX Cay-
yasX opuHakoBa., Iloatomy

NgI; = .cm ‘.(‘t‘.ﬁ H-t}l)’ NG1o=—iIns,
nae £ M M — YReIbHaA TemioeM-
ROCTbh H MACCR BOHBL, 7 — YAE/b-
MA¥ TENHOTA BapoetpaseBaHHA
BGYEL.
Orcsana
T.

T
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IMoJyyeHHbI# PE3YJAbTAT HOCHT
OLCHOUHBIH XapakTep, Tak Kak
MBl npexebperiH TEMI0eMKOCTHIO
cocyla H pasjMideM B TEIVIOOT-
JAau€ NPH HarpeBaHMH M KHIEHHH
BOJBI.

137. C noMmolbi0 BecoB OnNpe-
aeasieM Maccy coiu m, maccy M
BOJABI (0O Pa3HOCTH MacCel KaJo-
pUMeTpa ¢ BOJOH H NYCTOro Ka-
Jopumerpa). Mamepsaem Takxe Ha-
YaJIbHYI0 TeMIepatypy BoOIBl .

[Mocae BcuiMaHUS COJMH B BOAY
ee TeMneparypa MOHHXKaeTcs [0
sHaueHus f,. M3 ypaBHeHHs Ten-
JIoBoTO OaJjianca

¢ (m-+M) (fp — 1) = mh

HAaXO[UM YAEAbHYI TemaoTy A
pacTBOPEHHS COJH:

A=c(ly—1)+

138. 3agauy MOXKHO peHNTh,
CpaBHHBasi BpeMsl T; HAaTpeBaHUS
"HabTaJdHa A0 TOUKH NJIaBJEHHUS
(79 °C) ¢ Bpemenem T, nJaBie-
HHS €ro.

Ha ocHoBawun 3akoHa
XpAHEHHs IHEPIUHM 3anuiieMm:

— L), NgT, =

m )

CO-

ngt, = cm (4 mA,
rle ¢ — KOJHYeCTBO  TENJIOTHI,
nojsydaemoe cocyiom ¢ Hadranu-
HOM OT Harpemaressi (3/1eKTpHye-
CKOH IJIHTKH) 3a 1 c.

Orciozna

T

Ty
s Gonee TOYHOTO BLINOJIHe-
HUs paboTol cAeAyeT  (PuUKCHpo-
BaThb Temneparypy HadranuHa ye-

pe3 KaKAYI0 MUHYTY U TOCTPOHTE -

rpaux 3aBHCHMOCTH TEeMIepary-
pel HajTaJuHa OT BPEMEHH €ro
HarpeBanusi. UtoObl mpexoTBpa-
TUTh YMEHBIIEHHE MACCH Belle-
CTBa BCJEACTBHE BO3IOHKH Hag-

116 -

TajqNHa, PEKOMEHAVETCs COCYR 3a-
KpPBLIBATh.

139. Jlas pemieHus saga4y¥ He-
00xoauMo ¢co0paTh YCTAHOBKY MO
pucyuky 193. [lpumenuB ypas-
HEHHE COCTOSIHMS Trasa JJis BO3-
AyXa B Kojbe 10 OTKauku (npH
aTMoC(epHOM JIABJEHUM p,.,) B
rocJ/le OTKAa4KH, NOJIYUHM!

PV = TIRT, pV ="2RT.
Orclona

R = (Pary —p) M

T (my — my)

JlaBnenue p durcupyercs ma-
HOMeTpoM, oO6bem Koabel V aa-
AaH, PasHOCTb MacCce My — My ONpe-
AEASETCsl TYyTeM  B3BeNIHBAHHS
KOJIOHL 10 H NOC/e OTKAYKH, TEeM-
neparypa T duxcupyercs Tepmo-
METPOM.

B uHTepecax 6e30MacHoCTH
cJelyeT NOMeCTHTL KoJaly B Me-
HIGYEeK U3 TKaHu. : :

140. [Ins uccnenoBaHus 3aBy-
CHMOCTH CONPOTHBJAEHUSI TEPMH-
CTOpa OT TEeMIEPATYpPLl COCTABJIfA-
10T LENb MO CXeMe, NPUBEREHHOH
Ha pucyHke 194. [IpexBaputensuo
TEPMHUCTOP TMOTrPykaroT B COCYX
C BOAOH, KOTOPHIH YCTaHAaBJ/HBAIOT
Ha' 3JIEKTPOIJIKTKE W TNOAOTpeBa-
1oT. Uepes kaxasie 10 °C  usme-
pAIOT CONPOTHBJACHHE TEPMHCTOpA
H pe3y/JbTraThl H3MepeHHH' 3aHo-
catT B Tabimuny. [lo JjaHHBbiM
TabAuLBl CTPOAT TpaPuk 3apu-

”“"“““'l
)

K wacocy

w<HI]
Al

Puc. 193



Puc. 194

CHMOCTH CONPOTHBJ/IEHUS TepPMH-
CTOpa OT TeMnepatypsl. Bojn cie-
LYeT HaJauTb B COCYJ TaKOe KO-
JINYeCTBO, YTOOH HarpeBaHHe HIIO
LOCTATOUHO MEIJIEHHO, TEPMHUCTOP
XOpOLIO MNpOrpeBajics M MOXKHO
OLLI0 yCneTb CHATbL NOKA3aHU S
NpubopoB INpu JAHHOU Temnepa-
type. Kak npasuao, y Tepmu-
CTOPOB CONPOTHUBJIEHHE TPH PoCTE
TeMneparyphbl nagaer.

141. MupykTtuBHOEe  COMPOTHB-
JI€EHHE KaTYLIKH MEepeMEHHOMY TO-
Ky C YacToTOH Vv onpejensiercs
(bopmyaoci

XL = 2nv[..

Ecau akTuBHOe CONPOTHBACHHE
KaTYLIKH 3HaYuTe/lbHO MEHbIE ee
HHAYKTHBHOTO CONPOTHBAEHHU A
(151 KaTyleK HIKOJbHOTO TpaHC-
dopmaTtopa cooTnouenne R & X,

BHINIOJIHSIeTCA), To 3aKoH OMa 141s
ernu, cxemMa KOTOpPOH  H306pa-
)KeHa Ha pucyHke 195, 3anumier-
cA Tak:

Orcrona

T omvl

Ecau y4yuTBIBaThH aKTHBHOE CO-
npoTuBJ/ieHHe R KaTYIIKH H, cie-

(7).
U

Puc. 195

JoBareJ/ibHO, 34lUCLIBATL 33aKOH

OMa B BUIE
U

V RE X2

TO AJNS HHIYKTHBHOCTH KaTYIIKH
NOAYYHM CJACAYIOLYIO (OpMYyay:

¢

. 1'U?— [2R?
L= 2nvl
AxTuBHOE comnporusieHne R

MOKHO HM3MEPHTE OMMETPOM.

142, Ins toro ytobel JpoOHH-
Ka Hauya/jsa TOHYTb, HET Heo0Xo-
JAMOCTH B TOM, 4TOOBI pacTasn
Bech JeA. JlocTaToyHO TOro, 4To
CpefHasa TJIOTHOCTb Jblla C JApo-
OUHKOH CTaHeT paBHa IUIOTHOCTH
Bogel. [LEcanm Maccy ocCTaBLIETOCS
npu 3TOM Jbjla 0603HauuTh M,,
TO YCJOBHE TOrO, 4YTO JPOOHHKA
HayHeT TOHYTb, 3alHIIETCs Tak:

M, +m
|4

Ho o6pem V abpa u apoGHHK U
paBeH CyMMe MX 0OODLEMOB:

= Py

[TosTomy
M1+ m = pa(% +_£fl_)
Pa OcB
Orcrona

Ml —m (Dcs — Pp) Pa _ 8,2 .

(05 — 01) Ocs

Pacraate ponxHa Macca Jibja
AM == M —_ M1 =
= 100r —82.5r=259 r.

17




ﬂ.ﬂﬂ 3TOTO HEeoOXOAUMO KOJHYe-
CTBO TeII/1OTH

Q=2 AM =
= 3.3-10% Tsk/xr-59- 10~3 xr=
= 19,5.10% [Ix.

143. Bosmoxuas cxema MNoxa-
sawa Ha pHCyHKe 196. Ilpn nou-
KJIOUEHHH TaKoTO SIHKa K HC-
tounuky ¢ JIC &, no uenu po.-
KEeH HATH TOK

]’1 — év - éul. (1)
R--r

[Tpu MOAKIIOUEHHH K SIUKY HC-
rouHuka ¢ JICé, no venu nofijger
TOK

Ea— &
I, =222, 2
y = @
Pemag coemecrHo ypaBrenus (1)
1 {2), HalaeMm

g .Mt hE g p
I+ 1,
R =1 Om.

144. llepemymepyeMm rpysnl TaK,
KaK MokasaHo Ha pucyHke 30, u
6ch X HalpaBuM BIpaBo. ScHo,
UsQ TOFAZ WH ORMH U3 TPY30B He
M@KET UMETh OFPHUATEALHOTO YE-
KOPEHMSL..

Hoxaskem, 470 Tpy3pt 4 H 4
JBUKYTCS Kak onno nenoe, Jlist
3TOTO TNIPELMERAOXKHM [POTHBHOE!
NyCcTb TPy3 3 CKOJB3UT MO TPy-
3y 4. Ferna mexay Wavid BOSHU-
KaeT CUJAa TPCHUH

FT]J = pmg,

e

geous,
Puc. 196

118

a4 B HUTH BO3SHUKAET CHJA YIIPY-
roCTH
T > umg.

[Ipy sTOM Yyekopeuue rpysa 2
Obl71o Obl HalpaB/eHO BJEBG, 4ET0
He MoxeT OunITh. Cle0BaTeNbHO,
ycKopeHHus rpysos 2, 3 U 4 eoau-
HakoBol. O003HauuM  YCKOpeHHe

5THX TPY30B uepe3 a,, a yCcKope-

o
Hue rpysa / uepes a,. Tenepsp
pacCMOTPUM JBa CJay4as.
Cnyuyait 1. Ilycts rpy3u
I v 2 HaXo#sTCs B OTHOCUTEJABHOM

— —
nokoe u q; = a,. (O6o3HaYuM Mo-
IyJIb CUJILI TPEHHS TOKOS MEXIY
HUMH yepe3 Fy, MOJAYJb CHJLI
TPEHUS MEXLY Trpy3amu 3 U 4
yepes F, u MORYJ/b CHJBI YIIPYTO-
ctyd uutH uyepes T. Torna:

st rpysa [/

F—F, = Mg,
IJis rpysa 2

F, — T = ma,,
s rpysa 3

T — Fy, = ma,,
st rpysa 4

Fy = Ma,.

Pemmast 3Ty CHCTeMY YpaBHEHMH,
AOdyIaeM:

_ 2m+4M —

b2t 2 (M +m)’

IDT0T Ke pe3yabraT MOXKHO Mo-
Jy4uTb U Apyrum nyrem. Tak kak
TPEHHE MEXKIY BCeMH II0BepXHo-
CTSAMH SIBJISIETCH TPEHHEM MOKO$,
TO CHCTEMAa TPY30B JBHXKETCH KakK
ollHo Tesio ¢ mageodt M= 2(M-+-m).
[Tosromy

F, qy=a,

—

- - - - F
F-——MCZI, Efl—azﬁm.
Cayuaiu 2. [lyers  rpys 2

cxonpzmt wa rpyszy F. TForma ma



rpy3 I JeACTBYET CHJa TPeHHSA
F., = umg

H 3TOT IPY3 MOJYYaeT YCKODEHHE

F —pumg

a]_:
m

CucreMa rpysoB 2, 3 u 4 1BUIKeTCH
KaK OJHO Teao, Macca KOTOpOTro
My =2m + M ¢ ycxkopeHuem

umg
2m -+ M

IlepBelit cayuaipl peanusyercs,
eCJU

a, =

2um (m - M) g
2m 4+ M '
145. KonbkobGexiy

IIEHTPOCTPEMHTENbHOE
HUE CUJIa TPEHHSA O Jej

F‘rp“_“p‘N’

F2>

coofniaer
yCKope-

raze N —cuja HOpManbHOH peak-
nuu asaa (puc. 197, a). Tak kak
KoHbKOGEKEL, He IepeMelaeTcs
B BEDTHKAJABHOM HalpaBJ/eHUH, TO

cuna N paBHa 1o MORyJawo nefi-
CTBYIOIIEH HAa KOHbKOGeXKpna cuJje

Taxectn Mg. [lostomy

v

m
F,=nmg u 3 = umg.

Orciona
=V ngR.

Jlenasi moBopor, KoHbKOGEKEN

Ay

IPOXOAUT PACCTOSIHHE
S = nR

3a BpeMs
8

t=—-=g]/R. (1)
v ng

UeM OGoJblie paguyc OKpYX-
HOCTH, TIO KOTOPOH [BHKeTcH
KOHbKOOeXKel, TeM GoJblie 31O
BpeMsi. XOTS C yBeJAHYEHHEM pa-
A¥yca IOBOpPOTa pacTeT MAakKCH-
MasibHasi CKOPOCTb KOHbKOOEXK-
ia, ewe OoJsbiie YyBeIU4HBAETCH
NPOXOAHMOE HM pPacCTosHHE: B
TO BpeMsi KaK CKOPOCTb NpPONOp-

unonanbna ) R, npofiiensoe pac-
CTOSIHHE NporopiHoHatbHO R,
HmeHHO mosTomMy KoubKoGexen H
crapaeTrCsi NPOHTH IIOBOPOT Kak
MOXHO OJuXKe K BHyTpeHHefi
GpoBKe.

Teneps paCCMOTpHM TBUIKEHHE
BE/JIOCHTIEIUCTA HA HAKJIOHHOM
Tpeke. EmMy 1ueHTpocTpemuTe/b-
HOE YCKopenue coolujaer paBHO-

NeHCTBYIOWAA CHALl TpeHus F
_—

P
H cuanl N peaknuu  ONOPHI
(puc. 197, 6). CnpoekTUpoBaB 3TH

cuJbl Ha ochb X, mosyyaem:
2

F.,cosa 4 Nsina =”-;i. (2)

Tax Kak B BePTHKa/JbHOM Ha-
NpapAeHUH BEJOCHTIEEHCT He nepe-
MELIAerCs, TO CYyMMa NpPOEKLHEH
Ha oCh Y BCeX CHJI, JSHCTBYIOILHX
Ha BEJOCHIENHCTa, PaBHa HYJIO
N cos o—F,, sin a—mg = 0. (3)

Yuurbias, 9ro £, = pN, Hai-
neM U3 ypaBHeHHU (2) H (3) Mak-
CHUMAJIBHYIO CKOPOCTb, € KOTOPOH
MOKeT JABHIAThCH BeJOCHIICAHCT:

_ pttga
U == VgR I —ptge’

3Ta CKOPOCTH  3aBHCHT  He
TOJILKO OT PAJHyca OKpYKHOCTH,

HG M OT yIJla HAaKAOHA TpeKa K

ropmseury. Ilpn ToM mpofpuae
TPeKa, KOTOPLIY HOKASHEH WA Pe-
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. -
_ T
— | AW
s
! N
Puc. 198

cyuke [97, 6, yroa Hak/joHa He
meHsiercsa. Ecmu o = o, = arctg
(1/u), TO MakcuMasabHasi CKOPOCThb
JABHXKEHH S BeJOCHMNeNUCTa MPUHHU-
maer GeCKOHEeUHoe 3HaueHHe. ITO
3HAYHT, YTO CKOPOCTb BEJOCHIIe-
AHCTa MOMeT OwiThb J1060MH’,

Bpems, HeoOGxopumoe  BeJO-
CUNEeRHCTY AJS TOro, 4TOGEl NIPOi-
TH TIOBOPOT paauyca R, ompeje-
JSIeTCs TaK:

; — ]/ l——utgoc::

g httga

R

Ecan BejocunegucT NPOXOguT
NOBOPOT Jajblue oT OpoBKH, TO
MEHSIETCSl He TOJbKO pPajiyc Io-
BOPOTa, HO W Yro/ ¢ HAaK/oHa
TpeKka K ropusonty. DBaaropaps
3TOMY YMEHbLIAETCH BPeMsi Mpo-
XOXKJEHUS MOBOPOTA.

146. Kaxnas U3 njaockocre Ha-
XOILHTCS B paBHOBecHU OJaropaps
JAEHCTBUIO HA HEe TpeX CHJI: CHJbI

—3
ynpyrocti T', nefcTBytolei co cro-

POHBL JHHAMOMETPA, CHJALI Fy naB-
JeHHs1  atMOC(EePHOro  Bo3JyXa
(Fo = pS) u cusbl peakiuu noay-
cdepnt (puc. 198). B ToT MoMeHT,
KOIJla MJOCKOCTb OTPhIBaeTcs OT
nojaycdephl, cHJla peakiMd MOJaY-
cpepnl paBHa HYJI0; MO3ITOMY
Tune = Fo = poS = ponR® ~
- = 12,6-10° H.

1 CKOpOCTb BEJIOCHIIEJHCTA B 3TOM
cayyae GyAeT onpeAensaATbCs CHJAaMH Co-
NPOTHBJIEHUSA H MOLIHOCTBIO, pa3BHBae-
MOH HM,
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147. Tak Kaxk 1apuK nJjaBaer
Ha NOBEPXHOCTH BOAM, TG IJOT-
HOCTb MaTepHaJjla miapuKa MEHbHIE
MVIOTHOCTH BOXHL 0, < p,. Ilpen-
MOJIOKMM, YTO HIAPHUK HAXOXHTCH
Ha paccTosiHuk R oT oCH Bpaiuiaio-
[eroca cocyna.

Ecaun Gbl IVIOTHOCTE LIapUKa
Oblia paBHA IJIOTHOCTH BOJABI (P,
OH Haxomuacs Obi Ha HEH3MeH-
HOM DAacCTOSHHH OT OCH Bpaule-
Husi.  LlenTpocTpemMuTeIbHOE YC-
KOopeHue TaKOMY IApUKY coobia-
JMa Obl paBHOJACHCTBYIOLIAA CHJILE
TSKECTH M CHJ JaBJ€HUS OKpY-
}KamwIlled BONbL. Jta paBHONEHCT-
ByIOUIas MO MOAYJIO Oblia Obl
paBH&

mo’R = p Vo’R,

rie o — YIJoBasi CKOPOCTb Bpa-
imenus cocyaa, ¥V — obGbem mia-
pHKa.

Ha wmwapuk njothHoctu @, MNO-
MEIUCHHHIA B TY Ke TOYKY, CO CTO-
pPOHBI OKpYyXaloied BOALI JAEHCT-
BYET TOYHO Takas e CuJ/a, KOTO-
pas Temepb CooflLaeT IapukKy
yCKOpEeHHe

Pe 2R,

Ow

Aro yckopenue GoJblile HeoOXo-
JMMOTO JJ1sl BpallleHH sl N0 OKP Y-
HocTH paxuyca R. CiepoBarenb-
HO, wWAapuK OyjeT NpHGAHKATLHCA
K ocH BpaileHus cocyna. Caeno-
BaTeJIbHO, TOJOXeHe PAaBHOBECH A
LapHKa HaxXoRMTCSl Ha OCH COCY-

=

Ja. _

148. CeBeT 1POXOIUT CKBO3b
CTEKJISHHYIO MNpU3My 3a BpeMA
f=L
c c

Ilpuama 3a 3TO0 BpeMs nepeme-

IaeTcsl Ha paccTosiHHE



Ha st1o paccrosmue cokpataercs
IIyTh CBeTa B Bo3AyXxe (1o cpas-
HEHHIO C NTyTeM, NPOXOAMMEIM CBe-
TOM B cJyuae, KolJa npusma He-
NOJABUXKHA). 3HauWT, Bpemsd, 3a
KOTOpO€ CBeT AOXOMMUT JO0 3KpaHa,
COKpalaeTcss Ha

At = F o U
c c2
3ameTuM, 4TO TNpH ydeTe pend-
TUBUCTCKHX 3GPeKToB CKOPOCTH
cBeTa B JIBHXKYIUEHCH CTEKJsIH-
HON TMPHU3ME HYKHO CYyuTaTh paB-

HOM He ¢ = 2, a
n
o — ¢ v __:(c—l—nv)c
llfl nC—]~U

B 10 Xe BpeMs AjauHa NpU3MBI B
HEMOJABHXKHON CHCTEME KOOpAMHAT
paBHa He /, a

zfzz‘/l—-’:‘f.
o2

To3TOMY HYXKHO YUYHTHBATL He
TOJIBKO YMEHBILIEHHE NYTH, MpO-
XOJIMMOTO CBETOM B Bo3nyxe GJa-
rofaps JBHXKEHHIO INPU3MBL, HO
H YyMEHbIUEHHE TIYTH, MPOXOJH-
MOTO CBETOM B CTEKJE.

149. CroikHoBeHUs TeJa mac-
CBl My C TeJdaMH MacChl my; H
mg OYAYT HPONOJKATLCA JO TeX
nop, NMoKa ero CKOPoCTb He CTaHeT
MEHbIIE CKOPOCTH OJHOTro U3 Te
(my naw mg). Ho Tak kak m; >
> my H mg > my, TO HM-
NyJbC U SHEPrud Tejga MacCoit my
OyAeT MHOTG MeHbille HMIYJbCa
M SHEpFHHM STHX TeJ C MacCaMH
m; u mg CaegoBarenbHO, 3alH-
ChiBasg 3aKOH COXPAHEHHA SHEPIHHU
H MMIIyJbCa, MBl MOXKeM He YYH-
TLIBATh SHEPTUH H HMIYJbCA Teja
Maccod m, nocjae IIpeKpauleHus
cTronkHoBeHHi. O6Go3HauHB yepes

-> —

U, H U3 CKOPOCTH TeJ C MaccamH

mMy H Mg TOCJe TOro, Kak mnpe-
KpaTaTCsl CTOJKHOBEHHS, MOMKHO
3aMucaTh: -

2 2 2

Pemraa 1 ypaBHEHHSI COBMECTHO
W  yYUTBIBAs, UTO My > My, H
mg > m,, HAXOMHM!

—
U =10 ]/mlﬂ13 + m?’

T
Us =0 ]/mlm3 +md

150. [locne ynapa o CTyneHb-
Ky B Touke A (puc. 199) cxopocrh

v mapa OyneT HampaBb/eHa nep-
neHnukyaspuo panuycy AO. [pu
HanbHeHIIEM IBUXKEHHH Iiapa ero
ueHTp Mmacc OyIeT ABUTaTbCs IO
OKDYZXHOCTH pajHyca R C UeHT-
pom B Touke A (Tak Kak R > a),
H 0 HOBOFO yJapa mapa ¢ CTy-
NEHbKY [EHTP MacC ONYCTHTCH
Ha BHICOTY a&. B TOT MOMEHT,
KOrja map VJIapuTcsa O CTYMNEHb-
N

Ky B Toyke B, ckopccTk v, ero
LeHTpa Macc OyneT TakoH, 410

2
moy  mu?
2 2 + g ?
OTKYyJ4a
v, = Vo + 2ga.
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Ilpp HeynpyroM yEape O CTy-
NeHbKY BHOBbL COXPAHRAETCHA JHIUL
COCTaBJIAIOIASA CKOPOCTH 1Hapa,

pneHIMKyasipuas paguycy. Ilpu
YCTaHOBHBIIEHCA cpelHell CKOpo-
CTH JBHMEHMHA IUapa 3Ta COCTaB-
JSIOIas, OYeBUAHO, A0JKHA ObiTh

paBHOH v. Tak KaK
v = y; COS &,
TO
v =) v* + 2ga cos .
Ho npu a € R nonyuaem:

a2

o~ —F

R COS =1 —sintax

2a2
~ ]/1 -— '—R—z‘.

CaenoBarenibHO,

U= l/(v2 4- 2ga)(1 —

OTKYJa

- le/“ﬁz
vmV--—;;—g~ g -

151. PaGora, CoBepHIeHHAf
NOpLIHEM, Onpenensiercss ¢Gopmy-
JIOU

2a
RZ

A = pV.

Dra paGora U paBHA U3MEHEHHIO
KHHETHYECKOH JHePruu BOJHL.

152. Hadfinem wmaccy BOASIHBIX
napos, o0pas3yoOIUXCA NPH  Cro-
panuud Maccel m Bojopona. M3
yPaBHeHHs1 peaknud TOPEeHHS BO-
Jopojna

2H, + O, = 2H,0

BH/IHO, UTO IBE MOJEKYJHl BOJO-
polla COeIMHAIOTCA C OHOM MOJie-
KYyJaoR Kucjopopa. B -pesysabrare
NOJIy4atoTCsl IBe MOJIEKYJbl BOJSA-
HOro napa. Jt¢ 03HayaeT, 4To JJs
CrOpaHHf OJHOTO KHJIOMOJA BOJAO-
poja HeoOX0AUMa NOJOBHHA KUJO-
MOJISl KHCJOPOAa M B pesysbTare
peakuyH nojydaerca OAMH KHJIO-
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m
MOJIb BoAbl. [Ipu cropanun v= —

KHJIOMOJIEH BOZRDPORA MOJYYHTCH
CTOJIHKO IKEe KWIOMOJieH BONAHOIO
napa (rae M, = 2 xr/xmoas). Tlo-
3TOMY TNIpH CTOPanud MacChl m
Boopojia IMoJy4aeTcs Macca

|
mlvaU=~é§m=9m

BOAAHOTO Tmapa {rne M, =
= 18 Kr/kMmo/b). Jta Mmacca Bo-
INSIHBIX TIapOB BHUTETAeT H3 COMJia
nBurartens sa ! c. Tak kak mjo-
ajk BBLIXOAHOTO COIMJAA ABUra-
TeJMIA H3BeCTHa, MOMXKHO HaHTH

—

CKOPOCTb U rasa, BRIXOJSIIETO U3
conna. 3a | ¢ W3 conjsa gpurare-
J5 O6yRer BuiOpomeH oGbeM napa
V = vS. Ecau mJoTHoCcTb mnapa
paBHa @, TO Macca 3Toro o0beMa
napa OyjeT paBHa

m; = pusS.
Orciona

my S

U= = —.
pS S
M3 vypaBrennsa Kaanefipona—
Mewnjeneena

pV = ?MfLRT

(rme R — rasoBas TOCTOSIHHaA)
HaX0/HM HEH3BECTHYIO TJIOTHOCTh
napa:
p = m pMy
Vv RT
Tax Kax 3a Bpemsi Af U3 conja
pakeThl BLIGpAcLIBAETCA Macca Na-

—
pa m,Af ¢ umnyascom m;At-v,
TO Ha ra3 JIeHUCTBYeT CuJja

e Al .0
Fi = ———

A1
Taxad e N[O MOAVAI CHJA, HO
Haupap/eHHas B NPOTHBOTIOONK-
HY1O0 CTOPOHY, IEWICTBYCT HA ABH-

-
=== !T?lv.



ratenb. [losnas, cuia, pefcTByio-
nias Ha JABWTaTelb (CHJIa THATH
nBUraTtens), paBHa CyMMe peak-

THBHOH CHJBl —F; U CHaBl CTaTH-
yeckoro papJienus F, = pS, T. e.

F=muy-+4 pS =
2
~ pvS = BIn*RT
pSM,

O6riugo conaa pakeTHbIX JBH-
rateled yecTpoeHnl Tak, 4YTO Las-
Jletine p rasa, BBIXOJSIHIETO H3 COTl-
Ja, MaJjo. [lostomy BTOpoh ujeH
B BblpaxXeHHMU JJIS CHJB  TATH
ABuratess Majg 1o CpPaBHEHHIO C
nepBbIM M TIpH pacueTax UM MOXK-
HO Tipenebpeysn.

153. [MpuGopsl RYXKHO TOX-
KJIIOYUTE TaK, Kak MoKasaHo Ha
pucynke 200. Toukn O, A u B
NMpH TaKoM MoAKAOuUeHun OyayT
MMETb OJIHHAKOBble TOTEHLHA/bL
(conpoTHBAEHHE aMIIepMETpa MaJlo,
M TMajeHueM HaMpsiKeHUs Ha HeM
MO2KHO npeneCpeun). CrepoBaTeb-
HO, uepe3 pe3uCTopbl, BKJ/IOYEH-
uboie mexay Toukamu O, A u B,
TOK MATH He Oyner. Dro o3Ha4a-
eT, YTO aMIepMeTp TMOKaxKeT TOK,
HAYUH d4epe3 pesucrop, BKJIO-
yennbid Mexjay Toukamn O n C.
BoapTmeTp noxaxer najgeHne Ha-
NpsiKeHHsT Ha 3TOM pe3uctope.
PasaenuB noxasaHue BoOJBTMeETpa
Ha [oKasanue ammnepderpa, Had-
JileM CONpOTHBJEHHe pesncropa.

Puec. 200

154. TlockoabKy HuTE AB oc-
TaeTCs BEPTHKaNbHO#, HA INApHK
mMaccbl M BO BpeMfl JBHXKCHHA
CHCTeMbl HE JAEHACTBYIOT FOpH-
30HTAJbHLIE CHJBL 3JTO. O3Ha-
yaeT, YTO TOPH3OHTaJIbHLIE CHJIBI
He NEeHCTBYIOT H Ha CHCTEMY, CO-
CTOSALLYIO U3 JABYX WAapuKoB M
M, W WAPHKH JOJ/IKHBL ABHTaThCS
Tak, 4YToObl WX LUEHTP MacC He
nepemMeuiaacss B TOPH30HTAAbHOM
HanpasJjenun (puc. 201). Tlosro-
MY MIapHK MacChl M JIBHIKETCS
Tak, Kak OYATO OH TIPHEpEINIeH
K HHWTH JJHHBL X (rAe x — pac-
CTOSIHNE OT IIapHKa A0 HEHTpa
Macc cucrembl). [lepnon woneba-
HHIl TAKOTO MasiTHHKA

T=2m)xg (I
ITOT TepHOJ, OUEBHIHO, PaBeH
nepuoay kKoacbaunii toukn A.
Haiinem tenepn x. Tlo croiicTry
[lEHTpa Mace
xm = (I —x) M.
Orciona
M
. 2
[ToxcTaBanas 3To BEIpaxenne IJas
x B dopmyay (1), noayunm:

———
T — 92 LM
g m-+M
Otclona
[ = T2 m4+- M
42 M

155. Bunauaje Ha BCEe YaCTHLLI
JEHCTBYIOT  OJAMHAKOBBIE 1O MO-
AYyJaio cuabi. Ho macchl mpoToHOB
B 2000 pa3a npeBbILIAIOT MacCHl
MO3MTPOHOB. ITO 03HAYaerT, YTo
yCKOpeHusi MO3HTPOHOB GyayT B
2000 pa3s 6osbuie YCKOPeHUs Tpo-
TOHOB. [103TOMY NO3NTpoMEI OLI-
CTPO PasfeTsiTcsi Ha OecKoHes-
HOCTb, @ 3aTeM MNPOTOHBL OYAYT
PasfeTaThCsl YKe TOJALKO B3auMO-
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S|

Puc. 201

Puc. 202

JEACTBY S APYT ¢ APyroM. 310 JaeT
BO3MOXKHOCTb TIPH  BBIYHCJIEHHU
CKOPOCTEH TO3HTPOHOB IPOTOHBI
CYNTATh HENOJBHKHLIMH.

Haiigem nosanyio norexHunanb-
HYIO SHepTHIO NO3HTPOHOB A0 pas-
Jeta. Ecan 6bl npoTOHOB HE ObI-
J0, TO TMOTeHUHaJbHasA 3HEPrus
B3aUMOJEACTBHA JABYX TMO3HTPO-
HOB Obl12 Obl paBHa

g2
dne,a) 2
310 pabora, KOTOPYIO HYXHO 3a-
TPaTUThL A7 CONHXKEHHSA  ABYX
no3uTpoHoB. [lortenuuan mnoJas,
KOTOPOE CO3J1aeT KaXAbIH H3 Mpo-
TOHOB B TOUKe, TJ€ HaXoAHTCH
NO3HUTPOH, OUEBMAHO, pPaBeH

e

(P 43‘5800'
[TosTOMY mNOMHAA MOTEHUMAJbHAA
sueprus No3uTpoHOB OyJeT paBHA

2 e
W, = —— e
U anega V2 47te,a T
1 1 \e
2 ¢ e — 4 _— ] -
+ 4Tte,a 43180( T V2 )a

Bca sta noredupanbHas 3HEPTrH A
nepeiineT B KHHETHYECKYIO 3Hep-
THIO TIO3HTPOHOB TPH HX pasJie-
te. TloatoMy
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(ckopocti 000HX MO3HTPOHOB HA

GECKOHEYHOCTH OJHHAKOBHI).
Teneps pacemoTpuM pasiier npo-

ToHoB. HMX norteHupasibras 3Hep-

THA [0 pasJjieta, OYEBHIHO,
paBHa
2
W = Ane,a ) g

Jra 3HEpPrnsl NnepexojuT B KHHe-
THUECKYIO 3HEPTHIO NPOTOHOB MOC-
Je ux pasjera:

e? . 2
ey = M @)

rje 4 — CKOpOCThL NPOTOHA.
PasnennB tenepb ypaBHenune (2)
Ha ypaBHenue (1), noayunm:

I M fi)z
AYV2 41 m (v ’
OTKYA2

U m 1 —
7“1//;4 4V§'+1~0’01'

156. CMm. peuienne 3ajauu 148.

157. JI1s BolnosHeHHA paboTH
HeOOXO[HMO CHATbL BOJILT-aMIIep-
Hble XapaKTepPHCTHKH 3JeMEeHTOB,
HaXoLANXCA B 006eHX KopoOKax.
BoJsabT-amnepnass  XapakTepHCTH-
Ka pe3HCTOpa I0/2KHa ObITh JuHei-
HOH, @ BOJbT-aMNepHas Xapaxre-
PHCTHKA JaMmIbl, BC/JEACTBHE TeM-
nepaTypHoi 3aBHCHMOCTH COITPO-
THBRJAEHHST Jammbl, Oyner HMerh
BHJ, TOKa3aHHBIH Ha pHCYHKe
202.

158. KII[L Hak/NoHHOH NJOCKO-
CTH MOXKHO OIPENEJHTb U3 BLIpa-
KeHn A

Ay mgh
W= T R

rie, Kak BUIHO U3 pucyHka 203,
F = mgsina + pmgcos a,

rae W — KO3Q(HLHMEHT TPEeHHA,
0. — YroJl HakJ/JoHa TpHOOMETpHU-
yeCKoi JIMHEHKH K TOPH3OHTY.



Puc. 203

IlosTomy
-

| +pctga

M3 noayueHHoro BolpaxKeHHf
CHO, UTO [Jf OlpefeeHus 3a-
BucamMoctd KIIJ ot yria Hakdo-
Ha TJIOCKOCTH K TOPH3CHTY CJje-
AYEeT U3MEpPUTL KOIPPHLHEHT Tpe-
HHA.

Ecau ap — yros MHHHMAJBHOTO
HaKJOH&, IPH KOTOPOM HauMHa-

eTcs COCKaJb3biBaHne Opycka ¢
TVIOCKOCTH, TO

M

mg sin @y = umg cos dy,
OTKYJla
n = tg .
Takum o6pasow,
1
1 +1goy ctga '

‘159, Jlnst BeMoJHeHrs paGoTH
NoABEeuIHBaIOT CTaJdbHOH H 1Ja-
CTH/AMHOBBLIH HIaPHKH Ha HHTAX
OAMHAKOBOH JJHHH. 3ateM oOfT-
BOAAT OJMH H3 INAPHKOB Ha yroJ
a u ornyckawT ero. [locae ue-
yNnpyroro CoyaapeHHs ILApPOB H3-

MEPHAIT YroJq [ OTKJIOHEHHA CH-

CTeMBI JBYX CJAHNIIAXCA [IapoB
(puc. 204).

M3 3akona coxpaueuns
nyJjsca

mv = (m -+ M)u
MOXKHO ONpefeJHTh MacCy mJa-

‘]":

HM-

Puc. 204

CTHJIHHOBOTO 1l1apa .
Mu
v—u’

rae M — Macca CTaJqbHOCO 1apa,
U — CKOpPOCTh  IJIACTH/JIHHOBOTO
miapa A0 YAapa u 4 — CKOpOCTb
CJAMMNIIMXCA uiapoB Cpa3y xe Inoc-
Je Heynpyroro yaapa.

Bripaxkan CKOpoCTR U H 4 uyepes
JAHHY HATH [ ¥ yIVIBL OTKJOHE-
HUS o H P, nonyunm:

v =V 2gh, =V 2gl (1 —cos &)=
= 251'11%—]/5!,

u=2 sin-%]/é_l.

IToaToMy

B
M sin —
m — 2
a B
S5In — — sint—
2 2
[Torepro MeXaHHYECKOH SHEPIHH

NIpH HEYNPYTOM yJAape IapoB MOx-

HO ONpEeleNuTh caefyomum ob-

pasoM:
; AR _Fmu? (m+M)yu®
K _¥ rw—— ey

2 2

_ 2 &
= QgZ[msm 5
—(m M) sirlz;g-].
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Jona norepsiHHOA  MeXaHHYe-
CKO#l 3HEpTHuH (OT NMepPBOHAYAJNbHO-
To ee 3HAUEHU ) BLIPAXKAETCH TAK:

AEp _ _ m+M sin?Bp2)
E, m  sin? (@/2)

160. Tlonoxure GpyCOK Ha jaBe
JlepeBsiHHble Nanouku (puc. 205)
H HaupHaliTe MeNJeHHO [BHIaTh
OHY H3 MaJoYeK K LEHTPy Macc
O6pycka. Bwl 3amernte, uTO TIO-
IIEPEMEHHO TIPOHCXOAHT CKOJIbKe-
HHe OpycKa: CHauaJa 10 OJHO#H
naJjoyke, 3areM 1o Apyroid. B mo-
MEHT, KOlJa CKOJbXeHHe OpYyCKa
N0 OJHOH TMaJIOYKe CMEHAETCs ero
CKOJILXKEHHeM [0 APYyrol, HMeer
MeCTO PaBeHCTBO

FTpl _FTp2 = 0,
HJ/1H
p Ny — paNy = 0.
Orciona
A
My Ny

Cuspl HOpMaabHOTO faBJeHuss N,
H N, MOXKHO OTNpenesuTh, IpH-
MeHfifl YCJIOBHA paBHOBeCHA Opy-
CKa Ha onopax (OTHOCHTEJIbHO
TOYKH K&acaHust Opycka nepBoi
NaJIouKH):

Nl + N2 "'_'mg: 0,
N]_' 0 "i_‘mgll'__Ng(ll—]_lz):O.

Orciona

_ mgly _mgl
1= Ty Vg = ,
L+ h+1
Ny b
Ny Iy

Cuenosarensso, 115 HCEOMOTO OT-
HOLIEHH A KO3DPHUHEHTOB Tpeumwa
TIOKOf U CKOJIbXKEHHsS Tios yudedt:
M b ’ |
N
161. Onycrure.  CTEKJSHHYIO
TPYOKY B COCYA € XKHIKOCThIO. 3a-
KpBIB BEpXHee OTBepcTie TPYyOKH

126

-
-y,

Ymg

Puc. 205 Puc. 206

U NNOJHAB ¢e, H3MEPbTE H3MEHCHHE

JWIHHBI
Al =1, —

BO3JAYIIHOTO CTON0A HaL XKuj-
KOCThI0 B TpyOre (puc. 206).
Hcnoas3ysa 3akon boing — Mapu-
OTTa, MOJYYHM:

psSh = (p, —pgh)Sl,,

Tie p, — aTMocepHoe  HaBJle-
Hue, h — BbICOTa BOJBI B TpYOKe,
S —ceuyenne  TpyOKH, p —
NJIOTHOCTD XKUAKoCTH. OTCI0Aa AN
NJIOTHOCTH HKUJKOCTH [MOJydaeM:

PA (lp— 1)
& ghli, )
Jlns  yMmeHblieHns TOIPEIHOCTH
MOXKHO HCMosb30BaTh U-obpasnyio
TpyOKy € pe3HHOBBIM KOJIEHOM H
Bopoukoit (puc. 207).

162. B xajopumerp Co CMEChbIO
HaJHBAIOT CTOJIbBKO BOABLL, YTOOHI
BeCh CHer pacTtaf], HO TemIlepa-
Typa MOJyuHBINeNCH BOABI Oblia
pasua f; = 0 °C. 3amuuem ypas-
LEeHHe TemoBoro OaJianca Aad
3TOTO CJy4as:

mlk == Cms (tg —_ 'tl)! .

rje ¢ — YAeNbHasd TellJOeMKOCTh
BOABl, A — yAEJbHAas  TelJoTa
JIasieHHss  JAbJa, m; — Macca
¢Hera, M, — Macca BOJH B CHe-



BOABI,
BOJHL.

re, ms; —Macca BJHTOH
I — TeMnepaTtypa BJIHTOMH
Orcrona

__ gty — 1)
| S Y .
Ilckomoe MNpONEHTHOE OTHOLLE-

HHe R cHera B BoJle BbIpa:KaeTcs
TaK:

— T 100%.

my —+ niy

Beanuuny m, -+ m, MoxHO orfpe-
JleJHTh, NePesuB BCIO BOAY M3 Ka-
JOpPHMETpa B H3MEPHTEJbHBIN IH-
JHHEP U HM3MEpHB IMOJIHYIO MaccCy
BoAbl m. Tak Kak m = m, -+
+ my + m3, 710 my -+ mg =
= m — mg. CJenoBaTenbHo,

b=

— Cm3(f2—f1) 100%.
(m—mg) A

163. B 3710#1 3anaue Tpebyercs
9KCMEePAMEHTAJbHO  HCCJAEN0BaTh
3aBICHMOCTL TNepnoja KonaebaHHH
(bu3nyecKOro MafiTHHKa (JINnHed-
KM, COoBepluaiouied kKoJebaHus BO-
KpYyr TOPH3OHTAaJBLHOH OCH) OT
paccrosiHust [ MeX1y TOUKOH TOA-
BeCa U LEHTPOM MacC JHHEHKH

Puc. 207

(puc. 208). Ananus sTOH 32/aWH
C KaueCTBEHHOH CTOPOHHI TNOKa-
3LIBAET, YTO HApPH MaJkiX U 60Jib-
IHX 3HayeHHnx [ mepuoj KoJe-
GaHWIL CTPEMUTCH K OeCKOHEYHO-
CTH (T = o0 npul = 0ul = o0),
CnenoBarenbuo, dynkuua 7T (I) 6y-
JE€T UMETb MHHHMYM TIpU HEKOTO-
POM KOHEYHOM 3HaueHHH [.

Pelnenne 3apaun yc/aoxunsgercd
TEM, YTO B CIHCKe OBOPYAOBAHHSA
HE IMpeAaaralTCad 4Yachl, Heo6-
XOJHMbIE /1 A3MEpeHnd NepuoAa
KOJ1Ie0aHN{I MafTHHKa. DTy TPYA-
HOCThH MOXKHO [peoJoJeTh C To-
MOIIbBIO  BTOPOro (PH3HUECKOro
MasATHUKA, KOTOPBLIA MOKHO HC-
NOJIL30BaThL Kak 3TaJOH BpeMeHH.
Ob6a (u3HUEeCKHX  MAasITHUKA —
HCCJleayeMblii U ITANOHHBLIA —
cJieflyeT 3anyCTHTh OJHOBPEMEHHO.
Jlas cpaBHEHHA NEPHOAOB KoJie-
6aHMHd 3TUX MaATHHKOB MOJXCYH-
THIBAIOT YHCJIO KoJeGaHui ny U fg,
KOTOpBIe COBEpIIAlOT MafiTHHKH K
TOMY MOMEHTY, Korja Hx koJjeba-
HHS CHOBA CTAaHOBSITCA CHH(DA3HBI-
mu. Torga

Tlnl = Ta'r nns
OTKY/a
T,="2T

aTr*
1

Tak mepnoj koJebanwi (pHanye-
CKOFO M3ATHHKa NPH PasduyHbLIX
sHaueunaX [ GYAET BHIpaxXaThCH
yepe3 HepHoA  kKoaebamuid Ty
STaJIOHHOTO MAaSTHHKA.

164. Flonoxute HAQCKOTIa-
paNNIeNpHYIo IEACTHRY Ha Gymary
H OUYCPTHTE ee KapaHRamoMm. 3a-
TEM BpOBEAHTE Ba JHCTe OGyMaru
BRAMYI® HOL HEKOTOPHM YFIOM K
rpaHuie pasfela JByX cpex
(puc. 209). C apyroii CTOpOHH
NAACTHHL TNPHAOKATE JARACHKY
TaK, 4TOOBl €€ HanpaBueHHe coB-
NAJI0 ¢ BIAMMEIM CRBOGH TLBACTHHY
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[ooloXoX NoXoNoIN

Prc, 209

Pue. 208

NPOJIOJIZKEHHEM HayepyeHHOH pa-
Hee JquHHH. COeMHHB MNOJyYeH-
uoie Toukd Op # Oy, MONYUHM XOJ
npeJoMJIeHHOTO Jy4a B IIJIacTHHE.
[IpoBensi OKpYXKHOCTH MPOH3BO/b-
HOTO palnyca M ONYCTHB MepIieH-
JUKYA9pel a U b Ha nepne’inky-
JAp K TpaHuue pasjeda AByX
cpen, TMoJy4YuMm JAqf ToKasaTtess
npeoMJIeHHST  CJefyiollee BhIpa-
KEHHe:

sin a a

sin 8 b’
CpaBHeHHe [JIMH OTPE3KOB a U b

JIeTKO TPOH3BECTH C I[OMOLIBIO -

JuHelikn 6e3 jiesieHHi 0 HHPKYs
Ha ocHOBe TeopeMbl (Paseca, u3y-
4aeMOdi B Kypce TeoMeTpHH 7
KJjacca.

165. Metoj BHITIOJHEHHSA 3TOTO
3ajlaHisi OCHOBaH Ha MNPONOPLHO-
HaJABHOCTH OT0poca n CTpPEJKH
MHKpOaMIlepmMeTpa 3HAYEHHIO MpOo-
TEKAloWero 4epes Hero sapsjga ¢q
(B GalnNHCTHUECKOM  PeXuMe):
n oo g. UtoOul yoeruThCcs B TOM,
9TO TAKOH peXuM BbINOJIHAETCH,
neo6xoanMo co6paTh LEMb 10 CXe-
Me, puBefeHHON Ha pucyHke 210.
3apsixkasi KOHJEHCATOP OT HCTOY-
HHKa ToKa ¢ usBectHodi 2[IC n
nepeGpacuiBas KJO4Y B IOJOXKE-
HHe 2, 3aMeyaloT OTKJOHEHHE 1,
cTpenkd npubopa. Ecaum BmecTo
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1 2

/ B
®1+ ®

e

S

Puc. 210 Puc. 211

OJJHOTO KOHJEHCATOpa B3ATL JBa
KOHJAEHCaTOpa, COeIHHAA UX OLHH
pa3 moc/efoBaTeIbHO, a ApYyro#
pa3 Mapa/iienbHO, MOXKHO Yy0e-
JNTLCST B TOM, YTO B NEpPBOM CJIy-
yae T[0Ka3aHUf TraJbBaHOMETpa
ymMeHbLiaioTCd B 2 pa3sa, a BO
BTOpOM — B pasa YyBeJHUHBa-
I0TCH. TO CBA3aHO C Te€M, 4TO B
COOTBETCTBYIOULIee YHCJIO pa3 HaMe-
HaJach eMKOCThb KOHJEHCaTopa H,
cnejoBatesbHO, 3apsan, Mpolien-
IIHH yepe3 MHKPOaMIlepMeTp:

qg=Cé&.

3aMenfs HCTOYHUK C U3BECTHOH
D1C HCTOYHHKOM C HEH3BEeCTHOH
DAC, s3ameuyaem oTOpPOC CTPEJKH
npubopa n,.

CpagHHBas BBIPAXKEHH Al

n, =agq, = aCé U

n‘2 = a'q2 . ach!
noJiyyaeM BbIpaXKeHHWe Jas HUCKO-
Moit DJIC: _

i

n
éax == g ""io
n, .
BuyTpeHnee CONpPOTHBJEHHE 7
HCTOYHHKA JIETKO OMNpPEIesHTD,

npuMeHnB 3aKOH OMa JJs 3aMK-
uyroit uenn (puc. 211):

g.=I1(R+n), —_@mf R.

166. Ha apuxymuiics Kapan-
Jaul AeHCTBYIOT CO CTOPOHHI IJIO-

-



CKOCTH JiB€ CHJIBL: CHJA.HOpMaJlb-
—
Hoi peakunH miockoctd ‘N u cuia

tperus F., (puc. 212). Tak kak

KapaHjalml He [epeMellaeTcsi B

BepTHKAJIbHOM HAMpaBJeHHH, TO
—_— —

N = —mg.
Jas Moayas XKe CUJBI TpeHus

F., MOXHO 3anncarb:

Frp = ul = pmg.

PaccMoTpHM «KpHTHUECKRE» MO-
MEHT, KO[Jla KapaHiail KacaeTcs
JICCKOCTH B OAHOH Touke A. s
TOTO 4YtoOBl Kapanjaul He Bpa-
Iancd, pPaBHOACHCTBYIOUIAA BCEX
CHJl JO/DKHA TPOXCAHTb  4epes
eHTp Macc Kapanziauia. Caeno-
BaTeJbHO, Uepe3 LeHTp Mace J0.TK-
Ha NpOXO/IUTh PaBHOAEHCTBYIOUIAS

—»

- —

R cun N u F_,. Ecan rospdu-

IIHEeHT TPeHKndA 6oJbIol H cnaa R
IIPOXOAUT HMKE LEHTPa Macc, To
Kapauiawn OyAeT Bpallatrhes.

Takum o6pazoM, ycJoBiHe TOTO,
4TO KapaHAall He Bpallaercsd, 3a-
MUIIeTCH TaK:

tgp — = > tg60”,

LYy

i —

2 S )3,

nmg
Orciona

p

HJIR

V3’
167. Kybuk noa-

MOXKET

i

MPBITHYTh, €CJAH MOAY/b CHAB F,
NEACTBYIOLIeH Ha HEro Co CTOpo-
HBl MYJH, OKaxercsa OGOJbIIHM
MOAYJIST CHabl TAXectH Mg=1H.
Haitnem sty cuny. [lis 3T0oro pac-
cMotpuM nyaw. Ha wee co ctopo-
Hbl KyOMKa JeAcTByeT Takaf Ke
N0 MOAYJ/HO; HO MPOTHBONOJIOX-
Hafl Mo HaNpapJ/EHHIO CHJa H CHJa

3

TSKECTH mg.

5 3Bakaas 164

Puc. 212 _

CKopoCcTs NyJaH MpH HpoJeTe
CKBO3b KYOHK MeHsieTCd He3Hauu-
TeJILHO: ee H3MeHeHHe paBHo 5 M/c,
YyTO COCTaBjseT Bcero 50,  oT
CKOpPOCTH MYyJK TMpH BXOZE B KY-
6nk. IlostoMy MOXKHO CUMTaTBh,

>

yro cuna F He 3aBHCHUT OT CKOPO-
CTH NyJH H NOCTOSHHA. '
Hmnyaec nyad npu npoaere
CKBO3b KYOHK MeHsercsl OJaro-
Japsi JEHCTBUIO HaA MYAK JBYX
CHJl ~— CHJIBI TSZKeCTH H CHJIBI Tpe-
uuga. Ecan Bpems, 3a gotopoe
nyJig MpoJeraeT CKBo3b KYyOHK,
0003HAYHTb Yepe3 T, TO

m (v — Uy) = (F + mg)r. (1)

Bpemsa t nafitn Herpyauo. Taxk
K4K CHJBL, JIEHCTBYIOUIME Ha KYy-
6HK, MOCTOAHHBI, TO MOCTOAHHO H
YCKOPEHHEe TYJIH, a 3HAauyHT, CKO-
poCTh MYJH MEHAETCH CO BpeMe-
HeM JuHefino. [loatomy cpenusns
CKOpPOCTDb [iBHKEHHA MYJH B KyOu-
Ke paBHa

_ T
Oep = =
ClienoBateqbHo, NyJas [IpoJerael
CKBO3b KYOHK 3a Bpemd
h 2a

T = ==
Uep Uy - Uy
[logcTaBiB 3TO 3HaAYeHHe T B
Gopmyay (1), naidpem:
F— m (v, — vy) — pngt
T

~ 107 3¢,

~ H50H.
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"
o e
o
= 5 CA
= 0
N
’ &

Puc. 213
— > H—
* g,
: ®

Lt ——
&

Puc, 214

Tak Kak T Ma/Jo, TO BeJHYHHA
A1gT MHOTO MEHbII€ H3MEHeHH S
MMITy/IbCa NYJAH H €10 MOXKHO Iipe-
He6peub. Cuna F okasaJjach 60Jb-
i€ CHJBI TSHAKECTH, KoTopas jef-
CTByeT Ha Kybuk. Ilostomy xy-
OMK TOJCKOUHT.

168. Cxema BHYTpH suHKa He
MOXKEeT COCTOSITh TOJBKO H3 CO-
npoTtHBJaeHuil.  Jle#CTBHTEBHO,
paccMOTPUM CXeMY, MOKa3aHHYIO
Ha pucyske 213.

[Ipn mopk/IOYEeHHN OJHOrO HC-
TOYHHKA aMIIepMeTp JOJIKeH To-
Ka3aTb CHJY

[= ¢ ’ (1)
R+r

a TIpH NMOAKJIOYCHHH JBYX HCTOU-
HHKOB — CHJ1Y TOKa

— 26 |
=R (2)

Ho ypaenenns (1) u (2) HecoBme-
ctHMbI. OHH HE HMEIOT PEIICHH S HI
HpH KakoM r. JleficTBHTeNLHO,

130 -

pasgenuB ypaeHenue (1) Ha ypas-
HeHue (2), noJyunm:

1 r42R
2 2R+n’
HIR
R +r=r- 2R,

YTO HEBO3MOXKHO.

Cxema BHYTpH fILIMKa AOJIXKHA
BKJIOUATh «AKTUBHBIH» 3JIEMEHT —
HCTOYHHK TOKA.

PaccmoTpuMm cxemy, NpHBeJeH-
HYIO Ha pHCyHKEe 214, ¥ Nokaxkew,
YTO OHa Y/OBJETBOpSieT YCJIOBHIO
3ajlayH.

[Ipu noaxk/roYeHHH KO BXOLY
SIKMKa OfHOH OaTapeu uepes am-
nepMerTp JIQJKEH HATH TOK

J = 6+ &

1 R+ r
a Inpn MoJAKJIOURHKHR JBYX Oata-
peli — TOK

I, = 254‘(&,
2R 4 r
Tak kak 1, = 2/, 10
26 +80 __ 2c%°+é°[.
R+r 2R 4-r
OTciona
. @ 2R
N

DTO paBeHCTBO CBSI3bIBAT MeX-
ay coboii DJC nerounuka &3 H
COMPOTUBAEHNA 7. 3HaK MHHYC»
YyKa3biBazT HA TO, YTO HCTOYHHK
BHYTPH «SIHKa» BKJIOYEH Ha-
BCTPeuy BHeElHEMY HCTOYHHKY.

169. BosHmkalomas 1pH pac-
TAXKEHUN [PYIKHHBI CHJA ynOpy-
rocti T NponopiunoBajbHa YAJH-
HeHulo TpyxKuHbl AL:

T==F%-AL,

rje k — XKeCTKOCTD

B oObMHHIX YyCJOBHAX, KOTAa
JMHAMOMETP  HEMNOJIBHIKEH, CHJIa
yIIpyroctH B JI00OM CeYeHHH Npy-

NpYXKHHBL



JKUHBI OJIHAa H Ta ke, T. e. JIOOble
paBHBIE YYaCTKH TPYXKHHBL YAJIH-
HAIOTCH NPH PacTHKEHUH HA OJHY
H TY XK€ BeJHYHHY.

Ilpn aBHKEHHH AHHaMoMeTpa C
YCKOpeHHEeM Jie10 OOCTONT He TaK.

PaccMoTpum ceyeHHe NpYKHHEI,
KOTOpO€ HaXOAUTCH Ha paccTos-
HHH X OT KOHUA NpPYXKHHBIL, TIpH-
KpeIlJIeHHOrO K KOPHYyCY JAuHa-
Momerpa (puc. 215). Cusa ynpy-
rocty T, coobulaeT yCKOpeHHe
KOpPNyCcy AHHaMOMETpa H Y4acTKy
NpyKUHLI AAuHOH X, Macca 3toro
yuacTRa NpY:KUHB paBHa

rre M —wmacca m L — inna
pceft npyxunnl. Ecam aurnamo-

-

MeTp JBHIKETCHA C YCKOpeHuem a,
TO COINIaCHO BTOPOMY 32KOHY
Helotona cnay ynpyroctu B ce-
YeHHH X MOXKHO 3aIucaTh Tak:

T, = (M 1 M—z—) a. (3

Tak Kak yCKOpeHHEe [UHAMOMET-
—

py coobuiaer cuaa F, 1o
F 1 F
= — =—-—. (4
LM 2 M
ITosTomy
1 x
TI—EF<1 +7). (5)

Hrak, cana T, wmenserca ot
CeuyeHnsl K CEUeHHIO BIOJb IIpy-
JKHHHI.

Jast Toro yro6ul HAHTH yAJHHE-
HHe TMPYXKUHBI, MBICJEHHO Paso-
ObeM HepacTAHYTYIO TIPYKHHY HA
O/iIMHAKOBLIE MaJIeHbKHE YyYaCTKH
annuoit Al. Ha xaxiaoM Takom
y4aCTKe MOXKHO CHJY YIPYroCTH
cuntath nocrofuHoH. IlycThb Ta-
KHX y4acTKOB OyaeT n(n > 1).
Tak xak npu onHOR u TOH XKe
CHJe ynpyroctd JAegopmaund n

5*

Puc, 215

CoefiHHeNHbIX  MOCJeROBaTe/IbHO
YYacTKOB B i pa3 GoJibiie pedop-
MalH# OJHOIO yyacTKa, TO Ke-
CTKOCTBH OJHOTO Yy4acTKa B 1
pas GoJbllie JKCCTKOCTH BCeH Tpy-
FKHHBL

k! = kn.

Bynem oTCuMTHIBATL  YYaCTKH
OT KOHI@ TIPYXKHHBI, TpHKper-
JEHHOTO K KOpPMyCY JMHAMOMET-
pa. ¥YnanHenue i-ro yyacTka pas-
HO

_nL_T
R Ra

Ho, rak caenyet us Qopmy.ini (5\,
| il 1 !

= YA_LF L

T, 2F<1+nl) 2 (l_]_n)
[loatomy _

Al = _‘_F(l + -‘—).

2kn n

[Toanoe yaanHeHie MpYXHHBL
HafileM CyMMHpOBaHHeM YJIJiHHe-
HHH OT/eNbHbIX YYaCTKOB:

Al = Al = -~ F% (1 1 i).
2kn n

2 i
Tak Kak Z(l -+ —) npencTas-

1 n
aaer cobofl cyMMmy ujieHoB apHd-
METHUYECKOH TpPOrpeccHH ¢ pas-

HOCTbIO MPOrPeccHt —-, TO

Al= L3l
4k n

Ho n > 1. Ilostomy
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IMoacTaBuB 5TO BhIpAXKCHUE A5
AL B dopmyny (1), nafizem noka-
3aHHA JHHAMOMeTpa:

F
T=k> =2
4k 4
170. Ilocsie TOro Kak BepXHEMY

LIapHKY COOOHIMJIM TOPH30HTA/L-

HYIO CKOPOCTb v, apUKy OyAyT
BpallaTbC BOKPYL INEHTpa Macce
CHCTeMbl, KOTOpPBIH B CBOIO  Oye-
penb Oymer IBHUTAThLCA IOCTyINa-

= 3f.

-
TeJbHO €O CKRopoctbio v/2. Ecan
HHXKHHH WAapUK Cpa3y Ke OTphI-
BaeTcs oT CTOJa, TO Ha CHCTEMY
B IEJOM JAEHCTBYET TOJBLKO OfHa
CHJIa — cuaa tsxectn, OHa co-
obuiaeT cucreme, a 3HAUHT, H

HHKHEMY [apHKY YCKOpeHHe g.
[loaTomy, urofHl WApHK OTOpBaJ-
cq OT CTOJa, HeoOXOLHUMO, 4TOOH
€r0 LEHTPOCTPEMHUTEJIbHOE YCKO-

penne 6bl10 Gogblie g.

B cucrteme kKoopanHat, ABHKY-
WEACH CO CKOPOCTDIO LIEHTPa Macc,
CKOpPOCTH 060HX IIapHKOB MO MO-
AyJI0 paBHbl /2, a HeHTpocTpe-
MHTE/IbHOE YCKOPEHHE paBHO

Y R
oo 21"
[lfapuk oTopBeTCSI OT CTOJA,
ecJIH

2

__>g’
T. e, npn 2!

1<z

= 2g'

171. CorsacHO mnepBOMY 3aKo-
HY TEpPMOAMHAMHKH KOJIHYECTBO
TEIVIOTHL (), COOOUIEHHOH raay,
PaBHO CYMMe€ H3MEHEHH A BHYTpPEH-
el 3Heprun rasa AU u cosep-
HIEHHOH UM pa6oTel A:

\ Q=AU + A. (1)
Ho B pannom cayuae cocyn TenJio-
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n3ospoBad H Q = 0. Caejoba
TeJLHO,

AU + A = 0. )

[lycte BHavaJsie TeMrepartypa
raza Obia T,;, JaBJdeHHe py H
obvem V,, a nocae Ttoro, Kak
NOpHieHb  OCBOOOAWJIH H YyCTa:
HOBHJIOCh PaBHOBecHe, napaMmeTphl
rasa NpHHAJAM 3HadeHHA T, p»
u V,, npuuem V, = 2V, (no ycao-
BHIO).

Tak Kak BHYTpPeHHAA SHEPTHUS
WJ€aJbHOTO Tra3a  MPONOpPLHO-
Ha/lbHA €ro TeMmneparype, To ee
H3MeHeHHe NPONOPLHOHANLHO H3-
MEHEHHIO TeMIepaTyphl rasa:

AU =cy (Ty — T, (3

rne ¢, — MOJApHast  TEIJIOeM-
KOCTDb rasa MpH NnocTossHHoM obne-
Me, v — 4puCJ0 MoJell rasa.

Hanee, pabora, coBepmeHHad
rasoM, paBH2 H3MEHEHHIO MOTEeH-
LHaJbHOH 3Heprum JAedopmupo-
BaHHOH TPYXKHUHBL:

kx>
TAC X — CMCUICHHE [OopliHd.
2

Rx
Bripaznm BemmnHy-; yepes

MmapameTpel raza. Tak Kak [ocJe
YCTaHOBJICHUSl paBHOBECHA MOp-
ieHb HAXOAUTCS B MOKOE, TO CUJa
YIpYroCTH NpYyXKHHB F = kx paB-
Ha CHJIE JaBJIEHHSI Ta3a p,S:

kx = p,S, 1))

rae S — nJaowanb
NOPILIHA.

JlaBJenne e rasa CBA3aHO C €T0
TeMIepaTypoil ypaBHeHneM raso-
BOTO COCTOAHHSA:

p2Ve = VRT,. (6)

Tak kak oOrem rasa npu ero
paclUMpPEeHUH YBeAUUHJCS BJBOE,
a u3Menenne obbeMa rasa paBHO

NOBeP XHOCTH



Sx, o V,=28x n,
TEJBHO,
2paSx = vRT,, (7)

[IpunuMas BO BHUMaHHE COOT-
powenua (5) n (7), umeem:

cJjenoBsa-

'‘RT.
ke =502, (5)
X
HJIH
byt — vRT, .
) 2

Takum o6pasom, pabota, coBep-
IIeHHasa Ta3oM, paBHa

A= kx%  WRT, ©)

2 4

[TojncraBum 3TO BLIDAKEHHE H
pupaxenne (3) maa AU B pa-
BeHCTBO (2):

ev (T, —Ty) +vRT, = 0.

Ortciona
i
Ty=T, R (10)
1 —
i 4 ¢,
Crenoparebuo,
T, <T.
Tenepr moxHO HafiTe, Kak
H3MEHUTCSH JaBJeHHe rasa. Tax

1
Kak V; = T)—Vg, TO COTJIACHO ypaB-

HEHHIO Ta30BOTI'0 COCTOAHUA

P Y; = vRT,. (11)

Paspenne 310 paBeHCTBO Ha
paeencTeo (6), noayyuMm:

£L=2£'—_-2(1 _’_.ﬁ)
Py T2 +4Cv’

HJau

JlaBnenue TOXKe YMEHBIUHJOCK.

172. Yucno monexylt, KOTOpbIe
3a BpeMsi T NPOXOAMUT uYEpes oT-
BepCTHe IVIOWAZbI0 S, nepreHiH-
KyJspHOE OCH X, PaBHO

Z= -g:'laxlsrs

rie 7 — YHCJIO MOJIeKYJ B eJIHHH-
ne obweMma, |v.| — cpenuee 3Ha-
YCHHE MOAYJIA TNPOEKIHH CKOPO-
CTH MOJEKYJBl Ha ocb X.

TIpy 5TOM WYHCJIO MOJIEKYN B
euHyIe o0beMa H3MeHseTcs Ha

[lIo yenoBwio 3agauu  Temmepa-
Typa BO3AYXa B COYTHHKE OCTaer-
ca HemameHHo#H. Kak caenyer
u3 ypaBHenus Knanefipona —
MenpeneeBa, B 3TOM CJyuyae AaB-
JACHHE NPONOPLHOHANBHO IJIOTHO-
CIH ras3a u, CJeloBaTe/]bHO, IO-
TOMY YHCJY MOJIEKVJ B eIMHHUILE
obrema (p v» n). Ilostomy

4 4 0,01
P ft

JIia OLeHMKH MOKHO CHHTATh, 4YTO

3k = v,
HAH
l '\{I _/-‘—' B ! —_——
V3 i
[loyromy
Ap V ra
T==4 —-= i/ =
p S RT

rae M — MonfpHas Macca BO3JLY-
xa. [lloacrasisia B 3T0 BHIpaXKe-
HUe UYHCJOBBIE 3HAUECHHSA BEJH-
YUH, NOJYYHM!

g T0c -
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[Ipy pelieHuy 3ajayd  He
6Ll YYTEHEl AIBJICHHU, CBA32HHbIE
¢ coyaapeHuHamMu MoJgeryJa. [lo-
35TOMY INPHBEICHHOE pPEIIEHHE HO-
CHT OIEHOYHBIII XapakTep H pe-
3YNbTAT SBJAAETCS INPaBHJIBHEIM
TOJIKO N0 TOPAAKY BEJHUHHLI.

173. Cm. pemenne 3apaud 168.

174. PaccMoTpuM [Ba TOHKHX
closl ToampHOM Ax,  pacnoJo-
KEHHBIX [0 PasHbe CTOPOHBI OT
ceuenusi SS Ha OAMHAKOBHIX pac-
croauuax ot Hero (puc. 216).
DT CJAOH MOMKHO pPaccMaTpHBaTh
Kak OOKJafK{ IIOCKOTO KOHJIEH-
catopa ¢ OAMHAKOBLIMH MO MOAY-
J10, HO Pa3HOMMEHHBbIMH 3apfja-
mu. HanpsikenHocTh noJig 3THX
3apALOB MOXKHO  BBIUMCJHTL IO

dopmyJe
Q.
E _ AX ’
£,8
rie Qax —s3apsg Kaxiod o6-

KJaanke, S —ee naowajisb.

B cevenun SS nanpaxeHHOCTH
IOJIA paBHA CyMMe HAMpAXKeHHO-
CTed MoJsiel Bcex nofoGibIX map
TOHKHX CJIOEB:

Q 1
Ey = Z {-:OA;( = eoS EQAX-

Tak Kar JQrx — 370
CJI0ST  TJIA3Mbl

2Qnax

3apan,
ToAmHHoN d, TO

= enuds.

Puc, 217

CnenosaTesbHO,
E = ends __ end

§8 T

£,5 g,
Takne paspesneHnss 3apsigos,
Hap ylarolHe HEeHTPabHOCTh

nJaasMol B MaJbiX obneMax, AeH-
CTBHTE/BHO BO3HHKAOT. OHH IPH-
BOAAT K KoJebanHaM MJa3MEbL.
Tak kak cuaa, JAeHcTBywolLLas B
BO3HHKAOUIEM TOJIE Ha 3JEKTPOH,
paBHa

e2nd
F=¢E = ,

€o

1 3
0= — V_" no.
2mn €,
STa yactota HasblBaeTcsi Mias-
MeHHOH 4acToToH.

175. O6oznauum wepes E, oc-
BellieHHOCTE IOBePXHOCTH JIHH3BI
v uepe3 S mollanb 3Toi NOBEpX-
noctH. Toraa naparouuid Ha JIHH-
3y CBeTOBOH notok @ onpepens-
eTca (GopMyJioH

q) = EoS.
ITonajaa Ha us00pa;keHue IJo-

WaAbLo S;, 3TOT CBETOBOIl MOTOK
CO31aeT OCBEUICHHOCTD

TO

@
E=2=FE>S.
S Sy
[lnomane  u3obpaxenust S,

3aBHCHUT OT (PUKYCHOI'O paccTos-
Hust JuH3el. O003HaAYHM yepes o
YyroJl MEXKJy nyuKkamu Jyuell, uny-
IMHX OT KpalinnX Touek CouHila
(puc. 217). Tax Kaxk 3TOT yroa mMaJ
{z =~ 0,008), o d = Fa. u
ndr qUF2R
S, = ~
4 4

[ToaTomy
E=E,—%_

nFa?

Ecam JnmH3y paspesartb "no jgga-
MeTpy H CJ0XKHTb NJAOCKHMH CTO-




powam#t, TO IJACWAnb JIMH3HI
YMEHbIIMTCS BJBOE:
§ =5
2

QorycHOE  paccTosiine  TOXKe

YMeHbIIUTCA BABGE (CNTHYECKHE
CHJL JHH3 CKJAQABIBAIOTCS):

1

1 !
SFTFR
HJIH
H
F'= —F
2
ChenoBatebHO, OCBELICHHOCTD

nacOpaxkenus CoJiHIa CTaHeT pas-
HOII

28
E'=E, T
T (*-F)

2
OueBnaio, 4TO
EI

— =2,

L

Takum 06pa3oM, OCBelEHHOCTD
H300pazKeHu sl yBeJHWITCS BJIBOE.

176. Cm. pewenue 3agauud 171,

177. Beauuuya W pasna pa-
GoTe, KOTOPYIO HEOOXOMMO 3aTpa-
TUTE A TOTO, YTGOBl YIAAUTh M3
atoMa 3JMeKTPOH.

Jlerko Haiiti paboTy, KOTOpYIO
HCOOXOAHMO 3aTPATUTh JAsl TOTO,
yTOOB YAAJHTb 3JEKTPOH € [Oo-
BEPXHOCTH aToMa «ua Oeckoueu-
HOCTBby (0ecKoHe4YHO [ajeko oT
Hero). Jra pabota paBHA [OTeH-
HHAJBHOH 3SHEepIHH 3JeKTPoHa Y
MOBEPXHOCTH IOJIOXKHTEJbHO 33-
pAMEHHOTO Iiapa. Tak Kak no-
TEHIHaJA IEKTPHUYECKOro NoJsd Ha
MOBEPXHOCTH 1lapa paBeH
_f
4ne,R
(rme e — 3apap mwapa u R —ero
pagmyc), To pabora

e

A =ge= ——,
1= @ 4718, R

(p"-._."

Utober nakiTh  paboTy, KOTO-
pyio HeoOXOZUMO 3aTpaTHTh AJs
nepeMelieHH A 3JIeKTpoua U3 LEHT-
pa atoMa Ha €ro MoBEépXHOCTD,
MBICJIEHHO pa3o0beM ap Ha TOH-
KHe 1lapoBLie CJIoH TOJMIHHONH AR.
Ha nporsikenuH Kaxaoro u3 rta-
KHX CJIOeB MOXHO CHJIY, HAeHCT-
BYWILYIO HA 3apfaj, CYHTATh HO-
croannoi. HanpskenHocTh 1o-
Jisl, CO3AABACMOr0 3apAlaMi KaxK-
JIOTO U3 ¢JoeB B MNOJOCTH, Orpa-
HHYEHHOHM 3THM CJIOEM, KaK H3-
BECTHO, paBHA HVYJi0, 4 BHE CJIod
HaNpsIXKEHHOCTb Takasd e, Ka-
Koli oHa Obl1a Obi, ecau Obl Bech
3apsii cJaos OBl COCpefoToYen
B NEHTPe 1apa. JTO 03HAYAeT, YTO
HanpsKEeHHOCTh  TeKTPHUECKOTO
MOJMs BHYTPH aTOMa Ha paccTof-
HHH r OT ero LLEHTpEl onpeaeSsaeT-
¢ gopmyioi

. 9

die,r?’
a CcuJa, JeHdCTByIOIAs B 3TOM
oJie Ha 3JEKIPOH, — (POpMYJIoH

F — v o= qe

43-[80."2’
rjne ¢ —sapai, KOTOpbld Ha-
XOANTCS BHYTPH chepsl pajgny-
Ca r.

Tak xak 3apay e pacrnpejeseH
B o0BbeMe wapa DaBHOMEPHO, TO
B enuHule o0beMa cocpenoToyeH
3ap

p _ (4
iﬂR3 .
3
3HaYuT, BHYTPH 1Uapa € pajH ycoMm
r Oyner HAXOOUTHCS 3apin

3 e 4 3 r \3
== — s ——MNrY — €| — .
4 4mR* 3 (R)
[lostomy
e
4m-:uR3'
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Jna toro yToOH BEYUCAHTL pa-
GoTy, KOTOpas CoBepliaeIcs MpH
NnepeMEILEHUH 3JIEKTPpOHa B aTto-
Me, YMHOXKHUM CpefHee 3HaueHue
CUJBl Ha Nepemellienue R 3JeKT-
poHa, Tak Kak cuJaa, JeHCTBYIO-
Iaf Ha 3/eKTPOH, HPOHOPIHO-
HaJlbHa PacCTOSAHHIO 3/IEKTPOHA OT
LlEHTpa aToMa, TO CpejHee 3Haue-
HHe CHJbI PABHO NOJOBHHE MOAYJIA
CHJBI, AEHCTBYIOMIEH HA BJCKTPOH

HA HOBerHOCTH aroma:
1 et e

g 471e, R3 - 8me,R2

[Tostomy

y F R 22 02
2T gme R 8Me R
CrnenoBaTeabHO,
32
W, = Al -+ Az = +-
Adne R
g2 3e2
-+ - =
81te R 81te R
Orciona
. 3e?
8”80“75 )

IloapcTaBuB 4HCJEHHbIE 3HAYe-
HUA BeJHYHH (PHEPrus HOHH3a-
U aroMa Bojaopopa W, =
= 13,6 3B, uau 21,7 - 107 Ix;
3apfaj Ke sipa aTtoMa BOACPOAA
e = 1,610~ Kn), monyyaem a5
pagHyca aToma BOJIOPOJa B MO-
geau Tomcona 3uaveHue

R~ 1,6 10-1° y,

178. Ilpy nOAK/AIOUEHUH  KOH-
JIEHCATOPa MO CTEPIKHIO HauyxHaeT
HATH TOK [, GJarogaps yemy Ha
CTEPIKEHbL JEHCTBYeT cHJIA

F = Bil,
HAIIpaBNeHHAA MNEPNEHIUKYJAPHO

CTEePIKHIO H BEKTOPY B.

Tak Kak BpeMa { pa3psza KOH-
REHCATOpPa Majio, TO MOXKHO CYH-
TaTh, 4TO MaJ0 Takxke ¥ Mpouc-
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XONAUIEe 32 3TO BPEMA CMEHICHHE
CTEpKHA OT [OJIOKEHUs PaBHO-
Becuda. Crep:xkenb JHIIb INOJY-
YHT B FOPH30HTAJIbHOM HalpaB-

JeHHH HeKO10pbll HMMOYJbC p.
Pas30bus Bpems [ Ha MaJble Ipo-
MEXYTKH Af, B TeyeHue KaAXKIOIO
H3 KOTOPBIX MOKHO CHJY CYHTATb
MOCTOAHHOH, NOJYYHM:

p = XFAt = BIYI, - At =
i i

= Blg,
=P Bl

i n

rjle g —3apfaja, OpollejHi Mo

»

crepxkuw. [lpu nonnom paspsaje
KOHJeHCaTOpa
g = CU.
Ilostomy
BiCU

i

YToJl OTKAOHEHUS CHCTEMEL OT
MOJIOMEHUA pPaBHOBeCUsI HaHeM,
BOCIIOJIb30BABILHChL 33aKOHOM CO-
XpaHeHUs 3SHepruu:

2
'"2—0 = mgl, (1 —cos o) =
= 2mgl, sin® %’
OTK Y4
o = 2 arcsin (MJ\ =
2m ngl }

= 2arcsin (0,1) & 12°.
Tak kak
BUI

emV gh
sin® = ¢, —2UL_
2 Yomygl,’

sinZe = ¢
0 0

TO
. Oy
siIt ~—
2




YuuThiBaf, 4TO VLIBI Oy H &,
MaJibl, MOXKHO TNPHOIMKEHHO NPH-
HATb, YTO

C,=Cy 2 =15 mk®.
%o

179. Unpyxpus MarHHTHOTO
N0Jis, CO34aBaeMOr0 [IepBOH Ka-
TYWKOH, NPONOPUHOHANbHA CHJe
toka [ B Helt, a D/C &, uHpynu-
pyemas BO BTOPOH KaTyluke, —-
CKOPOCTH H3MeHEHHS MaCHHTHO-
ro NOTOKA H, CJeJ0BaTe]bHO, CKO-
POCTH M3MeHEeHHA CHJB TOKa B
MepBoHd KaTyuixe:

. AD S.AB — Al
At At At

Tak xkak cuna Toka [, Bo BTOpOH

KATYIIKE paBHa %— (rne R — co-

IPOTHRJACGHUE 3TOH KarylIKH), TO
oHa OyJeT MeHAThCs TaK, Kak Mo-
Ka3aHo Ha pucyHike 218.

180. IlepexunyB wuepes Heno-
ABUKHBIN OGJIOK HHTb, [OABECHTE
K ee KOHpaM JBa Tpy3a paBHOH
Maccl M (Maccy TPy30B MOXKHO
onpene/JuTh B3BewmBaHueM). MHa-
MepHB pACCTOfAHHE OT OJHOI'O H3
TPY30B [0 IOBEPXHOCTH CTOJA
h, NOJIOXKHUTE HA TPY3 Heperpy3okK
Maccofi m. C NOMOILBLIO CeKYyHMO-
Mepa onpejeadTe BpeMa £, 3a Ko-
TOpOe Tpy3 C NeEperpy3koM [o-
CTHTHET HOBEPXHOCTH CTOJA.

YcKopeHue rpysoB onpeseaercs
dopmynon

__mg
MAm’

2h
OTKYJa, YuTfl, 4TO @ = o nony-

Haem:

oh (2M - m)
g= —
mt
Jast nonyuenus 6oJiee TOYHBEIX pe-

3YJbTATOB HEOOXOAMMO CKOMIIEH-
CHpOBAaTLb CHAY TPEHHA.

2
0 t R
Puc. 218 Puc. 219

181, Omnuitel ¢ cepHeil TOHKHX
Me/iHbIX JHCKOB PasHOH TOJLIMHbBI
M OJIHHAKOBOI'0 AuaMeTpa NO3BO-
JAI0T YCTaHOBHTbL, 4TO Nepuoh 1
KPYTHJbHBIX KOJIeOaHHH nOpAMO
OIPONOPUHOHAJEH  KBAa/JAPATHOMY
KOPHIO M3 MACChl M JHCKA:

T~V m.

Takofi xapakTep 34BUCHMOCTH
NOATBEPIKAALTCA TeM, 4TO rpaduk
dyuruun T° (m) npeacrasiser co-
OoH nPaMyr, MHPOXOAsHIyID ue-
pe3 Hayalo KOOpAuUHAT.

[IpoBoga ONBITHI C TpeMaA HHC-
KamM# (QJMIOMHHHEeBBIM, IIJIacTMac-
COBbIM H MEJHLIM), HMEoIuMH
ONHAKOBYK MacCy, HO pasiHu-
Hbie pajgHychl, MOXHO JA0Ka3aTb,
yTO MNepHoA KoJebaHHH mnponop-
IHOHAJNEH paguycy [IHuCKa:

T ~ R.
TarkuMm o0pasom,

T ~RV m.

182, TlogBecuB ¥ KTYTHKY
TP Y3 Macco#l m, U3MepPAIoT yAlue-
nue Al XKryTuka. D10My YyARJAH-
HEHHIO COOTBETCTBYET CHJA YNpY-
roctd mg. 3aTeM MOXKHO CJIOXKHTD
KI'YTHK BABOE H MOABECHTH K
IBOHHOMY IKTYTY TOT e Trpys.
YanuHeHue B 3ToM caydae OyAer
paBHo Al,, a cuaa ynpyrocts B

KaXJIOH 4aCTH XKryTa —;-_)mg. Cao-
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XKMB XKI'YTHK 3, 4, b pas, MOXKHO
HalTH, TPU  KaKUX YAJHHEHDAX

cula YHAPYrocTH paBHa% mg,

-i—mg, -51—mg HuT. A. llo atum pau-
HBIM MOXHO MOCTPOHTb  TpaduK
3aBUCHMOCTH CHJIBL YIIPYTOCTH OT
VIJHHEHUA JKTYTHKA.

183. B mycro#i cocym NOJOKH-
T€ KYCOK JbJa W HaJeHTe B Hero
H3 H3MCPUTEJNBHOTO  LMUJHHAPA
CTOJNBKO  BOABI, 4TOOLI Becb J€l
pacTasJ.

B stcm cayuae ypaBHenue Tel-
JIOBOTO DaJsanca 3anuilercd npoc-
TO:

cmy (b — &) = mah,

Tae me — Macca Jpja, H1; — Mac-
ca HaJHTOH Bombl, f; — Havalb-
Hag  TeMmneparypa BOAW, &, —
KOHeyHasa TeMIlepaTypa BoJALl, paB-
nas 0 °C, A — ymenbHaa TenJo-
Ta NJaBjieHds Jpla. VI3 npuse-
JEHHOTO YypaBHEHHA HaXOZHUM:

A cmy (f; — 15) .

y

Maccy /bj1a MOXHO ONpeaeNuTh,
CTHB TMOJYYCHHYI0 BOAY B H3Me-
pUTeJbHBIH UHJIMHAP W H3MEPHUB
O0LIYI0 Maccy BOAbI W Jbja:

M = my +- Mg = paogmvoﬁmo
Tak Kak my =M —my, 71O

A — cmy {t; — 1)
M —m,

184. Tax Kax npu najgeHuy a-
pHKa B BA3KOH cpene (rHLEPHHE)
cuJia CONPOTHBJIEHHS IIPONOPHHO-
HAJIBHA CKOPOCTH €r0 ABHIKEHUS,
TO CNYCTA HEKOTOPOE Bpems, T. €.
B HEKOTOPBIM MOMEHT, CHJAA CO-
NIPOTHBJ/ICHUA 110 MOAYJI0 CTaHeT
PaBHOH PAasHOCTH MEXIAY CHJIOH
TAXKECTH M apPXHMEAOBOH CHJIOM:

Fc=mg_'FA.

138

Hauymnaa ¢ 3Toro moMeHra Bpe-
MEHH IapuX OyIeT nazaTth paBHO-
MEPHO, M €ro YCTaHOBHBHLIYIOCA
CKOPOCTb MOXKHO OINPEAEeauThb, H3-
MepuB paccrosHpe [, NpolxeHHOE
3a BpeMsa f:

U= —.
¢
bpocaa wmapiks pasHbBX pa-
JUYCOB B H3MEPHAA WX CKOPOCTH,
MOXKHO YCTaHOBHTb HCKOMYIO 3a-
BHCHMOCTb:

v~ 3,

Panuyew 7 mwapuxoB u3aMepsioT
IWITAHTeHUHPKYJIeM,

Xapakrep 3aBHCHMOCTH U (7)
JIETKO TOJAMEeTHTb, €CJH MOCTPOHTD
rpaduk dyukpuu v = [ (#?). [ps-
MOJMHEHHBIA XOA 3TOTr0 rpagduka
MOATBEPKIALT KBagpaTHYHVYIO 3a-
BHCHMOCTb ¥ (7).

185. EmKocTh KOHAEHCaTopa
MOXKHO ONpeieNuTb U3 BhIpaxe-
HH A

rjie ¢ — 3apax KoHueHcaropa, & —
DJIC ucroynuka Toka. Jns onpe-
peqenns JC HcToOYHHKa TOKa
COCTaBHM HeNb N0 cxeMe, IpHBe-
JaeHHON Ha pucyuige 219. Ilpume-
HHB K 3TOH yenu 3akoH Owma, no-
AYUHM:

éozl(R+Ru+Rnp+r)l

rae R — cONpoTHBJIEHHE PE3HCTO-
pa, Ry, Ryps r — CONMpPOTHBJIEHHA
H3MepHTead TOKa (MHKpoaMmiep-
METpa), NpPOBOJOB H HCTOYHHKA
ToKa. Tak Kak R mHoro GoJblie
OCTaJbHBIX CONPOTHBJIEHUH, TO

& ~ IR.

3ap sXKeHHBIH OT HCTOYHHKA KOH-
JAEHCATOp NOAKJIOUAIOT JJsA pas-
paaku K pesucropy (puc. 220) u
OTMEUAIOT II0Ka3aHHA MHKpPOaM-



MepMerpa uepes paBHHE mpoMe-
XKYTKH BpemeHy JuGo ¢uxcupy-
10T NMPOMEXYTKH BPEMEHH, 3a KO-
TOPBIE IPOMCXORAHT YMEHbLICHHE
CuJIBI TOKa KaxAbei pa3 Ha 10—
20 MxA. 3arem crpoar rpadux
3aBHCHMOCTH CHJIBI TOKa paspsi-
KH KOHZeHcaTtopa OT BpeMeHH.
[Inomank nox nonydyeHHLIM Ipa-
(pHKOM paBHa 3apAAy KOHJEHCa-
Topa (puc. 221):

:wldt.
=)

Uem OGosbunie 3HAYEHU S HMEIOT
eMKOCTb KOHJIeHCaTopa ¥ COoINpo-
TUBJIEHHE PE3HCTOpa, TeM HOJbille
JJATCA npouecchl 3apsaiKd ¥ pas-
PAIKH KOHAEHCATOpa, TeM TOuHee
MOXKeT ObiThb CHAT Tpapuk (yHK-
uun I () n, caeposarenbHo, 6o-
Jee TOYHO OYAET onpeje/eHa eM-
kKoctb C Koupuencaropa. Chnexyer
HMETb B BHAY, 4YTO ONpeAejeHHas
MOrpeliHocTh  00yCJaoBJeHa Co-
NPOTHBJIEHHEM YTEUKH KOHJeHca-
TOpA.

186. CocTaBsdoT penb o cxe-
Me, IPHBELEHHOH Ha pHCYHKeE 222,
¥YMeHbllag ¢ HOMOLIbIO peocTara
CONPOTHBJGHHE BHEIIHEH YacTH
nen#, GUKCHPYIOT PAA NOKa3aHHH
amnepmerpa M BoJsbtMerpa. [lo

'HM JaHHBIM BBIYHCIAIOT 110 Qop-
myJae P == Ul coOTBeTCTBYIOLLHE
3HAUEHUS TI0J1e3HOH MomHOCTH P
LLelnH.

JareMm ctpoAT rpaduk 3aBHCH-
moctd P = P (I) u no rpaduky
HaXOAAT MaKCHMaJIbHOE 3HAUECHHE
MOIL{HOCTH,

CyiiecTBOBaHHE MaKCHMalbHOTO
3HaUEHM S N10JI€3HOH MOMHOCTH BbI-
TEKaeT M3 aHa/lu3a BBIPAKEHHA
P =[1(§ — Ir). Tpadpux arto#
$yukuun P ot I npeapcrasiaser
coGoii napaGoJy ¢ BEpIUHHOH I1PH

Puc. 221

—

Puc. 222

] =

o
MomsocTs Inpu 3TO# CHJE TOKa
paBHa

&2
Pyox= —-
Max 4f
DT0 yCaoBHe KOCTHTAETCH MpPH
R =r.
Hna onpemenenus 3AC u

BHYTPEHHETO CONPOTHBJIEHHS WC-
TOYHHKA AOCTATOYHO U3BMEPHTH CH-
JIy TOKA B LENHU ¥ HANPAXKEHHUE Ha
ee BHEMIHeH uJacTH pu ABYX IO-
JIOXKEHHAX  ABHIKKA  peocrara
(puc. 223). -
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TIpuMeHHB K 3THUM ABYM CaydaiM
sakoH OMma pas noaHol Lend,
NOJyUHM:

é = U; 4+ 1ir, 6 = Uy+1yr.

Orciona

r = U2—-‘U1 . é’ - ]1U2mU112‘.
187. BxJouaem OyMaKHbIf

KOHJAEHCATOP B LeNb NEPEMEeHHOro
TOKa IIOCJeJI0BaTeJbHO € MHJJIHU-
amnepMmerpoM. [lapannenbHO KOH-
JEHCATOPY BKJIOUaEM BOJBTMETP.
3uas mnokasanusa amnepmerpa [,
BoabT™MeTpa {/ M gacToTy TOKa v,
MOXKHO OIIpeie/IiTh €MKOCTb KOH-
Jencatopa C:

Y onne, €= !

- Xe 25vU°
Hcnonbsya dopMyJy IJOCKO-
ro KOHjeHcaTopa
S
C = X
d

M H3MepuB JMHefikofl mauHy I
v mupuHy b Oymaru, a MHKpOMeT-
poM ee TOJmMHY d, MOXHO Onpe-

JAEeMMTh  [OH3JIEKTPHUECKYi0  NO-
CTOAHHYIO & AUSJIeKTpHKa:
o Cd _ _1d
- €olb 2nvUey b )
188. AMnuTyanoe — 3HaueHue

I, cuJbl Tiep€MeHHOTO TOKa CBf-
8aHO C JeHCTBYIOIIUM 3HaveHueM [
CHJIbI TOKa COOTHOLIEHHEM

!
| = -2
Ve’
KOTOpOoe cJepyeT U3 sakoHa Jxko-
yasa — Jlenua:

Q = I’Rt =% I* Rx.
Orcrona

140

A5 onpesesieHust amIvIMTyAHO-
IO 3HAYeHHs CHJIEL NEePEMEHHOTO
TOKA, MUTAIOLErO Harpesaresb 13-
BECTHOTO CONpPOTUBJCHHSA R, 3T0T
Harpesare/lb ONYCKaloT B Kajaopy-
MeTp ¢ BOjOH. 3Has MacChl BOAHI
¥ KaJIOPUMETpa M1y ¥ My, UX YIAJb-
HbIE TEIJIOBMKOCTH €y ¥ Cg, HAYaJIb-
HYI0O H KOHEUHYI0 TeMIepaTypy.
BOABI H KajsiopuMeTpa & u fy H
BpeMs T OPONYCKaHHS TOKa yepes
HarpeBaTeH, MOXHO  ompeje-
JAUTb HCKOMOE aMIVIMTYLHOE 3Ha-
yeHye CHJBl IePEMEHHOTO TOKa,
NPONYCKaeMoro Io CHupa’iH, Mo

(hopmy.ie

I = /[2(01”11 + Carny) (G —f:i'
m 1 Rz

189. Cm. 3apauy 181,

190. Ecau nocTofiNHBIN MarkuT
BpaulaeTcd BOKPYL CBOe#l OCH ¢
QACTOTOH 3, MAarHdTHbIH HOTOK,

- MPOHMU3BIBAIOHINEM  KaTyLUKY, u3-

MeHseTcsA 10 3aKOHY
® = BS cos of,

Te B — HHAYKUHA MaCHHUTHOTO
N0Jig NOCTOAHHOTO MarHuTA.

CorylacHO 3aKOHY 3JEeKTpoMar-
HUTHOY HHAVKUHH B KaTYLIKe HH-
ayuupyercs MC:

& = BS sin of = §,, sin of.

Orciofa xnA HHAYKuMH B wMar-
HHUTHOTO MOJs [OCTOSHHOTO Mar-
HHTA HaXOLUM:

Uro6b1 nameputh SC HHAYK-
U¥H, 3aMBIKAalOT KarTyIlKy Ha
rajJlbBaHOMETP, HMEIOLIUH JocTa-
TOYHO OO0JbINOE aKTHBHOE COIIPO-
THBJIEHNE R, KOTOpoe 3HauyuTeNb-
HO GoJibLIe aKTHBHOTO H HHIYK-
THBHOTO CONPOTHBJIEHNH KaTYIUKH.
Ilpn TaxkoM JOOYINEHHH MOXKHO



IIPHHATDH, YTO
én = IR,
TTostomy
_ IR
So

Cpennee 3Hauenwe miomand S
BHTKa KaTYIUKH (ecJH OHa sBJfA-
eTc MHOTOCJOHHOH ) HAaXONAT TaK:

S S 1

S="ﬁ';—3—='§ﬂ(f§+r§),
rpe S; — nJonianb BHEMIHEro BUT-
Ka, S, — IJOWANL  BHYTpEHHe-
r0 BHTKA.

Ipajuxk 3apucumoctn DJC u
CHJIBI T0Ka OT BpeMEHH — CHHYCO-
uapl., Ho xoseBanusl CHIBI TOKA
OTCTalT Mo (asze oT kKojebanui
DJC u3-3a UHAYKTUBHOCTH Ka-
TYIIKY ¥ TadbBaHOMETpA.

191. Hanpasnenue ceBepHoro
N0AKCAa MATHUTHOH CTPEJKH COB-
najaer ¢ HAlOpaBJeHHEM BEKTOpA
MarHUTHOH HWHAYKUHH. Ecnm pac-
[IOI0XKUTh MAarHMTHYIO CTPEJKY
tTakuM oOpasom, utoOb! oOHa Obl-
Ja TepPreHAHKYJAADHA TIPOBOAY
(puc. 224), To npu NpoNyCKaHiy
yepes NMPOBOJ 3EKTPHYECKOTO TO-
Ka cTpeska OyjeT OTK/JICHAThCH
OT HallpaBJieHHS MaCHHTHOTO Me-
puidana, npubamkasch ¥ Kaca-
TeJbHOR K OKPVXKHOCTH, ONUCaH-
HOH BOKPYr MNpPOBOJAa C TOKOM.
Yrosn o, OTKJOHEeHHS CTPeJKH OT
MATHHTHOTO  MepHAMAHA MOXKHO
oupene/uTh H3 (POPMYJILI

B
tga =—,
By
rie B — MHAYKUHA  Mar"yuTHO-

ro noJs ToKa, B, — ropHsoH-
TaJbHAA COCTARNAIOILAS HHAYK-
MY MArHHTHOTO MoJA  3emin.
Ilpn ysenduenuu cuanl Toka /
B NPOBOAE YBEJHUMBAETCH TaKiKe
yroJ OTKJOHeHua cTpenru. Hs-
Mepas 3HaueHus tg o npu pas-

JIMYHBIX 3HAYEHUAX CHABLI TOKA [,
MOXKHO JI0KaszaTb, YTO WHIAYKIHS
MarHUTHOTO mnons B 3nexkTpHye-
CKOrO TOKa B IIpAMOM MNpPOBOAE

NpAMO  NPONOPUHOHANBHA CHJE
T0Ka:

B ~ [.
AnanorsuneiM  oOpasoM MOXK-

HO HCCJefoBaTh 3aBHCHMOCTh HH-
JYKUHY MATHHTHOTO [oJfa INps-
MOJIHHEHHOI'O TOKa OT pacCiOsHu
10 Toka. Jlasa atoro Hano, He Hus-
MEHfifl CHJY TOKa, ONpeelifiTh
tg o na pa3JjMuHBIX PaCCTOSTHHAX
MArHuTHOH CTPEJKH OT NOpOBOJ-
HuKa. Takue H3MepeHHs HO3BO-
JSIOT YCTAHOBUTb, 4YTO MATHHT-
Has Hujpykuasi B o6paTHO mipo-
MOPIHOHANEAA DPACCTOSIHHIO R:

B~ R
192. Ilpn cockanb3biBaHHu KY-
OUKOB MaccCHl /M C JIOTKa OHH MNpH-

oGperaioT cxopocTb v. Ilocne He-

yOpyroro coyjpapenusi ¢ Oanniu-

CTHYECKHM MasiTHUKOM Macch M

CKOpPOCTL MAasfITHHKa C KYOHKOM
P

Gyaer pasia u. CooTHOWEHHE
s —

MEXIAY v H # MOXKHO OTIpEaEeNHTD,
noJib3yfich 33aKOHOM COXpaHEHHA

HMITYJIbCA:

my = (m + M)_;z,
OTK YA

Puc., 224

Puec. 225
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O = ..._!_.i_.__.. u.
m
Ho
u =V ogh,
rze h — BBICOTa, Ha KOTOPYIO MOJK-
HUMETCH LEHTP MacCc MaaTHHKA.

Kax BHaHo u3 pucynka 225,
82
Il — .y
21

rne ! — gavHa HUTH nogBeca Ma-
ATHHKa, S — JHHeHHoe OTKJIO-
HEHHE MasiTHHKa, KOTOpoe (HK-
capyerca ynopom. [lostomy

=)/

U=m+MS -I/E-
m l

ClepoBatesibuo, HU3MeHEHHE KHHe-
THYECKOH 3Heprum KyObuka IocJje
CTOJKHOBEHHA ¢ OaJJIHCTHUYECKHUM
MasfATHUKOM BBIPa3uTCs Tak:

AK=£”2-(U‘*‘———u“")s

1 2 & m-M\2 1]
2 l m
JIns  OTHOCHTENBHOTO ABHAYEHH A
3TOT0 H3MEHEHHA IOJYyuyaeM CJie-
LYICILiee BblpaKeHHue:
AK M\2]—1
e[ 2]
K m
193. CorsacHo BTOpOMY 3aKOHY
HpioToHa u3MeHeHHe HMIYJbCA
Kopabma 3a Manoe BpeMs T PaBHO
g

HMIYJbCY CHJMBL F, AeficTBYyOLEH
Ha Kopabab:

— e
m - Av = Fr.

e

Taxk xak cuna F nepemenHa, TO
H3MEHEHHEe ¥MITyJsibca Kopalbua 3a
GONBINOH NPOMEXKYTOK BPEMEHH {
PaBHO HMNYJbLCY CPEAHEA CHJILI
[

Fp:
142

—
_—

— -t -
Cpennee xe 3Havenue CHIB Mpo-

[OPUMOHAJNBHO CPEAHEH CKOPOCTH
Kopaba:

F. —kv

p — cp*

[Toatomy

my — mv, = —ko,, L.

Ho nponssenenue v, ¢ pasuo ne-

peMemiennio s Kopabaa. Cie-
JAOBATEILHO,

m (v — v,) = ks,
OTK YA

m
§ = — (U, — ).
k

Tenepr nerko naiitu nepemere-
HHE Kopabiis 33 BpeMs, B TeyeHHe
KOTOPDOTO  CKOPOCTb  Kopabasd

]
YMEHbIUHIACh BABOC (UZE Up)y —

m
S = — U, == DM

H ero InepemeilleHHe [0 [OJHOI
ocTauoBkh (v = 0) —

sgz%voz 10 M.

194, Cm. pewenne sagaun 203,
OueBiHO, UTO K AUIHKY NPHK./a-
IbiBaeTcs HauMeHbIas cuJa, Kor-
A2 OH JABHIKETCH PpaBHOMEPHO.

195. Takx Kak JOCKe CKOpocTh
coolLtaeTcad TOJYKOM, TO B Ha-
yaJbHLIHE MOMeHT OpycOK MHOKo-
MTCH OTHOCHTEJbHO IJIOCKOCTH, a

JOCKa Tosy4aeT CKOpoCTb U,. B
TOPH3CHTAJbHOM HallpaBJCHHH Ha
OpYCOK ¥ JOCKY AEHCTBYIOT TOJIb-
KO CHJII TpPEHHS CKOJIbXKEeHHsA
(puc. 226), paBHBIE 110 MOZAYJMIIO
umg. Dtd cuael coobiaior 6p yc-
Ky H JOCKe ycKOpeHusd
umg

as=7 = ug



i
. wng m
gy =—"—F=—p-4g.
M M
Takum o6pazom, ckopocTs Gpyc-
Ka OyaeT cO BpeMEHEM YBeJuyu-
BAaTbCsl, & CKOPOCTE JOCKU —
yMenblaTecsl. B cucreme orcuera,
CBSI3AHHOH C JOCKOMH, YCKOpeHue
Opycka onpexnenasiercsi Tak:

o, = 85 — @, = g (1 + 1),

Havanbaass ckopocte 6pycka
HallpaB/ieHa BJIeBO U paBHA IO
MOAY./I0 U,. Dpycox He cockonb-
3HET C JOCKH, €CJIH ero CKOPOCTb
Ha JIeBOM KOHIE JOCKH IIoC]e
NPOXOXKJEHUs OTHOCHTENEHO JAOC-
KH paccTosinust L craHeT paBHOH
nyao. [lozromy

U{% = 2a0m L = QMgL (1—" %)a

HJH
Uy = V?ugL(l -+ [%)

Bpycok cocKONb3HET € AOCKHU, T. €.
JIOCKa BEICKOJIb3HET W3-Toj Opyc-
Ka, €C/IH v > U,.

196. Tax Kaxk HanpsiKedue Ha
Jamne B o0oUX cJydasiXx ojuHa-
KOBO, TO OAMHAKOBO B 00DHX CJIy-
uyasix U HaIPsiKEHHe Ha BepXHel
(o cXeme) yacTH peoctara. 3Ha-
4yHT, B HEH BeIJEAAeTCA ob6a pasa
OJUHAaKoBasg MolHocTb. Ho Bo
BTOPOM CJIy4ae TOK WJAET H uepes3
HHIKHIOIO 4aCTb peocTara, B Ko-
TOPOH TAKKE BHIAEAAETCS JHEPIrUs.
CiepoBatesqbHO, B IIEPBOM CJV-
yae morepu 3HEPrud MeHbIIe, a
KI1J — Bbnue, yeM BO BTOPOM.

197. Tax xak 1aiba Haxo-
JAUTCS1 Ha IIEPOXOBATOH ITOBEPXHO-
CTH, TO OYEBHAHO, YTO B TOPH-
30HTaJIbHOHN IIJIOCKOCTH Ha 1aiby
AEHCTBYET TOJBKO CHJA TpPEHHA,
KoTopast CKJIaJhBaeTCd H3 CHJ

— e —— i R
FTP
e
X
Puc. 226

TPEHHsd, JEACTRYIOIIMX Ha pas-
JUYHBIE  Yy4YaCcTKU  IIOBEPXHOCTH
maibel. Tak Kak HalpasjieHus
CKOPOCTEH pa3/HYHEIX YYACTKOR
pas/JauyHEl, TO Pas/JHUHEl H CHJIH
TpeHUd, [JeHCTBYIOIiMe HA 3ITH
yuacTku. PasobbeM [maiby Ha
3JIeMEHTaPHbIEe YUACTKH U BRIIEHM
ABAa ONHHAKOBBLIX Y4aCTKa MAHOLI
I u 2, pacHo/IoKEHHEIX CUMMET-
PUYHO OTHOCHTE/JNBHO JHaMeTpa
mafibpl, [epHEHAUKYASAPHOIO Ha-
—
IpaBJIEHHUI0 CKOPOCTH U, (puc. 227).
Ha 3T™1 yyacTku AECHCTBYIOT OLHK-
HAaKOBEIE [I0 MOAYMO CHJbBL TpE-
Hu

— —

| Fy| = | Fal = pmg,
rje m — macca Y4acTKa Inapiosl,
B — Ko3bpuuuesT TtpeHusa. Ha-
paBJECHUs »Ke CHJA TpeHusi F

u F, pasnuunn, Haiinem s Ha-
[IpapJ/eHus.

CKOpOCTb KakAoro Hu3 ydacT-
KOB paBHa CYMMe CKOpPOCTH HO-
CTYNaTeNbHOTO JBUMKEHHUS IEH-

Tpa wWakOul v, U JUHeHHOH CKO-
POCTH % BpaLIEHHUs 2TOTO Y4acTKa

Puc. 227
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kv

Puc, 228

OTHOCHTE/IbHO [IeHTpa 11ai6nl. CKo-
—

pOCTb © IMEpPHeHAHKY/sSPHA pa-
auyey R, NpOBEIEHHOMY K JaH-
HOMY Y4aCTKy U3 LeHTpa MaiOhl.

Tak Kak R; =R, 10 144 =
= Yy, = 0R, T. €. JUHEHHHIE CKO-
pocTH 10 MOAY/IO OAUHAKOBHI.
KpoMe TOro, OIMHAKOBHI TaK:Ke

YIJBl, KOTOPHIE CKOPOCTH &y H
U, COCTABJSIIOT C HalpaBJ/eHHeM
BEKTOpa U,. IJTO O3HAYaeT, YTO

CKOPOCTH U3 U U, Y4acTKoB I u 2
TOXKE PaBHBI M0 MOAYJIO, COCTAB-
JI0T ¢ HalpaB/eHUeM BeKTopa

U, OLMHAKOBHE YLVl [, HO OT-
KJOHEHL OT HampaBJ/eHUs Bek-

TOpa U, B pasHbie cTOPOHB. CHJIbI
— —

xe TpeHusi F; u F, Hanpas/ieHhl

—p

NDOTHBOIIOJ02KHO BEKTOPDaM v,
e

B Uy COOTBETCTBeHHO. Mx BepTH-
KaJbHble COCTaBJsIOlMe, — oye-
BUNHO, P4BHBI MEXKAY cobon 1o
MOJYJI0, HO HAIpaBJeHbl B IIPO-
THBOIIOJ/IOKHEIE CTOPOHLL. [lo3aTOMY
UX cymma paBHa Hymwo. Creposa-
TeJIbHO, CYMMapHasi CuJia TPeHusl,
JEHCTBYIOLASl HA ° BBHIIEJEHHDbIC
CUMMETPHYHBIE 9JIEMEHTapHbIE yya-
CTKH ILai6Bl, paBHA CYMMe TOpH-
S0HTAJbHLIX COCTABJAIOIUX CHJ

144

—e —n
F, u F, u HamnpaBJena NpoTUBO-

TOJIOZKHO BEKTOPY U,.

PaccmaTpuBass u  Apyrue 1io-
JOGHHE Nnapsl 3/MeMEHTOB, MBI NpH-
JleM K BHIBOLLY, YTO pPe3Y/IbTHPYio-
as cuja TpeHHs, NeHCTBYIOLIAs
Ha Bcto mafly, ToxKe HampasJena

IIPOTHBONOJIOKHO CKOPOCTH U,
J1a CUI2 MOXKET HU3MEHUTb MO
LYJdb CKOpPOCTH LEHTpA LWaibb,
HO HE MOXET U3MEHUTh Halpas-
JIeHHs 3Toi CKOpOCTH (YyCKOpeHue,
coofaemoe wafibe cuaol Tpe-
HUf, HANPaBJIEHO IIPOTUBOIOJIONK-
HO CKOpPOCTH UEHTpa 1aiOkl).
CaenoBaTesibHO, TPaeKTOpUEH ABH-
JKeHus mandul 6yjer npsiMas Jd-
HUs.

Ecimu B HauadbHBIE  MOMEHT
yrJ0Basi CKOPOCTEL BpalleHu Iai-
Om paBHa Hymo (o, =0), T0
CHJIBI TPEHUA, JEUCTBYIOIME HAa
BCce 3JIeMEHTAapHBE YYaCTKH LIA-
Orl, HallpaBJeHbl OJMHAKOBO, T. €.

npotus ckopoctu v,. [losromy
pe3yJbTUPYyIOIIAsl CuJa TpPeHHs,
paBHasi UX CyMMe, IO MOAY/IO
OoJqblile, YyeM B IIpebIAYILEM CJV-
yae; OOJBIIMM OVAET U MOAYJb
YCKOPEHHSI,

CnegoBarenrHo, npu o, =0
nyTh, NPOXOAUMEIA WAHOOH 10
ee OCTAaHOBKH, MeHblle, 4eM IIpu
®, 7= 0.

198. Ha rpys nelcTByoT nBe

CUJAbI: CHUJa THXKECTH mg W CuJa

—
Q peakuuu Koseca. Tak kKak Ko-
JleCo JIBHIKETCSI pPaBHOMEDHO, TO

—
paBHojeficTByOWas P 3THUX CUJ
HanpaB/JeHa K LEHTPY KoJieca
(puc. 228) u coobiaer rpy3y LeH-

TPOCTPEMUTENILHOE  YCKOpPEHUE a.
D10 YCKOpEHH€  OJHHAKOBO BO
BCEX MHEPUHAJBHBIX CUCTEMAX OT-
cueta. B cucreme KoopauHar,
CBS3aHHOH € MEHTPOM Kojeca U



ABHKYIIECHCSH TOPHU3OHTAJBHO CO
—

CKOPOCTbIO U, TPY3 ABHKETCS 110
OKPYXKHOCTH C JIMHEHHO#l CKOPO-
-

CTBIO U H €ro LEeHTPOCTpeMUTE/]b-
HO€ YCKOpEHHEe paBHO
02
a == —
R
Tenepn pacemorpum koaeco. Ha
HETO JAeHCTBYeT CcuJa  THAKECTH
e —_— i
Mg, cuita —Q CcO CTOpPOHHI Trpysa

—~

u cuna N peaxkpuu semsu. Korga
-

POEKIHA CUJH — @ Ha BepTU-

KAJbHOE HaNpas/JeHHE CTAHOBUT-

cs paBHOW Mg, Kojeco TMOANPLI-

THBAeT.

CorjlacHo ~ BTOpOMY 3aKOHY
Heiorona cymma npoexkudit Ha
OCb y BCeX CUJ/I, AEeHCTBYIOIMX Ha
rpys, ZO/IKHA ObiTb paBHA may,

mu
T. €, —COS Q!
R

2
lef-J—mgx-”;icosoc.

Orciona
mu
Q1 ="

[Ipyn nanHOM 3HAUEHUH CKOPOCTH
IBHIKEHUsA U BeauyuHa |Qy| mak-
cuMaJibHa npu o = 0, T. €. Koraa
rpy3 HaXOAWTCs B BepxHell ToUuKe.
B 3sror MomeHT U OyneT NoACKa-
KUBaTb KoJieco MPH MUHHMAJBLHOH
ckopocTH ABuKeHHsA.  (Cenosa-
TEJILHO, YCJIOBHE «IIOACKOKA» KO-
Jeca MOMKHO 3allHCaTb Tak:

2

Cos o — mg,

Orcrofa

Umin = ]/g]é(l +£—)z 5 M/C,‘

199. Tak kaxK 1wap merajajauye-
CKUE, TO 3apfl Q pachpeinenur-
Cs1 PaBHOMEPHO NO €ro NnoBepx-

HocTH.  [lo3TOMYy MOXHO IOBG-
PHTE O 3apsiKeHnofi ctepe. Hnsa
TOTO 4TOObI ONpegeJUTb CHJY,
JEACTBYIOUYIO,  HaIpHMep, Ha
BEPXHIOIO Y4acTh cheprl CO CTOPOHBL
HUXKHeH, pa3oGbeM MbICTEHHO 3TY
4acTh Ccdepnl Ha 3/1€MeHTapHEHE
—>

yuactku. Cuna F, peficTByiomas
Ha OIMH U3 TdKUX YYaCTKOB
(puc. 229), onpenensiercst popmy-
JIOH

— -

F =qE,
TAEe g — 3apsij BbLIEJEHHOTO y4a-
cTKa, E — HANPAKEHHOCTL MO
JIsl, CO3JaHHOIro Bcel oCTaJibHOH

yacTblo ccepul. OueBUHO, YTO
QS
q = ’
ATLR?

rge S — maoliagh BHIAENEHHOTO

y4acTKa.
Kak u3BecTHO, HanpsaKeHHOCTD
oA BHE 3apsKEHHOH cdepnl y

ee¢ TIOBEPXHOCTH  OIIPERE/ISAETCS
dhopmyiioi
1 9q
4ee RY

a HanpsKEeHHOCTL [10JIst BHYTPH
TakKoH cdepbl paBHA HYJIO.
Cor/1acHO IPUHIMIY CylepIo-
SUIUK HalPsXKEHHOCTb 0JA Kak
BHYTpPH, TAK ¥ BHe Cdephl CKJa-
JbIBAETCS U3 HAaNPsiKEHHOCTH II0-
JIsl BBIEJIEHHOI'O YYaCTKa 3ap sizKeH-
HO# cdepnl U HaANPsAKEHHOCTH I10-
Jsi ocTalbHOB uwactH ceprl. By-
AEM CYHTaThb, YTO BbieJeHHBIH

Puc. 229



Yy4acTOK HACTOJABKO MaJ, 49TO €ro
MOXKHO cuuTaTh njockuM. Toraa
HaNpsKEHHOCTH TOJST 3TOro yua-
CTKa KaK BHYTpPHU, TaK H BHe cde-
Dbl paBHBE! 110 MOAY/AI0 W Halpas-
JIGHBI MepeHANKYASPHO IIJIoWal-
K€ B IIPOTHUBOIOJONKHEE CTOPOHBI,
T. €,

—_ e
El = _E'Z'
[lyete piast  onpenejeHHOCTH

3apsn ccpepbl MONOKNTEEH. Tor-

12 BEKTOPHI E1 U E HallpaBJ/ieHkl
TaK, KaK II0K43aHO Ha pUCYHKe
229.

[TocKoNMbKY HANPSKeHHOCTb 110~
Jisl BHYTPH cq)epbl paBHa HYJIO, TO

CyMMa BeKTopa E2 H BEKTOpa E
HanpsuzKeHHOCTH [0 OCTalib-
HOH uyacTd cdepbl pasla HYJO,
Caeposarte/IbHO,

E,+ E =0,
uJiu

Ey,=—FE,=E.
Torna ajasg HanpsiKEHHOCTH I10J14
Bue Cgeprel MOMKHO 3alliCaTh:

—

E,=E + E,
OTKYyJIa

I H
E o — EC — g.
2 Rne,e R?
CioeoBaTesibHO, JJIsI MOAYJISI CH-
—

JENCTBYIOUIEH HA BhIJEJTEH-
MOJKHO 3a-

Jel F,
HEIl y4acToK cgepsl,
nucars:

| S

207%,e RY

—
Tenepp nafinem cuay F, zeii-
CTBYIOILYI0O Ha BCIO
gactk cdepbl. Last 3TOro HYKHO
—3

HalTH cyMMy cua F,, peHdcTBYiO-
1MX Ha 3JeMEHTAPHBIE YYACTKU
«BEPXYIUKH» Cdephl, T. €. [IoBepX-
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BEPXHIOIO -

1

HOCTH cepHyeckoro cermenTa. Hs

cooOpakentil CHMMETPUH OYCBM]-

HO, YTO CYMMa TOPH30HTAJbHLIX
—

cocTasasiomux cudl F, paBHa

nymo. [loatomy
F=3F jopy = ZF coso,; =
Q2

= —— 2Scosq,
3272 eRY
rae o — yroJl MeXIy BeKTOPOM
F. u Beprukaanto. Tak Kaxk

S cos o — 310 npoekius  IIo-
@ yyacTKa Ha TOPU3OHTA/b-
HY0O  INIOCKOCTE, TO  CyMMa
%S cos o paBHa IJIoWLaAu S OCHO-
BaHUsl cepruueckoro CerMeHTa.

S = nr?,

rae r — pajguyc oOCHOBaHuda cpe-
puueckoro cermeHTta. Cnenosa-
TEJILHO,

2
F= —"H——-——Q qur?
3270%¢,eR!

{

B Q2 L2
32me,eR? ( Rz)'

200. Tlocne 3ambpIKaHUsl KJwo4a
B €Y BO3HHKAET 3IEKTPUUECKHH
TOK, HO CHJIa TOKa HNOCTeIIeHHO
ymenbluaerca. Kak ciaenyer us
BOJILT-AMIIEPHON XaPaKTEPUCTUKH

IMONA, HanpsKeHUe Ha JUOJE
pasio U, npu BcexX 3HaYEHUAX
CWJILI  TOKa BIJIOTE J0 HYJl.

IlosTromy npouecc 3apsiikd KOH-
AeHcaTopa ¥ INPOTEKAHHe TOKAa B
elld NPEKPATATCA B MOMEHT, KOT-
Ja HanpsixkeHue U, Ha KOHJEHCa-

TOpE CTaHEeT PaBHbIM
U.=¢é—U,.
K sTOMYy MOMEHTY [0 Henmu npoi-
AET 3apsiA
g=CU.=C (&~ U).
Cor/sacHo 3aKOHY COXpaHEHHA

sHeprup pafora HCTOYHUKA TO-
Ka 10 TNepeHeCeHHIo 3apfja Io



BCEH [eMnu paBHa cyMMe paboT Ha
OTHENBHBIX YUYaCTKaX:

A=4, +A,+ W,
rie A = Eqg — pa6Gora ucTOY-
HUKa ToKa, A, = U,g — pabora
Ha Y4YacTKe Iemd, CcojepxalieM
1 1
nuon, W, = -2—qU = —é—q(c?——
~— U,) — sHeprus 3apsiKeHHOro
KOnjencatopa, A, — paGora no

IEPEHECEHUI0  3apsiga Io pesH-
cropy R, 3a cueT KOTOPOH 3TOT

C

PE3UCTOP  TEPEenaeT OKpyixKato-
el cpene  KOJMUYECTBO TeILIO-
e Q.

[Toztomy

1
Q: éaq—qu——Q—q(éd-—-
1
— Uy =~ C(E — U,

201. Jlna  KuneHust OQHOPON-
HOH JKUJAKOCTH HeoOXOZMMO, 4TO-
OBl AaBJeHHe HaCblEHHOro Iapa
B Ny3blpbKax, oOpasyiollluxcs Mo
BceMy OOBEMY KHAKOCTH, OBLIO
paBHO BHEIUHEMY AaTMOCQEPHOMY
nasaenuiol.

[Ipu «norpaunyHOM» KHIIEHHH
B Iy3BIPBKAaX, HaXOJsIIHXCS HA
rpaHuIle BOAKI U UeTHIPEX XJIOPUCTO-
ro yraepoga (C Cly), conepxutcs
KaK BOIsIHOH map, TakK M raso-
00pasHblil YEThIPEXXJOPUCTRIA YT-
JAepOj, IpuueM CyMMa MX lapiu-
aJbHBIX JABJEHUN paBHa aTMoC-

1 B pelicTBUTENbHOCTH JaBjCHME Ha-
CHIIIEHHOTO Mapa JoJxHo GblTh GoJblle
aTMochepHOro Ha BeJHUHHY

20
rge pgh — ruapocTaTHuecKoe [AaBjeHHe

o
Ha rayGuue h, Fi’_ — poGaBouHoe JaB-

JI€HHEe TIOA H3OrHYTOH TOBEPXHOCTHIO
MUAKOCTH (0 — KoshpUIHeHT noBepX-
HOCTHOrO HaTIXKeHHd, R — paguyc ny-
snipbka). OGbI4HO 3TOH BeIMYHUHON MOXK-
HO npeHeGpeub No CPaBHEHHIO € aTMOC-
beprniM naBneHueM.

tdbepHOMY  maBJeHHIO:

Pau = P1 T Das-
rae py = 192 mm pr. cr. — nap-
HUadbHOE  JaBjleHHEe HAaCBILEeH-

. HOTrO BOASIHOTO napa, p, — nap-

nMaseHoe JAaBJjeHue rasocolpas-

HOTO  HacCBUIEHHOIO  YEThIpex-
xjopucroro yraepona. [lockoub-
KY Paw = 760 MM pT. C€T., TO

Ps = Pary — P1 = 968 MM PT. cCT.

Bo Bpems xumeHust Ny3eIpbKH
NOAHUMAIOTCS  BBEPX, MOXOLAT
A0 TOBEPXHOCTH  MKHJAKOCTH H
Jonarworcs. CnepoBaTesibHO,  OT-
HOLIEHWE Macc m; U My obpaso-
BABHIMXCHA 338 HEKOTOpPOe BpeMd
IIapoB PaBHO OTHOLIEHHIO  ILJIOT-
HOCTH Oy BOASIHOTO Hapa K ILIOT-
HOCTU P, ra30006pasHoro  4eThl-
PEXXJOPUCTOrO  yrjepola B IIy-
SEIPbBKE.

M3 ypaBuenns MenaeneeBa—
Knaneiipona IUIOTHOCT  HACLI-
IMEHHOTO TMapa BupamxkaeTcs Tak:

puM
RT’

Py =

rA€ p, — JaBJeHHe  HaChIIEel-
Horo mapa, M — moJsipHasl mac-
ca napa, 1 — Temiepatypa H
R —razoBasi noctosiuHasi. Ilo-
ITOMY

1
~ o5°

Orciona caepyer, 4TO 4YeThIpex-
XJIOPHCTBIH yIJIepPOJ NPH <IOorpa-
HHUYHOM» KHMICHHU HCIApsercsl B
25 pa3s OwicTpee BOAM.

202. Tlocne coypapeHusa  ma-
poB I u 2 wap I O6yier nsu-
raTeCsi  IOCTYNATeIBHO € HEKO-
TOPO#l IIOCTOSAHHOH  CKOPOCTBIO.
Llentp Macc cucrteMmbl urapoB 2 H
3 Toxke Oyner ABUraTeCs NOCTY-
nateqbHO C IOCTOSIHHOH CKOPO-:
CTBIO, H, KpOME TOro, Iapu 2 u 3
OYRYT KoJ/1e6aTbCst OTHOCHTEJILHO
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HX menTpa Macc. Jlas toro 4ToGhl
OTBETHTb Ha BOMpPOC, CTOJKHYT-
¢st au mapsl I u 2 BTOpO# pas,
HYKHO HaHTH 3aBUCUMOCTb KO-
OPAMHAT 3THX LIAPHKOB OT Bpe-
MEHH U IIOCMOTPEeTb, MOTYT JIH 3TU
KOODAHMHATH  COBINACTbD.

Bynem cuuratnh, uTo coyaape-
HUE SIBJSIETCS MTHOBeHHbIM. B
5TOM CJy4ae OHO MPOUCKOAHT TAK
K€, KaK coyaapeHue NBYX CBOOOR-
HBIX LIAPHKOB, He CBSI3aHHEIX C
Apyrumu rteqgamu. [losToMy MOXK-
HO NPUMEHATh 3aKOHbI COXpaHe-
Husa uMnyieca n suepruut. OGo-
3Ha4yuB CKoOpoCTb mwapa I Ao Co-

-

YAaPpEHHA yepes Uy» €10 CKOPOCTbL

nocsie coyapeHust — uepes v; H
CKOpoCTh wapa 2 nocje coypape-
—

HHS — 4yepe3 U,, MO2KHO 3alli-

caTh:
Muvy, = Mu, -+ muv,,
Mvg va mvg

5 — 3 T3

Pewasi coBMECTHO 9T ypaBHEHUS
OTHOCHTE/IBHO U; U U,, HAXONUM:

M — _
o, =g, M=m _, 1=y
M4+ m -9
U, =10, 2.
I+
[Tocre coymapenuss  wap [

OyAeT ABMIATBCS DPAaBHOMEPHO H
Ero KoopjauHaTel OYAyT  H3Me-
HATBCSI CO BpEMEHEM II0 3aKOHY
] —
x1=vlt=vo——vt_
I+

! Bpems coyzapenus T NONKHO GHITS -

TAaKHM, 4TOObl MOXKHO GELII0 HE YYMTHIBATH
CMeUieHHs Wapuka 2 1 feopManuy npy-
KUHK. Jlna 3TOro J0/MKHO BHINOAHATLCA
HepaBenctBo T« T (rme T — mepuox
KOJIe0aHHRt 1wapHka 2  OTHOCHTENBHO
HEeHTPa Macce mapukoB 2 H 3).

i48

Uentp macc mapo 2 u 3 Oy-
JET ABMraThCA TOMKE PAaBHOMEPHO,
HO CO CKOPOCTbHIO ‘

Us 1

v, —m— - =—= 0, —
el 9 Ol_i_v

(wapsi 2 U 8 oaUHAKOBBIE). 3TO
O3HayaeT, 4YTO KOOPAMHATA IIEH-
TPa Macc MEHSIeTCs CO BPEMEHEM -
no d¢opmy.Je
1
Xy = Ug—F,
b+v
PaccMoTpuMm  aBHzKeHHE 11APOB
2 1 8 B cucreMe KOOpPJIHHAT,
CBA3aHHOW € WX I[EHTPOM Macc.
B 3Toff cuctemMe B HavaJbHBIH MO-
MEHT Lapel JBUKYTCsS HaBCTpe-
uy APYT APYTY € paBHLIMU IO MO-
ayJwo ckopoctsimu. [lostomy B
JajipHefllleM KaXKIb#l H3 1UapoB
Oyner coBepliaTh TapMOHHYE-
CKoOe KoJieGaHie OTHOCHTENLHO [1eH-
Tpa Macc 00 3aKOHY

x = A sin of.

Ecau  KECTKOCTE  [OJIOBHHDLI
NpyxuHbl 0003HAUUTL Yepe3 k&,
TO YyacToTa ITUX KoJjebanuii Oy-

neT: B
_ k
© = ]/Ef

Avnuryny  kosaeGaHuii A MOK-
HO HafiTH, BOCIOJL30BABLIHCH 3a-
KOHOM COXpaHe€HUs 3Heprud. B
HayaJbHBIN MOMEHT IIPYXKHHA
He aedopMmupoBana, wap 2 HMe-
€T CKOPOCThL Uy/2 M 3HEPIrUI

2
mvo

2(1+4y)?
DTy SHEPTHIO IPUpPAaBHsAEM K SHep-
T ynpyroii pedopmauuu mpy-
AKUHB! B TOT MOMEHT, KOTa OTKJIO-
HEeHHUE 11Iapa OT [I0JIOKEeHUs pas-
HOBECHS MAKCHMAaJlbHO U pPaBHO
amnnutyne A xoneGaHuii:

2

mvo ) kAz .

2(14v2 2




Orcwoaa

A= ‘/ my__ .t
I+v2k (+7oe

Tenepb MOXKHO 3amucaTh 3aBH-
CUMOCTbL KOOPAHHATH mapa 2 oT

BpeMeHH B CHCTEME KOOPAHUHAT,
CBsI3aBHHOH € TIOPH3OHTAa/JbHOH
IJIOCKOCTBIO!

X, = Uyt + Asinet =

:Uﬂt 1 i Uy
1+ l+vo
Mlapwt I u 2 croakHyTcs e€we

sin of,

pa3, ecau BO3MOXKHO PaBeHCTBO
Xy = X,
T. €.
Ug l———= 0rf————(1—|— -—smmt)
I+v I+ wt
WU

sin wf =

Pelzenuge 3TOro ypaBHeHHs OIpe:
JETUTC  TOYKAMH HepeceyeHHs
NmpsiMOl y = y¢ H CHHYCOHIH
y = sin ¢ (puc. 230), npuuem
pelleHHE CYLIECTBYET, €CIH Y <
<v: ~ tgy,. M3 pucyska Bup-
HO, 4YTO

—y0f.

Y & (—Z—n)ﬂ ~ 0,21,
OTHOlleHHWe Macc 1apoB pasBHO
npubausureasso 0,21.

203. Ha simuk (puc. 231) neii-

CTBYIOT CHJla THAKECTH mg, CHJIa

R o
HaTsKeHus BepeBku F, cuja pe-
KUK cxonHeit N u cuja TpeHus

F,

rpy  MOAYJIb Xotopo Fr, =

™

= uN. CrnpoeuupyeMm BCE CHJBI -

Ha HanpasJeHHsi BIOJAb CXOAHEH
U NeprneHAuKYASAPHO K HHM U 3a-
MHIIEM COOTBETCTBYIOUINE ypaBHe-
HHUSI JBHIKEHHA.

—

SaMeruM cuibl N u FTp HX
paBHOAEACTBYIOIIEH NOMHOHA CH-
Jofi peakuuWu CXopHei: Q=

YA
|
T 3
; 2 N\gi_Zz" om
s i 72
Y=
\
Puc. 230

)

N

Puc. 231

= N + F., (cm. puc. 231). TIpu
PABHOMEPHOM JIBUKEHUM CYyMM2

CHJI Q Fu mg JOJIKHA PaBHATH-
Csl HYJIO U BEKTOPbl 3THX CHUJA
LO/KHEI 00pa3oBaTh 3aMKHYTHIH
TPEyroJdbHHUK.

3ameTuM, 4TO Hanpab/eHHE CH-

-
JBl () COCTABJSET C IlepNeBauKy-
JAspoM K HAKJOHHOH INVIOCKOCTH
yroa 8, KoOTOpHI olpenenserca
COOTHOLLIEHUEM

tgo=To BN _
g N N w
Orciopa BHAHO, 4TO IIpU H3MeHe-

HUH _ MOAYyJs H HanpasleHus

cunet F HanpasJeHue CHJIb Q
OCTAeTCST HEU3MEHHBIM. TaK Kak
MOlIy‘JIb M HanpaBJieHHe BEKTOpa

mg HE MEHSIOTCs, TO MOLYJb BeK-_
TOpa F 6y1{eT MUHUMAaJbHBIM, €C-.
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o M,
£ F
a m§ &) mf
m
o(+0 RY) J
a ) "8
Puc. 232

JIK 3TOT BEKTOP OKAXKETCH NepIieH-
—

JUKYJISIDHHIM K BekTopy Q (puc.
232, a) [Ipy 3TOM € TOPHU3OHTOM

cuma F OyaeT cocTaB/sATh Yrod

p=a-+0=a-4 arctgpn
(yrawt p u o -+ 6 paBHW Kak yr-
JbI C B3aUMHO INepIeHIuKYyJIsap-

HEIMH CTOPOHAMHU).

Touno Ttax xe peuaercs saga-
ya [PUMEHHUTENbHO K CAYYAl0
ABHXKEHUS! fAUIMKA € YyCKOpPeHHeM
a<aq,. B _3TOM cayuae Cymma

BEKTOPOB mg, Q u F JNOAKHA ORITh
paBHa ma (puc. 232, 6). [lpu

3TOM MOAYJ/b CUAR F U3MeHUuTCs,
HO €e Halpap/ieHHe OCTaHeTcs
PEKHUM.

HpH a > a,,
FTp U, CJIG,I[OBdTe.HbHO Q PAaBHEI

—

KOrpa CHJel N,

HY/I10, CHJIA F ILOJ'!}KHd CO@,&HHHTB

KOHIIbl BEKTOPOB mg 0 ma (puc.
232, 6). Jlerko BujgeTh, 4TO B
9TOM cJayyae

B = arctg(g+a51na ) —

a cos

. geosa
= q - arctg (g—-———-—sin P )

204. Ilocne TOrO Kak oOMOTKA
OKaXeTcst 3aMKHYTOH HaKOpOT-
KO, MOTOp IIpeBpainaercs B JAHHa-
MO-MaIllMHy, Npu4yeM TOK / B KO-

150

pe IQuHaMo-MamuHbl  OyJAeT Ta-
KUM K€, KakuM OH Owll, Korna
MamuHa paboTana Kak 3JEKTpo-
mMotop. JleficTBUTENEHO, B OOOHX
c/ygafX OAHMH H TOT K€ Ipy3
JBUKETCs1 (NOAHUMAeTCsl WK OIy-
ckaetcst) papHomMepHO. [loaTomy
MOMEHT CHJI, AERCTBYIOUWUX Ha
SKOPb CO CTOPOHBI MAarHHTHOTO
oM WHAYKTOpa W TPONOPLKD-
HaJbHBIX CHJE TOKa, paBeH Mo-
MEHTY CHJIBI TSKECTH, JEeHCTBYIO-
nieil Ha rpys.

Ilpu nogveme HEBECOMOH HHTH
(B pexkUME XOJOCTOTO X04a) MO-
MEeHT Harpysku pageH Hyawo. B
3TOM cJiygae paBHa HYJHO U CHJIA
ToKa [, B aKope. 3aluIleM 3aKoH
Owma mm BCeX TpeX Ciyuaes.

[Ipu nogweme rpysa ¢ nNOMOILLIO
MoTopa 3akoH Owma sanuinercsa
TaK:

U—¢&, = IR, M

rae U — "HanpsiKeHHe Ha 3aXu-
Max Motopa u & — HHLyuupye-
masi B sikope 3JIC.

[Ipu onyckaHuH rpysa, Koraa
MoTOp paboraer KakK AUMHaMO-Ma-
iwnHa, 3akoH OMma NpHHUMaeT BUL,

= IR. (2)

Korga xe MoTtop paboTaerT Ha
X0JOCTOM X0y, CHJ/la TOKA paBHa
HYJI0 W HallpspKeHHe Ha 3axKUMax
paBuo DAC, uuAYUMDYIOLEHCS B
sKope:

U—¢&,=0. (3)

Tak xax 3JAC UHAYKUMH mnOpo-
MOPUHOHAABHA CKODOCTU H3Me-
HeHHsi MaTHUTHOTO IIOTOKA, T. €.
YIJAOBOH CKOPOCTH @ BpallleHud
IKOpsi, 4 ® ~ v, TO

&, = kvy, & = kv, U Ex = ku,, (4)

rae k — x03pdUIHEHT - - IpOTNop-
HUOHAJBHOCTH. M3 paseHcts



(1)—(4) nonyuaewm:
UZ = Uﬂ - Ul'

205. CeplleuHHK C KaTYLIKAMH
npeicrasiisier coG0H MOBRILAO-
wu#A  TpaHcopmarop. O6o3Ha-
yuM uepes K OTHOWIEHWE YHCEN
BUTKOB B OGMOTKax:

K=2=2 (1)
ny

Hanpsixkenue U, na pasoMKHYTOH
BTOPUYHOH Kartywke pasHo DJC
63, KOTOpAasi HABOAUTCS B HeH.
Beanyura &, cBsizana ¢ C &4,
BO3HHKAwIEH B IMEpBUYHON Ka-
TYILIKE COOTHOILIEHHEM

b3 . M2 @)

&y ny

Ha pucynke 233 mnpexncrasie-
Ha cxeMma 3toro tpancgopmaropa,
Hd KOTOpPOH aKTHBHOE COIPOTHB-
JIeHHe R MepBHYHOH LENH [OKasa-
HO BKJOUEHHBIM IOCJIEn0BaTeNb-
HO C peakTHBHBIM COIPOTHUBJe-
uueM Xp. Tlo nepBHuyHOH wenH
TpaHcopmaTropa Teuer nepeMeH-
HHIH TOK, JeHCTBYyolLlee 3HaueHHe
Kotoporo onpeaeasercsa ¢GopMy-
Jod (3akoH OMa ;s mepeMeHHOro
TOKa)

U
], = — L
VR X &
[Ipu pasoMkHYTOH BTOPHUHOH

oomorke DIC uUHAYKUUK B nep-
BHUHOH oOMOTKe &, paBHa Ha-
OPSIKEHHI0O Ha HHJYKTHBHOM CO-
IIpOTUBJIEHHUU:

— U XL 4
Ve @
Torga uz (1)—(4) nonyuaem:

KU,
=1 5

U, = ——
2 V(X—}:‘_)2+l

éol = IXL

R
u, ' R, ”;
Puc. 233
AnaJioruysoe COOTHOILIEH e

MOXKHO 3amucatbh W JAJds TpaHC-
dopmaTopa ¢ cepiedHUKOM, HMEIO-
UM MArHUTHYIO IIPOHUIIAEMOCTb
w'. Taxk kak X; = @L,a L ~ g,
TO NPH 3aMeHe CepaevyHHKa H3Me-
HHTCA HHAYKTUBHOE COINPOTHBJE-
HHE I[1epBUYHOR OOMOTKHU:

X _w
X, H.
Takum o6pasom,
Upm =g ==
l/(__’-) 41
Xy
KU,

—

Ve
Ho u3 pasencrsa (5)

(Rf:!’Kg-l-f-—l.

X.) Uy,
[IoaTOMY
r_ KU,
2 D >
M U, ]
— K—)—1 1
]/(lh) l.( sz) +
u!l ~ 208

206. I'lposegs CepHI0 BHICTpeE-
JIOB B FOPH3OHTaJbHOM HalpasJe-
HUHU, HAXORAT CPEJHIOI Aadlb-
HOCTB S, MOJETa CHAPAAA M Bbl-
YUC/ISIOT CPejHIO CKOPOCTh B~
Jera cHapsija:

Scp

Ve
g .

— Sep
Voyep ™ & =
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rae b — BHICOT2 NIHCTOJETA H2J
HoJIoM, [ -— BpeMsd MoJeTa CHa-
psAga. 3areM ONpPenensitoT MAKCH-
MaJpHOE OTKJOHEHUE CKODOCTH
BBIJIETZ CHApsinAa OT CPexHel CKo-
pOCTH.

MoXHO [pPOBECTH HECKOJABKO
CEpUH BBICTPEJIOB IIPU PASJAHUYHEIX
yriax o Bellera CHaApsija U HalTu
38 BUCHMOCTD S, (). SIIUK ¢ Ie-
CKOM IIPU 3TOM yﬂ,OﬁHO yCTaHaBJ/IH-
BaTb Ha TOM K€ YPOBHE, 4TO U
nucroder. Tak Kak IPU BbiCTpe/e
mon, yraom a (puc. 234)

gi®

y = v{,tsino:——q—, X = U, Cos «,
20, sin o
0o y=0 npu { = ——=. [lo-
g
3TOMY
02
s = —9 sin 2e,

OTC}O,B,H

- Vsm 2

Puc, 234

=
=
>

Puc. 235
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H MOXKHO cYyHTaTh, 4TO

. _ s .
UO.Cp—' |/ (.:p g .
sin 2a
[locne ycTaHOBJAEHHSI YJIEHOM

KIOPH MUILIEHU H3MEPSIOT BBHICOTY
mumesn h (puc. 235) u yroa o,
MoJ, KOTOPbIM Hajo IPOU3BECTU
BbicTpe/. PaccrosiHie § 1O Muliie-
HH PAacCUUTHIBAIOT CJAEAYIOUUM 00-
pazom:

y:—-h—;-votsinoc—%,

X = v fcosa.

Orciona y = O 11pu

ep Sin -} V vgpsin2 o - 20k
t = t(]: 7 .

ClrefoBaTe/IbHO,
§ = Ue,pt, COS 0.

Pa36poc nayaJbHBIX CKOpoOCTef
BLIJIETA 11apUKa OIPEREIsEeT pas-
€poc AaJIbHOCTH €ro noJjera, yro,
B CBOIO Ou€pejb, ONPEJENseT pas-

Mepbl sllmKMKa, B KOTOPBIH 3KCIle-
PUMEHTATOP AOJKEH  IONacThb
IHIaPHKOM.

207. lnsa  pewleHus  3ajaud

HYXXHO co0paTp 1ellb, OKa3aHHYIo
Ha pucyHke 236. B 310o#f nemnm
yepes peoctaTt WAET TOK, KOTOPLIH
3HAYHTENbHO MeHbIlle MaKCcHMaJb-
Ho ponycrumoro (5 A). MeHpe
MaKCHMaakHO golyctuMon (30 Br)
6yger Y MOHMHOCTE  HArpeEea-
Tens:

p=2L=125Bm
H
B xajsopumerp HaJMBAOT BO-
ny. Maccy Boas m, OIpENENAIoT,
B3BEILUBAsl I[IYCTOH KaJOpUMETp
H KaJIOpUMeTp ¢ BOJOH. 3aTeM omy-
CKaloT B BOLy HarpeBatejlb H
ONpPENE/IAIOT BPEMS Ty, 33 KOTO-
poe BOJA H KaJlOpUMETp Harpe-



BaOTCAA OT TeMneparypul § =
= 50 °C no Temneparypu f; =
= 55 °C. Ecau [ — cuaa TOKa,
norpefysemMass HarpeBareseM, TO,
npenefperass TENJIOOTAAUEH, MOXK-
HO 3anucath:

PRy = (g, 4- C) (& — fi),

rae € — TenI0eMKocTb KaJopH-
METpa H HarpeBaressl, ¢,— YAedb-
Hasg TEIIOeMKOCTb BOJb, R —
CONpPOTHBJEHHE HarpeBates. Be-
NOJHHB 3aTeéM aHa/JdOlHYHblE H3-
MEpeHysT TpPH 3aluBKE B KAJO-
pHMETDP MHHEpaJbHOTO  Macia,
nojlyyaeM pPaBEHCTBO

]2RT2 (Cumm +- C)(tda - fl)’

re Ty — BpPeMsA HarpeBaHHsl Ka-
JOpUMETPA ¥ Macja OT TeMilepa-
ypel ¢4 = 50 °C mo Temnepary-
pel Iy = 55 °C, ¢, — yjeapHas
TEMIIIOEMKOCTb  Macjaa, #l, —
macca macaa. M3 stux paBencts
HaXOIHM!

PPR(Ty — 1) - coummy(ty — 1)

My (fg — 1)

—
—_—

M

JIlng  NOBBILEHHs TOYHOCTH H3-
MEpPEHHH BOAY H Mac/o ClIefoBa-
JIO HanuBaTh B KaJOpUMETD B
OIMHAKOBLIX o0O0heMax. 1o ole-
CTeyHBaeT paBHEBIC YCIOBUS TEMAO-

nepesayu.

[lepeMenHelfl  pe3ucTop HANO
BKJAIOYATh MO CXeMe IMOTEHIHO-
MeTpa, TakK Kak TpH ero BKIUYe-

HHY [I0 peocTaTHOH CXeMe cuJjia
TOKa B Iend

[=—Y ~024
Rt

H

Oewia Obl Gonbile Mpefena HaMe-
peHHs  MHMNInamnepmerpa /, =

= 0,15 A. Harpesareap nenb3s
BKJIOUATb, €C/AH OH He MOrpy:XKeH
B JKHAKOCTb, TdK KaK BCJAEICTBHE
cnaboii  TENNOOTAZYH OH  MOT

2

Puc, 236

OBiTb BEIBEAEH U3 CTPOA.

31y paboTy MOXKHO BHIIOMHHTD
0o/iee TOYHO, YUTa YTeuxky TEmJa
u3 xajopumerpa. C 5Toll LeABIO
HYZKHO ONPEJeIUTDH CHAY ToKa [,
npyu KOTOPOjl TeMmeparypa Xul-
KOCTH B KaJOpPHMETpe He U3MeHsI-
eTcsl CO BpPEMEHEM,  oCTaBasiCh
pasaol 52,5 °C. Momuocts Py
YTEUKH TEIVIa NPH 3TOM BHIYHUCJIA-
ercs Tak:

P, = I} R,
a 3HaueHHe TOJEe3HOH MOIHOCTH
paBHoO
P =P—P,=(>—I)R.

208. [lonkniouuBs K KieMMaM
! u 2 3ByKOBOH reHepaTtop, a K
KJaeMMaM 3 ¥ 4 TaMIoOBHH BOJBT-
METp, U3MEPSIOT HANpsKEHHE TIPH
JBYX pAasMHYHBIX 3HaYeHHUsX 4a-
CTOTB! V; H Vy. Ec/u Hanpsizkenue
Npu M3MEHEHUH YacTOThI IeHepa-
TOpa HE U3MeHseTcst, To B KOpo-
Gouxe HaXOJIHUTCA JNHOO CXeMa 8,
aia6o cxema 2. CoINpoTHBACHHE
JAMIIOBOTO BOJILTMETPA HAMHOTO
Goabie conporupnenus R — C-
uenouxky. [losToMy oH Oyaer mo-
KashBaTh HalpsKEHHe Ha 3a-
JKHMaX TreHeparopa, KOTOpoe He
JIOJIKHO 3aBHCETb OT HacTOTH (3TO
MOXKHO TIPOBEPHTb B OTAEJIBHOM.
OIBITE, TORKIIOUHB BOJMBTMETP K
KOHTaKTaMm 2 U 4).

Ecid ke ¢ yBequueHueM ua-
CTOTHl  TI0OKa3aHHsl BOJLTMETpa
YBEJIUYHBAOTCS, TO B KOpoOOuke
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Haxojgutcst cxema a (C poCTOM
HYacTOThI  CONpPOTUBJIEHHE  KOH-
JEHcaTtopa YyMeHblaeTcs, a Ha-
NpsXKEHHe CHUMAETCs ¢ pesucTo-
pa).

Hakoneny B caydae, Korja ¢
VBEJIHYCHHEM  4HacTOTbl MOKasa-
HUs BOJLTMETPA YMEHBbUIANOTCH,
MOXXHO YTBEPXKJaTh, YTO B KOPO-
Gouke HaxOIMTCA cXema 6 (Ha-
OPsKEHHE B 3TOH CXeMe CHHUMa-
€TCsl C KOiaeHcaropa).

Has onpejenenns napaMerpos
3JeMEHTOB B cXeMmax a u 6 Boc-
MOAB3YVEMCST  JIONOMHUTEAbHBIMH
pesnicTopamH.

B cayuyae CXeMBl @ NOAKJIIOUYNM
pesuctop R, K Klemmam 3 U 4
napanjensHo  pesucropy R, Ha-
XoasieMycss B kopobouke. O6o-
3HAYMUM HampsiKEHHE Ha KiemMax
2 u 4 yepes U,, HanpsxKeHHe Ha
KjaeMMax 3 U 4 10 NOIKIHYEHNUS
pesuctopa R, uepes U, u Hanps-
XKEHHE Ha 3ITUX KJAEMMax nocle
NOJAKJIOUEHHsI  PE3UCTOPa uepes
U,. 3anmuem zakoH Owma 1as
9THX ABYX CJAYYaes:

U UZ U2
R = Rl —t “/—-9_———--—2* - 1 )
U V U2 —U2
= U
2wk V22
B cnyuae cxeMbl 6 MOAKIIOUHM

pesucrop R, K kKiemMam 2 u 3
napannejfbHo pesdcTopy R, Ha-
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xoaauemycsi B kopoGouke. Bsens
Te Xe 0003HaueHHs1, UTO U B Mpe-
AbILYIIEM CJAyvae, 3andiueM 3a-
KoH Oma Al HenHd ¢ pe3sucTopoM
u 6e3 Hero:

U= 1, X o
1 1“*¢ Vm!
UOXC
U == [ X = —————
S
rue
RR
R, = <
7 ORER,
[Tocre mpocteix  npeoGpaso-

BaHUH [OJAYUYHM:

U,y S22
R= RI(—‘?]/M—E , 1)
uLy uvi—uz

Vuvi—u?
T 2mvU,R

Ecau nanpsxkenue U npu us-
MEHEHHMM YaCTOTH HE H3MEHsIETCH,
TO B KOpoOOUKe HaXoJuTCsl CXe-
Ma 8 uau cxema e. Jlasi onpenene-
HUSI, C KaKOH M3 THX CXEeM MEI
HMeeM JeJ1o, K KJemMmam 3 H 4
NOJKMIOUAI0T  pesucrop R,
U3MEPSIIOT ~ Hanpsixenue U, =
= U3__4 H Ug = U2_3 (pHC. 237),
3aTEM PaCCUUTHBAIOT CONPOTHBAE-
Hue R — C nenodku Z npu pas-
JIMYHLIX YacTOTaX V.

Z = 22, I —_ (-J—], = liz Rl.
[To pesyabrataM  u3mepeHuit

CTPOAT rpabiK 3aBHCUMOCTH
Z=1f®. Ecau s10T rpaduk
HMEET BHJ, [OKa3aHHbIH Ha pH-
cyHke 238, a, To nenb B Kopoloy-
K€ COCTaBJieHa mo cxeMme g. Eciu
K€ YyKasaHHbIE  rpaduK UMeer
BUJ, TPEICTABNEHHBIH HA PHCYH-
Ke 238, 6, To nenb CocTasaeHa Mo
cxeMe . Ilpu Manbix uacrorax



[I0N1HOE CcompoTHBJEHHE Z B CJy-
yae cxeMbl 8 OJIM3KO K aKTHUBHOMY
CONpPOTHBJACHUIO R, a B Ciayvae
CXEMbl 2 — K €MKOCTHOMY COIIpO-
tuBaeHuio uenu X .. Ilpu Gonb-

IIMX  wactoTtaX, HaobopoT, B
CXEME @ TOJHOE COMPOTUB/IEHHE
Z 6nusko K X, a B CxeMe 2 —
K R. 3Hast X, Ierko paccyuTarb
EMKOCTb KOHJeHcaropa:

1

2nvX,
Hns Ttounoro omnpenenenus R
1 C caenyer HaWTH 3HaueHUda Z,

U Z, IPY IBYX PasdaUYHBIX 4acT1o-
TaX v, H vg; JUISI CXEMEI & —

t 2 —
Vinie | Vagiw
,ILJIH CxeMbl 6 —

I/ICKOMbIe napaMerpol R u C
HaxXoJdaT, pemasi COOTBETCTBYIO-
[YIO CHCTEMY YypaBHEHHH.

209. Ha O6ycuHKY JCHCTBYIOT

— —

CHIa TAXKECTH mg Hu cujaa Q pe-
aknuu manouyky. CoraacHo BTO-
poMy saxony Hprorona

- —_— —>

mg -+ Q = ma.
CrnenoBatesqbHO, €CJH Mbl Halnem
yckopeHpe OYCHHKH, TO TeM Ca-

—
MEIM ompejennM cuny Q. A mo
TpeTbeMy 3akoHY HbloToHa cuna
— .

N, c¢ xoTtopoii 6yCHHKa fneficTBY-
€T Ha naJjlodky, paBHAa 10 MOAY-
—_

Jdio cule Q.

Ha pucynke 239, a mnokasaHo
HECKOJIbKO TOJIOKEHHH nanoy-
ku. Tak Kak B IpsSIMOYroJIbHOM
TpeyroJibHHKE MeAudaHa, CoeAMHs-
10asg  BePHIMHY IIpAMOro yria
C CepeiuHOH TrHIOTEHY3bl, pas-
Ha TIIOJIOBHHE THIIOTeHY3H, TO

Y (171
I—l
O-
J
R1

Y o o e v

a

2
Vi
1 ° o7 ¢
Puc. 237
Z\
R
0 rr—
a v
Z)
e e T —
S
Puc. 238




6ycuHka (touxka () HaxomuTCs
BCE BpEM:A Ha OJHOM H TOM Ke
pacCTOsIHHH OT BEPLUHHBI NPSIMO-
ro yrJa.

HUtak, OycuHKa JBUXKETCA 1O
okpyxHoctd  paguyca [. Cko-
poctb v, OYCHHKH HalpaBJ/I€Ha

0 KAaCATEJABHOH K 3TOH OKpYXK-

HOCTH, a UEHTPOCTPEMHTENbHOE
vZ

YCKOpPEHUE pPaABHO -

B moGoii MOMEHT BpeMEHH IOJ-
Hasg CKOPOCTb OYCHHKH CKJaJB-
BAdeTcsl U3 TOPU3OHTAJNBHOH H
BEPTHKAMNBHON  COCTaBAAIOMINX.

[To ycaoBHIO 3afaust CKOPOCTh
—

TOYKY B NoCTOsSTHHA ¥ paBHa v.
FopyusoHTaNMbHEIE CKOPOCTH BCEX
OCTaNIbHEIX TOYEK TOXKE MOCTOSTH-
Hbl, IPHYEM TOPH3OHTAMbHAS CKO-

10

O3Ha4yaeT, uTo ycKopeHue OyCHH-

pocTe OYCHHKHM paBHa é’-.

KH 1 cuJia @ HampaBJIe€Hb! BEPTH-
KaJlILHO.
B Tot

MOMEHT, KOI'Ja & =

o
= 45°, ckopocTb U, GyCHHKH Ha-
paBJieHa BJIOJb MaJOUKH, 4 ee
BePTUKAIbHAST W TOPH30HTAMb-
Ha% COCTaBAAOLME N0 MOAYJIIO

OJFUHAaKOBHI H

(puc. 239, 6). CrnenoBaTenbHo,
NOJHAA CKOPOCTb OYCHHKH B 3TOT

v
pasub  —

MOMEHT paBHa Vié . [Toatomy
2
W= Ty
H
UZ
a = V§au= ﬁt—'.

‘M3 BToporo 3akona HeloTona

gy . 2
"N=Q=mg— ma-.—-m(g-— Vz—l )
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210. asnenne Ha MoCT ompe-
JIeJISIETC  YPOBHEM BOJbI B KaHa-
Je. Ecny po xanany aBuxerca
Gap»xa, TO, CTPOTO roBOpsi, ypo-
CeHb BOJH MOBBILIAGTCS TeM 60Nb-
e, ueM Tsixkesaee Gapxa. OnHAKO
NPAKTHYECKH  YPOBEHb BOAH BO
BCEM KaHale, KOHEUHO, OCTaeTca
OpexHHM, TaK Kak o0beM BOJBI,
BLITeCHEHHOH 0apikoli, oueHb Mal
10 CPaBHEHHIO € O0HIHM 00BEMOM
BOJbLL B KaHale.

211. bynem cuuTaTh, 4TO YyI-
JoBass  CKOpPOCTH @ BpalieHud
TpyOKH MEHseTCs MEJJIEHHO, TaK
UYTO [pPH  KaxkKJIOM 3HAUEHUH O
LIAPHK HaxOAUTCsT B paBHOBEC-
HOM  COCTOSTHHH OTHOCHTEJILHO
TpyOKHM, & B HEMOABUNKHOH CH-
CTEME OTCueTa LIaPUK JBUKETCA
Mo OKPY:KHOCTH pajguyca [, +
-+ Al (rne Al — uameHeHHe IJU-
HBEI MPY2KHUHEB). Tax Kak HEHTpPO-
CTPEMUTENBHOE  YCKOpPEHHE A =
= a° ({, -+ Al) coofwaerca ma-
PHKY CHJIOH ynpyroCTH OPYyKUHBHI,
TO COIJacHO BTOPOMY  3aKOHY
HrioToHa

me? (I, + Al) = F,,. (1)

Jast Toro uToGBl pemmTs 3a1auy,
Heo6X0AuMoO M3 ypaBHeHusa (1)
nalth  3aBucumMocTh Al 0T ®
uiH, uto yjaobmee, [ = [, 4+ Al
OT Mm?.

3aBHCHMOCTE  CHJBI  YOPYTO-
CTH  DNPYXKHHBL  OT YMJIHHEHUS
NPYKHHLL  3aJlaHa rpadHyecky,
nosTOMY ypapHenue (1) mwl Oy-
JEM pelaTh TOXe I'paduyecKH.
[Tepeprucyem rpadguk, CHABUHYB
Hayaa0 KOOpPAHHAT B TOUKY C
KoopauHatoli — [, (puc. 240, a).
Tenepp 1o ocu abcuuce OKasbl-
BAETCA OTVIOKEHHOH NONHas JJ1H-
Ha [ npyxuue. Ecau u3 nauana
KOOPJIHHAT MPOBECTH NPAMYIO Jid-
HHMIO, TO KOOPAHMHATAMU  TOYKH
liepeceyeHns 5TOH NpsAMOH ¢ rpa-



¢ukoM OyAyT 3HAUEHHS CHJIKLI
ynpyrocta Fy,, ¥ COOTBETCTBYIO-
et el JJMUHB OpYKUHBL [, 2
TAHTE€HC yria HakJoHa NpAMOH
K ocu abcuuce Gynetr paBeH

F
Y = mo?.

o ——

.. Utobp rmocTpourb rpaduk sa-
BUCHMOCTH [ OT me? mnpoBeneM
U3 HayaJa KOOPIHHAT MYUYOK IIps-
MbIX H OTMETHM BCe TOUKH Tiepece-
ueHHsl NPAMBIX C TrpaguroMm. 3a-
TeéM, 3Hasl 3HauedHst [ ¥ COOTBeT-
CTBYIOIIHNE MM 3HA4YEHHs Me® =
= tg o, OyneM oTMeyaTb UX Ea
rpapuKe 3aBHCHMOCTH [ OT mw?.
13 pucyuka 240, a BuaHo, 470
npu yriax o <o, T. €. IMpH
me? < tg a,, Kawupas u3 T1po-
BeIEHHBIX MPSIMBIX NEpPEceKaeTcs
¢ rpapuxom Fy., () Toneko B
ozHOH Touke. M KaxkjpoMmy 3Ha-
YEHHIO M®® COOTBETCTBYET OJHO
spauenue [. Ilpy o, <a <o,
apsiMasi nepecekaercs B TPEX ToU-
Kax (Ipy a = @a; H o = Oy —
B JIBYX), T. €. OJIHOMY U TOMY K€
3HAUENHUI0 Mw® COOTBETCTBYIOT TPH
sHaueHus /. (OTMeTUM HX BCe Ha
rpaguke.

[Tpu o > a,, T. €. npu me® <
< tg ag, Kaxkaas U3 TOPSIMBbIX
OMsITh IIEPECEKACTCHA C I'pPaduKoM
TOJMBKO B OJHOI TOYKE H KaxKA0-
My 3HAUeHHIO mm? COOTBETCTBYET
JUIb OAHO 3Hauenue [, CoenHHuB
BCE€ HaHECEHHBIE TOUYKH IIABHOH
KpUBOH, MBI IIONYYHUM rpaduk,
OKA3aHHbI/i Ha pucyHke 240, 6.

[Tpu mo? < tg o, 1 npH me* >
> tg as KaXIOMy 3HAYEHHIO YT-
JIOBOH CKOPOCTH  COOTBETCTBYET
onHo 3Hauenue [, Ho mpu tg o, <
< mw® <tga, HMeercsT  TPH
pasHLIX 3Hauenusa [ Aaa Kaxjo-
ro sHaueHun mwm?. Ha xkakom xe
PACCTOSAHHH OT OCH BpAULEHHSA
HAaXOJHTCH INAPHK?

b

LTI

fipu ybenuye-
Huu W

:’.Q!.ll.ll....l-h

Puc, 240

[Tpex e Bcero siCHO, YTO WAPHK
He MOXKET HaXOJUThbCSl Ha TaKOM
paccTOsiHHH,  KOTOpOE COOTBET-
CTBYeT Touyke Bg rpaduka (Cm.
puc. 240, a). [e#cTBuTenbHo,
NPEANON0KUM, UYTO IO CHYYaH-
HOH OpPHYNHE MAPHK CAErka oT-
RJIOHWICSL OT 3TOr0 MOJOXKEHUS]
paBHOBECHSI, TaK 4YTO [ YBENHYi-
Jacb Ha Ax. as toro utobbl wa-
PUK BpawWaics, HAxolsch  Ha
paccrostuu [ -+ Ax or ocu, CH-
Ja ynOpyrocTd  JOJKHa BO3pa-
ctd. Kax BHJHO U3 PUCYHKA, B
paccMaTpUBAEMOM  CJIyuae CHUJia
ynpyroctd ymenbwaercs.  Cie-
JOBaTENbHO, 2Ta CH/IA He MONKET
COoOOIKUTEL LIAPHKY HeobxoxuMoe
IS €r0 JBMXKEHUS UEHTPOCTpe-
MUTE/bHOE YCKOPEHHE H ILIAPHK
GyAeT  NpPOAONKATL JBUTAThCs
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BIOMb TPYOKH K NOJOXKEHHUIO Bj.
Takum ofpasom, Touka B, COOT-
BETCTBYET MOJNOKEHHUIO HEYCTOH-
YHBOI'O  PABHOBECMA  lapHUKa.
AHalornuno  MOXKHO TIOKA&saTh,
YTO TOYKH B; ¥ B, COOTBETCTBYIOT
MOJOXKEHUSIM  YCTOHYHBOTO pas-
HoBecus1 apuka. [lostomy npu
tg o, < mw® < tg oy wapur Mo-
XeT HAXOAUTECS B IOJNOXKEHHSAX,
COOTBETCTBYIOIIMX yYacTKam rpa-
dura A,C, u AyCs.

B KakoM 2Ke HMEHHO H3 CBOHX
VCTOHUHBLIX; TNOJNOXKeHdH Oyjer
HaxoauTuca  mapuk? OTBeT Ha
3TOT BONPOC 3aBHCHUT OT TOrO,
KaK H3MEHsIeTCs YIJoBasi CKoO-
pocTb BpameHusa TpyOxd. Ecau
o YBeJlUYWBaeTCs, TO IHapUK He
MOXKET TONacTb B TMOJOXKEHHs,
cooTBercTByOIMe yuacTKy A,Ce
rpauKa, He NPOHJA MOMTOXKEHHH,
COOTBETCTBYIOHIMX YyuacTky A,C;,

KaxJoe H3 KOTOPBIX  ABJSIETCA
YCTOHYUBBIM,
CrnejoBateibHO,  TIpH  yBeaIH-

UEHUH YTJIOBOH CKOpPOCTH ® H3-
MeHeHue BUIAT Mo rpaduky, no-
Ka3aHHOMY Ha pucyHke 263, 6
cripaBa (B Touke mo® = ig as
peayuuHa [ MU3MEHSETCs] CKayKoM
OT 3HauYeHUs, COOTBETCTBYVIOILEro
touke C,, JO 3HAUEHH$sI, COOTBET-
creywolLero touke Cy).

[Ipy ymeHbUICHHH 3Ke YIVIOBOH
CKOPOCTH  rpadHK 3aBUCHMOCTH
[ ot mw* OypeT TakuM, Kak mo-
Ka34aHO Ha TOM K€ PHCYHKE CJIEBa.
KoHneuno, crenyer uMeTb B BHLY,
yto ecad TPyOKa Bpamaercs ¢
TAaKOH VYIVIOBOH CKOPOCTBbIO, UTO
tg o, < mo® < g as, TO, CHUJb-
HO TOJNKHYB [HApHK, MOXKHO Tme-
pEBECTH €ro B TIIOJIOXKEHHE, CO-
OTBETCTBYIOUIEE  «YYKOMY» Yyua-
CTKY rpaduka, IO KOTOPOMY H
6yger B JaJbHEHINIEM U3MEHATLCS
/ 1py U3MEHEHUH ©.

212. XoaogunbHayg MalliKHHA
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paboraer no wukay, ofpaTEOMy
HUKAY paboThi TEMIOBONH MaIKMHBL
Haj), ~ paBouuM TeNoM — ra3oM-
areHTOM — COBEpILNAeTCs  ompe-
JeJieHHas pabota, a TEMNo nepe-
jJaercst or Gonee XOJORHOre Telaa
K Gomee ropsiuemy. Ilpu 3710M
ropsiyeMy Teldy IIepejlaeTcsi Be
TOJIBKO TO KOJHUYECTBO TEMJIOTH!,
KOTOpPCE OTOMPAETCs] OT XOJOLHO-
ro, HO ¥ TEILI0, 3KBHBAJEHTHOE
npouseenenHont pabote. B noMam-
HEM XOJONUJABHUKE CIKIKEHHHI
ras-areHT, Hcnapsiich, sabupaer
TEIVIO OT CTEHOK MCMapHUTeNbHOH
KaMepbl. 3aTeéM 3TOT ras, CHOBa
CXKHXKASICh B KOHJEHCATope, IIe-
pelaeT TeINVIO OKPYKAaloHeMy BO3-
AYXY.

Ecau pBepna  XoJoAuJLHHKA
OTKpHTa, TO TenJo oTGHpaeTcs
HCIIAPHTENEM OT OKPY2KAIOUIEro

BO3AyXa H MNepelaeTcss KOHJEH-
CaTopoM TOMY K€ BO3AYXY B
KOMHaTe. Bo3ayX noayuaer Ten-
J0, 3SKBHBAJAEHTHOE COBEpLUEH-

HOt paboTe, Y TEIIo, BIeNsIome-
ecsl B NOJBOAAMMX HPOBOAAX U
B 0OOMOTKE 3JIEKTPOJABUTATENS
koMnpeccopa. [loatomy npu or-
KPBITOH JBEPIE XOJOIHJIbHHKA
Temneparypa B KoMmHare OyIer
MOBBLIIATLCS 0 TEX Mop, MOKa
KOMHUECTBO  TEIVIOTH, NOCTyna-
I0lllee B KOMHATY, HE CTAHET paB-
HEIM KOJWMYECTBY TEIIOThI, KOTO-
poe YXOJWT M3 KOMHATH Ha yJu-
ny. Tepmoperyasitop HNpH 3TOM
pabotats He Oyner. I'paduxom
V3MEHEHHsT TeMIepaTypbl B KOM-
HaTe sABJAAETCH JuHUA | Ha pH-
CyHke 241. 3ta nuHusA acUMATO-

THUECKH mnpuUbiInkaeTcsa K mpsi-
Mo T = Tj.
B ciaywae  3aKpBITOrO XOJO-

JHAbLHHKa TeMmiepatypa BHYTPH
XONOJUNABbHHKA (B XOJOLUJIBHOM
Kamepe) CcHavaJsa OyAeT IOHH-
KaTbCsl, a B KOMHATe TeMepa-



Typa OyZeT TNOoBLINATLCS, NpH-
YeM HECKOJbKO OhicTpee, 4eM
KOTla XOJNOAUNBbHHK OTKPHIT (Te-
nepp TeIIoTa OTGUpaeTcd He oT
BO3YyXa B KOMHATE, a Julb OT
TOTC BO34YyXa, KOTOPBLIH Haxo-
JUITCA B OIPAHHYEHHOM O0beme
XOJMIOJHNBHOrO 1ukaga, H OTAa-
eTcsl  BO3AYXY B KOMHarTe). TeM-
nepatypa B KOMHAare MNpH 3TOM
MOXKET cTaTb Kak Bwuiie T, Tax

U HUXKe. ITO 3aBUCUT OT HHTEH-
CHBHOCTH TeI/IoOOMEHA MEXIY
KOMHATONM M Hapy»XHbIM BO3J1Y-

Opd Kakof TemIie-
paType BHYTPU XOJOIUJILHHKA
cpabathiBaeT TEPMOPETYISITOP
(T. € OT BPEMEHH HENPEePLIBHOH
paCoTel  XOJOAHALHAKA).

Korga Ttemneparypa B XoJ0-
JUJLHHUKE JOCTHTHET Ompejieen-
HOTO 3HaueHis, TEPMOPEryaATOp
OTKJIOUAT XOJMOAWJIBHHK OT CETH
H TeMIepaTypa BHYTPH X0J0-
AUAbHUKE OyAeT NMOCTeNneHHo I0-
BLIIATBCA 3a CUYeT TeIvloobMena
yepes CTEHKH XOJoJuJbHHKA. 3a-
TéM XOJOJHUJAbHHUK ONATb BKJIKO-
UpTCs M TeMIepaTypa B KaMepe
CypeT  noHukKarscs. Jiunpa 2
nHa pucynke 241 ssasgercs rpadu-
KOM 3aBHCHMOCTH TEMIIEPATYPH
BHYTPH XOJOZHJILHUKA OT Bpe-
MEHH.

B cooTBeTCTBHH C KoJebamnysi-
MU TEMIEPATYPBI B XOMOIUILHOH
KaMepe MEHsEeTCsl U TeMneparypa
B KoMHaTe. Ho Taxk Kax B MOMERT
OTKAIOUEHHST  XOJOJHJIbHHKA OT
CEeTH TeMIIepaTypa KopjeHcaropa
BHIIIE TEeMIEPATypPhl B KOMHare,
TO TeMIeparypa B KOMHATE e€ine
HEKOTOPOE BpeMsi NOBHILLAETCA . 3a-
TEM TeMIeparypa B KomHaTe Oy-
JAeT YMEHbIUATLCSI, TIoKa XCJo-
JUHJIBHHK BHOBb HE BKIHOYUTICS,
H T. I.

OnHa M3 KPHUBBIX 3aBUCHMOCTH
TEMIEepPaTypbi B KOMHaT€ OT Bpe-

XOM OT TOTO,

e ligem SR pon el sl G S St L S S S S S S x—

*
.,

Puc. 241

MEHM [I0Ka3aHa Ha pHCyHKe 241
(xpuras 3). Koneuno, B peficTBu-
TeAbHOCTH  KOJeOaHHsl TeMrepa-
TYpbl B KOMHarte npu pabote
XOJOJUNbHIKA He3HauuTeJdbHbI U
3aMeTHTb WX TMPAKTHYECKH He-
BO3MOKHO.

Korja XonMoIuaIbHUK HaNoJHEH
NPOAYKTAMH, YBEJINYHBAETCS Kak
BpemMs, B TedeHHE KOTOPOIO XO-
JIONWJABHHUK BKJIOUEH, TAK U Bpe-
Msl, B TEUEHHE KOTOPOr0 OH BbI-
kaoueH. B cooTtBeTcTBHN € 3TUM
MEHSETCA U Nepuoj koaebaHuit
TeMIepaTypel B KOMHATE.

213. JlapjacHue rasa B CoCYje€
paBHO

pr = nkT, = 4nkT,
rae f; — KOHIIEHTpALHA  MoJe-
KyJ B cocyle (4HCI0 MOJEKYJ B
enqunume obrema) u k — HOCTOAH-

Hasg boJsbiumana. Bue cocyna pas-
JeHUe paBHO

p = ﬂsz,

rae Ny — KOHUEHTpAlHA MOJIEKYN

B OKPYXKAWIIEM  MPOCTPAHCTBE.
CilienoBaTedsibHO,
n
= 4 1.
P = P—na

TakuM oOpa3oM, AJisi TOFO YTO-
Obl HaHTH JaBlieHHE B COCYJE,
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JOCTATOYHO ONPEASIHTb OTHOILE-
HHe KOHUEHTpaLui MOJIeKyNn ra-
3a B COCYJle M B OKpYalOLEM MPO-
CTPAHCTBE.

[Ipu paBHOBECHH YHUCJO BbLIE-
TAOWUX M3 COCYAa MOJIEKYJ rasa
paBHO YMCJIy MOJIEKYJ rasa, BJI€-
TAloIIUX B COCYJ, U3BHE 3a TO K€
camoe BpeMs. YuUCJIO MOJEKYJI,
KOTOpbLIe BELTETAIOT M3 COCyla 32
Bpema Af, paBHO

Zl = ’;— fIIS r%);'At,

rie  |ou,x | — cpesHee 3uaueHiue
MOZYJIsl TNPOEKIHH CKOPOCTH MO-
JIEKYJIbl Ha OCb X, HAalpaBJIeHHYIO
0 OCH OTBEpCTHA, W S — mo-
wajap oreepetHa. Hueiao xe Mo-
JIEKYJI, KOTOpbie BAETAIOT B COCYA
3a TO :Ke BpeMs!, paBHO

l —
Zg = —2— fle |sz |At.
Tax kaxk Z, = Z,, 10
n o, | = ny fu,, |-

Ho Benuunna |v, | nponopuuoHanb-
Ha TEMIOBOH CKOPOCTH MOJIEKYl

rasa:
|v ‘-K)~— l/fﬁzf,
M

CrhenoBatessHo,

ﬁ_...__lﬂl_ ]/T

n, | "1x |
Hcnonbsys  2To coOTHowenue,
HaxoJuM JiaBJeHHE Tasa B CO-
cyne:

= 2p.

214. Ulapuxn ypansiorcsi Apyr
OT JApyra mnojJ ACHCTBHEM CHJIbI
WIEKTPHYECKOTO  OTTAJNKHBAHHA:

F=ptL
re’

e g — 3apsaji KaxAOro iapuKa,
r — pacCTOsIHHE MEXAY Luapu-
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KaMy H
!
4ne,
J1a CHJa H, CJIEHOBaTeNbHO,

YCKOpeHHd HIdaPpHKOB MEHAKICAH
[0 MOjyJdI 1o Mepe H3MEHEHUA

b=

- PACCTOSHHA MeXAY IIaPMKaMH,

[osToMy JBHIKEHHE NIZPUKOB He
OyneT pPaBHOYCKODPEHHBIM.
PasoGpem nepemewlenus 1wa-
PHKOB B TIEPBOM H BO BTOPOM CJIY-
yasX Ha OJMHAKOBOE UHCJO yya-
CTKOB, TaKuX, UToOBI OTHOCH-
TeJIbHble MlepeMelleHus B ofoux
cayuaaX  OblIM  OJMHAKOBBLIMM.
O6o3HauyM  PaCCTOSTHHE MEX]Y
IIapDHKAMH B HayaJbHbLIH MOMEHT
yepes 2x,, 2 B HEKOTOPHIA noc/ie-
AVIOWHA MOMEHT BpPEMEHH — ue-

X
pes 2x. Bemuuuna & = =~ ecrtb
X3
OTHOCHTENIbHOE TepeMeNleHHe Uld-

PHKOB.

[IycTe § H3MEHHIOCH HA BEJH-
unny AE. Torma nepemeineHue
K2XKAOTO [apuKa B MEPBOM CJ1y-
vae (korza 2x, = I) pasHo

Ax, = AE . 5
a BO BTOPOM CJyuae (Korja 2x, =
= 3[) —

Axy = AL - -g-z.
[Toatomy

A% .3
Ax, )

Tenepp cCpaBHUM CpeiHUE CKO-
pocTd mapukos. J[laa sToro Boc-
NoJib3yeMca  3aKOHOM CoXpaHe-
HUS 3HEpPrud. B HavaJbHBIE MO-
MEHT WWapUKHd 00JalaioT TOJNbKO
MMOTEHLIMAJNbHOH  3HEpruei 3Jek-
TPUYECKOTO  B3aUMOJAEHCTBUA:

W, =k,

24\:0‘



Korna xe paccTosiHde Mexny 1ua-
piKamMp CTaHET paBHBIM 2x, HX
[IOTeHUHANbHAA 3HEPTHsl NPUMET
3HAUEHHUE
W=rZ,
2x

4 KHHETHYECKana 3HEpPrusa — 3Ha-
YEHHUE

mu?
uy:{ = T!

rne m — macca urapuka. ['fo sako-
HY COXpaHEHHs SHEPTHU

k—?—?— = R ¢ 4 mu,
2x, 2x

Orcrona

S A5

Taxum ob6pasoM, npy OZHOM U
TOM K& 3HAYEHUH OTHOCHTE&ILHO-
ro nepeMeuieHuss  CKOpPOCTh 1ia-
pHUKa B nepeoM cayuae GCoablie,
4YeM BO BTOPOM, B

]/%: V%: V'3 pasa.

IIpy M3MEHEeHMM Ha BEJIHUMHY
AE cpeiHHe CKOPOCTH IUaPHKOR

OyayT OTaAHYATECS TOxe B 3
pas:

L E—1)

- xymi

~ V3.

vcp.?

[IpoMexxyTKM BpeMeHH, 32 KOTO-
phle IHapHKH NEepeMENiaoTcs lia
Ax, B NepBOM cJayyae W Ha Ax,
BO BTOPOM CJyuyae, pPaBHB COOT-
BETCTBEHHO

Aty =20 pp = B
Ucp.l vcp.2

OTcrona
é_tz_ — Axy Uepi — 3]/3"
Atl Axl vcp‘z ’

6 3akas 164

Cnenosatenbno,  1pu JoGom
H3MeHeHHH BeJMHudHBl § BpeMs-
JBHXXEHH B MepBOM _CJydae

GoJbille BPEMEHU  ABHIKEHHS BO

BTOpoM cayuae B 3V 3 pasa.
Korga paccrosHua Mexay lua-
PUKAaMH YIBOSITCS, NOJHOE BpeMs
t, Oyner OoJiblie BpeMeHH f; To-

xe B 3 )/ 3 pasa:
to =3V 34 = 3) 3t

215. PaccMoTpuM OJUH M3 BUT-
KOB TMIPYKHHBI, HalpuMep BHTOK
ABC (puc. 242, a). Tlpu aegop-
MAlUK TPYKHUHHE JBE NOJOBHHBL
9TOT0  BHTKa MOBOPauYUBalOTCH,
OTKJIOQHAACH OT TOPH3OHTAJAbHOH
NJOCKOCTH HA OIMHAKOBBHIE YIVIBL
o. Ecnu pedpopmanust NPyKHUHBI
MaJja, TO MaJel ¥ yrisl o. B ceue-
HUM B Ha MPOBOJOKY CO CTOPOHLI
HIDKHEH YaCTH NPYXKUHBL JEHCTBY-

—

er cuna F (pacrarupatomast npy-
XKHHY). MOMEHT 3Tofi CHJIBl paBeH

= FR,

rae R — pajuyc BHTKOB TNPYXKH-
Hbl. baarogaps MomentTy M npo-
BOJIOKA  3aKpYuMBaeTcs BOKPYT

——

cBoell ocu, a Grarogaps cujie F
ona narubaetcsi. [IpeneGperas ne-
¢opmanrenn usruba “ CcuuTas
K03(ppUIUMEHT = ynpyroctd Ipu

Puc. 242
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u3ruGanuu GOAbLIAM,  Hafifem,
KAaK CBSI3aHO YIJIMHEHUE [IpYIKH-
Hbl C YIIOM ¢, H& KOTOpPLIH
3aKpyuHMBaeTcsa npoBonnka. QOue-
BUHO, uro ceueHHe C npH pacrts-
»KeHHH NPYXKHHB HE MOBOPAyHBa-
ercst (MpU PacTAXKEHHH HPYIKHHBL
BepxHas uvactb AC W HHXKHASA
gacTb CB  BHTKa IOBOpauH-
BAOTCA HA OJHHAKOBBLIE YIJH B
APOTUBONONOXKHEE CTOPOHBI). He
nopopaulBalTCcs U cevenus A u
B (oHH TOALKO CJieTKa OTKJIOHS-
IOTCSL B TMIOCKOCTH, TEPHEHIHKY-

AapHofl K PHCYHKY, B COOTBET-
CTBHH C M3MEHEHHEeM Hak/ioHa
BUTKa).

[IpocToii HaAKRJIOH [OJOBHHB

BUTKa BC Ha Yyroa o BbI3OBET
noeopor cedenuit B u C Ha yroda
a (puc. 242, 6, 5). Ho cevenus B
1 C OMAKHBL OCTAThCS OPHEHTHPO-
BAHHBLIMU T4AK, KaK B HeJedopMH-
poBaHHOH mpyxnHe. TloBopor ce-
ueHuss C BLI3OBET 3aKpy4YuBaHUE
MOJIOBHHEL BHTKA HA Yroa o Mo
yacoBoil crpenke (puc. 242, o).
Ha Ttakofi xe yroa sakpyuuBaet-
Csl NPOBOJIOKA [PH NOBOPOTE HA
yroa o ceuenus B (puc. 242, 0).
CnepoBaTesbHO, NOJOBHHA BUT-
Ka MoBOpauuBaeTcss Ha yroJa 2a.
Bech K€ BUTOK 3aKpPYy4HBaeTCs
Ha yroil 4«, BCS MPOBOJIOKA —
Ha yroJt
¢ = 4na,

Te 11 — UUCJIO BUTKOB NPYKUHE,

Tak Kak JjauHa OJHOTO BUTKA
paBHa 2nR, a AJIHHA TNPOBOJIOKH
I, TO

£
21a
R

OueBnanoO, 4TO yASHHEHHE NPy~
¥HHBL Ha OJAHOM BHTKE (CM. pLC.
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242) pagHo
2Ah = 4R sin a,
Wig (Tak Kak Yyroa o wmalnl H
sin o ~ a)
2Ah ~ 4Ro.

YannHeHHe Bceidl NpPYyXKHHBL (HA n
BHTKaX) PaBHO

AH = 4nRc..

O6o3HaunM KosdxpHUHEHT ynpy-
roCTIf NPYyKUHBLI uepes p. Torxa

F=p-AH.
C apyro# CTOpCHHL,
M
R’
CnejoBateasho,
M . AH - —/!4_ — {e._q.}.
R R
Orcrona
ky k. dna k
n= =~ 5a

R-AH R.4nRe  R*

216. Ilpexxje Bcero 3samerum,
UTO TakK Kak LHPHHAE OKOHHOH
paMbl NOCTOSTHHA, TO ONTHUECKast
OCb OOBEKTHBA TOPU30HTAJbHA.
JIMHHMH, napa/uleNbHble OnTHue-
CKOH ocu 0OBeKTHBa, Ha GOTO-
rpagui  JAOJXKHBL  [IepeceKkaThCs
«Ha OeCKOHEYHOCTH» B OJAHOH TOY-
xe. HeTpynHo 3ametuTb, 4710
NPOJOIKEHHS  TOPU3OHTANBHBIX
nepenyieToB  CTBOPOK OKHa Jefl-
CTBUTENBHO MNEPECEKaloTesl B Ofi-
Holt Touke (puc. 243). Ecau uepes
3Ty TOYKY TMPOBECTH IOpPHU30H-
TalbHY0 IJIOCKOCTb, TO B 3TCH
NJIOCKOCTH OYJET JexkaTb H OHTH-
yecKad ocb oObekTHBa. Clejosa-
TeJbHO, BBICOTA, Ha KOTOPOH Ha-
XOAHTCA TOUKa [1epeceueHus, pas-
HA BLICOTE, Ha KOTOPOH HaXOJUTCH
¢oToannapat. JTY BHICOTY MOKHO
CpaBHUTb C Pa3MepoOM DYHYKH pa-
Mbl, AJIMHY KOTOPOH MOXHO NpH-



/

HaTb paBHo# 10 cMm. Ha dororpa-
¢uu ee puHa 1 cm. Tak kKak Ha
dotorpadun AB = 4,56 cm, TO B
neficTBuTeNnbHOCTE h &~ 45 cM.

Paccrosiuue 0T 0OBEKTHBA JO
OKHa MHOro GoJsblie (OKYCHOIO
paccrosiHusi. [103ToMy MOXKHO CUH-
TaTb, Y70 (POTONJIEHKa HAXOAH-
Jacb B (POKaJbHOH INJIOCKOCTH
o6bekTuBa. Ecian [, — paccrosi-
HIl¢ 10 OKHa, a f1 — BnicOTa fgE-
TaJu OKHA, TO

h _ 1
q n’

rie h' — paamep u30CpaKeHHd
370l nerany na Heratuse. OH B
10 pas meHbuIe pasmvepa H3cOpa-
Keuud Toll ke gerasii OKHa Ha
npusenenroit ¢ororpaduun. Ha
cuumge h = 5,5 cMm. Cnenora-
tedno, h' = 0,46 ¢M v H =
~ 55 cMm. Tloatomy

h 55
lﬂﬂ f;;: = 6,75 4 o = 370 cn=
= 3,7 M.

AuanornuHo HaBhaeM paccros-
BHE 10 MocTuKa. Jlis 3Toro Hyx-
HO 3HATh pasMep KaKOH-HHOYIb
JNeTaNH MOCTHKA, TdK KaK BBICOTY
meprJ  MOXKHO TPUHATL PABHOM
0,8 m. Pasmep ux usobpaxeHus
Ha cHuMKe = 0,3 c¢m, a Ha Hera-
tuge 0,03 com. CreposaredbHO,

] 98 ~107 m
0,0003

217. B cucreme orcuera, B KO-
TOpoll  3eMasi  NEepBOHAYANBLHO
[ICKOHJach, a aBTOMOOHJU JBH-
reJiich CO CKOPOCTSIMH U, colJjac-
FO 3aK0HY COXPaHEHHH HUMIY/ib-
ca HMEeM:

“Pmy = mQ@Qu—u)+m@w—
| — u) + Mu,

rie M — macca 3emIH u o —
nNpuobpeTeHHass €10  CKOpPOCTb.

6%

Puc. 243

n
M—2m

Tak kak m <& M, 10 |ul L
& |v|. Pabora A, coBeplICHH:d

IBMraTeseM, paBHa H3MEHEHHIO
SHEPTHH CHCTEMDL:

iU=—20

Aﬂm(?v—-u)2+m(0—-u)2+

2 -2
Mu? moy?
TE 9T )
2 2
Kuuernueckas 3SHEPrHs
Mu?2  me? mM _ _ m mo?
2 9 M—2m? M 2’
npuobperaemas 3emJeil, MHOrO

MEHbBIIIE H3MEHEHUS SHEpPTHH Ma-
[IHEB, U 3TOH BEJIHYMHOH MOXKHO
npenebpeub. MOXKHO TaxXKe mpe-
HeGpeub CKOPOCTHIO U MO CPaBHE-
HHIO CO 3HAaUYEHHEM CKOpPOCTH U B
Buipaxkenuu (1). 210 COOTBETCTBY-
eT TOMY, UTO Mbl CHHTaeM HHEp-
UHAJLHOH H HEMNOJBHKHOH» CH-
CTEeMy OTCHETa, CBH3aHHYIO C 3eM-
gefi. B pesyaprare NOMYUHM:

A e AE — %mvg.

Tenepb PacCMOTPHM CHCTEMY: OT-

cuera, JBHIKYLIYIOCSI CO CKOpO-
CThIO OAHOIO H3 AaBTOMOGHJIEH.

B pefi HauaJbHui# HMIIYJILC CH-
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cremnl paBeH —AMvu., Cornacho
3aKOHY COXpaHEHHZ HMIOyJbCa

—Mv = mv + Mu,

rjie ¢ — HOBAasi CKOPOCTb 3eMJIH.
ii3 3Toro paBeHCTBA noJyYaem:

M+m'0_
M

1 cnosa paGora A JBurares
paBHA H3MEHEHHI0 KHHETHYECKOH
SHEPTHH BCEH CUCTEMBI:

A= Mu? 1 muy? . My2 '

2 2 2
[13MeHeHne KMHEeTHYECKOH sHep-
rug 3emsd, HE YYTEHHOE B yCJO-
BHM 3aJla4yd, B 3TOM CJydae Bo-
BCE He MaJso U PaBHO

U =—

Mu? Muy2 Muy? (M -+ m\2
2 2 2 M )
2 2
2 2 M
[Toatomy

mu? 3
A= “:'——I—mvzﬂ —Q—mvg,
Z

Kak U B NepBOM CJyuae.

Henpapuanuuit  orBeT GBI 110-
JYUEH H3-32 TIPHMEHEHHH 3aKOHA
COXPAHEHHs] 3HEPTHH K He3aMK-
HYTOH CHCTEME.

218. Ecaiu  6n1 He ObIIO KOH-
JeHcaropa B, TO nocse 3aMmbiKa-
HMS KJI0Ya B KOHTYPE BO3HUKJU
6b1  3JIEKTPOMarHUTHeIE KoJeba-
Hus. M3  3akoHa COXpaHeHHs
3HEPIrHH MOXKHO ObIO OBI Cpasy
HaBWTH MakcuMmananHeii ToK. Ho
Npy HaJlW4YHH  KOHJEeHcaTopa B
CHauaJla NPOH30HIET mepepacnpe-
JIeNICHHE 3apafa MEKIY KOHJEH-
caTopaMd U JHIIb 3aTEM B KOH-
TYype yCTaHOBATCH  KoneGauus.
JelcTBUTeNIbHO,  y4aCTOK LIeMnH,
COCTOAIUMA H3 JBYX KOHJIeHca-
TOPOB H COGMUHUTEJNBHBIX IIPO-
BOJIOB, TOMKE MOMHO CYHTATh KO-

164

JeGarensupiM  KoutypoMm. Ho
@ro MHIAYKTHBHOCTb — HHAYKTUB-
HOCTh  MPOBOAOB — OQueHb MaJja
(no cpapHenulo ¢ L), nostomy
cofcTReHHass yactora  KoJeba
HHUH B 3TOM KOHTYp€ OyAeT oueHb
Goabiloll  (HAMHOrO GoJnlue co6-
CTBEHHOH 4aCTOThl KOJe0aHHH B

KOHTYpE, KOTOphil  o0pasyior
KOHJeHCATOPhl W KaTyllka HH-
AYKTHBHOCTH). KoHEuHO, 3TOT

KOHTYp 0OJIaZlaeT H aKTHBHbBIM CO-
IPOTHBJACHHEM, HO OHO MaJO NO
CpaBHEHUIO, HanpHMep, ¢ HHAYK-
THBHBIM CONpoOTHBJAEHHeM. [lo-
3TOMY B TE€uYeHHE HEKOTOPOTO Epe-
MECHH 1IOCJIE€ 3aMblKaHUA KJoua
KoJiebaHHs B KOHTYpE  MOXKHO
CYHTaTh HE3aTyxawluMH. B KOH-
Type, COCTOANIEM H3 KOHJEeHCa-
TOPOB H TIPOBOJIOB, IIPOK30HAET
MHOI'0 KoJe0aHud ToKd 3a TO
BpeMsi, OKa TOK B KaTYLIKE ele
MOKHO OVAET CUHTATh PAaBHLIM
Hy10. MI3-3a ConpoTHBAEHHS TIPO-
BOJAOB KoJe0aHUA B 2TOM KOHTYpE
OynyT s3aTyXawluMu. ITO NpH-
BEJIeT K OBICTPOMY VCTaHOBJECHHIO
DaBHOBECHS H Tiepepacnpejese-
HUID 3a8pAN0OB TIOPOBHY MEXKAY
KOHJGHCATOpaMu (EMKOCTH KOH-
LEHCATOPOB OHHAKOBH). [1pu sToM
YacTh 3JHEPIHH  3JIEKTPUUECKOTO
HOJIST 3apsiKEHHOIO KOHJEHCAaTo-
pa A nepeiler BO BHYTPEHHIOIO
3HEPIHIO.

Hafinem, Kakasg 4acTb 3HEpPrkH
OCTaercsl B KOHType nocJje ObICT-
poro mepepacnpenescHus 3aps-
Jla MEXIy KOHJeHcaTtopamu. l1ep-
BOHaudJ/JbHBIN 3apsj KOHJeHCa-
Topa A Oplil paBeH

Q= CU.

[Tocae nepepacnpenenenns 3sa-

psiia MeXJY KOHIACHCATOopaM¥H
HX 3apsiibl CTaly paBHH %—, a

SUePIHSA —



" W @ _cu
8C 8 °
CiyreqoBatenibuo, noJlHas SHEPTHd,

KOTOpaH QCTAHETCHd B KOHType,
papHa

CU2_+ cUz  CU?

8 8 4

Tax Kax N0 3aMBIKAHHS  KJAHOua
SHEpIua B KOHType Oblja paBHA

2
Wo _ cu ’
2
TG BO BHYTPEHHIOIO Tiepeuiia Io-
JIOBUHA TE€pBOHAYAJbHOH 3HEp-
THH KOHjeHcaTopa A.
Tenepp paccMOTPHM KOHTYD,

COCTOALUIHH H3 KOHJI€HCATOPOB H
KAaTYUIKH  HHAYKTHBHOCTH. TOK
B Karyuike OyIeT MakCHMalb-
HbIM, KOrJa KOHAEHCATOPH TOJ-
HOCTBIO pPaspsiAsiTCA U HX 3Hep-
Iusi NepeineT B 3HEprui0 MarHuT-
HOTO 1104151 B KaTyuike. M3 3axoHa

COXPaHeHus SHEpPTHH CJAeLyerT,
uTO
9] 2

CU“ L‘{mﬂ‘(

4 9
Otcioga

T
ITICI\ U i _'

219. BHauajae paccMOTPHUM CAY-
4afl, KoOrja MNJacTHHKa Ianaetr
BEpTHKAJbHO BHH3 C NMOCTOSAHHOH

ckopocTeio v. Ha snexTponsi, na-
JA0UHEe BMECTE C IWIaCTHHOM, co
CTOPOHBI MAarHUTHOIO TOJSl peli-
CTByeT cuna Jlopenua (puc. 244):

F = euvB,

rae e — sapsaj 3aexktpona. [lox
LEfICTBHEM 3TOH CHJIBL 3J€KTPO-
Hbl OYAYT CMemaTbCs K IpaBoil
(MO pUCYHKY) CTOPOHE IJIACTHHB.
[lepepacnpenenesue 3JACKTPOHOB
BHYTPH
BO3SHUKHOBGHHIO 3JIEKTPHUECKOIO

MJIACTHHB MPHMBENET K

[oJsl, HanpapJeHHOTO CJieBa Ha-
npaso (cM. puc. 12). Cmemenre
JIEKTPOHOB OYAET HPOHCXOAHTL
A0 Tex nop, noka cuia Jlopenna

HE  ypaBHOBecHTCA cujon F,,
C KOTOPOH Ha 3JIEKTPOHB! MAeH-
CTBYET 3JIEKTPHUYECKOE MoJe:

evB = eE.
Orcrona
E = uB.

Mexny nJoCKOCTAMH HJIaCTH-
Hbl BOZHHKHET pPa3HOCTb NOTEH-

L1 AJ0B
U = Ed = Bud.

Tak KakK TolmpHa NAaCTHHL MHO-
rO MEHBIIE ee panuyca, 7O 3JeK-
TPHUECKOE T10Jl€ BHYTPH TLIACTH-
HBEl MOXHO CYMTATh OJIHOpPOJLHBIM
(MOKHO  TpeHeOpeub KpaeBbiMH
s¢perramu). TakuM ofipasoM, njia-
CTHHY MOXHO CUYHTaTh IJIOCKHM
KOHJAEHCaTopoM, Hanpsukenue U
MexJy TMOBCPXHOCTAMH LOTGPO-
r0 PaBHO
Ld = [Dud,

a 3apaj —

g=CU =" BU — ¢,SBU,

e S = z'uRz — JIoWans  IJia-
CTHHBI.

DToT 3apsj  3aBHCHT OT CKO-
pocTyH JABHIKeHUS HJacTHHsl. [Tpu
JIBHXKE€HHHM TWIACTHHbI € HEKOTO-
pPBIM YCKOPEHHEM €€ CKOPOCTh pa-
crer. [lpu 3TOoM C TEUEHHEM Bpe-
MeHH OYIYT MEHSITECS M 3apsjibl Ha
croponax  naactuusl. Crezposa-
TEJLHO, NPH H3MEHEHUH CKOPOCTH
NJaCTUHLI B HEHl BOBHHKHET 3JI€K-
TPHYECKHHA TOK

- .S'B — = ¢,SBa,
At

-
TI€ a — YCKOpPEHHE  IVIACTHHEL.
Ho wma npoBogHHK C TOKOM B
MATHHTHOM TOJI€ JEHCTBYET ChJa.

o
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B nameM cnyuae 37a CuJa paBHA
10 MOAVJIO
F= Bld
i HampaBjieHa  BePTHKalbHO
Bpepx. HMtak, Kpome CUJB] TsKe-
CTH Ha NJACTUHY MpH €e pnaje-
HHU Oyjaer JelCTBOBATH CO CTO-
POHBI MArHUTHOTO JIOJA elle CUJia
Jlopenua F. Ilostomy ypaBHEHHE
JBHKEHHSI NJAACTHHBI 3alyiiercs
TaK:
ma = mg — Bld,

HJH
ma = mg — Be, anR2,
Orciona
“= Bé R?

gq T

+ mn
220. B CHCTEME KOOpJHHAT,
JBUXKYVIIEHCA BAOJABb Xejncba co
CKOpPOCTBK), PAaBHOH MO MOLYJIO

NIPOEKUHU CKOPOCTEH LIAPHKOB HA
o6pasyomylo xeao06a, BCe 1apH-
KW JIBHXKYTCS B OJHOH IJIOCKOCTH,
KOTopasi NepreHAHKYAApHa 00-
pasyouieh xenoba. 34eCh apu-
KU NPU MAJbIX «IONEPEUHBIX» CKO-
POCTAX  COBEPLIAIOT TapMOHHUYE-
CKHe Koaebanusi, ABUTaACh IO

OKpYyXHOCTH. Tak KaK HepuHoxd

KOJIeOaHUH He 3aBHCUT OT aMILIH-
TYALI, TO Yepes NOJOBMHY IEpHO-
Jla MapHKH BCTpersaTca Ha obpa-
3yromielt xenoba, ¢ KOTOPoH OHH
Hadaju CBOE ABHIKEHHE,

166

[Tpn GoJpluol aMIVIHTYIE KO-
Jebauuid (GONBbIIUX «HONEPEUHBIX?
CKOPOCT$IX) KoJeGanus He CyayT
TapMOHUUYECKHMU: HX nepHog 6y-
JeT 3aBHCETb OT aMIJINTYAbl H
BCTPEUAThCs WIAPUKH OyayT He
OJJHOBPEMEHHO.

221. TlomBemmBas Trpy3b! pas-
JIHYHOH MacChl K NPYIKUHE, MOX-
HO H3MEPHTbh NEPHOJ KoJebaHHs
MPVKHHBE ¢ TPY30OM I KaxKAOTo
cayvas:

T=1L,
it
rie { — Bpewms, HeoOXOAUMoOe 114
COBEpIUEHHA n KoseCaHuH.

[lanee HeoOXOZHMO TOCTPOHTEL
rpauy 3aBHCHMOCTH NEpHOJA KO-
nebanuit rpy3a Ha MPY:KUHE OT
Macceel Tpysa T = [ (m).

Ilo Buny KpHBOH MOXKHO N0-
rajareCs,  uTO 3T0 napaCoaa,
CHMMETPHUHAS OTHOCHTeAbHO OCH
Om. na nonrBep:KueHuss 310il
JOTafiKu CJAeNYeT NOCTPOHTb Ipa-
¢ux sasucumoctn T = f (J m).
Ecay 210t rpaduk npeacraedsier
co00# NpsIMYI0, TPOXOASILYIO Ue-
pe3 Hauya/10 KOopAHHAT (puc. 245),
TO 9T0O O3HAudeT, uTo

T~Vm

Ilpy onpenenennoll macce rpy-
38 €ro ynpyrue xoJaebaHHs BAOIb
APYKUHBI MNEPeXONsiT B MasTHU-
KOBbie KosebaHusi rpysa, 3artem
4epe3s ONpeleJIGHHOE BpeMs MasT-
HHKOBBIC KoJieGaHHsl CHOBa nepe-
XOAAT B NPOJOJAbHBIE H T. 4. Ilpo-
BEJEHHbIE H3MEPEHHA MOKa3biBa-
0T, YTO Takasi MepeKauka »3Hep-
THH HabJIofaeTcss MHpU Caenyio-
M COOTHOLICHHU MEXAY HepHo-
gamu T, MassTHUKOBHIX KoJjeba-
HMH W T, MPOJNOJBHBIX YNPYTHX
KoJ1eGanuil: -

T, = 2T,



310T  3¢JeKT BO3HUKHOBEHHS
MagTHHKOBBIX KoJeGaHuil obbsic-
HsleTCs  HePHONMUYECKEM H3MEHe-
HHEM JJHHBI MasiTHHUKa [ u3-3a

OPOAOJABHBEIX KoJebaHMit rpy3a
(BOBHHKAIOT  TaK Ha3bIBaeMbie
napaMeTpuuecKHe  KoJeGaHua).

[TepBoHaua/ibHOE OTKJIOHEHHE IPY-
3a OT NpsIMOH, BIOJIb KOTOPOH
NPOHCXOAAT  HPONOJBHBIE YIDY-
rue  xoJebaHHs,  [POHCXOAMT
Nojl AeliCTBHEM CJAY4YaiHbIX MpH-
ynH. JlJIst MHTEHCHBHOTO 1epexo-
74 TPOAOJBHBIX YIPYTHX KoJe-
0aHHHd B MdsiTHUKOBLIE, Kpome
cootHowmeuus T, = 27,, npoxa-
JKHO TakXXe BhilTOJAHATLCA  YC-
JIOBHE, COIVIaCHO KOTOpOMY TPY3
JIOJKEH TIOAHUMAThCA B TOT MO-

MEHT, KolAd MAaaTHHK HDOXOIHT
CpenHee HOJOXKEHHE, H OIlyCKa-
ThCSH, Korna OH Haxojutcsa B

KpaflHeM IOJOXKeHUH. BesiencTeue
TOTO, UTO CUJa HATsAXKCHLSA B Kpail-
HeM IIOJIOXKCHUY MEHbllie, 2Hep-
ris, KOTOpas NepejaeTcs MasT-
HHKY I[IpH €ro noabeme, Gynet
€onplue 3HEprHH, KoTopas oThH-
paeicsi y Hero MIpH ONYCKaHHH,
[TocTenesHO  SHEPIrHs  VIPYTUX
koneGaHud OyAeT TNepexoilTh B
SHEPTHIO MAaATHHUKOBBIX KoJela-
gt rpysa. 3aten  EOSHHKAZET
o0paTtHas  IlepeKayka 3Hepruu.

222, [lpexkne BCero ¢ nomo-
b0  BOJBLTMETPAa HYXKHO yOe-
JUTHECSE B TOM, YTO «SIIHK» HE CO-
Jepxut ucrounuxa 3C. 3arem
Onpenesiior  UMEIOLLHEecs pasphi-
Bbl B nenyu. C NoMOWbLI0 HCTOU-
HYKa ¥ MHJJIMaMmIepsMerpa npo-
LepsiioT BCE Maphl BBIBOJXOB TpY
Pa2NUYHON  MOJAAPHOCTH HCTCY-
unka. [Ipu aToM OGHAPYKUBAICT,
UTo KJemMma 3 cpoopHa (MJAH ke

K HeH NOJAKMICYEH  KOHICHCATop
MAaJICH eMKOC1H).
ITokasanus  amnepMerpa npu

NOAKJWGEHHH HCTOYHHKA TOKaA K

N
O—
?
¢ ;[23 ? ? ;%!
;
3
il N
' A)
Puc, 244

3axkumaMm 2 H 4 (puc. 246) oxa-
3a/HCh 3aBUCSLIHMH OT HaNpaBJie-
Husa Toka. (CnesoBaTeNnbpHO, Ha
3TOM  Y44aCTKe HaXOJHTCSl JUOJI.
O6o3nauum uyepes [,, cHNy TOKa
yepes JUIoJ B TIPSAMOM Hanpaeje-
HUH. TOrHA 110 NOKa3aHHAM BOJbT-
METpa, NOAKJIIOUEHEOTO K KJeM-
Mam I H 2, MOMHO OIPeNeNHTh
COnpoTHBJaeHUEe R,, a 1o 1oxKasa-
HUAM BOJBTMETPA, NOAKIOYEHHOTO
K kjaeMMam I u 4, — conporusiie-
HHe Ry

Ul‘) Ull
R2 == 7—', R3 == }—'“-
21 24
I/I3MeHI/IB HOJ]HpHOCTb HCTOUHH-

K4 TOKa, NONKIYEHHOTO K
kaIemMMaMm 4 u 2, ioaydaeM noka-
3aHYSl BOJILTMETPOB:

Uy = 6, U12:0-

M3 31010 chenyer, 4ro JMOXK NMOX-
KJIIOueH Ha yuacrtke (—4.

ConpoTusJjieHle R, Jerko onpe-
NEeIUTE:

UZl U12
Rl—}— R2 Z}—“:}“—,
21 12
U,y
Rl _ Rz-
In
PesyabTaTel  H3MEpeHHH MO3BO-

ASIOT  ONPEJIENHTb CXeMy «uep-
HOTO SIUUKa» W MapaMeTpel ee
3JIEMEHTOB (CM. puc. €8, 0).
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Hameuss cMny ToKa, APOXOxs-
mero uepes yyactok (0—4, mox-
HO TMOCTPOUTH XAPAKTEPUCTHKY
JMOJA.

- B amuKe MoxXeT ObiTh CHCTE-
Ma, CX€Ma KOTOpoH MNpeicraB/ieHa
Ha pucyuke 68, a; BO3MOXKHO, 4TO
Ha yudacTKe (—4 HaxXOAUTCA JHOX
¢ [IpfAMBIM COMPOTHBJEHHEM K,
a pe3ucTopa Ha 3TOM yYaCTKe HeT
(puc. 68, 6). B mobGom cnyuae
CyMMa MPSMOTO CONPOTHBJIEHHS
AHOJia U CONPOTHBJEHHSI pesu-
cropa R, ecnu oH ecTh, paBHa R,.

Ilpu BoiMO/MHEeHUH paCoTLl HE-
H30eKHBl  MOTPEIIHOCTH B H3Me-
PEeHUsIX, BBI3BAHHBIE HaJUUMeM
BHYTPEHHHX COTMPOTUBJACHHH MH.JI-
JAHAMAEPMETPAa H HCTOUHHKA TO-
Ka, 4 T4KXKe TeM, UTO CONpPOTHE-

Hoe 3HaueHue. UTo6h UCTOUHMK He
OKa3ajiCsl  3aKOPOYEHHbIM 4Yepes
MpJHamnepMerp (Bo usbexkaHue
nopud npudopa), CaAeAyer € IO-
MOIIbI0 HCTOYHHUKA TOKA U BOJBT-
METPa HNpPOBEPUTH «UEPHBIH SIHIUKY
Ha OTCYTCTBHE B HEM 3aKOPOUCH-
HbIX JIHHHH (NPH MOAKJIOUEHHH K
3aKOPOYEHHBIM KJIEMMaM Hanp#-
JKE€HUe, TOKas3hiBAEMOE  BOJIbT-
METpoM, HNpHOINU3HTENbHO PABHO
3/1C HCTOYHHMKA).

223. OTBer Ha Bonpoc 3ajpauu
Ka)XeTCA O4€Hb NMPOCTHIM U TPH-
BrianbHBIM. ECiid, Hanpumep, Bepx-
HIOK HOJOBHHY JUH3Bl 3aKPbITh
Henpo3pauHod mupmon [, To
YMEHBUIMTCA JIHIIL OCBEILEHHOCTh
nsobpaxesuss. Kak BujHo us
pHCVHKA 247, q, RelcTBHTENbLHOE

Jenpe BOJALTMETpd HMEET KOHeU- u3oOpaxkenue ToukH A cospa-
7
A W A
J g'ﬁ
F F
/ 7 =
A ;
f
a
‘ 3
]
/ N
%v
C
F %
~ l /
- /
/CI
B
PHC.‘ 247
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AyT Ha 3KpaHe JyuH, KPOLIEN-
HIME 4€pe3 HHIKHIOW MOJOBHHY
JuHsbi.  OnHMT  NOATBEPXKAACT
3TOT BHIBOJ, €CaH mpeameroMm AB
ABJACTC CamOCBeTAIeecs Teno,
HanpuMep HUTh JaMnbl HaKaJju-
BaHUsl.

Ho ecan wmpmy I nepensu-
HYTb OJIHXE€ K HHTH, TO JY4H OT
TOYKH A HE NOonmagyT Ha JHH3Y
H HA 3KpaHe NoAyuHTca H3obpa-
xkenue aumb yactu BC untn AB
(puc. 247, 6).

Ecnrx  unenocpencTBEHHO IJla-
30M HaOmwoAaTh JACHCTBHTENLHOE
n3obpa)keHHe  HHTH (pasyMeer-
cs, C MNPHMEHEHHEM MJIEHKH —
ocaburensn CBETa), TO, KaK BHI-
HO u3 pucyHka 248, a, pesyab-

H3 TOYKM HabJiofeHuss npsmue
K KpasiM JIHH3bI, MOXHO Onipeae-
JUTL BUJHMYIO YaCTb JeHCTBH-
TEJbHOIO H300pameHHss HHTH,
K3 Touek B obnactv [ (Hanpumep,
u3 ToukH C) 6yAeT BHAHO BCe M30-
OpaxkeHHe HHTH; U3 TOYCK B 00Ja-
ctax Il n Il — TtonBKO HUXHSEA
HJIH BePXHss 4acTH H306paXkeHH s ;
3 ToueK B o6aactw [V — Tolb-
KO CPEIHAS 4YacTh H300PaKEHUH,
3 Touek B oGnacrax V — u3c-
6pakeHHa HUTH BooOule He Oy-
IE€T BHJIHO.

Ecau 3aKppiTh, HAOPHMED, BEP X~
HIOKO MOJIOBHHY JIMH3W HENpo3-
pauHoll wupmoit IIl (puc. 248, 6),
TO IIpH €e HAOMIONEHUH Jaxe u3
toukn C, Haxoaswmeldcs B o6na-

TaT HaOMIONEHHA  3aBHCHT OT CTH /, HHKHAS 4acTb u3006panke-
TOUYKH Habmonenus. IIpoeens Hus HCuYe3aeT.
v
ﬁ?
/ ; I
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Puc,

bBoaee caoxkube
€aonawTca npu  HOJYUYEHUH
JelCTBHTENLHOTO — H300parkeHus
CTPENKH, BHIPE3aHHOH B HeMNpo-
3pauHOH OyMmare, 4epes KOTOPY1o
NDCXOAUT CBeT OT HHTH HaKalu-
BaHus JlaMmnbl. B 3TOM ciyuae
NpU 3aKPHBAHUM HENPO3PayHOH
IIMPMOH TOJOBHHBL JIMH3B! 4acTb
JefiCTBHTENLHOIO  H300parkeHns
«CTpeIKiy, TIONYUEHHOTO Ha 3Kpa-
He, HCue3aeT, YT0 Ha INepBLli
B3] KaxeTcss NPOTHBOPEYauuM
neppomy omelty. Ho crenyer
VUECTb, UTO CTLEJKa ABJASETCA HE
CaMOCBeTAIHMCSH HpenmMeroMm, a
JUIlIb ~ OTBEPCTKEM, HPONYCKal-
UiHM CcBeT oT HUTH §;8; namnnl
HaKaJ/JIHBaHHS. '

Kak BHJHO H3 pHCYHKa 249, a,
Ha KOTOpOM M300paikeH Xop Jy-
yeid gJIA Caydas, Korjna YBeJH-
yeHue I’ > 3, nepexkpuITHE noJo-

SBJCHHA Ha-
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BUHB JIMH3BI LIMPMOH MPUBORMT
K YMEHBIICHHIO pPa3MepoB H30-
OpaxKeHHsi: BMECTO H30CpaxeHud
A'B' Bcesi crpenkn AB obpasy-
ercss  u3obpaxenue C'B’ wuacrtu
crpenxu CB. H3obpaxenue HH-
TH TIPH 3TOM HE H3MEHSeTICs, B
ueMm Jierko yO6enuThesi, nepeiBM-
HYB 3Kpan GJHXe K JIHH3E.

Ha pucyuke 249, 6 npencras-
JeH xof Jayuef aas cayuas [ <
< 1/3. M3 pucyHka BHAHO, 4TO
u300paxKeHHst  CTPeJKH W HHTH
NPOCTPAHCTBEHHO TNOYTH  COBMHa-
jJaioT. B CBfI3H ¢ 3THM HOPH nepe-
KPbITHH TOJOBUHBI JIHH3BI UIHP-
MOH 3@GeKT YMEHbIUEHHs  pas-
MEPOB  H300pakeHusl CTPEIKH
MEHEee 3aMETEH. _

224, Hapucyem rpadurun 3a-
BHCHMOCTU CKOPOCTH pPaKeTsi OT
BPEMEHH [pH BKJAKUYEHUH OJHOTO
u3 jsurarenei (puc. 250). MUs



rpaguKoB BHAHO, YTO MPH NOCJE-
JOBATEIbHOM BKJIIOUEHUM JIBUTa-
TEJIeH CKOPOCTL paKeTbl MOXKET
MeHaThcsa no rpaduky OAC wau
OBC. Bricora, Ha KOTOpYIO NOA-
HUMETCSI PaKeTa K MOMEHTY OKOH-
YaHuA paGoTel  nBHrarese,
YHCJAEHHO paBHA mjaomand ¢Qury-
PBI  IOJ TPadHKOM 3aBHCUMOCTH
CKOPOCTH OT BpemeHu. VI3 pu-
CYHKa  BHAHO, YTO B IIEPEOM
cayuae (rpadpuk OAC) sra nJjo-
manb U, CAeJ0BaTeNbHO, BHICOTA
NoAbEMA pakeTsi OyneT GoMblle.
Ona pagrna

| |
by = o @l 4 afh+ ayhyly

Ilpy OLHOBPEMEHHOM BKJIGUeE-
HHM JIBUTATEJEH CHJBI, a 3HAUYHT,
H  YCKOpPEHHSl  CKJIaIbiBawICH.
B stom cayyae rpagukoM CKo-
poctu Oyner nomanas ODE, a
BLicoTa A OyAeT paBHA

= (@ta) 4 @+a) (—

— 1)t -}_%ag (ty — 1) =
= —;—altf + —;—aztg 4- (@, — az)t,t,.
QOueBupno, f1, > h.

Herpynno 3aMeTuTh, YTO NpH
BKJIOYEHHH OJHOTO H3 JIBHTATe-
nedl npu yxKe paGorawmem Apy-
roM IJIomanb NOoJA TrpadHKoM
CKOpOCTH  OYIeT TOXKE MeHbIue
h,. 910 caenyetr H3 TOro, 47O
ecJu BHAYade BKJWUYUEH BTOPOH
JBuUrarenb, To rpagHk Oyaer Je-
XKath Mexnay JoMaHbeMH OAC ©
OBC, a eclly BHayajie BKAOUEH
NepBhi, TO — MEXIY JOMaHbIMH
ODE un OAC.

CnenopaTenbHO, IIBHTATeJH
HY)KHO  BKJIOUYarb HOOYEPEIHO,
npHueM BHauyase JOOJKeH OBTh
BKJIIOYEH JiBHUrareib, cooluiaic-
uMil paxere GoJblIee H3 yCKOpe-
Hui,

Vi

L
o
[
0 t, t,
Puc., 250

>

225. Taxk KakK CWJIbl NPUTSKE-
Hus Kopabias K 3emae u JIyHe no
MOJYJII0 PaBHB JApPYT APYTY, 10
LEHTPOCTPEMHTENLHOE YCKOPEHEE
KopabJio

a = o°R

JIOJIXKHO COOOIMIATHCA CHJIOH THATH
neurarens. CaeioBaTelbHO, IBK-
rateJb>  Kopabas paforaer,
KOCMOHABTY 370 XK€ yCKopenre
-

coobulaerca Ccunoil N peakuud
«rojray. COTJMIaCHO  BTOPOMY 3a-
koHY HploToHa 3Ta cuaa paBHa
10 MO VJIO

ma = mo’R,

rae R — paauyc opbutnl. Tax Kak
BeC KOCMOHaBTa — 3TO CHJa, ©
KOTOPOH KOCMOHAaBT AEHCTBYET Ea
Kopabnb, TO MO TPETHEMY 3aKOHY
HrioTona Bec P KOCMOHaBTa pa-

-

BeH — N.

|B| = mo*R = m(‘g:) R.

CnejoBartedbHO,

Kopabiasga R
Fa-

Panpuyc  opbutst
MOKHO HAHTH U3 YCJOBUSA

BeHCTBA (MO MOAZYJIIO) CHJA €ro
nputsikeHHa K 3emne u Jlyue:
Mg My MpMy
G'—R T G (L'— \2’

OTKy /4
LYy Mg
V iy Y

171



___60R, V 8IM,
V8IM, + VM,
Tlosromy

\P| = 54m (?-;-‘)21?3 ~ 1,8H.

— 54R,.

296. OGo3HauuM uepes R, H
R, CONpPOTUBJEHHS 4YacTed, Ha
KOTODHE  JBHIKOK JEAHT IOTEH-
wiomeTp (puc. 251). Hanpsxe-
nie U Ha Harpyske paBHO [R
(rne [ —cuna TOka B LeNH H

R, — conmpordBieHne  yHacrka
AB). OueBnaHo, 410
___RRy . Usx
CORHR Ry+Ro
Texk kak Ry = R — Ra, TO
U — Upy RR,
R, +Ry R-Re
RR,
R*— R2 + RR, Une

Paspenus B 3tofl ¢opmynae  HHC-

nuTes b WM 3HameHaTenb Ha RE,
Oy UHM:
o
Uo = Unx

l—a24+a’
rpe o = Ry/R. llepBoHauagbHO

R, = R/2, 1. &. = 1/2. Tlo-
TOMY
U,=U 172 = E-U(Bx).

O 1jdd-1/2) B

[Ipu yBenMYEHUH HANPAKCHHA
Ha BXOJE UEnu BABOE HaNpsKe-

(Dt

B
Puc. 251

Puc. 252
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Hye Ha HArpyske CTaHOBHUTCH
paBHbIM
e/
1—oa; + oy

Ile Oy — HOBOE 3HAaueHHE OTHO-
meHua Ro/R.

Ho no ycnosuwo 3anaun Uy =
= U,, T. €.

2 o
-gUBX::QUBK z .
1 — ag + o2

Orciona mnoJyuyaem
yVpaBHEHHE!

of 44y, — 1 =0,
Pemiaa ero, HapgeM:

oy =—2 4 V4 -+ 1=—24V)5.
Taxk KaK no GU3HUECKOMY CMBICJTY
ay > 0, 10 Kopems —2 —V'5
noxkeH OHTh ot16poueH. Caepo-
BateapHo, oy = —2 + V5, H
JIBUJKOK HYKHO IIePEIBHHYTH TaK,

yToObl BHIIOAHAJOCHL COOTHOLUE-
HUE

CAEAYIONIEE

Ry = (V5 —2)R.

" 227, Tlpu jBHKEHUH 3€MIH BO-
kpyr ConHua Ha 3eM/0 IEHCTBY-
eT CHJa TArOTeHUs

MS MC
Lz’

F=G

rae M, — macca emnu, M, —

macca Conupa, L — pajgHyc op-
6uthi 1 T — nepuoj obpamenus
3eman BOKpyr ConaHua. 3ra CH-
jga coobmaer 3emse LeHTpocTpe-

MHTEIBHOE  YCKOpDEHHE
2m\2
a=00L=|—|L
)t
CorslaCHG ~ BTOPOMY 3aKOHY
HrroToH2
M, M " 4r?
—8°5 .. L.
= My (1)



Ho

G M
®
CnejoBaTenbHoO,
2
M.g %’ = M, 4;}: L,
HJH
T _esT g
M¢ EDE
Tak kax

TO U3 COOTHOUIeHHA (2) cnegyer,
4To
3
P . QTQRC

pc o 4R2L3R3

KaK [0

Ho Tax
(puc. 252)

YCJAOBHIO

TO

P3 go3T?
= ~ 4,4.
0c 32n%R,
228. Ilpu paBHOBeCcHH BepTOJE-
Ta CUJa TAMKECTH YDaBHOBEIIH-

BaeTCsl CHJIOH F, neficTByomed
Ha BepPTOJEeT CO CTOPOHBL OTGpa-
CLIBAEMOTO  JIONACTSIMH  BO3JY-
xa:

-

—_
F = —mg.
[To tperhbemy 3akoHy HbroTona
cuna F paBHa IO MOAVYAIO CHJeE

F,, neicTBymwlled Ha BO3AYX.
Ecnu JONacTsiMH BUHTa B €4u-
iy Bpemend (1 c) or6pacuiBa-
eTcsi Macca Bo3gyXa [ CO CKOpo-

CTbIO U, TO

H, CJ€10BaTeNbHO,
— -
mg = pu.
Eciu naI0THOCT BO3JyXa paBHa

P, TO
n = pSo = pnl’,

rie S — mJaomanb CEueHHsT «OT-

OpacbiBAEMOro»  BO3AYIIHOTO IO~
T0Ka. [lostomy
mg = pnl*v. (1)

MowpnocTs  XKe gBuraress pasHa
KHHETHUECKOH IHEpPTUH, npH-
o6peTaeMoOil BO3JYXOM, KOTOpLIH
orfpaceiBaeTcss B €AUHUIY Bpe-
MCHH !

nn2
N o= R mey @
2 2

U3 papenctBa (1) caeayer, uto

U = e .
oLz
CireoBaTtenbHo,
N = "3y /mg
st ¥ Tp
[InoTHOCTE P BO3AYXa MO>KHO

HaWTH K3 YpPaBHEHUA Ta30BOTO
COCTOSAHU A
_pM
RT’

rae M — moussipHasi Mmacca. [lo-
3TOMY

N =™ 7/ mgRT

2! “npM
INpunumas, uyro 7T = 300 K,
p = 10°H/Mm?, M=29. 1073

Kr/MOJb, HONYYHM:
N = 15- 10* Br = 15 kBr.

229, CornacHO  NepBOMY 3a-
KOHY TepMOAHHAMHKH coolma-
eMO€ Ta3y KOJHYECTBO TEeIJIOTHI
Q paBHO CYMME U3MEHEeHHSI BHYT-
penHeil  3Hepruu rasza AU wu
coBepiiaeMoii ras3oM pa6oTthl A:

Q, =AU, + 4, Q,;, =AU, +
~+ Ay
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31ech HHACKC / OTHOCHTCS K MpO-
neccy I —3— 2, a HHIEKC
/I — x npouneccy I —4— 2
Tak kak ra3 OJHO4TOMHBIH, TO
JUIS OJHOTO MOJIS

U=-?°’2-RT " AU::-S—R-AT.

ChnepnoBartesibHO,
AU, = AU, =AU=2RX
X Ty — Ty).
Pasnocrs  temmeparyp Ty —

, MOKHO HAHTH

U3 ypapHe-

Huag  Menjeneepa — Koaneiipo-
Ha, 3alluCaHHOol0 JJIsg COCTOf-
Hu#t I u 2:
pUVO = RTI!
on . QVO = RTB,
3peV
T,—T, = -}‘!?—2
[Toatomy
9
AU = 5 PV

Teniepy HaiigeM 3HaueHUs pa-
6oTel Tasa A, u A,,. B cayuae/

pafora coBepIuaercs TOJAbKO IIPH

nepexone 3~ 2. Tlosromy
A, = p- AV =2p, (2V, —
— V) = 2p,V,.

B cnyuae /] paGora cosepiua-
eTcl TONBKO npu nepexoje | —
—> 4 1§, cJlefoRaTelbHO,

Ay = p, @V, — V) = pVs.
Taxkum obpasowm,

13
Q; = AU -+ A] - "2" povov

Il
Qu: AU -+ Au = “2’ povo'
Q _13
Qn 1t

230. Ilpu u3MEHEHHH MAaTHUT-
HOTO TMOMS1 BO3HHKAET BUXPEBOE
2JIEKTPHYECKOE HOoMNe, HANPSIKeH-

174

HOCTL KOTOPOIO B KaxKJIOH TOUKE
KOJAblia HanpapBideHa [0 Kaca-
TeNMbHOH K Koabny. Ha sapaasl
KOJMbIA B 9TOM IIOJIE JEHCTBYIOT
cuJel, 0J1arojaps KOTOPBIM KOJb-
O NPHXOAMT B aBuxKeHue. Mame-
HEHUE  KHHETHUYECKOH 3Hepruu
KOAbiia 3a Bpema Af paBHO pa-
6oTe, COBEPLIAEMOH 3TUMH CHJIA-
mu. Ecau CKOpocTh Koabla PaB-
Ha ®, TO 34 Bpemsi Af OHO NIOEO-
paunBaeTCss Ha Yronm ¢ = o X
X At. Tlpu TakomM HOBOpOTE MO
KOHTYDY  TPOXOANT 3apsai ¢,
KOTOpHIM 00J1lafjaeT y4acTok AJ-
Holt ¢ R. Tak kak zapsaj egnmfmm

—y TO

JJIHHBEI ,
onR

KOJbld PakeH

PaGora, coeepmaeMas 1npu
OBOpPOTE KOJAbLHA, paBHa IDJC
HWHIYKIIUH, BO30YyK1aeMOH B KOH-
Type, OrPaHUYEHHOM KOJAbLOM, H
YMHOXKEHHOH Ha 3apsif g:

: AD

2. AB 2.
nR-AB Qo RO AB,
At 2m . 2

Kuneriueckas 3Heprrs KoJbla
38 3TO Xe BpeMH MECHSeTCqa Ha Bpe-
JAUYRHY

m (v - Av)? mu?

AW, = -
2

X AV = moR-AeR) = moR? Ao.
u A, nony-

~ mMyY X

TlpupaBuuBas AW,
yaem:

20 -
moR? Ao — RQm2 AB’

HJn

Q- AB
2m )

Takum o6pasoM, ~ H3MeHelue
yIJIOBOH  CKOpPOCTH Aw npsmo

Ap =



NPONOPUMOHANBHO W3MEHEHHIO
MAIHHTHOH  WHAYKmun AB. K
TOMY MOMEHTY, KOTJa HHAYKIHSA
MarHHTHOTO IOJIs1 JOCTHTHET 3Ha-
yenuss B,, yrioBas  CKOpOCTb
KoJiblla CTaHeT PaBHOH

om

231. Ecnu  conportuBJeHue pe-
3uCTOpa BeJMKO, TO CHJa TOKa,
BAYILEro No HeMy, Mafja u pas-
HOCTb TNOTEHIMAJNOB MEXKAYy TOu-
kamii B u A (cm. puc. 71) 6auska
k 2¢&. Ilpu 3toM noreHuuasn Tod-
ki B Buiue notennuana touxu C,
KOTOpLIH paBeH &, €Cjad CUHTATh
norenuman Toyku A paBHbIM HY-
gie. ChepoBareabHo,  JAHD][ 3a-
KPBIT H TOK IO BETBM C JHOAOM
He Teuer. Torga Hajsuue BeTBH
C JMOJAOM MOXKHO He HPHHHMATD
EO BHHMaHH€ H paccMarpuBath
VOPOIUIEHHYIO CXeMmMy, Iipencras-
JEHIYI0 Ha pucynkxe (puc. 253,
a). B 3Toil Henu Teuer TOK

28
2r +R .

[ToaToMy HanpsiKeHHe HA COIPO-
THBJIEHHH R PaBHO
28R
R or 4R

[To mepe yMenblIienusl compo-
THBJEHHA K pesucropa TOK B
eNK  pacTer, yBeJHUMBAEICH I1a-
JHNHE HanpaXkKeHus Ha BHYTPEH-
HI!X CONPOTHUB/JEHUAX HCTOUHH-
KOB, & pPAasHOCTb MOTEHLHAJOB
1€y TouKam B u A yMmenbia-
ercsi. Tak GyleT NPOHCXOAUTH
RO TEX II0p, NOKa MOTEeHHHAaa TOY-
Ku B nHe cTaper paBHBIM IIOTeH-
nuany Toukd C, T. e. NoKa AHOL
OCTaeTcs 3akpuIThiM. JlHox oOT-
KpOeTcsl B TOT MOMEHT, KOrjxa Ha-
NPSIKEHHE  MEXAy TouKamH B
H C C1aHeT paBHBIM HYJO; 3TO

A& J&r
g '
$4 B
s [
R a
jl&n
/ b
A 8
Iz—b‘
Il&r- ’l&r'
g !
R g
Puc. 253

IPOU3OHAET, KOTAa Halpsi:KeHue
Mexay Ttoukamu B n A cramer
paBHblM &. B 3TOT MOMEHT Ha-
npﬂ‘:;{efme Ha pesucrope R pas-
HO &

26R
2r +R

Ortcrona
R = 2r.

Tenepb HaileMm HallpSiXKEHHE Ha
pesuctope R, KOTJa ero Compo-
TupJenne R < 2r. B stom cay-
yae CONPOTHBJIEHHE AHOJA PAaBHO
HYJl0, H YIpolleHHas cXéma NpH-
HUMaer Buj, I[I0Ka3aHHbIH Ha
pucyHke 253, 0.

B stoM cayuae

Uy, =1'R=¢8—1Lr=28 —

-——12-21', I’zll“}‘ [zn
Orciona

4 —_— 46" ! — --—-————460R

{ o +3R "’ Ur 2r+3R '
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Puc. 254
Taxkum oGpa3som,
26R
UR: —_Q—r—_]-_f\;_ HpH R}Qi’,
_ 4ER
UR =S T npu R 2r

232. Bnivnen, BhIOPOIICHUBI H3
KOpabJsi, HOMKEH ABHUTATLCSH IO
ININITHYeCKOH opbuTte, Kacaiw-
uierica nosepxuoctd JIyHbl {puc.
254). Boabwas ocb 3TOH OpGH THI
paBaa R + R, (e R, — pa-
auyc JIyHu).

CHs1a  THATOTEHHS MEXKAY BbIM-
nejgoMm H JIyHOI aHalorHYHa CHAae
B3aHMOJICHCTBHA ABYX TOYCYHbBIX
3JEKTPHUCCKUX  3aPAJOB MpPOTH-
BOTIOJIOKHBIX  3uakKoB. [loaromy
BhIpAMKEHHE AJA MNOTEHHHAJbHOH
sHeprun B To4kax A u B (anoree u
MepUree) MOXKHO 3alncarthb Mo aHa-
JIOTHH C 9HEPTUEH B3aUMOAEHCTBY 1
3apsAI0B!

M
W, =—G a

—_ G857

8 R_}]

rae M, — macca JIyuel u 1 — mac-
Ca BBIMIIENA.

CornacHo  3aKOHY  coxpaHe-
HUSl 3HEPIHH

2 2

moy Mym mvz_h M ym

2 R 2 Ry’

-

TJe U, — CKOPOCTH  BbIMIieNa B
ToukKe B W U; — €ro  CKopOCTh

B TOYKe A.

176

Cokpamiass  NpHMBefileHHoe pa-
BEHCTBO Ha m H YuHThIBas, 4TO
M
2 n
R
NOMY UHM
2 2 2
v R v
L 1 2
— &y =——g;R; (1
; “8n =5 &Ry (1)
M3 proporo 3axkona Kemsepa

MOMKHO NOJIYUHTB €HI€ OZHO COOT-
HOUIEHHE MEMKAY CKOPOCTSIMH 0
Ii Uy. CoracHoO 3TOMY 3aKOHY pa-
JI1yC-BEKTOP TLIaHEeTHl ONMUCHIBA-
€T PpaBHBIE IIOUAY 33 O4HHAKO-

Bhie NPOMEXYTKH Bpemenu. Ilo-
3TOMY

At-R Rn

2 2

HIH Ui R = U,R (2)

Hs  ypasuenuit (1) u (2), yun-

ThiBaf, 4ro R = 2R, HaX0MuM
~ R, y/ EaRn
"V ORR, TR
== ‘/g‘HR'H.
3
Has Toro utoObl ONPENeSHTDL

CKOpOCTh, C KOTODOH HYKHO BbI-
GpOCHTb BBHIMIEST  OTHOCHTEIBHO
kopalns, €le HYXHO HAaUTH CKO-
pocTh KopalJf Ha ero KPYyroBoH
op6ute.  Ilockonbky KopaG.b
BpaliaeTcss [0 OKPY’KHOCTH H
na Hero JAE€HCTBYeT TOJIBKO CHJIA
TATOTEHUS, TO

2

Mpm, myvy,
, R? R’
rie m; — Macca kKopabasa. Ot-
croaa
My _ 7/ &nRn

V=~V



QOueBupno, uto v; <v,. Cre
JIOBaTeNbHO,
P apmun—a I
V=90, —Uy = ]/ R ('—r:: e

|
_ L\~ 900
VS) Mfe

C TakO#l CKOpOCTBIO K HYXHO Bbl-
6pOCUTh BHIMMEN HA3a1, yToOLI OH
yIaJa Ha INPOTHBOMOJIOXHVIO CTO-
poHYy JIyHHI.

Jag HaxomxjieHusd BpEMeHu Na-
AEHHS BBIMIIEJA BOCIOJb3YyeMCH
TPETBHM 3aKOoHOM KKemdepa, co-
1.1aCHO KOTOPCMY KBa[ipaThl epu-
¢ 10B o6pauleHHsi IJaHeT OTHO-
cATCSl KakK Ky€bi GOJBbIIHX N0JY-
oceit ux opGurt. llepnon T, oGpa-
wenus KopaGas (uau BHMIENa)
0 Kpyrosoi cpbute papguyca R
CTIpeaenseTcsa TakK.

2aR

- QRIH

T =

0

3nad To, MOKHO OINPEIEIUTh IIe-
puox T o6palienus BHMIEIA [0
YANUTITHYECKO  opOuTe, Kacalo-
Cwelca  TMoTepIceT JIVHBL, 13

TpeThero z2axoHa Kensepa:

(2)2: (R Ry ?
\TU 1|\ 2‘?,]] ) ,

OTKY/a
QRH

- EVETO%II,&IW 2200 mum.

233. Hpu JBHIKEHUY TI0 Napa-
COJINYUECKON TDAEKTOPHH  KOCMH-
yeCKHH Kopabab HMeeT B Touke,
nauboJsiee npubamkennon K Jly-
HE, TaKYI0 KUHETUYECKYIO HEp-
TMIO, KOTOpasi MO3BOJISET eMy
yJeTeTb 3aTeM «GeCKOHEYHO» Aa-
JeKo or JIyeel. Ha Geckoneuno
GOJIbIIOM  PacCTOSIHHY OT JIYHBI
KHHETHYeCKass 3HEeprHd Kopalbasd

paBHa HYMO. Takxke MOXKHO TIpH-
HATb pPAaBHOH HYJIO M- HOTEHUH-
AJEHYIO 3HEPruio Kopabas, 1o
03HayaeT, 4YT0 Ha OGECKOHEYHO
GoJibllIOM  PACCTOSIHHH OT JIYHbI
Oyzer paBHa HYJ/O NOJAHAS MeXa-
HHYeCcKasi 3Heprug kKopabas. M3
3aKOHA COXPAHEHUSI HEPTHH CJe-
LyeT, uTO H B To4yKe, HauboJiee
onnsko# K JIyHe, nojiHasi MeXxanu-
uyecKass 3HEprus Kopabjs Takxe
JOMXKHa ObITb paBHA HYJIO; CJle-
JoBaTesbHO?,

2
mug G M nm

5 9ry =0
OTKYJa /
M.H
V26
Tak kax
GM
J1
>z 8w
RJI
TO

U, = ]/gH}R’ﬂ ~ 2,4 - 10°® m/c.

B npouecce TOpMOKEHUA CKOPOCTh
Kopabussd J0JXKHA YMCHBHIHTLCA
JO NePBOH KOCMHUECKOH CKOpo-
CTH Uy JIBU2KEHHA 10 KPYroBOH
opGure paanyca R,. Tak xak mnpy

JIBUXKEHHH [0 KpPYroBOH op6ute
pagdyca R, HEHTPOCTPEMHTENDb-

HOE YCKOPEHHE

02
a == —
R
Kopalaio  coobuiaer cuJja Tsro-
TEHH A
F=mg,,
TO
mUl
.._..._ _ gﬂ

3 Cm. pewenye 3agauu 232.
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OTKyZa
n, = Vg,R,~17-10° vl
CienoBaTe/IbHO,
Av = v, —u, =~ 0,7 10° w/c.

Jns onenku Maccsl Am Cropes-
Lero TOMJIHBA TIPEANONOKHM, YTO
BpeMsi CropaHusl TOIUIiBa oOudenkh
MaJI0 B 4YTO TNPOAYKTbl CropaHMsl
Obliin BBHISPOLIEHBI  OAHOH nopuu-
eii. [lo 3akoHy coxpanenusa Hm-
Ny/abCa

(m — Am}Av = Am - v,

OTKV]ia
Am = ~ 0,15 m.
v+ Av
234. i Toro utobbl Bechb
CBETOBOH IIOTOK BHILLET 4Yepes

rpaiib A'B’ BTODOH NpH3MBI, 01
JOMKEH BLIHTH U3 MNEPBOH Npus-
Mbl uepes rpanb CD nepneiuky-
JspHO rpauu DL, a nonacrs ua
rpaub CD napannenbno rpanu
BC (puc. 255). llpu stoM, Kak

BUAHO  u3 pucynka, fp = 307,
a o = 60°. CiaeroBaresbio,
sin o =
ne=——=17"3.
sin f

" 235. Ilpn nojk./OUen K HC-
TOUHHKY KOHJEHCATOp 3apamxa-
ercsi g0 Hanpsxenuss U u ero
NJAaCTHHbL  npuoGperanT 3apaibl
g u —q, paBHble N0 MOAYVJIO

g SU

Prc. 255

178

" BUHBI

Bepxnsas 3apsikeHnasi IM1acTH-
Ha KOHAEHCATOPA OKa3hBaercd
IIPH 3TOM B IoJie 3apsjga HHKHeH
IJIaCTUHH, W Ha Hee HeACTBYET
cHJ1a

F = qFE,

N

rne £ — HanpsHKeHHOCTh [0S
3apana  HHXKHEH nJaactuHbl. Tak
KaK B ILJIOCKOM KOHJIEHCAaTope JiH-
HEHIIbIe pa3sMephl MJACTHH MHOIO
GoJIbllIe  PACCTOSAHUS Mex<Ay I.1a-
CTHHAMH, TO MOXKHO CUUTATb, YTO
3TO IoJie COBIIafaeT ¢ mnoJieM Oec-
KOHGYHO! PABHOMEDHO 3apsiKeH-
IO MJIOCKOCTH. HanpsmeHHOCTh
TAKOTO MOJS HE 3aBHCHT OT pac-

CTosiHHsA A0 IJIOCKOCTH W paBHA
10 MOJYJ/IIO
g u
E = S

28, 2,8 B o1,
rie ¢ — MJAOTHOCTh 3apsja.

[Ton neificrBHem cuiml F Bepx-
HAA MJACTHHA TNPHIET B JBHIKe-
HHe, pacraruBast npy:xuny. Ira
CuJIa, KakK M CHAa THKSCTH, HE
2ABHCHT OT IMOJOXKEHHUS [LT1acTd-

-~

wpl.  Cuia ke ynpyroctn F 5
TP V2K¥ Hbl 1O MOJYJIO TIPONOPIIHO-
HaJabHa cMellendto. [ostomy miaa-
cTHHa OyJeT coBepuarb rapMOoHii-

yeckHe KoJe0aHHS OKOJO T0.J10-
JKeHHSI  PABHOBeCHS, B KOTOPOM

F+mg=F,,, (1)
rge m — Macca JUIACTHHBI. Au-
JAKRTYAa  KOJIeOaHHHA [/1acTHHEL
Gvaert paBHa paccTostHHIO i

MEXJy €€ NePBOHAYANBHBIM M0J0-
JKEHHEM U TMOJIOXKEHHEM DaBHOBe-
cuga. CueloBartebHO, IJACTHHLI
He OyIyT CONPHKAcaTLCst, €cJH
9TO pacCTosiHUE A Mexblle MoMo-
[IepBOHAYaJbHOTO PaccTos-
HUA [, MEKIY IUIACTHHaMH (NipH
He3apSKEeHHOM  KOHJeHcaTope).

O6o3naunM Ax, Jedopmanuio
IpYKHMHBL B NEPBOHAYa/bHOM I1O-



Joxenud. Ee pedopmanus B HO-
BOM I10JI0XK€HHH PaBHOBECHS pPaB-
Ha Ax, +h. B a3rom mnosoxe-
HUHM CHJIA YOPYFOCTH NPYKHHBL
Mo MOAYJIO paBHA

Fono = k (Ax, + ).

yup
Tax Kax npH OTCYTCTBHH Ha IIa-
CTHHAX  KOHJEHCaTtopa 3apsuoB
BEPXHAf MNJacTHHa HaXoAllJach
B paBHOBECHH, TO

mg = k - Ax,.

[lToactaBup BhIpaxenus aasa Fyg,
nomg B Gopmyay (1), moayuum:

F -+ k- Ax, = k (Ax, + h),
OTKY 14
F
h= —,.
k
Taxum oOpazomM, T1LIACTHHBL HE
KOCHYTCS, €C.IH
F !
7 <l
T. €. TpH
p> 20 2E el

236. Bo epeMs ypapa Ha MfY

cuna peaknud N
CTEHKH MU CHJa ar-

—_—r

mocepHoro aasnenusa F,.
CorglacHo  TpeTLeMy

1eHCTBYIOT
€O CTOPOHLI

3aKOHY
Hruiorona cusaa N pasna no Moay"

JI0 cuJjie JasaeHus F, mada na
crenky. Tak KaK ymnpyroctb mno-
KDBIIIKY HE VUHTBIBAETCS, TO

N = F, = p§ = par?,

rne S = nr® — mowark  co-
IDHKOCHOBEHHST ~ MsYa CO CreH-

i

KOKL.
NCHAHKYAAPHO
10 TOPHU3OHTAJIU
puc. 74).
Jas Toro

Hanpasaena
K CTEHKe, T. e.
BIIpaBo (CM.

yToObl HAaUTH CHJY

cusa N mep-

atMoC(pepHOrO  jaB/jellusi, paso-
ObeM MOBEPXHOCTbL MAYa HA Ma-

Jble  Y4YaCTKH Iolaabo AS,.
Ha xaxanl#t yuacToK Je#cTByer
CHJla aTMOC(pepHOro JaBJCHH

F; (puc. 256), nanpapseqnas nep-
NEHAUKYAAPHO K MOBEPXHOCTH U
paBHas 10 MOAYJIO

F, = p, -

rji€ p, — armocdeproe aaBAeHHE.

M3 coobpaxenuii  cummerpuu

MOXKHO  yTBEDKAATh, YTO CyMMa
—

npoexkuni scex cua I; npa Bepri-
KaJbHO€  HampaBbjenue pabiua
HYJIO- Hoa'rouy pasiHoaeicTBYIO-

I,a s F ZF HanpaBJ/JeHa ro-
PH3OHTAJILHO K PaBHA MO MOIYJIO

ASi’

F, = LXF,cosa=pIAS, X
X COS oL.
Ho AS, - cos & — 310 nmaomans

MPOEKIHK {-TO yyaCTKa Ha Bep-
TUKaJAbHYIO IJIOCKOCTh, a ZAS X
X COsS o0 — CyMMa TJIOAJEH Ta-
KHX MpOeKuMY, paBHag ILIOHLA-
JH  IIPOEKHHU MOBEPXHOCTH Msl-
ya:

cos o, = mre.

2AS, -
CuenoBarenbHo,

)

F, = p, nr.

Haiiiem Temnepb MOAYJIb paB-

gojgencreywower  F cua N 4

F.:
IF| = [N|—[F,|= (P — po) <
X T —(p——pu)mR — (R —

— 121 = (p — py) CRx — xP).

[Tocko/aLKY edopMaiirst X Msua
MaJsa M0 CPaBHEHHIO C ero pajHy-
COM, TO BeJHYNHOH x> MOKHO TIpe-
neGpedub MO CpaBIICHUIO C BEJIHYK-~
noit 2Rx. Tlostomy

|Fl & 20Rx (p — py)-
179



A5 C050C o
4 7
éj £ cos é
2 ——?;/ h é
] LZ.@S_._J é ==1]
7 F; é —hih,
: +//£ﬁ.{_‘

Puc. 256 Puc, 257

—
Tak Kak cuna F nanpasJiena npo-
THBONOJIOXKHO JedopManin, MOXK-
HO 3aliHCAaTh;

F = —kx,
e k= 2nR (p —p,). Takum

oGpasoM, MoOAYyJb Cuabl F npo-
nopHuoHaJeH jedopManuy  X.
ITox neficTBueM TakKoO¥ CHJIBI 1€J10
coBepmaer KoJsieGaHUs C nepu-

040M
T = 2n ]/ m,
k

rje m — Macca Tena.

OueBHaHO, YTO BpeMA T coyaa-
peHusl Ms4a Co CTEHKOH paBHO
MOJIOBUHE Hepuoaa KoJiebauHii:

_.T EN . —3
: n]/E_NS 1073 ¢,

237. [lnotHOCTE Macsa W pact-
BOpa MEAHOTO KYHOpOCa MOKHO
ONpPEeleIuTh  CJAEAYIOIHM  o6pa-
3oM. B coobmawomuecs cocyunl
CHAua/Jia HaJuBalOT Macjo H BOLY
(puc. 257). Ilo 3akony Ilackanas
naBnens B ToyKaX A u B pasnwur:

Pya = Pg-

T =

Boipaxas napjiends p, v p g uepes

IVIOTHOCTH KHIKOCTEH ©; H p,
H BHICOTHI HX hy H h,, NOJTyYnm:

P, = P18hy,
Pg = 0281,
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[ToaTomy

oghy = pogh,,
OTKYA2

N UCH
P2 "

Onucanupli  croco BHIIOJHE-
HHA paboThl IPHTOAEH TOJNbKO A/
HECMEIIUBAIOWKUXCA  KHUAKOCTEH.
CpaBuuBaTh  TakuM  obpasom
IVIOTHOCTH BOJAB!I ¥ MELHOTO KYTIO-
poca Hesab3s. [Jag onpenesenus
IVIOTHOCTH pPAaCTBOPa MEJHOTO Ky-
nopoca B coofuiamouiueca  Cocy-
Ibl HAJAUWBAIOT Mac/Jo U PacTBop
MEJHOI0 KyIiopoca.

Hpyroii  cnoco6  H3MepeHHH
IVIOTHOCTH  XKHAKOCTEH  MOXKeT
CbiTb OCHOBaH Ha PacCMOTPEHHU
yCJOBUS DaBHOBECHSI TeJa, UMe-
LIET0  OCb BpaleHus. Takum
TeJOM  MOKeT OBbITh JHHEHKE,
rnoJioKenHas Ha Kapanpaw.  Ha
JHHEHKY CJIe1yeT MOCTaBHThL I1y-
CTOW CTaKaHYHWK C OJHOH CTOpO-
Hbl, & C JPYrofl CTOPOHBl — TAKOH
>Ke CTAKaHUMK C H3BECTHBIM KOJH-
4eCcTBOM Boanl m, (puc. 258).

[IpumennB npaBuJO MOMEHTOB
CuJ, MOJYUHM:

mgh = (m + my) gl,,
OTKYJ(a
myly
l! - lz’

TJe m — Macca CTakaHuyHKa, [,
U [, — NJICUH CHJ THAKECTH CTa-
KaHYHKOB.

0 =

o

ls ’ L

\

Puc. 258




Hanee ypaBHOBewnBalOT CTa-
KaHYMKH C paBHbIMH 00beMaMH
V Bolpl 4 Macsa H CHOBa NpHMe-
HAIOT [paBHJIO MOMEHTOB CHJI:

(m + pV) gh = (m + p,V) glo
OTKYILH

. m( l;——l;) + 0,V

- Ve, '

HM3amepenns Macchl CTaKaHUMKa
MOXKHO HE TIpOU3BOAHTL, €CJH
ypaBHOBECHTL CTAKAHUHKE C JKHI-
KOCTAMHM Ha DaBHOIMJEYEM phiua-
re. Jlas »TOro B CTaKaHYUKH CJIe-
AYEeT HaJMBaTh PasiugHble KO-
JIU4eCTBa KUAKOCTEH, omnpene-
JasieMble  BeicoTaMu f, u h,. Tlpu-
MEHHMB  TPABUJIO MOMEHTCB CHJI:

01 Shng = p,Sh.g,
Oy YHM:

[

TouynocTs MOXKHO MNMOBLICUThH, €C-
JAH CHAYasla  ONPENeHTb IIOT-
HOCTh  MEJHOTO  Kynopoca Mo
OTHOIHEHHIO K IIJIOTHOCTH BOJH,
a 3aTeM — ILJIOTHOCTL Macjaa o
OTHOLLEHHIO K IJIOTHOCTH MEIHO-
ro Kymnopoca.

238. C mnoMouIbld KaTanyJibThl
3alyCKaloT OpYyCOK MO TOPH3OH-
TaJbHOU TOBEPXHOCTH JOCKH U

ONpefensIOT MAKCHMAAbH VIO 1315~
HOCTBb Sy, (M3 cepum  10—15
3allyCKOB)  JBMXKEHHSI  OpycKa
(puc. 259). [lo BrOopoMy 3akomy
HeloToHA

wng = ma,
W
a = pg,
OTKY1a
: Oy = Vi)_a-s—;t - Vm
Koappuunenr Tpenus @ Jjer-

KO ONpeAeJHUTb H3 OTAEAbHOTO
OliblTa I[10 TAHTCHCY YIJa HaKJO-

kY

Ha o,, TIpH KOTOPOM HAuHHAEeTCH
PaBHOMEPHOE  COCKaJib3blBaHHE
OpyCcKa ¢ JOCKH!

p=1{ga,.

B psne ycTanoBUK IpH Mak-
CHMaJIbHOM  OTKJIOHEHUH KaTa-
NyJabTel  OGPYCOK  IE€peMeniacs
Ha8 paccrosinpe OoJbliee, UYem
JJuHa  gocky. B srom caydae
A1 M3MEDEHUS MAaKCUMAJbHOH
CKOpOCTH  6pycKa HaIo 3amy-
CKarb OpPYCOK BBEPX IO HAKJOH-
HOH TJIOCKOCTH ¢ VIVIOM HAKJO-
Ha o. Hsmepaa nyrts s, pod-
JeHubli  OpycKoM BBepX MO Ha-
KJOHHOH ILJOCKOCTH, MOMKHO Of-
PeAESTUTE  CKOPOCTE OpYCKa U,
Tak kak

mg (sin o + p cos &) = ma,
TO
o, = V 2as, =
= 1/ 2g (sin o +- p €08 o) S,,.

239. s TOYHOIO H3MepeHus
CONMPOTURAEHUS  PE3UCTOpPa He-
00X0AUMO  ONPEeAeNuTh BHYTPEH-
HEe CONPOTHBJIEHHE BOJLTMETPA.
CHauyana wusMepsior [C wucrou-
HHKa TOKa, NOAK/AIOUHB BOJIBT-
MeTDP K ero 3axumam (o ycJo-
BUIO 33344 BHYTPEHHEE COIIpo-
THBJIEHNIE® HCTOYHHKA TOKA MHOTO
MEHbII€  CONPOTHBJEHHSA BOJbT-
MeTpa). 3areM COCTaBJSIOT dJeK-
TPHYCCKYIO €L [0 CXeMe, MpHu-
BejeHHON Ha pucynke 260. Ilpu-

Y A
l
&
Frr v
- -
7
R
mj )~
Puc. 259 Puc. 260
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MEHHB 3akoH Oma K 3TOM LenH,
[OJTY4YHM:

U=IR,= bR
R+ Ry
OTKYyAa
UR
L=
& —U
3uasi BHYTDEHHEE COIDPOTHB-
JE€HUe R, BOJBTMETPA, MOXKHO
ONpenesHTL  CONpOTHBJAECHHE R,
pesucropa, COCTABHB HENb IO

cXeMe, IIPUBEICHHON Ha PHCYH-
Ke 261, a nan na pucyuxe 261, 6.
B nepeoM ciyuae MoKHO 3a-

MiCarh:
—{(V )}~
vanst

T

© ]+

-9
Puec. 263
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RuR

Ui _ R+R
6 — UI. Rx ’
OTKYJaa
(& —U) RR, .

* 7 TU(R ¥Ry

Bo Bropom cayuae npumeHexie
sakona OMa npuBOgUT K Bhipa-
KENNI

U, = IR, = —¢R

I |
R+ Ry
OTK Y12
— Rn (g _ U:Z)
U2

TMonb3ysch  npepycMOTPEHHBIM
B 0COPYACBAHUK PEOCTATOM, MOXK-
HO JJs pelIeHus 3ajayl TipH-
MEHHITh MOCTHKOBYIO cXeMy (puc.

262). Ecan BLINOJAHSETCS COOT-
HOIIEHHE -

R

R _R,

Ry Ry
BOJIBTMETD NPH 3aMbIKAHHH HENU
ile 1aeT HUKaxkux TOKa3aHup,
Orcrjia

—Rep_ b
quRaR aR,

rie a u b — JuHeliHble pasMe-
pLl uacrefi peocrara A0 CKOJib-
35IHIETO  KOHTAKTA.

240. I'lpoBepKa «u4epHOrO fIIu-
Ka» HauylHaeTcs ¢ oOHapyKeHUs
B8 geM IJIC ¢ noMoiulbid BOJBT-
mMeTpa.  ¥YO6egHBmuCh, uTo I/IC
He o6HapYMKUBAETCs, COCTABJISIOT
{(Ienb MO CXeMe, MPUBEJCHHOH Ha
pucyHke 263, H uccaenywoT 3aBu-
CUMOCTb CHJIBl TOKa, I[POTEKaio-
IETO Uepe3 JEMEHTH fUIHKaE, OT
HalpAXeHHsT MpH  Pas/IHuYHOMH
MOJSIPHOCTH  TOJAK/MWOUEHHST  HC-
ToyHHKa Toka. [lo pesyabraraMm
H3MEpPEHHH CTPOAT BOJBT-aMmIep-
HYI0O  XapakTepHCTHKY  slHKa



(puc. 264). Ananusupys  BuR
BOJIbT-@MIIEPHOH XapaKTEePHCTHKH,
MOJKHO  CIejaTb  BBIBOJ, YTO
B AUUKE HAXOAATCA JIHON W pe-
8HCTOpP, COEIHHEHHbIE  IOCHENo-
BaTeJibHO, HMJH AHOA C HPSAMBIM
conporuBaeniem R = 20 Ow.

Hesune#HBIH YYaCTOK B KOHIE
XapaKTePUCTHKH  CBUJETEJNLCTBY-
€T O pPoCTe CONPOTUBJIEHHA MHPU
GoabUIX TOKAX. 3TO BO3MOXKHO,
ecJu pe3ncTop obJafaer CHJBLHO
BbIPAaKeHHOH TeMmIeparypuoit 3a-
BHCHMOCTBIO MJIH €CJIM TeMIepary-
pa pe3ucTopa pe3Ko MNOBLIIAETCS
NPH yBeJHUeHHY CHJIH TOKA, T. €.
ecJIM  pe3UcTIop — 3TO0  JlaMIa
HAKaJMBaHH 4.

TounocTh H3MEPEHUS CUJIHL TO-
Ka ¥ HANpSKeHHH MONKHO IOBBI-
CHTh, €CJH YUYUTLIBATL BHYTPeH-
Hee CONPOTHRJIEHHE NPUOOPOB, KO-
TOPBIE  MOTYT OBITh OlpeaesieHbl
B JIOTIOJIHUTEJ bHBIX ONHTAaX.

241, Cravaja onpenenstor ¢o-
KYCHBIE  PacCTOSHUA BCEX Tpex
nuH3. DokycHeie paccroganud F,
u F, aByx cobupawomux JHH3
onpenesiglor, Nnoaydad Ha dKpane
usobpaxkeHue TOpALICH cBeun M
npuMenas QopMmyay auusm. as
BLINOJTHENH S JlaHHOR paboTr (Jo-
KYCHBIE pAacCTOSHMSI ABYX COOH-
pPaTeIbHBIX  JIHH3 JOJIKHH ObITh
pasyuuneMid (Fy > F).

JJis  onpejenenus ¢QOKycHOTO
paccroauug F3;  pacceuBaronei
JUH3BI  TOCTYHNAIOT  CJENYIOUHM
oOpasoM. CHauaja NnoJyyaloT Ha
SKpaHe ACHCTBUTENIbHOE H306pa-
xepne S’ cBeun S ¢ noMoursio
cobuparesbHol  JUH3L. 3aTeM
MEXKAY JIHH30R W 3KPAaHOM Io-
MCILAIOT  PaACcCenBAOULYIO JIMH3Y.
Oroasurasa 3sxpaH, no6UBalOTCH,
yToObl Ha HEM CHOBa o6pa3oBa-
Joch  pe3koe u3oOpaxeune S”
nJjaveHu cBeud (puc. 260). ToJib-
3ysachr  oOpaTHMOCTBIO XO0ja Jy-

I

Puc. 265

MOKHO CUHTaThL, YTO TOUYKA

uei,
S’ amaserca MHHMBIM H300paxe-
HueM TOUKH S”; 3T0 H300pakeHe
obpa3yeTcsd B Pe3ysbrare Npejom-
JdeHus Jydedl B paccenBawolefi

Jgunze. Mamepus  paccrogHus
du f, onpepeaute Fy:

OTKY/a

Fo= 1%

f—d
C moMollblo JAHHBIX TPEX JIHH3
MOXKHO co6patbh MojeqH  TpyOul
Kensepa (puc. 266), Tpy6ut 'anu-
jges (puc. 267) U MHUKPOCKOIA
(puc. 268). B cayuae tpy6n Ken-
jepa dokanbHbe MJIOCKOCTH 0fe-
ux JunH3 cosnagainT. O6beKTHBOM
CJYKUT AJUHHODOKYCHAsI JWH3a,
a OKYJIipOM — KOPOTKOOKYCHAA.
YBenuuenne Takoil TpyOu onpe-

pensiercsa  dhopMyJIon

r="m
Fy

’
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™

Puc. 267

Puc. 268

rae F; — (okycHoe paccrosHue
obbekrusa, [, — QOKYCHOE pac-
CTOAIHUE OKyJsgpa. IKCIepuMen-
TAJLHO YBeJHUYEHHE MOXKHO Olpe-
AeJUTb, paccMaTpuBas JHHEHKY:
OJHHM TJIa30M — HEMNOCPEACTBEH-
HO, a APYrum riasoM — usobpa-
JKEHHE JIMHEHKH, NOJYUYEeHHOH ¢
nomowbio  TPyOel.  OtHouieHue
JHHEHHOTO pasMmepa u3o0pake-
Hug K pasmepy  npeiamera u
€CTb YBeJHYEHHE TPYOBI.

Haa tpy6er lamses ucnonb-
3VIOT OJHY COGHPAIOLLYI0 JIHH3Y
(0GBEKTHB) U OHY PacCeH BaroLLyIo
JuH3y (OKyAsp) (puc. 267). Yae-
JUYeHue 3TOH TPyOHl ONpejess-
ercsa (popmyJion

i1R4

«
rae F, — QoxkycHOe pacCTOSTHHE
o0beKkTUBa, F3 — (POKYCHOE pac-
cTosiHHe oKyaspa. Paccrosanue !
MEXKNY JaunszaMH B TpyGe [anu-
JIed  TakKiKe paBHO cyMmme abceo-
JIOTHLIX BeJUYHH (hOKYCHBIX pac-
crosnuit obeux mu3 (I = F; +
-+ Fy).

DKCIEPUMEHTANbLHO YBeJHUeHHEe
Tpy6ut Tamusess  onpejesisieTcs
TEM Ke CIoco0oM, UTO W yBeJHye-
Hue Tpy6m Kensepa.

Mukpockon cocrasgsercs u3
JBYX coGHpalonux JUH3 (CM. pHC.
268). Tlpu >TOM JIHH3a C MEHb-
UM QOKYCHBIM  paccTosiHHEM
(F3) cayxur oOpekTuBoM. Pac-
crosiipe  MexXAy  JuH3amu  {
fodsibiie  cymmbl F; - F,; 0HO
noABUpaeTcss ONLITHBIM NyTEM M0
MAKCHMYMY pe3KOCTH. ¥ BejHue-

HUE MHUKPOCKONA oNpejessierca
a0 opmyJe
T A 8({—F)
F1F2 '

rie 6 — paccrosiHHe HauJyulle-
r0o BUJEHHUSA.

242, [Ina  onpegesneHus pas-
pewiarome  cnocoOHOCTH o TJia-
38 Ha[0 U3MEPUTL pacCTOsSHUE
[, ¢ KOTOpOro €ile MOKHO pasJy-
uiTh JiBa COCEAHUX IUTPUXA JH-
HellKH ¢ qeHoi fesienud 8, a 3aren
BBIUMC/UTE COOTBETCTBYIOMUH MHU-
HUMAJBbHBLIA  yroJ 3peHHs ¢ Mo

dbopmyJie
¢ = -?- 3420,

[Ipn auadbparMHpOBaHHH TJa-
3a, T. €. PacCMAaTPUBAHUH ILUTPU-
XOB JIMHEHKH uepe3 3KpaH C OT-
BepCTHEM, paccroguue [ ymenb-
IAeTCs, T. €. YBEJIHUHBACTCA YIof
@, NpuYeM TeM 3HAuMTeJbHEH,
yeM AvaMeTp d OTBePCTHS MEHbIIE.
[lpu d >2 wmM paspemarwolias
crloCOGHOCTh He H3MeHsAercs. 10



obbpAcHAETCA TEM, uTO AMAMETP
3pauka MOpPUMEPHO paBeH 2 MM.
Ymenbluenyue paspeniatoiefl cro-
co0HOCTH  ryiasa Hpu  Auadpar-
MHPOBAHHH TIJla3a CBsi3aHO € JH-
dpakuueil CBeTa Ha OTBEpPCTHH,
BCJIEACTBHE KOTOPOH paspeao-
[as ¢nocobHOCTL Najgaer Jo sHa-
yeHU s

—pt
d

rie A — aauHa  BoJIHBL, d — Aua-
MeTp OTBepCTUs, B — Ko3pduum-
€HT, 3aBUCAIMH OT DOPMLLI OTBEP-
ctud. A KpyriblX OTBEpCTHH
k= 1,22. Pesyiabrarsl BHUHCIE-
HUT 110 3TOH QopMmyJe Xopolluo
COIVIACYIOTCS € 3KCIepHMEHTAa ] b-
HO TOJIYUEHHBIM rpadukom 3aBH-
CUMOCTH  paspeuiaiouleil cnocob-
HOCTH OT AHAMETPa OTBEPCTHS, KO-
TOPBII NPEJNCTABJIEH HA PUCYHKE
269.

243. Haueptum rpaduxn 3a-
BHCUMOCTH  KOODPAMHAT I0e370B
OT BpeMeHH. 3a Hayajo O0TCueTa
BhIOEPEM TOYKY, B KOTOpofi Ha-
4aJ0Ch TOPMOXKEHHEe [acca)Kup-
CKOTO [oes3jia, a 3a HallpaBJ/eHle
OCH KOOpAMHAT [IpHMeM HanpasJie-
HUe CKopocTed  moe3noB. Mo-
MEHT Haua/ia TOPMO:KeHHS BBHIOH-
PaeM 3a HayaJI0 OTCUeTa BPEMEHH.
B Takoil cucTemMe OTCueTa Ko-
Op/UHATBI I10€30B B MOMEHT Bpe-
MeHH { BbipaKaworcs Tak:

al? -
Xnae = Ult -+ “2': X1os = Uzt + Sos

rme v, = 108 km/y = 30 wm/c,
v, = 32,4 KM/u = 9 M/c.

W3 rpajgukoB (puc. 270) Ruz-
HO, YTO B MOMEHTBI BpeMeHy ¢ u
t”  KoopauHaTel O0GOHX MOE3AOB
paBHpl  Mexay coboi. ITo 03HA-
yaeT, 4YTo B MOMeHT { = ¢’ mpo-
H30UAET CTOJNKHOBEHUE [10€3]10B.
M3 yenoBua x,,. HaXo0-

I - xTOB /]
JUM  3paueHHA ¢ =15 ¢, ¢’ =

-~

= 20 ¢. B MOMEHT CTOJIKHOBeHH
KOOpJyHAaTa MQe3loB paBHA ‘

Xnac =315 M,

244. OG6osnauuMm yepes L AJMHHY
Bpauaonerocs Kojapua (L= 2nR).
PaccmorpuM  HebosbliOH  yua-
CTOK KOJbua AJauHcH AL H mac-
COH

= X108

Am = AL,
L

Ha BblJeJeHHBEIA YuacTOK ¢ JIBYX
cropod JAedictByor cuanl Ty U

T, HanpapJeHHLIE o Kaca-

TeJAbHBIM K KOJBIY H OAHHAKO-

Bole 1o monayiwo (7y = T,). Hx
—

pasHojeHcTBYIOIWAA F Hanpas.re-
na I0 paguycy K HeHTPY KoJibLa

%'\

6 1
5t
il
3.
ol
.l
° r 2 s dm
Puec. 269
X,
M
3604 ——~—mm————

1804

ell—-——“—-“" — . —

0 5 10 15 20 25t,¢

Puc. 270
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Puc. 271

(puc. 271) n coobutaer paccMarpu-
BAaEMOMY  Y4acTKy NEeHTPOCTpe-
MHTEJbHOEe YCKOpPeHHe

a = o'R.

M3 pucydka 271 BujgHO, uTO
F = 2T sin (a/2).
JanvmeM  ypaBHeHHe JBHKe-
HHUS BBIAGJEHHONO YYacTka:
F = o*R - Am,
HJIH
oT sin % = @R™AL
2 L
ITocKoMBKY
T =Fk(L—1D, = 2R
U OpPH MaJblX yriaax
sin > = = é]:,
2 2 2R

10 U3 pasedcrsa (1) nosvuaem:

AL wm
P2aR — ) — = —2_AL.
(2nR )21? 2m L
OTcrona
2nki
R= An2k — w2m

N3 sroit  dopmyas chenyer, uro

npu
0= 2n V%

186

KOJbLO JO/DKHO HEOrpaHHueHHO
pacTATHBaTbCA, IOKA BHINOJHSA-
ercs 3akoH I'yka (T ~ Al). Ho 3a-
Ko ['yka HapyumTcs, KOHEYHO,
y:ke npu HebGogabumx Al T[lpak-
THYECKH  IIPH TaKOW CKOPOCTH
BpaWleHHd KOAbUO Pa3pyHMTCA.

245. Coraacno IOKa3aH U M

BolbTMETPa M amnepmerpa Al
CONPOTUBJIEHHE BCel Hemu pas-
HO
U
R - T = 2 OM.

Tak kax amnepmerp A2 wHue-
aNbHHIH (ero CONPOTHUBJECHUE CUli-
TAETCA  PAaBHBIM 1YJIO), TO TOY-
KU a ¥ b npu pacuyere CONpOTHB-
JeHu# (puc. 272) MOKHO CYHUTATH
COCAUHEHHEIMH  JPYyr C JAPYIOM
HakopoTtko. [lpamem, 4yro pesn-
ctop R1 wumeeT comnpoTuB/ieHye
R; = 1 Om. Toraa npocTuiM nepe-
Gopom y6exnaemMcs B TOM, UTO
R, =4 Om, a st conpoTtusJe-
HUfi pesuctopoB R3 u R4 Bos-
MOXKHBEI jiBa BapHaHTa: Wiu Ry=
=20Mmu R, = 30M, unu R; =
=3 OMm u R, =2 Owm.

Anrebpanueckass ~ cymMMa TO-
KOB B TOUKE pPa3BeTBJeHUA a
paBHa HYJIO!

]1_"]3‘_"]5::0. (1)

uyroOBl onpene-
TEKYLIEro

CienoBaTeJbHO,
JUTH CHAY ToKa [/,

R3

®

Ri

Puc. 272



uepes amnepmerp A2, mocraToyHO
3HaTh TOKM [y ¥ [,

Toku I, u [,, Tekywue no pe-
suctopaMm RI un R2, ofpatHo
APONOPIHOH AJIbHBI 3HAYEHHAM CO-

IPOTHBACHUA 3THX PE3HCTOPOB!
hoR_g
12 RI
Ho
11 + 12 = [ = 5A.
OcTioN1a
11 — 4A-
AnajoruyHo  MOKHO 3aNHCaThb:
1
2= Ry J,41,=1
4 3
Ecau
R; = 20 u R,=13 Oum,
TO
s =3 I, 41, =1 =5A,
[4 L
OTKyJa

I3 = 3A,
Tornpa u3 pasencrsa (1) Haxonum:
]5: ]1—132 lA.

Ecam ke R; =3 0Mmu R, =
= 2 Om, 10

[3:2 AH [532A.

Taxkum 00pa3om, BO3MOKHH JBa
3HaueHHs JJIs CHJBl TOKa, TEKy-
mero uepes ammepmerp A2.

246. Pasgesium Ookan Ha mJjo-
CKM€  TOPHU3OHTaNbHBIE TOACKH
BricoTof i (puc. 273). TIlromans
S nosAcka pasHa

S = 2wl = 2aRsina " =
sin o
= 2nRh.

Ecnn p — Mmacca yyacrTka noscka,
JIOIafb MOBEPXHOCTH  KOTOPO-
ro paBHa €JUHWHE, TO Macca m
BCEro MOsiCKa onpejeasercs ¢op-
MYJIOH

m = 2nRhp.

Kak BumaHo #3 3TOH (GOPMYJHL,
IJIOMANEk HOSCKA HE 3aBHCHT OT
ero paguyca. 3IJ10  O3Ha-
yaeT, uTo Macca OoKaja paBHO-
MEpHO pacmpeneseHa no ero Bhi-
core. CuenoBarenbHO, UEHTP TH-
JKeCTH  HaXOAUTCS Ha cepepuue
BHICOTBI, T. €. Ha Bmicore R oOT
ocHoBaHus Boxkasa.

247. Haiinem HanpsKegHOCTbH
3JIEKTPOCTATHYECKOTO MO B
TOUKE, HaxoAseHcs Ha pac-
CTOSSHUH X OT CepefuHnl 3aii-
patoutero cijos (puc. 274). lan
3TOro  pas3obbeM Bech CJOH Ha
OUeHb TOHKHE Y4Y4CTKH TOJILHHOH
Al. IBa Takux ydacTka, pacnoJo-
JKeHHBIX CHMMETPHYHO  OTHGCH-

TeJbHO  CepeiAuHbl cJjosi, o0pa-
3VI0OT  IJIOCKHH KOHAEHCATop ¢
IVIOTHOCTBIO  3apAAa

Ao = p, - Al

Hallpﬂ}{{EHHOCTb SACKTPHUECKOTO
NnoJasd, CO34aHHOI0 3apalaMHi 3THX

C/I0EB, B IPOCTPaHCTBE MEXKLY
HUMH paBHa:
Ao - Al
AE= 2 =02
246 g,

Bue 3THX cJ0eB HANpSKeHHOCTD
noJisg paBHa HYJIO.
Corsacio NPUHUUNY CyHNepro-

3UIHUH, HanpPSAKEeHHOCTh noaa £
B To4Ke A, orcrosiueini or cepe-
IHUHBL  CJIoS HA pPACCTOAHHH X,
paBHa CyMMe HaNpsXKEeHHOCTEH

Puc. 273
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Al AL l\=-
- o
Puc. 274 Puc. 275
noJged BCeX TAaKHUX KOWJACHCATO-

poB. Tak Kak B CO3JaHHH 3J€K-
TPHYECKOTO 1051 B Touke A yua-
CTBYIOT TOJIBKO Te KOHJEHCaTO-
pul, OOKJaAKH KOTOPbIX Haxo-

JATCS Ha PacCTosHuy, OoJibineMm
| x{, oT cepenuHnl CJIOd, TO
Ex\?f)o Al Po SA] =
Ege 808

gpe \ 2

AnanornyHo naJast TOYek c KOOp-

awHatamn 02> x > — E HA1e-
EM:

Sob
I'paduk HaANPSKEHHOCTH  3JIEK-

1DUYECKOTO TMOJIA B 3anUpalouleM

cioe  OpUBeReH Ha PHUCYHKe
275, a.
Tenepb HaiifeM, Kak MeHser-

¢ca  BAOJAb OCH x TOTEHHHAJ No-
aq. [lpumem, uto moTeHuHas pa-
BEH HYJIO B TOUKaX € KOOpjHHa-
10§ x = 0, T. e. B cepeuHe cJaos.
Torpa noreHuman Toukd A pa-
BeH paboTe, COBEPILIAEMOM 3JIeK-

TPUYECKHM [0JIeM [pH [epeme-
HIEHUH E€AUHHLBI  [IOJIOXKUTEIb-
HOrO 3apfaja U3 3T0H TOYKH K

cepepune cnoa. Cuna, AeidcTBYIO-
1as Ha 3apajy [OpH TAKOM mepe-

188

ﬂ\f
MELLEHHH, HanpasJi€Ha IIpOTH-

BONOJIOKHO  [epeMelieHuo, Mno-
atoMy pabota H, CI€J0BaTe/IbHO,
MoTeHurall nonas B Touke A oT-
puuartenvnl.  Onpenenss abeo-
JIOTHYIO  BeJWUYHHY HOTeHUHasaa
¢, TpadHuecky Kak MJOHalb
¢durypet  nox rpagpukom E (x),
HaxoAuM:
RPN npu x >0,
2e4e 2g,e

Pod
2e,e

Py =

Q= — x npu x < 0.
I'padux usMeHeHHs MoTeHuHana
noKasan Ha pUcyHke 275, 6.

248. 3 ypaBuenus peakuuu
FOpEHHS1  BOAOPOJIa

9H, + O, = 2H,0

BUJHO, 4TO  {IpE  CTOPaHHUH
I xmMoss  Bomopopa (2 kr) obpa-
sayercss 1 KMOJIb  BOASIHOTO Mapa
(18 xr). CnenoBarenbHo, CeKYHI-
Hbll pacxol BOAAHOTO Hapa u3

comsia pakeTe paped p = 216 kr
BOASMHBIX  [1apOB.
CornacHo  TpeTbeMy  3akOHY

Helotona cuna TaArw asurareis

.
DaBHa No MOAyAto cuJse F, nefi-
CTBYIOLIEH  Ha BBIIETAIOUME H3
consa pakeTel nap. A Tak Kak
nap s3a ppems T npuodperaer UM-

NyJeC YTy, TO

F___].L-Atou
At

=uu~9.10° H.

249. Yucao MonekyJs B MOHO-
MOJIEKYJISIPHOM  CJIGe TUIGHIAABIO

S npubHU3HTEILHO PABHO
)
0— d2 v

-

3a BpeMa ke Al Ha CTEHKYy HO-
nagaeT

Z=—nloy|S- A



MOJIeKYya  (rAe n — KOHUEHTpa-
mMa  MOJeKya 4 |v,| — cpennee
3HaueHHe MOJAYJf NPOEKLHH CKO-
POCTH MOJIEKYJl Ha OCb, NEPHeH-
AuKyaspaylo crenke). [lonaras,
uTo

— o 3RT
3| UXP,-"?:} U2=-—AT,
IMOJAY4YHUM.

log| = M
KoHuenTpauyio MOJEKYd MOXK-
HO HafTH U3 OCHOBHOIO YpaBHe-
HUST  MOJIEKYJIIPHO-KHHETHUECKOH
TeopHu

p = nkT.

Takum o6pasou,

z=12 /R
2 kT M
Ha karome of6pasyercs MOHOMO-
JIEK YJISAPHBIH cJon, Koria Z
CTAHeT PaBHLIM Z,, T. €. 32 Ipo-
MEXKYTOK BpemeHH Af, KOTOPBI
MoKeT OwpiTh HaflJieH u3 ypaBue-
HU A
1 p
2 kT
Pewass 370 ypaBHeHHE QTHOCH-
TeJbHO Af W NOACTaBJAS 3Haye-

1/8?8-&:-‘5.
M a2

HHUA B€JHYHH, [1oJiyqaeM.
o
At=-—"T1/MT~3.10 c.
pd?

250. PryrHubiit U/-06pasuuiil
MaHoMmeTp (puc. 276) nusmepser
u30BITOYHOE HaBjieHHe Ap, T. e.
MOKAa3blBaeT, HAa CKOJBKO JaBJje-
HHE p B JIEBOM KOJIEHE MAHOMETpa
Goabie  armMocteprHoro Jaeje-
Hua p,. OrpanyyeHne Ha Juana-
30H 3HaueHW#l H3MEPAEMOro H3-
OBITOYHOTO  JAaBJCHHS HaKJajwl-
BaeTcs  JAuHOH TpyOGOK MaHo-
merpa. Hedp3s  n3MepuTh H3-
ObiTouHoe JaBjeHde GoJblie Ta-

- 0ok. [lepBoHaua bLHO

KOlO, IIPH KOTOPOM PTYTh HOXO-
JUT J0 Kpas mnpasBoro (o pu-
CYHKY) KoneHa. [IpenenbHoe 3Ha-
ueHHe  H3MepseMoro  M30HTOY-
HOTO JaBJeHHAa JJis HUCnoJib3ye-
moro matomerpa pasio 10° Tla.

[Ipu nocjaenoBaTesibHOM — CO-
eIHHEeHHH  JABYX MAaHOMETPOB
(puc. 277) u3bbiTOuHOE JaaBJie-

Hue Ap, B JEeBOM KoJieHe MaHo-
metrpa I Oyner Gonbine pgH, Tax
KaK JiaBjeHue p, B JIEBOM KOJIEHE
MaHomerpa 2 OoJsibuie aTMocgep-
HOTO Ha BeJUYuHy pgh:

P2 = py + pgh. (1)
[losTomy ,
Apy = pg (HH4Hh). (2)

CiKaTul BO31yX B JIEBOM KoJle-
He MaHomeTpa 2 3aHuMaer o0neM

V—S§ £g+h,

rae S — OJolajgh CeuyeHus Tpy-
TOT BO3-
AYX 3aHUMal OOLeM

Vst
2

B NPaBOM KoJeHe MaHomerpa [
M Tako# e o0beM B JIEBOM KO-
neHe MaHoMeTpa 2 W JaBjeHHe
3TOTO BO3AYXa ObliO paBHO aT-
mocepuomy (p,). Tlonaras cixa-
THE BO3AYXa H30TEpMUYECKHM,
MOXKHO I[PUMEHHTH 3aKOH Doil-

|z

B
]Trl'l1

TN

BB

R

(&

Puc. 276

189



Jasa — Mapuorra:

Pz __ SH
Po —;—S (H -} h)
OTKY/1a
Py = 2Py —
2 H 1 h

YMHOKHUB YHC/HTENL ¥ 3Ha-
MEHATe/Ib B NIPaBOH 4aCTH 3TOTO
paBeHCTBa Ha Pg, MNOJyvyaem:

ogH
P2 = 2p, =
pgH + pgh
2 2
Y 2py
=2———=— (3
Py - 0gh 2

p2 = l 2p()'

Pr = Py - Pa»

0TK YA
Tak xak

TO B
Apy = po = V2 - 10° [la.

251. ObGosnauum uepes D on-
THYECKYI0  CcHy JiuH3pl. Koraa
YesIoBeK [OBOPauMBAETCS JIHLOM K
OTHUE, OH BHAUT €€ MHHMOe H30-
Opaxenue. I[lo dopmyae suusLi

_l______!. == D, (1)
d [
Onano u3 u300paxeHud NOTHLBH,
KOTOpPOe  BHJIHO, KOTAA YeJ0BeK
CTOMT CHIHHOH K HeH, moJyvaer-
CA M3-32 OTPaKEeHHS Ha obpaiien-

HOH K 4YeJIOBCKY TIOBEPXHOCTH
OYKOB, a BTOpOEe — IIPH OTpaxKe-
HHY  OT BTOpPOH [OBEPXHOCTII.

[Ipu 31oM Jyuu JOJKHBL POHTH
CKBO3b JIMH3Y, OTPasUTLCS OT
3epPKaJbHON TIIOBEPXHOCTH, & 3a-
TEM e€lle pas NPOHTH JHH3Y. D10
03HauaeT, yYTO BTOpoe u300paxe-
HUE CO3/aH0 ONTHYECKOH CHCTe-
MOH
3a».
CTEME

OnrtuyecKas cHJa 9TOH CU-
paBHa

D’==D+-§-+D:2D-|—%,

190 i

«JIMH3a — 3epPKajo — JHH-

rie R — panuyc 3ajnHeill moBepx-
HOCTH OYKOB.

[Tpennono:kum, uro usobpaxe-
HHe, TMOJIyyalouieecss B Pe3y.ab
TATe OTPAKEHUS OT NepejHed [o-
BEPXHOCTH JIMH3B,, HaXOAHMTCS HA
paccrosauuu 5 M. Torna sra mno-
BEPXHOCTL JIO/IKHA  OBbITH NJIO-
CKOH, TaK Kak d = 5 m.

Hnas Broporo nsofpaxeHus B
3TOM CJydae HMeeM:

_I——izD’:QD-}-%. )

Yuurteisas (1), noayuaem:

Tak xak AJg JUH3DLI
1 I
D=(n—1{—= 4+ —
(n )(R + r)

(rie R U r = oo — pagdycul Io-
BepXHOCTEH JIMH3BLI), TO '

I l

T e )

Iloncrapnisa  clozna 3HAYeHU A
R,, f; 1 d, Haxoaua:
n = 1,5.

Ecan npeanoiouTh, 4TO NOC-

Jie OTpaKeHus OT IepefHed Iio-
BEPXHOCTH JIMH3bl H300paxKeHHE

OKda3blBACTCHA Ha PAacCTOHAHHH 7 M,

1 IPOBECTH COOTBETCTBYIOIMIHE BhI-
YHCJEHHS, TO NPHJAEM K HeJenomy
pesysnbrary: n = 0,75.

252, Orper Ha NEPBLIT B3TVIS
OUeBMJCH: TAK KaK 3Besla Ha-
XOAMTCS  oucHb JajieKo, TO OF
fiee Ha JilH3Yy TNOoNajaeT CJAHLIKOM
Mano JHEprud, KOTOPOH HEH-
CTATOYHO JJ/IA 3a:KUTaHUsA OyMa-
ru. Ho npu 3tom cJaeposajo Ol
TaK}Ke€ y4ectb, YTO pasMep H30-
OpaxkeHus 3Be3jbl TOXKE OUYeHb
MaJ, H3-3a uyero 3HEpPrus, INpH-
XOAAasacs -Ha €IHHALY TNJola-



an  usobpaxenusa, Morga Oui
0Ka3aTtbCs 3HAYUTERLHOH U MoO-
ket ObITh JOCTaTOYHOH AnA 3a-
)KUraHua Oymard.

O6osunaunm uepes I 3Hepruio,
H3JY4aeMyro 3Be3Jofl B eHHHLLY
TeJISCHOTO  yroia (APKOCTh 3Be3-
npi), depes L pacCTosiiie 10 3BE3-
Abl ¥ depe3 d; AHAMETP JIHH3BL.
OcBelleHHOCTh OBEPXHGCTH JHH-
3Kl BRIpaxKaetrcs (opMYJOi

!

EO — 32—-
[fostoMy JJs CBETOBOTO [I0TOKA,
nonajaiciero  Ha IOBEPXHOCTh

JHH3bl, MOMKHO  3aIHCATb!
2 2
nid d
(D — EO JI — 1 I.
4 412
M3obpasxenue 3Be3Abl  NOJY-
yaeTcsl B (POKAABHOH INJOCKOCTH
nuu3el - (puc. 278). Ecan o60-
SHAUUThL 4Yepe3 o YIJIOBOH AHa-
MeTp  3Be3llpl, To AuaMerp d

H3o6paxenus 3Be3fn Oyner pa-
ey ofF (rne F — ¢oKyCHoe pac-
CTOAHHE JIHHSBI).

D
Tak Kak o =T (rne D — ana-

MeTp 3Be3fbl), TO
d=aF =2 F,
L

a niaoianab H300paxkeHws1 3Bes-
Ibi BHIpAXKaeTcs Tak:
nd? nD2F2
S = = .
4 412

[TosTOMY AJIs1 OCBEILLEHHOCTH H30-
OpaxkeéHus  3Be3[bl  INoJydae:
2 2
g @ _mdi-alr 1g
S  AL:D2F:  DrFe’

BUHO,

Orcrona UTO OCBeuer-

HOCTb H300paxKeHUs 3Be3[nl He .

3aBHCUT OT PacCTOAHUA A0 3BE3-
rel! Ecou 661 BCE 3BE3ABI HMEJH
ONVMHAKOBBI jJHaMeTP U OAHPa-
KOBYIO CHJAY CBe1a, TO OCBELICH-

HOCTH MX H300parkeHu# Oblia GH
oauHakoBa. (Mmenno  nostomy
yJHYHBIE (POHAPH B ANUHHOH L€-

NOYKe  Bcerma Kaxyress  ORM-
makopo  fApkumu.) M Ttak xak
MMEIOTCAl  3BE3AH, KOTOPLIE, WMes
AHameTrp, MeHbIUHH  juaMerpa
ConHua,  U3ay4yawT  3HeprHu
6oJabiie, uem ConaHue, TO, Kasa-
Jocb  Obl, YTO CBE€T OT TaKHX
3Be3J;, CKOHIEHTPHPOBAHHLIHA B
H300pakKeHUH, JOJKEH  3aXKil-

rarb Oymary. OAHakKo ONBIT ITO-
ro He NOATBEPIK/AET,

B npuBeAeHHBIX BHILE PacCyx-
AEHUSX  NpeanoJaranochb,  4To
AHaMeTp  U300pakeHus  3Be3ALl
OnpeneNuTcss reoMeTpued NpsMo-
JUHeHHoro xoza Jyueil. B neii-
CTBUTEJIBHOCTH ke 3T0 H300pa-
wenne AHppakudoHHoe (puc. 279).
ITosToMy yrnoBol pasmep 3Besjnl

pasen A/d;, a nuamerp wu3sobpa-
YKEeHH 5
& =2F,
d.ﬂ

rjie A — AAHHA BOJHBL DTOT AHA-
METp MHOTO GOoJbilie «reoMeTpi-

YECKOIo» (d = %F):

d AL
_— = l-
d  d,D >
Hvenno nostoMy  ocbemier-

HCCTh H300paKeHHsl oueHb MaJjia.
Tax, npu d, = 2 cm noaywaem

d

Puc. 278 Pwc. 279
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IJisl YIJIOBOTO pasMepa CBeTHaa
;%.= 2,25 - 1075,

i

Yraoeoit  auamerp  CoJHua
pasen 4,7 - 107° pan. Ilpu «yna-
geanuy Coanua 1o Ganxkafimen
sBeannsl (L ~ 4 - 10 km) ero yr-
JNoBO#  pasMep, onpenessieMbiil
reoMeTpHed NPAMOJHHEHHOI'O Xo-
ha nyueil, moaxeH Obli Obl CTaTh
paBub 1,75 - 107% pag. 370
3HAYUT, YTO NPH YKA34HHOM p4dc-
CTGSHHMHM [0 CBETWJIA  janamerp
H306paXkenud oKasbBaercs 60J1b-
e  ero «reoMeTPUUECKOros pas-

3HauyecHHe

Mmepa B
d 2,25 . 102 .

= ~ 1,3 - 10% pas.
d 1,75 . 108 P
[Tonomane wuzobpaxkenns 6yger B

(1,3 - 103? ~ 1,7 - 10° pa3 GoJib-
me. ClenoBaresibHO,  OCBeLILEH-
HOCTh H300Op4IKEHHST 3Be3Abpl Ta-
KUX JKe napaverpoB, Kak u CoJH-
e, B 1,7 10° pas wmennie,
4yeM OCBeLLCHHOCTh H300pakenus
CoaHua.
253. lpu 3anycke cranuHu
SHEPreTHUYeCKH BBIFOAHO HCIOb-
30BaTh  HMeroIlyocs  opbiralib
HYIG CKOpPOCTh CNYTHHKA H CO-

—

OOIUTE  ClaHUHH  CKGPOCTH U
B TOM Ke HalpaBJeHilll, B KAKOM
asurancst  cnyTuuk. Cam ciyr-
HUK [P 5TOM  JIOJIKEH  {p#i-
0o0pecTy  HPOTHBONOJOMKHO  lia-

npasjednyio  ckopocts ©v. Co-
IJ1ACHO 33KOHY COXPAHEHUA HUM-
nyJbca
mu — MIU = MUO’

rne M — nepBonauaspHAas — Mac-
ca CHyTHHKA, M — Macca cTaf-
upu, M; = M — m — macca «oc-
TaTKa» ¥ U, — CKOPOCTb  CIIyT-
HHUKa Ha Kpyroso#d opbute. Or-
crona :

my—M—mju= My, u

192

M u-tv
Haiinem v,, v 1 w.

Tag Kak npu JBHXKEHHH COyT-
HHKa 1o KpyroBo#d opdurte pa-
auyca 2R UEHTPOCTPEMHTENbHOE
YCKOpeHHe

02
0= —
2R
cHJIa
MM
__3
(2R)?
(rne M, — macca 3ewmn), 10
MM
3

Me?
=G —, (2)
2R (2R)?

M 3
U, = G27?'

TlosiHan  MexaHuyeckas 3Hep-
rH§ 3alycKaemMoH Cranudd B MoO-
MCHT —CTapTa joJuKHa ObiTh pap-
Ha Hyao (cM. sagaudy 233):
M m

3

emy cooouaer TATGTEHU A

F=G

OTKY/ia

mu?

2 2R

V@
U= 7 (

[To 3akony CoOxXpaueHUa IHEPruu

= 0.

OTrciona

Mgt M, M, B
) oR
, M M
_MEy g3 @
2 R’

rae 0° — CKOPOCTb  «OCTATKAa» B
nepuree (puc. 280). C Apyro# cTo-
POHBI, TIO TpeTbeMy 3axony Ken-

Jepa |
2Rv = Rv'. (5)
M3 (4) u (B) naiinem:
v= bM—S-
¥y 3R’



Pue. 280

IloncraBaas 1OJYYEHHBIE Bhipa-
KeHuda aad v, v 4 u B (1), momy-
YUM!

m

7a ~ 0,8.

264. Cucrema  npencTaBJasieT
coboli  KosebaTelbHblil KOHTYP,
CHJd TOKd B KOTOPOM MeHSeTcs
Mo TapMOHHYECKOMY  3aKOHY:

I =1 sin a (1)

r1e o — yacTora ko.J1ebasufl u
I, — amnjuTyra ToKa.

Tak Kak KOHAEHCATOPHI BKJi{O-
YeHbl IOCJEeNOBAaTeJbHO, TO HUX

ofumasi eMKOCTb paBia % [To-

TOMY

Has  Toro uroGpl maiitu [,
BOCHOJNb3YEMCSI  3aKOHOM COXpa-
HeHUsl snepruu. Eciu g, — 3apan
TIEPBOTO  KOIjeHcaropa, TO 3a-
PsiL  BTOPOTO KOHAEHCATOpa pa-

BEH ¢, —= % — ¢, H COrJaCHO 3a-
KOHY COX])EIHEHHH JHepTHH

qto LIz 2

_— = + __l_ (‘?0 ) ,

2C 2

rge / — cuwia Toka B nemu. Ort-
ciona

2
I? = T Go—q) (3

U3 Teopemsl
AYET,

7 3axkas 164

«0 CpefHeM» cJe-
UTO 3TO BBRIpameHHE MakK-

CHMAJBHO 1IpH ¢ = ¢, — q, =

— ‘12&, [TosTomMy A5 AMILIHTY DL

CHJIBI TOKa B LEHOH TIIoJiydaem:

1
Iy= g, V 5ie (4)
ChaenosatebHO,

I=g, )/ g sin ( )/ 2t ) (5)

IMopcraBasis 310 BeIpaxkkenue B (3),
HMeeM:

gy = 120-(1 +coswf). (6)

3apax  BTOPOTO
BLIDAXKAETCHA TaK:

KONJeHncaropa

g2 =gy — 1 = o (1 —cos o).

Mexanuuyeckasi aHaJorusl CH-
CTeMBl IOKa3aHa Ha PUCyHKe 281.
B HauaabHBIH MOMEHT OJHA H3
NpyKUH ~ He JedopMupoBaHa, B
COCTOSIHHHM paBHOBecHs ofe mpy-
XKUHBI  JedhopMUPOBAaHBEl  OlHHA-
KOBO.

255. [lpu wuccaenoBaHuu «yep-
HOTO SIIHKa» HaJ0 CHAayaja Mpo-
BePHTh, HET JIH B HEM HCTOYHHKA
DJC, paspbIBoB LENH, KOPOTKO-
o 3aMblKaHHs, HEJUHEHHRIX 3Je-
MeHToB. [locae 3TOore CocTaBJfA-
IOT Uelb No cxeMe, HNPHBEIEeHHOH
Ha puUcyHke 282, u Olpenesior

He deqpoomupobana

Puc. 281
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COTIPOTHBJICHHE  MEXKAY  BCeMH
yeTHIpbMA  BBIBOJAMH <UE€PHOTO
sipKa». [lpu usmepeHusx Opliu
NOJYYEHBl  CJAELYIOUlHE  3Hauye-
HHA COTPOTHBJCHUN:

Rys = Rgp= Ryr =
= R,.= 11,5 On,
R,p= Ry = 15 Ou.

[To pe3yabTaTaM 3THX lI3Mepe-
HHIE MOXKHO CJeJjaTh TPEenrnoJio-
MEHife, YTO B fAUINKE BbLINOJHEHE]
COeAMHEHMsT TIO CXeMe, TpPHBENEeH-
HOH Ha pucyHke 283, a, a pesu-
CTOPbl WUMEIOT CONpPOTHB/CHHS MO
15 Om.

JleBcTBHTEAbHO,

R-OR 11,5 0m
4R

€C.IH

A 7} %]
, 5
a o
Puc. 283
W I7777774
ls i
et —————— et 2
i}
FY
Puc. 284
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H

2R-2R _ 15 Om
4R ’

TO B ofoux caydagx R = 15 Om.

MOKHO mnpoBecTH  KOHTPOJb-
HbIE  ONBITHL.  ECJAH 3aMKHYTh
Kiaemmbl 4 — B, To Ha KJaemMMmax
b — I' conpoTHB/JEHHE HE JOJIK-
HO M3MEHHTbhCA. ECau 3aMKHYTb
Kiaewvmbt A — B, To Ha Yy4acike
A — ' conporuBjJeHde A0IKHO
6HITb  paBHO

OnmbiTel
EbIBOJBI.

B npusnMne »MoxXHo OBLIO TaK-
K€ MPEeANOJIOKUTb, UTO COepHie-
il B AIIHKE BHIIMOJIHEHH [10
cXeme, INPHBEACHHOH HA PUCYHKE
283, 6. O1HAKO KOHTPOJBHBIMH
ONbiTaMK  TaKoe IMPEANOJOKeHHe
ne nogreepaiaercs. ONBITH MO-
Ka3biBalOT, 4TO PE3HCTOPOB R,
H R, uet. [lpu 3aMbiKaHUH KaeMmM
A — B conporiBJieHde Ha yga-
ctke ' — B okasbiBaeTcs Ta-
KIM Ke, KaK M TPU 3aMpIKaHBH
Kiemm A — 5 — B: oba paza

RFB—_—%. Takofi pesyabrar co-

NOATBEPXKAAIOT 5TH

L

OTBETCTBYET CXeMme, MPUBEJEHHON
Ha pucyHke 283, a. B cxeme xe,
TIOKa3aHHO/i Ha pHCYHKe 283, 6,

R., # R;. CaepoBatenbuc, pe-
3UCTOPA MEKAY KJaeMmamu b —
I’ per. AHajsornuHbiM  06pasom
MOKHO HCKJIOUHTBL HaJjuuype pe-
3HCTOPA  MEXKAY KJACMMAMH
A — B.

256. HeonHopomHblfl CTepKeHb
ypaBHOBEHINBAIOT Ha BEPEBOUYHOMH
reTsae, T. €. NOABEIUHBAIOT B ero
HEHTpe  TaAMecTH (puc. 284).
3aTeM K KOPOTKOMY [uiedy phl-
yara BOABCHIIBAIOT TIPy3 HEH3-
BECTHOH Macch, 2 K JAJAUHHOMY



eyy
METP,
OHBAKOTCA
JOXKEHUS pHMAara,

[lo npaBuny MOMEH10B

Pl, = Fl,,

NPUKPERASIOT

OTKYyAa

e

rie P — pec tpysa, [ — noxasa-
HHA AdHamMomeTpa, [, u [, — nae-
YH pblyara, H3roTOBJIEHHOTO H3
MOABEIIEHHOT0 Ha HWTH CTEPIKHS.

257. Hs creknsHHBIX U® pe3u-
HOBLIX TPYOOK U BOPOHKY H3TO-
TaBJAUBAIOT  AJuHHYIO U-06pas-
vyl TpybKy. HanuBawt B Hee
BOALl H M3MEpPAT JAJUHY BO3-
aymgoro crosiba I, (puc. 285, a).
3axkpLlB BepXHee OTBepPCTHE Of-
HOTO KOJIeHd, OMNYCKawT BTOpPoE
KoneHo  BHHU3. Hsmepus HOBoe
snaueHue l, JIMHBI BO3AYHIHOIO
CTos6a H pPa3HOCTb VPOBHEH A
BOJBI B KOJEHax, MOXKHO K 3a-
NepTOMY B JIEBOM KOJIEHE 00BeMY
BO3AYXa MNPUMEHUTh 3aKoH Doil-
a1 — Mapuorra:

p S = (P, — pgh)L,S.

Otciona HaxonuM aTMocdepHoe
paBjedue P,:

_. Pehly
A=ty
JIAs TIOBEILIEHHA TOYHGCTH [1O-
Jy4aeMOTo pesyJqabTaTa Chegyer
YBEJHUHTD TIepenaj, ypoBHEH K-
Koctd h ¥ pasHocTth  oGheMoB
BO3AYXa B TpyOKe.
268. Tag kak paspsaka Kod-
JAeHCATOPA TIPOUCXOAUT TIO IKC-
MTOHEHIHAJbHOMY 3dKOHY

T
U= Uge re,

TO, H3MEPHB BpeMs, 3a KOTOpoe
HalpAXKeHUe KOHACHCATOPA YMEHb-

7%

AHHaMO-
C noMombLI0 KOTOpOro HoO-
TOPH30HTAABHOTO TIO-

’
L'!

Puc. 285

maerca Be = 2,718 pas, MoOXKH®

eMKOCTh ~ KOHJEHCATODa ompeje-
JUTb 10 dopmyJe
T
C = I—Q"",

rjae R conpoTuBJeHue B llend pas-
pAaKH KoujeHcaropda. Haubooee
yIo6HO NPOBOJAUTL TaKOE H3Me-
peHHe, ec/JH pa3psjKa KOHJeH-
catopa NpPOHCXOAUT yepe3 BBICO-
KOOMHBIH  BOJALTMETDP, KOTOPbIH
PH 3TOM IIOKAa3blBAeT H3MEHEeHHe
HanpsoKeHUST Ha KOHJAeHcaTope.
B 3stoM cayuae

C=—, (1)
Ry

rie R, — BHYTpeHiee  CoIpo-
TUBJEHUE  BOJLTMETPa, KOTOpoe
onpeaeasercsi B OTAGNABHOM OTIHI-
Te. C 3To# HEJbI0 COCTaBJAAIOT
nenb [0 cXeMe, MMPUBEACHHCH HA
pucynke 286. Ha stoii cxeme R —
pPE3UCTOpP ¢ HU3BECTHRIM COMPOTHB-

aeaueMm. Ilpoussens orcuer U,
MOKA3aHUST  BOJBTMETPa, MOXKHO
3anMMUCaTh
R
Uy = 858
R+4-Ry
OTKYa :
UR
Ry = —"4—.
g - U]. ~
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Ry R

Pr<KR
P<<Ry

Puc. 2856

Puc, 287

Puc. 288

JLna onpeneseHus EMKOCTH KOH-
AeHcaropa cJaeayer  CoCTaBUTh
nerns Mo CxeMe, MpUBENeHHOH Ha
pucyHke 287. 3apAxnB KOHACH-
catop Jo 3HaueHud V, NepeBogsT
K/II04 B roJoxkeHHe 2 1 PUKCHPY-
0T BpeMs, B TeUeHHE KOTOPOTo
HanpsKedHHe  YMEHBIIHTCA B e
pas, TIOCJe 4ero HaxoasT HCKO-
MYI0 €MKOCTh KOHJeHCaTopa 1o
dopmyae (1).

Ecau BpeMsl T OKa3plBaeTcd Ma-
JBIM, TO  TOCJAefOBATeJBHO €
BOJIETMETPOM  CJIEYeT BKJIHOUYHTD

~

Puc. 289
196

pe3uCTop C GONBLIIUM CONPOTHBJIE-
nuem R (puc. 288). B atoMm cay-
ya€ €MKOCTh KOHJAEHCAaTopa onpe-
gensercs mo gopmyJe

T
C= ——.
Ry +R
[lprn CAMIIKOM Ma/jofi eMKOCTH
KOHJAGHCATOPa  3HayeHue Compo-

THBJICHUA R, - R uenu paspsji-
KH NOpubau>KaeTcsi K 3HadeHlilo
CONIPOTUBJEHUSA YTEYKH KOHHAEH-
caTopa, U3-3d Yero TOUHOCTh ONpe-
JeJeHUs1 eMKOCTH CHJbHO CHHKa-
eTcs.

259. Y6enuBIUHCh, YTO B SANIHU-
Ke HeT uctouHukoB I/IC, mnponre-
PSIOT CONPOTUBJEHUS MEXNY BCe-
MH TpeMs [apaMH KOHTAKTOB NpPH
npsAMOM H OOpaTHOM NONKJIoUe-
HUH HCTOYHHKA TOKa. JTH H3Me-
pEHHS  TO3BOJSIOT YCTAHOBUTh,
yTO B sUIHKE ecCTb AMOJ, BKJIO-
ueHHHIH, KA4aK MNOKAa3aHO Ha pH-
cynke 80, a uau 80 6, Bo3aMOMHO
TaK kK€, 4TO B RAUHKE HMEIOTCH

IBa JAUONA, BKJIOUEHHBIE «Ha-

BCTpeuy» JApPYr Apyry (puc. 80,
2).

B cxemax, npuBeneHHbLIX Ha

pucynkax 80, a, 6, MOXKeT u ne
OBITH PE3UCTOPA, €CJAN AHOJBI HME-
IOT JOCTATOYHO 60JIbIIOE CONIpPO-
THBJICHME B MNpPAMOM  HaNpas-
JIEHHH.

JBa BCTpPeUHBIX JHOxa TPYA-
HO Tpd TAKUX H3MEPEHHUAX OT-
JUUYHTb  OT TPaH3UCTOpa. HTOOLI
yO6eAUTECA B TOM, 4YTO B SIIUKeE
Mbl HE HMEEM JeJ0 C TPAH3HCTO-
poM, HeOOXOAMMO €oGpaTh penu
CcHauala [0 CxeMe, H306pa}er-
HOH Ha pucyHke 289, a, a sareM
Mo cxeme, TIOKa3aHHOH Ha pu-
cyHke 289, 6. Ecau BO BTOpoM
cJayyae He Habamopaercd ycuje-
HHS TOKA4, TO B CXEMe He TpaH-
3HCTOP, @ JBa -~ «BCTPEYHHX»
IHoMA.



260, Ina onpemenenusi noxa-
3aTesl  OPEJOMJEHHA MKHIKOCTH
MOKHO KHWJKOCTb B CTaKale pac-
CMATpUBATh KaK NUJIHHIAPUYECK VIO
JUHSY 1 HOJYYHTb C ee IOMOUBIO
H4 3KpaHe H306pakeHue HHUTH
JaMITOYKH .

JJas  ynopolieHHsT pacuyeToB H
MOBRIIIEHHSI  TOYHOCTH  H3MEpe-
HUH HeodX0AHMO noCUTLCH,

yToObl J1aMIIOYKa ¢ 3KpaH OCbUIH
pPacnoJOM¥EeHbl  CHMMETpPHYHO OT-
HOCUTEILHO CTaKaHa ¢ BoAoil. Xoa
JIyUeH TIIpeJCTaBJIeH Ha PiHCYHKe
290. Hcnonbaysa reomerpuueckue
COOTHOLICHH A

dy = Rf, a=y-+p

f 3aKOH NpeJoOMJeHHd AJad npu-
OCEeBbIX JIyueil

o

N

:n,

IO YUHM:

_RB ., o
ﬁn_—d *r;

OTKYna
= ] - ..._“
n 1 ]— .

CMmenienveM Jydveil npu HX Npo-
XOXKAEHHH 4Jepe3 TOHKHE CTeHKH
cocyna npenedbperaem. Taxuwm
obpasoM, AJS onpefesienus MoKa-
3aTesl IMpPeJOMJEeHHA JOCTATOY-
HO HOOHTBHCS, UYTOOLI PACCTOSNH A
d uf ObIH oOJuHaKoBbiMU. I3-
MepuB d M paguyc cTakaHa R,
HAXOAAT TOKasaTesdb MpeaomJie-
HUA n.

261. O6GosHauuM uyepe3 ¢ npe-
JeJbHOe MeXaHuueCKoe HarmpsiKe-
HHEe, KOTOpPO€ BRIIEPIKUBALT Ma-
TepuaJd Tpoca H uepes S — mJo-
iaxb cedeHusd Tpoca. Torna mak-
CHMalbHasl Harpyska, KOTOPYIO
BbIICPIKUBAET TPOC, paBHA

P, = oS.

Puc. 290

Ecau macca onHo# MJIUTHL M, TO
10 VCJOBHIO
oS > 10 mg.

[Ipu yBenuueHHH JHUIEHHBLIX pPas-
mMepoB B R = 12 pas maomane S
yBeauunBaercsi B k* = 144 pasa,
a4 Macca OJHOH TUTHThI, KaK U 00b-
eM, VYBeauuuBaeTcs B k¥ = 1728
pas. Yucno naut, KoTopoe KpaH
crnocobeH TOJHATh, MEHbIe YHC-

Ja TIUIMT, KOTopble TNOoZHUMaeT
MOJ€eJb, B '
kB
— == 12 pas.
k2
3Ha4uT, TPOC KpaHa He yjaep-

KUT W GAHOH TNJUTHL

262. CKOpOoCTb  KOHIIa CTpeJ-
KH 4aCOB OTHOCHTE/NbHO 3eM/H
paBHA BEKTOPDHOH CYMMe CKOpo-

——
CTH U JbAHUHBl H CKOPOCTH I KOH-
14 CTP@JKH YacoB OTIOCHTEJbHO
JbJHIbl. Tak Kak nalpaB/jeHue

BeKTOpa 4 MOKeT ObiTb MPOU3-
BOJIbHBIM, TO KOHIBl €ro JemaT
Ha OKPYXKNOCTH  pajguyca u ¢

-
LEHTPOM B KQOHIIE BEKTOpPpa v

(puc. 291).

CKOpOCTH U; U U, JIBAHH B3aUM-
HO NEPNeHAUKYJISAPHL H PABHBHI
no MonyJio. OueBHaHO, YTO BEKTOD

vy + u,; MOxeT CHTb paBeH Bek-

TOpY Us + Uy (THE Uy = u, ==
== y), TOJBKO €CJH KOHIbI BeK-

— -

TOPOB 4y U U, HAXOAATCH B QIHOM
Touke (puc. 292). OpHaxko B cay-
yae, TNOKAa3aHHOM Ha PHCYHKe
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Puc. 292

292, g, ¥MEIOTCS IB€ BO3MOXKHBIX
TOYKH JJI8 KOHIOB BEKTOPOB u; H
i,; o0e 3TH TOYKH JeXKar Ha nepe-
CEYCHI KX OKPYKHOCTEH BO3MOXK-
EbiX KOHIOB 3THX BEKTOPOB.
s Toro 4ytobul ObLia JUllib Of-
Ha Takas TouKa (FoJomeHue
YaCcOB  €MHHCTBEHHO)}, OKPYHKHO-

CTH KOHIIOB BEKTOPOB & H U,
JOJIKHBE KacartbCq (puc. 292, 6).
Kax BuaHo u3 pHCYHEa, 370 BO3-
MOZKHO, €CJH CKOPOCTH JIbAMH

TAKOBBI, 49TO

Ul=02=uV§.

v, ¥ U,

198

Tak xak
U= ol

2 4
re © = ¢! — yrjoBasa cKo-

pocTb cTpesakd H | = 107% M —
ee JJUHAl, TO

v, = v, &~ 1,5 1073 Mle.

3a CYTKH JbAHHB NPOXOAAT pac-
CTosHIEe

L=1,5.10%/c. 24.3600c ~
~ 130 M.

263. Boswmomuasa cxeMa nend,
Haxonsuielics BHYTPH KopoOkH,
nokasana Ha pucynke 293. Ec-
AM HalpaBieHHe TOKa NpH nepe-
KonoueHud ©atapeMkKH  HE H3Me-
HSETCS, TO

gy,
7R
U—1,

=1 A,
—05 A,

Orciopa U =4,5Bu R =6 Owm.

Ecau XKe HanpabJeHHe  ToKa
npH NepeK/iloyeHuu  BGaTapeixy
H3MeH sercst, To

U-U

—L =1 A,
R

U, — U

= =10,5 A.
R

Orcicna U =056 B u R =2Cwu.

264. Ilpexae Bcero Hafiaeu
YCKOPEHHE, € KOTOPHIM JBHIKETCH
Ky6uk. Kak #H3BecTHO, pasHOCThb
paccrosiuuii & u I, TNPOXOAHMEIX
TEJIOM 3a NOCJIENOBATENEHHE PaB-
HEE IPOMERVTKH BpPEMEHH T,
paBua

TIE€ a — YCKOpeHHe, C KOTOpLiM
ABuxerca 7eno. Onpepenus mo
pucyHKy 82 ¢ nomomiplo MepHoii
JMUHEAKH W 32NaHHOFO MacliTaba



Puc. 294

Puc. 293

BEeINYUHY [, — [;, Hafies:

12 0,1c)?
HanpaBjaeHo 3T0 YCKOPCHHE BHH3
BJ0Jb HAKJIOHHOH MJIOCKOCTH,

YpaBHeHHE JBHXKEHHA KyOika
B10Jb OcH X (puc. 294) uveer
JSAVIOIMH BUX!

ma=mgsina + F x, (1)
rie Fp, x — MPOEKLMs CHIbL TPe-
Husg Ha och X.

Moayne cuabl 1penud paBeH
uN (roe p — xKo3dpdumuenT Tpe-
Hu). Taxk Kak

N = mg cos a,

= 7 m'cl

TO
F., = pmg cos a.

Has toro urobn maiitn o x,
HYXXKHO  BRIACHHTb,  KVvia Ha-
npaBjieHa CHJA TpeHusda. 3ame-
TUM, YTO ecJd Onl CHJIA TPEHHSA
Obla paBHA HYJIO, TO H3 yYpaBHe-

Hua (1) cJaemopato O, UTO
a = gsin a.
|48} __ 3

Tak kKak sino = —, T
[BC| 5

a ~ 6 m/c

Ho Tak Kak B AeHCTBUTENBHOCTH
B pacCMAaTpPHBaeMOM CJyuae g =
= 7 M/c?, TO MOXKHO CeJaTh BbI-
Box, uro Fp, 0. 3HauuT,
Frp.x >0 B Ky6MK  JBUNKETCH
BBepX. [lostroMy ypaBseHue nBu-
KEHHA KYyOHKA 3anuiuercd Tak:

ma = mg sin o - pmg cos o,

HJIH
a = g sin o + ug cos a,
rae

cos o = ac_ 4
B 5"
Otciona
n =~ 0,13

265. O603HauuB  uyepe3 r co-
IIPOTHBJ/IEHHE KAXJOTO U3 BOJLT-
METPOB, MO2KHO 110 CXeMe (pHc. 299)
3aMHCaTh:

Us=1rl,, Us,=1rl, U =rl,.

C Apyroii CTOpPOHBH,

Uy =Us+ 1R = Us + Uy, (1)

Uy =Us+ (I + IR = U, +
U AU O

Mckmodaa 43 3TO#M cucreMel ypas-

. R
HeHWH —, mosyuaen:

US "{‘ U2U3 —_ U1U3"“ Ug == 0.
Orciona
I,
Uz": “_“2‘113'|-

+V % (65U, 4 40, % 8.6 B,

266. B uukae A5BA ra3 no-
JyuyaeT Tenjo Ha yuyactkax Ab
u BB w oTpaer ero Ha ydacTke
BA. CuaegosartesbHo,

1, = A
1 ’
QAB'+QEB
LI, I,
u N = N o | -

!
M)
<\
-2
=
o
=
®
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rie A — pabora,
rasoM 34 UK.
Tak kak 3Ta paboTd YUCJAEHHO
paBHa ILIOWAnH ¢buryps, or-
paHquHHOﬁ rpapHMKOM  1MKJI3,
To, Kak BHJHO M3 PHCYHKa, CO-
pepiieHHasi — rasom  pabora B
o6oux Chayuasx opunHakosa. Ho
p uuxae ABI'A  ras nogayuaer
Tenao TOJbKO Ha yudacTke AB.

[TosTomy
Ny, =

COBeplUeHHas

A
Q

AB

CaenoBaTte/bHO,

__T}l_ . QAB ‘ (1)
Mz QAE T QBB

Tax kax nponecc AB U30xopuye-
CKHH, TO

3
Qup = AUAB = _2_1-3 (T — TA).
Ho

1% 2p4Ve
T — PoVy n T = .
AR B R
CsenoBar eslbHO,

3
QAB = "é' (2190‘/0 _

—pV) =PV
JHanee,
i Qps = AUgy + Agp = %R Ty —
—T.) +2p,(8Vy, — V) =

= 10p,V,. (3)
1, nakoxeun,

3
. Qps= AUAB + AAB = ER Ty —

—T) 45 (3Vo— Vo) =

= 10,5p,V,. (4)
ToxcTaBassa HallCHHbIE BpIpaxKe-
HUA  AIA Qup, Qup ¥ Qg B (1),

200

NOJIYUHM:
o2l
Mo 23
267. Tak kaxk monyab E Ha-
TP SKEHHOCTH 9JEKTPHUECKOTO

MoJf Y TIOBEPXHOCTU Chephl pa-
auyca R, Ha KOTOPOH HAXOMUTCS
3apss Q, onpenenaserca QopMy oM

=9
4me,R?
a noreHuyuaa ¢ — gopmyoi
__Q
= 47te,R ’
TO
¢ = ER.

Eciu E He NO/KHO TpeBbiIaTh
30 kB/cM, TO ¢ He MOKET npeBni-
1HATh
Puax = EmaxR = 4,5 10° B.
He pomxkHa mnpeBpnuaTh 3Ha-
uenuss 30 kKB/cMm u Hanpsbke-
HOCTb T0JIs Y OBEPXHOCTH JEHTHI.
Tak Kak AJs JeHTb

E =%
2g,
(e ¢ — MOBepXHOCTHAsA
HOCTb 3apsaaa), To
GMEX - 280Emax‘
CuJia TOK4, paBHad 3apAny, ne-
PEHOCHMOMY  JIEHTOH B €XUHUIY
BPeMeHH, ONpeJAeNHTCH TaK:
1 _ Omaxd(vAf)
nax A
~1073% A.

268. O6o3HauiM #n, U N, YHC-
JO  MOJEKYJA  COOTBETCTBEHHO
WUF, u ®°UF; B enuduune o6n-
ema rasa UF; Yucno N; mose-
Kya #°UF,, KoTopHe 33 BpeMms f
MPOXOAAT  4Yepes oOTBepCTHE C
IUIOILAABIO S, pPaBHO

Ny = vy | Sy,

a yuciao Ny monekyan 28UF,, npo-
XOAsMIKX 34 BpeMA { uepe3 oT-

JaoT-

= ¢, E e dv &



BEpCTHE [IOMIAbI0 S —

No = [ogIStns,
rie ]le| H ]vx’l — CpejHHe 3Ha-
YEHHSI MoxyJefdl NPOEKUUH CKO-
pocret Monekya 2%UF u B8UF,
Ha oCb X, HAIMpaBJCHHYIO Iep-

MEHIHKYJAAPHO OTBEPCTHIO.
Has otaomenuss N,/N, uveem:

[_\flhlvxllnl

No o Uy, | 7t

QOueBHAHO, UYTO

vy, | __ U

- ’

. T

|uX2| 2
rie v, M Uy — CpejHue Ksajpa-
THUYHBIC CKOpPOCTH JABHXKEHHS

MOJIEKYJ TrasoB. Tak Kak

VSkT

D = —_—

m

(rie m — Macca MOJIeKyJbl), To
Ny g/ m,

b}
N, ng my

rae m; U My — MaCChl MOJIEKYJ
3UF, u ¥*UF,; coorBeTcTBeHHO,
[loncrapiasa 3HaueHWs BeJHYHH,
noJyuaeM:

Ny T 350 7,03
N, 1000 ¥ 349  1000°

269. Ilycth 1 — Macca nep-

,
BOTO Iuapa, U; U vy — €ro CKo-
DOCTH COOTBETCTBEHHO JO U NOC-
Je CTOJKHOBEeHUsI, Mz — Macca

- -y

BTOpPGTQ 1dpa, a Uz H Up — CKO-
pPOCTH BTOPOTO Iapa Ao ¥ IocJae
croqikHoBeHusi. [lo sakomy co-
XPaHEeHHUsA HMIyJbCa

-+ s
my - Ay, —t ms - Avy =0, uau
my - Avy = —my - Av,, (1)

- -

rie Av, = y; — v; — u3MeHeHHe
CKOPOCTH nepBoro mapa H Avy =

-, -
= Uy ~— P3 ~— H3MEHEHHE  CKO-
pPOCTH BTOPOTO 1Iapa IpH CTOJK-

HoBeHuH. I3 paBencrea (1) no-
JyuyaeM:
m Av
A =2 (2)
my Ay
Hrax, ana roro utcCel HakiTH

m
oTHOHIeHHEe 2
my

HYXHO TIOCTPOHTbL BEKTOPH Ay,

Macc  Iapos,

u Av, u satem B3arh ofparuoe
Av,

OTHOIlIEHHEe —*
Av,

CKopocTH 1HI1apoB PAaBHBEI OTHO-
MEHUSAM MepeMelieHui apoB MeXK-
AV TOCJAENOBATeNbHbIMH BCIbIII-
KaMd  JaMithl K TIPOMEXYTKY
BPEMEHH T MeKAY BCHLILIKAMH.
Tak Kak 3HayeHusd T 118 0COHX
IMapoB KaK 10, TaK H N0CJe CTOK-

HOBEeHHS1 OAHHakxOBBI, TO B MdC-

MX MopyJieil.

]
mtabe 1 :— pekropbl, u300pa-
T

JKAmlHe CKOPOCTH [IapoBs, NPO-
CTO pAaBHHI BEKTOPaM Tiepemeute-
HUA 1IAPOB 34 BPEMS MEXKAY
nocqaenopaTe/JbHbIMH  BCIbIIIKAMH
JaMNbl. OTUM MOXKHO BOCIIOJb-
30BAThCH JJISI HAXOXKJIeHHS BeK-

> S
TopoB Av; u Av,.

Ha pucynke 87 3anaHo ApHKe-
HUE OJHOTO M3 IapoB A0 CTOJK-
HOBeHusi. JlJa Toro uroObl mo-

CTpOMTh BekTOp Ay, HEOOXOHAH-
MO TaKKe 3HATb, KaK JABHUTrajca
3TOT AP MOCJe CTOJAKHOBEHHSA —
no sersd II, TII wam IV? [an
TOTO YTOOLI BHACHHUTH 3TO, HAJAO
nepe6paTb BCe BO3MOMHBIE Ba-
puanTel (X Bcero TpH). Ilpu mpa-
BHJIBLHOM  BbeIfOpe TpaeKkTOpHH
-~

JBHIKEHUS LIApOB BeKTOphl Ay, U

—

Av, cornacHo  paBeHCTBY (1)
JOJKHBL  ObITh HanpaBieHB! B
MPOTHBONOJOKHBE CTOPOHBI.
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-

3aMeTHM, YTO BekTOp Av He
MeHAETCH TP «o0DamieHHH» JIBH-
HEHHA Mapa: eciu Bbl 10 CTOAK-
HoBeHHus map ] jaBurancs mo Ber-
BH [, a nocne CTOJKHOBEHUA —

no sersu I/, To BekTop Av OnlN
Onl TaKHM 3Ke, KAK U B TOM CJy-
4ag, Korja A0 CTOJAKHOBEHUs
IGADUK JBHIKETCA 1O BeTBH [/,
a 7focjde  CTOJKHOBEHHS — TIO
Beteu I.

IlpexnonoxuM, 4TO K WwWapHKy I
otrocatcea Betsu [/ # 1], a k wa-
puky 2 —BerBu I/] u IV. [lo-
CTPOHB JJis 3TOr0 CJyuas Bek-

60 -~

.\eri
v ®o
2 -

av; ®o

..
Niij iy
2 a

®
5
D
At
S

AU, ., )
N};‘
v, A '..
) )
°
— iv
iie | .-
, )
Puc. 296

202

TOpPbl HM3MEHEeHHH CKopocTeH wia-
puxoB (puc. 296, a), moxkHO yGe-
JIUTHCS B TOM, YTO OHH HanpasJe-
Hbl He I0 OfHOH npsiMoH (Ha pH-
—p
cyHke 296 BeKTOpBI U; MOCTPOEHbI
l
Jis ypoberBa B maciirace | :-3—).
T
CiieoBaTeNibHO, CHETAHHOE Mpen-
nosnoxxenue He BepHo. [Iposepsa
TaK e JIpyTrue BO3MOMKHbLIE Ba-
puanTel,  ybexpaemcsi, YTO K
wapy I orHocsitcst BetBH [ u [V,
a K wapy 2-—sersu Il u [[/
(pac. 296, 6). Hsmepup IAUHBL

BEKTOpOB,  H306paxammux Ay,

1 Avu,, noayvyaeénm:
ny __AE!; 1

— —— T —

my Av, 3
BpIsCHUM  Tenepn, B KakoM
HanpaBJeHHuH ABUTAJCS KO CTOJK-
HOBeHus  Bropoit mmap. O6os-
HAuUM 4epe3 T, BpeMa Mexny
MOMEHTOM CTOJIKHOBEHUSI HIAPOB
U nocJentefl BCNBIIIKOH JaMITb! 10
CTOJMIKHOBeHHA. $lcHO, UYTG OTHO-
HieHHe  [epeMenieHus uapa 3a
3TO BpeMs K NePeMeleHUI0 apH-
Ka 34 BpPeMsl T MeX Y BCIBIHIKAMH
paBHO oTHOWEHHIO Ty / 1. U3mepuB
VKa3aHHble NepeMeLieHUs IepBo-

ro uapa, HaXOAHUM, YTO

TakuM Ke 3TO OTHOLIEHHE J0J-
JKHO ObITb M AJIi BTOPOTO Inapa.
HemnocpeAcTBEHHBIM — H3MepeHHeMm
y6exxaaeMcs, 9TO 3TOMY YCJIOBHIO
yaoBaerBopsieT BetBb {11. Cie-
JOBaTeNbHO, MAPHK 2 10 CTOAK-
HOBEHHS ABUTaJCH no BeTBH /],

270. Cuna TOKa, TEKYHIero no
IIEMH NPH Pa3’OMKHYTOM KJAioue,
paBHa

11:-5%: 1,5 A.



IlpH 5TOM BOJBTMETP INIOKa3hiBa-
€T HaIlpsixeHHe Ha pesucrtope R3

Ul = IIR == 150 B.

Ilocne  3aMbiKaHus KJaoua
(puc. 297) B KaTyiike BO3HHKaeT
OAC camoMHAYyKuM#, npenar-
CTBYIOUIaA  H3MEHEHHIO  TOKa,
TEeKYUlero mno karyuike. Iloatomy
B IIEPBBIH MOMEHT HOCJI€ 3aMhbl-
KaHHS KJoua CHJa TOKa B Ka-
TylKe pasHa /;= 1,5 A. BoJbr-
METP B 3TOT MOMEHT NOKa3biBaeT
HanpsixeHue Ha pesucrope R,

U, = I,R.
13 papencrs
I, =1, + I,
U= I,R+ I,R
HaXOAUM:
I,= —;-(_;i — 1) =075 A

B nepBniii  MOMeEHT nocJtie 3a-
MBIKAHMSI KJIo4a BOJIbLTMETpP Mo-
KaxKeT HanpsxeHue

Uy = I,R = 75 B,

a nocje YCTAHOBJACHHS CHJBI
TOKa B LeNnu — HanpaXeHHe

Usg=U — IR =U—
————g-—-Rzé-U—_— 100 B.

R

R+ —-

2
Wrax, cpasy nocne 3ammika-
Huf KMoua TNOKa3aHHe BOJbT-

METpa CKayKoMm mnanaet co 150 B
ro 75 B, a 3ateM NoCTeneHHO Ha-
pactaetr xo 100 B (pmc. 298).

271. Ha cnyrteuk JlyHel, JBH-
KyIDUACA 1NO KPYTroBoi opCuTte
panuyca R, aeHCTBYeT Co CTOpO-
Hbl JIYHBI CHila [IPUTSKEHUS, PaB-
Has

M m 2
a n
G——a-—},‘}2 —-mg,r.,,l—--R2 .

1, 1
i 1
! -
R1
o+
I’l 2 (V) R3
V¥
é
Puc, 297
U
B
150
100 f— — — — — — — PEp——
75
0 ~Fpoe
t
Pwe. 298
My
raeg, = G ——-— ycxopenue cso-
* r
J
fomHOro TNajeHHs y NOBEpPXHO-
cti Jlyuel, M, — macca JIyHu,
rp— € pPageyc H m — €ro
Macca. Jra c<maa  cootwmaer

CIYTHHKY LEeHTPOCTpEMUTEbHOE
yCKopeHnue

2
mzR:MtR

T2

2n
re®m = ? — YFJIOBasgd CROpPOCTh

BpamieHus  CcIyTHEka, T — ne-
pROJ| €ro ofpauieHns1 1o opOuTe.
CorJyiacHo BTOPOMY 3aKOHY
HeiotoHa

r 3 2
ay _ ., 47°R
mgﬂ (—E—) =m —F; .
Orcrona .
T =2n R R,
T &5
203



Puc. 299

Bxopsmue B 3Ty dopMyay He-
M3BECTHHIE BEJHYMHBL R U 7 MOXK-
HO HalTH, BOCIIOJbL30BABIIHCh
JaHHBIMH 0 ¢otorpadusax JIyHb
c 3eMan H co cnyTHHKa. Ecau
YV4eCTh, 4TO JIyH&Z HaxOJUTCHA OT
3eMIM Ha pPacCTOAHUH, MHOTO
GosibiieM ee juaMerpa, U 4To NMpH
doTorpadupoBanun ¢ 3eMIH H30-
Opakenune JIyHH TonyyaeTcss B
GoKanbHON  ILIOCKOCTH 00DBeK-
tua (puc. 299), MoxkHO 3anu-
CaTh:

d _F
) — T
2’.}1 L
OTKYJa
d,L
roo= L
J7 o’

rae dy — aMaMerp H3obpazkeHus,
L — paccrosiHie o7 3eMIH o
Jlyupl, F — dokycHoe paccros-
HHE JIMH3HI.

IMpu  ¢ororpaduposanuu co
cnyTHHka (puc. 300) Ha mnienke
nonyyaercss H300paxk€HUe 4actH
TIOBEPXHOCTH JIYHEI, OTpaHUYEH-
HoH KacareldbHeiMH OUA un OB.
M3 nopodus tpeyronnHukoB OMN
H OCB umeem:

1BCy R
IMN| — |ON|’
.HJIH
AR
d, a’
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rje

[TopcTraBuB HaljeHHbi€ Bhbipa-
KEHUss s rp, 1 R B dopmyay
Jast nepyona T, MONYUHM:

T = 47 — 4L
d2

gﬂsz
~ 6,23. 10 c.

272. Tlpy paBHOBECHH YHCIO
YACTHIL B NMOJOCTH JOJXKHO OCTa-
BaTbCA IOCTOAHHBIM. IJTO O03Ha-
YaeT, YTO YHCJO YaCTHI[, KOTOphIE
3a Bpems Al nonanalotr B NOJAOCTD,
JOMKHO  OBITH PABHO .UUCHY Ya-
CTHI[, BLUIETAIOINMX 33 3TO BpPeMs
13 mojoctu. Mcnoab3ya dopmyday
NSl 9Hea YacTHL, TONaJamoHniux
B Ta3eé Ha NAOLALKY IIVIOIAIbIO
S, MoxHO uuciao wactuu N, mo-
NajalmHuX B NOJOCTh, BbIPA3HTh
TakK:

N = N+ Ny = nSTog | %

a~

% At —I——;-nzS ox. AL,

rne 7, ¥ fy — 3HAYEHHA KOHIECH-

TPaU¥H 4YacTHu, COOTBETCTBEHHO
B J€BOM M InpasBoM o0beMax,
vall, lvle ~—  COOTBETCTEEHHO

CpeH{e 3HAYCHHH MOAyJieH mpo-
eKIHI CKOpocTed 4acTHil B 3THX

o6bemMaXx Ha och X, NEpPIeHIH-
KYJASPHYIO  OTBEPCTHSAM.
Uucno xe wactuy N, Koro-

phi€ 3a 5TO K€ BpeMsi BBIJIETAOT
M3 NOJOCTH Yepe3 OTBepcTHs 00-
mell miomanpio 28, paBHO

Ny=2- —-nS[v | AL,



rie n — KOHIEHTpanusA YaCTHIL
B MOJIOCTH, [U,|— cpennee 3Ha-

4EHHE MOAYJifi NPOEKIHH YaCTHI]
Ha ocp X. [IpupaBuuBas N u N,
NOJ1Y YHM:

nllvxl‘]‘nzl \-—in % |s
roe v, x b 1oy | 1 |uy| nponop-
LM OHaJ1b Hbl Cpe,I{HHM KBaJIpaTHY~

HbIM CKOPOCTSAM Uy, Us H U YACTHIL
Ilostomy MOKHO 3amHCaTh!

Ny - navs = 210,

CpeaneKBaapaTuuHasi CKopocThb
gacTHU, ompenenserca gopmyno

_]/3kT
U—-—- m ]

rge m — MaccCa MOJICKYJILI H

T — rempeparypa raza, k —
noctosidHas bDoJjibuMaHa.
KoHUEHTpaUUI0 K€ 4YacTHI

MOXKHO HaWTH u3 (QOpMYJbl p =
= nkT AN JaBJ€HUsA p Tasa:

n=-",

kT
Ucnons3ysd 35TH BLIpaXXeHHS JJ/15
U H N, TONYYUM: .
_ L L 1
pTy * +pTe =207, *-
Tak Xak py = ps=p, Ty =T

Ty =2T, TO

_ 1 _ 1 _1
pT % +p@En * =2p,T, ®.
| (1)

He MeHsieTca B noJiocTH H noj-
Hasi SHEPrusi 4YacTHuil. ITO O3Ha-
yaeT, YTO SHEPTHs, NPUHOCHMAas
N 4acTHUAMH, BJETAOIHMH B
nojoCTh, YHOCHTC N, wacTuna-
MH, BBUICTAIOIIMMH K3 NONO-
cru. Ho cpexusis sueprusi, mpu-
XOAAIASCA  HA OoaMy YacTHLY,

paBHa-gi RT. CneposartensHoO,

JacTHUBI, NONANALiHe 3a BpeMsd

Af B NIONOCTE, NIPHHOCAT FHEPTHIO
E—--n18| |- AL ——kT +-

3

I
+ -'2—n28 [ Uy l —é—kTg,

a YacTHIIH,
JIOCTH,
SHEPTHIO

E, —-—nS|v |- At._‘;’-m.

yaerawupye #u3i no-
YHOCAT 3a 23TO Bpemd

[IpupasnuBast £ u £, noayunms
I 1 1

pT? +p@T): == 2p,T,%.(2)

Pemass ypasuenus (1) u (2) cos-
MECTHO, HaHaeMm:
V2 +1

T,=V2Z2T, .
Pn = /ﬁ' MP

273. Ha nportoH, nBHXKyuuiics

CO CKOpOCTbIO U B IIJIOCKOCTH PH-
CYHKa B MalrHHTHOM TnioJie C HH-

=
AyKuueit B, nepnenankyJsipHOM

IJIOCKOCTH pHCyHKaA (cM. puc. 90),
JeiicteyeT cuaa Jlopenua

F, = evB.
dra cujaa coolmaer nNpPOTOHY
[HEHTPOCTPEMUTRIBHOE  YCKOpe-
Hue

rae R — pajuyCc KPHBH3HBI Tpa-
eKkTopuH. [Jo BTOPDOMY 3aKoHY'

Puc. 301
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HbeioroHa
2
euB == %—m .
OTKYJa
B
U : e—B— L)
ﬁlp

Kunernueckas sueprusi nporoxa,
CJ/1eI0BATENbHO, PaBHA

0 BR)*
2 2m

Papnyc kKpususHm R Tpaek-
TOPUHM MOMKHO OIpefeNuTh cJje-
AVIOUIHM 00pasoM.

Boigeanm  BOAM3H TOukH M
(puc. 301) TpaekTopuM JHBE TOY-
ku: L u N. Tlpoeeaem Xopawl
LM uw NM u BOoccTaBUM B HX
cepelyiHaX NePHeHAUKYJSAPHL.

Touka mnepeceyeHuss TNepIEH-
JUKYJISIPOB COBNAajaer ¢ LEeHTpOM
OKDYKHOCTH, JYFOB  KOTOpOH
aBasiercssi  yuyactok LN  Tpaek-
TOPHH.

OnpejelHB pagnyChl KPHBU3-
BBl TPaE€KTOPHH NMPOTOHA, BBIUMC-
JSIIOT €70 KHHETHYECKYIO 3Hep-

ruio Wy:
Wk = O,I MSB

YMeHblueHne  pajMyca KpH-
BH3HLI  TDAEKTOPHH CBUAETENb-
CTByeT 00 yMEHBILIEHHWU CKOPOCTH
npoToHa (3HEprusi NpOTOHA pac-
XOAYeTCS Ha MOHM3AIHUIO CPejml,
B KOTODOH OH JBHIKETCH).

JHns peakuuu neneHus saapa X
MOXKHO  3amucaTh CJAERYIoLlee
ypaBHEeHHE:

M 1 4 1 1

72X -+ on—25He - 21H + kon.
W3 3akoHa coxpaHeHHa 3apsjfa
ciaenyer, uro Z = 6. Caenosa-
TenbHO, X MpeAcTaB/ser colod
sapo yrniepoma 2C (B Kamepe,
OYEBHAHO, Haxoguaca CTalHib-
Heiff H3oTOm, noatoMy M = 12),
M3 zakosa coxpaHeHHA MaccChHl
HaxoauM ki

296

k=12+1—-8—2=23,

OxoHuaTeNLHO  peakuua  3alH-
IeTcs Tak:

£C 4 n — 25He 1 21H - 3{n.

274. 1. Ecan 4gepe3 jaMny H
pe3ucTop r Teyer ToK I, TO Ha-
npsxkenne U Ha Jnamnouxke pas-

HO
U= 6 —1Ir. (1)

Ipaduk U (/) >710ft 3aBucH-
moctin  {puc. 302) HasbBaercH
Harpy304yHOH npsiMod. Touka
nepeceyeHlss Harpy304YHOH DpA-
MOH € BOJBLT-aMNEPHOH Xapakx-
TEPUCTUKOH JIaMIIbl Olpegenser
sHauenus U u [:

I =024 A U=16 B.

2. Jdns Toro yroGel pa3sHoCTh ho-
TEHIHAJN0B MeXJY TOUKaMH A u
B Geina paBHa HyJO, Halpsxe-
HUE Ha HIXKHell HYacTH peocraTa
JOJXKHO  OBITb pPAaBHO HaIpsike-
Huio U Ha Jjamnouke. 10 yCJ0-
Bre OyJeT BHIIOJHEHO, eClH

R, _ U
R, ¢&—U
HJAH
R U
= , (2)
R"‘"R]_ (g) "‘—U

raie R; u Ry — conpoTHBJEHHS
HUXHeH (o cxeme) M BepxHeid
yactefi  noreHuuomerpa (R,
+ Ry = R). Orciona

Ry = R %‘ — 160mM, R,—=240m.

3. Ilpx usmenenuu IJC wuc-
TOYHHKA MEHAETCA HanpsiKeHue
Ha BCcex aJeMeHTax cxemnl. [nsg
T0r0 uto0Hl Al/,, ObUIO MHHH-

MAJNbHRIM, H3MEHEHHE HamlpsxKe-
HAS Ha JaMIouke [AOMXHO ObITh
PaBHO H3MEHEHHIO HaNpsXKeHUs
Ha HUXKHER (Mo CXeme) yacTH peo-
cTaTa.



ConpoTusienne JaMIOYKH 3a-
BHCHT' OT HanpskeHHA Ha Hed.
[Ipu HebGoMbHIMX H3MEHEHUAX Ha-
npsixkenust BOMU3N «pabouet ToOU-
KH» JIaMIIOYKH MOJKHO CYHTATh,
uro Al ~ AU. 310 COOTBETCTBY-
€T 3aMeHe CaMo# BOJbT-aMIep-
HOH  XapakTepUCTHKH  BGJH3H
pabouelt TOUKM KacaTeNbHOH K
Hel.

CnenoBatennHo, BOJM3KM  pa-
6ouell TOYKM JiaMIIOUKa BELeT
ceba Kak pEe3UCTop € CONPOTHUB-
JICHHEM

AU
rﬂ—vzf—-thgﬂ, (3)

e ff — yrol  HakJICHa Kaca-
TEJLHOH.

BejqnuuHy r, Ha3bBBAWOT AHG-
gepeHunalbHbiM  CONPOTHB/IEHU-
eM. OHO onpejessieT He COOTHO-
[LICHHE MEXKAYy HallpsKeHHEM H

TOKOM Ha JIaMiouke, a OTHomIe-
HHE HX HSMEHEHHH.

IlpoBenss  kacaTelbHY0 (CM.
puc. 302), Hajizem, uyTo B pac-
CMaTpHBaeMoOM CJiyyae

r, = 12,5 Om.

Tak Kak HanpsKeHHE Ha JaMIIOYKe
onpenensercs ¢opmyaoi (1), to
AU = A — Al - 1.

Ho
AU

Iy

Al =

ChepoBaTenbHO,

AU = Ae — AU T

Ty

OTtcroaa

AU = A§ —2 -, (4)
r-+ry

M3 cootHomerusi (2) caegyer,
YTO HANPSXKEHHE Ha HMMKHEH 1a-
CTH pPeoCTaTa paBHO

R,
U~ ¢ %%,

[NosTomy

MA=A&%. ()
IMpupasusas AU, u AU, noayunm:
Ta__ _. R,
r+4ry R’

OTKyJa
R, = 18 Om.

Ilpu srom U,,~ 0,6 B, u npn
usMenenur DAC & Ha BeluuuHy,
JAexamyio B npenetax —1 B <
< Aé <1 B, 3nauense U, me-
Hsiercss Menee, uyeM Ha 0,03 B.
PaccmoTpeHnoe yCTPOHCTBO ho-
XKET  CAYXKHTL CTaCHAM3ATOPCM
HeOONbUINX HaNPAKEHHH.

275. g onpeneneHus Inaor-
HOCTH  METaAla p, HEOOXOZHMO
3HATh €ro Maccy i, ¥ obbem V@

_ My
Vu
Maccy MeTaMlJa JieTKo onpeje-

JUTB MO PasHOCTH MacC jJBYX 3a-
JaHHBIX KYCKOB:

my = Mz'— Ml'

OGrem MeTa/i1a paBeH Pa3HoCTH
00BEMOB JABYX KYCKOB IIIACTH-
JIHHA:

Pu

VM - VZ'_"' Vl’

O6wvemul V, 1 Vo, Haxoast, onye-
JeiuB Ha onwiTe Bec P, H Py




-

KaXXJoro H3 KYCKOB B Boje!

Mg —P,

Myg — P
08 " Ve ==00"

V,=
! 0ok

rie p, — IMIOTHOCTL BOJEL. llJIH
[IJIOTHOCTH MeTaJiia noJdydyacM.

D, = (My — M) pog .
T My — M) g— (Py— Py

276. Bayrpn KopoGOYKH Ha-
XOIUTCSl MEeXaHuJyecKoe YCTpOH-
CTBO, CX€Ma KOTODOTO NOKa3aHa
Ha pucynke 93, 6. OuHo cocrout
H3 PEHKH, K KOTOpPOH IIpHKpene-
HBI KEeCTKHe TArd M NpYIKHHA.
Touka O gesqutT JNIMHY PelikH B
orHowednu 1 : 2. HcenenopaHue
VCTPOHUCTBA  CBOJUTCH K TOMY,
4yTo NpH QUKCHPOBAHHOM ITOJ0XKe-
HUH OHOH H3 TAT HU3MEpSIOT CMe-
UIEHMA  OCTANbHHIX. TaK, ec/aH
npu  (UKCHPOBAaHHOM  moJoO-
JKEHUH TATY B CMECTHUTh Ha He-
KOTOpGE paccrosiHue x Kouew D,
Totara C OKa3blBaeTcs HEIMOoIBH K-

HO#l, a KodHen B cMemaercs Ha
3
E-x. Ecnu  ¢ukcuposatk nojio-

JKeHHe KOHIOB A u B, TO MOXHO
YVCTAHOBHTb, YTO CBsi3b D) xect-
Kasi, a B cBsA3H C umeercsa npy-
xkuHa. HMamepsas cwiy F, pacrsa-
AKEHHST TIPYKHHBL JUHAMOMETPOM
W cMemense X, konua C, HaxoauM

JKECTKOCTL  3TOH [PYKHHBI
F

k=L k=100 H/m.
o

«UepHBIH ALHK», NPENNOKEH-
Hel  yyeHHKaM 9 KJjacca, co-
JlepaJj  yCTPOHCTBO, CXeMa Ko-
TOpOro IMpeACTaBleHa Ha PHCYH-
Ke 93, a.

277. Cuurasi, 4YTO NPH OTKa-
UHBAaHHKM BO3AYXa H3-NOJ CTeK-
JISHHOTO KoJaka o6remoMm V..,
KOTOPLII  HETPYAHO  H3MEPHTh
TeOMETPHYECKHM  NIVTEM, Teme-
parypa Bo3AyXa He H3MEHseTCH,

208

MOXKHO H3 OCHOBAHHH 3aKOHa
Boiings — Mapuorra  3anHcarh:

povo — Py (Vo + AV),
p1Vy, = p2 (V, + AV),

rae p, — atMocepHoe  nasJje-
HUE, p; — JABJEHHE I0J KOJmna-
KOM IIOClEe TNepBoro mukKaa pa-
0O0THI Hacoca, ps — JaBJeHHE
NOA KOJNAKOM  TIOCJ€ ETOPOro
uHkaa paGorel Kacoca. Mckaiouas
H3 3THX PAaBEHCTB p; U pewias cH-

CTEeMY OTHOCHTENBLHO po, TIOJY-
qyaeM:
pV Vo \2
P = — :Po( . )
Vot AV Vot AV
Jlns1 [OBBILEHUST  TOYHOCTH

M3MEPEHHH HYXKHO YHCJAO A IHUK-
JIOB paboThl Hacoca yBeIHYUTh,
HO HE OYeHb CHJBHO, TaK KaK B
NPOTUBHOM CJyyae omubKa BO3-
pacTaeT B CBfI3H C HErepMeTHy-
HOCTBIO TIPOCTPAHCTBA MNOJA KOJ-

nakoMm. JlaBjienue nox xKoana-

KOM TIOC/J€ 71-T0 LHKJAA PAaBHO
Vo n

= —r ., 1

=m0

M3mepuB faeseHue Tra3a nmoj
KOJIIAKOM TIOC/]e 1 H M IMKJOB,
noayyaeMm JABa YpaBHEHHs, MOXK-
HO HalTH 002 HEeU3BeCTHHIX: aT-
mMocepHoe JaaBJjieHHe p, u 00beM
Bo3ayxa AV, ypansemoro Haco-
COM 3a OJHH LMK/,

B npepocraBienHoM oGopyao-
BaHHH BaKyyMHas  Tapelka ¢
KONNAaKoM MMeJa PTYTHBIH Ma-
HOMETP, KOTOPBIH H3MepAJ AaB-
JeHue p, Noa Koamnakom. Kpome
TOIO, B PACNOPSAKEHHUH YYAIUXCH
OblI CTPEJIOUHBIE MaHOMETD, KO-
TOPHIA TOKAa3kiBaj pasHOCTb JI2B-
JeAui:

Ap = Py — Pn-
Takum  oOpasom, arMocepHoe
JaB/ieHHe paBHO QyMMe IlgKa-



3aHAH JBYX MaHOMETpPOB:

Po = Po -+ Ap.

Hs pasenctBa (1), 3uHas p,,

HaxomuMm AV:
lg(l_i-'-ﬁ—v):ilgf“—.

Vo - n Pn

278. Haunbonee tounplii Meron
BRINIOJHEHHS  paboThl  3akJio-
yancs B caexywomem. Cobupa-
J1aCh YCTAHOBKa, C NOMOILLIO KO-
TOPOH HA 3KpaHe [oJaydanoch
CHOKYCUPOBAHHOE JIHH30H H30-
OpaskeHue Jamnbl, 3aTeM NPH
TOM K€ PACCTOSIHHH MEXKAy Jam-
noii M JUH30H yCcTaHaBJHBaJjlach
3a JHH30H KOBeTa AJUHOH [ C
KHIKOCTBIO. 3T0 INPHBEJIO K
VIANMeHHI0 M300paXKeHHua JaMibl
BCJEJCTBHE JBYXKPAaTHOro npe-
JOMNEHHA CBeTa B KIOBETE, KO-
TOPYI0O  MOXKHO DPaCCMaTPHBATh
Kak Tnapal/ieibHyie TJIaCTHHY.
[lepememast 3kpaH Ha paccTos-
HHe X, MOXKHO CHOBa HOOHTLCS
pe3Koro wu300paKeHusl JaMnbl Ha
skpane (puc. 303). Cwmemenue x
U300pakKeHHsl 33BHCHT OT [I0Ka-
3aresst TNpeaoMJeHHsl 1 BOJH B
KIOBE€TE (TOJMILHHOH CTEKJASTHHLIX
CTEHOK KIOBeThl  Tnipenebperaem)
H OT paunsl [ KioBeTsl. [leficTBU-

TeIbHO, KaK BHJIHO M3 pPHCYHKA
304,

|OA} tg f = 10C| tg a.

Ho
__sina_ tga
smﬁfv @ﬁ‘
[Toatomy
|0C| = ~
!
Tak kak
x=1l—]oC|=1"—!,
N
TO
i
n—= .
l—x

)V |U 0 ’
X

Pue. 304

279. C noMOILBIO HMEIOIMErocs
060p yIOBaHHST MOMKHO ObLIO ORpe-
JENHTh CAeNYIoIHe NapaMeTphl
JKMAKOCTU: IJIOTHOCTh,  VIeJb-
HO€ CONPOTHBJAEHHE, NOBEPXHOCT-
Hoe Hatdamxenue.

[InoTHOCT, KHIKOCTH O HaXo-
JAT 1no dopmyJie

Fa

——

gv’

rne £/, — apxumegoBa cuja, Aei-
CTByIOLLAas Ha Irpy3 obnbemoM V.
ApxuMenoBa cHJa H3MepsieTcH
M0 pPAa3sHOCTH nNOKa3aHUi JMHa-
MOMETpa p; U Pz, COOTBETCTBYIO-
IMHX HaXOXJEHHIO Tpysa, noj-
BEIIEHHOTO K HEMYy, B BO3AYXE H
B BOJE:

FAEPI_PZ-

TeAa onpejensiercs C
M3MEPHTENLHOrO  IiH-

Obnem
NIOMOIILBIO
JIMHApA. ﬁ
IloBepxgocTHO® — HaTSIXKEHHE ©
HaxoxAaT #o dopmyde
E

0= —,
2
rae F — cuma, ¢ KoTopoil caeny-
er NMOJHHMATh CIHpaJab ANHHOH [,
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H3TOTOBJIEHHOH
Cnupajbs no3BoJsier
AJUHY  NPOBOJIOKH,
TeJNbHO, H cuay F.

Cunty, HeoGXOZMMYIO AJf OT-
pHiBAa MNPOBOJIOYHOH CHHPAJdH OT
NOBEPXHOCTH  KHJKOCTH, MOIKHO
ONnpeleJuTh ¢ TNOMOUBI0 PE3HHO-
BOTO  KIyTa, [peIBapHuTEeabHO
OTTPAAYHPOBaHNCI0 NO IOKa3a-
HUAM JIHHaMOMETDaA.

Has  onpepenenuss yIeJLHOTO
CONPOTUBJEHNHS KHUAKOCTH P CO-
CHUpaeTCsl yCTAaHOBKA IO PUCYHKY
305. ConporusieHue KHAKOCTH
MEXKJAY  3NEKTPOAAMU OIpelesis-
eTcsl N0 NOKa3aHHSAM aMIepMer -

13 DOPOBOJIOKH.
YBEJIHYHTD
a cJaefoBa-

Puc. 305

=Y

Puc. 306
210

pa ¥ BOJILTMETpPA:

U
R:_...-.
/
Taxk xak
i
R =1,
S
TO
p_RSMiS‘

NIRRT

rie [ — paccTosiHHe MEeXAV 3J€K-
Tpojamu, S — naolialp  I0Trpy-
KEHHOH  4aCT® NJacTHHBL.

280. TloctpouB  Harpyso4Hy1o
npsMyio (cM. 3anauy 274), Haii-
JIEM HalpsiKeHHe Ha JaMIoyKe
M CHAY TOKa, HAVINETO dYepes
nee (puc. 306): U = 5,4 B, I =
= 1,1 A. Ilostomy

P=Ul~6 Br

281. Ecau maccbl  OCKOJIKOB
paBHbI M; U My, TO PaACCTOAHUA
ry H rg OT OCKOJKOB IO HEHTpaA
mMacc B JiioOble MOMEHThI BpPeMeHH

JOMKHE  ObITh TakMMHK, YTOOLI
my Ty
My Iy ’

IlenTp xe macc cHCTeMH JBR-
JKETCS1  TakK, Xak jaBuranace Oul
yacTHua ¢ Maccol M = my -+ my,

noj, JAedcTBHEM CMJI, HPHAC-
JEHHBIX K TeJaM  CHUCTEMHKI.
B  paccmarpuBaemom cayyae

IIEHTP MacC CHCTEME! NPOAOJKAeT
JIBUTAaThCH Mo Toil ke napaGode,
10 KOTOPOH OH JIBUTAJICA 0 pas-
pBpBa CHapsza.

Herpyano wafitu mnocienosa-
TeNbHBIE  MOJOXKEHHS  LEHTPa
macc., M3 pucynka 307 BuzHo,
YTO TOYKA @ — BeplHHA mnapabo-
Jb. 310 03HauYadeT, YTO Npeauiy-
masi M nocaefyiollas TOUYKH Ha-
XoxneHuss  cHapsiga (b M D)
JIeXKaT Ha OJHOH TOPU3OHTAJNH.
ChenoBatesibHo, IEHTP Macc CH-



CTEMbl [IOCNE pa3puiBa CHapajia
JIEKUT HA TEX XK€ TopH30HTA/b-
HBHIX DNPAMBIK, YTO M TOYKH C, d,
e, f, g TpHUEeM pacTOAOKEHH!
OHH CHMMETPHUYHO 3THM TOUKaM
OTHOCHTEJNLHO BEPTHKAAU, I[O-
Xonsilieil uepes TOyKy a.

[IpoBenem Teneps npsamyio AB.
OHa MpoXOIMUT uepe3 N0/I0KEHHE
e’ 1eHTpa Macc M JeJHTCSl TOoU-
Kofi ¢’ B orHomenuu 1 : 2. Cieno-
BaTeJbHO,

Jas 1oro 4To0bl HAUTH NOJIO-
JKEHHE BTOPOTO OCKOJIK3, IPOBO-
JAT TNpSMBIE Yepe3 [1ocJen0Ba-
TeJIbHBIE TCYKH, B KOTOpPLIX Ha-
XOJMJICS TNEpPBBIH OCKONOK M CO-
OTBETCTBYIOIHE TOJIOXKEHHS HeH-
Tpa Macc. 3aTeM OTKJAaJbIBaioT
OT LEHTPA MaCC HA 5TUX NPHAMbLIX
OTPE3KH, paBHLIE NOJOBHHE CO-
OTBETCTBYIOHIHX DAaCCTOSIHHH MEXK-
Jy TIEPBbIM OCKOJKOM U HEHTPOM
macc (cM. puc. 307).

282. Boga HauuHaeT  BHITC-
KaTb, KOIJla €€ CHhJa JaBJIeHHus Ha
JJHO KacTpioJM YPaBHOBeLIHBaeT
CHJIYy THKECTH!

mg = p (S; — Sa).

Taxk xax
p = pg (H —h),
TO
Heh=—"
p(S;—S8,)
HIIH
H=h LI
+P(SL"“'82)

283. Ilpn paBHOBECHMM MasAT-
HHKa CYMMa MOMEHTOB BCEX JieH-
CTBYIOIIHX HA HEro CiJ OTHOCH-
TE€AbHO TOYKHM KaCaHHUSi BTYJAKH
MasTHHKa C OChbIO0 J0JI)KHA OHTh
paBHa Hymo. Tak Kak, Kpome
cua Tpenns (F;) ¥ HOpMalbHOM

.
<N

]

=
| J.TL”’

%\
‘1

x
_‘—K—-
=

\

14+1
x
N
xQ
=)

\

o
»
S

mg
Puc. 308

—
peakpu# ocH (N), MOMEHTHI KOTO-
PDLIX PABHHE HYJI0, Ha MafgTHHK
JEACTBYET JNHINb CHJIA TANKECTH,
TO SICHO, UYTO TOYKA KacaHus HNOJ-
JKHa JIeXXaTh Ha OJHOH BEpPTHKA-
JH ¢ rpysoM (puc. 308). Paguyc,
MPOBEACHHEH B TOYKY KacaHus,
COCTABJAZET IIpH 3TOM C rOpH30H-
Tanbio yroA f, yHoBAETBOPHIO-
mui YCAOBHIO

R cosp = Isin «a, 1)

TZe O — YroJl, KOTOphLifi MAAT-
HHX COCTaBJsieT C BEePTHKaJbIO.
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C apyrofi CTOpOHHI,

[Toaromy

i — .p, 9
Vittep V1+u2'()

W3 paBenctBa (1) u (2) HaxonuM
sin o

cosfp =

SiﬂO&’.:—{Q—COSB=£—“—i~___-‘.
l [ VI+pu?
284, Ieiizep HauWHaeT  BhI-

6paceiBaTb BOAY, KOIja JaBJe-
HHE HACBIIEHHOTO MNapa B Ny-
3bIpbKax, ofbpasywomyxcess y oc-
HOBaHUS KaHala, CTAHET DPaBHEIM
cymMMe armocepHOro  JaBjeHusi
Pa M TUIPOCTAaTHYECKOTO JiaBJie-
BUS CTONGa BOABI BLICOTOH A =
= 90 wm:

p=p. +ogh~ 98 1050,

M

Hs rpaduxka (puc. 99) Buamo.
gyTo Takoe 3paffende IaBJjenue
HAaCLUIIEHHBIX NapoB NPHHHMAET

npu temneparype f, = 180 °C. Ta-
¥oH ke Oymer U Temneparypa Bo-
JBL B pE3epByape.

I'efisep npekpamiaer pabory,
KOTJla JaBjeHue INapoB CTaHeT
paBHbBIM  aTMocepHomy. Temrre-
paTypa TnapoB u BOABI B pesep-
Byape Ipu 3ToM 6yAeT paBHa f, =
= 100 °C. Dueprus, BHIAEJAL-
mascs IPH OCTbIBAHHH BOAL B
pesepByape Ha Al = f — {, =
= 80 °C, nper u©A McHapeHue
JaCTH BOABI; oGpasylomuica nap
BeIOpachiBaercs Hapyxy. OGo-
3HAUHM 4Yepes m Maccy HCnap sio-
pieicss  Boael u yepes M — Mac-
Cy BOAbl B pesepByape reiisepa
(M > m). o sarkomy coxpa-
HEHUST SHEPTHH

cM - Al = Am,
212

OTKyAa
m __c-Al
M A
Ilpu usBepskenuu refisep Tepser
okono 15% BoawL
285. Beproser (MM Monenn)
yIepIKUBaeTCs B BO3AYXe Gaaro-
Japs CHJIE PpEaKiHH, BO3HUKA-
meH, Korlla BHHT orGpachiBaeTt
BO3AYLWIHYIO CTPYI0. Ha seproner
CO CTOPOHRI OTOpacHBaemolt cTpyH
COTVIACHO TPETheMy 3akony Hbio-
TOHa JEHCTBYET cuJa, paBHad
10 MOXYMIO CcHJe, AEHCTBYIOMIEH
Ha CTpyro. OGo3HaynM uepes p
MJIOTHOCTL  Bo3gyxa, uepes S

MJonank CTPYH H  Hepes v ee
CKOpOoCTb. 3a Bpemsi Af BUHTOM
«OTOPAaCHIBAETCSI» BHH3 OOLEM BO3-
ayxa V = Sv- Af ¢ maccolt m =
= pSv - Af. Vsmenenne uMmnyn-
ca 3TOT0 BO3AYXa PaBHO

Ap =mv = pSv?- Af.

Corsiacio Il 3akony HwioTona
Ha OTOpachLIBAEMBI BO3AYX HeH-
CTBYeT CHJIa

~ 0,15,

Ap
F = — = pSv?. g
=P (1)
- Jta CHIa YPABHOBEIIMBAET CHAY
TAXKECTH,  JCHCTBYIOIYIO  Ha
BEpPTOJNIET:
oSv* = Mg,
OTKYAa

Mg
U= ]/ES‘"‘

MomHoCTb K€ ABHTraTeNIA pPaBHA

SHEPTuH, coollljaeMOH  BOSZYXY
3a 1 c:
m?  pSts
N = = 2
2. At 2’ @
HIH

TN =L / Mg
N= Mg /28 @)

w—"



Tak xak macca M BeprtoJsiera npo-
NOpUHOHANIbHA ero o6bLeMy, T. €.
Ky6y JHHefiHbIX pasmepoB (L%),
a  NJIomanb orOpacheiBaeMoH
CTPYH ~— KBajApaTy JUHEHHHX pas-
mepoB (L%, To u3 dopmyasl (3)
cJenyer, 4TO

N «~ L772,

D10 O©03Hauaer, 4TO OTHOLIEHHE
MOLIHOCTEH JBUTaTeJIeld BepToJie-
Ta MW MOJENH JOJIKHO OBITb paB-
HO OTHOILEHHIO UX JUHEHHBIX pas-
MEpOB B cTenenu 7/2:

Nyox
Orcrona
N = NMOlI

Lo

- 1072 ~ 96 kBr.

286. [Ipu sapanke koHjueHca-
TOpa [JO HaOpaAXeHHs « = &
Mo LeMu NMpoXoiuT 3apsn g = C&.
HcTounuk Toka (CTOpOHHUE CUJBI
B HCTOUHUKE) coBepiuaer paborty

A =qg8 = C&.

Dheprus, 3anacaemasi B 3JeK-
TPOCTATUYECKOM II0Ji€ KOHJARHCA-
TOpa

Cg2
Ve

paBHa JMIIb MOJOBUHE 3TOH pa-
6otel. BTopas MosoBUHA HIAET Ha
HarpeBanue pesuctopa R H camo-
ro uCrounuka. dueprus W, BhI-
IeNfAIasAca B PE3UCTOpE, H SHED-
i W,, obycsoBauBawolas Ha-

rpeB  HCTOUHHKA, BLIPAKAOTCH
TaK:
W,=1I°R- At u W, = [*r At
CrnenoBaresbHO,
W, R CE?
d=— g W 1+ W, ===
v Wy ==

Orciona HaiaeM, 4To NpH 3apAanxe
KOHACHCAaTOpa B pesucrope R

BHIIC/IAETCA SHEPIHA
_Cg* R
1 2 R4r’

Tlpu paspagke KoHzeHcaTropa B

pe3HCTOpe BBIAEHTCA JOMNOJHH-
TeJIbHO SHEPTHS

C 2
Wk= é‘j .
2
CrnenoBatenpio, 3a NEPHOL KO-
JNebaHuil  nepekoyaress BCero
B pEe3UCTOpe  BHARISCTCS 3IHEP-
19707 S
CE? R
_Ce (1, R\
2 R-+r

MoOIIIHOCTE  3JIEKTPUYECKOTIO  TO-
Ka B pe3ucTope pasHa

— fGé? R\~ B
N 2(L+R+J 11 Br,

rie f — yuc/o nepek/modeHui B I c.

KIT uery paseH
v _1 R\~
1= 2O+R+J”
~ 0,545.
[1pu HerocpeacTBeHHOM HOAKJIO-

YyeHHH pe3ucTopa R K HCTOUHHKY
no uend Oyger UATH TOK

[=_9%
R--r
[Tpu sTOM MOIIHOCTbL HCTOYHHKA
6yner pasHa

Nuw=16 = i ’
R—+r
a MOLIHOCTb 9JCKTPHYECKOIO TO-
Ka B pesucrope —
6*R
PR = —2——.
R R+ 1)?
KITO npu stom 6yner paseH
R
= ~ 0,09,
" R+4r

T. €. SHAUUTeJbHO MeHblle, YeM
B nepeoM CJayuae,
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Puc. 309

287. Hanpsbkenue U Ha «pyre»
TIpU BKJIOUEHUH €€  [oCJeoBa-
TeJbHO ¢ 0aJNacTHbIM PE3HCTO-
poOM colpoTHBaeHHeM R onpeje-
asercss  ¢GopmMyaoH

U= U,— IR, (1)

rne I — cuJaa ToKa B HeNu.
D10 ypaBHeHli€ MOXKHO peliarhb
rpagugecki, COMOCTaBJfA Bblyep-
yeHHLI€ Ha OAHOH KOOPAMHATHOWH
NJAOCKOCTH BOJbT-aMNECPHYIO Xa-
paktepuctky ayru U = U ({)
M Harpysounylo npamyvio U =
= U, — IR (puc. 309). Touku
0 1 O Tepeceyenus HarpysouHo#
NpAMON € BOABT-aMIEPHOH Xa-
paxkrepuctikoi ayru* U () onpe-
LEASIOT  BO3MOXKHBIE  3HAYEHH
CHJIbBI TOKa H HANPSKEHHS HA
ayre. Ecau y HarpysouHo# nps-
MOH HeTr oO0ilell TOYUKH C BOJBT-
aMNepHOH XapaKTEePHCTHKOH HV-
TH, TO FOPEHHE AYTH HEBO3MOXK-
no. CuaenoBaTelbHO,  MaKCH-
MaJibHO BO3MOMHOMY COTpOTHB-
AeHUI0O R COOTBETCTBYET Kaca-
TeabHas K rpaguky U ([), uem
U Onpejedserci MaKCHMaJbHOC

! Touka @ COOTBETCTBYET HEyCTOHUR-
BOMYy, 4 TOUKa 6 — YCTOHYHBOMY rope-
HUIO JYTH.

214

3HAYCHHE CONPOTUBJCHHA pesd-
cTopa:
AU
R =—=50m.
Al
288. OGosnauum uepes T TeM-
neparypy uas u uepes T, TeMmne-
patypy B KomHaTe. CTa/IKMBAasiCh
C TeIVIOH CTEHKOH, MOJEKYJAbl

Bo3ayxa B kKosabe npuoGperaroT
KHHCTHYECKYIO  SHEPIHIO:

3
El == '2— kT}_.

[locsae e CTOAKHOBEHHSI C XO-
JONHOU CTEHKOH KHHETHYecKasd
SHePrusi  MOJIeKYA  CTaHOBHTCSH
paBHOH

3
E2 = ‘Esz.‘

TakuM o00pasoMm, MoOJeKYJoH fie-
DPEHOCUTCS SHeprus

AE=E;——-E2=%k(T1— T,).

Uucsio  CTONIKHOBEHHH MOJIRK Y.
CO CTeHKaMd nJomiaabio S 3a
BpemMss Af paBHO

z:.;_nﬁjsm, (1)

e n — KOHUEHTPALMA MOJEKY.1
1 |v,| — cpelHee 3HaueHHE Mo-

AYyJst  TPOEKLHH CKOPOCTH MOJje-
KyJ Ha ocb X, NEPNEeHAUKYJIAp-
Hylo credge. [Las oneHKH MOox-
HO TIPHHATb, YTO

3 1u, t = 1%,
U

T 1

'UXI = "_'l—/?"'v.

‘CpennexpajpaTHiHas CKOPOCTb U

onpenessercs GopmyJioi

3RT
=V m
2 Koreuro, ¢aeRoBan0 Ol yYHTHIBATH

BCE CTemeRA CBOOOAbI MONEKYJH!, Ha Ans
OHECHKH 3TO He CyUIECTBeHHO,

g



rae M — moJsispHas Macca rasa

n T — cpegnasa Ttemneparypa B.

kKosibe. Tak Kak spauenus T; 4
T, 6musku (T3 = 363 K, T, =
= 300 K), TO MOXHO NpPHHATb:

1
T =—(Ty + Ty
M3 ocHoBHOro YypaBHEHHS KH-
HETHYECKOH TEOpHH TasoB
p = nkT

BbIpaXKaeM KOHLEHTPALHIO
KYJI:

MQJIE-

n= L.
kT
Teneps wmoxkno dopmyny (1)
nepenicarb B CAEAVIOEM BHJS!
1 p kT
Z=mmeS-At. it
2 kT M (1
2T0 03Hawaer, 4rO 3a Bpems Af
MepPEeHOCUTCH SHEPTHUS

W:Z.AE:_E_pTl_Tz
2 T1+T2

RT.TT9
« YROATIs o (g)

Jass Toro wroGbr 1 Kr yas B
TEPMOCE  OCTbLI OT TEMIEPATYpH
T} = 363 K po0 TeMmneparyphl
T, = 243 K, nonxya OHITh mnepe-
HeceHa SHEPrHa

W = mc (T, — T)).
[Tloacrasnsga 9710 BHIpAKEHHE A5
W B ¢opmyny (2), nainem ne-
o0XonHMOe /Il OCTHIBAHUSA Yaf
BpeMsa Al

Al = 2me (Ty — T;) (T, + Ty
3p(Ty—Ty S

2M - 4
>< Vm~l,7‘lo CNSq

289. Hanpsxenne U, Ha BXo-
e CHMCTEMBI paBHO CyMME Ha-
npsukenus U Ha jyre u Hanpsixke-
gua U, Ha pesHcrope. TaK Kak

U1 = IR,

rie ] —ToK B mem# U R — co-
MpoTHBJEHHEe Ppesucropa, TO

U, (I) = U (I) + IR.

Hanpsxeune U na ayre yOb-
BaeT Ipu yeesuueHun / H TNpH

O6o/bIIKHX TOKaxX  CTPEMHTCS K
OCTOSHHOMY  3HAueHHI0 C. JTO
o3Hayaet, 4yTO IMpu OOJbIIHX TO-

kax sasucumoctb U, (I} HOMXKHE
cTaTbh JIMHEHHOM:

UOZIR_'[—C’

MpUYeM TaHIeHC Yyryia HaKJoH&
rpaguka U = U ([) pasen Ri

AUy
N R.

U3 pucyuxa 310 BujHo, YTO Iph
I > 15 A rpaguxk U, (I) npen-
cTaBjser cofod  NPaKTHYECKH
npsiMyo. M3 pucyHka HaXOAHM:

R — 2 Ooux 1,4 Om.

17,5
Ons Toro uroObl TOCTPOUTE
BOJIbT-aMIIePHYIO XapaKTepPUCTHKY
ayru U (1), Hago, Kak IOKa3aHO
Ha pucyske 310, u3 3HAUEHHHA
U, (I) Bbuurartb COOTBETCTBY IO
e 3Ha4YeHHd

U, = IR.

Jlanee 3agaua pewiaercs Tak
&e, Kak saiava 287. Jna makcu-

Uk
B
905\ pd
g0| 2 %
70 ". e /‘/
6oL .
/ Tt L ITIYYY FYYY
V5" » 20 5 LA

Puc. 310
) 218



MaJIbHOTO 3HAYCHHA COIPOTHBJIC-
HHA PpE3HCTOpa HaXOoAHUM!

Rmax = 5 Om.,

290. XoTA KOHJEeHCATop 3aps-
KaeTcst  OT HCTOYHHKa by, DC
KOTOpPOTO &4, HaIps:KEeHUe Ha
KOHIEHCAaTOpe  ¥3-32  HaJIHuu4d
KATYHIKH MHHIYKTUBHOCTU MOMKET
ObITh U OoJsbilie &,. IDTO CBA3AHO
C TéM, UTO, KOTAa HAlpsAXKEeHUE Ha
KoHJeHCcaTope paBHo &; H C
CaMOMHAYKUMH &, B KaTyluke

paBHa  HydwO (TaK Kak &, —
— &, = &,), cuna TOKa B Ka-
TYIIKE MaKCUMaAbHA H B KaTyIUKe
3arnaceHa SHeprus
L12
W= =
2’
JlelicTBUTEILHO, TAK KakK
L dt’
TO
di
£ =0,
dt

M, CJNELOBATE/NbHO, CHJIA TOKA B
KaTyllKke MaxCuMajbHa. B jpano-
HedeM CHJIa TOKa B KaTyIIKe
yMeHblIaeTcst U B HeH BO30yxkna-
erca DJIC camouuaykumu, Ha-
npas/jieHHad TaK ke, KakK &;.
BeaepcTBHe  9TOTO  KOHJAEHCATOP
NpoNoJIKaeT 3apsKaTbcf, INOKa
He OyleT H3pacxojll0BaHa SHeprus,
3alaceHHas paHee B KaTYIIKE.
Ecnu 661 1u0J4 W HCTOYHHK B,
OTCYTCTBOBaJIM, TO KOHJAEHCATOp
sapaausca  Obl JI0 Hampsi:KeHus,
KOTOpOe MOXKHO HaHTH cJenyio-
UM o6pasoM. PaGota HCTOYHUKA

Achg,]_

paBHAa CYMMe 3JHEprHii, 3amaceH-

HEIX B Karyimke W, ,, 4 KOHJeH-

cartope:

g8, = CU

2
—— + Wiar

216

Hanpsikenne Ha KoujeHcaTope
makcuMasibho npu W, = 0.
[Ipu stom
q = CUmax°
[TosTomy
CU2
CUmaxgl - max'
2
OTKyaa
Umax = 281.

Eemu &, < 28, To auon «oTKpO-
eTCsA», KOoIrna HanpsKeHHe Ha
KoljeHncaTope CraHeT  pPaBHBIM
&y, TIPU 3TOM TOK NOHJAET yepes
JAMOA H ucrouHuk b,. Konuaesca-
TOpP IpPU 3TOM MNEpecTaHer 3aps-
XKATbCH U HANpSIZKEHUe Ha HeM
OyseTr OCTaBaThCs PaABHBIM &,
Tox npekparturcs, Korja CTaHer
paBHOH HYJKO 3HEprus, 3anaceH-
Has B Karyuke.

OGosnauum uepes ¢, 3apsa,
NpoOLIEJUIME K 3TOMY BpEMEHHU
yepes HCTOYHMK b,, U 4epe3 g,
3apsi, MOpOWEAUINHA Yepe3 HCTOY-
HUK b,. Torna u3 sakoHa coxpa-
HEHUS SHEPTUU CJAeNYeT, UTO

é”

G =—> 4 ¢ 20 o (1)

Tak gaxk pasHocTb ¢; — ¢, PpaBHa
3apsay KoHueHcaropa g = CU,

TO
¢ = CU + ¢q,.
[ToactaBuB 370 BeipaxKeHue A1
g, B YypasHenue (1), noJyuum:
2

Cé
CEyby + o6, = ”‘2£ + G565,

OTKYyIa
—- Céaz 26‘71 - éaz‘
P2 sHi—6
291. Dra 3ajzaya’  peniaerca

TaK ¥e, KakK 3ajada 216. Ecian
IPUHATb, 4TO pa3Mmep Juua 22 cM,
IUMPUHA JIAJIoHH TNIpUMepHO 9 ¢ M



pacCTosiHHEe OT JIHpa 10 JajoHeH
BLITAHYTHIX PVK 50 cM # 9TO TOY-
Ka, MoJyuyuBIuasicy® Ha doTorpa-
(¢HH¥ pe3sko, HAxXOMUTCA IOCepe-
IWHE MeKAY JIULUOM ¥ JIaJOHSIMU,
TO MOXKHO HaHTH:

DF~9 oM, 2) xn
3) | &~ 40 cm,

4) ob6vekTuB ¢horoannapara 3sa-
avabparmupoBad a0 d = 2,2 M.
OTtHocuTenbHOE oTBEpCTHE OOBE-
KTHBa (OTHOINEHHE JIUaMeTpa OT-
BEPCTHR K (POKycHOMY paccros-
HHi0) pasHO 1/40,

292, Merox cpaBHeHus nJOT-
HOCTH pasHBIX KHAKOCTEH ocHO-
BaH Ha 3aBUCHMOCTH apXUMeNo-
BOM cuJiBl F OT MAOTHOCTU KHI-
KocTH. Ecau B jBe XKHAKOCTH C
MJOTHOCTAMH p; U P, TOCJAEN0-
BaTebHO TIOFPY3HTb OJHO ¥ TO
XKe TBepaoe Teno obremom V,

50 cM,

TO Ha Hero OYAYT JAeiCTBOBATh
apXUMEJIOBb! CHJIBI
F, = p,Vg, = P, Vg.
Orciona
a_h (1)
D2 Fy

YpaBHOBECHB TpY3bl HA pbiya-
re, YyCTaHABJAHBaeM, 4YTO MacChl
TPYy30B OJHHAKOBH (IJIeYH pbl-
yara  OKashiBaKTCA  OJMHAKO-
BbiMH). Ecad omguH W3 rpysos
IIOTPY3UTh B KUAKOCTb (pHc. 311,
a, 6), To /i PABHOBECHS phyara
HeoOXoIUMO 6yner mnoaobparb
ONpeJeJeHHOE COOTHOLIEHUE MJIeY.
[Ipy norpyseHwuH B NepBYIO XKHJ-
Koctb (puc. 311, @) ychaoBue
paBHOBECHS phbigara 3anuuercs
TaK!

(mg — F)l = mgl,, (2)
rne I u 11 — IJIeYd CHJ mg+

+ F1 " mg [Ipy morpyxeHuu
TOrO Ke rpysa B IpPYryK Kdi-
KocTh (puc. 311, 6) paBHOBecue

Purec. 311

pblyara MOXKeT OHITh BOCCTAHOB-
JE€HO H3MEHEHHeM IIIeYa OJHOH
M3 CHJ:

(mg — Fy)l = mgl,, (3)
r,u,e I u l — IJIEYH CHJN mg+
+F o H mg

W3 Beipaxenuii (2) u (3) moay-

UUM: '

i]_ . l_ ll
F2 l_ 12’
OTKyJa
Py — [— ll . (4)
P2 I—1

293. C nomoupio JUCTOB Gesloi
H KOMMMpOoBaNbHOH OGymaru ¢pukcu-
pyerci MeCTO TMaJeHHA wnIiapa
nocsie €ero CKaThiBaHHA HO CBO-
OGofHOMY JIOTKY H H3Mepsercs
JdaJibHOCTb TOJieTa § wapa (puc.
312, @). Orciona cjepyer, uto
CKOpPOCTb IIAapa K MOMEHTY Haua-
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5na ero CBOGOAHGrO MoJeTa onpe-
AeAReTCA 10 GopMyae

5
UZT,

rae { — BpeMs [MajeHus 1mapa.

[TocTaBUB Ha rOpH30HTAJbHbLIH
y4aCTOK  JIOTKa  BTOpOM 1map
(paBHOH WM MeHbileH MacChl),
WIMEPSAIOT  JAJAbHOCTH  MOJeTa
§; H 5, O0OHX LapoB MoCJe HX
cToiKHOBenus (puc. 312, 0). Cko-
pOCTH  1IApoOB Iocje CTOJIKHOBE-
HHf pPaBHEL

<
Ny &g

U-"_*-»«-—l—— U, == .
1 j’ 2 /

Tax KaK BpeMf TaAeHus 1Wapos
BO BCeX OTbITAX ONUHAKOBO, TO
A/ TPOBEpKU 3aKOoHa COXpaie-
HHS MMIOyJbCa JOCTATOYHO I1PO-

FIT T LTIV T PP A T Y RSPl 77
L t

~
S
~N
AN
A

A
\

\
B

a
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BEPHUTD BRLIIOJHCHHE COOTHOMIEHMS

MyS = NSy -+ 1MsS,, (1)
rAe m; H My — MAacchl CTaNKH-
BAOMHKXCA 1IaPOB.

Ang 7oro wroful CAelaTh Bbl-
BO4 O BBHINOJHUMOCTH HJH He-
BLITTOJHHMOCTH 3aKOHA Ccoxpa-
HEHHA UMIIYJbCa B 3TOM 3KCIIE-

pUMeHTe, HeoOXOAHMO OUEHHTDH
MOrPelIHOCTA  H3MEePeHHN pac-

CcTOAHUE 5, §; H S (MaCChHl LapoB
H3MEPAJIHCh € Topaszno GoJbuiei
TOYHOCTbID). CJjeniyer HMETb B
BUAY, YTO B ONbITe HE YYHUTHIBA-
ercg  BpalleHue 11apoB, BO3HH-
KaloUEee IPH HX CKATBIBAHHU IO
JoTKy. [Ipy CTONKHOBEHHH LIAPOB
ONMHAKOBOH MAacchl JIBUXKYIIHUCH
miap JOJKeH OCTaHOBHTBCA B
pesyabpTate  MOJHOH Iepefayn
umnyabca Bropomy wapy. Oi-
HaKo H3-3a BpaiuelHs OoH Iocue
CTOMKHOBEHUsS  JABHIKeTCA 110
TOPU30HTA/NBHOMY YYacTKy JOT-
Ka. [lpu ucno/b3oBanud riaat-
KHX CTaJbHBIX 1UaPOB  3aKOH
COXpaHEHHS HMIYJbca B MHpese-
JdaxX TOTrPEIIHOCTeH  H3MePEHUH
BRHIIOJNHAETCH,  TaK Kak Tague
mapsl B 3HAUUTENbHOH CTeNeHy
HEe CKATLIBAIOTCH, & COCKAaJIb3bl-
BalOT € JOTKA,

294, OcHOBHER  3aMeyadHHsd K
9TOH 327442 B OCHOBHOM T€ Ke,
uyto ¥ K 3anave 293. [IIpoBepka
3aKOHa  COXPAHeHUA  3SHEPruu
CBOIUTCA K TIPOBEPKE BbINOJAHE-
HUA paBelcTBa

2 2
mys® == mySi + msSs.

B 3aBHCHMOCTH  OT MaTepHana
l1apa ¥ KauectBa ero obpaboTku
ap. OpOXOMUT pas/IUYHEE OYTH
8 pexuMe CKOJIbXEHHA H Kage-
Husa. Yem 6oJbllie NPOCKANb3bl-.
BaHMe 11apa NpA ero ABHKEHHH
o JOTKY, T€M JAy4Iile BLIIOJHAIOT-
CHl 3aKOHBI COXPARCHHS HMNYALCA
H SHEPIHH B sToMm onmre, Hau-



osabilee  NPOCKAAL3LIBAHHE II0-
JAy4aeTcsi y CTaJbHOFO MIAPHKA,
HaUMeHblree — Y aMOMBRHHEBOTO.
B stoM Jerkeo Obldo yOemHThCH,
OTHIYCKaf € oJiHOH H TOH Xe Bbl-
COTHl CTAJbLHOH, INIACTMaCCOBEIR
U aTIOMHHHEBBIH [IAPH: CTaJIbHOH
iap INpH 3TOM JIETHT CYHIECTBEH-
HO JiaJibllle JApPYTUX.

295, Ilpouspesenupie ¢ TO-
MOIHBIO  OMMETpa  H3MEpEHHH
Aaj¥  CJeVIOmHe 3HayeHust Co-
NIPOTHBJ/IEHH:

Ry, = 2 kOM, R, = 30 xOum,
R13 = 8 KOM R = 45 xOw,
[Ipu usmepeHHH CCNPOTHBJIEHUSA

auoja (TAakoro xe, Kak H B Ko-
poGouke) B npsMoM HamnpasJe-
HUH (IIPH [IPEeXKHEM pPEXHME OM-
MeTpa) noJyueHo sHauenue 2 KOwu,
a B o0paTHOM HANpPaBJEHHH OM-
MeTp MOKa3hiBaeT oo,

M3 nosygeHHHX JA2HHEIX CJe-
AyeT, ur0o MpU YCJOBUH OAHHA-
KOBOCTH PE3HCTOPOB YCTPOHCTBO
B «JEPHOM SAHIHKE» HMEET 3JeK-
TPHUECKYIO cCxeMmy, H300paxeH-
Hyl Ha pucyuke 106. Conpotus-
JEHHS  Pe3UCTOPOB, HEXOAS W3
pe3y/abTaToB OIbITa, JETKO Ollpe-
ACNHTh:

Rsfﬁ‘z&i‘:}%gz 15 kOm,
2 3

Tagk Kaxk puop — HeAHHEKHBIH
3/IEMEHT, TO €ro CONPOTHBJIEHHE
CYUIECTBEHHO M3MEHSETCH B pas-
JHUHBIX pexumax. CreloBaTe]b-
HO, H3MEpSTh CONPOTHBJEHHE
AHOLAa B IPAMOM HAaNpaBJEHHH
CNeroBajo, MOAKJAIOHAs ero mno-
CJAENOBATEJILHO K PAa3JHYHBIM
KJAeMMaM  «YEpPHOTO  AIIHKAy,
P4 9TOM ONPeReIFeTCa CONpo-
TUBJIEHHE JAHONA B TOM PeXKHME,
IIpH KOTOPOM IIDOM3BOAUTCA H3-
MepeHHe.

296. Uto6n! oOnpene/uTh eM-
KoCTh  Kouaeucaropa C;, mox-
KJIIOYal0T 3BYKOBOH [eHeparop
K KnemvmaMm [ 4 2 1 U3MepsIoT Ha-
npsoKeHWe Ha BbiIXOle TreHepa-
TOpa M CHJAY TOKa B HEMU KOH-
nencaropa C;. 3uasi 4YacTOTy H3-
MEHEHHS1 TOKa v, MOXHO oImpeje-
JUTb  €MKOCTb  KOHZAEHCaTopa
Cy:

[ = = 2avC,U, C, d

X 2nvl)
IDTU H3MepeHHs HYKHO IIpo-
BOAUTL IIpH HH3KHX UaCTOTaXx,
TaK KaK MpH BRICOKHX YacTOTax
reHepaTop  3aKOPauHBaeTCs Ma-
JIbIM €MKOCTHBIM COIPOTHBJICHHEM
KoHxaencatopa £y Y OPOHCXOAMT
YMEHbILICHHE BHIXOZHOTO Hanps-
XKEHHA TeHepaTopa.
TlonkJnouyB reHeparop K Kjiem-
MaM 2 ¥ 3 U aBOMeTP B KauecTse
aMmnepMerpa, OIpEAeNsIOT, NpH
KaKol wuacTtore ¥, CUJIa TOKa MH-
HYMaJIbHa.
OueBuaHo, u9TO

’\?1 —= -"—"VLC .

3ambikag xaemMMmbl I u 3, mo-
JYYal0T 3ACKTPHUECKYIO CXEMY,
n3o06pakenHy Ha DHCYHKe 313.
Onperesur pgaa 9T0OH CXeMH ga-
CTOTY V¥, H3MECHEHHSl TOKa, NpH
KOTOpPOH CH.JIa TOKa MHHHMAaJbHa,
MOXHO 32micarh:

I
vﬁ;;w,(

M3 mnoayyepHulX JBYX ypasHe-
min maxomnum L u C,. [lpn rakoi
METOJMKE  aMIepMeTp  CAYXHT
JUNIE HHABKATOPOM JUIST OOHApy-
AKEHHST MHHHMYMA TOKa; MpAMble
H3MEPEHUS CHJALL TOKa H HanNps-
KEHHS He MPOBOASTCSH, YTO CYlne-
CTBEHHO YMeHbINAeT [OrpelHo-
et onbrra. Kpome Toro, obe’

219
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YacTOTH HU3MEPSIIOTCH IPH MajbIX
TOKaX, BCJEICTBHE 4YE€ro Hamnps-
KEHHe  Ha BRHIXO/Ae reHeparopa
IPaKTHYECKU He H3MeHseTcs.
HupykTHBHOCTE  KaTYIIKH (Mpo-
BOJlda, HAaMOTAHHOIO Ha deppu-
TOBOE KOJIbIIO) NP AAHHOH M2TO-
J¥Ke TaKKe He U3MeHSeTcCH.

AKTHBHO® COTIPOTHBJIEHHE Ka-
TYIIKH  H3MEPSIOT € ITOMOLUBIO
OMMETpPa, NOAK/IOUUB €ro K KJeM-
MaM 2 W 3 (cMm. puc. 313).

297. Ecaiu cMmoTperh B OTBEp-
ctia I, 2, 3, To NpU 3aKPHIBAHUH
orBepcTHH 4, 5, 6 He oGHapyKuBa-
IOT KAKHX-TUO0 H3MEeHEeHUH. 2710
FOBODHT O© HAJIMUYHU B HAIHKE
HEKOEH Iperpaabl AAS CBETOBHIX
ayueil. BBuay Toro uro npu Ha-
O6M0eHUN Yepe3s oAHO U3 OoTBep-
CTHH BHAHB OCTaJbHBIE [Ba,
MOKHO CJI€1aTh BBIBOJ, YTQ 3TOH
nperpajod  ABJAARTCS 3epKaJo.

Uro6ul onpeneJuTh BHJ 3epKajaa
H ef0 XapakTepUCTHKH, HeoOXo-
JuMo  Habmwopath  Xon Jiyded,
orpaxalomiuxca  or Hero. s
9TOro ¢ rmomollbio O6YJaBOK OT-
MeyaloT Hampas/jieHHs, H3 KOTO-
pbIX uYepe3 OfHO OTBepPCTHE OblJIH
BUJIHBE JiBa APYTUX OTBEpCTUA.
[TlepeceueHue  COOTBRTCTBYIOLIHX
HanpasfeHuit (MYHKTUPHBIX JIU-
Mt Ha pucyske 314) naet noJso-
Kegue  TpeX TOUEK 3epkaja c
OHOH CTOpOMEL H TPEX TOUSK 3ep-
KaJja ¢ Apyrou.

Ilocne 3toOro onpenenmo"r Ha-

npaBJeHHs, IO KOTOpPLIM BUIHBI
OTBePCTUA, UYepe3 KOTopble MNpo-
ussoauTca Haogwonenue. C 3ToH

eabio OynaBKa CTABUTCA TaKUM
oOpasoM,  uToOH U3solpaxkeHnue
OynaBku, camMa OyaaBka, oT-
BepCTHE W I/1a3 HAaXOAWJIUChH Ha
oAHOH npsaMoll. 2TO BO3MOKHO,
eCJId JIy4 TpPOXOAUT Yepes OINTU-
yeCKHii ueHrp 3epkana. Cuenas
nojoGHble  MOCTPORHUST H3 ApY-
FUX JBYX OTBEPCTHH, HaXOAUM
ONTUYECKUH  LEHTP 3€pKaja B
MecTe TepeceyeHus MOCTPOEHHBIX
npambix. M3 pucyska 314 suaso,
YyTO B OJIHOM CJAYy4ae 3THU MpaMble
CXOAATCS (BOTHYTOE  32pKaJso),
a B IPYroM pacxonfrcs (BHIIYK-
Joe 3epkano). Hamepus paccros-
HUS OT NOJY4YeHHHX Toyek O u

Puc,

220

314



0" no sepkasa, ompenessieM Hc-
KOMBIE 3HAYeHHUs! pajHyCoB KpH-
BH3HBl  3€DKA/bHBIX [OBEPXHO-
CTeH.

298. Kny6 gmbiMa, BHITYINEHHB
IapoBO30M B TOuKe A, 3a BpeMs !
6yNeT CHeceH BeTpoM B Touky C.
[Tpu stom

AC = ut,

rJe 4 — CKOpoCTh  Berpa (pHc.
315). [loean ke cmycTs BpeMa ¢
okaxercs B Touxke B. Ilepemenie-
HHe TI0e3[1a PaBHO

AB vt

rie ¥ — ckopocth Ioesga. Oue-
BHJHO, YTO HanpasjdeHue Imiei-
ta pbIMa UJAET BIOJMb BekIopa

BC = AT — 4B,

MJIH, ®TO TO XK€, BAOJb BEKTOpa
u—ou.

JIast Toro yToObl YOenuThCs B
5TOM, JOCTAaTOYHO NOKAa3aTh, YTO
Kny0 IpjMa, BBUTYILCHHBIK mapo-
BO3OM B IPQU3BOJIbLHON TOYke D
Ha OTpe3Ke AB, K TOMY MOMEHTY,
KOrfa TIOoe3l OKaKeTcs B TOUKe
B, 6yaer cueceH B&TPOM Ha JHHUIO
BC. Tak kak

|[AC | _|KD |

| AB | ]DB] v
u AC|| KD, To TpeyroibHUKH
ABC w DBK nopo6ubl, Cnenosa-
teqbHo, yriasl ABC u DBK xou-
FPYSHTHBEL, a Touka K JeXuT Ha
aiun BC.

Teneps werpynHo majitm cko-
pocts Berpa. Hapucyem B npo-

H3BOJIbHOM Maciutabe BeKTOp v.
—

3areM u3 Hadana O BekTopa v,
POBENEM B TOM Xe Macuirabe

BEKTOP vz. M3 KOHIIOB BEKTOpOB
IpOBe/ieM npsiMble, Ia-

vln vz

pajijiesibHble  COOTBETCTBYIOMIMM
waeiibam gpmva (puc. 316). Tou-
Ky M nepecedeHHsl STHX NPAMHX
coe/lMHUM ¢ Toukoi Q. B Bbi6pad-

—_—
HoM Macimitabe OM u npejpcrapns-
et co00Hl BeKTOp CKOPOCTH BeTpa.
—

JleficTBUTesibHO, BekTOp OM —
—

— Uy  HAeT BAOJb WiIelda abiMa
OT TEpBOTO MapoBo3a, a BEKTOp

OM — 02 — BJosb umieliga Jn-
Ma BToporo napososa. lsmepus
C MOMOIUBIO JIMHEHKH JJIMHY BeK-

—_—
Topa OM, HalgeM MOAYAb CKO-
poctd Berpa. Ou paseH 35 km/4.

299. OGo3Hauum uepes u, CKo-
poCTh Ha6A0AATE/A OTHOCHTEb-

HO 3€MJIH H Yepes u; CKOpOCTb Te-
Jla B TOT MOMEHT, KOrla OHO Bhep-
Bble TEPeceKJI0 TPaeKTOpHIO Ha-
6moaarenst. B cHcTeMe orcyera,

ILBHH(ymeﬁCH paBHOMEPHO CO CKO-

OTHOCHTRJLHO 3eMJiH,
HEMoJBHMEH, a
MOMEHT

pOCTBIO ¥,
gabawnartenb
TEJNO B

nepeceyeHun

nepBoro
TPaeKTOPUH

= 8
A v D
Puc. 315
M
o
7 o 74

Puc. 316
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pabmofaTens UMEET CKOPOCTH

— - -

U =0, — U,
Tak kakK 5Ta CHCTeMa OTCYETa
ABHIKETCHA  OTHOCUTCJBHO 3EMJH
PaBHOMEPHO, TO TeJIO B He# JABHU-
WKETCA C TEM KE TOCTOSHHLIM

YCKOpPEeHHeM g, 4TO H B CHCTEME
oTCYeTa, HEHNOABHIKHOH OTHOCH-
TeabHo 3emau. CanenosaTedbHo, B
TOH JBHIKYIUCHCA CHCTEME OTCUe-
T4 TeJNO JABMKercs 1o napadoJe.
Ho mo ycjaoBUiO  3a7a4d  TeJO
[IePECEKAeT TPAeKTOPHIO JBHIKE-
Hua  Habmojarens ABaxKABl HA
OAHOM W TOM 3Xe pacCTOSIHUM OT Ha-
Gaionarens, IpuyeM o6a pasa
BrepeAd Hero. 1o 0O3HAYaeT, uTo
B ABUXKVIOEHCS CHCTEME OTCHETa

TEI0 Tiepecekaer MOpsaMmyio, IO
KOTOpOH  ABHxkerca  Haljiona-
TeJlb, B OJIHOH H ToH e TOouKe.

370 BO3MOXHO, €C/IM B JBHXKY-
efdcss cucTeMe orcuera  TeJio
ASHIKeTCA 10 BepTUKAILHOH Mps-

MO# (BeKTOp U BEPTUKAJEH).
3anumeM YypaBHeHHE JBHIKe-
HHS1 Tena B JIBUKYUIEACHA CUCTE-
M€ OTCYeTa:
2
Y=Y+ vli— %‘
[Ipu ¢ = O Tes10 nepecexaer Ttpa-
ekTopuio Habmonarens MepBHIHA
pa3, a np¥ ¢ = T — BTOPHUHO,
CrnenoBareabto, npu { = 0 U { =
== T 3HAYEHHA KOOpAMHAT Tesa
COBITaJ1A10T:

T2
o= 3o+ 07— 2.
OTcmna
o= &
2

[losToMy ypaBHenme JABHIKEHHSH
Tela MOXKHO 3amucaTh B cAeqYiO-
EM BHAE: ‘

gr g®
— -—t —_—
Y=Y+ 5 ! 5

Teniepr HafigeM orTdHoUIEHHE NY-
TeH, NPOXOAMMHX TeNOM 33 No-
CReAOBATE/IbHBIE PaBHEBIE TIPOMeE-
KYTKH Bpemend T. [lpu £ = nv

12 2
o 3+ n 52— 2 7,

[ToaTomy

A}’nz Yo+ — Y, = ngr,
HJI4
Ay, =0, Ay = gt*, Ay, =
== 201%, ..., Ay =

Orciona HaxoguM OTHOLIEHHE Ty-
Tedl, T[IPOXOAUMBIX TEJOM TIoCJe
BTOPOrQ INEPECCUYEHUS TPaeKkTo-
pUM HaAOMOJaTend 3a MOCJEN0Ba-
TENbHBIE [IPOMEKYTKU BPeMEHH T

Ay, i Ayt Ay, ... =1:2:3....

300. B pesyastate mnepeauBa-
HUA BOAH H3 MEpPBOro COCyAa BO
BTOPOH M U3 BTOPOTO B MNEPBHIR
3HAUeHUsl MacChl BOABI B COCYaax
OCTANUCh  MPEKHUMHU, a TeMIIe-
patypa BoIH B IIEDPBOM coCyje
noHusuaach Ha Af, = 1°C. 310
paBHOLENHO OTAAYE BOAOH, Ha-
XOASIIENCA B MNepBOM  COCVIE,
KOJIHYeCTBA TeMJioTbl

QJ_ - Csﬂll . Atlo

CorsiacHo  3aKOHY COXpaHEHHS
3HEPTHU 3TO KOJMYLCTBO TEIJIOTHI
OBIIO TNEPENaHO BOJE BO BTOPOM
cocyae. (CaenoBaTenbHo,

Caty + Aty =Qy = ¢y -+ Al

rne Af, — d3meneHue - Temmnepa-
TYpbl BOJAB BO BTOPOM COCVIAE,
my = 5 KI — Macca BoIbl B miep-
BOM COCYIe u m, == 1 KI — Macca
BOAbI BO BTopoM cocyzre. M3 3to-
[0 YPaBHCHHS HAHAEM:
At, = ™ At, = 5At, = 5°C.
My

TakuMm o6GpasoM, HOCHe nepenH-
BaHHA BO BTOPOH COCYH MAacCH
Am BORHI w3 TepBoTp (c Temne-

12



-patypoit # = 60 °C) Ttemnepary
pa BOABI BO BTOPOM €OCYZe CTaja

paBHoll 4, = 25 °C. CoruacHo
VPaBHEHHIO TeIIoBoro OajaHca

Amn (h — t;) = Myly (f;_ — fz).
Orcrona

r—1,

A’n:mg_z—_—z

1
! . KF.
tl - fg 7

301. Hanpsixkenune U mexay
TouKamu b u a (puc. 317) onpene-
Jgsercs  QopMyJIoi

U = L,

rA€ r — BHYTpPEHHEE CONpOTHB-
Jenne amnepmerpa. B To xe Bpe-
M35

U1 = If "]’— ldr.

ITosTOoMy
Ir + Ir = Ir.
2TO 03HauyaeT, uro
lg=1,— 1, =1 A.
Uepes amnepmerp A, TeweT TOK
ly=1,+ I, =44,

a uepes pesuUcTop — TOK
I=1,—13=14.

Hanpsxenne MeXay TouKamu

cud paBHo [R. B 10 xe Bpems

oHO paBHo [y -+ I, Caepona-
TeJbHO,

IR=({,+ 1,)r.
Orciona

r 1) 1

R iy+1, &

302. Tlpexne Bcero Hakinem cko-
pocTh BeTpa, KaK MOKas3aHo B
peiienud 3ajaun 298. 3arem u3

KoHODa M BexkTOpa u cKopocTH
Betpa (cM. puc. 316} nposemem
ApAMYIO, NapanfiejbHVio IIeH-
Gy I6M3, HRYIEFO OT TpeThb-
ero napoBosa. Ilepeceycnme 37T0M
npaMol ¢ npamol, No EKoTopoil

-

JIBHKeTcsl napoBO3, OINPGREARET

CKOPOCTb 0, TPETBETO HapoBo3a
{puc. 318). 3mad macurral, B

KOTOPOM MOCTpoeHH BCE BEKTOPH
cKopocTeli, HeTpYAHO HaHTH Mo-

Ayab  Bekropa Us. OH paben
20 kM/u.
303. B Tor MOMEHT, KOTAA

HHTb HaTsHercs, AP € MaccoH

2m 6ymer MMeTb CKOPOCTh U.
[To 3aKoHy COXpaHEHHS SHEPFHH
-2 '2
ILI 1
My 21 omgl,
2 2
Orciona

-
2
U= }/ Yo *——le.
B movenr  HATAXKEHHS BHIH

1Japhl  B3aHMOJCHCTBYIOT MEXRY
coboi uepe3 miTh. [loaras, 1o
BpemMs  3Toro  B3aHMOJEHCTBH#

OUeHb Malnop, MOAHO NPHMEHKTb
3aKOHLI COXpaHEHHH HMITYJIbCA U

|
1y (A
£ =

d

B

]

pPuc. 318
223



SHepIHH:
2mv = 2mu, -+ mu,,

TAe #; M U, — CKOPOCTH  COOT-

BeTCTBEHHO TIepBOr0 H BTOPOro
TeIa TOoCJe B3auMOJAeHCTBHSA.
oy 2mul mug
2 9 9

M3 stofi cHcTembl ypaBHEHHH Ha-
XOAHM:
1 4

Uuy=—0, iy = —10.
1 3 LA 3

[locie KpaTKOBpPEMEHHOrO HaTH-
WEHHS HUTH LIapbl ABHXYTCH C

-
HNOCTOSIHHBIM ~ YCKOpeHueM g. 3a-
TNAIIEM YyPaBHEHHA WX JBHIKEHHS
B NPOEKUHH HA BEPTHKAJBHYIO
och Y

2
ylzl + ult_ g—;——— ,[LJ]H I'FO U_Iapa)

2
= U, _ & — 1191 2-r0 H1apa.
Ve 2 5 p

B MOMeHT /, CTOJIKHOBeHH A i1a-

pOB HMEET MeCTO PaBEeHCTBO
Yo = ¥g, HJH
2 2
] gl gt
+ly — —— = Ul ——
2
Orciona waiinem Bpems 4 JBH-

KCHHA 1Iap0B OT MOMEHTA HaTH-
HKCHHA HHTH A0 BCTpEUH:

[ [ [

{ = —
l ]/ ——-le

uz"'—"u] [

304. bynemM cunuTtarh, uTO CO-
CyJL 3anoJHdeTcs ObICTPO, TakK
YTO MOMKHO TnpeHebpeub Telio-
0OMEHOM C OKpYXawmeH Cpeloi.

[Ipy 3TOM YCJOBHH H3MEHEHHE
BUYTPEHHEH 3HEprHM rasa, 3a-
NOJHSIOMET0 COCYJ, PaBHO pa-

6oTe CHJ BHELIHEro aTmocdepHo-
ro paBJeHHs. - Tak Kak cocyj
BHayaje OTKa4yaH M aTMocdepHoe
JNaBJieHHE ¢3aTaJKMBaeT» Tra3 B
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cocyn, To 31a palota onpenenser-
ca (opmyJoi

A= pV,,

rae V, — obbem cocyaa M p, —
BHemHee artMocdepHoe aaBJeHue,
HMamenenne xKe BHYTPEHHEH
SHEpPrHH ra3a paBHO

AU'—"‘V—— R({T,—T,,

rie v — 4yucJo  MOJIEH rasa B
cocyse. Tak Kak BHe Cocyzna ras
3anMMalJ  TakoH ke oOpem V,
TO COrJJaCHO YyPaBHEHHIO ra30Bo-

[0 COCTOAHHA

_ Po Vy
RT,
CJaenoBaTenbuo,

3 PaVo R (T o To) — pOVO.

2 RT,

M3 s10r0 ypaBHEHHA HAXOJMM:

2 5
Ty=Ty+~To=To

305. OGo3nauum uepes g Ko-
JUYECTBO  TEIUIOTBI, OTHaBaemoe
nautoit B 1 ¢. Toraa 3a kopoTkui
NpoMexKyToK BpemeHu At IJIHTA
OTHAET KOJHYECTBO TelJOTHI

Q ={q- AT!
KOTOpOE paCXOAyeTcid Ha Harpes
KacTPIOJH H KHJAKOCTH M Ha Tem-
JOOTAAYY B OKPYMKAIWINYI0 cpe-
ny. Tlpu ManoM 3Hadenuu Az
TeMNepaTypa KacTpPloJad H XKHJ-
KOCTH MeHAeTcsl Ha HeboJIbIYIo
BeJauuuHy Af H MOXHO CUHTAaTh,
4yTO TemJIooTAaua (@ NPonopIHO-
HaJbHA Pa3HOCTH  TEMIEpaTyp
KacTpIoJiH (f) ¥ OKpyKalollen cpe-
Ibl (to), a TaKxke BpeMeHH At:
= o (t— 1) -

rje oc—-KoatptbnuueHT nponop-
[IHOHAJLHOCTH,  KOTOpBIH onpe-
JeAsIeTCA  YCJAOBHSIMH  HarpeBa-
HHf H pasMepaMH _ KacTpIOJH..



3anuiueM ypaBHeHHe TeIJIOBOro
Gananca JaJd cjyvasi, Korja B
KacTpioJie  HaxoQUTCs BOAa:

g At = ¢m,- At +c¢- At 4
+oa(t—1)- Al (1)

rae ¢, = 4,2 - 10® Ox/(kr-K) —
yaeJbHasA TENJOEMKOCTbh BOAB H
m, = 0,5 Kr — macca BOjbL

B ToM csnyyae, Korma Ha nJMTe
HAaxXoAMTCs KacTpooad co Crup-
TOM IIpH TOH K€ «HayaJbHON»
TemMneparype f, 3a To Xe Bpems
At uHarpeBanHs  TemnepaTtypa
KacTpoJu M CHHpPTa MEHAeTCs
Ha HEKOTOpPYK  BeauuuHy Af
M ypaBHEHHE TemsoBoro OaJau-
Ca NPHHHMAET BUJ

gAt = cm, - Aty + ¢ - A +
+ a (t — to) ' AI: (2)

TAe ¢, — yAeJbHAA  TEIJIOEM-
KocTb cnupta ¥ m, = 0,7 Kr —
macca cnupta. [lpupaBnnBas
npaBele  uyacTH pasenctB (1) u
(2) u pasgzeanB ux na Az, noay-
YyHM:!

At Al Aty Al
Caffly, — - ¢ —= ¢ M, — +c—. (3
® BA1+ AT ¢ CAT+AT ()
Orciona

__Al/AT

cymg ¢ ¢
L = . B'ivg + — ] (4)
Al /AT me me

Ornowenue Af/ At npu At —
— () cTpeMHTCA K 3HaueHHIO TaH
reca yrJja HakjacHa ig ¢, Kaca-
TEeJbHOH K rpadHky 3aBHCHMO-
CTH  TEMIIEPATYPH CO/IEPXKIMOTO
KacTpIOJIH OT BpeMenH B TOUKe,
COOTBEeTCTBYIOLIEH  Temmeparype
t. OnpenennB 1o rpaduky 3Ha-
yenua tg ¢, M tg ¢, (puc. 319)
H NOACTAaBHB HX BMECTO OTHOIIE-
Hut Al/ At u AL/ At B (4),
NOJIYUHM:

¢~ 2,4 - 10° i/ (xr-K).

Tenepp HailizeMm yaeamHyIo T€D-
JOTY mnapQo6pasoBaHMsl CHHPTA.

8 3agas 164

t, A

°c

(1] r
A/ |

50 /¥
/

60 7
<

0 N

“CHENN

20

0= 20 30 40 30 7

Puc. 319
CorjlacHo  3aKOHY COXpaHeHHf!
SHepTHH
g- Aty = Am - A+ o (t, — £) X
X Aty (5)

rae Am — Macca nenapHBIIerocs
CIHpPTa, A — YyieabHaf Teniora
napooGpasoBanug cnHpTa, f, =
= 78" C — Temnmepatypa  KuIe-
HHA cnupTa (oHa onpeneasercs
no rpacuky). M3 ypasnenns (5)
HMeeM:
g —a (tx — t)
4
AmfAt,
[le CKOPOCTb HCIapeHus CIHpTa
paBHa
Am 0,35 kr
ATy 4D wmud

M3 pasenciBa (1), nojcraBuB B
Hero 3pauyeHHe f{=1{, m yuTH,

= 0,012 kr/mum.

At
4TG0 OTHOUHIEHHE ZST CTPEMHTCHA K
T

TAHreHCY HAKJQHA KacaTeJbHOH
K rpapuky ¢yukuuu (1) and
KaCTPIOJIM  C Bojioil B TOuke [ ==
= 78 °C, maxomuM TelJIooTja-
qy:

o (ti{——' to) =q (cBmB+ C) tg P3.
Yutd 310, MOXKHO HaHReHHoe
BBIpaXKEHHE /A YACJBHOA Ten-
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JoTe! napoofpa3oBaHHA CHOHpTa
sanHcaTh Tak:

A == Cpftty 4= €
Am/Av,

[ToncraBsuB B 3Ty dopMysy 3sHa-
YeHHSl BCeX H3BeCTHHIX BeJHYHH
W HaleHHoe H3 Tpajduka 3Haue-
uue tg @g, NOJYYHM:

A~ 900 xIx/kr.

306. Eciu Buawane o0a Be-
MEeCTBA B COCYAE HaXOASTCS B
rasoo6pa3HoM COCTOSTHHH, TO A@B-
JeHue B COCYAE PaBHO CyMMe
NaplUMaJbHBIX  JaBJeHHH Ta30B:

p = p+ po

tgps.

rae
RT RT
=y, — = N, —,
1 1 v, y Ps 2 v
[ToacTaBuB 3HAYEeHHd  BeJAHUMH

('vl = Vy = 0,05 MOJ]b, VO =
= 102 v®u T = 313 K), naines:
P1 = Pg = 1,3 - 10% [1a.

Takum  ofpasoM, p, >py H
pPs < pyg. Cil€llOBaTENIbHO, BTO-
poe BemecTBO HAaXOJAUTCH B raso-
oOpasHoM COCTOSIHMM ¥ €ro nap-
nMajpHoe JaBjieHne BHauaJe paB-
HO p,;, TNepBoe Ke BeuecTBo 4a-
CTHYHO CKOHJEHCHPOBAHO H €ro

napuuanbHOe . JaBJEHHE pPaBHo
P+ JlaBjenuwe e B cocyne
P
P~

l l

| |

! s

l |
S S 44—

l l [
0 V2 Vi Vo W

Puc. 320
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BHayajie paBHO
Py = Py + P2~ 2. 10¢ Ta.

Ilpu cxaTud ras’oB JaBJeHHe
MepBOro rasa OyneT ocTaBaThCs
HEH3MEHHBIM H DaBHBIM p,,,. [laB-

JeHHe »Ke BTOporo rasa npH Hs3o-
TEPMHYECKOM CrKaTuM 6yjer pac-
TH JAO T€X Nop, NOKA He CTaHer
PaBHBIM p,,. ITO NPOH30HAAET NpH
ofiveme cocyaa Vi, ynosaerBops-
POIEM  YPaBHEHHIO Menpene-
e Ba — Kuanefipona:

pHng = szTs

T. €. 11py

V1 — voRT

Pus

CneloBaresbHo,  JaBJeHHe B
cocyle  H30TEPpMHYEGCKH  YBeJH-
UHBAETCH IPH YMEHbIIEHHH O0b-
ema cocyza po 7,6 1. B panbneis-
lIeM  JaBJeHHe B COCyJe OCTa-
eTCcq TOCTOSHHBIM, PpPaBHBIM

P’ = pg -+ pus= 2,4 - 10*Ila.
I'pagur 3asscumoctd p (V) npn-
ReJIEH Ha pucyHKe 320,

Hafinem  Maccy  XHAKOCTH,
Koraza oGnem cocyjla paBeH

V, = 1 Vo= 3l

3 3
Tak Kak o0beMB KHJKOCTEH Ma-
Jb!{ TIO CPABHEHHIO C 0ObeMaMH ra-
30B, TO YUCJA MOJIEH BEIICCTB,
HAXOAMMMXCH B Traszoo6pasHoM
COCTOSIHMH,  PaBHBl  COOTBETCT-
BEHHO

vi=2uY2_ 9. 10 MO/,
RT

vy = PuaVy 2,2 - 107 MmoJib.
RT

~ 7,6 n.

CrnefpoBareJIbHO, B JXHIAKOM CO-

1
CTOSHHH HAXONMTICA WV — V; =
=4,1- 1072 wMoAs  1nepBoro

BeeCTBa H vg—’v; = 2,8 X



X 1072 moJb BTOpOro BelECTBa.
[TostoMy Macca KHIKOCTH B CO-
Cyme paBHa

1 1
m = (v, —vi) My+(v,—vo)M, =

~ 2,03 r.

307. O6o3naunm yepes U, Ha-
NpsAXKEHHE B KOHTAKTHOMU ceTd. IlpH
JABUXKEHHWH TpaMmBas 1o TOpH-
30HT4JbHOMY  Y4acTKy JOpOTH
MOHIHOCTB, MOTpeb/iAeMas ABH-
rateJeM OT ceTH, paBna U,l;.
HacTe 3TOH MOIMHOCTH TEpHET-
cA, T. €. HIeT Ha HarpeB oOMOT-
KA  JBHTaTeJs H KOHTAaKTHBIX
'TIPOBOJIOB. 3TAa 4acTb MOUIHOCTH

paBHa [iR (rne R — ofmee co-

nporusaenne nenu). Ilosromy
KI1 pasen
Uy — 3R
Uply 0

Tak kak TpamBall ABHKETCH C
TIOCTOSTHHOH  CKOPOCTBbIO, TO NO-
Jesnasa  momHocth MV /[, paBHa
aGCoMIOTHOMY  3HAYEHHIO MOILHO-
CTH  CUJ conpotusieHus Fu:

TIut}ll = FL‘U! (2)

Tle U — CKOpOCTb TpamBas.

[Ipn HXBHXEHWM BHH3 IO Ha-
KJOHHOMY VyYaCTKy C NOCTOsiH-
HOfi CKOpPOCTBIO U JABHI'aTeJb BhI-
KJI0YeH U alCoJIIOTHOE 3HAYEHHe
MOUIHOCTH  CHJI COINIPOTHBJICHHSA
F,u paBHO MOIIHOCTH CHJBI TH-
xectd  (puc. 321):

Fv=mgsina-uv, 3)

rIe G — YroJd HakJoHa TOpbl.
ConoctaBniaa  paBencTtBa (2) H
(3), noayuaem:

mgu sin o = nU I,. (4)

Ilpy JBHKEHHH BBEpPX MO 3TOMY
XKe Y9YacTKy Tophl SHEprus, no-
TpebsaseMasi H3 CETH, pPacxoay-
ercs Ha HarpeB TPOBOROB H CO-
BepmeHue pabornt NPOTHB CHJ
CONPOTHBJICHHSA W CHJBL THAMECTH.

8*

Iostomy
U1y = I3R + F.v + mgvsin a.(5)
YunteiBaa (2) u (4), MOXHO 3TO
ypaBHEHHE 33mMHCaTh TakK:
Upl = I3R + Uyl + 10Ul
HJIH
2 R

128
‘U

2+2‘1[1:0'
4]

Hafina u3 pasenctsa (1) ort-
HomenHe R/U, u TNojCTaBUB €ro
B TOCJEAHEE YpaBHEHHE, NOJY-
qyaeM:

I3 (1 —n) — I, + 20/ = 0. (§)

Hanee pemaeM 310 KBaipaTHOE

ypaBHeHHE  OTHOCHTENbHO [y
2
/= 11—_|~V 13 —8n(1—n /|
2 - .
2(l—n)
IloacTaBiasg  coga  HHCICHHHE

3HA4YEHU A BCEX BeanWuMH, HAXOIHM
JBa BO3MOXKHBIX 3Haue€HHA AJA

CHJIBL TOKa [,:
I, =765 A, I, =235 A.
Heognosnaunocts oTBETa CBA-
3aHa C TeM, YTo OJHa H Ta Xe
MOUIHOCTb  noTpebasfercsd  JBH-
rateasMH TPH IBYX pPas3JHYHBIX
MEXaHHYECKHX Harpyskax # co-
OTBETCTBEHHO NpM JBYX 3HAYCHHU-
AX CKOPOCTH BpauleHHs AKopA.
C noMouiblo PENYKTOPHHIX — Iie-
pejay 3Ta CKOPocTb BhibHpaeTcA
TaK, yToOB CHJa TOKa, NoTped-

JSIEMOTO JBMTraTes]ieM M3 ceTH, OHl-
Jla HauMenblieH H3 BO3MOXHBIX.

Puc. I
297
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Puc. 322

308. OGosnaunM uyepes x Ko-
OpAHHATY HEHTPa Macc OaJjkKu no
ropu3oHTasbHOH ocu. Hauano ko-
cpruHat (x = 0) polbepeM TakuM
o0pa3oM, UYTOOLI OHO COBIANaJO
C HeHTpoM wMacc O6aJkH, Korja
OH HAXOAMTCH TOCEpefuHe MeX-
JY OCAMH LHJIKHADPOB,

Ha 6Ganke co CTOpOHBI 1IMJHH-
IPOB JNCHCTBYIOT CHJIBI PEAKLHH
5 N N

N,y u N, u cunsl tpenus F; u

Fy, (puc. 322). Cymma npoeknu
CHJ Ha BEpTHKAJbHOE HampasJe-
HHE pAaBHA HYJIO:

N1+N2——mg=O,

rae m — Mmacca 6aaxky. Tak kax
Gaska B BEpTHKAJABHOH IJIOCKO-
CTH HE Bpallaercs, To

/ mg(-;—+x)_zv21=o;

M3 31MX ABYX paBeHCTB Haxo-
JUM:
—mofLl %
Nl - mg (2 / )s
= mg(~4 %
Nz—'mg(z"l‘l)- ()

BHauase Oajnka npocKasb3bl-
BaeT OTHOCHTENLHO IIHJIMHJPOB
H DO3TOMY

F=uyN; u F,=pN,.
3andiieM ypaBHEHHE JBHIKEHHS

228

6anKu:

ma = F; — F, = p (N; — Np)=
= —2umg -;f ©)

M3 »sToro ypaBHenus CJeRyer,

YyTO BHauaJe 0aJiKa JIBHIKETCH o
FApMOHHYECKOMY  3aKOHY

x = x, cos ¢
C 4aCT0TOH

== %:O —1
Q Vt D C

H aMIVIMTYIOH

Xp=—=2 M.

!
2
Tak, oapnaxo, 6aska GyjpeT ABH-
raTteCs 0 TOFO MOMEHTA BpeMeHH
{;,, Korja alcoJIoTHOe 3HayeHHe
NPOCKIIMA  CKOPOCTH O6ajku

v = —x,Q sin Q¢

HE CTaleT PaBHHIM  JIHHEHHOM
CKOPOCTH TOYEK o00oja MeHblie-
ro IUJHHApA

Ul = wr.
[lIccne 3TOro npockaJb3biBanue
MEXKAY 9TUM UHJAHHIApPOM H Oaj-

KOH TQIPEKpPAaTHTCs, CcuJa TPpeHHda
F, craHer cuJod TpeHUs IOKOA,
ypaBuoBemnBawomen  cuay Fi,
a 6an1ka OyneT HABHMTaThCs PaBHO-
MEPHO CO CKOPOCTBIO U == Uy =
= 0,6 w/c. TIlpupaBHsaB |v ({)]

u v, HailgeMm 3Havenue f4:
wr = x,8 sin Qf;,

1 . or 7T
{, =—arcsin {— | = —¢.
Q on 3
Koopannara x; uentpa Macc GaJ-
KH B 3TOT MOMEHT BPEMEHHM PaB-
Ha
Xy = x,c0s 2 =} 3 m

Tak Kak CHJa Mo -Mepe INpH-
6JHKEHHS LeHTpa Macc GaJKu K
HayaJly KoOpAMHAaT Fy yBe/HYH-



Baetcsi, N, yMeHblnaercsi, a Fo<g
< WN,, TO HACTYNHT TakoH Mo-

MeHT, Korjaa cuja F, JOCTHTHeT
CBOero MaKCHMaJbHOro  3Haue-
HHS M 3aTeM yXe He CMOXKET

ypaBHOBelHBaTh cuHay F;. 210
NPOH30HAET NPH TAKOM 3HAY®-
HHH KOOpAHHAThl IEHTpa Macc
0aJKH, TIpH KOTOPOM

HNl = F2-Mzucc = HNZ’

T. €. IIpH
Nl == Nz.

[MoncTtaBuB crona Beipaxenus (1)
aass Ny n N, malinem, uto 310
npousoiiaer npu x =0, T. e,
yepes Bpems

L=t + 51——;(%—{— 2]/:—3_)6%4,40
1 2

MocJse Hayazda IBHKEHHA 0alku.
Hauunaa ¢ MmomenTa Bpement ¢ =
= [, 6aJKa Oyner IpoCKa/b3bl-
BaTb  OTHOCHTEJIBHO LMWJIHHAPOB
B JABHXKeHHEe O6anaku Oyaer onaThb
NPOUCXOAHTh B COOTBETCTBHU C
ypaBHenneM (2). CrenoBatesbho,
9T0 3HA4YHT, u9To GalJlka onAaTh
OyzneT JABUTATBHCH MO apMOHUUE-
CKOMY  33KOHY ¢ uacroroi L.

HoByio aMnantyny x, kKojebGanni
6aJIKH  MOXKHO HafTH, 3HAS MAaK-
CHMaJbNyIlo CKopocThb  0aJgku,

KoTopasi paBHa v;. T1aK KakK
v = %,
10
1 v
Xp = — = 1 m.
Q

Ckopocts Oasiku Oymet Bcerja
MeHblIe JIHHEHHOH CKOpPOCTH 000-
na  Bouabuioro muaunapa. Ilo-
s3ToMy ©Oajika Bcerga 6yaer npo-
CKAJb3blBATh OTHOCHTENBHO 3TO-
ro nuanngpa. byger ona B naJjb-
HeHflleM npocKaab3biBaTh H OT-
HOCUTEJILHO MaJoro  [HJHHAPA,
TAK KaK CKopoctb Oanku Oyper
JOCTHraTh  3HAUEHHUA U; TOJBKO
B MOMEHT IIPOXOXKIEHHS HEHTPOM
mMace OaJKu TNOJOXKEHHHA pPaBHO-
Becus (x = 0). CienoatenbHO, C
MOMEHTa ¢, Oanka OyJeT cosep-
mare  rapMOHHYecKHe KoJsela-
HUST C 4yacToToH & W aMIVIHTYHOH

xo = 1 m. T'padmk 3aBucHMOCTH
KOOPAHHATH lieHTpa macc Gajiku
OT BpPEMEHH TIOKAa33aH Ha PHCYH-
Ke 323,

309. B orcyrcTBHEe MATHHTHO-
ro II0JIS CTEPXKeHb COBePHIaJg Obl
FapMOHHYECKHE KoJeGaHHsl OKO-
JIO TIOJIOXEHHS paBHOBECHS, IpPH
KOTOPOM  YAJIMHEHHE TPYKHHBI
Al, TakoBo, 4TO cuJa YNPyro-
CTH  ypaBHOBeweHna CHJI0H TA-

Puc. 323
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IKECTH:
k- Al = mg,
OTKyZa

m
Al, ==&,
R
YpaBuenne BHxkeHHS OalKH
3anHIIeTCs TaK:
mg — kAl = ma,

rae Al — yanuHeHye INpYRKHHBL
Beens o6o3Havenue

Al = Al -+ x
(rae X -—— CMeUleHHe CTepXKHA H3

MOJICKEeHH paBHOBecH), DOJy-
qUM:

ma = —Kkx, (1)
D10  ypaBHEHHE COOTBETCTBYET

rapMOHHYECKHM KoJe0aHH AM CTep-
¥HA € 4acTOToH

W = ]/f’_
m
PaccmoTpuM  Teneph, Xak Gy-

AET BJHATb HAa JBHXKEHHE CTEPXK-
B MAarHutaoe noJe. B maraut-

HOM TI0JI€  IBHXKYUWMICH CTep-
XKeHb CTAHOBHTCHA  HCTOUHHKOM
21C:

& = evBl.

Sta J/IC onpeneaser Hanpsxe-
HHE 3apANKH KoHJACHCATopa. 3a-
pAlL KoniaeHcatopa Oyner paBeH

g = Cé& = CevBl.
Ilpu u3meHeHnn CKOPOCTH U CTep-
xusl wmenserca 2/1C & u, caefo-
BaTEJbHO, 3apsl KOHJEHCATOopa
g. Tlostomy no nenm waer TOK

=Y ocBI & = eCBI,
At Al

Te a — YCKOPEHHE CTepxKiA.
Ilpn  BO3HMKHOBEHHH 3TOrO TOKA
HAa CTEpXKEHB B MAarHMUTHOM ToJIe
JEeHCTBYET CuJa

F = BIl = eaBP°C.
230

IIpn ABHXKEHHH CTEPXKHA BBepX
K TIOJIOMEHH!O PaBHOBECHS CKO-
pOCTb CTEPKHS H, CJAEAOBATE]b-
Ho, 2/1C HHAYKIMH, 8 TAKXKE 3a-
pPAL KOHJIEHCaTopa YBEJIHYMBa-
lorcqa. HanpasneHwe ToKa B 1ie-
NH ONpeneaseTcss HanpasJeHHEM
DHC. CornacHo 3akKoHy Jlenua
TOK B HENH HANpasJeH TaK, YTO
CO3JaHHOE KM MArHHTHOE II0.1€
KOMIOEHCUPYET  M3MEHEHHE Mar-
HIITHOTO  HOTOKAa 4epe3 KOHTYD,
T. €. VHAYKUMA MarHuTHOro no-
JI5 STOTO TOKAa HAampaBJeHa B Ty
K€ CTOPOHY, YTO W HHAYKUHSA
BHEIUHero nojad. B jajabHeiiem
IpH JABIIKEHHH CTePXKHA  BBEpX
OT TOJIOKEHHS PaBHOBECHS CKo-
pocts ctepxkus u DC  ymensb-
matored. [lostomy Hnanpasienne
TOKa ONpenensaeTcs  NoJADPHO-
CTBIO  Pa3PKAIOMErocsl KOHIEH-
caropa W NPOTHBOMOJIOXKHO Ha-
MpapJeHHio Toka, HabJonaBe-
Mycqd B TIPeABIAYLIEM CJydYae.
D10 HamnpaBjeHHe TOKa CoXpa-
HUTCA  NpH JBHXKEHHH CTEPXKHA
BHH3 K TNOJOXKEHHK paBHOReCHS
(KOHAEHCATOp B 3To Bpemsa Oyrner
3apsAXKATECA) W ONATbH HM3MEHHT-
Cfi Ha NPOTHBOIOJOXKHOE B MO-
MEHT NPOXCKIEHN A CTEPXKHEM I1O-
JOXKEHHS pPABHOBECHA.
ITpocsen:B nasnee 3a Hanpas.ie-

HHEeM CHJbI F u ero H3MeHenuew,

—
MBI yOeanmces, uto cuaa F o Bcerna
HanpaB/ieHa K MOJOXKEHHIO paB-
rjoBecus crepxng. Cienosartesib-
HO, €€ TPOeKHHs1 OTPULIATe/IbHA
npu x >0 u NOJOXKMTENbHA TPH
x < 0 (puc. 324).

Tenepb MOXKHO 3amUcaTh ypas-
HEeHHE  JBHXKEHHS CTepXHA B
MATHHTHOM TiOJ€:

ma = —kx — eaB**C,
M
(m + eB**C)a = —kx.



Taxkoli BHA YypaBHEHHS JBHIKe-
HUA [OKaskBaeT, YTO Ha/jgHuue
MarHUTHOTO TIOJIl PaBHOL EGHHO
H3MEHEHHIO0 MacChl CTepXkKHA, KO-
TOpHIi GyleT coBeplarh rapMo-
HUYeCKHe Kosie€aHHusl ¢ YacTeToH

w0 = V k .
m + eB22C

310. Cobupaercst YCTZHOBKA 1O
cxeme, TpPHBEIEHHOH Ha pPHCYH-
Ke 325 (crepxeHp  Maccoil m
MCIOJb3Yercsl KakK paluar; npus-
M4  YCTaHaB/JIuBaeTCd TNOJ UEH-
TpoM Mmacc ctepxkuf). M3 yemosus
PaBHOBECHSI pBIYAra onpene.ises!

OTHOHIEHHE MaAcC my ¥ M,
mlgll — mygl, = 0,

Mol (1)

my ’

Hanee onyckaem rpys maccoi
m, B cTakaH ¢ BonoH. He name-
HAA IJIe40 CHJBI Mg, YBEJIHYH-
BaeM miaedo Cui (m,g — F,) 1o

YCTAHOBJIEHHS PaBHOBECHS PHI-
uara (puc. 326).

Vcnonb3ya  ycoBue pasHOBe-
CHSl pHYara, TmnoJy4aem:

mgly — (my — pVgl: = 0. (2)

O6weM BTOpOrO rpysa V, Jierko
ONpeAeauTbs C TOMOUIBLI) H3MEDH-
TENbHOTO nMJuuapa. M3 ypasie-
auit (1) 1 (2) HaxoauM MacChl
TPY30B my H my!

1
pValy pV.zlé, l,
My = ————my Ty == ——— -2,
[2 I [2 I2 - [2 11
Maccy m, crepxua MoxHO

ONPEJEauTh, YPaBHOBECHB CTep-
¥EHb TPY30M H3BECTHOR MacCH
(m, WM m,), KaK MOKA3aHO Ha
pHcyHKe 327,

[lo yc/oBHIO pAaBHOBECHSI pbI-
gara

m,gL, — mgl;, = 0, (3)

L L

|

Puc. 326

Puc. 327

OTKYAa
n, Ly
my == .
L2
311. Tlomemaem oOGpasen ape-
BECHOH  TNOpPOARl B H3MEPHTEJIb-
HHIH LUAJHHAP € BOJOH Tak, 4To-
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" 6ul oH NJiaBan B Heii. C nomoulbio
Kpiouka TnorpysuMm ofpasen B
BOAY noJmocTeio. HMamepus na-
yaJibHbli  o0bem Boabl V, (puc.
328, a) U ypoBHH BOAbBl B H3Me-
putenbioM wuaduape Vi u V, B
OMHCAHHBIX ONbITax (puc. 328,
O, 6), MOXKHO OYPENETHTb IJIOT-
HOCTh JipeBeckHbl p. Il nepBoro
OnBITA MOMHO 3aMUCATh:

mg = py (V1 — V(})g! (1)

rae m — macca obpasua, p,—
IJIOTHOCTL  BOABl. [Iy1g  BTOpOTO
OTBITA HMeeM:

Mz ypasuenuit (1) u (2) nonyuum:
£ (V‘.Z - V(}) = Py (Vl - Vo):

0 = o (V, — Vo)
Vz - VB
Takum ke oOpazoM MOKHO
ONpeLeJUTb  IJIOTHOCTH BTO-
“ —
==
. —p—
e -~
a ] 6
Puc. 328

Puc. 329
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poro o6pasua gpesecHHb. Ilo

TabJune  onpegejasiioT NOPoOAy
Ka:XKJI0ro M3 o0pasuos.
Ins  onpenesenus  IJIOTHO-

CTH pacTBopa MeJHOro Kynopoca
ONYCKAIOT B MEH3YPKY € PacTBo-
poMm (puc. 329) o6pasen, AJds
KOTOPOTO B NEPBOM ONBITE ObLIA
onpenenena macca m = p, (Vy —
— V,). Hs ycroBusa nuaBaHHA
Tead TNOJAYYHM:

mg = (Vi — V)08,
rae V, n V' — oGbembl, cooTBET-
CTBYIOUWIH® HAYajJbHOMY M KO-

HEYHOMY  YPOBHSM  pacTBopa
mMenHoro Kynopoca. Otciona

m - P (Vi — Vo)
Vl _— Vﬁ Vl - VG

312. lna KaxKzuoft U3 SJIEKTpPH-
YeCcKHX peneHd, coCTaBafAeMblX NO
CXeMaM, TPEACTaBJACHHbIM Ha pH-

cynkax 330, 331, 332 u 333, mox-
HO 3anucate 3akoH Owma:

§=1,(r+ Rs+R), (1

£=12(r+RA+Rx)’ (2)
E=10+Ra +R+ R)), 3

Pr =

RR
¢ =1I,[r+R £ 4
( TR+ R + Ry ) *
Pemast  COBMECTHO ypaBHe-

uua (1), (2) n (3) nimm (1), (2) n
(4), MOXKHO OIpPEAeJHTbL HEH3-
BECTHHIE TNIapaMeTpbl JEeKTpHYe-

CKOH IIeIH:
&, rum R,
JIisi  CONMpOTHBJIEHHSH PE3HCTO-

pa R, nosnydaeM M3 ypaBHeHHi
(1), (2), (3) BHpaxeHue
_ Rl Us—1)

AT ®

a u3 ypasuenuit (1), (2) u (4) —
BLIpaXKEHHe ,

_ I —1)
Re=RY pisry  ©




I'pauuna OTHOCHTEJbHOH TIO-
FPELIHOCTH TpH ompeneseHHn R,
no ¢gopmyne (5) pasha

ep, = &1, T &y + & 8y,

a NPH noJjb30BaHuH  (OPMYJICH

(6) —

Cry =

(&), + &, + &,
+ ;1)

Takum obpasom, nenecoobpas-
Hee TMpHMEHSTb CXEeMbI [0 pPH-
cyikam 330, 331, 333. Dbouee
TOUHBIH  pe3y/bTaT MOXKHO II0-
JY4UTb, COCTaBJAsis  Lemu IO
cXeMaM,  [peACTaB/JeHHBIM HA
pucyHkax 334 u 33b:

(R + R = (R, + Ra)ls,

OTKYJa

2O | =

ol L=, ol
Ry =R—2+R, ~—*~R-.
/ { /
2 2 1
'panuna  oTHOCUTENBHOW IO-
TPEIIBOCTH  HOJyYaeTcs cyule-

CTBEHEHO MeHbLIeH:
Er,~ &, + &,
1 2

313. Ecan BeIIpAMHUTENb ABYX-
AONYOEPUOAHbIH, TO OTHOLUEHHE
aMILIATYHOro  Haupsikenusa U,
K JeficrByomwemy U, takoe xe,
KdK Y CHHYCOHMJAJIBHOTO  TOKa:

Yy
Uy

Jl1si  OjHONONYNEePUOAHOTO Bbi-
ApsAMHTeNs  JEHCTBYIOULEE 3Ha-
geHHe CHJIB ToKa B }/2 pas
MeHbLIe, Ye€M B CJyyae CHHYCO-
UIAaNbHOTO TOKA.

CnenoBarenibHo, sl ONHOIIO-
JIYAEPHOJHOTO BBIOPSMHTEISA

-

I/ITaK, A4 YCTaHOBJACHHU S THHa

BBINIPAMHUTEJ/IA COCTaBHM HEHb

& |
i} i}
Rx
—B—"- B
Puc. 330 Pue. 331

Puc. 332 Puc, 333

&

L

Rx

Puc. 335
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o CxeMme, INpeACTaBJeHHOR Ha
pucyuke 336. Kouaencarop 6oJib-

IOH  eMKOCTH  3apsiKaercsi Jo
aMIIATYAHOIO  3Ha4yeHus. Tak
KaKk [0 YCJOBHIO KOHIEHCATOP

He yCrieBaeT CYLUIECTBEHHO pas-
PAAUTBCS, TO HaNpsiXKeHHe Ha
HeM paBHO aMIUIUTYAHOMY 3Ha-
yepHwo U,.

KoJaudecTBo TenJaoTbl, Bbije-
Jsiolleecsl HarpeBaresieM R, 3a
BpeMsl T, paBHO

Uﬁ
Q, = —T.
R,

HarpeBareas Ry noax.oded He-
NOCPEACTBEHHO K BHINP AMHTENIO,
H 33 TO K€ BpeMA T OH BBIJEJHT
KOJIHYECTRO TeIJIOTH

Inox npemoTepamiaer paspsaxky
KoHJenucaropa depes BBINPSIMHU-
Tesib. Tak KaK KajsopHMeTpbl OJ1-
HAKGBBHL, TO

Q _C-At vz

P

Qg C. Afz U“

o

HJAH

Takum o06pasoMm, ecju BpIIPS-
MHTE1b  JIBYXMOJYNEPHOAHBIH, TO

Y

Puc. 336

a ecsH  OJHOMOJYHEPHUOAHBIH, TO
Aty

— T —

At, 4

Tak Kak pasjuuue BO3MOMKHBIX
pe3yJipTaroB 3Ha4yuTe/NbHOE (BO3-
MOXKHBIE 3HAYeHHSl OTHOLUEHHS
TeMOepaTyp OTJHYAIOTCH B JABa
pasa), To yuer TemnoobmeHa 1
JAPYTHX  [OPHYHH NOTPeLIHocTeild
u3MepeHuil He o6sA3aTesneH: Ot-
BeT Becerja OYIET OJHO3HAYeH.
314. Koapdbnuuenr npenomne-
HHSL CIeKJa MOXKHO OINpPEAeJHuTh
pa3HbIMH CHOOCO0AaMH, HCOOJbL3YA
NONYIMAHHADP Kak JuH3y. OnHa-
KO 3TH CI10co0Obl Ja10T CYILeCTBEH-
HYl0  OOTPeWHOCTb, TaK Kak
MOJYUMAHHAP  HEAB3A CHHMTATh
TOHKOH JmH30#. HanGonee Tou-
Hblfi croco® ocHOBaH Ha HCIOJb-
30BaHU{ SABJEHHA IOJHOIO OTpa-
XKeHus. JIydu, HAyIHe MO paguy-
caM, BBIXOJAT U3 CTeKJA 0e3 orpa-

sxenusi.  CnejoBatesibHo, eCJH
NPOBeCTH  HA MaTOBOM CTeKJe
NpsAMYI0 JIMHHIO U YCTAaHOBUTD

NOAYUMJARHAP TaK, 4TOOBI cepe-
JMHa OCHOBAHUS MNOJYUHHJIUHApA
COBNAJMA ¢ 3TOH JIMHHEH, TO npu
OTpeie/IEeHHOM I10JI0XKEHUH Iv1as3a
3epKanbHasi 006J1aCTb  MOJHOTO
OTpaxKeHusi JOXOAUT [0 MpOBe-
Jennoll  Juunu (puc. 337). Tou-
ka O nepecraer ObITb BHIHMOII,
TaK KaK [POUCXOAUT HOJHOe OT-
pakenye.

11 u3MepeHuss MNpeAebHOIO
yrjia [MafeHus Jyda & MOCTaBUM
Juneiixy AB BepTHKaAbHO H B
Touke A nomectuMm raas. Hawme-
psasi  paccrosinust b u I, onpexe-
UM

l
t a — Y
g h
OueBu HO, HTO
. l
sino. =
ViEL kR

[lo 3akoHy npejiom/eHHS CBeTa
JJIS1 CPEeR, «BO3AYX ~— CTEKJIO» 3Ha-



yeHHe MpejeJLHOr0 YIvia paBHO
. 1
sing = —,
ng
ChenosateJbHO,

1 _ Vi2+he

e = ~
sina [

MoxxHO  mpoBecTH eme ORHO
HaMepenue, 3Had noKasareJib
npeJOMJaeHHsT BOA®l n,. B 3tom
cJyJae Ha MaroBO€ CTEKJO Clle-
AyeT HaJHTb HeMHOro BOJHL H,
NOCTaBUB  NOJAYUUJIMHAD,  H3-
MEpUTL Sin oy:

nB nB

singy = -, fHe= ——,
. ' Sin '11

315. Ilpexpe Bcero  Haiigem
— -

CKOPOCTH Uy U U, ToweX A; n A,
(puc. 338). Taxk Kak Bce pomObl,
obpasyemble CTepPIKHAMH, M0A0D-
Iibl, TO OTHOIUEHHE UX AHAaroHaneH
DABHO OTHOILICHUIO JJIMH CTOPOH:

LL]OA]i . fA1A2| . [AQAQF == 3:2:1.

TakoBo e OTHOLUIeHHE H3MeHe-
HHM  JJHH 3TUX JUaroHaleH.
Yeom agauda auaroHanu  A.A,
n3Menurcsl na Al, To pnvna aMa-
rodami A; A, uamenurtcst na 2Al,
a pauHa avaronamd A A; — Ha
3Al. Tipu 3TOM PpaccTofiHUe MeX-
ny Toukamu A, U Ag M3MEHHTCH Ha

AL = Al 4 2A1 4 3Al = 6AL
C apyroft CTOpOHHL,

AL = y,t.
CrenosareJbHO,
6Al =, - Af, Al=-ly - AL
)
Cxopoctu ToukH A; paBuhl
3AL g | B

O, = — = — D, = —0

1 Al 9 ' 1 9 0r
a CKOPOCTb TOYKH A, —

JAL + 2Al 5> ~ 5 =

At 6

i

Tenepb  mafinem ckopocTh u,
ToukH B;. Touka B, aphxercs
[0 OKPYXHOCTH paniycom A,B,
C neHtpom B Touke A,. CrepoBa-

TEJIbHO, CKOPOCTD 1
xynsipua A,B;.
JKeHb Blﬁl

repIieH Jiu-
Taxk kak crep-
HepacTsKHM,  TO
MPOCKIHH CKOpOCTeH Touek B,
U A, Ha HampaBaeHue CTepKHSA
JOMKHBL  ObITh  GAMHAKOBEIMH.
O6o3nauum vepes ¢ yron A B 4,;
TOTA2 MOXKHO 3amHcaTh:

u cos(n = v c:o‘s(jt )
1 CO5¢ P) 15 2/

b

OTKY J1a

[Tpu ¢ = 7/2, poayunm:
WV 2
ul — '—"4—'—-

4
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316. B6an3u 3eMad Kanas mna-
IAeT pPaBHOMEPHO CO CKOPOCTbIO

U, U CHJIH, ACHCTBYIOIIME HA Hee,
ypaBHOBELIHMBAIOT APYr Jpyra:
mg = Feonp,
HJIH
mg = ow,,

rae m - macca Kamig, o -— KO-
5h¢uureHT npoNOPHHOHANBHOCTH
B 3aBHCUMOCTH F,,, = av.

[Ipu nBHIKeHHU KaIid ¢ YCKO-

peHUEM Q@ uMeeM:
ma = mg — F,,, = mg — ov,.

Orciofa

m U

o g—a
IosTomy

m g

9.2 g—aqa
Cnen, ocraBrenHpii Kamgefi ua
CTeKJe,  HMeeT  HaMpaBJjeHHe
BEKTOPZ CKOPOCTH U, Kamiu 8
CHCTEME OTCUeTa, JBUXKYIIECH
CO CKOPOCTHIO 4 aBTOMOOH/IA,

B 310l cucreme otcuera (puc. 339)

— -

I'lostomy

u=v,tga=10v, - tgg~
g—a

~ 15 mjc = 54 &

q
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Urak, ckopoctb  aBTOMOOHJIS
MeHbLIE MaKCHMaJbHO HONYCTH-
MOH.

317. B TeueHue mnepBoTC MOpoO-
MEXKYTKa BpEMEHH T; MPOJOJIKH-
TeabnocToio 50 MHH Jen Tasd.
3arem BOI4 HadaJja HaTPeBaThCA,
Ofo3nayumM 4epe3 g KOJHYECTBO
TEILVIOTEL,  N0JYy4aeMo€ COCyaoM
OT OKpYXKawomed cpelpt 3a 1 c.
Torna 3a Bpema Ar, CoCcyA To-

Ay4aeT  KOJHYECTBO  TEMJIOTLI
g - Ar,. [loaromy
mh = g - A1y, (1)

rie m — macca
rpeBaHHH BOALI

Me - Al =g Aty (2)
rne Af — y3MEHeHHE Temiepaty-

pol Boab 3a Bpemsi At,. M3 pa-
pects (1) un (2) noayunum:

apra. [lpu na-

Me Af
m="" At (3)

A AT,
W3 rpadpuka BuaHo, 4T ecjM
At, = 10 wun, 10 Af=2°C.

[lopcraBasia B (3) 2nauenne Bejd-
UuH, TOJYUYAM:
10kr - 4200 1ok . gr—1. K—1

m = : X
3,4-10% JIx . ket

. R
% 2K . 50 muu _ 1’24 KT

10 muH

318. Ilpu orCcyTrcTBHM  TOKa
yepe3 pesuctop R1 Hanpsxenue
U, Ha pesucrope R3 101KHO OBITD,
paeHo U;. Tak Kak pesHCTOPBI
R2 w R3 Br/MoYeHbl ApHU 5TOM MO-
cJenoBare/bHo, TO

Ul = U& = U2 R3a
Ry + Ry
HJIH
Uy _ Ry
) + Ry

319. AganoruuHo pemeHHIo 3a-
Aaun 315 omnpexensieM CKOPOCTH



hadd -

v, MU, Touek A, u A,

Vg Yo

v, = — — e

Ve 2

Jas onpexeneHus CKOPOCTH TOU-
Ki B, yao6HO paccMOTpeTb ee

ABHXKeHHUEe B CHCTEME 0oTCHYeT4a,

JBHXKYLIEHCH CO CKOPOCTBIO 1.
B a10#1 cucreme orcuera Touka A
HeIoJBH:KHa, a TouKa A, ABHIKET-
CSl CO CKOPOCTbIO

Ug = Uy — 0y, WM

CxropocTh # TOYKH B, nepnengu-
KyaspHa crepxHio A;B, u pas-
Ha [0 MOLYJIO

’ U2 UO

Li2= = .

2«:05-—(Il 6cos-(E-
2 2

B HenoABH;KHOH CHCTeMe OTcUYeTa

CKOPOCTh #; TOUKH B, BbIpakaer-
Csl TakK:

-

Ilpy ¢ = /2 wmoayab BeKTOpa
U, PaBeH
' Uy
, == ———
2 3y72

a TPOEKIMH BEKTOpa up Ha OCH
koopaunar OX u OY (puc. 340)
NPHHHMAIOT 3HAYEHHS:

’ 4/
Uy, = Uy -+ 1, €05 45°= —

U )

1.0 0
T e 3’
r . O U
Uy, = U, SIN 45° = -1
ITo?TOoMYy

__ 2 9 ___Ung
Uy = V02x+v2y _——6_’

Y\
0 3
Pic. 340
v
tga = _3’ == --I-.
Uy 2

320. CropocTb aBTOMOGHJIA Ha-
XOJUTCH  TakuM ke o00pasoM,
Kak B 3afiade 316. Ho mpu stom
YUHTBIBAETCSH, 4TO CHJI4 COMPOTHB-
JIeHUs HPONOPUMOHAJibHA KBaA-
paty CKOPOCTHU:

Feonp = a®,

CKOpocTb KalJH Yy 3eMJIH B 9TOM
ciayyae Oyner paBHa

ngvll/ g
g—-a

a CKOpoCTh aBTOMOOUJIS —
u="v, tg a =~ 23,5 m/c =~ 85 km/u.

Ona Oyaer 60Jblle MakCHMAaJb-
HO JONYCTHMOR.

321. Ecan Obl Hanp noBepXHO-
CTBbIO JbJa HaXOAMJICH HAaCHIUEH-
HBIl [ap, TO B Jen nomnaxalo
Ol 3a Bpemsi Af Takoe e KO-
YecTBO  MOJIEKYJ Z, Kakoe Io-
KHlaeT ero 3a 310 BpeMms. llo-
STOMY

|

n

+ Af

N
H

l

X

VBES-AL
7=V

ivln
2

|

O | ==
5

rjie

Uy

2/ J

e
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~— cpeJHee KBaJpaTHYHOe 3Ha-
yeHHe MOZYJs HPOEKUHH CKO-
POCTH MoJIeKyJb Ha ocb 0X, nmep-
MEHJUKYJIAPHYI0  NOBEPXHOCTH

Jbjla, U — TeIJIoBasi CKOPOCTh
MOJIEKYJ mapa Opd TeMmnepary-
P
pe T, n-—-'-k—;l,— KOHIIEHTpa-
IIMsl  MOJEeKya mnapa, S — io-
lafb OTKPBITOH  MOBEPXHOCTH
appa. (fenoBatenvHO, 3a Bpems

At ucnapsiercs
Z
V= — (1)
Na

MoJel bjaa. Macca Am ucrapus-
lieTocsi JbjJa paBHA

— M= L Mg
Am = vM 2pHVR_TSAt,(2)

Ofpasywouuicss  nap
Al VHOCUT UMIIYJBC

Am - v= —é—pHS- At.  (3)

TlostomMy na Jem W, CJefoBarelib-

3a BpeMms

HO, Ha KOCMOHaBTa JeHCTBYeT
peakTHBHas CuJa
Am. v 1
F = = —p.S. 4
At g Pa @

Dra cugaa coobiaeT KOCMOHABTY
yCKOpEHHe

a= L 05 (5)

My 2my

JIBHrasicb ¢ TAKUM YCKODEHHEM,
KOCMOHABT JOCTHrHEeT KOpabiis
3a BpeMs

{ =

21 _ dmyl
2t V . ®

[Tonarasi, uTC guUaMeTp CTaKaHa
paBeH 7 cM, Hafpem:

S—-—4——-38 10—° M2,

Moxcraeassi B ¢opmyay (6) sua-
YeHHSI  BEIMYHH, IMOJYUYHM;

t~1,4.108C.

310, OIHAKO, CIpPaBeNIHBO, €CJIH
Jex He HCMapuTCs 3a MeHblIee
BpeMsi. [IpuHKMMaa Maccy JabAa m
B cTakaHe pasHoi 0,2 kr, onpe-
JeNHM Bpemda [y ucrnapeHus Jabja:

= n — 6,7 - 103
nS ) ar

Takum oOpasoMm, f, > £ Crejo-

BaT€NIbHO, KOCMOHABT  MOXKET
AOCTHYb  KOpabip 3a Bpemd
t~1,4- 10° ¢ = 23,3 muH.
[IpoekT  oOkasniBaeTcs  BIIOJIHE
peasibHbIM.
322. byaem  CuMTaTh,  UTO

1eb HACTOJBKO Yy3Ka, U4T0 pac-
CTOSIHUe, Ha KOTOPOM TOJIUHHA
Iyuyka 3aMeTHO MeHsiercs (Ha-
nmpuMep, B jiBa pasa), MHOTO 60.b-
1€ WupHuHLl wean d,. B sTom cay-

yae MOKHO CUUTaATh, YTO MYHOK
IpeACTaBaseT Ccoboll  MJOCKONa-
pa/VIeNIbHYI0  3apAKeHHYI0 Illa-
CTMHY, CO3Jalonmylo 3JeKTpHue-
CKOe T10Je ¢ HalpsaKEHHOCTHIO
E="C,
2,

rie o — IUIOTHOCTh 3apsijla Ha
IJ1aCTHHe, PaBHAg OTHOILEHHIO 3a-
psiia @ yuacTka I[1acTHHBI K ILIO-
majgn S »Toro yuacrxa. Tak Kak

Q = enSd,,
TO
o = end,.
CaenoBaTteqdbHO,
E — end,
2g,
B 3sroM 10Je Ha 3JEKTPOH Yy

Kpasl [yuka JAeHCTBYeT cHula
F = eE,
coobinalomiasi eMy B HampabJie-

HUH, TEPHEHAUKYJISAPDHOM K Nyd-
Ky, YCKOpE€HHE



a= —
m 2m.~a0

IIIlupuHa nyuka ymBouTCH, KOI-

Jia SJIEKTpOH HPOHAET C 3THM

dy

yCKOpeHHeM paccrosnue

T. €. yepe3 MPOMEKYTOK BPEMEHH

= ]/'fi_o_z- V%om.
a en

B1oJb HanpasieHus NMyuKa JeK-
TPOH 32 3TO BpeMs YAAJHTCA OT
e Ha paccTosiHUe

l=uvt=10 VQSO’"NQS CM.

e?n

323. Hanpsixkenune U,
Jie BpIpaxkaeTrcs Tak:

Uﬂ.: U—le_fRz,

rane [ — cusa ToKa B uenu, U —
HANMpsXEHHE Ha noAwcax HCTod-
ruka. Otciona

[ U=Us 0

Ri + Ry

C Apyron CTOpOHBI, HallpsKEHue
Ha JHOJE M MpOTEeKawllas Mo He-
MY CHJIa TOK@ JOJKHBI COOTBET-
CTBOBaTb  BOJbT-aMIIEpHON  Xa-
pakrepuctike  auwoma [ (Uy)
(puc. 120). IlosTomMy HampsikeHue
Ha JMOAE M CHJa TOKa B LEeNH
OnpeNeNsOTCS TOUKAMH IIepece-
vegusi rpaduxoB [ (U;) c Ha-
IPY30YHBIMU [PSAMBIMH, ONpee-
asempiMH  ypaBHenuem (1). Ilo-
CTPOMM 3TH NpAMBIE JJd Tpex
TeMIlepaTyp OKpyxKaiome# cpembl
(puc. 341), yunteiBasi, 4TO MpH
{p = 25 °C mHanpskeHue HCTOU-
unka U = 6 B, npu Temmepary-
pe #, = 125 °C ono paBHO

Ul =U +“_(t1 mt2) - 815 B,

Ha JHO-

a npu Temneparype f; = —60 °C
OHO PaBHO

Usg =U .-—(z —1,) = 3,875 B.

mi .
15 2 A
o g )
1.|0 T
¢ ~
:”'F‘i-..‘ﬁ 4
05 A=
2 _?f s
' e

0O 02 04 06 08 10 12 UB
Puc. 341
[To rpadmgy Haiigem aas f =

= 25 °C 3nauenus U, u I (pa-
604yI0 TOUKY AUOAA):

U, = 08B, I =1nA.

Hanpsixenne U,, Mexay ToY-

kamu A u B pasHO

U— IR =
VaMmeneHne 3TOTO HalPSAXKER:A
AU ,, npu H3MEHEHHH TemIepa-
Typbi Ha Af paBHO

AUAB = -—'AI * Rl,

a uameHenne Hanpsokenust U ,g{7)

IIPH H3MEHEHHH TeMIepaTypbl Ha
1°C  paBnoO

Upg =

At

2R
T oA

Us rpaduka BHAHO, ¥TO 3aBHCH-

mocte J (f) Tpu TeMmeparypax
OT fg A0 !, NpaKTHYECKH JVHEHHA

H
g{ 0,84MA
At 185K

=~ 0, 0046




<o L ]
Puc. 342
[TosTOMY
AU
AB 00046 ’“I’(—A . BkOm=
— 0,023 2
K
H

AU
Ugp () = U 5+ —ﬁi (t;— 1.

324, Pakern!  JABHXYTCS 1O
snsincaM. Toyka UX Crapra Co-
OTBETCTBYeT MHHHMaJBHOMY pac-
CTOSHUIO OT LeHTpa 3eMJId, a TOY-
Ka OpOuTHI, Jexallada Haj AHa-
MeTPasblio NPOTHBONOJIOKHON TOY-
Kol 3emsn, — anorero  OpOUTHL
B 3THX TOUKaX CKOPOCTH PaxeTdl
MeprneHAnKy/AspHa OpsamMoil, npo-
BeJeHHOH W3 IeHTpa 3eMIH K
opbute. OGo3Hauum yepes L jUTH-
HY OGoJaplodi ocu opfutel. Tor-
Ja MaxcHMa/JbHO® paccTosHue §
MeXAy  pakeraMd (puc. 342)

paBHO
s = 2L — 2R,.

[Tepuon T ofpanieHusi paxkeThl
no opbure pasen 2t. Ecau ne-
puon ofpzmeHuss [0 KPYTOBOH
opbute pazuyca R, oB03HAYMTDH
yepe3 7y, To corsnacHo 111 3akoHy
Kennepa

L 3
T2 9 |’
T{  \Rs,

240

OTKYAa

L-om, /[T

Tak kak HeHTpoOCTpeMHUTeNbHOe
YyCKOpeHHe CHYTHHKA, ABHXKYINE-
rocst 110 KPYTroBOU opOuTE pajuy-
ca R, paBHO g, 10 g = &’Rj;.

o g

[Toatomy
— Ay
L =2R, }/ g~ BBRy

S = 9,2R; ~ 5,9-10* rm.

325. [lupysop mpeacrasasier
cofoli  NPYKUHHBIE MAsATHHK, U
ero pesoHaHCHas [UKJIHYEeCcKas
yacToTa paBHA

W VE 0

rAe k, — JKeCTKOCTb YIPYTo# CH-
crembl auddyzopa. Orcroaa

k, = w2m. (2)

0 ¢

Korpa rpoMKOTOBOPHTEND nno-
MeIlalT B SIIHK, TO IPH CMelle-
HUM  Juddysopa  OT MONTOKEHHS
paBHOBeCHs] Ha Hero JelCTBYyer

JONONHUTEAblasA  CHJa
F = (p—p,y)S, (3)
rjie p — jaBjdeHHe  BO3AyXa B

sIUKe, a p, — armoccdepHoe Las-
JeHUe BHE Amuka. Tak KaK TeM-

mepaTrypa BO3AYXa B sIUUKe He
MEHSIeTCH, TO o 3aKoHY bohas —
Mapuorra
pV = p,Vy,
WJIH
_ PoVs
p v
[TopcraBnss  3TO BHIpPa)kKeHUE B
¢opmyay (3), moayyaem:
F=psSt—t — (g



Tak kak
V,— V= 8x,
rae x — cmemeHnne nudpdysopa, TO
2
Vo

(BBHAY TOrO 4TO U3MeHeHHE 0o0be-
Ma MaJlo, ApHHMaeM B 3HaMeHa-
Tene V = V,). Us a10il  (popmy.inl
cJeAyeT, 4TO BO3AYX B SAUKE
JeliCTByeT  MONOCHO MOpYXKHHE C
JKEeCTKOCTBIO
_ PoS?
kl e Vo .
JKECTKOCTb YHpPYIon CH-
paBHa

Otmasn
CTEMBI

4 pe30HaHCHas YacToTa v IM(dy-
30pa —

V= -—I—V-E—z =~
on¥ m V 0_l"4:n2V o
~ 115 T'u.

326. Moct Oyner clalaHCHPO-
BaH M uepe3 rajpbBaHoMeTp He Oy-
JeT WJATH TOK, eCJAH Mexay Ha-
NpsIKEHUSIMU  Ha pesucropax Oy-
AEeT COOTHOIUIEeHHE

Uy _ Uy |
U, U; (M
Tak kak
Ulza12$ .-:]R! U3=[R,
) U4 == 0512,
TO ycaoBue (1) MOXKHO 3amucaThb
TakK:
or]2 IR
IR ocl2
Otcrona 2
= -, 2
5 @
CnesoBaTeqbHO,
Uy = U+ Us=0ol>+ Rl =
R2
= 2 =,
o

327. B ycramosuBmeMca  pe-
Kume oba auopna sanepTsl H 9e-
pes kounencaropu C, u Cp NpO-
TEKaeT OJWHAKOBLII NepeMeHHBIH
ToK. CiefoBarennHo,

UIC}.O) == UzCz(l),
HJH
UICI = Uzcz, (1)

rie U; U Uy — amnauryaer  ne-
DEMEHHOI'O HAlpSIKEHHS] HAa KOH-
aedcatopax C; u Cp. Kpome ne-
peMEHHOil  coCTas/foWed, Ha
KoHJeHcaTopaXx OyJer u mnocro-
SIHHAaA COCTABJsIOMas HampsixkKe-
HUS, OJUHAKOBAs IO MOAYMIO, HO
C pa3HbiMH 3Hakamy. O603HAYUB
MOCTOSIHHYIO  COCTaBJSAIOMLYIO 4e-
pea U,, monyuum:

U. = U, cos of — U,,

U. = Uscos of 4 U,,
OTKYZAA4
U. +U = U, cos wf, (2)
r,ﬁe U, = U + Uy, Yursi, uro

CiU, = CyU,,

noJydaemM:
Ul 0 U‘.Z Cl—j—cg 0

Cy -Gy
CaefioBaTe/lbHO,

o= ——q—#U cos wf — U,
c,+c

U.___

C2

U,cosof +-Us. (3)

C,1Cy
Tak xak offia auoja 2aneprtbl, TO
UC‘ < 0, UC.2 > 0. (4)

STH  HEpaBeHCTBa JAOJKHbBI Bbl-
NOJNHATBCA COBMeCTHO. [loCKOMb-
KY 10 ycaoBuio 3ajgaud Cgo >
> C;, TO HOCTaTOYHO MOTpEGO-
BaTb  BLINIOJHEHHS TIPH 00X
anayeHusix ¢t HepaseHcTBa U, <

£ 0. 2ro ycaoBue  Oyner
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eCJ/IH

~ &y U, =0,

BbI{IOJIHATHCH ,

q+c
OTKyZa

C,
&yl O

OKOanTeﬂbHo A0J1y YU M:

Uy =

U= C;—I-C —2_ U, (cos wf — 1),
o= C; + C —_(C, cosan 4 Cy).
[paguuecky  3TH 3aBUCHUMOCTH

IpeACTaBIeHpl Ha pHCYHKe 343.

328. Ilpenebpexem  paciluvpe-
HiieM Hyuyka H OyAeM CYUTaTh,
yYTO pa3Mep 3afuMKa CoOBlajaaer
¢ pasMepom  3epkaja. B atom
clyyae  OCBEUIEHHOCTb 3aifiuMka
paBHa ocBemenHocTH £, sepkadna.

(OcBelweHHoCTb [ITHA  [IpH Ha-
JOXECHHH #  3al4YMKOB  paBHA

CpaBHUM 3TV OCBEmIEHHOCTD C
OCBEIHEHHOCTBIO B (OKaNbHON MJIO-

CKOCTH JWH3b. Ha JuH3Y no-
NazaeT CBETOBOH IMOTOK
2
O =S8E,=—E,.
Huamerp uzobpaxenus CouHia

B OKAJbLHOH IUVIOCKOCTH JIMH3BI

Puc. 343
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paBeH

D = Fa.
[TosTomy ocBewenHocTb HaoOpa-
JKeHWs1 paBHa
g o_ A0 _ E.d @)
2 np2 F2o2
Haligem  oTHOomenHe OCBeILEH-
HocTeH R = =1:
Ey
nkFag2
k= ~ 0,1.
dZ

3T0 ©3Hadaer, 4TO MOJy4aemad
C MOMOINBIO A TJIOCKUX  3epKal
OCBElIeHHOCTL MEeHbIe OCBeLleH-
HoctH  u3ofpamxenusi Connna B
(pOKaJIbHOH TJIOCKOCTH  JIHH3HL.
CrnenoBare/IbHO, YKa3aHHOE B yC-
JIOBUM 33Jladd YHCJIO BOMHOB He-
JIOCTAaTOYHO JJisi TOTO, 4YTOOBI 3a-
Keub  Kopabilb.

329. Jra 3apaua no cojepxa-
HHI0 OJu3ka K 3ajnaue 158. B
obeux 3ajayax HeoOXOJMMO Mpej-
JAOKHTBb MeTod u3aMmepenusi KI171
HaKJOHHOH IJIOCKOCTH W MCC/exRo-
BaTb 3asHcumocTb KIT ot yroa
HAaKJOHA ¢ WJM BBICOTHI A nipH
NOCTOAHHOH  JAAliHE  HAKJOHHOM
mrockoctH {. B KauecTBe f0MNo.I-
HUTENbHOTO 3ajaHus lipejpiara-
eTc  [OJYYEHHYIO TeopeTHue-
CKYIO 3aBHCHMOCTD

l+uctga
HJH

h
h+pyYE=he
CPaBHHTb C 3KCIEPHUMEHTAJbLHO
MOJYYEHHOR 3aBHCHMOCTBIO.
330. Inst BoimoJsiHeHHs 3anxa-

T} =

- HHUA CJIeAYET C NOMOIILBIO Pphidara

CpPaBHUTb MA4CCHI HMEIOUIUXCH B
0o00OpYJOBaHUH JBYX MeTaJynge-
CKUX Ted U yOeauThCsl, YTO OHH
paBHpl. [lnotHocTh p, HensBect-
HOH  KHIKOCTH MOXHC oOlpeje-



JMHTb,  NPOHU3BEAST CJEAYIOULHE
JiBa OMHITA.

. 3akpenus onun 6pycox Ha
PeiYare Ha paccrosiHHH R, OT
OCH €ro BpalleHHsi, ONyCKaloT
BTOPOH OPYCOK, NOABEIICHHBIN Ha
ADYTOM Tmieye pniyara, B BOAY.
Mamensas pamny naewa [, BrO-
poro Opycka, YpaBHOBEMIHBAIOT
peiyar (puc. 344).

2. HMaBnekaioT BTopoit GpycoK
H3 BOABI H OINYCKAIOT €r0 B HC-

CAEAYEMYIO0 KHAKOCTb, He H3Me-
Had JVIMHY IUIeua [/; TIePBOTO
OpycKa. YpaBHOBecHB  phlyar,

H3MEPAIT MLJIHHY Iuieya [ CO
CTOpPOHBI  BTOPOro Opycka (pHc.
345). [Janee 3anuchiBanoT YCIO-
BHfA PaBHOBECHS phlyara B 060MX

CIHITAX:
mgl = (mg — F)ls,

mgl, = (mg — FA2)1'3.

Pemwasi sty cucremv ypasue-
Hyil M YUHTRIBAA, YTO
—_— J— 7
FA, - pOVg’ F,q: - prg

(rze p, ¥ P, — IUVIOTHOCTH BOJHI
H HCCAeAYEeMOH KMIKOCTH, a V —
ofbeM BTOpOrc Opycka), MOJy-
UHM:

mg (I, — ) = Povglz,
mg (I3 — 1)) = p, Vgl

Paszgesnus nepsoe vpapuenue Ha
BTOpOe, HMeeM:

L— 1 _. Poly

Iy =1y Oily '

OTKyJa
LU, —1y

la (b~ 1y)

[TocKONMbKY TOYHOCTE H3MEpPEeHHs
ILIOTHOCTH @, 3aBUCHT OT pas-
HOCTH JJMHH nved [y — [, u [y —
— 1, 17151 ee YBEJIHUEHHS CJENYeT

OIlyCKaTb B XKHIKOCTH OpYycoK
foabiero obwema.

Pe == Po

Puc. 344
lf ZJ
——— = -
> ——
#ﬁ:'rng
Puc. 345

331. OnpejenieHue  noepxHO-
CTHOTO HATsKEeHHS HEH3BeCTHOHR
JKMJKOCTH  MOJXKHO IIDOBECTH He-
CKOJBKUMH criocofamu. PaccmoTte
pPHM JABa H3 HHX.

1. TlycTs oOnmHH H3 NIPEeAJOKeH=
HBIX TpY30B (M) uUMeeT IIOCKCE
OCHOBaHKE H CmauHBaercs obe-
UMH JKHIKOCTSIMH. & DaBHOBECHM
PYy3bl M, 4 My HA ppiyare (puc. 346)
H 3alnuyileM yCJOBHE 3TOr0 PaB-
HOBECHS:

mygly = mygls. (1)

He usmensns mieuya [;, ONYCTHM
rpy3 € IJIOCKHM OCHOBAaHHEM B
Boly H OyneM yBeJHUHBaTh IL1€YO
CHJIBI Mpg JO T€X HOp, MOKa He
NPOH30OIIET OTPHIB  Tpy3a 1y
OT NOBEPXHOCTH BOABL. 3areM H3-
mepsieM JVIHHY 1Jieda [l CHIH
Mmsg H 3aNHChIBAEM YCJIOBHE paB-
HOBECHA pbiuara JJIs 3TOro Cjay-
yag (puc. 347):
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Puc. 347
Lo Le
C ~ ——1
m,g
Puc. 348
(mg + F ), magly. (2)
[focrynass aHanorM4yHo ¢ HEH3-

BeCTHOH »KHAKOCTBIO (pHC. 348),
MoNiydaeM ypaBHEHHE

(g - Fy)ly = maygly.  (3)

B stux pasenctax F, u F,—

CHJBI  TOBEPXHOCTHOTO  HaTsiKe-
HHSI, paBHbIe

F,=oL,F_=o,.l,

rie 0, U O, — NOBEPXHOCTHLIE Ha-
TAXKEHHSI BOIM H HEH3BECTHOH
HKHAKOCTH, L — jpmMHA rpaHHLBL

244

NOBEPXHOCTHOTO CJI0A TIPH OTPHI-
Be rpysa. 13 ypasuennil (1) u (2)
NOJIYYHM  paABEHCTBO

O Ll = myg (Is— 1), (4)

a u3 ypaBuenud (1) u (3) — papen-
CTBO
0. Ll = mog (I4 — 13). (D)

Pemas coBmecTHO ypaBHeHHs
(4) u (b), naxoaum:
‘ Iy — 1,
L,— 1,

[loiyuennoe BhIpaKeHHe CHpa-
BeAJIMBO, €CAM JJIMHA TpaHHIlL
NOBEPXHOCTHOro cnost L B ofoux
caydasiX OfuHakKoBa. 310 Oyier,
€CJIH MPOHCXCHHT TIOJIHOE CMa-
yuBaHWe [rpy3a m, OOeUMH KH-
JKOCTSIMH M eC/Id  yCJ/IOBUSA OTPhbI-
Ba Tpy3a B oCoHX C/Aydadx OfH-

0, = 0,

HAKOBbI (HE JOJMKHCG OhITh Nepe-
Koca).
2. Bropoii cnoco6 usmepeHus

TIOBEPXHOCTHOTG  HATSIXKEHUST OC-
HOBAH Ha CPaBHEHHHU BBICOT H,
u hy MNONHATHA BOJBI H HCCAELY-
€MOH KUJIKOCTH B CTEKJSHHOM
Kanusaspe. lIpeanosious mnon-
HYI0 CMayuBaeMOCTb CTEKJa obe-
HMH JKMJKOCTSIMH, MOXKHO 3ari-
carTh:

/’l1 — _%' hg _ 20, ’
Pol7 P &

rae P, H P, — IVIOTHOCTH  BOJH
M HUCCACNYyeMOH KHIKOCTH, 7 ~—
paguyc xanaaaapa. Orciona

o0
g.=0 .
* o hipo

Bricorel iy H hsy ONpeNeasorTcd
NpsAMBIM  H3MepeHueM, a, OTHO-
IeHHe IVIOTHOCTEH p,/p, o}lpe,qe-
JSIIOT ¢ MOMOUILIO phiyara, npu-
MEHAS METOAMKY, ONHCAHHYIO B
zajgaye 330. :

332. IInss uccaegoBaHHA CXe-
MBI «UEPHOIO sIHKa» HauOo/ee



1ejecoobpasHo  COCTaBHTh  J€K-
TPHYECKYIO LeNb No cXeme, Npu-
BEIEHHOH Ha pucyHKe 349.

I'lpu MenneHHOM JBHXKEHHH IOJI-
3yHa TIOTEHLUOMETpa BBEpX II0
PHCYHKY TPOHCXOIHT yBeJHye-
HHE HaNpsKEHHS Ha 3a)KuMax
AB.

[lpu onHOW MOJAPHOCTH BKJIO-
UCeHHSI HCTOYHHKA TOKa Jamna Jl,
HauYHHAET CBETHThCS  PaHbIIE,
yeM Jamna J1;. JIMmb npu padtb-
HedIeM  IOBBUIUEHHM HallpsiKe-
Husa U,, HayHHaer ropeTb H

Jamna Jl;; Aanee Hakaial ofeHXx
JIAMII TIPAKTHUYECKH BHIPABHHBAET-
cd, 4YTC roBopuT 006 yMEHblle-
HHU CONPOTHBIEHHS «YEPHOIC SILLH-
Ka» IPHU BO3PACTaHHU CHJbI TOKA,
T. €. 0 TOM, UTC «UePHbIi ZIIHK»
COACPKHUT HeJHHEHHbIH 3JIEMEHT,

Ilpu  apyroi TNIOJISIPHOCTH
JaMmna Jl, TaxkxKe HauHHaeT CBeE-
THTbCA TIPH MEHbIIEM HANPSIKe-
HHM, 4YeM Jamna J;; namna Ji,
He CBeTUTCSl JAaxke TIpH 3Hauil-
TEJBHOM TMOBBLIICHHH  HANpsKe:
nust U,,, 4TO TOBOPUT © GOMb-

LIOM  CONPOTHBJIEHHH  «HEPHOTO
SIUKA» TPU TOM HaNpasB/IeHHH
TOKA.

Takum ofpa3oM, MOXKHO cje-
JIaTh BbIBOJ O HAJHUMH B «4E€PHOM
giyuKey aucojga. OnHaKO OpH Jalib-
HEHLIeM VBEJIHUeHHH HanpsiKeHHs
L0 KpuTHueckoro suauenusi U,
JAamna JI, BCOLIXHBAET, a IPKOCTb
HaKana Jamiel JI, HeMHOro yobi-
BaeT., ITO CBMIETeNLCTBYET O TOM,
YTO IPH ONPEJEeCHHOM HalpsKe-
HHH JHOJ «IipoGuBaeTcsi», T. €,
€ro COMNpPOTHUBJAEHHE CKaiyKOM CTa-
HOBHTCSl CYILLeCTBEHHO MEHBLIHM,
Uucnenroe zHauenue Uy, MOXKHO
OLEHHTL N0 GopmyTe

U[{p = Uo %!

rje X — pAacCTiOsiHHE OT HHIKHeH

m

M2
(% >
Puc, 349
Ik
o r—Q@-

v, 1 A
X @)ﬂz
9
j2c . o
Puc. 350

TOYKY HaMOTKH peocrdara 10 €ro
nosf3yHa, [ -— Bca JAJMMHA  Ha-
MOTKH peoctara. Jrta ¢Gopmyia
CIipaBe;JIMBA TpH YCAOBHH, YTO
COUPOTHUBMEIIME BHEWHEH  LeNH
GoJbllie  CONPOTHBJICHHS Yy4acTKa
peocrara ¢ IANHHOH HAMOTKH X.
B paccmarpuBaemoMm caydae co-
IIPOTHBAECHHE JiaMIIBl PaBHO

6,3B
= 2" = 2] Om .
R 1= 5 >R,
AHAJOTHUHBIM  CTIOCOOOM MOXK-

HO pacCuuTaTb HAMNPSAKEHHE, IPH

KOTOPOM BhbiDaBHHBAeTCSl Hakan
obepX JaMn B J[IEepPBOM  OMBITE.
TloBTOpUB oneiT U y6eiuB-

IIHCh, YTO AHOJ CHOBA HCIIpABEH,
MOXKHC CHenath BhIBoJ 06 ofpa-
THMOCTH «1poboss. ITO 3HAYHT,
4TO B «YEPHOM SiLLIHKE» HAXOAKUTCS
He OObIYHBIA JAHOA, a cTabH/IH-

TPCH.
Urobsl  npoBEpHTHL 3TO Npe-
NONOXKEHKWE, Hano cobpaTh Lielb

o CXeMme, NpPUBEJEHHOH HAa pH-
cynke 350,
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IIpn yBeaHUECHMM HANPSIIKEHHS
U ,p HaKaJIR 00eHxX JaMn MOHO-

TOHHO  BO3PacTalT, OCTaBasiCh
OJJMHAKOBEIMH.  (CleZoBaTeNLHO,
TOK Yepe3 «UYepHBIH ALHK» He
nporekaeT. [Ilocse JoCTHKeHHS
Hanpsokenuem U,, onpejencH-

HOTO 3HaYeHHs HaKal JiaMisl JIq,
¢ pocrom Hampskenus U, mpo-

JOJIXKaeT Bo3pactarb, B TO BpeMs
Kax Hakal Jamnel Jl, NpakTHue-
CKH HE H3MEHseTCs.

[Io pesyapTaram MpOBEREHHBIX
ONBLITOB MOXKHO OIpeNeSUTh XOX
BOJNBLT-aMIEPHOH  XapaKTepPHCTH-
Ku  crabuautpoHa (puc. 351).

333. 1. Tloaknouas ©®a Bxon
npecbpazoBarensa curnanos (I1C)
regeparop (I'3), cospaiomuii cH-

I

Psc. 351

uj

I

Puc. 352
246

HYCOHJIaJIbHOE HanpsiKeHue, |
NPECOSHHHUB  BHIXOJX Iipeolpa-
30BaT&Id K BXOZY 3J€KTPOHHOTO
ocupstorpaga (20), MOXKHO 1O
KapTuHe, HabmofaeMoH Ha 9K-
pane ocuu/aiaorpaga, yCTaHOBUTS,
UTO JAAHHBIH  npeobpasoBaTesb
IpeBPAACT CHHYCOHJAJILHEIE KO-
JAebanHud B KOPOTKHE HMIYJLCHI,
IpHYeM [epHOJ CJAeAOBAHHA HM-
MyJbCOB TOYHO paBEH NEPHOLY
CHHYCOHJANbHBIX KonebaHui.

2. Insa onpemeneHHss HHAVK-
THEHOCTH L, KarylmlkKH Hajgo co-
CTABUTh  JICKTPHUYECKYIO HEINb
Mo CcxeMe, I[pHBEJECHHOH Ha pi-.
cyuke 124, HMmnynesc Toka u3
[IC zapsaxaer xonaeHcatop C,
U B KOHTYpe L, C BO3HHKAIOT B/IeK-
TpOMarHUTHEIE  KojnebaHuA, Ko-
TOpLIE B CBA3H C HaJHYHEM B
KOHType H NpeobpasoBarese ak-
THBHOI'O  COTIPOTHBJICHHS SIBJISI-
I0TCs 3aryxarouwumMHi. IHa skpane
ocuusiiorpaga 3ToT NPOLLECC BhI-
TJASAHT NPUMEPHO TaK, KakK IMNo-
KazaHo Ha pucyHke 352. Ha pu-
CYHKe OTMedeHnl nepuaon 7; cJje-
JIOBaHUSA  HUMIYJBRCCB, KOTOPbIi
MOXHO  OMpENeHTh MO IKa.Je
regeparopa [ 3 M HCKOMBIH Ie-
puoa T, 3aryXxawomHux JMekrpo-
MAarHUTHBIX KOJIeGaHHH B KOHTYpE.

Jlanee ciienyer npou3BecTH Noj-
CYeT YHCJIAa TapMOHUK N MEXAY
IBYMSI  HOCTEN0BATeNbHBIMH HM-
NMyJILCAMH H PACCYATATD HCKOMYIO
YacTOTY KOJIe0aHHH B KOHTYpe:

T,= %‘, vy = HVy.

3Has 4acToTy v, MOXKHO, IOAb-

3yach (Jopmynonn Tomcona
1 \
Vyg = —ee———,
2ny L,C

ONpeJe/THTh HCKOMYIO HHIVKTHB-
Hocth L (x):



rie C — H3BecTHas ©MKOCTb KOH-
JAeHcaTopa.

3. B Tpernem 3ajanuH BMECTO
KOHTYpa nOJKaIyaJcs CPOMKOrO-
BopHTeNnb., Juddysop rpoMmkoro-
BODHTENIA Ha yNpPyroM KpemJeHuH

ABJISIETCA  MeXaHUYecKoH KoJie-
OareapHoit cucremoii. Korza s
I'DOMKOTOBOPHTEJh TIOIAeTCsI

JCKTPHYECKHH HUMNYJIbC, IqU-
(y30p HAYHHAET COBEPILATH Me-
XaHHYECKHE 3aTyXawuue KoJje-
Oanusi ¢ CcoOCTBEHHOMH YacTOTOH
©,. Ho TaK Kax Karyimka rpoMm-
KOTOBOPHTENS HAXCIUTCsi B TO-
CTOSIHHOM  MAarHWTHOM  TOJe,
B HeHl HHAYUHPYETCA MNepeMeHHas
24C ¢ uacroroii ®,. Criocofom,
AHaJOTHYHBIM OMMCAHHOMY B 3d-
JaHHH 2, MOXKHO OHPEN&JIHTL ua-
CTOTY  COOCTBEHHBIX KOJIe0aHUH
JHdGbY30pa  TPOMKOTOBOPHTENA,
HJIH, YTO TOXKE caMoe, €0 pe3cHancC-
HYI0 4acToTy.

334. 1. MoKHO  NIPENTIOKHTD
JBa MPOCTHIX H B TO K€ BpEMHA
TOUHBIX CTOCo0a NOCTPOCHUS XO-
g2 JIy4eH B NpO3PAyHOH NPAMO-
YIOoJIbHOH TJIACTHHE.

TlepBbifi U3 HEX COCTOUT B CJie-
aviomeM. IlracruHy knagyr Ha
MHJJIHMETPOBYIO Oymary, ouyep-
YMBAIOT TPaHHIy €€ HHXKHeH rpa-
HH MJIACTHHKH H JAeJalT METKY
Ha BePTHKAJAbHOH rpaHH. [lis
ya00CTBA COBMEILEHHS 3TOH MeT-
K# ¢ BhIOpAHHKIMH 32 IVIACTHHKON
JEHMSMH  2KeJaTeNMbHO 3arHyTh
MH/THMETPOBYIO OyMmary Tax, Kax
noKasaHo Ha pucynke 3b53. Ia-
Jiee, Bensi HaOMOZEHUS CKBO3b
IJIACTHHY,  CTaBHTb TOYKY Ha
FOPU3OHTAMbLHOM YyyacTke OyMa-
I'H TIepeJi IJIaCTHHKOH Tak, 4Tobbl
9Ta TOYKa, MeTKa H OAHA U3 Bep-
THKaJbHbLIX JHHHH MHJJIHMETPO-
BOii GyMaru nepekpbiBajlHch (OnH-
CAHHbIH METOJ aHAJNIOTHYEH 11KO/Ib-
HOfi JsabopatropHod  paGore 1o

o e — - —— —_———— e
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ONpERCNEHHI0  oKasaTeasl TIpes
JOMJICHHS C HCIHOJb30BanHEM Oy-

JIABOK]).
Yraw onpenensitoTcsi Ha OCHOB@

npocTefiHX TPHTOHOMETPHUYECKHX
dopmya (puc. 354):

a _d
ctga = > ctgp -
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A

Puc, 356

Ha ocroBanuH no/TyYeHHBIX paH-
HBIX CTPOAT TpaduK 3aBHCHMOCT!!
yrJia npeJdomsieHus P OT yria ma-
IoeHust (puc. 35D) H ompeaensior
noKazare/b MpPEICMJIACHHUS 71 Mpu
pasauyHbIX yriax napeHusi. Hau-
Gosee TOUHBIE PE3YJ/IbTATHl NOMYUA-
I0TCA A yIoJIOB najeHus ot 30
0 60°.

¥Yron npesomienus f, npu yrae
nagenus o, = 90° MoxKHO ompe-
JEJHTb 110 Tpauky NyTeM 3Kc-

TPAnoOMANMH HJH K€ PacCYHTATh
no ¢opmyJe

Py = arc sin L

n
2. TlocraBuB  mnJacTHHY  Ha
MHJTHMETPOBYIO  OyMary, 1po-
BoAsAT Ha Gymare uepry Ha pac-
CTOSIHMM @ OT HuxKHero pebpa A
miactuHel (puc. 356). 3aTtem mia-
CTHHY CABUTAIOT Tax, YTOOHI Off-
Ha MOJOBHHA YepThl HAaXOuJaach
110/, Helt, a Jpyras NoJIOBHHA OCTa-
Baslacb He3akpeiToi. Habmoxas
NPOBEACHHYIO uepTy 4Yepe3 Bepx-
Hee peOpo B mnacTHHBI Tak, 4ToO--
6bl OHO COBMECTHJIOCH C uszobpa-
JKEHHEM UYEepTHl, OTMEYalT BHJIH-
MO€ TIOJNIOXKEHHE uepThl H H3Meps-
10T paccTosinue b po Hee oT peb-
pa A. VI3 pucyuka 356 BUAHO, 4YTO

b

:i—’

rge d -— BbICOTAa  TMACTHHBL. Vi3
9THX BBIPAXKEHHH HAaXOJAT 3Ha-
yeHHA YIJIOB NajeHusi (o) U Ipe-
aomnenust  (P).

a
thC——- E& tgﬁ""



XV BCECOIO3HAS OJMIMMNUALA

B ampene 1981 r. B r. TamkenTe COCTOANCA 3aKMIOYHTENLHEI TYP
XV BcecoosHolt (H3MYECKOH OMHMMNHANLI INKOJBHHKOB. IIpHBOXIM
HEKOTOPbBIE U3 NPeIaraBLMXxcsi Ha 3TOM Type 3ajad.

BbIYUCNUTENDLHLIE 3AOAYM

1. (8 ki.). HeGonpuiol mapuK ABHXKETCs C NOCTOSIHHOR CKOPOCTHIO
Up MO IV1aJKOH TOPH30HTANLHOH MOBEPXHOCTH M MONAZaeT B HEKOTOPOH
TOYKE CBOEH TPACKTOPDHH B UNHIHHIPHYECKHH BEPTHKAJJBHBIE KOJOJHELL
rayouHoil A u paaHyca R. BeKTOp CKOPOCTH IHAPHKa COCTaBJSIET
yroJa o ¢ AHaMeTPOM KoJICoRua, NPOXoAsiuieM uepes 3Ty Touky. Ilpu ka-
KOM COOTHOLICHUM MEKAY R, H, Uy H o0 LIaPHK NoCae YIpYyrux coyjnape-
HU# CO CTEHKaMH H JHOM KOJIORUA CMOXKET K3 HEro «BuibpaThCsiy?

[Tpumeuvanue. I[lpu ynpyrom yaape niapuxka © CreHKY MO-
AYNb CKOPOCTH HE H3MEHAETCSH, a YroJ TajeHHs paBeH yILAy orpa-
KEHUES.

2. (9—10 ka.). I'opH30oHTaNBHO pPaCHONOMKEHHBIH NHIAHHAPHYECKHIT
TEIVIOH30JHPOBaHHbd cocyn ofbema V, = 100 n, 3anonHeHHuiil re-
JIHeM, pasjieseH Ha JBE YacTH TEIVIOHENPOHUIAEMbIM HOPLUHEM, KOTO-
Pbiif MO>KeT nepemeuiarscs 6e3 TpeHusi. I'azy, HaxoAAmeMycsa B JeBOH
YacTH CoCyaa, coobwaioT KomuyecTBO Temnotel AQ == 100 k. Haifitu
H3MeHeHHe JIaBJeHHs B cocyne K TOMY MOMEHTY, KOrja HopineHb nepe-
craeT ABHLAThCS.

3. (9 kn.). s HccnenoBaHWsST CBOMCTB HENMWHEHHOIC pe3ucTopa
OblT NPOM3BEIEH PsiA KCNEepUMEHTOB. BHauase Oblia HeCAenoBaHa 3d-
BUCHMOCTh CONPOTHBJ/IEHKSI pe3ucropa oT temneparypsl. [Ipu poctuxke-
HUM TeMmnepatrypu f#; = 100 °C conpoTuBjieHHe PE3UCTOpa CKAUuKOM
yBeJHuHJA0Ch OT Ry == 50 Om 10 R = 100 OM; npu oxnaxkieHuu pesH-
CTopa €ro COMPOTHBJEHHE U3MEHHJIOCh CKaukoM oT R, = 100 Om no
Ri = 50 OM B MOMEHT JOCTHXKEeHHS TeMmpepatyphl f, = 99 °C.

Bo BTOpPOM onbIT€ K PE3UCTOPY NPHJIOMKH/IH IOCTOSIHHOE Hanpsxe-
rHe U, = 60 B; npu sToM ero ycranoBHBIIAsiCSl TeMneparypa OKasa-
Jachb paBHoii f; = 80 °C. Haxkorel, Korja K pe3sHCTOPY IPHJIOKHUIH
nocrosinnoe Hanpsxkenue Uy, = 80 B, B 11eny BO3HHKIH CaMONPOH3BOJIb-
Hbie KosieGanus Toka. Onpenenure neprof T 9TuX KoaeOaHHH, a TaKxke
MakKCHMAaJbHOE H MHHHMAJIbHOE 3HAueHUs ToKa. TeMneparypa Bo3pyxa
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B JlabopaTopnH IOCTOsiHHA ¥ paBHa [, = 20 °C. Tenaoornaua ot pesu-
CTOpPa MPONOPIHOHANHEHA PA3HOCTH TeMIleparyp pesHcropa ¥ OKpyxa-
IOLEro BO3AyXa.

4. (9 xn.). B TabaHue npuBefeHb SKCNEPHMEHTANbHEE JaHHBIE 00
VAESALHOH TENJIOEMKOCTH € H MOAAPHOH Macce M HEKOTOPLIX METaJJIOB.
Ha ocnoBanuu 3THX JaHHBEIX YCTaHOBHTB HEKOTOPYIO (PH3HUECKYIO 3a-
KOHOMEPHOCTb H, NOJb3YSCh €10, ONPENeNHTh HefocTamue B Tabnuie
3HAyeHHst BeMHYLH AJIS1 KeJe3a, MarHHs H THTaHa. Y HUBepcalibHas ra-
30Bas nocrosuuas R = 8,31 Jix/(Mons-K).

C, M, Cy M,
BemecTBo | s o8 2K [ x 10-3 KT || Bemectso % 108 SR | X 10— KT
Kre K MOJb Kre K MONL
CepeGpo 0,238 107 Jlutuh 0,352 7
Amovuyuit 0,90 27 Maruuit — 24
3onoto 0,128 197 Huxess 0,43 60
Bucmyr 0,132 209 [natuna 0,131 196
Ka6 aibr 0,417 59 Turan — 48
Mean 0,383 64 Banagufi 0,484 51
JKeseso 0,447 —_

B. (10 ka.). Pakera 3anyuiesa ¢ noBepxXHOCTH 3eMJH BEPTHKATBLHO
BBEPX C MEPBOH KOCMHUYECKOA CKOPOCTBIO H BO3BpallaeTcss Ha 3eMmlIio
HefaJIeKo oT Mecra cTapTa. CKOAbKO BpeMeHH OHAa HaXOJH/JIach B noJe-
Te? Paguyc 3emnu R, = 6400 k.

IIpumeuanue. [lnowans 3maunca ¢ nonyocsaMu a v b BHYMC-
Jaerca 1o dopmyne S = nab.

6. (10 xn.). O6vekTuB Teneckona I'eitia umeer jpuamerp D =
== 200 cM u ¢okycHoe paccrositne F == 160 m. TeJleckon Hcnoab3yercs
Aag poTtorpapHpoBaHHS HCKYCCTEEHHOTO CIYTHHKA 3e€MJIH, HMEIOLIEro
zuaMerp d = 200 cM H Haxoasumerocs Ha paccrossauu L = 320 kM.
Ha xakoM paccrostHuH OT ¢oKyca oGBbeKTHBA AOMKHA OBITH Pacmoso-
xeHa QoTonsacTuHKa? KakuM Gyger pasmep H306paxKeHHsT HCKYCCTBEH.
HOro cnyrHuka? KakoB auameTp pasMBITHX (HecGOKYCHPOBAHHBIX
H300paeHHH 3Be3l Ha dororpaduu?

SKCNEPUMEHTANBHLIE 3AAAYM

1. (8 kn.). OnpenenuTe MOWIHOCTL HATpEBaTEN .

Ilpuboper u mamepuass:: HCTOYHHK MOCTOsIHHOTO ToKa (10 32 B),
LHMWJIHHAD U3MEPUTENbHEIA C HOCHKOM (MeH3Yypka) Ha 250 mJ, Boxa, Ha-
rpesarennb, tepMomerp (ot 0 mo 100 °C), coemuuuTeNnHBG npoBoja,
KNI04, CEKYHAOMEDP, MHVIHMETpOBas Gymara JJisl HOCTPOeH s rpadHKOB.
¥YaenpHas TenvtoeMKocTb BoAn ¢ = 4200 JIx/(kr-K).

2. (9 xa.). Onpenenure 3apsAj Ha O0KMafikax KOHAEHCATOPA NPH Ha-
npsokenuu 40 B.

Ilpubope: u mamepuass:: KOHAEHCATOP, MHKpOaMiiepMerp, pesH-
€TOp, CEeKYHIAOMEpP, NepeKIIYyaTensh.
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3. (9 kn1.). Onpejenute YASALHYIO TENIOEMKOCTh HEH3BECTHOR
AKHJAKOCTH, 3HAs YAESMbHYIO TEIVIOEMKOCTb BOJbL. [IpH pemennn sapaan
JKHILKOCTH HeJIb3s CMELIVBATh.

Hpuboper u mamepuaisl: BOAA, HEU3BECTHAS XHIKOCTb, Ka/lOPH-
MeTp, BECHI yueGHbIE H pa3HOBEC K HUM, 3JAE€KTPOMNIHTKA, ¢UALTPOBANL-
Hasi Gymara, Tefa H3 BEIECTBA C HEM3BECTHOH YAENLHOH TENVIOEMKO-
CTBIO.

4. (10 ka1.). OnpejienTe HEAYKTHBHOCTD H aKTHBHOE CONPOTHBICHHE
JDOCCENISI C KEJe3HbIM CEpPIEYHHKOM,

Ipubopsr © MaAmepuasbi: APOCCENb € KEME3HBIM CEpACUHHKOM,
AKTHBHOE CONPOTHBJIEHHE, KOHJAEHCATOP, BOILTMETP NEPEMEHHOrO TOKa,
MCTOUHHK MepeMEHHOro HanpsiKeHus C gyactoroii 50 I'i.

5. (10 xx.). Onpenenure YyBCTBHTENBHOCTH $oTO3.1EMEHTOB B pe-
’)KUMe KOPOTKOrO 3aMBIKaHHA H B DExiMe akTHBHOH Harpysku. Ilo-
cTpoiite rpaduk 3aBHCHMOCTH KI1/{ doTos1eMenTa OT OCBELEHHOCTH
NP NOCTOSTHHOM 3HaYeHHH HarpysoyHOro conpotuBjaeHHA. C IOMOILBIO
$OTO3TeMeHTa IPOBEphTE 3aKOH OCBELICHHOCTH.

[Ipuboper 1 mamepuatsi: (POTONIEMEHT, nepeMeHHbIl  Pe3UCTop,
BOJILTMETD NMOCTOSTHHOTO TOKa, aMnepMeTp MOCTeAHHOTC TOKA, JlaMIla Ha-
Ka/MBAHHUs, HCTOUHHK TIHTaHHs JJis JlaMNbl HaKa/aHBAHHA.



SKCNEPUMEHTAJIbHBIE 3AQAYM
HA PECNYBJIMKAHCKUX OJIMMNMUANAX -

Huxe npuBopsTcs Hanbosee UHTEPECHBIE SKCNEPHMEHTANbHLIE 3a-
AaHMsl, npepjtarasimidecs Ha pecnyGIMKaHCKuX Typax Bceecolosnoi
(HH3HYECKOH OJMHMIIUAJBI.

1. (8 k1.). OnpenenuTte TOMUHHY QOJBTH C MAKCUMAJTLHO BO3MOXKHOM!
TOYHOCTHI0.

IIpubopet 11 mamepuarst: THCT aTIOMHHKHEBOH (POJILIH, BeChl M pas-
HOBEC, MHKpOMETp, JuHeHKa.

2. (8 rJ.). Onpegesure TOMIHHY BoJIOCA,

[Ipubopsr u mamepuaasl: MUKPOMETP, MHKDOCKOI, MUJJIHMETPOBAs
Gymara, BoJoC,

3. (8 ki1.). Onpenenure Maccy JUHEHKH H NMJAOTHOCTh BEIECTBA, H3
KOTCPOTO oHa M3TOTOBJIEHA.

Ilpubopor u mamepuato:: JUBEEHKA, ABe MOHETHI JOCTOMHCTBOM
S Kom.

4. (8 xn.). Onpenenure MIOTHOCTL BO3]YXd.

[Ipubopor u mamepuator: Wap AJs1 B3BEIIHBAHHA BO3AYXA, BECH H
pasHoBeC, HacoC BaKyYMHBIH, COCYA ¢ BOAOH eMKocThio 1,5—2 11, usme-
DUTS/NBHBIR LHJAHHAP €MKocThio 1 J.

5. (8 ka.). HMceaegyiiTe 3aBUCUMOCTb CKOPOCTH MajeHusi APOOHHOK
B [JIMIEpPHHE OT UX pajguyca.

ITpuboper u mamepuaer: U3MEPHTEABHBI UWJIHHAP C TVIHLEPHHOM,
HaGop CBHHLOBBIX APOOMHOK C DPAa3JHYHBbIMH AHaMeTpaMH, JHHeHKa,
CEKYHACOMEep, MUKDOMETD.

6. (8 xa1.}). Onpeneniite KOIPOUIUEHT TPEHHA CKOMLKEHUS CTAH
10 gepesy. |

[Ipuboper u marmepuaas: JABE J€PEBAHHBIE JHHEHKH, CTalbHOH
IapHK.

7. (8 kn.). Onpenesure MAKCHMAMILHYIO CHAY HATSKEHUSA, KOTOPYIO
MOJKET BhIiep2KaTh Jecka. OueHHTe NOIPELIHOCTH U3MepeHUH HpH pas-
JHYHKBIX Croco0ax BhINOJMHEHHA paboThl.

ITpubopst u mamepuaist: WTATHB ¢ MY(PTOH H JNankoi, Jecka aua-
merpoMm 0,1—0,2 MM, nuHedika, rHps Macco# 0,0 Kr.

8. (9 xn.). Onpeznennre MOJMAPHYIO MacCcy Bo3ayxa.

IIpubopet u mamepuassl: wWap AASA B3BEIUHBAHHA BO3]yXa, MaHO-
MEeTp, HacoC BaKyYMHBIH, BeChbl H pasHOBeC, pe3HHOBas TpyOKa, Tep-
MOMETP.

9. (9 ka.). Onpenenuts TeMnepaTypy HHUTH JaMIbl HaKaJlUBaHHSA.
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[Ipubopsr u mamepuaasr: HUCTOYHHK TOKa, JiaMna HaKkanuBaHus,
aROMETD, TEPMOMETP, COEAMHHTENbHEIE MPOBOAA.

10. (9 ka.). Ompenennte conpoTHBJIeHHe ammepMeTpa. Paccumnrai-
T€ W M3TOTOBLTE IIYHT A5l paclIHpeHHUsi WIKA/Ibl aMnepmerpa B 5 pas.

IpuGoptr u mamepuases: 1Ba yueGHbIX NaCOPaTOPHLIX aMnepMerpa
HCTOYHHK MNOCTOSHHOTO TOKa (4 B), menubiii npoBoi Anamerpom 0,5__:
1,0 MM, peocrar, coenHHUTENbHBIE NPOBOJA, JHHEHKE.

llu. (10 xa.). Hecnenyiite 3aBHCHMOCTD NEPHOJA KPYTHILHBIX KoJie-
GaHMil CTepiKHS, MOJABCIIEHHOrO 3a CEPEJMHY K JE€CKe, OT IJHHBI U
Juamerpa jJeckd. OOBSICHHTE MOJYYEHHBbIE PE3YJIbTaTH.

Hpubops: u mamepuaer: Habop J1€COK PA3HOrO JHAMETPA, CTEPKEHD
METa/JIHYECKUH, WTATHB ¢ MyQTOH H JIankKoH, MHKDOMETD, JIHHEHKa,
CEeKYHJIOMeEp.

12. (10 ka.). PaccunTaiite n H3mepbTe NEPHON BEPTHKANBHLIX Kole-
GaHHH NpoOUPKH C NECKOM B cocyle ¢ BOJOH. CpaBHHTE MNONYYEHHLIE
pesyabTaThbl. JlexaT JIH MOJyYeHHBIE PACXOXKIEHUSI TEOPHH H 3Kcnepu-
MEHTa B MNpefeaax TMOTPEHIHOCTH H3MEPeHHH?

[Ipubopor u mamepuase: cocyl ¢ BOJOH, npoOHpKa, TECOK, BECH H
pasHoBeC, JIHHEHKa, HUTb, CEKYHAOMEP (WIH dachl C CEKYHIHOil CTpel-
Koii).

13. (10 xu.). Onpenenure HEAYKTHBHOCTb KATYLIKH.

IIpuboper u mamepuaisr: UCTOUHHK MOCTOSIHHOTO ToKa (4 B), amnep-
MeTp, JpOocceNbHas KaTVilKa, CTaJbHOH cepleuyHHK, nuon tuna 7K,
KOHJieHcaTop U3BecTHOR eMkocTH (Godbiie 8 Mx®@), BoAbTMETP, COenn-
HHUTEJbHLIE TIPOBOJA, KJIOY.

14. (10 xua.). Onpenenure 3MEKTPHUECKYIO eMKOCTh KOHJEHCATOpa.

[Ipuboper u mamepuaasl: AICTOYHHK NMEPEMEHHOTO TOKA, KOHACHCATOP
H3BeCTHOH emKocTd C, KOHIEHCATOP HEH3BECTHOH eMKocTH C, , BBICO-
KOOMHLIE TOJIOBHbIE TeJNEPOHBI, PEOXOPA, COECAHHHTEIbHbIE MPOBOAA.

15. (10 xua.). Onpenenute GOKYCHOe pPacCTOSIHHE pPacCeHBaloLed
JIUH3bl. BBIMOJHHTE 3afaHHe HECKOJbKHMH CnocobaMu H CpaBHHTE WX
[0 TOYHOCTH M3MEpEHUs] HCKOMOH BEJIHYHHBI.

IIpubope: u mamepuass: JWH3a paccedBaomasi, JHHEAKA, JHH3A
cobupalomas, 3KpaH, Jamnouka Ha 3,5 B, Garapesi atekTpuyecKas oT
KapMaHHOro (QOHaps, COeJHHHMTEJNbLHBIE NPOBOJA.



TEMATUHYECKMHA YKASATEND 3ANAY

Jaa ypoOctea MoJib30BaHHSl JAHHOH KHMION yyamiuMHcs pas/JHYHBIX
KJaCCOB 37eCh NpPHBOHMTCH pachnpeie/eHHe MOMEMEHHbIX B Hell 0JluM-
NHajHBIX 32ja4 o pasjedaM H TeMaM [IKOJbLHOIO Kypca (H3HKH,

BLIYUCTIIMTEJIbHBIE 3ALAYM

MexaHuuxa

Kunematuka: 31, 61, 100, 119,
169, 224, 225, 243, 262, 298,
299, 302, 315, 319, 324.

Junamuka: 4, 5, 6, 9, 22, 30,
32, 37, 43, 56, 69, 75, 76, 99,
101, 144, 145, 146, 147, 149,
150, 166, 170, 193, 195, 197,
198, 203, 209, 211, 220, 227,
232, 233, 253, 264, 271.

Asponunamuka: 126, 316, 320.

Cratuka, rugpocratuka: l, 7,12,
16, 34, 35, 36, 42, 46, 57, 64,
6o, 83, 86, 87, 97, 98, 106,
120, 142, 210, 215, 244, 246,
261, 282, 283.

3aKOHBI COXpaHEHHs B MEXaHHKe:
2, 11, 17, 19, 21, 24, 47, 48,
49, 63, &4, 89 90, 102, 124,
125, 1561, 167, 217, 228, 269,
281, 285, 303.

MonexynapHas cu3uKa
M TepmoaMHAMKKA

Monexy/IsipHO-KHHETHYECKAs TEO-
pusa: 78, 172, 213, 249, 268, 272,
288, 321.

2

CpoiictBa Bemectsa: 33, 40, 50,
ol, 62, 95, 127, 201, 250, 306.

Tepmonnnamuka: 20, 27, 29, 58,
66, 77, 80, 91, 103, 152, 171,
176, 212, 229, 248, 266, 284,
304, 305, 317.

InexTpogHHammKa

DnekrTpocTaTuka: 8, 23, 54, b5,
68, 81, 165, 174, 177, 199, 214,
226 235 247 273, 399,

3aKOHbI NOCTOSHHOTO TOKa: 3,
10, 15, 44, 45, 60, 82, 88, 94,
104, 121, 123 143 153 168,
173, 196, 200, 231, 245, 263,
265, 267, 274, 280, 286, 287,
289, 301, 308, 318, 323, 326.

DnektpomarHeTHam: 26, 28, 39,
52, 92, 128, 129, 178, 179,
204, 205, 219, 230, 270, 290,
309. \

Kornebauus 4 BORHbLI

41, 130, 154, 202, 218 236, 254,
325 3927,



Onrtvka

l'eomerpuueckast ontuka: 13, 95
38, 53, 59, 79, 85, 93, g,

dusnuecKas

105, 122, 131, 175, 216, 234,

251, 328.
ontuka: 67, 148,

156, 252, 273.

SKCNEPUMENTANDLHBIE 3AQAYHU

MexaHMKa

70, 71, 110, 112, 113, 133, 135,
158, 159, 160, 161, 180, 182
184, 192, 206, 237, 238, 256,
975, 976, 292, 293, 294, 310,
311, 329, 330.

MonekynapHasa husmka
M TEpMOfMHAMMKA

73, 74, 111, 114, 116, 136, 137,
138, 139, 162, 183, 207, 957,
977, 279, 331.

SneKkTpoAKHAMHKA

72, 107, 108, 109, 115, 117, 132,
134, 140, 141, 157, 165, 185,
186, 187, 188, 190, 191, 208,
999, 239, 240, 255, 258, 250,
279, 295, 296, 313, 332.

Konebaunua u BonHbl
163, 181, 189, 221, 333.
OnTHKa

118, 164, 223, 241, 242, 260,
978, 279, 297, 314, 334.
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