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OU3NYECKUN OAKYJIBTATHUB

Cry4am B razoBou
TYMaHHOCTU

A. NOANATET

beweHo CTydasn cepaua, Bpalyasincb POTOTPOHbI, APOXas/N OCUNII/IATOPbLI, CMOTPO-
CKOflbl [10KasblBasiv NCKpUBIIeHVE MPOCTPaHCTBa-BPpeMeHU . CKBO3b 3akJiernku co4m-

JINCb KBaHTbI. YepHas SHTPOMuUsA pocna...

— ba, ga Beab Mbl Ha Kpato 0bbIKHOBEHHOW FMHE’,DHHOCKOCTM.’ — BOCKJIMKHYIT Cro

Lsagpuate ATl LWTYPMaH.

C JIYUNJIOCH 5TO KAK-TO TABHBIM-
JIABHO: J[Ba 3BE3/I0JIeTa HEKIAHHO
monajn B 06J1acTb MPHUTSKEHUS XOJIO/I-
HOTO BOJOPOIHOTO 06JIAKA W MCTPATHIIH
BeCh 3aMac TOMLINBA HA TOPMOJKEHNUE, TAK
YTO OCTAHOBUJIMCH GYKBAJIBHO Y €ro Tpa-
muipl. Yto 66110 eath? Komeuno, «/ieunb
B ipeiid», Kak TOBOPUJIH IPEBHUE MOPSI-
KW, — HUYEro He Jiejarb MU KJ1aTb I10-
MOIIH.

TyT acTpoHaBTHI 3aMETHUJIHM, YTO KO-
pabJin 3aTOPMO3UJIN Y TPAHUIBI 00JIaKa
B Pa3HOM TIOJIOKEHWU: OJWH — TIepIIeH-
JIMKYJISIPHO TPaHuIle, a [PYToi — mapasi-
aenpo. (Hazo6HO ckaszaTh, 4TO B Ty
TOPY 3BE3/I0JIEThI CTPOUJIN B BHUJE TOH-
KIX JINCKOB. ) 3aCeJH INTYPMAHBI 32 KOM-
MBIOTEPBI U PEIININ Y3HATh, Kak OyayT
JIBUTATbCS WX KOpabJM M — caMoe TJiaB-

Puc. 1

/13 KBa3MHay4HOW haHTacTUKM

HOE — KOT/Ia OHH OYyT BHOBb COTMKATD-
cs1. 3acsiieM U MBI.

IIycrb (Kak BCKOpe M BBISCHUIU acT-
POHABTBHI) 06JIAKO BOAOPOAA Gy IET TLIOC-
KUM M OZHOPOAHBbIM (T.€. HOCTOSHHON
1oTHOCTH). TIOCKOJMbKY €CTh CKOILIe-
HHUE MacChl, JOJDKHO OBITh TI0JIe TSATOTe-
Hud. JICHO, 9TO BO BCEX TOUKAX CPe/IHEH
mnockoctn (mpu x = 0 wa pucynke 1)
CHUJIa TSTOTEHHS paBHA HYJIO — U3 CO06-
pakenuit cummerpuu. [Ipu yranenun ot
IIJIOCKOCTU CUMMETPUU CUJIA TATOTCHUA B
pacueTe Ha eIUHUIY MACCHI — T.€. YCKO-
peHue TATOTeHUsI — JIOJDKHA PAacTH 10
MOJIYJIIO, &, KaK BEKTOP, YCKOPEHHUE Tsi-
TOTEHUST [TOJUKHO OBITh HAMPABJIEHO K
IJIOCKOCTH CUMMETPHH.

Besmkuit marematuk laycc moranmas-
51, KaK BCe 3TH MBICJIM 3allUCATh KOPOYeE.

Bobigenum MbICTIEHHO BHYTPH CJIOSI KO-
POOKY € KpBIIIKAMH ILJIOI[a/bIo S, pac-
TOJIOXKEHHBIMU MPH X ¥ —X TaPaJIIeSbHO
rpanuiaMm (M TJIOCKOCTH CUMMETPHN)
razoBoro csiosi (Ha pucynke 1,a oHa
noKasaHa c60Ky). Y CKOPEHUE TSrOTEHUsE
g(x) MOCTOSIHHO BO BCEX TOYKAX HTHX
kpbinrek. [Toxoxke, 4To OHO Kak ObI «BTe-
KaeT» BHYTPb KOPOOKH, II09TOMY IIPOH3-
Besenne 25g(x) Ha3bIBaeTCS MOTOKOM
BEKTOPA é BHYTPb 3TOi KOpoOKu. Tax
BOT, meopema I'aycca yTBepxaaeT, 4To
3TOT IOTOK IPOIIOPIHIOHAJIEH Macce Be-
IecTBa BHYTPH KOPOOKHU P [2Sx — TOJIb-
KO 9Ta Macca U TOPOKIAET ITOT IOTOK,
npudyeM Ko3(DQUIMEHTOM HIPOIIOPILUO-
HAJbHOCTU SIBJISIETCSI TPABUTAIOHHAS
nocrossuiass G, YMHOXEHHAsT HAa 47T.
Takum 06pasom,

28g(x) = -41Gp 2Sx, (1)

r/ie 3HaK «MUHYC» TI0Ka3bIBA€T, YTO BEK-
TOp Z/ HAIPaBJIeH MMEHHO BHYTPb KO-
pPOOKH.

Ko x0uer, MOXKeT IIPOBEPUTH TEOPEMY
lFaycca na mpuMepe To4YeuyHOW TPaBUTH-
pyromeil Maccbl m,. /[lelicTBuTeIbHO,
OKDYKHM TOUYeyHYyI0 Maccy cdepoii pa;
JIMYCOM 7 ¥, 3HAYUT, TJIOMAIbI0 4TU
(puc.2). Torga

2
g(r) titv” = —41Gm,

OTKy/a
Gm,

g(r) = =

— MOMYYUIN U3BECTHOE BBIPAYKECHUE IS
yckopenus cuibl HbIoTOHa /1715 TpaBUTH-
pylomieit Toukn. MOKHO CKa3aTb, 4TO
3aKOH BCEMUPHOTO TATOTEHUS «CIPSATaH»
B TeopeMe [aycca.

Wrak, us pasercra (1) Haxoaum

g(x) = -4MGpx .

Ho ecin cuja ImpoNOpLHOHAIbHA CMe-

mwenumo x (cM. puc.1,6), TO HOTEHIUAIb-
2

Hasg SHEPrusl NPOIOPIMOHANbHA X /2

(cM. puc.1,6). BenomuuM, Hampumep,
NPYKUHY KECTKOCTBIO K: BO3BPAIIAIO-

Puc. 2
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mas cuiaa paBHa F = —Rx, TMOTEHIMAJb-
Has sHeprus pasHa Il = R’ /2.

B wnamem ciaydae, oueBujaHO, R =
= 4TM Gp, Te M — Macca 3Be3jioJieTa.
3HauyuT, CyMMapHas MexaHu4ecKkas sHep-
r'Usl 3B€3/10JIeTa, HAXO/SIIErocs Ha pac-
CTOSIHUU X OT TLJIOCKOCTH CUMMETPHUH
00J1aKa U MMEIOIIEro 3/[eCb CKOPOCTb 0,
paBHa
2 2

Mo x
+4TrMGp7.

IlepBbIil 3Be30JIET-AUCK, JBUKYIIUNCS
pebpoM K TpaHuUIilaM ILIOCKOTO o6Jaka,
MOYTH He BCTPEYAET CONPOTUBJIEHUS.
[TosToMy ero cymmapHasi MEXaHUYECKast
JHEPTUs MOCTOSTHHA U paBHA, HAIIPUMEP,
ee 3HAYEHWIO Ha Kpaio o6jaka

M ° , AmMGp (h :

2 2 2

(yuTeno, uTo CKOpOCTb NPHU HTOM HyJle-
Bag). Torga 3akoH COXpaHEeHUsT SHEPTUH
3BE3/I0JIETA MOYKHO 3aIUCATh TaK:
2
2

v 9 h
- +x° = -1 . (2)

4ATIGP 2

3nech /4TIGP = W, — 3TO yrI0Bas dac-
TOTA TADMOHUYECKUX KOJIeGaHUi 3Be3/10-
JieTa BHYTPU MapaGo/InuecKoii MoTeH -
anpHoll ambl (puc.3), ciaenoBareabHO,
Hepuof KosebaHuit 6yaeT paBeH
2
TO = _T[ = L . (3)
W, Gp
C zapyroii croponbl, cootHomenue (2)
MO>KHO TPpaUUECKH TPECTABATD B KOOP-
auHATaX X, v/w, (Ha Tak HasbpIBacMOIl
¢hazoeoil naockocmu) B BUJE OKPYKHO-
cru paguycom /2 (em. puc.1,2): nBuske-
nue Hauunaercsa usz toukn A (rae
x,=h/2uv,=0) nBOTCYTCTBHE TPCHNUSI
[POMCXOJIUT BEYHO, BO3BPAINASICh B ATY
e TOUKy uepes BpeMsi 7). A elile MOKHO
3aIMCaTh CMEIIECHUE U CKOPOCTD 3BE3/10-
Jera 1 Kak (DYHKIIUU BPEMEHU:

h h
X = Ecoswot, V= —5000 sinwyt. (4)

C raxoii Toukn 3penus, paBeHcTBo (2) —
310 poco teopeMa [Tudaropa B koopau-
HaTax X, 0/, .

Ho 4T0 NporCXOAUT CO BTOPBIM 3BE3-
JIOJIETOM, KOTOPBI# epecekaer 06JaKo
mamms? Tak kak y Hero GoJiblioe 1orie-
peunoe ceuenne S, = TW , TAE d — €ro
pajiuyc, oH GyJeT TOPMO3UTHCS 3a CUET
cTojKkHoBenuil ¢ mosexyamu. Ecim cun-
TaTh yAapbl MOJIEKYJ aGCOJIOTHO YIIPY-
UMM, TO Kaxkzaasd u3 uux (Maccoit m)
€006MIAET 3BE3/I0JIETY UMIYJIbC —21M0, a
TaK KaK B €[HHUILY BPEMEHU OH «3aMeTa-

KBAHT - 2000/Ne4

er» o0beM HpocTpancTsa Sy, TO 10J-
HBII TTOTOK UMITYJIbCA (T.Ze. CHJIQ COTIPO-
THBJIeHUs) cocTtaBuT T [2po° (31ech
y4YTEHO, 4TO P = mn, r/ie n — KOHIIeHTPa-
Mg MOJIEKYJ B o6j1ake). 3HauuT, Ipu
nepeMenieHny 3Be3/[0JIeTa HA PacCTosI-
HHe Ax pa6oTa_ CHJbI COIPOTUBJICHUS
paBna T [2po Ax. Tlommas mexanu-
yecKasi 9HePTHsi BTOPOTO 3BE3/I0JIeTa YiKe
e Gyzer nocrosinuoii (em. puc.1,6), u ee
yObLIb HA TIEPEMEIEHUN Ax COCTABUT

1 o : %
A—|— | +—|=

2| w, 2

2 2
- —"“Tmp(wioj Ay (5)

OueBuHO, YTO 3TO GY/IyT y3Ke 3aTyXaio-
uwme Kosuebanus (em. puc.3; mTpuxOBast
manst). Ileprog ux Gy et Gombure T,y ,
SCHO MOYEMY: M3-3a CHJIbI TOPMOJKEHHSI
BTOPO#A 3BE3/I0JIeT yKe BIEPBbIe J0i1eT
1o maockoctn cummerpun (touxka B)
no3jiHee, yeM TepBblil. A Ha (Ha3oBoil
[JIOCKOCTH JIBU3KEHUE BTOPOTO 3BE3/10J1e-
Ta uzo6pasutcs B Buge crupaiu (cm.
puc.1,2).

MoHO HalMCaTh pelleHne ypaBHe-
uusg (5) B Bujge KpuBoii B (pazoBoii 1mioc-
RRETY:

2 hj2-x
v
— | =2 x-1-|=-1|e ! ,

®, 2
(6)

rje BBeJileHO 00603HauYEHNe
. 0

T’ Cip’

Besnmunna [ uMeer pa3zMepHOCTD JIJIHHBI
U, OYEBU[HO, SIBJSETCS TEM XapakTep-
HBIM PACCTOSTHHEM, Ha KOTOPOM CYIIle-
CTBEHHO U3MEHSIETCST KHHETUYeCKast IHep-
ISl BTOPOTO 3BE3/10JIeTA M3-32 CUJIbI CO-
MPOTHBJICHUS.

Kro xouer y6eanThCsi B IPABUIBHOCTH
3TOTO pelleHus], MyCTh TOJCTABUT €0 B
ypasuenue (5), a KTO HE MOXET, MyCTh
HE paccTpamBaeTcs, a NMocTynaer Ha ¢a-
KyJIbTET a3POMEXAHUKH M JIETaTeJbHOM
TeXHUKH MOCKOBCKOTO (PU3UKO-TEXHU-
YeCKOTO MHCTUTYTA — TOTJA U CMOJYKET.

[la, HO! — BOCKJIMKHYJI KallUTaH O/IHO-
0 U3 3Be3/10J1eTOB. — EcJin BHYTpPH 3TOTO
ra3oBoOTO CJIOSI €CTh I'PABUTAIMS, TO TIO-
4yeMy OH HE CXKMMAeTcsi K IJIOCKOCTH
cummeTpun?!

Jlpyroii kamurtan OODBSICHUJ €My TI0
pajino, 4TO CKATHUIO TPETSITCTBYET Xao-
TUYECKOE, «TEILIOBOE» JBIKEHUE MOJIe-
KyJa. B camom gese, XoTsi 06J1aKO U
xoJjioHOe — TeMneparypa nopsiaka 20 K,
T.e. pa3 B 15 MeHbllle, YeM CpeIHsIS
TeMieparypa 3eMJin, — HO M MOJICKYJIbI

BOJIOPO/Ia TOXKE Pa3 B IATHAIINATD JIerye,
YeM MOJIEKYJIbI BO3/IyXa, TI09TOMY CPeJI-
HSIST CKOPOCTh UX TETIOBOTO [[BIIKEHUST
HUKAK He MEHbIIE, YeM Y MOJEKYJ 3eM-
Hoit atmMocdepsl, a Beib atMocdepa He
na/laeT Ha TOBEPXHOCTDb HANIEH POIHOIT
maanetel. KOHEYHO, MIOTHOCTH aTMOC-
(dbepst He mocTOSTHHA — OHA YOBIBAaeT C
BBICOTOI, TaKk 4YTO W HAJIWYUE PE3KOi
TPAHMI[b! MJIOTHOCTH Y BCTPETHBIIETOCS
o6Jiaka ecTb He 60Jjiee YeM MPEIII0JI0NKe-
HIUE, YIPOIIAIONee PACIETHI.

Temnepb ocTagoch MOACTABUTH B ypaB-
uenne (6) KuHeMaTHUYeCKOe ompejese-
HUe cKopoctH © = dx/dt u, peinas
nosyueHHoe auddepenuanibHoe ypas-
Henue (HalpuMmep, Ha KOMIbIOTEDE),
HallTu «pacnucanue apumxenus» x(t)
BTOpOrO 3Be3gosera. Ho ato n He 06s13a-
TENbHO [IeJIaTh MPSIMO Cefiuac — TyCTh
9TUM 3aHMMAIOTCS HMITYPMAHBI, a MBI IO
CYTH JleJla y3Ke BCe ONHMCAJTM KayeCTBEH-
HO. Hampumep, MOMEHTBI BpeMeHHU HO-

BBIX BCTped 3Beszoneros (t,t,, ...)
MOKHO OyAeT HalTn u3 rpauKoB Ha
pucynke 3.

CpesaeM JHIIb HEKOTOPbIE YHCJEH-
HbIe OIleHKHU. [IpuMeM MIOTHOCTD MOJTe-

Kkyasproro o6iaka p~107" Kr/M3 ,
ero xapaxrepuyio Toamuny 2~ 0,1 map-
cexka = 300" M. B kauectse JIAaHHbBIX
JUIST 3BE3/I0JIETOB BO3bMEM, HaIlpUMep,
caenytomue: macca M ~ 1000 Tonn =
=10° xr (Tpm CcOBpeMEHHBIX aBHajaii-
Hepa), paanyc aucka a ~ 100 m. Tor-
Ja, corjacHo Bbipaxcenuio (3), muaa ie-
pHo/Ia TApMOHWYECKUX KoJleGaHuil Tep-
BOTO 3BE3/I0JIETA TIOJTYYUM

Jn

T ~ ~

0 3
667007 1070
Kr [& M

~0,3 10" ¢ =10% ser.

HaunGosbimast ¢cKOPOCTb ABMKCHUSI, KO-
TOpas JIOCTUIAETCS B JIOCKOCTH CUMMET-
pun obmaka (upu x = 0), corsacHo
ypasuenuio (2), pasBna
h
Vs =5 4TGp ~400 Mm/c,

4TO CPABHUMO CO CPeJIHEil TEMIoBoii CKo-
POCTBIO ABMAKEHUS MOJEKyJ. [10aToMy
K TPOBEJCHHOMY BBINIE BBIYMCJICHUIO
CUJIBI CONPOTUBJIEHUST HY3KHO TOXE OT-
HOCHUTBCS JIMIIb KaK K OIEHKe 110 TO0-
PAIKY BEJTMYMHBI. 3aTO YK TOYHO B3au-
MOZIEHCTBIE 3BE3/0JeTa ¢ 00JaKOM SB-
JIIeTCs, KaK TOBOPAT (DUBHKH, c80600-
HOMONEKYAAPHBIM. JleficTBUTENbHO,
cpelHssl JJauHAa CBOOOJAHOTO TIpobera
MOJIEKYJT MEX/IY HUX CTOJTKHOBEHUsIMU

(MponosnxeHue cm. Ha c. 41)



(Ha4asno cm. Ha c. 41)

3aBUCUT OT KOHIICHTPAIIUU MOJICKYJ 7
1 II0IIEpeYHoro cedyenud uxX B3aUMO-

1
nT[(2rM )2 -

neiicTBuA Tr(2rM)2 Tak: A~

HOHCTaB]IHH Clo/la
n= p/mH2 ~
~ 107" Kr/M3/(2 0,67 0077 xr)~
~ 300" M7
ur,~3 10" u, nosyuum A ~ 3 10" u,

YTO MHOTO GOJIbIIIE PA3MEPOB 3BE3/10JIe-
Ta. 3HAYUT, MOJIEKYJIbI YIAPSIOTCS O €r0

OBEPXHOCTh HE3aBUCUMO JAPYT OT Apyra
(He o6pasys CIJIONIHON CPeAbl).

XapakTepHOe PacCTOSHUE, Ha KOTO-
POM 3aMeTHO yGbIBaeT 9HEPrUsl BTOPO-
ro sBesgosera (OHO BXOAMT B IMOKa-
3areJib 9KCIIOHEHTHI B pasenctse (6)),
paBHO

[~ 10° xr ~10'7 u,

ma0* w? o 1071 XL
M

3JTto 3aMeTHO GOJIbIIIE TIPUHATON TOJIIIN-
HBI Ta30BOTO 00JIaKa; 3HAYNT, 3aTyXaHUE
KoJieGaHuil B ero npejienax Oyjer He3Ha-
YUTEJbHBIM.

O HaKO BCIIOMHUM T,: moJro »xe Ko-
snebatbes 3Be3goeram! Bor ke 6e3 KoJe-

Ganwii uayvaiire Gpu3UKy v O MUCHIBAI-
Techb Ha «KBaHT».



