AnekcaHap BunbwaHckumn

Pusnyeckasn CYWHOCTb
rpaBMTaLIVIOHHOﬁ NOCTOSIHHOW U ee pasMepHOCTH

Duzuueckyro CywyHoOCms 2pasumayuOHHOU NOCMOAHHOU
notimem moabKo mom, Kmo pazeaoaem
@uzuyecKyto cywyHoOCmy cpasumayii.

Axao.A.I' Hocuguvsan (8 becede ¢ asmopom cmamou), 1965 2.

N3BecTHO, 4TO cuia rpaButanuu F Beipaxaerca no M. HeioTOHY Kak
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m 1 M — macchl B3aUMOJIEHCTBYIOIIMX TEII,

R — paccrosiHne Mexay HUMH,

G — Tak Ha3bIBaeMasl «IpaBUTALMOHHAs MOCTOSHHAS», BEJINYMHA KOTOPOH NPHUBOIUT B
COOTBETCTBHUE €IMHUIIBI U3MEPEHUSI MACChl U PACCTOSHUS, & PA3MEPHOCTb BBITJIAIUT TaK:

M3

6] =

ke [dex?

[TonbITk  maTh (Qu3nyeckoe OOBICHEHHE CTOIh CTPAHHOMY KO3(PQUIEHTY 110
HACTOSIILIETO BPEMEHU OOJBIIOro ycrexa He MMeNd, TaK Kak 3TO0 OObSICHEHHE BCEraa
0a3upoBajoCh Ha «KIACCUUYECKOM» IIOHMMAHUU SBJIEHUS TPaBUTALlUU, B KOTOPOM
VCTOYHUKOM TpaBUTALMOHHOM CHJIBl SABJIAETCS Macca. J[eHCTBUTENBHO, TOJBKO IIpU
Takoll pasMepHOCTH 3Toro kKosdpduuuenta mbl umeem s cuiel F B dopmyne (1)
Pa3sMEPHOCTh [HBIOTOH |= KI.M/CeK”

YMHOkMM 00€ yacTu paBeHcTBa (1) Ha Bpems t:
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Torpma cneBa u cripaBa Mbl IOJYYUM BBIPAKEHUE 1JI1 «KUHETUYECKOTO MOMEHTa - ClieBa
UMITyJIbC (cuibl) F?, cripaBa — KOJMYECTBO ABMXKEHUA mV
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B cmamve «O «kpycosom oOeusxcenuuy» [1,2] 6vL10 nokazano, umo
npeocmasienue 0 8030elcmeuu Ha c80O0OHOe Melo 8 NPOCMPAHCMEe
UMAYIbCA CUTbL, B8O3HUKAIOWE20 8Cledcmeue npoiema uepe3 meio
2paBUMOHO8 (6MeCO NOHAMUSL O HENPEPLIBHOU  «CUle», 803HUKAIOweu
Om Heu3BeCMHbBIX NPUYUH), NO360JIsIem C eOUHbIX NO3UYULL 00BACHUMb KAK
08uUdICe e NIaHem, MaK U Kpy2o8oll MaHesp KOCMUYeCKo20 KopaoJis.

WJIY, COKpATUB Ha “m”,
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9TO YCKOPCHUEC, TOPOKAAOIICC CKOPOCTh V.

Pa3mepHOCTD yCKOpEHHMs 37€Ch MOITY4daeTcs KaK pe3ysbTaT COKPALEHUS Pa3MEPHOCTEH,
OpUYEM pa3MEpHOCTh BeauuuHbl G, HOBTOpsieM, Obla MPOCTO MPEMAJIONKEHA «JUIs
CBEJICHMSI KOHLIOB C KOHLIAMI».
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P A3MCPHOCTb BLIPAXKCHHSA B CKOOKax 6y,£[€T BBITTIAACTD KaK
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U 110CJIE€ COKPALLEHHS MBI ITOJyYHM Pa3MEPHOCTb CKOPOCTH.

Yro 310 3a ckopocTh? OueBHUIHO, YTO B paBeHCTBE (3) pPa3sMEPHOCTb BBIPAKEHHS B
CKOOKax COOTBETCTBYET MpuOaBKe B CKOPOCTH V B €IUHMILY BpEMEHH (YCKOpPEHHE),
KOTOPYIO MOJIYYUT TEJIO C Maccod “m” OT MPUIOKEHHUs UMIyJbca (MmvV) CO CTOPOHBI
BCEX IMPOJIETEBIINX YEPE3 TEJIO TPAaBUTOHOB.



KoneuHo, Bce OCTalbHBIE COCTABISIOLIME Pa3MEPHOCTH COKpAILAIOTCs, HO MompolOyeM
HOHSATh, OTKYZIAa OHH BOOOILE OEpYTCs, TO €CTh OTKY/a BOZHUKAET 3TO YCKOPEHUE?
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Mbi nonyyunu éce 2mo moabKO NOMOMY, 4MO 8 (POpMYNY O CUlbl
epasumayuu Hvromon 6vin evinyscoen esecmu kosgpguyuenm G ¢
PA3MEPHOCIbIO, HEOOX0OUMOU O NONYHUEHUs HYHCHOU pPAIMEPHOCMU 8
KOHeuHoM pe3ynomame. Huxakozo @usuyeckoeo cmvicia 6 pamkax
meopuu Hvlomona paszmepHocms 5moeo Kodgguyuenma He Hecem,
NOCKONbKY — «UBMbIUIEHUS. — 2unomes3y» 0  usuueckou  cyuwHocmu
epasumayuu He npugeau Hoviomona nu xk kakomy onpeoeneHHoMy bl800Y,
Kpome paszee 4mo nocmynama o nposigieHuu «0a1bHOOelUCmMEYIOUWUX CUNY.

B cooTBeTcTBUM ¢ TpeACTaBICHUSAMHU IPABUTOHUKHU SBJICHUE IPABUTAIIMM BO3HHKAET W3-
3a «3aTeHeHus» TeaoM ¢ Maccod M moToka rpaBUTOHOB, MPUXOMASILETO K TeNy C Maccoi
m. Pa3HOCTb aBieHuil ¢ MPOTUBOIIOJIOKHBIX CTOPOH Ha TEJIO C Maccod “m” M co3aeT
a¢dexT rTpaBUTAMKN («IPUTAIKUBAaHUS»). UYeM MeHbIIee KOJUYECTBO T'PABUTOHOB
3aJIep)KUBAaeT Telo ¢ Maccod M, TeM MeHblle BEIUYMHA PA3HOCTH JABIEHUHN H,
COOTBETCTBEHHO, MEHbIIIE cuiia rpaButanuu (puc.l). I Haoboport.

Puc.1



Puc.2

Hns  Toro, utoObl B ypaBHeHuu (1) onpeaenuTs BEIMYUHY «TPAaBUTALIMOHHOMN
MOCTOSTHHOW», HY?>KHO IPUHATH MacChl FpaBUTHpPYIOLUX Te’d m 1 M paBHbIMH 1 KT.

Macca nporona npumepHo mp=2.10%r = 2.10% kr. Tnouaas MONEPEYHOrO CEUEHUS
NpOTOHA paBHa npuMepHO sy=1.107° cm*. O6bem npotona vpy=1.107" cm’.

CnenoBaTenbHO, B OJHOM Kuiorpamme Macchl coaepxkurcs 0,5.10°7 npoToHoB, u
3aHUMAIOT OHHM CYMMApHBIH 00bEM V cyuu =0,5.10"% cm’.

(Omom pe3ynomam He yOugumeJeH, eciu umMems  udy, 4mo nioOmHOCHIb
NPOMOHA NpuMepHo Ha 15 nopsaokose boavuie NI0MHOCMU 800bL.)

MOHO TPHUOIM3UTENBHO CYMTATh, 4To 710 map. Torma u3 ero oobema ~4R* MoxHO
Haiitu paguyc R~0,8.107° cm = ~1.107 m.

«Eguanynoe» pacctosinue R B hopMyse Mbl TOJDKHBI IPUHATH paBHBIM R=1 M.

Torga yroi, moj KOTOPHIM Oy[eT BHMAEH KUIOTPAMM INIOTHO YHAKOBAHHBIX IIPOTOHOB,
npumepHo paseH 1.107° pax , a mnomanes Ha chepe — M*=1.10"° (na puc.2).

Bes mnomans cdepst pasua 4R = 47

Orcroaa scHo, uTo ko3 duuumenT 3ateHenus Kzar =~ 1.10"°:12=~0,8.10"".

Takum o00pa3oM, CTaHOBHUTCS SICHO, YTO BEJIMYMHA TPAaBUTALIMOHHON IOCTOSIHHOM
OIPE/ICIICTCs 3aTCHCHUEM [I0TOKA IPaBUTOHOB rpaButupyroweii maccoit, INIOTHOCTD
KOTOPOMU, BBIPAXXEHHAA B KOJIMYECTBE ITPOTOHOB, paBHa nepBomy 4jieHY

3
B (hopMyIie pa3MEepHOCTH [M—] (oOpaTHasi BeNMUYHMHA).
Ke



VIMeHHO 3TH IpaBUTOHBI, «TPABUTOHBI TEHW», B3aUMOJICUCTBYS C Maccoii MpoOHOTo Tena,
Y CO3/IaI0T UMITYJIbC, BBI3BIBAIOIINN YCKOPEHHE (MPUOaBKY CKOPOCTH B CEKYH/LY).

B pesynbrate umnynsc (cuibl) Ft cooOmiaer Temy BIOJHE ONPENEIEHHOE KOJIUYECTBO
JBIKEHUS MV, a CTajo OBITh - W BIIOJHE ONPEICIECHHYIO T00aBKY K CKOPOCTH B
CBOOOJIHOM MIPOCTPAHCTRBE.

3aTeHsOmUNA CEeKTOp OJMHAKOB I JIOOOro MpoToHa B mpoOHOM Tene. [losTomy
MMITYJIbC TIOJIYy4aeT KaXIbli MPOTOH OT BCEX I'PABUTOHOB, MPUXOIAIINX U3 3aTCHSIOLIETO
CEKTOpa B TCUCHNE BPEMEHU BO3AEHCTBHUS.

B 3areHeHum moToka y4acTBYIOT IIPOTOHBI TpaBUTHpyromed wmaccel. Ho geictByer
Pa3HOCTHBII MOTOK Ha MPOTOHBI MPOOHOTO Tena.

*

[ToToKk MO>KHO OTIpPEeNETUTh Yepe3 KOJINYECTBO yapOB IPABUTOHOB B CEKYHIY.

Panee B 5Toif T7aBe MBI OINpENENWIA TPUOIU3UTEIBHYIO IUIOTHOCTH TPABHTOHOB B
npoctpanctee (1.10* rpa/ky6 cm.). Mcxonas W3 5TOM BENTMYMHBI, MOXKHO ONPENCIHUTh
KOJINYECTBO FPABUTOHOB, HAXOAIINXCS €MHOBPEMEHHO B 00beMe npoToHa n=1.10"cm’

Owno paBHo npudmm3uTensHo 100.

ITpu ckopoctu rpaButoHa 3.10'*10° =3.10'° cMm/cek OH MPOXOAMT AMAMETP NPOTOHA
1.10" cm 3a 0,3.10% cex. C y4eroM TOro, 4ro TaKMX T'PaBHTOHOB okoyo 100, 3To
03HAYaEeT, YTO B CEKYH/Iy MPOTOH MOABEPraeTcs yaapam npumepHo 3.10°' rpaBuToHOB.

Macca rpaButona ~2 107 2=210" ke

Bbllie MBI IPUHSIKM cKOpocTh TpaButona 1.10° C = 1.10°" 3.10% m/cex=3. 10" wm/cex
(BIIOCJIECTBHH MBI €€ CKOPPEKTHPYEM).

KonuuecTtBo rpasutoHos 3.10%

mV,=6.107""*" xrm/cex= ~ 0,6 krm/cek

Cwuna F=[krm/cex’ | B HproTOHaxX uiu 0,6 KT.

Ho na BenuuumHy TIpaBUTAllMOHHON CHJIBI (COTJIACHO T'PABUTOHUKE) BIUSET TOJIBKO
3aTeHeHHass OOJBIIOW Maccoil 4YacTb BCEro 3TOTO IMOTOKA, TO €CTh «KOA(PPUIMEHT
3ateHeHus» K3ar (puc.2).

[TosToMy ot »tHx 0,6 KT octanercs Bcero 0,48.107" k.

A TpaBuTalMOHHAs MOCTOsiHHAsA paBHa G= 6.67300 x 10" m® kr'! ¢? (mnmm H-m?kr?).

CoBrnazieHuie ¢ TOYHOCTBIO JO TOpPSAKa, MPUUYEeM HETOYHOCThH OIpPEAeNseTCs] TOJBKO HE
BITOJIHE U3BECTHOM CKOPOCTHIO TPABUTOHOB.



Kcratu cka3ath, U3 3TUX COOTHOIIEHUN MOKHO 3Ty CKOPOCTh YTOUHUTh. OYEeBUIHO, OHA
paBHa He 1.10° C, a Gonbme B 6,67:0,48=~14 pa3 u paBHa Vg 1ous =1,4.107 C.
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