D.OD. I'opbéaueBn4
O cuiie TATOTEHNSA

AnHoTanus k cratbe: @.@. I'opbéaneBuy. O cujie TArOTeHMsI.

Ha ocHoBe koHmemuuu SGUPHOH  cpedpl, MPENCTAaBIAIOMIEH c000H  PErysIpHYIO
MIPOCTPAaHCTBEHHYIO PEWIETKY M3 JABYX OJMHAKOBBIX IO Pa3Mepy, HO NMPOTHBOIOJIOXKHBIX 110 3HAKY
YaCcTHUIl, PaCCMOTPEH MEXaHU3M TPABUTALIMOHHOIO NPHUTSDKEHHMsA ¢u3ndeckux Tel. IlokazaHo, 4To B
W3BECTHOW CTEIEHH, IPAMEHT ITPABUTALIMOHHOTO IOJIS, CO3/1aBaeMOro (GU3MYECKUM TeJIOM B d(HPHOH
cpele, aHAIOTHYEH TPaJUeHTy THAPOCTATUYECKOTO JABJICHUS SKUIKOCTH Ha IOIPYKEHHOE TeJo.
Co3anue rpajMeHTa yIpyroro JaBiieHUus dupa (U3HMYECKUM TEJIOM B OKPECTHOCTH JIPYroro
(DM3MYECKOTr0 TeNa, TAKXKE CO3/AIOIIETO IPAJANCHT YIPYTroro AaBieHus 3gupa B OKPECTHOCTH MEPBOTO,
NPUBOJUT K BO3ZHUKHOBEHHIO CHJIBI TPaBUTALMH. bIM30CTH OKCIIEPUMEHTAIBHOW BEIMYHMHBI
I'PaBUTAIIMOHHOMN MOCTOSIHHOM K BEJIMUMHE, IIOJIyYeHHOW HaMHU B pe3yJIbTaTe TEOPETHYECKOTO aHaIIN3a,
MIOKa3bIBAET IUIOIOTBOPHOCTH M a/IeKBaTHOCTH MOJX0/a, PA3BUTOTO HAMH.

OauH U3 MpPOCTHIX MPUMEPOB JACUCTBUA CHJIBI Ha Tela, KOTOPOE JIETKO
HaOJI01aTh, €CTh CUJIAa BBITAJKUBAHMS JIETKUX TeJl BOJIOW. 3aKOH BEIMKOro Apxumena
[JIACUT: Ha TeNO, MOTPY>KEHHOE B JKUAKOCTb, JCUCTBYET BBITAIKUBAIOLIAs CHJIA,
paBHast BeCy BHITECHEHHOM 3TUM TEJIOM JKUAKOCTH.

Jnst Toro 4yTOoOBl MOSICHUTH E
JeCTBUE 3aKOHA MPEICTaBUM
cebe MyCTyI €MKOCTh 00beMOM
V, KOTOpyl0 MBI IIOIpY3UM B
KHUJKOCTh TaK, YTOOBI BEpPXHSS
KPOMKa €MKOCTH HaxoJAujach
BPOBEHb  C  IOBEPXHOCTHIO
KUAakoctd, puc. 1. byaem
CUMTaTh, YTO JTa EMKOCTh
mpelncTaBisieT  coboit  cdepy
panuycoMm R.

Kak wu3BectHO, 00BEM 1Iapa
pannycoM R cocTaBisieT
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Puc. 1. NnniocTtpaums kK 3akoHy Apxumena o cune,
Cuuraem, 4YTO  €MKOCTb OENCTBYIOLLEN Ha TENo, NOrpy>KEHHOE B XXWOKOCTb.
HaxOJIUTCS B XHUAKOCTH (BOIE),

IIOTHOCTH KOTOPOH cocTaBiser | 2/car’. ByaeM TakKe CUHTaTh, 9TO CTEHKH EMKOCTH
JOCTaTOYHO MPOYHbIE U HACTOJIBKO TOHKHE, YTO UX BECOM MOXKHO ITPEHEOpEYb.

Ha BHEIIHIOIO CTEHKY €MKOCTH Boja OynIeT okas3blBaTh jAaBieHue. IIpuuem, 3To
JaBlIeHHE sIBIIsAeTCSl TpaJueHTHbIM. OHO OyJIeT BO3pacTaTh MO MEpE YBEIMUYEHHS
ryOuHBl paccMaTpuBaeMOil TOYKM Ha OOKOBOM MOBEPXHOCTH E€MKOCTH. B Touke,
PACITOJIOKEHHOW Ha MOBEPXHOCTH KHUAKOCTH, 3TO naBienue P = 0. Ha rioyOune A
nasneHue Oyzaer paBHbIM P = 20-R, rae O - IIOTHOCTb >XUAKOCTU. ITockonbky B
KaKJOW TOUKE KUAKOCTU JaBJICHUE MEPEeNaeTCsl THIPOCTaTUUECKHU, T.€. OAMHAKOBO IO
BEJIMYMHE BO BCE CTOPOHBI, HA KAXIYI0 BHEIIHIOIO TOUYKY C(epsl (32 HCKIIOUYEHUEM
Touku [) Oyner JeHCTBOBaThb T'HMAPOCTATUYECKOE JABJICHHE, HPUIIOKEHHOE 10
HOpMaJllu K CTeHKe. BenuunHa gaBieHHs B 3TOM TOUKE MOXKET ObITh pacCuUTaHa IO
bopmyne P; = O, rAe ¢ - pacCTOSHHE paccMaTpuBaeMoil TOUYKM (riIyOuWHA) OT
MIOBEPXHOCTH JKUIKOCTH. Benuunny nasieHus P; o npaBwily napajuiesiorpaMmma CUil
MO>KHO Ppa3JIO)KUTh Ha JBE COCTABJISAIOLIME, - TOPU3OHTAIbHYIO M BEPTUKAJILHYIO.



BenuunHa TOpPH3OHTAIBHOW COCTaBISIONICH naBieHus P; OyaeT TOJHOCTHIO
YpaBHOBENIEHA TAKOW K€ COCTABJISIIOIIEH B AMAMETPAIbHO MPOTUBOMOJIOAKHON TOUKE,
pacToyoKEeHHOW Ha TOM ke riryouHe. BepTukanpHasi cocTaBistonias naBieHus Py, B
TOYKaX, PacCIONIOKEHHBIX Ha HIKHEW mosycdepe, puc. 1, OyaeT IuIIb 4aCTHYHO
CKOMIICHCHUPOBAaHa BEPTUKAIBHON COCTABIIAIOLICH [aBJICHUs, JCHCTBYIOLIEIO B
BEepxHEH monycdepe, Tak Kak TIIyOMHa ¢ TOUEK Ha MOBEPXHOCTH BEpXHEH mosrycdepbl
MEHBIIIE, YeM TOUYCK HHKHEH.

JInsi OUEHKM BBITAJIKUBAIOUIECH CHJIBI F BBINIOJHUM aHAJIU3 CYMMbI JIaBJICHUH,
JCUCTBYIOIMX HAa HIKHIOIO M BEPXHIOI Moiycdepsl eMKOCTH V, Haxoxsuiewcs B
Boze (0 =1). Jlns HwkHEH dacTu mosrycepbl THAPOCTATHYECKOE JaBlieHHe OyIeT
U3MEHAThCS OT Py = 2R-1 10 Pg = 2R-1 (B nanpHelimeM Mbl OylIeM OIlyCKaTh
MHOXHUTENb |, OTpa)karoluid TNIOTHOCTH BOJGI). 110 IBMXKEHUIO BAOIL IYTH OT TOUKH
h k Todke k OHO OyzmeT wu3MeHATbCS Kak Py = R+tR-sina. BeprukanbHas
COCTaBIISIONIAs CUJIBI, JEHCTBYIOIIAS HA HIDKHIOI TMONychepy paBHSETCS MPOCKINH
TUAPOCTATUYECKOTO AABJICHUS Ha BEPTUKAIb

Fy = Pgsina= R-sina (1+ sina). (2)

[TonmHast cuiia Ha HIDKHIOK Toiycdepy F; OyIeTr paBHa ONpeAeTICHHOMY HHTETrpary
NPOU3BEACHNUS CUJIbI F; Ha IEPEMEHHYIO JUIMHY OKPYXHOCTH L OT TOUKH /1 K TOUKe k

L=2nR-cosa. 3)
Takum o6paszom,
o) 2z ) 2z ) 5 3
F =27R“{ [sinacosada+ | sin“ acosa}="7R". )]
[ 0 0 3
AHaJIOTUYHBIM obpazom oTpeaeTuM BEPTUKATHHYIO COCTaBIISIIOIIY O

THAPOCTATHYECKOTO JaBlieHus F, Ha BepxHIO moiycdepy, puc. 1. I[lpumenss
AHAJIOTUYHBIC I[eﬁCTBHH, oJIyunum

2z 3

2 2 ) 1
F,, =27R™{ |sin Bcos fdf — [ sin“ Bcos B} =§7ZR . (5)
0

]
0

Crnenyer yuecTb, YTO BEKTOP F), HapaBJeH NPOTUBOMOJIOKHO BHITAIKHABAIOIIECH CUJIe
F), neiictByromieil Ha HWKHIOIO nonycdepy. [losToMmy st mosyuyeHHs] BETMUMHBI
BBITAJIKUBAIOMIEH CHIBI F Ha BCIO cepy HEOOXOIMMO BBIYECTh M3 BBIpaXKEHHS (4)
BeIpakeHue (5). B utore nomyuum

F=F —F =§ﬂR3. (6)

Benmuunna F BeIpakaeT CyMMapHY CHITy, JEHCTBYIONIYI0O Ha CQEepHUeCKYrO
€MKOCTb, PainlyCcoM R, MOTPYKEHHYIO B KUJIKOCTb C IUIOTHOCTHIO 1 olem’ dopmyna
(6) ¢ yderoMm TOro, 4YTO TIUIOTHOCTh >KUJIKOCTH paBHA EAMHUIIE, IOJHOCTHIO
ananornuHa (opmyne (1), oTpaxkaromeit o0bem mapa. Takum oOpazom, Ha Telo,
MOTPY>KEHHOE B JKUAKOCTb, IEHCTBYET BBITAJIKMBAIOIIAs CHUJIAa, paBHas o00BEMY
BBITECHEHHOM KMIKOCTH, YTO U JJOKA3aJl BEIUKUN ApXUME]I.



MoxeM IpeacTaBuTh, YTO FepMETHYHAs MycTash eMKOCTb, puc. 1, mepemenieHa
TakuM oOpa3oM, 4TO ee BepXHss Touka [ Haxomutcs Ha riyoumHe 100 m. Torma ee
HIDKHSASL TOuka /i Oyner HaxoauThesi Ha TayomHe 101 m. HecnoxxHbele pacders
MOKA3bIBAIOT, YTO U 3]IeCh cuia F OyleT Takke paBHA BECy BBITECHEHHOM KHMJIKOCTH.
OTOT BBIBOJ CIPaBEUIMB, €CIHM MNPEHEOpedYb CHKUMAEMOCTBIO IKHJIKOCTH TIOA
JEWCTBUEM JIaBJICHUS, KOTOpas 711 MHOTHUX KUJKOCTEH CpaBHUTENBHO Mana [1].

Takum 00pa3zoMm, B KUJKOCTH Ha TEJIO B HEE MOTPYKEHHOEe, OyAeT JeicTBOBAThH
MOCTOSIHHAS 110 BeJIMYMHE (B IMpeneiax HEKOTOPBIX YCIOBUI) BBITAIKUBAIOLIAS CHUJIA.
Ecnu kuakocTh MMeeT IUIOTHOCTh O, TO CHJIa BBITAIKHMBAHUS Tena OyleT paBHa
IIPOM3BEICHUIO ATOW IUIOTHOCTU Ha 00beM Tena V-

F=V-3. (7)

[TpuBeneHHBINH aHaNU3 NeHCTBUS 3aKOHA ApXHMea MpeieIbHO MPOCT U B 00IIeM
Clly4ae He 3aCIIyKUBAEeT NPUCTAIIBHOTO BHUMaHMs. OTHAKO paCCMOTPEHHBIEC IPUMEPHI
NEUCTBUSI 3TOrO 3aKOHA MOTYT IOSICHUTH
MEXaHU3M  JEUCTBUS  CHJIBl  TATOTCHMS
¢usnueckux Ten Apyr Ha apyra. CoriacHo
HaIlTUM TIpeACTaBICHUIM [2] adupHas cpena
COCTOMT M3 YacTULl C IOJIOXKUTEIbHBIM H
OTPHULIATEIBHBIM 3apsiIOM, PACIIOIOKCHHBIX
B Yy3JIax PETYJISIPHOM PELIETKH B HIaXMaTHOM
MOopsiJIKE, pUc. 2.

Ha npencraBieHHOM PHCYHKE YacTHIIBI

ABYX POOOB, ITOJIOKHUTCIIBHBIC )41
reOMETPUYECKH OJUHAKOBBIX C(ep, TECHO COCTOSILLIEN M3 YaCTHL, ABYX,
conpukacaromuecs apyr ¢ apyrom. Ilpupona NPOTUBOMNOSOXHbLIX MO 3apsAY,

UX  3apAJOB  SBISAETCH  DJIEKTPHYECKOM. BMAOB (MPOEKLVS Ha NIOCKOCTb).

HecomHenno, uro jans  oOpa3oBaHuUs
MIPOCTPAHCTBEHHOW PEUICTKH STH 3JIEMEHTApHBIC YaCTHIIBI JOJKHBI TPUTITUBATHCS
JPYT K IPYTY ¢ OONBIION CUIION.

OdupHas cpena, puc. 2, sBISETCS OCHOBOW pACIpPOCTPAaHEHUS pPaJlOBOJIH,
CBETOBBIX, PEHTTEHOBCKUX M JPYTMX BHJOB 3JEKTPOMATHUTHBIX KoJIeOaHHU. OTH
BOJIHBI PACIPOCTPAHSIOTCS Kak B CcBOOOmHOM »d¢upe, Tak M B (PUIUIECKUX
(ra3000pa3HbIX, XHUJIKHUX, TBEPIAbIX W JAp.) TelaX, COCTOAMIMX M3 3JIEMEHTApHBIX
gactull. Y BHYyTpH (pru3HyecKux Tes OCHOBOHM pacipOCTpaHEHUs CBETa SBISIETCS dPHp.
OnHako BHYTpHM OOJaJalOMIMX MAacCOM 3JIeMEHTAapHBIX YacTULl 3(UpHas cpeaa
orcyrcTByeT. Ha sT0, Hampumep, ykaspiBaeT 3((eKThl audpakiuu, paccesHHs
KECTKUX PEHTT€HOBCKUX BOJIH Ha JIEKTPOHAX U sIpax aToMOB [3].

BO6sm3u snmeMeHTapHON YacTHIIBI PEryJsipHas pelieTka, puc. 2, u3-3a HCKaKEHHIH,
BHOCHMBIX YaCTHUIIEH, HE MOXeT coxpaHuThcs. Ha pucyHke 3 BecbMa yNpOIIEHHO
IpeJICTaBIeHa CTPYKTypa 3pUpHOM cpeabl BOIM3H YCIOBHOIO si/jpa aToMa (JIEKTpoHa
U Jp.) B BHJE 3IeMeHTapHOM c¢epuyeckoir Maccel [2]. [IpencraBneHHas cxema
SBIISICTCS YCIIOBHOM MTOTOMY, YTO pa3Mepbl IOJ00HON Macchl, HalpuMep, apa aToMa,
3JIEKTPOHA U Jp. HAMHOTO OO0JIbIIIe, YeM YacTULlbl 3(pUPHOI Cpeabl.

JlanHast cxeMa JEMOHCTPHPYET, 4YTO IPOCTPAHCTBEHHO-CETYATAsI CTPYKTYpa
spupa MCKa)KEHa HaIW4YMEeM »JJIeMEHTapHON cdepuueckoil Maccel. BoOmmsu
3JIEMEHTApPHOM MAacChl 3Ta CTPYKTypa B 3HAUUTENIBHOW mepe paspeixiieHa. [lo mepe
yJlaJIeHus OT HEe CTENEHb Pa3pbIXJIEHUs CTPYKTYpbI Oy1eT yMEHbIIATHCA.



CpaBHeHme puc. 2 1 puc. 3 TTOKa3bIBACT, YTO HAUOOBINEH TUIOTHOCTHIO 00JIagaeT
CTpyKTypa 5¢upa, BOJIM3M KOTOPOM OTCYTCTBYIOT JJIEMEHTapHbIE YaCTHUIIBI.
CTpyKkTypa, UCKa)XE€HHAs] MPUCYTCTBUEM JJIEMEHTAapHON Macchl, 00JIaaeT MEHBIIEH
IJIOTHOCTBIO. [IpocTpancTBeHHO-CceTUaTast CTPYKTYpa, o0Opa3oBaHHas
MPUTATUBAIOIUMHUCS APYT K APYry Pa3HOMMEHHBIMU YaCTULIAMH, PA3BUBAET HA UX
KOHTaKTaX, KaKk MPOWJUTIOCTPUPOBAHO B pabore [2], OGomnbioe naBieHue. Takoe xe
JIaBJICHUE WJIM MEHbIIee, OyIeT OKa3bIBaThCSI U HA
3JIEMEHTapHyr wmaccy, puc. 3. Ilpuyem 510
naBieHue OyneT  CKJIaAbIBaThCS 33  CYET
pa3MbIKaHUSI KOHTaKTOB Pa3HOMMEHHBIX YaCTHII,
HEIMOCPEICTBEHHO MPUMBIKAIOIINX K 3TOM Macce.
JlaBnenne Ha Maccy OyJeT YCWJIEHO 3a CYeT
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HCKQ)XCHUM BTOPBIX, TPETbUX, YETBEPTBHIX U T.II. Eéé‘% \ ‘:14:-)
PAIOB CTPYKTYPHOW PEIIETKH, HaXOIAIIUXCS, BOas g ,(:f‘)‘\":")
COOTBETCTBEHHO BO BTOPOM, TPETHEM, YUETBEPTOM O )+
M T pALy OT MacChl. DTO JaBIICHHUE [©) ()

00yCIIOBICHO CTpeMJICHUEM YaCTHIL,
HAXOJSAIIMXCS BO BTOPOM, TPETbEM M JIp. psaax,

HaXOJUTbCSA B KOHTAKTE JPYr C JAPYIOM M pu. 3 ypoouedHas  cxema

BOCCTaHOBUTh HEHAPYIICHHYIO CTPYKTYPY, PHUC.  mpocTpaHCTBEHHOV CeTYATON
2. CTPYKTYpbl acbmMpa B OKPECTHOCTU
Ha HekoTOopoM paccTOsSsHUM OT ILIEHTpa  SfEMEeHTapHoM cepudeckomn

5JIEMEHTAPHOM Macchl OOIIMit BUA CTpyKTypHOM — Maccel-

CpeZbl YCIOBHO MOKHO IPEJICTABUTh B BUJAE KOHIEHTPUUYECKHX CQEp, BIOKEHHBIX
OJlHa B IpYyTy10, puc. 4.

UncTo yCIOBHO MOXKHO CUMTATh, YTO B CpeHEN KoHIEeHTpuueckou cdepe (1,
puc. 4) Bce YacTUIbl NPOTUBOMNOJIOXKHOTO pOJia KOHTAaKTHPYIOT JPYyr C JPyrom
HETIOCPEJCTBEHHO, 0€3 TMpOMEXYTKOB. Torma B KOHIEHTPUYECKOH cdepe,
pacIoyioKEeHHOM Janblie OT Macchl (2, puc. 4), BBUIY HEOOXOIUMOCTH COOTBETCTBUS
ApyT APYTY 4YHCIia MIPOTUBOIIOJIOKHBIX YACTHUL, MOSABATCA MPOMEXYTKHA MEXKTY HUMHU.
B xonueHntpuueckoit cdepe, pacmnoioKeHHOM
Ommke K JJeMeHTapHOW wmacce (3, puc. 4),
yIaKOBKa YacTHI] Takke OyJeT MeHee MJIOTHOH,
TaK KakK 3/1eCh HEBO3MOXXHO Pa3MECTUTh TO ke
YUCIO YacTUll, YTO U B cpeaHel cdepe.
Hekotopoe konmuyecTBO HacTuil W3 OIMKHEH
cepbl OyayT BBITECHEHBI, & UX MECTO 3aiMyT
IyCThle NMPOMEXYTKU. HeTpyaHo mpencraBuTh,
4TO, IO MEpe YAAJIEHUs OT DIEMEHTapHOU
Macchl, IUIOTHOCTh d(upHON cpenbl OyaeT
BO3pacTarh, a €€ “phIXJIOCTh  YMEHbIIATHCS
MIPOMOPLUOHAIBHO PACCTOSHUIO OT 3TOM MacChl.

WTtak, ecnu npeacTaBUTh Kakyro Ju00 mMaccy
M, (aneMeHTapHyl0 YacTHIly) U IOMECTUTh €€ BHYTPU HEBO3MYIIEHHOH 3(upHON
cpenbl, puc. 2, TO 3Ta Macca UCKa3UT CTPYKTYpY 3(HUPHON cpefpbl, TaK, KaK yCIOBHO
MOKa3aHo Ha puc. 3. DieMeHTapHas Macca OyJeT UCIBITHIBATh HAaHOOJIbIIIee U PABHOE
CO BCEX CTOPOH JAaBiieHue. [lepemecTrM Teneps 3Ty Maccy B Cpely, YK€ HCKaKCHHYIO
HAJIMYAEM TAKOM K€ BJEMEHTapHOM Macchl, puc. 5. B 3TOM ciydae naBiieHHE Ha
qacTUIly He OyJeT OJUHAKOBBIM CO BCEX CTOPOH. Macca OKakeTcsl MoJ JaBJIEHUEM
OO0JIBIIIOTO YHCIIa KOHIIEHTPUYECKHX CIIO€B PAa3HON KPWUBU3HBL, B 3aBUCHMOCTH OT

Puc. 4. ®parmeHT CTpPyKTypbl
adupHOM cpedbl Ha HEKOTOPOM
pacCTOAHUN OT PU3NYECKON MaCChl.



paccTosiHusL 0 JApPYrod siemMeHTapHOW Macchl. KOHIIEHTpuyeckue CJIOM MeEHbIIen
KpUBU3HBI OyIyT oOKa3blBaTh Oouiplliee JaBjieHMe Ha Maccy M. JlaBieHue,
OKa3blBaeMoe Oojee ONM3KMMHM K 3JEMEHTapHOW Macce CIOsSMH C OOoJblIei
KpUBHU3HOH, Oyaer MeHbUM. TakuM oOpa3om, 3upHas cpema B 00JaCTH BIIUSHUS
Maccel M), OKa3bIBaeTCsl TPAAMEHTHOH. Bekrop yOBIBaHHS 3TOrO TIpaJUeHTa
HaIpaBJieH Ha JPYTYIO dJIEeMEHTapHYyI0 Maccy M,. B cBoto ouepens, k macce M, Oynet
NPWIOKEHA CWIa, IMOATAJKUBAKOIas dTO Telo K wmacce M. OTo U ecTb
MPUHILIMIIAAIbHAS OCHOBA CHJI TATOTEHHs B 3(UPHON cpese, COCTOALIeH M3 paBHBIX,
IIPOTUBOINOJIOXKHBIX IO 3HAKY, YaCTHUL.

Takum obpazom, HETJIOTHAs
rpagueHTHas d(uUpHasl cpeia MpeiCcTaBiIseT
co0O0i MpOCTPAHCTBO, KyJa BBITECHAIOTCS
JJIEMEHTapHble Macchl W3 ToW oO0xacTu
MPOCTpaHCTBa, rae 3¢upHas cpema Oosee
miotHas. Eciam  pemietka  MCKpHBIIEHA,
HampuMep, U3-3a HAJIU4YUS BHYTPU PEIIETKU
KaKOM-TH00 Macchl, OHa 00JIaacT MCHBIICH
IJIOTHOCTBIO. B Takod  MCKPUBIECHHOU
pelieTke apyras Mmacca Oyner
Mepe/IBUraThbCsl B HANPABICHUU CHUKCHUS
rpaJyeHTa TIOTHOCTH PEIIeTKU (WIH HHAYe,
B HAIpaBJIEHUU OOMbIIEH “PBIXJIOCTH”). Puc. 5. MpaBuTaLMOHHOE Nore,

W3 npencraBieHU, pa3BUTBIX BBILIE,  CO34aBaeMoe ABYMs TSFOTEHOLMMU
CPaBHUTEILHO JIETKO OIPENECIUTH NMPUYUHY Maccamu.
BO3HUKHOBEHUS W JIEUCTBHS TIpaJIMEHTa
NPUTSOKCHNUS Tel. JIOmyCTHM, U9TO 10 JUTHHE OKPYXKHOCTH L , KOHIGHTPHYECKOTO CII0s

1, puc. 6, 06pa30BaHHOTO BOKPYT AJIEMEHTapHOW Macchl M |» YKJIaJbIBACTCs TOYHOE
YHCIIO 71 YaCTHUI[ POTHUBOIIOIOKHBIX 3HAKOB TUAMETPOM d, uiu L =N 1a’.

bynem cuurare, uro L X >> d. Paanyc
TAaKOM OKpYXXHOCTH OyneT paBeH R1 =
nld/27r, a 4MCIO YacTHN 1, = 27rR1/d.

Crnenyroumii, Oonee Onu3Kuit K
3JIEMEHTApHOM Macce€ KOHIICHTPUYECKHI
CJIOH € JUIMHOU OKPY’KHOCTHU Lz, KakK ClIeyeT

W3 HAIIel MoJeH, OyJIeT UMETh paanyc Rz,

MEHBIIMKA POBHO Ha BEIMYMHY pa3Mmepa

YacTHUILIbI d, YeEM TIEPBBIH, R2 =R - d. lnmaa  Puc. 6. Cxema pacyeTa unucna 4actui

6 _ 3UpHOM cpedbl B KOHLEHTPUYECKMX
OKPYHKHOCTH €05t 2 OyzieT paBHa L, = 27R,  cnoax sokpyr chuamueckoii Macchl.

= d(nl - 27), a 9NCIIO YACTHI 1, = 27z(Rl -

d)/d. Nnaue, n,=n - 2. CoOTBeTCTBEHHO, B cjoe 2 OyAeT yKiaablBaThCs Ha 27
YaCTHULl MEHBIIIE, YEM I10 JJIUHE OKPYKHOCTH Ll. C npyroii CTOpOHBI, Ka)KJI0M YacTHILIE
OKPYXHOCTH L1 JIOJKHA COOTBETCTBOBATH JPyTrasi, IPOTHUBOIOIOXKHAS €l 10 3HaKY,

yacTUIla W3 ciosg 2. 3HA4YuT, 3a CUeT M - 27 YWCJAA YacTUI[ BO BTOPOM
KOHIICHTPUYECKOM CJIO€ 7 4YacTUI[ TEPBOTO CIIOSI HE OYIyT CKOMIICHCUPOBAHBHI.
[Toaromy wacTuiel cinost 2 OyAyT HaXOAWUTHCS HA HECKOJBKO OOJBIIEM PaCCTOSTHUH
Apyr OT Jpyra, 4eM 4YacTHIbI TepBOro cios. TakuMm oOpa3om, B Mpenenax



KOHIIGHTPUYECKOT'O CJIOsl 2 00pa3yeTcsi HEKOTOpPOe pa3peskeHue 3(pUpHO cpeibl.
B nexoTopom k-cnoe, HaxoseMcst OuKe K IICHTPY Ha BEIUYHHY kd, 110 JITTMHE

OKPYXHOCTH OyJeT YKJIaabIBaTbCs YHCIO YaCTHII n.o=n - 2km. Benuuuny

paspexeHus >QUpHON cpenbl B k-C0€ MO OTHOIIEHUIO K NEPBOMY CIIOK0 MOXKHO
BBIPa3uTh KO3()(HUITUEHTOM, OTPAKAIOIIIM OTHOIICHNE YHCIIAa YACTHL B K&KIOM CJIOE
K UX OKPY>KHOCTSIM:

M= (n ~2km/n =1~ 2knin, (8)

®opmyna (8) o cyTu, npu OOJBIIUX YUCIAX /1, BBIPAXKAeT U3MEHEHUE AUaMeTpa
(pammyca) wWiIM KPUBU3HY KOHIIGHTPUYECKHX CJIOEB, B TIpelenax KOTOPBIX, B
UJeabHOM CITydae, pa3MeIaloTCsl YacTUIII dpupa.

HetpyaHo nokasarb, 4TO ¢ YBETHUYEHHUEM PACCTOSIHUS OT IIEHTpa, KpUBU3HA (1715
chepruecKkux MOBEPXHOCTEH) YMEHBIIACTCS MPONOPIMOHATBHO paguycy chepsl.
COOTBETCTBEHHO ITOMY, CTCTICHb “‘pa3phIXJICHHS  BAaKyyMHOU cpebl OyaeT yObIBaTh
MPONOPLHMOHATIBHO IIIOMIATN MOBEPXHOCTH 3TOM cdepbl. Takxke Oyner yObBaTh U
IPAJAEHT MPUTSKEHUS TEN.

B wu3BecTHOM cTeneHW, TPAAUEHT TPABUTALMOHHOIO TIOJSI, CO3/1aBAEMOTO
JJIEMEHTapHOW  Maccod B 23QUpPHOM  cpene,  aHAIOTHYECH  TPaTUCHTY
TUAPOCTATUYECKOTO JABJICHUS KUJIKOCTU Ha MOrpyx)eHHoe Tejno, puc. 1. [Ipu stom
apupHAs cpela Takke 00JafgaeT ONpeaeleHHOW IIOTHOCThIO O [4, 5]. OmHako, B
OTJIMYME OT pEeaNbHON KHIKOCTH, OHA MPAKTHUYECKU He 00JamaeT BA3KOCTHIO M HE
OKa3bIBaeT COMPOTUBIEHUS (COMPOBOXAAMOIIEECS MPeoOpa3oBaHUsIMU  BUIOB
SHEPTUM) IBUKYLIUMCS TeJlaM.

DdupHas cpema, Kak TOKa3aHO HaMH, 00JIaJJaeT HEKOTOPHIMH CBOHCTBaMU
WJeaTbHOM XKUIKOCTUH. B TO ke Bpemsi dacTuilbl 3(UPHON Cpeabl KECTKO CBSI3aHbI
B3aMMHBIM TNPUTSOKEHHEM Jpyr ¢ apyrom [2]. Hamu Takke mnoka3aHoO, 4TO Bce
U3BECTHbIE (u3Mueckue Tena (Tesa, MMEIOIIUME Maccy, TaK KaK OHHM COCTOSIT W3
AJIEMEHTAPHBIX YaCTHIl) MPOHHIIAEMBI JUisi dGUpHON cpeapl. Takum obOpazom, mpu
IIOMOIIM T€J, COCTOSALIUX M3 COBOKYINHOCTHM AaTOMOB WJIM MOJIEKYJ, Mbl HE B
COCTOSTHUM CKOHCTPYHPOBATh EMKOCTbh, TIOJJOOHO TOM, KOTOpas MpeICTaBIcHa Ha PHC.
1 u xoTopast BHyTpu ObuTa OBI CBOOOIHA OT A(upHOI cpenbl. OgHako ddupHas cpena,
KaK yTBEpXJAeTCsi B Hallle KOHUEMUWU, BBITECHSIETCS CUJIBHBIMHU MOJISIMH,
CYLIECTBYIOIIMMU BOJM3UW W BHYTPU SII€p, DJIEKTPOHOB U JPYTHX AJIEMEHTapHBIX
94acTHIl, 00JIAJAOIINX MAaCCO. B 3TOM CMBICIIE TaKue YacTUIIbI TPECTABISIOT COOOM
aHaJIOTH CBOOOJHBIX, MYCTHIX OT 3(upa eMKocTel, cM. puc. 3. B rpaBuTanimoHHOM
T0JIe Ha 3JIEMEHTAPHYI0 YacTHIly Maccoi M, neicTByeT cuia F, moOysxaaromas, Kak 1
B CJIy4ae CO BCIUIBIBAIOIIMM TEJIOM, ABUTaThCSA U3 00JACTH C OOJBIINM JaBJICHUEM, B
0071aCTh C MEHBIIIHM.

Cuna F; OyzeTr mpomopIMoHAIbHA Macce 4YacTHIbl M, TMOCKOJBKY 3Ta Macca
oTpakaeT 0OBEM BBITECHEHHOW dactuied 3¢upHOil cpeapl. OHa Takke Oyaer
MPOIMOPLMOHANIbHA NIOTHOCTH BBITECHSIEMON Cpefibl, TO €cTh 3upa. DTa cuia OyaeT
TaKXK€ 3aBUCETh OT COOTHOIIECHUS TPABUTAIIMOHHBIX (MEXaHUYECKUX) U
AJIEKTPOMAarHUTHBIX CUJI B 3(UPHOIL cpee.

Bocnonwsyemcst popmynoii (7), 9To0bl OTpa3uTh cuity Fj, KOTOpas IeHCTBYET Ha
JJIEMEHTAapHYI0 YAaCTHIy, HMEIOIIYI0 DJJIEMEHTApHYI Maccy M, Wiau uHaye,
BBITECHSIIONIYIO Kakoh-nbo o0beM V; adupa MIOTHOCTHIO O CBOMUMHU BHYTPEHHUMH
CHJIaMU:



Fi %Mi = Z'5Vi, H (9)

3nech 7 - Hekud KOIPOUIMEHT MPOMOPIIUOHAIBHOCTH, OTPaKAFOIIHI
HEOIPEIIEHHOCTh BEJIMYMHBI 00beMa V;j B o0mieM ciaydae U OTIUYME IUIOTHOCTH O
a¢upa OT IIOTHOCTH (PU3NIECKUX TEIL.

[TnoTHOCTH 3(UpHOI cpeabl UMEET FIIEKTPOMArHUTHYIO MPUPOAY, HOITOMY €€
HeJNb3sl HEMOCPEICTBEHHO CPAaBHUBAThH C IUIOTHOCTHIO (hu3nueckoro tena. B cucreme
SI, xak O6bUTO onpeziesieHo paHee [2], oHa paBHA

8= py=1.25664-10°, n-xe-cex>a”, (10)

Crnenyer uMeTh BBHIY, YTO cujia F; OyneT Jumib IPUOIU3UTEIBHO TOM CUIION C
KOTOpoil Macca M; = M, OyneT NpUTATHBATHCS OPYToil TAroTeromeil maccoit M.
[IpyurHa COCTOMT B TOM, YTO KaXKJas M3 MacCc CO3/aeT BOKPYr ce0si IpagueHT
IPaBUTAIMOHHOTO TMOJIsl, KOTOPOE BO3JEHCTBYET U Ha IPYTYIO Maccy, puc. S.

Takum oOpa3zoMm, yuuThiBas ypaBHeHHE (9), B3aMMHas CHJia TIPUTSHKEHUS JTBYX
macc M u M», cocTaBuTt

72521/11/2
F D :—R—za (11)
L
rne V3 m V, — o0bembl 5(dupa, BbITeCHIeMOro wmaccamMmu M; u My,

COOTBETCTBEHHO, R; — PACCTOSIHAE MEXK/y MacCaMH.

N3BectHO, dYTO cdepa comepkKUT HaUOONBIINKA OOBEM HAa EAUHUIYY €€
noBepxHocTU. VcXoast W3 NMpUHIMIIA MUHMMyMa CBOOOJHOW 3HEepruu cdepa Takxe
SBIISICTCS HauOoJiee TPEANOYTUTEIFHON (POpPMOI, KOTOpYO 3aHUMaeT Marepus B
OJHOPOJHOM CHJIOBOM TMoJie. B cBfi3u C 3TUM, JIOTUYHO NPEANOJIOKUTH, YTO,
Harmpumep, GUrypa OKOJIOSAEPHOTO MPOCTPAHCTBA, B Tpejeiax KOTOPOTO sIEpHBIC
CHJIBI BBITECHSIOT 3(QUpPHYIO Cpely, dYalle BCEro IMPeACTaBIAIOT co0oil cdepy.
AHaIIOTUYHBINA BBIBOJ MOXKHO CIENIaTh OTHOCUTEIBHO (GUTYP M IPYTUX IEMEHTapHBIX

4z
yacTull. Toraa Ml MOXKeM IpenCTaBUTh 00beMbl B popmyne (11) kak V| = Trf 51

4
V, = Trf , TIIe 7'| U 12 - 9PPEKTHBHBIE PanyChl JIEMEHTapHBIX Macc M| u M.

[ToncraBus 3uauenus V1, V> u o (cm. (10)) B popmymy (11) momyurnm

33
~ ~11.21"7

F_ =-2771-10" 7212 4 (12)
D 2
Ry

Uto6wer B ¢dopmyne (12) Benmuuuny cwibl Fp monyduTh B HbIOTOHax, HY>KHO
A2 4
TIPMCBOUTD BETMUMHE T 17, Pa3sMEPHOCTb M-Ke -CeKd .

Kak u3BeCTHO, 3aKOH BCEMHPHOI'O TATOTEHUS, MHOTOKPAaTHO MOATBEPKACHHBIN
HKCIEPUMEHTANBHO, (opMylupyeTcs CleqyolM o00pa3oM: [BE MaTepUalbHbIE
TOYKH, 0OJasaromre Mmaccamu M e M2 IIPUTATUBAIOTCS IPYT K IPYTy C CUIION:

'—, (13)



rae R - pacCTOSHHE MEXIy MaccaMu, a g - TpaBUTAIlMOHHAs IMOCTOSHHAs, paBHAS
a3

-2

6.670-10 , m ke -cex” [1].

Ecnu pacnonoxuth Ba OJUHAKOBBIX Tejda Maccoil B 1 ke Ha paccrosHuu 1 M
ApYT OT Apyra, u3 ¢popmysl (13) MbI OJTydnM, YTO CHJIA UX NPUTSHKEHUS

-11
Fro=-6,670-10 , . (14)

Jns Tex ke ycnoBuid (ry = ry = r, Ry = 1 m), dopmyna (12) Oyaer BeIrisieTs
CJIEIYIOIIUM 00pa3oM:

_ 101126
FDO_ 2.771-10 T°r ,H. (15)

CpaBuenne uucen B ¢opmyrnax (14) u (15) mokaspiBaeT WX OJWHAKOBBIM
nopsiioK. Pa3HuIla MeXIy BEIIMYMHOM, TOTyYaeMO TEOPETUYECKUM PACYeTOM CHIIBI
NPUTSHKEHUST JBYX Teln Maccod 1 ke  Ha paccToOsSsHMM | M W BEIWYMHON
rPaBUTALMOHHON TOCTOSIHHOW OMNpPEIEICHHOW 3KCIEPUMEHTAIbHO, MpHU 20 =1,
coctaBuT Fro — Fpo = 3.899-10""". Ecitu MuOXHTEnB B hopmyite (15) GyaeT paBeH

w=2r"=2.407, (16)

TO YHCJICHHOE 3HA4YCHUE Fpp OyIeT paBHO TPaBUTAIIMOHHOM ITOCTOSIHHOM g.

Hanuuue MHOXUTENS ¥ MOXET OBbITh 00BsICHEHO Tpems npuunHaMu. [lepBas u3
HUX COCTOUT B OTJIMYMU CHEHU(PUYECKOH IUIOTHOCTH O 3pupa OT IJIOTHOCTH
dusmaeckux Ten. IITOTHOCTD SGUPHOI CPeIBl HMEET HHYIO Pa3MEpHOCTh (H-a ), 4eM
Macca (xe) unu Bec (H) ¢usmueckoro Tema. HecMoTps Ha Ipyryro (QU3HUECKYIO
npupoay, 3pup, Kak MOKa3ajao IMOCIETHEe OTKPHITHE TaK Ha3bIBAaeMOW ''CKPBITOM
Marepun'" [6], aKTUBHO B3aMMOJICUCTBYET C IJIOTHOCTHIO OOBIYHBIX (PU3UUECKHUX TEJ.

Bropas mpuumHa COCTOMT B TOM, 4TO d(UpHas cpena BOJIM3HM DIIEMEHTapHOMN
Macchl MMEET MEHBUIYI0 IUIOTHOCTb, €€ pelleTka HCKaxeHa. B  okpecTHOCTH
JJIEMEHTApHOH Macchl 00pa3yeTcsi TpaJueHT CHIDKCHUS IUIOTHOCTH —ddupa
(YBETMUEHHUS €T0 «PBIXJIOCTH»), IPUYEM ATOT I'PAaJUEHT HAmpaBieH B CTOPOHY STOM
Macchl. JTOT (aKT MOATBEPKIACTCS TEM, TEM JKECTYE AJICKTPOMATHUTHBIC BOJHBI
(BBIIIE UX YACTOTA) TEM OOJIBIIIE OHM B3aUMOJICHCTBYIOT C sipaMu (PU3UYECKOTO TeJa.
Takoe B3auMopeHCTBHE, a UMEHHO IU(PAKIHUA PEHTTEHOBCKUX JIy4eld Ha aToMax,
COCTaBJIAIOLIMX MPaBWIbHBIE KPUCTAJUIbI, MpenackazanHas B 1912 r. Jlays, BnepBbie
SKCHepUMEHTaNbHO Habmoaanacs @punpuxom n Kaunnunrom [3].

Kaxnoe ¢usznueckoe Te10, B TOM 4UCiIe U Maccod B 1 ke, COCTOUT U3 aHCaMOJIst
aTOMOB (MOJIEKYJI), KOTOpBIE, B CBOKO OUE€PENlb, COCTOAT U3 JIEMEHTAPHBIX Macc, TO
€CTh SiZiep, JJEKTPOHOB W Jp. 3JEMEHTApHBIX dYacTull. TakuMm oOpa3oM, Bce 3TH
YacTHUIIBI  COCTaBISIOT HE E€AWHBIH 00BeM, a COBOKYHMHOCTh OOBEMOB,
Mpe/ICTaBISAIoNMNX coO0oi Becomoe ¢uznyeckoe Teno. [1oaToMy MOXKHO TOBOPHUTH
mumbe 0 3(QQEKTUBHOM pajuyce » BCEX D3JIEMEHTapHBIX OO0BEMOB BBITECHEHHOMN
3¢bupHOH cpeabl U3 GU3NYECKOTO Tena. ITO SIBISIETCS TPEThbUM OCHOBAHHUEM HAJTUUUS
MHOKHUTENS .

Tem He wMeHee, ONM30CTh SKCIEPUMEHTAIBHO TMOJIYYEHHONW  BEJTUYMHBI
TPAaBUTAIMOHHON TIOCTOSIHHOW K BeJIMYMHE, TOJNYyYEeHHOW HaMH B pe3yJbTaTe
TEOPETUYECKON OLIEHKH, MOKAa3bIBACT IJIOJOTBOPHOCTh M aJ€KBAaTHOCTH IOJAXO[A,
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