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Ot aBTOpa

B Hacrosmelt cratbe UM3NIOKEHbl Ha HAyYHO-IONYISPHOM SI3bIKE OCHOBBI TEOPHUU
anturpasutauroHHoro kpbuia (AI'K) u mneptnoro asuxutens (UJ1), mociaenoBarenbHo onpeaeneHo
TaKoe MOHSTHE, KaK anmuzpagumayuonnasa cuia. bazoit nina ocnoBanusa teopun AI'K n U] siBunoce
pa3BUTHE MOJIOKEHUN MOTEHIIUAIBHON MOJIETIN aHTUTPABUTALIMOHHOIO B3aMMOJEHCTBUSA TeJl, KOTOPas
B CBOIO O4Yepeab OMHUPACTCA Ha ClenuaabHylo Teopuio oTHocutenbHOCTH (CTO) A. DiiHmreiiHa.
OcHoBHo#t 3amaueit Teopun AI'K u U]l sBusiercst pa3paboTka TEOPETUUYECKUX OCHOB ISl CO3/IaHUS
JIeTaTeNIbHbIX alllaparoB HOBOIO TUMA U MPAKTUYECKOTO UCIIOIB30BAHMS CUII TATOTEHHUSL.

[lorenumaneHass MOJENb AHTUTPABUTALMOHHOTO B3aMMOJCHCTBUS Tel OblIa MPEIOKEeHA
BceoOmemMy BHuMaHWiO B amperne 2001 roma Kak anbTepHATHBHAS TUIIOTE3a, OOBICHSIOIIAS
aHTUTpaBUTALlMOHHbIE (eHoMeHbl. OJHAaKO JanbHeWIee pa3BUTHE JTOM pabOTHl  MO3BOJIHUIIO
OIPENEIUTh HOBBIM B3MVISII HA MPHUPOLY IPABUTALMOHHOIO HOJISI M BBISACHUTH, YTO AHTUIPABUTALIMS
SBJISIETCA YAaCTHBIM CIy4aeM B TIPAaBUTAMOHHOM B3aWMOJEHCTBUU TEl, T.€. OHA OMMUCHIBAETCA
COBpEMEHHOU Teopuell rpaBuTanuu. HeoOxoammo cpasy MOAYEpKHYTh, YTO Ha MOMEHT HalHUCaHUS
HACTOSIIEM CTAaTbU SKCIEPUMEHTAILHOIO MOATBEPKIACHUS MOJOXKEHUM NOTEHIUATIbHOW MOJEIN
AHTUTPABUTALlMOHHOTO B3aMMOJICHCTBUS TEJ HET, ITOCKOJIBKY JI0 CHUX MOp HE Haja)keHa COBMECTHAas
paboTa TEOPETHKOB U SKCIIEPUMEHTATOPOB.

1. IloTeHIUAJILHASE MO/I€JIb AHTUTPABUTAIMOHHOTO B3aUMO/IEICTBUSA TeJl
1.1. YUto TaKkoe aHTUIPABUTALINS ?

Jlo cux mop NOHSATHE “aHTUTPaBHUTALMS SBJSETCS CIIOPHBIM, BBI3BIBAET OTPOMHBIN HMHTEPEC,
cobupaer BOKpYr ce0si MHOMECTBO THIOTE€3 U Teopuil. OTo 0OYCIOBIEHO, MpPEXkAe BCEro,
MEPCIEKTUBHBIM U MHOTOOOCHAIONIMM TPAKTUYECKHM HCIIOJIB30BaHUEM JTOro siBieHUs. OmHako
JeTaldbHBIA aHaau3 Jake HeOONBIoNW YacTh paboT, MOCBAIICHHBIX MPOOJIEeMEe aHTUTPABUTALIWH,
MO3BOJISIET CAETaTh BBIBOJ O TOM, YTO HHUYEro OOLIEr0 ¢ aHTUIPaBUTALMEH B HUX HET. 3aJaguMcCs
MPOCTBIM BOIMPOCOM: ‘“UTO TAaKOE AaHTUIPAaBUTALIMOHHAsA cuia?”. Jlormueckd HampanmBaeTCs OTBET:
“aHTUTPaBUTALMOHHAS CUJIAa — 3TO TPABUTALIMOHHAS CUJIa, BEKTOP HaIllpaBJICHUs KOTOPOIl HalpaBJieH B
MPOTHUBOIOIOXKHYIO CTOPOHY . Takum 0Opa3oM, 4ETKO OMPEENICHO, YTO MPUPOJIa TPABUTAIUOHHON U
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QHTUTPABUTALIMOHHOM CHJIBI OJlHA M Ta JK€, T.€. OHW BBI3BAHBI OJHUM M TE€M K€ TEJIOM WJIHU
MaTepHaIbHOW TOYKOW M CITOCOOHBI BO3/ICHCTBOBATh Ha JAPYrUe Teja, IOMEIICHHBIC B TPABUTAIIMOHHOE
M0Jie JAHHOTO TeJla B MPOTHUBOMOJIOKHBIE CTOPOHBI.

OCHOBHOIl uJeel Macchl TUIOTE3 W TEOPUU AHTUTPABUTALMU SIBJISAETCS KOMIIEHCALMUS CHUJI
TATOTEHUS 32 CYET DIEKTPOMArHUTHBIX cui [7, 13, 14], neHTpoOexxHbIX cuit [4, 5], chJl BO3HUKAIOIMX B
npoIriecce ABMKCHUS TBEPJAOTo Tena B razax (atMocdepe) [3] u mpouynx cui, He MMCIONMX HU KaKOTO
OTHOIICHHWS K TPaBUTAIIMOHHBIM (MHOTJA BBICKA3bIBAIOTCS THIIOTE3bl O CYIISCTBOBAHWHM BOOOIIE
HUppeaIbHBIX CUJT). ABTOPBI 3TUX paOOT HA3bIBAIOT PACCMOTPEHHBIE MU CHJIBI aHTUTPABUTAIIMOHHBIMHU
1Mo OOJIBIIIOMY CUETY M3-3a TOTO, YTO ATO KpacuBO 3BYIUT. OJHAKO C TAKUM KE yCIEXOM MOXKHO OBLIO
OBl Ha3BaTh MOJBEMHYIO CHITY, JCHCTBYIOIIYIO HAa KPBHLJIO CaMOJIETa aHTUTPABUTAIIMOHHOMN CHJION, YTO,
MSTKO TOBOPSI, OIMOOYHO | JIOKHO.

Takum  oOpa3om, TMMOJ  aHTUTPaBHTAIlMCH  IMOHMMAETCS  TOJBKO  TPABUTAIIMOHHOE
B3aMMOJICUCTBUE, HAMpaBJICHHOE Ha OTTaJKUBaHue Tell. [lodToMy HHM Kakue Jpyrue CHIIbl,
KOMIICHCHUPYIOIIME CHIIBI TATOTCHHSI, HE MOTYT OBITh Ha3BaHbl aHTUTPABUTAIIHOHHBIMHU.

1.2. 'paBuTalIMOHHOE B3auUMOAeiCTBHE TeJl

[Ipennonoxxum, 4YTO TPaBUTAIMOHHOE IIOJI€ Tela SBISETCS ClIa0bIM, TaKk 4YTO KPHUBHU3HA
MPOCTPAHCTBA-BpEMEHU Mayia. Torma MOKHO BBIOpaTh CHCTEMY KOOPIMHAT, JUIsl KOTOPOW KpHBHU3HA
KOOpJIMHATHBIX OCel Majia. B »TOM cilyyae 3aKkOH IpaBUTAlMM OWHIITEHHA IMEPEXOJUT B 3aKOH
HrroTona, Korma moiie sBiseTcst CIabbIM M CTAaTHYECKUM [2].

Proymox 1

PaccMoTpuM pucyHOK 1, Ha KOTOpOM TPEACTABICHO CIa00€ M CTaTUYECKOEC TPAaBUTAIIMOHHOE
nojie Tejaa Macco M (He peNsITUBUCTCKAas Macca) B CTaTUUYECKOM CHCTEME KOOPAMHAT CBS3aHHOU C
MAaTEPUAIIBHON TOYKOW MAaccoul m, KOTOpas MOKOMTCS OTHOCUTENBbHO Tena maccou M. Iloatomy miist
OMMCaHUS TPABUTAIIIOHHOTO MOJISI OTPAHMYMMCS HBIOTOHOBBIM MPHUOJIMKEHUEM 3aKOHA TPABUTAIIHH.

Teno maccoit M obpasyeT B MPOCTPAHCTBE TPABUTAIIMOHHOE TOJIE, B PA3HBIX TOYKAX KOTOPOTO
COOTBETCTBEHHO Pa3HbI€ MOTEHIUANIBI 3TOTO 1oJsa. Ha pucynke | myHKTUPHBIMUA JTUHUSAMHU MMOKA3aHbI
JIBE DKBHITOTEHIIMAIBHBIC TOBEPXHOCTH IPABUTAIIMOHHOTO ITOJIS TeJIa Maccoi M, KOTOpble 0003HaYEHbI
nudpamu 1 u 2.

3aMeTHM, 4ToO:

@ P,

Tac. @] U ¢ 2 —IOTCHIUAJIbI TPABUTAIIMOHHOIO ITOJI B TOYKaxX lu?2 COOTBCTCTBCHHO, KOTOPBIC PaABHBbI:
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Rl R2
rne: G — rpaBUTAllMOHHAs TMIOCTOsSHHAs, R] — paccTosHUE OT IIeHTpa Tela maccod M 1o
SKBUIOTCHIIMATBLHON mMoOBepxHOCTH 1; R) — paccrosHue OT IIeHTpa Tena wmaccou M 1o

SKBUIIOTEHIIHAIIBHOW ITOBEPXHOCTH 2.
Ecnu moMecTuTh Kakoe-mmu00 Teno B JIFOOYIO TOYKY SKBUITOTEHIIMAIBHOW MMOBEPXHOCTH 1, TO Ha

—

IOMEIIEHHOE TEJIO IeilicTBOBaIa OBl CHIIa FT CO CTOpPOHBI TeJIa Maccou M, Kak 3TO MOKa3aHO Ha
pucynke 1. 3ameTwM, 9YTO CHJIa TpaBUTAllMU JCUCTBYET B CTOPOHY YOBIBaHHWS TOTEHI[MAJIA
TPaBUTAlMOHHOIO MOJIS TENa Maccou M.

HeoOxomMMoO OTMETHUTH TO, YTO pa3IMYHBIC YYacTKA JFOOOTO Teja, IOMEHICHHOTO B
TpaBUTAI[MOHHOE TIOJie OOpa30BaHHOTO TEJIOM Maccoi M, HaxomITCsi Ha  PasIu4YHBIX
SKBUIIOTCHIMAIIBHBIX MOBEPXHOCTAX IMOJISI B 3aBUCUMOCTH OT MX YHAJIEHHOCTH OT Tena maccou M.
CrnenoBaTenbHO, B JIIOOOW M3 CHCTEM OTCYETA, CBS3aHHBIX C MaTEPHAIBHBIMH TOYKAMHU Teja, OymeT
HaOIOJAThCSl YMEHBIIICHUE TMOTECHIIMAa TPAaBUTAIIMOHHOTO TOJISI, 00pa30BaHHOTO TEIOM mMaccoud M ¢
YMEHBIIICHHEM PACCTOSHUS A0 Hero. Takum oOpa3oM, MOXKHO CIENaTh BBIBOJ, YTO CHJIA TPABUTAIINH,
JCHCTBYIOIAS HA Kakoe JUOO TEJIO CO CTOPOHBI JIPYroro Teja, HAlpaBJicHAa B CTOPOHY YMCHBIICHUS
MOTEHIIMAJIA TPAaBUTALMOHHOIO TIOJISI TeEJa, KOTOPOE BBI3BIBAET ATy cuiy. [lpyrumu croBamu
rpaBHTAI[MOHHAS CHJIa OOpaIlicHa OT OOJIBIIETO K MEHbBINIEMY ITOTEHITMATY TPaBUTAIlMOHHOTO 1moJis [8].

B nmanpHedimem OyayT paccMaTpuBaThCS TPABUTAIMOHHBIE TIOJS TOYEYHBIX Macc B
KPUBOJIMHEMHBIX CUCTEMAX KOOPIUHAT.

1.3. Mexanu3m nojiyuye Husi aHTUTPABUTALMOHHBIX CHJI

OmnpenenuMmcss ¢  HEOOXOAMMBIMH B JAJbHEWUINEM OINWCAHWU TPABUTALMOHHOTO ITOJIS

(M3UYECKIMU BEIMYMHAMU U UX (JOpPMaTM30BaHHBIMU OmNpeaenecHusIMA [8]:

- JIroGoe mose onpeaensercs mo IeHCTBUIO €T0 Ha KaKoe-I1M00 Teno (MaTepruaibHYIO TOUKY);

- E = F/m, tne: E — HanpsDKEHHOCTh TPABUTAIIMOHHOTO TOJIS. B Ka)K10# TOYKE SKBUITOTEHIIMATBHOM
MOBEPXHOCTU BEKTOP HAMNPsLDKEHHOCTH TPABUTALMOHHOIO IMOJs MNEPHEHIUKYISIPEH K Hed u
HallpaBJIeH B CTOPOHY yOBIBaHHS MOTEHIMANa TPAaBUTALMOHHOTO mois. Bekrop E coBmamaer mo
HaIpaBJICHUIO C BEKTOpOM F

- ¢ = U/m;tne: ¢ — noTeHIMan rpaBUTAIMOHHOTO TTOIst; U — MOTEHIIHMAIbHAS SHEPTUs TEIa MAaCCOU
m;

Iy
m = d

2
1-V /a.
€“ ,rme:m - peNATHBHCTCKAS Macca TeNa; /1() — Macca IOKOs Tela; v — JHHEHHas

CKOPOCTh TeJla OTHOCUTEIHFHO BRIOPAHHOM CUCTEMBI OTCUETA; C — CKOPOCTh CBETA B BAKyyME.
[loreHnmanbHass H2Heprus B 1OJ€ KOHCEPBAaTUBHBIX CHJI  (TPaBUTALMOHHBIE  CHJIbI
KOHCEpPBATUBHBI) CBSI3aHbBI C CUJION COOTHOILICHUEM:
Ecnu umeercss macca mokost M, TO moJie BOKPYr Hee oOnamaeT cepuyueckod CUMMETpHUEH,
II03TOMY MOYXHO 3aIlUCaTh:
dR

—

rae: 1 - G,Z[I/IHI/ILIHblﬁ BCKTOp, IIO HAIIPpaBJICHHUIO COBHaI[aIOH_[I/Iﬁ C paInyCoM BCKTOPOM, IMPOBCACHHbBIM

www.antigravity.narod.ru/.../osnova.htm 3/19



08.02.2011 OCHOBbI TEOPWW aHTUTPABUTALIMOHHOT ...
OT Macchl NOKOA M, co3fmaroniell TpaBUTAIIMOHHOE TOJE, K HEKOM MNOMEIIEHHOM B JTO IIOJIE
MAaTEpPUAIIBHON TOYKE MAcCCOM MOKOSl m; R — paccTosiHME OT Tella Maccol mokosi M 10 MaTepualibHON
TOYKHA MAacCOM MOKOS /1.

B npoekuusix Ha ocb OX u yuTs, 4TO U=gn , IOJIyYUM:

F= —mg

N3 monmy4eHHOTO BBIpAXEHUS BUIIHO, YTO TpaBUTAIIMOHHAs cvia F Oymer HanOombie, eciu
6y,I[€T Ha6J'IIO,I[aTI:-C$I MAKCUMAJIBbHO BO3MOXXHOC HN3MCHCHHUC ITOTCHI[MAJIA I’paBI/ITaHI/IOHHOFO I10JI1 Ha
omnpeaeneHHOM pacctossHuM dR. TlockonbKy mr000€ mosie ompenensercs Mo IeHCTBUIO €ro Ha Kakoe-
.TII/I6O TCJI0, CICAOBATCIIBHO, ITOTCHI WA I'PABUTALIMOHHOI'O IIOJIA TCJIa MaCCOﬁ ITIOKOA M MOXECT 6LITB
ONpCACIICH TOJIBKO B CHCTCMC OTCUCTa HC CBSISaHHOﬁ C OTHUM TCJIOM. HOBTOMy IIOTCHI MU AJI

TPaBUTAI[MOHHOTO TOJIS TeJla MAacCOU MOKosl M OyZIeT OnpeeNneH CIeayonmM 00pa3om:

M

2
P l—vé

rae: M — macca 1mokost Tela oOpasyroliee TpaBUTALMOHHOE T0JIe; U — JMHEHHAss CKOPOCTh TeJla MacCou
MOKOsi M OTHOCUTENBHO BBIOPAHHOM CHCTEMBI OTCUeTa; R — pacCTOsIHUE OT Tela Maccoil mokost M 1o
BBIOpaHHOW CHCTEMBI OTCUETA.

Ecnu cBs3ate ¢ TenoMm maccod mokosi M HEKY0 WHEPIHAIbHYIO cUCTeMy / C OOBIYHBIMHU
MIPOCTPAHCTBEHHO-BPEMEHHBIMU KoopauHaTaMu X, Y, Z, T, TOr[1a Ha ONPEACIEHHOM PACCTOSSHUU R OT
JBYX B3aMMOJICHCTBYIOIMX TeJl MAKCUMAJIbHO BO3MOXXHOE M3MEHEHHUE NMOTEHIIHAJIa TPABUTALlMOHHOTO
MoJsl Tejla Maccol Mokost M BO3MOXKHO, €CIIM MaTepualibHas TOYKAa MAcColl MOKOSI m JBUXKETCS CO
CKOPOCTBIO 0—>C M0 SKBUIIOTEHIIMAJIbHON MOBEPXHOCTH NAPAIIIEIbHO NI0CKOCTU XY unu XZ.

OrpaHu4ymMmcsi pacCMOTpPEHUEM COOBITHI B TIOCKOCTH XY, a [uisi (MKCUPOBAHUS TOUYEK B
¢u3nUeckoM MpPOCTpaHCTBE OyAeM HCIOIb30BaTh BMECTO JEKAPTOBBIX KPUBOJIMHEHHbBIE KOOPAWHATHI.
Benem nomnsipasie koopauHaThI (R, 6) ¢ TOMOIIBIO COOTHOIICHU:

X = RcosB; Y = Rsin0.

Terepp MOXKHO ONpENEIUTh PABHOMEPHO BpALAIOUIYIOCS CHUCTEMY KOoOpAMHAT S ¢
MPOCTPAHCTBEHHBIMH KOOPAWHATAMMU:

X = rcoso; y = rsino,
rne:r =R;0 =60 - wT.

JIrobas pukcupoBaHHAsI TOYKA BPAIAIOMICHCS CUCTEMBI S C TTOCTOSHHBIMHU 3HAYCHUAMU (X, ))
unu (7, 0) CoOBepIaeT B cucrteMe / KpyroBoe JBHKEHUE C MOCTOSHHON YIJIOBOM CKOPOCTHIO . OmaHOM
U3 TakuX (UMKCHPOBAHHBIX TOUEK SIBJISIETCS MaTepUaibHas TOYKA MAcCOW IOKOS 71, COBEPIIAOIIAs
JBH)KCHUE OTHOCUTEIIBHO cucTeMbl [ mapayuienbHo ocu XZ. [Ipu T = () 006e cucTeMbl COBIAJIAIOT.

#’:_

Prcymox 2.
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CnenoBarenbHO, JUIsl BceX ToueK ¢ ¥ = R, mpu R < ¢/w Bpamamollylocsi CUCTEMY OTCYETa MOXHO
MPEICTAaBUTh B BUJIE PABHOMEPHO Bpalrolerocs aucka (pucyHok 2). Kaxnas Touka ¢ Maccoil moKost
dm Ha dTOM JTMCKE XapaKTepu3yeTcs IBYMs Yuciaamu (x, y) uiu (7, d), KOTopble paBHBI KoopauHaTam (X,
Y) unu (R, 6) Toi TOUKM HEMOABUIKHOM TIIOCKOCTH XY, C KOTOpOi B MOMEHT BpeMeHU T = () o 4acam
cuctembl / Touka o coBmaaaet [6].

Ha pucynke 2 mpencraBieHo Teno Maccoi mokost M (cuctema orcuera /) U BpaIAIOIIMICS JUCK
(cuctema otcuera §), Ha KOTOPOM BBIOpAH JIEMEHT MacChl TOKOSI dm 3TOTO nucka. [[uck Bpamaercs ¢
MIOCTOSIHHOW YITIOBOM CKOPOCTBIO » OTHOCHTENILHO CHUCTEMBI OTCcYera [. Paauyc IHCKa paBeH 7y,

PaCcCTOAHUEC OT OCHU BpallCHHUA 0 BBI6paHHOFO 3JIEMEHTa MacChl MOKOS dm PaBHO 7, paCCTOAHHUC OT
TeJa MacCOM ITOKOS M,Z[O KPOMKH T CKa paBHO [‘[, TOJIIIMHA TUCKa paBHA hﬂ. HpI/IMeM AOIMYHICHUEC, YTO

hIl< <H, T.e. IUCK SBJSICTCS TOHKHM.

B CTO BpeMs B MHEpUUAIBHON CHUCTEME OIPENETSAETCS C MOMOIIBIO CTaHIAPTHBIX YacoB,
pa3MEICHHBIX B Pa3IUYHBIX TOYKaX CHCTEMbl M CHHXPOHU3UPOBAHHBIX C IOMOIIBIO CBETOBBIX
curHajgoB. J[Boe 4YacoB, OTPETYJIMPOBAHHBIX TaKUM METOJOM, CHUHXPOHHO OTCUUTHIBAIOT BpPEMsL.
AHaJIOTHYHO MOXXHO OIPEIETUTh BpPEeMs BO BpallAIOUICHCS CHUCTEME KOOpAWHAT S, HCMHOJIb3Ys
CTaHJIAPTHBIC Yachl, 3aKPEIJICHHbIC B PA3IUUYHBIX TOYKAX ATOM CHUCTEMbl U OTPETYIMPOBAHHBIC B
COOTBETCTBHMH CO CTAHJAPTHBIMU YacaMH WHEPIHUAIbHON cucTembl /. Takyio perymupoBKYy MOXKHO
clenaTh, HApUMEpP, yYCTAaHABIMBAs Yachl BO BPAIAIOIICHCS CHCTEME Ha HYJIb M IyCKas WX B TOT
MOMEHT BPEMEHH, KOT/Ia 9achl B CUCTEME /, C KOTOPBIMHA OHHM COBIIAJIAIOT, TTOKA3bIBAIOT HYJIEBOE BPEMHL.
Torna Bo Bpammaronieiics cucteme ¢ = () ipu 7 = (). OTHAKO CTaHAAPTHBIE Yachl B TOUKE (7, 0) Ha JMCKE
UMEIOT OTHOCHUTEIBHO CUCTEMBI / CKOPOCTh 0 = @r W MOTOMY OTCTAIOT MO CPAaBHEHHUIO C yacaMu B
cucreme /, Tak 4to umeeM [6]:

°r>
e

[lockonpKy MMEeT MecTO 3aMeJieHne BPEMEHH BO BPALIAIOLICICS CHCTEME OTCYETa, TO
clieZioBasio ObI OKUJATh COKpAIlleHHE paccTosHUs R u3mepeHHoe B cucteme S. OJHAKO 3TO HE Tak,
MIOTOMY YTO BEKTOpP CKOPOCTU ®», MPUIIOKEHHBIA K DJIEMEHTY MAacCChl MOKOSl dm TepreHANKYISIpeH
paccrosauto R. Takum oOpas3oM, mpu J1r000# yriaoBoW CKOPOCTH BpalleHus Aucka (wr<c) R = const u
OJIMHAKOBO Kak B cucteme /, Tak u B cucteme S [1].

ITockonbKy hy<<H, TO IPEANOI0KUM, YTO M3MEHEHHUE MOTEHI[NAI0B IPABUTALMOHHOIO IT0JIS
pi

f=T.1-

Teaa Maccoi mokost M mo TOJIIIMHEC TOHKOI'O AHMCKa hﬂ napajliCJIbHO OCU BpPalICHUA OTCYTCTBYCT. Tak

_ 2 2 Fl 2 2
KakK R_\/(H +ha) +PE s AT +F , TO B UTOre pacmpefeieHue  IMOTCHIIHAJIOB

TPaBUTAIMOHHOTO TOJII Tella MAacCOW IMOKOs M BJOJNb TOHKOTO AMCKA BBIPAXKASTCS CIEAYIONM
oOpazom:

GM
JEH? - 25
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B xadecTBe mpumepa (DI/ICVH(ﬁ( 3) TIOKa3aHbl VYCJOBHBIC TpPa(PHKH (HOCSIT Ka4€CTBCHHbBIN
xAERPEP) pacnpenenenus MOTEHIMANA TPABUTALMOHHOIO OJIs BIOJIL TOHKOrO aucka paguycom 200

M, Haxojsuerocs Ha pacctossHuu 100 M oT ToueduHoit Macchl mokost M B 10X 1024 kr [15].

I'padmk 1 — TOHKMIT JUCK BpaI@eTcs ¢ 4acToToit 7] = 10° 06/c;

I'padmk 2 — TOHKMIT IMCK BpaI@AeTcst ¢ 4acToToi 72 = 2X 10° 06/c.

ry ¥1 - Y1 —x 1
dm '"'dR ﬂ?m '"dR I F '"'dR
I [y P2 ¢ Fy ‘P2 p r y P2
T |dR dR R
X RE: < R e
P11~ P2~ B3 PL=1%2="% P = P2 = P3
Preyaow da. FPreyaox 46 Preyaow 45

Ha rpadwmke 2 MmoxHO BBIICIUTH 007aCTH A U B, a Tarke HEKOTOPYI TOUKy C COMMPUKOCHOBEHUS ITUX
nByx obsacteit. [loTeHmuman rpaBUTAIIMOHHOTO TOJII MAacchl MOKOs M B oOnacth A yMEHBITIACTCS C
YMCHBIICHHUEM PACCTOSIHUS OT OTOM Macchl. EcTecTBEHHO, dYTO CHJIa TPaBHTAI[MOHHOTO
B3aUMOJICUCTBUsL F, BEKTOp HampaBJEeHUs KOTOPOM COBMAJacT C BEKTOPOM HAIMpPsHKEHHOCTH
TPAaBUTAIIMOHHOTO TOJIs, HalpaBjeHAa B CTOPOHY YMEHBILCHUS MOTEHIIMaja TPaBUTAIIMOHHOTO TMOJIsS
(pucyHok 4a). IloTeHIMaN TPaBUTAIIMOHHOTO IOJII Macchl MOKOosI M B 00jacTu B yMEHBIIACTCS C
YBEJIMYCHUEM PACCTOSHUS OT JTOW MAacChl, IOTOMY HANpaBJIEHHE CHJIBI TPABHUTAI[MOHHOTO
B3aUMOJCUCTBHS F HamIIIHBIM 00pa3oM MOXKHO MPEACTaBUTh TaK, KaK 9TO M300pPAKEHO HA PUCYHKE
48. B Touke C He OyneT HaOII01aTHCS CHITB TPABUTAI[MOHHOTO B3aUMOCHCTBHS (PUCYHOK 40).

Cuny rpaBUTAIlMOHHOTO B3aUMOJICHCTBUS F, BEKTOp HAmNpaBJICHUS KOTOPOH COBIAJAaeT C
HampaBJICHUEM K Teny (MaTepuajbHOW TOYKE) BBI3BIBAIOIIEMY ATy CHIIY (PUCYHOK 4a), TPHUHSTO
Ha3bIBATh epasumayuonuou cunot. CUily rpaBUTAIIMOHHOTO B3aUMOCHCTBUS F, BEKTOp HAINpaBJICHUS
KOTOPOUM COBITQJIa€T C HaIpPaBJICHHWEM OT Teia (MarepuaqbHONW TOYKH) BBI3BIBAIOIIETO 3Ty CHITY
(pucyHOK 4B), TPUHSTO HA3BIBATh AHMUSPABUMAYUOHHOU cunou. TakuM oOpa3oM, TPH OMpeaeIeHHON
YIJIOBOM CKOPOCTH Ha OJTHOM YYacTKe BpaIAroIIerocs aucka (OJvke K OCH BpalleHHs AWCKa) OymyT
NENCTBOBATh TPABUTAIIMOHHBIE CHJIBI, a Ha JPYrOM Y4acTKe — AaHTUTPABUTAIMOHHBIC CHJIBI.
PaBHOzcHCTBYIOIIAS CUJIA, MMPHJIOKEHHAs K IICHTPY MAacChl JTUCKA, OyIeT CKIaJbIBaThCsl M3 CYMMBI
BEKTOPOB T'PAaBUTALIMOHHBIX U aHTUTPABUTALIMOHHBIX CHUJI.

PabGora BHemmHe#N cuibl, COBEpIIEHHAs IS BPAICHUS MAcChl MOKOS dm W HW3MEpPeHHas B
CHCTEME OTCYETa CBS3aHHOW C ATOM MAcCCOW MPHU 3HAYUTENIBHBIX (» OMPEACIISICTCS CICTYIONMM 00pazom

[9]:

Mc? Mc? GMdm
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Taxum 06p8.30M, pa60Ta A BHEIHEN CHUIbI UACT, KaK Ha U3MCHCHUC KHHETHUYECKOH OHCPIUHn
MaTCpI/IaHLHOfl TOYKH MAacCOM IIOKOS mp?, TaK 1 Ha U3MCHCHHC HOTGHHH&HLHOﬁ OHCPIuu TON XKe

MATEPUAITIBHON TOYKH.

1.4. 'paBuTAlINOHHOE M AHTUTPABUTALMOHHOE T0JI€

BeisicHuM, Kak JTOJKHO BBITVIAAECTh AHTHUIPABUTAILMOHHOE IOJIE TeNa, U KAKOe HallpaBlieHUE
OyIeT UMeTh aHTUTPABUTALIMOHHAS CHJIa B 3TOM I0Je. ECTeCTBEHHO, YTO aHTUTPABUTALIMOHHOE TOJIe
Tena JOHKHO BBI3BIBATH CHITY, KOTOpast JeiicTBOBaia Obl Ha Apyrue Tena (Macchl) B POTHUBOIOIOKHYIO
CTOPOHY, Ye€M CuJla TPABUTALMOHHOTO TMOJS Tela, T.e. OTTaJKUBajla OBl TENO, HMEIoIee
AHTUTPAaBUTALMOHHOE Tojie OT Apyrux Ten. CrenoBareNnbHO, aHTUTPABUTALIMOHHAS CHiIa JOJDKHA
MMETh MPOTUBOIIOI0KHOE HAIpaBJIECHHUE, YEM TIpaBUTAI[MOHHAs cuja. T.K. Mbl BBISICHWIIU, YTO CHJIA
rpaBUTAllUM, JEHCTBYIOLAS HAa Kakoe-JIH0O Telo CO CTOPOHBI APYroro Teja, HalpaBlieHAa B CTOPOHY
YMEHBIIICHUSI TOTEHI[Majda TPAaBUTAIMOHHOIO IOJIA Teja, KOTOPOE BBI3BIBAET 3Ty CHIYy, TO U
aHTUTPaBUTALMOHHAS CUJIA, IEHCTBYIOIAsA HA KaKoe TMOO TeJI0 CO CTOPOHBI IPYroro Tena, HampaBjieHa
B CTOPOHY YMEHBUICHUSI MOTEHI[MAJla AHTUTPABUTALMOHHOIO TOJS Tejla, KOTOPOE BBI3bIBAET
AHTUTPABUTALMOHHYIO CHTy. OCHOBBIBAsICh HA ATUX PACCYXKACHUSAX, MOKHO HAIVISIHO IMOKAa3aTh, Kak
JOJKHO BBINISZIETh AaHTUTPABUTALMOHHOE MOJIE M CPAaBHUTh €ro C IpaBUTAMOHHBIM. Jljis 3TOrO
paccMOTpUM PUCYHKHU 5 U 6.
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Proynow 5. Preynow 6.

Ha pucynke 5 mokazaHo Teno oOpasyroliee BOKpYr ceOs IpaBUTAlMOHHOE T0Jie, MOTEeHIHAa
KOTOpPOIO BO3pacTaeT C YBEJIMYEHHEM pacCTOSHUS OT Tejda. OTO BO3pacTaHHE IOTEHIHaa
TPAaBUTAIMOHHOIO TOJIA MOKa3aHO Ha PUCYHKE B BHJE BO3pACTaHUsI HACHIIICHHOCTH MYHKTUPHBIX
JUHUM,  KOTOpble  OOO3HAYAIOT  COOTBETCTBYIONIME  OKBUIMOTCHIIMAIbHBIE  ITOBEPXHOCTHU
rpaBUTallMOHHOTO Toiss. Ha pucyHke 6 TOKa3aHO, Kak JOJDKHO OBITh  MPEJCTAaBICHO
aHTUTPaBUTALMOHHOE I0Jie TOro ke Tena. lloTeHnuan aHTUTPaBUTALIMOHHOTO MOJI Tela JOJHKEH
BO3pacTaTh C yMEHBIICHNEM PACCTOSHUA OT Tesa oOpasyrollee aHTUrpaBUTallMoHHOE nosie. Torna cuia,
KoTOpas OyIeT UMETh HalpaBJieHHe OT OOJIBIIETO MOTEHIINAlIa MMOoJIsl K MEeHbleMy, OyaeT neiicTBOBaTh
Ha JIpyrue Tena (Macchl) MOMEIICHHBIE B AHTUIPABUTALMOHHOE I10JI€ HAa OTTaJIKMBAaHUE, T.€. B
MPOTHUBOIOJIOKHYIO CTOPOHY, YeM JICHCTBYET CHJIa TPaBUTAIIMU. JTa CHJIA, KaK yXKe ObLIIO OMPEeIeHO
BbILIE, HA3bIBATbCA AHMUSPABUMAYUOHHOU CUNOU, A B3aUMOJICHCTBUE TeJ, NOJ JIEHCTBUEM ApPYr Ha
Jpyra TAKHMH CHJIAMH, HA3bIBACTCS AHMUSPABUMAYUOHHBIM 83aumooeticmauem [8].

['paBUTAallMOHHOE U AaHTUTPABUTALIMOHHOE TOJIE Tela UMEIOT OJHY U Ty ke nmpupoay. OaHako,
UCXOJIl M3 TOTO, YTO IIOJIE # OIpeAesseTcs Mo JEHCTBUIO €ro Ha Kakoe-JuOo Telo (MaTepuajbHYHO
TOUYKY), CJEIyeT, YTO B pa3JIMUYHBIX CHUCTEMax OTCYETa, CBSA3aHHBIX C paA3IMYHBIMU TEIaMH
(MaTepuambHBIMH TOYKAMHU) HAXOISIIMXCS B TIOJIE # MOXET HaONMIOAaThbCs KaK TpaBUTALMOHHBIN
XapakTep MOJs #, TaK U aHTUTPABUTAIIMOHHBIA Xapakrep mous 7. Takum oOpa3om, Xapakrep Mo 7,
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onpezensieMplii B BBIOPAaHHOM CHCTEME OTCUeTa, 3aBHCHUT OT YCIOBHH CYIIECTBOBAHHS BBIOpaHHOU

CHCTEMBI OTCUETa OTHOCHTEIILHO CUCTEMBI OTCUETa, CBSI3aHHOU C TeToM oOpasyromiee moie 7. [loatomy

MOXXHO c(popMYyTHpPOBaTh CIEAYIOIME onmpeneiaeHus [8]:

- TPaBHUTALMOHHBIM ITOJIEM TE€Ja CUUTAETCA MOJIE, ONPEAEIAEMOE B CHCTEME OTCUETA, HE CBSI3AaHHOM C
9TUM TEJIOM, IIOTEHIIMAd KOTOPOIO YMEHBIIAETCS C YMEHBIIEHHEM pPAcCTOSHHS N0 Tea,
00pa3yroILero 3To MoJe;

- aHTUIPABUTALMOHHBIM IIOJIEM TeJa CUMTAETCs IOJie, ONpEAeNsieMOe B CHUCTEME OTCYeTa, HE
CBSI3aHHOM C 3TUM TE€JIOM, NOTEHIHAJI KOTOPOTrO YMEHBIIAETCS C YBEJIMUEHUEM PACCTOSIHUS 10 Teja
00pasyroIero 3To moie.

B mro601i BeIOpaHHOM cucTeMe oTcyeTa (Hampumep, CBI3aHHOMW C TE€JIOM Maccoil mokos M) mpu
OIpeAeNICHHBIX YCIOBUSX (B 3aBUCHMOCTH OT YIJIOBOM CKOPOCTH BpALICHUS 3TOW CHUCTEMBI OTCUETa
OTHOCHUTENIBHO JIPYTHX) XapakTep HaOII0JaeMbIX TPaBUTAIMOHHBIX TOJEH 00pa3yeMbIX APYyrdMU
TeJTaMU MOKET OBITh Pa3THYHBIM (PUCYHOK 7).

Ha pucynke 7 n3o0pakeHa BO3MOXHas CUTYyallusl, HaOllto1aeMasi B CHCTEME OTCUETa CBA3aHHOMU
C TEJIOM Maccoil MOKos M, Ha KOTOPOM MPEICTABIEHBI BAa IPAaBUTALMOHHBIX MTOJSA TE€JI MAacCOU IMOKOs
dm 1 Maccoi Nmokos M,, Ipu ONpPENEIEHHOM 3HAYEHUH YIIIOBOW CKOPOCTH BPAIUECHUS (» TeJa Maccoi
IIOKOS dm OTHOCUTEJIEHO CUCTEMBI OTCUYETA CBA3AHHOM C TEJIOM MacCoi mokos M u Maccoi mokost M,

(tocTaToYHOM JIsl 00pa30BaHUs aHTUTPABUTAIIMOHHOMN CHUIIBI JCHCTBYIOIICH Ha TEI0 Maccoi mokos M
CO CTOPOHBI MacCChI TTOKOs dm).
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Prcyromn 7.

Hus  cioyuas TPaBUTAIMOHHOTO/AHTUTPABUTAIIMOHHOTO  B3aUMOJICHUCTBHS  Tel
MECTOpACIIOIOKEHHE Teja oOpasyoliee TPaBUTAIIMOHHOE I0J€ B BBIOPAHHON CHCTEME OTcYeTa

ocrTaercs 3aragkoi. JlaHHOe yTBEpKICHNE MOXXHO ITPOJIEMOHCTPUPOBATH HATTISIIHO HA pUCYHKaX 8a, 80
U 8B.
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DU CYHKC ga, RO 1 8B DIeMEHT MacChl OKOS BPamaromerocsa TOHKOIo IuCKa dm IIOMCIICH B
HEKUH AIUK JJ1 5 qTOOBI B CHU{TEME OTCUYETA CBI3aHHOHN C DJIIEMEHTOM MAcCChl IOKOS dm HEIb3s

OBF#@vh SBU3YyaIbHO OIPEICNUTh |MECTOPACIIONOKEHNE Macchl mokos M. Wrak, AOmycTUM, UTO
HQOTI0aTeNIb HAXOAUTCS B ATOM SIIIMKE M PETHCTPUPYET TPABUTAIIMOHHOE T0JIe Macchl Tokost M. TIpu
M ﬁ}%u sk/BpalieHYsT TOHKOTO TMCKAa OTHOCHUTEIBHO CHCTEMBI OTCUETa CBS3aHHOM C
M 4a, 3neltheHT ACChl  TTOKOSL dm  OyleT JACWCTBOBATh CHJIA TPaBUTAIIMOHHOTO
F g_i) ¢TOPOHBI_MCChI TIOKOsE M B HalpaBlIeHUH H300PAKEHHOM HA PUCYHKE 8a.
HpoOxomumo oTMeTHTE, 4TO HAOMImaTeNbh B SIMKEe HE OyleT 3HaTh O BpAICHWM JMCKA, €CIU HE
yt’Bﬁ%iﬁB‘fﬁB-ueHTDOGemHHe CUJBI [ TIPOYME SBJICHUS CIOCOOHBIE TMOCKa3aTh HAOIIOIATENIO O
BpalieHUM JMcKa. Torma B OMNpEJCIICHHBII MOMEHT BPEMEHH HaOII0aTelh M3MEPUT W BBISCHUT
HaIpaBJICHUE CHJIBI TPABUTAIMOHHOTO B3aMMOJCUCTBHUS U C YBEPEHHOCTh CKXKET, UTO Macca moKost M
HaxXOJMTCS B TOM MECTE MPOCTPAHCTBA, KyJla yKa3bIBA€T BEKTOP TI'PABUTAIIMOHHOW CHIIBI (CIJIOIHAS
OKPY)KHOCTh Ha pUCYHKe 8a). 3aTeM depe3 OmpeesieHHbId MPOMEKYTOK BpeMEHU HaOIIoaTeNb eie
pa3 U3MEPUT CHITY TPaBUTAIIMOHHOTO B3aUMOJACHCTBHS (PUCYHOK 80) M OTMETHUT, YTO OHA PaBHA HYJIIO
(cutyamus B Touke C Ha pucyrake 3). CienoBareiabHO, HAOIIOAATENb TPUIET K BBIBOY, YTO BOOOIIE HE
CYIIECTBYET HH KaKOM MacChl TOKOsI M, XOTsl e€e HMCTHHHOE MECTOPACIOJIOKCHUE H300paKeHO
CIJIONHOW OKPYKHOCTBIO Ha pucyHke 80. M ecTecTBEHHO, 4TO MPH JOCTATOYHON YIIIOBOW CKOPOCTH
BpAICHUSI TOHKOTO JUCKA JUIsl OOpa30oBaHMS aHTUIPABUTAIMOHHOW CHJIbI JICHCTBYIOIICH Ha 3JIEMEHT
MAacChI TIOKOS dm CO CTOPOHBI MacChl TOKOsI M HaOI01aTe)Ib OTMETUThD, YTO Macca MOKost M HaXOIUTCs
B IIPOTHBOIIOJIOKHOW CTOPOHE OT €€ MCTUHHOTO MECTOPACIIOJIOKCHUS (JI0O)KHOE MECTOPACITONIOKCHUE
Macchl TOKOsI M M300pa)KeHO MyHKTUPHOU OKPY)KHOCTBIO Ha PUCYHKE 5 B).

Ha ocHOBe BcCero BBIMIEOTMEYEHHOTO MOXKHO CJIeNaTh BBIBOJ O TOM, YTO Xapakrep
TPAaBUTAIMOHHOTO TMOJs (TPaBUTAlMOHHBIA WMJIM AHTUTPABUTAIIMOHHBIN) 3aBUCUT OT BBIOpPaHHOM
CHUCTEMBI OTCYETA, T.C. HA OJIHH Teia (MaTepuaabHbIe TOYKH) TPAaBUTAIIMOHHOE ITOJIe HEKOTOPOW MAaCChI
OyzieT AeCTBOBATh IPAaBUTAIIMOHHONW CHJIOW, a HAa JPYIHe Tella — aHTUTPABUTAI[MOHHOMW CHIION.

Bj

2. AHTUTPAaBUTALIMOHHOE KPbLJIO
2.1. IloHsiTHE AHTUTPABUTALMOHHOI0 KPbLJIa

AHTUTPABUTALIMOHHOE B3aMMOJICHCTBUE MEXKIY ABYMS TeJIaMU BO3MOXHO MOIYYUTh, €CIIU
MaTepuajbHble TOUYKA OJHOIO M3 HUX JBMXKYTCS IO SJUIMNTHYECKUM TPACKTOPHUSM OTHOCUTEIBHO
MaTepUaAIbHBIX TOYEK APYroro [8]. 9TO 03HAYAET, YTO HU KaKO€ JAPYroe MOCTYNaTelbHOE ABHKEHUE
MaTepuaIbHOW TOYKH, KPOME KaK JBU)KEHUE MO SJUIMITHYECKOM TPAaeKTOPUHU, HE MOXKET MPUBECTH K
AHTUTPABUTALHOHHOMY B3aMMOJIEHCTBUIO C IPYroil MaTepruanbHON TOUKOM.

C mpakThuecKod CTOPOHBI IIeeCO00pa3HO OMPENeNUTh MOHITHE 00 AaHTUTPABUTALHMOHHOM
KpbLI€. AHmuepagumayuonHoe Kpblio — Tell0, MaTepUAIIbHbIE TOUKH KOTOPOTO ABUXKYTCS YIIOPSAA0YEHO
UM XaOTUYHO MO JJUTMITHYECKUM TPACKTOPUSIM OTHOCUTEIBHO CHCTEMBI OTCUETa HE CBS3aHHOM C
3TUM TEJIOM C OIpEeACICHHbIMH JIMHEHHBIMH CKOPOCTSIMH, HpPH KOTOPHIX B CHCTEMax OTCYETa,
CBA3aHHBIMU C COCTABJBIIOIMMH TEJIO MaTepUATbHBIMH TOYKAMHU, DPETHCTPUPYETCS JIOCTaTOUYHOE
W3MEHEHHE TMOTCHIIMAJIOB TPAaBUTAIMOHHOTO TMOJsI BO BCEX €ro TOYKax /s oOpa3oBaHUs
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PaBHOJECUCTBYIOLICH CHJIBIL, IPUJIO0KEHHON K LEHTPY MAaCChl T€la W HANPAaBJICHHOW OT JIPYroro Tena

00pa3yIoIIero 3TO TPaBUTAIIMOHHOE TOJIE.

AHTUTPAaBUTALIMOHHBIM  KPBUIOM MOXET OBITh MaTepHalbHOE Teno J0ok  (opmsl,
BpAIIAIOINEecs: BOKPYr CBOCH OCH C ONPENENICHHOW YITIOBOW CKOPOCTHIO WJIM MaT€pUaIbHOE TENO, B
KOTOPOM PETHCTPUPYETCS JBHXKEHHE DJIEKTPUUYECKH 3apsDKeHHbIX dacTull. HamOonee mpuemiieMoit
(bopMOil aHTUTPABUTAIMOHHOTO KpbLJa /Il TEXHUYECKOTO MCIIOIb30BAHUS SIBJISIETCS JUCK UIIM CUCTEMA
JIMICKOB (JTF0OBIE DJIEMEHTHI TUCKA) B JTIF000M Moaudukaruu [8].

Ecam  paccmaTpuBaTh aHTHTPABUTAIMOHHOE KpPbUIO B BHJAE JHUCKa HaXOJsAIMecs B
TPaBUTAIMOHHOM IOJ€ 3€MJIM, TO TpPH YBEIUYCHUU BpAIICHUS TUCKA OTHOCHTENHHO 3eMJIH 0
OTpPEACTICHHOTO 3HAUEHUS (v 3HAYMTEIBHBIX M3MEHEHHI B TPEICTABJICHUU TPAaBUTALMOHHOTO IO
3eMJIu B CHCTEME OTCUETa CBS3aHHOM C AMCKOM HE OyIeT MPOUCXOAUTh, T.K. @ €llie JOCTaTOYHO MaJlo,
YTOOBI MPOSBISUINCH 3aKOHBI PENATUBUCTCKON MexaHuku. Korna 3HaueHue o Oyaer 3HAUUTEIbHBIM U
MOCTENEHHO HapacTaTh, TO OyIyT HaOMIOAaThCs ciaemyromme mpoieccs [10]:

- 3HA4YCHUS TPABUTAIMOHHBIX CHUJ, MPUIIOKEHHBIX K MAaTEPUATBHBIM TOYKAM, COCTABIISIONMX JTHUCK,
OyayT yYMEHBINATHCS, MPUYEM TPABUTALMOHHBIC CHJIBI, JICHCTBYIONME Ha MaTepHAIbHBIE TOYKH,
Haxomsumecss Ha nepudepuu IUcCKa, OyIyT YMEHBIIATBCS B OONBIICH CTENEeHH, YeM
rPaBUTALlMOHHBIEC CUJIbI MPUJIOKEHHBIE K MaTepUAbHBIM TOYKAM, HAXOASAIMECS OJIMXKe K LEHTPY
TMCKa. DTO OOBACHSETCA TE€M, YTO JIMHEHHAs CKOPOCTh Ha mepudepur AucKa OOJbIe JTUHEHHON
CKOPOCTH ILIEHTPAJIBbHOM YaCTH JIMCKa;

- 3Ha4YeHHs MOTEHIIMAJIOB T'PaBUTAIMOHHOIO TOJIs, 00pa3oBaHHOrO 3emieil Ha mepudepun aucka
MOCTETICHHO  CTPEeMATCS K  3HAUEHUsSIM [OTEHI[MAJOB dJTOT0  ToJsg Onu3  Jiexkammx
HKBUMOTEHIIMAILHBIX MMOBEPXHOCTEH HAXOMSIMXCS ONMKe K LIEHTPY AMCKa. JTO HabOIromaercs B
CHCTEMax OTCYETa, CBA3AHHBIX C MaTEPUATbHBIMH TOYKAMHU, COCTABIISIOUX IUCK;

- TIOCTENEHHO B HAmpaBJeHUU OT nepudepuu IucKa K €ro IEHTPY B OJHOM 3a JAPYrol cucremax
OTCYETa, CBS3aHHBIX C MaTepUaIbHBIMU TOYKAMM JWCKa, OyneT HaOIoIaThCcs MEPexo.
TPaBUTAIMOHHOTO MOl 3eMJIM B aHTUTpaBUTaOHHOE. [loaTOMy IpH ompeeieHHBIX 3HAaYeHUSIX
@ B OJIHOM 4YacTu nucka (Onmvke K mepudepun) OyIeT perucTpUpOBaThCsS aHTUTPABUTAIMOHHBIC
cuibl, a B Apyroi (Onmke K IEHTPY) — TpaBUTAlMOHHBIC. 3aMETUM, YTO C YBEIUYECHUEM @
3HAYeHUs TPaBUTALMOHHBIX CHJI  Oyayr  HENPEpbIBHO  yMEHBINATHCS, a  3HAYCHUS
AHTUTPaBUTALMOHHBIX CHJI OYyIyT HEMPEPHIBHO YBEIUUNBATHCS B COOTBETCTBYIOIECH CTEIIECHHU.

Becr gumck Oynmer mnputsAruBarbcs K 3emie 10 TeX IOp, IMOKa paBHOJCHCTBYIOLIAS
TPaBUTAIMOHHBIX U AHTUTPABUTAIIMOHHBIX CUJI, TPUIIOKEHHBIX K MAaTEPUATBHBIM TOYKAM JTUCKA, Oy/IeT
HampaBieHa K 3emue. EcTecTBeHHO 0XHAaTh, 4YTO TMPU  ONPEACICHHOM 3HAYCHUU
PaBHOACWUCTBYIOIIAS] CHJIa M3MEHUT CBOE HAINpaBJICHHE U OyIeT CTPEMHUTHCS OTTOJIKHYTH IHCK OT
3emun.

2.2. OcHOBHAsl 32]a4a AaHTUTPABUTALMOHHOI0 KPbLJa

Ilon ocHOBHOW 3ajgaueld AHTUIPABUTALMOHHOIO KpblJa IOHUMAETCS  HaXOXKIEHUE
PE3YIBTUPYIOIICH HOPMAaTbHOW CHJIBI, JeHCTBYIONEH Ha 1eHTp macchl AI'K Omaromaps Hamwm4mio
TPAaBUTAIMOHHOTO TIOJII CTOPOHHEH Macchl W oOycnoBieHHyto BpamieHuem ALK [15]. Tlockombky
pa3mepsl Bpanronerocs AI'K B Bue qucka MOTyT ObITh KaK COM3MEPUMBIMHU, TaK U HECOM3MEPHUMBIMU
C paccCTOsSHUEM 10 CTOPOHHEH Macchl, MO3TOMYy Ui Teoperuueckoro omnucanus AI'K ero
paccMaTpuBalOT B BHUJEC TOHKOTO M TOJICTOTO JUCKa. B TpakThueckux Iemsix Hanboyiee BaKHBIM
SIBJISIETCA PEILIEHNE OCHOBHOM 3aJ]aul aHTUTPABUTALMOHHOTO KPbLJIa JUIsSl TOJICTOTO JIUCKA.

Jist TonmcTOTO AMCKAa €€ MOXHO ChOpMYIHpOBaTh CieayonmmM obpazom [11]: HalTh
PE3YNBTUPYIOLIYI0O HOPMAJIBHYIO K TOJICTOMY JIMCKY CUJy TPaBUTAallHOHHOIO B3aWMOJEHCTBHS, €CIU
Macca MOKOS PsIIOM HaxoJIerocs Tena (Hampumep, IjiaHeTsl) M, paccTosiHME OT IeHTpa Tena M 1o
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KPOMKHM TOJICTOIO JMCKa [{, TONIMHA TOJICTOTO JUCKAa /iy, Pajuyc TOJCTOIO JMCKAa 7y, 4YacToTa
BpAIICHHS TOJICTOTO JTMCKa OTHOCUTENBHO Tella M paBHaA n, TpaBUTAIMOHHAS MOCTOSTHHAS G (PUCYHOK
2).
Beibepem smeMeHT Macchl dm  TOJICTOTO naucCKa (PUCYHOK 9), KOTOPBIA OIMpPEIETseTCs
ciemyronmm oopazom [11]:

dm= p-dA-dr-dl

rne: £ - miotHOCTH MaTepHayia TOJICTOTO JUCKa; dl — BJIEMEHTapHas TOJIIMHA, dr — dJIEMEHTapHas
HMPUHA; d/ — 3JIeMeHTapHas JUIMHHA (IPUOIM3UTEILHO paBHA OTPE3KY MPSMOi ).

PaccMoTpuM Ha TOJIICTOM AMCKE IBE€ TOYKHA PACTIOI0KEHHBIE HA OKPY>KHOCTH C HEKUM PaJInyCOM
¥ U TPEANOJOKUM, YTO H3MEPSETCS PACCTOSHHUE MEXIY ABYMS 3TUMHU TOYKAMU H3MEPUTEIBHOMN
IrHEeWKor. Torga OKaXeTrcs, YTO HM3MEPUTENbHAs JIMHEHWKA, COCAUHSIONAS 3TH JBE TOYKH, UMEET
CKOPOCTh 7 OTHOCUTEIBHO Macchl M. DTO HNPUBOAUT K COKPAILCHUIO MU3MEPUTEIBHON JIMHEUKH B
cootBeTcTBUU ¢ (hopmynoi Jloperna [6]. IToaTomy paccTosHUEe MEXITy IBYMS TOYKAMH, W3MEPEHHOE
COKpaTUBIIICHCS TUHEUKOH, OyIeT paBHO:

Prcynor 9.

rae: dl() — pacCTOSIHHUE MO JTyre MeX 1y ABYMsI TOUKaMU P HENOABUKHOM TOJICTOM JIMCKE.

SIcHO, 4YTO TIEOMETPUYECKUE COOTHOIICHMS, IIOJIy4EHHBIE C IIOMOIIBIO CTaHJAPTHBIX
M3MEPHUTENIbHBIX JINHEEK, MOKOSIIMXCS OTHOCUTENBHO TOJICTOTO JUCKa, B OOIIEM CiIydae OTJIMYAIOTCS OT
COOTHOUICHUI €BKIMA0BOM reomeTpuu. PaccMoTpum, Hanmpumep, KpUBYIO, 3aIaHHYIO YPABHEHUEM 7 =
const. DTa KpUBas MPEACTABISET COOOM OKPYKHOCTh pamuyca r. OJHAKO UTMHA 3TOH OKPYKHOCTH
paBHa:

[InotHOCTH MaTepuana BAOJb paguyca TOJCTOrO AMCKAa NMPU BpalEHHUU HE u3MeHsercs [16].
JlelfiCTBUTENBHO, PACCMOTPUM 3JIEMEHT MAacChl dm Ha PacCTOSHUM 7 OT Ocu BpaieHus. [lockonbKy oH
JBUXKETCS C JIMHEHHOU CKOPOCTBIO (7, TO MOYKHO 3allUCaTh:

dm =
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JloMHOXUB dl Ha hydr (dr Ipy BpalleHUU HE U3MEHSAETCS), TOTYIHM:

rae: dV — aneMeHTapHbBId 00beM mpu BpaieHuu; dV() — dIeMeHTapHbIH 00BeM MPU HEMOJIBUKHOM
TOJICTOM JMCKE.

CiienoBaTenbHO, MOKHO IPUITH K BBIPAXKEHUIO:

2=/

rac: pﬂ - INIOTHOCTD TOJICTOTO JHUCKA IIPU OTCYTCTBUHU BpPAlICHHA.

ox

FPrcymor 10.

Ha pucynke 10 mpencraBieHa rpaBMTallMOHHAsA CHJA (7 F JEHCTBYIOIAS HA DJIEMEHT MAaCChI

dm, 1 KOTOPYIO MOXHO Pa3lIOXHUTh Ha TAHTCHIIMAIbHYIO U HOPMAJIbHYIO COCTaBJISIOLIIE aF e u 4F,
COOTBETCTBEHHO.

HopmanbHast cocTaBiisitolasi FpaBUTAIIMOHHOM CHJIbI 3alTMCBIBASTCS JIJISl 2JIEMEHTAPHOTO KOJIbI[a
B CTPYKTYpPE TOJICTOTO JIUCKA B CIICIYIOIIEM BH/JIC:

an:—p-%-cosa-dﬂ.-dr-df

HpOI/IBBOI[HaH MMOoTCHLOAJIa I'PABUTAIUOHHOIO IT10JISI UMCCT BBIPAKCHHUC!

1 ) 1 \
dp d| d| G -
dR  dR  dR Alr—g2) |
T E)
\ \ c J
1 3
2 2 __3
2
= au 021 - [1-Z(r* - H?)
— i [
2l [REH)
\ c J

2 2 2 2 2 2
EcrectBeHHO, uto f° = r* + du r*"=R“"-9 , TIIe 0 — paccTosilHME OT IEHTpa Tela
Maccou M o MEpHeHAUKYIsIpa, TPOBEAEHHOIO OT OCH BPALICHUs TOJICTOTO JUMCKAa K MaTEpUAIBHOMN
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Touke Maccoit dm. Toraa mosrydaem:
{
2 2 12
adQ 1 @ @ r
T =G ~[1-—
adr c c

-3

2

N

/.

2 2
Tak kak €08 & = 5/ r* 4+ &° | Torma, MHTErpUpPyYsd C y4ETOM 3HAKOB, HOJIY4aeM BBIPAKEHHUE
JUISL ©TOTOBOM PE3yAbTUPYIOILIEH HOPMaJIbHOM CUJIbI, IEHCTBYIOLIEH Ha TOJNCTBIN uck [11]:

H‘lﬁa Ya

o [,_air)?

\
3

CE

CE

Trdd.

PesynbTupyroiast HopMalibHasi CUJja, IEWCTBYIONIAS HA TOHKAM JUCK OMpPEAeIsieTCs CAEAYIOIM

BhIpakeHueM [15]:

=3

&'r’ 2

N

dr.

HpOBeI[eM aHaJIu3 IMMOJYYCHHBIX BI:Ipa}KeHI/Iﬁ B paMKax BO3MOXHOI'0 TCXHUYCCKOTO IPUMCHCHU A
AHTUTPABUTAIIMOHHOI'O Kpbljila B 3EMHBIX YCJIOBUAX.

F.H | 210

—yant
Ill:li:I 1 1

Prcyrox 11
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Paccmotrpum tpu AI'K B BUZE TOJICTBIX AMCKOB OJIMHAKOBOW IJIOTHOCTBIO p = 6000 K2/M3,
OJIMHAKOBOM TONIMHON A = (),] m, pamuycaMu COOTBETCTBEHHO 7] = [ m, 2 = 3 m, r3 = 5 m. Macchl

MOKOSI 3TUX JHMCKOB OyIyT paBHBI COOTBETCTBEHHO [885 e, 16960 ke, 47120 xe. Ha pucynke 11
MPEICTABICHBI 3aBUCMMOCTH PE3YIBTUPYIOIMX HOPMAJIbHBIX CHJI OT YHCTOTHI BparieHus. Pacdersr
MPOU3BEICHBI HA OCHOBE CIEAYIOIMX JaHHBIX: ¢ = 3-/ 08 mic, G = 6,671 011 H'MZ/KZZ, M = 6-10°% Ke,
H=63710° m.
I'paduk 1 — muck paguycom ] = 1 m;
I'paduk 2 — muck paguycom 2 = 3 m;
I'padmk 3 — muck paauycom r3 = 5 m.

W3 pucynka 11 BUIHO, YTO pe3ylnbTUPYIOIAS HOpMaIbHAs CHJIA JIJIsl BCEX IMCKOB paBHA HYIIIO,
T.€. JUCKH TOTEPSIOT BEC MPH YaCTOTE BpalleHUsi OKoJo 7,5 o06/cex. IlockonbKy pamunyc I0O0Tro
MPOU3BECHHOTO JHCKa OyIeT MHOTO MEHbBIE PACCTOSIHHUS [0 ILIEHTpa MacChl 3eMIIH, MOATOMY
pasmepamu ucnonbzyemoro AI'K B BUe TOJICTOrO IuCKa CIEAYyeT PYKOBOJCTBOBATHCS TOJIBKO IMPHU
pPacCMOTPEHHH BO3MOXKHOCTM KOMIICHCAlMM WM CHJIBI TSTOTEHHS JIOTIOJHUTEIHFHOTO Beca
(mepeBo3uMoro rpy3a). Tak, HampuMep, 9TOOBI KOMIIEHCUPOBATH CUITYy B 4() moHnH HEOOXOIUMO TUCKY
paamycoM r3 = 5 M IPHUAATHh 9acTOTY BPAIICHUS PaBHYIO OKOJIO /() 06/cex, MUCKY PagliycoM 72 = 3 M —
14 o6/cex, nucky paguycoM ] = I m — 6onee 25 06/cex. HeoOX0M1MMO OTMETHUTb, UTO KpalHHUE TOYKU
JMICKa PaiycoM 73 = 5 m TIpU 4YacTOTE BpameHus /7,5 00/cex OyIyT MMETh JIMHEHHYIO CKOPOCTH

BpamieHus 0KoJyio 850 km/u.

IToCKOJIBKY IpU_pacCMOTPEHHH BO3MOXKHOIO TexHmueckoro npumenenuss AI'K maccy 3emnn
HEJb3s CUNTATh TOYECYHOM, mo3TOMY yacToTa BpameHus AI'K HeoOxoauMast it IOTEPU €ro Beca Oyler
3HAYUTEILHO OTIMYHA OT PACCMOTPEHHBIX Ha pucyHKe 11 (ee 3HaueHue OyneT BO MHOIO pa3 0oJble).

2.3. 3P peKTHUBHOCTH AHTUTPABUTALMOHHOTO KPblJIa

B anTUrpaBUTAalMOHHOM KpBIJIE€ YCIOBHO MOXHO BBIACIUTh BHYTPEHHIOKO U BHEHIHIOK
ob6nacte. Bo BHyrpeHHedt oOmactu AI'K moreHnman TrpaBUTAllMOHHOTO TIOJS BO3pacTaeT C
YBEJIMYCHUEM PACCTOSHUS OT MacChl oOOpasyromeir 31o moise W 3ta 4yacTh ALK wucnbeiTeiBaer
IPAaBUTALMOHHOE BO3CHCTBUE, B TO BPEMS KaK BHEIIHSSA YaCTh HAXOJAUTCS B aHTUTPABUTALIMOHHOM
B3aUMOJICCTBHH C TOYEUYHOW MACCO 0Opa3yrolell TpaBUTAIIMOHHOE TI0JI€ ¥ MTOTEHIINA ATOTO OIS B
3TOM 00acTH YOBIBACT C YBEIIMUCHHUEM PACCTOSHUSL.

Buyrpennss yacte AI'K 1 co3gaHuss aHTUTPABHTAIMOHHOW CHJIBI O€CIIOJie3HA W JIaXke
BpenHa. Bo-mepBbIX, TpeOyeTcs CKOMIICHCHPOBATh CYMMapHYK TPaBUTAIIMOHHYIO CHIJIy Ha Hee
JCVCTBYIOIIYIO, @ BO-BTOPBIX, - Ha PAaCKpydMBaHWE BHYTPEHHEHW dYacTW TpeOyeTcs MOMOTHUTEIbHAs
sHeprus [16].

Q
|

Preymor 12.

Hcxonss 3 3TOro, MOXHO ObUIO OBI, YMEHBIIMTH WJW YOpaTh BHYTpeHHIOIO dacTh AI'K.
VYMeHBIIEHHEe MacChl MOXKET MPOUCXOMUTHh MpU Hcmoib3oBaHuu AI'K B Buae AmMcka mepeMeHHOM
NJI0THOCTBIO (pucyHOK la). IlockonbKy aHTHUTpaBUTAMOHHBIA J(PQPEeKT TeM Oomblle, YeM Iaiblie
HaXOIUTCS TOYKA JHMCKA OT OCH BpAIECHUS, TO II€IeCO00pa3HO MCIOJIb30BATh JUCK C MEPEMEHHBIM
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ceueHueM (pucynok 10). U, nakonerr, 3(}peKTUBHO MCIOIB30BATh KOJIBIICOOPa3HBINA AUCK (PUCYHOK 1B)
[16].
Paccmorpum AT'K B Buze kosblieoOpa3sHOTO nucka. Pagmyc BHyTpeHHEH dacth aucka (rg),
WCIBITHIBAIONMI TIPAaBUTALIMOHHOE B3aMMOJCHCTBHE W OT KOTOPOIO IIeJIeCO00pa3HO HM30aBIATHCA
oIpeiesIgeTcs CIeAYIOIM 00pa3oM:

i o H*E
* V2e* 2
o H*
IIpn 260° 2  OIKOpPEHHOE BHIPAKEHME IOJOKUTENBHO U 3TO O3HAYAeT (PU3MYECKYIO
2 2
¢ < H_
PCAIbHOCTDb BCIIMYUHEI 7g. HpI/I 2&12 2 BCIIMUHUHA g = 0 NN ABJISICTCS KOMHJ’ICKCHOﬁ, IIO3TOMY

BECh JMCK HCHBITBIBAET AHTUIPABUTALMOHHOE B3aMMOJEHCTBME M HET CMBICIA HCIIOJIb30BaTh
KOJIbIIEOOpa3HbIil AuCK [16].

PesynpTupyromas HopMalibHasi CuJia, ACHCTBYIOIIEH Ha KOJIBIIEOOPa3HBIN AVCK OMPEIEISIeTCS
CJIEAYIOLLMM BBIPAKEHUEM:

4 h

F:WH]'%T i : —af 1—“}2'2 * vt

-2 e ) e
A

3. UHepTHBII IBUKATEJIDH

PaccMoTpenmne mporiecca BpaieHHs Tejla BOKPYr CBOEH OCH OTHOCHUTEIBHO BBIOpaHHOM
CHUCTEMBI OTCUETa IMO3BOJISIET CHENIaTh BBIBOJA O TOM, YTO MHEPTHAs Macca 3TOTO TeJa C YBEIIMYEHHUEM
CKOPOCTH BpALLECHHUs BO3PACTacT IO ONPEAECICHHOMY 3aKOHY. ECiM B KadecTBE BpaLAOILETOCs Teia
OIPENENINUTh JUCK C PalUyCOM 7, TOJILMHON /i U IJIOTHOCTBIO p, KOTOPBII BpAIAE€TCd BOKPYr CBOEH

OCH C YIJIOBOM CKOPOCTBIO ( OTHOCUTEIIBHO HEKOM CHCTEMBI OTCUeTa Z, TO PEISTUBUCTCKAs MHEPTHAs
Macca J3TOr0 JMCKAa OTHOCHTEIIBHO BBIOPAaHHOH CHUCTEMBI OTcueTa Z ONPEACACTCS CICAYIOIMM
BhIpakeHueM [12]:

-

Iae: mp - peILITUBUCTCKAS HHCPTHAA MacCa JUCKA, ¢ — CKOPOCTh CBCTA B BAKyyME€.
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mp omomd

B IOCTPOCHUH H
DKCILIYaTalldi TaK Ha3bIBAEMO > 72008 ena [12]. CxemMaTUYHO MHEPTHBIN JBUKUTEIb

DBOHZ HBIX XapaKTEPUCTUK U cocTaBHpIX yacten /1. B
HayanbHBI  MOMEHT BpEMEHH IIOKOMTCSL OTHOCHTENIBHO BBIODAaHHOW CHCTEMBI OTCYETa
(BSIQABHAKHEIX 3BC31T), KOTOPAs COBNANacT C CHCTCMON OTCYCTa CBS3aHHON C TOIKOU A (pucyHok 1).
Ocb OX coBmamaer ¢ HEOOXOMMMBIM HAIpaBJICHUEM JBWXEHUs. VIHEpTHBIA NBUXUTEIH COCTOUT W3
CJIEIYFOLMX OCHOBHBIX YaCTEH:

A
b ABYX OJMHAKOBBLIX MAaCCUBHBIX TUCKOB MAaCCaMH ITOKOA mPO nu m () COOTBCTCTBCHHO, IIJIOTHOCTb

KOTOPBIX paBHA p;
= cpeda (cucrema JBHUTrareneil, MExaHU3MOB, YCTPOUCTB M MpPOYEH ammaparypbl) Maccou MOKos m,
o0ecreurBaromas nepeMenieHrue JUCKOB BAO0Ib ock OX U UX BpalleHHe.
JIBa MacCHMBHBIX JUCKa PaBHBI 110 MAcce MOKOS MU BO MHOTO pa3 MPEBBIIAIOT MACCy CPE.bl m,

A

T.e. m¥ 0=m", m? 0 >> m. JIns ynpoleHus JaabHEHIMX PacCyKAEeHHI 00pa3sHO ONpPENeNIeHO, YTO

OIMH U3 IUCKOB sBisiercst “maccuBHbIM” (mf (), @ BTOPOH — “aKTHBHBIM” (mAO). Pamnycer muckoB
PaBHBI 7, a TONIIMHA AUCKOB paBHA h (pucyHok 14). Touka 4 coBmamaer ¢ neHTpoM Maccsl M/ B ero

HCXOJHOM ITOJIOKCHUH.

h

Proymor 14,

Ha pucynke 14 n3o0pakeHa cHTyamus, KOTJa JBa JMCKa OJTHOBPEMEHHO W PaBHOMEPHO ObLIN
pa3BeJIeHbl B CTOPOHBI Ha paccTOsHUE / HEKOTOPBIMU paBHBIMU cuiami. [lo TperbeMy 3akony HetoToHa
(cunpl B3aMMOJICHCTBUS JIBYX MaTepUalIbHBIX TOUYEK B MHEPLUOHHOM CHUCTEME OTCUeTa pPaBHBI IO
MOJIYJII0O M HAaNpaBj€Hbl B MPOTUBOIOJIO0KHBIE CTOPOHBI) CIAEAYET, YTO MPU OCYLICCTBIECHUHN JAHHOIO
mpoliecca CUCTEMa OTCYETa CBS3aHHAs C TOYKOM A OCTanach HEMOJABHUIKHONM OTHOCHTEIBHO CBOETO
HCXOJHOTO MOJIOKEHUS (HEMOABUKHBIX 3BE3]T).

Prcymor 15,

3aTeM OCYULIECTBISETCS BpalleHUE “aKTUBHOIO  JIMCKA CO 3HAYUTEIBHOM YITIOBOM CKOPOCTBIO @
(pucynok 15). HeoOx01uMo OTMETUTH, YTO BpaIlleHUE MPON3BOJUTCS OTHOCUTEIBHO CUCTEMBI OTCUETa
CBSI3aHHOM € TOYKOM A M, €CTECTBEHHO, OTHOCHTCIBHO JTOM CHUCTEMbI OTCUeTa HaOJII0JaThCs
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YBCIUYCHHUC I/IHepTHOﬁ Macchl “aKTUBHOIO” JUCKa B COOTBCTCTBHUU C PCIKITUBUCTCKUMH 3aKOHAMMU.
I/IHepTHaSI Macca ‘“macCUuBHOIO” JUCKa OCTacTCsa HEU3MEHHOU B ,HaHHOﬁ CUCTEMC OTCUCTA, ITOCKOJIbKY
OH HC BpaIacTCA.
KM M, B CHCTCM TCUCT BSI3aHHOM TOYKOM HUHCPTHBIC M bl 1B AU CKOB
Ta o0paszo CHCTEME OTCYETa CBS3aHHOW ¢ TOYKOM A € € Macce CKO
fi| MIPEACIICHBI CICAYIOIIM M :
0 OTIPEJICIICHBI CIIe obpazom [12]:

m' = mT

F 2
m =zr; hp,
F A
m o<m .
BaIOIIOLII/ITCJIBHLIM 3TAIIOM SBJIACTCA CXKATUC (HpI/I6JII/I)KeHI/I€) CpC,Z[OP'I m AUCKOB K TOYKEC A Ioa
ﬂeﬁCTBHGM PaBHO3HAYHBIX CHJI F (pI/IcyHOK 15) B CBA3UW C TCM, 4YTO IIPH PABHO3HAYHBIX CHJIAX

MPUOIIMIKAIOTCS Pa3IMYHbIE HHEPTHBIE MAacChl, TO YCKOPEHHS TMPHOIMKEHUS JUCKOB K UX HCXOJAHOMY
MOJIOKEHUIO OYIyT pa3iuyaThCs U OMPEENICHBI CIECAYIOIMM 00pa3oM:

rac: th — YCKOPCHHUC HpI/I6JII/I)KCHI/I$I “maccuBHOrO” JUCKa K UCXOIHOMY ITOJIOKCHUIO, (IA — YCKOPCHHC

MPUONIMIKEHUS “aKTUBHOTO IUCKA K HCXOJHOMY TTOJIOKEHHUIO.

Proymor 16,

EcrecTtBenHO, 4TO “maccMBHBIN” TUCK OyAET B MCXOTHOM TTOJIOKEHUH PAHbINE, YeM “aKTHBHBIN
(pucyHok 16).
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Ilocne [roro, kak “macCMBHBIN’ AWCK BEPHETCS |B MCXOJHOE IOJIOKCHUE “aKTUBHBIN~ OHCK Oymer

CMEIATh TOUKY 4 OT €€ IMepBOHAaYaIbH
U B KOQHEYHOM HUTOI€ OHa IepeMec

IIOJIOXKAH U A (HCHOI[BI/I)KHLIX 3B63,Z[) Ha

IMOJIOKUTECIIBHOI'O HAIIPAaBJICHUII OCHU

=

TouKy A" (pucyHok 17).

0).¢

€ OTHOCHUTCJIIBHO €€ nengHaqanbﬂoro

Ha pucynke 17 nmpencraBien s, e IUCKM BHOBbL HAaXOIITCS B HCXOJHOM

TOJTOKAHUH W BCS OLMCAHHAs BBIIE orepaithisi MOKET ObITh POBEICHA [IOBTOPHO. Y CKOPEHHE BJIOIb
ocu OX,Fiei&dfinoe NJI 3a ogun paboumii LUK, ONKMCAHHBINA Ha pucyHkax 13 — 17, Ge3 yuera Macchl

m (mmockoibky mt g = mA 0, mFo >> m) onpenensercs cienyrompEM o6pazom:
HI _ F
a o A F?
m +m
rne: ! — yckopeHnme WHEPTHOrO JBMIKMTENS OTHOCHTEIBHO BHIOPAHHON CHCTEMBI OTCUETa,

MOJTYYEHHOE 32 OAWH pabo4uii MUKI MHEPTHOTO JBUKUTEIIS.

HUcrounuku nug opmanuu

o =

® N kW

10.
1.

12.
13.
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16.

17.
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“IloTennmanbHasl MOJIEb AHTUTPABUTAIIMOHHOTO B3aWMOJICUCTBUSL TeJl’, OCHOBOMOJIOKHUK TEOPHUU
AHTUTPABUTALIMOHHOTO KpbIJla U HUHEPTHOTO ABMkUTENs; Poccus, r. KoMmcoMonbCck-Ha- AMype;
http:/antigravity.narod.ru;
E-mail: ponomdv@mail.ru; ICQ: 140573779; Ten.: +7 (42172) 550294.

JaTa my0aukanumn

1 mexabps 2001 r.

Jata nmocaexHeu peakunu

23 auBaps 2005 r.

>>>Ha rmaBHyrw<<<

WuTennexTyanbHbIM NPOAyKT 1o Ha3BaHueM “‘TloTeHIMansHas MoAedb aHTUTPABUTALIMIOHHOTO B3aUMOJICHCTBUS e
SIBISIETCS] HHTEIJUIEKTY allbHOM coO0cTBeHHOCThIO [ToHOMapeBa [Imutpus Banepresuua u [lln6exo Pomana Bnaumuposuua u
3apeructpupoBaH Bo Beepoccuiickom Hayuno-Texuuueckom Mudopmanunonnom lentpe (BHTULL) 28 mas 2001 r. nox
HOoMepoM 72200100021.
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