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AHHOTALMUS

JlaHHas CTaThs SABJISETCS AECATON 4aCThIO HAYYHOTO MPOEKTA 1oJ] 00muM Ha3zBaHueM «I eoMeTpusrpoBaHHas Gusnka BakKy-
yMa Ha ocHoBe Asreopsl curaatypy (T'®B&AC) [1,2,3,4,5,6,7,8,9]. B 310it cTaThe siBNeHME MIIAHETAPHO IPaBUTALIUH Pac-
CMaTpUBaETCs KaK pe3yJbTaT MPOCTPAHCTBEHHO-()Aa30BOro CABUra MEXIY ABYMsI BCTPEUHBIMU BHYTPH-BaKyyMHBIMH IOTO-
KaMH, TeKYIIUMH CBEPXY-BHU3 U CHU3Y-BBEPX. DTH MOIIHbIC BHYTPU-BAKYYMHBIE IOTOKH TEKYT 10 BCTPEYHBIM CITUPAIISIM,
HAaMOTaHHBIM Ha BCE paJHalbHblE HAIIPABJICHHs, OTXOSIIUE OT spa CTAOMIBHBIX C(EPUUECKUX BaKyyMHBIX 00pa30oBaHHUN
(B 4aCTHOCTH «IUIaHET» M «3Be3I»). IIpH 3TOM OTeKkarolue BBEPX IO CIUPaH BaKyyMHbIE TOKH BCErZla HE3HAUUTEIBHO
OTCTAIOT MO BEJIMYMHE OT BAKYYMHBIX TOKOB, IPUTECKAIOIIIX BHU3 10 BCTPEYHBIM CIUpasM. [109TOMY OTHOCHTEIBHO Clia-
OBIil OCTAaTOYHBIN YCKOPSIOIIKIICSA CTOK YBIICKaeT 3a COOOM Bce Tela B HAIPaBJICHHUH spa c(hepHIecKOro BaKyyMHBIX 00pa-
30BaHMS, U SIBISACTCS IPUYNHON IpaBUTALNK. MOJEIbHOE IPEACTABICHNE O TPABUTALIMH, KaK O Pe3yJIbTaTe Pa3HOCTH MOIL-
HBIX BCTPEYHBIX BHYTPU-BAKYyMHBIX TOKOB MOXET MOCIYKHUTh TEOPETHYECKUM OOOCHOBAaHUEM BO3MOXKHOCTH HCIIONb30Ba-
HUSI OTHX TEYEHUH JUIsl aJbTEPHATHBHBIX CIIOCOOOB MEpEMELICHUs B IPOCTPAHCTBE. B 3aKIIOYEHUH CTaThH PaCCMOTPEHBI
BO3MOJXKHBIE CIIOCOOBI YITPaBJICHHsI TOMOJIOTUEH POCTPAHCTBA M BHYTPU-BaKyyYMHBIMU TOKaMH C 1IEJII0 UX MCIOJIb30BaHUS B
Ka4yecTBe JBIKYILEH CHJIBI B PEXKUME JICBUTALIUH.

ABSTRACT

This article is the tenth part of the scientific project under the general title "Geometrized Vacuum Physics based on the
Algebra of Signature " (GVPh&AS) [1,2,3,4,5,6,7,8,9]. In this article, the phenomenon of planetary gravity is considered as
a result of a spatial-phase shift between two counter intra-vacuum flows, flowing from top-down and bottom-up. These
powerful intra-vacuum flows flow along counter spirals wound on all radial directions departing from the core of stable
spherical vacuum formations (in particular, "planets” and "stars"). In this case, the vacuum currents flowing upward along
the spiral always slightly lag in magnitude behind the vacuum currents flowing downward along the counter spirals. There-
fore, a relatively weak residual accelerating drain carries along all bodies in the direction of the core of the spherical vacuum
formation, and is the cause of gravitation. The model representation of gravity as a result of the difference of counter powerful
intra-vacuum currents can serve as a theoretical justification for the possibility of using these flows for alternative methods
of movement in space. In conclusion, the article considers possible methods of controlling the topology of space and intra-
vacuum currents with the aim of using them as a driving force in the levitation mode.

KiroueBble ciioBa: rpaBuTanys, pu3UKa BaKyyma, BaKyyMHas TCOPHS TPaBUTALINH, TEOMETPOIUHAMUKA, BAaKyyM, anredpa
CUTHATYp, JICBUTALIUA.

Keywords: gravity, vacuum physics, vacuum theory of gravity, geometrodynamics, vacuum, signature algebra, superlumi-
nal speed.

HNPEABICTOPUSA U BBEJJEHUE

JlanHas paboTa siBJIseTCs OJMHHAALATON U3 [MKJIA cTareil moj obumM Ha3BaHueM «I['eoMeTpr3upoBaHHas (pu3nka BakyyMma
Ha ocHoBe Anre6psr curnatyp» (GVPh&AS). Ipensiaymnime necsath crareit MpUBEAEHBI B CUCKe nuTeparypsl [1,2,3,4,5,
6,7,8,9,10].

B crarbe [10] ObUM paccMOTPEHBI METPUKO-AMHAMUYECKHE MOJIENHN TOJIBIX «IUIAHET» M «3Be3[» (TOYHEE 3JIEKTPHYECKU
HeWTpanbHble TUIaHeTapHble Py-«aToMbD» U Py-«MoeKynb»), T.e. crabuibHbIe ceprieckue Ag7-BaKyyMHbIE 00pa3oBaHUs
IUIAaHETapHOTO U 3Be3HOro Macmraba. B [10] ycioBHO ObUIO NPHHATO, YTO B OKPECTHOCTH SIpa 3THX BOPOHKOOOPa3HBIX
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obnactell As7-BakyymMa OTCYTCTBYIOT MHHH-, MIJIH-, MUKPO-, HAHO- U IIMKOCKOIIMYECKHE JIOKAJIbHBIC HCKPUBICHUS Amn-Ba-
KyyMa («JacTHIIbD», WM «KOPITYCKYJIbI»), CMOTPHTE puc. 26 U puc. 3 B [10]. OnHaKO B peaqbHOCTH Spa TOMBIX «IUTAHETY
«3BE311» OKPY>KEHBI OTPOMHBIM KOJIMYECTBOM MEJKUX «KOPITyCKyJ», cMoTpute puc. 2a B [10]. B aT0ii crarbe npennpunsra
ouepeiHas MONBITKA MOHSTh, TOYEMY BHEIIHUE 000JI0YKH TOJIBIX «IUIAHET» U «3Be31» (T.€. IIaHeTapHBIX Py-«atoMoB» n Py-
«MOJICKYJI») TIPUTATHBAIOT MEJKUE CTAOUITBHBIC Amn-BaKyyMHBIC KOPITYCKYJISPHBIC HCKPHBICHHS (T.€. «YaCTULIBI»).

31ech B OCHOBHOM pacCMaTpHUBACTCs IUIAHETApHAs TPABHTALMS, HA TPUMEpe TATOTCHHUS K SAPY TONOi «IUIAHEThD» (WIN
«3BE3IBIN).

Tonas ((366‘3()61)), no onpe()ejzeﬂmo 6 [10] — 2mo boavbuas 2onas «niamemay, 6 KOI’)’lOpOlZ OZPOMHO20 CKONJeHue nianemapHslx
Pk-((KeapKOG» nepexodum K ycuiernuro epasumayuu 00 maxo2o YPO6HA, Umo 6 AmoMUcCmudecKux He()pax O0aHHO20 acmpoHo-
MUYECKO20 00beKma 3axCcucaiomcs mepMo;ldeprle peaxkyuu. ﬂpyeuMu croeamu, conas «36€30a» OMIUYAemcs. om 2010u
«njaaHemsl» moJibKo 8eIUYUHOU epasumayuOHHO20 83aUMOOCUCMBUSL.

BmMecte ¢ TeM Bce MOJIeNIbHBIC [TPEACTABICHNUS, M3JI0)KEHHbIC B TAHHON PaboTe, OTHOCSITCS U KO BCEM OCTAIbHBIM CTAOMUIIbHBIM
chepuueckuM Amn-BaKyyMHBIM 00pa30BaHUAM, BXOJSIIMM B COCTAB HEPAPXUUECKOI KOCMOJIOTHYECKOM MOJIENH, H3JI0MKEH-
HO# B [6], He 3aBucuMO OT ux Maciiraba (cMoTpure puc. 1 B [6]).

W3ydenne npupopl INIAHETAPHON TPAaBUTALIMHU SIBJIIETCS 3HAKOBOM 3a1aueid AJ11 €CTECTBO3HAHMS, TAK KaK UIMEHHO C MOIBITKH
OIMCaHUA UMEHHO 3TOT0 yAUBUTEIBHOTrO siBJieHUs ['anuneo ["anuneeM Hauanach COBpeMEHHas HayKa.

Bosbmute B pyKy Kakoi-HUOYIb TIpeMET, HApUMep, KapaHaalll, IOJHUMUTE €T0 Ha YPOBEHb IJla3 U oTmyctute. [louemy
Kapaugam (uiu 000 npyroit mpenMet) magaeT BHU3? OTBET Ha 3TOT BONPOC MCKAIM MBICIUTENN BCEX BPEMEH, HO U HBIHE
rpaBuTanus (T.e. IPUTDKEHUE TUIAHETAMH M 3BE3[JaMH BCEX OKPYKAIOMIUX MX MPEIMETOB) OCTACTCS OJHIM W3 CaMbIX 3ara-
JTOYHBIX SIBJICHUN B OKPYKAIOIIEM HAC MHUPE.

[MoapIToXXMBast HAOMIOAATEIBHBIN OMBIT aHTHYHBIX (utocodos, Apucrorens (384 — 322 rojsl 10 Hallel 3pbl) yKas3ai B TPaK-
tare «Pu3nKa», 4TO BCe OKpYKaroliee 00ajaeT COUSeTAaHUEM YeThIPEX OCHOBHBIX Ka4eCTB (CTUXHMN): «OTHS, «BOIBDY, «BO3-
JyXa» U «3eMim». [Ipu 3TOM Te CyIIHOCTH, B KOTOPBIX MPeo0aJaoT KauecTBa «OTHb» U «BO3AYX» — CTPEMSTCS BBEpX; a
CYIL[HOCTH, B KOTOPBIX MPE00Iaat0T KauyeCTBa «BOAA» U «3EMJID» — CTPEMSTCS BHU3 (Ha 9moM npunyune 0CHOBAHO 8030YX0-
RAAGAHUE HA WAPAX C HAZPEMbIM 6030YXOM).

KpOMe TOrO, ApI/ICTOTeJ'II) HECKOJIbKO M3MCHHJI BEKTOP MBINUICHUSA B OTHOUICHUU
rpaBUTAlIUN YTBECPKACHUEM, YTO CKOPOCTh MaJCHUA TEJI HA 3E€EMJIIO 3aBUCHUT OT UX
BCJIMYWHEBI U BECA. HeﬁCTBHTeHLHO, 9TO Ha6J'IIO,I[aTeHLHLII>i (1)aKT, €CJIk C HGKOTOpOﬁ
BBICOTBI OTHOBPEMCHHO OTIIYCTUTb, HAIIPUMEDP, KapaHJAAll U NYHIMHKY, TO KapaH-
JAall JOCTUTHET HOBECPXHOCTHU 3€MJIM 3HAYUTEIIbHO PAHBLIC ITYIIMHKHU.

B kocMonornu ApuctoTenst B neHTpe BceneHHONW HaxOAWTCs HETIOIBM)KHAS ILIa-
Hera 3emuts ceprueckoit popmel. Bokpyr 3emutn pactipenenena Boja, 3aTeM BO3-
IyX, 3aTeM oroHb. OroHb mpocrupaercsi 10 opouTsl JIyHbl — mepBoro HeGECHOro
Tena. Beie JIyHbl HaXOUTCS HAJYHHBIN, BOKeCTBEHHBINH MUp, T1I€ TEJIa COCTOSAT
n3 3¢upa. B HaamyHHOM Hebe CymecTBYeT TOJIEKO PaBHOMEPHOE HETIPEPHIBHOE KPY-
roBoe JABIXEHHE HebecHBIX Tell. HebecHble Tenma BpamarTcs BOKPYT 3eMITH 10 Kpy- Puc. 1. Kapruna mupa Apucrotens
TOBBIM OpOWTaM, OHH MPUKPEIUICHBl K BpallalommMcs cdepam, COTKaHHBIM H3

a¢upa. CymectBytot cepst JIynsr, Mepkypus, Beaepsr, Conniia, Mapca, FOnutepa, CatypHa u cdepa HEMOIBUKHBIX 3BE3]
(puc.1). 3a nocnenneii chepoit Haxoautes [IEPBOIBUT'ATEJIb — b-T', Koropstit [Ipunaér nemxenue chepam.

C MHeHHeM ApuctoTtens GriIocodbl CUUTAINCH OKOJIO ABYX ThIcs4eneTni, moka Huxomnait Konepuux (1473 — 1543), He pasz-
paboran MoJenb MHUpa, B KOTOPOM IUIaHETH! BpaIaloTcsl He BOKPYT 3eMiH, a Bokpyr ConHua. Moaens Konepuuka, npea-
craBlieHHas B TpakTare «De revolutionibus orbium coelestiumy» («O BpamieHun HeOECHBIX cdep»), ObLIa MEHee TOYHOM, HO
3HAYUTENBLHO MPOILE, YeM Mozenb Kinasnus Iltonemes « Anbmaréct (0T apab. wssdl QIS — Benukoe nmocrpoenue, 127 —
151 rr.), KOTOpas ObLIa OCHOBaHA HA KOCMOJIOTUH APHCTOTEIISA.



Karonuueckast niepkoBb Bo TiaBe ¢ Ilanckoit kypueit (Curia Romana) otHecnach Kk HOBOBBeIeHUAM KaToiikka KomepHuka ¢
HACTOPO’KCHHBIM HHTEPECOM, M TOTOBA ObLIa MPUHUMATE UX KaK OJIHY U3 THUIOTE3, IPUTOIHBIX JUIS YIPOIICHHBIX PACUYCTOB.
OpHaKo, MHOTHE KIIMPHUKH cuuTany yueHune KonepHuka npotusopeyamum Cesiernomy [Iucanmto, T.. ckazano (Mucyc Ha-
BuH 10:12): «Ctoii, conuie, Haax ['aBaOHOM, M JIyHa, HaJ JOJHHOK AuaioHcKow». Maptul Jlotep (1483 — 1546) taxske
kputukoBai KomnepHuka 3a To, 4To OH U3Bpamiaet budmuro, koraa mpeiaract reJIMoNEeHTPUICCKYIO IIIAHETAPHYI0 CUCTEMY.
B urore geno o Cucteme Mupa npuo6peno NoJTUTHUECKHUA XapakTep.

Curyarus emre 6osee o6ocTpriack, koraa Fammneo Nameit (1564 — 1642) ycoBepiieHCTBOBAM TIOI30PHYO TPYOY ¥ HAOITIO-
Jann BparieHue (Tounee (aspl) CIiyTHHKOB BOKpYT HOmuTepa, kparepsl Ha JlyHe u msatHa Ha ComHile. YdueHue ApHCTOTEN,
MOIIATHYJINCh, TAK KaK 0Ka3aJloCh, YTO HE BCE HEOECHBIE TeNla HICANBHBI U HE BCE TUIAHETHI IBUTAIOTCS BOKPYT 3eMin. Tem
He MeHe, y [ammres He OpUTO yOCIUTENBHBIX JOKA3aTEIBCTB TOTO, YTO 3eMJls Bparmaercs: BoKkpyr CollHIIa, ITI03TOMY OH OBLI
BBIHYKJICH OTpeubcs OT yueHus KonepHuka nepen cyqoM HHKBU3UIMK 1633 .

Muenue egponelickux UHMeLIEKMYanios 8 KOpHe USMEHUIOCH MobKo nocie nyoruxayuu 6 1687 «Philosophie Naturalis
Principia Mathematicay (Mamemamuueckue nauana namypansrot gpurocogpuur) Heiomona, m.x. CO21aCHO 3aKOHY 8cemMup-
HO20 mszomeHnus, onybauxkosannozo ¢ Hauanax, Connye (¢ 601610l MACCOil) 8pawaemcst OKpye ooue2o YyeHmpa mace ¢
3emnetl (¢ manoi maccoil) no opoume co 3HAUUMENbHO MEHLUUM PAOUycom, yem paouyc opoumst 3emau. Cetiuac mvl ROHU-
Maem, 4mo Hem NPUHYUNUATLHOU PASHUYbL MENHCOY 2eOYSHIMPULECKOU U 2eTUOYEHMPUYECKOU CUCTNEMAMU, M.K. 8CE 3A8UCUM
om yoobcmea 8blbopa mouKu u cucmemvl omcuema. B nexomopuix 3a0auax yoobHo 8vlopame yeHmp cucmemvl omcuema,
ceazannvlii ¢ Connyem, a 8 Opyaux 3a0a4ax 3HAYUMENbHO SKOHOMHEU C8A3aMmb YeHmp cucmemvl omcyema ¢ 3emneil. Ilpu
9MOM 3AKOHBL PUIUKU CHOPMYTUPOBAHBL MAKUM 0OPAZ0OM, UMO OHU He 3A6UCATN OM 8bl60PA cUCeMbl OMcHemd.

3ameuanue /J36uoa Puda: "Ianuneii 3Han o mom, umo 01 ONUCAHUS OOHO20 U MO20 JHCe AGNEHUS B03MONCHbL PA3HbIE CU-
cmembl omcyema, ox ykazan Ha amo 6 ceoem Dialogo sopra i due massimi sistemi del mondo. Dma paboma npedcmaensiem
c0001l He CMONILKO me3uUc 8 no00epiucKy cucmemvl Konepruka, ckoivko onposepiicerue HeCKOIbKUX HEeBEPHbIX «00KA3a-
menbemey, Komopwvle npeocCmasianu cmopouHuxu cucmemst Ilmonemes. Tpu evimviuinennvix nepcouasca, Canveuamu,
Cacpeoo u Cumnauuuo, MHO20 2060PAM O NPULUBAX, HO U O pAOe OPY2UX MeM, He C8A3AHHBIX HanpAMYIo ¢ acmponomuet. To
ecmb Ianuneu 6vi1 Menvbuie 3auHmepecosan 8 npeocmasgieHuu meopuu Konepnuxa 6 smoil kHuze, uem 8 npeocmasieHuu
ce0ux udell Hayuno2o obocrosanus. Umaxk, xoms noopasymesaemas noodepacka cucmemol Konepuuxa cama no cebe 603my-
muna Hekomopuix 8 Llepksu, mHozue opyeue bvliu euje 601vue 6o3MyueHvl mem pakmom, umo I anunel ykazvlean Ha mo,
umo Llepxosb He 6b108UHYIA HUKAKUX XOPOUUX HAYVUHBIX APSYMEHMO8 8 NOIb3Y C8oell no3uyuu ",

Kpowme Toro, [Namuieit mpoBen psig SKCHEPUMEHTOB € TEJIAaMU Pa3HOTO pa3Mepa U Beca (B YaCTHOCTH, CKAaTBHIBAN MIAPHI O
HAKJIOHHOH ITIOCKOCTH). Pe3ybTaT okasascs MpOTHBOPEUAIINM YTBepKAeHUsIM Apucrorens. OH yCTaHOBWI, YTO B cIydae,
KOT/1a CONPOTHUBIIEHUEM BO3/1yXa MOXHO IpeHeOpedb, Bce Tella HE3aBHCHMO OT UX Beca U Pa3MEepOB MaJaloT Ha 3eMITI0 MO
OJTHOMY H TOMY K€ 3aKoHY S = 4,9t 2, r/1e S — ImyTh CBOOOIHOTO TaJIeHUs TeNla Ha 3eMJI0 B TeUEHHUE JTHTETbHOCTH 1.

Opnnaxko, [Nanuelt nCXoaui cKopee U3 ydeHus: OaKeHHOTOo ABTyCTHHA 0 b0)KeCTBEHHOM COBEPUISHCTBE MPUPOJIBI, a HE U3
Pe3yJIbTaTOB dKCIepUMeHTa. ['auiei ObUT YOSIKICH, YTO B IPUPOJIE PEATU3YIOTCS CaMble IPOCThIC ABMKEeHUs. B yacTHOCTH,
OH TIpeJIoJiarai, YTo IPUPOCT CKOPOCTH MaJJA0IIEro Tejla CO BPEMEHEM MPOUCXOJIUT HA OJHY U Ty)Ke BenuuuHy. ['anumnei
samcan B «Becenax... [Discorsi e dimostrazioni matematiche intorno a due nuove scienze,1638]: — «Korna kamMeHb, BbI-
BEJIEHHBII U3 COCTOSHUS TIOKOS U TMAJAIONTNI CO 3HAYUTEIHLHOM BBICOTHI, IPHOOPETAET BCE HOBOE U HOBOE MPHUPAIIEHUE CKO-
poCTH, HE JOJDKEH JIH S yMaTh, 9TO TaKOE MPHUpAIEeHUE TMPOUCXOINUT B CaMOi MPOCTOMN U SICHOM 1t Besikoro dopme? Ecu
MBI BHUIMATEILHO BCMOTPHUMCS B JIEJIO, TO HaiiieM, 4TO HET MpHUpamieHus 00jiee mpoCTOro, YeM MPOUCXOISAIIECTO BCETaa paB-

HOMEPHO. ..». PABHOMEPHOCTH TIPUpOCTa CKOpocTH V(t) mamaromero kamus, [ anuieil BeIpasui yepe3 mpomopituio [11]

v(t v(t
v(t):v(ty) = ty:t,, wim (t D = (t 2) r7ie BpeMsi t OTCUMThIBAeTCS OT Havaaa CBOOOIHOTO MaICHUs Tea.
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Ckopee 6cezo ['anuneii ne copacuviean xamuu ¢ Iluzanckoi dawnu, m.x.
HU 8 60OHOM U3 €20 Mpyo0o8 3Mom sKcnepumenm He onucan. 06 smom
Hanucan e2o yuyeHux Bunyenyo Busuanu. Bozmoswcno, I'anuneii 6 onocmu
8uden, Kak 3mo oeraiom opyaue u/uiu niaHuposa GbINOIHUMb MAaKue
usmepenus ¢ yuenuxamu. Ho nompscaem opyzoe coenaoenue. Psaoom ¢
Tuzancrou 6awmnei Ha Hvayya oeu Mupaxonu (Ilnowaou uydec) cmoum
Tuzanckuii cobop Ipecesmort [lesvr Mapuu. 1100 kynonom smoii 6a3u-
JuKu umeemcesi ocpomuas pecka Hucyca Xpucma 2anuileanuna. C
amot «Ilnowadu yydecy Hauanacey Hayka u Ovblia CO30AHA XPUCMUAH-
ckumu ynugepcumemamu Eeponeoi.

Otkpbitus ["anumnes:, SBUIMCH BaXKHBIM JIOTIOIHEHHEM K MOJUGUIIMPOBAHHOMY apucToTenn3my AnboepTta Benukoro (okomo
1200 — 1280) u ®ombr AkBurckoro (1225 — 1274), a cyn UnkBu3uiuu Haja [anuneeM B30y 1opaxunt paccy 1ok Pene Jlekapra.

Pene [lexapt (1596 — 1650), mnammnii coBpemenHuk ["anmeo ["anunest, mocraBui nepen coboii 3ajady palMoOHaIN3UPOBATh
(U3KKY 110 THITY €BKIIMJIOBOM reoMeTpuu. Paronann3anys o3Hadaia, 4To (Gu3MKa J0JDKHA UCXOAUTH U3 HEOOBIIOTo YKcia
OYEBUIHBIX aKCHOM, Ha KOTOPBIE OIMUPAETCS MOCIEI0BATEIFHOCTD BHIBOIOB, OCHOBaHHBIX HA JIOTUKe ApucToTens [12].

Jexapt u [anuneii 06a BOCIPUHSIN JeyKTHBHBIH METOI JPEBHUX I'PEKOB, HO MOTUBHPOBAIIN €ro I0-pasHoMy. OHU PHHU-
Majld, 4TO B 00BSICHCHUH IIPHPOBI Pa3yM JIOJDKSH HCXOAUTH U3 OOIIHX TOJOXKEeHHUHT (akcHoM), HO JlekapT cumTal, 4To o0mue
TIOJIOXKEHHS pa3syM JOJDKSH HaXOAUTh B cebe camoM, a ["anmeii gymai, 4to pa3yM MOXKeET HX BBIpabOTaTh Ha OCHOBE JKCIIe-
PUMEHTAIBHBIX HAOIIOACHHH.

JlekapT 000CHOBBIBAJI CBOE MHEHHE TE€M, YTO HAIIM HAOJIOJCHUS] HECOBEPILECHHBI: HALIM OPraHbl YyBCTB CIOCOOHBI JIMIIb
BBOJIUTH HAC B 3a0.Iy’KAC€HHS, TYMaH KOTOPBIX MOXET Pa3BesTh TOJIBKO Hall pa3yM. ICTHUHHBIM MOXET OBITh TOJBKO TO, YTO
Halll pa3yM BOCHPUHUAMAET KaK HEYTO aOCOIIOTHO SICHOE U HECOMHEHHOE. TaKUMH SCHBIMH M HECOMHEHHBIMH JIJIsI pazyma
MbIcssIME TIpeacTaBisiinchk Jlekapry unest b-I'A (BBICHIEI'O PA3YMA) u uzest cobctBeHHOr0 cyiectBoBanus: «Cogito
ergo sumy («MBICITIO — 3HAYHT CcymecTBYO») [12].

lanmmueit B 3ammTy cBOMX YOEXKIEHHH MPUBEI TaKOH apryMeHT: «YTBEpKIaTh, YTO Pa3yM caM B ceOe COJEP)KUT 3HAHUE O
[pupone, — 3Haunt cuurath, uto b-I' CHavana CoTBOpua YeI0BEUECKUI MO3T, B KOTOPBIN BIOXKHII 3TO 3HAHUE, a YKE TOTOM
Co3snan BeeneHHYI0 B TOYHOM COOTBETCTBUH C 3THUM YeJIOBeuecKHM 3HaHMeM. Heyskenn Tak B JeHCTBUTEIBHOCTH ITPOHCXO-
o MupotBopenne? YTBepxkIaTh 000HOe — 3HAYHUT CTaBHUTH YeJIOBEeKa B LIEHTp Mupo3naHus wim, 1o KpaiHel Mepe,
BBOJUTH COBEPLICHHO HEOKa3yEeMbI aHTPOIIOJIOTHUECKUIT IPUHIIMIT: CYIIIECTBYET TOJIBKO TO, YTO CIIOCOOEH MO3HAThH YeJIo-
BEK».

Jlypuanckas xabbana ymeepaicoaem Kax pas mo, ¢ uem He moe coenacumucs I anuneil. /[pesnee egpetickoe npedanue cooep-
acum Vuenue, ymo BCEBBIIITHUH cuauana Comsopun Cosnanue (m.e. Payon yposns Kemep — Kopony XKenanus) — Adama
Kaomona de Kemep (Yenogexa Ipedseunozo). 3amem BCEBBIIIIHUM Ooen na Hezo sce 6onee nuskue yposnu Muposdanus.
u Booxnyn ¢ Hezo [Jyx ZKU3HU.

Ot Taymunes u [lekapra nuayT JIBe pasHble TPaJULUK MCTOJKOBAHUS YMO3PEHHUS APEBHUX IpeKkoB. JlekapT Tak ke, Kak W
Kemutep, cunrai, uyto ¢u3HuKa HEIIPEMEHHO U BCEr/a JI0JDKHA OTHICKUBATh NPUYMHEI ABJICHUI. JTO OyKBaJIbHO COOTBETCTBO-
BaJIO apUCTOTENIEBY TOHUMAHHIO CMbICIa pU3NYecKoro 3HaHus. [ anmiel xe mosarai nesibio (PU3NKH He CTOIBKO MIPUYNHHOE
00BsICHEHHE, CKOJIBKO MaTeMaTH4eckoe (MOJebHOe) ONrcanue ABIeHni [Ipupoast.

ITo [exapry, hn3nka JODKHA UCKaTh OTBET Ha BOIIPOC, TOYEMY IPOUCXOIAT SIBICHUS, B 3TOM OH CJIeI0BaJl APHCTOTEIIO, a
o ["anmero — BakKHO 3HATH JIUIIB, KAK OHU TPOUCXOJIAT.

JlexapT He TpuHSUT yueHue [anmiest 0 TSHKECTH U ero 3aKoH majneHust Ten. Kunemaruke Jlexkapta GbUIO 4yKI0 CaMo TIOHATHE
yckopenus Tei1. OH BUIe MPUYMHY W3MEHEHUsS JBHKCHHUS JIHIIb B HEOCPEICTBEHHOM CONPHKOCHOBEHUH TEJ: HEKOHTAKT-
HOE BO3/ICHCTBHE OJHOrO Tella Ha Ipyroe TPYAHO ObLIO MPU3HABATh B KAYECTBE MaTEPHAIbHOM NPUIMHBI U3MEHEHHS IBHIKE-
uust [12].



[Ipu3HaHue HEKOHTAKTHBIX AEHCTBUHN Ka3alloch JlekapTy BO3BpALEHUEM K OKKYJIbTH3MY U K CPEIHEBEKOBOM CXOJIACTUKE, U
B 3TOH OOpHOE MPOTUB MUCTHKH €ro rmoroM noanepxxanu [roiirenc u Jlei6ouun. B camom nene, ast Toro 4ro0bl Teno A
NPUTSTHBAJIO Ha PACCTOSHUM TeJIo B, HyKHO, 4TOOBI OHO 3HaNO, I'/le HaxoauTes Teno B. Kak HeomymeBIeHHOE TEI0 MOXET
«y3HaBaTh»? Jla elie y3HaBaTh 4epe3 abCcomoTHy 0 myctoty [12].

Ecnu HEKOHTaKTHBIX CUII BOO6III€ HE CYHICCTBYET, TO B3aHMOZ[eI710TBPIe HC MOXKCT NepeaaBaTbCd 4€PE3 MyCTOTY. OTpI/IHaHI/Ie
HCKOHTAKTHBIX CHJI, TAKUM 06pa30M, IpUBOAUIIO Z[eKapTa K OTpUL@HUIO ITYCTOThI. Kak e on moHnman HpOCTpaHCTBO?

Jlexapt npusHaBan aABe GpyHIaMeHTaiIbHbIE cyOcTanmu: «I[IpoTshkeHHOCTEY M «CO3HaHNE, MPUHINIHAIBHO APYT OT IpyTa
otneneHnble. Mup Co3HaHUS — HEeMaTepHUANbHBIA U HEIIPOCTPAHCTBEHHBIH, 3TO MHP HICH, C COOCTBEHHOI! JIOTHYECKON TIPH-
YHHHOCTHIO, B KOTOpOii [lepBonprunaoii aensercs b-I'. Ha myTu x oTeickaHuIO QUHANHHBIX TpUYXH JekapT ocHOBaI CBOE,

TaK Ha3bIBAEMOE OHTOJIOTHYECKOE NOKa3aTeIbCTBO boitus B-T'A.

B pamkax nypuancrou kaboanvt MBILLIJIEHUE u éce yposhu beimus nepazoenumot. [locmosiHkble u3MeHeHUs: KadcOoU T0KATbHOU obnacmu
Ecmecmeennoti npomaxceHHoCmu — 9mMo NPOAGIEHHAA CMAOUs CLONCHeUue20, MHO20YyposHes020 Muictumenvrozo Ilpoyecca Eounoeo
Cosudaioweo HAYAJIA Buimus. Muicav B-)KbA ogopmnsemes 6 Crnogo, komopoe odesaemcs ¢ mupwi, 1o CAM DHH CO®, Bapyxy
(BECKOHEYHDIH, Brazocrosen OH) ene comeopennvix mupos. bapyx Cnunosza kpumuxoean Jexapma 3a dyanuzm 6 omuoueruu Moiu-
nenus u Ilpocmpancmea. Cnunosa, 6 cied uyoetickoti mpaduyuu, cuuman, umo Mtunenue u Ipocmpancmeo — smo ampu6ymut EJUHOH
CVYBECTAHLIUU (5-T'A).

Jlpyras ecrecTBeHHasi HPUYMHHOCTH IMEET MECTO B MUPE MPOTSHKEHHOCTEH, IS KoToporo JlekapT co3aaBaj CBOe YUeHHE O
JIBIKCHUU U O TaroTeHun. CaMo CyIIEeCTBOBAaHHUE BHEIIHETO (PM3MYECKOrO MHpa, T. €. MUpa Belel, JekapT goka3biBaer,
BBIBOJISl €T0 M3 CyOCTaHIMU MPOTSHKEHHOCTH: Teja CYIIECTBYIOT IIOTOMY, YTO OHM O0JaJaroT MPOTSHKEHHOCThIO. Bee, uro
MPOTSDKEHHO, TO MaTEPHUANBHO: 3TO OBLIO eIlle OTHO 00OCHOBaHUE KapTE3MAHCKOTO TE3HCa O TOM, UYTO MPOCTPAHCTBO HE MO-
KeT OBITh MycThIM. Toraa, 04eBHIHO, OHO BCET/a M BCIOAY 4eM-To 3amoiHeHo. Yem xe? «ToHKOH MaTepueit», — oTBedan
Hexkapt. Uto 310 Takoe?

BrlkaunBas BO3yX HACOCOM M3 CTEKJISIHHOI'O COCYJ1a, Mbl IOCTUTA€M B HEM BCE MEHbBIIEH U MEHbILIEH IIOTHOCTH BO31yXa.
Ho, naxe BpikauaB U3 HETO BECh BO3/YX, Mbl HE CMOXEM «BbIKayaTh» M3 HEro TOHKY0 Marepuio ekapra [20]. Hemapom ee
Ha3bIBaHM elie nienym (Bce 3anofHstonuil). OT ee MPUCYTCTBUS HENb3sl N30aBUTHCS, IOTOMY YTO OHA — MPUHAJJICKHOCTD
npocTpaHcTBa. Jlydine cka3arh: MPOCTPAHCTBO HE MOXKET CYIIECTBOBATH 0€3 3TOI TOHKOW MaTEPUH, XOTS MBI €€ HE MOXKEM
HU YBHUJETh, HU MOYYyBCTBOBaTh. OHA HE MOAMACTCS HANIEMY BO3JICHCTBHIO, IIOTOMY YTO HE 00JamacT HUKAKUMH (hu3nde-
CKMMH CBOWCTBaMH, KpOME€ CBOMCTB MPOTSHKEHHOCTU M JABMkKeHUs. He mojnnaBasch BO3IEUCTBUSAM, TOHKAsi MaTepusl cama
obnagaeT JeHCTBUSIMU: CBETOM, TEIUIOM U TATOTECHUEM.

Bec (TsaroTenune), mo JlekapTy, €cTh CBOHCTBO ABIXEHUS TOHKOW MaTepun ((iaronno) [20]. CormacHo npeactaBieHusM [le-
KapTa, 3Ta ke ToHKoMaTepuanbHas ((ironHas) cpea HeceT BOkpyr COIHIA ITaHEThI, KaK KOpalJIu, MTaBaroIie B TUTAHT-
CKOM BOJIOBOPOTE (hirrorgHOTO MOPst (puc. 2). CIlyTHUKY IJIaHET OBIKYTCS OJaroapst MEHBIIAM (DIIFOUIHBIM BUXPSM, OKpY-
JKAKOIUM STH IUIaHeTs [12].

Puc. 3. Buxpu TOHKOH MaTepuu 1o
Puc. 2. Unnroctpanust Bo33penuii Jlexapra Ha yBiedeHHE IUIaHeT npencrasienuto Jlekapra. B uentpe Haxonurcs
TOHKOMatepuaibHO# ((ironaHoi) cpeoi, Bpammaroeiics Bokpyr 3se3apl  ConHeunas cuctema (Oeuvres de Descartrs, v. 1X)



Kaptesuanckas Beenennas npencTaBisieT cOO0H THTaHTCKYIO COBOKYITHOCTE BHXpPe TOHKON MaTepuH ((IIOUI0B), KOTOPYIO
Bb-I' Hagenun HenpepbIBHBIM JIBUXKEHUEM (pHC. 3).

Yro KacaeTcs 3eMHOTO TATOTEHHUs, TO JlekapT BUAE ero NIPUYKHY B TPAJIMCHTE JaBICHHUS, KOTOPOE OKa3bIBACT TOHKAS MaTe-

pust («GhrouIB) Ha Tela, HAXOIAIIKECs BO3JIE TOBEPXHOCTH TIaHeThl. To ecTh, o JlekapTy, Tena majarT Ha 3eMITIO TOTOMY,
YTO MOATAJKUBAIOTCS MO HampaBlicHUIO K Hell MenpuallliuMy HEBHIMMBIMHM YaCTHYKAMHM TOHKOW Matepuu ((IronumaaMu).

«Ecnu Ob1 anuneii 3o 3HaJ, — cKa3an kak-1o JlekapT, — TO eMy HE HY»KHO ObLIO ObI CTPOUTH OE30CHOBATEIHHYIO TCOPHUIO

majeHus Ten B mycrorey» [12].

Cosznanssie [lekapToM MPECTaBICHAS O OTOKAaX M BHXPAX (IIIOUOB TOCMOJACTBOBANO B (m3nke B TeueHue Bcero X VII u
yactuyHO B XIX Beke. Teopus Tarorenus [anunes-HproToHa, B KOTOPOH OTCYTCTBOBaj TOHKOMAaTEepUalbHbIN MOCPEIHUK,
ObUTa IPUHSATA BO BHUMaHHE TOJIBKO CITYCTS ITOJITOpa CTONeTHA mocie ee co3nanns. B 1740 r. [Tapmkckas akageMus Ipucy-
JIAJIa TIPEMHUIO 32 PEllIeHHE 3a/1a41 O IPHIIMBAX U OTJIMBaxX Kapre3uaHiy aboaty Kasanbepu u HploToHMaHIaMm Jl. bepryin,
JI. Ditnepy u K. Maxknopeny [12].

Teopus Tsirorenust HproToHa modeiiia He MOTOMY, HITH He TOJIBKO MOTOMY, YTO Jiyulnie 00bsicHsuIa (Gaktel. C Hero mobeauino
HOBO€ MHUPOBO33pEHUE, MOCIEA0BATEIHHOCTh YMO3PUTEIbHBIX MPUHIIMIIOB, OTTOPTAIOIINX JHO0YI0 BO3MOXKHOCTH [loTycTO-
poHHero BiusHus.

®nronaHble Bo33peHus JlekapTa, OCHOBaHHbIE HA BOCCOeAMHEHNH JyX0oBHOro 1 MaTepuanbHoro Havan, nanu, ycTynus me-
CTO MYPUTAHCKOW CKYNIOCTH HbIOTOHOBCKOM I'€OMETPHUM ABMXKEHUS CBETWJ. JlaXke peNMrHO3HBIN TpENeT Mmepea MUCTUKON
«IIyCTOTBD» HE CMOT 3TOMY BOCIPEMATCTBOBaTh. Ho myTh, HameueHHbIH Danecom (cydctpaT «Boma» PDaneca), ['epaknurom
(cyberpar «Oronb» ['epaximra), Apucrorenem (cyocrpar «Mrom» ApucTOoTeNs) ¥ MPOJODKEHHBIN JIekapToM, moMoraet
HalleMy pacCcyAKy BOCIIPUHUMATh HEBEPOSTHO CIIOKHOE MEPEIJIETEHUE UIUTIO30PHOM TKaHU €CTECTBA, KaK MPEAUKAT MPOTSi-
JKEHHOro beiTHs.

CoBpeMeHHas HayKa COBEPIIIEHHO OTYETIMBO OCO3HACT, YTO HET HU OJJHOTO HAI€KHOT0 SKCIIEPUMEHTA, ITO3BOJISAIOIIET0 MO/~
TBEPAMTH CYIIECTBOBAHUE (1l0UO08, AMepO8, dpupa, (hrocucmona, cyokonma Wi KaKUX-ITM00 WHBIX MPOSIBICHUS TOHKON
MaTepHAIBHOCTH — BCE OHHU SIBJISIOTCS JIMIIh BCIIOMOTaTEIEHBIMU areHTaMu, NpeIHa3HauYeHHBIMHY I BU3yaIH3aluy HaIlluX
IIpecTaBIeHU 00 MPOTSHKEHHOCTH OKpYy Katolieit PeansrocTh. [TosTOMy Beeraa ciemyer HOMHUTB O MIPEIYIPexRACHUN DPH-
cra Maxa [13]: «MBI He TOJKHBI CIUTaTh OCHOBAMH JEHCTBUTEIFHOTO MHAPA T€ HMHTEJUICKTYAIbHBIC BCIOMOTATEeIIbHEIE CPe/l-
CTBa, KOTOPBIMH MBI TIOJIB3YEMCS ISl IOCTAHOBKH MHUPa Ha CIICHE HAIIETO MBIIUICHU.

[Mpaktrueckn napamtensHo ¢ ['anuneem B [Ipare Morann Kerep (1571 — 1630) Ha mpoTsKeHUH HECKOIBKUX JIET BHU-
MaTeJIbHO M3y4all JOCTAaTOYHO TOYHbIE MHOTONIeTHHE HaOmoerns Tuxo Bpare 3a 3Be3namu M tuiaHeTamu. B pesynb-
tate Kerep B 1609 roay B kaure «Hoast actpoHoMusD» chopMyTupoBalt TpH 3akoHa: 1) OpOura rmianeTsl Mapc npej-
CTaBJSIET COOOH AILIHIIC, B OJJHOM U3 IBYX (POKycoB KoToporo Haxoaurcst Comaiie; 2) OTpe30K MPsIMOi, COSIMHSIOMINI
mnanety Mapc n ConHile, 3a paBHbIE IPOMEKYTKH BPEMEHH IepecekaeT paBHble miommany. 3) Ksagpar neprona obpa-
HIeHMs TUTaHeThl Mapc BOKPYT CBOEH OCH MPOMOPIIMOHANICH KyOy JUIMHBI OOJIBIION MOTYOCH €€ OpOUTHI.

B nanpHelimem BBISICHUIOCH, YTO 3aKOHBI Keriepa 0THOCSTCS! He TOJIBKO K Mapcy, HO M K JIpyTrUM Ha0JII01aeMbIM TUTAaHETaM.
OTO JOCTH)KEHHE YEJIOBEYECKOr0 PazyMa MPOU3BENIO OOJIBIIOE BlIeYaTICHUE HA CTOPOHHUKOB MoJiein COJTHEYHOM CHCTEMBI
Komnepnuka n Ha Mcaaka Hetotona (1642 — 1727), KOTOPBIH NEPENUCTHYII CIEAYIONLYIO0 CTPAHHUILy B BOIPOCE M3YyUEHHUS Tpa-
BuTanuu. [Ipenanue riaacur, 4yTo g0J0KO, ynaBuiee Ha rojoBy HploTOHA, TOPOIMIO B HEM MBICIb, YTO Ta K€ camas CHIIa,
KOTOpas 3aCTaBIIACT MaIaTh MPEIMETHI BHU3, yAep:kuBaeT u JIyHy Ha opOute 3emmn. Pa3zsuBas sty uneto, Hetoron B «Mare-
MaTHYEeCKUX Havajax HaTypajdbHOU pumocopum» cHopMyTupoBai 3aKOH BCEMUPHOTO TATOTeHUS: — «Curita, ¢ KOTOPOH TpH-
TATHBAIOTCS JIBAa Tella, MPOMOPIMOHATIbHA MPOM3BEICHUIO MX MacC W OOpaTHO MPOTOPIMOHAIBHA KBAaJApaTy PacCTOSHUSA
Mex Ty HUMH». OKa3ajaock, 4TO 3TO MPOCTOE yTBEpKAeHHe 0600ummo goctmwkenns Konepauka, [Nammnes n Kenepa.

ITocnenoBarenu HproTOHA NpeACTaBUIN U3SIIHBIN U JJAKOHUYHBIM 3aKOH BCEMUPHOTO TATOTEHHUS B BUJE CIEAYIOUIEH KOM-
MaKTHOH (POPMYJITBI, B KOTOPOH COMEPIKUTCS MMPAKTUIECKH BCSI HEOECHAs MEXaHUKa:

M
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re M — macca TlnaneTsl; M — Macca Tela, aarollero Ha MOBEPXHOCTh [LTaHeThI; I — PacCTOSHUE MEXK/TY LEHTPAMH Macc
IPaBUTHPYIOIIHUX (T.€. NpuTAruBaroiuxcs) tej; G — rpapuTanuonHas nocrosanas (G = 6,6720 107 H-m%/kr?).

B ussiuiHo# 1 makoHUYHOM hopmye (1) TaTeHTHO MPHUCYTCTBYIOT Bee TpH 3akoHa HproToHa. CornacHO mepBoMy 3aKOHY, B
CHCTEME OTCUeTa, BIKYIICHCsS 6e3 YCKOpeHus (T.€. B MHEPLHANBHON crcTeMe 0T4éTa), IF060e TEI0 COXPaHsIeT COCTOSHUE
MOKOSI MJIM TIPSIMOJIMHEHHOTO ¥ PaBHOMEPHOTO NBWXKEHUS (9mo npomusopeuum norodcenuio Apucmomenegou usuxu,
ymeepacoarouemy, Ymo 0Jis NOOOEPAHCAHUsL OBUINICEHUS. Meaa mpedyemcst ROCMosiHHoe 6030eticmeaue cuabl). [103ToMy B IOCT-
HBIOTOHOBCKOM (DH3HKE, €CIIM TEJ0 ABHKETCS C YCKOPEHHEM — 3HAYMT Ha Hero JedcTByeT cuia. OOBEKT, ABIKYIIUICS 110
HCKPHBJICHHON TPaeKTOPHH, UCIIBITHIBAET YCKOPEHHE, IOITOMY B HeOeCcHOM Mexanuke HpioTOHA, HAapuMep, TUIAHETH, Bpa-
maroruecss BOKpyr CoITHIla, MOABEPTAIOTCS BIMSHUIO CHIIBI, KOTOPYIO Ha3Baiu rpaButarueil. CoriaacHO BTOPOMY 3aKOHY
HetoToHa, ueM Gosbilie HHEPHHS Tena (T.€. COMPOTUBISIEMOCTh H3MEHEHHIO BEIMIHMHBI HJIH HATIPABICHHIO €r0 CKOPOCTH) —
CyTh «Maccay T€M MEHBIIIE €r0 YCKOPEHHE IIPU OAHOM U TOXKE NPUIIOKEHHOU cuie. TpeTuid 3aKOH IPOTUBOAECUCTBUS YTBEP-
KIACT, YTO B3aUMO/ICHCTBYIOMINE TEJa MPUIIATaloT APYT K APYTY PaBHBIE O BEIHYMHE, HO TIPOTHBOTIOIOKHO HATIPABICHHBIC
cwitbl. [ToaTOMy B cHCTeMe U3 IBYX TPABUTHUPYIOIINX TeN, KaXKI0€ HCIBITHIBAET YCKOPEHUE, 0OPATHO MPOITOPIIHOHAIBHOE €r0
Mmacce. Touka, yaaneHHast OT KakIO0r0 U3 BYX IPaBUTHPYIOIIMX HEOCCHBIX Tell 0OPATHO MPOMOPIIHOHAIBHO UX MAcCe, BH-
raThcsi 6€3 YCKOPEHHs U Ha3hIBACTCsI IIEHTPOM MAcC JaHHOM cucTeMbl. Ecn 0JJHO Telo BJBOC MAacCHBHEE IPYTOro, TO OHO
JIBHKETCS BIBOE OIIDKE K [ICHTPY MAacc, YeM ero mapTHep.

OmnpezeneHne rpaBUTAIIMOHHON CHIIBI B BHJIE 3aKOHA BCEMUPHOTO TAroTeHus (1), MO3BOIMIO C BEICOKOH TOUHOCTBIO OIIHCATh
noBefeHNe HeOecHbIX Tesl B CONHEUHOH cucTeMe, HO IPUYMHA CYIIECTBOBAHUS 3TOH CUIIBI OCTalach 3a paMKaMU pacCcMOT-
PEHUS HBIOTOHOBCKOM HEOECHOI MEXaHMKH.

Bre monsrtuit Beicmeit JIro6Bu 1 CripaBemmmBoro Cyna siBIeHHs 3Toro Mupa He UMEIOT 00BsICHEHHUsI. DTO KOHCTaTHPOBAI
cap Mcaax HproToH, Korfja ObIT BBIHYKAEH NPU3HATH: — «Jl0 cHX MOp 51 H3BSICHSI HEOECHBIEC SBICHUS M IIPUIMBBI HAIINX
MoOpel Ha OCHOBaHMY CHIIBI TATOTEHUS, HO 51 HE yKa3aJl IPUYNHBI CAMOTO TATOTEHHS. .. [IpHUMHY 7K€ CBOWCTB CHIIBI TATOTECHHS
sI 10 CUX TIOp HE MOT BBIBECTH U3 ABJICHMI; FMIIOTE3 )K€ S HE U3MBIIUIALO... JIOBOJIIBHO TOT0, YTO TATOTEHHE HAa CaMOM Jielie
CYILIECTBYET U JIEHCTBYET COTJIACHO M3I0)KEHHBIM HAMHU 3aKOHAM.

B 1749 r. I'eopr-JIyu Jle Cax (1724-1803) npeasioxui cieayoliee 00bsICHEHUE ABIIE-
HUIO MPUTSDKEHMS JIBYX MaTepHalbHbIX Tesl. OH MPEANoI0kKMi, YTO IMPOCTPAHCTBO 3a-
MOJIHEHO MeJNbYalIMMHU 4YacTUIaMu (HO 3TO He Quionnsl Jlekapra). DTH 4YacTHUIIbI
HUMEIOT OYEHb OOJNBIIYIO JUIMHY ITpo0era B BEIECTBE U MOT'YT IPOXOJIUTh Yepe3 Mare-
pHaIbHBIE TEJa, MOTJIONIAACh B HUX JIMIIb YaCTUYHO. JlaHHbBIE YacTHIIB OBLTH Ha3BaHEI
JecaxeHaMu. B pe3ynbraTe MOrIonieHus 4acTy JIECAKEHOB TeNlaM IepeJaeTcs HX M-
mysbc. [ToCKONbKY KOHIIEHTpANus JIECAKEHOB ¢ HAPYXHOW CTOPOHBI Tl OOJIbIIe, YeM
MEXIy HUMHU (CMOTpHTE pHcC. 4), TO Tena Kak Obl IIOATATKUBAIOTCS JPYT K APYTY BHEII-
HHUM JIaBJICHHEM JecakeHOB. IIpu 3ToM, Tak e Kak B 3aKOHE BCEMHUPHOTO TATOTEHHS
Hyrorona (1), mpuTsbkeHne Tel 1Mo IeHCTBIEM Jieca)keHOB OKa3bIBAETCsl 00paTHO Mpo-
MOPIMOHAIBHBIM KBA/IPATy PACCTOSIHUS MEXKAY STHMH TEJIAMH.

Puc. 4. IToTok necaxeHoB ¢
BHEIITHEW CTOPOHBI TeJl IPUTATH-
BaeT UX APYT K OPYTY

l'umoreza Jle Caxka monydnia HEKOTOPbHIE SKCHEPUMEHTAIbHBIE ITOJITBEPKACHUS,
HaTpuMep, ABa Kopals NpH UX ABIKEHUH HAa BCTPEUHBIX MM MapajuIeNbHBIX Kypcax
MIPUTATHBAIOTCS JIPYT K JAPYTY, TaKk Kak JaBJIEHHE BOJBI Ha OopTa 3TMX Kopabiei c
BHEIIIHEH CTOPOHBI 0OJIBIIE, YeM MEXTY HIMH.

Opnaxo Aupu ITyankape (1854 — 1912) noxasepr rumore3y Jle Caxa pasrpoMHoii kputuke. OH yTBEpXKIall, YTO €CIIH Obl
JICCAXKCHBI PeajbHO CYIICCTBOBAIH, TO TOJDKHBI OBLIM ObI HAOIFOaThCS CIIeAYIONIHE siBIeHus: 1) JIBIDKyIHecs Tea JOJIKHBI
3amenssThes B raze Jle Caxka, BeaeacTBUE CONPOTUBIICHUS JBUKEHUIO BCTPEYHOTO MOTOKA 3TOro raza. Ho takoro 3amense-
HUS He Ha0oaeTcs, mHade Obl Bce IUIaHeThl qaBHO yrmanu Ha CounHie; 2) [Ipu moriomeHnn J1ecaKeHOB, OHU JOJDKHBI TTe-
penaBaTh TeJlaM CBOIO KHHETHYECKYIO SHEPTHI0. [Ipu 3TOM IMOBEpXHOCTH, HApUMep, 3eMIIH TOJDKHA ObLIa OBl PABHOMEPHO
HarpeBaThCs 1O OUEHb BHICOKOW TEMIEPATYphl, TOTJa KaK B PEAbHOCTH BBICOKYIO TeMIIEpaTypy UMeeT He Kopa Halllei IJia-
HETHI, a ee HeApa.

Kpuruka [Iyankape omyTrMo OHH3MIA HHTEpeC HaAy49HOU obmecTBeHHOCTH K runotese Jle Caxa. Tem Gonee, 4To Ha py-
6exe XIX — XX BeKOB 4aCTHIIBI CO CBOWCTBAMH JIECAKEHOB ellie He Oblti 00HapyskeHbl. CoBpeMeHHas (hru3nKa mpeObIBaeT B
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YBEPEHHOCTH, YTO Bcsl BeeneHHas MpoHN3aHa MOTOKAaMH HEHTPHHO, YTO ITO3BOJIMIIO HEKOTOPHIM YIEHBIM BEPHYTHCS K HICAM
Jle Caxa. ['unoresa o TOM, 4TO HEHTPHHO MOXKET MIPaTh POJIb JIECAKEHOB, BIIOJTHE MOXKET OBITH IPUMEHUMA K O0BSICHEHHIO
B3aUMHOTO cONMKeHus MaibIX Ted. Ho uis oObsicHeHHs NPUTSHKEHUs 3Be3]] U IUIaHET OHA SIBHO He moaxoauT. HedtpuHo
CJIMIIKOM cJ1a00 B3aMMOJIEHCTBYIOT C BEIIECTBOM, YTOOBI C TOMOIIBIO X MOTOKOB MOYKHO OBIIO OOBSICHUTD YAEpKaHUe IiIa-
HET Ha OpOUTe 3BE3/IBI.

MareMaTHyecKie TOAX0/bl, OCHOBaHHKIC Ha mpuHIUINe JlekapToBoro «onuskonencTeus», B XV — XVIII BB. He npuBenu k
BBISIBJICHUIO MPUPO/IBI psifa HAOII0AaeMbIX MEXaHIHYECKHX SIBICHHH B TOM YHncie rpaButaiuu. [loatomy yuenste ['epmanun
u ABcTpo-BeHrpuu Bblpa3uiin HaMepeHUe NpOAOLKUTE TUHMIO [anunes-HbploTOHa U BBIABUHYJIM UIEI0 «aJbHOAEHCTBUSY,
COTIJIaCHO KOTOPOW MHEPUHS U rPaBUTALKS (T.€. TATOTCHHE MEXAY TelaMh) OOBSICHISTCS KaK Pe3yJIbTaT MUpPHAL Crieludu-
YECKUX AKTOB B3aMMHBIX OTHOIIECHUHN BceX Macc BeeneHHOM ¢ ka0l TOUKOH uccienyeMoro tena. B paMkax takoro pens-
IIMOHHOTO NOJAX0Ja OOBACHAETCS HE TOJIBKO TPAaBUTALUs, HO U BOOOIE BCe SBICHUS NPHPOIBI. PensumoHHas KOHIEIINA
paccMaTpHBaeT MPOCTPAHCTBO M BPeMs HE Kak 0COOBIC, HE3aBUCHUMBIC OT MaTePUH CYIIHOCTH, a KaK ()OPMBI CYIIECTBOBAHHUS
Bemel u 0e3 3THX Belel camu 1o cebe He cyluecTByromue. B pensiuonHoi kouuenuuu (ot nar. relatio — otHomenue)
MPOCTPAHCTBO — ATO MOPSIOK B3aNMOPACIIOJIOKEHUS] MaTePHAIbHBIX 00BEKTOB, @ BpeMs — MOCIIEI0BATEILHOCTh UX U3MEHe-
Huil. CTOPOHHHUKAMH PENAIHMOHHOM KoHenun Osutn Jleiouuir (1646 — 1716) u Terens (1770 —1831).

PasBuTHE peNSIIIMOHHBIX BO33peHuit mpoaomkun DpHet Max (Mach, Ernst 1838 — 1916). B cBoem tpyae «Die Mechanik in
ihrer Entwickelung: historisch-kritisch dargestellt, 1883» Max npeamomokut, 4To IPHIHHO# CYIIIeCTBOBAHNS HHEPIIHATBHBIX
CHCTEM OTCUETa SIBJISICTCS] HATMYHUE JaIeKUX KOCMHYECKHUX Macce, T.€. MHEPTHBIE CBOMCTBA KAXKA0TO (PHU3MYECKOTO Telia orpe-
JIETSIFOTCST BCEMU OCTaJIbHBIMU (PU3MUECKUMU TelIaMy Bo BceeneHHOM 1 3aBUCAT OT MX pacnonoxeHus. [To maeHmo Maxa —
yZaJleHue BCeX MaCCUBHBIX TeJl IIPEKpaIacT CyIIeCTBOBAaHNE IPOCTPAHCTBA M BpeMEeHH. J{aHHBIH TPUHIUI OTHOCUTEILHOCTH
MHEpIMH Maxa ONmyCcKaeT MITHOBEHHOCTh IIepe/iaull NSHCTBHUS Ha pacCTOsHUE (T.€. AalbHOACHCTBUE), YTO BOIUIO B IPOTH-
Bopeune ¢ CTO u OTO DiiHiuTeiiHa, e CKOPOCTh Mepeaaun AEHCTBUS HE NMPEBBIIIAET CKOPOCTh CBETa B Bakyyme. Kpome
toro, B CTO 1 OTO B mmycToM pOCTPaHCTBE BCE TeNNa 00J1a1al0T HHEPIHel, He3aBICHMO OT HAJIMYUS WIH OTCYTCTBHUS JPYTUX
Tell.

PensioHHas KOHLENIMS MTPOOJDKAET pa3padaThIBAThCS PSAJOM COBPEMEHHBIX Hay4HBIX 1IeHTpoB [15, 16]. OmHako Goub-
LIMHCTBO (PU3MKOB OTHOCHUTCSI K JAHHOMY HAaIlpaBJIEHHUIO MCCIIEIOBAHMH CKENTUUECKH HE TOJILKO M3-3a CIOKHOCTH Marema-
TUYECKUX TIPOOJIEM, CTOSIIIUX 3a dTOW TMIOTE30M, HO U M3-3a TOTO, YTO Mepeada BCeX M3BECTHBIX HAYKE B3aMMOJEHCTBUI
(B T. 4. ¥ TPAaBUTALIMOHHBIX ) IPOUCXOJNUT C KOHEYHOH CKOPOCTBIO, HE IPEBHIIIAIONIEH CKOPOCTH CBETa. PesIIIMOHNCTaM eCTh,
YTO Ha 3TO BO3pa3uTh. Ho 3TO He perraeT BeCh KOMIUIEKC 3aTPYAHEHUH B 3TOI KOHIENIIMY U HEKOTOPBIE BBIBOABI PEIISIINO-
HHUCTOB HE BBIJICPKUBAIOT SKCIIEPUMEHTAIBHON MPOBEPKH.

I'eopr @punpux bepuxapn Puman (1826 — 1866) B padote «@parMeHTsI Qrutocodckoro comepkanuss» [17], Beime et B
1876 r., BeICKa3an cieaylomyo uaew: — « CylecTBYIONyIo B KaKI0H TOUKe IPOCTPAHCTBA ONPEEICHHYIO 110 BEJIHYHHE U
HAlpaBJICHUIO CHIY YCKOPEHHS (T. €. TPABUTAIMH) 5 MBITAIOCh OOBSICHUTD JIBI)KEHHEM HEKOH CyOCTaHIIMH, HAIOJIHSIOIMECH
BCe OECKOHEYHOE IPOCTPAHCTBO, & UMEHHO JIONTYCKalo, YTO HANpaBJCHUE €€ ABMXEHUs COBIAJIACT C HANPABICHHEM CHIIBI
ycKopeHust (CBOOOAHOTO MaJeHHUs), 8 CKOPOCTh €€ MPONOPLUOHATIbHA BETMUHHE CHIIbI YCKOPEHHS. DTy CyOCTaHIIMIO MOXKHO
MIPEJCTaBUTh ce0e Kak (PU3NIECKOe MPOCTPAHCTBO, TOYKH KOTOPOTO IBIKYTCS B FeOMETPHUECKOM NpocTpaHcTse. Ha ocHo-
BaHUH 3TOTO JIOMYIICHUS BCE BO3JICHCTBUS BECOMBIX TeJl HA BECOMBIE TeJla IEPEAatoTCs B ITyCTOM NIPOCTPAHCTBE TOCPEICTBOM
Ha3BaHHOH cyOcTaHuu. ... JlanpHeiimee pa3sBUTHE 3TOM TUIIOTE3bI PaciafiaeTcs Ha BE YacTu: 1) n3ydeHne 3aKOHOB JIBHXKE-
HUS CyOCTaHIIMM, MO3BOJIIOMINX JAAaTh OOBSCHEHHE SIBICHUSAM; 2) N3yUeHHe NPUYNH, OOBSICHIIONNX CAMO BOZHHKHOBEHHE
9TOTO JBIDKEHISD». DTUM BBICKa3bIBaHHEeM bepuxapn Puman oOpaTii BHHMaHHE Ha TO OOCTOSTEIHCTBO, YTO BECOMBIE Tela
BeAyT ce0s B IPaBUTALMIOHHOM I10JI€ TUIAHETHI TOYHO TaK K€, KaK TBEPAbIE MPEAMETHI IUIBIBYT B YCKOPEHHOM MTOTOKE BOJIBI.
Hanpumep, Oomnbiioe OpeBHO 1 MaJieHbKas IIENKa JIBHXKYTCS B PEKE C OJIMHAKOBBIM YCKOPEHHEM, COBIIAIAI0IINM C YCKOpe-
HHEM JBI)KEHHUS caMoid Bojibl. [107100HO BOISIHOMY TIOTOKY, He3puMas cyOctanius Pumana (cBoeoOpasHblii adup win daro-
unsl Jlekapra), ycTpeMieHHas K LEHTPY 3eMJH, YBJIEKAeT BCe, YTO BCTPEYaeTCs Ha ee MyTH, M NPHIABIMBACT K TBEPIOH
TIOBEPXHOCTH ILIAHETHI.

T'unomesa Bepuxapoa Pumana naxooum omkaux 6 opesueli espetickoti Kaboane. B 302’ap 6 omnowenuu epagumayuu Hanu-
cano. «Tonvko He nodymatime, ymo dmo weoum (0emMoubsl) 8 a0y HAMASUBAIOM MKAHb NPOCMPAHCMEA HA CeOsy.

Wnes Pumana obmagaer, 0AHAKO, OJHUM CYIIECTBEHHBIM HEJIOCTATKOM: — «ECIM Hekast TOHKast cyOcTaHmus (T.e. dhup win
(roup1) TOCTOSTHHO B OTPOMHOM KOJIMYECTBE CTEKAETCS M3 KOCMOCa K Py IUIAHETHI, TO KyJla OHA TaM, B HTOTe, IOMeIIa-
ercs?». Bech Haml QU3NIECKUIl OMBIT, BOCIIUTAHHBIA HA M3yUYE€HUN OOMEHHBIX MPOIIECCOB M 3aKOHOB COXPaHEHUS, BOCCTAET
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MIPOTUB TOTO, YTO HEZpa 3B€3]] M IUIAHET MOTYT ObITh OECKOHEUHBIMH pe3epByapaMy TOHKO# cyOcTtanmu. Kpome toro, mpu
MOCTOSTHHOM CT€YEHUH TOHKOMaTepHaIbHON CyOCTaHIIMM B HEJpa OrPOMHOTO KOJIMYECTBO 3BE3] U IUIAHET, 3Ta CyOCTaHIUs
JIOJDKHA B PE3yJIbTaTe UCYE3aTh U3 KOCMUYECKOTO IIPOCTPAHCTBA, YTO HEMUHYEMO J0JIXKHO HPOSIBIATHCS B BUAE HEKUX (QH3HU-
YEeCKHX MOCIIeACTBUI.

B coBpemMeHHO# (hU3MKe CyIIECTBYIOT TEOPETHUECKHE ITOCTPOCHHS, pa3BuBaronye runoresy Pumana. Hexoropele nccneno-
BaTeJU MOJIaraloT, YTO BaKyyM, BTEKAIOIUil B HEJIpa IIaHET, BHITEKAeT B AHTH-BCEICHHYIO WU, IEPEeMEIasich IO TaK Ha3bl-
BaeMOI «KpOTOBOI HOpe», OKa3bIBACTCsl B IpyroM Mecte Hameil BeenenHoit. [Ipo6iema, onHako, B TOM, 4YTO MBI 3THX KPO-
TOBBIX HOp HE HaOmogaeM. [lpyrue y4eHble CIUTAI0T, YTO MPUTEKAIONINN 3 KOCMOCa BaKyyM HJIET Ha Pa3orpeB HEIp 3BE3.
U IUTaHET ¥ Ha 00pa30BaHHE MaTEPHANbHBIX YacTHIl, B PE3yJITAaTe YETO pa3MEphl 3B€3]] U IUIAHET JOJDKHBI IIOCTOSHHO yBe-
JMYUBAThCA. DTH HICH HE MOIYYHIIN ITOKA HaJEKHOTO SKCIIEPUMEHTAIBHOTO MOATBEPKIACHHS, TO3TOMY M HE BBI3BAJIH OIIY-
THUMOTO 3HTYy3Ha3Ma B IIUPOKHUX HAYYHBIX KpyTax.

CymecTByIOT COBpeMEHHEIE 3(pHUPHEBIE TeOpHUH OoJiee IPUOIIKEHHbBIE K BO33peHIsIM JlekapTa, Hanpumep, B CKaJsIpHOH 3dup-
HO#t Teopun [18] cuna rpaBUTAMOHHOTO MPUTSDKEHHS PACCMATPUBACTCS KaK TsAra ApXuMesa u3-3a rpajreHTa JaBICHUS B
KUJKOM C)KUMaeMOM 3(bHpe, KOTOPBIN pa3MelieH Ha poHe TBepaoro Makpo-3dupa Jlopeniia — [Tyankape [19, 20], BermonHs-
FOILIETO POJIb YHUBEPCAIbHOW HHEPLUAILHON CUCTEMBI OTCUETA.

MopenbHble mpeacTaBieHnst AjapOepTa DHIITEiHA B OTHOLIEHHH TPUPOIBI IPAaBUTAIMK HEOXHIAHHO NPHOOpENn coBep-
IIEHHO MHOE JIOTHYECKOEe MPOA0JDKeHNE. DUHINTEHH TakKe MoJiaraj, 4To MaTepralbHbIe Tela B TPAaBUTAIHIOHHOM II0JIE ABH-
raloTcs ¢ yCKOPEHUEM TakKe, KaKk YCKOpEHHOEe TeUeHHE PeKH YBJIEKaeT BCe Tella Ha MOBEPXHOCTH BOABI HE 3aBUCUMO OT UX
pa3mepa u Macchl. Ho TOuHO Taxke 3TH Teja BeayT ceOsl B JIOKaJIbHOM 001acTH MPOCTPAHCTBA, ABIKYILETOCS C YCKOPEHUEM.
OWHIITEHH 3aMETHII, €CJIN YeJIOBEK HaXOIUTCS B 3aMKHYTOM IIPOCTPAHCTBE, HAIIPUMED, B IU(TE, TO COBEPILICHHO BCE PABHO,
YTO IPHIABIMBACT €TO M BCE OKPYIKAIOIINE €T0 IPEIMETHI K TOITy JIN(Ta: TpaBUTAIIMOHHOE TOJIE WIIN ABHXKEHHE JTU(Ta BBEPX
¢ yckopeHueM. JIpyrumu ciioBaMu, DHHIITEHH IPEIION0KIII, YTO KaXKI0H CKOJIb YTOAHO MaJIOH 00JIacTH IT'PaBUTALMOHHOTO
TIOJIL MOXKHO ITOCTaBUTH B COOTBETCTBHE JIOKAJBbHYIO YCKOPEHHYIO CHCTEMY OTcYeTa (IPHHLMII SKBHBaleHTHOCTH). Ecin
HMHEPTHAs U IPABUTALIMOHHAS MACChl MATEPUAIILHOTO TENA PABHBL, TO €0 NOBEJEHNE B YyCKOPEHHOM CUCTEME OTCUETA OKA3bI-
BaeTCsl MOJHOCTBIO COBIAJAIOIINM C €r0 TOBEACHUEM B IPaBUTALIMOHHOM HOJIE.

Cnpaseonugocmu paou, HylcHO OMMemums, 4mo co21acHo Hebecnotl mexanuxe Hoiomona npas Apucmomenvw, a ne I anuneil.
eticmeumenvHo, uz 8mopozo u mpemve2o 3axkono8 Hotomona cnedyem, umo c¢ kaxou cunoii Fy, Oeticmeyem nianema ¢ mac-
cotit M na meno ¢ maccoii M, ¢ maxoi sxce, HO NPOMUBONOAONUCHOU cunol Fp meno oeticmeyem na nianemy

mM

M
F,=ma, =G — Fp=Ma,=G ":—2 ,  F, =—Fp (rzme a, — yckopenue Tena, a, — yCKOpeHHUe IIaHeTsl)  (2)

U3 ypasnenuii (2) cnedyem, umo no Hetomony nianema u meno 08ueaiomes Hagempeuy opye opyey ¢ YCKOpeHUsAMU

M
ab:G_

m
1z u ap ——Gr—z.

3uauum mena c pasnvimu maccamu M OOAAHCHBL CONUNCAEMCI C NAAHEMOT NO-PA3HOMY, MO COOMBEMCmEyem yuenuo Apu-
cmomens u npoOmMusope um npUHYUny dxKeueareHmuocmu Jinwmenina. OOHAKO, 03MOIICHO, 8 IMOIL 3a0aue cKopee, Ymo-mo
He maxk ¢ 3akonamu Helomona. To ecmb menkue mena, cyos no cemy, He NpuUmMaUGAIom NWiAHemy, d RPOCMO Y6aeKamcs
cybcmpamom, CmexkaowumMcs K ee a0p)y.

Pa3Butue unei, OCHOBaHHBIX HA MPUHIINIIE SKBUBAJICHTHOCTH WHEPTHON M TPaBUTAI[MOHHBIX Macc, MPUBEIN DWHIITEHHA K
co3manuro oomie Teopuu otHocuTenbHOCTH (OTO), B paMKax KOTOPOi rpaBUTALNS OOBSCHIETCS HCKPUBIICHHEM 4-MEPHOTO
IPOCTPAHCTBEHHO-BPEMEHHOI0 KOHTHHYYMa BOKPYT MaCCUBHBIX MATE€PUAJIBLHBIX T€Nl. TO €CTh MaJlble Tea POCTO NaJatoT B
[IPOCTPAHCTBEHHO-BPEMEHHY0 BOPOHKY. IIpH 3TOM cuiia rpaBUTaLlMOHHOIO IPUTSKEHUSI UHTEPIIPETUPYETCSI KaK CUJIa HHEP-
IIUH.

UeTslpeXxMepHbIE IPOCTPAHCTBEHHO-BPEMEHHBIE BO33PEHMS DWHINITEIHA HA TPAaBUTALUI0 OKA3aJIUCh JTUIICHHBIMHA HEA0CTAaT-
KOB THITOTe3bI PUMaHa 0 cTeueHnn HEKOW CyOCTaHIIUM K LEHTPY IUTaHeThl. [IpocTpaHCcTBEHHO-BpEMEHHOI KOHTHHYYM DiiH-
LITEHA, NCKPUBJICHHBIH BOKPYT MaT€pHAJILHOTO Tella, CTAMOHAPEH (T.€. He 3aBUCHUT OT BpeMeHH). [Ipu aToM He Tpebyercs
BBOJIUTH B PaCCMOTPEHHE HEKYIO0 HEHaOI01aeMy0 CyOCTaHIMIO (T.€. 3(HUp, KOTOPHIA HE yAanochk 0OHapYKHUTh B HKCIIEPHU-
MeHTax Maiikenbcona-Mopin), 1 He TpeOyeTcst 00BSCHSTh, Kya 3Ta CyOCTaHIINS HEIPEPBIBHO CTEKAETCS.

I/I3${IIIHOC 00bsICHEHHE DHUHIITEHHOM NMPUYHHBI 'paBUTAIIUN [TOCPEACTBOM BBCACHUS HpeHCTaBHGHI/Iﬁ 00 HUCKPHUBJICHHOM IIPO-
CTPaHCTBC-BPEMCHU BOCXHIIACT CBOCH OPUTMHAJIBHOCTBIO, HO IEHOW TOJHOTO OTpBIBA OT PCAIbHOCTH. JICJ'IO B TOM, 4YTO
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MIPOCTPAaHCTBEHHO-BPEMEHHON KOHTHHYYM — 3TO YHCTO MEHTaNbHasK (yMO3pUTEIbHAs ) KOHCTPYKIHA. Y YeIoBeYecTBa HET HU
OJTHOTO YCTpOICTBa, KOTOPOE U3MEPSIET pealibHOE BpeMsl, KaK MaHH(ECTAIMIO0 HAIllero OLIYIIEHHs JUTUTENbHOCTH beitust. ¥
HAC €CTh TOJIBKO CTaHAAPThI YaCTOTHI, KOTOPBIE BBIIAIOT UMITYJIBCHI C JOCTATOUHO MOCTOSHHBIM NepuoaoM. Ho 3ToT nepuon
3aBUCHUT OT B3aUMOJIEUCTBUS CTaHapTa YacTOTHI C OKPY KAIOIIUM €r0 BaKyyMOM, HAXOSAIIUMCS B TOM UJIM HHOM COCTOSIHUU
(TIOKOSI MITM YCKOPEHHOTO JABMXKEHUS). J[pyrumMu cioBaMy, AJIMTENLHOCTh PEATLHOTO OBITHS MBI HUKOEM 00pa3oM He n3Me-
psieM, MBI TOJIBKO CUHXPOHU3HPYEM Hallle OUIyIIEHUE JUIUTEIBHOCTH C YaCTOTON M3Iy4eHHs COOTBETCTBYIOLIEH mepexomy
MEX]y ABYMS CBEPXTOHKHMHU YPOBHSAMHU OCHOBHOIO cocTossHUS aroma 1e3usi-133 [XIII I'KMB (1967 r.), Pezomronus 1].

Pasnomepno u npsamonuneiino mexkywjee epems (U3 RpOwLIozo, yepes
Hacmosujee, 8 bydywee) smo uzobpemeHue pemecieHHuKos u guiocogos
H08020 8peMeHU 0I5l OOCIYHCUBAHUA YMUTUMAPHBIX meXHoao2ul. Penueu-
o3Hoe epema ceasano ¢ Myowcckumu (Conneunvimu) u IKenckumu (JIyn-
nomu) yukiamu. Ceoespemennoe Bozocayocenue cnocobcmayem n0006-
Homy Coedunenuio Myaccrkoeo u Xenckoeo Hauan Muposoanus, 6e3 ko-
mopo2o neo3modxcHo Ilnodopooue u Hzobunue. Penueuosnoe spems me-
DpasHoOMepHO, Hanpumep, 8 uyoausme (U OMYacmu 8 XpUcmuancmee) spems
om 6ocxoda Connya 00 e2o 3axama denumces ua 12 uvacmeii (4 cmpasicu Ons
x 3 = 12) u epems om 3axama Coanya 0o e2o 6ocxooa oeaumcs Ha 12 ya-
cmetl (4 cmpasicu nouu x 3 = 12). Kasxcoas uz 12 + 12 = 24 wacmei (pe-
JueUuo3HbIX yacos) oenumcesa na 1080 xanakum (penueuosnuvix cexyno). Hu-
K020a He Obisaem 0OUHAKOBbIX PENUSUO3HBIX YACO8 U XANAKUM (CEKYHO),
M.K. HUK020d CYmMKU He OelAMcs Ha OeHb U HOUb OOUHAKOBO U3-30 CLOMNC-
Ho2o epawjerus 3emnu eoxkpye Coanya ¢ npeyeccueii u Hymayuamu ee ocu
u3-3a enuAHUs JIynol u Opyeux naanem. [Ipyeumu cioeamu, OTumenrbHoCmb
Xanaxkum (peiucuo3nsix ceKyHo) Hukoeoa He nosmopsemcs. Kaoicowiil xenex
(anemenmapnswiti ompesox orumenvrocmu boimus) ynukanen. 1080 — smo
yucno, komopoe deaumcs ez ocmamra ecemu yugpamu om 1 0o 9 kpome
7 (LLla66am,).

Taxke HEBO3MOXXHO M3MEPHUTh PACCTOSIHHE MEXIY ABYMS TOYKAMH B MCKPHUBIEHHOM IpocTpaHcTBe. OOBIYHBIC JIMHEHKH,
COCTOSIIIIE U3 aTOMOB U MOJIEKYJI, B IIPUHITUIIE, HE MOTYT U3MEPATh PACCTOSIHUS B MCKPUBJICHHOM HMPOTSKEHHOCTH OBITHS
n3-32 BHYTPEHHUX (U3UKO-XUMUYECKHX CBs3el. I3MepeHus paccTosHUI ¢ MOMOUIBIO Jy4ei CBeTa, TaAK)Ke HaTaJIKHUBAIOTCS
Ha HEMPEOAOJIUMBIE TPYTHOCTH. MBI HE yMeeM U3MEPSATH IIyTh, IPOXOIUMBIH JTy4OM CBETa MEXIY ABYMs TOUKaMH BaKyyMa
(T.e. MyCTOrO POCTPAHCTBA), T.K. IS ATOr0 TpeOyeTcs abCOMOTHO TOYHAS CHHXPOHH3AIHS YaCOB B 3TUX TOUYKaX, YTO MpPaK-
THUYECKH HEBO3MOXKHO. Pa/InoI0KainoHHbIH c11oco0 n3MepeHus PacCTOSIHUS TIOCPEICTBOM OIIPEAETICHNS BPEMEHH MEXTy H3-
Jy4EHHEM 3JEKTPOMAarHUTHOTO CUTHAJIa U IPUEMOM OTPAKEHHOI'O CUTHAJNIA HATAIKMBAETCS Ha MHOXKECTBO APYTUX TEXHHUYE-
CKHUX TPYAHOCTEH, HAUMHAS C 3aBAIMBAHUS (PPOHTOB U3ITyUACMBIX UMITYJILCOB, HECTAOMILHOCTH TaKTOBOTO FeHEPATOPa, HIN-
PHUHBI SIIKOHAJIAa U3TTyYEHHOTO M OTPaXXEHHOT'O CUT'HAJIOB M BOIIPOCOB ITOCTOSTHCTBA CKOCTH CBETA B BaKyyMe (Ha CETOHAIIHNT
JIeHb a0COIIOTHAS OCHOBHAS MOTPEIIHOCTh U3MEPEHN CKOPOCTH CBETa B BaKyyMe paHa IPHMEPHO 1 M/C, 3TO He MO3BOJISAET
HaM YTBEPXKATh YTO CKOPOCTh CBETA - 3TO HEM3MEHHAsI MUPOBasi KOHCTaHTa). JIpyrumMu CJI0BaMH, TIOTPEITHOCTH COBPEMEH-
HOT'O PaJUOJIOKALIMOHHOTO METO/1a ONIPEAEIEHUS PACCTOSHUS MEXAY JABYMs TOUKaMU IIPOCTPAHCTBA MIPAKTUYECKU HE NIO3BO-
JISIFOT Pacro3HaTh: — 3TO IPOCTPAHCTBO UCKPUBIIEHO MK HeT? To ecTh n3MepsieMasi BelM4rMHa HAXOAUTCS 32 IpeieNlaMH YyB-
CTBUTEJIBHOCTY HALIUX CPENCTB U3MEPEHUSL.

Taxum 00pa3oM, HCKPUBIICHHBIH IPOCTPAHCTBEHHO-BPEMEHHON KOHTHHYYM DHHIITEIIHA — 3TO YUCTO MEHTaIbHAst KOHCTPYK-
must. Eciiu MBI onmpaemcst Ha SMIMPHU3M B HAIIMX CYXKICHUSX 00 OKpYXKarollel peabHOCTH, TO HAIM IPeACTaBICHHS (-
JII03MH) 00 MCKPUBIIEHHOM 4-MEpHOM NPOCTPAHCTBE-BPEMEHN HUKAK HE MOTYT CUMTAThCsl IPHUMHON rpaBuTaunu. Vuepuu-
aJbHBIE N HEMHEPLMAJIbHbBIE CUCTEMBI OTCYETa — 3TO TJIOA Hallero BooopakeHus1. [103ToMy critbl MHEpLNH, BOSHUKAOIIHE B
HEMHEPIHAIbHBIX CUCTEMax OTCUEeTa, HOCIT WLIIO30PHBINA XapakTep. Eciy cuiia mHepuny NposBISIOTCS B peajlbHOM MUpE,
TO TOJIBKO IMOTOMY, YTO MareéMaThudeckas MoA€jb, T.C. HCUHCpIUAJIbHAA CUCTEMA OTCUCTA, B HeKOTOpOﬁ CTCIICHU TMOBEPX-
HOCTHO OTpakaeT (M3MYeCKUe CBOMCTBA peanbHOro npoiecca. Harnpumep, KpyTrn3Ha npaBbiXx OeperoB pek, TEKyIUX B ce-
BEPHOM TIOJIYIIAPHUH C ceBepa Ha Ior (3akoH bapa) ¢ oxHOl cTtoponsl, cornacHo OTO Difamrelina, 06bsacHseTcs cutoi Ko-
pHOJIHCa B TPEHHEM, a C IPYTroil CTOPOHBI OOBIYHBIM CTOJIKHOBEHHEM ITOTOKA BOJABI ¢ Haleraromel Ha Hee Bpamlaromeiics
3emieid.
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OO0 WITIO30PHOCTH MPOCTPAHCTBA M BPEMEHH BBICKA3bIBANINCH MHOTHE MblcauTenu. Hampumep, B punocodpun Mmmanymna
KaHTa npocTpaHCcTBO U BpeMsi — 3TO anpHopHbIe ()OPMBI UyBCTBEHHOT'O CO3EPL@aHMs, TO €CTh BHYTPEHHS (JOpMa, IPUBHOCH-
Mast B Mup HaOmonaresnem. CorylacHO ero TOUKe 3peHHs, IIPOCTPAHCTBO M BPEMsI HE IIPUCYIIN CAMHUM Bell[aM, a CYIIECTBYIOT
TOJIBKO B CO3HaHHMHM TO3Harouero cyonekra. /xopmk bepkian u DpHer Max mojaraiy, 4To IPOCTPAHCTBO M BPEMsI — 3TO
(opMEI yriops10ueHHBIX psioB omymennit. Kapi [TupcoH cumral, 4To NIpOCTPaHCTBO M BpeMsi HE UMEIOT PeajibHOTO Cyllie-
CTBOBAHUS, a SBJISIIOTCS JIMIIL CyOBEKTUBHBIM CIIOCOOOM BOCHPUSITHS Beled. MpIciuTenb-3HIuKIoneuctT Anexcanap bor-
JITAaHOB BBICKA3aJICS, UTO MPOCTPAHCTBO U BPEMS — 3TO IIPOTYKTHI OPraHU3YIOLIEH 1 rapMOHU3UPYIOLIEH YeI0BeUeCKON MBICIH.

B coBpeMenHOl HayyHOH JHuTEpaTrype O (U3NIECKUX, MaTEeMAaTHIECKHX M MeTomonornieckux mpobiemax OTO ckazano
MmHOT0. OTyacTH 3TH MpoGIIeMbl paccMoTpeHs! Bo Bemenwnn cratsu [5]. Ho camoe rmaBaoe OTO He 0OBSCHSET MPUPOLY
rpasurtaimi. Kak HeloToH He oTBevaer Ha Bonpoc: — «Kakum 00pa3om MaTepHaibHOE Telno (B YaCTHOCTH, TUIAHETa) CO31aeT
BOKPYT ce0s CHITy MPUTSDKEHUS IPYTHX MaTepHABHBIX TeN?», TaK U DUHIITEHH He OTBETHII Ha Bompoc: — «Kakum obpazom
MaTepHaJbHOE Telo (B YaCTHOCTH, IUIAHETa) CO3AaeT BOKPYI ceOs MCKPHBICHHBIN IPOCTPAHCTBEHHO-BPEMEHHOW KOHTH-
HyymM?». To ecTb runoresa DiiHIITeHa 00 HCKPUBJIEHUH POCTPAHCTBA-BPEMEHN BOKPYT MACCHBHBIX TeJ C/iejana BOCXUTH-
TEILHOMN MAaTEeMaTU4CCKYI0 MOJCJIb UCCIICAYEMOI'O ABJICHUA U YTOUHWJIA paCUCThl B pAJAC 3aa4, HO IPUHIUIINAIBHO HUYETO
HE UBMCHUJIOCH B OTHOIICHUU IMOHUMAaHWA NPUPOJbI T'paBUTALIUN.

ITpu Bceii yauBuTenbHON Kpacote MareMaruueckoro anmnapara OTO oHa yAMBUTEIBHBIM e 00pa3oM He IpHBHECIA OIy-
THMO HOBOTO B TEXHOJIOTHYECKYIO OCHAIIIEHHOCTH YEJIOBEUECKOH ITUBMIIM3AIMH (BO3MOXHO 3Ta JBONCTBEHHOCTh M MOCIY-
JKIJIO TIPUUKHOM Toro, 4to 3a OTO He Obuta mpucBoeHa HoOeneBckas npemust). Kpome yTouHEHHS CMEUICHUS TIEPUTEIIUS
MepKkypusi, HONPaBOK K 0OBSICHEHUIO 3aMa3/IbIBaHMs PaJlapHOTO 9Xa, MOMPABOK K OIMHCAHMIO OPOUTAIBHOTO THPOCKONNYE-
ckoro 3¢ dekra, IpencKazaHns CyIeCTBOBAHHS I'PAaBUTAIMOHHBIX BOJIH U YyepHbIX Aplp OTO He Haluta HUKakoro HHOro 6o-
Jiee TOCTOMHOr0 MpakTudeckoro npumeHenus. Hanpumep, cunraercs, uro OTO u CTO DiiHiTelHa HCIOIB3YETCS B COBpE-
MEHHBIX HABUTAMOHHBIX CUCTeMax r1odansHoro nosuiponupoBanus (GPS). Ha camoM gerne B 3THX cHCTeMax YYUTHIBACTCS
9KCTIEPUMEHTAIBHO YCTAaHOBJICHHAS ITOTIPaBKa, CBSI3aHHAsI C TEM, YTO Yachl (TOYHEE CTaHIAPTHI 4acToThl) Ha Oopty GPS-
CIYTHHKA BBIIAIOT TAKTOBBIE UMITYJILCHI C YMEHBIIAIOIIMMCS IIEPUOAOM PUMEPHO Ha 38 MUKPOCEKYH]] B CYTKH, YEM aHAJO-
THYHBIC CTAHJAPTHl YaCTOTHI Ha 3eMie. J[pyroe neno, yTo MpUYMHY ATOI MOMpPaBKH CBA3BIBAIOT ¢ mpeackazanusmu CTO u
OTO. Oxnako, paccuuTaTh 3Ty MPOIAPKY C BEICOKOW TOUHOCTBIO MPAKTUYECKH HEBO3MOXKHO, TaK KaK HEOOXOJMUMO yUUThI-
BaTh M3MEHEHHUE CKOPOCTH JBIKeHUs] GPS-catennmuTos 1 clioykHOE IepeMeHYMBOE BIMSIHUE HAa HUX HE TOJBKO IPaBUTAIIMOH-
HOTO TOJIS 3eMJTH, HO U TSATOTeHHs co cropoHsl ConHia u JIyHsI.

Ecnu sepumo cnpasounvim dannvim (cpeonee paccmosinue om 3emau 0o Jlynol rg = 384 467 km, cpednee paccmosinue om
Connya 0o Jlynui rs= 149 984 400 xm; macca 3emau Me= 5,9722-10% kz; macca Connya Ms = 1,9885:10% k2), mo, coznacro
3akony ecemupro2o mseomenus Hoiomona (1), omnowenue cunvt npumsiicenus Jlynoi 3eezoou Connye Fs k cune npumsioice-
. Fs MsTZ o
nust Jlynol naanemoti 3emnst Fg npumepno pasmo = T”; = 6. To ecms, coenacno nebecnot mexanuke Hoiomona, Connye
E ET§
domicho 8 6 paz cunvhee npumsieueams JIyny, wem 3emns. Houemy Jlyna ocmaemces 6 cgpepe enusinus 3emuu, a we yiemaem
k Connyy? Ymo-mo ne max ¢ Hauwumu Kiaccudeckumu npeocmasgienusmu. Ho 6 mobom ciyuae, ne monvko 3emust, no u JIyna
u Connye 00NACHBL OULYMUMO GIUSINb HA CIAHOAPIbL YACTOMbL, CUHXPOHUZUPYIOUUE padony CRYMHUKOBbIX 2PYANUPOGOK

cucmem 2100a1bHO20 NO3UYUOHUPOBAHUAL.

CrnennaiaucThl 3HAIOT, YTO TOYHOCTh HaBUranuoHHbIX cucteM Tuia Navstar GPS u I'JIOHACC noBbIaeTcst He ¢ TOMOIIBIO
pacueTHbIX yTouHeHHH nmonpaBok ¢ nomoinbio CTO n OTO, a ¢ ycTaHOBKOI! CeBI0-CATETUTOB Ha 3€MJIC C TOYHBIMH I'e0-
rpaduuecKuMU MPUBSI3KAMH.

Jpyrumu cioBamu, HabmroaeTcst 60IbIION qucbamanc MeXIy BEITUKOW KpacoToi mMaTemarndeckoro anmapara OTO u Hu-
YTO’KHOW TTOJIE3HOCTHIO €€ MPAKTUIECKOTo MPUMEHEHHs. Tak He JODKHO OBITh — BEJTHKAs TEOPHs JOJDKHA MPUBOIUTH K Be-
JUKOMY TEXHHYECKOMY IpOrpeccy, Kak 3T0 ObII0, HAIpUMep, ¢ MexaHnkol HeroToHa, anekrpoaunHamukoil Makcsena-da-
paziest, MOJIEKyJIIpPHO-KHHETHYEeCKOH Teopueil bosbiiMaHa, kBaHTOBOI MexaHukoil bopa-Illpenunrepa-Ieitsendepra u 1.1
Hpyrumu cinoBamu, OTO camast kpacuBasi U3 TEOPHH, KOTOpasl €CTh y 4YeJIOBEUECTBA, OJHOBPEMEHHO OHA XKe SIBISETCS U
camoii 6ecrione3Hoi. [1o Bcel BUIMMOCTH MPUIHHOM ATOTO siBisiercst HezaBepmenHocts OTO. Ho B OTO DitamTeliHa Kpo-
€TCsl KOJIOCCAITbHBIN TOTEHIIMAI, U KOTJJa OH PaCKpOETCsl MTOCPECTBOM JJOCTHKEHUSI MOJHOTHI 3TOTO HAIIPABJICHUS YeIoBeye-
CKOW MBICIIH, TOTJIa 3TO MPUBEJET K KOJIOCCATEHOMY TEXHHYECKOMY M TEXHOJOTMYECKOMY PBIBKY, COU3MEPUMOMY C TOTpPS-
calollel KpacoTol MaTeMaTHKU 3TOH TEOPHH.
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Ilo muenuro asmopa docmudicernue noanomvl OTO c6:A3aHO ¢ YembIPbMA HANPABIEHUAMU PA3BUMUL, KOMOPbIE YUMeHbl 8
npeonazaemoii I PB&AC:
1) yuem mempur-pewrenuii ypasuenuii OTO ne ¢ 00Hou cuenamypoil (—+ + +) unu (+ ——-), a écex 16-u cuenamyp (32) ¢ [2]

++++) F++-) ++-) ++-4)
==+ +++) —+H (+-+
(+==4) (F+--) (F===) G—++)
=+ (k=+-) (+--) ==~

©)

2) yuem ne 001020 A-unena é 6aKyymHom ypasnenuu dinumerind, a 6eckoneuno2o konuvecmea Aj-uienos (cmompume ypas-
nenue (194) 6 [5] u/unu ypasnenue (11) 6 [6])

Rix + %2 gix Gm=1Am + X=1— Ay) = 0. ()

20e Aj = 3/ umm — 3/r 2, 30ech raj — paduyc j-20 chepuyeckozo 06paz06anus,

3) pacwupenue mamemamuuecko2o annapama om 2eomempuu Pumana 0o 2eomempuu abcomommo2o napaiieiusmd, 20e
KPUBU3HA NPOCMPAHCMBA KOMNEHCUPYUCS €20 HYMPEHHUMU 8PAUWEHUAMU U CKPYYUBAHUAMU.

4) mamemamura mooepnuzuposannon OTO cmanogumcs Ha CMOAbKO CLOICHOU, YMO GbIXOOUN 34 PAMKU GbIYUCTUMETbHBIX
B03MOJCHOCHIET YeN08eKd, NOIMOMY cmoum 3adaua o0yyenus Hckyccmeennoeo Unmennexma (MH).

Eme onna cepbesnas npotiema OTO 3akimodyaeTcs B TOM, YTO 3Ta TEOPUsI B CBOEM OCHOBAHWH (C BBEIICHHEM IPABOi MaTe-
pHaNbHOU YacTH ypaBHeHus DifHiTelHa-I niap0epTa) oTonuia oT hyHAaMEHTaIbHOM MPOrpaMMBbl MO MOJTHOM reoMeTpU3aliu
dusuku. Yneam Kituddopn B pabote «On the space theory of matter» (1870) BeIABHHYI MHIIOTE3Y, YTO MaTEPHS K BCE CHIIO-
BbI€ M0JIs1, BKJIIOUYasl TATOTCHUE, SIBJSIFOTCS IPOSIBIICHHEM Pa3IMYHbIX UCKPUBICHUH U AedopManuii npoctpaHcTsa. [lon ya-
ctuuamu Matepun Kimngddopn noapaszymena okanbHbIE X0IMOOOpa3HbIe HCKPUBIICHUS 3-MEPHOTO IPOCTPAHCTBA, KOTOPBIE
HETPEPHIBHO NepeMENIaoTcs oA00Ho conuToHaM. B XX Beke 3To HanpaBlieHHE MBICIH HOJIY4HIIO Pa3BUTHE B TECOPHH MPO-
crpanctB Kimnddopna-Kireitna. Sitamreiin B OTO cBsi3ai ¢ HCKPUBICHAEM MIPOCTPAHCTBA-BPEMEHH TOIBKO CHIIBI TATOTCHHS
(TpaBUTALMIO), IPU 3TOM IIPEACTABICHUS O MACCHBHBIX YaCTHIIAX U 3JIEKTPOMAarHUTHOM I10JI€ OCTAINCH MTPEKHUMH, T.€. Ta-
KNMH, Kak ux copmyinposanu Heroron 1 MakcBeir. MHOTOUNCIICHHBIE MTOTIBITKH I€OMETPU3NPOBATH IIPABYIO YacTh YPaB-
HeHus DiHmTelHa-[ ms0epTa, mpeanpHHATEIe CaMUM DWHINTEHHOM W MHOTHIMH JIPYTUMH €T0 COPaTHUKAMHU H ITOCIIeI0Ba-
TEJISIMH, HE yBEHYAINCH YCIIeXOM. B nTOre 3T0 CBENOCH K BO3BPAIIEHHIO K KilacCHueckoil gpusnke 19-ro Beka, HO B HCKPHB-
JICHHOM 4-MEpHOM TPOCTpaHCTBE PHMaHa M K pa3BUTHIO PEIATHBUCTCKOM KBAHTOBBIX MEXaHUKH.

B Hacrosiee BpeMsi IpUpoly T'paBUTALUM MBITAIOTCS IIOCTUYb TEOPETUKH, PAa3BUBAIOIINE «CTPYHHYIO» IIporpaMMy. B pam-
Kax TEOPHUHU CYNEPCTPYH yJaeTcs OMHCAaTh KBAHTOBBIM OOBEKT CO CIIMHOM 2, KOTOPBIM CUHTAIOT MaTEMaTHIECKON MOJIENBIO
I'paBUTOHA — NIEPEHOCYHKA T'PaBUTALIMOHHOTO B3auMoeiicTBus. Ho oTBeT Ha Bompoc: — «Kak 3To moMoraeT B ieje HOCTHKe-
HUS TIPUYMH BCEMHUPHOTO TATOTEHHS?», — TaK M OCTAETCS COKPBITHIM 3a MEJNCHONH MaTeMaTHYecKOro TyMaHa «CTPYHHBIX)
TEOpHUH.

Nmeercs mHOTO Momudukamuit OTO Ditammreitna. [Tomyummu pazButue: reoMeTpus ¢ kpydeHneMm Pumana-Kaprana-Cxo-
yTeHa, TeoMeTpHs DiHIITelHa-Beiins, reomeTpus abcomoTHOTO MapamienuiMa Bafinen6eka-Buramu-1unosa [21], MmeTox
n30TpONHBIX TeTpax Hetomana-Ilenpoysa, Oumerpuueckas reomerpust Po3eHa, KOMIUIEKCHAS pUMaHOBA TeOMETpHs, UHCIIE-
poBa reoMeTpus U T.A. BO3HUKI0 MHOXKECTBO aJIbTEPHATUBHBIX TEOPHUI IPABUTAIMH: CKAJIIPHBIE TEOPUH, BEKTOPHBIE TEOPUH,
OuMeTpruYecKue TEOpHH, KBa3HIMHEIHbIE TeopuH, Teopus XemunHrea u Hopisenra, TenenapauienbHble MOJICIN TPAaBUTALIH
Xopucaecku, mojaenu rpaButaiui RS (Randall-Sundrum models), moaens rpasuranun CTapoOWMHCKOTO, MOJIEIb METIEBOM
KBAaHTOBOH I'paBUTALINH, MOJIeNb IpaBuTannu ['aycca-bons, kompopmHas rpaBuTaIyst, HEMETPUIECKHE TEOPHH, THIIA TECOPHH
rpaButannu Moddara, pexstuBuctckas Teopus rpasuranun (PTI) JloryHoBa, HEeMETpHUECKHE TEOPHU THUIIA TEOPUH DifH-
wreiiHa-KapTraHa, cKaJipHO-TEH30pHbIE TEOPUU. THUIIA TEOPUU ﬁopﬂaHa-Bpcha-ﬂnKe u T.1. OtHaKo HE OJIHA M3 ITUX TEO-
pHi He pacKpbIBaeT IPUPOTY TPABUTAINH, a TOJIBKO BBOJUT JOTONHUTENbHBIE TapameTpsl B OTO ¢ A-uneHom, 9TOOB! yIecTbh
pasnuanblie ) eKThI, HabI0aeMbIe B DKCIIEPUMEHTAX .

Hanpumep, psin nmpo6iem, Bo3HuKIHX B OTO (0coGeHHO HapyIIeHHe 3aKOHA COXPAHEHUS YHEPTHN), TBITAIUCH Pa3pPelInTh
A. A. JloryHoB ¢ rpynmoii cotpynaukoB MI'Y nipu paspabotke Penstuucrckoit reopuu rpasurtanuu (PTI) [22,23,24]. PTT
OCHOBaHA Ha TPEJICTABIICHNH TPABHTAI[M B BHIEC TCH30PHOTO (H3MYECKOro MO B MpocTpaHcTBe MunKoBckoro. Ilo
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MHEHHIO CTOPOHHHKOB 3TOTO HanpasieHus uccenosannii PTI umeet cnenyromue otinaust ot OTO [24]: rpaBuTartust — 310
He pe3yJIbTaT NCKPUBIIEHHS 4-MEpPHOTO pUMaHOBa NPOCTPAHCTBA, a CHIIOBOE noJie B qyxe Papaes-MakcBeia, OluckIBagMoe
CUMMETPHYHBIM TEH30pOM Ha (POHE IIOCKOro MPOCTPaHCTBa MHUHKOBCKOTO, B KOTOPOM IIPH ONPEJIEICHHBIX YCIOBUSAX BbI-
TIOJIHSIOTCS 3aKOHBI COXPaHEHUs SHEPTUU-UMITYJIbCa U MOMEHTA KoJimdecTBa JBrkeHus. OnHako perieHue mpodiem B PTT
00yCIIOBIICHO BBE/ICHHEM JIOTIOJHUTEBHBIX YCIOBUI, HAIPUMEP, B TEH30PHBIX YPaBHEHUSIX JUISl ONPE/ICICHHUS METPUKH Clle-
JIyeT yYUTHIBaTh MacCy 'pPaBUTOHA, a TAaK)K€ HCIOJIb30BaTh KATMOPOBOYHBIE YCIOBUS, CBSI3aHHBIC C METPUKOW IIPOCTPAHCTBA
Mumnkosckoro. ABtopsl PTT yrBepskaarot [22,23,24], 9T0 3TH yCIOBUS HE MO3BOJISIOT YHHYTOXKHUTH TPABHUTALIMOHHOE TIOJIC
Jake B MaJoi OOJNIaCTH IPOCTPAHCTBA MOCPEACTBOM BBIOOPA COOTBETCTBYIOIIEH JIOKATbHOW HMHEPUUANBHOW CHCTEMBI OT-
cueta. Kpome Toro, PTT" TpeGyet, 4T0OBI KOHYCHI MPUYNHHOCTH JIOKAJIBHBIX PUMAHOBBIX IPOCTPAHCTB BE3IEC OCTaBATHCS
BHYTPH KOHYCOB NPWYMHHOCTH HPOCTPAaHCTBA MUHKOBCKOTO. YCIIOKHEHHUS HE IPHUBEIH K PaJUKaIbHBIM H3MEHEHUSM,
Hanpumep, Takxke kak B OTO, B PTI" mox BemecTBOM moHMMAarOTCS Bce (OPMBI MaTepHH (BKIIFOYAs U SJCKTPOMAarHUTHOE
T0JI€), 33 UCKITIOYEHUEM CaMOr0 TPaBUTAIIOHHOTO TOJIs. J[pyTrHMHE CIIOBaMH, BOIIPOCHI CBSI3aHHBIC C TEOMETPH3AIMEH BelIe-
CTBA, 3JIEKTPOMArHUTHOTO, CJIA00T0 U SIIEPHOTO CHIIOBBIX ToJeil octanuck 3a pamkamu PTT. Kpome Toro, ucnonszyemsrii B
PTT" mMaccuBHBIIl IpaBUTOH, IPUBOJUT JIIOOYIO CUCTEMY K HECTAOWMJIBHOCTH, TOT/Ia KakK IPU MEPEeXo/ie MacChl IPaBUTOHA K
uymo PTT He maét mpaBHIBHOTO HEIOTOHOBCKOTO Tipesena [25,26,27,28].

[Ipennaraemsle B 3TO¥ cTaThe MOJICIBHBIE MPEICTABICHUS O IIPUPOJIE TPABUTALIUH TaKxkKe onupaeTcs Ha Mmoandukanuio OTO,
KOTOpasi OCHOBaHa Ha paclUIMPEHHOM TPEThEM BaKyyMHOM YpaBHEHUH DHHIITEIHA ¢ OECKOHEUHBIM KOJIMYECTBOM A;-4JICHOB
(194) B [5]

1
Rix =5 RGik + M Gix + B2Gixe + Az ikt Hhwgix = 0. )

ITonbITKH penieHusl JaHHOTO YpaBHEHHs B cTaTbe [6], MpUBENHM K CO3MaHHI0 UEPAPXHYECKON KOCMOJIOTHYECKOH MOJIEIH,
B paMKax KOTOpPOil BHYTpH 3aMKHYTOW BceneHHO# HaX0MUTCst 0ECKOHEUHOE KOJTMYESCTBO CTAOMIIBHBIX C(HepHUUCCKIX BaKyyM-
HBIX 00pa30BaHUil (Ha3BaHHBIX «KOPITyCKYJIaMK»), KOTOpPBIE BIIOXKEHBI APYT B IpyTra MoJ00HO MaTpeukaM (cMoTpuTe puc. 1
u puc. 10 B [6]). OnHako paanychl saep 3THX CPEepUIeCKUX BaKYYMHBIX 00pa3oBaHHi

3

r= \F (6)

Ag
HE [POM3BOJILHBI, a MO{YNHEHBI AUCKPETHOU uepapxuu (44a) B [6]:

ry~ 10% cm — paauyc, cousMepuMblii ¢ paauycoM Mera-BceneHHol; @)
r2~ 10%° cm — paauyc, cousMepuMblii ¢ paauycoM HabmoaaeMoil BeenenHoi;

r3~ 10%° cm — paauyc, cou3sMepuMBIii C PaJiiyCcoM Apa FalaKTUKK;

rs~ 107 cM — paguyc, COU3MEPUMBIIi ¢ PAJMYCOM SIpa TLIAHETHI WU 3BE3/1bI;

rs~ 103 cM — paguyc, COM3MEPUMBIIA C PaIKyCcOM OUOIOTHYECKOH KIETKH;

re~ 10713 cm — panuyc, cousMepUMBIii ¢ pagycoM Spa dIeMEHTAPHOM YaCTHIIbL;

r7~ 1072* cM — paguyc, COU3MEPUMBIIA ¢ pagyCcoM spa NPOTO-KBAPKA,

rs~ 1073 cm — pajuyc, COU3MEPUMBIIA ¢ P PaJKyCcoM Spa IVIAHKTOHA;

rg ~ 10 cM — pamuyc, COU3MEPUMBII ¢ PaIHyCoOM sSpa IPOTO-IIIaHKTOHA;

ro ~107%° cM — paguyc, COM3BMEPHMBII C PaHycOM SApa HHCTAHTOHA.

B §4 crartbu [6] u B cTatesix [7,8,9] Obu1 mOapoOHO paccMOTPEH YPOBEHb JIEMEHTAPHBIX «4ACTHID, ATOMOB» M «MOJICKYJI»,
T.e. CTaOWIIBHBIX M HECTAOMIIBHBIX C(epruecKuX A.12.-15-BaKyyMHBIX 00pa3oBaHuii (KOPITyCKyJT) C XapaKTEpPHBIMH pa3MepaMu
sapep nopsyka e~ 10— 107° cm u3 uepapxuu (7). Tlpu 3ToM GBLIO TIOKa3aHO YIMBHUTENLHOE COBNAJIEHUE METPUKO-IMHAM K-
YEeCKUX MOJIeNell «JacTumy ¢ 3neMenTamMu CTaHAapTHON MOJIENN JIEMEHTapHbBIX YacTHII.

B crarse [10] mpemmoxkeHbl METPHKO-IMHAMHYECKHE MOJIEIIH TONBIX (IUTAHET» U «3BE37», T.e. CTAOWIBHBIX CHEPUICCKHUX
BAKYYMHBIX 00pa30BaHuil (MAKPO-KKOPITYCKYII») C XapaKTepHbIMU pasMepaMu siiep nopsaka s~ 107 —10° cm. Konnenuus
TOJIBIX «IUTAHET» W «3BE31» MOJpa3yMeBaeT ONMMCAHNE JaHHBIX CTAOMIBHBIX MaKPOCKOIMMYECKHUX A7,9-BaKyyMHBIX 00pa3oBa-
HUll 03 HaNW9IHUs MEJIKUX WCKPHUBIICHUH BakyyMma (T.€. MUHH-, MUKPO-, HAHO- U MMUKOCKOITMYECKUX «YaCTHID, «aTOMOBY» H
«MOJIEKYJ») B OKPECTHOCTH HX SIIIED.
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B 3T0if cTaTthe MBI B paMKaX HepapXHdecKoi KocMoJornueckoit monenw [6,7,8,9,10] meitaeMcst 0GBSICHUTD MMOYEMY TOJIBIC
IUTAHETBD» U «3BE3JIbD» MPUTATHBAIOT MEJIKHE «YACTHIB» K CBOUM sipaM. TO €CTh BBIIBUTACTCS CIIC OJJHA TUIOTE3a, Mpe-
TEH/YIOIIAs Ha O0BICHCHHUE IPUPOJIBI TUIAHETAPHON rPaBUTAIIMK B paMKax mporpaMmbl Kimuddopna-DitHmreiina- Y uiepa,
HATPABJICHHOW Ha MOJHYIO T€OMETPH3ANUIO (DUIUKH.

371ech He yJaeTcs MONMHOCTBIO PACKPBITh TallHY SBJIEHUS IIAHETApPHOM IpaBUTALUU, T.€. NMPEUI0KEHHOE HUXKE MOJAEIbHOE
IIpeJCTaBICHNE O BCEMUPHOM TATOTEHUH He OoTBedaeT Bce: — «IloueMy?», Tak Kak IO MHEHMIO aBTOpa, FPaBUTALIUSA 3TO 3HA-
YUTENBHO OOJIee CI0XKHOE, ICHXOCOMATHIECKOe sIBIICHNE. TeM He MEeHee MBI 110J1araeM, 4To B 3TOH CTAaThe CACNaH €IIe OJUH
ar B HalIPaBJIEHUU pa3raJky 3TON YOUBUTENIbHOM TaiiHbl [Ipupoasl.

OTMeTHM, 9TO Pa3BUBAEMBbIC 3/1€Ch MOZEIBHBIE IPEACTABICHNUS O IPUPOJIE TPABUTAIINH — 3TO HUYTO-TO MPHHIMITHAIBHO HO-
BO€, a pa3BHUTHE U 00beauHeHNE naei [ammteo [ammnes, Pene [lexapta, Mcaaka Hetotona, ['otdpuna Jleit6rnma, bepaxapaa
Pumana u Anpbepra DifHIITEHHA, KOTOPBIC BUICITH AaNbllie APYTUX MOTOMY, YTO CTOSUIM Ha Iiedax TMrantoB Aspahama
Aseiiny (ABpaama), Mome Pabeitny (Mouces), [Tudaropa, Jemokpura, Ilnatona, Apucroresns, Epkiuaa, ABHIICHHBI,
AsryctuHa, ®ombl AkBuHCKOTO, bapyxa CriuHo3bl, @pencuca bakona, ......

MATEPHAJIbBI U METO/],
1 MeTpuko-quHaMuUYecKasi MoJie/Ib MOKOsilIeiics (T.e. He BPALIAIOIIEicsl) «IIAHEeThI3» (MM «3Be3/IbI3»)

B pamkax «I'eoMeTpu3upoBaHHOW (PH3MKH Bakyyma, ocHoBaHHOW Ha Anrebpe curHatyp» (I®B&AC), pasBuBaemoiil B
[1,2,3,4,5,6,7,8,9,10] u B 3TOii cTaThe, SIBJICHUE IPABUTALMHA MMEET MECTO HA BCEX YPOBHIX MEPAPXHICCKON KOCMOIOTHYEC-
CKOIl Moienu, mpeacTaBiIeHHON B [6]. OHAKO MBI HAUHEM C Pa3BUTHS MOJEIIBHOTO TIPEICTABICHHSI O TPABUTALIUH «3BE3THO»
- (IJTAHETAPHOT'0» YPOBHS, TaK KaK IUIaHETapHasi TpaBUTaLMsl OoJiee n3ydyeHa.

MeTpHKO-AMHAMUYECKUE MOJICITH TONBIX Pk-«3Be33» U Pk-«IU1aHEeT3» paccMOTpeHbl B cTathe [10], rae ObLIo moKa3aHo, 4To
9TH DJEKTPUUECKH HEUTpalIbHbIe CTa0WIIbHBIE chepudecKue As7-BaKyyMHbIE 00pa30BaHuUs COCTOST U3 MHOXKECTBA ITaHETap-
HbIX Py-«xBapkoBa» tuna (66) B [10] ¢ curatypamu, npejacraBieHHbIMU B Tab. 1 B [10].

Ha ocHOBaHMM MOJENBHBIX NPEACTaBlIeHNH, pa3BuThIX B §§ 3—7 ctateu [10], B 3T0# cTaThe 32 OCHOBY NMPHUHSATA CIIEAYIOIIAS
VIPOIICHHAS METPHKO-JIHHAMHYECKAs MOJEIb™ HEMOIBIKHON (OTHOCHTENBHO Ag7-BaKyyMma) BaJCHTHOI™* rosoi «ruia-
HETBI3» (MM «3BE3MIbIa»***),

B cmamve [10] bvinu ggedenvt 0bo3nauenus — 2onas Px-«nnanemasy u conaa Pk-«36e30as», 20e P — o3nauaem, umo eonasn «niaHemay —
amo cmabunbHblll chepuneckull s 7-6aKyymMHoe 00pazoeanus, cocmosiyee u3 nianemaphuix Pi-«keapkossy, unoexc K — osnauaem xonuue-
cmeo Pi-«xeaprossy 6 Px-«nnanemesy unu Pr-«36e30e3»; unoexc 3 — oznavaem, umo Px-«nnanemasy unu Px-«36e30a3» sensemcs aueikoil
6 yenu, cocmosujell MoavbKo u3 mpex cpepudeckux oopasosanuii us uepapxuu (1), komopwvie 61024ceHbl Opye 8 Opyea NOOOOHO MAMPeEUKAM,
6 uacmmocmi, yenouxa cocmoum u3: meza-Beenennas c paduycom r1~ 10% cu, «nnanemar unu «36e30a» ¢ paduycom aopa ra~ 107 cm u
uncmanmou ¢ paouycom sopa o ~107%° cu (cuompume § 5 6 [10]).

B smoii cmamve makue noopobnocmu 06 ucciedyemvix 00bekmax ne nompebyomcsi, HOIMomy OJis yRpOujeHUsl 3anuceti BMecmo mepmMuHog
2onan Px-«nnanemasy u zonasn Px-«36e30a3» 6yoem ucnonwb306ams COKpaujeHHvle MepMutbl 201asa «HAIAHEmay u/uiu 207143 «36€30a».

*[pu hopmuposanuu OaHHOU MeMPUKO-OUHAMULECKOU MOOeTU 20JI0U «NAAHEMblLy (WU «38€30b1») Mbl UCXOOUTU U3 MO0, YO MHOMCE-
CMBO Xaomuueckuy nepemMeulantvix okpawennsvix Pk-«keapkoesy (m.e. ¢ pasnuynsimu cueHamypamu) nepepacnpeoensiiomcs makum oopa-
30M, UMO 8 PABHOBECHOM COCMOSIHUU PeAU3VIOMCL 8CE 803MOICHbIE BAPUAHMbL UCKPUBLEHHOCIU A6,7-6AKYYMA C PAGHOU 6EPOSIMHOCHIBIO,
MO COOMBEMCMBYen MAKCUMYMY IHMPONUU OAHHOU COXACMUYECKOU CUCTEMb.

**Hanonnum, umo "eanenmmuotl” Mbl HA3bI8AEM CAMYIO NPOCHYIO MEMPUKO-OUHAMUYECKYIO MOOeTb CMAOUTbHO20 UIU HECTAOUTBHO20
Amn-8aKyymmozo obpasosanus («kKopnyckyvly). Banenmuas «xopnyckyna» — amo, c6oe2o pood, Hecywull Kapkac (Ui cKeiem) blnyKio2o
UIU BOSHYMO20 UMY BLINYKIIO-B02HYNO20 Amn-8AKYYMHO20 00pA308aAHUA, HA KOMOPbI 00esaemcs OeckoneuHoe KOIu4ecmeo cioes, noo-
C10e6, n00-N00-Coed U m.o., KOMopble 3a0AI0MC MeMPUKAmMu ¢ paziudnsimu cuenamypamu, (cmompume § 2.6 ¢ [Slu § 16 [7]).
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**%C mouxu 3peHuss MoOeNbHbIX NPeOCMAasieHUll, pa3éusaemslX 30ech, 201aA «36e30a» — MO O4eHb DONbLULASA 201a5 «NAAHEMAy, COCMOsl-
was uz 02poMHo2o koauvecmea Px-«keaproesy. Konuuecmeo Pyk-«keapko6sy @ 201101 «36e30e» nepexooum 6 Kauecmeso Ha ciedyioujeli cma-
OuU paccmMompeHusl, K020a UCciedyemcs CKONIEHUEe MEIKUX «KOPRYCKYILY BOKPYE MAKPOCKONUYECKUX 20/bIX CMAOULLHbIX ChepuiecKkux
A,7-6aKyyMHBIX 06pa306anuil nianemapHo2o macuimaba. B pamxax paseueaemvix 30ecb npeocmagienuil, 201ds «36e30a» KaiecmeeHHo
omauuaemcs Om 20101 «NJIAHEMbL» MOIbKO MeM, YMo c030a8aeMast el Zpasumayusi HACMOJIbKO 8EUKA, YMO 6 OKPeCMHOCmuU ee s10pa (m.e.
6 CKONIEHUU MENKUX «KOPNYCKYILY, OKPYHCAIOWUX A0PO0) 3aACUeaiomes a0ephvle peakyuu. B céa3u ¢ ablulecka3annvim, npedcmasienias
HUJICE MEMPUKO-OUHAMUYECKAsl MOOeIb MAKPOCKONUYECK020 CMAOUTbHO20 CRhepuiecko2o A6 1-6aKyyMHO20 0OPA308aHUsL OMHOCUMCS, KAK
K 20/101l «nAaHemey, Mak u K 2oaou «3ezdey. Cmoum ommemums, 4mo u 6 OPesHOCMU NIAHEMAMU HA3bI8AU OIIydcoaroujue 36e30bl (Op.-
epeu. TAGVIG — «CIMPAHHUKY).

C yuyeToM SaMeanHﬁ, BBICKAa3aHHBIX BBILIC, IIPETIAracTCA CICAYyOmas METPUKO-TMHAMUYIECKAsA MOJACIIb «3BE€3AbD> UJIN «ILJIa-
HCTBI».

BanenTHas roaas «IIJIAHETA3» (niu «3BE3/1A3») (8)

Tloxosimeecst, crabuiabpHOE, B cpeHEM ceprdeckoe, HIeKTPHYECKH HEUTPaIbHOE, BBITYKIO-BOTHYTOE
MHOTOCIIOWHOE HCKPHUBJICHUE A6 7-BaKyyMa CO CpeTHEH CHTHATYPOI
2{(+-—)+ (- +++)}=(0000), ©)
COCTOSIIIIEE H3:
| BHemHss 000J109Ka BaJEHTHOM, MOKOSIIEHCS, TOJI0H «IIAHEThI» (MU «3Be3bI3»)
B uHTEpBAE [I4, I1] (puc. 5), co cpexneii curnarypoii (0 0 0 0)

| ds? = (1 ”*rvl + r:) c2dt? @_fT’i_z) —1r2(d6? + sin? 6 d¢?), (10)
T 2
Y dsC% = (1 n T4r172 _ :_12) c2dt? — < o T2) —12(d6? + sin? 6 d¢?), (11)
v dsy" % = (1 St E) c*dt® — < T )‘ r*(d0® + sin® 0 dgp®), (12)
H ds," % = (1 + :?) c*dt® ~ ( Rz ) = r*(d0* + sin® 6 d¢®), (13)
H’ dsg =~ (1 —"‘r—"5+§)62dt2 +@+r2(d92 + sin? 6 d¢p?), (14)
25,
H ds{H? = (14 e —g)czdtz +W+r2(dt92 + sin? 0 dp?), (15)
T 12
v dsy % = - (122 —) c2d? + ﬁ +72(d6? + sin? 0 d¢p?), (16)
Tr 2
| ds{TH? = (1 + 22 g) c2dt? + ﬁ +1%(d6? + sin® 6 dg?); (1)
e

H Sapo BaJIeHTHOM, MOKOSLIEHCSI, FOJI0H «IIAHETHI3» (MU «3BE3bI3»)
B UHTEpBaJE [I1o0, r4] (puc. 5), co cpenneii curnatypoii (0 0 0 0)

2
| ds{7 = (1 _Tog T )Czdtz — 4 _+2(d6? + sin? 0 d¢?), (18)
T T <1 _rig, T2 )
r r4p9
2 2
Y dsG™% = < r > c2dt? — —— —+2(d6? + sin? 0 d¢?), (19)
r4p10 1+m—2r—)
T Tip1io
2 2
v dsG™ % = <1 2T_> c2dt? — —— —+2(d6? + sin? 0 d¢?), (20)
Tip11 1_m—2r—)
T Tip11
2 2
H' dsy 7% = (14004 ) 2de? - T - r2(d0 + sin? 0.dg?), (21)
Tip12 (1+ o, T )
r T4p12
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H dsGT? = (1 o 4 ) c2dt? + —& +72(d6? + sin? 0 d?), (22)

r r4p13 1——+ r )
r T4p13
2
Vv dsGT2 = (1400 cidt? + a +712(d6? + sin? 6 d¢?), 23
14
r T4p14 1+r10 ’”_>
r 7"4p14
2
H dSl(;+++)2 _ <1 Tio _ > c2dt? + ar —+ r2(d6? + sin? 6 d¢?), (24)
r T4p15 1_m_ r )
r r4p15
2 2
| dsl(g+++)2 _ (1 oy T )czdtz + d—z +12(d6? + sin? 6 d¢?); (25)
T T4p16 (1+1‘10+ 21‘ )
T Tipie

llenbT BajIeHTHOM, MOKOSILLENCSl, TOJIOH «IJIAHETHI3» (WIH «3Be3/bI3»)
B uaTepaae [0, o] co cpeaneii curnarypoii (0 0 0 0)

i dsl(;_")2 = c%dt? — dr? —r%(d6? + sin? 8 d¢?) (26)
j dsG % = — c2dt? + dr? + r2(d6? + sin® 0 d¢?) (27)
rae, cornacHo (88) B [10], mst BHeIIHEH 060I0UKH:
Tap1 % Tapz = Taps = Tapa = Taps = Tape = Tapy = Tapg = V2 A4 = V2 413107 em = 2 413100 xv; (28)
IUTSL SATIPA;

~ P ~ ~ ~ ~ ~ ~ 1 1/3 1 13.107 —1 1/3.
T‘4p9 =~ T‘4p10 =~ T‘4p11 ~ T‘4p12 ~ T'4p13 ~ T'4p14 ~ T'4p15 ~ T'4p16 /ZA g = /2A 10 CM = /2A 100 KM;
A — KOJIMYECTBO TOJBIX Py-«KBapKOB3», BXOAAIIMX B COCTAB NOJION «IUIAHETHI3» (MU «3Be3bI3»), cMorpute [10];
b
—+++)2 +-—-)2 . :
dsi( 2y dsj( ) (rme i=1,2,3,456,7,8; j=910,11,12,13,14,15,16) — ycpeaqHeHHbIE METPUKH, KOTOPBIE SBIISIOTCS
Pe3yJbTaTOM CKpy4YHBaHUs (MM YCPEAHEHHs) MHOXKECTBA TOI-METPUK C Pa3IMYHbIMU curHaTypamu (3).

Buemmnsist 000/1049Ka

Puc. 5. Mnnroctpanust siapa 1 BHEIIHeW 000J0YKY TOJOH «IUTAHEThD (MIIN «3BE3/Ib))

Takum 06pa3oM, METPUKO-THHAMUYECKAsT MOJIENTb BaJIEHTHOM TOJION «IITaHEThIs» (MITH «3Be31bI3») (8) — 3T0 pesynbrar aj-
JNUTUBHOTO HAJOXEHHUS (T.€. YCPETHEHHOTO MEPETUIETEH ) MHOKECTBA TUIAHETAPHBIX TOJIBIX Py-«xBapkoBsz» Thma (66) B [10]
¢ cUTHaTypam, npeactaBieHHsIMU B Ta0u1. 1 B [10]. IIpu aTom kaxnas merpuka Buaa (7) — (22) moxet OBITh ITpeACTaBICHA
B BUZIE YCPEAHEHHS 7 TOA-METPUK C COOTBETCTBYIOIINMH CUTHATYpaMH (cmotpute §2.6 B [5] 1 §1 B [7]), KaKaas MOA-METPHUKA
MOJKET OBITh MPECTaBICHA B BHJE YCPETHEHHUS €IIe 7 MOJ-TI0I-METPHUK C COOTBETCTBYIOIIMMH CHUTHATYpaMH | T.A. 0 Oec-
KOHEYHOCTH (puc. 6). Ewe paz ommemum, Ymo 6aNeHMHASL MEMPUKO-OUHAMUYECKAS MOOETb — IO Pe3VaAbmMam yCpeoHeHUs.
OeCKOHEUHOU CIOAHCHOCHU 0 CaAMO20 NPOCHO20 (KAPKACHO20) NPeoCcmasneHus..
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Puc. 6. Unmoctpanus 6€CKOHEYHOTO YCIOKHEHUS! METPUKO-TMHAMHYIECKOW MOJIEIN BHEITHEH 000I0UKH JIF000T0
CTabUIBHOTO CHepuIecKoro Amn-BaKyyMHOTO 00pa30BaHuUs (B TOM UHCIIE CITAHETBD MM «3BE3/BD))

2 YipolineHHasi METPUKO-THHAMHUYECKAsi MO/IeJIb BHENIHEl 000J104YKH roJioii «iaHeTbl» (HWIH «3Be3bD»)

SIBneHue «3BC3THO3» - ((HJ'IaHeTapHOer,» (nanee JJIA YOpOLIICHUA 3aHI/IC€I>‘I, «3BEC3THO» - ((HJIaHeTapHOI;‘I))) rpaBUTaAllUN 6y,ElCM
paccMaTpuBaTh Npn B3aHMMOJCHCTBHH KaK MUHUMYM ABYX I'OJIBIX HeOECHBIX «TCJI», TaK KC KaK B MCXaHHUKC Hrrotona (CMOT-

pure puc. 4).

«Ilmanetay 2
«Ilmaneta» 3

«JIyHay

«IInaneta» 4

«Ilmaneta»l

Puc. 7. «3Be3qHO»-(IUTAaHETAPHASY CHCTEMA, TJIe MEXKLY SIIPAMHU TOJIOH «3BE3/(bD» U TOJIBIX «IUIAHET»
IUPKYJIUPYIOT CyOKOHT-aHTHCYOKOHTHBIE OOMEHHBIE TIPOIIECCHI

B wactHOCTH, pacCMOTPUM IpaBUTALIMOHHOE B3aHMMOJAEHCTBHE IONON «IUIAHETHDY U TOJIOH «3Be3Ab». JlaHHOE B3auMojeil-
CTBHE NPOUCXOINUT B OCHOBHOM MEXAY SAPAaMU 3THX CTaOWIIBHBIX Ag7-BaKyyMHBIX 00pa3oBaHHil (puc. 7), TOITOMY OCTaBUM
B paMKaxX pacCMOTPEHHMS TOJNBKO METPHKO-THHAMHYECKHE MOJENIH UX BHemIHUX obosouek (10) — (16). Tarxke yurem, 4To



paauyc Mera-BeenenHoii 1~ 10%° cm Gonblie paccTosaus Mexay aapamu, Hanpumep, Conaua u 3emmu r~ 1,510 cM npu-
MepHO Ha 25 MOpAIKOB, MO3TOMY cliaraeMbiMu 72 /12 B MeTpukax (10) — (16) npeneOpexkem.

ITo BBIIIEYKAa3aHHBIM MPUYHUHAM B MECTO COBOKyIHOCTH MeTpHK (10) — (16), muist mccineqoBanus TPaBUTAIIMOHHOTO B3aMO-
JEHCTBUS TOJION «IUTAHETBD) U TOJIOH «3BE3bD» OCTABHM TOJIBKO CICAYIOLIIHE YIPOIICHHBIE METPUKH, ONPEACIIIIONINEe MET-
PHKO-ANHAMHYECKYIO MOJIETb BHEIIHUX 000JI0YEeK B OKPECTHOCTH P ITHX Ag7-BaKyyMHBIX 00pa30BaHHI 3BE3IHO-TUIAHE-
TapHOTO MacITaba:

BHemnss 000104Ka (29)

BAJICHTHOM, TIOKOSIIICHCSI, TOJIOW «TUTAaHETHDy (MU «3BE3BD))
B MHTEpBae [Ia, 1], co cpeaHel CUrHATypoit

Y{(+——-)+(-++4)}=(0000)

ds( ™7 = dsCo? = (128 2 — % —%(d6* + sin® 6 d¢?), (30)
ds{t™77% = sz = (1 + ”rﬂ) c2de? — ﬁ —r?(d6? + sin® 0 dp?), (31)
ds{H I = s = — (1482 c2ge2 4 W +72(d6? + sin? § dgp?), (32)
ds{ % = dsCO? = — (1428 2de? + OTT“) +7%(d6? + sin® 6 d¢?); (33)

HleabT
BAJICHTHOM, TTOKOSAIIEHCS, TOTOM «IUTAHETHD) (M «3BE3IBI»)
B untepsaie [0, o] co cpenneii curnarypoii (0 0 0 0)

+——)2 .
dss( 2 = c2dt? — dr? — r2(d6? + sin? @ d¢?), (34)
—++4)2 ,
dsCT? = — c2dt? 4 dr? + r2(d6? + sin? 0 d¢p?). (35)
rae
1 1
g1 = 3 (r4p1 + r4p3)' Tap2 =3 (7'4p2 + 7'4p4):
1 1
T4z = 3 (r4p5 + r4p7)' Tapa =3 (7'4p6 + 7'4p8)-
3 MeToasbl u3BjaeyeHust HHGOPMALIMU U3 COBOKYITHOCTE MeTPHK,
COCTABJISIIOIINX METPUKO-THHAMHYECKYI0 MO/Ieb
MeTobl U3BJICUCHUS YCPEIHCHHOW HH(OPMAIIMU U3 COBOKYITHOCTEH METPHK, BXOIAIIAX B COCTAB METPUKO - IMHAMHUYECKOM
Mozenu tumna (8) — (28) nim (29) — (36) ocHOBaHBI Ha MaTeMaTH4YeCcKoM ammapare AnreOpsl curHatyp [1,2,3,4] u moapobHo
M3JI0KEHBI B CTaThsIX [5,6,7,8]. [ MOHUMaHUS HIDKEH3JIOKEHHOTO HEOOXOAMMO CHavalla MO3HAKOMHUTHCS CO BCEMH STUMH
CTaThsIMU.

4 YcpenHenHas negopMaums BHelIHeil 000JI04KHU o0 «IUIAHETbD (MM «3Be3b1»)

Jledopmanum BHemIHEeH 000I0YKHY TOJION «IUIAHETH» (MITH «3BE3/1bI») OyAeM OINpEeAeNsTh 110 aHAIOTHH ¢ METOJUKOMH, Ipea-
noxeHHoit B §5.1 B [3], a Taxke B §§ 2.8.1-2.8.3 n 3.2.3 —3.2.4 B [5] u npumeneHHoit, Hanpumep, B 2.1.1 - 2.1.2 B [7].

Yepenaum metpuku (30) — (33)

dsipl; = 1 (ds¢®2 4+ dsOD2 4 452 4 dsCD?) = giDc2de? — g dr? —r2(d0? + sin® 0 dg?) (36)

1234—

e g(()g) =< ((1 _ Url) + (1 + Tt«ﬁ) _ (1 _ Mrﬁ) _ (1 + riﬂ)) — (T4E2+T4E3)_(r4E1+r4E4)'

4r

1 1 1 1
o =~ )
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[Ipennonoxum, 94To

1
Tap1 = Typz X Tap3 ® Typy U Typ = Z(r4E1 + Tugz + Tap1z + Taga)- (37)

ITpu 3TUX yCIOBUAX 3amuiieM pe3ynbTaThl yepenHeHus MeTpuk (30) u (31), a Takxe (32) u (33), Mo OTAETBHOCTH

2
ds$™ 7% = %(ds(’ra)2 + dstD2) = c2dt? — rzrrz dr? —r?df? — r?sin? 6 d¢?, (38)
“T4E
2
ds, % = %(dsH)2 + dsCD?) = —c2de? + - dr? +72d6 + 17 sin® 0 dp. (39)
“T4E

OTHOCHUTEIIBHOE yUINHEHUE BHEIHEH CTOPOHBI Ag7-Bakyyma (T.e. CYOKOHTa*) B OKPECTHOCTH sipa TOJION «IUTAaHETh (I
«3BE3]IbI») ompenessieTcs BoipakenueM (47) B [3]

(h===)_ (+==-)
S o L § (40)
iio

rae gl(:r___)— KOMITOHEHTBI METPUYECKOTO TEH30pa B CPETHEM MCKPUBJICHHOTO y4acTKa BHEIIHEH CTOPOHBI Ag7-BaKyyMa
(T.e. cybkoHTa);
=) _ KOMIOHEHTHI METPHYECKOT0 TEH30pa TOTO JKE yYacTKa BHEIIHEH CTOPOHBI Ag7-BaKyyma J0 UCKPUBIICHHS

(T.c. IpA OTCYTCTBUH €0 NCKPUBIICHHUS).

(+-
Yiio

*[Ipedcmagnenus o cybkonme u aHmucyoKoume (m.e. o GHewHell U 6HYMPeHHell CMOPOHAX Amn-6aKYYMa), a maKdce 0 CyOKOHmM-anmucyo-
KOHMHBIX moKax oviiu 6gedenvt 6 §4 6 [3], §2.5 6 [5], §1.1 6 [4]);

) )

. +-
U3 yCpeAHeHHOH MeTpukH (38), a KOMIIOHEHTEI gi(io

METpUKH s cyOKkoHTa (34), B pe3yJbTate B pe3yJibTaTe s KaKI0T0 JOKAJIbHOTO Y4acTKa BHELIHEH CTOPOHBI g 7-BaKyyMa
TIOJTY9UM

+_ V3
[Moacrasum B BeipaxxeHust (40) KOMIIOHEHTBHI gl-(l- U3 UCXOJIHOM

l£+___) = ﬂ = r* - 1, lé+___) = 01 l((l)+___) = 0. (41)

2_2
T Te=T4E

OTHOCHTEIBHOE YIJIMHEHUE BHYTPCHHEH CTOPOHBI Ag 7-BakyyMa (T.€. aHTHCYOKOHTA) B OKPECTHOCTH SApa FOJI0N «IUIAHEThI)
(MH «3BE3/BI») OIpeeNsieTCs] aHaJOTUYHBIM BBIpRXKEHUEM

(4 _ (—++4)
li(_+++) = |1+ % o _ 1 (42)

(=+++)
iio

rae gl(i_+++)— KOMITOHEHTBI METPHYECKOTO TEH30Pa B CPEAHEM MCKPHBJIEHHOTO Y4acTKa BHYTPEHHEH CTOPOHBI Ag7-BaKyyMa

(T.e. anTHCYOKOHTA);

—+++ o
gi(io ) KOMITOHEHTEI METPHUUYECKOTO TEH30pa TOTO )K€ yJacTKa BHYTPEHHEH CTOPOHBI Ag7-BaKyyMma JI0 HCKPUBIICHUS

(T.e. IpM OTCYTCTBUH €TI0 NUCKPUBIICHNUS).

IMoacraBuM B BbipakeHHs (42) KOMIIOHEHTBI g.(._ ) ()

i U3 ycpeaHeHHoH MeTpuku (39), a KOMIIOHEHTH g;;,
UL aHTUCYOKOHTa MeTpuki (35), B pe3ynbpTaTe A KaXJO0ro JOKaJIbHOTO Y4acTKa BHYTPEHHEH CTOPOHBI Ag7-BaKyyMa IIO-

Jy4UM

W3 UCXOJHOU
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-1, 1§ =0, ST =0 (43)

[*]

I'padukn pagnanbHO#l cOCTaBIAIONIEH OTHOCHUTENHEHOTO y)IJ'II/IHeHI/IH cy0-
—+++ Ar +++
koHTa (41) li( )=y aHTHCYOKOHTa (43) l( ) = 2 Bo BHewmeil Lt I 1
T
000J109Ke TOJIOHN «IIaHETHI» (WJIN «3BE3/bD» ), IPUBEICHBI Ha puc. 8. .
05 | / ‘ J
Takum 00pa3oM BO BHEIIHEW 000JIOUKE IOJIOH «ITAHETHI» (MM «3BE3/bD») N
UMEET MECTO KaK yCpEeJHEHHasl BBIYKJIOCTb, TaK M YCPEJHEHHasl BOTHY- ‘
TOCTBb. B cpeaHeM OHM NPaKTHYECKH OJHOCTHIO KOMICHCHPYIOT IPOsIBIIC-
HUA JpYyr Ipyra, MOTOMY B OKPECTHOCTH SIpa TOJIOM «IUIaHeThD» (MIIH
«3Be3B») As7-BaKyyM B CpEIHEM IUIOCKHHA (T.€. B cpeqHeM ero aedopma- 05 | \ | §
MU NPAKTHYECKH OTCYTCTBYIOT). DTO SKBUBAICHTHO B CPEAHEM INIOCKOMY 1 /
MPOCTPAHCTBY. I ( R

BBITYyKJIOCTh M BOTHYTOCTh COCYIIECTBYIOT (T.€. KaKk OBl 3allOJHSIOT APYT L5t . |
JIpyra), HO He aHHUTWIMPYIOT, 10 CIIeTYIOIUM IPUIHUHAM:

- BO-TICPBBIX, PAANYCHI CIIOEB PAKHU* «IUTAHETBIY (MITH «3Be3/1bD») (37) mosn-

HOCTBIO HE COBIAJAIOT, T.€. PaBHBI APYT IPYTY TOJBKO MPUOIIKEHHO Puc. 8. 'paduxn paananbHbIX COCTABISIONINX
("4p1 = Tyg2 = Tygs = Tygs), APYTHMU CIIOBAMH BBIMYKJIOCTh U BOTHYTOCTh omocmen(},_ Ii(lrf) yHHAIiHeHm:

HE COBCEM COBIAJIAIOT APYT C JPYroM; - cyOkonta (41) [; = (BepxHuit), n
- aHTUCYOKOHTa (43) l§_+++) = % (HYKHUIA)
*[lonamue "pakusa" Ovino 66edeno 6 4.11 6 [6], pakus — 3mo upe36bIYAHO CIOHCHO
UCKPUGIICHHAS U NepeniemeHHds 001acms Amn-6aKyyMd, OKpYuCaAowds sopo io-
6020 cmadbunbLHO20 chepuuecko2o Amn-6aKyymMHO20 00pa3oeanus (Hanpumep, A0pa

INEMEHMAPHOU «HACMUYBLY, OPA «NAAHEMbLY, 10PA «2ANAKMUKUY U m.0.), cmompume puc. 17 u 18 ¢ [5] u puc. 11 6 [7].

B OKPECTHOCTH S/Ipa TOJIOH «ILTAHEThDY
(MITH «3BE3/IBI»)

- BO-BTOPBIX, SIpa IIBETHBIX IJIAHETAPHBIX Py-«KBapKOB3» U Px-«aHTHKBapPKOB3», BXOAAIINX B COCTAB I'OJOH «IUIaHETHD) (MITH
«3BE3/IBI»), HAXOJATCS B TIOCTOSTHHOM Xa0THIECKOM IePEMEIICHUH (T.€. TEIUIOBOM JIBWKECHUH). [IpH 3TOM, Kak yxKe oTMeda-
70ck B §9 B [10], aHHUTHIISAINS COOTBETCTBYIOMHX Py-«KBapKOB3» U Py-«aHTHKBapKOB3» BO3MOXKHA TOJIEKO MPH MOJTHOM OCTa-
HOBKE TEIUIOBOTO JIBIKCHUS, T.€. IIPH TEMIIEPaTypaxX OMU3KHAX K aOCOIFOTHOMY HYITIO.

5 CyOKOHT-aHTHCYOKOHTHbIE TOKH BO BHEIIHEH 000J10YKe IroJ10i «IJIaHeThD (MU «3Be3bD»)

JIBH>KeHbs HET, CKa3asl My Iper OpaaaTblid.
Jlpyroit cMomual u cTaj npea HUM XOAUTh -
CunbHee ObI HE MOT OH BO3Pa3UTh ...

A. C. Ilywkun

[Tono6HO TOMY, KaKk MBI yKe Aenaiu, Hanpumep, B §2.2 B [7], 1t ynoOCTBa pacCMOTPEHUs BHYTPHU-BaKyyMHBIX ITPOLIECCOB

BelleM YCIIOBHBIC Ha3BaHWsI MOIEPEYHBIX CIOEB Ag7-BaKyyMa, METPHKO-ANHAMHYECKOE COCTOSHHE KOTOPBIX ONPEACNACTCS
merpukami (30) — (33):

2
ds(+———)2 = ds+®2 = ( T4El) c2de? — (1‘1%1) r2(d6? + sin? 0 dp?) a-CyOKOHT, (44)
2
dsz(+———)2 — ds+D2 — (1 ”EZ) c2dt? —ﬁ r2(d6? + sin? 6 d¢?) b-cy6xonT, (45)
ds{H2 = gstor = ( T4Es) c2dt? + (1 Tm) +12(d6? + sin? 0 d$p?)  C-aHTHCYOKOHT, (46)
dsi—+++)2 = dsC-D2 = ( ”E‘*) c2dt? + 7(1+ ey +7r2(d6?% + sin? 6 d¢p?)  d-anTucyOKOHT. (47)
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To ecTb, Kak yke oTMedasioch B §7 B [2], MBI YCIIOBHO NPECTABIISIEM METPUUECKOE ITPOCTPAHCTBO, OIMCHIBAEMOE, HaIpuMep,
Metpukoii ds*®? xak ynpyrommacTuueckyro cpefy (MIM Cy6CTaHIMOHAILHBIN KOHTHHYYM) M IPHCBAHBAEM € YCIOBHOE
Ha3BaHHUE a-CyOKOHT.

Ewe paz ommemum, nam ne uzsecmmuo, umo maxoe cyo6cmanHyuOHATbHbIIL KOHMUHYYM (CYOKOHM Uy anmucyOKonm), Ho npu-
bezaem Kk MemoOy aHAIO2UU CO CHIOWIHOU cpedol, obaaoaioujell ynpy2ocmoio U meKyiecmoio, 015 y0obCcmea Hauiezo 80c-
npusamus. Taxoil xce memoo ananocuu ¢ UOeanbHou HCUOKOCMbI0 Uchoavb3osan Maxceenn npu couunenuu «ITpaxmama o6
anexmpuyecmee u macnemusmey (1873). Ewe 6 doxnade «Peanvuvl 1w ananocuu ¢ npupooe?» (1856) Maxceenn notmancs
8bIPA3UMb NPEOCMABNEHUA O 6CEX ABNEHUAX, KAK O PA3IUUHBIX COCMOAHUAX U0eanbHol sxcuokocmu. 1100 ¢pusuyeckou anano-
eueti Makceenn noopasymesan cxo0cmeo 3aKOH08 08YX Kakux-Hubyo0b obaacmeil HayKu, 61a200aps KOMOPOMY 0OHA ANAEMCA
unnrocmpayuetl opyeou». B uacmnocmu, Makceenn onupanca Ha anano2uto mexcoy cuopoOUHAMUKOU UOeANbHOU HCUOKO-
CMbIO U dNeKMpoMacHemusmMom. B nociedcmeuu 06 3moii scudxocmu 3a0biau 36 HEHYHCHOCHBIO, MAK KAK NOIe8as KOHYeN-
Yust IMUCHUNA UOCATILHYIO HCUOKOCTb U3 MEXAHUYUIMA BOCHPUAUS, 8 CUTLY OOTbUel PAYUOHATLHOCTNU U IAKOHUYHOCTU.
Ho na mauanvrnom smane uenogeueckomy paccyoky mpebyemcs 3psay 06onee Ouwymumo20 OCHOBAHUSA, YeM CUL080e NOJTe.
Obvexmusuzayus UITI03UU — MO MO, € 4eM NOCMOAHHO NPUXOOUMCS CMATIKUSAMbCA NPU NOTHOU 2e0MemPU3aYUY HAUUX
npedcmasgnenuii 06 okpyscaioujeli pearbHocmu. Jmo HeusoexHCHo 8 CUny 0CoOeHHOCMU HAUe20 80CNPUAMUSL OKPYICaloujell
peanvrocmu. Kax ommeuanu muoeue punocoghvl, Hawe «s» GUOUM He OKPYICAIOWYVIO PeATbHOCHb HENOCPEOCBERHO, d U300-
paoicenue dmoll pearbHOCMU 8 Haulem cosHanuu. Jlpyeue gunocogul Hebe30cH08amenbHo Cuumalom, 4mo y nac 600owe Hem
HUKAKUX HENOCPeOCTNBEHHBIX 803MOICHOCHIEN OOKA3AMb PEAbHOCHb MO20, YO Mbl HA3bI6AEM PealbHOCMbIO.

HarmoMHHIM HEKOTOpbIe OCHOBHBIE TIOJOKEHUS «I'€OMETPU3NPOBAHHON (HM3MKH BaKyyMa, OCHOBaHHON Ha AJreOpe cHTHa-
Typ», ((OB&AC) m3noxennsie B [1,2,3,4,5].

Mertpuku (30) — (33) (unu (44) — (47)) ABIAIOTCS PE3YNILTATOM PELICHUS OJJHOTO M TOTO JK€ BAKyyMHOTO ypaBHEHUs DifH-
wireitHa (42) B [5] Ry, = 0, ¥ OonmChIBAIOT METPUKO-ANHAMUYECKOE COCTOSHUE OJIHOM U TOM e obnactu Ag7-Bakyyma. To
€CTh 9TH METPUKHU OTHOCSTCS K UCCIIEAYeMOH 00MacTh Ag 7-BaKyyMa ¢ paBHOU BEpOATHOCTEIO. [103TOMY B paMKax pa3BuBae-
Mmoii 31eck [®B&AC [1,2,3,4,5] cienaHo mpennoioKeHne, 9TO COCTOSHIE BHENTHEH 000JI0YKH TOJI0H «IJTAHETBD) OIpe/e-
JSIETCSI PEe3yJIbTATOM ycepeaHeHus: metpuk (44) — (47)

ds@)? = %(ds(”)2 +ds(t0)2 4 gs2 4 gs=012), (48)

Beipaxkenue (42), ¢ 0HOH CTOPOHBI, HOCHT BEPOSITHOCTHBIN XapakTep. ITO FTOBOPHUT O TOM, YTO OHO OIUCHIBAET yCPEIHEHHOE
COCTOSTHHE CJIOXKHO TepesuBatolieiics (T.e. HoBceMeCTHO (GIIyKTyHpylolleit) o6aacTu As7-Bakyyma.

C npyro# cTopoHsl, MeTpuKka (42) siBisiercss KBaapaTu4Hoit Gpopmoii (koTopast HaomuHaeT Teopemy [udaropa). Ito o3Ha-
4aeT, YTo dJeMeHTapHble 4-0Te3ku reojesuueckux unuii dst®, dst?, dst®, ds), psaumuO mepnenmuKyIApHBI APYT TIO
OTHOIIIEHHIO K Apyry (cmoTpute §4 B [3] u Beenenue B [3])

dsto | dstb) | dsto | gsth), (49)

ITpu 3TOM ycpenHeHHas kBaapatuuHas ¢opma (42) MoxeT ObITh NPE/ICTABICHA B BUJIE NMPOM3BEICHUS BYX KOMILUIEKCHO-
COTPSUKEHHBIX KBaTepHHOHOB (cMoTpuTe §10 B [2])

ds(@) = 2 (ds™® + ids™D) + jdsCD + kdsD), (50)
(ab)+ — 1 (+a) _ jdc(+b) _ jgc(-a) _ (=b)
ds = (ds ids jds kds (D). (51)

B pamkax T'®B&AC [1,2.3.4.5] 910 uHTeprpeTHpyeTcs Kak TeperieTenne reoaesudeckux muauit s¢¥, stb) s st g
4-HuTeBBIe cITUpaiH (T. €. B 4-)KTyThI) MK B JIBE IBOMHBIX CIIMPAJH, WIH B APYyTHE Oojiee CIIOKHBIE Y3JI0BbIe KOHPHUTypaun
(cmotpuTe puc. 9).
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Puc. 9. MiutrocTparuy NepervieTeHust Te0Ae3MIECKUX JIMHUIT B KTYTHI BOKPYT BCEX PAAMAIbHBIX HAIPABICHUI
B OKPECTHOCTH SIIpa TOJION «IITAHETHD (WIIH «3BE3BD»)

Eme onna ocuoBononaratomast runoreda [ ®B&AC [1,2,3,4,5] cBs3aHa ¢ OOJBIIMM OTIMYHEM OT HHTEPIPETAIUH HYJIEBBIX
KOMITOHEHT MeTpudeckoro TeHzopa B OTO Diinmreiina. B pamkax I'®B&AC HyneBble KOMIOHEHTHI METPUYECKOTO TEH30PA
oo Kaxmoi u3 4-metpuk, B yactHoct (44) — (47), cBsi3aHBI HE C M3MEHEHHEM TEMIIa TEUCHHS JOKAIbHOTO BpeMeHH (00
3(eMepHOCTH KOTOPOTO FOBOPHIIOCH BO BBeneHNN), a ¢ TOKAILHON CKOPOCTBIO JIBIDKCHHS CyOCTaHIIMOHAIBHOTO KOHTHHY-
yMa (a-cyOkoHTa, b-cyOKoHTa, a-aHTHCYOKOHTa, WK b-anTrCcyOKOHTA).

Ha nepeviii 632150 a¢pemeprocms ncesdo-cped cyOKOHmMa u aHmucyOKoHma Hudem He ayduie dPemepHoCmu T0KAIbHO20 8pe-
Mmenu Dunwmetina. QOOHaxo 8 pside 3a0ay 3HaAYUMeNbHO YOOOHee CUUMAmyp, Ymo 8pemMs NOBCEMEeCHO meyem NPAMOIUHENHO
U pagHomepHo (m.e. no6ciody umeem mecmo epems Hviomona, u omcymcmeyem npobiema CUNXPOHUZAYUU H4ACOB), HO NpU
9MOM CKOPOCMb MedeHus: 8 0e)OPMUPOBAHHOU NCeBA0-cpede 6e30e PA3HASL.

OBpHUCTHYECKAs CBA3b MEXIY KOMIIOHEHTAMH METPHUECKOTO TEH30Pa Joo U CKOPOCTHIO ABHKECHHUS CYOKOHMA W AHMUC)6-

KOHMA YCTAaHABIMBACTCS HA OCHOBAHHM COIIOCTABJICHHS HYJIEBBIX KOMIIOHEHT METpHK Buja (44) — (47) ¢ kuHeMaTHyecKon
Mmetpukoii Buza (96) B [3] B chepuueckux koopauHaTax

2
ds™? = (1 - :—;) c?dt? 4+ 2v.drcdt — dr? — r?(d6? + sin®? 0 d¢?) ¢ curnarypoi (+ — — —), (52)

ds(_)z

2
- (1 - Z—;) c?dt? — 2v,.drcdt + dr? + r?(d6? + sin® 6 d¢p?) c curnaTypoit (— + + +), (53)
[JIe Uy — CKOPOCTh MEPEMEILEHHS i-T0 CyOCTAHIMOHAIBHOTO KOHTUHYYMA B PaIMaibHOM HAIIPABIECHHH.

Hamnpumep, npu CpaBHEHHUH HYJIEBBIX KOMIIOHEHT g, METPHUIECKHUX TEH30pOB U3 MeTpHk (44) u (52) momydaercs 3BpHCTH-
4eCKOE TOXKIECTBO
2

T4E1 v,
1 DB g 7

T4E1 _ VP
- 2 WM == — (54)

c2’

B 3TOM ciy4ae METPHUKY (44) MOYKHO TPEICTABUTD B BUJIE

(+a)2 va\ 2.2 ar? 2 2 ) 2
ds = (1 - c_2) cAdt” — (T —r%(dO* + sin“ 60 d¢p*) - miga-cyOKoHrTa, (55)
1—%
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IJIe KOMIIOHEHTHI BEKTOPa CKOPOCTH a-CyOKOHTa BO BHEIIHEH 000I09Ke TOJI0H «IIITaHEThD»

Vpg = ’CZTT—‘“h, Voa =0, Vpg =0. (56)

CKOpOCTh CYyOCTaHIIMOHAIBHOTO KOHTHHYYMa (CyOKoHTa) ¢ KomroneHtamu (56) orpaxaeT o0iee CBOHCTBO Am-BakyyMma.
He 3aBHCHMO OT TOTO, 1; = Typ; — 9TO PAAUYC AAPA TOJION KIUIAHETHD», WA PAIHNYC AApa «3IeKTpoHay (i = rs, cMoTpuTe §2.2
B [7]), win pamuyc siapa Tonoi «rajgaktukm» (Fi = f3) ¥ T.1., — BeIpaxkerus tuna (56) ocratoTcs HEM3MEHHBIM. MeHseTcs
TOJIKO BEJIMYMHA TOPIOBUH CHEPHUECKUX SAEP PA3THUHOTO JHAMETPA.

CortocTaBiisisi HyJieBble KOMITOHEHTHI U3 MeTpHK (44) u (45) ¢ HyneBoit KoMmoHeHTOH U3 Metpukn (52), a Takke HyJIeBbIe
KOMIIOHEHTHI U3 MeTPHK (46) u (47) ¢ HyneBoi KOMITOHEHTOM 13 MeTpHKH (53), MOTyYNM KOMITOHEHTHI BEKTOPOB CKOPOCTH

2 2 2
T V. T 1% cerT,
1-— 4751 =1-3 nm 4:71 = 7', IPUOITOM Uy = :El, Vga =0, Vo =0 s a-cybkonTa (57)
T4E2 Vzb T4E2 V;%b . 214
1+ ——=1--7 WM — = =0 IpHITOM iV, = » Vgp =0, vy, =0 n1a b-cyOkonra (58)

-
T4E3 via T4E3 _ Via c2r4p3
—1+===-1+73 wm —=="3%, IpUOTOM Vpp = —— Vg =0, vy =0 ama C-anrucyGkoHTa (59)

2 r c2

T vZ T vZ , c?r
—1 D= g +5 mm — =5 = T npu oToM —jv,g = / 22, vgq =0, Vg =0 ans d-antucy6ronra  (60)

r c2’

rae j = V—1— MHUMas eIMHHIA, HO OHA NEPIEHIMKY/IIPHA 110 OTHOIIEHHIO K MHMMOM €IMHHMIIE i, T.€. HX CKAIAPHOE IPO-
u3BeseHue pasHo HyJro (i) = 0.

DTO0 03HAYaeT, YTO MPH YIPOIICHHOM JIBYXCTOPOHHEM paccMoTpeHuu (cmotpute §5 B [3]), Bo BHeliHeil 0007104Ke TOM0M
«ITaHEeTHD» (WM «3BE3JbD») B KAXKJIOM pajMaJbHOM HaIllpaBIEHHH MMEIOT MECTO YeThIpe CyOKOHT-aHTHCYOKOHTHBIX TOKA,
nepes€TaHHbIX B paJHalibHbIC 4-KI'YTHI (T.€. 4-TpaHHbIC CIIUPANTH, HAMOTAHHBIC Ha BCe paanaibHble HanpaBienus) (puc. 10).

|
2

Puc. 10. Mmroctpanust 4-rpaHHBIX pagualbHBIX CIUpaliel (4-)KTyTOB) 0 KOTOPBIM IPUTEKAIOT
U OTEKaIOT CyOKOHT-aHTHCYOKOHTHBIE TOKH K/OT sSipa TOJIOH «IUIaHeThD» (MIIH «3BE37bD»)

Ipu 5TOM TOKH @-CyOKOHTa MPUTEKAIOT W3 KOCMOCA TI0 BCEM IIEPBBIM IPaHsIM paJHaibHBIX crupaieit (puc. 9, puc. 10) k
NIepBOMY CHEPUIECKOMY CIIOI0 PAKUH C PATHYCOM T4g1, OKPYKAIOWIETO SIPO TOJIOH «IUIAHETH (WM «3Be3abl»). Tam oHM
Pa3BOPAYMBAIOTCS U OTTEKAIOT OT BTOPOTo C(HEPUUECKOTO CIIOSI PAKHUHU «IUIAHETBD C PayCOM Tyg; B KOCMOC B BHJE TOKOB
b-cyOKkoHTa O BceM BTOPBIM IpaHsAM paJfaibHbIX CIUpaANei. AHATOTMYHO TOKH C-aHTUCYOKOHTA MPUTEKAIOT U3 KOCMOCa 110
BCEM TPETBUM TpAHIM pPaIUAIBHBIX CIHpajied K TpeTbeMy C(hEepHdecKOMy CIIOI0 PAaKHU C PaJnyCoOM Tupz . laM OHH
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Pa3BOPAYMBAIOTCS U OTTEKAIOT OT YETBEPTOTO C(HEPHUUECKOTO CII0S PAKUH «IUTAHETHD) C PAIIYCOM T4k, B KOCMOC B BHJE TOKOB
d-aHTHCYOKOHTA IO BCEM YETBEPTHIM IPAHSIM PAJHATbHBIX CITHPAJICH.

Awnanoruyno (73) — (74) B [7], kaxplit TAKOW paguanbHbIiA 4-KTYT MOXKHO OIMUCATh YCPEAHEHHBIM KBATCPHHOHOM

bcd 1 , .
vﬁa = Z(Ura t g + Vg + kvra)- (61)

CornacHo 3BpHCTHYECKUM BIpakeHusM (57) — (60) B paifoHe pakuu, OKPYKAFOIIEH PO TOION «IUTAHETBD (MITH «3BE3IIb»),
(T.e. IpU T = Tyg) CKOPOCTU CYOKOHT-aHTUCYOKOHTHBIX TOKOB Vyq, Vyp Vy¢, Vyq OTN3KH K CKOPOCTH cBeTa ¢. OJIHAKO B CUITY
TOT0, YTO 3TH CYOKOHT-aHTHCYOKOHTHBIX TOKH ABUTAIOTCSI HABCTPEUY APYT APYTY, OHU IIPAKTUYSCKU MTOTHOCTHI0 KOMIICHCH-
PYIOT IIPOSIBICHUS APYT Apyra. [l03ToMy B paiioHe siapa rojoi «IIaHeTsD (WK «3BE3/Ib») MOIIHOTO CYyOKOHT-aHTHCYOKOHT-
HOTO CTOKAa WJIM OTTOKa He Habmomaerca. OIHAKO M3-32 TOTO, YTO PAAUYCHI PA3JIMYHBIX CJIOCB PAKHU Vg1, Tag2, Tag3: Taga,
HECKOJIBKO OTIMYAIOTCSA OPYT OT APYTa (T.€.Tupq > Tygz > Tygz > Taga), B OKPECTHOCTH Spa IUIAHETHDY (MIIHM «3BE3IBI»)
HMMEET MECTO OCTATOYHOE PaJHaIbHOE CTeUEeHHE Ag 7-BaKyyMa K APy «IUTAHEThD (MM «3BE3[IbI») C YCPETHEHHOH CKOPOCThIO

(abed)| _ |1, o 2 2 2N _ € |T4E1—TaE2+T4E3—T4Es _ ¢ |(T4E1+T4E3)—(T4E2+T4E4) _ ¢ |T4E13—T4E24
[v: ] = |5 W+ viy + v +viy) =+ . = - == [PEE (62)

1 1
TAC T4p13 =3 (Tap1 + Tag3)y  Tagaa = 2 (Tag2 + T4ga), (63)

|v,(ab6d)| — MOJIyJIb KBaTepHHOHa (62), 31ech yuTeHbl Bhipaskenus 1s v, (57) — (60).

W3 Beipaskenus (62) ciemyert, uTo eciid Obl paJnyChl Pa3IndHbIX ChepHIECKUX 000I0YEK

PaKUH OKPYKAIOIIUX SAPO TOJION «IUTAHEThDy (MK «3BE3/bD»), OBLIM OJMHAKOBBIMU (T. o sl
— — — (abcd)

€. In1=Trn2= I3 = lhs), TO YCPEAHEHHAS CKOPOCTh Ag7-BaKYYMHOT'O CTOKA v, OKa3a- :

nach OBl paBHOW HYJIO. B 3TOM citydae HUKaKOro yCpeIHEHHOTO CTEYCHUS Ag7-BaKyyMa SN /

K SIIPY TOJIOH «IUTaHEeThD» (ITH «3BE3JIbD») He ObLI0 Obl. ClieoBaTeIbHO, HE OBIIIO OBl U /

YBIICUEHHST BCEX MEJKHUX «KOPIYCKYJ» U COCTOSIIMX U3 HHUX Tell K SIPY ToJoi «Iuia-
HETBD» (MU «3BE3IBD»).

Takum 06pa3oM, MEXaHU3M IUTAaHETAPHOW» (WIIN «3BE3HOI) TpaBUTAIIMH 00YCIIOBIECH
TEM, YTO MPUTCKAIOUMINE U OTTCKAIOIUEC Cy6KOHT-aHTI/ICy6KOHTHBIe TOKHU HC TOJIBKO
CBEPHYTHI B 4-KTyThI BOKPYT BCEX PaJMAIBHBIX HANPABICHUN, HO M 3TH CIIUPAIIH MPO-
CTPaHCTBEHHO-(a30BO CIIBUHYTHI OTHOCUTEIILHO JPYT pyra Ha Pa3HUILy PaJiycoB 000-
JIOUEK PAKUU AT = Typi3 — Tupa4 (puc. 11a).

[pu 3ToM pemaercst mpobiaema Mojenu rpaBuTanuu bepaxapna Pumana, ynmomsHyTas
Bo Benenun. B paccMaTpuBaemoii MoJienl He HYXKHO OOBICHATH Kyia coOupaeTcs cyo-
CTaHIMs, TOCTOSIHHO MPHUTEKAoMIast K SApy IUaHeTH. B cpeqHeM, CKobko a-cyOKoHTa
U C-aHTHCYOKOHTa IPUTEKAET CO BCEX CTOPOH IO CITUPAISIM K CBOUM c(hepHIecKuM 000-
JIOYKAM paKkHu, CTOJILKO ke b-cyOkoHTa u d-aHTHCYOKOHTA OTTEKAET BO BCE CTOPOHBI MO
00paTHBIM CIAPATIAM OT CBOUX CQEepHUecKnX O0O0O0JIOUEeK pPaKUHM «IUIAHETB (WIN
«3BE31IBI»).

30ecv ymecmuo ynomanyms 00un paxm uz sabasnou mamemamuxu. Ecau onuny okpyorc-
Hocmu ¢ paduycom ¥ yeeauuums Ha eOUHUYY, MO MOJICHO 3ANUCAMb CedVIoujee PageH-
cmeo 2mry = 2nr + 1, (20e 1y — paduyc boavwieli okpysicnocmu, puc. 116).

0)

1 Puc. 11. Mmmroctpauus npocTpas-
Omgxyda credyem Ar =1, —r = P 0,16. Dmom pesynvmam ne 3agucum om paouyca CTBEHHO-()a30BOTO CBUTa BCTPEH-
s

(unu Onumvl) ucxoouou oxkpyscnocmu Y. Hanpumep, eciu x Oaune sxeamopa 3emau HBIX CIIMpaleii OTHOCUTENLHO APYT
2nr, = 40 000 000 m npubasumv I m, mo eenuuuna wenu mexcoy 06ymsa oxkpyxcro- — “PYTa
cmamu Ar =1 — 1, = 16 cM.
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6 YckopeHne CyOKOHT-aHTHCYOKOHTHBIX TOKOB BO BHEIlIHeill 000/104Ke roJ10ii «IJIaHeThD (MU «3Be3IbD»)

KoMIOHEHTHI BEKTOpa YCKOPEHUS CYOKOHMHBIX U aHMUCYOKOHMHBIX TOKOB BO BHEIIIHEIl 000104Ke IOl MOKosIeHcs «I11a-
HEThI» (WITH «3Be3/bl») 3a1at0Tcs BeipaxkeHneM Buna (116) B [4] wiu (54) B [7]

(k)

din
k) _ __ c? Yoo
U = —T——""m (64)
1-7k
c

roe k=+a,+b,—c,—d; n=r,0,¢.

BhInHIIEM HyJIeBbIE KOMIIOHEHTBI METPUYECKOTO TEH30pa U3 METPHK (44) — (47)
b - da
gn”=(1-22) g7 =(1+22) g5”=-(1-28) g5”=-(1+22). (65)

[MoacraBuM JaHHBIC HyJIEBbIE KOMIIOHEHTHI B BhipaxeHust (64). B pesyibrare ¢ yuerom cootHotnenuit (57) — (60), momyqnm
CJIeYIOIIEe KOMIIOHEHTHI BEKTOPa YCKOPEHHS JBYX CYOKOHMHbIX Y ABYX AHMUCYOKOHMHbIX TOKOB BO BHELIHEH 000JI09Ke
TIOKOSIIEHCS TOJION «IUTAaHEThD» (MIIH «3BE3/IBI»):
— KOMIIOHEHTHI BEKTOPa YCKOPEHUS a-CyOKOHTa

2 o |(1-T2ED)

2 -_
a£+a) - _ c - __ c T4ET1E , a(—a) =0, agb a) _ 0, (66)
2 * 2 _14E1
1 e 2r J(1 E1)
SN EYCY:) N ( _ _”El)i.
rae ars ar 1 r Jor’

— KOMITOHEHTBI BEKTOpa YCKOpeHust b-cyOkoHTa

2 dln (1+ r“%)

2
£+b) - _ c . _ c r4Er2 —, aé+b) =0, a((;b) =0, (67)
2 * 2 TaE2
1+rt% 2r J(1+ E2)
9 _ 11(+b)i_( Tﬂ)i.
e 5==39 ar 1+ r Jor’

— KOMITOHEHTHI BEKTOPA YCKOPEHUS c-aHTHCYOKOHTa

dln |— 1——T4E3) .2
-0 c? ( r ic%r - -
a'g Y=- 2 or= - 2 41:;253 ’ aé 9 = 0: ad) 9 = O; (68)
1_% 2r J(1— E3)
0 _ 11(-00 9 _ _( _T4E3)i_
e 5==39 ar 1 r Jor’

— KOMITOHEHTBI BEKTOPa YCKOpeHust d-aHTHCYOKOHTA

T4E4
O = _ c? ‘“"\]‘(“T) _ __Jc?raps G+d) _ a&d =g (69)

a
T 2 orx 2 T4Es\’ 6 ¢
<1+%) 2r (1+ T )
9 11(-d) 9 ( T4E4) 9
T, — = —=—(14+==)—.
Ae or+ ar + r Jor

Yckopenus a-cyokonTa (66) u b-cybkonra (67), a Takke yckopenus c-antucyokonra (68) u d-antucyOkonTa (69) Hamnpas-
JICHBI HABCTPEYY JAPYT Apyry. B MecTe ¢ TeM, OHU 00pa3yIoT JBe MeperieTeHHbIe BCTPEUHbIE U MPOCTPAHCTBEHHO-(ha30BbIe
C/IBUHYTBIE CIIHPAIIH
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o[- o)

_ 2 2
(ad) _ a£+a) + ia£ O_ _ CT4EL i CT4E3 (70)

(be) _ (+b) _ . (~d)_ __ c’Tap . Praps
a, =a — jay = +j (71)
" " " 2r2\/(1+ Takz) 21‘2\/(1+T4E4)

Awnanoruyno (79) u (80) B [7], yckopeHue 4-KryTa, HAMOTAHHOTO Ha KXKI0€ paJHalbHOE HAPABJICHHE B OKPECTHOCTH sIpa
TOJION «IUIAHEThD» (HJIH «3BE3/Ib») 3a1aeTCsl yCPEAHCHHBIM KBATEPHUOHOM C CTHTHATYpOil {— + — +}

(72)
(abed) _ 1/ (+a) , ; (+b) , ; (0 (-d) 1 24y . CPram . C*rups c*raEa
a =—(a; " +ia, " +ja, 7 +ka == - +1i —J +k
r 4( T r " ) 4 2r2\/(1-r4%) zrz\/(1+r4%) ZrZJ(l—”%) 2r2\/(1+4—E4)
IR
a(abcd) _1 c? __ TaE1 +i T4E2 _ :_ T4E3 +k T4E4 ) (73)

R W = A = B G N =

MOZ[yJ'IL 9TOI'0 KBATCPHHUOHA

bed 2 b)2 2 d)2 - Z y
al] = L@l 4 al? 4000 400 = & | Ly Ty e g T (74)
T T T T

[Ipu GoNBIIOM YAAJICHUH OT s/pa roJION «IUTAHEThI (MJIH «3BE3/bI»), T. €. B CIIy4ae, KOraa Fag1, Fag2, F4g3, Faea << I, BbIpaxKe-
uue (74) mpuHUMAET YIPOIIEHHBIN BU/T

| (abcd)| _ CzJ(TZE2+TZE4)_(TALZE1+TZE3) _ Cz\/TEEZZAI_TzLZZlS (75)
- 8r2 - 2r2 !
2 _ 1,2 2 2 _ 1,2 2

TAC  Tizaa = 7o (rig2 + Tiga)- M Tizi3 = Te (rig1 + Tig3)- (76)

W3 3akona BcemupHoro TsaroteHus (1) u Broporo 3akona Hetotona F = mg (rae g - yckopeHre CBOOOIHOTO MajIeHHs ) CIeTyeT
GM
gz o ()

r2
Cpasuum yckopenue (76) ¢ yckoperuem (77),

2 (.2 2 2 2 2 |2 2
eamM € J(T4E2+r4E4)_(T4E1+r4E3) 4 \/r4zz4_r4z13

g=—= = , (78)

8r2 2r2

B pE3YyJbTATC MOJYYHUM IBPUCTHUCCKOC TOXKICCTBO

26M.
2 _ 2 D
Tiz1234 = Tiz2a — 7'4213 = ( 2 ) . (79)

Hanpumep, ecitu Macca mianetsl 3emis Mp = Me = 5,97-10%* kr, Toraa cornacHo (79) s Haleif miaHeTsl

-11 24
3 37— . 2GMg _ 2:667-10711.5,97.10%* 3
Tag1234 = Vlaz24 “Vaz13 = —5 & (2,99-10°)2 ~89-107"m = 0,9 cm. (80)

IIpu 5ToM, eciIi HALIX OPEATIOI0KEHU BEPHBI, To Yy 38316l Comnie ¢ Maccoii Mp = Mg = 1,99-10% kr

26M
Tas123a = VTizza — Tig1s = =5~ ~ 2,97 - 10°M = 3 km. (81)
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Takxum 00pa3om, B paMKax ImpeiaraeMoi 31eCh TEOPHUH, MaJIBIH 110 TIIaHe-
TapHBIM MEpKaM MPOCTPaHCTBEHHO-(a30BbIi CABUT MEKIY BCTPEYHBIMH
crimpansamu (puc. 11.), HAMOTaHHBIMK Ha BCE PaHalbHbIC HAIPABICHHS B
OKPECTHOCTH sIIpa TOJION «IIAHETh (MK «3BE3bD»), IPUBOIUT K YCPE-
HEHHOMY OTHOCHTENIBHO CJa0OMy CTOKY IeperjIeTeHHOW CyOKOHT-aH-
THUCYOKOHTHO# TKaHH (T.e. TKaHH Ag7-Bakyyma, puc. 9, 10 u 12) k ueHrtpy
3TOT0 CTaOMIIBHOTO cheprueckoro Ag7-BaKyyMHOTO OOpa3oBaHusI.

[Ipenmnonaraercs, 4TO UMEIOTCS CUIIbHBIE TOKH a-CyOKOHTa M c-aHTUCYO-
KOHTa, KOTOpBIC MPHUTEKAIOT [0 CHHPAJSM C OOJIBIIUMH CKOPOCTSAMH H
YCKOPEHHSAMH CO BCEX paliaIbHBIX HAPABJICHUH K SAPY TOIOH «IIIAHETHDY
(MM «3BE3IBI»), U IMEIOTCS Ba TOKa h-cyOkoHTa u d-aHTHCYOKOHTa, KO-
TOPBIE OTTEKAIOT 10 BCTPEYHBIM CIIUPAIIAM C TAKUMH XKe OOIbIINMHE (TOU-
HEe C HECKOJBKO MEHBUIMMH H3-3a NPOCTPAHCTBEHHO-()a30BBIA cHBUTA)
CKOPOCTSIMH 1 YCKOPEHHUSIMH CO BCEX PaJHalIbHBIC HAIPABICHUS OT sApa : : :

TOJION «IIAaHEThD (MM «3BE3[b»). DTa Manas pa3HULA MEXIy CUIbHBIMU Puc. 12. Mnmoctpanust epeIuieTeHHoOH
MPUTEKAIOIIUMH U OTTEKAIOUIMMHU TOKaMH CyOKOHTa M aHTHCYOKOHTa U CyOKOHT-aHTHCYOKOHTHOM TKaHH

€CTb, 110 HallleMy MHEHHIO, ITpUYMHA cIaboro s¢dexra CTeYeHUs: TKaH!

Ag,7-BaKyyMa K sIIPY TOJIOH «IUTAaHEThDy (MITH «3BE3/Ib1»). DTO cllaboe YCKOPCHHOE CTeUCHUE CyOKOHT-aHTHCYOKOHTHOM TKaHH
yBIIEKaeT Bce MEJIKKE (110 CPAaBHEHUIO C IUIAHETOM» MM «3BE3J0M») cTabMIbHbIE cheprdeckue Amn-BakyyMHbIE 00pa3oBa-

HUS (IIHKO- , HAHO-, MUKPO- ¥ MHHH- «KOPITYCKYJIbD») U SIBISIETCS IPUYMHON MEX-«IUTaHETHOIN» M MEX-«3BE3AHOI» rpaBUTa-
LUU.

7 BakyyMHBIii 6aj1aHC. «3Be3THO»-«ILUIAHETAPHOE» B3aUMo/ieiicTBIe

B npenpiayniem maparpade Obuia BEIIBHHYTa THIOTE3a, YTO NPUYMHON IUIAHETAPHOW IPaBUTALUH SBJISCTCS OTHOCHUTEIBHO
cinaboe yCKOPEHHOE CTeYCHUE CyOKOHT-aHTHCYOKOHTHOW TKaHU (WK TKaHU Ag7-BaKkyyma, cMotpute puc. 12 B [17]) k simpy
TOJION «IUTAaHEeThDy (WM «3Be3b»). Ha mepBbIid B3rIsig 3Ta TUIIOTE3a HAYEM HE OTJIM4YaeTcs oT uaeu bepHxapaa Pumana o

CTEYCHMH HEeKOil cyOcTaHIMK, KoTopas usnoxeHa B [17] u ynomsinyTa Bo Beenenun. To ects octaercs Bompoc: - Kyna mo-
MEIAeTCsl OTPOMHOE KOJIMYECTBO CTEKArONed CyOKOHT-aHTHCYOKOHTHOM TKaHN?

Jlng oTBeTa Ha 3TOT BOIPOC PACCMOTPHM CIICAYIOIIYIO YIIPOIIEHHYIO MOJIEINb B3aUMOJICHCTBUS TOJION «U1aHeTsI-1» (B gact-
HOCTH, 3eMJ'I5[) H TOJION «3BC3bI» COJ'IHHC. HpI/I 9TOM CUYHMTAEM, YTO MECKIAY BCEMHU OCTAJIBHBIMU T'OJIBIMU «IIJIaHETAMW» U
roJioi «3Be3noi» CONHEYHOM CHCTEMBI TPOTEKAIOT aHAJIOTHYHBIE TIpoueccsl (puc. 7,10, 13).

«llnameran2

B N
... «3Besmay / ‘
/
(s S (
-~ . N

——-—

-
)
)
@ P
+)

L=
«Imaperanl - 45

Puc. 13. Mnmoctpanust oOMeHa «IUTAHET» U «3BE3bD» CyOKOHT-aHTHCYOKOHTHBIMH TOKAMHM, TEKYIIUMH MO Pa3HbIM
CTOpOHAaM 4-rpaHHOM CIMpalii, HAMOTAHHOM Ha BCE paiualibHbIC HANIPABIICHUS, OTXOAAIINE OT UX sJep
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Brlme ObUTO MOKa3aHO, OT SApa TOJIOH «IUIAHETHI» (B YaCTHOCTH, «ILIA-
HeTHI-1» 3eMJIs) o ABOMHBIM CIIMpajsiM, HAMOTAHHEIM Ha BCE PaIuallb-
Hble HAlpaBJICHUS, 3aMeUIsAch (T.e. HAKpy4dHBasCh Ha paJHallbHOE
HalpaBJIeHHEe C MEHbIIEH MHTEHCHBHOCTBIO M OOJIBIIMM IIAaroM CIIU-
paiu, puc. 13) orekaroT Toku b-cyOkoHTa 1 d-aHTHCYOKOHTA.

[lanee, mo Mepe ynajueHus OT s,/ipa TOJIOH «IIaHEeThI-1» 1 npHOIKeHHs
K SIIPY TOJIOHM «3Be3/bI» (MM APYTOU IUTaHEThI-2)») TOKH b-cyOKoHTa 1
d-aHTHCYOKOHTA YCKOPSIIOTCS (T.e. HAKPYYHMBAIOTCSA Ha PaIHAIbHOE
HarpasJeHUe ¢ OOJIbIIEH HHTEHCUBHOCTHIO U YMEHBLIAIOMIMMCSI IIArOM
criupainu puc.13). 3aTeM B pailoHe pakuu roioil «3Be3apy (WK Apyroit
«IUTaHETBI-2») 3TU TOKH YYacTBYIOT B CJIOXKHOM TYpOYJIEHTHOM TpO-
necce (puc. 14 u puc. 17 B [5]), pa3BopaunBaThCsi Ha JPYTHe CTOPOHBI
TOM ke 4-rpanHol crimpanu (puc. 15) u ¢ 3amaszasiBanuem (puc. 11) u
MOCTCIICHHBIM 3aMEAJICHHEM 3aKpy4YHBaHHUS OTTEKAIOT OT sApa TOJOMH
«3Be37bl» (WIH IPYToil «IIaHeThI-2») B BUJIC TOKOB a-CyOKOHTA U Cc-aH-
THCYOKOHTa, 00pPaTHO K APy UCXOAHOM ToJI0H «uaHeTsl-1» (puc. 13).

[anee, mo Mepe yaajeHus OT siApa rojiof «3Be3AbD (MIIN «IUIAHETHI-2))
Y IPUOJIMIKEHHH K Py UCXOTHOI TOJI0H «IU1aHeThI- 1» TOKU a-CyOKoHTa
U C-aHTUCYOKOHTa YCKOPSIOTCS (T.e. HaKpy4MBAIOTCS Ha PaHalibHOE
HarpasJeHUe ¢ OOJIbIIEI MTHTEHCUBHOCTHIO U YMEHBUIAIOMIMMCSI IIArOM
criupanu). 3aTeM B palloOHe paKUM TOJION «IUIaHEeThI-1» 3TH TOKHM ydacT-
BYIOT B CJIO)KHOM TypOyJICHTHOM TIPOIIEcCe, pa3BOPAUNBATHCS HA IPYTHE

W i &, i

- Wnroctpanyii  CJI0KHBIX  TYpOYJICHTHBIX
MPOIIECCOB, B KOTOPHIX YYacTBYIOT CyOKOHT-aH-
TUCYOKOHTHBIC TOKH B paifOHE PaKHUH, OKPYKAIOIIHX
SITPO «3BE37bD» (MIN «IUIAHETHD)

CTOPOHBI TOH ke 4-TpaHHoi crimpanu (puc. 14 u 15), u ¢ 3anazgeiBanueM (puc. 11) U MoCTENIEHHBIM 3aMeUICHIEM 3aKpydH-
BaHUS 3TOM CIIUPAIH OTTEKAIOT OT sApa IOJION «IUIAaHEeTHI-1» B BUAE TOKOB D-cyOkoHTa M d-aHTHCYOKOHTa 00paTHO K SApy
TOJION «3Be3bI» (WM IPYTOH «IUIAHETHI-2»), I/Ie BECh 3TOT MPOLECC OBTOPSETCS.

Puc. 15. MmmtocTpanuu pa3BopadnBaHus CyOKOHT-
aHTHUCYOKOHTHBIX TOKOB Pe3yJIbTaTe CIOXKHBIX Typ-
OYJICHTHBIX IIPOLIECCOB, B pailoHe paKkuH, OKPYIKaro-
HIMX SAPO «3BE3/bDy (MM IUTAHETHI)

Takum 06pazom, MeXIy SAPOM T'OJOH «IUIAHETHD (HampuMep, 3emils) U
SIPOM TOJION «3Be3ab (Hampumep, CONHIE), WIM MEXIYy SJIpaMu JABYX
JIOOBIX TOJBIX «IUIAHET», HNOCTOSHHO LUPKYJIHPYIOT CyOKOHT-aHTHCYO-
KOHTHBIE TOKU. [Ip 3TOM KOJIMUECTBO LUPKYJIHPYIOIIEr0 CyOKOHTA U aH-
TUCYOKOHTA OCTaeTCs MPAKTHYECKH HeMMeHHBIM. CKOJIbKO CyOKOHTA M aH-
THUCYOKOHTa BTEKAeT B PAKHIO JIFOOOTO CTaOMIBHOTO chepudeckoro Amn-
BaKyyMHOT'0 00pa30BaHUs (HapuMep, TOJION «IUTAaHEThD WM «3BE3[BD»),
CTOJIBKO )K€ CyOKOHTa M aHTHCYOKOHTa BBITEKAEeT M3 TOW K& Pakuu. ITO
MOA0OHO KPyrOBOPOTY BOJBI B IPHUPO/IE.

Bwmecrte ¢ TeM, y BceX Amn-BaKyyMHBIX «KOPITYCKYID) (B YaCTHOCTH, TOJBIX
«IJTAHET» U «3BE3M») OTTEKAIOIINEe CYOKOHT-aHTUCYOKOHTHBIC TOKH BCE-
/1 3a1a3/(bIBaIoT (T.€. He3HAYUTEIBHO NPOCTPAHCTBEHHO-()Aa30BOro CABHU-
HYTHI B TUIyOb paku) 10 OTHOLIEHHIO K IPUTEKAIONINM CyOKOHT-aHTHCYO-
KOHTHBIE TOKaM (puc. 11). DTo, mo HameMy MHEHHIO, KaK MOKa3aHO B
MpepIAYyIINX maparpadax, U SBisfeTcs NpUUnHON ciaaboro 3¢dexra rpa-
BHUTAI[MOHHOTO TIPUTSOKCHHSI K JIO00H Chepuueckoil Amn-BaKyyMHON
«KOPIIYCKyJIe» (B YACTHOCTH, K TOJIOH «TUTAHETE» WJIH K TOJIOH «3BE3IEe»).

Hanmuuane npoctpancTBeHHO-(a30BOTO CABHUTa MEXIY MPUTEKAMOIIUMA U
OTTCKAKIIIUMHU Cy6KOHT-aHTI/ICy6KOHTHLIMI/I TOKaMH B OKPECTHOCTU sAJIpa
000 chepuuecKoit Amn-BaKyyMHON «KOPITYCKYJIBD HE SIBIISIETCS HAPY-
IeHreM OOIIeTro0 BaKyyMHOTo OanmaHca (T.e. HICXOJAHON CHMMETPHH), T.K.
3TOT CIABHUT B CPEIHEM IMMOJHOCTHIO KOOMEPHUPYETCS MPOTHUBOIMOIOKHBIMH
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MIPOCTPAHCTBEHHO-(a30BBIMH CABUTAMH TEX )K€ TOKOB, HO B PAKMSIX JAPYTHX CTAOMIBHBIX CPEPUICCKUX Amn-BaKyyMHBIX 00-
pasoBanwmii («kopmyckyim») (puc. 7 u 13).

Cobnodenue noiHo2o 6axKyymMHo20 6ananca (6 OAHHOM cyuae NOIHASL YCPEOHEHHASE KOMNEHCAYUsl NPOCMPAHCMEEHHO-)A30-
8bIX COBU208) OCMAEMCsl OCHOGHBIM UCXOOHbIM NPUHYUNOM pazeusaemoti 30ece meopuu (I @B&AC), max kax mo, umo no-

saeunocs uz Huuezo, 00JIJHCHO 6 Cpe‘()He‘/l/l ocmambuvCst HuU4em.

8 FpaBl/ITaHI/IH IJIEMEHTAPHBIX «YaCTUID»

I'paBuTaIOHHOE TPUTSHKEHUE TPHUCYIIE BCEM CTAOMIBHBIM CHEPUISCKUM Amn-BaKyyMHBIM OOpa30BaHUAM («KOPITYCKY-
J1am»), BXOJSIIIAM B COCTaB HEePapXUIECKON KOCMOJIOTHYECKON MOJIEITH, N3JI0KEHHO! B [6], HE 3aBHCHMO OT MX MacmTada.

Hampumep, MeTpHUKO- THHAMHYIECKHIE MOJIEIH BHEITHUX 000JI0UeK «3IeKTpoHay (2) — (5) B [7] u «mosurpona» (12) — (15) B

[7], myxHO OBLIO OBI H3HAYATHHO 3aIMCHIBATH B BUJIC

BHemnss 060/104Kka cBO0OOHOT0 BAJEHTHOI0 «3JI€KTPOHA»
B HHTepBaue [I2, 's] (cMoTpuTe prc. 1 B [7])

+——=)2 T r? dr? .
| dst2 = (1 =T D) e?de? — T~ 2(d6? + sin? 0 dg?), (82)
.
2
(+---)2 _ rexz T2\ 2.2 dr? 2 2 .2 2
H ds? = (1 + e rf)c dt (Hrsm_ﬁ) r2(d? + sin? 0 d¢?), (83)
T r%
(+—==)2 _ (1 _Texs _T*\ 2.2 dr? 2002 4 cin? 2
Vv ds! =(1-t o)t ) r2(d6? + sin? 0 d¢p?), (84)
r r%
2 2
H' dsfr"_)2 = (1 476X L D) o2d¢? — a —12(d6? + sin? 8 d¢?), (85)
r 2 <1+r6§4+r2>
T Tex1 = Toxz = Texs = Texa — PAANYCHI CHEPUUCCKHUX CIIOEB PAKHUHU, OKPYIKAKOIICH SIPO «IIECKTPOHAY. (86)

BHemnss 060/104Ka ¢BOOOJHOT0 BAJIEHTHOI0 «MO3UTPOHAY
B MHTepBase [I2, I's] (Heratus puc. 1 B [7])

(—++H)2 _ Teys T2\ 2 5.2 dr? 2 2 . 2
I ds, = (1 +=2 rzz)c dt +7_(1_ren+ﬁ) +12(d6? + sin? 6 d¢?), (87)
T r%
2
H ds{H2 = (1 —Tovz 4 D) e2qe? 4 ——2 4 r2(dO? + sin? 0 dp?), (88)
r T _(1+T6Y2_T_)
T r%
2 2
v dsyT P = - (14192 4 D) 2ae? + —— < 4 72(d6? + sin® 0. dg?), (89)
r ey
T -rz
_ 2 2
H dsyT" % = - (1T - D 2de? 4 —— < 4 72(d6? + sin? 6. dg?), (90)
r T‘2 — 1+M+r_
(17524 5)
THE Teyq = Teyz = Teys = Teys — PAOMYCHI CHEPUUECKHX CIIOEB PAKUH, OKPYIKAIOIIEH SIPO «IIO3UTPOHA. (91)

B »TOM ciy4ae npu pacCMOTPEHHH B3aUMOJICHCTBUS «IJIEKTPOHAY - «TIO3UTPOHA», HIIH «3JIEKTPOHA» U «3IeKTpoHa» B §10 B
[7], MBI Tax sxe 0OHAPY MK OBl KX IPABUTALIMOHHOE IPUTSDKEHHUE (TOJOOHO «IUTAHEPHO»-KIJIAHETAPHOTOY TIPUTSHKEHMS HITH
«3BE3THON-«IUTAHETAPHOTOY» MPUTSHKEHNUs). Ho 3TO B3auMoIeliCTBHE HUUTOKHO MaJIO TI0 CPAaBHEHHIO C DJIEKTPUIECKUM B3a-
nMoeticteue. CuuTtaeTcs, 9To, HapuMep, CHJIa TPaBUTAIIMOHHOTO MPUTSHKEHHUS OJTHOMMEHHO 3apsKEHHBIX dJIEMEHTaPHBIX
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JaCTHI TPUMEPHO HA COPOK MOPSIKOB cladee CHIIBI X NEKTPHUIECKOTO OTTaNKUBaHuUs. [l03TOMy rpaBUTallMOHHOE B3anMO-
JICHCTBHE 3JIEMEHTAPHBIX «4acTHI B [7] He paccMaTpUBAaIUCh.

Taxum o6paszom, B pamkax [ ®B&AC, otHocuTeNnbHO caboe TpaBUTAIIIOHHOE B3aUMO/ICHCTBIE MEXK/Ty CTaOMIBHBIMU ce-
PHYECKUMH Amn-BaKyyMHBIMH 00pa30BaHMSIMH HOCHUT YHHBepcaslbHbIH Xapaktep. [ PB&AC monrsepkaaet, uto Gopmyia
Hototona (1) 3aciyKeHO HOCHT Ha3BaHHEe «3aKOHa BCEMHUPHOTO TATOTEHHUs». HO TrpaBHTALMOHHOE B3auMOJciicTBHE
HACTOJIBKO MaJIo, YTO /I HAaC OHO OIYTHMO IPOSIBIISIETCS, HAUWHAS JIMIIB C «3BE3HO» - «IUTAHETapHOT0» MaclTada, u3-3a
TOT0, YTO T'OJIbIE IUIAHETHD U «3BE3/IbI» SIEKTPUUCCKU HEHTPAJIbHBL.

3abezcas eneped, ommemum, 4mo, cyos Ho 6cemy, SNEKMPUYECKU 3APANCEHHBIMU AGTAIOMCA MaAKUe CMaduIbHble cihepuyeckue
Amn-6aKyyMHblE 00PA30BAHUAMU, KAK 20Ible (2ANAKMUKUY U 207Ible HelMPOHHbIE «36€30bl», MAK KAK 8 PAtioHe paKuii Imux
006beKMO8 CKOPOCmU CYOKOHM-AHMUCYOKOHMHBIX MOKO8 O0CMUSAOMm CKOPOCHU c8emd, d Mo XapaxKmepHo OIS 3apsAdiCeH-
HbIX «uacmuyy» (Hanpumep, «31eKmponosy u «nosumponosy, cmompume §10 6 [7]). Mempuko-ounamuueckum mooensim smux
2PAHOUO3ZHBIX NO MOWU 0O0BEKMO8 NPeodnoaaemcs NoCeAmums 0OHy uz ciedyowux pabom us yuxna cmameti I PB&AC.

9 BoJiee riyOMHHbIE YPOBHH PAcCMOTPEHHUSI

Beiie ObuUIM pacCMOTPEHBI CaMble YNpOIIeHHbIE (YCpeIHEHHbIE)
METPHKO-TUHAMHYECKUE MOJICIH BAICHTHBIX CTA0MJIBHBIX Chepu-
4ecKHx Ag7-BaKyyMHBIX oOpa3oBanuid. [Ipu 3TOM B pamkax pac-
CMOTPEHHBIX MOJENEl MEXKIy AByMs acCTPOHOMHYECKHM OOBEK-
TaMH (B YaCTHOCTH, MEXY TOJION «IIJJaHETON» U TOJION «3BE310i1»)
LIUPKYJIUPYIOT YETHIPE IIOMAapHO-BCTPEUHBIX CYyOKOHT-aHTHCYO-
KOHTHBIX TOKa C yCKOpeHusMH (66) — (69), koTopbie TEKYT 0 ye-
ThIpeM cTOpoHaM 4-rpaHHoit crimpaiu (cmotpu puc. 10 u 13).

Kak ne pa3 ormeuanocs, B pamkax [@B&AC (cmotpure §9 B [2]
u §2.6 B [5]) Ha GoJiee TIIyOMHHOM YPOBHE PACCMOTPEHHS KA ast
Mmerpuka (44) — (47) MoxeT ObITh IpEJCTaBIeHa B BUJEC CyMMBI
(vnm ycpennenusi) 7 + 1 = 8-u METPUK ¢ COOTBETCTBYIOIMMHU CUT-
HaTypaMu:

a-cyoxont (44) c-antucy6koHT (46) b-cy6kont (45) d-anTHCYOKOHT (47)

(+ + + 4) - --9) (+ + +4) C--9)
--4 + + +-) =--14) + + +-)
R C++) * - - C++9)
- -+ -) ++ -4 = -+ -) ++ -4
(+ + - ) -+ (++ - ) -+
-+ -9 (+- +4) =+ -9 +- +4)
+ - + = ~ o+ + + -+ - -+ —+
+ - - )  + + 4 + - = - = + + 4+
Puc. 16. Wnnmroctpanus xryTa, co-
B pamkax '®@B&AC 3T0 03Ha9aeT, 4TO KaXKIbIA TOK W AHTH-TOK 4-TPAHHOM CYOKOHT-  ¢rogmero M3 MHOMKECTBA IBETHBIX
aHTHCYOKOHTHOM crimpanu (puc. 10 u 13) MOxeT ObITh IPEACTABIEH B BUIE NIEPEIIE-  HuTeil (AHANOT XKIyTa W3 CIHPATb-
tenusi 7 + 1 = 8-u noxa-tokoB. Ilpu 3ToM 4-rpaHHas criMpasib IPHOOPETAET BUM KI'YTa,  HBIX TOA-TOKOB U TO/-TI0/-TOKOB)

cocrosiiero u3 8 x 4 = 32 uureit (Win MOI-TOKOB) (cMoTpuTe pHc. 16 u 17).
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Puc. 17. I/IJ'IJ'IIOCTpaIII/IH HUPKYJSIAN YE€TBIPEX MOMapHO-BCTPEYHBIX CIUPATIBHBIX Cy6KOHT-aHTI/ICy6KOHTHLIX TOKOB
MEXKY TOJION «IIJIAaHETOW» U TOJION <<3B83ﬂ0ﬁ)), Ka)K,I[I:Iﬁ U3 KOTOPBIX COCTOUT U3 7+1=8-u UBETHBIX CHIUPAJILHBIX IIOI-TOKOB

Kaxaplit cimpanbHblil NOA-TOK COCTOUT ele U3 7 + 1 = 8-u criupalibHbIX MOJ-TI0J-TOKOB, M TaK MOXKET MPOJI0JIKATHCS JI0
0ECKOHEYHOCTH, B 3aBUCMOCTH OT OCTPOTHI BOCHIPHUSITUS U HEOOXOAMMOCTH TOTPYKEHHUS B IPOJIOJIbHBIE U ONIEPEYHbIE TITy-
OUHBI Amn-BaKkyyMma.

10 BpameHnue BHeIIHEH 000J10YKH MOABUKHOM «IJIAHETHD», TBUKYIEHCS BOKPYT «3BE3IbD>
10.1 BepmuxanvHutii 3¢pupnviil semep (m.e. CyOKOHM-aAHMUCYOKOHMHbIL CMOK)
B npenbiaymumx nyHKTax ObUTH pacCMOTPEHBI MOJIENIbHBIC MIPE/ICTABICHUS O CTATUYECKHX (T.€. HEMOABHKHBIX ) CTAOUITBHBIX

cepruecknx As7-BaKyyMHBIX 00pa30BaHUAX («KOPITYyCKYJD») 3BE3AHO-TUIAHETApHOTO MaciuTada. OfHAKO B PealbHOCTH IO-
JIbIe (ITAHETHD» BPAIIAIOTCS IPHU JIBIXKEHUH BOKPYT «3Be31b» (puc. 18 u 19).

Puc. 18. ['oj1ble «IIaHEeThD) BPAIAIOTCS P ABMKEHUH BOKPYT «3BE3/bD», IPH ITOM YCPEIHECHHBIE
BHEIITHHE 000JIOYKH TOJIBIX «IUIAHET» HAOMHHAIOT BUXPH, CTEKAIONIUECST K HX SApaM

Bpamaromummcst 3MeKTpUIecKd HEHTPaTbHBIM CTa0IBHBIM CEPUICCKUM Ag7-BaKYYMHBIM 00pa30BaHUSIM (T.€. HEUTPalb-
HBIM BPAaIAIOIIAMCS KKOPITyCKYJIaM») HY>KHO IMOCBSITUTH OTACIbHOE OOIIMPHOE HCCIIEOBAHUE. 31€Ch MBI TOJIBKO YTOYHHM
YCPEIHEHUIO METPHUKO-THHAMHYECKYIO MOJICITh BHEITHEW 00OJIOYKH ITOIBIXKHOM M Bpamiaromieiics «mianets» (98) — (109) B
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[10], koTopast cocTouT U3 cemeiicTBa MeTpUK-peneHnii Keppa BakyyMHOTO ypaBHeHHs DiHIITelHA 663 A-1ieHa, B KOOPIH-
HaTax boitepa-JIunnksucra:

YcpenHenHasi BHeIIHAS 000J/109Ka Bpalaoencs

JIEKTPUYECKH HEHTPAJIbHOM r0JI0M BAJICHTHOM «IJIAHETHD) (92)
JIBIKYLIEHCA BOKPYT «3BE3/1bDY CO CKOPOCThIO Vi
C CyMMapHOH (WJIN yCpeIHEeHHOIT) CHTHATYpoit
At =—)+(-++4)}=(0000)
2
I dsl(J'al)2 = (1 _ben) 2ge2 o PAT 002 — (r +a®+ T"E; " sin? 9) sin? 0 d¢p? + zr‘“;lm sin? @ dgcdt, (93)

ré—rypr+a?

(+a2)2 _ _TaEa\ 2 5.2 pdr?t 2 _ (.2 2 | Tapra? 2 _ 2nappra
H ds, = (1 . )c dt = —— pd6 (r +a®+—"— p sin 9) sin? 0d¢? — ) =2~ sin? 0 dgedt, (94)
(+b1)2 _ TaEsTY 2902 _ _ pAT? g2 (2 o2 TaEsT@® o2 g o2 2 4 2MagsTd o2
V ds; = (1 + , ) dt i — pdo (r +a ) sin 9) sinc0d¢- + . —=—sin*“ 0 d¢cdt, (95)
’ (+b2)2 _ TaEaT\ 2 3.2 pdr? _ 2 _ (.2 2 Typarad® . o . 2 2 _ 2T4psTa
H ds, = (1 + )c dt e — pdé (r +a =, sin 0) sin“ 6 d¢* — ) =B 5in? 0 depedt; (96)

(=c1)2
H' dsg

ri—r,

c?dte? +p72 + pd6? + (rz +a? 4 T gy 9) sin?0d¢? + 2r"fj‘msm B dpcdt, (98)

TZ—T 6T +a

—(1—”25 )c2de? + p—az+pd02 +(r? +a? +”Ei+“zsin20)sm29d¢2 Z“fj’“anZed(pcdt 97)

Vodsg P = o (1 et

H o dsS™? = — (14+280) 2de? + 29— 4 pd6? + (17 + a® = 0% sin? 0) sin® 0 dp? — 2% sin? 9 dedr,  (99)

r2471yp,r+a?

(-d2)2 _ _ T4psT\ 2 7,2 pdr? 2 2 _ Tapsra® 2 24 274psTa
I dsg = (1+ )c dt +7r2+n}58r+a2 + pdb- + (r +a? — 22 —sin 9) sin?0d¢? + ) =8 —sin? 0 dpedt;  (100)
MleasT
BpaIIAIOIIENCs TOJI0N BaJIE€HTHOHN «IIJIaHETHD»
¢ o0m1eli cCUrHaTYpOi

Y{(+—-—)+(-++4)3}=(0000)

i ds{P? = c2dt? — 22— pd? - (r2 + a?) sin? 6 dg, (101)
j d51(o_)2 —c2dt?® + pdr ~+pd0? + (r? + a?) sin? 6 d¢?, (102)
rae p =12+ a?cos?0; (103)
_ T4EVE .
a == — NapaMeTp JLIMITHIHOCTH;

Tag = Typ1 = Tapz = T4p3 = Typa = Typs = Tupe = Tap7 = Typg — PANUYC ANpPA «IUIAHETHD). (104)

Hanpumep, mis «mmanetsn 3emis: Vi = 30,5 KM/C — CKOPOCTB ABIKCHHUS TOJION «IDTAHETHI?» 3eMIIS,
745 =~ 1320 kM — paauyc sapa royiol «miaHeTs» 3emitst (CMOTpHTE nocieanuii cronber B Tadi. 3 B [10]).

Puc. 19. q)paKTaIII)HI)Ie HIUTIOCTpAallui BUXPEBBIX Cy6KOHT'aHTHCy6KOHTHHX TOKOB BO BHEIIIHEIH 000JI0YKE MOJIBIKHOM «ILTAaHETHI
(I/UII/I ((SBQSHLI»). Bose HNOBEPXHOCTHU IJIAHETHI 3TU TOKH BTECKAIOT B €€ HEZIpa NPAKTHUICCKU BEPTHUKAJIBHO
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JIByXCTOPOHHHH A.12-15-BaKyyM, BPAIaIOIIUIACS BOKPYT JBIKYIIUXCS JIEKTPUISCKH 3apSIKEHHBIX 3JIEMEHTAPHBIX «JaCTHID
(B 4acTHOCTH, «3TIEKTPOHA» U IIO3UTPOHA») OBLI pacCCMOTPEH B cTaThe [§].

Ecnu npunepxuBaThes MpeyIoKeHHOMN BBIIIE METPUKO-TUHAMUYECKOM MOJIEeNH Bpalaroleiics oo «ILIaHeTb, TO JIETKO
OOBACHSIOTCSI OTPULIATEIBHBIC PE3YNIbTAThI OnbITa MaiikenabcoHa-Mopiu (puc. 20 6,6). ['onas «mnaHeTay» JIBHKETCS BOKPYT
«3BE3/IBD» MOJJO0HO MepeMeNIarIIeMycs Mo Kpyry Buxpio (puc. 18, 19, 20a). Ho koia ycpeqHEHHBINH CyOKOHT-aHTUCYOKOHT-
HBII BUXOPb NPUOIMKAETCS K TBEPAOH MOBEPXHOCTH IIIAHETHI (COCTOSBILECH M3 MHOXKECTBA MEJIKUX «KOPITYCKYJ»), OH BTe-
KaeT B ee He/pa MpakTHYecKu BepTukanbHO (puc. 18, 19, 20). Do sBnseTcs MPUYHHON MOYTH HEHM3MEHHO!H BepTHKAIBHON
TPaBUTAMHU U MAJIO OIyTUMOTO MarHUTHOTO OIS,

a)
Puc. 20. Vumoctparyst IpHIuHBI OTCYTCTBHS 3(GUPHOTO BETpa B TOPH30HTAIBHON IIIOCKOCTH
U HaJIm4#e (UPHOro BeTpa B BEPTHKAIBHON INIOCKOCTH TP ITOCTAHOBKE IKCIIeprMeHTa MalikebcoHa

YcpenHeHHBIH CyOKOHT-aHTHCYOKOHTHBIN BUXOPBh CTEKAETCs CO BCEX CTOPOH K SIAPY TOJI0H «IUTAaHEThD) MO BETBAM OOJIBIION
CIIMpay; IpU TOM BO3Je TBEPIOH chepruueckoil IOBEPXHOCTH 3TOr0 aCTPOHOMHYECKOTO 00BEKTa (T.€. y IPaHHULBL Pe3YIlb-
TaTa MJIOTHOTO CKOIUICHUSI MHOXKECTBA MEJIKUX «KOPITYCKYJ») CyOKOHT-aHTHCYOKOHTHBIE TOKH TEKYT IPAKTHYECKH BEPTH-
kanbHO (puc. 20a). IIpu 3TOM ycpeaHeHHbIH CyOKOHT-aHTHCYOKOHTHBIE TOK IPOHHM3bIBaeT MHTepdepomerp MaiikenbcoHa
1881 rona (puc. 206) nmpakTHYecky BEpTUKAIBHO (CBepXy BHU3). [l03TOMY NpH BpallleHHH JaHHOTO MHTep(depoMeTpa BOKPYT
CBOEH OCH B TOPU30HTAIILHOM IFIOCKOCTH MHTEP(EPEHIIMOHHBIE MTOJOCHI OCTAIOTCSI HEM3MEHHBIMH, T.K. BO BCEX TOPH30HTaIIb-
HBIX HaIPaBJICHUAX BEPTUKAJIBHBIN CyOKOHT-aHTHCYOKOHTHBIA CTOK IPAKTHUECKH HE U3MEHEH.

[ToBTOpeHue onbiTa MaiikebCcOHa, HO TIPH Pa3MELICHUN HHTephepoMeTpa NEePIeHANKYIIPHO NOBEPXHOCTH 3eMIIH, SBHO
TIOKa3bIBACT, YTO NP BPALICHUN ATOW YCTAHOBKH B BEPTUKAJIBHOI IFIOCKOCTH HHTEP(EPEHIIMOHHBIE IOJIOCH! OTYETIUBO CMe-
IIAIOTCS], T.K. MEHSETCS YTOJI MEXIY BEPTHKAIBEHO CTEKAIOLIIMMCS CyOKOHT-aHTHCYOKOHTHBIM ITOTOKOM U IUICYaMHu HHTepde-
pomertpa (puc. 206 u 21).

Puc. 21 HOBTOpeHI/Ie omnbelTa MaiikenbcoHa B BepTPIKaJ'ILHOﬁ TUIOCKOCTH HEMELKHUM 3KCIIEPUMEHTATOPOM
Von Martin Grusenick, https://rutube.ru/video/76054fc57d61121b37cb171121fd5fb9/?r=a
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JIpyruMu cloBaMH, COTIIaCHO Pa3BHBAEMOM 31€Ch TMIIOTE3BI, HET T0-
PH30HTAIBHOTO 3(HUPHOTO BETpa (T.€. TOPH30HTAIBLHOIO CYOKOHT-aH-
TUCYOKOHTHOTO JIJAMHUHAPHOTO TEUEHHUS ), KOTOPBIH 0XKUAAIH 0O0Hapy-
XKUTb MalikenbcoH 1 Mopiu. Y NOBEpXHOCTH 3€MJIM €CTh TOJIBKO Bep-
TUKAJBHBIA YQUPHBIA BeTep (T.e. YCPEAHCHHBIH BEPTHUKAIBHBIN Cy0-
KOHT-aHTHCYOKOHTHBIA CTOK), BIMSIHHE KOTOPOTO OTYETIMBO HPOSIB-
nserca B onblTe MalikenscoHa-Mopiu B BEPTUKAIBHOMN IIOCKOCTH,
MTOBTOPEHHOM HEMEIIKUM dKcIiepuMerTaTopoM Von Martin Grusenick
(puc. 21).

10.2 Hexomnencuposantnas ycpeOHeHHas 3peocepa 200U «36e30bl»
(unu «naanemoly)

B pamkax pa3BuBacMoOi METPUKO-IMHAMUYECKON MOJIEIIH, U3-3a HEPa- ‘
BeHcTBa paauycoB ciioeB pakuu (104) ryp = Typy = Typy = Tygz = SRS, SR, S ) NI Wn—
Taga = Tygs = Tape = Typ7, BPALICHUS ITUX CIIOEB (KOTOPHIE ONUCHIBA-
torcst metpuku Keppa (93) — (100)) He MONHOCTBIO KOMIIEHCHPYIOT
NPOSIBIICHUS] YT JApyra, MO3TOMY, paMKax paccMaTpuBaeMOi Mo-
JeH, B paiioHe siapa Bpallalomelcs ToJIOW «3Be3ibD» (WM «Illa-
HEThI») JOJDKHA UMETh MECTO ycpeaHeHHas sprocdepa (puc. 22), rue
NPOUCXOAUT YPE3BBIYAHHO CIIOKHO IEPEINICTCHHOE BpalleHHe cy0-
KOHT-aHTHCYOKOHTHBIX TOKOB.

W3yyeHuto ycpeqHeHHO# sprocdepbl ToOJIOH «3Be3abDy (MM «IUIa-
HETBI») HEOOXO0MMO MOCBSATHTH OTAEIBHOE OOIINPHOE UCCIICJOBAHHE.
311ech OTMETUM TOJIBKO CIEAALICE.

CoBpeMeHHas (hr3MKa MOJIaraeT, YTO IJIABHBIM HCTOYHUKOM JHEPIHH,
N3ITy4aeMOW 3Be3/1aMH, SIBISIFOTCSI TEPMOSAEPHBIC PEAKIUH, T.€. CHH-
Te3 Pa3IMIHEBIX H30TOTIOB ATOMOB I'eJIMs M TPHTHS M3 ATOMOB BOIOPOMA 1y 1iepoif CHIYISPHOCTH MPOCTPAHCTBA-BPC-

u peirepust. [O®B&AC He MCKIIIOYAET BO3MOXKHOCTh IIPOTEKAHUS Ta-  yrary Keppa B JeKapToBBIX KoopanHatax Keppa-
KHX PEAKLUH NPH CIIUSHAN MEIKUX «KOPIyCKYJ» B aTOMUCTHYECKHX  [Ilubaa [29] 6) PpakTatbHas HILTIOCTPALWS SPro-
ciosix 3Be3x (M ruianet). Ho B pamkax pa3BHUBaeMBbIX 371eCh HpeA-  cdeps

CTaBJIEHUH TEPMOSJCPHBIH cHHTE3 OoJiee TSHKENbIX «aTOMOBY» SIBIIS-

€TCsl KICTOYHUKOM TOJIBKO dacTh (okoo 60 — 70 %, no muenuto B.A. JleGeneBa) BuyTpenneii sHepruu 38e31. OcranbHbie 40
+ 30 %, BBLAEIIEMOTO 3Be3/JaMH TeIula U cBeTa, B paMkax [ DB&AC cBs3aHBI ¢ Ype3BbIUANHO CIOKHBIM BpallleHHEM U Iie-
peIieTeHHeM CyOKOHT-aHTUCYOKOHTHBIX TCUCHHI B yCPEAHECHHOM (HEKOMIICHCUPOBAHHOM ) OKOJIO-sIIEPHO# aprocdepe (puc.
16 u 21).

Puc. 22. a) PacnionosxeHrne ropu3oHToB, 3prochep

11 YupaBieHue MeK-TJIaAHETAPHBIMH CYOKOHT-aHTHCYOKOHTHBIMH
TOKaMu (J1eBUTALIHS)

B crateax [1,2,3,4,5,6,7,8,9,10] MBI yke HEe pa3 OTMEUAIIH, YTO cyOKoHm (T.€. BHEIIHSSA CTOPOHA Amn-BaKyyMa, C CHTHATY PO
(+ ——-)) u aumucy6xornm (MM BHYTPEHHSSA CTOPOHA Amn-BaKyyMa, C CHTHATYpOH (— + + +)) yCIOBHO HaJieNeHbI CBOMCTBAMHU
CIUIOIIHBIX YIPYTOILIACTHYECKUX CPEJL ATl y100CTBA BOCTIPHUATHS CIIOKHBIX BHYTPH-BaKyyMHBIX IIPOLIECCOB.

B paMkax mMaTeMaTH4ecKOro amnmapaTa pUMaHOBOW I'€OMETPUH CYOKOHM - AHMUCYOKOHmMHble TOKM MOXKHO IO OTJEIbHOCTH
JUIIUTH TPU3HAKOB CyOCTaHIIMOHAIFHOCTH MEPEX00M B COIYTCTBYIOIIYIO CHCTEMY OTc4eTa. TOJBKO, KOTZIa MBI CMOTPUM
Ha BHYTPHU-BaKyyMHBIE ITPOIECCHI KaK ObI CO CTOPOHBI, OHM UMEIOT CMBICI M ITPABO Ha CYIIECTBOBaHHE HE TOJIHKO B BOOOpa-
YKCHHH, HO U B HAIlIeM CO3HAHUH, T. K. €CJIN UX JIaXKe HET, TO UX MPOSIBICHHUS €CTb.
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Cuna MeHmanbHO20 80CRPUSIMUSL, OOHAKO, MAK08A, Ymo eciu Obl mo2da, 6 I[lecax, mvi
ne evuunu Ha 306 IIPOBEJ/[EHUA ¢ Ilycmuinio, mo 00 cux nop Ovliu b6vl pabamu 6
Muypaume, cmpounu 61 @apaory éeuno yxooswue 6 necok 2opooa Iumom u Pam-
cec, u mpenemanu neped Kpoxoounom Ezunma.

Ecnu unino3opHble (MEHTaIbHbIE) KOHCTPYKLUUH CYOKOHM Y AHMUCYOKOHM TO3BOJIAT
Pa3BUTh ONEpeKArONIUe HyJIeBbIe (T.€. BAKyyMHbIE) TEXHOJIOTHUH, TO OHU MOTYT TpH-
00pecTH 3IeMEHTH 00bEKTUBHOCTH.

Hampumep, npencraBieHus O MOIIHBIX MEX-IUIAHETApHBIX CYOKOHT-aHTHCYOKOHT-
HBIX TOKaX, KOTOPbIE MeperieTeHHbIe B KIyThI (puc. 9, 19, 17), MOryT Jiedb B OCHOBY
Pa3BUTHS albTEPHATUBHBIX CIIOCOOOB IIEPEMELICHHs B IPOCTPAHCTBE.

Poccuiickuit s3aTOMONIOr Bukrop Ctenanosud I'pe-
6ennukoB (1927—2001), n3yyas xyKoB ¢ OOJIbIIHM
TEJIOM U MaJIeHbKHUMH KpbUIbsMU (puc. 23a), npu-
1IeN K BBIBOAY, YTO OHU HE MOTYT JieTath. OH cTan
KPYTHTb Ha CBOEM CTOJIE TUHLETOM XUTHHOBBIE I10-
KPBITHS (HaIKPBUIKN) 3THX HaceKOMBIX. BHesamHO
OJTHO KPBLIO 3aBUCIIO HAJ APYTUM (CMOTPHTE KHUTY
«Moit mup» [30]). B nansueitniem addext mapeHns
XUTHHOBBIX HAJKPBUIKOB IMOBTOPHIM MHOTHE HC-
cienoBaTenu, cMoTpuTte (puc. 230) IoscHstoniee Bu-
neo). 'peOEHHUKOB paccMOTpeN MOKPBITHS M KPbI-

o Jbsl HACEKOMBIX MOJ MHKPOCKOIIOM M YBHAEN, HX
I'pebennnkos B.C. TIOJIOCTHYIO CTPYKTYpPY (pHc. 226).

B pesynbTare nanpHeIIero U3y4eHus 3TOro sIBJICHU U IIOJIOCTHBIX CTPYKTYp B. I'pe-
OEHHMKOBY YJaJ0Ch MOCTPOUTD JIeTalonlyto miathpopmy (rpasuranet) (puc. 24a,6),
Ha KOTOPOI OH COBEPILMJI MoJIeT B HOYb ¢ 17 Ha 18 mapra 1990r. (puc. 24B). lanHoe
co0ObITHe omrcaHo B kHUre B. I'pebennnkoBa «Moii mup» [30] u B xypHane « Texunka
Monoxaexn» Ne 4,1993r.

Puc. 24. Jleraromas matdopma (rpasuraner) I'pebeHHNKOBA.
dororpaduu a, 6 ¥ PUCYHOK 6 B3ThI 3 KHUTH I pebennnkoBa B.C. «Moii mup» [30]
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B pamkax [®B&AC 3¢ dexT moI0CTHBIX CTPYKTYP, CITOCOOCTBYFOIITIIA
MOJIETaM TSDKEJIBIX HACEKOMBIX, HEKOTOPBIX BHJIOB ITHILl M allapaToB
THUIA rpaBuTaiera [ peOEHHUKOBA, CBSI3aH C TEM, YTO MaTEPHAIIbI UMe-
IOIIME NOJIOCTHYIO CTPYKTYPY (HarpuMep, IIOKPHITUSI HACEKOMBIX U T1e-
Pbs ITHI) CIIOCOOHBI M3MEHSATH TOMOJOTHYECKYIO CTPYKTYPY CyOKOHT-
aHTHUCYOKOHTHBIX TOKOB, IIPOTEKAIOLINX Yepe3 HUX (puc. 24r).

M5! npezmonaraeM, 4To MOJOCTHBIE CTPYKTYPBI CHOCOOHBI JTOKAJIbHO
pacIyThIBaTh HUCXOMAIINE CyOKOHT-aHTUCYOKOHTHBIC XKTYTHI M y3IIBI
(puc. 24r), 1 3aBA3BIBATH WX JKTYTHI U Y376 B MHOH KOH(HUTYpanuu, B
KOTOPOH TPEeBAIMPYIOT BOCXOISIINE TOTOKU. VccnenoBanne 3pdexra
MOJIOCTHBIX CTPYKTYp [ peOCHHMKOBA C NCTIOIB30BAaHUEM MaTeMaTHyIe-
CKOTO armapara puUMaHOBOW I'€OMETPUU U ANTreOpbl CUTHATYP MOXKET
MIO3BOJIUTH PAa3BUTh aJbTEPHATUBHBIC CHOCOOBI IMEPEMELICHHUS B IIPO-
CTpPaHCTBE HAa OCHOBE MCIOJIb30BAHUS MOIIIHBIX BHYTPU-BaKyyYMHBIX Te-
4yeHuii (puc. 25). Yrpapisist CyOKOHT-aHTUCYOKOHTHBIMH TOKAMH B JIO- Puc. 25. VITiocTparus 38e31H0-TUIaHeTapHBIX
KaJIbHOW 00JaCTH MPOCTPAHCTBA C MOMOLIBIO TMOJIOCTHBIX CTPYKTYP, CyOKOHT-aHTHCYOKOHTHBIX TeUeHHIA
MOYKHO CO3/IaBaTh TATY B JIIOOOM 3aJJaHHOM HalpaBJEeHUH, HAIpUMep,

B HAIIPABJICHUH TIPOTHBOIIOJIOKHOM CHJIE TSDKECTH.

1o sceii suoumocmu, myopeywt OpesHocmu sHanu cekpemol nesumayuu. B TAHAXe (bubauu) cosopumcs, umo npopox Unuse’y (Mnus) 6vin
3abpan na Hebeca na o2nennou korechuye (4-s Lapems, 2:1-11); monop écnivin y npopoxa Inuwu (Enuces) (4-s Llapcems, 6:1— 6); Xpu-
cmoc sosneccs ha Hebeca na anazax ezo yuenuxos (Eeaneunee, om Jlyku, 24: 45-51). Muopawu paccrasviearom, umo 6ubneickuil nepconaic
Bunvam (Banaam) ymen iemamo u Hayuwun smomy namo yapeii Muovsina (Dseu, Pexema, Llypa, Xypa, u Pesy) 6o épems goiinvl ¢ Hzpaunem.
Jlpyeoil npumep u3 eepelickux npuoanuii: Koeoa pageunvl Eeponsl xomenu Hanoxcums xepem Ha Apusanu u3z-3a mozo, 4mo oM 6blHeC and-
Xuueckoe peuieHue Ha 0cHoge kaboanvl, pas Xaum Bunamo (bauscatiwuil yuenuk Apusans) nepeneccs uz Llpama ¢ Espony, umo6wvt npedom-
spamumy 3Mo NOCMAHOBIEHUe PABBUHCK020 cyod. [1o0obHble npedanus ecmy y MHO2UX HapoOos, Hanpumep, Cau baba, no crosam oue-
8UOYE8, HEOOHOKDAMHO OEMOHCIMPUPOBAL CHOCOOHOCb NAPUN HAO 3eMaeli 6 MmedeHue OTUMeTbHO20 8pemeHu; Monaxu Lllaonuns ymenu
npeoodonesamsv epagumayuio u m.o.

12 YupasieHue TONOJIOTHeEl JIOKAILHOTO YHACTKAa MeXK-IIAHETAPHOT 0 MPOCTPAHCTBA

B npeznpinyieii riaaBe ObUTH PACCMOTPEHBI MOJIENIbHBIE MTPEICTABICHNUS, B pAMKaX KOTOPBIX MEXKIY «3BE310i» H ee «IUIaHe-
TaMmu», a TAKKEe MEXKIY «IUITAHETAMU» U X €CTECTBEHHBIMH «CITy THHKAMK» LIUPKYJIHPYIOT CI0KHO NEepeIIeTeHHbIE BHY TPH-
BaKyyMHbIE cyOKOHm-anmucyoxonmusie Toku (puc. 13, 18, 25), koropsie cornacuo B3risigam [®B&AC u sBISIFOTCS BHEIII-
Hel IPUYMHOI 3Be3HO-TUIaHeTapHOW rpaBUTalMy. Tenepb Hac OyneT MHTEPECOBATh BO3BMOXKHOCTh HCIOJIb30BAHUS ITHX
MOIIHBIX MEX-TUIAaHETAPHBIX U MEXK3BE3/IHBIX BHYTPU-BaKyyYMHBIX TEUCHUIT ISl lIepeMEIIeHHsI B KOCMUYECKOM ITPOCTPAHCTBE.

Eme pa3 HanomHumMm, uto Ha Oojee MIyOMHHOM YPOBHE PacCMOTPEHUS, KaXKIbli
cioit (T.e. METpUYECKOE MPOCTPAHCTBO C COOTBETCTBYIOLIEH CUTHATYpOM) m000H
JIOKaJIbHOHM 00J1aCTH KOCMUYECKOT0 MPOCTPAHCTBA (TOUYHEE Amn-BaKyyma) — 3TO pe-
3yJbTAT CJIOXKHBIX Y3JIOBBIX TeperyieTeHnid 8§ x4 = 32 TUNOB CYOKOHmM-aHmucyo-
KOHMHbIX BHYTPU-BAKYYMHBIX IIOJI-TOKOB.

a-cyOKOHT b-cybxonT C-aHTHUCYOKOHT d-aHTHCYOKOHT

IR B I S CRR C--9

- -+ + + +-) - -4 + + +-)

+ - -4 -+ +-) + - -+ ~ + +2)

- -+ ) ++ - +) - -+ 9 ++ - 4 (105)

+ + -9 -+ + + - - ++4)

=+ - ) +- ++) + -9 +- +4)

=+ + 4) +- -9 ~ + + 4 +--9 Puc. 26. Mmmoctpanus CyOKOHT-aH-
+ -+ ) -+ -+ + -+ ) (= + —+) THCYOKOHTHBIX TOKOB U TIOA-TOKOB,
(0 0 0 0)+ (0 0 0 0)+ 0 0 0 0). 0 0 0 0). CBEPHYTHIX B CIIUPAIH U TOMOJOTHYE-

CKHE Y3JIbI
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ITpu 3TOM ycpenHeHHas 4-MepHas TOINOJOrHYecKas KOH(GUTypalus KaxIoil JIOKaIbHOH 001acTH MPOCTPaHCTBA ONpPEnes-
€TCsl aMIUIUTYAHBIMH U ()a30BBIMH COOTHOIICHUSMH MEXIY 3TUMHU 32-5 THIAMU CyOKOHT-aHTHCYOKOHTHBIX TOKOB U ITOJ-
TOKOB, CBEPHYTHIX B CITHPAJIH U 3aBSI3aHHBIX B TOMOJIOTHYECKHE Y3IIbl (cMOTpHTE puc. 15, 24r, 26).

YT0oOBI UCTIOJIL30BATh PA3IMYHbBIC YCPEAHEHHBIE COCTABIISIOIINE MEXK-TUIAHETAPHBIX W/WJIM MEXK3BE3HBIX BHYTPH-BaKyyM-
HBIX TOKOB C IIEJIbIO MEPEMELICHHS] B KOCMHUYECKOM MPOCTPAHCTBE, HEOOXOJMMO HAayYUThCS YIPABISTh YCPEIHEHHOH 4-To-
TMIOJIOTHEH JIOKAJIbHBIX YYaCTKOB A.12-15-BaKyyMa.

Paccmotpum, 17 mpuMepa, BO3MOXKHOCTD MPEOIOICHHS TPAaBUTALIMOHHOTO TOJIS «IUIAHEThD). [l0IyCcTHM, YTO B JIOKaJbHOMN
o0JiacTy BHEIIHEH 000JIOUKH ITaHETh YAAIOCh H3MEHUTH TOIMOJIOTHIO IPOCTPaHCTBa. It 3TOro BeIOSpeM U3 YUCIHTENeH
pamxupos (105) cTpoky ¢ curnatypamu (——+ —) u (++ —+) 1 BeIpa3uM ux depe3 14 oCTaBIMIUXCSI CUTHATYP

(106)
(+ + + ) - -9
-~ (++ + )
(+ - - %) -+ + )
(+ + - ) (- -+
-+ -9 (+ — +4)
(+ - - ) (- + +4)
+ — 4+ — _ o+ _ +
-+ (¢ + =

ITpu 5TOM B paMKax ABYXCTOPOHHETO PACCMOTPEHHS yCpeIHEHHAs IPOTSHKEHHOCTh PACCMAaTPHBAEMOTr'0 YUacTKa A.12 -15-BaKyyMma
OTIICBIBAETCS KBAPTETOM METPHK:

ds"2 = (1 - %) c2dt? — m +12(d6? + sin? 0 dp?), ¢ curHatypoii (— — + ) (107)
dsS+2 = (1 + 4752) c2dt? — m +12(d6? + sin? 0 dp?), ¢ curHatypoii (— — + ) (108)
ds3(++_+)2 ( T4E3) c?dt? + % —12(d6? + sin? 6 d¢?), C CUrHATypoii (+ + — +) (109)
ds{h? = ( ”E‘*) c2dt? + ﬁ — r2(d6? + sin? 0 dop?), C CHTHATYpOIL (+ + — +) (110)

B aT0ii cutyanmm yckopeHus: pa3BepHYTCS, TO €CTh T€, KOTOPbIE ObIIN YCKOPEHHEM OTTEKAFOLIMX TOKOB CTaHYT YCKOPEHHSMHU
MPUTEKAIOIINX TOKOB, 1 HA000POT

2 2 2 2

(abfd)l _ TaE1 ~TiEs T4E3 “TaE1

|a ~ gr2 1-T4E1 + 1- TaE2 + _T4E3 + 1-T4E3 " (111)
T T T T

[Tpu 6ONBLIOM YAAICHUH OT SIAPA FOJION «IUIAHETBD» (MJIH «3BE3IbI»), T. €. B CIIy4ae, KOraa lag1, 42, 4g3, Fag4 << I, BBIpaKe-
uue (111) npuHUMaeT ynpoIIeHHbIA BT

2 (2. 4,2 2 .2
| (abcd) ¢ \/(T4E1+T4E3)—(T4E2+T4E4)
_la | =

, (112)

8r2
HaHpaBHeHO 9TO YCKOPEHHE B MIPOTUBOIIOJIOXKHOM HAllpaBJICHUH, T.C. OT s JApa TOJION «ILUIAHETHD».

Taxum o6pazom B pamkax [ PB&AC, npuxoauM K BEIBOY, YTO JUIsl HCIIOJIb30BAHUS YCPEIHEHHBIX MEXK-TUIAaHETApHBIX W/UITH
MEX3BE3IHBIX BHYTPH-BaKyyMHBIX TOKOB (puc. 13,18, 25) ¢ nenpio nepemenieHuss B KOCMUYECKOM IIPOCTPAHCTBE HEOOXO-
JIUMO HAy4UThCSI U3MEHATH TOMOJIOTMYECKHE CBOMCTBA OKPY>KAIOIIEro HAC MPOCTPAHCTBEHHO-BPEMEHHOIO0 KOHTUHYYMa.

MaremMaTiKH pelarT npobieMy U3MEHEHHs! TOIOJIOTHH MPOCTpaHCcTBa Oe3 3aTpyAHeHuid. B kadecTBe nmpumepa Oynem uc-
XOJIUTH U3 KOJIbYeoOpasHoll TOBEPXHOCTH, OIUCHIBACMON KBaapaTHaHON (opmoii [31]:
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JooXo? + J11 X1°— J22Xo? — JasXs®> = 0
¢ curHatypo# (+ +—-).

VYerpemum B Mmetpuke (113), HampuMep, KOMIIOHEHTY MeTpUYe-
CKOTO TE€H30pa J33 K HYJIIO, 3Ta KOJIbLIeoOpa3Hasi HOBEPXHOCTb I10-
CTEIICHHO NPEBPAIACTCS CHAYaJla B KOHYC

gooXo? + Qi1 Xi2— gaz X2?=0, (114)

a IIPY JaibHeHIeM H3MEHeHNH (33 B OTPULATEIBLHYIO 00IaCTb HC-
XO/Hasl TPOTSDKEHHOCTh MEPEXOJHUT B 068ANbHYIO 4-TIPOTSHKEH-
HOCTH (pHc. 27), onHuCchIBaeMyto BeipakenneM [31]:

JooXo? + Q11 X12— g22 Xo® + g3z X3 = 0 (115)
¢ curHatypoi (+ + — +).

YToOBI M3 KOJBLEOOPA3HOH HPOTSIKEHHOCTH BHOBB ITOJIYYUTH
KOJIbLICOOPA3HYI0 MPOTSDKEHHOCTh JIPYroro THIA («IBETa»),
HY’XHO M3MEHSTBH Cpa3y JABE KOMIIOHCHTBI METPUYECKOTO TCH-
3opa. 1 mpuMepa paccCMOTPUM H3MEHEHHs KOJIbLeoOpas3HOit
NpoTsHKEHHOCTH ¢ MeTpukoi (113) u curnatypoii (+ + ——). B
3TOM CIIydae ee IIPeBpaleHHe OCYLIeCTBIACTCS IyTeM CTpeMIIe-

(113)

B) r)
Puc. 27. [lepexon oT KonbLe0Opa3HOH 4-TIPOTSHKEHHOCTH
K OBaJIbHOM 4-nipoTsikeHHoCTH [31]

Puc. 28. [lepexon oT KoibLIEOOPA3HOM TOBEPXHOCTH
K KOJIbIIEOOPa3HOM MOBEPXHOCTH APYroro Tuma («isetay) [31]

HUS K HYJIIO cpa3y ABYX KOMIIOHEHT METPUYIECKOI0 TeH30pa (11 M J33. B TOT MOMeHT, koraa o6e 3TH KOMIIOHEHTHI JOCTUTal0T
HyJ14 (911 = 0 u g3z = 0), meTpuka (113) npeBpaijaercs B ypaBHeHUE JBOHHOM Hapbl

Joo Xo? — g2z X2? =0,

OIHUCHIBAIOIIEE JIBYXMEPHYO OBEPXHOCTH (puc. 28).

(116)

HpI/I HENPEPBIBHOM IMPOAOJKEHUN H3MCHEHHI 011 ¥ J33 B UX OTpHULATCIbHbBIC 00J1aCTH 3HAYEHUI BHOBb IMOJIYy4YacTCs Kojibye-

06pa3Haﬂ MPOTAKCHHOCTDH

Qoo Xo® — Q11 X1°— Q22 X2?+ Qa3 X2 = 0, ¢ Apyroii curHarypoii (+ — — +). (117)

PaccMmoTpeHHBIN TpUMep MOACKA3BIBAIOT, YTO TOMOJOTHS MPOCTPAHCTBA MOXKET OBITh M3MEHEHA MOCPEICTBOM M3MEHEHUS
3HaKa KOMIIOHEHTBI METPUYECKOT0 TEH30pa Jjj, HO 3TOT0 HEOCTaTOYHO. Anredpa CUTHATY P MOKa3bIBAET, YTO JUIS TOTO, YTOOBI
IIOMEHSITh TOIIOJIOrMYECKHE CBOMCTBA JOKAJIBHOTO Y4acTKa BAKYYMHOM IMIPOTSKEHHOCTH, HY>KHO IIEPECTPOUTH BCIO €r0 BHYT-

PEHHIOIO CTPYKTYDY.

HamomuuM, 4TO TOTIOJIOTHS A.12,-15-BaKyyMHOH NPOTSDKEHHOCTH, BHEIIHSS CTOPOHA KOTOPOH 3aJ1aeTCsl METPHUKOI ¢ CUTHATY-
poit (+ — ——) (CyOKOHT), @ BHYTPEHHSS1 CTOPOHA — METPUKOM C CUTHATYPO#i (— + + +) (aHTHCYOKOHT), SIBIISIETCS PE3YJILTATOM
cyrnepno3utuu 7+7 =14-TH «UBETHBIX» MPOTSHKEHHOCTEH ¢ cUrHaTypami (3)

(+ + +4) (- --)
--% (++ +-)
+ - -4 -+ +-)
(- -+ ) (++ — )
(+ =) (-~ +4)
-+ -9 (+- ++4)
+ — 4+ — =+ -+
e M G

(118)
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Jliist Toro, 9TOOBI MOMEHATh KOH(PHUIYPALHIO JTOKAJIBHOTO yJacTKa A.12-15-BaKyyMa, TaK 4TOOBI TOTIOJIOTHS €r0 BHELTHEH CTO-
POHBI cTana 3a/1aBaThCs, HalpUMep, CUTHATypoil (——+ —), a TONOJIOTUs €ro BHYTPEHHEN CTOPOHBI — aHTUIIOJHON CUTHATY PO
(+ + — 1), HyXHO TOJHOCTHIO MOMEHSITh METPHKO-IMHAMHYECKYIO CTPYKTYPY HaHHOTO y4acTka A-1p.15-Bakyyma. To ecTb
c/enaTh Tak, 4YToOBI €r0 «I[BETHOM» TOIOJIOTMYECKUH aTiiac MepecTPOICS, HallpUMep, CICIYIOIUM 00pa3oM:

(119)
(F o +H) -
I B GRS
(=) )
GRS B G
I S
IR B SR
+ -+ = — + — +
C-*
Jlns nmpuMepa 3amnuiieM JeBblil pamkup u3 (119) B pasBepHyTOM BUIC!
( 9oo™ Xo? + 911 X12 + 9229 X2 + g3z x3?) + (120)

+ (=900 Xo% — g11© X12— g22'? X2® + gz ¥ Xg%) +
+ ( goo™ Xo% — 911 X1 g22™ xo? + g3z x5?) +
+ ( 9oo™ Xo? + g1 X12— g2V x2% — g3z x3?) +
+ (—goo® Xo? + 911 X1% — g2 Xo? — gz © x5?) +
+ ( 9oo® Xo? — g11® X1 — g22@ %22 — gas® x5?) +
+ ( QOO@) X02— 911(‘1’) X12 + gzz(¢’) X22— g33(cl)) x32) =

= (—Go0™X0” — gux1? + g22*'x2* — ga3xa?)

W3 pamxupa (120) BuIHO, YTO JUIs MpeoOpa3oBaHMsl TOMOJIOTHH «OeCBETHOr0» (IIPO3pavyHOro) BaKyyMa ¢ CHTHATYypaMu
JIBYX €0 CTOPOH (+ ———) 1 (—+ + +) B «IIBETHOE» TOMOJOTUIECKOE COCTOSIHUE C B3AUMHO MPOTHUBOIIOJIOKHBIMU CUTHATYPAMH
(- -+ ) u (+ + — +) Heo6XOAMMO M3MEHHTh 3HAK HU OJHON M HH JBYX KOMIIOHEHT MeTpHueckoro Tenszopa g™, a cpasy
HECKOJIbKUX THX BEJUYMH, BXOISIIMX B COOTBETCTBYIONMIA cTos16en pamkupa (120), 310 Tpebyer 3HaYUTETBHO OOJBINNE
9HEPreTUYeCcKHe 3aTParThl.

OcCTanock BEISICHHUTH, KAaK MOYKHO U3MEHSTH TOTOJNOTHIO A-12-15-BakyyMa? Ha 3TOT BOIPOC MOXET OTBETUTh T€OMETPHU3UPO-
BaHHAs BAaKyyMHAasl KHHEMATHKa M BaKyyMHasl SJIEKTPOIMHAMEKA, nipe/icTaBieHubie B §7.3 B [4] u §§ 4 u 5 B [4]. CunbHble
YCKOpPEHHBIC BHYTPU-BaKyyMHBIE TOKH IIPH UX ONPEACTICHHON KOHOUTYPALINH U IPEBIIICHUN HEKUX KPUTUICCKUX 3HAUCHUH
CIOCOOHBI IEPECTPOUTH TOTOJIOTHICCKYIO CTPYKTYPY JIOKABHOTO ydacTKa A.12-15-BaKyyMa H JaKe MPUBECTH K €r0 «pas-
PBIBYY.

3AKJITIOYEHUE
Munocme u Hcmuna cpemamcs,
Ilpasoa u Mup obrobwizaromes.
Hcemuna eosnuxaem uz sema, u
Ilpasoa npunuxaem c Hebec
oneii Kopax, Icanom 84:11-12

Jlannas omuHHaamaras 9actb «['eomerpusupoBanHoi ¢usuku Bakyyma (I'®B) ocHoBanHoi#t Ha Anrebpe curHatyp (AC)»
(F'®B&AC) [1,2,3,4,5,6,7,8,9,10] mocBsitieHa UCCIEIOBAHUIO 3BE3THO-TIIIAHETAPHON TPAaBUTAIIMU W JICBUTALIUA HA OCHOBE
METPUKO-TUHAMUYECKON MOJICIIH TOJION «ILTAHETHD) (MITH «3BE3IBI»).

ITo MHeHUIO aBTOPa, B 3TOH CTaThe MOJIYYHIIOCh 00BeIMHNTH Hen bepuxapaa Pumana n Anp6epra DWHIITEliHA B OTHOLICHUH
BBISICHEHUS! TIPUPO/IbI TPaBUTALMK. PUMaH MpeAronoXui, 4To CTeYeHHe HEKOH CyOCTaHIMM YBJEKaeT Bce Tela K LEHTPY

39



IUTAHETHI (MITH 3BE37IbI), HO OH HE CMOT OOBSICHUTH Ky/Ja IOMEIIAETCS OTPOMHOE KOJIMIECTBO 3TON CyOCTaHIIMH, KOTOpas Ipe-
OBIBaeT K 1Py IUIAHET U 3Be3]] B TCUCHUH MHOTHX TBHICSUENICTHH. DHHINTEHH MPUMEHWIT YMBUTEIHHO KPacuBBII MaTeMaTH-
YecKuii anmnapar 4-MepHOH PUMaHOBOM T'€OMETPHH JUIsl 00BSICHEHNS IUTaHeTapHOH (1iu 3Be3/1HOM) rpaBuTanu. B OTO Diin-
HITeifHa TpaBUTAIMA — 3TO PE3yNbTaT BTATUBAHMA TeJI CUJIAMU HMHEPIMU B CTAIl[MOHAPHYIO NMPOCTPAHCTBEHHO-BPEMEHHYIO
BOPOHKY, CO3/1aBaeMyI0 MacCUBHBIMHU TeJaaMu. Ho, mo MHeHHI0 MHOTUX (pritocodoB, IpOCTPaHCTBEHHO-BPEMEHHOH KOHTH-
HYYM — 3TO YHCTO MEHTaJIbHasi KOHCTPYKIIHS, KOTOpast I03BOJIIET TOJNBKO KOMMPOBATh MPOTSKEHHYIO PEalbHOCTh B HallleM
co3HaHuu. Kak yxe oTMedanocs BO BBEJCHUH, y YEJIOBEYECTBA HET HU OJHOIO YCTPOMCTBA I U3MEPEHUS JITUTEIBHOCTH
ObITHA (T.€. peaJbHOTO BPEMEHN) €CTh TOIBKO CTAHJApThl YaCTOTHI, KOTOPHIEC BBIJAIOT JOCTATOYHO CTAOMIIBHYIO MOCIIEI0Ba-
TEIBHOCTH UMITYJIbCOB. [103TOMY M 3WHIITETHOBCKHE CHIIBI MHEPIHU 3(PEeMEpHEI.

B 3T0i1 cTaThe UCTIONB3YIOTCS BCe BOSMOXKHBIE PEIIeHU BAKYYMHOTO ypaBHeHHs DiHIITeHA 0e3 A-uieHa st GopMupoBa-
HUS METPUKO-TUHAMUYIECKOIN MOJIENHN 3JIEKTPHUSCKH HEHTPAIBHOTO CTa0MIBHOTO chepraeckoro As7-BaKyyMHOTO 00pa3oBa-
HUS IDIaHeTapHOTO (WIIH 3Be3MHOT0) MacmTaba. [Ipu aToM 3¢ ekt mraneTapHOH rpaBUTAINH OOBACHICTCS TEM, YTO BO BCEX
panuagbHBIX HANIPaBJICHUSX 10 YEThIpeM CTOpoHaM 4-TpanHoi ciimpanu (puc. 10 u 13) mpuTekaroT K sapy ToJI0H «IIITaHeTbDy
JiBa CyOKOHT-aHTUCYOKOHTHBIX TOKa M OTTEKAIOT OT si/Ipa JBa CyOKOHT-aHTUCYOKOHTHBIX ToKa. [IpocTpaHcTBEHHO-(ha30BbIi
CABUT MEXAY 3THMHU JABYMSI MOIIHBIMHU BCTPEUHBIMH CHHPAJBHBIMU TOKaMH (puc. 11) mpuBOAUT K OCTaTOYHOMY SIBJICHHUIO
YCPEOHEHHOTO CTEUSHHUs MEepeIIeTCHHOW CYOKOHT-aHTUCYOKOHTHOW TKaHM B HAIPaBICHUU SApA TOJOM «IUIAHETh (WU
«3BE3IBI»).

HecmoTps Ha TO, YTO B MPEUIOKECHHONH MOJICIIM KIMEET MECTO CTCUCHHE CYOKOHT-aHTUCYOKOHTHOM TKaHH K SIIPY FOJION «Ilia-
HETBD (WIH «3BE3IBD»), MO00HO cTeueHuto cyOcTanuun b. Pumana, Bakyymusiid 6ananc B [OB&AC He Hapymmaercs, Tak
KaK CKOJIBKO CyOKOHT-aHTHCYOKOHTa MPUTEKAET U3 KOCMOCA K S/IPY TOJION «IITAHEThD» (MM «3BE3BI»), CTOJIBKO JK€ CyOKOHT-
aHTUCYOKOHTa OTTEKAET OT HEr0 B KOCMOC 10 BCTPEUHBIM crupaisiM (CMOTpUTe mosicHstomume puc. 7, 9, 10, 11a, 13, 17).

CreueHne ycpeIHEHHOH CyOKOHT-aHTHCYOKOHTHOW TKaHH B Helpa IUIaHET (MJIM 3BE37) TOXKE KOMIIEHCHPYETCS], IIOCKONIBKY
TO, YTO OTEKAET OT OJJHUX T'OJIBIX «IUIAHET» (MM «3BE3/1») U MPUTEKAeT K APYTHM T'OJIBIM «IUIaHETaM» (MIIH «3Be3/laM»), TaM
pa3BopayMBacTCS U BO3BPAIIACTCS K MEPBBIM «IUTaHeTaM» (WK «3Be3mam») (cmotpute puc. 7, 15, 29). B pesynsrate Takoi
HETIPEPBIBHOM IIUPKYJISIIN IEPEIIIETeHHBIX CYOKOHT-aHTHCYOKOHTHBIX TOKOB (purc. 13, 17) HebecHbIe Tella IPUTITHBAIOTCS
JIPYT K JAPYTY, U 3TH K€ CYOKOHT-aHTHCYOKOHTHBIC TOKH YBJIEKAIOT 332 COOOH M BCE MEJKUE CTAOMIbHBIC Amn-BaKyyMHbBIC
00pa3oBaHust («KOPITYCKYJIbI») B HEApa «IU1aHeT» (Win «3Be3a») (puc. 6, 7, 9, 14, 18, 19).

Puc. 29. Unnroctpanust LUPKYISLHMU MEPETUIETEHHBIX CYOKOHT-aHTUCYOKOHTHBIX TOKOB

Taxkum 06pa3oM B IpejularaeMoil Mozieay TpaBUTALMK B CPEJHEM BaKyyMHBIH OanaHC HEe HApyIIAeTCs, PU 3TOM B TAaKOH
CJI0’KHO COaTaHCHPOBAHHOM MEX-TUTAHETAPHOHN M MEX3BE3THOHN IIUPKYIISIINH YCPETHEHHOTO «HUYET0» U KPOETCs TaifHa Bce-
MHPHOTO TATOTECHUS.
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B pamxax npemnmaraemoit '@B&AC koHIENY, ToJast «IUIAaHETay (WK «3BE3Ia») — 3TO MPO3padHoe As7-BaKyyMHOE 0Opa-
3oBaHKe. K spy 9T10T0 00pa30BaHMs B CpPEIHEM CTEKAIOTCSI CyOKOHT-aHTHCYOKOHTHBIC A 7-BaKyyMHBIE TOKH, KOTOPBIE yBJIe-
KaroT 3a CO00M pa3InyHble «KOPITYCKYJIBI» (B T.U. «aTOMBI» U «MOJIEKYJIB») U3 OiiKaiiirero kocmoca (puc. 14). B pesynbrarte,
BOKPYT IIPO3pAvHOTO SAPa TOJI0H «IUIAaHEThI» 00pa3yeTcsi «KOPITyCKyIApHas» («aTOMapHO»-«MOJIEKYIISIpHas») cpesa, KOTo-
PYIO IPUHSITO HA3bIBAaTh KOPOI 1 MaHTHEH T1aHeThl. HanoMHMM, 4TO ronas «3Be3/ia» — 3TO 0UeHb OOJIbIIIast rojasi «IIaHeTay,
B KOTOPOH OrPOMHOE KOJINUECTBO IIAHETAPHBIX Pk-«KBapKOBY» CO3Jal0T IPaBUTALINIO, KOTOpast IPUBOUT K TOMY, UYTO B «aTo-
MHUCTHYECKHX» HEApax 3BE3/bl 3AKUTAIOTCsl TEPMOSJICPHBIEC PEAKIIHH.

[ToaBoast UTOT, NPOCTHIMU CIIOBaMU €I pa3 OTMETHM, YTO MpEeJCTaBJICHHAs 34eCh METPUKO-AMHAMUYECKast MOJIENIb I'PaBU-
TallMU NPeIoiaraeT, YTo Ha KaXJI0ro U3 Hac CIIyCKaeTCsl TKaHb, CIUNICTEHHAsl U3 MHOKECTBA MOLIHBIX HUCXOJSIIUX U BOC-
XOJSIIUX CYOKOHT-aHTHCYOKOHTHBIX CITUPaNbHBIX TOKOB (puc. 9, 12). IlpmumHON STOTO SIBIEHHS SBISCTCSA MPOCTPaH-
CTBEHHO-()a30BBII CABUT MEXIY HUCXOIAMIMMHU M BOCXOISIIUMH CyOKOHT-aHTHCYOKOHTHBIME Tokamu (puc. 11). B pe3yms-
TaTe Cnadbli yCPEeAHEHHBIH CTOK CyOKOHT-aHTHCYOKOHTHOM TKaHHU YBIIEKaeT 3a cOO0H MHOKECTBO MEJIKHX «KOPITyCKYJD» K
SIPY TOJNOU «ILTaHETh (MITH «3BE3ABD») H GOPMHpPYET B CpeIHEM CHEPHUECKYIO «aTOMUCTHYECKYI0» 000OUKY.

PazMepsl aToMHCTHUECKHX 000JI0UEK TOJIBIX «IITAHET» U «3BE3A»— TO Pe3yNbTaT OaaHCca MEXy MIPUTEKAIOIIUMU K UX S1-
PaM U OTTEKAIOIMMH OT UX SIIEP CYOKOHM - AHMUCYOKOHMHBIX TOKOB. DTO MOZOOHO XKUBOTHBIM, Pa3Mepbl KOTOPBIX 3aBUCST
OT X 0OMeHa BelecTB (T. €. OT TOr0, CKOJILKO KMBOTHBIE MTOTPEOJISIET M BBIJCIISET).

[Tono6HbIH rpaBUTAIMOHHBIN 3()(EKT HMEET MECTO He TOJIBKO B OKPECTHOCTH SIZIEP BCEX TOJIBIX «ILIAHET» U «3BE31», HO U B
OKPYKCHHUH sIJIep BCeX CTaOMIIBHBIX CHEPUUECKHUX Amn-BaKyyMHBIX 0Opa30BaHMUI pa3iu4HBbIX MAcCIITa0OB, BXOISIIUX B CO-
CTaB MEPapXUUECKOl KOCMOJIOITMYECKOW MOJIENH [6], CMOTpUTE, HAIPUMEP, YTOUHEHHbIE METPHKO-TUHAMHYECKUE MOJIEITH
«NEKTPOHA» U «1mo3uTpoHay (82) — (91).

Taxum 00pazoM, MeX-KOPITyCKyJISIpHOE TSATOTEHHE HOCHUT BeceoOmwid (BecemupHslit) xapaktep. Ho rpaBuTanmonHoe mpuTs-
KeHHe nprMepHo Ha 40 MOpsAKoB ciabee dIEKTPUYECKOro B3aUMOJCHCTBHA (CMOTpUTE [7]), MO3TOMY IPH PACCMOTPEHHU
METPUKO-THHAMHUYECKUX MOJETIeH «KOPIYCKYID» IUKO- , HAHO- M MHKpOCKoIu4yeckoro Macmraba B [6] — [8], ux rpaButanu-
OHHOE B3aMMOJICHCTBHE HE YUHUTHIBAJIOCH.

[IpenmymiecTBO MpeIaraeMoi MoeNIu TPaBUTAIMH TIepe ]l BCEMHU MPEAbLTYITUMH IBITKAaMU OOBSCHUTH TaHHOE SIBIICHHE, 3a-
kiogaercs B ToM, uTo [ @B&AC npenycMaTprBaeT BO3MOKHOCTh CYIIIECTBOBAHHUS HE TOJIBKO HUCXOMAAIINX, HO U BOCXOS-
KX CyOKOHT-aHTUCYOKOHTHBIX TOKOB. [IpH 3TOM HHCXOISIIME U BOCXOJSIIHME CyOKOHT-aHTHCYOKOHTHBIE NMOTOKH U MOTYT
OBITh MCIOJIb30BAHBI JJIsI PA3BUTHS AIbTEPHATHBHBIX CHOCO0OB mepemenieHus B npoctpancTBe. CyOKOHT-aHTUCYOKOHTHAs
MOJIEJNb TPaBUTAIMH MTOATOTABIMBAET TEOPETUUECKYIO 0asy JUisl CO3JIaHMs JIeTaTelIbHBIX anmapaToB (Tumna rpaButanera I'pedeH-
HHKOBa, pHc. 24), OCHOBaHHBIX HA WCIOJIb30BAaHNH MEX-TUIAHETAPHBIX M MEKX3BE3JHBIX BHYTPH-BAKYyMHBIX TEUEHHH, ITOCpE.-
CTBOM HMCKYCCTBEHHOTO M3MEHEHUSI TOTIOJIOTHYECKOI KOH(PUTYpALH JIOKAIBHOTO YYacTKa MPOTSHKEHHOTO OBITHSL.

Bwmecrte ¢ Tem MonenpHbIe iocTpoeHns [ @B& AC He 00BICHSIOT MPUYHHY IUIAHETAPHON TPABUTAILINY TaK XKe, KaK He OOBSCHSIOT
ee HU HeOecHast MexaHnka HproToHa, HU 00mmast Teopust OTHOCHTENBHOCTH DifHIITelHA. Bee MozenbHbIe IpesicTaBiIeHns o rpa-
BUTalLIMK, yNOMsIHyTble B Beaenuu, Bxmoyas [ DB&AC, TOAbKO ONMUCHIBAIOT 3TO SIBJICHHUE.

[Tpu BeIsIBIIEHNH O0JTEe TITy OMHHBIX MPUYHH, TPABUTAINS MOXKET OBITh PaCCMOT-
peHa Kak ICHX0COMAaTHYECKOe SBICHHE. YIKe YIOMHIHAIOCH B 3aKITIOYCHUHN CTa-
1M [10], uro ITnaneTsr n 3Be376I BO MHOTOM ITOOOHBI OpraHeyIaM >KUBBIX
OMOJIOTUUECKUX KIIETOK. B pamkax manHol aHanmoruu [ImaneTs! u 3Be3abl Bca-
CBHIBAIOT MUTATENILHYI0 CYOKOHT-aHTUCYOKOHTHYIO CMECH (T.€. apTepUaTbHYIO
TMMQY C MUTATEILHBIMU BEIIECTBAMH) M UCTOPTaloT OTPabOTaHHYIO CyOKOHT-
AHTHCYOKOHTHYIO CMECH (T.€. BeHO3HYI0 TuM(y ¢ orxonamu). [Ipu aTom 1o, 4TO
quist onHux ITnanet u 3Be3n ABIAETCS KUAKUMHI OTXOJAMU, TO A1t Apyrux Ilma-
HeT U 3Be3[ BISIETCS MTATENBHON BIAaroro, 1 Ha0060poT. To ecTh cyOKOHT-aH-
THUCYOKOHTHAsI MEXK-TUTAHETHAS M MEXK3BE3/Hast LIMPKYJIAIHs odecriednBaeT 00-
MEHHBIE TPOoIecCH BHYTpU eanHoro Kierournoro Opranmnsma — 3Be3aHo-I1ma-
HETapHOU KUBOU CUCTEMBI.
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Hanpumep, dywiu nroodeii nposiensomes 6 nIOMHvIx closax ammocgepul [Inanemvi 3emns, kax wucmoe céedicee OyYHOGeHUe, A 3a-
mem omoansiomcst om 3emau NPEUCHOTHEHHbIE 20PLKUM ONBIMOM U 4YECEOM GUHbL UTIU YYECMEOM UCTIOTHEHHO20 D0NI2A U CEem-
Jiot padocmu.

Kaxxnas [Tnanera n 3Be3na nmeer CBOM XapakTep, MOTOMY T€ TOHYAHIINE OTTEHKH CyOKOHT-aHTHCYOKOHTHBIX TOKOB, KOTOPbIE
UCXOJSIT U3 UX HEJIp, IEPEHOCST BIMSHUS ATOTO XapaKTepa Ha TOHKUE aclekThl npyrux HebecHpix Tena u nx oburarene. Act-
posorust OblIa MpeaTedeil ¥ CTUMYJIOM JUIS Pa3BUTHS aCTPOHOMHH M BCEH HAyKH B IIEJIOM, B YACTHOCTU HEOSCHOW MEXaHUKH
HetoToHa. Tenepb MbI Bo3BpaniaeMcs K U3ydeHHIo BInsHus [ImaHeT n 3Be3 Ha XapakTep MEeX3BE3IHBIX U MEK-TUIaHETAPHBIX
OTHOIIICHHH, HO Ha HOBOM KauecTBeHHOM ypoBHe. Komeco Otprnannsa-OTpunaHus nemaeT odepeHoi 000poT.
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