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AHHOTAIUSA

JlaHHas CTaThs SBISACTCSA OJMHAMIATON YaCThIO HAYYHOrO MPOEKTA MO 00IMM Ha3BaHueM «[ eoMeTpusnpoBaHHas (Qu3nka
Bakyyma Ha ocHoBe Anre6psr curaatyp» (T®B&AC) [1,2,3,4,5,6,7,8,9,10]. B a10ii cTaThe sABICHHE IUIAHETAPHOM IPaBUTA-
[UH PACCMAaTPUBACTCS KaK Pe3yJbTaT MIPOCTPAHCTBEHHO-(a30BOr0 CIBUTA MEKIY JABYMs BCTPSUHBIME BHY TPUBAKYYMHBIMH
MMOTOKAMH, TSKYITUMH CBEPXY BHH3 M CHU3Y BBEPX. DTH MOIIHBIC BHYTPHUBAKYYMHBIC MIOTOKU TEKYT IO BCTPCYHBIM CITHpA-
JISIM, HAMOTaHHBIM Ha BCE paJHaIbHbIC HANPABJICHUS, OTXOSIIUE OT SApa CTAOMIBHBIX C(HepHUSCKIX BaKyyYMHBIX 00pa3o-
BaHMH (B YACTHOCTH, «IUIAHET» U «3Be31»). [IpH 3TOM, OTTEKAOII1e BBEPX MO CIIUPAU BaKYyMHbIC TOKH BCET1a HE3HAYH-
TEJIHO OTCTAIOT I10 BEIMYUHE OT BAKYYMHBIX TOKOB, IPUTEKAIOIIMX BHU3 [T0 BCTPEUYHBIM CUPAIsiM. [I03TOMY OTHOCHTEIBHO
ca0blif OCTATOYHBIN YCKOPSIOIIMICS CTOK yBIIEKAaeT 3a COOOH Bce Tena B HANpaBICHHU sIpa ChepuuecKoro BaKyyMHBIX
00pa3oBaHusl, U SBJISCTCSA MPUIMHON rpaBUTAIlMK. MOJCIbHOE MPEICTABICHHE O TPABUTAIMU KaK O PE3yJbTaTe Pa3HOCTU
MOIIHBIX BCTPEYHBIX BHYTPUBAKYYMHBIX TOKOB MOXKET MOCITYKUTh TEOPETHISCKAM 00OCHOBAHUEM BO3MOXHOCTH HCIOJIb-
30BaHMs 3TUX TCUCHHUH JJIs1 ATbTEPHATHBHBIX CIIOCOOOB MEpEMEIICHHS B IPOCTPAHCTBE. B 3aKIII0YEHNH CTaThU PACCMOTPEHBI
BO3MOJKHBIE CITOCOOBI YIIPABJICHHUS TOTOJIOTUEH MPOCTPAHCTBA U BHYTPUBAKYYMHBIMU TOKAMH C IO X HCIIOJIb30BaHUS B
Ka4yeCTBE JBHIKYIICH CUITBI B PEIKHME JICBUTAIIHH.

ABSTRACT

This article is the eleventh part of the scientific project under the general title "Geometrized Vacuum Physics based on the
Algebra of Signatures” (GVPh&AS) [1,2,3,4,5,6,7,8,9,10]. In this article the phenomenon of planetary gravity is considered
as a result of a spatial-phase shift between two counter intravacuum flows, flowing top-down and bottom-up. These powerful
intravacuum flows flow along counter spirals wound on all radial directions departing from the core of stable spherical vac-
uum 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. Therefore, 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 intravacuum
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 intravacuum 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, JICBUTALIU.

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

HNPEABICTOPUSA U BBEJJEHUE

Jaunast paboTa SIBISIETCS OJMHHAANATON U3 [MKJIa cTaTel mox ooumM HaszBaHueM «I eoMeTpu3upoBaHHas (pU3HKa BaKyyMa
Ha ocHoBe Anre6pst curnatyp» (GVPh&AS). Ipensiaymime necsath crareil MpUBEAEHBI B CIUCKe nuTeparyps [1,2,3,4,5,
6,7,8,9,10].

B craree [10] ObIIM paccMOTPEHBI METPUKO-ANHAMUYECKHE MOJIENHM TOJIBIX «IUIAHET» M «3Be31» (TOUHEe, HIEKTPHYECKU
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 MENKUE CTAOUITBHBIC Amn-BaKyyMHBIC KOPITYCKYJISPHBIC HCKPHBICHHS (T.€. «YaCTULIBI»).

31ech B OCHOBHOM PacCMaTPUBACTCs TUIAHETApHAS TPABHTALMS HA TPUMEPE TATOTCHHUS K SIAPY TOJOH «ITaHeThD (MIH
«3BE3IBIN).

Tonas ((366‘3()61)), no onpe()ejzeﬂmo 6 [10] — 2mo boavbuas 2onas «niamemay, 6 KOI’)’lOpOlZ OZPOMHO20 CKONJeHue nianemapHslx
Pk-((KeapKOG» nepexodum K ycuienuro epasumayuu 00 Mako2o YPO6Hs, 4mo 6 amoMucmuidecKux Hedpax O0aHHO20 acmpoHO-
MUYECKO20 00beKma 3axCcucaiomcs mepMo;ldeprle peaxkyuu. ﬂpyeuMu croeamu, conas «36€30a» OMIUYACMCsE Om 207101
«njaaHemsl» moJibKo 8eIUYUHOU epasumayuOHHO20 83aUMOOCUCMBUSL.

BwMecre ¢ TeM, BCe MOJIENIbHBIC MTPECTABICHNUS, H3JI0)KEHHBIC B JAHHON paboTe, OTHOCATCSI U KO BCEM OCTAJIbHBIM CTAOMIIb-
HBIM C(HEPUUECKUM Amn-BaKyyMHBIM 00pa30BaHHsM, BXOJSIIAM B COCTaB HEPAPXUIECKON KOCMOIOTHYECKOH MOCIH, H3I10-
*eHHo# B [6], He3aBucHMO OT uX MacmiTadba (cmotpute puc. 1 B [6]).

W3ydenne npupopl IUIAHETAPHON TPAaBUTALIMU SBJIIETCS 3HAKOBOM 3a1aueid AJi11 eCTECTBO3HAHMS, TAK KaK UIMEHHO C MTONBITKU
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» ¥ «3eMiti». [Ipu 9TOM Te CyIIHOCTH, B KOTOPBIX MPEOOJIaIaloT KauecTBa «OTOHbY» M «BO3JYX» — CTPEMSITCSI BBEpX; a
CYIL[HOCTH, B KOTOPBIX MPE00Iaat0T KauyeCTBa «BOAA» U «3EMJISD» — CTPEMSTCS BHU3 (Ha 9moM npuHyune 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 — epBOro HeOGECHOrO
Tena. Beie JIyHbl HaXOUTCS HAJYHHBIN, BOKeCTBEHHBINH MUp, T1I€ TEJIa COCTOSAT
n3 3¢upa. B HaamyHHOM Hebe CymeCTBYeT TOJIBKO PAaBHOMEPHOE HETIPEPBIBHOE KPY-
roBO€ JABIXEHHE HebecHBIX Tell. HebecHble Tena BpamaroTcst BOKPYT 3eMITH 1O 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! BpamaroTcsi He BOKpYr 3emu, a Bokpyr Connua. Monens Konepuuka, npen-
craBiieHHas B TpakTare «De revolutionibus orbium coelestiumy» («O BpameHnn HeOecHBIX cdepy), Oblla MECHEee TOYHOH, HO
3HAYUTENBHO MpoILE, 4eM Mojenb Knasnus [ltonemes « Anbmaréct» (0T apab. wssdl SISl — Benukoe nmocrpoenne, 127 —
151 rr.), KOTOpas ObLIa OCHOBaHA HA KOCMOJIOTUH APHCTOTEIISA.



Karonuueckast niepkoBb Bo TiaBe ¢ Ilanckoit kypueit (Curia Romana) otHecnach k HOBOBBeIeHUAM KaToinka KomepHuka ¢
HACTOPOKCHHBIM HHTEPECOM, ¥ TOTOBA ObLJIa IPUHUMATH WX KaK OJHY M3 TUIIOTE3, IPUTOIHBIX /Ui YIIPOIICHHBIX PacueTOB.
OpHaKo, MHOTHE KIIMPHUKH cuuTany yueHune KonepHuka npotusopeyamum Cesiernomy [Iucanmto, T.. ckazano (Mucyc Ha-
BuH 10:12): «Ctoii, conuie, Hax ['aBaoHOM, W JIyHa, HaJ JOJUHOK AuanoHckoo». Maptun Jlrotep (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,
MOIIATHYJIOCH, TaK KaK OKa3aJ0Ch, YTO HE BCE HEOECHBIE TeNla MACANbHBI U HE BCE TUIAHETHI ABUTAIOTCSA BOKPYT 3emid. 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 esponetickux UHmMeNIEKMyanios 6 KOpHe USMEHUIOCL MobKo nocie nyoruxayuu ¢ 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 (¢ manoii maccoi) no opoume co 3HAUUMENbHO MEHLUUM PAOuycom, yem paouyc opoumst 3emau. Celinvac 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 CPHOPMYTUPOBAHBL MAKUM 0OPAZ0M, HIMO OHU HE 3A8UCAN OM 8b100PA CUCHEMbl OMCHemd.

3ameuanue /J36uoa Puda: "Ianuneii 3Han o mom, umo 01 ONUCAHUS OOHO20 U MO20 JHCe AGNEHUS B03MONCHbL PA3HbIE CU-
cmembl omcyema, on ykazan na smo 6 ceoem Dialogo sopra i due massimi sistemi del mondo. Oma paboma npedcmasnsem
c0001l He CMONILKO Me3uUc 8 N000epIHcKy cucmemvl Konepruka, cKOIbKO Onpo8epiceHue HEeCKONIbKUX HEGEPHbIX «O0KA3A-
menbemey, Komopwvle npeocCmasianu cmopouHuxu cucmemst Ilmonemes. Tpu evimviuinennvix nepcouasca, Canveuamu,
Cazpeodo u Cumnauuuo, MHO20 2080psAM O NPUTUBAX, HO U O psAOe OPY2UX MeM, He CEAZAHHBIX HANPAMYIO ¢ acmponomueti. To
ecmy, Ianunetl 6vln Menvule 3aunmepecosan 6 npeocmasienuu meopuu Konepuuxa 6 smotl knHuze, uem 6 npedcmagieHuu
ceoux udell Hayuno2o obocHosanus. max, xoms noopazymesaemas noooepaicka cucmemvl Konepnuxa cama no cebe 603my-
muna Hekomopuix 8 Llepkeu, mHozue opyeue obvLiu ewe 6orbuLe 803MyUeHsl mem hakmom, umo I anunell ykaszvléan Ha mo,
umo Llepxosb He 6b108UHYIA HUKAKUX XOPOUUX HAYVUHBIX APSYMEHMO8 8 NOIb3Y C8oell no3uyuu ",

Kpowme Toro, "amuineit mpoBen psig SKCIEPUMEHTOB C TEJIAMHU Pa3HOTO pa3Mepa U Beca (B YaCTHOCTH, CKATHIBAJI IIAPHI 110
HAKJIOHHOH ITIOCKOCTH). Pe3ybTaT okasascs MpOTHBOPEUAIINM YTBepKAeHUsIM Apucrorens. OH yCTaHOBWI, YTO B cIydae,
KOT/Ia CONPOTHBJIEHUEM BO3/1yXa MOXHO TpeHeOpeyb, Bce Tella HEe3aBHCHMO OT MX Beca M pa3MepoB MaJal0T Ha 3eMIIIO 110
OJTHOMY H TOMY K€ 3aKOHY S = 4,9t 2, /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 BCMOTPHUMCSI B JIEJI0, TO HAiieM, 4TO HET mpupamnieHus 6oyiee mpoCToro, 4eM MPOUCXOISAIIETO BCET1a PaB-

HOMEPHO. ..». PABHOMEPHOCTh MPUPOCTa CKOpocTH v(t) mamaromero kamus [ anuneil BeIpasun depe3 mporopimio [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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Cropee 6ceeo, 'anuneii ne c6pacwviean kamuu ¢ ITuzanckoii 6awnu, m.x.
HU 8 OOHOM U3 e20 mpyoos 3mom dKcnepumenm He onucan. Ob smom
Hanucan e2o yuyeHux Bunyenyo Busuanu. Bozmoswcno, I'anuneii 6 onocmu
8uden, Kak 3mo oeraiom opyaue u/uiu niaHuposa GbINOIHUMb MAaKue
usmepenus ¢ yuenuxamu. Ho nompsicaem opyeoe cosnadenue. Paoom ¢
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 yrugepcumemamu Egponul.

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
(U3HKY 10 THITY €BKIIMIOBOM reoMeTpuu. Paronann3anys o3Hadaia, 4To (GU3MKa J0JDKHA UCXOAUTH U3 HEOOIBIIOro Yucia
OYEBUIHBIX aKCHOM, Ha KOTOPBIE OIUPAETCS MOCIEI0BATEIFHOCTD BHIBOIOB, OCHOBaHHBIX HA JIOTUKE ApucToTens [12].

Jexapt u [anuneii 06a BOCIPUHSIIN JeyKTHBHBIH METOI JPEBHUX I'PEKOB, HO MOTHBHPOBAJIH €r0 M0-pasHoMy. OHU PHHU-
Majld, 4TO B 0OBSCHCHUH IPHPOBI Pa3yM JIOJDKSH HCXOAUTH U3 OOIIHX TTOJOXKEHHUHT (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 HAIlM HAOJIOJCHUS] HECOBEPILECHHBI: HALIM OPraHbl YyBCTB CIIOCOOHBI 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
MbIcssME TIpeacTaBisiinchk Jlekapty unest b-I'A (BBICHIEI'O PA3YMA) u uzest cobctBeHHOTr0 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
[Ipupone — 3Hauut cunurath, yTo b-I' CHauana CoTBOpUI UeIOBEUECKUN MO3T, B KOTOPBIM BIOXKHII 3TO 3HAHUE, a YK€ TOTOM
Co3snan BeeneHHYI0 B TOYHOM COOTBETCTBUH C 3THUM YeJIOBeuecKHM 3HaHMeM. Heyskenn Tak B JeHCTBUTEIBHOCTH ITPOHCXO-
o MupotBopenne? YTBepxkIaTh M0100HOe — 3HAYHUT CTaBHUTH YeJIOBeKa B IIEHTp MUpo3naHus WiH, 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 cnauana 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 lanunes u JlekapTa UAyT JBE pa3Hble TPaAWULUHM HCTOJIKOBaHHMSA YMO3DPEHHs APEBHHUX IpEKOB. JlekapT Tak ke, Kak u
Kemutep, cunrai, uyto ¢u3HuKa HEIIPEMEHHO U BCEr/a JI0JDKHA OTHICKUBATh NPUYMHEI ABJICHUI. JTO OyKBaJIbHO COOTBETCTBO-
BaJIO apUCTOTEINIEBY MOHUMAHHIO CMbICIa PU3NYecKoro 3HaHus. ["anuiel xe moara nenisio Gu3nKy He CTOIIBKO MPUYMHHOE
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 ["anmiero — Ba)KHO 3HATH JIMIIB KaK OHU TPOUCXOMSIT.

JlexapT He TpuHSUT yueHue [anmiest 0 TSHKECTH U ero 3aKoH majneHust Ten. Kunemaruke Jlexkapta GbUIO 4yKI0 CaMo TIOHATHE
yckopenus tei1. OH BUIeT MPUYMHY W3MEHEHUS JBIKCHHUS JIMIIb B HEOCPEICTBEHHOM CONPHUKOCHOBEHUH TEJl: HEKOHTAKT-
HOE BO3/ICHCTBHE OJTHOrO TeJla Ha Ipyroe TPYAHO ObLIO MPU3HABATH B KAYECTBE MAaTEPUAIbHOM IPHYHHBI U3MEHEHHS IBIIKE-
uust [12].



[Ipu3HaHue HEKOHTAKTHBIX AEHCTBUHN Ka3alloch JlekapTy BO3BpALEHUEM K OKKYJIbTH3MY U K CPEIHEBEKOBOM CXOJIACTUKE, U
B 3TOH OOpHOE MPOTUB MUCTHMKU €ro moToM mnozjepkanu [toiirenc u Jleiouun. B camom nene, aist Toro 4ro0sl 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?

JlexapTt npusHaBan aABe GpyHIaMeHTaiIbHbIe cyOcTanmu: «I[IpoTshkeHHOCTEY M «CO3HaHNE», MPUHINIHAIBGHO APYT OT IpyTa
otneneHnble. Mup Co3HaHUS — HEeMaTepHUANbHBIA U HEIIPOCTPAHCTBEHHBIH, 3TO MHP HICH, C COOCTBEHHOI! JIOTHYECKON TIPH-
YHHHOCTHIO, B KOTOpOii [lepBonprunaoii ansercs b-I'. Ha myTu k oTeickaHuIO QUHANHHBIX TpUYXH JekapT ocHOBAJ CBOE,

TaK Ha3bIBAEMOE OHTOJIOTHYECKOE NOKa3aTeIbCTBO boitus B-T'A.

B pamkax nypuancrou kaboanvt MBILLIJIEHUE u éce yposhu beimus nepazoenumot. [locmosiHkble u3MeHeHUs: KadcOoU T0KATbHOU obnacmu
Ecmecmeennotl npomaxceHHoCmu — 9mMo NPOAGNIEHHAA 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 omuouenui Motu-
nenus u lpocmpancmea. Cnunosa, 6cred uydeiickoii mpaduyuu, cuuman, umo Mviunenue u Ipocmpancmeo — smo ampubymor EJUHOH
CVYBECTAHLIUU (5-T'A).

Jlpyras ecrecTBeHHasi HPUYMHHOCTH IMEET MECTO B MUPE MPOTSHKEHHOCTEH, I KoToporo JlekapT co3aaBajl CBOe YUCHHE 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 e1le OTHO 00O0CHOBAaHUE 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 BO31yX HACOCOM M3 CTEKJISIHHOI'O COCYJla, MBI IOCTUIa€M B HEM BCE MEHBLIEH U MEHbIIEH IJIOTHOCTH BO3AYXa.
Ho, naxe BbIKauaB U3 HErO BECh BO3/IyX, Mbl HE CMOXKEM «BBIKAYaTh» M3 HEro TOHKYI0 Marepuio [lekaprta [12]. Hexapom ee
Ha3bIBAJIH ellle nenym (Bce 3anosHsonmi). OT ee MPUCYTCTBUS HEJIb3s H30ABUTHCS, TIOTOMY YTO OHA — IPUHAICKHOCTh
npocTpaHcTBa. Jlydine cka3arh: MPOCTPAHCTBO HE MOXKET CYIIECTBOBATH 0€3 3TOI TOHKOW MaTEPUH, XOTS MBI €€ HE MOXKEM
HHU YBHUJETh, HU MOYYyBCTBOBaTh. OHA HE TMOAMACTCS HAIIEMY BO3ACHCTBHIO, TIOTOMY YTO HE 00iagaeT HUKaKUMH (U3nUe-
CKMMH CBOWCTBaMH, KpOME€ CBOMCTB MPOTSHKEHHOCTH M ABWXeHUsA. He moanaBasich BO3I€MCTBUSM, TOHKAsl MaTepusi cama
obnagaeT JeHCTBUSIMU: CBETOM, TEIUIOM U TATOTECHUEM.

Bec (Tsarotenue), mo Jlekapty, eCTh CBOUCTBO JBIKEHUS TOHKOM Matepu (¢uronno) [12]. Cornacuo npejcraBinenusim Je-
Kapra, Ta ke ToHKoMarepuanbHas ((raronanas) cpeaa HeceT BOKpyr CoJHIIA [UIAHETHI KaK KOPAOIIH, IIABAOIIKME B TUTAHT-
CKOM BOIOBOpOTE (hiironaHOro Mopst (puc. 2). ClyTHUKH TUIAHET JBIKYTCS 0J1aroapsi MEHbIIHM (QIIFOMHBIM BUXPSM, OKPY-
JKAKOIUM 5TH IuTaHeTsl [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 COBOKYITHOCTh BHXPEi TOHKOH MaTepuH ((IIIOUIOB), KOTOPYIO
Bb-I' Hagenun HenpepbIBHBIM JIBUXKEHUEM (pHC. 3).

Yro KacaeTcs 3eMHOTO TATOTEHHUsI, TO JIekapT BUIET €ro NPUYKHY B TPAJIUCHTE JABJICHUS, KOTOPOE OKAa3bIBACT TOHKAsI MaTe-
pust («rouaB) Ha Tela, HAXOIAIIUECS BO3JIE TOBEPXHOCTH IUIaHeThl. To ecTh, o JlekapTy, Tena najarT Ha 3eMITI0 TIOTOMY,
YTO MOATAJKUBAIOTCS MO HampaBlicHUIO K Hell MenpuallliuMy HEBHIMMBIMHM YaCTHIKAMHU 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].

Coznannsie JlekapToM MPEACTaBICHUS O MIOTOKAX M BUXPSAX (IIFOUAOB TOCHOACTBOBANIH B Qr3uKe B TeueHne Beero X VIII u
yactuyHO B XIX Beke. Teopus Tarorenus [anunes-HproToHa, B KOTOPOH OTCYTCTBOBaj TOHKOMAaTEepUalbHbIN MOCPEIHUK,
ObUTa IPUHSATA BO BHUMaHHE TOJBKO CITYCTS ITOJITOpa CToJeTHs nmocie ee co3ganus. B 1740 r. [apmkckas 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 modeuia He TOTOMY, HITH He TOJIBKO MOTOMY, YTO Jyullie 00bsicHsIa (Gaktel. C Her0 mobeauno
HOBO€ MHUPOBO33pEHUE, MOCIEA0BATEIHHOCTh YMO3PUTEIbHBIX MPUHIIMIIOB, OTTOPTAIOIINX JHO0YI0 BO3MOXKHOCTH [loTycTO-
poHHero BiusHus.

®nronaHble Bo33peHus JlekapTa, OCHOBaHHbIE HA BOCCOEAUHEHNH JlyXOBHOTO U MaTepuanabHoro Havan, nanu, ycTynuB me-
CTO MYPUTAHCKOW CKYNIOCTH HbIOTOHOBCKOM I'€OMETPHUM ABMXKEHUS CBETWJ. JlaXke peNMrHO3HBIN TpENeT Mmepea MUCTUKON
«IIyCTOTBD» HE CMOT 3TOMY BOCIPEATCTBOBaTh. Ho myTh, HameueHHbIH @anecom (cyOctpaT «Boma» Daneca), ['epaknnrom
(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 M3yYall JOCTATOYHO TOYHbIE MHOTONIeTHHE HaOmoaeHus Tuxo Bpare 3a 3Be3namu u ruiaHeTamu. B pesyiib-
tate Kerep B 1609 roay B kaure «Hoast actpoHoMusD» chopMyTupoBalt TpH 3akoHa: 1) OpOura rmianeTsl Mapc npej-
CTaBJISIET COOOH AILIHIIC, B OJJHOM U3 IBYX (OKycOB KoToporo Haxomurcst Coaile; 2) OTpe30K MpsIMOi, COeTMHSIONTHI
mnanety Mapc n ComnHile, 3a paBHbIE IPOMEKYTKH BPEMEHH IIepecekaeT paBHble momany. 3) Ksagpar neprona obpa-
HIeHMs TUTaHeThl Mapc BOKPYT CBOEH OCH MPOMOPIIMOHANICH KyOy JUIMHBI OOJIBIION MOTYOCH €€ OpOUTHI.

B nanpHelimem BBISICHUIOCH, YTO 3aKOHBI Keriepa 0THOCSTCS! HE TOIBKO K Mapcy, HO M K IpyTUM HaOJII01aeMbIM 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 BOIIPOCE N3YyUEHHMs 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 HaTypajibHOU umocopuny chopMyIupoBai 3aK0H BCEMUPHOTO TATOTeHUS: — «Curita, ¢ KOTOPOH TpH-
TATHBAIOTCS JIBAa Tella, MPOMOPIMOHATIbHA MPOM3BEICHUIO MX MacC W OOpaTHO MPOTOPIMOHAIBHA KBAaJApaTy PacCTOSHUSA
Mex Ty HUMH». OKa3ajaock, 4TO 3TO MPOCTOE yTBEpKAeHue 06o0umo goctmwkenns Konepauka, [Nammnes n Kenrepa.

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

B ussiuiHo# 1 makoHHU4YHOM hopmye (1) TaTeHTHO MPHUCYTCTBYIOT Bee TpH 3akoHa HptoToHa. 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 OJist NOOOEPAHCAHUSL OBUNCEHUSL Meaa mpebyemcst nOCMosHHoe 6030eticmaue cuibl). [103ToMy B OCT-
HBIOTOHOBCKOM (DH3HKE, €CIIM TEJ0 ABHKETCS C YCKOPEHHEM — 3HAYMT Ha Hero JedcTByeT cuia. OOBEKT, ABIKYIIUICS 110
HCKPUBJICHHON TPaeKTOPHH, UCIIBITHIBAET YCKOPEHHUE, IOITOMY B HeOeCHOM 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 HJIM HATIPABJICHUIO €0 CKOPOCTH) —
CyTh «Macca) T€M MEHBIIIE €r0 YCKOPEHHE IIPU OAHOM U TOXKE NPUIIOKEHHOU cuie. TpeTuii 3aKOH IPOTUBOAECUCTBUS YTBEP-
KIACT, YTO B3aUMO/ICHCTBYIOMINE TEJa MPUIIATaloT APYT K APYTY PaBHBIE O BEIHYMHE, HO TIPOTHBOTIOIOKHO HATIPABICHHBIC
cwitbl. [ToaTOMy B cHCTeMe U3 JIBYX TPaBUTHUPYIOIINX TeN, KaXKI0€ HCIBITHIBAET YCKOPEHUE, 0OPATHO MPOIOPIHOHAIBHOE €r0
Mmacce. Touka, yaaneHHast OT KakIO0r0 U3 BYX IPaBUTHPYIOIIMX HEOCCHBIX Tell 0OPATHO MPOMOPIIHOHAIBHO UX MAcCe, BH-
raTbcsi 6€3 YCKOPEHHs U Ha3hIBACTCsI IIEHTPOM MAcC JaHHOM cucTeMbl. Ecn 0JJHO Telo BJJBOE MAacCHBHEE JPYTOro, 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
noBejeHNe HeOecHbIX Tenl B COMHEYHOH cucteMe, HO NMPUYHMHA CYIIEeCTBOBAHMS 3TOH CHUIIBI 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, KorJja ObIT BBIHYKAEH NMPHU3HATH: — «Jl0 cHX TOp 51 M3BSICHSI HEOECHBIC SBICHUS W IIPUINBBI 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 TOTO, YTO TATOTEHHE HA CaMOM JeJie
CYILIECTBYET U JIEHCTBYET COTJIACHO M3I0)KEHHBIM HAMHU 3aKOHAM.

B 1749 1. I'eopr-Jlyu Jle Cax (1724-1803) npeasioxui cienayoliee 00bsICHEHUE ABIIE-
HUIO MPUTSDKEHMS JIBYX MaTepHalbHbIX Tesl. OH NpPeAIooKui, 4YTo MPOCTPAHCTBO 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 YaCTHYHO. J{aHHbBIE YacTHIIB OBLTH Ha3BaHEI
JecaxeHaMu. B pe3yJibTaTe MoryoneHus 4acTy JecaKeHOB, TeJIaM MepeacTcsl UX M-
mysbc. [ToCKONbKY KOHIIEHTpANus JIECAKEHOB ¢ HAPYXHOW CTOPOHBI Tl OOJIbIIe, YeM
MEXIy HUMHU (CMOTpHTE pHcC. 4), TO Tena Kak Obl IIOATAIKUBAIOTCS JPYT K APYTY BHEII-
HHUM JIaBJICHHEM JiecakeHOB. IIpu 3TOM, Tak e KaK B 3aKOHE BCEMHUPHOT'O TATOTECHHS
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 momydniaa HEKOTOPHIE SKCHEPUMEHTANbHBIC IOITBEPKIACHUS,
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 Anpu Ilyankape (1854 — 1912) noasepr rumore3y Jle Caxa pasrpoMHoii kputuke. OH yTBEpXKIall, 9TO €CIIH Obl
JICCAXKCHBI PeajbHO CYIICCTBOBAIH, TO TOJDKHBI OBLIM ObI HAOIFOaThCS CIIeAYIONIHE siBIeHus: 1) JIBIDKyIHecs Tea JOJIKHBI
3amesThes B rasze Jle Caxka BCiieICTBUE CONMPOTUBIIEHUS IBUKEHHUIO BCTPEUHOTO TOTOKA 3TOr0 raza. Ho Takoro 3amenenus
He HaOmroaeTcs, nHaue Obl Bce IUIaHeThl JaBHO yranu Ha Coiaie; 2) [Ipu NOTIIONeHUH J1eCa)KeHOB, OHU JTOJDKHEI Iepeia-
BaTh TEJIaM CBOKO KHHETHYECKYIO SHEPTHIO. [IpH 3TOM MOBEPXHOCTH, HANPHMEP, 3EMIIN TOJDKHA ObLTa OBl pABHOMEPHO Harpe-
BaTbCs 10 OYEHb BHICOKOM TEMIEPATYPhl, TOT/Ia KaK B PEAIbHOCTH BBICOKYIO TEMIIEpATypy UMEET He KOopa Hallel IIaHEeThI,
a ee HeJpa.

Kpuruka [Iyankape omyTnMo TOHHM3MIA HHTEpEC HaAy4IHOU oOmecTBeHHOCTH K runotese Jle Caxa. Tem Gonee, 9To 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 MOTOKaMH HEHTPHHO, YTO MTO3BOJIMIIO HEKOTOPEIM YUEHBIM BEPHYTHCS K HACAM
Jle Caxa. ['unoresa o TOM, YTO HEHTPHHO MOXET MIPaTh POJIb JIECAXKEHOB, BIIOJIHE MOXET OBITh IPUMEHNMA K 00BSICHEHUIO
B3aUMHOTO cONMmKeHus MaibIX Ted. Ho i oObsicHeHHs NPUTSHKEHUsI 3Be3]] U IUIaHeT OHA SIBHO He moaxoauT. HelTpuno
CJIUIIKOM cJ1a00 B3aMMOJIEHCTBYIOT C BEIIECTBOM, YTOOBI C TOMOIIBIO X MOTOKOB MOYKHO OBIIO OOBSICHUTD yAep KaHHE I1Ia-
HET Ha OpOUTe 3BE3/IBI.

MareMaTHyeCcKHe MOAXObI, OCHOBaHHBIC Ha mpuHIUIe JekaproBa «omuskoaeicTBus», B XV — XVIII BB. He mpuBenu k
BBISIBJICHUIO MPUPO/IBI psifa HAOII0AaeMbIX MEXaHIHYECKHX SIBICHHH B TOM YHncie rpaButaiuu. [loatomy yuenste ['epmanun
1 ABcTpo-BeHrpuu Bblpa3uiin HaMepeHUe NPOAOKUTE 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 MOJAX0Ja OOBSICHAECTCS HEe TOJIBKO IPAaBHTALUA, HO U BOOOIIE BCE SBICHUS NPHPOIBI. PensumoHHas KOHIEIINA
paccMaTpHBaeT MPOCTPAHCTBO ¥ BPeMs HE KaKk 0COOBIC, HE3aBHCHUMBIC OT MAaTePUH CYIIHOCTH, a KaK ()OPMBI CyIIECTBOBAHHUS
Beleit, 1 0e3 ATUX Bellel camu 1o cebe He cymiecTByromue. B pensironnoii kouueniuu (ot nat. relatio — otHomeHue)
MPOCTPAHCTBO — ATO MOPSIOK B3aNMOPACIIOJIIOKEHNSI MaTEPHATIBHBIX 00BEKTOB, @ BPEMs — MOCIIEIOBATEILHOCTh UX U3MEHe-
Huil. CTOPOHHHUKAMH PENAIHMOHHOM KoHenun Osutn Jleiouuir (1646 — 1716) u Terens (1770 —1831).

PasBuTHE peNSIIMOHHBIX BO33peHuil mpoaonkun 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 BCEMHU OCTAJBHBIMU (DM3WIECKUMHM TelIaMU BO BceenneHHOM 1 3aBHCAT OT UX pacnonoxeHus. [lo MHeHnIo Maxa, —
yZaJleHue BCeX MaCCUBHBIX TeJl IIPEKpalacT CyIIeCTBOBAHNE IIPOCTPAHCTBA X BpeMEHH. J{aHHBIH TPUHIMI OTHOCUTEILHOCTH
MHEpIHMK Maxa ONmyCcKaeT MITHOBEHHOCTh IIepe/iaull NSHCTBHUS Ha pacCTOsiHUE (T.€. AalbHOACHCTBHUE), YTO BOIUIO B IPOTH-
Bopeune ¢ CTO u OTO DiiHiuTeiiHa, 1€ CKOPOCTh Mepeaaun AEHCTBUS HE NMPEBBIIIAET CKOPOCTh CBETa B Bakyyme. Kpome
toro, B CTO u OTO B mmycTOM IIPOCTPaHCTBE BCE TENa 00I1aal0T HHEPIHEH, He3aBUCHMO OT HAJIMYHS WM OTCYTCTBHSI IPYTHX
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, CTOSIIIIUX 3a STOW TMIOTE30M, HO U M3-3a TOTO, YTO Mepeaada BCeX M3BECTHBIX HAYKe B3aMMOJEHCTBUI
(B T. 4. ¥ TPAaBUTALIMOHHBIX ) IPOMCXOJUT C KOHEYHON CKOPOCTHIO, HE IIPEBBIIIAIONICH CKOPOCTH cBeTa. PeNnoHnCcTaM ecTs,
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 bepuaxapn Puman (1826 — 1866) B padote «@parMeHTsI Qrutocodckoro comepkanus» [17], Beimereii B
1876 r., BeICKa3ay cieaylomyo uaeo: — « CyImecTBYIONYI0 B KaKA0H TOYKE IPOCTPAHCTBA OINPE/EICHHYIO M0 BEJIMYMHE U
HAaIpaBJICHUIO CHIIy YCKOPEHHS (T. €. TPaBUTAIMHN) 5 MBITAIOCh OOBSCHNUTH JABMKEHHEM HEKOW CyOCTaHIIMH, HAIIOIHSIOIICH
BCe OECKOHEUHOE IPOCTPAHCTBO, 3 HIMEHHO, JIOITYCKal0, YTO HAIPaBJICHNUE €€ ABMKEHHS COBIAJAET C HAIPAaBICHUEM CHIIBI
yCcKopeHus (CBOOOAHOTO MaJeHuUs), a CKOPOCTh €€ MPOMOPIHOHANIbHA BEIUYUHE CUIIBl yCKOPEHUs. DTy CyOCTaHIHIO MOXKHO
MIPEJCTaBUTh ce0e Kak (PU3NIECKOe MPOCTPAHCTBO, TOYKH KOTOPOTO IBIKYTCS B FeOMETPHUECKOM NpocTpaHcTse. Ha ocHo-
BaHUH 3TOTO JIOMYIICHUS BCE BO3JICHCTBHUS BECOMBIX TeJl HA BECOMBIE TeJla IIepelaloTCsl B IyCTOM IIPOCTPAHCTBE MOCPEICTBOM
Ha3BaHHOH cyOcTaHUuH. ... JlanbHeiimee pa3BUTHE 3TOM THIIOTE3bI paclafiaeTcs Ha JIBE YacTH: 1) n3ydeHne 3aKOHOB JIBHKE-
HUS CyOCTaHIIMM, MO3BOJIIIOMINX AaTh OOBICHEHHE SIBICHUSAM; 2) N3yUeHHE NPUYHH, OOBACHIIOMNX CAMO BOSHUKHOBEHUE
9TOTO JBIDKEHISD». JDTUM BBICKa3bIBaHHEM bepuxapn Puman oOpaTii BHUMaHHE Ha TO OOCTOSATENBCTBO, YTO BECOMBIE Tela
BeAyT ce0s B IPaBUTALMIOHHOM I10JI€ TUIAHETHI TOYHO TaK K€, KaK TBEPAbIE MPEAMETHI IUIBIBYT B YCKOPEHHOM MTOTOKE BOJIBI.
Hanpumep, 6onbmioe 6peBHO M MajieHbKas IETKa JBIKYTCS B PEKE ¢ OJIMHAKOBBIM YCKOPEHHEM, COBIIAJAIOIINM C YCKOpe-
HHEM JIBI)KEHHUS caMoid Bojibl. [10/100HO BOISIHOMY TIOTOKY, He3puMasi cyOctanius Pumana (cBoeoOpasHblii adup win daro-
unsl Jlekapra), ycTpeMiIeHHas: K LEHTPY 3eMJIH, yBIEKaeT BCE, YTO BCTPEYACTCS HA ee MyTH, U MPHUAABIUBACT K TBEPIOil
TIOBEPXHOCTH ILIAHETHI.

T'unomesa Bepuxapoa Pumana naxooum omkaux 6 opesueli espetickoti Kaboane. B 302’ap 6 omnowenuu epagumayuu Hanu-
cano. «Tonvko He nodymaiime, ymo 3mo weoum (0emMoubsl) 8 a0y HAMASUBAIOM MKAHb NPOCMPAHCMEA HA CeOsy.

Wnes Pumana obmagaer, 0AHAKO, OJHUM CYIIECTBEHHBIM HEJIOCTATKOM: — «ECIM Hekast TOHKast cyOcTaHmus (T.e. dhup win
(bronp1) TOCTOSTHHO B OTPOMHOM KOJIMYECTBE CTEKAETCSI M3 KOCMOCA K SIIPY TUIAHETHI, TO KyJla OHA TaM, B UTOTE, IIOMeIa-
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 TOHKOMAaTEepHAILHON cyOCTaHIMU 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 TEOPETUUECKIE OCTPOCHHUS, pa3BuBaronue runoresy Pumana. Hekotopsie nccneno-
BaTeJU TI0NaralT, YTO BaKyyM, BTEKalOIUil B Heipa MJIaHET, BEITEKaeT B AHTUBCEIICHHYIO WU, IEPEMEINasch 10 TaK Ha3bl-
BaeMOi «KpOTOBOI HOpe», OKa3bIBAeTCsl B IpyroM Mecte Hameil BeenenHoit. [Ipo6iema, oHako, 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 COBpEMEHHBIE 3(hHMPHBIE TEOPHH, O0JIee MPHOIIKESHHBIC K BO33peHIIM JlekapTa, HanpuMep, B CKaIsIpHOI 3¢up-
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-
IOIIETo POJIb YHUBEPCAIbHON HHEPIMAIbHOW CHCTEMBI OTCUETA.

MopenbHble mpeacTaBieHnst AjapOepTa DHIITEiHA B OTHOLIEHHH TPUPOIBI IPAaBUTAIMK HEOXHIAHHO NPHOOpENn coBep-
IIEHHO MHOE JIOTHYECKOEe MPOA0JDKeHNE. DWHIITENH TakKe MoJiaraj, 4To MaTepralbHbIe Tela B TPAaBUTAIHIOHHOM II0JIE ABH-
raroTcs ¢ yCKOPEHUEM TakK ke, KaKk yCKOPEHHOEe TeUeHHE PEKH YBIIEKaeT BCe Tesla Ha MOBEPXHOCTH BOABI HE3aBHCHUMO OT MX
pa3mepa u Macchl. Ho TOUHO Tak ke 3Tu Tena BeAyT ceOs B JIOKaIbHOW 00JIaCTH IPOCTPAHCTBA, IBIKYIIETOCS C YCKOPEHUEM.
OWHIITEHH 3aMETHII, €CJIM YeJIOBEK HaXOUTCS B 3aMKHYTOM IPOCTPAHCTBE, HAPUMEp, B TH(TE, TO COBEPIIIEHHO BCE PaBHO,
YTO NPHUIABIMBACT €TO M BCE OKPYIKAIOIINE €T0 IPEIMETHI K IOITy JIN(TA: TPaBUTAIIMOHHOE MOJIE WK JBHXEHHUE TN(PTA BBEPX
¢ yckopeHueM. JIpyrumu ciroBaMu, DHHIITEIH IPEIIONI0KIII, YTO KAXKJO0H CKOJIb yTOJHO MAJIOH 00JI1aCTH I'PaBUTAIMOHHOTO
TIOJIL MOXKHO ITOCTaBUTH B COOTBETCTBHE JIOKAJBbHYIO YCKOPEHHYIO CHCTEMY OTcYeTa (IPHHLMII SKBHBaleHTHOCTH). Ecin
HMHEPTHAs U IPABUTALIMOHHAS MACChl MATEPUAIILHOTO TeJa PABHBL, TO €70 MOBEACHHUE B YCKOPEHHOH CHCTEME OTCUETa OKa3bl-
BaeTCsl MOJHOCTBIO COBIAJAIOIINM C €r0 TOBEACHUEM B IPaBUTALIMOHHOM HOJIE.

Cnpaseonugocmu paou, HysHCHO OMMEMUMb, YMO CO2NACHO HebecHou mexanuke Hviomona, npas Apucmomens, 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 IIaHeThl).  (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 ¢ paznvimu maccamu M OONCHBL COTUICACMCI C NIAHEMOU RO-PA3HOMY, MO COOMBEMcmeyem yuenuo Apu-
cmomens u npoOmMusope um npUHYUny dxKeueareHmuocmu Jinwmenina. OOHAKO, 03MOIICHO, 8 IMOIL 3a0aue cKopee, Ymo-mo
He mak ¢ 3akonamu Hetomona. To ecmo, menkue mena, cyos no cemy, ne npumsacuaiom niaHemy, a npocmo yeieKamcs
cybcmpamom, CmexkaowumMcs K ee a0p)y.

Pa3Butue unei, 0CHOBaHHBIX HA MPUHIINIIE SKBUBAJICHTHOCTH WHEPTHON M TPaBUTAI[MOHHBIX Macc, MPUBEIN DWHIITEHHA K
co3manuro oomie Teopuu otHocuTenbHOCTH (OTO), B pamkax KOTOPOH rpaBUTAINs 00BSICHIETCS HCKPUBICHHEM 4-MEPHOTO
IIPOCTPAHCTBEHHO-BPEMEHHOT0 KOHTHUHYYMa BOKPYT MaCCUBHBIX MAT€PUAIIbHBIX Tel. TO €CTh MaJble Tela IPOCTO NalaioT 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 THII0Te3bI PUMaHa 0 cTeueHnn HeKOW CyOCTaHIUM K LIEHTPY 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 MaiikenbcoHa-Mopin), 1 He TpeOyeTcst 00BSCHSTh, Kya 3Ta CyOCTaHIINS HEIPEPBIBHO CTEKAETCSl.

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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IIPOCTPAaHCTBEHHO-BPEMEHHON KOHTHHYYM — 3TO YHCTO MEHTaIbHAasH (yMO3pUTEIbHAs) KOHCTPYKIHA. Y 4elIoBeYecTBa HET HU
OJTHOTO YCTpOICTBa, KOTOPOE U3MEPSIET pealibHOE BpeMsl, KaK MaHH(ECTAIMIO0 HAIllero OLIYIIEHHs JUTUTENbHOCTH beitust. ¥
HAC €CTh TOJIBKO CTaHAAPThI YaCTOTHI, KOTOPBIE BBIAAIOT UMITYJIbCHI C JOCTATOYHO NOCTOSHHBIM NeproaoM. Ho atot nepuon
3aBUCHUT OT B3aUMOJIEUCTBUS CTaHapTa YaCTOTHI C OKPYIKAIOIIUM €r0 BaKyyMOM, HAXOASAIIUMCS B TOM MU HHOM COCTOSHHU
(TIOKOSI MITM YCKOPEHHOTO JABMXKEHUS). J[pyrumMu cioBaMy, AJIMTENLHOCTh PEATLHOTO OBITHS MBI HUKOEM 00pa3oM He n3Me-
psieM, MBI TOJIBKO CUHXPOHU3UPYEM Hallle OIIyIIeHHE AJTUTEIHOCTH C YacTOTOHM M3IydeHUs COOTBETCTBYIOLIEH mepexomy
MEX]y ABYMS CBEPXTOHKHMHU YPOBHSAMHU OCHOBHOIO cocTossHUS aroma 1e3usi-133 [XIII I'KMB (1967 r.), Pezomronus 1].

Pasnomepno u npsmonuneiino mekywee epems (U3 Npowsiozo, uepes
Hacmosujee, 8 byoyujee) — 3mo uzoopemenue pemecieHHUKo8 u puiocopos
H0B020 6pemMenU OJisk OOCIYICUBAHUS YIMUIUMAPHBIX meXHOoIo2ul. Perucu-
o3Hoe epema ceasano ¢ Myowcckumu (Conneunvimu) u IKenckumu (JIyn-
nomu) yukiamu. Ceoespemennoe Bozocayocenue cnocobcmayem n00086-
nHomy Coeournenuro Myoscckozo u JKenckoeo Hauan Muposdanus, 6e3 ko-
mopozo Heeo3modicHo IInodopodue u Hzobuiue. Perucuosnoe epems He-
PAasHOMEPHO, Hanpumep, 8 uyoausme (U Omyacmu 6 XpUcmuanHcmee) 6pems.
om 6ocxoda Connya 0o e2o 3axama oeaumces na 12 wacmeti (4 cmpasicu Ons
x 3 = 12) u gpems om sakama Connya 0o e2o gocxooa denumcs Ha 12 ua-
cmetl (4 cmpascu nouu x 3 = 12). Kasxcoas uz 12 + 12 = 24 vacmeii (pe-
Jueuo3HbIx yacos) oenumcesa na 1080 xanakum (penueuosnuvix cexyno). Hu-
K020a He Oblaen 0OUHAKOBbIX PENUSUO3HBIX YACO8 U XANAKUM (CEKYHO),
M.K. HUK020d CYMKU He OelAMCcs Had OeHb U HOUb OOUHAKOBO U3-3d CIOMNC-
Ho20 epawgenus 3emnu goxpye Coanya ¢ npeyeccuetl u Hymayusimu ee ocu
u3z-3a ¢rusnust JIynol u Opyaux niawem. [pyeumu cio8amu, OnumeibHOCHb
Xanaxkum (peaucuo3uslx ceKyHo) Hukoeoa He nosmopsemcs. Kaowcowiil xenex
(anemenmapnsiti ompesox oaumenvrhocmu boimus) ynukanen. 1080 — smo
yucno, komopoe oerumcsi 6ez ocmamia ecemu yugpamu om 1 0o 9 kpome 7 (ILllabb6am). Ilepemenyuocms spemenu nposie-
ssiemest 8 Hecosnadenuu Conneunvix u Jlynnuvix yuxnos. Coaneunviii 200 onumces 365,2422... cymok, a 1yHHBLIU 200 OAUMCSL
354,36706... cymox. Pasnuya ¢ 365,2422... — 354,36706... = 10,87514... cymok npueooum x 6eCKOHEUHOMY YCIONCHEHUIO
Kanenoaps.

Penurunossoe Bpems

Taxke HEBO3MOXXHO M3MEPHUTh PACCTOSIHHE MEXIY ABYMS TOYKAMH B MCKPHUBIEHHOM IpocTpaHcTBe. OOBIYHBIC JIMHEHKH,
COCTOSIIIIUE M3 ATOMOB 1 MOJIEKYJI, B IPHUHIIUIIE HE MOTYT U3MEPSTh PACCTOSHHS B HCKPUBICHHON NPOTSDKEHHOCTH OBITHS U3~
3a BHYTPEHHUX (PU3NKO-XMMHUYECKHX CBs3eH. 3MepeHns pacCTOsHMI C IIOMOIIBIO JIydel CBETa, TaKKe HATAJIKUBAIOTCS Ha
HENpeoJOINMbIE TPYAHOCTU. MBI HE yMeeM H3MepsTh MyTh, IPOXOAUMBIN JTy4OM CBETa, MEXIY ABYMsl TOUKAMHU BaKyyMma
(T.e. MyCTOrO POCTPAHCTBA), T.K. I ATOr0 TpeOyeTcs abCOMOTHO TOYHAS CHHXPOHH3AIHS YaCOB B 3THUX TOUYKaX, YTO MpPaK-
THUYECKH HEBO3MOKHO. Pa/IoI0KallmoHHbIH c110co0 U3MEPEHNUS PACCTOSHUS TIOCPEJICTBOM OIIPEAETICHNS BPEMEHH MEXTy M3~
JIy4YEHUEM 3JIEKTPOMAarHUTHOI'O CUTHAJIA U IPUEMOM OTPaKEHHOT'O CUTHaJIa HATAJIIKMBACTCSI HA MHOKECTBO JPYIMX TEXHUYE-
CKHX TPYAHOCTEH, HaunHasl ¢ 3aBAINBAHIS (PPOHTOB U3ITydaeMbIX HMITYJIbCOB, HECTAOMIBHOCTH TAKTOBOTO T€HEPaTOpa, IIH-
PHUHBI 3i{KOHAJIa U3TYYEHHOTO ¥ OTPaXKEHHOT'0 CUTHAJIOB U BOIIPOCOB O MOCTOSIHCTBE CKOCTH CBETa B BaKyyMe (Ha CeToHSII-
HUI IeHb a0COJIIOTHAsI OCHOBHASI MTOTPEIIHOCTD U3MEPEHUS CKOPOCTH CBETa B BaKyyMe paHa IpUMepHO 1 M/c, 3TO He 103BO-
JSIET HAM YTBEPXKIaTh, YTO CKOPOCTh CBETa — 3TO HEM3MEHHAss MUPOBask KOHCTAHTa). JIpyrHMHU CJIOBaMH, MOTPEITHOCTH CO-
BPEMEHHOI0 PAJIMOJIOKALIMOHHOIO METO/IA OIIPEJIEIICHUS PACCTOSIHUS MEKY ABYMsI TOUKAMU IIPOCTPAHCTBA NPAKTUYECKHU HE
MIO3BOJISIIOT PACIIO3HATh. — 3TO NMPOCTPAHCTBO MCKPHUBIIEHO WK HeT? To ecTh, u3MepsieMasi BeTMUMHA HAXOJUTCS 32 Mpeje-
JIAaMU 4yBCTBUTEIIBHOCTH HAILIUX CPEACTB U3MEPECHUSL.

Takxum 00pa3oM, UCKPUBJICHHBIN MPOCTPAHCTBEHHO-BPEMEHHON KOHTHHYYM DUHINTEIHA — 3TO YUCTO MEHTAaJIbHAS KOHCTPYK-
usi. Eciam MBI ommupaeMcst Ha SMITUPU3M B HAIIAX CYKICHHUSIX 00 OKpY’KAIOMIel peaJbHOCTH, TO HAIIW MPEACTaBICHUS (HJI-
JIFO3UHU) 00 UCKPUBICHHOM 4-MEPHOM MPOCTPAHCTBE-BPEMEHH HUKAK HE MOTYT CUMTAThCS MPUYUHON rpaBuranun. MHepim-
AJIBHBIC U HCMHCPIUAJIBHBIC CUCTEMBI OTCUETA — 3TO IJIOJ HALICTO BOO6pa)KeHI/I$[. HO3TOMy CHUJIbI THEPIINHU, BOSHUKAIOIINE B
HEUHEPHOHUATIBHBIX CUCTEMAX OTCUYETA, HOCAT HJ'IJ'I}OSOpHBIﬁ XapakTep. Ecan cuna WHEPIUHUHN TPOABIIAIOTCA B p€aJIbHOM MUPE,
TO TOJIBKO IMOTOMY, YTO MareéMaThudeckas MoA€jb, T.C. HCUHCpIUAJIbHAA CUCTEMA OTCUCTA, B HeKOTOpOI\/’I CTCIICHU TMOBEPX-
HOCTHO OTpaxkaeT (pu3MUYecKHe CBOWCTBA PeajbHOTO mpoiiecca. Hanmpumep, KpyTH3HA MPaBbIX OEPEroB pek, TEKYIIHMX B Ce-
BEpHOM TIONYIIAPUK C ceBepa Ha Ior (3akoH bapa) ¢ omHoil cToponsl, cormacio OTO DiiHmTeiHa, 00BICHISTCS CHUIION
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Kopunomuca u TpeHueM, a ¢ Ipyroil CTOPOHBI OOBIYHBIM CTOJIKHOBEHHEM IOTOKA BOJBI ¢ HaOeraromiei Ha Hee Bpallaoniecs
3emiei.

OO0 WITIO30PHOCTH MPOCTPAHCTBA M BPEMEHH BBICKA3bIBANINCH MHOTHE MbicauTenu. Hampumep, B dunocodpun Ummanyuna
KaHTta npocTpaHcTBO U BpeMs — 3TO anpHopHbIe (GOpMBI 4yBCTBEHHOT'O CO3EPL@HMUs, TO €CTh, BHYTPEHHsII popMa, MpUBHO-
cuMas B Mup HabmoaTeneM. CoriiacHo ero To4Ke 3peHust, IPOCTPAHCTBO U BpeMsl He IIPUCYIIIN CAMUM BellIaM, a CyLIeCTBYIOT
TOJIBKO B CO3HaHWH IMO3Haromero cyosekra. /xopmk bepkan u DpHer Max mojaraiy, 4To IPOCTPAHCTBO M BPEMsI — 3TO
(hopMBI yrops0UeHHBIX psiaoB ommymennii. Kapa [Tupcon cumran, 94To IpoCTpaHCTBO M BpeMs HE MMEIOT PEaIbHOTO CyIIie-
CTBOBAHUS, a SIBISIIOTCS JIUIIb CyOBEKTUBHBIM CIIOCOOOM BOCHPHSTHS Bellel. MbIcauTenb-3HIUKIoNeucT Anekcanap bor-
JTAaHOB BBICKA3aJICA, YTO MPOCTPAHCTBO M BPEMS — 3TO MPOIYKTHI OPTaHU3YIOMIEH ¥ TApPMOHN3UPYIOLIEH YE€TI0BEUECKON MBICIIH.

B coBpeMenHOl HaydHOH JHuTEpaTrype O (U3NIECKUX, MaTEMATHIECKUX M MeTomonorniyeckux npobiemax OTO ckazano
MmHOTr0. OTyacTH 3TH MpoGIIeMbl paccMoTpeHs! Bo Bemenwnu cratsu [5]. Ho camoe rmaBaoe OTO He 0OBSCHSET MPUPOLY
rpaButauny. Kak HetoToH He oTBevyaeT Ha Bonpoc: — «KakuM 00pa3oM MaTepHaibHOE TeNo (B YaCTHOCTH, TUIAHETa) CO3aeT
BOKPYT ce0sl CHITy IPUTSDKEHUSI IPYTHX MaTepHaIbHBIX TeN?», Tak U DWHINTEHH He OTBETHJ Ha Bomnpoc: — «Kakum obpasom
MarepualibHoe Tejo (B 4aCTHOCTH, IUIAHETa) CO3/1aeT BOKPYT ceOsi MCKPUBIICHHBIH MPOCTPaHCTBEHHO-BPEMEHHOW KOHTH-
HyyM?». To ecTh, runoTe3a DiHIITEeHHA 00 UCKPUBICHUH IPOCTPAHCTBA-BPEMEHH BOKPYT MACCUBHBIX TeJ CZelajla BOCXUTH-
TEILHOMN MAaTEeMaTU4CCKYI0 MOJCJIb UCCIICAYEMOI'O ABJICHUA U YTOUHMWJIA paCUCThl B pAJAC 3aa4, HO IPUHIUIINAJIBHO HUYETO
HE U3BMCHUJIOCH B OTHOIICHUU IMOHUMAaHUA PUPOJbI I'PaBUTALIUN.

ITpu Bcelt ynuBuTENBHOM KpacoTe MaTemarndeckoro ammapara OTO, oHa yIuBHTENBHBIM K€ 00pa3oM He NIPHUBHECHA OIILY-
TUMO HOBOTO B T€XHOJOTHYECKYIO OCHAIICHHOCTh YEJIOBEYECKONW MUBIIM3ALNH (BO3MOXKHO, 3Ta IBOHCTBEHHOCTh U MOCITY-
XWJIa IpHIuHOH Toro, uto 3a OTO He Obuta mpucBoeHa HobeneBckas npemust). Kpome yTodHEHNS CMELICHUS IEPUTEITHS
MepKkypusi, HONPaBOK K 0OBSICHEHUIO 3aMa3/IbIBaHMs PaJlapHOTO 9Xa, MONPABOK K OMHCAHMIO OPOUTAIBHOTO THPOCKONINYE-
ckoro 3¢dekra, MpeAcKa3aHus CyIIECTBOBAHUS TPABUTAIIMOHHBIX BOJH M 4epHBIX Ablp, OTO He Hamula HUKAKOTO WHOTO
OoJiee JOCTOMHOTO MpaKTUIecKoro npuMeneHus. Hampumep, cunraercs, ato OTO n CTO DiHIITEItHA HCHIOIB3YETCs B CO-
BPEMEHHBIX HABHTAIIMOHHBIX CHCTEMaX riiodaipHoro mosutimonupoBanus (GPS). Ha camoMm fese B 3THX CHCTEMax YYHTHI-
BaeTCs HKCIIEPUMEHTAILHO YCTaHOBJIEHHAs IIOTIpaBKa, CBA3aHHAs C T€M, YTO 4yachl (TOYHEE CTAHAAPThl YaCTOTHI) HAa OOPTY
GPS-criyTHHKA BBIIAIOT TAKTOBBIE UMITYJIBCHI C YMEHBIIAIOMIMMCS IEPHOJIOM ITPUMEPHO Ha 38 MUKPOCEKYH/| B CYTKH, YeM
aHAJIOTMYHBIE CTAHAPTHI YACTOTHI HA 3eMJIe. Jpyroe 1emno, 4To MpUYHHY 3TOI MONMpPaBKH CBS3BIBAIOT C Ipeackazanusamu CTO
u OTO. OxHako, paccUnUTATh 3Ty MOMPABKY C BHICOKOI TOYHOCTHIO MPAKTHYECKH HEBO3MOJKHO, TaK KaK HEOOXOIMMO YUUTHI-
BaTh M3MEHEHHUE CKOPOCTH JBIKeHUs] GPS-catennmuToB 1 clio)kHOE NIepeMeHYHBOE BIMSHUE HA HUX HE TOJBKO IPaBUTAIIMOH-
HOTO TOJISt 3eMJTH, HO U TSATOTeHHs co cTopoHsl ConHiia 1 JIyHsI.

Ecnu sepumsv cnpasounvim oannvim (cpednee paccmosanue om 3emau 0o Jlyusl re = 384 467 km, cpednee paccmosnue om
Connya 00 Jlynwet rs= 149 984 400 km; macca 3emnu Mg~ 5,9722-10% k2; macca Coanya Ms = 1,9885-10%° k2), mo, coenacto
3akony ecemuproeo msazomenus Hotomona (1), omnowenue cunvt npumsoicenusn Jlynot seezoou Coanye Fs k cune npumsdice-
. Fs Msrz o
nust Jlynol naanemoti 3emnst Fg npumepno pasmo = T”; = 6. To ecmv, coznacno nebecnou mexanuxe Horomona, Connye
E ET§
dondicho 6 6 paz cunvhee npumszueams JIyny, uem 3emna. lovemy Jlyna ocmaemcs 6 cpepe enuanus 3emnu, a ne yiemaem
K Connyy? Ymo-mo ne mak ¢ Hawumu Kraccuweckumu npeocmagienuamu. Ho 6 nobom ciyuae, ne monvko 3emns, no u Jlyna,
u Coamye O0IHCHBL OWYTNUMO BIUAMb HA CIAHOAPIIbL YACTNOMbL, CUHXPOHUSUPYIOWjUE PAOOMY CHYMHUKOBbIX SPYNNUPOBOK

cucmem 2100aIbHO20 NO3UYUOHUPOBAHUAL.

CrnennaiucThl 3HAIOT, YTO TOYHOCTL HaBUranuoHHbIX cucteM Tuia Navstar GPS u I'JIOHACC mnoBbIIaeTcst He ¢ TOMOIIBIO
pacueTHbIX yTouHeHHH monpaBok ¢ nomoibio CTO n OTO, a ¢ ycTaHOBKOI! IICEBI0-CATEITUTOB Ha 3€MJIE C TOYHBIMH I'e0-
rpaduuecKuMU MPUBSI3KAMH.

Jpyrumu cioBaMu, HaOJIro1aeTcst OOJBIION NUcOaTaHe MEXKIy BEMKOM KpacoToi matemarnieckoro ammapara OTO u Hu-
YTOYKHOM ITOJIE3HOCTHIO €€ MPAKTUIECKOTo NMPUMEHeHHsI. Tak He JJOJDKHO OBITh — BEJIUKAsl TCOPHs JOJDKHA TPUBOIUTH K Be-
JIUKOMY TEXHHYECKOMY IMPOrpeccy, Kak 3T0 ObLIO, HANpUMep, ¢ MexaHukord HeroToHa, anekrpoauHamukoit Makcseinia-da-
pajesi, MOJEKYJSIpHO-KHHETHYEeCKON Teopueil bonbiimana, kBaHTOBOW MexaHuko# bopa-Illpenunrepa-Ieiizendepra u T.1.
Hpyrumu cnoBamu, OTO camast kpacuBasi U3 TEOPHUH, KOTOpasi €CTh Y YEJIOBEYECTBA, OJTHOBPEMECHHO OHA JKE SIBIISICTCS U
camoii 6ecrnione3noit. [To Bcelt BUIUMOCTH, MPUUMHOM dTOTO siBiisieTcst HezaBepineHHocTr OTO. Ho B OTO DiinmTeitna kpo-
€TCSl KOJIOCCAJIbHBIM TOTEHIMAJ, W KOTJa OH PACKpPOETCs MOCPEACTBOM JOCTHIKEHHUS TOJHOTHI 3TOTO HAmpaBlICHUS
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YeII0BEYECKON MBICIIH, TOT/IA 3TO MPUBEAET K KOJIOCCATFHOMY TEXHHUECKOMY M TEXHOJIOTHIECKOMY PBIBKY, COU3MEPUMOMY
C MOTpsicarolel KpacoTo MaTEMATHUKH 3TOW TEOPHH.

Io muenuio asmopa, docmudicenue noanomost OTO c6a3aHO ¢ YemMbIPbM HANPAGICHUAMY PA3GUMUS, KOMOPble VUMeHbl 8
npeonazaemoii I PB&AC:
1) yuem mempur-pewrenuii ypasuenuii OTO ne ¢ 00Hou cuenamypoil (—+ + +) unu (+ ——-), a écex 16-u cuenamyp (32) ¢ [2]

H+++) (+H++-) (—++-) ++-4)

(C==#) (C++H) (C—+H) (—+-4) @
(h==#) (F+-2) (h===) (+—++)
(c=+2) (h—+-) (+--) (-—--)

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

Ri + % gueQm=1Am + Xn=1— A7) = 0, (4)

20e Aj = 3/, umm — 3/r 2, 30ech raj — paduyc j-e0 chepuyeckozo 06paz06anus,

3) pacwupenue mamemamuuecko2o annapama om 2eomempuu Pumana 00 2eomempuu abconomnozo napaiieiusmd, 20e
KPUBUZHA NPOCMPANCINEA KOMACHCUPYEMCSL €20 GHYIMPEHHUMU BPAWCHUAMU U CKDYYUGAHUSMU.

4) mamemamura mooepnusuposannott OTO cmanosumcst HACMOILKO CLOACHOU, UMO 8bIXOOUM 3d PAMKU GLIYUCTUMETbHBIX
B03MOJICHOCEN YeL08eKd, NOIMOMY cmoum 3adaua o0yuenus Hckyccmeennoeo Hnmennexma (MH).

Eme onna cepbesnas npobiema OTO 3akimodyaeTcs B TOM, YTO 3Ta TEOPUsI B CBOEM OCHOBAHWH (C BBEICHHEM MPABOi MaTte-
pHaNbHOW YacTH ypaBHeHus DitHiTelHa- uiap0epTa) oTomua oT pyHAaMEHTaIbHOM MPOrpaMMBbl MO MOJTHOM reoMeTpU3alii
dusuku. Yieam 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 AedopManuid npoctpaHcTsa. [lon ya-
ctuiamu Matepun Kimugdopn moapaszymenan nokaabHbIE X0IMOOOpa3HbIe HCKPUBIICHHUS 3-MEPHOTO MIPOCTPAHCTBA, KOTOPBIE
HETIPEPHIBHO NepeMenIaloTcs Hogo0Ho comToHaM. B XX Beke 3To HanpaBiieHHE MBICIIH TTOJIYYHIIO Pa3BUTHE B TEOPHH TPO-
crpanctB Kimnddopna-Kireitna. Ditamreiin B OTO cBs3ai ¢ HCKPUBICHAEM MTPOCTPAHCTBA-BPEMEHH TOIBKO CHIIBI TATOTCHHS
(TpaBUTALMIO), IPU 3TOM IIPEACTABICHUS O MACCHBHBIX YaCTHIAX U 3JIEKTPOMAarHUTHOM I10JI€ OCTAINCH MIPEKHUMH, T.€. Ta-
KNMH, Kak ux copmyinposanu Heroron 1 MakcBeir. MHOTOUNCIICHHBIE MTOTIBITKH I€OMETPU3HUPOBATH MIPABYIO YacTh yPaB-
HeHus DiHmTelHa- usbepTa, NpeanpuHATEIe cCaMUM DWHINTEHHOM U MHOTHMHU JPYTUMH €r0 COPaTHUKaMHU M MOCIIeI0Ba-
TeIIMH, HE YBEHUAINCh YCIEXOM. B urore 310 cBenock k BO3BPAIICHUIO K KJIacCHUecKol ¢u3nke 19-ro Beka, HO B HCKpUB-
JICHHOM 4-MepHOM NPOCTpaHCTBe PuMaHa M K pa3BUTHIO PEIATHBUCTCKON KBAHTOBBIX MEXAHHUKH.

B HacTosmee BpeMs Npupoay TPaBUTAIMH IIBITAIOTCS MOCTUYh TEOPETHKH, PA3BUBAIOIINE «CTPYHHYIO» Iporpammy. B pam-
Kax TEOPHUHU CYNEPCTPYH yJaeTcs ONMHCaTh KBAHTOBBIN 0OBEKT CO CIIMHOM 2, KOTOPBII CUMTAIOT MaTeMAaTHIECKOIl MOJIEIbIO
I'paBUTOHA — NIEPEHOCYHKA TPaBUTALIMOHHOTO B3auMoeiicTBus. Ho oTBeT Ha Bompoc: — «Kak 3T0 moMoraeT B ieje IOCTHKe-
HUSI IPUYMH BCEMHUPHOTO TATOTEHMSA?», — TAK M OCTAETCS COKPBITHIM 3a IEJICHOW MaTeMaTHYECKOr0 TyMaHa «CTPYHHBIX)
TEOpUH.

Nmeercs mHOTO Momudukamuit OTO DitammreitHa. [Tomyummu pazButue: reoMeTpus ¢ KpydeHuem Pumana-Kaprana-Cxo-
yTeHa, TeoMeTpus DiHIITelHA-Beiins, reomeTpus abcomoTHOTO napamienuiMa Baiinen6eka-Buranu-1unosa [21], MeTox
n30TpONHBIX TeTpaa Hetomana-Ilenpoy3a, Oumerpuueckas reomerpust Po3eHa, KOMIUIEKCHAs pUMaHOBa reOMeTpHs, PUHCIIe-
poBa reoMeTpus U T.1. BOZHUKIO MHOKECTBO aJIbTEPHATHBHBIX TEOPHI IPABUTAIMH: CKAIIPHBIC TEOPHH, BEKTOPHbIE TEOPUH,
OuMeTpuYecKre TeOPHUH, KBa3WIMHEHHBIE TeOpHH, Teoprs XeTuarca 1 Hopiseara, TenenapamienbHbIe MOJIENN IPaBUTAINT
Xopucaecku, mojenu rpautaiu RS (Randall-Sundrum models), mopens rpaButanun CTapoOHHCKOTO, MOJENb TIETIEBOM
KBAaHTOBOH I'paBUTALINH, MOJeNb IpaBuTannu ['aycca-bons, kompopmHas rpaBuTaIyst, HEMETPUIECKHE TEOPHH, THIIA TECOPUH
rpaButannu Moddara, pexstuBuctckas Teopus rpasutanmuu (PTI) JloryHoBa, HEMETpHUYECKHE TEOPUH THUIIA TEOPUN DIH-
mreiiHa-KapTaHa, ckalsipHO-TEH30pHbIE TEOPUH TUIIA TEOPUU rop,uaHa—Bpcha-I[HKe u T.1. OfHAaKO He OJ]HA U3 3TUX TEOpUil
HE pacKpbIBaeT MPHUPOJy TPAaBUTALMH, & TOJIBKO BBOAWT JOTMONHUTENbHBIE MapaMeTpsl B OTO ¢ A-uieHoMm, 9ToObI yuecTb
pasnuanblie ) eKThI, HabI0aeMbIe B DKCIIEPUMEHTAX .
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Hanpumep, psin nmpo6iem, BozHuKIHX B OTO (0coOeHHO HapyIIeHHe 3aKOHA COXPAaHEHUS YHEPTHN), TBITAIUCH Pa3pPelInTh
A. A. JloryHoB c rpymnmoii corpyanukoB MI'Y npu pa3pabotke PenstuBucrckoii reopun rpasuranuu (PTT) [22,23,24]. PTT
OCHOBaHa Ha MPE/ICTaBICHUH TPABUTALMK B BUJIE TEH30PHOTO (PM3MYECKOTO IMOJIsl B IpocTpaHcTBe MuHKoBCcKoro. I1o MHe-
HHIO CTOPOHHHKOB 3TOT0 HampasieHus uccinenosanuii, PTT umeer creayromue otnuuus ot OTO [24]: rpaBurtanust — 310 He
pe3yJabTaT UCKPUBIICHUS 4-MEpHOTO pUMaHOBA IIPOCTPAHCTBA, a CUJIOBOe NHoie B ayxe Papanes-MakcBena, ONUCHIBAEMOE
CUMMETPHYHBIM TEH30pOM Ha (POHE IIOCKOro MPOCTpaHCTBa MHUHKOBCKOTO, B KOTOPOM IIPH ONPEJIENICHHBIX YCIOBUSAX BbI-
TIOJIHSIOTCS 3aKOHBI COXPaHEHUs SHEPTUU-UMITYJIbCa U MOMEHTA KoJimdecTBa JBrkeHus. OnHako perieHue mpodiem B PTT
00yCIIOBIICHO BBEICHHEM JIOTIOJTHUTEIBHBIX yCIOBUH, HAIIPUMEP, B TEH30PHBIX YPABHEHUSX JUIS ONPEICIECHUS METPUKH ClIe-
JIyeT y4UTIBaTh MacCy I'PaBUTOHA, @ TAK)KE MCIOIb30BaTh KATMOPOBOYHBIE YCIOBHS, CBSI3aHHBIC C METPUKON IIPOCTPAHCTBA
Mumnkosckoro. Asropsl PTI yreepsknator [22,23,24], 94T0 5TH yCIOBUS HE TIO3BOJIIOT YHAUTOKHUTE TPABHUTAIIMOHHOE TIOJIE
Jake B MaJoi OOJIaCTH IPOCTPAHCTBA MOCPEACTBOM BBIOOPA COOTBETCTBYIOIIEH JIOKATbHOW HMHEPUUANBHOW CHCTEMBI OT-
cueta. Kpome Toro, PTT" Tpebyer, 4T0OBI KOHYCHI IPUIMHHOCTH JIOKAJIBHBIX PUMAHOBBIX NPOCTPAHCTB BE3/E OCTABAJINCH
BHYTPH KOHYCOB HNPUYMHHOCTU HPOCTPaHCTBA MHHKOBCKOTO. YCJIOXHEHHUS HE NPHUBEIU K paJuKalbHbIM H3MEHEHUSM,
Hanpumep, Taxke kak B OTO, B PTI" mox BeuiecTBOM MOHUMAIOTCS Bce (POPMBI MaTepuu (BKIJIIOYAs U 3JICKTPOMAarHUTHOE
I0JI€), 38 UCKJIFOYEHUEM CaMOT0 TPaBUTAI[IOHHOI'O 1oJIs. [IpyruMu clioBaMH, BOIPOCHI, CBI3aHHBIE C T€OMETpU3aIie Belle-
CTBa, AIEKTPOMArHUTHOTO, CJ1a00r0 U JepPHOI0 CHIIOBBIX MOJIeH, ocTanuch 3a pamkamu PTT'. Kpome Toro, ucnosns3yeMslii B
PTT" mMaccuBHBIIl IpaBUTOH, IPUBOJUT JIIOOYIO CUCTEMY K HECTAOMJIBHOCTH, TOT/IA KakK IPU MEPEeX0/ie MacChl IPaBUTOHA K
uymo PTT He maét mpaBHIBHOTO HEIOTOHOBCKOTO Tipesena [25,26,27,28].

HpezmaraeMLIe B OTOH CTaThe MOJICIIbHEBIC MNpCACTABJICHUS O IPUPOAC I'PABUTALINHN TAKIKE OITMPACTCA HA MOI[I/I(bI/IKaI_lI/IIO OTO,

KOTOpasi OCHOBAaHA Ha PaCIIUPEHHOM TPETheM BaKyyMHOM ypaBHEHMH DIHIITEHHA ¢ 66CKOHEYHBIM KOJIMYECTBOM A;-UJICHOB
(194) B [5]

1
Rix =5 RGik + M Gix + BaGire + A3 ikt HAwGie = 0. (®)

TTonbITKH pelieHnsl JaHHOTO YpaBHEHHs B cTaThe [6], mpuBenn K CO3MaHHI0 HEPAPXUUIECKON KOCMOJIOTHYECKONH MOICIH,
B paMKax KOTOPOil BHYTpH 3aMKHYTOW BceneHHO# HaX0MUTCst 0ECKOHEUHOE KOJMYESCTBO CTAOMIBHBIX C(HepHUUCCKIX BaKyyM-
HBIX 00pa30BaHUi (Ha3BaHHBIX «KOPIYCKYyJIaMI»), KOTOPHIE BIOXKEHBI IpyT B Apyra Mogo0HO MaTpemkaM (CMOTpuTe puc. 1
u puc. 10 B [6]). OnHako paguychl saep 3THX chepruecKUX BAKYyMHBIX 00pa3oBaHHUN

n= [z (6)

HE IPOM3BOJIBHEI, a OJYUHEHBI TUCKPETHOH Hepapxuu (44a) B [6]:

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

rs~ 10" cM — pammyc, cCON3MEPUMEIH C PaIlyCcoM sipa TaJaKTUKH;

rs~ 10" cM — paguyc, CON3MEPUMBII ¢ PallyCOM SPa IIAHETHI WM 3BE3.IBL;

Is~ 1073 cMm — pajuyc, cCOU3sMepUMBIii ¢ paauycoM GHOIOrUYECKOi KIETKH;

re~ 1073 cm — pajmyc, COU3MEPUMBIIA ¢ PaAMyCOM Spa 3EMEHTAPHON YACTHIIEL;

r;~ 1072 cM — panuyc, COU3MEPUMBIIA ¢ paJlyCcoM spa HPOTO-KBAPKa,

rg~ 10-3* cM — panuyc, COU3MEPUMBIHA C p PaJUYCOM sIpa IIAHKTOHA;

ro ~ 10745 cMm — pazuyc, COU3MEPUMBIIA C PaJHyCcoOM Apa IPOTO-IIAHKTOHA;

ro ~107 ¢M — papuyc, comsmMepuMslii ¢ pagycom sapa HHCTAHTOHA.

B §4 crareu [6] u B crarssix [7,8,9] 6601 MOApOOGHO paccMOTPEH YPOBEHD JIEMEHTAPHBIX «YACTHID, ATOMOB» U «MOJICKYJI»,
T.€. CTAOMIIBHBIX U HECTaOMIBHBIX c(hepruecKux A-12-15-BaKyyMHBIX 00pa30BaHUN (KOPITYCKYJ) C XapaKTEpPHBIMU pa3MepaMu
spep nopsaxa re~ 1073 — 107° cm u3 nepapxuu (7). Ilpu 5ToM ObLIO HOKA3aHO YANBUTEIHLHOE COBHAJEHHE METPUKO-THHAMH-
YEeCKHX MOJAETEH «JacTuIp ¢ aneMeHTaMu CTaHIapTHOW MOJENHN 3JIEMEHTapHBIX YacTHIl.

B crarse [10] mpemmoxkeHbl METPHKO-IMHAMHYECKHE MOJIEIIH TONBIX (IUTAHET» U «3BE37», T.e. CTAOWIBHBIX CHEPUICCKHUX
BAaKyyMHBIX 00pa3oBaHuil (MaKpO-«KOPITYCKYJ») C XapaKTEPHBIMU pazMepamu siiep nopsaka s~ 107 —10° cm. Konnenmus
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TOJIBIX «IUIAHET» M «3BE3/» MOJpa3yMeBaeT OMKMCAHUE JAaHHBIX CTAOMIbHBIX MAaKPOCKOMUYECKHX A7,9-BaKyyMHBIX 00pa3oBa-
HUIi 0€3 HAINYUsI MEJIKUX MCKPUBJICHUI BakyyMma (T.e. MHHHU-, MUKPO-, HAHO- M TIMKOCKOIIMYECKUX «YaCTHUID, «ATOMOBY» U
«MOJIEKYJD») B OKPECTHOCTH X SI/ICP.

B 3T0ii cTaTthe MBI B paMKax HepapXUuecKoil KocMojioruueckoir moaenu [6,7,8,9,10] meitaeMcsi 0GBSICHUTH MOYEMY TOJIBIE
IUTAHETBD» U «3BE3JIbDY MPUTATHBAIOT MEIIKHE «YACTHIBDY K CBOMM siipaM. TO €CTh BBIIBUTACTCS CIIC OJJHA TUIOTE3a, Mpe-
TEH/YIOIIAs Ha O0BICHCHHUE IPUPOJIBI TUNIAHSTAPHON rPaBUTAIIMK B paMKax mporpaMmbl Kimuddopna-DitHmreiina- Y unepa,
HATPABJICHHOW Ha MOJHYIO T€OMETPH3ANUIO (HU3UKU.

31ech He ygaeTcs HONHOCTBIO PACKPHITh TalHy SBICHUS IUIAHETApHOH I'paBUTAlH, T.€. MPEIUIOKCHHOE HUKE MOAEIHEHOE
MIPEICTABICHNE O BCEMUPHOM TATOTEHHH HE OTBedaeT Ha Bce: — «[loueMy?», Tak Kak 10 MHEHHIO aBTOPa, TPaBHTALUS 3TO
3HAYUTEIBHO 00JIEe CI0KHOE, ICHXOCOMATHYECKOE SBJICHHE. TeM He MEHEe MBI [0J1araeM, 4TO B 3TOH CTAaThe CHENAH CIIe
OJIMH 1Iar B HAIPaBJICHUU pas3raiku 3TON yAUBUTENbHON TaiiHbl [Ipupoasl.

OTMeTHM, YTO pa3BHBaEMbIE 3[1€Ch MOAECIBHBIC NMPEACTABICHUS O IMPHPOIE TPABUTAIMU — 3TO HE YTO-TO IPHHIUITHAIHHO
HOBOE, a pa3BuTue 1 oObeauHeHue unei ['anuneo [anunes, Pene [ekapra, Mcaaka Herorona, l'otdpuna Jleitbnuna, bepu-
xapna Pumana u AnbOepra DHHIITEHHA, KOTOPbIE BUJIENIU JANbIle PYTHX IMOTOMY, YTO CTOSUIM Ha IUIe4aX T'MTaHTOB AB-
pahama Ageiiny (ABpaama), Moiue PaGeiiny (Moucest), [Tudaropa, Jlemokpura, [Lnarona, Apuctoress, EBkinaa, ABHUIICHHEI,
AsryctuHa, ®ombl AkBuHCKOTO, bapyxa CriuHo3bl, @pencuca bakona, ......

Heoasro nosisunocs coobujenue, umo dokmop Mensun Boncon uz Ilopmemymcko2o yHusepcumema paccmampueaent 2pagumayuro Kax
Bcenenckyio «yoopKy 0anHbix», m.e. 2pasumayus — 3mo cmpemienue Beenennoii k ungopmayuonnomy nopsaoxky. Onupascs Ha maxk Ha3vl-
6aemblil 6MOPoIl 3aKOH UHPOOUHAMuUKU, M. Boncown evl0suryn cunomesy, ymo: «Bcenennas nocmosHHo nelmaemcs MUHUMUZUPOBAMb KO-
AUYeCmeo uHGopmayuy, Komopyio el HyscHo oopabamoisamsy. Ilosmomy, no e2o MHEHUI0, MAMEPUATbHbIE YACTIUYKU CIPEMSIMCSL CO-
6pamvcst 8 KOMRAKMHbLE 2DYRNBL, M.K. BPU JMOM YMEHbULACMCS KOIUYeCmeo ungopmayuu 00 ux mecme pacnonosicenust. CLoX#CHO NOHAMb,
KaK 3M0 HANPABIEHUE MbICICU MONCEM CROCOOCMBO8AMb CO30AHUI0 ANNAPATOE C NEPEMEHHbIM eCOM (M.e. 2PAGUMANEMO8), HO UOes.
M. Boncona 60 MHO2OM CO2MACYEMCSL C YMEEPHCOCHUAMU TYPUAHCKOU KAOOAIbL 0 MOM, YMO 36e30HO-NIAHEMAPHAS 2PASUMAYUS CNOCOD-
cmeyem ouucmxe Kocmoca om 02pomMHO20 KOIUUECNEA «OCKOIKO8Y, BOZHUKUUX 60 8PEMs. KOJIOCCATbHOU mpazeduu — [lepsonauanvhot
«lleupwiy (m.e. «Pasbouenus Ucxoouwvix Cocyoosy).

MATEPHAJIbBI U METO/],
1 MeTpuko-quHaMuUYecKasi MoJie/Ib MOKOsilIeiics (T.e. He BPALIAIOIIECs) «IIAHEThI3» (MM «3Be3/IbI3»)

B pamkax «I'eomeTpusupoBaHHOW (pHU3WKHM Bakyyma, ocHoBaHHOW Ha Anrebpe curHatyp» (I®B&AC), passuBaemoiil B
[1,2,3,4,5,6,7,8,9,10] u B 370l CcTaThe, SIBJIEHUE TPABUTAIMA UMEET MECTO HA BCEX YPOBHIX MEPAPXMYECKOU KOCMOJIOTHYE-
CKOI MoJienu, mpeAcTaBIeHHON B [6]. OJHaKO MBI HAUHEM C Pa3BUTHS MOJEIFHOTO PEICTABICHHSI O TPABUTALIUH «3BE3THO»
- «IUTAHETApPHOT0» YPOBHS, TaK Kak IUIaHETapHas IrpaBUTaLus Oosiee U3ydeHa.

MeTpuKo-AMHAMHYECKHE MOJIENN TONBIX Pk-«3Be3/3» U Pk-«I1aHeT3» paccMOTpeHsl B ctathe [10], rae Obuto moka3zaHo, 4To
9TH ANEKTPUUECKH HEUTpalibHbIe CTaOWIIbHBIE chepudecKue As7-BakyyMHbIE 00pa30BaHuUs COCTOST U3 MHOXKECTBA ITaHETap-
HBIX Py-«xBapkoBa» tuna (66) B [10] ¢ curatypamu, npeacraBieHHbMU B Tabu. 1 B [10].

Ha ocHOBaHMM MOJIENBHBIX MpeACTaBlIeHUH, pa3BuThiX B §§ 3—7 cratsu [10], B 3T0#1 cTaThe 32 OCHOBY MPUHSATA CIEAYIOIIAS
YIPOIIEHHAS METPUKO-JAMHAMUYECKAsT MOJIEIb* HEMOJBIKHON (OTHOCHUTENILHO Ag7-BaKyyMa) BaJI€HTHOU** rojoil «ruia-
HEThI3» (UIIH «3BE3/bIg»***).

B cmamve [10] 6vinu 6sedenvt obo3navenus — 2onasn Pxk-«nnanemasy u eonaa Pk-«36e30a3», 20e P — o3navaem, umo 2onas «nianemay —
Mo cmabunbHbLIL chepuieckuti As 7-6aKyymmoe 0opazosanus, cocmosiujee uz nianemapuuix Pi-«xeaprossy, unoexc K — osnauaem xonuue-
cmeo Pi-«keapxoes» 6 Px-«nnanemesy unu Px-«38e30e3», unoexc 3 — oznauaem, umo Px-«nnanemasy unu Pk-«36e30a3» asnsemcs aueiikou
6 yenu, cocmosujell MmoavbKo u3 mpex cpepuieckux oopazosanuii uz uepapxuu (1), Komopwvie 61024ceHbl Opye 8 Opyea NOOOOHO MAMPeEUIKaM,
6 vacmuocmu, yenouxa cocmoum uz: meza-Beenennas ¢ paduycom 11~ 10%° ey, «naanemay unu «z6ezda» ¢ paduycom aopa 14~ 107 cu u
uncmanmon ¢ paduycom a0pa o ~107 cu (cmompume § 5 6 [10]).
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B amoii cmamve maxue noopobrocmu 06 ucciedyemvix 06vbeKmax He nOmpedYIomcs, noO3MOMY 018 YRPOUeHUs 3anuceti BMechmo mepmMuHo8
2onan Pr-«nnanemasy u zonaa Px-«36e30a3» 6y0em ucnonv306ams COKpaujeHHbvle mepMuHbl 207144 «RAAHEMa» u/uil 201aa «36e30ax.

*[pu hopmuposanuu OaHHOU MeMPUKO-OUHAMUYECKOL MOOeTU 200U «NAAHEmbly (WU «36€30bl») Mbl UCXOOUTU U3 MO20, YO MHOMCe-
CMB0 XAOMUYECKU NEPEMEUAHHbIX OKPAUEHHbIX Pk-«K8apKoesy (m.e. ¢ pasiuyHbiMu CUSHAMYPAMU) Nepepacnpedesiiomcs makum oopa-
30M, UMO 8 PAGHOBECHOM COCMOSHUU PEeANU3VIOMCS 6Ce 603MONCHBIC 8APUAHMBL UCKPUBLECHHOCU A6,7-8AKVYMA C PABHOU 6EPOSIMHOCIbIO,
MO COOMEEMCMEYem MAKCUMYMY SHMPORUU OAHHOU CIOXACMUYCCKOU CUCTIEMbL.

**Hanoanum, umo "eanenmmuoil” Ml HA3bIBAEM CAMYIO NPOCMYIO MEMPUKO-OUHAMUYECKYIO MOOeNb CMAOULbHO20 UIU HECTNAOUTLHO20
Amn-8aKyymnozo o6pazoeanus («kopnyckynsly). Barenmuas «Kopnyckyna» — 3mo c8oezo pooa Hecywull Kapxkac (Ui ckeiem) GblinyKio2o
UNU BOZHYMO20 UNU GbINYKIO-602HYIO20 Amn-6aKyYMHO20 06pA306aHUs, HA KOMOPbI 00esaemcs OecKoHeuHoe KOIU4ecmso Ciloes, noo-
cnoes, noo-nod-coes u m.o., KOmopwvle 3a0armces MEmpukamy ¢ pasnudnsivu cuznamypamu (cuompume § 2.6 6 [Slu § 16 [7]).

**%C mouxu 3peHuss MoOeNbHbIX NPeOCMAasieHUll, pa3éusaemMslX 30ech, 20J1a8 «36e30a» — MO O4eHb DONbLULASA 201a5 «NAAHEmMAy, COCMOsl-
was u3 02pomuo2o koauvecmsa P-«xkeaproesy. Konuuecmeo Px-«keapkoss» 6 20101 «36e30e» nepexooum 6 Kauecmeo Ha ciedyloujeti cma-
ouU paccmMompeHusl, K020a UCciedyemcst CKONIEHUEe MEIKUX «KOPNYCKYILY BOKPYE MAKPOCKONUYECKUX 20/bIX CMAOULLHbIX Chepuieckux
A, 7-8aKyyMHBIX 06pazoeanull nianemapnozo macuimaba. B pamxax passusaemvix 30ecb npeocmagienuil, 201ds «36e30a» KaiecmeeHHO
omuuuaemcsi Om 20101 «NJIAHEMbL» NMOILKO MeM, Yo c030a8aeMdast el 2pasumayusi HACMOJIbLKO 8eUKA, MO 6 OKPeCMHOCMU ee s10pa (m.e.
6 CKONIEHUU MENKUX «KOPRYCKYILY, OKPYICAIOWUX 0PO) 3aACUeaiomesi a0ephvle peakyuu. B césa3u ¢ bluleckasantvim, npeocmasnenas
HUDICe MEMPUKO-OUHAMUYECKAS: MOOETb MAKPOCKONUYECKO20 CMABUIbHO20 chepuieckoco A6,-6aKyyMHO20 06pA3068aHUsL OMHOCUMCS, KAK
K 20J10U «nAanemey, max u K 2oaou «3ezodey. Cmoum ommemums, 4mo u 6 OPesHOCMU NIAHEMAMU HA3bI8AU OIIydcOoaroujue 36e30bl (Op.-
epeu. TAGVHG — «CIMPAHHUKY).

C y4ueTomM SaMe‘IaHHﬁ, BbICKAa3aHHBIX BBIILIC, IIpEUIaracTcs CIACAYomas METPUKO-AUHAMUYICCKAA MOACIIb «3BC3AbD» UJIH «IlJIa-
HCTBI».

Banentnas rosasa «IIJTAHETAz» (mim «3BE3/1A3») (8)

Tloxosimeecst, craduabpHOE, B cpeHEM ceprdeckoe, HMeKTPHUECKH HEUTPaIbHOE, BBITYKIO-BOTHYTOE
MHOTOCIIOWHOE HCKPHUBJICHUE A6 7-BaKyyMa CO CpeTHEH CHTHATYPOI
2{(+ ——) + (-+++)}=(0000), )

COCTOAIICE U3

| BHewHsist 000/109Ka BAJIEHTHOM, MOKOSIIIEHCS, IOJIOH «IJIAHETBI3» (MJIH «3BE3/bI3»)
B uHTEpBAaie [I4, I1] (puc. 5), co cpeaneii curnarypoii (0 0 0 0)

| dst T = (1T ) c2de? — —r%(d6? + sin® 0 d¢?), (10)
r 1 (1 Tap1 r—z
1
2
H ds{F72 = (1 + r‘*r”z - :—2) c2dt? — < e 2) —12(d6? + sin? 6 dp?), (11)
£ 14 r_z
1
2
Vv ds{2 = (1 _ mrvs _ %) c2de? — < o ) —r%(d#? + sin? 6 d¢?), 12)
1—=3
1
o dsC 2 = (1 iy :_12) c2de? — < ) —r2(d6? + sin? 0 dp?), (13)
2
H’ dsg = - (170 4 ) cae? +W+r2(d92 + sin’ 6 d¢?), (14)
1—T+r—2
1
(=++H)2 _ Taps _ T\ 2 4.2 2 2
H ds! = —(1+2 le)c dt +(1+,4_p6 )+r (d6? + sin® 6 d¢?), (15)
T T%
2
v dsCH2 = dr +12(d6? + sin? 6 dp?), (16)

1_r4_p7_:_§)
cidt? + + 1r2(d6?% + sin? 6 d¢?); 17

()

| N

|ﬁ
Y
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H SInpo BaJIeHTHOIM, IOKOSLIEICS, I0JI0M «IIAHEThI3» (WM «3Be3/bI3»)
B MHTEpBAE [I10, r4] (puc. 5), co cpenneii curnatypoii (0 0 0 0)

| ds{t 7?2

H dsiy ™7

Y dsS ™72

H' ds$ ™

oG d51(;+++)2 _

Vv dsl(;+++)2

H d51(;+++)2 _
I dsl(:**)z _

2
= <1 — ey 7 > c2de? — — — —r%(d6?* + sin* 6 dp?),
r T4p9 <1 T10+ T )
r r4p9
2
= (1 +00_ 2—) c2dt? — — —r2(d6? + sin% 0 d¢?),
T T4p10 ( Tl() 7 )
r T4p1o
2
_ (1 o —j—) c2de? — _— 2(d0? + sin? 6 dp?),
T T4p11 (1 Tio__ T )
r T4p11
2
= (1 400y Z—) c2dt? — — —12(d6? + sin® 6 d¢?),
T T4p12 (1+T10+ 7 )
T4p12
__( _moy T )Czdtz a4 r2(d6? + sin® 0 d¢p?),
T T4p13 (1 10+ r2 )
T ripis
— _ 1+T1_0_i 2442 a2 2 2 2 2
= — ) codt® + >~ +1(d6” +sin* 0 d¢?),
r Tip14 <1+Zlg_ T )
T ripia
2
__( _mo__r )Czdtz T+ 12(d6? + sin 6 dp?),
r T4p15 <1_T10 T )
r rﬁpls
2
= (1+“—°+ ) c2de? + — +72(d6? + sin? 8 dgp?);
4p16

(1+ o Zr )
Tapie

leabT BaJIeHTHOM, MOKOSIIEHCSI, FOJI0H «IVIAHETBI3» (WM «3BE3bI3»)
B untepsaie [0, o] co cpenneii curnarypoii (0 0 0 0)

i ds$777% = c2dt?
dSl(;+++)2

j

rae, cornacHo (88) B [10], ws BHemHEH 060109KH:

~ ~ ~ ~ ~ ~ ~ ~ L 13
Tap1 = Tap2 = Tap3 = Taps = Typs = Type = Tapy = Typg = Vs A1y =

NS sizpa;

dsi(—+++)2 - dsj(+———)2

—dr? —r?(d8? + sin? 0 d¢?),
= —c2dt? + dr? + r?(d8? + sin® 6 d¢?),

~ 5 AY¥3107 cm = Y4 43100 xM;

pE3yIbTaTOM CKPYYHBaHHS (MITH YCPETHEHHsT) MHOXKECTBA MMOI-METPUK C Pa3IMIHBIME CUTHATYpami (3).

Buemusisi 060/104Ka

Puc. 5. MmrocTpanus sapa v BHEITHEH 000I0UKY TOJION «IUIAHETBD (HUTH «3BE3bD»)

~ ~ ~ ~ ~ ~ ~ ~ 1 U3, ~ 1 13.107 =1 1/3. .
Tapo = Tap10 = Tap11 = Tap1z = Tap13 = Tap1a = Tapis = Tapre = 2 A14 = V2 475107 em = 12 47100 kv
A — KOJTMYECTBO TOJBIX Py-«KBapKOB3», BXOSIIHMX B COCTAB TOJION ILTAHEThIz» (MK «3Be3/Ibla»), cMoTpute [10];

(rme i=1,2,3,45,6,7,8; j=910,11,12,13,14,15,16) — ycpeqHEHHbIE METPUKH, KOTOPHIE SBIISIOTCS

(18)

(19)

(20)

(1)

(22)

(23)

(24)

(25)

(26)
@7)

(28)
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TakuM 06pa3oM, METPUKO-THHAMUYECKAsT MOJIENb BaJICHTHOM TOJIOM «IITaHEThIs» (MITH «3Be31bI3») (8) — 3T0 pes3ynbrar aj-
JUTUBHOTO HAJIOKEHUS (T.€. yCPETHEHHOTO NEePETUIETEHNUS) MHOYKECTBA INTaHETAPHBIX ToIbIX Py-«kBapkoBs» THHa (66) B [10]
C cUrHaTypamu, npeacrapieHHbME B a0, 1 B [10]. IIpu aTom kaxkaas metpuka Buza (7) — (22) MoxkeT ObITh MpenCcTaBICHA
B BUJIC YCPEIHEHUsI 7 TIOA-METPUK C COOTBETCTBYIOIIUMU CUTHATYpamH (cmotpute §2.6 B [5] u §1 B [7]), KaKaas MOJ-METPHKA
MOXET OBbITh IIPE/ICTABJICHA B BUE YCPEIHEHU elle 7 MOA-TI0I-METPUK C COOTBETCTBYIOIMMHU CUI'HATYPaMH U T.J. 10 Oec-
KOHEYHOCTH (puc. 6). Ewe paz ommemum, Ymo 8aIeHMHASL MEMPUKO-OUHAMUYECKASL MOOETb — IO Pe3VaAbmam YcpeoHeHUs.

OeCKOHEUHOU CLOAHCHOCHU 00 CaAMO20 RPOCHO20 (KAPKACHO20) NPeoCmagieHus.

Puc. 6. ViuttocTparyst 66CKOHEYHOTO yCIOKHEHHST METPHUKO-ANHAMHUYECKO# MOJIeIH BHEIIHEH 000I0UKH JTF060T0
CTaOMIBLHOTO CHEPUICCKOTO Am n-BaKYyMHOTO 00pa30BaHUsl (B TOM YHCIIC, TUIAHETHI» WU «3BE3IBI»)

2 anomennaﬂ METPUKO-AUHAMUYECKAA MOIE/Ib BHENIHEH 000JI0YKH IoJIoii «IIaHeTh» (I/IJ'[I/I «3Be3}1])l»)

SIBneHue «3BE3IHO3) - «IUTAHETAPHOW3» (Hajee /I YIPOLICHUS 3aluceil, «3Be3THO» - «IUTaHETApHOIDY) TpaBUTAINH Oy1eM
paccMaTpuBaTh Ipn B38.I/IMOI[CI?ICTBPII/I KaK MUHUMYM JABYX T'OJIBIX HeOECHBIX «TCJI», TaK K€ KaK B MCXaHHUKC HrroTona (CMOT-

pure puc. 7).

«Tnaneta» 2
«ILmanera» 3

«Inanera» 4

«[Tnaneranl

Puc. 7. «3Be3iHO»-«ILIaHETAPHAS) CUCTEMA, T/I€ MEXK/IY AAPAaMU IOJIOH «3BE3/bI» U TOJIBIX (ILIAHET
LIUPKYJIUPYIOT CyOKOHT-aHTHCYOKOHTHBIC OOMEHHBIE IPOLECCHI



B yacTHOCTH, paccMOTpUM IpaBUTALMOHHOE B3aUMOJEMCTBUE IOJION «IUIAHETBD» U TOJNON «3Be3lbl». [laHHOE B3auMOei-
CTBHE TIPOUCXOIUT B OCHOBHOM MEKIY SIPAMHU 3THX CTaOMIIBHBIX Ag7-BaKYyMHBIX 00pa3oBaHuii (puc. 7), MOITOMY OCTaBUM
B paMKaX pacCMOTPEHHUS TONBKO METPHKO-THHAMHYECKHE MO X BHemHuX obosouek (10) — (16). Tarxke yurem, 4To
paauyc Mera-Beenennoii 11~ 10% cm Gonbine paccrosuus mexay sapamu, Hanpumep, Connna u 3emmu 1~ 1,5:10% cm npu-
MepHO Ha 25 MOpAAKOB, MO3TOMY cliaraeMbiMu 72 /12 B MeTpukax (10) — (16) npeneOpexkem.

ITo BBIIEYKa3aHHBIM TIPUIHHAM BMECTO COBOKYMHOCTH MeTpHK (10) — (16), ms1s uccieioBalust TpaBUTAIIMOHHOTO B3aMMO-
JEHCTBUS TOJION «IUTAHETBD) U TOJIOH «3BE3IbD» OCTABUM TOJIBKO CICAYIOLIHE YIPOIICHHBIE METPUKH, ONPEACIIIIONINEe MET-
PHKO-ANHAMHYECKYIO MOJIETb BHEITHUX 000JI0YEeK B OKPECTHOCTH SIEP ITHX Ag7-BaKyyMHBIX 00pa30BaHHH 3BE3IHO-TUIAHE-
TapHOTO MacTaba:

BHemnsst 000/109Ka (29)

BAJICHTHOM, TIOKOSIIICHCSI, TOJIOW «TUTAHETBDy (MITH «3BE3IBD))
B MHTEpBae [I4, I'1], co cpeaHelt curHatypoit

V{(+-—)+(+++)3}=(0000)

2
dsH " = gtz = (1 - “‘%) c?dt? — (1_d+_m) —12(d6? + sin? 0 d¢?), (30)
2
ds{ ™% = dsO2 = (14 1482 2dr? (1;17_5) —r2(d0? + sin? 6 d¢p?), (31)
r 2
ds{ 0% = dsCO2 = — (1 -T2 22 + (1_'3%_53) +72(d6? + sin? 6 d¢?), (32)
2
ds{H? = @52 = (1 + T‘*Tﬂ) c2dt? + (1jr+_£4) +12(d6? + sin? 6 dp?); (33)

HleabT
BAJIEHTHOM, MOKOSIIEHCS, TOJION «IUIAHETH (MJIM «3BE3BI»)
B uaTepBaie [0, «] co cpexaneii curnarypoii (0 0 0 0)

dss(+———)2 = c2dt? — dr? — r?(d6? + sin? 6 d¢?), (34)
d56(—+++)2 = — c2dt? + dr? + r2(d6? + sin? 6 d¢?), (39)

rie
1 1
g1 = 3 (r4p1 + r4p3)' Tap2 =3 (7'4p2 + 7'4p4):
1 1
Tagz =3 (T4p5 + T4p7)' Taps =3 (7”4p6 + 7”4p8)-
3 Metoasnl u3BJieYeHNsT HH(POPMAIUH H3 COBOKYIHOCTEl METPHK,
COCTABJISIOIHX METPHKO-THHAMUYECKYIO MOIE]Th
MeTonp! H3BJICUCHUS YCPETHEHHOW HH(OPMAIIHU U3 COBOKYITHOCTEH METPHK, BXOSAIINX B COCTAB METPUKO - THHAMITYECKOM
Monenu tuma (8) — (28) mwm (29) — (36) ocHOBaHBI Ha MaTeMaTHYeCKOM ammapare AnreOpsl curHaryp [1,2,3,4] u moapoOHO
H3JI0KEHBI B CTaThsIX [5,6,7,8]. [ mOHUMaHUS HIDKEH3JIOKEHHOTO HEOOXOAMMO CHavalla MO3HAKOMHUTHCS CO BCEMH STUMH
CTaTbsIMU.

4 Ycpennennas negopmMauus BHelIHeil 000JI04KHU roJI0H «IUIAHETbD (MJIH «3Be3bI»)

Jledhopmanyy BHEUTHEH 000JOUKH TOJION «IIJIAHETh (MM «3BE31bI») OyaeM ONpeaensaTh M0 aHAJIOTHU C METOJIUKOH, Tpe/I-
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 npumeneHHoii, Hanpumep, B 2.1.1 - 2.1.2 B [7].

Yepenaum metpuku (30) — (33)

dszay = = (dsC02 4 dsOD? 4 dsCO2 4 dsCD?) = g{Dc2dt? — gPdr? —r2(d6? + sin? 0 dp?), (36)

18



e g(%) — i((l _ T"Atri) + (1 + Tiﬂ) _ (1 _ T‘trﬁ) _ (1 + Ttﬂﬂ)) — (T4E2+T4E3);(T4E1+T4E4),

@ _1f__ 1 1 1 1
o =i~ )
[Ipeanonoxum, 4To
1
Tap1 ® Tag2 ® T4p3 ® Tapa, U Typ = Z(T4E1 + Tagz + Tap1z + Taga)- (37)

IMpu 5TUX YCIOBHAX 3aMUIIeM pe3yibTaThl yepenrenus Mmetpuk (30) u (31), a Takxe (32) u (33), M0 OTAETBHOCTH

2

—dr? —r?dg? —r?sin? 0 d¢?, (38)
T4E

r
r2—

dsl(;r"_)2 = %(ds(’ra)2 + dst2) = c2dt? —

2
ds$y T2 =2 (dsCO% + dsCD2) = —c2dt? + T dr? +72d0? + 12 sin? 0 d. (39)
~T4E

r2

OTHOCHUTEIBHOE yUINHEHUE BHEIIHENW CTOPOHBI Ag7-BakyyMa (T.e. CYOKOHTa*) B OKPECTHOCTH sipa TOJION «IUTAaHETh (HIIH
«3BE3]IbI») ompenessieTcs BoipakenueM (47) B [3]

(h===)_  (+==-)
+——— g:. =9::
e e S § (40)
iio
rue gl(;r___)— KOMITOHCHTBI METPHUECKOTO TEH30pa B CPEeJHEM UCKPUBICHHOTO yUacTKa BHEIIHEH CTOPOHEI Ag7-BaKyyMa

(T.e. cybKkoHTa);

=) _ KOMIOHEHTHI METPHYECKOT0 TEH30pa TOTO JKE yYacTKa BHEIIHEH CTOPOHBI Ag7-BaKyyma J0 UCKPUBIICHHS

(T.€. IpH OTCYTCTBUH €T0 UCKPUBIIEHUS).

(+-
Yiio

*[Ipeocmasnenusi o cyoxonme u anmucyoxonme (m.e. 0 HewiHell U GHYMpPeHHell CMOPOHAX Amn-6AKYYMa), a maxdice 0 cyOKOHmM-anmucyo-
KOHmHbIX mokax ovliu seedenvl 6 $4 6 [3], §2.56 [5], §1.1 6 [4]);

) )

(+- o (+- o
IToacraBum B BeIpaxkenus (40) KOMIIOHEHTE! g;; U3 ycpenHeHHOM MeTpuKkH (38), a KOMIIOHEHTHI g5, U3 UCXOJIHOM
METpUKH s cyOKkoHTa (34), B pe3yJbpTate B pe3yJsibTaTe s KaXKI0T0 JOKAJIbHOIO Y4acTKa BHELIHEH CTOPOHBI Ag 7-BaKyyMa
MOy YHM
l (+=—2) = ﬂ =
r r r2—rig

-1, 1§70 =0, {77 =0 (41)

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

(—++4) __(—++4)
(=++4) _ Jii _"9iio
lL- = [1+ - e 1, (42)
iio
rie gl(i_+++)— KOMITOHEHTBI METPHYECKOTO TEH30Pa B CPEAHEM MCKPHBJIEHHOTO Y4acTKa BHYTpPEHHEH CTOPOHBI Ag7-BaKyyMa

(T.e. anTHCYOKOHTA);

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

(T.e. IpM OTCYTCTBUH €TI0 NUCKPUBIICHNS).
(=++4+) (=+++)
IMoncraBum B BEIpakeHUs (42) KOMIIOHEHTHI g;; i
JUIsl aHTUCYOKOHTa MeTpHKH (35), B pe3yJsibTaTe Uil KaXKJ0T0 JIOKaJbHOTO Y4acTKa BHYTPEHHEH CTOPOHBI Ag7-BaKyyMa I10-
JTy4YUM

u3 ycpenHeHHoit merpuku (39), a KOMIOHEHTBI g 13 UCXOIHOM
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(—+++) _ Ar _ rz (—+++) _
N = = = 1, I

=0. (43)

[*]

I'paduxu paguanbHON COCTAaBIAIONIEH OTHOCHTEIHLHOTO y)IJ'II/IHeHI/IH cy0- | \
koHTa (41) ll.(_+++) = l( -

000J104Ke TOJIOHN «IIaHETHI» (WJIN «3BE3/bD» ), IPUBEICHBI Ha puc. 8. LT ! 1

N
— U aHTHCYOKOHTa (43) = Bo BHemmHeii ‘ ‘

Taxum 006pa3oM, Bo BHEITHEW 000JIOUKE TOJI0H «IUIaHEThD» (MU «3BE3/IbD») 0 '
HMeeT MECTO KaK yCpeIHEHHas BBIIYKJIOCTb, TaK U YCPEJHEHHas BOTHY-
TOCTb. B cpenHeM OHM NpakTUUYECKH MOJHOCTBI0 KOMIIEHCUPYIOT IPOsIBIIE- "'
HUSI OpYyT IpyTra, MO3TOMY B OKPECTHOCTH fA1pa TOJOH «IIaHeThD (Win
«3BE3IBI») Ag7-BaKyyM B CpeIHEM IUTOCKHH (T.€. B CpEeOHEM ero nedopma-
MM NPAKTHYECKHA OTCYTCTBYIOT). DTO SKBHBAJIEHTHO B CPEJHEM IIJIOCKOMY \ ‘
MIPOCTPAHCTBY. w |

BBITyKJIOCTh M BOTHYTOCTh COCYIIECTBYIOT (T.€. KaK OBl 3allOJHSIOT APYT |
Zpyra), HO He aHHUTWJINPYIOT, TI0 CJIEAYIOLINM IPHIHHAM: L5t . |

- BO-TICPBBIX, PAANYCHI CIIOEB PAKHU* «IUTAHETBIY (MITH «3Be3/1bD») (37) mo- 2 : : :
HOCTBIO HE COBNAJAIOT, T.C. PaBHbI JPYr IPYry TOJBKO NPHOIMKEHHO
(rag1 = Tygz = Tags = Tygs), IPYTHMH CIIOBaMH, BBITYKIOCTh H BOTHYTOCTb
HE COBCEM COBMAJIAIOT APYT C APYTOM;

Puc. 8. I'padukyn pagnanbHBIX COCTABIIONINX
OTHOCHUTEIBHOTO YTHHCHUS:
(—+++)

- cybxonTa (41) I; = g (BepxHuii), u
*[lonamue "pakusa" Ovino 68edeno 6 4.11 6 [6], pakus — 5mo upe36vbIYAHO CIOHCHO
UCKPUBNIEHHAS U Nepeniemennas 001acmy Amn-6aKyyma, OKpYICAOuds a0po -
6020 cmabunvHo2o cghepuieckozo Amn-6aKyyMHO20 06pazoeanus (nanpumep, A0pa
INEMEHMAPHOU «YACMUYLLY, A0PA «NAAHEMbLY, A0PA «2ANAKMUKUY U M.O.), CMOM-
pume puc. 17 u 18 6 [5] u puc. 11 6 [7].

—++4) _ Ar N
- anTHCYOKOHTa (43) llg ) = - (HYOKHUT)
B OKPECTHOCTH S/Ipa TOJIOH «ILTAHEThDY

(MITH «3BE3/IBI»)

- BO-BTOPBIX, AJIpa I[BETHBIX MJIAHETAPHBIX Py-«KBapKOB3» U P-«aHTUKBAPKOB3», BXOSIIMX B COCTAB FOJION «IJIAHETh (WIIH
«3BE3/IBD»), HAXOJATCS B TIOCTOSIHHOM Xa0THIECKOM IePEMEIICHUH (T.€. TEIUIOBOM JIBWKEHUH). [Ipu 3TOM, Kak yxke oTMeda-
sock B §9 B [10], aHHUTHIISAINS COOTBETCTBYIOMHX Py-«KBapKOB3» U Py-«aHTHKBapKOB3» BO3MOXKHA TOJIEKO MPH MOJTHOM OCTa-
HOBKE TEIUIOBOTO JIBIKCHUS, T.€. IIPH TEMIIEPaTypaxX OMU3KHAX K aOCONFOTHOMY HYITIO.

5 CyOKOHT-aHTHCYOKOHTHBIE TOKH BO BHEIIIHEH 0001049Ke roJI0i «IUIaHeThD) (HJIN «3Be3/IbI»)

JIBIDKEeHbS HET, CKa3all MyIpel OpanaThlid.
Hpyroit cMosryan u cTa npes HUM XOAUTh -
CunbHee ObI HE MOT OH BO3Pa3UTh ...

A. C. Ilywkun

[Tomo6HO TOMYy, KaK MBI yKe Jenajin, Harpumep, B §2.2 B [7], Ans yno0CTBa pacCMOTPEHUSI BHYTPUBAKYYMHBIX MPOIECCOB,

BBEJIEM YCIIOBHBIE HA3BAHUS MOMEPEYHBIX CIIOEB Ag 7-BaKyyMa, METPUKO-IUHAMUYECKOE COCTOSHUE KOTOPBIX ONPEAENSAETCS
merpukamu (30) — (33):

2
d51(+___)2 = gtz — ( r451) c2dt? — @ —72(d6? + sin? 6 d¢p?) a-CyOKOHT, (44)
2
ds(+———)2 — ds(+02 — (1 r4Ez) c2dt? _(1_;%2) r2(d6? + sin? 6 d¢?) b-cyOkonr, (45)
ds§_+++)2 — dso2 — ( ”53) c2dt? + 7(1 T +7r2(dB? + sin? 6 d¢p?)  c-aHTUCYOKOHT, (46)
dsi—+++)2 = ds(-D2 = ( ”54) c2dt? + m +7r2(d0?% + sin? 6 d¢p?)  d-anTHcyOKOHT. (47)
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To ecTs, Kak y»e 0TMe4anoch B §7 B [2], MBI YCIOBHO MPENCTABIIIEM METPUIECKOE IIPOCTPAHCTBO, OTIMCHIBAEMOE, HATIPUMED,
Metpukoit dst®? xak ynpyrommacTuuecKkyro cpefy (MIM Cy6CTaHIMOHATBHBIN KOHTHHYYM) M IPHCBAHBAEM €if yCIOBHOE
Ha3BaHHUE a-CyOKOHT.

Ewe paz ommemum, nam ne uzeecmno, ymo maxoe cyoCcmanyuOHaIbHbil KOHMUKYYM (CYOKOHM Uiu aHMUCYOKOHM), HO NPU-
becaem Kk Memooy aHAIOSUU CO CRIOWHOU Cpedoll, 0baadaiowell ynpy2ocmuio U mekyuecmsio, 0is y0obcmea Hauezo 60c-
npuamus. Taxou dce Memoo ananocuy ¢ uOearbHOU HCUOKOCMbIO UCHONb306an Makceenn npu couunenuu « Tpaxmama 06
anexmpuyuecmee u macnemusmey (1873). Ewe 6 doxknade «Peanvuvl 1w ananocuu ¢ npupooe?» (1856) Maxceenn notmancs
8bIPA3UMb NPEOCMABNEHUSL O 6CEX ABNEHUAX KAK O PA3TUYHBIX COCMOAHUAX UOednbHOU dcuokocmu. 1100 gusuueckoil anano-
euetl Maxceenn noopazymesan cxo0Cmeo 3aK0H08 08yX Kakux-nubyov obiacmeri HayKu, O1a200apsi KOMopoMY 0OHA AGIAEMCS
unnrocmpayuetl opyzou. B uacmuocmu, Makceenn onupanca Ha aHano2uro mMexcoy 2uopoOuHAMUKOU UOeaTbHOU HCUOKOCTIbIO
U dneKmpomacHemusmMom. Bnocredcmeuu 06 3moti Hcudkocmu 3a0biaU 30 HEHYHCHOCMBIO, MAK KAK NOLe8aAst KOHYeNnyus 8bl-
MECHUNA UOCATbHYIO HCUOKOCTb U3 MEXAHUYUIMA BOCHPUAMUA 6 CUTLY DObUel PAYUOHATLHOCTU U TaKoHuyHOCcmu. Ho Ha
HAYANbHOM 9Mane 4ei08eyeckomy paccyoky mpebyemcs sp3ay 60nee ouymiumoeo 0OCHO8AaHUs, uem cunosoe none. Obvexmu-
BUAYUS ULTIO3UU — IMO MO, C YeM NOCMOSHHO NPUXOOUMCS CIATKUBAMbCA NPU NOJHOU 2e0MempPU3ayul HAuwuxX npeocmas-
JIeHUtl 00 OKpydcarouell pearbHoCmu. Jmo HeusDextcHo 8 CULy 0CODEHHOCMU HAWEe20 BOCHPUSAMUSA OKDPYICAIOWjell PearbHO-
cmu. Kax ommeuanu muozue @punocoul, Haue «s1» 6UOUM He OKPYICAIOWYIO PedaibHOCHb HENOCPEeOCMBEHHO, a U300padice-
Hue 9moil peanbHOCMu 8 Hauem co3nanuu. Jlpyeue unocoghvl Hebe3ocHoO8amMeNbHO CHUMAIOM, YMO Y HAC 8000Uje Hem Hu-
KAKUX HenocpeoCmeeHHbIX 803MONCHOCMEN OOKA3AMb PeAbHOCHb MO20, YMO Mbl HA3bI8AEM PEANTbHOCTbIO.

HamoMHUM HEKOTOpbIE OCHOBHBIEC MOJIOKEeHUST «['eoMeTpr3upoBaHHON (U3MKK BaKyyMma, OCHOBaHHOW Ha AJreOpe curHa-
Typ», ((OB&AC) usnoxennsie B [1,2,3,4,5].

Mertpuku (30) — (33) (uu (44) — (47)) ABIAIOTCS PE3yNILTATOM PELICHUS OJJHOTO M TOTO JK€ BAKyyMHOTO ypaBHEHUs DifH-
wireitHa (42) B [5] Ry, = 0, ¥ OonmChIBAIOT METPUKO-ANHAMUYECKOE COCTOSHUE OJHOM U TOM e obnactu Ag7-Bakyyma. To
€CTbh, TH METPUKH OTHOCATCS K UCCIeIyeMoi 00TacTu As7-BaKyyMa ¢ paBHOU BEpOSTHOCTHIO. [I03TOMY B pamMKax pa3BHBa-
emotii 31ece [OB&AC [1,2,3,4,5] cnenaHo mpeamnonoskeHue, YT0 COCTOSHIE BHEITHEH 000I0YKH TOJI0H «IUTaHEThD» OIpe/e-
JSIETCSI PEe3yJIbTATOM ycpeaHeHus: metpuk (44) — (47)

ds@)2 = =~ (ds@D? 4 dsCD? 4 dsCD2 4 dsD2), (48)

Beipaxkenue (42), ¢ 0HOM CTOPOHBI, HOCHT BEPOSITHOCTHBIN XapakTep. ITO FTOBOPHUT O TOM, YTO OHO OIUCHIBAET YCPEAHEHHOE
COCTOSTHHE CJIOXKHO IepenBatolieiics (T.e. HOBCeMECTHO (IIyKTyHpylollei) ob6aacTu As7-Bakyyma.

C npyro# cTopoHsl, MeTpuKka (42) siBisiercss KBaapaTuuHoit Gopmoii (koTopast HaomuHaeT Teopemy [udaropa). Ito o3Ha-
4aeT, 4To dNeMeHTapHble 4-0Tpe3ku reojesuueckux Junui dst?, dst?, dst?, dst® pzaumHO MepreHAUKYIAPHBI APYT 110
OTHOIICHHIO K pyry (cMotpute §4 B [3] 1 Beenenue B [3])

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

ITpu sTOM ycpenHeHHas kBaapatuuHas ¢opma (42) MoxeT ObITh NPE/ICTaBICHA B BUJIE NMPOM3BEICHUS IBYX 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 reoaesndeckux muauit s¢¥, stb) s st g
4-HuTeBBIe CITUpaiH (T. €. B 4-)KTyThI) MK B JIBE IBOMHBIX CIIMPAJH, WX B APYTHE Oojiee CII0KHBIE Y3JI0BbIe KOHPUTyparuu
(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 nepsviii 632150, aghemeprnocmov ncegdo-cped cyOKOHmMa u aHmucyOKoHmMa Huvem He aydule dpemepHoCmu 10KATbHO20
epemenu Dunwmetina. OOHaKo 6 psde 3a0au 3HAYUMenbHO YOoOHee CYUUmamsy, Ymo epems N0BCeMeCmto meyem npsimoau-
HelHO U pasHOMEPHO (m.e. R06Clody umeem mecmo epemsi Holomona, u omcymemayem npodiema CUHXPOHUAYUU HACO8), HO
npu SMOM CKOPOCMb MedeHus: 8 0ehOPpMUPOBAHHOU NCe8O0-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.
HesaBucnuMo OT TOTO, 1; = 5, — 3TO PAINYC SAPA TOJIOM «IUIAHETE), WK PAIANYC AApa «dIeKTpoHay (Ii = e, 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-cybKomTa, (57)
T4E2 Vzb T4E2 V;%b . 214
1+ ——=1--7 WM — = =0 IpHITOM iV, = , Vgp =0, vy, =0 s Db-cyOkonra, (58)

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

2 r c2

T vZ T vZ , c?r
—1 D= g +5 mm — =5 = T npu oToM —jv,g = / *2, vgq = 0, Vg =0 ans d-antucyGronra, (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.

DTO 03HAYAET, YTO MPHU YIPOILICHHOM IBYXCTOPOHHEM paccMoTpeHuu (cMotpute §5 B [3]) BO BHelIHe# 000I0YKe TOJ0M
«ITaHEeTHD» (WM «3BE3JbD») B KAXKJIOM pajMaJbHOM HaIllpaBIEHHH MMEIOT MECTO YeThIpe CyOKOHT-aHTHCYOKOHTHBIX TOKA,
NEPEIUICTCHHBIX B paaAnalbHble 4-)KryThI (T.€. 4-rpaHHbIe CIIUPAH, HAMOTAHHBIE Ha BCE paHalibHbIC HamnpasieHus) (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 CIIHPANCii.

Awnanoruyno (73) — (74) B [7], kaxplit TAKOW pagranbHbIA 4-KTYT MOXKHO OIMKCATh YCPEAHCHHBIM KBATEPHHOHOM

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 3TU CYOKOHT-aHTUCYOKOHTHBIE TOKH JABUTAIOTCA HaBCTPEUy APYT APYTy, OHU IIPAKTUYECKU IOTHOCTHIO KOMIICHCH-
PYIOT IIPOSIBICHUS APYT Apyra. [[03ToMy B paifoHe siapa rojoi «IuIaHeTsDy (MK «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).

U3 Beipaxenus (62) ciemyeT, 4To ecii ObI paguyChl PAa3IHYHBIX cheprIecKux 000I0YeK

PaKuM OKPYXKAIOUIUX SAPO IOJOH «IUTAaHETHD (MIIN «3BE3/bI»), ObIIM OAMHAKOBBIMH (T. €.

— — — (abcd)
Mmi=Ih2="Is= rn4), TO YCpE€OAHEHHAsA CKOPOCThH ﬂe]'BaKYYMHOFO CTOKa v, OKa3ajiaChb

ObI paBHOU HYJTI0. B 3TOM Cllydae HUKaKOro yCpeHEHHOT0 CTeYCHUsI A6 7-BaKyyMa K siIpy
TOJIOH «IUTAaHETHD (WK «3BE36D») He ObLT0 Ob1. ClieoBaTeIhHO, HE OBIIO OBI M yBIICUCHUS
BCEX MEJKHUX «KOPIYCKYJ» M COCTOSIIHMX W3 HUX Tel K SAPY roJoil «IuiaHeThDy (Wiu
«3BE3JIBI»).

Takum 00pa3oM, MEXaHU3M «ILIAHETAPHO» (MIIH «3BE3HOM») rpaBUTAIIMU OOYCIIOBIICH
TEM, YTO MPUTCKAIOIHUEC U OTTCKAIOINE Cy6KOHT-aHTI/ICy6KOHTHHe TOKH HE TOJIBKO CBEP-
HYTBHI B 4-XT'yTHl BOKPYT BCEX PaJHaJbHBIX HANPABICHUH, HO U 3TH CIIMPAJH IPOCTPaH-
CTBEHHO-()a30BO CIBUHYTHI OTHOCHTENILHO JIPYT ApPYra Ha pasHUILy PagiycoB 000JI0YEeK
pakuu Ar = Tupi3 — Tup24 (puc. 11a).

ITpu aTom pemaercst mpobiaema Moenu rpaBuTanun bepaxapaa PuMana, ynomsiHyTas Bo
Benennn. B paccmarpuBaeMoit MoJieni He Hy)KHO OOBSCHSTH KyJa coOupaercsi cyocTaH-
I¥sI, TIOCTOSIHHO TIPUTEKAromast K sApY IUIaHeThl. B cpenHeM, ckosbko a-cyOKoHTa | C-
AHTHUCYOKOHTA MPUTEKAET CO BCEX CTOPOH MO CHHUPASIM K CBOMM cepriecKkuM 060104-
KaM pakKuH, CTOJBKO e D-cyOkoHTa 1 d-aHTHCYOKOHTa OTTEKaeT BO BCE CTOPOHBI 110 00-
PaTHBIM CHHPAIISIM OT CBOMX C(EpUIECKUX 000JI0UEK PaKUN «IUTAHETHD (MITH «3BE31BD»).

30ecv ymecmmuo ynomsanymo 00un ¢paxm uz 3a6aenoti mamemamuxu. Ecau Onuny oxpyoic-
HOCmU ¢ paouycom ¥ yeequyums Ha eOuHUYy, mo MOICHO 3aNUCAmb credyloujee pase-
cmeo 2mry = 2nr + 1, (20e 1y — paduyc 6oavuweil okpyscHocmu, puc. 116,8).

0)

Puc. 11. a) Wnroctpamus mpo-
1 CTpaHCTBeHHO'(i)EBOBOTO caBUra
Omkyoa credyem Ar =1, —r = e 0,16. Omom pezyromam e 3a8ucum om paouyca  BCTPEUHBIX CIHUpaNedl OTHOCH-
TEJNBHO APYT Apyra, u 6) Wmmo-
CTpauusl ILENH MEXIY CIOSIMHU
pakuu

(unu OnuHbBL) UCXOOHOU OKpYIcHOCIU Y. Hanpumep, ecau Kk OnuHe sKkeamopa 3emau 2mr, =
40 000 000 m npubasumv 1 m, mo eenuuuna wjeau MexHcoy O8YMs OKPYICHOCMAMU
Ar=r —1r, =16 cM.
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Puc. 11. 8) ®paxranpHbIe WLTIOCTPAIMH IS MEXKITY CIOSIMU PaKHH

6 YckopeHne CyOKOHT-aHTHCYOKOHTHBIX TOKOB BO BHENIHEH 000JI09Ke roJ10ii «IJIaHeThD) (TN «3BE31bD»)

KoMITOHEHTBI BEKTOpA YCKOPEHUS CYOKOHMHBIX U AHMUCYOKOHMHBIX TOKOB BO BHEIIHEH 000JI0YKe TOJION MOKOSIIESHCS «I1a-
HETBD» (WU «3BE3/Ib1») 3a1a0TCs BeipaxkeHreM Buza (116) B [4] win (54) B [7]
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2 dln g(()lf))

k) _ ___ ¢
a,’ = ~ o (64)
roe k=+a,+b,—c,—d; n=r,0,¢.
Brinuuiem HyneBbie KOMIIOHEHTH METPHYIECKOTO TeH30pa U3 MeTpuK (44) — (47)
b - d
0GP = (1-18), gGP = (1478), GO = (1), U0 = (1.470m) (65)

IMoacTaBUM MaHHBIC HYJIEBbIC KOMIIOHEHTHI B BeIpakeHus (64). B pesynbrare, ¢ yuetom cootrotenuit (57) — (60), momyunm
ClIeyIOIe KOMIIOHEHThl BEKTOPA YCKOPEHUS OBYX CYOKOHMHBIX U ABYX AHMUCYOKOHMHbIX TOKOB BO BHEILIHEH 00010uKe
MIOKOSIIIEHCS TOJIOHN «IUTAaHEThI» (MIIH «3BE31IBI»):
— KOMIIOHEHTHI BEKTOpa YCKOPEHUs a-CyOKOHTa

2 dln (1— r‘*%)

(+a) c c®raps (-a) (-a)
a = - = — , a =0, a =0, (66)
T e T o omE) ’
.,-2
O _ ¢y 9 _ (1 _TaEr) 0,
rae ars ar (1 r )6r'

— KOMIIOHEHTHI BEKTOpa YCKOpeHUst b-cyOkoHTa

2 dln [(1+ TaE2 2
(+b) - _ c ( r ) — CT4E2 a‘(g+b) =0, al(;b) =0, (67)

T ors T4E2\
\/1+r%~# 2r2J(1+ E2)

0 11(+b) 9 ( T4E2) {4
T _= —=1(1 — ) —-
Ae ar* 9 or + r Jor’

— KOMITOHEHTHI BEKTOPA YCKOPEHUS c-aHTHCYOKOHTa

. 2 am |- (1-TeE3 .2 _
a_g c) - _ c ( T ) — _ IC“T4E3 ag_C) — 0’ afp ) — 0, (68)

or=* T4E3)
2 2 -
‘/1]4# zr \/(1 £3)

r

9 _ 11(—c)i__( st)i.
e 5==39 ar 1 r Jor’

— KOMITOHEHTHI BEKTOPa YCKOpeHust d-aHTHCYOKOHTA

_ T4E4 i
LoD & ain |- (1+74E2) _ T gD 0D — ¢ (69)
" " o ey rrrrr i
<1+ ‘”254) T
-
9 11(-d) 9 ( T4E4) 9
iy = —=—(1 —.
As or+ ar + r Jor

Yckopenus a-cyokonTa (66) u b-cybkonra (67), a Takke yckopenus c-antucyokonra (68) u d-antucyOkonTa (69) Hamnpas-
JICHBI HABCTPEUy APYT Apyry. Bmecte ¢ TeM, oHU 00pa3yioT JBe MeperuieTeHHbIe BCTPEYHbIE U TPOCTPAHCTBEHHO-(ha30BbIe
C/IBUHYTBIE CIIHPAIIH
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l

22 [(1-T4E) 22 [(1-TaE5)

(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 HAPAaBICHHE B OKPECTHOCTH sIpa
TOJION «IUIAHEThD» (MM «3BE3/Ib») 3a1aeTCsl yCPEAHCHHBIM KBATCPHUOHOM CO CTHTHATYpO# {— + — +}

2 2
a(ad) _ a£+a) + ia7(~—c): _ C°T4E1 _ C°T4E3 (70)

(72)
(abed) _ 1 (+a) | : (+b) | . (=) (-d)y _ 1 ?ragy i Cc’raps . C’raps cr4E4
a ==(a, " tiay " +ja; ~ tka ==|- +i —J +k
" 4( " " " ) 4 2r2\/(1—r4%) 2r2\/(1+”%) 2r2\/(1—r4%) 2r2\/(1+r4E4)
WIn
a(abcd) _1 c? __ TaE1 +i T4E2 _:_ T4E3 +k T4E4 ) (73)

R W = A = B = M =

MOZ[yJ'IL 9TOI'0 KBATCPHHUOHA

bed +a)2 +b)2 2 d)2 c -2 3 2 2
2] = | E @+l 40T+ alV?) = 5 | THEL 4 Ty ey i (74)
r r r r

ITpu GomnbLIOM YAAICHUH OT SApa FOJION «IUIAHETHI» (MM «3BE3IbD»), T. €. B CIIy4ae, KOraa Iae1, a2, 4e3, M4e4 << I, BBIpaxke-
uue (74) mpuHUMAET YIpPOIIEHHBIN BU/T

| (abcd)| _ CzJ(TZE2+TZE4)_(TZE1+TEE3) _ CZ\/T‘EE224_T‘LZZ13 (75)
8r2 2r2 !
2 _ 1,2 2 2 _ 1,2 2

TAC  Tizaa = 7, (rigz + Tiga)- M Tizi3 = Te (rig1 + Tig3)- (76)

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

__GM
TZ
(77)
Cpasuum yckopenue (76) ¢ yckopenuem (77)
2 2 2
GM _ CZJ(TZE2+TZE4)_(TZE1+T4-E3) CZ\/T4224—T4Z13 (78)
9= rz = 8r2 - 212 !
B PE3YJIbTATE MOJYYUM IBPHCTHUECKOE TOKIESCTBO
26M
2 — 2 D
Tiz1234 = Viz2a — Tiz13 = ( 2 ) . (79)

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

-11 24
3 37— . 2GMg _ 2:667-10711.5,97.10%* 3
T4g1234 = Vlaz24 ~Vaz13 = —5 & (2,99-10°)2 ~8,9-107"m = 0,9 cm. (80)

ITpu 3TOM, €CJIM HAIK NPEJTIONOKEHHUs BEPHBI, TO Y 3Be31bl CostHile ¢ Maccoit Mp = Mg = 1,99-10% kr
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_ 2 _ .2 o~ 2GMo _ 103w ~
Tas1234 = VTizza ~Viz13 =~ 7 & 2,97 -10°m = 3 kM.

Taxum o6pa30M, B paMKax npe;maraeMoi?I 3/1€Ch TCOpHUH, MaJIbIH 110 MJIaHETapHbIM MEPKaM HpOCTpaHCTBeHHO-(baBOBLIfI CABHUI'

MEXIy BCTpEUHBIMHU crimpaismu (puc. 11.), HAMOTaHHBIMHU Ha

«IUTAaHETBD» (MIIH «3BE37BD»), IPUBOAUT K yCpe-
HEHHOMY OTHOCHTEJBHO CIIaboMy CTOKY mepe-
IUICTEHHOH CyOKOHT-aHTHCYOKOHTHOW TKaHHU
(T.e. TkaHU Ag7-Bakyyma, puc. 9, 10 u 12) x meH-
Tpy dTOro crabmibHOTO cdepraeckoro As7-
BaKyyMHOTO 00pa30BaHMUs.

[Ipeamnonaraercs, YTO UMEIOTCS CUIIbHBIE TOKH a-
CyOKOHTa M C-aHTHCYOKOHTa, KOTOpBIE IpUTe-
KaloT MO CIUPAIISM € OOJBUIMMH CKOPOCTSMH U
YCKOPEHHSIMH CO BCEX pPajJHMalbHBIX HalpaBie-
HUM K SIApY TOJION «IUIAaHEThD (WM «3BE3/BD»), U
UMeloTcsT  aBa  Toka  b-cybkonmrta wu  d-
AQHTHCYOKOHTa, KOTOPBIC OTTEKAIOT MO BCTpPEY-
HBIM CHHPASIM C TAaKHUMH ke OONbIIMMH (TOY-
Hee, ¢ HeCKOJbKO MEHBIIMMH H3-32 MPOCTpaH-
CTBEHHO-(a30BOr0 CIBUTa) CKOPOCTSMH H YCKO-
PEHHSAMH CO BCEX PafuabHBIC HAMPABICHUS OT
Spa FOJION «IUTAHETHI» (MK «3Be3AbD»). DTa Ma-
Jas pa3HUIIAa MEX/Ty CHIIbHBIMH NPUTEKAIOIIUMH
U OTTEKAaIOIIUMH TOKaMH CyOKOHTa M aHTUCYO-
KOHTa W €CThb, [0 HallleMy MHEHHUIO, NPUYHHA
cnaboro 3¢ddekra creueHus TKaHU Ag7-BaKyyMma
K A1py TOJION «IUTaHeTBD (MM «3BE3IBI»). JTO
cnaboe YCKOPEHHOE CTEYeHHE CYOKOHT-aH-
TUCYOKOHTHOH TKaHM yBJIEKaeT Bce MeJKue (1o
CPaBHEHHUIO C «IUIAHETOI» WM «3BE310H») cTa-
OmpHBIE cheprueckie Amn-BaKyyMHBIE 00pa3o-
BaHUs (MMUKO- , HAHO-, MUKPO- ¥l MUHH- «KOPITyC-
KyJIbI») W SBISIETCS NPUYMHON MEX-«IUIaHeT-
HOI» U MEX-«3BE3JHON» TPaBUTALIUH.

Puc. 12. Vnmroctparust nepernyieTeHHoH
CyOKOHT-aHTHCYOKOHTHOM TKaHH

7 BakyyMmHbIii 6aj1aHC. «3Be3THO»-(IUIAHETAPHOE» B3aHMO/IeiiCTBIE

BCE paJualbHbIC HANPABICHHUS B OKPECTHOCTHU sIIpa TOJIOH

B npenpinyniem naparpade Oblia BBIIBUHYTA THIIOTE32, YTO NPUYMHON INIAHETAPHOI TPaBUTALMHU SIBJISIETCS OTHOCHUTEIBHO
cnaboe YCKOpeHHOe CTedeHre CYOKOHT-aHTHCYOKOHTHOW TKaHu (Wiin TKaHH Ag7-Bakyyma, cMoTtpute puc. 12 B [17]) k siapy
TOJIOH «IIaHeTh» (WU «3Be31b»). Ha mepBbIil B3I 3Ta TMIIOTE3a HUYEM He OoTiIHdaeTcs oT uaeu bepuxapaa Pumana o
CTEUEHHUH HEKOW cyOcTaHImu, KoTopas ujiokeHa B [17] u ymomsiayta Bo BBenenun. To ects ocraercs Bompoc: — «Kyma
ITOMEIIAETCS] OTPOMHOE KOJIMYECTBO CTEKAMOIIEH CyOKOHT-aHTHCYOKOHTHOM TKaHU?)

JI7st oTBETa HA ATOT BOMPOC PACCMOTPHUM CIIEIYIONIYIO YIPOIIEHHYIO MOJIENb B3aUMOISHCTBUS TOJION «TIaHeThI-1y (B "acT-
HOCTH, 3eMJist) U rojoil «3Be3ap» ConHie. [Ipu 3ToM cunTaeMm, 4YTO MEXIYy BCEMH OCTAIBHBIMU TOJBIMH «IUIAHETAMMI» H
roJioii «3Be3/10i» COoTHEeUHOH CHCTEMBI IPOTEKAIOT aHaJIOrMYHbIe poreccsl (puc. 7,10, 13).
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Puc. 13. MiuttocTparys 0OMeHa «IUIAHET» M «3BE3/IbD» CYyOKOHT-aHTHCYOKOHTHBIMHI TOKaMHM, TEKYLIMMH MO Pa3HbIM
CTOpOHaM 4-TrpaHHOI CIMpany, HAMOTAaHHOM Ha BCe paJHanbHbIe HAIPABICHUS, OTXOIAIINE OT UX SIep

Bbiiiie GBLTO MOKA3aHO, OT spa roJI0i «IUIaHETh» (B 4acT- SRR SRR T
HOCTH, «IUIAaHETHI-1» 3emir1) mo IBOWHBIM CIIHPAIIM, %* .
HAMOTaHHBIM Ha BCE PaJHaIbHbIC HATPABIICHHS, 3aMe LIS~ e A
sch (T.e. HAKPYYHBAsICh Ha PaJMAIbHOEC HAMPABICHUE C "G A $ s
MEHBIIIEH HHTEHCUBHOCTBIO M OOJIBIINM IIATOM CITUPAJIH, o Set R ? ‘

puc. 13) oTrekaroT ToKHu b-cyOkoHTa M d-aHTHCYOKOHTA.

% 1 &

[lanee, o Mepe yJajqeHus OT S/pa TOJION «IUIaHeTh-1» n
MIPUOIMXEHUS K APy TOJ0H «3Be3b» (MITH IpyToH «Iiia-
HETHI-2»), TOKH b-cyOkoHTa u (-aHTHCYOKOHTA yCKOpSI-
10TCs (T.€. HAKPYYMBAIOTCSl HA paJHalbHOE HAIpaBlICHHUE
¢ OonblIel HHTEHCUBHOCTBIO M YMEHBIIAIOLIIMUMCS 1I1aroM
crimpaiu puc.13). 3aTeM B paiioHe paKuH TOJIOHN «3BE37bD»
(WM IpYroii «IUTaHEThI-2)») ATH TOKH YYacTBYIOT B CIIOX-
HOM TypOysieHTHOM mpouecce (puc. 14 u puc. 17 B [5]),
Pa3BOPAaYMBATHCS HA JIPyTUe CTOPOHBI TOU ke 4-TPpaHHOU
criupanu (puc. 15) u ¢ 3anazapiBanuem (puc. 11) u nocre-
TICHHBIM 3aMe/JICHHEM 3aKpyYMBAHUsS OTTEKAIOT OT sIpa
TOJION «3BE3/1bD» (MIIHM JPYTOH «IUIAHETHI-2)») B BUJIE TOKOB
a-cyOKOHTa U c-aHTHCYOKOHTa, 0OPaTHO K SIpY UCXOIHON
rojoi «maHeTsl-1» (puc. 13).

Jlanee, mo Mepe ymaneHus OT siipa TOJOU «3Be3AbD (WIIH
«TUIAHETHI-2») ¥ MPUOIMKESHUH K SAPY UCXOMHOUM TOJIOi
«IJTaHETHI-1» TOKM a-CyOKOHTa M C-aHTHCYOKOHTa YCKO-
pstoTes (T.e. HAKPYUIHMBAIOTCS Ha paguaibHOE Harpasiie-

Puc. 14. Mmmoctpanyu CIOXKHBIX TypOyJIEHTHBIX NPOIECCOB, B KO-

HHE C OONbIICH WHTCHCHBHOCTBIO M YMCHBIIAKOIIMMCS TOPBIX YYaCTBYIOT CyOKOHT-aHTHCYOKOHTHBIC TOKH B PaiiOHE paKkuu,

IIaroM Chupany). 3aTeM B paliOHE PaKHM TONOH «IUIa-  OKpy’KAIOUINX SAPO «3BE3ABD (MM CILTAHETH)
HETHI-1» 3TH TOKU YYaCTBYIOT B CIOKHOM TYpOyJICHTHOM

Ipolecce, pa3BoOpaunBaThCs Ha JPYTHe CTOPOHBI TOM ke 4-rpaHHoi crimpanu (puc. 14 u 15), u ¢ 3ana3apiBanueM (puc. 11) n
MOCTEIICHHBIM 3aMEJICHHEM 3aKpy4YHBaHHUs 3TOi CIIUpaK OTTEKAIOT OT s/Apa roJIOH «IUTaHeThI-1» B Buje TOKOB b-cy6GkoHTa

u d-aHTHCYOKOHTa OOPATHO K S/IPY TOJION «3BE3/bI» (MJIH APYroi «IUIAHETHI-2»), [IIe BECh 9TOT MPOLIECC MOBTOPSIETCS.



Takum 00pa3oM, MEXKIY SIIPOM TOJION «IUTAaHETHD (HampuMmep, 3eMist) U
SAPOM TOJIOHN «3Be3bl» (Hampumep, CONHIIE), WA MEXAY SAPaMH IBYX
JFOOBIX TONBIX «IUTAHET», MOCTOSIHHO LUPKYIUPYIOT CyOKOHT-aHTHUCYO-
KOHTHBIE TOKHU. [Ipy 3TOM KOJIHUYECTBO LUPKYIUPYIOLIEro CyOKOHTA U aH-
TUCYOKOHTa OCTaeTCsl MPaKTHYeCKH Hen3MEHHbIM. CKOJIbKO CyOKOHTa M
AQHTUCYOKOHTA BTEKAET B PAKHUIO JIFOOOT0 CTaOMIIBHOTO ChepraecKoro Amn-
BaKyyMHOTO 00pa30BaHHs (HAPUMED, TOJIOH «IIIAaHEThI» HIIH «3BE3/bD»),
CTOJIBKO )K€ CyOKOHTa M aHTHCYOKOHTa BBITEKACT M3 TOH K€ Pakuu. ITO
HO0O00HO KPYyTrOBOPOTY BOABI B IPUPOIE.

BwMmecrte ¢ TeM, Y BceX Amn-BaKyyMHBIX «KOPIYCKYID» (B YaCTHOCTH, TOJIBIX
«IUTAaHET» U «3BE371») OTTEKAIOIINE CyOKOHT-aHTUCYOKOHTHBIE TOKH BCE-
IZla 3ara3AbBaoT (T.€. HE3HAYUTEIHHO IPOCTPAHCTBEHHO-(ha30BOTO CIIBH-
HYTHI BIUTyOb PaKWM) 10 OTHOIICHUIO K IPUTEKAIOIINM CYOKOHT-aHTUCYO-
KOHTHBIE TOKaM (puc. 11). DTo, mo HameMy MHEHHIO, KaK MOKa3aHO B
npeAblaymuX naparpadax, u siBisieTcst IpUYUHON ciaaboro addekra rpa-
BUTAIIMOHHOTO MPUTSHKCHUS K JIF000M CPepudeckoirt Amn-BaKyyMHOU
«KOPITYyCKyJie» (B YaCTHOCTH, K I'OJIOH «TUIAHETE» MIIH K TOJION «3BE37Ie»).

Hannure nmpocTpaHCTBEHHO-()A30BOr0 CIBUTa MEXKIY MPHUTCKAIOIIMMU U

Puc. 15. MmmrocTpanuu pa3BopaduBaHUs CyOKOHT-
OTTEKAIOIINMHU CyOKOHT-aHTHCYOKOHTHBIMUA TOKAMH B OKPECTHOCTH s7pa

AHTHCYOKOHTHBIX TOKOB B pE3yJbTaTe CIOXKHBIX N = N
TYPOYIICHTHBIX MPOIIECCOB, B pafione pakmi, okpy-  HOOOH CHEPHICCKOH Amn-BaKYyMHOH «KOPIYCKYJIbD) HE ABISCTCA Hapy-
HKAIOLMX SIPO «3BE3IBD> (HIH «IUTAHETbI») IICHHEM OOIIero BakyyMHOTro OanaHca (T.e. HCXOJHOW CUMMETPHH), T.K.

3TOT CIBUT B CPEAHEM MOJHOCTHIO KOOTIEPHPYETCS TPOTHBOIOIOKHBIMHU
MPOCTPAaHCTBEHHO-()a30BBIMHU CABUI'AMH TEX )K€ TOKOB, HO B PaKHAX JPYTHX CTAOMIBHBIX CHEPUIECKHX Amn-BaKyyMHBIX 00-
pasoBanuii («kopmycKym») (puc. 7 u 13).

Cobniodenue noiHo20 8aKyyMHO20 O6ANAHCA (8 OAHHOM CyHae NOAHAS YCPeOHEeHHAs KOMNEHCayus NPpOCMpPaHCmeeHHo-azo-
8bIX COBU208) OCMAEMCS OCHOBHBIM UCXOOHbIM NPUHYUNOM pa3eusaemoti 30ece meopuu (I @PB&AC), max kax mo, umo no-

ABUNIOCL U3 Hu‘l@ZO, O0JIIHCHO 8 cpe()HeM ocmamuvCsl HU4em.

8 FpaBl/ITa[II/lﬂ JIEMEHTAPHBIX «YaCTUID»

I'paBUTallMOHHOE NPUTSDKEHUE IMPUCYIIE BCEM CTAaOMIBLHBIM CHEPHUUECKUM Amn-BaKyyMHBIM 00pa30BaHUSM («KOPIYCKY-
J1amM»), BXOJISIIIIAM B COCTaB HEPapXUUECKON KOCMOJIOTHYECKON MOJIEIH, U3JI0KEHHO! B [6], He3aBHCHMO OT UX MacITada.

Hanpumep, METPHKO-AHHAMUYECKHE MOJIEHM BHEITHUX 000J104eK «3ekTpoHay (2) — (5) B [7] u «mosurpona» (12) — (15) B
[7], Hy>kHO OBLTO OBI M3HAYATHHO 3aMMCHIBATH B BUJIE

BHeuinss 060104Kka ¢cBO0OOJHOT0 BAJEHTHOI0 «3J1€KTPOHA»
B MHTEpBae [I2, I's] (cMoTpuTe puc. 1 B [7])

(+—--)2 _ CTex1 TR 2.2 dr? .2 2 ) 2
| ds! = (1-Tey o) ctdt (1;6“4) r2(d6? + sin? 6 d¢?), (82)
T TZ
(+---)2 _ Texa T2\ 24,2 dr? 2 2 .2 2
H ds, = (1 += 7)¢ dt (1+rsxz_ﬁ> r?(d6? + sin® 6 d¢?), (83)
r r%
(+---)2 _ _Trexs  T*\ 2.2 dr? 2 2 .2 2
\Y, ds; = (1 s )C dt (l_rsxz._ﬁ r2(d0? + sin? 6 d¢?), (84)
r r%
2 2
H' ds{t 7% = (1 4+ 16Xs L D) 2d¢? — Lz —12(d6? + sin? 6 d¢?), (85)
T TZ 1+r6X4-+T_
(1v2e)
THC Tex1 = Texz = Texs = Texa — PAANYCH CHEPHUCCKHUX CIOCB PAKHUHU, OKPYKAKOIIECH SIPO «IIEKTPOHAY. (86)
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BHemnss 060/104Kka ¢B00OOJHOT0 BAJIEHTHOI0 «IO3UTPOHA)
B MHTepBase [I2, I's] (Heratus puc. 1 B [7])

(—++H2 _ _ rey1i _ T2\ 2.2 ar? 2 2 ) 2
| ds! = (1 T 22) c2dt? + —— o+ 12(d02 + 5in? 0 dgp?), (87)
—{1—- r +g
_ 2
H dsCH2 = (1 _Terz TN 2ge2 4 7r2(d6? + sin? 6 dp?), (88)
r L) _(1+7‘6Y2_T_>
r r%
2
Vi ds{H2 = (1 4l L D) ezgez 4 4+ 72(d6? + sin? 0 d¢?), (89)
r ry _(1_7‘6Y3_T_>
r r%
, (—++9)2 _ (4 _Teva T\ 2.2 dr? 2 2 in? 2
H ds, = (1 . rzz)c dt” + <1+r6y4+ﬁ) +1r?(d8* + sin® 0 do*), (90)
T r%
TIE Teyy = Teyz = Teys = Teys — PAOMYCHI CHEPUUECKHUX CIIOCB PAKUU, OKPYKAIOIICH PO «ITO3UTPOHA. (91)

B 3ToM citydae mpu paccMOTPEHHH B3aNMOICHCTBHS «IJIEKTPOHA» - KITO3UTPOHA», HITH «IJICKTPOHA» M «3JIEKTpoHa» B §10 B
[7], MBI Tax ske OOHAPY KUK GBI X TPABUTAIIMOHHOE MPUTSKEHHE (TTOI0OHO KIUTAHEPHO» -«ILTAHETAPHOT0» MIPUTKEHUS HITH
«3BE3IHON-IITAHETAPHOTO» NPUTsKEeHHs ). Ho 3TO B3aMMO1eiCTBIE HUYTOKHO MAJIO 110 CPABHEHHUIO C DJIEKTPUYECKHM B3a-
umogeicTBueM. CUuTaeTcs, 4To, HalpUMeEp, CHJla TPABUTALIMOHHOTO TPUTSKEHHSI OJJHOMMEHHO 3aPsSKEHHBIX 2JIEMEHTaPHBIX
YaCTHIL MPUMEPHO HA COPOK MOPSAKOB cliabee CHIIBI X 3JIEKTPHUECKOTO OTTAIKUBaHUs. [109TOMY rpaBUTAlIMOHHOE B3aUMO-
JIEWCTBHE DJIEMEHTAPHBIX «4aCTHID B [7] HE pacCMaTpUBAIOCh.

Takum o6pa3om, B pamkax [ DB&AC, 0THOCUTENIBHO cllab0e rPaBUTAIIMOHHOE B3aMMOICHCTBHE MEXK/Yy CTAOMIBHBIMU Ce-
PHYECKUMH Amn-BaKyyMHBIMH 00pa30BaHMUSIMH HOCHT YHHBepcallbHbIH Xapaktep. [ PB&AC nmonrsepkaaeTt, uto ¢opmyia
Herotona (1) 3aciyeHHO HOCHT Ha3BaHHE «3aKOHa BCEMHPHOTO TATOTCHHUs». HO TpaBUTAllMOHHOE B3auMOACHCTBHE
HACTOJIbKO MaJIO, YTO JUIsl HAC OHO OLIYTHUMO MPOSIBJIACTCS, HAYMHAs JHIIb C «3BE3JHO» - «IUIAHETAPHOTO» MacIuTada u3-3a
TOT0, YTO TOJIBIC KIUTAHETH» M «3BE3JbD) JICKTPHYCSCKH HEUTPAIbHBIL.

3abezas eneped, ommemum, umo, cyosi NO 6CeMy, INEKMPULECKU 3APANCEHHBIMU AGISTOMCL MAKUEe CMAduibible chepuyeckue
Amn-8aKyyMHble 00PA308AHUsL, KAK 20Jible «2ALAKMUKUY U 20Jble HEUMPOHHbIE «36€30bl», MAK KAK 8 patloHe paKull Smux
00beKmMo8 CKOpOCmU CYOKOHM-AHMUCYOKOHMHBIX MOKO8 OOCHULAIOM CKOPOCMU C8emd, d MO XAPAKMEPHO OISl 3APSINCEH-
HObIX «Yacmuyy (Hanpumep, «AEeKmpoHoe» u «no3umponosy, cmompume §10 6 [7]). Mempuko-ounamuueckum mooensim smux
2PAHOUOZHBIX NO MOWU 0OBEKMO8 NPeOnoiazaemcs NOCSMums 00Hy u3 ciedyiouwux pabom us yuxia cmameti  @B&AC.

9 BoJiee riyOMHHbIE YDOBHH PACCMOTPEHHUSI

Beiie 6buM paccMOTpEHBI caMble YNpPOIIEHHbIE (YCpeIHEHHbIE)
METPHUKO-TUHAMHYIECKHE MOJIEITH BICHTHBIX CTAOMIBHBIX C(hepH-
4eCKuX As7-BaKyyMHBIX oOpasoBanuii. [Ipu 3TOM, B pamMkax pac-
CMOTPEHHBIX MOJENEH MeX1y AByMsS acTPOHOMHYECKHM OOBEK-
TaMH (B YaCTHOCTH, MEXY I'OJIOH «IUIAaHETOI» M TOJION «3BE310»)
LUPKYJIUPYIOT YEThIPE IIOMAapHO-BCTPEUHBIX CYyOKOHT-aHTHCYO-
KOHTHBIX TOKa ¢ ycKopeHusmH (66) — (69), koTopbie TEKyT 1o ve-
TBIPEM CTOPOHaM 4-rpaHHo# cripanu (cmotpu puc. 10 u 13).

Kak ne pa3 ormeuanocs, B pamkax ' @B&AC (cmotpure §9 B [2]
u §2.6 B [5]) Ha Gosee TITyOMHHOM YPOBHE PACCMOTPEHHS KasKIast
MeTpuka (44) — (47) MoxeT OBITH MPEICTABICHA B BHJIE CYMMBI
(unm ycpennenusi) 7 + 1 = 8-1 METPUK ¢ COOTBETCTBYIOIMMU CUT-
HaTypaMu:
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a-cyoxoHT (44) c-antucy6koHT (46) b-cyOkont (45) d-anTHCYOKOHT (47)

+ + +4) --9 + + +4) - --9
- -4 + + +-) --14 + + +-)
(- -4 o+ +) * - - C++9)
- -+ -) (++ - 4) - -+ - ++ - 4)
(++ =) -+ (++ ) C -+
-+ - ) (+ - +4) =+ -9 +- +4)
(+ — + ) (- + —+) + -+ ) (= + —4)
+ - — )+ (~ + + +) + - — = + + +)+
Puc. 16. Wmoctpanus xryra, co-
B pamkax T®B&AC 310 03Ha4aeT, 9TO KaXKABIA TOK H aHTHTOK 4-TPaHHOH CyOKOHT- CTOSIIET0 W3 MHOXKECTBA MBETHEIX
aHTHCYOKOHTHOH crimpanu (puc. 10 u 13) MOKeT ObITh NIPEACTABIIEH B BUJE NEPETIE-  HuTeil (AHANOT XKIyTa M3 CITHPATh-

TeHus 7 + 1 = 8-u mox-toxoB. [Ipu 3TOM 4-rpaHHast CIUpak MPHOOPETACT BUM XKTYTA,  HBIX MOJA-TOKOB H MOJ-TIOA-TOKOB)
cocrosiero u3 8 x 4 = 32 nureit (M noA-TokoB) (cMotpute puc. 16 u 17).

+ + +4) (= = &) ‘ ¢
---4 + + o+ o) v (&%
¢+ -- C+ro Y )
- -+ ) + + -+ N ‘ A “’
¢+ -9 -+ 7 y 4

+

Y
7
%\

s

Puc. 17. Unnroctpaliisi TUPKYJIAIMA YETHIPEX MOMApHO-BCTPEYHBIX CITUPATBHBIX CYOKOHT-aHTUCYOKOHTHBIX TOKOB
MEKy TOJION «TUTAHETOW» U TOJIOM «3Be3/10i1», KaXIbIi U3 KOTOPHIX COCTOUT U3 7 + 1 = 8- BETHBIX CITUPATBHBIX MOA-TOKOB

Kakaplii crimpaibHBIN MOI-TOK COCTOMT eiie u3 7 + 1 = 8-u criupasibHbIX MOA-TOA-TOKOB, M TaK MOYKET HPOIODKATECS 10
OECKOHEYHOCTH, B 3aBUCIMOCTH OT OCTPOTHI BOCTIPUSITHSI 1 HEOOXOJJUMOCTH MOTPY>KEHUS B TIPOIOJIBHEIE U TIOTIEPEYHBIE TITY-
OHMHBI Amn-BaKyyMa.

10 BpaneHnue BHeIIHEH 000J10YKHN MOABUKHOM «IJIAHETbD», NBHKYIIEHCS BOKPYT «3Be3IbD>
10.1 BepmuxanvHutii 3¢pupnviii semep (m.e. CyOKOHM-AHMUCYOKOHMHbBIL CIOK)
B mpenpiaymux myHKTax ObUTH pacCMOTPEHBI MOJCIBHEIC MIPEICTABICHHS O CTATHYCCKUX (T.€. HEIOJBIDKHBIX ) CTAOMITBHBIX

cepruecknx As7-BaKyyMHBIX 00pa30BaHUAX («KOPITYCKYJ») 3BE3/IHO-TUIAaHETApHOTO MaciuTada. OHAKO B PeabHOCTH Io-
JIble (ITAHETHD» BPAIIAlOTCSI TP JIBIXKEHUH BOKPYT «3Be3b» (puc. 18 1 19).
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Puc. 18. I'osibie «IUTaHETHI BpalaroTcCs 1pu ABUKECHUU BOKPYT «3BE3ALD», ITPU 3TOM YCPCIAHCHHBIC
BHEIIHHE 000JIOUKH T'OJIBIX «IUIAHET» HATIOMHUHAIOT BUXPH, CTCKAIOIIUECS K UX sAIpaM

Bpamratommmcst 31eKTpUIecKd HEWTPAIBHBIM CTaOMIBHBIM CEPHUECKUM Ag7-BaKyyMHBIM 0Opa3oBaHUSIM (T.€. HEWTpab-
HBIM BPAIAFONIIMCS «KOPITYCKYJIam») Hy>KHO HOCBSITUTH OT/IENIbHOE OOMINPHOE HCCIEA0BaHNE. 3/1€Ch MBI TOJIBKO YTOYHUM
YCPEIHEHHIO METPUKO-MHAMHUYECKYI0 MOIENb BHEIIHEH 000I04KY MOIBMYKHON M Bpalnatomeics: «mianetsn» (98) — (109) B
[10], koTopast cocTouT U3 cemelicTBa MeTpuK-peneHnii Keppa BakyyMHOT0 ypaBHeHus DiHIITeitHa 6e3 A-1ieHa, B KOOPIHU-
HaTtax boliepa-JIunakBucra:

I dsl(+a1)2 _ (1
H dsz(+a2)2 —

(
Vods{T = (14
(

' dssz)z _

H’ dsé—cl)z —_ (1 _ mzsr)
Vodsg P = - (1 - et

Hodsi % =—(1

rae p =12+ acos

YcpennenHasi BHemIHsAs 000/109Ka Bpalaoencs

JIEKTPUYECKH HEHTPAJIBbHOM 010 BAJICHTHOM «IJIAHETHD)

T4E1T) 2 dtz

c?dt? —

Zdtz

c?dt? +

29‘.

c2dt? +

JIBIXKYLIEHCS BOKPYT «3BE3/1bDY CO CKOPOCThIO Vi
¢ CyMMapHOH (WJIM yCpEIHEHHOIT) CHTHATYpoOit

At =—)*+ (-++4)}=(0000)

pdr?
r2—rypr+a?

pdr? 2
Prygrea? P07~

4E2T+a

pdr? 2
r2+4r, 7~ pdO” —

4E3THA

pdr? 2
r2+r. 2 pd9 -

4E4T A

ri—r,

— pdf? — (rz +a? + 22—

P
2 _ TaEal
P

T4Elra 2
) sin 9)sm 6do

LT 9)sm 0de? —

T TCL . .
2 _ 2B gin? 9) sin?0d¢p? +

2
LaEsT? gip2 9) sin?8d¢? —

2 2
—pdrHaZ + pd6? + (rz +a%+ —T‘*E;m sin? 9) sin? 0 d¢p? —

p7+pd92 (r2+a +r"56m sin 6)sm 0do? +

rz—r“; r+az

L pdf? + (r2 + a2 — T Gy 9) sin?8dp? —

TZ+T4E7r+a2

pd + pd6? + (rz + a?

r2+r4,53r+a.2

T L 9)sm 0d¢? +

MleabT

Bpallarolencs rojaoi BaJeHTHOHN «IIJIaHEeTh»
¢ o01Ield CUTHATYpOi

1/2{(+___)+(_+++)}:(0000)

dséﬂ2 = c?2dt? —

ds? = —c?de? +

pdr
2+ 2

— (r? 4+ a?®)sin? 6 d¢?,

+ pd6?% + (r? + a?) sin? 6 d¢?,

(92)
2“*';”‘sm @dpcdt,  (93)
2“‘;2” sin? @ dgedt,  (94)
z”fjmsm @dpcdt,  (95)
et oin2 9 dpedt;  (96)

zr‘*j’“sm @dpcdt, (97)
”‘*fj“‘sm 0 dpcdt,  (98)
2”’;’T“sm 0dpcdt, (99)
Z”fjmsm 8 dpcdt; (100)

(101)

(102)

(103)

33



T4EV,
a= 4EVE
2c

Tap ® Tap1 = Tap2 = T4p3 = Tapa = Taps = Tape = Tap7 = Tapg — PAAAYC A7IpA KIUIAHCTBD. (104)

— MapamMeTp dJUTUITUIHOCTH,

Hanpumep, msa «mmanets 3emis: Vi = 30,5 KM/C — CKOPOCTB ABIKCHHUS TOJIOH «IUIAHETHI?» 3eMIIS,
T4g = 1320 kM — paguyc sapa royiol «IiaHeTh» 3eMilst (CMOTpHTE mocieaHuii cronber B Tabi. 3 B [10]).

Puc. 19. ®pakranpHble HWLTIOCTPALIMH BUXPEBHIX CyOKOHT-aHTHCYOKOHTHBIX TOKOB BO BHEIIHEH 000JI0YKe TOABIKHOM ILITAHETHDY
(MM «3Be37bD»). Bo3iie MOBEpXHOCTH TUIAHETHI ATH TOKU BTEKAIOT B €€ Helpa IPaKTUIECKH BEPTHKAIBHO

JIByXCTOPOHHU# A.12-15-BaKyyM, BPAIIAOIIUICS BOKPYT IBUKYIIUXCS ICKTPUICCKH 3aPSHKCHHBIX 3JICMEHTAPHBIX «YACTHUID)
(B 4aCTHOCTH, «AJIEKTPOHA» U KIO3UTPOHA») OBLIT pacCCMOTPEH B cTaThe [8].

Ecnu npuaep>xuBatbcsi MPeAsIoKEHHOH BBIIIE METPUKO-TMHAMUYECKOW MOJIETH BPAILIAIOLIEICS TOJION «IIIIaHEThI», TO JIETKO
0OBSICHSFOTCS OTPHUIIATENBHbBIE PE3YNIbTaThl ONbiTa Maiikenscona-Mopinu (puc. 20 6,6). ['onast «IaHeTa» ABUKETCS BOKPYT
«3Be3/Ib» TO00HO IepeMeniarieMycs mo Kpyry suxpio (puc. 18, 19, 20a). Ho korna ycpeIHeHHbIH CyOKOHT-aHTUCYOKOHT-
HBI BUXOPb MPHOIMKACTCS K TBEPAOH MOBEPXHOCTH ILIAHETHI (COCTOSBIIEH M3 MHOKECTBA MEJKHUX «KOPITYCKYJID»), OH BTE-
KaeT B ee Hejpa MpakTHUecKH BepTHKainbHO (puc. 18, 19, 20). Do sBiseTcs NPUYMHON MOYTH HEM3MEHHOW BEPTUKAIBLHON
IPaBUTALUU U MAJIO OLIyTUMOTO MAarHUTHOIO MOJIS.

a)
Puc. 20. ViuttocTparys pUYMHBL OTCYTCTBHS S(UPHOTO BETPa B TOPU3OHTAIBHON IIIOCKOCTH
U Haln4ue 3(UPHOTO BeTPpa B BEPTHKAIBHOM MIIOCKOCTH TIPH NMOCTAHOBKE AKCIIEpUMEeHTa MaiikenbcoHa

YcpenHeHHBIH CyOKOHT-aHTHCYOKOHTHBIM BUXOPh CTEKAETCS CO BCEX CTOPOH K SAPY TOJIOH «IUTAaHETHD» IT0 BETBSAM OONBIION
CIMPANIN; TIPHA 3TOM BO3JIE TBEPAOH ChepHIecKOi MOBEPXHOCTH ITOTO ACTPOHOMHUYECKOTO 00BEKTa (T.€. Y TPAHHUIIBI PE3yIIb-
TaTa TUIOTHOTO CKOIIICHHUS MHOXKECTBA MENIKHX «KOPIYCKYJ») CYOKOHT-aHTUCYOKOHTHBIE TOKH TEKYT NMPAKTHYECKH BEPTH-
kaipHO (puc. 20a). [Ipu 3TOM ycpeaHeHHBIH CyOKOHT-aHTHCYOKOHTHBIN TOK NMPOHU3BIBaeT MHTEphepomeTp MaiikenbcoHa
1881 rona (puc. 206) mpakTHYECKH BEPTUKAIBHO (CBepXy BHU3). [lo3TOMY IpH BpallleHHH JaHHOTO HHTEp(depOoMeTpa BOKPYT
CBOEH OCH B TOPU30HTAIILHOM IIIOCKOCTH HHTEP(EPEHIIMOHHBIE OJIOCHI OCTAIOTCS HEM3MEHHBIMHU, T.K. BO BCEX TOPH30HTAIIb-
HBIX HaIlPaBJIEHHUAX BEPTUKAIBHBIH CyOKOHT-aHTUCYOKOHTHBIIM CTOK NPAKTUYECKH HE N3MEHEH.
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IToBTOpenue ombita MaiikenbcoHa, HO NPH Pa3MEICHUN MHTep(pepoMeTpa NEPIECHANKYIIPHO MOBEPXHOCTH 3EMIIH, SIBHO
MOKAa3bIBaeT, YTO MPU BPAIIEHHU 3TOW YCTAHOBKH B BEPTUKAIBHOH IIOCKOCTH, MHTEP(EPEHIIOHHBIE TOJIOCH OTYETINBO
CMENIAIOTCS, T.K. MEHSETCS YroJl MKy BEPTUKAIBHO CTEKAIOIMMCS CYOKOHT-aHTUCYOKOHTHBIM MOTOKOM M IUICYaMH HH-

Tepdepometpa (puc. 206 u 21).

Pnc. 21 HOBTOpeHI/Ie OIlbITa MaﬁKeJ‘IBCOHa B BepTHKaJ'ILHOﬁ TIJIOCKOCTU HEMEIKHUM SKCIICPUMEHTATOPOM
Von Martin Grusenick, https://rutube.ru/video/76054fc57d61121b37cb171121fd5fb9/?r=a

JIpyruMu clioBamMH, COTJIaCHO pa3BUBAEMOH 31€Ch THIIOTE3b], HET TOPU30H-
TaJIbHOTO 3()UPHOTO BETpa (T.€. TOPHU3OHTAIBLHOTO CYOKOHT-aHTUCYOKOHT-
HOTO JIAMHHAPHOT'O T€UYEHHUs), KOTOPBIH 0KuAanu oOHapyXuTh Maiikeib-
coH 1 Mopiu. Y HOBEpXHOCTH 3eMJIM €CTh TOJIKO BEPTHUKANBHBIIH 3dup-
HbI BeTep (T.e. yCPeAHEHHBINH BEPTHKATIBHBII CyOKOHT-aHTHCYOKOHTHBIH
CTOK), BIHMSIHHE KOTOPOTO OTYETIMBO MPOSIBISIETCS B OIIbITe MaiikenbcoHa-
Mopau B BepTHKAIBHOHN MIOCKOCTH, TOBTOPEHHOM HEMELKHUM 3KCIIepH-
MeHTaTopoM Von Martin Grusenick (puc. 21).

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

B pamkax pa3BuBacMoi METPUKO-IUHAMUYECKON MOJEIIN, U3-32 HEPABEH-
cTBa paauycoB cioeB pakuu (104) 1yp = Typy = Typy = Typz = Typs =
Taps = Type = Typy, BPAIIEHHUS 3TUX CJIOEB (KOTOPHIE ONMCHIBAIOTCS MET-
puku Keppa (93) — (100)) He HOJHOCTBEO KOMIICHCHPYIOT HPOSBICHUS
JIpYyT ApYTa, HO3TOMY, B paMKax paccMaTpHBaeMOM MOJIEITH, B paiioHe sapa
BpalaroIeiics Toyol «3Be3abl» (WIN «IUTAHETHD) NOJDKHA UMETh MECTO
ycpeaHeHHas aprocdepa (puc. 22), rie NpOUCXOAUT YPE3BBIYANHO CII0KHO
NepeIIeTeHHOE BpallleHne CyOKOHT-aHTHCYOKOHTHBIX TOKOB.

W3yuyeHuto ycpenHeHHOH 3procgepsl Toyiol «3Be3/b» (MIN «IUIAHETH))
HE0OXOIMMO MOCBSITUTH OTAEIHHOE OOIIMPHOE HCCIeI0BaHUe. 3/1eCh OT-
METHM TOJIbKO CJICsIIee.

CoBpeMeHHas (hM3HUKa M0JAraeT, YTO TIaBHBIM HCTOYHUKOM 3HEPTHH, U3-
JyyaeMoil 3B€37jaMu, SIBJISIOTCS TEPMOSJIEPHBIE PEAaKIUH, T.€. CHHTE3 pas-
JIMYHBIX MU30TONOB aTOMOB Te€IUsl U TPUTHUS U3 aTOMOB BOAOPOJA U AEHTe-
pust. TOB&AC He uckimo4aeT BO3MOXKHOCTb IPOTEKAHUS TAKUX PEaKIUH
TIPU CIMSTHUHM MEJIKUX «KOPITyCKYJD» B @TOMHCTHYECKUX CJIOSX 3Be3/ (MiH
wia”er). Ho B paMkax pa3sBHBaeMbIX 3JleCh NPEACTABICHUI TepMosep-

Puc. 22. a) PacnonoxxeHnne ropu3oHTOB, 3prochep
U KOJBIEBOH CHHTYISIPHOCTH IPOCTPAHCTBa-Bpe-
meHu Keppa B nexapToBbix koopnauHarax Keppa-
lunbaa [29] 6) OpakranbHas HIUTIOCTPALUS dPro-

cepsl

HBII cHHTE3 GoJiee TSHKEIBIX «aTOMOBY SBJISCTCSI HCTOYHHUKOM TOJIBKO yacTh (0koiio 60 — 70 %, mo muenuto B.A. Jlebenera)
BHyTpeHHel sneprun 3e3a. Octanpabie 40 + 30 %, BAEIIEMOTr0 3BE31aMHU TeIUIa U cBeTa, B pamkax [ DB&AC cs3aHsI ¢
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YIPE3BBHIYANHO CIIOKHBIM BPAIICHUEM H MEPEIUIETCHUEM CyOKOHT-aHTHCYOKOHTHBIX TEUCHMUI B yCPEIHCHHOW (HEKOMICHCH-
POBaHHOIT) OKOJIO-siIepHOM aprocdepe (puc. 16 u 21).

11 YnpaBienne MeKIJIaHETAPHBIMH CYOKOHT-aHTHCYOKOHTHBIMH
TOKaMH (JIeBUTAIIMS)

«Ecnu mu1 y3naem, kax niemaem mMaticKutl J#cyK, mo Mvl cKOpo oxasdicemcsi Ha Mapcey — amu cnoea npunucwisaiom C.11. Ko-
poaéey, npedcedamenio Coeema 2nagnvix koncmpykmopoe CCCP, koncmpykmopy pakemHuo-kocmuyeckux cucmem. Anano-
2UUHOE BbICKA3LIBAHUE NPUHAOLEHCUNT AMEPUKAHCKOMY YueHoMy Jleony Bennemy.

B crateax [1,2,3,4,5,6,7,8,9,10] MBI yKe HE pa3 OTMEUaIIH, 9TO cyOKoHMm (T.€. BHEIIHSSA CTOPOHA Amn-BaKyyMa, C CHTHATY POt
(+ ——-)) u anmucybxonm (MK BHYTPEHHSISA CTOPOHA Amn-BaKyyMa, C CHTHATYpO (— + + +)) YCIIOBHO Hale/IeHBI CBOMCTBAMHE
CIUIOIIHBIX YNPYTOIIACTHYSCKUX Cpel U1 y00CTBa BOCIPHUATHUS CIIOKHBIX BHY TPUBAKYYMHBIX IPOLIECCOB.

B pamkax MareMaTH4ecKoro ammapara pUMaHOBOW T€OMETPHH CYOKOHM - AHMUCYOKOHMHble TOKA MOYKHO TI0 OTIACITBHOCTH
JIUIIUTH TPU3HAKOB CYOCTAHI[MOHAILHOCTH MEPEX00M B COMYTCTBYIOIIYIO CUCTEMY OTCcYeTa. TOJBKO, KOrla Mbl CMOTPUM
Ha BHYTPHUBaKyyMHBIC MIPOIIECCHI KaK ObI CO CTOPOHBI, OHH MMEIOT CMBICI U IIPAaBO Ha CYNIECCTBOBAHKE HE TOJBKO B BOOOpa-
JKEHUH, HO U B HAIlIeM CO3HAHUHU, T. K. €CJIM UX JIaXKe HET, TO UX MPOSBIEHUS €CTh.

Cuna menmanbHO20 B0CRPUSIMUSL, OOHAKO, MAKO8A, YUMo eciu 6bl moeda, 6 I[lecax, mvi
ne evuunu Ha 306 IIPOBEJ/[EHUA ¢ Ilycmuinio, mo 00 cux nop Ovliu 6vl pabamu 6
Muypaume, cmpounu 61 Papaory euro yxoosawue  necok 2opooa Iumom u Pam-
cec, u mpenemanu neped Kpoxoounom Ecunma.

Ecim ntto30pHbIe (MEHTAIBHBIC) KOHCTPYKIHH CYOKOHM W AHMUCYOKOHM TIO3BOJIAT
Pa3BUTH OIEpeXKaroIIye HyJeBbIe (T.c. BAKYYMHBIC) TEXHOJIOTHH, TO OHH MOTYT IIpH-
00pecTH 2IeMEHTH 00bEKTUBHOCTH.

Hanpumep, npencTaBieHus O MOLIHBIX MEXKILTAHETAPHBIX CYOKOHT-aHTHCYOKOHTHBIX
TOKaX, KOTOpbIE NeperieTeHHbIe B XKryThl (puc. 9, 19, 17), MoryT jie4ub B OCHOBY pas3-
BUTHSI alIbTEPHATHBHBIX CIIOCOOOB NEpEMEIlIEH s B TPOCTPAHCTBE.

Poccuiickuit saTOMONOT BukTOop CremaHo-
Bu4 ['pedennmkoB (1927—2001), uzyqas xy-
KOB C OOJIBIIIM TEJIOM U MaJICHbKUMH KPBUIb-
siMu (puc. 23a), IpHUIIeN K BBIBOLY, YTO OHH
He MoryT JietaTb. OH CTajJ KPYTHTh Ha CBOEM
CTOJIE TUHLETOM XWTHHOBBIE ITOKPBITHS
(HamKpBUIKM) 3THX HACEKOMBIX. BHesamHO
OJIHO KPBUIO 3aBHUCJIO HaJ PYTHM (CMOTPHTE
kuury «Moii mupy [30]). B manpreiimem a¢-
(eKT mapeHHss XUTHHOBBIX HAIKPBUIKOB IO-
BTOPWJIM MHOTHE HCCIIE0BATENH, CMOTPUTE
20 (puc. 230) Hoscusiomee Buneo). ' peOCHHUKOB
paccMOTpelT TIOKPHITHS M KPBUIbSI HACEKOMBIX
T10J] MUKPOCKOIIOM M YBHJEJ UX ITOJIOCTHYIO

CTPYKTYpY (pHc. 226).

I'pe6ennukon B.C.

B pesynbTare nanpHeHIero n3y4eHus STOro BJICHUS U IIOJIOCTHBIX CTPYKTYp B. I'pe-
OEHHHMKOBY Y/Ia70Ch MOCTPOUTD JieTatonlyto miatdopmy (rpasuranet) (puc. 24a,6), Puc. 23. Dddexr I'pebennnkoBa
Ha KOTOPOU OH COBEPIIKII MMOJIET B HOUb ¢ 17 Ha 18 maprta 1990r. (puc. 24¢). JlanHoe

coObITHe onucaHo B kuure B. 'pebennnkoBa «Moii mup» [30] u B xxypHaine « TexHuka

moutonexu» Ne 4, 1993r.
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https://www.yandex.ru/video/preview/14821629491276081113

6)

Puc. 24. Jleraromas miatdopma (rpasuraiier) ['pebeHHNIKOBA.
dotorpaduut a, 6 ¥ PUCYHOK 6 B3ThI 13 KHUTH I pebennnkoBa B.C. «Moii mup» [30]

[MomoOHBIME cBoiicTBaMu obnanaeT chepa byra (puc. 24 1), moIeTsl KOTO-
pO¥i BHIIEIM HECKOJIbKO HaOmromateneii 2 mapra 2025 r. palioHe ropoaa
byra, KomymOwus (https://www.youtube.com/watch?v=mhwgvu6GbMA). Tloxosxue
aHOMaJIbHbIe cepryeckue OOBEKTHl HAONIOAANNCh U B JPYTUX MecTax
3eMHoOro mapa.

B pamkax [®B&AC 3¢ deKT MoIoCTHRIX CTPYKTYP, CIIOCOOCTBYFOIIHI T0-
JIeTaM TSKENBIX HACEKOMBIX (TaKMX KaK MalCKHH JKYK U IIMENb), HEKOTO-
PBIX BHIOB ITHII U allllapaToB THIA rpaBuTaneTa [ pebeHHnKOBA U chepbl
Byra, cBsizaH ¢ TeM, 94TO Marepuaibl MMEIOIIUE IMOJOCTHYIO CTPYKTYpY
(HarpuMep, MOKPHITHS HACEKOMBIX U HIepbs ITHLI) CIOCOOHBI H3MEHSTh TO-
MOJIOTUYECKYIO CTPYKTYpPY CYOKOHT-aHTHCYOKOHTHBIX TOKOB, IPOTEKAro-
mMX yepe3 Hux (puc. 24r).

MBbI nipennonaraem, 4To MoJIOCTHBIE CTPYKTYPBI CIIOCOOHBI JIOKAJIBHO pac-
MYTHIBaTh HHUCXOJSIINE CyOKOHT-aHTUCYOKOHTHBIE JKI'YThl M Y3JIbl (pHC.
24r), ¥ 3aBsA3bIBATh MX KTYThl U Y3JIbl B NHOH KOH(UTypaluy, B KOTOPO
IPEeBANUPYIOT BOcXodmme NoToku. VcenenoBanue s¢dexra MONIOCTHBIX
cTpykTyp ['peOCeHHMKOBA C MCIIOIB30BAHUEM MATEMaTH4eCKOTo ammapara
PHMaHOBOH reoMeTpHU M AJTeOphl CUTHATYP MOXET IT03BOJIMTH Pa3BUThH
aJIbTEepHATHBHBIE CIIOCOOBI IIEPEMEILICHUS B IIPOCTPAHCTBE HA OCHOBE HC-
MIOJIb30BaHUSI MOITHBIX BHYTPHBAKyYMHBIX TedeHHH (puc. 25). Yrpamuss
CyOKOHT-aHTUCYOKOHTHBIMH TOKaMH B JIOKAJIbHOM 00JIaCTH MPOCTPAHCTBA
C IOMOUIBIO TTOJIOCTHBIX CTPYKTYP, MO’KHO CO3J1aBaTh TATY B JIIOOOM 3a/1aH-
HOM HalpaBJIEHUH, HAPUMEpP, B HAIPABICHHH NPOTHBOIOJIOKHOM CHIIE
TSKECTH.

Io sceit uoumocmu, myopeyvi Opesrnocmu 3nanu cekpemul tesumayuu. B TAHAXe
(Bubnuu) eoeopumcs, umo npopox Muusie’y (Mnus) 6vin 3abpan na nebeca na oe-
Hennou xonechuye (4-s Llapcms, 2:1-11); monop eécnavin y npopoka Snuwiu (Enu-
ces) (4-a Lapcms, 6:1— 6),; Xpucmoc eosneccs na Hebeca na anasax c6oux yueHuxos
(Esancenue, om Jlyxu, 24: 45-51). Muopawwu pacckazvisarom, umo oubaetickuii nep-
conadic Bunvam (Banaam) ymen nemame u nayuun smomy namo yapeti Muovsana
(Osu, Pexema, Llypa, Xypa, u Pesy) 6o epems gotinwi ¢ HUspaunem. [pyzoti npumep
U3 espelickux npuoanuil. Kkoeoa passumnvl Eeponsi xomenu Hanodcumov xepem Ha
Apuzans uz-3a moeo, Umo oH eblHec anaxuieckoe peulenue Ha OCHoge Kaboabl, pag

Puc. 25. nnroctpanys 3Be3HO-TIIIaHETapHBIX
CyOKOHT-aHTHCYOKOHTHBIX TeIEHHUH
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Xaum Bunamo (Onrudscatiwuil yuenux Apusans) nepeneccsa uz Lighama 6 Egpony, umobwl npedomspamums 3mo noCmaHo81eHue paseUHCKO20
cyoa. [looobuvie npedanus ecmv y MHO2UX Hapooo8, nanpumep, Cau Baba, no croeam ouesuoyes, HeOOHOKPAMHO OEMOHCMPUPOBATL CNO-
CcoOHOCMb napume HAO 3eMiell 8 meyeHue ONUmenbHo2o epemenu; monaxu Llaonuns ymenu npeodonesams epagumayuio u m.o.

12 YHpaBJIeHne TOIOJIOTHEH JJOKAJIbHOI0 Y4YacTKa MEKIVIAHETAPHOI'O IIPOCTPAHCTBA

B npexnpinyeii riaaBe ObUTH paCCMOTPEHBI MOJIETIBHBIE IIPEICTABICHHUS, B paMKaX KOTOPBIX MEXIY «3BE3I0i» U ee «IlIaHe-
TaMmu», a TAKKe MEXKIY «IUIaHETAMU» U X €CTECTBEHHBIMH «CITy THHKAaMW» IIUPKYJIHPYIOT CIOKHO NEepeIUIeTeHHbIE BHY TPH-
BaKyyMHBIE cyOKkonm-anmucyoxonmuuie Toku (puc. 13, 18, 25), kotopsie, cormacuo B3msiaam [ ®B&AC, 1 SBIAIOTCS BHEIII-
HEll IPUYUHOW 3BE3THO-TDIAHETAPHOU IpaBUTAanWHU. Termepb Hac OyAeT WHTEPECOBAaTh BO3MOXHOCTH HCIIOJIB30BAHUS ITHX
MOIIHBIX MEX-TUIAaHETAPHBIX U MEK3BE3IHBIX BHY TPHBAKYYMHBIX TEUCHUH JUIs IepeMEIleH s B KOCMHMYECKOM ITPOCTPAHCTBE.

Eme pa3 HanomHuM, 4to Ha OoJjiee TITyOMHHOM ypOBHE PacCMOTPEHUS KaXK/IbIi CIIOH (T.€. METPUYECKOe IIPOCTPAHCTBO C CO-
OTBETCTBYIOIICH CUTHATYPOI) JIF000# JIOKaIbHON 00JIACTH KOCMHYECKOTO MPOCTPAHCTBA (TOYHEE Ampn-Bakyyma) — 3TO pe-
3yJIBTAT CII0XKHBIX Y3JIOBBIX NEpEIIeTeHUH § X4 = 32 TUIOB CYOKOHM-AHMUCYOKOHMHbIX BHYTPUBAKYYMHBIX I10JI-TOKOB.

a-CyOKOHT b-cy6konT C-aHTUCYOKOHT d-aHTHCYOKOHT
+ + + +) --9 + + +4) - - -9
- -+ + + +-) - --4 + + +-)
+ - -+ -+ +-) _ _ _
- -+ ) ++ - +) Ei,.;.j E.;.:jq% (105)
+ + -9 - ++4) + + - ) - ++4)
-+ - ) +- ++) -+ -9 +- +4)
R T e B T I .
+ -+ ) -+ -+ * -+ ) — + — +
(0 0 0 0)« (0 0 0 0)+ (0 0 0 0). (0 0 0 0)

Ipu sTOM ycpenHeHHass 4-MepHas TOMOJOTHYECKass KOH(PUIYpamus KakmIou Jo-
KaJILHOM 00JIACTH IPOCTPAHCTBA ONPENENSIETC aMIUIUTY IHBIMA U (Ja30BBIMU COOT-
HOIICHUSIMH MEXIY STUMHU 32-5 THIIAaMU CYOKOHT-aHTHCYOKOHTHBIX TOKOB M MOJI-
TOKOB, CBEPHYTHIX B CIIMPAIH W 3aBS3aHHBIX B TOIOJOTHYECKHE Y3IIBI (CMOTPHTE
puc. 15, 24r, 26).

Puc. 26. Mmmoctpanys CyOKOHT-aH-
THUCYOKOHTHBIX TOKOB M IIOJ-TOKOB,
CBEPHYTBIX B CITMPAJIH U TOIOJOTHYE-

CKHE Y3JIBI
YT0ObI HCIIOIB30BATH PA3IUYHBIC YCPEIHCHHBIC COCTABIISIFOIINE MEKILTAHETAPHBIX

W/WIM MEX3BE3[IHBIX BHYTPHUBAKYYMHBIX TOKOB C LEJIbIO TEPEMEIEHUs] B KOCMHYECKOM IPOCTPAHCTBE, HEOOXOIMMO
HAY4UThCSl YIPABISATH YCPEIHEHHOH 4-TONOJIOTHEH JIOKAJIBHBIX YYaCTKOB A.12,.15-BaKyyMa.

PaccmoTpum, a7t mpuMepa, BO3MOKHOCTB IIPE0I0JICHHS TPABUTAIIHOHHOTO HOJS «IUTaHETh. J{OIMyCTHM, 4TO B JTIOKAIBHOM
00acTy BHEIIHEH 000JIOYKH «IUIaHEThD) yIAlIOCh N3MEHUTH TOIOJIOTHIO pocTpaHcTBa. J{ist 3Toro BeIOEpeM 13 yucauTeneit
pamxupoB (105) crpoky ¢ curnatypamu (——+—) u (++ —+) 1 BIpa3uM ux 4epe3 14 ocTaBIIMXCsI CUTHATYP

(106)
+ + +4) --=-9
(- (++ + )
(- =4 -+ + )
(++ =) (- -+
-+ - ) (+ = +4)
(+ - --) -+ +4)
+ — 4+ — — + — +
-~ + (+ + — 4

ITpu 5TOM B pamMKax JIByXCTOPOHHETO PACCMOTPEHHMS yCpeTHEHHAs TPOTSHKEHHOCTh PACCMaTPUBAEMOT'0 YUacTKa A.12 -15-BaKyyma
OIUCHIBAETCSA KBAPTETOM METPUK:

2
ds{T "% = — (1 - T 2de? — o+ r2(d6? + sin? 0 d?), ¢ curmatypoii (- — + -) (107)

-5
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2
dsz("Jr_)2 =— (1 + T“Tﬁ) c2dt? — —2 4+ r2(d6% + sin? 0 dp?), ¢ curHarypoii (— — + -) (108)

(1+72£2)
2
dsSh? = (1 - 4753) c2dt? + (1_“74_,53) — r2(d6? + sin® 0 dop?), ¢ cUTHATYpOii (+ + — +) (109)
_ dr? , .
dsfrJr "z (1 + T“TE‘*) c?dt? + @ —12(d6? + sin? 6 d¢?), Cc curHaTypoit (+ + — +) (110)

B atoit CUTyallul YCKOPCHUS Pa3BEPHYTCHA, TO €CTh, TC, KOTOPbLIC ObLIH YCKOPCHUEM OTTCKAIOIIUX TOKOB CTAHYT YCKOPCHUAMU
MPUTCKAOIINX TOKOB, U HaO60pOT

2 2 2 2 2
(abcd)| _ ¢ TiE1 ~TaE2 T4E3 “TaE1
|ar - 2 _TaE1 + _TaE2 + _T4E3 + _TaE3 " (111)
8r 1 T 1 T 1 T 1 T

ITpu GonbIIOM yJaneHuu OT SApa FoJI0H «IUIAHETHD (MIIN «3BE3AbI»), T. €. B CIIydae, KOTAa lag1, F4g2, M4e3, F4ea << I, BBIpaxe-
uue (111) npuHUMaeT ynpoueHHBIH BU/T

: (112)

_|a(abcd)| _ Cz\/(rfE1+rfE3)‘(T42£2+rfE4)
. =

8r2
HaHpaBJ‘IeHO 9TO YCKOPCHHC B IPOTUBOIIOJIOKHOM HAIIPABJICHUH, T.C. OT SAApa TOJION «ILJIAHETHD».

Taxum o6pazom, B pamkax ' @B&AC, mpuxoaum K BEIBOJY, 4TO JUIsl HCIIOIb30BaHUS YCPEIHEHHBIX MEXK-TUIaHETAPHBIX W/
MEX3BE3IHbIX BHYTPHBaKyYMHBIX TOKOB (puc. 13,18, 25) ¢ uenbio nepeMeieHus: B KOCMU4E€CKOM MPOCTPAHCTBE HEOOXO MO
HAY4YHUTHCS U3MEHAThH TOIOJIOTMYECKHE CBOMCTBA OKPYKAOIIET0 HAC MMPOCTPAHCTBEHHO-BPEMEHHOTO KOHTHHYYMa.

MareMaTHKH pemaroT mpo0ieMy H3MEHEHHUs TOIIOJIOTHH MTPOCTpaHCTBa Oe3 3aTpyaHeHni. B kagecTBe nmpumepa Oynem uc-
XOJUTh U3 KOIbYeoOpa3Holl TIOBEPXHOCTHU, OMUCHIBAEMON KBaqpaTHIHOM dhopmoii [31]:

gooXo? + Q11 X1%— Q22 X2® — QaaXa® = 0 (113)
¢ curHatypoi (+ + — -).
VYerpemum B metpuke (113), Hampumep, KOMIIOHEHTY MeTpUYe-
CKOTO TEH30pa (33 K HYJIIO, 3Ta KOJIbI[e00pa3Has IIOBEPXHOCTH I10-
CTETIEHHO IpeBpaliaeTcs CHayajga B KOHYC

2+ 2_ 2=0 114
QooXo"™ *+ 011 X1°— 022 X2 ) (114)
a IpyY JajbHEHIeM U3MEHEHUH (33 B OTPUIIATEIbHYIO 00JIacTh,
UCXOJIHAS TPOTSHKEHHOCTD TIEPEXOANUT B 08AIbHYI0 4-TIPOTSIKEH-

HOCTb (puc. 27), onuchiBaeMyo BeipaxeHuem [31]:
oo Xo? + §11X1?— g22 X2? + g33 X3 = 0 (115)

¢ curHatypoi (+ + — +).

UToObI U3 KONBIIEOOPAa3HON MPOTSHKEHHOCTH BHOBB ITOJyYHTH
KOJIbIICOOpa3Hyl0 TPOTSHKEHHOCTh JPYTroro THIA («IIBETay), Puc. 28. Ilepexox oT K0nbLIe0Opa3HON TOBEPXHOCTH
HY’)KHO M3MEHSThL Cpa3y ABE KOMIOHEHTHI METPUYECKOTO TEH- K KONbLeoOpasHOH MOBEPXHOCTH APYToro Tuma («usera») [31]
3opa. [yt mpuMepa paccMOTPUM HM3MEHEHHs KOJIbIeoOpa3HOU

npoTsDKeHHOCTH ¢ MeTpukoit (113) u curnatypoit (+ +——). B aToM ciydae ee npeBpalleHHe OCYIECTBISIETCS MyTEM CTPEM-
JICHUS! K HYJIIO cpa3y JBYX KOMIIOHEHT METPUYECKOTO TeH30pa Ji1 M ¥33. B TOT MOMeHT, Koraa 0o0e 3TH KOMIIOHEHTHI TOCTH-
ratoT HyJs (11 = 0 u g3z = 0), meTpuka (113) npeBpainaercsi B ypaBHEHHE TBOHHOI Mapsl
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oo Xo?— g2z X2? =0, (116)
OIMHICHIBAOLIEE IBYXMEPHYIO MMOBEPXHOCTH (pHUC. 28).

[Ipu HenpepHIBHOM MPOOKSHUHA U3MCHEHUH (11 U 33 B KX OTPHUIIATEIbHBIC 001aCTH 3HAYCHUI, BHOBB TIOY4aCTCsI KOJIblYe-
0bpa3nas NPOTIKEHHOCTh

Joo Xo? — Q11 X12— 22 X2%+ Q33 X3 = 0, ¢ apyroii curHatypoit (+ — — +). (117)

PaccMOTpeHHBIH ITpUMeEp MOACKAa3bIBACT, YTO TOIOJOTUS HMPOCTPAHCTBA MOKET OBITH M3MEHEHA IOCPEICTBOM HM3MECHEHHSA
3HaKa KOMIOHEHTHI METPUYECKOT0 TEH30pa Jjj, HO 3TOr0 HEJOCTaTOYHO. AJredpa CUTHaTyp MOKa3bIBACT, UTO [UIS TOTO, YTOOBI
MIOMEHATH TOMOJIOTHYECKHIE CBOMCTBA JIOKAJIBHOTO yIaCTKa BaKyyMHOH MPOTSKEHHOCTH, HYKHO NIEPECTPOUTH BCIO €TI0 BHYT-

PEHHIOIO CTPYKTYPY.

HamomHuM, 4TO TONOJIOTHS A.12,-15-BaKyyMHOM NPOTSDKEHHOCTH, BHEIIHSS CTOPOHA KOTOPOH 3aJ1aeTCsl METPHUKOI ¢ CUTHATY-
poit (+ — — —) (cyOKOHT), a BHYTPEHHSIsI CTOPOHA — METPHUKOHN C CUTHATYpOH (— + + +) (aHTHCYOKOHT), SIBJISICTCS PE3yIbTATOM
cynepno3uuu 7+7 =14-TH «UBETHBIX» MPOTKEHHOCTEN ¢ curHatypamu (3)

(118)
+ + ++4) - --)
---4 ++ +-)
+ - -4 -+ +-)
- -+ ) ++ - 4
+ + - ) - - +4)
-+ -9 +- +4)
+ — + — — + — +
I R G

Jst TOoro, 4TOOB! IOMEHATH KOH(UIYPALIUIO JIOKATBHOTO y4acTKa A-12.15-BaKyyMa, TaK YTOOBI TOIOJIOTHS €r0 BHELIHEH CTO-
POHBI CTana 3a/1aBaThCs, HAalpUMep, CUTHATYPO# (——+ —), a TONOJIOTHS €T0 BHYTPEHHEH CTOPOHBI — aHTHUIIOJHON CUTHATY PO
(+ + — +), Hy)KHO TIOJTHOCTHIO TOMEHSTh METPUKO-THHAMUYECKYIO CTPYKTYPY MaHHOTO y4acTka A.12.15-Bakyyma. To ecTs,
cenaTh TaK, YTOOBI €r0 «I[BETHOI» TOMOJOrMYECKUH aTiiac HEPECTPOUIICS, HAIIPUMED, CIECIYIOIIUM 00pa3oM:

(119)
(b8 =)
R B R
(h == ®) )
CIRIE B CI
R B GRS
AT B GRS
I -+ -+
C- =+ o
Jls mpuMepa 3ammuineM JeBbiit pamkup u3 (119) B pasBepHyTOM BHJE:
( 900™ Xo? + g™ 1% + 922" 22 + Q33" x3?) + (120)

+ (=900 Xo? — 911 X12 — 922 x2? + g3 @ x3?) +
+ (1 900™ Xo? — g11™ X1%— 922" X2? + g3z x3?) +
+ ( 900™ xo? + g1 x1% - 922" x2? — gz x3%) +
+ (—g00® Xo? + 9119 X12— 9229 X2? — 933 @ x32) +
+ (1 900@ Xo? — 9119 x1? = 922 x2? — 923 @ x3?) +
+( goo® Xo?— g1 ® xi2 + o ® X2 — Gag® x?) =

= (—900™%0? = gu¥xa? + g22¥xz? — g33*'xs?)
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U3 pamxupa (120) BunHO, 9TO A7 MPeoOpa30BaHUS TOTIOJIOTHH «OECIIBETHOTO» (IIPO3padHOro) BaKyyMa C CHTHATypaMH
JIBYX €r0 CTOPOH (+———) ¥ (—+ + +) B «IIBETHOE» TOMOJIOTHYECKOE COCTOSIHUE C B3aUMHO MPOTHBOIOJI0KHBIMH CUTHATYPaMHU
(- -+ ) u (+ + — +) HeoOXOAMMO M3MEHHTh 3HAK HU OJHON M HU JBYX KOMIIOHEHT MeTpuueckoro Tenszopa g™, a cpasy
HECKOJIbKUX ATHX BEJIUYMH, BXOSIIUX B COOTBETCTBYIONMIA cTosben pamkupa (120), 3to Tpebyer 3HAYUTEIBHO OOJBINHE
9HEPIreTUUCCKHUE 3aTPATHI.

OcCTanock BBISICHUTH, KaK MOKHO U3MEHSTH TOTOJOTHIO A-12-15-BakyyMa? Ha 3TOT BOIpPOC MOXET OTBETUTh T€OMETPU3UPO-
BaHHAs BaKyyMHasl KHHEMAaTHKa M BaKyyMHasl JIEKTPOHHAMUKA, TipeacTaBieHubie B §7.3 B [4] u §§ 4 u 5 B [4]. CunbHble
YCKOpPEHHBIE BHYTPHBAKYyMHBIE TOKH IIPH HX OTPEICICHHON KOH(PUTYpany 1 TIPEBBIIICHAN HEKUX KPUTHUCSCKIX 3HAYCHHHA
CcrocOoOHBI IEPECTPOUTH TOTIOJIOTHICCKYIO CTPYKTYPY JIOKAJIBHOTO ydacTKa A.12-15-BaKyyMa M JaKe MPHBECTH K €0 «pas-
PBIBY».

3AK/IIOYEHHUE
Munocms u Ucmuna cpemamcs,
Ilpasoa u Mup obrobwi3aromcs.
Hemuna so3nukaem uz semiuu, u

Ilpasoa npunuxaem c Hebec
onetl Kopax, Icanom 84:11-12

Jlannas oqunHanuarast yacTb «['eomerpusupoBannoi ¢usnku Bakyyma (I'®B), ocHoBanHOI Ha Anredpe curnatyp (AC)»
(T®B&AC) [1,2,3,4,5,6,7,8,9,10] mocesiiieHa HCCIIEIOBAHUIO 3BE3HO-IUIAHETAPHON TPABUTAI[MH U JICBUTAIIMU HA OCHOBE
METPUKO-TUHAMHUYECKOM MOJIENH TOJION «IIJIaHEThD» (TN «3BE3/BD»).

[To MHEHUIO aBTOPA, B 3TOH CTaThe NOXYIHIOCH 00beTUHNUTE Naen bepaxapaa Pumana n AnsOepra DiHIITEIiHA B OTHOIIICHUH
BBIAICHEHUS! TIPUPOABI TPaBUTALMK. PHMaH MpeAIonoXui, 4To CTeYeHHE HEKOH CyOCTaHIMM yBJIEKaeT BCe Tela K HEHTPY
IUTAHETHI (MK 3B€37bl), HO OH HE CMOT OOBSICHUTH Ky/1a TOMEIAETCSI OTPOMHOE KOJIMYECTBO 3TOH CyOCTaHIIUH, KOTOpas MPH-
ObIBaeT K sAPY IUIAHET M 3B€37 B TEUCHUH MHOTHUX THICSUENeTHH. DHHINTEHH NPUMEHIIT YAUBUTEIEHO KPACHBbIH MaTeMaTH-
YeCKHi armapaT 4-MepHO pUMaHOBOW TeOMETPHH JUT OOBSICHEHHUS TUIaHETapHOM (Miw 3Be3qHOH) TpaButanun. B OTO Ditn-
HmITeHa IPaBUTAlM — 3TO PE3yNbTaT BTATUBAHMA TEJ CHJIIAMH MHEPIMH B CTAl[MIOHAPHYIO NMPOCTPAHCTBEHHO-BPEMEHHYIO
BOPOHKY, CO3/1aBa€MYI0 MacCUBHBIMHU TeJaMu. Ho, o MHeHHI0 MHOTUX (ritocodoB, MpoCTpaHCTBEHHO-BPEMEHHOMH KOHTH-
HYYM — 3TO YHCTO MEHTaJIbHasi KOHCTPYKIIHS, KOTOpast II03BOJIIET TONBKO KOMMPOBATh MPOTSHKEHHYIO PEaTbHOCTh B HAIlleM
co3HaHuu. Kak y»e oTMedanocs BO BBEJCHUH, y YEJIOBEYECTBA HET HU OJHOTO YCTPOWCTBA I U3MEPEHHS IITUTEIHHOCTH
ObITHA (T.€. pEaIbHOTO BPEMEHH), €CTh TOJIBKO CTaHAapThl YaCTOTHI, KOTOPBIE BBIJAIOT JOCTATOUHO CTAOMIBHYIO MTOCTIeI0Ba-
TEIHLHOCTh UMITYJIBCOB. [103TOMY ¥ SHHIITEHHOBCKHUE CUIIBI HHEPIIUU (PEeMEPHBI.

B 3T0i1 cTaThe UCTIONB3YIOTCS BCE BOBMOXKHBIC PEIICHU BAKYYMHOTO ypaBHeHHs DHHINTeHa 0e3 A-wieHa st GopMUpoBa-
HUS METPUKO-TUHAMUYIECKON MOJICNN SJIEKTPHUUSCKH HEHTPAIBHOTO CTa0MIBHOTO cheprueckoro Ag7-BaKyyMHOTO 00pa3oBa-
HUS IDIaHeTapHOTO (WITH 3Be3IHOr0) MacmTaba. [Ipu 3ToM 3¢ ekt mianeTapHOH rpaBUTALNN OOBICHICTCS TEM, YTO BO BCEX
paJuaNBHBIX HANPABJICHUAX IO YE€THIPEM CTOpOoHaM 4-TpaHHO# crimpainu (puc. 10 i 13) mpuTekaroT K SApy TOJIOH «IDTaHETHD)
JIBA CyOKOHT-aHTHUCYOKOHTHBIX TOKAa M OTTEKAIOT OT s/Ipa /IBa CYOKOHT-aHTUCYOKOHTHBIX TOKa. [IpocTpaHcTBEeHHO-(ha30BHIi
CHBHUT MEXIY STHMHU JBYMS MOIIHBIMH BCTPEYHBIMH CIHPAIGHBIMU TOKamu (puc. 11) mpuBOAHMT K OCTaTOYHOMY SIBJICHHUIO
YCPEIHEHHOTO CTEYCHUS MEPEIUICTCHHOW CYOKOHT-aHTHCYOKOHTHON TKaHM B HAIPABJICHUU sIpa TOJOH «IUIAHETHD (YUTH
«3BE31IBI»).

HecwmoTps Ha TO, 9TO B IPEUIOKEHHOH MOJIIIH IMEET MECTO CTeUEHHE CyOKOHT-aHTHUCYOKOHTHOM TKaHH K SJIPY TOJIOH «IIa-
HETBD» (MM «3BE3/IbI») MOJ00HO cTedeHuto cyocTannmu b. Pumana, Bakyymubiii 6ananc B [@B&AC He HapymaeTcs, Tak
KaK CKOJIBKO CyOKOHT-aHTHCYOKOHTa MPUTEKAET N3 KOCMOCA K S/IPY TOJIOH «IIAaHETHD» (MITH «3BE3/BD), CTOIBKO XKe CyOKOHT-
aHTHCYOKOHTa OTTEKAET OT HEr0 B KOCMOC 110 BCTPEYHBIM CUpaisiM (cMOTpuTe nosicHsroruue puc. 7, 9, 10, 11a, 13, 17).

CreueHne ycpeIHEHHOH CyOKOHT-aHTHCYOKOHTHOM TKaHH B HeJpa IUIaHeT (MJIM 3Be311) TOXE KOMIIEHCHPYETCS], IIOCKOJIBKY
TO, YTO OTEKAET OT OJJHUX T'OJIBIX «IUIaHET» (MM «3BE3/)») M MPUTEKAET K APYTHUM T'OJIbIM «IUIaHETaM» (WIJIN «3BE31aM»), TaM
pa3BopayMBaeTCs U BO3BpALIACTCS K MEPBBIM «IUTaHeTaM» (WK «3Be3nam») (cmotpute puc. 7, 15, 29). B pesynbprate Takon
HETPEPBIBHOM LUPKYISLHMHU NePEIUIeTeHHBIX CYOKOHT-aHTUCYOKOHTHBIX TOKOB (puc. 13, 17), HeGecHble Tesla IPUTITHBAIOTCS
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IPYT K APYTY, U 3TH K€ CYOKOHT-aHTHUCYOKOHTHBIC TOKH YBJIEKAIOT 32 COOOH M BCe MENKHE CTAOMIBHBIE Amn-BaKyyMHBIE
obpaszoBanus («KOPITYCKYIIBI») B HEpa «IUTaHeT» (M «3Be31») (puc. 6, 7, 9, 14, 18, 19).

Puc. 29. VumocTpaiys TUPKYJISILIHN NEPEIIETEHHBIX CyOKOHT-aHTHCYOKOHTHBIX TOKOB

Taxum 00pa3oM B mpeularaeMoil MoZear TPaBUTALMH B CPEJHEM BaKyyMHBIH OasaHC HE HAPYIIAETCs, PH 3TOM B TAKOH
CJIO’KHO cOaaHCHPOBaHHON MEX-TUIAHETAPHON M MEXK3BE3IHOHN IUPKYIISALUH YCPEAHCHHOTO «HIYIET0» M KPOETCsI TalfHa BCe-
MHPHOTO TSATOTCHHS.

B pamxax npemmaraemoii '@B&AC koHIETIINY, ToJast «IUIAaHETay (WIH «3BE3Ia») — 3TO MPOo3padHoe As7-BaKyyMHOE 00pa-
3oBaHue. K s1py 3T0r0 00pa3oBaHms B CpeTHEM CTEKAIOTCS CyOKOHT-aHTHCYOKOHTHBIE Ag,7-BaKyyMHBIE TOKH, KOTOPBIE YBIIe-
KaroT 3a COOOM pa3InuHble «KOPIYCKYJIbI» (B T.4. «aTOMBI» U «MOJICKYJIBD») U3 OmKaimero kocmoca (puc. 14). B pesyinbrarte,
BOKPYT IPO3PAYHOTO0 S/pa roJIoN «IUTaHETh» 00pasy-
€TCSI «KOPIYCKYJISIPHAs» («aTOMapHO»-«MOJEKYJISIp-
Has») cpena, KOTOPYIO MPHUHATO Ha3bIBaTh KOPOH H
MaHTHEH 1maHeTsl. HamoMHuM, 4TO ronas «3Be3na» —
9TO OYeHb OOoNblIast rojas «IUIaHEeTa», B KOTOPOH
OTPOMHOE KOJIMYECTBO IUIAHETAPHBIX Pk-«KBapKOB»
CO3/IAaf0T TPABUTAIMIO, KOTOpas MPUBOJUT K TOMY,
YTO B «aTOMHCTHYECKMX» HEJIpax 3BE3/bl 3aKura-
I0TCS TEPMOSIICPHBIE PEAKIIHH.

[TonBoas uror, MPOCTHIMK CIOBaMHM €IIE pa3 OTMe-
THM, YTO MPE/CTABIICHHAS 3/1€Ch METPUKO-ANHAMUYE-
CKasi MOJIeJIb TPaBUTALIMY MIPEAIIOIAraeT, YTo Ha Kax-
JIOTO U3 HAC CITyCKaeTCs TKaHb, CIUIETCHHAs U3 MHO-
KECTBAa MOIIHBIX HUCXOISIIUX M BOCXOJSIIUX CYyO-
KOHT-aHTHCYOKOHTHBIX CIIMPAJBHBIX TOKOB (pHC. 9,
12). TIpuuuHO# ATOTO SBJIEHUS SBISAETCSA MPOCTpPaH-
CTBEHHO-(A30BbIil CABUT MEXKIY HHUCXOISIIUMH U
BOCXOSIINMH CYOKOHT-aHTUCYOKOHTHBIMH TOKaMH
(puc. 11). B pesynbrare cnabblil yCpeHEHHBIH CTOK
CyOKOHT-aHTUCYOKOHTHOM TKaHHU yBJIEKAaeT 3a COOO0M
MHOXKECTBO MEJKHX «KOPIYCKYI» K SIpy TOJIOH
«ITaHETBD» (WM «3BE3/1bI») U POPMHUPYET B CPEAHEM
cheprueCcKyI0 «aTOMUCTHUECKYI0» 000JI0UKY.
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Pa3zMepsl aToMucTHIeCKHX 000JI0YEK TONBIX «IDIAHET» W «3BE3I» — ATO PE3yNbTAaT OamaHca MEXIy MPHUTEKAIOMIMMHU K UX
SpaM U OTTEKAIOUIUMU OT UX SIIEp CYOKOHM - AHMUCYOKOHMHBIX TOKOB. DTO MOJJOOHO XKUBOTHBIM, Pa3Mepbl KOTOPBIX 3aBH-
CAT OT UX 0OMEHa BElIeCTB (T. €. OT TOTO, CKOJIBKO YKUBOTHBIC MOTPEOJISICT U BBIICIISCT).

IMomo6HBIN rPpaBUTALIMOHHBIH AP (HEKT MMEeT MECTO He TOJIBKO B OKPECTHOCTH AP BCEX TOJIBIX IUTAHETY U «3BE3/», HO U B
OKPY)KCHHUH sIJIep BCEX CTAOMIBHBIX CHEPUUSCKUX Amn-BaAKYYMHBIX 00pa30BaHHU pa3IMYHBIX MAcIITaA00B, BXOASIIUX B CO-
CTaB HEPApXUUYECKON KOCMOJIIOTHYECKO# Momenu [6], cMOTpHTe, HAIpUMep, YTOUYHEHHBIC METPUKO-THHAMUYCCKHE MOJCITH
«ONIEKTPOHA» U «H03UTpoHa» (82) — (91).

Takum 00pa3oM, MEKKOPITYCKYJILIPHOE TATOTEHHE HOCUT BeeoOmuit (BecemupHslit) xapakTep. Ho rpaBUTanimonHOe MpUTSIKE-
HHE MPpUMeEpHO Ha 40 TOPAIKOB crabee DIEKTPUIECKOTO B3aUMOIEHCTBHS (cMoTpHTe [7]), TI09TOMY TIPH PACCMOTPEHHH MET-
PHKO-THHAMHIECKUX MOJIETIEH «KOPITYCKYJD» TINKO- , HAHO- © MHKPOCKOTINUECKOTo MaciTaba B [6] — [8], ux rpaButannonnoe
B3aMMOZEHCTBHE HE yYUTHIBAIIOCH.

IIpenmyniecTBO MpeIaraeMoi MoeNU IpaBUTALMH TI€pe]] BCEMHU MPEIbITyIIMH IBITKAMU OOBSCHUTH JaHHOE SIBIICHUE, 3a-
Kkiogaercs B ToM, uto [ @B&AC npenycMaTprBaeT BO3MOXKHOCTh CYIIIECTBOBAHUS HE TOJIBKO HUCXOASIINX, HO U BOCXOS-
KX CyOKOHT-aHTUCYOKOHTHBIX TOKOB. [IpH 3TOM HHCXOISIIME U BOCXOISIIHE CyOKOHT-aHTHCYOKOHTHBIE NMOTOKH U MOTYT
OBITh MCIIOJIB30BAHBI JJIsI PA3BUTHS AIbTEPHATHBHBIX CIOCOOOB mepeMenieHus B npoctpancTBe. CyOKOHT-aHTUCYOKOHTHAS
MOJIEJNb TPaBUTAIMH MTOATOTABIMBAET TEOPETUUECKYIO 0asy JUIsl CO3JaHMs JieTaTeIbHBIX anmaparoB (Tuma rpaBuranera [ peden-
HHUKOBa, pUC. 24), 0CHOBAaHHBIX Ha UCTIOJIH30BaHUH MEKIUIAHETAPHBIX 1 MEXK3BE3IHBIX BHY TPUBAKYYMHBIX T€UEHHH, TOCPEACTBOM
HCKYCCTBEHHOTO H3MEHEHUSI TOTIOJIOTHIECKOH KOH(PUTYpaIiK JIOKAIBHOTO yYaCTKa MPOTSHKEHHOTO OBITHS.

Bwmecrte ¢ Tem, MonenpHbIe iocTpoeHst [ @DB&AC He 00BACHSIOT IPUIXHY TUIAHETAPHOW TPABUTAIINH TaK JKe, KaK HE OOBSACHSIIOT
ee HU HeOecHast MexaHuka HproToHa, HU 00mmast TeopHsi OTHOCHTENBHOCTH JiHIITEHA. Bee MozenbpHbIe IpeicTaBiIeHns o rpa-
BUTalIMK, yNOMsIHyTble B Beaenuu, Bxmoyas [ DB&AC, TOIbKO ONMUCHIBAIOT 3TO SIBJICHHUE.

[Tpu BeIsBNICHNN OONee TITyOMHHBIX TPHYUH, FPABUTAINS
MOXET OBbITh PACCMOTPEHA KaK MCUX0COMATHYECKOE SIBJIE-
HHe. Y)ke yImoMUHanoch B 3akimodeHnd ctater [10], 9o
[Tnaners! u 3Be37bI BO MHOTOM MOJOOHBI OpraHesuiam
KHBBIX OMOJIOTMYECKHX KIIETOK. B paMkax JaHHOMW aHaio-
run [TnaneTs! u 3Be31bl BCACHIBAIOT MUTATEIBHYIO CYyO-
KOHT-aHTHCYOKOHTHYIO CMECH (T.€. apTepHAIIBHYIO JIMMbY
C MUTaTeNbHBIMH BEIIECTBAMH) U MCTOPTalOT OTpabOTaH-
HYI0 CYOKOHT-aHTHCYOKOHTHYIO CMeCh (T.€. BEHO3HYIO
My c otxoxamu). [1pu aToMm TO, uTo0 WISt O1HMX [Tnmaner
n 3Be3] ABISETCS KUAKUMH OTXOJAMH, TO JUISL JPYTHX
IInaner u 3Be3/ ABISETCS MATATEIBHOM BJIAr0X0, M HA000-
pot. To ecTh, CyOKOHT-aHTHCYOKOHTHASE MEXKIUIAHETHAS U
MEX3Be3/[Hast IUPKYJLILHS 00ecrieyBaeT 0OMEHHBIE ITPo-
neccbl BHYTpH enuHoro KierouHoro Opranusma —
3Be3ano-ITnaneTapHoil KUBOK CUCTEMBI.

Hanpumep, oywiu m100eil nposensomces 6 NIOMHbIX COSX
ammocgheput [Tnanemut 3emns, kak yucmoe ceedgicee OYHO-
8enue, a 3amem omoanamcs om 3emau nPeucnoiHeHHble
2OPbKUM ONBIMOM U YYECMEOM BUHBL UL LYECMBOM UCHOI-
HEHHO20 007124 U C8eM.I0N PadOCmu.

Kaxnas [Iranera m 3Be3a uMeeT cBOH XapakTep, IOTOMY Te TOHYaHIINEe OTTEHKH CyOKOHT-aHTHCYOKOHTHBIX TOKOB, KOTOpBIE
HCXOJISIT U3 UX HEJIP, IEPEHOCST BIMSIHUS ATOTO XapaKTepa Ha TOHKKE acliekThl pyrux HebecHbix Tena u nx odurarenei. Act-
pororus OblTa TpeATedeld U CTUMYJIOM JUTS Pa3sBUTHS aCTPOHOMHH M BCEH HAyKH B IEJIOM, B YACTHOCTH HEOECHON MEXaHUKH
Hororona. Teneps Mbl Bo3Bpalaemcs K U3yueHuto BiausiHus [Inaner n 3Be3s Ha XapakTep MEK3BE3HBIX M MEXIUIAHETAPHBIX
OTHOIIIEHHH, HO HAa HOBOM KauecTBEHHOM ypoBHE. Koneco Otpunanus-OTpuIianus IeaeT ouepeHoin 000poT.
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