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OB OPBUTAJILHOII YCTOMYNBOCTI B I[TPOBJIEME

IBN/KEHUA TEJT B OTO

M.M. A6munnaun', M.C. Omapos, M.E. A6umesn

Kazaxexut Iocydapemeennnidi Yrnusepcumem um. Aav-@apabu, Aamamu, Kazarcman

11 moa6psa 2000 r.

Ha ocHoBe ypaBHeHUiT mBMKeHNA B BEKTOPHBIX JIEMEHTAX PACCMOTPEH BOMPOC 006 OpOMTATBHON yCTONIMBOCTH B

mexanuke OTO.

BazxkubiM Borpocom B Mexannke OTO apnser-ca Bo-
poc 06 opburaabaoil yeroitunsocru. COracHo METOLY
Jlarpamka BO3SMYIIEHHOe JABUIKEHIE CIIYT-HIKA MOYKHO
paccMaTpuBarh Kak ero JBHKeHNe 10 OCKYINPYIOEMY
SJLTATICY, 5JIEMEHTH KOTOPOTO HEMPEPBIBHO M3MEHAIOT-
ci. OpburaabHON yCTOHIN-BOCTBIO JIBNKEHUA CITYTHH-
Ka Ha3bIBAETCsA CBONCTBO OCKYJUPYIONIETO 3JIITAICA CO-
XpaHATH B T0601 MOMEHT BpeMeHN CBou hOpMY 1 pas-
Mephl OAUSKIME K HOpMe 1 pasMepaM HEBOSMYIIEHHO-
ro KeIJepoBa 3JITHIICA, ONPEIeeHHOTO A1 Hada bHO-
ro Bpemenn. PopMy U pasMepbl JIIAINCA XapaKTePH-
3YIOT BEJIMUMHA SKCIEHTPUCHTETA € W IJINHA (POKATb-
HOt ocu 2a¢. Ecim B dopmMynax, onpeqefgonux € u
@, OTCYTCTBYIOT BEKOBBIE WIEHBI, TO, COTIACHO OIpPesie-
JIEHWIO, SJITNIITHIECKOE IBUKEHIE 00amaeT oponTaib-
Holt ycrofiuupocrbio [1].

B cBere ckasaHHOrO paccMOTpUM Bompoc o6 opbu-
TasbHOl ycrofiunBocTn B samade Jlense-Tuppunra, T.e.
B 3a/1a4e 0 HGUHUTHOM IBHKEHNH MaTepHalbHON JacTh-
Bl B TIOJIE BPAIIAIONIETOCH TIapa. B KadecTBe MeTPUKN
HCTONB3YeM YTOUHEHHYIO METPUKY TEPBOTO MPUOIN Ke-
must oka 1714 Bpalaoerocs KIIKoTo mapa [2]:
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HUA YacTHIl mapa. Torga »BOJJIONUOHHBIE YpaBHEHHUSA
JBUKEHUSA MATepUAJIbHON YacTUIbl npuMeT Buj [3]
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N3 (3) BumHO, 9TO [JIA PAacCMATPUBAEMON 3a1adn
M = const, A = const. Orciona ciiefyer, 910 IJis JI-
JIUTIITHIECKONH OPOUTHI MATEPUAJBHONW JACTHUIIBI COXPa-
HAOTCA a, €, T.. 3TO IBUKeHME 0bJaTaeT OpOUTATB-
HOH yCTOWYMBOCTBIO.

JIuteparypa

[1] JTaxtua JI.M. CsobonmHoe mBMIKEHME B TIOJIE€ 3€MHOTO
cheponma. Mocksa. 1963. 120 c.
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NHTETPUPOBAHUE YPABHEHUS BPAIIIATE. THHOTO
JBUZKEHUS 3ATAUN ABYX BPAIIAIOIINXCS TEJT B OTO

M.M. A6aunbaun', M.E. A6umnien

Kazaxexut Iocydapemeennnidi Yrnusepcumem um. Aav-@apabu, Aamamu, Kazarcman

11 moa6psa 2000 r.

B pa60Te IIPpOBEOCHO MHTETrpHUpOBaHNE YpPaBHEHHWA BpallaTeJIbHOTO OBUZKEHWMA HpO6HOI‘O TeJa B IIOJI€ BpallaroIie-

rocd MAaCCUBHOT'O IEHTPAJIBHOTO Tejla B OTO METOOOM TEOPHH BO3MYUICHWMA.

CUMMETPUYIHBIC.

WNsyuenne BpamareibHOTO IBUIKEHUA TEJT ABIAECT-
cd omHUM W3 BaxHelmnx 3amad mexanmkun OTO, rax
KaK TpH PACCMOTDPEHWH CHCTEM TeJ B3aUMOBJIMAHUE
BpAIATEILHOTO W TOCTYIATEIHHOTO ABUKEHUH Hambo-
Jtee mosiHO omuckiBaoTca B pamrax OTO. Mur paccma-
TpUBaeM JABUKeHUEe chepuIeCKu-CHMMETPHTHOTO MTPOs-
HOTO Tejia, WMEOIIEro cOOCTBEHHOE BpallleHrne, BOKPYT
MAaCCHBHOTO IIapa, YpaBHEHHE BPAIIaTeIbHOIO JIBUKe-
HUA KOTOPOro BhiBejeno mMerogom Poka [1].

WurerpupoBanune ypaBHEHUA BPAalaTeIbHOTO IBU-
KeHUA MO3BOJIAET AHAJIUSUPOBATH CTPYKTYDHBIE DJIe-
MEHTBI, OTBevYalolliie CIHHH-CIHHOBOMY W CIUH-OPOH-
TaJbHOMY B3aUMOIEHCTBUAM, OMPEIETUTh KOJIMIEC-
TBEHHYIO XapaKTEPUCTUKY B3AMMOBJIMAHUN TOCTyTIa-
TeJIbHOTO W  BPAIIATeJIbHOTO HIBUXKEHUN W HEmo-
CPECTBEHHO W3YYHTH BpAIllaTeJIbHOE [IBUIKEHWE TeI.
YpaBHeHUe BpaIIaTeIbHOTO ABUKEHNA MPOOHOTO Tesa
UHTETPUPYEM METOAOM TEOPHUH BO3MYIIEHMUS.

YpaBHeHUe BpallaTeIbHOTO IBUKEHUA, TIOJTY IeHHOE
Bpymb6eprom, B MmoHorpaduun AGnunbauna [2] npuseme-
HO K BHILY
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MBI HOJTKHBI BEIYUCUTE YeTHIpe WHTerpaja B Ipa-
Boit gactu (2). Berumcrienne MHTErpaioB yHAOOHO TPO-
BeCTHU MpUMeHss (POPMYJIbI KelJiepoBa ABUKeHuA [2]:

r= m, F= r(fcosﬂ) —|—jsin1/)),

7= mﬁp(—zsiIN/) +j(€ +cosy)), M= mr®y, (3)

re p - mapaMerp, € - KCIEeHTPHUCUTET OPOUTHI, T,
-TOJIAPHBIE OPOUTATBHBIE KOODIUHATHI, Z,; - OPTHI Op-
OUTATBHON TeKapPTOBO CHCTEMBI KOODIWHAT, TIPUIEM i
HalpaBJeHa B CTOPOHY Mepuresing. Temepb BUIHO, UTO
mpaBas 9acTh (2) 3aBUCHT TOJBKO OT ONHOI HepeMeH-
HOH ), MO3TOMY HHTErpUpOBaHHUE TIO { MOKHO 3aMe-
HUTH WHTETPUPOBAHUEM IO 1!

mrz
dt = =—dv. (4)
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Jlerko 3amMeTnTh, 9TO B 3TOM CJiydae HalpaBJeHHE
BEKTOpa YIVIOBOH CKOPOCTH COBIAZaeT ¢ BEKTOPOM S
W HE MEHAETCHA, XOTA MOIYJb €ro He OCTAETCA ITOCTO-
AHHOI, W3MeHAACH TeproandecKn. Jad Kpyrosoil op-
OUTHI B JAHHOM CJIydae BCe PeJIATHBUCTCKHE 3PdeKTh
ncuesa-foT. B obuiem cirydae HM HalpaBjeHWe, HU MO-
IyJIb BEKTOPa YIJIOBOM CKOPOCTM HE OCTAIOTCA IOCTO-
AHABIME. Takke MOXKHO TOBOPUTH O HaJaudun 3hdeK-
Ta HAKOILJIe-HHUsA, 00yCJOBIEHHBIN COOTBETCTBYOINME
wnenamu B (6), (7), (8), (9), orBeqaloline BEKOBOMY W3-
MEHEHWIO HallpaBJeHNA BEKTOPa yTJIOBOI CKOPOCTH.

JIuteparypa
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mrelina. Anma-Ara. 1988, 188 c.
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[TPOBJIEMA TTOUCKA OIITNYECKNX KAHIIMJIATOB HA
OTOZKAECTBJIEHUE C UCTOYHUKAMU T'AMMA-BCITBIIITEK

Anexcaunp Borganos!

Acmporomuueckan obcepsamopusa um. npod. H. JI. Karunenkosa Huronraesckozo eocydapemeennozo

nedazoeuueckozo yrusepcumema, Hukxoaaes, Yrpaura

10 'Hoa6pa 2000 r.

B ,D;a.HHOf‘I pa60Te OIMUCHIBACTCA UCTOPHUA OTKPBITUA TaMMa-BCIIBIINEK U PA3BUTUEC METOIUKN WX JIOKAJTWU3aITUN. HpI/I—

BEIEHBI OCHOBHBIE XaPAKTEPUCTUKI TaMMa-BCIIbINIeK. [IpemcraBiens pesyabTarsl Habmronerna obmactu GRB9I81220

pointosiHeHHble B AOK. B pesynbrare uccinenopanusa B obmactn GRB981220 mo 19m, TpH3MEHTOB He 0OHAPYKEHO.
Basossie xapakTepuctuxu cucreMmst 3TC-7024ST-7: dokycHoe paccroanue 2804 mm (nepsuanstii dokyc) ¢ pabounm

mojeM 5.2x7.4 arcmin.

1. MHWcropusa oTKpbiTUA

laMMa-BCOBIIKH OBLIM OTKPBITH CJAYyYaiiHO B KOHIE
60-x-magage 70-x TT, BOEHHBLIMH CIOYTHWKAMHU CEPUU
?Bena”. Cnyramkm OBLIN TpemgHasHadeHbl A8 00-
HapyKeHUd BCIIECKOB IKECTKOTO PEHTTEHOBCKOTO U
raMMa-u3JydeHn s, BOSHUKAIOIINX BO BPeMSA SAIEPHBIX
Okaszajoch 4T0 OOJIBITUHCTBO 3apPETUCTPH-
POBaAHHBIX BCIJIECKOB HE CBA3AHBI C BOECHHBIME HCITBI-

B3PHBEIBOB.

TaHUAMHU, & WX WCTOYHUKU PACIOJOKEHBI B KOCMO-
ce. Tax 3a mecars jer paborwi, cuyTHuku ~ Beja”
3apPETUCTPUPOBAJIM 73 BCOBIIKK. B momckax TraMma-
BCINIEKOB TaK YK€ yYaBCTBOBAIU KOCMUYECKWE Alllla-
parel “Ilporuos”, ”Benepa-117, ”Benepa-12”. Hamn-
6oJtee pPe3YJIBTATHBHONW B MOCJETHIE TOABI MO KOJIH-
YeCTBY 3aperHCTPUPOBAHHBIX TaMMa-BCIBIIIEK OBLIA
obcepBaropua CGRO. B macromiee Bpems momkamu
raMMa-BCOBIIEK 3aHUMAIOTCA KOCMITYeCKe 0bcepBaTO-
puu ”BeppoSAX”, "RXTE”, 7ULYSSES”, "KONUS”
u ap.

2. OcHoBHbBIe XapaKTepPUCTUKU

laMMa-BCOBINIKN XapaKTepU3YIOTCA ABYMSA OCHOBHBI-
Mu Tokasareaamu. llepBoe, 3710 sHeprueit m3smyde-
HUA W BTOPOE MPONOJAKNTETbHOCTRIO. Tak Kak mamara-
30H TaMMa-U3JydeHnA OUeHb IUPOK, eT0 MPUHATO Ie-
JINTH HAa HECKOJIBKO yYaCTKOB: 06JIACTB MATKOTO TaMMa-
mzsryuernd ¢ E=0,1-5 M»B, obsacts npomMeKyTOIHBIX
suepruii ¢ E=5-50 M»B, obsacth KecTKoro ramma-
mssyuenuns ¢ E=50 M»B-10 I'sB, u obmacrs ramma-
W3Iy9IeHN A CBepXBhIcOKUX 3Hepruit ¢ E>10 ['3B.
XapakrepHas OCODEHHOCTH TaMMa-BCIIBIIIEK ObI-
CTpOe HapacTaHWe MOTOKA M3IydeHWs (P >HEPTHAK

le-mail: bss@mksat.net, root@aok.mk.ua

dOTOHOB OT HecATKOB K3B 1o HecKoMbKIX MaB) 3a Bpe-
MsA OT JIeCATKOB MUMJIJTHCEKYH 10 CEKYHI U TOCENy-
OIIMM CIIaIOM 3a €JIeHUIIbI-IeCATKH ceKyHa. Jlmnremnn-
HOCTH TaMMa-BCIIJIECKOB JIEXKUT B MpeIesaax OT HeCAT-
KOB MUJIJTUCEKYH/T /10 HECKOJIBKUX MUHYT.

ITo TemmepaTypHBIM XapaKTepPUCTUKAM MOYKHO CKa-
3aTh 9TO, TMPH AIPOKCHMAINH SHEPTUTUIECCKUX CIIEK-
TPOB 3aKOHOM W3JIYUEHUA ONTUYECKU TOHKON TIIas-
MBI XapaKTepHble TeMIEPATYPhl H3JIYUYeHUA COCTABJIA-
OT COTHH MUJIJTHOHOB TPAIYCOB.

3. IIpobiaembl moucka

laMMa-ay9nm moronaioTcs BBICOKO B arMocdepe, mo-
5TOMY WX TOUCK [IOJIKEH MPOBOMUTHCH CO CIYTHUKOB.
st Toro 9TobBl MOAYyInTh 60Jiee Y3KYIO 0OIACTh JI0-
KaJu3allie, Hy JKHO HCIOJIB30BaTh KAK MOYKHO OOJThbIilee
KOJIUYIECTBO CIHYTHUKOB, & 3TO He BCETIa OBIBAET BO3-
YVuan-
TBIBasg, 9TO TaMMAa-BCIBIIIKA BO3HUKAIOT BHE3AMHO, W
UX pacipenesieHne Ha THebecHON cdepe paBHOMEPHOE
, He UMeeTCsi BO3MOKHOCTH TIporHo3upoBanus. He-
BO3MOJKHO BBIIEJUTH HANPABJIEHNE - HI K [EHTPY Ha-
nreit aqakTuKu, HU K TraJakKTHIeCKON IJIOCKOCTH, HU
K COUpaJbHBIM pyKaBaM. Ecim 6Bl HCTOYHHUKH BCIBI-
IIeK HAXOIUJINCh B pelesiax Hallell TaJaKTHKH, TO MBI
JIOJIKHBI OBLITN OBl YBUAETH YTO-TO HA MECTE BCIIBIIIKH B
OMTUYECKOM Auamasone. [Ipemmosaraercs, 9To ramMma-
BCIIBINIKH OTHOCATCA K BHETAJAKTHIECKUM OOBEKTAM.

MOXKHO H3-3a KOPOTKOT'O BPEMECHHU H3JIYYCHMA.

IIo MOHIIHOCTH H3JIYHYECHUA BCIIJIECKM OYE€HBL BEJIMKHN
(CBCTI/IMOCTI) Hallleil raJJakKTUKN B HECKOJIBKO pPa3 MEHb-
me), a BpeM:A N3JIYy4YE€HNA BCETO OT HECKOJIBKUX CEKYHI
A0 HECKOJIBKHUX MHUHYT, U3 Y€ro MOXKHO IIpeAlioJaraThb
9470 OOBEKT N3JIYIYCHUA MMEET OTHOCHUTEJIBHO HeDOJIb-
e pa3MephbI. IIoka Ipuoaa >TOTrO ABJICHUA HE MOXKET
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6BITH OObACHEHA HU OHOW M3 CYNIECTBYIONMX TEOPHit.

WNmeetcs ele ofHa TpUYMHA YaCTHOTO XapaKTepa,
HemocTaToK obcepBaropuil myis HabmoaeHus obsacTel
raMMa-BCIBIIEK TIOC/E€ PETHCTPAIUN TAKUX CITY THIKA-
mu. HeBosmoxkHO Takike HabmomaTh obJiacTh raMma-
BCIBIIKA B ONTHYECKOM IWANA30HE B TEPUOJ ee W3-
JIyUeHUd, TOTOMY 4TO BPEMSA 3aTPadmBacMoe Ha Iepe-
X011 WHMOPMAIINK OT CIIYTHUKA W HABEIEHWE TeJIECKO-
ma MPEBOCXOMNT BpeMms m3iryueHud. Objerdurh 3ama-
9y MOYXKHO CO3JTaHWeM aBTOMATH3MPOBAHHBIX TEJIECKO-
OB COETMHEHHBIX depe3 ceTh MHTepHeT co CIyTHUKOM.
B wamieit obcepparopun Takke paspabaTbiBaeTcs Po-
6OTH3MPOBAHHBIN TETECKOI /i HA3EMHON MOIIePKKH
cuytaukosoro mpoekta INTEGRAL.

4., Hamu HabmoneHEns

[Mouck onTryeckmx KaHINIATOB HA OTOKIECTBIIEHUE C
PEHTTEHOBCKUME W raMMa UCTOYHHUKAMH, 3aPETuCTPU-
poBanHBle KocMudeckumMu obcepparopuamn  (CGRO,
BEPPOSAX, RXTE) aBasgercs ofHHM W3 HalpaBie-
Huit pabOTH ACTPOHOMUYECKON 06CePBATOPHUH M. TTPOD.
Kamuuenkosa H.I. HI'TTY. 3a mepuom ¢ 1996 roma mo
HaCcTOsllee BpeMs B 00CEPBATOPHIH TPOBOMIIUCE OMEPa-
THBHBIe HaO/f0IeHns 7 objiacrell TaMMa-BCITBITIEK .

C 1996 r. AOK Bxomur B EBpomneiickmii cerment
I'nobanbHolt HabIIOmATETBHON ceTH, MpeaHasHaTeHHOM
s oOHApY KEHUA W MOHHTOPHWHTA ONTHIECKUX TPAH-
3MEHTOB TaMMa BCITBITIEK.

B pamkax sroit paborsr B AOK ObLIu BHITIOJTHEHBI
oneparuBHBIe Habaogennsa obmactn GRB 981220. U3o-
6paxenuns 6bH Tosydensl Ha Tejsteckorme 3TC 702 D
= 702mm (f = 2804) ¢ CCD ramepoii ST-7 512-710

5JIEMEHTOB C PEAJbHBIM pabounm mojieM 5/ - 87,

GRB 981220. Tamwma-scueimka GRB 981220
6p11a 3apeructpupoana cuyTHEKOM RXTE BO Bpe-
Ma o630pa Bcero Heba ¢ momortibio mpubopa ASM 20
mexabpa 1998 r. B 217 527 21° (UTC) u ume-
Jga mpomoskuTenbHOoCTh 20c.  Bo Bpemsa peructpa-
UM MaKCHUMAJIbHBIHl MOTOK OT BCHOBINIKH COCTABJIAJ
1.240.1-10~7 3p1“~CM_2'c_1 B nuamnasoHe 1.5 - 12KeV.
[Tpenpapurenbuas obacTh JOKAIU3ANNE UMETA Pa3-
mepbl 5/ *60/ ¢ 90% yBepeHHOCTBHIO, KOODAMHATHI KO-
topoit R.A.=0.3743701* Dec = +17°09°00” na snoxy
2000 r.

Croyrank BeppoSAX mabiionat 3Ty BCOBIIKY B Te-
genun 15 ¢ B nuanasone 40-700 KeV, morox cocraBmt
1.0£0.2-107° spr-em~?¢~!. IlpumbopaMu CIyTHHKA
ULYSSES u KONUS, rak:ke 6b1JI0 TOATBEPKIEHO CY-
NIeCTBOBAHUE U YyTOIHEHA 0OJTACTD JIOKAJTHIAIUN, KOTO-
pasd cocTaBmiia ~Rs2.41-4.51.

HazsemubiMu  obcepBaTopusaMu  OBLIH  TTPOBEIEHBI
OTlepATUBHBIE HAOIIOIEHNA B ONTHIECKOM, CYOMUJIIN-
MeTPOBOM W paiuo IualiasoHax. B pesyabrare momcka
B ONTHYECKOM AuanasoHe u cpaBHeHunm ¢ DSS orkmo-
HeHUll o APKOCTH He OOHADPYKEHO, 3a UCKIIOYEHHEM

- . LT

Puc. 1. O6nacts ramma-pcobimin 981220

cmaboro ucrounuka 26.7™ B mosoce R monaydennoro 23
nexabpa #Ha 10 MerpoBoM Teseckome. Habmaomenns B
CyOMUIINMETPOBOM JMala3oHe MCTOYHMKA TaKiKe He
ObHApYKUIN. bBBIIN TpoBemeHBI paano HAOIIOMEHIII
Dec. 22.98 UT na yactorax 4.88 u 1.38 GHz. Ilouck Ha
gacrore 1.38 GHz ucrounuka He BeisBus. Ha wacrtore
4.88 GHz na kpato error-box obHapyKHBaeTCa MCTOY-
HuK, HO cBaA3b ¢ GRB 981220 na sror mepmon BpeMeHu
e scHa. 23.14 UT 6bLn mpoBefeHB pagnoHabIIIoNne-
mna Ha gactorax 4.86 GHz un 8.44 GHz n monrBepanin
panuoucTouynuk. lambHelinme uccaeqopanud Ha 1.55m
resteckorre USNO B mostoce-1, Brimosiaertbie ¢ 23 mo 24
nexabpsa He oOHAPYKMJIM ONTHIECKOTO KaHAumaaTa Ha
OTOXKAECTBIECHUE C PATHONCTOTHIKOM.

5. Pesyabrarbl HabIIOOEeHUA

Habmromenusa nposenensl yepes H4 daca mocye moyde-
nusa wadopmaruu. [lomydeno 8 wsobpaxkennit mo 180
CeKyHI Kaxkmoe B moJsioce V. B obmactu error-box 2°.1-
4.5 mocjae CyMMUPOBAHUSA TOJYIEHHBIX H300paxkeHuit
u wnccaenoBanusd objactu GRB, He Oblo 06HADY XKEHO
OOBKTOB, KOTOPBIE OBl MMM 3BE3MHYIO BEJIUUUHY HA
MHOT'O TTPEBOCXOMAIIYIO KaTaJ0KHYIO B MPeHeIax Olli-

6ok (Tabm. 1).

6. 3akio4deHue

lamMMa-acTpoHOMEYecKie HaOJIOIEHNS BHOCAT BaXK-
HBI BKJIaJ B W3yYeHWe MHOTMX OCHOBHBIX acTpodu-
3UYECKUX TPODIEM. DTO BBIACHeHUWE (DUINKH HAIED-
HBIX DeaKInil, UCCIeNOBAaHNE TMPOIECCOB aKKPEIUH Be-
IIECTBA U TEPMOANEPHBIX PeaKIuil BOIU3U PeTATHBUCT-
CKHUX 0DBHEKTOB-HEHTPOHHBIX 3BE3M M UEPHBIX IBIP.

B macrosiee Bpemsi BeyTcs AKTHBHBIE TOUCKH
OTMTUYECKAX TPAH3MEHTOB raMMa-BCIBIIIEK C TETBIO BBI-
SICHEHU ST TTPUOIBI HTUX CODBITHIA.
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Tabmauna 1: PESYJIBTATHI HABJIFOOEHW A

USNO-1A « Aa 0 Adb m Am
A 1050.01018860 03742™m21°.09 —0".2 +17°1029".7 —0".2 15".09 +0™.49
A 1050.01018933 03 42 21.99 40.2 41710281 +40.1  16.60 -0.20
A 1050.01019057 03 42 23.70  4+0.0 41710 11.1  -0.0 16.68 +0.08
A 1050.01019265 03 42 26.15 -0.1 +17 10 11.7  +0.1 15.10 +0.00
A 1050.01019549 03 42 29.30 404 417 1001.1 40.5 14.92 +0.12
A 1050.01019690 03 42 30.75 0.3 +170936.1  -0.1 15.44 -0.06
A 1050.01019404 03 42 27.75 4+0.2 417 09 06.2 -0.2 14.08 -0.12
A 1050.01019732 03 42 31.31 -0.2  +1708 457 4+0.1  16.02 -0.28
A 1050.01020177 03 42 37.16 404 41709 40.7  -0.1 13.39 +0.19
A 1050.01020137 03 42 36.49 -0.2  +171005.0 404 15.76 -0.24
A 1050.01020087 03 42 35.87 0.2 +1709 60.0 -0.2 17.22 -0.18
A 1050.01019956 03 42 33.96 0.0 +171015.0 -0.5 17.93 +0.53
A 1050.01019789 03 42 32.15 -0.0  +171031.8 +0.7 1541 +0.11
A 1050.01019472 03 42 28.49 +0.0 417 11 03.4 -0.1 16.10 +0.40
A 1050.01020370 03 42 39.13  (-2.0) +171023.5 (-1.4) 1859 (+1.39)
A 1050.01020407 03 42 39.66 403 41710 00.3 40.7 17.06 +0.36
A 1050.01020390 03 42 39.43 0.5 +1709 14.3 +0.6  16.77 -0.23
A 1050.01020879 03 42 45.51 +0.3 +170832.1  -0.7 16.17 -0.23
A 1050.01020601 03 42 42.12 404 41708 104 4+0.3  15.88 +0.08
A 1050.01020508 03 42 40.82 -0.3 41707159 +0.3 14.04 -0.06
A 1050.01020109 03 42 36.18 -0.3 41707 21.5 +0.1  16.77 +0.07
A 1050.01019970 03 42 34.21 +0.2  +170743.3 -0.5 17.52 +0.02
A 1050.01019486 03 42 28.60 0.0  +1706 03.0 -0.1 16.58 -0.22
A 1050.01018907 03 42 21.53 -0.1 +17 07 20.6  +0.4  15.62 +0.12
A 1050.01018861 03 42 21.13  40.2 41707 14.3  -0.3 17.00 -0.10
A 1050.01019489 03 42 28.58  40.1 41707 08.5 +0.3  16.33 -0.07
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BOSMOZKHOCTBb OB bEJANHEHUA 'PABUTAIIIN
11 DJIEKTPOMATHETH3MA B HEJIMHENHOIT

DJIEKTPOANMHAMUKE

A.A. Yepuunknii!

C.-llemepbypecruti T'ocydapcmeernnti Iaexmpomernuneckull Yrusepcumem,

ya. npod. Ilonosa, 5, 197376 C.-Ilemepbype, Poccus

9 moabps 2000 .

B cBasu ¢ mpobuemolt obbenuHEHNA TPABUTAIIMKA U JIEKTPOMATHETH3MA PACCMOTPEHA KOHIIEIINA EIMHON TEopUr
noss. IlokasaHo, 9TO BO3MOMKHOCTH CYNIECTBOBAHUA IETEPMUHUPOBAHHONW €IMHON TEOPHM I0Jd HE OMPOBEPTAETCH
aKcrepuMeHTaMu THa AcrekTa. B KadecTBe BO3MOIKHON eqWHON MOJIEBON MOIEIU TIPENJIATAETCA PACCMATPUBATH
asteKTponnHaMuky bopua-Mudenpoa. PaccMmorpen adpdexT namynmpopantoil PuMaHoBoil reoMmeTprn, MMEIOUNANA Me-
cTo B HesmHEHHOH 2imekTponuHaMuke. OBCyXKIaeTca BO3SMOXKHOCTE 06bACHEHNA 3TUM 3bheKTOM peasbHOl TpaBUTa-
npu. Obpamaercs BHUMaHUE Ha 3bdDEKT HETOCPEICTBEHHOTO BIUAHUA JIEKTPOMATHUTHOTO TI0JIA Ha HABIIOIAEMYTO

MeTPHUKY IIPOCTPaHCTBa-BpEeMeHN.

1. Bsenenue

[Tpobema obbenuHeHns TPABUTAINN M 3JIEKTPOMATHE-
TH3Ma OCTAeTCA OMHON W3 BaKHeWNIMX B COBPEMEHHON
TeopeTwydecKoli pusnke. Dra mpobiemMa TECHO MPUMBI-
KaeT K Ipyroii BaikKHON mpobieme — mpobieme mocTpo-
eHIA eIWHOW Teopmm TMoJid B ayxe Ofimmreiina. Ilo-
CKOJIBKY Cpenn (pU3WKOB ceffyac HET eAWHCTBA IO BO-
MPOCY O BO3MOKHOCTH MOCTPOEHUA TAaKOH TeOpHH, He-
00XOIMMO OTHETBHO OCTAHOBUTHCA HA TOH KOHIIENIUN.

2. KoHnenmnua eauHol TeOpuu Mo

Konnenmmsa eannoit Teopwn moiad KpoMe yHUPTKAIIITIT
B3auMoelicTBull ImpeamnonaraeT TakKiKe, 4YTO KaXKHOM
3JIeMEHTAPHOI YacTuIle JOJAXKHO COOTBETCTBOBATH HEKO-
TOpOe pelleHue eIMHON ToJeBoil Moaean, OMMUCHIBaeMOi
HeJINHEHHBIMU YPABHEHUAMU B YaCTHBIX TTPOU3BOAHBIX.
OdeBnamHoO, YTO TaKad TEOPUA ABIAETCA CTPOLO JeTep-
muHEpoBauHoi. OTcioma, Bpoae ObI, cpa3y BO3HHKAET
KOH(PINKT C BEPOATHOCTHBIM TTOBEIECHHEM, OMMCHIBaEC-
MBIM KBaHTOBOM Teopueii. TouHee, KOHEYHO, HUKAKOTO
KOH(INKTA 3/1eCh HET, eCJIM MBI JOIMYyCKaeM, ITO Bepo-
ATHOCTHBIN XapaKTep NMpeAckKa3aHnii KBAHTOBOU Teopun
onpenesigeTcd TOJBKO HENMOJHBIM HAIIUM 3HAHUEM HC-
cJIemyeMoil CHCTeMBI, KaK »TO MMeeT MeCTO B OOBIUHOI
CTATUCTUYECKON MexaHHKe.

DTa mpobiemMa, KaK M3BECTHO, MOJYUMIa HA3Ba-
HEe TPobJIeMbl CYHIECTBOBAHNA CKPBITHIX IMapaMeTpPOB.
Becbma pacnipocTpaneHHOe MHEHUE COCTOUT B TOM, UTO

le-mail: aa@cher.etu.spb.ru

dKCIepUMeHT AcIeKkTa Mo IpoBepke HepaBeHCTBa be-
na (mompobree cM. [1]) pemmi Bompoc B HOJB3Y OT-
CYTCTBMA CKPBITBIX IapaMeTpoB M QyHIaMeHTaTbHO-
CTH BepOATHOCTHOTO ONMUCaHWsA KBaHTOBOW Teopun. O-
HaKO, »TO MHEHWe OCHOBAHO Ha HEJOpasyMeHWH, CBi-
3aHHOM C HETOCTATOYHBIM TOHMMAaHWEM caMOil KOHIIE-
VW eJMHON TEOPHHU TIOJIA.

CylecTBEHHBIM TpeAIoKeHneM B (hOPMYTHPOBKE
Teopembl Besa ABMAETCA JOKAJBLHOCTH TEOPHH, OIM-
criBafonreil wacTunbl. Ho, Kak BHIHO M3 JOKa3aTeNb-
CTBa 3TOW TEOpeMBl, JIOKAJIHHOCTH 37eCh MOHMMAEeTCs
B CMBICJIE JIOKAJTHHOTO B3aMMOIEHCTBAA 9aCTHUIIBI C TI0-
JeM B KJaccudueckoil dpmsmre. B enmHoil ke Teopmm
NOJIA TOBeleHNe YacTHIL JeTePMAHAPOBAHO TOUHBIM pe-
IIEHNEM MOJIEJIN, KOTOPOe TI0 CBOEMY XapaKTepy HeJo-
KaJIbHO. JIpyTuMu cjioBaMu, XOTA eIUHOE MOJIe YAOBIIE-
TBOPAET JOKAJBLHBIM AuddepeHIIma bHBIM COOTHOIIE-
HUAM, pellleHne MOJENH HeJOKAJIBLHO, MOCKOJIBKY OIpe-
JIeJIeHO BO BCEM MPOCTPaHCTBe-BpeMeHHW. B paMkax Ta-
KOl HeJmHeHHON Mome/nn He CyHIeCTBYeT crocoba BHe-
CTH KaKwWe-Mbo JIOKaJbHble M3MEHEHWS B pelleHHe,
KOTOpOE€ peajlm30BaHO B MHPOBOI MpPOCTPaHCTBEHHO-
BpeMeHHOIl Tros1eBoii KoHdurypammuu. JInmb npubim-
JKEHHO, TIPU ONIPENEJIeHHBIX YCIOBHAX, MBI MOKEM Pac-
CMaTpHBaTh HM3MeHEHHWEe MapaMeTpOB YacTHI, KaK pe-
3yJIbTAT WX JIOKAJBHOTO B3aMMOIEHCTBAA C TIOJIEM, CBA-
3aHHBIM ¢ ApyruMu gactuiamu (cMm. [2]). fcro, [uro
g1 oblero ciaydad TeopeMa DBesia He TpHMEHHMA
W, CJIeOBATeNIbHO, 3KCIEPUMEHT AcIeKTa He OTpHIla-
eT BO3MOYKHOCTH CyIeCTBOBaHHsA JeTepMUHUPOBAHHOM
eIMHOI TEOPHUH TIOJIA.

ITpome ToBOp#A, COMIACHO KOHIENINU EIWHOTO IO-
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A A, Yepruuyxut

Jd, BCe, YTO MBI MMeeM B MaTepHaJIbHOM MHUpe OIH-
ChIBaeTCA HEKOTOPBIM BeCbMa CJIOKHBIM pellleHreM He-
JIHENHON MoJIeBOH Mome . DTO pellleHne OImpeaeeHO
Ha Bceil BpeMeHHOI ocw m BCe COOBITHS CTPOTO JETEP-
MWHWPOBAHBI, BKIIIOYad U “ciaydaiinoe” W3MeHeHHe Ta-
paMeTpa TpHEMHUKa (HAIPUMED, MIOCKOCTH MOJAPH-
3aIny) B oKCIepuMeHTax Tnma Acmekrta. Habmomae-
MBI€ B TAKUX ONBITAX KBAHTOBbIE KOPPEJJIANNHI IPOCTO
OTpaXkaroT TOT GaKT, UYTO HTO peElleHNe, KaK U H0JIXK-
HO, YIOBJIETBOpAET BCEM 3aKOHAM COXpPaHEHMdA, CBi-
3aHHBIM CO CBOIiCTBAMMW WHBapWAHTHOCTH Momenm. Ta-
KuM 00pa3oM, KBAHTOBBbIE KOPPEJJIANNE CKODee MOI-
TBEPIKIAIOT, YeM ONPOBEPTaloT JAeTePMUHUPOBAHHOCTD
B CMBICJIe eINHOM Teopun MOJIA.

TaxoBa KOHIENINA €IWHONW TeOPWH TOJA, B KOTO-
poit, Kak BHUIHO, MOJHOCTHIO UCKJII0YaeTCA CBOHOMA BO-
JIM. DTO MOC/IeqHEE OOCTOATETBCTBO MOKET CYIECTBEH-
HO YMEHBIIUTb IPUBJICKATE/IBHOCTh TaKO! KOHIIENINN.
Onmaxo, o HalleMy MHEHWIO, peajbHad BOJIA TPUHA/I-
JIEXXUT HEKOTOPOH npyroit obsmactu, 6osibIle CBA3aHHON
c penurneit. MatepnaabHBITT Ke MWD, MO-BHIWMOMY,
MOKeT OBITEH OIICAH HEKOTOPO eqUHOMN TOJIeBOI MOIe-
JBIO.

3. BoaHbI-yacTuIbl

Hesapucumo oT xapakTepa eOWHOTO TMOJA, OYEBWIHO,
9TO TMOJIEBBIE KOHMUTYPAIIAN, COOTBETCTBYIOIIIE YACTH-
1aM B €IUHOW TOJIEBON MOMENH, TOJKHBI UMETH ObI-
CTPOOCHMJLINPYIOMIYIO 4YacTh THIA cToA4dell BOJIHBI B
cobcTBeHHOI crucTeMe KoopauHar. B KadecTBe mpocreii-
1ero npuMepa Takoil croadeil BOJTHBI MOYKHO TPUBECTH
cpepuvIecKr CHMMETPUIHOE PellleHre BOJTHOBOTO YPaB-
HEHUA:

52 sin (w r)
(0x9)? wr

A — sin (gajo) =0 . (1)
Crosgad BoJsiHA 37ech obOpasyercda CYMMOW pacxofs-
metica m cxondeiica BomH. Ecanm Takoe peliierne mpe-
obpazoBarh Mo JIOpeHIy B IBUKYINeecs, TO MOJYIUM
HeKOTOPHIYt mBUKylniica BosHOBOMN maker. [lpm aTom
cobCTBEHHAs dYacToTa W MpeobpasyeTca B BOJHOBOM
BexTOp k, Takoif, uTo

[k k] =w? (2)

Ecam Temeph paccMaTpuWBaTh pelleHWe MOJIEINH,
BKJIfOYaolNlee (B HEKOTOPOM CMBICIE) MHOKECTBO MO-
JOOHBIX YACTHUII, TO IPH OMPENEIEHHBIX YCIOBHAX MO K-
HO WCIIOJIB30BATH MPUOINKEHHBI METOJ, OCHOBAHHBIN
Ha BapHalluyl IapaMeTpoB OTIEIbHOTO BOJHOBOTO aKe-
Ta 1oJ, neficTBuEM 3a/IaHHOTO TOJA APYTUX yAAJeHHBIX
gacrun, [3]. B sToM ciiydae KOMIIOHEHTHI BOJHOBOIO
BekTOpa k,, ompenerdeHHbIe KaK NMPOM3BOIHBEIE OT a-
3bl 1TO0 KOOpAWHATAM, CaMU CUUTAIOTCA 3aBUCAIIMMHU OT
kooprausar k, = k,(z). Ws ypapHenuil mosus ciemyer
COOTHONIEHUE AJ1d KOMIIOHEHT BOJIHOBOT'O BEKTOPA THIIA

(2), HasBIBAEMOE JUCIMIEPCHOHHBIM, U3 KOTOPOTO, B CBOIO
OdYepelb, CJeNyeT YpaBHEHUE “TPAEKTOPUH BOJHOBOTO
maKera. 37eCh MMEETCH MOJTHOe COOTBETCTBHE C KJTACCH-
qeckol auHaMuKol gacrur. [Ipu sToM qucnepcunonHoe
COOTHOIIIEHNE COOTBETCTBYET YpPaBHEHUIO |'aMUIbTOHA-
Axobu.

Koneuno, peanbraas mosieBas KOHQUTY DA, COOT-
BETCTBYIOIIAA YACTHUIE, MOYXKET BKJIYaTh KPOoMe ObI-
CTPOOCIIJIJIAPYIONIEH YacTH TaKiKe W MOCTOAHHYIO BO
BpeMeHH (B cODCTBEHHOI CHCTeMe KOODIWHAT) COCTa-
BIIAIONIYTO (B CMBICTIe pasyoxenns B pan @ypoe). TIpo-
CTPaHCTBEHHOE paCIpeesieHne 3TOH cOCTaBaANIER Oy-
JIeT UMEeTh BU XOJIMa WJiu ropHoil Bepurmabt. [Tpubiim-
JKEeHHBI MeTOM UCC/IeTOBAHWA HBUKEHUA TAKUX XOJ-
MOB B 33JJaHHOM TIOJT€ OTJIUYAETCH OT YIIOMAHYTOTO BhI-
1ile MeTo/a A/ OBICTPOOCIHIIIUPYIONNX MaKeToB. fc-
HO, UTO i CTaOMIIBLHONW YacTHIlBI 06e COCTABIIAIONIHE
JIOJIKHBI IBUTATHCA COTIACOBAHHO. MexXay HUMH Tak-
Ke OyIeT MMETh MECTO B3aWMHOE BJIUAHUE.

4. dDyHmamMeHTaIbHaA
B3JIEeKTPOANHAMUKA

Temepsh ecTecTBEHHO BCTAeT BOMPOC O TEH3OPHOM Xa-
paKkTepe emWHOTO TOJIA B MPOCTpaHCTBe-BpeMeHn. Bo-
o0lile TOBOP#, 3/IeCh BO3MOXKHBI 9KBUBAJIEHTHBIE BapU-
aHTBl MOHEJN C PA3UIHBIMEU ToJaaMu. Tak 3JeKTpo-
IVHAMHOKA MOYKeT OBITh cOPMYyIHMPOBAHA IJIA 3JEK-
TPOMarHUTHBIX MOTEHIINAJIOB 1 HallpAXKeHHOCTel 1oJId.
CyliecTByeT TpencTaB/eHNe YPABHEHUN 3JIeKTPOIIHA-
MUKW B BuIe OucnuHOpHOro ypashenus [4]. Boamox-
HBI, TIO-BUANMOMY, U 60Jjiee CJIOKHBIE BapHAHTBI. 1a-
KM 00pa3oM BOMPOC O XapakTepe (pyHIaMeHTATIBHOTO
MOJid, BO3SMOYKHO, He fABJideTcd KjodeBbiM. (OmHAKO,
KOHEYHO, HaOOP KOMIIOHEHT TIOJIA TOJIKEH OBITH HOCTA-
TOYHO IIOJIHBIM [IJId ONIMCaHU A PeaJbHOCTH N ypaBHEHU A
JIOJIKHBI 0O6/Ia1aTh HANOOJIbIIeH BOSMOKHON MPOCcTOTOMH
U KPacoToli.

DiiHIITeH, B 9aCTHOCTH, MpEAjaraj BapuaHT eii-
HOHl Teopum IOJIA C TEH30POM BTOPOI'O paHra, CHMMe-
TpUYHad 9acThb KOTOPOIO OTOXKIECTBJIAETCA C MeTPHU-
Koit PumaHOBa TpoCTpaHCTBa, a HECHUMMETPUYHAA —
¢ 2JIEKTPOMArHUTHBIM TeHzopoM [b]. Panee Dmmuur-
TOH pacCMaTPUBAJI HEKOTOPBIE TEOMETPHIECKHE cOO0pa-
KeHUsA, MPUBOIANINE K 3TOMY ke (DPYHIAMEHTATHLHOMY
TensopHoMy oo [6]. OH e MPENIORKU BApUAIIUOH-
HBII IPUHONIT, 3alUCBIBaOIINicd B c/IeAyolleM BecbMa
reoMeTpPHYecKOM BHIE:

[ ldet g+ a B lde) =0 (3

rue ¢,, — MeTpuka Pumanopa mpocrpancrsa, [,
TEH30P 3JIeKTPOMArHUTHOIO TOJA, & — KOHCTAHTa CO-
rlacoBaHMA pa3MepHocTeil.

Celivac MOXKHO CYHUTATh HANEKHO yCTAHOBJIEHHBIM
TOT (PaKT, 9TO TPABUTAIMA OMUCHIBAETCA METPUIECKAM
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TeHsopoM PumanoBa mpocrpancTBa. (OmHaKO, HAIU-
qre WCKPUBJIEHHOTO PUMaHOBa MpoCcTpaHCTBA OOHADPY-
JKUBaeTCA B 3KCIEPUMEHTE TOJBKO BO B3anMOJelicTBIN
MeXIy MaTepuajJbHBIMU oObekTamu. CJiemoBaTeIbHO,
BO3MOXKEH IOAXO0H, KOTJa 3TO MPOCTPAHCTBO ABJACT-
cd Junib 3(PPEKTUBHBIM, MOPOKIEHHBIM HeJIUHEHHO-
cThio Momenu. [IpuHATHE TaKol TOUKN 3peHUA O3HATA-
eT MCIOJIb30BaHNe IJIOCKOTO MPOCTPAHCTBA B KavyecTBe
MPOCTPaHCTBA MOAEJIM, YTO ABJAETCA 3HAYUTEIbHBIM
yrporterneM. [TocKombKy 3 maapHUX B3anMoneiicTBuit
ocTaeTcs elle 3JAeKTPOMArHITHOE, MOXKHO PacCMOTPETH
eIMHYIO TMOJIEBYIO MO/ b, OCHOBAHHYIO Ha HeJIMHEHHOM
3JIEKTPOIMHAMHUKE.

Becbma wsAmbHON ABAdeTCA MOmedb HeJaWHeH-
HOW 3JIEKTPOAMHAMUKHI CJeAyiollad W3 BapHalMOHHO-
ro NpHHNOUIA DINUHTTOHA (3), The MeTPHKa ¢, CO-
OTBETCTBYET TIJIOCKOMY TMPOCTPAHCTBY-BPEMEHH. DTa
MOJIeSTb Ha3bIBaeTcA ceffuac aiekTponnaaMukoit Bopra-
Nudensna [7].

Takum obpasom mpemaraeTca pacCMaTpPUBATE eI~
HYIO TOJIEBYIO MOHAEJb C 3JeKTPOMArCHUTHBIM IIOJIEM.
Takas Momens Mo¥keT OBITH HasBaHa (DYHIAMEHTATH-
HOM 3JIEKTPOINHAMUKOI.

Omnurirem teneps apdext nHIyIIpOBanHOl PuMmano-
BOI reOMeTpPHH, BO3HUKAOWINN B HeJIMHEHHOR 3J1eKTpo-
IWHAMUKE, KOTOPHI COODCTBEHHO W MO3BOJIAET PAcCMa-
TPUBATh TAKyIO MOIEJb B Ka4eCTBE BO3MOKHOMN eqUHOM
oJIeEBOI MOJIE M.

5. 9ddexkTuBHoe PumanoBo
IIPOCTPAHCTBO

Cucrema ypasrenuii Bopua-Wadenbna gmsa smaexTpo-
MarHuTHOTO mond I, obmamaeT clAedyloOIHuM Bech-
Ma NMpUMeYaTeSIbHBIM XapaKTepUCTHIECKUM YPaBHEHH-

em [8]:

od 09
Nz =0 ’ HY = uV_QZTuV ’ 4
Ozt v g g )
roe THY — CUMMeTPUYHBIN TeH30D »HEPTUN-UMITYITh-

ca monenn, ®(z) =0 — xapaKTepHCTHUIECKAA MOBEPX-
HOCTb.

Takum obpazom, nmeercs PuMaHOBO TTpOCTpaHCTBO
€ MeTPHUKOH gf” | MHAYIIUPOBAHHOE 3JIEKTPOMATHUTHBIM
mojeM. QdeBUAHO, 4TO B 0bIneM ciaydae 370 Pumano-
BO MPOCTPAHCTBO WCKpUBJeHO. Hamo ormeTuts, 9TO
momobHBI 9dhdeKT XapaKTepeH IJId KaJduOPOBOYHO WH-
BapUAHTHBIX MOZeJell HeJNHeHHOW »IeKTPOINHAMUKI
[9]. TIpumeuaTeqbHOCTD XKe [IJist clydas Mogeau BopHa-
WNudensaa coctour B ToM, 910 PuManoBa MeTpuKa ai-
JUTUBHO COHEPKUT TEH30D PHEPTUU-UMITYIBCA 3JIEK-

TPOMAarouTHOTO HOJ'[E{1 .

IB paGore [9] mpuBemeHo XxapaKTepHCTHYECKOe ypaBHEHHE
snekTponuHaMuky bopaa-Undenpna, ornuuaromeeca or (4) Ha
MYJIbTUIIUKATUBHYIO byHKuno. OYeBUIHO, YTO TU XapaKTe-
pucTHYeCcKHe ypaBHeHHUA B3aUMHO 3KBUBAJICHTHEI.

Pacemorpum Temephb cayuait [leKapToBBIX KOODIW-
Har: —g0 =gl =¢??2 =¢33 =1, 9" =0 na p#£v.
Brrauciennsa mokaswpIBaIOT, UTO B 3TOM CJIydae

g = det (g") . (5)

CJ’ICHOB&TCJ’H)HO, IIOCKOJIBKY TE€H30pD sHEPTUHN-UMITYJ/IbBCa
YAOBJIETBOPAECT 3aKOHY COXPaHECHUA, NMEEM
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YTO COOTHOILIEHUE COBIALAET € YyCAOBHEM IapMOHUTHO-
crn @oka [10] B Teopun TpaBuTAnNN. 3HAUYEHHE STOTO
YCJIOBHA I/ TEOPHH IDaBHTAIMN HeIJaBHO obCyKma-
Jock B crarke [11].

Kaknwm xe obpasoM npoasideT cebda aTo PuManoso
TIPOCTPAHCTBO?!

Bo-nepBbix, 3amada o pacIpocTpaleHIH cj1aboil Obl-

CTPOOCHIMILIUPYIONIel »/IeKTPOMariuTHONl BOJIHBI HPHU
[
HaJIMYHH HEKOTOPOIO 3aJaHHOTO NOoJA Fy, , HAllpIMep,

VIOAJEHHBIX OOBEKTOB, MPUBOAUT K HUCIIEPCHOHHOMY
COOTHOIIIEHNIO, coBIaaolnieMy ¢ (4), rae sddekrnBran
MeTPUKa ollpeleadercda TOJbKO 3TUM 3aJaHHBIM II0JIeM

V] V]
0=9(FuFop),a ®(x) ecrs dasa somnst [8]. To ecrs
MMeeTCA NCKPUBJIEHHE JIydeii cBeTa THITa TPaBHTAIMOH-
HOTO.

Bo-Brophix, Kak mokazaHo B pabore [2], npu Hasu-
[
YUH 3aJaHHOTO OJd F'y,, JUCIEPCHOHHOE COOTHOIIECHIE

(2) ana caaboro GHICTPOOCITHIIIHPYIONIETO BOTHOBOTO
makera (MMEOIEro 9acToTy MOKOA) MOANMHUINPYETCa
B CJIeyIOTNIEe:

g ke k| =w® (7)
[ [
rme onaTs g = g(F u Fop) -

DTO AUCIIEPCHOHHOE COOTHOIIEHWE MPUBOOUT K
YPaBHEHWIO JBUKEHNA HEKOTOPOU MEHTPAJBHON TOUKH
BOJTHOBOTO MaKeTa IO TeOHe3NYecKOl JMHUH TOTO K€
spdexruBHoro Pumanosa npocrpancrsa [2]. To ectb
yKa3aHHBI BOJTHOBOH makeT Bemer ceba KaK MacCUBHAA
TPAaBUTUPYIONIAA JaCTHIIA.

Takum 06pazoM mMeeTcss KapTUHA TPABHTAIMOHHO-
ro B3aWMOJeHCTBIA B paMKax HEJTMHEWHON »JIeKTPOIH-
HAMUKH.

3meck paccMoTpeH 3(M@eKT TOJBKO Ajd OBICTPO-
OCIIMJIIUPYIOIIEel YacTH YaACTUIETOTOOHOTO pelleHN.
[Tpu ompemeseHHBIX YCAOBUAX OBUTATHCA 1O TE€OME3MU-
geckuM PumanOBa mpocTpaHCTBa OYIOyT W YyIOMSAHY-
TBIE B KOHIIE pasfiejia 3 TOJieBble KOHMUTYDAIUU TH-
ma xoaMoB. [lomobras 3amada paccMaTpUBaIach paHee
aBTOPOM HJId CJydas HeJWHeWHOH 3IeKTpOIMHAMUKE
Mu [12] u HenuHelHON ek TpOAMHAMUKY THa BopHa-
Nudenpna [13, 14, 15].

Wrak, B pamkax byHIaMeHTAIbHON 3JIeKTPOIIHA-
MUKW TPABUTAINA MOKET BOSHUKATH CJIELYIONUM 00pa-
30M. MaccuBHBIE OOBEKTBI MPEACTABIAIOT cOOOH TPO-
CTPAHCTBEHHO JIOKAJH30BAHHBIE OBICTPOOCIUIIIHPYIO-
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e MHOTOYACTOTHBIE MOJIeBbIe KOH(MUTYDAIUN 3JIeK-
TPOMATHUTHOTO TOJIsl, ¢ aMILTHTYION MJIaBHO ClTafgaio-
el mpu ynaseHun ot objactu JioKajusanuu. [1po6-
HOE TeJIO WIIH CBETOBas BOJIHA OYIyT MOABEPTaThCs Meti-
CTBUIO TIOJIS YAAJEHHOTO 0OBEKTa TOCPEACTBOM HHIIY-
mupoBaHHOro PuMaHoBa mpocTpaHCTBA, METPUKa KOTO-
pPOro HOJIKHA MOJYYaThCs YCPEAHEHUEM TO OBICTPHIM
MPOCTPAHCTBEHHO-BPEMEHHBIM OCIIMJIIATHAM.  3eCh,
KOHETHO, TPEIIIOJIaraeTca WCHOJTb30BaHNe MPUOIIHKe-
HUsI, KOTJIa BO3MOIKHO pasfejleHue Ha ToJie TPaBUTH-
pyioiero obbeKkTa u 1moJjie TpobHoli cybcTanuu, u sgd-
dekThI, XapaKTepHbIe )i KBAHTOBON (puU3MKM, He Cy-
HIECTBEHHBI.

[Ipu mocraTrodHoM yIajieHUu OT OBJIACTH JIOKAJIH-
3allii TPABUTHPYIONIETO Tejla chal mojis Gymer olpe-
JIeJIATHCI ACUMITOTHKOMN cepuaeckn CHMMETPHIHOTO
pentens ypasHenuii Makcpenana (tuma (1)), T.e. am-
niuryga Oymger cmagarb Kak 1/r.  Tlockosbky ad-
deKkTUBHAS METPUKA 3aBUCUT OT KBAIPATOB KOMIIOHEHT
SJIEKTPOMATHUTHOTO TOJIS, YKA3AHHBIN ClIaf aMIIATY-
JbI TpUBeieT K acUMMOTOTHKe MeTpuku 1/r?) 4to He
coryacyercs ¢ peaJibHOM rpaBuranueti. 3ech, OIHAKO,
HAJI0 yUeCTh, U4TO TMEePEKPBITHE CIAAAIONUX JacTell mo-
J151 GOJTBIIOTO KOJTMIeCTBa OObEKTOR, TAKOTO KaK BO BCe-
JIEHHON, HEMUHYEMO, BCJIEICTBUE HEJIMHEHHOCTH, MPH-
BeZleT K 0OpasoBaHuio GOHOBOTO TOJIS ¢ TPUOTU3UTETH-
HO TOCTOSHHON aMmruTyaoh. [lpu BbIIucIeHHE 5h-
dexTuBHON MeTpUKH 5TO (POHOBOE TOJIE HEODOXOMMMO
yauThiBaTh. Pasbl (OHOBOrO TMOJSA U CMAJAIONIETO O~
Jisi TPABUTHUPYIOIMIETO TeJia BYIYT COTIACOBAHBI BCJIE-
crBue HeqmHelnoctu. Torma oueBumIHO, 910 3D HEKTUR-
Has MeTpUKa 6yIer 3aBUCETh OT aMIIUTYABI (POHOBOTO
o U OyAer uMerh IPaBUJIBHYIO ACUMITOTHKY 1/7.

[Mpu takom momxome HbioToHOBa rpaBHTAIMOHHASA
MOCTOSHHAS HOJIKHA OBITH MPOMOPIHOHATBLHA AMILIH-
Tyze GoHOBOrO moJis. MOKHO TPeInoIoKNUTh, 9TO 3Ta
AMILIUTYAa HECKOJIBKO BAPBUPYETCS B 3aBHCUMOCTH OT
TYCTOTHI CKOTIJIEHUST TPABUTUPYIOMKUX Macc. B dacTHO-
CTH, BO3MOIKHO, YTO TaKWM MyTeM YIACTCA OObACHUTH
yBeJIMYeHNe IPABUTAIIMOHHOTO TOJIA, W3BECTHOE cefidac
Kak 3dEKT CKPHITOH Macchl UM TEMHOH MaTepuu.

6. 3akio4deHue

Wrak, BecbMa BEPOATHO, YTO PeasibHASA IPABUTAIN A MO-
XKeT OBITH 00bACHEHA UMEHHO TaKuM obpasom. OmHaKo,
9TOOBI B 3TOM yOemUTHCA HAMO MOJIYIUTH €llle HEKOTO-
pBble Pe3yJIbTATHI, KaK TEOPeTHYecKHe, TaK W HKCIepPH-
MeHTaJbHBIE.

B nobom ciyuae addexT mrmynmpoBanHol Pu-
MAaHOBOI TeOMETPUHU B HeJUHEHHON 3/IeKTPOINHAMUKE
SABJIAETCA PEAJBHBIM. A TOCKOJNBKY (€ Pa3INYHBIX TO-
YeK 3PeHN#A) BaKyyMHasd »JeKTPOANHAMUKA HeJTnHefi-
Ha, TO 3JEKTPOMATHUTHOE TI0JTe MOYKET HEMOCPEICTBEH-
HO M3MEHITh METPUKY MPOCTPAHCTBA, KOTOPYIO MBI pe-
THCTPUPYEM MPH MOMOIIH HEKOTOPO# TpobHOl cyberan-

JENGRG I/IJ'H/I, APpYTruMu CJIOBaAMU, 3JIEKTPOMAaroduTHOE IIOJIE
MOXKET HEIMMOCPEACTBEHHO U3MEHATH I‘paBI/ITaL[I/IIO!

Baaromapuoctn
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B pamkax Teopum B3ammometicTBUT GMIIOKATBHBIX TOJIEH, CBOOOTHON OT yiabTPahHMOIETOBHIX PACXOAMMOCTeH, pac-

CMATpHUBaeTCA IIPOIECC pacCeAHUA 3apAzKEHHOT'O (bepMI/IOHa BO BHE€ITHEM TI'pPaBHUTAIlMOHHOM IIOJIE.

Brrauciisrorcs

paguralmuoOHHbIE TIOIIPpABKM, O6yCJIOBJIeHHI)Ie CcOBCTBEHHBIM TPpaBUTAITUOHHBIM W 3JIEKTPOMATHUTHBIM ITOJIEM YaCTUIIBI,

B 9aCTHOCTHU T€, KOTOpPbIC NPUBOIAT K IMEPEHOPMHWPOBKE KOHCTAHTBI I'PaBUTAITMOHHBIX B3aI/IMO,D;eI7ICTBI/II7I.Ha OCHOBE

TIOJIYHIEHHBIX PE3YJIBTATOB JeIacTCA BHIBOO O HECIIPABENJIMBOCTU IIPWHITNATIA SKBUBAJCHTHOCTN Ha KBAaHTOBOM M KJlac-

CHUY¢€CKOM yPOBHE.

HpeﬂnaraeTc;{ MaTeMAaTUYIeCKN KOPPEKTHad Mpolieaypa KBaHTOBaHUA IIPOCTPpaHCTBa 1 BpEeMEHU.

1. Bsenenue

Ecau rpaBuTanmonHoe moJjie mpeacTaBiger coboll HeKo-
TOPBIN BUI B3aWMOIEeHCTBUA MAaTepuUu, TO OHO HOJK-
HO KBAHTOBATHCA, MOCKOJBKY TpOIedypa KBaHTOBA-
HUS JIIOOBIX B3auMOIeficTBIA (aKIMAEHITHN) MOCTEn0-
BATENBLHO TEMJIAeTCA 3a TMPOIENYPY KBAHTOBAHUA Ma-
Tepun (cybcraHIuM): TpPH B3aNMOLEHCTBHN HAWMEHB-
1masd TMOPINA MaTepul — 3JieMeHTapHad YacTula —
obMeHmBaeTca ¢ APYToil YacTuilell HAMMeEHbIIelH TOPIH-
elt B3auMopelicTBra — KBaHTOM. McTopudecku mepBoit
OBIIa TPOKBAHTOBAHA aKITUIECHIINSA B BUJIE JIEKTPOMAr-
HUTHOTO MO/ (Ha KJIACCHIECKOM YPOBHE B3amMogeli-
CTBHE — 3TO BCETMIA BOJIHBI, 334 KOTOPBIMH CTOAT 0O-
30Hb1). TITaHK MoKasas, KaK 9JIeKTPOMAarHUTHOE TOJIe
MOYKHO TPEICTaBUTH B BUJE COBOKYIHOCTH TaKuX 0O-
30H0B — bororoB. e Bpoiias u lpenunrep permmin
B HEKOTOPOM CMBICJIE OOPATHYIO 3a/ady, MOKa3aB, KaK
JacTUIIAM MATePUN MOYKHO COMOCTABUTEH BOJTHBI — BOJI-
HBI Marepun. B pesyibrare nBe Kareropun pUINKA —
cybcTansa U aKnuaeHIna (HasbiBacMasd ele HHOD-
Marmeii) — ObLIH TpoKBaHTOBaHBL. Ho dbusnka ommpa-
eTcdA Ha TPHU KATETOPWH, TPEThA — 3TO MPOCTPAHCTBO-
BpeMA. ¥ HAC UMeOTCA Cepbe3Hble OCHOBAHUA CUN-
TaTh, 9TO W TPeThA KATETOpHWA MOJIKHA KBAHTOBATH-
ca. OxasbIBaercsd, TPOIeAypa KBAHTOBAHUA MaTepUH
TTOCTIeIOBATETBHO TIETIAETCA 38 TPOTENYPY KBaHTOBA-
HUA NpocTpaHcTBa-BpeMenu [1].

CorjiacHo MPWHIKMITY >KBUBAJEHTHOCTH T'DABUTAIN-
OHHOe II0JIe — 5TO MeTPHKa IPOCTPAHCTBa ¢, (X) . Or-

le-mail: m.cabbolet@wxs.nl

2e-mail: sanpros@kipt.kharkov.ua

ciofa OOBIYHO MeNIAIOT BBIBOM, 4TO KBAHTOBAHUE ITPO-
CTPaHCTBA CAMBIM TECHBIM 00pPa30M JTOJIKHO OBITH CB-
3aHO ¢ KBaHTOBaHWeM rpaputanuu. [losTomMy Bompoc:
TaK JII HTO, CTAHOBUTCA MpobiieMoii (byHIaMeHTaIBHON
OTBeTUTH Ha HETO MO3BOJAIOT MPOIEIaH-
Hble HAMHU BBIYUCJICHUA.

Ba2KHOCTH.

2. BsaumopelictBug B HOBOM
KBAaHTOBOU cxeMe

3mech paccMarpuBaercs 3aJaHHOe (KJIACCHIeCKoe, JIo-
KaJIbHOe) TpaBHTAlHOHHOe moJeh,, (X), B KoTOpoM
paccenBaercsi 3apsakeHHBIN (HepMUOH, ONMHUCHIBAEMBIH
OUIOKAIBHBIM KBAaHTOBAHHBIM noseM ¢(X,Y). Buio-
KAJIbHOCTh — CJIICTBHE OUTaMUJIBTOHOBOCTH TOH TH-
HAMWYECKOH CHCTEMBI,KOTOpas JIEKUT B OCHOBE HOBO-
ro ToAXoma K TpodjieMe sJIeMeHTaAPHBIX TACTHIL, TPell-
Jgoxkennoro B [2]. B mamHOM momxome Bce KBaH-
TOBaHHBIE TOJA (Kak cyGcTaHINM, Tak W aKIHIeH-
[AN) ABJIAIOTCA OWIOKAJBHBIMEH. IlocienHue cBAsa-
HBI C JIOKaJbHBIME mosamu dopmymnoit ¢(X,Y) =
F(Y,—i0/0X)¢(X), tme F(Y,—i0/0X) — pasmassl-
Batommii oneparop. 3meck X — KoopauHaThl adpuH-
HOTO IPOCTpaHcTBa BpeMeHH Asz; (mpocrpaxcrsa Ily-
aHKape), B KOTOPOM HAXOMUTCA YacThia, a ¥ — Koop-
JUHATHI BEKTOPHOTO MPOCTpaHcTBa MUHKOBCKOTO, KO-
TOPBIMHE OMUCHIBAECTCS BHYTPEHHSSI CTPYKTYpPa JacTHII.
Takum obpasoM, B TaHHOW TEOPHH YaCTUIBI ABJIATOT-
csd HETOUCUHBIMU pa3Ma3aHHBIMU obbeKTamMu. Bsan-
MofleficTBUA TaKWX MOJiell OMUCHIBAIOTCA CBA3AMU BHU-

ma [ P(X,Y)e(X,Y")du(Y,Y') (3mech ¢ — nome cy6-
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CTAHIUH, a ¢ — moJie akimuaennnn), tae du(Y,Y’) —
Mepa Ha MPOCTPAHCTBE BHYTPEHHUX MEpeMeHHBIX, Hali-
nenna B [3]. B acummrotuke | X| >> |Y| 6unokaasroe
HOJIe TEPEXONUT B OOBIUHOE JIOKaIbHOe, T.e. (X, 0) =
¥(X). B UMIyJIbCHOM IpPEICTaBIEHHN BCE IPOIECCHI
B3aMMOIEHCTBHS M306pakKatoTCA OOBITHBIME JHATDAM-
vamu PefiHMana, TPU BePIIHHAX KOTOPHIX MOABJISIOTCS
dbopmdarropsl p(p, k) — dyHKIEN 4-UMIYIBCOB p 1
k monett ¥ w . Ecnm nona ¥ u ¢ HesmaccoBbie, TO
dbopmdarrop samuceiBaerca B Bume p(p, k) = cospk,
ecqiu ke ToJie 1) MaccuBHOE, a (¢ bHesMaccoBoe, TO

p(p, k) = 9([)”\"/# ,tne I = (pk)?—p?k?, a 0 — maro-
Bag pyukmua. Oba stu dopmbakTopa UCHOIB3YIOTCA
B KBaHTOBOIl IpaBuTanum (B KBAHTOBOW 3JIEKTPOINHA~
MHUKE HCIOJIB3YeTCa TOJBKO BTOPO; MBI He TPUBOIUM
37eCh BBIpayKeHUe i Tperhero hopMdarTopa, Koraa
oba MoJis MACCHBHBIE, MCIOJB3YEMOTO B TEOPHH CHJTh-
HBIX B3anMmogeiictsmit). Tpu surerona dhopmdakTopos
CBABAHBI MeXKIY cODOW CTOXACTHIECKUM WHTETPUPOBa-
uueMm. Hampumep, acuMOTuTHKAa BTOporo (opmdakTo-
pa ”;L—é’k = fol cos(apk)da. B pesymabrare "1y6a” wa-
CTHUIIBI UMEET SIIEJIOHNPOBAHHYIO CTPYKTYDY.

3. PaagnompaBku B KBaHTOBOM
rpaButanuu. OCHOBHOI pe3yabTaT

B [3] mamHas Teopus NPUMEHJIACH IPU BBIYUCICHUU
PaAmonpaBoK B KBAHTOBOW 3JIEKTPOIUHAMEKE. 3I€Ch
paccMarTpuBaioTca PAIIoNpaBKyN B KBAHTOBOM rpaBuTa-
nnu. B pamkax JIoKaJdbHOW TeOpWHn HEKOTOPHBIE W3 HUX
paccmarpusanuck Lynroii [4]. Omnako ms-3a yabTpa-
dUOTETOBHIX PACXOMUMOCTENH PE3YIBTATH BEIYUCIEHUH
OBLITH KpaliHe HeoMpeIeJeHHBIMI HE TOJBKO B KOJIHYe-
CTBEHHOM, HO W B Ka4eCTBEHHOM OTHOIIECHUN (TTOJIOKe-
HUEe ycyrybadeTcsd ellle W TeM, YTO TDABUTAIHOHHBIE
B3aMMOJIENCTBAA W3-33 CIWHA T'pPaBUTOHA, PABHOTO 2,
SABJAIOTCA HETIEPEHOPMHUPYEMBIMIE ).

KoukpeTHO BHBUHUCIAETCA TEH30D MNOJAPUIANNH
I1,,,c TpaBUTAllMOHHOIO IIOJIA, C KOTOPLIM CBA3aHa
Macca TPaBHTOHA, a TaK¥Ke TOMpaBKH K Macce (HoTo-
Ha, 6e3MaccoBOll cKaJApPHOI YacTUIBl 1 HEHTPUHO. 3a
HCKJTIOUeHeM HefiTpuHO (ero mMacca ocraercs paBHOIM
HYJII0) TDaBHTAIMOHHBIE MAacCBl BCEX HA3BAHHBIX da-
CTHI, UMeIOT MOpANOK Beqmanubl y/m ~ 107%2¢g (rme
¥ — xoHcranTa HbioToHa). Bhruncigerca Takxe ole-
parop X(p) coGCTBEHHON HEPIHH MacCUBHOTO (bepMu-
OHa, TpUBOAANINHI K IPpaBUTAIIMOHHON ITONpaBKe K Mac-
ce, W BePIIHHHBIN omeparop A, (p,0), onnceiBaromuit
MOTMPAaBKY K paccedHuio hbepMHOHA ¢ MAccoll m u um-
IyJIBCOM P TPaBUTAIIMOHHEIM IosIeM h,,, (0) B mpemese
HYJIEBOTO TIePeIaHHOro UMITysibca k = (. Dra mompaBka
NPUBOIUT K IEPEHOPMHUPOBKE KOHCTAHTBHI T'DaBUTAIIN-
OHHBIX B3auMoelicTuii v (MompobHOCTH BBRIYMCIEHUN
GynyT onybaukoBaHsl B [5]).

OcHOBHOe BHHUMAaHUE yaejadercda nepeHoOpMHPOBKE

KOHCTAHTHI TDaBUTAIMOHHBIX B3anMMOAeHCTBUN 3J1eK-
TpudecKn 3apaxenunoro gpepmuona. [lepenopmumpoBan-
Hasd KOHCTaHTa 7 BHIpaXkaeTcsd depe3 3aTpaBOYHYIO
("romyto”) KoHcTaHTy Y 1O dopmyie ¥ = 71 /7.
3mech Z5- KOHCTaHTA MEPEHOPMUPOBKH (hepMUOHHOM
dyurnun ['puna, obycmoBiieHHas COOCTBEHHBIM 3JI€K-
TPOMATHHUTHBIM TIOJIEM, & Z1 — KOHCTaHTa MEPEHOPMU-
POBKH TPABUTAIHOHHON BEPIIUHBI, TOXKe O0YCJIOBJIEH-
Hasdg COOCTBEHHBIM 3JIEKTPOMATHUTHBIM TIOJIEM hepMu-
ona. I 71, m 7, comepxar madpakpacHble pacXoan-
MOCTH, CB3AHHBIE C HYJeBOH Maccoil BUPTyaabHOTo (ho-
TOHA, OJHAKO B OTHOWICHUN Z1/Zs OHU COKPAIIAIOTCH.
OkoH4YaTeIbHBIN PE3YJIBTAT 3AMUCHIBAETCA B BUJIE

v == 2 [ - ) Kom )+ )

+2m?2% (1 + 2) K1 (m?2)]dz},

2
R ey
rme a = e KOHCTaHTa TOHKOMN CTPYKTYPHI BOMMep—

denbma, a K, — dyakmun Makmgonaabga. Ilpemenn-
HBIe BBIpAXKEHHA 5TOH POPMYIHI TAKOBBI:

;L B i g_ mZeC
v =~(1 = Ta/37m?), m>> 1,

roe (' — KoHcTaHTa Diiaepa.

Kak BUIHO, IepeHOPMUpPOBaHHAad HBIOTOHOBA KOH-
DTO O3HAUAET,
9TO JaXKe B KJIACCHYIECKOM TIpeesie TacTHIIBL C pasHbI-

CTaHTa 3aBHCHUT OT MacCChbl YaCTHUIIBI.

MH MacCaM# B OJHOM M TOM K€ TPaBHUTAIMOHHOM IIO-
Jie OyOyT OBurarbcsa mo-pasHoMy. OcobeHHO HaTJIAIHO
9TO MOYKHO MPOIEMOHCTPHPOBATH, 3alMNCaB YpaBHEHII
Heiorona nnsa samaun Kemsepa

d? , mM

(3)

3/ech Ha M MOYKHO COKPATHTh, TaK KaK WHEPTHAA
Macca JacTHIBl PaBHA ee TPABUTAIMOHHON, u 0be OHHU
ONMHAKOBO TepeHopMupytorca. OmHAKO 3aKOH JBUKe-
HUS TeM He MeHee 3aBHUCAT OT MACChl YacTUIbl (Hampn-
Mep, B 3aade (3) 9acTUIBI ¢ pA3HBIMI MaccaMu OyIyT
UMETh PasHble SKCIEHTPUCHTETHI), Tak YTO YACTHIHI
GyIyT IBUTATHCSA IO PA3HBIM TPAEKTOPHAM (Teome3mde-
ckuM). [ onncaHua PasHbIX 9acTUIl TPeOYIOTCH pas-
HEIE TPOCTPAHCTBA C PA3HBIMA METPUKAMHA §,,, , PASHBI-
mu cBasHoctaAMu [, u kpuBusnamu Ry, 0. YHUBEp-
CcaJbHOCTH MPOCTPAHCTBA W MBUKEHUA, TPOBO3TJIAIIEH-
Hasd TPUHIUIIOM 3KBUBAJEHTHOCTH, HAa CAMOM JeJie 1a-
e Ha KJIACCHIECKOM yPOBHE HE HMEET MeCTa. JTO KaK
pa3 Ta IpUYWHA, KOTOpad He MO3BOJMJIA CBECTH 3JIeK-
TPOMATHUTHOE MOJe K TeOMETPHI (IPABATAITHN B 5TOM
OTHOINIEHNH TOBE3JIO: YUCJIEHHO OTINYNA MPOCTPAHCTB
APYT OT OpyTa BechbMa He3HAUWTEIbHBI, OJHAKO, IeJIO
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He B YMCJIEHHBIX 3HAYECHHAX, a B MPHHIMWIE). B cBi-
3M C 3TUM HPUHININ 5KBUBAJECHTHOCTH, TO-BHIMMOMY,
HeJIb3A CUNTATh YIAaUHBIM. [l1d onmcaHmd TpaBUTAIN-
OHHBIX B3amMOAeHcTBII TpebyeTcsa WHOM, adeKKBaTHBIH
npuHIAN. BocXoXeHNe K HEMY CJIeIyeT HAUNHATH He
CO CTOPOHBI I'PABUTAIINH, & CO CTOPOHBI BJIEMEHTAPHBIX
gacTui u Kocmozorun [1], [6].

4. KBpaHToBaHUe NMpOCTpPaHCTBA

Bce-takm takme nonaTma muddepeHmmanbHONE Teome-
TpMH, KaK KOKacaTeJbHOe pacClOeHhe, MeTpHKa, ad-
JduHHAA CBASHOCTH, KpWBHW3HA, Kpyd4eHHe, W obuieit
TOIMOJIOTHY, KAK CBASHOCTH, TPAHWINA, IBIPKH, CHHTY-
JIApHBIE TOYKW, Mepa MOABHJIUCH IPH paspaboTKe Te-
OpUM TpOCTPaHCTBAa KaK KOHTHHYYMa, HaIeJIEHHOTO
HEKOTOpOii JTOMOMHUTENBHONW cTPyKTypoll (B wgacTHO-
crn, nuddepennupyemoii). Brogre BO3MOXKHO, 4UTO
OHHM HE aJeKBaTHBI TOMY (PU3MYECKOMY SBJIEHHIO, KO-
TOpOe Ha3bIBAeTCs TPABHTAIMOHHBIM B3aMMOJEHCTBH-
eM (mocsenHee, KaK OKa3bIBAETCH, CBA3AHO C COBCEM
IPYTUME PacCIOEHUAME W AWHAMHYECKWMH CTPYKTY-
pamMu, obA3aHHBEIMH CBOMM CYIIECTBOBaHMeM amrebpa-
M9IeCKOil HE3aMKHYTOCTH HEKOTOPHIX KOJIEII, €CTeCTBEH-
HBIM 00Opa30M CBA3AHHBIX C KOKaCaTEJIhHBIM Paccsioe-
HEUeM mpocTpaHcTBa W BpeMenn [1]). HocrarodHo sa-
METHTH, 9TO Ha caMoil paHHe#l cragmm obGpasoBaHWA
Bcesernnoli, Korma oHa ImpeacTaBIaga coboil GuraMmTe-
TOHOBY IOWHAMHYecKyio cucremy (cm. [6]), mpmxo-
IUTHLCA PellaTh OBe MPHHIMNNAJBHO pasHbIe MO CBO-
eMy XapaKTepy 3aJadl: BKJIIOYeHHe TpaBHTAIHOHHBIX
B3aMMOJIEHCTBII, CyNIeCTBOBaHNE KOTOPBIX CBA3AHO C
BBIPOKIEHNEM COCTOAHMA OMTaMUIBLTOHOBOM CHCTEMBI
f (mmwm cmeifcyckyn, cM. gadblie), w o0pasoBaHme
POCTPaHCTBEHHO-BPEMEHHOTO KOHTHHYyMa KaK oruba-
OIIEr0 MPOCTPAHCTBA, CKJIEeHHOTO U3 OTAEIbHBIX CIIefi-
CYCKyJI, a TaKikKe OIpele/ieHHe er0 MeTPHKH ¢y, (X).
ITpy »TOM rpaBUTANMA W TPOCTPAHCTBO CO3MAIOTCA Pas-
HBIMH TeH30paM¥ >HEpIHHA-MMITy/Ibca KBAaHTOB f: TIep-
Bad — MHUKPOCKOIIMYECKHM, BTOPOE — MaKpPOCKOITHYIE-
[TpnMeuaTeNbHO, 9TO TMPH 3TOM [JIA ONpeme-
JIEHWs MeTPUKH MOJIy9afoTCs ypaBHEHWs, B TOTHOCTH
COBNAJAIOIINe ¢ ypaBHeHNAMHE | miasbepra-OitHuTeiiHna
(cm.  [6]).HoBas ponb »Tux ypaBHeHHii CBOOUTCA K
TOMy, 9YTO WMW OIMCBHIBAETCA IpOIecc obpasoBaHWA
pPOCTPaHCTBEHHO-BPeMEHHOTO KOHTHHyyMa. Ilocsen-
HWIi BIEPBRIE TEHEPUPYETCA TIepBOMaTeEpHeil — KBaHTa-
MU [, W3 KOTOPBIX cocTosijia BeeleHHas B cBoeM HyJle-
BOM TIMKJIE (/IO TOTO HHKAKOTO MPOCTPAHCTBA He OBI-
70) [6]: mepBomarepus f Morsa CyIlIecTBOBaTh M Oe3
npocTpaHcTBa. [lo3TOMY HMpOCTPaHCTBO CJIEMyeT CUM-
TaTh BTOPHYHOI KaTeropmeii, MponsBogHON OT MaTepun
(Jletibuum), KoTopas Morjia OBITH co3laHa MarepHeli
TakK, KaK, CKaXkeM, CO3/1aeTCA 3JeKTPOMarHuTHOE TI0JIe
3apAmaMyi W TOKaMH. I|IpOTHBOIIOJIOXHAA TOYKA 3pe-
HFS Ha TPOCTPAHCTBO KaK Ha MEPBHYHYTO (AMPHOPHYIO,

CKHM.

BEYHYI0) KATETOPHIo, BOCXOHAIYI0 K KaHTy, n3 KoTo-
poii Moryia 661 BosHEKHYTH Marepus (Kaunddopm), mo-
BUIMMOMY, He BEpHA.

Ho BosBparuMmcsa K uaee KBaHTOBaHWA MTPOCTPAH-
cTBa. B HacrosAlee BpeMs O 3THM TOHIMAETCH KBaH-
TOBaHWe MeTPHUKHW MpocTpaHcTBa. OIHAKO COBEPIITEHHO
ACHO, ITO MeTPHKa ¢ (X) — »TO He caMo IpOCTpaH-
CTBO, a PYHKINA Ha HEM, TAK¥Ke KaK W KOOPIUHATH X
5T0 (DYHKIMN TOYKH TpocTpancTBa. [losToMy KBaHTO-
BaHWEe 9THX BeJWYIWH (MoaydmBinee, Gaaromaps MPWH-
MUY SKBUBAJEHTHOCTH, HA3BAHNE KBAHTOBON IpaBUTAa-
AU, 1 HEKOMMYTATHBHON TeOMeTPHI) HE NMEET OTHO-
NIeHHA K PeajbHOMY KBAHTOBAHUIO CAMOTO MPOCTPAH-
CTBa.

B amncrom Buze (6e3 KoopanHaTHON ceTkn U g de-
PEHINPYEMON CTPYKTYDBI) HPOCTPAHCTBO TPEICTABIIA-
eT coboit KOHTMHYYM - HENPEPBIBHYTO cpeny (MareMaTh-
YecKYIo CyOCTAHIMIO), COCTOANYIO U3 TOUeK (DBKIIMI).
DTO YUCTO KIACCHIeCKas MOMEb IIPOCTPAHCTBA, B KO-
TOpOIl HanMeHBlIeH HelenMOol mopnuell mpocTpaHcTBa
ABJAAETCA TOUKA, TOYHO TaK JKe, KAK KOPIYCKYJIa ABJI-
eTcsa HamMeHbllIel mopinei pum3ndecKoi cybcTaHmm —
MaTepny (1M 9TO TOYKE UNCTO KIACCHIECKAA MOJENTb Ma-
tepun) OgHAKO, KOTZA He MBICIEHHO, a PeaabHO yla-
eTcd pacdJeHUTh MaTEPHUI0 HA COCTABJIAIONINE €€ KOD-
MYCKYJIBI, PA30OPBAB BCE CBA3M, CKJIEUBABINNE UX B €U~
HOe IejI0e, TO OOHAPYKHWBAETCH, UTO OTIEIbHBIE KOD-
IMYCKYJBI (3JIeMEHTApHBIE YaCTUIIBI) OOIamaloT BOJIHO-
BBIMI CBOFiCTBaMU (BOJIHBI MaTephn). BakHO HOTIEPK-
HYTb, YTO MaKPOCKOMUYECKWH KYCOK MaTepHl yTpa-
YUBAET BOJIHOBBIE CBOMCTBA M3-3a BCe HUBEIUPYIOIIE-
ro BGOMBIIOTO YHCIa KOPIYCKYJ B HeM (y¥XKe aToM WJIH
MOJTEKYTa 0DIATAI0T CJ1ab0O BEIPAKEHHBIMI BOJTHOBBIMHA
cpoiictBamu). VIMeHHO B cOMOCTaBAEHHH KOPITYCKY/IaM
BOJIH (MmoJelt), T.e. B myanqusme ”BoJIHA - JacTHIA’, 3a-
KJTIOYAeTCA MOMAJIMHHASA MPOIEIypa KBAHTOBAHWA MaTe-
puu. JIBolicTBeHHas CYUIHOCTH OMUCHIBAETCH KBAHTO-
BOW Teopmeli.

ITpocTpancTBo — TOXKe cybCTaHINsA, HO TOJIBKO Ma-
remaTudeckad. Kak m MaKpOCKOMUYIECKHH KyCOK Mare-
puu, MaKpOCKONHWYeCKHH 0ObeM MPOCTPAHCTBA W3-3a
GOJTBIIOTO YUCjIa TOYEK B HEM He 00J1aIaeT BOJIHOBBI-
Mmu cBolicTBamu. OIHAKO, ecil PeajJbHO CO3MATH TAKHE
dusnveckne yCJIOBHA, KOTA TPUAETHCA UMETH MIEJIO C
OYeHb MaJIBIMU O0beMaMi TPOCTPAHCTBA W JTa¥Ke C ero
OTHENBHBIME TOUKAMU (ACHO, UTO 9Ta 001aCTh CBEpXMa-
JIBIX PACCTOAHUN TOCTUTAETCS TPH CTOJKHOBEHUH Ya-
CTHIT CO CBEPXBBICOKUMU SHEPTUAME, WU HA MOCTeqHeH
cragmu Kostatica Beeennotit), To, o HallleMy MHEHUIO,
B 3THX YCJIOBUAX OyAYyT MPOABIATHCSA BOJIHOBBIE CBOI-
CTBa MPOCTPAHCTBA, TOYHEE, €TI0 OTHEJIBHBIX M30JUPO-
BAHHBIX TOYEK. B »TOM cjiydae Bce CBA3U MEKIY TOU-
KaMn (CBASHOCTH), CKJIEWBABIINE WX B HEMPEPHIBHYIO
cpenly — KOHTHHYYM — OyIyT pasopBaHbl (06JacTh
TaK Ha3BIBAEMON acaMIITOTHIECKOH CBOGOIBI), W TPO-
CTPAaHCTBO TPEICTAHET MEPEN HAMU B BUIE rasoobpas-
HOM Cpelbl — AMCKOHTHHYYMa (B 9THX YCIOBHAX HBIO-
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TOHOBa MOJIENTb ITPOCTPAHCTBA CTAHOBAUTCA He HefCTBH-
TeqbHOM). ONHAKO KaXkaas ero H30JIMpOBaHHAA TOUKA
6yrarogaps BOJTHOBBIM CBOicTBaM GyleT pasMbiTa B He-
KOTpYIO faJiee HeleTUMYI0 06J1acTh, Ha3bIBAeMYO HAMHK
creficyckyJtolf (MHTEPECHO OTMETHTH, UTO 9Ta 00JIacTh
npeAcTaBIAeT coboif MHOXKECTBO, HEM3MepHMOoe TI0 Bo-
peJtio).

Ha dusmuaeckom s3pIKe creiicycKymma — 3To cocTos-
HIe OUTaMIITBTOHOBOM crucTeMsbl - moste f(x), Kamcynn-
pOBaHHOe B TOYKe AMCKOHTHHYYMa (MW B CINHOPHOM
crioe, BBIPOCIIEM U3 9TOf Toukm, cM. [2]), m yxKe mo-
3TOMY HEM3MEPHMOE, KOTOPOE HE MOYKET OTOPBAThCA OT
5TOM TOYKH, & MOJKET OBITH TOJBKO BIABIECHO B Hee (MK
B CJIOii) IO OUpENesIeHHOTO Mpefiesia, Hocae KOTOPOTo
HaYMHAeTCA HeOOpaTUMBIl KBaHTOBRIN nmepexon f — f
(f'(«') - BrOpas KOMIOHEeHTa OGUTaMUIBTOHOBOMH CHCTE-
MBI), B pe3ysbTare KOTOPOTO BO3SHHKAeT OHIIOKAIHHOE
nose dbyngaMentagbaoil gactunsl Yz, ') = P(X,Y)
BMeCTe C €ro HOCHTeIeM — HpocTpascTBoM Az D X .
(PenaTuBnCcTCKHE GUTAMHIBTOHOBBI CHCTEMBI OMHCAHBI
B [1]).

Takum obpasoM, pesylbTaToM KBaHTOBAHWA ITPO-
CTpaHCTBa ABJAETCA INHAMUIECKad CHCTEMA HOBOTO
tuna. Hoselii Tun BosH f(#) MBI MpeniaracM Ha3bIBaTh
(He TOJIBKO U3 YBAJKEHNUA K IPEBHIM MBICTHTENAM, HO I
pain NCTOPHYECKOH CIPaBEAJIMBOCTH) BOJHAMN 5bupa.

5. HploToHOBa KOHCTaHTA 7

B sakmiogenne IIPOOEMOHCTPUPYEM BO3MOXKHOCTH IIPEI-
JaraeMoit TE€OpHUH, BBIYUCJIUB 3aTpaBOYHOE€ 3HAYECHUEC
HBIOTOHOBOI KOHCTAHTHI Y.

Ha ypoBHe 6uraMuaibTOHOBON CHCTEMBI TPaBHTAIIN-
OHHBIl TOTeHNIMAN TpelcTaBieH BeJmdInHaMu h,, =
hyy, Ana Kotopeix caen hy, = 0 . Taknx peamann 9.

HaHpH}KeHHOCTb T'PaBUTAIMOHHOTO IIOJId ITpEACTaBJIEHA
dhuw Ahyup
a9z, dx,

BestmanHaMu hyp, )

Ohuw _ .
e, = 0 (ycnoBue JopenIteBoll KamnbpoBKH MOTEHITH-

aﬂa). Takwux peaumana 20. Beawawnsr h,, Heobxommmo
nepepaboTaTh B BEJUMHHBL Ay, ], T.€. 3a71aTh oTobpa-
wenue hy, — hyp, . Bosnukaer, Takum obpasom, 3a-
madga 00 oTOOpakKeHMN MHOYKECTBA, COCTOAIIETO U3
5JIEMEHTOB, B MHOXKECTBO, COCTOSAIIEE W3 b 3JIEMEHTOB.
OrBer Taxoit: cymecrsyer a’ raxux orobpaxenuii. B
HellleM c/IytTae 5To wmeso pasro 920, Taxmm obpasom
hyu[vp) MoXeT GBITH TOJYyYeHO U3 fy, 920 pasaHIHE-
MU CIIOCODAMM, MTO3TOMY TPABUIBHO HOPMUPOBAHHBIMHA
BeJTMIMHAME OYIyT TaKue 920hu[l,p] . Jlarpanxuan npu
5TOM 3ammiierca B Bumge L = (920hu[l,p )?, a meficTeue
6ymer pasHo A = hk? [(9%°h,p, 1) d*z, toe k tpe-
ThA YHUBEpCaIbHAA KOHCTaHTa (mocse ¢ u h), pasMep-
HOCTL KoTopoif cm™'. OBLIMHO 5T0 HeficTBHe 3alHCHI-

IpU yCJIOBUU, HUTO

B

BaeTcA B BHUIE ?f(hu[yp])2d4x. IIpupaBEUBad opyr
Apyry oba »TH BBIpAKEHWSA, MOJYIUM IJid v dopMy-

3
ay v = 9_40#. Ecam ee cpaBHUTH ¢ 3KCHepuMeH-

TaJbHBIM 3HAYEHUEM 7, TO IJIs KOHCTAHTHI k MOy dIuM
k= 2.103em~! . Pro sHaveHme HAXOTUTC B peBOC-
XOJTHOM COTJIACHH C TeM 3HaYeHHEM k , KOTOPOE oIy da-
eTcda W3 CpaBHEHU CIeKTpasbHoM dhopMysisl Mace (GyH-
JaMeHTAJIBHBIX JacTHIl (B KOTOPYIO TOXKe BXOAUT k) ¢
SKCIEPUMEHTABHBIME 3HAYEHUAME MAacC 3THUX YaCTHII,
[2]. Dro roBopur o ToM, UTO k HEfCTBUTEIBLHO ABIACT-
¢ PpyHIAMEHTAJIHHON KOHCTAHTON TEOPHH.

6. 3akio4deHue

[To-BumumMomy,

MPUHIUT KBUBAJEHTHOCTH, OTOYKIECTBIIAIONINN TI'pa-
BUTAINIO C METPUKOW MPOCTPAHCTBA, HE MPHUBOOUT K
5IEKBATHON T€OPUHU TPABUTAITHNOHHBIX B3aUMOIEHCTBUH:
5TOT BH[ B3anMofeiicTBuil (CBA3HOCTH) BOSHUKAET Ha
BecbMa TUIYOOKOM YDOBHE ONHUCAHWA MAaTEPUHU, KOTLMIA
[POCTPAHCTBEHHO-BPEMEHHBIX OTHOIIeHMH (adbdunHOM
CBA3BHOCTH) ellle He OBLIO, Kak He OBIIO U ADYTUX BH-
0B B3aumMoaelicTBmIit (CBH3HOCT€I7I) — 3JIeKTPOMAarHuT-
HBIX U cuiibHBIX. Ckropee Bcero, OTO — 310 He Teopus
TPaBUTAINAN, a Teopua 00Pa30BaAHUA TPOCTPAHCTBEHHO-
BPEMEHHOTO KOHTHHYYMa BcesteHHol B Buie mpocTpaH-
crBa ®punmana S? (eAMHCTBEHHOTO, YIOBJIETBOPIIO-
ero KpeaTucrckoMy mpuHnumy). OTMeTnM elne, 9To
B TIpejiaraeMoli cxeme cmeHa pasbl ckarus Bcesen-
HO#t bazoll pacmmpenHns BhI3BaHa Kak (PasoOBBIM Iepe-
XOIOM ”dacTuipl ¢ KBaHTHl f” (BoobIe roBOps, 06pa-
THMBIM), Tak W HEOOPATHMBIM TOTAIBHBIM KBAHTOBBIM
nepexogom f — f', mpomcxonaumM Bo BcenmernHnoil Ha
mocJieHell cTagum ee KOJIIaIca, B pe3yabTaTe KOTOPOTO
obpasyercsd HOBBIN 3amac YacTuil BO Beesiennoit u Boime-
Jifgercs orpoMHas sHeprus. llociaemuuii 0TOXKmeCcTBIA-
ercs HaMu ¢ Boabmmm B3peiBoM (cM. [6]).
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FpaBI/ITaL[I/IH — OIOHO U3 HpOHBJIeHI/If‘I B3aMMHOT'O BO3,D;GI7ICTBI/IH TEJ Yepes3 3(1)I/Ip Mexaausm TpaBUTAITMN 3aKJIrO9a-

€TCAd B IIOCTOAHHOM B3aMMHOM O6JIy‘IeHI/II/I TEJ IMOJIAPU3allMOHHBIMMW BOJIHAMM (I_I—BOJIHa.MI/I)7 KOTOpPbIC BO36y)K,HaIOT

CHJIBI TIPUTAZKEHNA 3(1)I/IpOM 06quaeMbe TE€JI B HallpaBJICHUM WX B3aI/IMO,D;eI71CTBI/IH. Mexaausm BO36y)K,HeHHH nmMeetT

KO,D;OBI)If‘I XapakKTep: BO36y)K,HaIOH[He %3 BO36y)K,HaeMBIe CHJIBI TTPOTUBOIIOJOZKHBI IO HaIllpaBJIEHWIO (I_I—BOJIHI)I7 B OT-

JIMYHE OT 3BYKOBBIX M 2JIEKTPOMAarHUTHBIX, He “Toskatomne”, a “mpuraruBaromue” ), a [0 BeIUIHHe BO30yKIacMble

CHJIBI TPUTAZKECHN A BoJIblIle CIJI UX BO36y)K,HaIOH[HX II-Bosn. SHepI‘I/IH rpaBUTAITIA — 3TO npeo6pa30BaHHaﬂ SHEPprma

acpmpa. o orkpwrrma I1-sonw [1-4] npupoma m MexaHW3M TPABUTAIMHN TPUHIATIMAIBLHO HE MOTIIH OBITH PACKPBITHI.

ITpupona rpaBUTAIOHHBIX B3aUMOAEHCTBHN, Kak U Beex Apyrux byHIaMeHTaIbHBIX B3aUMONEeCTBHI (CIIIBHBIX,

AINEKTPOMAriuTHBIX WU CJIE].6I)IX)7 — MeXaHnm4decKad.

1. Bcrymienue

Bompoc o mpupome rpaBUTAIE OCTABAJICA AKTY-
aJbHBIM, HO HepellleHHBIM, B TeueHne 300 jleT ¢ MOMeH-
Ta OTKphITHA HbIoTOHOM 3aKoHAa BcemmpHOTO TATOTE-
Hug. Cam HeoTOH Ha 3TOT BOMPOC OTBEYAsI, YTO HTOTO
He 3HaeT, a haHTasHpoBaTh He Xouer (“THMOTE3 He W3-
MBIILAI” ).

BosmoxuOCTE pelieHnss mpobyieMbl 3aBHCETA OT
MpEeNCTABJIEHNN W YPOBHA 3HaHWH O CTPYKTYDe Mare-
pUM, MEPO3TAHUSA.

[Mosoxkenme, 9TO MycTOro MPOCTPAHCTBA HET, OBI-
70 BhIcKasaHo elfe Texkaprom (17 Bek, KapresmaHcKasd
IIKOJIA).

OnHaxo B 3aKOH BCEMUPHOTO TATOTEHN A, OTKPBITHIH
B TOM K€ BEKE, 3aBUCHMOCTE CUJIBI TATOTEHUA OT CPEMIBI
MeXIy TATOTEIONIMMHI TeJIaMi B ABHOM BUJe He BXOU-
Ja:

T
Ry,

M;, M, — wmaccel Taroreronmx (TpaBUTHDYIO-
X)) TeJ;

Ri5 — paccrosiHme MeXay HWMM.

Kak renepn BmisicHHIOCH (cM. Huxke (13.1)), o7a
3aBUCHMOCTH BXOAHT B IPABUTAIMOHHYIO IIOCTOSHHYIO
GG rak Xe, Kak B 3aKOH KyJiOHa 4Uepes HW3JIEKTpHIe-
CKyI0 IPOHUIIAEMOCTH BXOAUT 3aBHCHMOCTEH OT CPEHBI
CHJTBI B3aMMOJIEHCTBAA MEXKAY JBYMA 3JIEKTPUIeCKAMHA
3apAgaMu

1
P — _QlQZ

T Are R%z

le-mail: kolpakov@kture.kharkov.ua

(1, (2 — 3apanm Teu;

Rys — paccrosmme MexIy HAMH.

Ho mms storo “BeisicHenmsa” mOTPebOBAOCH, KakK
Bhilile oTMedasiock, 300 mer. A wmcTopms >TOro BBIAC-
HEHUA TAKOBA.

2. HWcTopukKo-KOHLEeNTyaJIbHasd
cuTyanus

2.1. TlockoabKy B 3aKOH BCceMWPHOTO TATOTEHWA
cpefa MeXKAY TATOTEIONIMMH TeJaMi, KaK BBIIIE OTMe-
9eHO, B ABHOM BHJE He BXOOWJIA, TO MOCIUTAJN, UTO €€
TIPOCTO HET, & CUJIa TATOTEHUA PACIPOCTPAHAETCI MIHO-
BEHHO Yepes MyCToe MPOCTPAHCTBO (KOHIENNNA “Iaib-
HOmefcTBHA ).

SHaveHne 3aKoHa BceMHPHOTO TATOTEHNA 14 Hay-
KH ¥ TEXHUKH HACTOJBKO BEJINKO, a MpecTuk HbioToHa
TaK BBICOK, UTO KOHIENINA TaJbHOMeHCTBHA MpOIep-
kaJjack 150 Jier BIJToTh Mo onbiToB Mapaies.

2.2. Qapaeit, 5KCIEPUMEHTUDPYA C 3JIEKTPUIECKH-
MH W MArHUTHBIMH TeJJaM#, YCTAHOBHJI, UTO STH Te-
Jla B3amMOAeHCTBYIOT MeX Iy coboit depes ocobble cpe-
I, KOTOPBIE OH Ha3BaJl, COOTBETCTBEHHO, 3JIEKTpUTe-
CKHMHU W MAarHUTHBIME TOJAME (KOHIENINA “Oam3Ko-
nefictBua” ). MakcBesnsT aHAJTHTHIECKH OIMMCAT CYIie-
CTBOBAHMUE 3JIEKTPOMATHUTHBIX BOJH M TOJIYTHI YpaB-
HEHU#A 3JTeKTPOMATHUTHBIX TTOJIel 1 BOJH (171 cBOGOI-
HOTO HPOCTPAHCTBA):

. 0B
tE = —— 2.1
ro TR (2.1)

- E
rotH = 608—. (2.2)
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W3 ypapuennit Makcgesiyia SBCTBOBaJIa MaTePUATE-
HOCTH 2(HUpa U €ro OYeHb BaiKHOE CBOHCTBO — 3JIeK-
Tpudeckas nojspusyemocts [1-4]. IefictBuresbHo, U3
(2) cremyer, 410

. OF 0= Op
div 605 _a(dweoE)_a—O,

a g0l = Popx — HoApu3anusA (MoJAPH30BAHHOCTE)
“cBOOOMIHOTO” MPOCTPAHCTBA.

Ho nonspusoBarbcs MOKeT TOJIBKO MarepuajabHAd
cpena. Onbiter Maiikenbcona-Mopan mo moucky sadgupa
mocsie pabor Dapames u Makcsessma, TakuM o0pasoM,
OBLITN yIKe He HYKHBI.

DTO maBajo BO3MOMKHOCTH W YKa3bIBAJIO HAMpa-
BJICHWE WCCJIENOBAHNA (PYHIAMEHTAJBHBIX CBOUCTB U
CTPYKTYPHI 3dupa.

2.3. Ho wmcropma pacnopagniack TO-CBOEMY.
IToBTOpUIack HBIOTOHOBCKAA CHTYAIUA. 3ako-
ubl DPapanes-MakcBesia TeOpeTUKAMU MPU3HABAJINCH
tpyauo. [lapamaensso mnmm moucku sdupa. [losry-
JaJuch KaK IMOJOKUTENbHBIE, KaK M OTPUIATEbHBIE
pesyabTarel.  bBe3s HOMKHOTO OOOCHOBAHWA IPH3HA-
HBI OBLJIM OTPHUIATE/IbHBIE PE3YJIBTATH HKCIEPUMEHTOB
Maiikenbcona-Mopaun — adupa Her.

Jnsi o6bACHEHUA TUX OTPHUIATEIBHBIX DPE3YJIbTa-
ToB @urnmxkepanabaoMm u JlopeHiom 6bliia BRIIBHHYTA
TUIIOTE3a COKPAIIEHN A PA3MEDPOB TeJI B HATIPABJICHUHT UX
IBUYKEHNA, 3aTeM JIODEHIIOM [IOTMOJHUTEIBHO BBIIBH-
HyTa THIIOTE3a 3aMeJIEHnsA BPEMEHH B IBUKYIIUXCH
obbekTax. ITu runoresws Jloperiom 6w chopmyTH-
POBaHBI B BH/Ie YPaBHEHUI, M3BECTHHIX KaK Ipeobpaso-
BaHusA Jlopenna:

= (xz —wt) - — ,
¢
g\ =1
v v 2
L Y
¢ ¢
2.4, DitHmTe#iH WMeJ CBOe BHIOEHHE MHPO3Ha-

mna. B npeobpasopannax Jlopemiia ol BIAET TPOABIIE-
HEUA cBONCTB 06 beKTHBHOM peabHOCTH — KOHTHHYYMa
npocrpaHcTBa-Bpemenn. Ha »1oit 6ase nMm cosmana cHa-
JaJjia cHeluaabHasg TeopHusa OTHOCHTEIbHOCTH, a 3aTeM
7 oblIasg Teopusa OTHOCHTEJIBHOCTH. XOTHA 9Ta TEOpPUsA
TPYIHO TMOAMAETCA MOHUMAHUIO “3APaBBIM~ CMBICIIOM,
HAYYHBIA TpecTH XK DHHIITEHA TaK BEJIUK, YTO OHA TIO-
JIoOXKeHa B OCHOBY MapagurMbl €CTECTBEHHBIX HayK. A
TaK’e B OCHOBY paspaboTKH TeOpHH TPaBHTAINH.

Onnako, xorsa obliad TeoOphusA OTHOCHTETBHOCTH W
Ha3BIBAETCA Teopuell TATOTeHWs, OHA HE CMOIJIa 0Ob-
ACHUTH HHU MPHUPOILI, HU MeXaHW3Ma CHJI TATOTEHMS.
JIpyruMu cJIoBaMu, MaTepraIn30BaTh MpeobpasoBaHM I
JlopeHIia He yHIaJI0Ch.

Pasragars mpupomy m MeXaHW3M CHJI TATOTEHHA M
paspaboraTh OCHOBBI TEOPHH T'PaBHTAINH YIAJOCH Ha

Hase aHAIM3a CTPYKTYPHI 1 CBONCTB abupa U OTKPHITH
noApusanuonuex BoH (I1-sosn) [1-4].

3. Ilpupoma m MexaHU3M rpaBUTALNN

3.1. B KOHCTIEKTHBHOM OTMHUCATEJHLHOM TIJIaHe TPH-
polia I MEXaHM3M TDaBUTAINH (BCEMHUPHOTO B3aNMHOTO
IPUTAKEHUA TeJT) MOTYT OBITE MPEICTABAEHBI CIEMYTO-
M 0OpasoM.

Kak cnemncreue, BeITeKamliee u3 ypaBuenuit Maxkc-
Besisla (CM. BBIINIE), BCe MPOCTPAHCTBO, KakK “cBOGOM-
HOe” | TaK W MaTeprualbHble 00pasoBaHus (Tesa), 3amo-
HEHBI 3JIEKTPUYECKH TOJIApU3yeMoil cpemoit — adpupom.

Obmanaroiias CBOMCTBOM 3JIeKTPUYECKOH MOApPH-
syeMocTu cybcTatms (3pup) MoKeT OBITH IPeICTaBIIE-
Ha Ta30M HeHTpaJdbHBIX YacTHIl (aMEpOB), B KOTOPBIH
BKpAaIlJIEHBI DOJiee KPYIIHBIE 3JIEKTPIHIECKH MOJIAPI3Ye-
MBIE GacTHIBL (TTOIAPHI).

3.2 [Moasapsl MOTYT OBITH MPEACTABIIEHB KBA3UJIEK-
TPUYECKUMUI TATOIAMA U3 “CJAUMIINXCA BUXPEBBIX TO-
POUIOB U3 3TOrO JKE& aMEPHOTO Tasa.

Takoe mpencTaBieHe OTpa)aeT CBOWCTBO 3K TPH-
YeCKO MOTAPU3yeMOCTH >pUpa U COTTIACYeTCA C TEOPHU-
el obpasoBaHms BUXPEBBIX TOponaoB (oHH, 1o [ebM-
TOJTBITY, CTPYKTYPBl YCTOWIHBHIE).

BuxpeBbie TOPOUIBI ¢ TPOTUBOIONIOKHO HATIPABJIEH-
HBIME KOJIBIIEBBIMU CKOPOCTAME MPUTATHBAIOTCA APYT
K IDYTY (3TO U ecTh MEPBHYHOE MHKDPOCKOIHYIECKOE 1
OCHOBHO€e TPOsBJeHNe (DYHIAMEHTAIBHBIX B3aWMOIEl-
crBuit), obpasya nonapsl. Ilomapsr, TakuM obpasoMm,
TaKkKe 007a1al0T CBOMCTBOM TPUTATHBATHCA IPYT K
IPYTY W ABIAIOTCA KAK 3JIEKTPUIECKUMHU, TaK W I'pa-
BUTAIMOHHBIMI JTHITOIAMHA.

3.3. umoam moagpoB TOI BO3MefcTBHEM MUKPO-
BOJIHOBOTO poHOBOTO M3ayderna (MPU) u remaoBoro
JIBUKEHWA AMEPHOTO Ta3a KOJIeDIIoTCA Ha COOCTBEHHBIX
9acToTax, BO3MYyIad OKPYIKAIOIMNN aMepHBIN ras, —
W3JTyIaroT aMepHBIE “3BYKOBBIE” BOJIHBI. ODTH 3BYKO-
BBbIe BOJIHBI TIE€PEHAIOT DHEPTUIO COCETHUM TOJAPAM —
obpasyiorcs moaspu3anoHtble BoaHb (II-BosHBI).

3.4. Tlondapwsl HaxOLATCA B COCTOAHUN XAOTHIECKO-
IO TeIJIOBOTO NBUKeHWA. [I-BOJIHBI, MPOCTPAHCTBEHHO
OPUEHTHUDPYS MUIIOJIU TOJAPOB B “XBOocT” IpPYyT APYTY,
VBEJIMYUBAIOT CUJIBI MX B3AMMHOTO MPUTAKEHUA.

ITpu »TOM B3aWMHO TPUTATHBAIOTCA MOJIAPHI ‘CBO-
60MHOTO” MPOCTPAHCTBA W MOJIAPHI TEJ, & MOCKOIBKY
MOJAPHI CBA3AHBI C YACTUIAMHU TeJI, TO Teja W 3Pup
B3aMMHO MPUTATUBAIOTCA APYT K APYTY.

OnmHouHBIe “yaajieHHBIE” OT OPYTHX Tejia HaXOMAT-
cA TOMA, CHMMETPUIHBIM BO3MeHCTBAEM OKDYKAOIIETO
adupa U CUJIBI TPUTAKEHUA Te 3(PUPOM YPaBHOBEIIH-
BAIOTCA.

3.5. Ilpu pacmosioxkennn TeI B OTHOCUTETBHON 611~
30CTH APYT K APYTY paBHOBecume Hapyuraercd. [eso
B TOM, 9TO XOTH BCe MOJAPBI W3Jaydaror [I-BosHBI, HO
IJIOTHOCTH TIOJIAPOB B Tesax OoJblile, 4eM B “cBOGOI-
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HOM~ MPOCTPAHCTBE, COOTBETCTBEHHO BHIIlE MHTEHCHB-
HOCTH m3Jsydaembix Tejjamu [I-sosin. Tesa momosHu-
TeJIbHO B3aWMHO objydator Apyr apyra Il-Bommamm.
[Mpuraxenne tenm sdupom c obIyIaeMoil CTOPOHBI
Goabie. TloABadgeTca B3aNMHOE TATOTEHHE (TIPUTSKeE-
Hue) Ted. XoTsa dakTHIecKu TeHCTBYIOT CHIIBI MEXKIY
TesioM  3bupom. BzaumoneiicrBue Tes depes [1-Bosab
TOJIBKO BO3OYKIAET 5TH CHJIBI, ONPEIeIAeT WX Hapa-
BJICHUE.

OrMerum TakiKe, uTo B3ammomeiictBrue [I-BosH HO-
cuT WHPOPMATMOHHO-KOIOBBIN XapaKTep: BO-TEPBHIX,
[I-BostHBI, B oT/imYmWe OT 3BYKOBBIX W 3JIEKTPOMAr-
HUTHBIX, He “Tojkafolme”’, a “mpurAruBaronime’; BO-
BTOPBIX, CHJIBI TATOTEHUA 3HATUTETBHO OOJIBINE CHUJI
WcrouynnkoM cmii TATOTEHUA
CJTy JKUT TpeobpasoBaHHasd sHEPTHA >dupa.

3.6 Ilpuponma cua B3aUMHOTO TATOTEHUA, KaK W Me-
XaHW3M, TaKUM OOPa30M, SABIAIOTCA MEXAHUIECKUMU.

BosgelicrBua Il-BoJim.

Bce mocnenymoniee comepikaHue cTaThi IOCBAIIEHO pac-
KDBITHIO, JOKa3aTesIbcTBY (OGOCHOBAHWIO) U KOJMYe-
CTBEHHON MJIIIOCTpAaIlldi BHICKA3aHHBIX BEIIIE II0JIOKE-
HUll (TATOTEHWe — Ha TpPUMepe MPUTAKEHNA 3eMIIH
Counriiem).

4. IMapamerpsl yacTuil agupa

4.1. OcHoBHasg TPYZHOCTH OIEHKH MapaMeTPOB
adupa 3aKII0IAETCA B TOM, 9TO, TIOCKOJIBKY CYIIECTBO-
BaHme 3pUpa Kak MaTepHaJbHON cpelabl odUIHaIbHON
HayKo# He MPU3HABAJIOCH, TO PabOT, MOCBAIIEHHBIX WC-
CJIENOBAHUIO CBOWCTB »dupa, upespurdaiino masmo. Ms-
BecTHBIE PabOTHI OCHOBAHBI Ha MOCTYJIATaX O CBOWCTBAX
MPOCTPAHCTBA M BPEMEHN U HOCAT abCTPaKTHBIH Xapak-
Tep. [loaToMy B HaIUX MCCIEMOBAHUAX B OCHOBY OIIEH-
KI TTapaMeTpoB 3(upa MOJTOKEHBI CIEICTBUA, BHITEKA-
IOIe U3 YCTAHOBJIEHHBIX 3aKOHOB, U JaHHBIe HKCIIEPU-
MeHTAIbHBIX HccaenoBanmii [1-4]:

— 3JIEKTpHUYecKas TMOJIAPU3YEMOCTh abupa, Cremy-
olas w3 ypaBHennit Makcpesia;

— AHOMAJIBHBI MATHUTHBIA MOMEHT 3JIEKTPOHA;

— SABJIEHNE HMOJAPHU3ANNT BaKyyMa (pOKIeHHe dIe-
KTPOH-TIO3UTPOHHBIX T1ap);

— BeJIMYMHA IJIOTHOCTH “TéMHOI” Marepuu.

TMonsap mpencrasasercs gumonaeMm lepra (puc. 1)

[Monyuennbie pe3yabTaThHl TPUBENEHB B Taba. 1.

Tabmuma 1. Hapamempovs 8aKyyMHHET Hacmuy

MMonaper | Amepsr
Macca mp, ma, ke 1098 10114
Huamerp drg, da, m 1021 <<1072!
Kpasmsaextp. sapan | 10733 HeHlTpaIbH.
murnonia Qro, Ka
Kon-Bo B en. obmwema | 10°2 1069~
ni, NA, M3
Pesonancrag uacrorta | 10%° -
w0, pad/c

d,

_dp

Puc. 1: Tlonapusosauusiit monsap (mumoss I'epma): dr-
JMAMETP BUXPEBBIX TOPOWIOB TOJAPA; grr-IIeYdo IO
noJpa

* — mapaMeTpBl aMepoB BIIEPBBIE OIlEHEHBI B 3TOi

pabote (cMm. 1. 6).
4.2. TTapaMmeTpsl U cBolicTBa Toadpa KaK T'DaBUTa-
IMUOHHOTO TUTIOJA PACCMOTPEHBI HUKE.

5. TIlonapusanuoHHBbIE BOJHBI
(II-BosHbI)

5.1. Ypasuenue IT-osn [1-4]:

52 1 52 9
a2 T3 anm Mo
922 vip Ot?

o =1/ (afrkes) ;

- q1I (Zat) = Oa

2 2 2
V5T = anwitgkcs,

ay — cpeldHee PACCTOAHME MEKIY MOJLAPAMHE,;
Wiy — cOBCTBEHHAA TacToTa HOJMAPA;
kep ~ 1 — (mia maockux BOJH).

3aKOH JUCIEPCHH:
w%{ = U%T (/’Lg + k?) 3
k=2r m/(anN),

N — 9ucjo moJgpoB B IMEMOYKE.

5.2. I'pymmoBasd ckopocTh pacmnpocTpaHenus [I-
BostH vyp ~ 1028 m/c, wacrora wip & wire = 10*® pax/c.

Beswuuner vrp mw wrg B mporiecce mccaemOBaHUi
YTOUHAJIUCH, 4TO oTpakeno B [1-4].

5.3 1I-BosTHEI, W3JTyvdaeMble KWBBIMU OpTaHM3MaMH
U HEOPTAHUYECKUMHU TeJIAMHU, 3aPETMCTPUPOBAHBI 3KC-
nepuMentaibHo [5, 6]. Kpome Toro, Mbl cuntaem, 410
B paborax [7, 8] perucrpupoBasiuch uMeHHO [I-BOJIHBI
(aBTOPBI 5THX PabOT HPUPOLY W3JITYUEHHA HE YCTAHOBH-
am).

6. Il1oTHOCTD 1 CKOPOCTHU T€IIJIOBOTO
ABU22KE€HHNA aMEepPHOI'0o rasa

6.1. OubiTHBIE TaHHBIE MOKA3BIBAIOT, UTO JKUBHIE
cylecTBa (B TOM 9HCIIe PAcTeHnsA) “ysHaor” IpyT Ipy-
ra W MPUTOM Ha GOJIBIIHX PACCTOAHUAX. DTO O3HAYAET,
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9TO JacTOTHasd paspelraolias clIoCOOHOCTh UX CHCTEM
mepefadn W MpreMa THOOPMAINA YIOBISTBOPIAET Tpe-
boBaHMAM obecledeHs HTOM CMOCOOHOCTH JKUBBIX CY-
LIECTB.

C apyroit cTOpOHBI, yKe MMEOTCSI BeCKHe OCHOBa-
HHUA CINTATH, ITO HOCUTEJAME MHAMOPMAINMN “y3HaBa-
Huga’ apaaorcd [I-BosiHbL.

DTH [OJIOXKEHUA Ial0T OCHOBAHWA IJid 3aJaHud
(oTeHKH) TOBPOTHOCTH TOJIAPOB.

6.2. Tlomoxus, uro Aasa “y3HaBaHHA HEOOXOIMMA
IIIPUHA TacTOTHOTO CIIEKTPa MOPAAKA MOJOCH TEJIEBH-
suonnoro Afern ~ 107 T, mosydaeM, 9To mpu <HCIIe
KaHagoB Nx = 10%° marpyxennad qo6pOTHOCTDL AUIIO-
Jid TIOJIApa

Jro
D = ————— ~ 10%°, (6.1)
NkAfen
Torna us
mnvgm mnvgm
DH = = miI /MA s
2 2
Upm — AMIUTATYIa CKOPOCTH OUIOJIBHOTO KoJeba-
HUA TOPOUIOB B TOJIADE;
M4 — macca aMepoB, “BBITAJKHBAEMBIX TOPOU-
JIOM TIPW OJHOM KOJIeDaHUH, Oy IaeM
My = mpn/Dp = 10718 xr. (6.2)

CootBercrBenno n3 My = Spdppa clemyer mior-
HOCTH aMEpPHOI'O ra3a

Ma 45 3
A= ——=2107* gkr-M"~ 6.3
p Stidn ’ (6.3)
ST — TIolaAb MOIMEPETHOTO CeUeHnA TMOaApa.

Macca amepa

ma = pa/na = 1071 kr, (6.4)
6.3. Torma us
nakTp = pav? /3 cnemyer, uto npu

na=10"ng = 10°° n? (6.5)

CpeILHeKBaI[paTHqHaH CKOpOCT]) TEIIJIOBOT'O OBUXKCHU A
aMepoB
5 = (3n kT, 1/2 o 146 6.6
va = (3nakTp/pa)'~ = M/e, (6.6)

Tp — TemyioBad TeMIEPaTypa BaKyyMa.
6.4 Cpennee BpeMs MpOJeTa aMEPOB MEKIY CTOJIK-
HOBEHUAMU

Tap = aA/T)A ~ 10757 c,

apA — CpedHee pacCTOoOAHUE MEXKIY aMepaMU.
6.5. CHCKTpaJ’IbHaH IIJIOTHOCTH 2HEPIrUHM TEIIJIOBOTO
ABUKEHNA aMEPHOI'O ra3a

GE?‘ = SA/AfT = IATP ~ 107! ﬂ}K/FL[,

P,.,r —— Ilonsap
-V,

Vi — >
Pny — Ilomsap

Puc. 2: Mexanusm dymmaMenTasbHOro B3auMOIelCTBHUA
Mexay monapamu (Vi — KoublieBadg CKOPOCTH [IBHYKEHIUA
aMepoB B TOPOUIAX [OJAPa)

SA = nAkTB.

6.6. Hucmepcna m cpemHeKBaIpaTUIHOE 3HATEHIUE
JABJIEHN A aMepPOB Ha MOJIAP B €r0 TOJI0ce MPOMYCKAHTA

ci = GENgAfen, G4 ~GY,

1R

10° H-m— 2 (6.7)

ap

7. Ilpupoma dbyHagaMeHTaAIbHBIX
B3auMoaeiicTBuil

7.1. B xoHewHOM cueTe mpuumHA BcexX (DPYyHIAMEH-
TaJbHBIX CUJI U B3aUMOMIECTBUH — B HEPABHOMEDHOCTH
pachpemeseHns B MPOCTPAHCTBE MJIOTHOCTH BEIECTBA U
CKOPOCTH €r0 ABUKEHU.

Yro Kacaercsa pasdesieHHA >THX CHJI U B3aWMOIEl-
CTBUI Ha CHJIBHBIE, 3JIEKTPOMATHUTHBIE, CIabble U I'Pa-
BUTAIMOHHBIE, TO OHO 0OYCJIOBJIEHO TOJIBKO CTPYKTY POl
YKa3aHHBIX HEPABHOMEDPHOCTERN.

7.2. Mexnay nByMsa CJIOAMU Ta3a, HBUXKYITUMUCH
C Pa3JIMYHBIME CKOPOCTSAMME, 33 CIET XaOTHIECKOTO Te-
IJIOBOTO TIEPEXOHa YaCTHUIl MEXKAY CJAOAMEU BOSHUKAET
MEPEHOC KOJTMIECTBA IBUIKEHNSA W, COOTBETCTBEHHO, Tie-
penaj JaBieHus.

ITpn omenxke sTOTO Mepenana A4 CIYIad VBrcrp S>>
UMenn JOCTATOYHO YUECTH IEPEHOC YACTHIL TOJIBKO B OJI-
HY CTODPOHY (B CTOPOHY MEJIEHHOTO CJIO).

7.3. B 3ToM mpoliecce aKTWBHBIM HPOCTPAHCTBOM
B3aMMOENCTBUH CJIOEB Tas3a ABIAIOTCA TOJBKO MIPUTPa-
HUYHBIE YACTH CJIOEB TOJIWHON (¢, paBHOIl cpemHeii
IMUHEe TpojieTa MeXIy coydapeHmamu lp,. B sroit
JacTH “MeIJieHHoro” cjod HaBJjieHHe B OCHOBHOM Oy-
JIeT OMPENeAThCA JACTUIIAMM, MOJTYIYUBITHMEA YCKOPe-
HIE 3a CYeT TepMaju3anun “OBICTPBIX’ YACTHUIL, Tepe-
eI 13 “OBICTPOTO” CJIOSA M COCTABUT

P~ pi /3,

p — IJIOTHOCTH Tasa,

Up — CPEIHAA TeIJIOBad CKOPOCTH YACTHUI] AKTUB-
HOTO CJIOf, TOJyYuBIINX “yOBICTpeHHE” 3a CUET yKa-
saHHON TepMaamsanun “ObICTPBIX” YaCTHII.
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7.4. IlpuMeHHTE/IHHO K JTABJIEHUIO MEXKIY CJIOAMU
aMepPHOTO ra3a B MIPOCTPAHCTBE B3aNMOAEHCTBUA MO~
poB (puc. 2) moaydaem

P~ pavi/3 >> pavy/3=10" H-m2, (7.1)

pa =107 xr- M3 (em. (6.3)),

va = 10% m/c (cm. (6.6)).

D10 B3aMMOIeiCTBIE MEK Ty TOPIIAME TOJIAPOB, BBI-
3BIBAEMOE BPAIATEbHBIM IBAKEHHEM aMePHOIO rasa
B BUXPEBBIX TOPOMIAX B IIPOTHBOMOJIOKHBIX HAIIPABJIE-
HUAX, ABJIAETCA “CHJIBHBIM | & TI0 CTPYKType — “TOp-
CHOHHBIM .

Torna Py = P&, a lc ~ lnp — paccrodHme CHIb-
HBIX B3auMo/ielicTBuii,

1
lo ~n, "3 =107 u, (7.2)

(na =10% m~3 cm. (6.5)).

7.5. B ycranoBuBIIEMCH peXRWMe 3TO TaBjieHue Oy-
JIeT YPABHOBEIINBATHCA TABJIEHUEM OT COCETHETO TIOJIA-
pa.

II-BosiHa Hapyuraer paBHoBecume. IlosBagercsa co-
CTABJIAONIAA JABJIEHNA B CTOPOHY MCTOYHUKA ODIyde-
uus [I-BosHONW — maBJieHme TpaBUTAIIAE

PRP ~ PRS2 10 Ho?, (7.3)
II

(qum = 10727 M, cm. (9.2)).

DHEePIUsa 5TOTO B3aMMOJEHCTBUA BMeECTe ¢ KHHe-
THYECKOH sHeprueit aMepoB COCTaB/IAeT OCHOBY (byH-
JaMeHTAJbHBIX B3amMopmeiicteuit. IIpuMmenmrenbHO K
CHJIBHBIM W TPaBUTAIMOHHBIM B3aMMOIEHCTBHAM 9TO
ABCTBYET M3 M3JI0KEHHOTO HUKE.

7.6. Hapmenne or o6JacTH B3aHMOIEHCTBUA CIOEB
aMepHOTO Ta3a PacCHpOCTPAHAETCA CO CKOPOCTBIO ~
Ua >> vp. Iostomy coorroutenne (7.1) MOXeT GBITH
OTHECEHO KO BCEMY TPOCTPAHCTBY MEKIY TOJIAPaAMM.

7.7. IaBieHune KBa3MJIEKTPUIECKUX CHJI MeXKIY
moJiApaMu

2 Q3

0 ~ 1028 1 . \—2
ey ak 10 HM
Oan

Pyt ~
arr ~ dr, CIEIOBATENBHO, 3JIEKTpUIeCKIe B3amMoaeii-
cTBus ciabee “CHIBHBIX W TaXKe IPaBUTAIMOHHBIX Ha
MHOI'O IOPAIKOB.

8. BanaBO‘{HbIe AUITOJIbHBbI€ MOMEHTDI
INOJApPOB

8.1. B “cBobommHOM” mpoCTpaHCTBE BCETMA TIPH-
cyrctByer M®U. Dro msnydeHme 3JeKTPUIECKH TIO-
JaApusyer mosaApbl. [loggpel, Takum 06pasoM, WMEOT
HeGOBIINE (3aTPABOYHBIE) SIIEKTPUIECKIE TNTONBHBIE
MOMEHTHI.

G p
A(DH: NKA(DCH

®
-

0 @110 27[/'cnp

Puc. 3: Dmeprermueckmii cnekTp TemoBoro AOBUKEHU
amepsoro rasa ( Awcn = 27A forr)

8.2. BesuuuHBI 3aTpaBOYHBIX JTUIMOJBHBIX MOMEH-
TOB MOAAPOB Mg, MOTYT GBITH OIEHEHBI TIO N3BEeCTHON
norHocTH sHeprum MU (9, =4 - 1071 [Tk - m~3).

Us EOECZb = D¢ momydaeM Eg = 71072 B/m.

1 Q12‘10 —
dmeo q12‘1qp n MH(b - QHO(]HCP cJIe-

Torma uz Eg =

oyer Mg = 10759 Ko - ™.

8.3. daunsl Boan MOU sexuT B nranasone ot cyb-
Konebanua mumostett
MOJIAPOB, BbISBAHHBIE 3THUMHU MOJAMEI, ABIAOTCA HU3-
KOYaCTOTHBIMHU cOocTaBjgiomuMu. Ha HUX HaK/IaIpiBa-
IOTCHA BBICOKOYACTOTHBIE COCTABIIAOIINE (Ha COOCTBEH-
HBIX 9acTOTaX MOJAPOB).

MWJIJIAMETPOB A0 ACITUMETPOB.

9. Packauka Koebanuil nunoJiei
[OJISIPOB TEIJIOBBIM [IBUKEHUEM
aMepHOro rasa

9.1. W3 usmoXeHHOTO BHINIE cJleAyeT, UTO IO-
JIAP TIO CBOWM CBOHCTBAM ABJIAETCSH CJAOKHBIM MEXaHO-
3JIEKTPO-TPABUTAIIMOHHBIM CTPYKTYPHBIM IUTOJTBHBIM
obpazoBanueM. Bynyum “3aTpaBovHO” MOJIAPU3OBAH-
HeIM M®U, oH HOMOJTHUTETBHO PE30HAHCHO TMOJIAPUIY-
ercs (pacKaumBaeTcs) TETJIOBBIME IBHKEHHAMI aMep-
HOTO Ta3a.

9.2. DHeprus TemJIOBOTO ABUKEHUA aMEPHOrO Ta-
3a paclpesesieHa pAaBHOMEPHO IO YACTOTHOMY CHEKTPY
B nomoce 0 < w < 27/7yp. Ha momap aMepHBIH ras
BO3IEHCTBYET CIIEKTPATBHBIMA COCTABIAIONINME TaBJIe-
HUA, JIeXKAIUMH B TOJIOCE MPOIYCKaHWA KoJebaTehb-
HO¥i cucreMbl modapa Awp (puc. 3)

9.3. IIpu BBICOKOIT MOBPOTHOCTH KOJIEbATETBHON CH-
cremMul moapa D = XB; >> 1 cumaa, melficTByronan
Ha [MOJIApP, ABIAETCA Y3KOIOJOCHBIM CAyJIalfHBIM TPO-
IECCOM W OTMUCHIBAETCA KBA3UTAPMOHUYIECKHM KOJieba-
HUEM

F(t) = Fo(t) - cos wmot + ¢(1)],

F(t), ¢(t) — MenjeHHO MEHIOUMECH IO CPABHE-
wuto ¢ T = 27 fwio byHkuus Bpemenu, oFy = opSyy,
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o Fy — cpemHeKBaApaTUIECKOe 3HAYUECHIE AMIIJIUTY-
aet cuast F(t);

Op — CPeTHEKBAIPATHIECKOE 3SHAYEHNE CITEKTPATIb-
HBIX COCTABJIAIONINX HABJIEHUA aMEPHOTO Ta3a, JiewkKa-
HIUX B MOJIOCE TPOMYCKAHUA KOJeOaTeIbHOW CHCTEMBI
moJiApa.

9.4. HMna mpubinKeHHONW OMEHKH aMILIUTY OBl KOJTe-
baHuil TIeYa QUITOJBHOTO MOMEHTA TOJIAPa CHITY, fIeii-
CTBYIOIIYIO Ha MOJAP, OyIeM CUNTATh TapMOHUYIECKON
dyurnueti Bpemenu. Torma ypaBHeHUe NBUKEHUA TO-
JiApa MPUHUMAET BUI:

mmgn + bgn — kqu = Fy cos wrot, (9.1)

2
b= mHWHO/DH, k= mMnwiio,
D — marpyxenHas JOOPOTHOCTE MOJAPA.
9.5. Pemennem ypaprenns (9.1) sBaderca rapMmo-
HEIYeCKOe KojiebaHue ¢ aMILIHTYI0MH

Gum = FODH/ (melz‘[o) .

st paccMaTpuBaeMoro ciaydas npu Fy = opS =
3-107* H
(op =103 H-m~2, em. (9), S = md3 /4),
Dr = 10%° (em. (3)), mp = 10788 kr,
wro = 10%8 pag/c, momyqaem
um = 10777\ (9.2)
Torma aMmauTyma CKOPOCTH OHMOJBHOTO KoJeba-
HUA TOPOUIOB B MOJIADE
_ 1021
Unm ~ qumwito = 107" M/c. (9.3)
9.6. DddexkTuBHOE 3HaUEHUE HABJIEHUA 3BYKO-
BBIX  BOJIH AMEDHOTO Ta3a, W31y IaeMbBIX MOJAPOM,

P = patav,,, = 1022 H -m~2 (9.4)

10. BausgHue TenjaoBOro ABUXKEHUA
MOJIIPOB HA UHTE€HCUBHOCTbH
“3ByKOBBIX BOJIH” B aMepHOM rase

10.1. TennoBble NBUKEHUA TMOJAPOB JTE30PUEHTH-
pPYIOT HampaBJeHUA UX AUHOJEH I TeM YMEHBITAIOT WH-
TeHCHBHOCTD W3JIy4ueHnA Tejgamu II-BosiH.

DTO ABJIEHWE MOKHO YUIeCTh KO3 puimeHToM

K%EHJ‘I = F%AOT/Fr?Pa (10~1)

FEAOT — yepennennast no BeceM B3aUMHBIM OpHeEH-
TAINAM CHJIA B3aWMOIEHCTBIA AUMOIeR (9HEPrus B3a-
mmogeticteus Dpz << kT);

FRP — cuma ssamvoseiicTeus aByX Aumoseit mpu
TMOCTPOEHNN “B XBOCT’ IPYT APYTY.

10.2. TlpencraBidad moJAp >KBUBAJEHTHBIM 3JI€K-
TPUIECKUM JIHUTIOJNEM, TIOJTYIIM

ZQZSKB ql?lm
3 kT df
Qax8 = Quo (P /P12 =107 Ka.

Torma s wsmydenns [T-soan ConHieM (Temiepa-
typa nosepxtocru Connna Te = 6103 K)

Krena

KSgmq = 10728, (10.2)

N3 onwita msBecTHO, uTO 3aryxanue [1-BoaH B mpo-
CTPaHCTBe HE3HAUYNTEJIHLHO (I&’%EFLH ~ 1). Onnako »Ta
oleHKa TpebyeT MOMOTHUTEAbHON TPOBEPKH.

11. BsaumHoe o6iydeHue TeJ
I1I-BorHAMU

11.1. B cuny cBoficTBa »J/IeKTpudecKoll moaapusye-
MOCTH 3Upa MOJIAPHI, KaK BBIIE OTMETATOCH, UMEOT
“3aTpaBOYHY0” MOJAPHU3AINIO, BhI3biBaeMyo MOU.

DTH IUMOJIN JOTOJHUTETBHO MOJAPUSYIOTCH U MPO-
CTPAHCTBEHHO JI€30PUEHTUPYIOTCA YIAPHO-TEIIOBBIM
JIBUJKEHWEM CAMWX MOJIAPOB W PE30HAHCHO-TETOBBIM
JIBUJKEHWEM aMepHOTO rasa. B resax, KpoMe TOTO, mMO-
JIAPBI MOJAPU3YIOTCA BHyTpuaroMabiMu D MII.

11.2. Harpyskoit 3TuX IWMOJBHBIX OCIMUIIATOPOB
ABJAAETCA aMePHBI Ta3, B KOTOPOM OHH BBISBIBAIOT
“3ByKOBBIE” KOJTIeDAHU aMEPHOTO ra3a.

IIpr xaormyeckofi B3amMHON TpoCTpaHCTBEHHOMN
OPHUEHTAINHN W3/IyIaloluX JUIOJeH MOYKHO CYHTATh,
9TO HANPAKEHHOCTH STUX W3JIYIAEMBIX “3BYKOBHIX
BOJIH (HApIUaJBHOTO JIABJIEHIA aMEePHOTO Tasa) CKJa-
IBIBAIOTCA TEeOMETPUYECKH.  BiHAHWE XaOTHIHOCTH
MOYKHO yd4ecThb KoahpuImeHTamn K%EHH i K%EHH
(em. m.10).

11.3. TlpoTon®! m 2JIEKTPOHBI TeJs, obJamad 3JeK-
TPUYECKIMH 3apA0aMu, TPUTATHBAIOT MOJIAPEL. B pe-
3yJAbTaTe MJIOTHOCTD MOJIAPOB B TeJlax OoJIbIlle TaKOBOH
B CBOOOIHOM TIPOCTPAHCTRBE:

NHT = nanAHVT, (111)
Vi — obbéMm Tenia;
Kaan — KoadduinuenT, yuauThBAOUMA HTOBIIIe-

HHe KOHIEHTpAIWK 9Hc/Ia MOJSIPOB B Tejie O CpaBHe-
HHIO €O “CBOOGOTHBIM’ TTPOCTPAHCTBOM.

Mpu Kzam ~ pr (pT — MIOTHOCTH Tesa) MOJTyda-
eM

NHT = nHMT, (112)

11.4. TTapuranbHOe “3ByKOBOE” maBjIeHHE HA IMOJIA-
PHI TeJsia 2 aMepHOro rasa [I-BoJiH, H3/IyTaeMBbIX TEIOM

1

bl

»3B -T
PH SHnHIxTEHﬂMl

poe
12 2
47 R,

(11.3)
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Hnsa obnydenus 3emmn Comunem (My; = Me =
2.1030 Kr) moJIyqaeM Né‘% =10%' H-m~2. D10 mape-
HIe KOIOBBIM MEXAHU3MOM BBISBIBAET IDABUTAIIMOHHOE
MPUTAKEHUE.

12. KogoBbiii xapakTep Bo3metlicTBus
II-Boan

12.1. “3BykoBoe” mapIimaJbHOe aMepPHOEe IaBJie-
uue [I-BoslH — orTajKuBaHme, a He MPUTAKEHUE TeJ
(orpumarenbhoe Tarorerne). Ho, B 1o ke Bpems, II-
BOJIHBI OPHEHTHUPYIOT TDABUTAIMOHHBIE TUIIOJH IO~
POB B HAIIPABJIEHUU UX PACITPOCTPAHEHNSA U TEM CAMBIM
YBEJMYHBAIOT CHIYy WX B3aMMHOTO (TDaBHTAIMOHHOIO)
OPUTAKEHUA (CHIY B3aUMHOTO TATOTEHNA).

[MockobKy CUIBI TPUTAKEHUA MHOTO OOJIBINE CHJIT
“oTTaJKMBaHUA , TO CyMMapHOoe BosmelictBue [I-Bosn
— npursrarenbhoe (I1-BoHBI, BBI3BIBAA CHIBI B3aNM-
HOTO TATOTEHWA, ABJAIOTCH, TAKUM 0OpPa30M, U T'DABH-
TAIMOHHBIMHE).

12.2. Bospeiicteue [l-osn Ha Tesa, Takum obpa-
30M, HOCUT KOJOBBHIH xapakrep. KoOmOBOCTEH 3TOTO BO3-
JeficTBUA BBIPAKAETCA B TOM, 9TO, BO-TIEPBHIX, KAK OT-
Meuajoch, [I-BOJTHBI, B OTJINYIE OT 3BYKOBBIX U 3JIEK-
TPOMATHHUTHBIX, HE “OTTAJIKUBAOIINE” | & MPUTATHBAIO-
IIFEe, BO-BTOPBIX, MO BeJIWYHWHE CHJIA peakiun (IpHTH-
KeHWe) MHOTO GOJIbIIe CHITBI BO3IEHCTBHA (OTTAIKHBA-
Hus). TI-BOJHBI TOJBKO BO3OY KIAIOT CHIIBI TPUTSKE-
HUA, a HA CAaMO TPUTAKEHUE 3aTPAYNBAETCH HEPTUA
TEeIJTOBOTO ABUKEHUA aMEPHOTO ra3a Yepes JTUMOJIbHBIE
KojebaHuA TOIAPOB.

YacTh 2Heprum MOCTYHATETBHOTO IBUKEHUA JH-
MOJBHBIX KOJIebaHmil moaapa 3a caer pasHOCTH CHJT Tpe-
HUA BHYTPEHHUX U BHEIIHUX €70 TOPIOB 00 OKpPYKAak0-
it X aMepHBIH ras nmpeobpasyercs BO BHYTPEHHIOWO
(“TopCcHOHHY10” ) 9HEPTHIO 9THX TOPOUIOB W , COOTBET-
CTBEHHO, Yepes “CUiIbHOe” B3aWMOIEHCTBUE, B 3HEPTHIO
TATOTEHU .

KonugaecTBeHHO KOMOBOCTH TDABUTAIMOHHOTO BO3-
JeficTBUA TOJNAPOB XapaKTepu3yercsa KoapUuimeHToM
KOJIOBOCTH

~rp
Pr

D3B
_ ‘pn

1

‘ﬁﬁp ~ 101,

e

Kion = ~
i

‘Pﬁp 10%® H - m~2 — nassenue TPaBUTAITMOHHOTO
B3auMogelicreua (cMm. (9.4));
D3B

BJIeHIEe aMepHoro rasa [I-somn (cm. (7.3)).

1022 H-m~? — napunuaabhoe “ssykopoe” ma-

12.3. MexaHU3M KOIOBOTO BO3IeHCTIBUA 3aKJIIOYa-
ercd B ToM, 4TO [I-BOJTHBI TTOBOpauMBaIOT TPAaBUTAIIU-
OHHBIE JTUTIOJTH TIOJIAPOB B HAITPABJIEHN CBOETO PACIIPO-
CTpaHeHW .

Monaper, 6yayan yxe nonapusoarnbl MOU u Te-
MJIOBBIM JIBHIKEHWEM TIOJIAPOB, BBICTPAWBAIOTCA B Iie-
MOYKH “B XBOCT’ IOpPYT APYTY.

CuIbl B3aUMHOTO MPUTAKEHUA TAKUM 0OPa30M OpPH-
E€HTUPOBAHHBIX MOJAPOB MHOTO OOJIBINE CHJI UX B3AUM-
HOTO MPUTAKEHNA B COCTOAHUN CBODOIHOTO TEIMTIOBOTO
JBUKEHUA.

MakcuMaabHO BOSMOYXKHAS CHJIA B3aWMHOTO TIPUTHA-
KeHUA TOJAPOB OTPAHMYMBAETCH WX TEIJOBBIMHU [IBH-
KeHUAMHA.

Kpome toro, cuia IpuTAKeHNs Tesia YMEHBIIAETCA
3a cUeT MaJioll CBA3W MOJAPOB TPABATHPYIOUIETO TEJIa
C ero aroMaMu W “HEeMOABUIKHBIM OTHOCHTEILHO IIPH-
TATUBAIOMIETO Tejia 2PUPOM.

13. MakpockonuiecKnuii MexaHusm
B3aMMHOTO TATOTE€HUA TeJ

13.1. Tena obayuator mpyr mpyra BzammuOo I1-
BoJIHAMHU. WHTEHCHBHOCTH MAPIHAJTBHOTO “3BYKOBO-
ro” aMepHOTO NABJEHHUA Tesa Ha TMOJAPH Teaa 2 (cM.

(11.3))

D3B ~T1
~313( : ~ P Suni KpgppMi
12(mm) — 2 .
47 R{,

13.2. Kak Bbire ormedanock (.3, m.12), Bosmeii-
crBue [I-BosiH Ha 5Up U Tejla HOCUT KOIOBBIN Xapak-
Tep: MapIuaJbHOe “3BYKOBOE” MaBJIEHNE aMEPHOTO T'a-
3a [I-BOJIHBI BBI3BIBAET OOpaTHOE TO HANPABICHUIO U
6oJTblilee O BeJINIMHE TPABUTAIMOHHOE MPUTSIKEHUE.

Cuta TpaBUTAIIMOHHOTO IPUTSAKEHNS (CHITBI IPUT-
KeHUsA 3UPOM TejTa 2, BRI3BIBaeMoro uaydeausavu [1-
BOJIH TeJIOM 1) OTleHMBAETCS BeJTHIHHOM

~ ~ My M,

fg = P?E(H)I(KOQSHRH[(CBMZ = G R2 ; (131)
12

P3B T T
_ Py (SHnH)ZAT]}]HJ'[AT]?]H.HK?{OL[KCB
= 471— bl

ko3 dunment Keop yINTBIBAET CTENEHb CBA3U TaBJie-
HrdA [[-BOJTHEI HA TOJAPH! ¢ CHAOH TATOTEHNA.

13.3. PesynpTupymolmiaa cuja OIPUTAKEHNA Tesa 2
K Temy 1

FTP FTP T

F12(PE3) = Iy TE(H)KCBMZ =

(13.2)

13.4. Bce BeqWYMHBI, BXOJAIINE B BbIpaXKeHHE
(13.1), 3a uckmovenneM Koadbunnenra Keop, oneHe-
HBI KoJIm4decTBeHHO. Takas olleHKa MoXKeT OBITH Ipo-
W3BeleHa U 04 Kop.
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Ilo usBecrHoit Besuuune G ~ 71071 M3/ (Kr : c2)
npu K%%Hﬂ = 0,1- K%EHH nJia cucreMmbl CoJiHIle-
Semia ns (13.1) maxomum Kgg >~ 10732 m2 - kr.

13.5 Kosddunment romosoctu cucrembl CostHIle-

c3 _1el2 _ 1016
SemMiig KKOH = KKOH = K?{o;[ =10°.

14. OO6cyxKaeHue MOJTYUeHHBIX
pe3yJbTaToB U BBIBOBI

14.1. T'paBuranus — OIHO W3 NMPOABJEHHIT B3a-
HMHOTO B3aUMOMIEHCTBUA Tesl depe3 aup. Mexarnmsm
TPABUTAIAN 3aKJII0YAETCH B MOCTOAHHOM B3aNMHOM 00-
JIYUYEHUHU TeJl TOJAPUIAMUOHHBIMEI BOJHAMHI, KOTODBIE
BO3OY KIAIOT CHJIBI MPUTAKEHNA 2PUPOM 00Ty daeMbIX
TeJl B HANpaBJEHUU UX B3amMomelicTBusa. Mexanmsm
BO3OY KIEHUA MMeeT KOMOBBIN XapaKkTep: BO3OYXKIae-
MBI€ CHJIBI MPUTAKEHUA 110 HATPABIEHUIO MTPOTHBOIO-
JIOJKHBI BO30Y K IAOIINM, & [0 BEJIMIIHE MHOTO 6OJTBIIE
CuJI, X BO30YKAAKIINX. DHEPIUA TPABATAIIH — 3TO
npeobpaszoBaHHad sHeprud sdupa.

14.2. CaMpIM yAWBUTEIBHBIM PE3YIBTATOM ITPOBE-
JIEHHBIX MCCJIEMOBAHUM, MO0 MHEHHIO aBTODa, ABJIAETCH
BBIBOJT O TOM, UTO HEMTOCPEACTBEHHOTO CUITOBOTO BO3IEi-
CTBUA MeXKIY TPABUTHPYIONIMMHI TeJTaMU He CYIIECTBY-
er. CylecTByOIlee IPABUTAIMOHHOE B3aWMOIEHCTBHE
uMeeT WHMOPMAMOHHO-KOMOBHI XapakTep: TDaBUTH-
pyiommue Tesa obayvaor Apyr apyra Il-BogHamu, BI-
3bIBad MPUTAKEHHE ODIYyIaeMOTO Tejia OKPY JKAIOIIM
adupoM B HampaBJieHnn o0y datoliero tejia. [Ipu sTom
sHEPTHUA OOy YeHN A Tejla Ha MHOTO MEHBIITE 9HEPTHH €70
MPUTAKEHIA.

14.3. CaMpIM TPUHIUTHAJTBEHO BAKHBIM DPE3YJIHTA-
TOM HUCCJIETOBAHNSA ABJIAETCA PACKPBITHE MPUPOIBI U
MeXaHU3Ma B3aNMHOTO TATOTEHNS W 9epes HUX — yCTa-
HOBJTeHNe (paKTa, UTO BCE CHJIOBBIE (DYyHIAMEHTAIbHBIE
B3aWMOMEHCTBIA (CUIBHBIE, 3JIEKTPOMArHUTHBIE, CJIa-
Oble M TPABUTAINOHHBIE) NMEIOT eINHYI0 MEXAHMIECKYTO
MPUPOLIY.

[TpuMeHUTETBHO K CHITBHBIM, 3JIEKTPOMATHUTHBIM 1
TPABUTAIIMOHHBIM B3aWMOIOEHCTBUAM 5TOT BBIBOMH, CJie-
JIyeT HETOCPEICTBEHHO U3 TOJYYEHHBIX PE3YJIBTATOB,
MPUMEHUTETBHO XKe K CJIabbIiM — Tpebyercd MOMOJTHU-
TeJIbHOE OObACHEHWE €r0 MEXAHU3MAa MOCKOJIBKY OHO —
MPOABJIEHNE 3TUX K& MEXAHMIECKUX CHJT, HO MeXKIY 6o-
Jiee CJIOJKHBIMU BEIECTBEHHBIMHU CTPYKTYDaMHU.

“Benukoe obbemmueHne (yHIaMeHTAJbHBIX B3an-
MogmelicTBuit” , TakuM 06pasoM, TPOU3OIILIO Ha Oase Me-
XaHWYeCKUX CUJIOBHIX B3aUMOMeHCTRUM.

14.4. Tlomygator masbHelililee pasBUTHE ODOCHO-
BaHWA IHHAMUKH IBHXKEHNA Tesl (3aKOHOB HbloToHA).
Ydaer BaugHuA >pupa Ha IBUKEHHTE TeI MPUBOINAT K TO-
MY, 9TO W3BECTHBIE 3AKOHBI ABUKEHNA TeJ CTAHOBATCHA
IpubINKEHHBIMHA.

14.5. B kakoii To cTeneHN TOJYYAIOT yIOBJIETBO-
peHne CTOPOHHUKHN MHUQMUIECKHX “TOPCHOHHBIX —BOJIH
(XOTsl OHM W He MOTVIM MOACHNTH, YTO TOAPA3yMeBaET-

s TOM MOHATHEM “TOPCHOHHBIE BOJIHBI” ) HOO TAHYIIHE
B3aMMOIeHCTBAA MeXKIY mosgpamu B [1-BoHax mMeroT
“TOpPCHOHHBIN~ XapaKTep.

14.6. Craanm MOHATHBI TPUIUHBL CTOJIb AINTEIBLHOM
sagepkky (300 JeT) pacKpBITHA IPUPOIBI I MEXaHU3Ma
B3aMMHOTO TATOTEHMA TEJI: OO0 OTKPBITHA BaKyyMHBIX
HOApU3annOHHBIX BoIH (1996 1. [1-4]) onn mpuHININ-
aJbHO He MOTJIM OBITH PACKPBITHI.

14.7. TlonydeHHBIE KOJUYECTBEHHBIE OIEHKU Me-
XaHU3Ma TPaBHTAIIMOHHBIX B3aUMOIEHCTBII ABAAIOTCA
oueHb TpubamKeHHbIME. OHE He ABJIAINCDH IEJIBIO HMC-
CJIeTOBAHUT W WIPpaloT JIMIIDL BCIOMOTATEIBHYIO POJIb
HILTIOCTPAIAi pasyMHOCTH TOIXO0Ia MpH 0OOCHOBAHITH
IPUHIATHAIBHBIX BBIBOIOB (3TY pPOJb OHH BBITOJIHH-
au). TTo Mepe MpubanKeHnsa K MPaKTHIECKOMY HCIIOTb-
30BAHMIO TOJYIEHHBIX Pe3yJIbTAaTOR, KOJHMIECTBEHHBIE
OIEHKM, €CTECTBEHHO, OVAYT YTOIHATHCA.

14.8. Umeerca mpuHIUNUAIbHAS BO3MOKHOCTB CO-
3IaHUA YCTPOMCTB OJIA TeHEpallii TPABUTAIMOHHBIX I
AHTUTPABUTAIMOHHBIX CHJT (ToJIell) U ynpaBieHns >TH-
MU CHJIaMB (IDaBUTAIMOHHBIE IBUTATE/N, 3allNTa 3e-
MJIH OT acTePOUIOB, MPOTHBOpAKeTHAA 0DOPIOHA).
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OB DKCIIEPUMEHTAJILHOII ITPOBEPKE CILJIEI
TATOTEHNA B METPUKO-TIOJIEBBIX YPABHEHUAX

'PABUTAIIN

M.®. Osepos, JI.B. Beposy6!, A.E. Koueron

Xapvrosckull HayuoHarbrull yrusepcumem, na. Ceobodw, 4, 61077 Xapvros, Yrpauna

9 moabps 2000 .

B pa60Te paccMOTpeHa BO3SMOZKHOCTH 3KCHepI/IMeHTaJIbHOI7I IIPOBEPKM Ppa3HUIIBI B Be€C€ CUCTEMBI JaCTUIL 6I>ICTpO Bpa-

HIaroInuxcsa B I‘OpI/I3OHTaJIbOI7I %3 BepTI/IKaJIbHOf‘I IIJIOCKOCTAX, Hpe,D;CKaBbIBaeMOI?I YpaBHECHUAMM TATOTEHUA, TIPEOIIO-

ZKEHHBIMH OOHUM W3 aBTOPOB. C aroit IMEeJIBbIO TIPEOJIOZKEHO U3MEPATH BeC 06pa31_[a, coAgepKallero rnmapaMaramTHBIE

WOHBI, W3MeHeHNe OPHEHTAIN MaTHmTHBIX MOMEHTOB KOTOPHBIX IPENIoJIaracTCA OCYHIECTBHTD OJIarogaps MCIOIb30-
Baamo DIIP. YucaeHnHble OleHKH, BBITTOJIHEHHBIE IJId i obpasiia sTHiCyibgara JaHTaHA La(02 HsS 04)3 -9H>0

o o o 3 —10
Mmaccoit 1r c l—HpOL[eHTHOI/I KOHIIEHTPpAalen MOHOB Ce +7 JaroT BEJIWYNHY WU3MEHCHWA CHUJIbI TAZKECTU 10 AWH ,

KOoTOopad MOZKET OBITH n3MeEpeHa C MOMOINBIO KPYTUJIBbHBIX BECOB.

1. Bsenenue

Tuppusr [1] IPeaIoIOKUI, YTO TATOTEHHE MOKET OIH-
CBIBATBCA KaK TEH30PHOE MOJIe Yqg CO CIMHOM 2 B TIJIOC-
KOM TPOCTPAHCTBE - BPEeMeHHU, The JarpaHikeBo efi-
CTBHe, OIpenendollee IBUKEHUE YacCTHUIl B 3aIaHHOM
roJie TATOTEHNA UMeeT BUIL

szz_mc/fmw(¢ﬁ#¢ﬁlﬂdt (1)

B s10it dopmyne gos - TeH30pHBIE DYHKIHHE OT Yog,
m - Macca YacTHIBI, ¢ - CKOPOCTh CBeTa, TOYKa O3Ha-
JaeT MPOM3BOAHYIO IO BpEeMEHN i‘a: da®/dt .

Teopus, ocHoBaHHAs HA TAKOM HEWCTBUU, HOJIXK-
Ha OBITH WHBAPHAHTHA OTHOCHTEBHO KaJHOPOBOYHBIX
npeobpasopanit Y.z — 1/3040, KOTODBIE SBJIAIOT-
Cs CJEICTBUEM CYIIECTBOBAHUA ~ W3OBITOUHBIX  KOMIIO-
HEHT y TeH30pa as. llpeobpasopamnd .3 — 1/72055
HOPOKIAIOT TPeodpasoBaHnd TEH30PA Jo3 —+ Japs - 1l0-
5TOMY ypaBHEHUA MOJIA W YpaBHEHUA IBUKEHUSA MPOD-
HOM YaCTHIIBI B 3aJaHHOM I'DABUTAIIHOHHOM TIOJTE IO/ K-
HBI OBITH WHBAPUAHTHBI OTHOCHTEJBHO 3THX Mpeobpa-
30BaHUit TEH30PA §ng. YPaBHEHWA TATOTEHNA, HHBA-
PHUAHTHBIE OTHOCUTEIBHO MPOW3IBOIBHBIX KAJHOPOBOY-
HBIX TIpeobpazoBanuii, npemyioxensl B [2]. Dr1o- nud-
depennmanbable ypaBHeHNA 1A OYHKIUH ¢qp5, WH-
BapHaHTHBIE OTHOCUTEIBHO TPOU3BOJIBHBIX IeOHe3nye-
CKUX OTOOpaKeHN PUMAHOBOTO MTPOCTPAHCTBA Vi, Me-
TPUUIECKAM TEH30POM KOTOPOTO CIIy KaT PYHKINHT §og -
YpaBHEHUA UMEIOT BU/I:

B, — BisBj = 0. (2)

le-mail: Leonid.V.Verozub@univer.kharkov.ua

3mech Bg., onpenensercsa BblpazKeHneM

B, =1, 1L (3)
af af af

(rpedeckue MHIEKCH MpHHUMAaOT 3HadeHns or 0 1o 3),
rme Hlﬁ — cumMBoJisl Tomaca:

I, =10, —(n+1)7" |85 + 65, |, (4)

oY oY 1 | sy o€ 5 o€

Hocﬁ:Focﬁ _(n + 1) 604 Feﬁ +6ﬁ Fea ) (5)
o7

[op — cumBostbl Kpucrodens ncesno - EBkannopa npo-
CTpaHCTBa - BpeMeHH F4 ¢ MeTPUIECKUM TEH30POM
Nags Flﬁ — cumBoJsibl Kpucrodena PumanoBa mpo-
CTpaHCTBa - BpeMeHu V4 pasmepHoctn n = 4. Touka
¢ 3anATOl B ypaBHeHWH (2) 0603HAYAET KOBAPHAHTHYTO
MTPOM3BOJHYIO B Fj .

B caydae cepudecku cAMMETPUYHOTO OIS, CO3Ta~
BAEMOTO TOYEUHOW Maccoll, pusnieckune CIEICTBUA U3
ypabHernil (2) IpH pacCTOAHHAX OT LEHTpa I 3 7y
(rg= 2GM/c? - papnyc HlBaprmmmibaa B OTO) ouenn
MaJio OTJIMYAlOTCA OT CJENCTBUH W3 ypaBHeHWH DiiH-
nitetina.  JIBuxkenne mpobHBIX wdacTuil u HPOTOHOB B
npenesax MOCTUKUMONW B HACTOAIIEE BPEMSA TOYHOCTH
nabsonenuti copnagator ¢ nquxennem B OTO [3]. He
obHapy KeHO TaKKe Pa3JIndnii U IPH TECTUPOBAHUN WC-
MOJIB3YEMBIX YPaBHEHUH ¢ MOMOIIBIO TBOWHOTO MyJIbCa-
pa PSR1913+16 [4].

Onnaxo dusmdyeckue CJIEICTBUA, BBITEKAIONINE U3
HCTIOJTB3YEMBIX YPABHEHUH, MPUHIUIHAIBHO OTIHIA-
forcd or pesyabraTos OTO mpu r < r,. I'opusoHT co-
6pITHit oTcyTcTBYeT. OKa3hIiBaeTCsA BOSMOIKHBIM CYIIle-
CTBOBaHUE YCTONIMBBIX KOHMUTY Pl BBIPOKAEHHOTO
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JIeKTpOHHOTO rasa ¢ Maccamu 10?2 + 10° M, [3], koro-
pBIE MOTYT CYIIECTBOBATH B LEHTpaxX Hallell M APYTHX
Amep ranakTHK [b], a Takke obbACHEHNE HAOIIOIAEMO-
IO YCKOPEHHOTO pacHIUpeHUd KaK CJAeICTBHE CBOWUCTB
rarorenn [4]. TlosToMy TpencraBiifgeTca BecbMa aKTy-
aJILHBIM IIONCK BO3MOKHOCTH J1ab0paTOpHON IPOBEPKNA
dusmaeckux caeICcTBHI paccMaTpUBaeMBIX ypaBHeHHH.

2. tIaCTI/IH,bI (& Op6I/ITa.TIbeIM MOMEHTOM
B IIOJie TAroTeHuA 3eMJIn

BeipaxeHne Ays TPaBUTANMOHHON CHJIBI B IIJIOCKOM
pPOCTPAHCTBE - BPEMEHW, AefcTBylolell Ha MpPOGHYIO
qacTUIly ¢ Maccoll m, mmkyulelica B cdepuieckn -
CHUMMETPUYIHOM TI0JIe, nMeeT BH, [2] :

i i 1 i\ o
F'=—m Baﬁ—ngﬁx P (6)

rme &' = dx'/dt - Tpom3BoIHAA O BPEMEHH OT KOOp-
nuHaT mpobHoN dactuubl. ( 'pedeckme MHIEKCH po-
berator sHadgerns or 0 go 3, garmHcKue — oT 1 Ho 3)

Paccmorpum oToimuHBIe OT HyJAd KO3hDUIIHEHTHI
BZ@ s chepUIeCKU-CHMMETPUIHOTO ToNid B cdep-
YecKoif cncreMe KoopawHAT (TeH30pHBIE HHIEKCH 0, 1,
2, 3 COOTBETCTBYIOT KOOPAWHATAM TIPOOHOW HACTHIIHI
t,7,0,0):

By = By, = C'/2C; Bgy = Bf, =
B, = A'/2A; Bi, = By, =r— B'/2A;

B, = B, = (r — B'/2A)sin@; Bi, = Bf& =
B'/2B; B}y = Bf, = Bf,,

tne A= ()1 —ry/f)~'s B=f*C=1-r,/f;
f= (r?’—i—rg?’)l/?’, M - macca cdepbi, G - rpaBUTAIIMOH-
Has MOCTCIHHASM, ¢ - CKOPOCTH CBETa, I - PACCTOSHEE
1o nenTpa cdepbl. lTpuxoM 0bo3HAYEHBI MTPOU3BO/I-
weie or A, B, u C - mo r.

Temeps MOKHO BEIYUCIUTL CUJTY, TeHCTBYIONIYIO HA
MPOOHYIO 9aCTUITy MACCHI M.

//QA; Bh =

2 "2
Fr=—mry | (1= 4O %sin?(@)—2 | (7)
2r r 2 r2

HpI/IMeHI/IM IIOJIYIEHHOE BBHIDaXKEHUE [OJIA BBIYUCJIE-
HUA BEJIUYWHBI TMPUTAXKEHUA BpallalOUIErocd B TOpH-
3OHTaJ'H)HOI71 IIJIOCKOCTHU KOJIbIla (I/IJ'H/I IIOJIOTO IMJINH-
Ipa) K MeHTPY 3eMIIH.

Bymem paccMmarpuBaTh KOJIBIO AJUHHON | M Maccoit
mg KaK COBOKYITHOCTH TOYEYHBIX MAaccC dmk, PaBHO-
MEePHO paclpeleeHHBIX 0 OKPYIKHOCTH pammyca Ar.
I'paBuranuontas cusia, geficTByonas Ha KaxKIbli sJ1e-
MeHT dmy, , onpenenaerca ypapaeHueM (7).

PaCCMOTpI/IM HepBbIﬁ BapHUaHT OpHEHTAINN KOJIbIA:
OChb BpallleHWsA HAIpaBJeHa K MeHTpY Jemin. Tak kak
BCe 3JIEMEHTDBI dmk HaXO0OATCAd Ha OAUHAKOBOM pPacCCTO-
AHUN R OT TeHTpa 3eMJId, TO MPOU3BOAA HHTEIPIPOBa-
HUe sJieMeHTapHbIX cuit dFY | neficreytomux Ha dmy,
IOJIYyYIUM Pe3yIbTUpyoulyio cuiay [, meficTByrouryio

Ha Bce Koabito. Ecim och BpallleHNA KOJTBITa COBIALAET
c ocblo z (z - HampaBJIeHA OT TEHTPA 3eMut K ceBep-
HOMY TIOJTIIOCY), To yunuThiBast, 4to ¢ = 0,0 = 0, = w
(w - yriaoBag dacToTa BpallleHnA KOJbIA), IOy IaeM:
c? T
Y2 1- Eg +w?sin?(©)]. (8)
TlepBriii qaen B ypasHeHnu (8) ecTh HBIOTOHOBCKAA
CUJia IPUTAKEHNA 3EMJIU C MOMPABKOM, OmpeneseMolit
OTHOLIEHHEM 74/ R, ocTalbHBIe W/IeHBl €CTH CJIEACTBHE
BpalIaTeJbHOTO IBUKEHNA MaTepHaJIbHON TOUYKN.
[Monpsscek 310l dhopmysiolt MOXKHO HallTH W3MeHe-
HEe Beca OBICTPO BPAIIAOIIErOCH B T'DABUTAIIHOHHOM
mojie 3eMJIM KOJIbIla. FCIu KOJBIO Bpallaercs B ro-
PU30OHTAJbHON IMJIOCKOCTH, TO BEC €ro YBEJIMYNBACTCA
Ha BEJUYUHY

v2
AFl :mkrgﬁ, (9)

THe v - JWHellHad CKOPOCTh TOUEK KOJBIA, & My €CTh
Macca KoJsibiia. [lpu BOOJHE TOCTHKEMOM B Jjabopa-
TOPHBIX yCJIOBHAX 3Hadennn v ~ 10% M/cex u m ~ 50
I AR ~ 10~8 mun. Ecam ®KombII0O BpalllaeTcs B BepHU-
KaJBbHOM MIOCKOCTH, TO N3MeHEHWEe CUJIBI MPUTAKEHN A

paBHO
(10)

Brak cmael A Fy yKasbIBaeT, 9TO BeC KOJIbIIA YMEHb-
maercA. BeqndwHa W3MeHEHNs Beca, paBHAA 110 MOPAI-
Ky BeamuuBEL 10" SIUH BIOSHe MOCTYIHA peTHCTAINE
([6]). Onnako BuGpamnu BpamaoIeroca Koublia 0yayT
cozmaBaTh HeyCTpaHUMBbIE TIOMexW. s 3KcrmepnmeH-
TaJIbHOW MpOBEPKH paccMoTpeHHoro 3dderra B maH-
Hoil paboTe mpemIaraeTci M3MepATH W3MEHEHHA Beca
CHCTEMBI 3JIEKTPOHOB, HMEMIINX OpOUTAJIBHBII MOMEHT
KOJINIeCTBa JIBUKEHNA B aTroMax. [lJis 3Toro Bo3aMox-
HO WCIOJIL30BaTh ABJIEHNE 3JIEKTPOHHOTO MapaMarHhT-
HOTO pesonanca ( DIIP ) B KOHIEHCHPOBAHHBIX CPEIaX.
YuaureiBasa ToT aKT, 9TO B aTOMax C MOPATKOBBIM HO-
MepoM z ~ 60 ( pemkoseMenbHBIE 3JEMEHTHI ) OpOH-
TaJIbHble CKOPOCTH BHEINHWX 3JIEKTPOHOB CPAaBHUTENB-
Ho Besuku ( v ~ 10° cM /cek ), MOKHO HaledThbCH,
YTO MpPH JOCTATOYHON KOHIEHTPAIMH MapaMarHATHBIX
MOHOB B BENIECTBE paccMaTpUBaeMbIil 3ppeKT MoKeT
OBITH OOHAPY KEeH.

3. Teopusa skcnepumeHTa

DKCIEPUMEHT MOXKHO OCYIIECTBUTH CJIEAYIONUM 0Opa-
soMm. Obpaszel, B KOTOPOM BO3MOYKHO HaOJIIOIEHNE CHUT-
najga D[P momernaercs B OOMHOPOIHOe BHEIIHEE MAr-
uutaoe tosie Hy u CBY pesonarop. Beibepum Bepru-
KaJbHOE HalpaBJieHHe MAarHUTHOTO 1ojiA. [lpwm mocra-
TOYHO HU3KOHN TeMIlepaType, BCIEICTBHUE CIIWH - pelile-
TOYHON pejlaKCalii, MapaMarHuTHBIE TEHTPBI 0O6pasIa
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OPMEHTHUPYIOTCA BAOJE Tojid Hg, TO eCTh OCH Bpalile-
HUA 3J€KTPOHHBIX OPOHUT OYIyT mapaJiiejbHBI HAIpa-
BJeHWIO K TeHTPY 3emunm. Ucxoms w3 paccMoTpeHHOM
BBIIIIE TEOPUN BeC 3JIEKTPOHA TAKOI'o MapaMarHUTHOTO
IEHTPA BCJEICTBHE OPOUTAIBHOTO MBHKEHUSA TOJIXKEH
YBEJIMYUTCA Ha BEJIUYNHY

2

mevy (11)

(AFl)e = 7“577,

rme m. - Macca 3JeKTPOHA, V. - ero opburajbHad
ckopocth. Ilpu momade B CBY pesonarop BBICOKO-
gactorHoro " 90° - mMmyabca” pesoHAHCHON TacTOTEL
wo = vH(p BeKTOp HAMATHWYEHHOCTH MapaMarHUTHBIX
noHoB oBeprETca Ha 900 orHOCHTEMBHO moTa Hy 1 6y-
JIeT TIPENEeCCHPOBaTh BOKPYT Hero.Bripaxasdsch Ha A3BI-
K€ MaKPOCKOIMHNIECKOTO PACCMOTPEHUA ABJIEHUA PE30-
HaHCa ~MJIOCKOCTH 3JIEKTPOHHBIX OPOUT OYIyT MOBO-
padmBaThca BOKPYT Hy ¢ gacroroli wg, TO ecTh OymyT
mapaJiieibHBI HAITPABJICHUIO K MEHTPY 3eMyiu. B sToMm
cJIydae BeC TAKOTO 3JIEKTPOHA YMEHBIIUTCA HA BEJTMIH-
oy (AF3)e = 1/4(AFy).. Yepes Bpems 11 ( Bpems
CITHH - PENETOUHO pesTakcallii ) BEKTOP HaMarHHIeH-
HOCTH BEPHETCHA K CBOEMY PABHOBECHOMY 3HAYEHUIO, TIa-
panmuabHOMY Toi0 Hy. Ecam momsecmts obpaser k
KOPOMBICJTY TOPH30HTAJIBHBIX KPYTUJIBHBIX BECOB, MMe-
OIIX COOCTBEHHYIO 9ACTOTY MEXaHUIeCKUX Kojiebanuit
Wyex, 1 nopaBath B CBY pesonarop ” 90%) - ummysib-
cel” ¢ »Toil YacToTol, To OyAeM HMETh MeXaHHIECKYIO
K0j1e0aTe/IbHYIO CUCTEMY Ha KOTOPYIO HeHCTBYeT BBIHY-
Kpaolas cuna, paBHafg Fpyy = (AF)E — (AF2)S (
HHIEKC § O3HAYAET CYMMIPOBAHUE IO BCEM MapaMar-
HUTHBIM HOHaM). ECTeCTBEHHO, IOJIKHO BBITOIHATE-
ca yesoBue Ty < 27 Jwyex . VaMepss aMIIUTYLy pe-
30HAHCHBIX KOJeOaHWii KOPOMBICTIA BECOB TIPH TOIAYe
BBIHY KIAIONIAX BBICOKOYACTOTHBIX MMITYJIBCOB MOYKHO
CYyIuTh O Bejmunte 3¢ deKrTa.

Bueninee maraumTHOe mosie Hy He #ABIgeTCA MOJ-
HOCTBIO OTHOPOHHBIM. Ilpym mapaMarHUTHOM pe30HAH-
ce MarHUTHBIE MOMEHTBI HU3MEHAHA CBOK OPHEHTAIIHWIO
1 B3aUMOMEHCTysA C OCTATOYHON HEOTHOPOMHOCTBIO TO-
as Hy 6ynyT cosmaBaTh CHJIBI, HefCTBYIOIIME MapaJi-
JIEJIBHO WCCAeIyeMol TpaBUTAIMOHHON cuje. B mpu-
Mepe, KOTODBIli OyImeT paccMOTpeH HHKE, CHJIa Mar-
HHUTHOTO B3amMoOAelicTBua obpasiia ¢ MoJeM, HEOTHO-
POHOCTH KOTOporo cocrapiser ~ 10759/em® pasna
~ 10~*mur . Taxad cuia IpeBEIIIAET BEIUTHHY H3yTac-
MOro rpaBuTanuonHoro adderra. [losTomy s mpak-
THYecKOl peajin3alliy >KCIepUMeHTa moje Hy cienyer
YCTAHOBUTH TEPIEHINKYAAPHO HATPABIEHUIO K TIEHTPY
Semmu. B aToM ciiydae B paABHOBECHOM COCTOSHUU Mar-
HUTHBIE MOMEHTHI TaAPAMarHUTHBIX TEHTPOB HalpaBJIe-
HBI TaK¥Ke MEPIEHINKYIAPHO HAIPABJICHUIO K MEHTPY
3eMJII U BEC TaKWX 3JIEKTPOHOB IOJIKEH yMEHBIIUT-
ca Ha BeauauHy (AFs).. Ilocie momaun B CBY pe-
soHaTOp " 90Y - WMIYIBCOB” MATHHTHEBIE MOMEHTH 6y-
YT TOBEPHYTHI OTHOCUTEJIBHO HAIPABJIEHUA MATHUT-
Horo mosid Ha 90° m ”mIockocTH OpAHT’ TAKHEX 3JIEK-

TPOHOB OYIyT BpallaThCcA BOKPYT TOPH30HTAJILHON OCH
€ 9acTOTOl wq, a X IpeanoJjaracMoe M3MeHeHHe Beca
Gyner msMmeHAThCA OT (AF), 10 —(AFs). OBaXKIHI 32
nepuon CBY konebanns (OTpHUIATENBHBIN 3HAK O3Ha-
gaeT, 9TO CHJIA TAKECTH yMeHBIIAeTcs ). YCpPeTHeHIe
II0 BpEMEHN JaéT yBeJIWdeHHe Beca 3JIeKTPOHa, paBHOEe
3/8(AF).. Torma BenmdwWHA BBIHYKIAONENH CHIIHI,
IeficTByIomeil Ha KPYTHJIBHEBIE BECHL CO CTOPOHBI OZHOIO
»JIEKTPOHA, paBHA

(Fasw)e = S(AF) + {(AF).. (12)
lopusoHTAIBHYIO COCTABJIAIONIYIO CHJIBI, HapaJ-
JIeJIbHYI0 Hy, BOSHUKAOIIYIO BCJIEICTBUE HEOMHOPO/I-
HOCTH MAarHUTHOTO MOJIA, HEOOXOAUMO UCKIIIOYUTEH WC-
MOB3y A KOMIIEHCHPYIOILYO CHCTEMY € OTPUIIATETHHOM
0bpaTHON CBA3BLIO.

CreraeM OIEHKY BEJIMYIHMHBI PACCMATPHBAEMOTO 3¢h-
dexra. Ilpexme Bcero cliemyer OTMETHUTH, 9TO B Ka-
gecTBe 0OBEKTA UCCIENOBAHNSA CJIeNyeT OpaTh oOpasibl
B KOTODBIX apaMaTHUTHBIE TEHTPHI 0DJIaTAI0T MaKCH-
MaJIbHON BeJIMINHON OpOUTATIBLHOTO MOMEHTA. DTO CBH-
3aHO C TEM, YTO BOIPOC O BO3SMOYKHOCTH TPUMEHEHUHA
PacCMOTPEHHON TEOPHUH K CIIHHOBOMY MOMEHTY OCTAaeT-
cA OTKPHITHIM. [l03TOMY B OTIeHOUHBIX pacderax dymeM
6paTh TOJBKO CpelHee 3HAYeHHME OPOUTAIBHON YacTh
MTOJTHOTO MOMEHTA KOJINYeCTBA JBUKEHUA TapaMarHuT-
HOTO aTOMa.

PaccMorpuM BO3MOKHBIE OOBEKTHI MCCIIENOBAHUA.
B niepexonubix Metasiax rpynnsl xejaesa 3d - 3JeKTpo-
HBI ABJIAIOTCA BAJEHTHBIMHE, UX B3aUMOIeicTBIE C BHY-
TPUKPHUCTAJIUIECKIM MTOJIEM OKPY KAIOIMINX HOHOB MPH-
BOIUT K PACIIEIJIEHNIO 3SHEPTeTHIeCKUX YPOBHEl cpas-
HUMOMY IO BeJINYWHE C 3Heprueil cuuH - opbuTaIbHOro
B3aummogelicteus. B pesynbrare B CoblHImHCTBE costel
3d - MeTayIOB MeXKaTOMHBIE CHJIBI ~3aMOPAKUBAIOT
opbuTaJ bHBIN MOMEHT. B cOAX MEPEXOIHBIX METAJIOB
rpynnsl mwiatnasl u nagagng ( 4d w 5d - saeMeHTHI )
B3aMMOJIEHCTBIE C MOJEM JIUTAHIOB 3HAYNTETBHO CHITh-
Hee CIUH - opbuTadbHOi cBa3u. OpbuTaIbHBIN MOMEHT
TaK¥Ke OKa3bIBAeTCA ~3aMOPOKEHHBIM .

B penkoseMenbHBIX HOHAX ( IPYMIa JaHTaHa ) Mar-
HUTHBIE CBOHCTBA 00yC/IOBIeHBI TTyOoKOTeKammmu 4 f
- 3JIEKTPOHAMU, CPEHEE PACCTOAHNE KOTOPBIX OT AAPa
HaMHOTO MeHbIIe, YeM ¥ 3d - 3J1eKTpOHOB. Kpome TorO,
sKpaHUpYollee IeificTBIE OKA3BIBAIOT BHEITHIE Ds U Hp
obogoukn. [loaToMy KpuCTaAINIECKOE TOJIE BBISBIBAET
paCIIeNIeHne 3HEPTETHIECKUX YPOBHEN peIKO3eMeTh-
HEBEIX 3JeMeHTOB mpuMepHO B 100 pas MeHBbIlee, deM y
MOHOB TPYIIBI XKejie3a. Takume pacilenyieHns MeHbIIe
SHEPTHUH CIUH - opOuTaJbHOTO B3amMometicTeuda. Co-
JIV PENKO3EMETBHBIX 2JIEMEHTOB MOYKHO PACCMATPUBATH
KakK IpUMep MapaMarHUTHBIX ~Ta30B” .

YaureiBag BCE CKasaHHOE, PACCMOTDPUM BEJIMYUHY
OKHUAAEMOTO TPABUTAIHOHHOTO 3 deKTa Ha TpPUMEpPE
npuMecHEIX noHOB C'e®T B Xopollio m3yueHHOM coemm-
HeHun sTHicyabdara manrana La(CaH5504)s-9H10.
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Opmu f - »7eKTpoH CBODBOAHOTO MOHA IMEPHA HMEET
OCHOBHOE€ COCTOSAHUE 2F5/2, KOTOpO€e OTIEJIEHO OT Mep-
BOI0O BO30YKIEHHOTO COCTOAHUA 2F7/2 CIHH - opbu-
TaJbHBIM B3aUMOJeHCTBIEM SHEPreTHIeCKIM MHTEepBa-
aoM ~ 2200em™!. DToT HHTEpBAJ HAMHOTO HOJIBIIE
paciuelyiennii, TPOM3BOOMMBIX OKPYKAIOIIMM TIOJIEM
murangos ( muMeronmx rpymnny cummerpun Clp ), Tak
9TO B IEPBOM HMPUOIHKEHUH TTOTHBIH MOMEHT OCHOBHO-
ro cocrostus J = 5/2 MOKHO CUMTATH XOPOIIUM KBAH-
TOBBIM 4HCJIOM. KpucTaganmdeckoe ToJe pacHlelIsgeT
OCHOBHOI IIIeCTUKPATHO BBIPOKACHHBIN YPOBEHD HA TPH
KpaMepCOBBIX AybHieTa ¢ BOJTHOBBIMU (OYHKITHAMM:

], = £1/2) |, = +£3/2), |/, = +5/2) (13)

B paszbaBiieHHOHN COTM OCHOBHBIM COCTOSTHUEM SIBJIsA-
erca mybaer |J, = +1/2), a mepBBIM B0y KICHHBIM
|/, = £5/2) [7]. Opburanbubiii Moment L, He co-
XpaHseT ONPeIesIeHHOIO 3HAYCHU A BAOJb HALIDABJICHY s
marauTHOTO ostss Hy ( z||Hg, och z HampaBJieHa BIOIb
OCH TPUTOHAJIBHON CHMMETDHN KPUCTAJIA ), MO3TOMY
MBI MOJKEM BBITHCIINTH TOJIBKO cpefHee sHadeHne (L, ).
Bosrossle dynkimun |J,J,) OCHOBHOTO COCTOSHUA B
NepBOM TPHOJIMKEHNH TEOPHN BO3MYUIEHUHA PaBHEI :

51 4 1 1 3 11

‘§’§>—ﬁ'3’1>‘5’—§>‘ﬁ'3’0>‘5’5>
5 1 3 1 1 4 11
5’—§>—ﬁ'3’0>‘5’—§>‘ﬁ'3’—1>‘5’§>

TOTIA
(L.) = <5/2,—1/2|LZ|5/2,—1/2>:4/7h. (14)

Bpra)KeHI/Ie AJd HM3MEHEHHM:A BeCa BpallarolIero-
Cd DJIEKTPpOHA, BEKTOPp MOMEHTAa KOJHUYECTBA [IBHZKE-
HUA KOTOPOI'O HAallpaBJIEH IMapaJlJIeJIbHO HallpaBJIECHUIO
K IEHTPY 3eMJIn MOKHO 3alHcarh B BHUIE!:

rg(meAreve)?

meArZR2
roe Ar. - YCpeIHEHHBIN paamyc OpOHTHI 3JeKTPOHA
B MapaMarHUTHOM WoHe. Bemmamuy (meAr.v.) Moxk-
HO OTOZKIECTBUTE CO CPEIHIM OpPOHTAILHBIM MOMEHTOM
(L) 4f - smexrpona. Torma

2
rg{L:)
meArZR2’
ITpu cpemtem pammyce 3/ieKTpOHHONH OpOUTHI A7, ~
0.4 - 10™® cM IOIYYNM CIIEAYIONYIO YUCACHHYIO OICH-
Ky:
(AF[)e ~4,5-107% mum . (17)

B obpasie maccoit Ir ¢ KoHleHTpaIueli MOHOB TepUdA
1% ux wncao N pasmo 9-10'®. Torma mpu Bemmum-
He MOJAPH3AINN TapaMarHuTHBIX HoHOB p ~ 0.5 ( mc-
Hosb30BaHel MapaMerpel H = 3.5-10%rc, g = 0.86, T =
1K ) BBIHY K mafolnas cuia s Takoro obpasiia paBHa:

(AF). = (15)

(AFy)e = (16)

Fapm & 05N - g(AF{)e ~1.2-1071° qum . (18)

Wsmeperne cu Takoro mopsmgkKa MOYKHO OCYIIe-
CTBUTH C OMOIIBIO KPYTHIBHBIX Becos ([6]). Kpome To-
TO CJIeflyeT MMeTh B BUAY, 9TO TOOPOTHOCTH () MCIONB-
3yeMoil MexaHWdIecKoil KosebaTebHON CHCTeMBI BECOB
MoxEeT gocTurarh ~ 103. CremoparenpHo, aMILTHTYAA
MeXaHMIeCKUX KOJIeOaHwii 1T eiicTBUEM BBIHY K IAI0-
meit cuibl Fopy yBemmauTcea B () pas.

Takum o6pasoM, TyBCTBUTENBHOCTD MpeiaraeMo-
ro MeToja BIIOJIHE JOCTATOYHA AJIA 3KCIEPHMEHTAb-
HOIl IIPOBEPKH paccMOTpeHHOTo 3¢bdeKTa.

B obuieit Teopun orHocHTenbHOCTH ypabHeHus Ila-
nanerpy HpeAcKasbiBaloT HEKOTOpOe BJIMAHUE COD-
CTBEHHOTO MOMEHTa MPOOGHOTO Tejla Ha ero JIBHYKeHHe,
€CJIN ero ToCTyTIaTeJbHasd CKOPOCTh OTJIMIHA OT HYJIA.
OmHOKO B CTATMYECKOM CJlydae BIMAHUE COOCTBEHHOTO
MOMEHTa Ha BeJIMIMHY YCKOPEHHA CBOOOIHOTO MaeHn s
npenebpeknmo mano ([8]).
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PEJIATNBUCTCKINE KBAHTOBO-IT'PABUTAIHMNOHHBIE
[NITOTESH N CTPYKTYPA ITPOCTPAHCTBA-BPEMEHI

O.B.Illapuinos, E.A.ITuporos, C.I.I'pumun!

Hremumym duaocoduu u npasa, Hnemumym menaodusuruy CO PAH, Hosocubupcruti 2ocydapcmeeruit
yrusepcumem, 630090 Hosocubupck, Poccus

8 moabps 2000 .

['mmoTess 0 peAATHBUCTCKON M KBAHTOBOW TIPHPOIIE TPABUTAINNA HEM3OEKHO CTAaBAT MpobiieMy 0600IIeHNA TIpencTa-
BJIEHUI O CTPYKTYPE MIPOCTPAHCTBA-BPEMEHN. | eHIeHITNA O0beIMHEHNA TeOPUil (PU3UIECKIK B3aMMONENCTBHI BeIIET
K [OABJIEHHUIO YHUBEPCAIBHBIX XapaKTEPHBIX (ILIAHKOBCKUX ) MacuITaboB Beex bU3NIeCKUX BeanduH. [1pu sToM mias-
KOBCKasf JJIMHa (KaK ¥ JIpyTHe IUIAHKOBCKIE BEIMYMHBI) IPHOOpeTaeT CBOMHCTBA IPENEIBHOCTH M MHBAPHAHTHOCTH
B OTHOIIEHHH OIMMCHIBAEMOM YaCTH peaJbHOCTH. Hamwu TmoKasaHo, UTO Ipemmonokenne o6 0cobolt MeTOmMOTOTHIe-
CKOM POJIN TIAHKOBCKUX BEJWYNH B €IIMHON TEOPHH MO3BOIAET MW30eKAaTh W3BECTHHIX TIPUHIMITMATBHBIX TPYIHOCTER
COBPEMEHHOM KOCMOJIOTHH U (PU3WKH BBICOKHX PHeEPTHi, He abCONMOTU3NPYA IUCKPETHOCTH TMPOCTPAHCTBA-BPEMEHH.
Qopmanmsarua CBONCTB INTAHKOBCKUX BEJWYNH MOTPeOOBAA MCTIOIB30BAHNA TPUHITHITHAIBHO HOBOTO TOHATHUA - (K-
MYAAbHO20 HYAA MHOKECTBA. DTO MOHATHE TIO3BOJIAET MTPEOIOTIETh TPAIUITMOHHOE TTPOTUBOIIOCTABIIEHIE THCKPETHO-
TO U HEMIPEPBIBHOTO. VX albTepHATHBHOCTE 3aMeHAETCA MPEICTABIEHUAMI O “HUCKPETHO-HETTPEPHIBHON CTPYKTYpPE
MHOXKeCTBa (B 9aCTHOCTH - CTPYKTYPbI IIPOCTPAHCTBA-BpeMeHH ). AHaIN3 CBOHCTB TON CTPYKTYPHI IPUBEN K DALY
WHTEPECHBIX PE3YIHTATOB, 3AKJIAIBIBAIOIINX OCHOBBI JIJIA COOTBETCTBYIOIINX HEAPTUMECOSHIL TEOMETPIN U ANTEOPHI.
B kocmomorum HOBBIE TIpenCTaBIIEHNA MOTYT OKA3aThCA AKTYAIBHBIMU TIPU OMMMCAHUHA HAYATBHON CTAINN PA3BUTHA

Bcenennolt, mpeiesioB »BoOOIME Y€PHBIX IBIP W T.1I.

Pazanvanble KBAHTOBO-TIOJIEBBIE PETATHBUCTCKIE Te-
opuM, a TaKXKe BapUaHThl TEOPUHW KBAHTOBOH TrpaBuH-
TAllNK, PaccMaTpUBaeMble B CcOBpeMeHHH dbusuke (u
KOCMOJIOTHI ), MOYKHO KJIAcCHHUINPOBATh KaK MOMBIT-
K Pa3sBUTHA OCHOB HEKJACCHUIecKoll busmkum B Ha-
paBJeHuN Tepexoia K IOCTHEKJIACCHYEeCKOMY 3Tally
[1]. Cpepx3amadell TUX TEOPETHYECKUX KOHCTPYK-
muit ABJadeTcA CO3JaHUe €IUHON Teopum B3amMoOmeii-
CTBUl, IpeaMeTOM H3Y4YeHHA KOTOPOH ciyXKaT cBOH-
CTBa PEJIATHBUCTCKUX KBAHTOBO-TPABUTAIMOHHBIX 00D~
eKTOB (cmcreMm).
cTyjara ¢ OCHOBAMH PeJATHUBUCTCKON TpaBUTallUM He
ABadgeTca cyrybo “rexHmdeckoit” szamadeil, oH BpaAnd

HpI/I 9TOM CHHTE3 KBaHTOBOI'O IIO-

JI MOKET OBITH YCIIENIHO OCYINECTBJIEH JIUIIB Ha Oasze
OPUHATHIX (HEKJIACCHIecKNX) (DyHIAMEHTATbHBIX Ha-
yunblx nojoxenuit [2]. CBa3b pesssTUBUCTCKON Teopuu
rpaBHUTallM CO CBOHCTBAME IPOCTPAHCTBA-BPEMEHH IO-
3BOJIAET TPEMIONOKUTE, YTO ODODIIEHME 3TOH Teo-
puu Ha PEJIATHBUCTCKHE KBAHTOBBIE CHCTEMBI TTOTPEDY-
€T MePeoCMBIC/IEHNA CYIIECTBYIONINX INIPeAcTaBIeHul O
TIpOCTpaHCTBe-BpeMeHn. IIpudeMm KadecTBEeHHBIN CKa-
YOK B 3THX TNPEACTABIEHUAX OyIeT He MeHee 3HAUU-
TeJbHBIM, YeM IIpU Iepexode OT KJacCHYecKoil Mexa-
HUKH K CHENHAJbHON TeOpHH OTHOCUTEIBHOCTH HJIM OT
HBIOTOHOBCKOW TeOpHWH TATOTEHUA K ODIel Teopuu OT-

HOCHTEJIbHOCTH. ODTO MHEHHE OCHOBBIBAeTCS Ha TOM,

le-mail: zhuck@insurance kharkov.ua

9TO WCIOJIB30BAHWE PEIATHBUCTCKOIO TOCTYJIaTa 3a-
TparmBaeT TOJBKO METPHUYECKHWE CBOWCTBA MPOCTPAH-
CTBa W BPEMEHM, CTABUT WX B 3aBUCHMOCTH OT Mare-
pPHAbHBIX (& MMEHHO - BENECTBEHHBIX) OOBEKTOB W
CBA3AHHBIX C HUMH CHCTEM OTCYETa, B TO BpeMsA KakK
BBelleHWE KBAHTOBOTO TOCTYJarTa MPUBHOCUT KAIeCTBO
MUCKPETHOCTH TY[Ia, TIe MPeXkIe TOCIOICTBOBAIA KOH-
THHYAJIBHOCTD, M CJIEAOBATEIBHO, MOMKET 3aTPArWBaTh
6oJtee oOIIIME - TOMOJOTHIECKHE CBOHCTBA COOTBETCTBY-
Tem campbim,
MOJYKHO CIIeJTATh BBIBOI O TOM, 4TO THIOTE3BI O PeJid-
THBUCTCKON W KBaHTOBOW MPUPOIe TPaBUTAIANA HEW3-
6exHO cTaBAT MpobyieMy 0bODIEHNA PeNCTABIEHHH O
CTPYKTYPe MPOCTPAHCTBA-BPEMEHM.

OIMIX KOHOENTYaJbHBIX IIPOCTPAHCTB.

Crenyer OoTMETHTH, YTO pellleHue 3TOH MpobJIeMbl
He IpefroJaraeT yIpoIeHHOIo MoAXona B IyXe OTKa-
3a OT HENPePBIBHOI CTPYKTYPHI B HOJAb3Y HUCKPETHOM,
MTOCKOJIBKY 3TO O3HAYaJI0 OBl MpocToe oTOpachiBaHME
TaKMX BaXXHBIX IPUHIUIOB, KaK JIOKAJbHOCTH B3aMMO-
HelicTBUA WJIW TPUYUHHOCTE HA MUKpPOypoBHe. M3BecT-
HBble MOMBITKK MOCTPOEHUA Teopuil, He MCHOJIB3YIOMMNX
JIaHHBIE TPUHIUIIL, He UM YOEIUTETHHOTO YCIEXa.
DTO HEYAWUBUTENBHO, T.K., BO-NEPBBIX, IIPH HTOM MOT
HapylaThcda BaKHeHIINH MeTOmOMOTnYecKni TPUHITUIT
MMOCTPOEHNA HOBBIX TeOpHil - MPUHINI COOTBETCTBUA.
A BO-BTODBIX, KOHIIENIUHN CTPYKTYPBI MPOCTPAHCTBA-
BpeMeHH, 3aHUMasA Hanmbojee PyHIAMEHTATBHOE TOJIO-
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KeHne B (PU3NIeCKOi KapTHHe MIpa, He MOTYT MCIOJIb-
30BaThCA W30JMPOBAHHO, HE3ABMCAMO OT OCTABHOMN CH-
cTeMbl 6a30BHIX HAYYHBIX TpeacTaBiaeHnii. Mx TpaHc-
dopManmsa HOJKHA TPOUCXOIUTE COTIACOBAHHO, HAXO0-
I B TOM YHCJIE OTpajKeHWe B COOTBETCTBYIOLIEM H3-
MEHEHWH MCIOJIb3yeMbIX TTEPBHIHBIX MAaTeMaTHIeCKAX
noHATHI (TaKMX KaK 9YHCAO, TPHHIMIBL YIOPATOTe-
HUA 3JIEMEHTOB YHCJIOBOIO MHOXKECTBa, CTPYKTYpPHBIE
(reoMeTpnUecKne) cBoficTBA MHOXKECTB, aKCHOMATHKA
i Op.). YPOBEHb W MOTPEOHOCTN DPA3BHTHA COBPEMEH-
HOll (bMBHKYM HalleIMBalOT Ha CO3[aHNe HOBBIX MpecTa-
BJIEHWIA, TPEOOJIEBAOIINX B3aNMHOE MCKTFOUEHHE TTPO-
THBOIOJIOKHOCTE, CHHTE3UPYIOINX JUCKPETHOE W He-
[PEPBIBHOE, OTHOCUTEIBHOE U abCOTIOTHOE (MHBAPHAHT-
HOe), KOHeTHOE 1 HGeCKOHETHOE:

ITonbiTKa peannsammm 3TOW TPOTPAMMBI MOYKET
OBITH TPeANpMHATA Ha OCHOBE ydeTa ocObOH MeTo-
JOJIOTHYECKON DOJH IIaHKOBCKMX BenudanH (dbyHma-
MeHTAJIBHBIX busndecknx mocToAnubix) [3].  Jlobas
PeNIATHBACTCKAA KBAHTOBO-TPABHUTAIMOHHAHA THIIOTE3a
JTOJIZKHA UCTIONIB30BaTh TAKNE MUPOBbIE KOHCTAHTHI, KaK
? - mocroannyto Ilnanka, ¢ - ckopocTh cBera m G -
IrpaBUTAIMOHHYIO MOCTOAHHY!0. Ha ocHOBe mX KoMmOm-
Hanuii (¢ yaerom k - mocrosuuON BiabiMaHa) MOKHO
copMupoBarh xapakTepHble (ITAHKOBCKIE) BEJMUN-
HBI Jit0001 (busudeckoit pasmeproctu. Bee onm Oymyr
dJIeMEHTaMU eMHON CHCTEeMBI BeJIMInH. MOXKHO mpes-
TIOJIOXKHUTE, 9TO 3Ta B3aUMOCBA3h HeCIydaiiHa I 9TO BCe
NJIAHKOBCKHE BEJIMYMHBI B PeJIATUBICTCKON KBAHTOBO-
I'paBUTAIIMOHHON TEOPMU JOJIXKHBI UTPaTh KadeCTBEH-
HO OJHY M Ty J€ MeTOJOJIOTHIECKYIO POJib, OJMHAKO-
BO KadeCTBEHHO OTJIMYAaACh OT IPYTMX 3Ha4YeHWil cooT-
BETCTBYIOIINX pu3mIecknx BeaumanH. Kakopa 3Ta BO3-
MOXHad KadecTBeHHaa crmemmdnka’ o orsera Ha
3TOT BOIIPOC 3aMETHM, 9TO CKOPOCTHL CBETa MTPAeT B
PENIATUBACTCKUX TEOPHAX POJIb MHBAPHAHTHON BeJTMYIN-
HBI, 00JagaeT NMpefesbHBIM HETOCTHIKUMBIM 3HAadeHM-
eMm. Jna mocroannoit Ilialka B KBAaHTOBBIX TEOPHAX
TaK¥Ke MOCTYJIMPyeTcs CBOMCTBO TpemesbHOCTH. B or-
HOIIEHWN TPABUTAIMOHHON MOCTOAHHON M TOCTOAHHOM
BonbuMana Takike TPHBOAATCA apryMEHTBI B MOJB3Y
ux npenesabHoro xapakrepa [3, 4]. Tax kak Bce mjiaH-
KOBCKWE BEJIMYMHBI B3aMMOCBA3aHbBI, TO HX KOMOHMHNPO-
BaHMe He JOJIKHO TIPUBOINTE K M3MEHEHHIO MPHCYTIEero
um ocoboro kadectBa. (CemoBaTeNlbHO, B paMKaX pe-
JIATUBUCTCKAX KBaHTOBO-TPABUTAIMOHHBIX THIIOTES BCE
MJIAHKOBCKHE BEJIMYMHBI CJIEIYET pPacCMaTpuBaTh KaK
KadeCTBEHHO BbIaeJieHHble. Mx crennduKy MOKHO
saduKcupoBaTh B popMe MOCTyJIaTa pesATHBACTCKOM
WHBADWAHTHOCTH U TpefeibHoctn (ZcG-mpunnnn [3])
B OTHOIIEHHN ONNCHIBAEMON WaCTH PeaabHOCTH (M-
pa BellecTBa W W3JIy9eHn#). B 9acTHOCTH, TIAHKOB-
ckas gumHa Ly =(?G/c?) 1/2 ¢ dpusmaeckoii ToUKM 3pe-
HUA, TPAOOPETAET CMBICT PeJATHBUCTCKA WHBAPHAHT-
HOIl TpeeTbHOM MPOCTpaHCTBEHHON XapaKTepUCTUKH 1
O3HadaeT peahbHOe CYIeCTBOBaHNe yHUBepCa bHOI He-
JOCTMKUMOM TpaHWIIBI 00JACTH CyIeCTBOBAHMA MWpPa

BEIECTBEHHO-TIOJIEBBIX OOBEKTOB. 3aMETHM, YTO BCTPe-
Jarolnecs XapaKTEPUCTUKHN TJIaHKOBCKOW IJIMHBI KaK
“MUHUMAJIBHON” TPOTAKEHHOCTH CJIENYeT TPUMEHATH
¢ ocTopoxkHOCTBIO. [lesio B ToMm, 4TO moHATHE “MuU-
HUMAJIBHOCTE  TPEANOJIaraer, 9T0 MHOKECTBO (hbU3mIe-
CKUX BEJIMYWH C PA3MEPHOCTBIO IJIUHBI yIOPATOYIEHO
Ha OCHOBe oTHolIleHMs “Oosblie-Menblie” . Ho mjig sto-
ro HeOOXOIMMO HCIOTB30BaTh HEKOTOPBI YHUBEPCATE-
HbIfl dpusngeckuit npuaun. ToJIbKO OMpENesnB ero co-
Jep¥kaHue, MOXKHO Oy/IeT OCMBICTIEHHO MPUMEHATH Ta-

LEnb

KWe TEPMUHBL, KaK “MUHIMAJBHBIH (a0 “MakcuMaib-
HBIH”) »/eMeHT MHOXKeCTBA JIJIMH WM WHBIX (busnde-
ckux BenmmawH. Ha mpakTruke BMecTO 0OOCHOBAHU S YHU-
BepCaJbHOTO (PUIWIECKOTO TMPUHIIANA YIOPALOIEHU A
MPUHATO TAPAMETPU3OBHIBATH MHOKECTBA (PUBHIECKIX
BEJIMIMH KAKAM-JIHO0 THCIOBBIM MHOKECTBOM, MTEPEHO-
csd cBOMCTBA 2JIeMEHTOB TIOC/IeTHETO Ha (PUIUIECKUE Be-
guanabl. Tak, oblIenprHATas CETOMHA TOYKA 3PEHUA
3aKJII0YAETCA B TOM, 9TO MHOKECTBO IJIMH YIOBJIETBO-
PUTEBHO MAapaMeTPU3YyeTCsa HEOTPHUIIATEILHBIME Bellle-
CTBEHHBIME YHUCJIAME U CBOWCTBA MPOTAIKEHHOCTH WC-
YEPIBIBAIOTCA AKCHOMATHUKON MOJIsA BENIECTBEHHBIX Y-
ceq. C 370l TOUKM 3peHUA, MIAHKOBCKAA IJITMHA ABJIA-
erca majsiofi Besmuunoit (~ 1073 m). Opnaxo, menas
YTBEpKIEHUE O ee “MUHHMAJIBLHOCTH , MBI BBIXOIUM
3a pPAMKH aKCHOMATHKHU TOJiA BEIECTBEHHBIX YHCE],
MTOCKOJIBKY HCIIOJB3YEM MOHATHE OTJIUYIHOTO OT HYJA
(151 ;,0) MasIoTO HemeMMOTro »/IeMeHTa MHOXKECTBA, Ha-
pyuias TeM CaMBIM aKCHOMY HETPEPHIBHOCTH (aKCHOMa
Apxumena) n BBOIS HEKOTODHIE CrelmduIecKre CBOM-
CTBa MMCKPETHBIX MHOXKECTB. AKCHOMATUKa TOJiA Be-
NIECTBEHHBIX 9HUCEJI, TPUMEHUMAaA 1 POPMATH3aIii
CBOWCTB MPOTAKEHHOCTH Ha MAKPOCKOMUIECKOM yPOB-
He, OKA3BIBAETCA HEMPUTOMHON [IJIA OTIMCAHUS PEAJTBHO-
CTH Ha YJIBTPAMUKPOCKONUIECKOM YPOBHE, €CJIM MPHU-
HATH THIOTE3Y O CYIIECTBOBAHUN YHUBEPCAJIBHOIO WH-
BapWAHTHOTO TIpefiesia MPOTAKEHHOCTH (KaK W JII000f
apyroii dusudeckoii Benuunnbl). HelnpepsIBHOCTE, Mo~
BUIMMOMY, OKa3bIBAETCA CJAUIIKOM CHJIBHON abcTpak-
nueli, yrpaduBaoliell ageKBaTHOCTD PEAJBHOCTH B MU-
B s10ff cuTyanuu pesoHHO 3aMETHTH, UTO
HETIPEPBIBHOCTH MOKHO PAcCMaTpUBaTh KaK MPeHesThb-
HBIA cirygail TUCKPeTHOTO MHOTOOODA3uA MPHU yCIAOBUU
YCTPeMJIEHIA K HYJIO Imara guckpernoctu. Torma muc-
KPETHOe MHOYKECTBO, KaK OYATO, BBITVIAINT HCKOMBIM
0bob1IeHneM, KOHKpeTH3anueil HempepbiBHOTO. MoXKHO
MOJIaraTh, YTO 3aMeHa MaJIoro Iara IUCKPETHOCTH HY-
JIeM He BHOCHT CYIIECTBEHHONW MOTDPENTHOCTH TTPH OMUCA~
Hunm “KpynHoMacmTabHbIX” (parMeHTOB pPeabHOCTH,
O3BOJIAA MPUMEHATE yIOOHBIN MaTeMaTndecKuil amma-
par, HO B TO e BpeMs OKa3bIBAETCS HEMOIYCTUMOMN
IpU U3yYeHnHn MUKpocKomumdecknx ‘merajeit”. Tlomob-
Hasg pacHpocTpaHeHHasd JOTHKA YIIYCKAeT, OMHAKO, U3
BUIY BaXKHeillllee - KAYeCTBEHHOE - OTJIMIHNE HETTPEPHIB-
HBIX W JUCKPETHBIX MHOrooOpasuii, KOTOpoe JIEXKUT B
OCHOBE WX B3aUMHOIl MPOTHBOIIOJNOKHOCTH U HE MO3BO-
JifeT CUYMTATh OMHO W3 HUX obobiieHueM apyroro. [e-

KpoMmupe.
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JIO He TOJBKO B TOM, UeMy KOJMYECTBEHHO PaBeH IIar
MUCKPETHOCTH: HYJIIO HJIH KAKOMY-JIHO0 KOHETHOMY -
cay. llpuHIUOHAIBHBIM ABJIAETCA Kav4eCTBEHHOE OT-
JuYne 3THX TMOHATHH. KEcam KoHedHoe 4WmMCIIO Bcerma
OTHOCHUTEJIBHO, CMTOCODHO K M3MEHEHUIO W He 0bJIamaeT
YHUBEDPCAJBHBIM TIPENEIbHBIM XapaKTePOM, TO HYJb -
5T0 abCOIOTHBI WHBAPUAHTHBIN 3JIEMEHT MHOXKECTBA,
mpenest JTIOOBIX KOJMYeCTBEHHBIX m3MeHenut. Kimaccu-
YecKuil HYJIb (zero, mycroTa), ¢ GU3HIeCKOl TOUKN 3pe-
HUA, MOXKET OBITh OCMBICJIEH JIMIb KaK MPAKTHIECKH
HEIOCTUKUMBIA TIpees 6eCKOHETHOTO MPOIECCa yMEHb-
NIEHNA KOJUYIECTBA KaKOW-mbo Beqmdaumubl. [lpuniim-
nuajabHad HEOCYIECTBUMOCTE TAHHOTO MIPOIECCa MTO3BO-
JifeT Ha3BaTh KJIACCHIeCKUH HYJIb MOTEHITHATBHBIM HY-
JIeM, TIO aHAJIOTWHU C MPUHATOH TEPMHUHOJIOTHEN B OT-
HOIIIEHNT OeCKOHETHOTO (aKTya bHasd I TOTEHIMATBHAL
Geckonedanoctn). ['oBopA O MPOTAKEHHOCTH, MOTEHITH-
AJTBHOMY HYJIIO COOTBETCTBYeT “HyjeBad MNJHNHA - TIO-
HATHE, KOTOPOe abCyPAHO ¢ PU3HIECKON TOUKH 3PEHNA,
TaK KakK abCOJTIOTHOE OTPUIIaAHNe KAKOro OBl TO HU ObI-
JIO KOJIMYIECTBA CTABUT IOJ, COMHEHWE OCMBICIIEHHOCTD
caMoOif KadecTBEHHOW ONPeNeJeHHOCTH HAHHOTO TOH -
tus. [lpenesabHo Majasd TPOTAKEHHOCTH MOYKET pac-
CMaTPUBATBCA KaK PEabHO CYIIECTBYIONMAA (aKTya b
Haf) BeJUIHHA TOJBKO B TOM CJIyYae, €N elff TPHUCylie
HEKOTOPOe KosimdecTBO. CIleoBaTe/IbHO, A4 aleKBaT-
HOM popMasm3aun MUHUMAJbHOW IJIWHBI HeOOXOIU-
MO MOHATHE, KOTOPOE OBl CHHTE3UPOBAJIO CBOHCTBA KaK
KOHEYHOW BEJMINHBI (KOMUIeCTBEHHAA aKTYaIbHOCTD),
TaK 1 MOTEHIMAIBHOTO HYs (IPeIebHOCTE U HHBAPH-
AHTHOCTB). B KadecTBe TaKOBOTO HAMH OBLIO BBEIEHO
HOBOE IOHATHE: aKTYaJbHBIA HYIb MHOXKecTBa [5]. 3a-
MeTHM, 9TO TaKWhe KadecTBa KOHEYHOTO, KaK OTHOCH-
TeJIbHOCTh, HEYHUBEPCAJIBHOCTH, CIHOCOOHOCTH K H3Me-
HEHUIO TOXKe OYIyT MPUCYIH HOBOMY TOHATHIO, €CJIH
mepefiTH K KOHIENIUN HePAPXUH aKTYaJbHO HYJIEBBIX
BesmamH, moaobuo romy Kak [ KarTopom Gwio obocHO-
BAHO TIpeICTaBJeHNe 00 MepapXuy TPAHCPUHUTOB TPHU
pa3paboTKe TEOPUH MHOXKECTB C aKTyaJibHO GeCKOHed-
HBIME sj1eMenTamu [6]. Ha nHaganabHOl xe cragum cire-
JIyeT OTPAHWYUTHCA AHAJU3OM CJIENCTBUAN MOABJIEHUA
B TEOPUU TOHATHUA YHUBEPCATBHOTO MPEMETBHOIO WH-
BapUAHTHOTO 3JIEMEHTAa MHOMKECTBA - aKTYAJTBHOTO HY-
ss. [lo cpaBHEHUIO ¢ KOHEYHBIM BEINIECTBEHHBIM YHUCIIOM
WV MOTEHNNAIBHBIM HYJIEM 3TO TOHATHE BBITVIAINT OO-
Jiee aIeKBATHBIM TPobIeMe (POPMAJTH3AINH COBOKYITHO-
cTH CBOMCTB pyHIaMeHTANBHOM (ILTAHKOBCKOM) IJIMHBI
B PaMKax PEJIATHBUCTCKAX KBAHTOBO-TIDABUTAIIHMOHHBIX
CoOOTBETCTBEHHO, MHOYXKECTBO, Objamarolee
aKTyaJbHO-HYJIEBBIM 3/TEMEHTOM, OKa3bIBAETCA HU JIHC-
KDPETHBIM, HU HempepbiBHBIM. OQHO IOKHO 00OOIINTH
5TH KadecTBa, KOTOPBIE OKA3BIBAIOTCH YACTHBIMHU CJTY-
qagMHU, Peau3yIOMIMUCA B pe3yJbTare abcTparmpo-
BaHMA OT TOW WM MHOW YacTU CBOHCTB ODOOOILEHHOrO
(“mucKpeTHO-HEMpepbIBHOTO” ) MHOTOOOpasua. Tem ca-
MBIM CO3Ta€TCA OCHOBA JIJIA CHHTE3a TPATUIIHOHHO TTPO-
THBOCTOANNX APYT APYTY KOHIENIHANH TUCKPETHOCTH U

THIIOTES.

HEIPEPBIBHOCTH IIPOCTPAHCTBA-BPEMEHU. XapaKTepHO,
YTO pelleHre 3Toi Mpob/IeMbl OMUpaeTcs Ha COBPEMEeH-
Hble dyHIaMeHTaJbHble (PUBUKO-TEOpEeTHYECKHUE IIPel-
CTaBJIEHUs, He OTBeprasd CYIIeCTBYIOLUX TeOpHil, HO
CBA3BIBasd UX OCHOBAHWA M CHUMasg W3BECTHBIE HPUH-
HUIHAIBHBIE TEOPETHYECKHE TPYIHOCTH KOCMOJIOTHH 1
dusuku BeicOKMX »Hepruii. Ilenoit sToro mporpecca
MOYKeT ABUTLCA MOTPEOHOCTH B IIepexofe K UCIOIB30-
BaHWIO 0OOOLIEHHOTO YHCJIOBOTO MHOMKECTBa KaK afle-
KBaTHOMY CPEACTBY HapaMeTpPU3alii MHOKECTB (husu-
YecKUX BEJIMYUH B efuHON Teopuu. B mepByo odepens,
[IO-BUIMMOMY, HOJIXKHBI OBITH TpaHcOPMHUPOBAHBI aK-
CHOMBI HEIIPEPBIBHOCTH IIOJIA BEIIECTBEHHBIX YHCEJI, YTO
O3HAYAeT IPUHATHE HEKOTOPOI'O BapUaHTa HeapXuMeLo-
BBIX T€OMETPHH U aJareOphl.

PaccMorpuM 3Hech AJid HpUMepa, KaK MOXKET H3-
MEHUTHCA OIHO U3 HA30BBIX M€OMETPUYECKHX IIOHATHI
- yIJIoBad BeJIMYMHA - IIPH IepeXoje K KOHIEITYaslb-
HOMY IIPOCTPAHCIBY, CTPYKTYpPa KOTOPOTO Ipearnojara-
eT CyIIeCTBOBaHME aKTYaJIbHOIO HYJid HPOTAKEHHOCTH.
B eBkmmoBoii reoMeTpun yIJIOBasd BeJIMUMHA Ha MJIOC-
KOCTH BBIPAKAETCA BELIECTBEHHBIM YKC/IOM, OIPeIeis-
e€MBIM KaK OTHOINEHHE IJIMHBI OYIH OKPYXKHOCTHU, 3a-
KJIFOUEeHHO! MEeXKIY OBYMsA JIydaM#, K PacCTOAHHUIO IO
TOYKHU Havyaja 3TUX JIydeil, IpudeM HeHTP OKPY KHOCTH
coBIamIaer ¢ »To#i Toukoli. M3BeCTHO, 4TO B €BKJIMIO-
BOM IIPOCTPAHCTBE OIpelesieHHad TaKuM o0pa3soM Be-
auduHa (YNCI0) He 3aBWCHT OT pajamyca. B ciaydae
CYLIECTBOBAHMA MUHMMAaJILHON HEMHBapHMaHTHOM IIpo-
TAKEHHOCTH [y (KOTOpoe 0OYCIOBIIEHO CBOfiCTBAMMI K-
HEMATHKH B “IUCKPEeTHO-HEIPEPBIBHOM  MPOCTPAHCTBE-
BPEMeHN ¢ aKTyaJbHO HyJeBolt mnuuoit [, u namrens-
HOCTBIO tp [1], lg=2lp;) MBI HomydmM njs samas-
HOTO paimyca [; OTHOCHTe/JbHOe MHUHKMAJIbHOE 3Ha-
genne yraa (sg)g=lo(:){p, KoTOpOE BaBHCHT OT I} .
3iech BMECTO KJIACCHUYECKON omepaliy JeJIeHIs, XOPO-
LIO BCEM 3HAKOMOI I BeLIeCTBEHHBIX YHUCEJN, COIIO-
CTaBJIAEMBIX OJIMHE AYTH OKPYXKHOCTH M PAaJUyCy B €B-
KJIMJIOBOI MareMaTHKe, MCIIOJIb3YeTCs Ollepallid JeJie-
HES (1), 3aJaBacMast Ha MHOYXKeCTBe “060BIIEHHBIX” U1~
ceJl, KOTOphle aleKBaTHO IapaMeTpU3yIoT “IUCKpeTHO-
HelpepbiBHbIE” MHOrooOpasu#A. I[lpu sammcu oTHOILIE-
Hus 1o lg u lp , cTporo ropops, yiKe CJAEOyeT IIo-
HUMAaTh 3JIEMEHTBl HEKOTOPOI'O YUCJIOBOIO MHOXKECTBA,
[IOCTaBJIEHHOTO B COOTBETCTBHE MHOKECTBY U3MIe-
CKUX IJIMH Ha OCHOBE TeX WJIM HHBIX OOIIUX coobpa-
xennii. Harypdunocodckas b6aza, cBa3aHHaA C KOH-
THHYAJIA3MOM, 00YCJIOBJIMBAET B3aUMHOE COOTBETCTBHE
lpr, Iy u morennnamsroro myas (I, Iy <0), a Tak-
JKe MHOXKECTBa IpoTAkeHHocTell L U MHOMKeCTBa Belle-
CTBEHHBIX dmcesa R (LHR). Hopbie npencraBienns 06-
yeaoBauBaioT: lpio ©'inez0, log 2’020 m L& R e
R’ - MHOXKecTBO “0DODIIEHHBIX” HHced & , ompemesie-
HUEe KOTOPBIX IIPH YCJIOBHH [ »lg CBOOMTCA K OIpeie-
JIEHHIO BEINECTBEHHOIO YHCJa Z, HO B ODLIEM Cjydae
UMeeT CyllecTBeHHBIe oTymansa. “Ob6obireHHble” Hn-
cjia T’y MOIYT OBITH BBIpaKEHBI Yepes BelleCTBEHHBIE
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qmucna rp caemyommm obpasom [1]: @'y =z, +(s0 )k
I1a samnck npocrefnmM (AuHeHHBIM) obpasom dop-
MaJIn3yeT TO 0BCTOATENBCTBO, UTO IPH HAJAYANA AKTY-
AJTBHO HYJIEBOH MPOTAKEHHOCTH TPOCTPAHCTBA MUHU-
MaJIbHOE YHCJIO0, KOTOPOe MOKHO B MPUHIIHIE OMpeEie-
JINTH Ha OCHOBE MMEOIIEHCA B pacopakeHnn pusnde-
crofi Besmmamubl [, , coBmagaer ¢ (sp)g . Ecam mpn-
HATH: L= g lp B g =1k +1p (30ech rp u ly - 27eMen-
THI MHOZKeCTBa (PUBHYIECKUX [IJIUH MIPU YCJIOBHUH HeETpe-
PBIBHOM 1 “IHCKpeTHO-HEMPEPBIBHON CTPYKTYPHI PO~
CTPAaHCTBA, COOTBETCTBEHHO), TO &'k =Ij —1—1‘;1 . To-
roa |z'k> #’o=2 , mpudeM z’p urpaer g R’ ponb He
TOIBKO aBCOTIOTHOTO MIHAMAILHOTO YHCIA, HO W CIH-
HUIBL MHOKeCTBa (2 ( X )20 =2k x 1+ (75 1) Tt =27 ).
Posb myis mEOKecTBa R’ IpUHAIIEKUT HHBAPUAHTHO-
MY 3JIEMEHTY T 'jpy , KOTOPBIH CTABUTCHA B COOTBETCTBHE
BeWIHHE {p; .

MoXHO 3aMeTHTB, YTO COIJIACHO ONPEIeIEHU0 “0b-
OBIIEHHOTO” YUCa ') , MHBAPUAHTHBIN 2JeMEHT £ iy
JIOJIKEH OBITH TOCTABJIEH B COOTBETCTBIE TaKkKe U Dec-
KOHeYHO HoJibiol Bequmdnue [oo. Tem cambiM BMecTO
JIBYX Pa3HBIX 9WCEe], HHBADUAHTHBIX B OTHOIIEHIH OTIe-
pammit Ha MHOXKecTBe R, MBI MPUXOAUM K CHTYAIIWH,
KOTJIa HOBOE YHCJIOBOE MHOXKecTBO R’ xapaKTepusyer-
cA €IMHCTBEHHBIM WHBAPHAHTOM, COYETAIONINM Kade-
cTBa HyJA un OGeckoHewHOCTH. [IpaBOMepHOCTEH HAHHOTO
COeIMMHEHNsA CBA3AHA C KAYECTBEHHBIM POIACTBOM 3TUX
KOJUYECTBEHHO TPOTHBOMOJIOKHBIX moHATuld. Hymb
u GeCKOHEYHOCTH OIMHAKOBO KAYECTBEHHO OTJIMYAIOT-
cA OT KOHEUHBIX BEIIECTBEHHBIX YHCEJI, HE YIOBJIETBO-
pas akcmome Apxumena. PaccMmarpmBaeMmble Kak Iie-
JIoe, OHHM OKAa3BIBAIOTCA COCTOANIMMHU U3 dacTell, Ka-
XKasd U3 KOTOPBIX PaBHA 3TOMY II€JIOMY; PACCMaTPUBA~
eMble KaK 9acTH, OHH PAaBHBI 00pa3yeMOMY UMU TIEJIOMY.
B MeTomostorndeckoM OTHOIIEHUH TTEPEXOLT OT ABYX Pas3-
JINYHBIX WHBAPDUAHTOB MHOYKECTBA BEIIECTBEHHBIX Y-
cesl, He WMEINX (PU3NIECKIUX pedepeHTOB, K €IuH-
CTBEHHOMY YHCJIOBOMY WHBAPHAHTY, COOTBETCTBYIOIIE-
MY OTIpeeIeHHON (pUsHIecKOl BeTMIMHe, TPEICTABII A
Ilo cymecrBy,
TUM 3aKJIaIBIBAIOTCA MPENNOCHIIKA AJiA paspaboTku
MaTeMaTHIecKoro anmapara Oyayiieil peaTuBUCTCKOM
KBAHTOBO-TPABUTAIIMOHHONW TEOPWH, MPU3BaHHON HaTh
eduroe oACaHIe CTPYKTYPHBIX YPOBHEN PeaIbHOCTH OT
TAHKOBCKUX 0 KOCMOJIOTHYIecKNX MaciTabos. [Ipem-
MOCBIJIKY JIJ1s BBITIOJTHEHU A HOBOW MaTeMaTHKON momob-
HOHW pOJIM MOXKHO YCMOTPETH y¥Ke B TOM, 4TO “pasz-
Mep” GesrpanuvHoii Bcestenno#t m mpemenbHas MUKPO-
CKOMUYecKasd TPOTAKEHHOCTD TIOJIyYIaioT OHO U TO K€
qncieHHoe Bhipakenne. KEcam Besmen 3a lx.[mermioy
CYUTATh, 9TO B ApPEBHEM CHMBOJIe MEpa - ¥ pobopoce
- 3Mee, TIOTJIOWIAONIEH CBO# XBOCT, 3aKJO4eH IyHo-
Kuli pusudeckuil cMpicia [7], TO cpa3y ollylaercs He-
aJIEKBATHOCTh CYIIECTBYIOIIETO MATEMATHIECKOTO (hOop-
MajusMa. [IBurasck mo “resry 3men” B HAOpaBJE€HUU
“rosioBel” (T.€. OTMUCHIBAA PEATBHOCTH Ha BCe DOIBITHK
IPOCTPAHCTBEHHO-BPEMEHHBIX MaciITabax), Mbl B Mpe-

€TCd BaXHBIM ITO3UTHUBHBLIM IIHAaTrOM.

JieJie IOJTKHBI JOCTUTHYTh TeX JKe COIePKATETbHBIX Pe-
3yJABTATOB, K KOTOPBIM MOTJIA OBl MPUHTH, IBUTAACH B
cropoHy “xBocra’. B paMkax mapaMeTpH3aiuil MHO-
XKecTBa (PUIMIECKUX BEJUYHNH C TOMOUIBIO Yuces u3 R
MOTOOHOE COBIAIEHNE PE3YIIBTATOB UCKITIOYEHO B TPUH-
mnuie, T.e. abCOTOTU3ATNA TPUMEHIMOCTH MHOXKECTBA
BEIECTBEHHBIX YICEJT 15 apUPMETHIAUN CTPYKTY PBI
MPOCTPAHCTBA-BPEMEHN BeHeT K OTKa3y OT TOHOOHBIX
MEJIOCTHBIX Mogejieli mupa. MuoxkectBo R’ Harvisam-
HO peasim3yeT Ha (HPOPMAJBHOM YPOBHE ACHEKT €IUH-
CTBa MPOTUBOMIOJIOKHOCTER: DPE3YIBTATH MPEXETBHOTO
VBEJIMYEHU U YMEHBINEHNA (DUIMIECKUX BEJUIWH MO-
TYT BBIDAXKAaThCA OMHUM U TeM ke umcioMm. Cosmaer-
cA BO3MOIKHOCTB OMUCAHUA MHUPA KaK CHMMETPHIHOTO
B OTHOIIeHHH “Conbuioro” m “masoro”, Makpo- W MU-
kpoctpykryp. Takofi Bapmant “Mwupa B mesiom” ecre-
crBeHHO HazBarh “Muxpo-Makpo-Cummerpuunoii Be-
nennoit” [8]. MoxkHo ckasaTh, 9To MHOXKecTBO R’ pea-
ausyeT Touky 3penns Hukosmas Kysauckoro, coryacHo
KOTOPOil abCOTIOTHBIN MUHIMYM TOXKIECTBEH abCOIIOT-
Homy Makcumymy [9]. B orsmume or R’ MHOXKecTBO
BEIECTBEHHBIX YHCeST (DUKCUPYET JIUIIL MOMEHT HEPa-
BEHCTBA BEeJIMYWH, WIEsd B3aMMOIEDEXO/Ia MeXIy Hau-
OOJTBIIIM U HAUMEHBITMM HUKOTIA HE CMOXKeT HalTu
CBOETO BBIpAKEHNSA W 0OOCHOBaHWA B paMKax K.

B kadecrBe OmHOTO W3 BO3SMOMKHBIX MPUMEPOB CH-
Tyaruu, Tpebyioliell MpUMeHeHUs CBOWCTB “060b61IeH-
HBIX” YHCes, MOYKHO MPUBECTH CJEIYIOMYD “amopuio”’
HEKJTACCUYIECKON (hU3MKM, OCHOBAHHYIO HEMTOCPEICTBEH-
HO Ha MIPOTHUBOIIOCTABJIEHAN HYJIA U OeckoHedHOCTH. “B
COBPEMEHHBIX yPABHEHNAX TATOTEHUS TPEITOIATAETCH,
9TO TJIOTHOCTH HEPIMHU BaKyyMa paBHa Hym0. Ecian
OBl OHA He paBHANACH HYJIO, B 9THX YPABHEHHAX TIO-
ABUJIOCH OBI HOMOJHUTEIBHOE CIATAEMOE - “KOCMOJIOTH-
geckuit 4iaer” - ¢ K03 pUImeHTOM, KOTOPBIHl Ha3BIBa-
eTcd KOCMOJIOTHYeCKO# mocToaHHOW. AHajaus pacrpe-
JleJTeHnsi Macc BO BcesteHHO# mMoOKas3aJs, 9T0 KOCMOJIOTH-
JecKas TOCTOAHHAA IO paBHA HYITIO, TuO0O HEM3MePH-
MO MaJjia, U CJIeOBATeIbHO, MaJjia TaKkKe W IJIOTHOCTD
SHEPTUH BaKyyMa. Mexkmay TeM B BaKyyMe IMPOUCXOIAT
HyJeBble KoJieDaHUA BCEX BO3IMOKHBIX TOJeil. DHep-
rud >TuX KoJebaHumil He TOMBKO He MaJia, HO obpailia-
erca B Geckoneunocts.” [10]. Kpome storo mpumepa,
B COBDEMEHHOIl KOCMOJIOTHH CYIIECTBYET PAI APYTHUX
MPUHIUTHATBHBIX 3aTPY/IHEHUH, CBA3AHHBIX C BO3MO K-
HOCTBIO TOABJIEHNA B TEOPUN CHHTYJIAPHBIX COCTOAHUH.
DTO XapaKTePHO IJIA OMICAHUA IPABUTAIMOHHOTO KOJI-
Jramnca, 3BOJIIOIIE YePHBIX IBIP C YIeTOM MeXaHW3Ma
WX KBAHTOBOTO WCIAPEHWA, HAIaIbHOTO COCTOAHU PO-
xmarotieiica Beesennoit. Bo Bcex momoOHBIX cuTyarim-
AX BO3HUKAET HEOOXOOMMOCTH ODODIMEHNA KOHIEIIHH
CTPYKTYPHI TIPOCTPAHCTBA-BPEMEHH, ydeTa 0coboli po-
JIV CUCTEMBI TIJTAHKOBCKUX BEJIMYNH U IPUMEHEHUA ajie-
KBATHOTO MATEMATHIECKOTO aIlapaTa.

Cyurocts moHATHA “0000IIeHHOTO” dHCJIA, MPH-
3BAHHOTO BHIpaX)aTh OOBEKTHUBHBIE CBOWCTBA KOJIHMYe-
CTBa, MOYKHO IPOWHTEPIPETHPOBATH HA OCHOBE IHAa-
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JIEKTHKW KaTeropuii OMpeaeIeHHOCTH M HEOTIPeIeIeHHO-
cru. B 9acTHOCTH, MOXKHO OTMETHTH, 9TO HEAPXUMEIO-
BBl TeOMeTpuA U ajrebpa, YIUTHIBAONNE CHENHMUKY
“obobImeHHOro” Ymucia, B IPHHINUIE OTBEYAIOT 3aaade
CHHTE3a OUHAMWYECKOTO W CTATHCTHYIECKOTO MOIXOI0B
K ONWCAHWIO ABJIEHHH B MHUKPOMEDE, COOTBETCTBYIOT
bostee PyHIAMEHTATBHOMY, O CDABHEHHIO C KOHIIEI-
nuell OMOTHUTETBHOCTH, YPOBHIO TIOHUMAHUA COOTHO-
NIeHnA HEOOXOMMMOTO W ciaydalfinoro B mpupome. u-
CJIEHHOE BBIPAXKEHWE KOJUYECTBA [TOJIKHO YUHUTHIBATH
KaK MOMEHT ONPEeHNeJeHHOCTH, TaK M MOMEHT O0bek-
THBHOW HEONPENEIEHHOCTH, KOTOPhle B3AUMHO OTPHITA~
0T U B3aWMHO TIOJIATAIOT, OOYCJIOBJIMBAIOT APYT MIPY-
ra. IlpuyeM TOHWMaHWE COOTHOIUIEHWSA OMPEIETEHHO-
CTH ¥ HEONPEeHNeJeHHOCTH, HAJUIECTBYOUNX B “00606-
IeHHOM” dYHCIe B eOUWHCTBE, HEBO3MOXKHO 0e3 mpe-
CTABJIEHNA O KOJUIECTBEHHO-KAUECTBEHHOM IEPEXO]IE,
CBA3AHHOM C OOBEKTHBHONW OTPAHHYEHHOCTHIO IHATIa-
30HA POCTPAHCTBEHHO-BPEMEHHBIX MacHITaboB, B Ipe-
JleJTaX KOTOPOTO CYIIECTBYIOT OOBEKTHI, OMUCHIBAEMBIE
PESIATHBUCTCKUME KBAHTOBO-TPABUTAITMOHHBIME TEOPHU-
avu.  OTpuranve Tako# OTPaHWYEHHOCTH HTPUBOIUT
K WIeaJu3allid KOJUYIeCTBa, KOTOpasd He IMPednoJia-
raeT HaJWYNA HeOUpemeSleHHOCTH. TaKOBBI TpencTa-
BJIEHUA O KOJUYECTBE, BBIPAKAEMBbIE TOHATUEM Bellle-
CTBEHHBIX 9HCEJI, KOTOPBIE, HE WMMes HEMyCTHIX Helle-
PEeCeKAIOMNXCA OKPECTHOCTEN, ABIAIOTCA MOJTHBIM OT-
pUIAHIEM HEOPEMEIEHHOCTH, “pasMBITOCTH | “HEYET-
KOCTH , UCKJIIOYAIOT KaKWe-JInO0 OCHOBAHWSA MJId CHH-
Te3a MPOTHBOMOJIOKHBIX XapPAKTEPUCTUK KOJMIECTBA.
[Mocnennee obycimosmuBaer “duaocodekyo” moTped-
HOCTH B HOBOM IOHATUU YHCJA, OIHUM W3 BapHaH-
TOB KOTOPOTO MOYKeT CJYKHUTH “0000IIeHHOe” HHCIIO,
BBEIEHHOE HAMHU Ha OCHOBAHWEN (PUIMIECKUX ITPEIIIO-
CBIJIOK, BBITEKAIONINX U3 AHAJIN3a CBA3H PEJIATHBUCT-
CKHUX KBAHTOBO-TDABUTAIMOHHBIX THIIOTE3 CO CTPYKTY-
poit mpocTpaHCTBa-BpEMEHH.
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CO3JAHINE PEJTATUBUCTCKOI TPABUTAIINIOHHOIT
KOHUEILINN MOJEJIN BCEJIEHHOIT

®.T. IlTymakos!

HTK "Teourngopmamura”, Xapvros, Ykpauna

9 moabps 2000 .

[IpemnoxkenHas peTaATUBNCTCKAA TPABUTAIMOHHAA KOHIIENINA MOJIETN BcesleHHON pasBWBaeT KOHIIEIIMIO CTATHO-
Hapmolt Bcenennott. CrenaHo TpeanosoXkeHne, 9TO ABJIEHHE KOCMOJOTHMIECKOTO KPACHOTO CMENIEHNA YIATEHHBIX
TAJAKTUK T KBA3apOB CBA3AHO C Mepemadell sHepruii (hoTOHOB PUSMIECKOMY BaKyyMmy, a He ¢ adpdperTom lomrepa.

B nacrosiee BpeMsa B KOCMOJIOTUH CYUIECTBYIOT JIBA
IJTaBHBIX HallpaBJieHuA Mojeeli BeesieHHoll, maeko He
PABHOIIEHHBIX O KOJUYECTBY NpUBepkKeHIeB. [leppoe
0O bEeIUHAET CTOPOHHUKOB KOCMOJOTHIECKHX MOIeIel,
OCHOBAHHBIX Ha 0b1eil TeOpHUH OTHOCHTETLHOCTH, MOIE-
g Habsomaemoit Beestennoit Ditnmreiina - OpuaMana
(Boab1ioit B3pHIB), BTOPOE - CTOPOHHUKOB ~ CTAIMOHAD-
moit Beemernoit”. Konmenmmio cranmonapuoit Beemen-
volt BeraBuHY AN B 1948 1. . Bonau, T. Doyt u @. Xoiin
[1].

Oitumreita B 1906 r. cosman crmenmmaabHyio, a B 1915
I. ODIIYIO TEOPUH OTHOCHTEIBHOCTH. IDTH TEOPHUH Ha-
BCer/ia M3MEHUIN HAIIH TPEJICTABJIEHNA O ITPOCTPAHCTBE
1 BpeMEHU M 3aCTaBHJIM HAC BIIOTHYIO TOHONTH K TIPO-
GiieMaM pOKIECHUs M KOHeUHOH cynbbbl Beesennoii [2].
CremnunaabHad TeOPHA OTHOCHTEILHOCTH ABJIACTCA Hal-
Gostee noprBepkAeHHON usudeckoil Teopueit [3].

CremnuaabHad TeOpUA OTHOCHUTETBLHOCTH IMOKa3aJa,
9TO ¢ yBeJIWIEHHEM CKODOCTH YaCTHIBL (Tea) TMpomc-
XOIOUT YBEJUYEHNE MaCCHI:

m=m,———, (1)

rae mp — HEIIOABUXKHOI'O TeEJla.
YBenudueHue moJiHoi SHEPIruuM:

1
E=myc® ———. (2)

B »1nx dopmynax v — cKOpOCTh IBHKEHUA TaCTH-
el (TeTa), ¢ — CKOPOCTH CBETA.

PenATHBHCTCKOE yBeJMIeHNe MAcCHl M TIOJTHOM 3Hep-
MM yXKe TaBHO OTHOCHTCA K YUCIY (DU3HIeCKHX (haK-
TOB, IIMPOKO MCIIOJh3YEMBIX B TeXHHWKe. Bciomy, rie
OPUXOIUTCA HMETh ¢ OBICTPOABHIKYIIMMUCA acTHIIA-
MU, IpHUpalleHe Macchl HIpaeT BaKHYIO poJib. MHO-
TOYHCJIeHHBIE 3JIEKTPOHHBIE TIPUOGOPHI M yCTAHOBKH HE

le-mail: fedor.shumakov@univer.kharkov.ua

cMoTIH OB paboTarh, ecau OB 3TOT 3bMHEKT HE YIUTHI-
BaJics B IIpOIlecce UX NpoeKTupoBanus [3,4].

Haiinem smadenms moJHON Macchl U »HEPTHH TeJIa
B IPAaBUTAINNOHHBIX ToaAX. s a1oro B dhopmyis (1,
2) momcTaBUM 3HAUEHIE CKOPOCTH CBOGOMHO TAJafolie-
r'o Tejia Ha TMOBEPXHOCTH ACTPOHOMUYECKOTO OObEKTa U3
OECKOHEYHOCTH. JTa CKOPOCTh PABHAETCH MUHUMAJIb-
HOl CKOpOCTH, TP KOTOPOI TeJlo JOCTUTaeT HeCKOHed-
HOCTH (BTOpas KOCMHUYecKas CKOPOCTE). KBaapar sToit
CKOpOCTH OYJIeT paBeH:

., 2GM ;

V= (3)
R

rie G — I'paBUTAllUOHHAA IMOCTOAHHAA] M — macca

ACTPOHOMHYECKOTO 00beKTa; R — paamyc acTpOHOMH-
IeCKOTO OOBEKTA.

PensATHBICTCKOE TPABUTAIIHORHOE yBeJTHIEHHE Mac-
CHI TeJla B TPABUTAIOHHOM I0JIe OYIET ONPEIeaAThCA
BBIpasKeHHeM [7]:

1
m=mgy —————, (4)
1— 2GM
Rc?
rae mog — Macca TeJia B OTCYTCTBUM CHJI TATOTEHUA.

PensATuBICTCKOE TPABUTAIIHORHOE yBeTHIEHHE MO~
HOJi 9HEpTMW B TPABHTAIMOHHOM I0JIe OYIeT ompese-
JATHCA BBIpasKenueM [7]:

S — (5)
[{_26M
Rc?

W3 Beipaxenntt (4, 5) ciemyer, 9To 3HAYEHIA MACCHI
U TIOJTHON 3HEPIUH ACTPOHOMHUYIECKHX OOBEKTOB yBEJIH-
YUBAIOTCH B COOCTBEHHOM I'DABHTAIMOHHOM ToJIe [7]:

F = mogc2

1
M= Moy = ®)
1- 2RC2
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roe M,y — Macca acTPOHOMHYECKOIO Teja, KOIZa ee
pa3Mephl OBLTH GECKOHETHBIME.

PenstuBucTCKOE TPABUTAIIMOHHOE YBEJIWYeHHe TTOJI-
HOW 3HEPTUH B TPABUTAMHOHHOM TMoJie Hymer ompeme-
JATHCA BBIpasKenueM [7]:

1
1— 2GM
Rc?
JI71s1 peasIbHBIX TIJTAHET U 3BE3[I HAOI0IaeMasd Macca
— M u M,y , npubamsuTenbHO PaBHO MeXKIy coboii.

W3 Beipaxenns (6) ciaenyer, 9To AJid peadbHBIX MTAHET
U 3Be3[ HaOJIo1aeMas Macca:

E=M,c (7)

M~ M,,. (8)

W3 npuHOuma sKBEBAJEHTHOCTH MOIKHO IPEIIOJNIO-
JKHATH, 9TO CTOJIKHOBEHHE 3JIEMEHTapHBIX YACTHIL IpPH
BBICOKHMX SHEpruax M BCTPEYHOE B3aMMOoIelicTBue da-
CTHII, B CHJILHBIX TPAaBUTAIMOHHEIX IIOJIAX IeHTPaIbHBIX
objacTeil aCTPOHOMIYECKHX 00beKTaX HMeeT OOHY MpH-
POy W MOXKeT OBITh HCIOJIB30BAaHO AJid 0OGOCHOBAHMA
PEAATHBUCTCKON TpaBUTAIMOHHON KOHIEIIMH TPOWC-
XOKJIEHUA SHEPril acTPOHOMUYECKHX OBbEeKTOB.

ITpw cxkaTHn (yMEHBIIEHUA PaJInyca) aCTPOHOMHUTe-
cKoro obbeKTa Ha cpeaHee 3HadeHHe AT PeJIATHBHACT-
CKOe IrpaBUTallMOHHOe NpupalleHue ero Macckl AM 6y-
ner uMerhb Bui [7]:

1 1
1 — 2GM 1_ 2GM
(R—Ar)e? Rc2
a PeJATHBUCTCKOE TPABUTAIMOHHOE MPUpPAIIEHIEe HOJ-
HOli oHeprun AF mMmeer 3Hadenue [7]:

AM = M 9)

1 1
1 — 2GM__ 1 _ 2GM
(R—Ar)c? Rc2
HpHan.[eHHaﬂ PEAATUBUCTCKad TI'pPaBUTAIIMOHHaA
MaccCa aCTPpOHOMHYIECKOTO O6'beKTa B I'PaBUTallMOHHOM

HoJe TpeBpammaeTca B Maccy dactun, AM T n antmya-
ctan AM~

AE = Mc* (10)

AM =AMt +AM™. (11)

Ora Macca OymeT paBHa CyMMe MaccC JIEIITOHOB W
AHTUJIETITOHOB, ME30HOB W AHTUME30HOB, HAPHUOHOB W
aHTubGAPUOHOB. B MaJiBIx acTpoHOMUYeCKHX OOheKTax
6ymer JOMUHUPOBATE MPOTIecC 0bpasoBaHus U3 (pU3mde-
CKOTO BaKyyMa 3JeKTPOHOB U MO3UTPOHOB. B 3Besmax
TUTAHTCKON M CBEPXTHUTAHTCKON BEJUYIUHBI, a TaKkKe B
KBasapax, 6yZer TOMUHUPOBATH MPOTece obpasoBaHus
u3 (HU3UIECKOTO BaKyyMa HYKJIOHOB W aHTHHYKJIOHOB,
a TaKiKe IPYTuX OoJiee TAKEIBIX DAPHOHOB W aHTHOA-
proHOB [8].

[Mpu aHHUTUIATUN YACTUI ¥ AHTUIACTHUIL IOy TeH-
HBIX W3 (DU3UIECKOTO BaKyyMa 3a CYeT HpUpPAICHWs

peJ’IHTI/IBI/ICTCKOfI I‘paBHTaHHOHHOﬁ MacCChl aCTPOHOMMH-
YeCKOro 0ObeKTa IIpu €ro cxkKaTum cOOCTBEHHBIM I'pa-
BUTAIIMOHHBIM ITOJIEM BBIOCJIAACTCA CJICAYIONIAd 2HEPTrAUAd

[8]:
AE = (AMY +AM™) . (12)

Js Semurn, maner, CosHIA, 3Be31I, TedensI, myib-
CapOB U KBAa3apOB MPOIECC CKATHSA U PACIIHPEHUS HMe-
eT myabcupyomnii xapakrep. MolHOCTS (CBETHMOCTE )
UX U3TYyIeHU s aCTPOHOMUYIECKOTO 0OBEKTa MOKHO OITH-
carh BbIpaKenuem [8]:

Me? 1 1
L= — , (13)
T, \/1 ___2GM \/1 _ 2GM
(R—Ar)c? Rec2
roe Ty — nepuon m3MeHeHHs (Hyﬂbcaulxlfx’l) panmyca,

CBETUMOCTH U TEMIIEPATYPBI aCTPOHOMMIECKOTO 0ObeK-
Ta.

CBeTuMOCTh N3JIYIYEHUA aCTPOHOMMHYECKOTO 0ObeK-
Ta IIOJIydaeMad 3a BpeMA O,HHOI71 IIyJbCallv IIpu aHHW-
TUJAATAN 9aCTUIl 1 aHTUYIAaCTUI, MOXKHO OIIPEAEJNTL IO

dbopmyae [8]:

[3V)

C

L=(AMY+AM"™) T (14)

TTpn aHHUTHIANNH YACTHI] C AHTHIACTHIAME BBI-
JesigeTca BBICOKAs SHEPIMsA B BHIE IaMMa KBAaHTOB U
HUMITYJIbCOB JacThil. IIpu B3anMometicTBru GBICTpOABH-
KYUIUXCA TACTUIL W FaMMa KBAHTOB C BENIECTBOM Ha-
XOIANIETOCA BHYTPH ACTPOHOMHUYECKOTO OOBEKTa Mpo-
HCXOIMT €ro HarpeB. Beiemersue remmoobMeHa MeKIy
SANPOM ACTPOHOMEUYIECKOTO OOBEKTA M BHENHIMH CJIO-
AMU TIPOMCXOIMT HATDEB TOBEPXHOCTH ACTPOHOMETE-
croro obbexTa. OBlree KONMMIECTBO SHEPTHN W3y dae-
Moii 3Be3moii 3a 1 CeK, Ha3BIBAIOT CBETUMOCTBIO 3BE3IIBI.
OUBITHBIM TIyTeM OBIIO OOHAPYIKEHO M 3aTeM JOKasa-
HO TEOPETMYECKH, YTO SHEPTUA, W3IydaeMas ¢ eIHHH-
Bl TOBEPXHOCTH aOCOMIOTHO YEPHOTO Teja 3a €THHH-
Iy BpeMeHMW, NOJIKHA GBITH MPOMOPINOHAIbHA JeTBep-
Tofi cTemeHn ero abcoToTHON TeMmeparypsl T (3aKoH
Credana-Bonbumana) [11]:

E=oT" (15)

Beswuwna ¢ — yHEBepcajbHAd MOCTOSHHAA
Credana-Bonbiivana. CumTas, 910 3Be3ma, pPajnyc
KoTopoil paBen R, manydaer Kak abCOIIOTHO YepHOE
TeJio ¢ TeMreparypoit T', cBETUMOCTE MOJTYyYIUM, YMHO-
KUB oHEPIUIO F |, onpenensemyto coorHouteHneM (15),
Ha TIJIOMAIb MOBEPXHOCTH aCTPOHOMHUYECKOTO 00beKTa

[12]:

L =4nR*eT*. (16)
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N3 poipaxkennii (13, 16) mosyduM ocHOBHOe ypas-
HEHUE TYJIbCUPYIONEH PeTATUBUCTCKON TPaBUTAIIMOH-
HOW KOHIIENIINH TPONCXOKIEHUA 3HEPTUH ACTPOHOMU-
JecKuX 06beKTOB [8].

Me? 1 1 B
T, _ __2GM sam |
\/1 (R—Ar)e? \/1 T "Re2
= 47 R*0T™. (17)

W3 Beero BBIMecKasanHoTo 1 hopmy (4-17) MoxHO
MPENJIOKUTh PETATHBUCTCKYIO T'DABHTAIMOHHYIO KOH-
METIUIO TPUPOABI 3HEPTUU COJIHIIA, 3BE3M W APYTHUX
ACTPOHOMUYECKUX OOBHEKTOR.

Kak Oblm0 mMOKazaHO BHINIE, TPH CIXKATAW COJIHIIA,
3Be3M, W OPYTUX ACTPOHOMHUYECKHX TeJ COOCTBEHHBIM
TPABUTAIIMOHHBIM TIOJIEM, YBEJMINBACTCA WX Macca U
moJHasA sHeprusA. B mpolecce cikaTusds acTPOHOMUYe-
CKUX OOBEKTOB 9acTh MOTEHINAIBHON 9HEPTUH B OCHOB-
HOM MEPEXOMINT B 3JIEKTPOMATHUTHYIO (bOPMY 2HEPIHUH,
KOTOpasd B IaJIbHEWIIEM B IIHPOKOM CIIEKTDE W3JIyda-
eTcda B OKPYKafolllee KOCMUYECKOe TTPOCTPAHCTBO, UTO
MPUBOAUT K HAJTbHENIIEMY CKATHIO aCTPOHOMUIECKOTO
tesia. [lporecc cikarus TpomoIKaeTcs I0 TEX MOP, MO~
Ka B IEHTPAJbHON 06JIaCTH TPH OTPOMHOM JaBJIEHUU
U TeMIIepaTypax MpH B3aWMOIEHCTBUN BCTPEYHBIX da-
CTHUIl He HAYMHAETCHA MPOIECC POKIeHUS U3 pu3mde-
CKOTO BaKyyMa 3JIEKTPOHOB WM TO3UTPOHOB. W3 sTOTO
MOYKHO CIeJIaTh MPEIMOJI0OKEHNE, UTO MYJIbCHPYIONIAL
PESIATHBUCTCKAA TPABUTAIMOHHAA KOHIIENIHA TPHPO-
IIbl PHEPTUM COJIHIIA U 3BE3J COCTOUT B ciiefyiomeM [8]:

1. OxmaxneHne acTpPOHOMHYECKOTO OObEKTa MPH-
BOIAUT K €T0 CKATUIO. YMEHBIIEHWE €ro paamuyca cob-
CTBEHHBIM T'DABHTAIMOHHBIM MOJEM MPUBOAUT K yBe-
JINYEHUIO TIOJTHON MAacCChl U SHEPTHH aCTPOHOMUIECKOTO
obbekTa.

2. Hacrb mpupalleHHONH PeJIATHBUCTCKONW TpaBHTA~
IIOHHON MAacChl B TPABUTAIHOHHOM IOJI€ TEPEXOIUT B
Maccy 3JeKTPOHOB U MO3UTPOHOB WJIN APYTHX Oojiee TH-
KeJBIX YacTUIl W aHTHIACTHI (MIOOHOB, ME30HOB, HY-
KJIOHOB 1 npyrux SapnonoB). OHN BO3HUKaOT U3 bu-
3MYECKOTO BaKyyMa MPH YBEJNYeHNN BCTPETHOIO B3al-
MOMEHCTBIA JACTUIL B MEHTPE ACTPOHOMHYECKOTO 00D~
€KTa.

3. AHHUTHIATIUA 3J€KTPOHOB U MTO3SUTPOHOB U JPY-
TUX YaCTHIl U AHTHIACTHUII.

4. Tlepemaua, m3aydeHHON PN AHHUTUJIATIAN, DJTEK-
TPOMATHUTHON ®HEPIWH TaMMa KBAHTOB IEHTPAJIBHBIM
U BBINIEJIEKANAM 00/IACTAM aCTPOHOMIYECKOTO 00beK-
Ta. JTO MPUBOMUT K YBEJMIEHHUIO PAJAUYCA ACTPOHOMU-
9eCKOro 06beKTa U K 3aMeIJIEHNIO TTPOIEcca BOSHUKHO-
BeHUA U3 PU3NIECKOTO BAaKyyMa JYacTHIl U AHTHIACTHII.

5.  YBequdeHme U3IyUEHUA 3JIEKTPOMATHUTHOMN
SHEPTHUH C TIOBEPXHOCTH 3BE3/BI B OKPY JKAaollee KOCMU-
YecKOe MPOCTPAHCTBO.

6. OxjaxmeHne m cxkarme acTPOHOMHUYECKOTO 06b-
€KTa.

PaccmoTperHas pesiATHBUCTCKAS TPaBHTAITHOHHAS
KOHIIEMTWMSA TPUPOABI SHEPIHE ACTPOHOMHUYECKUX 0Ob-
eKTOB BO BceesteHHON MoXKeT 6BITH MOATBepKIAeHA TAKH-
MU OIBITHBIME (paKTaMU, KaK CYIIeCTBOBAHUEM ITYJIb-
canmit CoHIA W TepeMeHHBIX 3Be37 (meden, myabca-
POB, KBa3apoOB) CTPOTO MEPHOANIECKH MEHSATONINK CBOTO
CBETUMOCTH PAIUYC U TEMIEpaTypy MOBepXHOCTH. A
TaK¥ke 3aBUCHMOCTBIO CBETHMOCTH 3Be37[ OT WX Mac-
Chl. 3Be3bl PACIOAraloTCa BIOJb TVIABHOW MOCIen0-
BATEJIBHOCTH 3Be37 B COOTBETCTBUU CO 3HAYEHUSIMU WX
MacChl; CJIeBa BBEPXY - MACCHBHBIE, TOpSYHe U SIPKHe
THTAHTHI, CIIPaBa BHU3Y - MaJIeHbKUE, XOJIOMHBIE U TYC-
KJIble Kapauku. CoJTHIe TIOMENaeTcs B cepeluHe TiaB-
HOW MOC/TeOBaTeILHOCTH OJiarofaps cpemneii Beaudu-
He cBoeli Macchl. Macchl 3Be3ll pasindaiorcs B COT-
HH pa3, COOTBETCTBEHHO, WX CBETHMOCTh, B MUJIJIHO-
HBI pa3. WHTeHCHBHOE PEHTTEHOBCKOE W3JTyYeHne, BO3-
HUKAOIIee TPH AHHUTHIANNN 5JeKTPOHOB U TIO3UTPO-
HOB, KOTOPOe 0DHAPY KUBAETC B CIEKTPAX COJTHETHBIX
BCIBIIEK W aKTHBHBIX AApaX FajJakTHK TOATBEPIKIa-
eT MYJbCUPYIONIYIO PEJIATUBUCTCKYIO TPABUTAITHOHHYTO
KOHIIEMTIHNIO TIPUPOIBI SHEPIHHE ACTPOHOMUYIECKUX 0O~
exTOB [8].

CriocobHOCTh TpU CKATUW 3BE3[, IJIAHET W JAPY-
X ACTPOHOMUYECKUX TeJI, YBEJUIMBATL CBOIO COO-
CTBEHHYIO MAacCy W MOJHYIO SHEPrHi0 — OCHOBHBIE
PESATHBUCTCKO-TPABUTAIIMOHHBIE CBOWCTBA MOJIEH Ti-
TOTEHHNsA ACTPOHOMHUIECKUX OOBEKTOB.

B 1929 r. 9aeun Xabbsa orviacuy pe3yabTaThl W3-
MepeHuil crmeKTpa CBeTa MPHUXOIAINET0 K HAM OT yia-
JIEHHBIX TaJakTuK. V3ydeHwe CIeKTPaJbHOTO COCTaBa
cBeTa TajleKuX 3Be3]l MOKa3ajI0 CHCTeMATHIeCK Ui CABUT
CHEKTPAJbHBIX JTHHUH B KpacHyio obiacTh. Xabbs 0b-
HApY KU, 9T0 3TO TaK HA3BIBAEMOE KPACHOE CMEIeHIe
BO3pACcTaeT MPOMOPIUOHAIBHO PACCTOAHUIO O Tajlak-
tuku [5]. OcHOBHOE CBOHCTBO 9TOTO KPacHOTO CMelle-
HUS - OTHOIICHWE CMeIeHUH JIMHUN K JJIHHe BOJIHBI
ocraeTcd OMHUM W TeM ¥Ke IJId BCexX JIMHUM clekTpa
nanHol TanakTuKu. B Hacrodllee BpeMs MPUHATO CUH-
TaTh, YTO HTO CMellleHue cBa3aHo ¢ addextom dommepa,
Ha OCHOBAHWH KOTOPOH ObLa MOCTpOeHAa MOMAENb pac-
mmpsmonieiica Beemennoit [6].

B actpoHOMUM pazindaioT TpU BUIA KPACHOTO CMe-
wenus [7]:

1. JlomiepoBcKoe KpacHOe CMeIlleHHe BO3HUKAET,
KOT/Ia UCTOYHUK YIAJTAETCA OT HabJIOHaTe s .

(18)

2. I'paBuTanmmonHOe KpacHOE cMelleHHe HabJIIoma-
ercd, Korga 3JIeKTPOMAarHWUTHasA BOJIHA IMEPEXOINT M3
06IaCTH CHJIBHOTO TPABHTANMOHHOTO MOJIA B 0OJIACTH
caaboro moJid.

P e — (19)
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B Tex caydaax, Korma z MHOTO MEHBIE €TWHUITH,
ckaxeMm MeHee 1%, MOKHO IPHOJIMIKEHHO CAUTATE I'Pa-
BUTAIIMOHHOE KPacHOe CMEIIeHNEe PaBHBIM:

_GM

= SR (20)

3. KpacHoe KOCMOJIOTHYECKOe CMeIeHne BOSHIKA~
€T, KOT[la 3JIEKTPOMATHUTHAA BOJIHA PACIPOCTPAHAET-
ca B pacmmpsoiietica Beemennoit. Omaako HeEKOTO-
pPble HaHHBIE 3aCTABIAIOT MPEATIOIOKITE, 9T0 BOJIbIITE
KPaCHBIE CMEIEHNA KBAa3apOB MOTYT OBITH 00YCJIOBJIE-
HBI WHBIMH TPUIMHAME. OTH HAOJIOIEHNA CBASAHBI
C aHOMAJBHBIMEU KPACHBIMEU CMEIIEHUAMEI B CIIEKTPAaX
KBa3apoB.

Bce a1 KpacHble cMellleHn s CBA3aHbI ¢ YMeHbIIeHH-
eM 3Hepruu (POTOHOB HJTEKTPOMATHUTHON BOJIHBI B I'Da-
BUTAIMOHHBIX TOJIAX W ABUKEHUEM ACTPOHOMHYECKUX
0OBEKTOB.

3HadeHNe 3TOTO CMENIeHns OyIeT ONpeNeaThCs 3a-
KOHOM XabbJia. DTOT 3aKOH BHIpaxkKaercs popMyJIoii:

AX A H
= —=——1=—R, (21)
Ao Ao c
roe A\ — BeJIMYUMHA CMeUIeHUA O/IUHBI BOJHBI JIUHUI
CIeKTpa, A9 — HecMellleHHasd AJIMHa BOJHBI, H — 1mo-

croaHHas XabbJsa, ¢ — CKOpOCTBb cBeTa, K — paccro-
AHWE [0 TAJAKTHKH.

Quuckuit acTpoHoM fakKoja, pacCMOTDPEB HaHHBIE
O KPACHBIM cMellleHuAM 550 TaJakTWK W CKOTJIEHWI,
MpUies K 3akKJII0YeHWI0, UTO Ha OJHOM W TOM K€
PaCCTOAHUEN CHUPAJTBHBIE SC-TAJaAKTUKH ODHADY KUBa-
IOT cHcTeMaTuiecKue OoJiee BBICOKHE, KPACHBIE CMeIlle-
HUS, 9eM JInnTHYeckne ragaktuky [10]. Ecan Bee stn
HaOJTIO/IEHN A U BHIBOMBI IPABUJILHBI, TpobJieMa KpacHO-
TO CMEIEHNA YCIOKHAETCH, W CYIECTBOBAHWE HEKOC-
MOJTOTHYECKIX KPACHBIX CMeNIeHui#l CcTaHOBHUTCHA (dak-
TOM, KOTOPHIit TpebyeT obbsacHeHnA. UTO MOKET OBITDH
Pa3IUYHBIM Y ONWHAKOBBIX 3BE3M CIHUPAJBHBIX W 3JI-
JIUTIITHIECKAX TAJAKTHK, HAXOMAINXCA HA CPABHUMBIX
paccrogauax ot Hac [10]?

IMekep, Pobepre u Buxkbe [10] npemioxunu mpo-
cToli OTBeT Ha 3TOT BOmpoc: Temmeparypa. Wx rumo-
Te3a BO3POKIAET MONBITKH O0bACHEHUA KPACHOTO CMe-
HWEeHNs Tak HasbiBaeMoll ”ycramocTtbio” cBera (crape-
Hie (POTOHOB) HA €ro JOJITOM MyTH K HAM OT Iaje-
KX TaJJaKTUK, T.€. ITPOIECCAMU HEYIPYTO paccedsHus,
KOTOpBIE YMEHBITAIOT 3HEPruio KBaHTa. (OOHAKO HHU
OIMH MeXaHW3M paccesHusa cBeTa (B CBOE BpeM#, Ha-
MpUMep, B KA9eCTBE PACCEMBATENA MPENIATAICT Me K-
3BE3IHBIN ra3) He MOXKeT YIOBJIETBOPHTEH CPasy TpPeM
HeOOXOIMMBIM TpeGOBaHUAM: (&) cedeHMe paccesHUA
JOJTIKHO OBITH TOCTATOYHO GOMbIIEM, (6) yros pacce-
SHUA TOTKEH OBITH MIPAKTHIECKE HYJIEBBIM (HHAYE BH-
IUMBIT 00beKT GyIeT pasMbiBaTbhCsA) W, HaKOHeI, (B)
OTHOCHTENbHASA MOTeps SHepruH (KPacHOe CMeIIeHHe)
He JOJIKHA 3aBUCHT OT HEPIUU KBAHTA CBeTa. ABTODBI

[10] obcykaaeMoli rUMOTE3bI MpeAJIaraloT i O0bsic-
HEHUA AHOMAJIUH B KPACHOM CMEIEHUN PAacCedHUE CBe-
Ta He Ha BelllecTBe (3JIEKTPOHAX WJIW Tase), a pacces-
Hue cBeTa Ha cBere. OOMeHMBAiCH PHEPTHEN ¢ MATKH-
MU KBaHTaMU, (DOTOHBI MTOCTEMEHHO TEPAIOT HEPTUIO, B
TO e BpeMs#A MPaKTUIECKH He OTKJIOHAACH OT MEPBOHA~
9aJbHOTO HATPABJICHUA.

Ucnonszysa PESTATHBUCTCKY IO IPaBHUTAIIMOH-
HYTO KOHIENIUIO TPUPOABI SHEPTUN aCTPOHOMUIECKUX
0OBEKTOB, CIIeJTAeM TIPEATIOJIOKEHNE, UYTO ABJICHIE KOC-
MOJTOTHYECKOTO KPACHOTO CMEIEHNA VIATEHHBIX Talak-
THK, KBa3apOB CBA3AHO ¢ Tepenadetl sHepruit poToHOB
dusnveckoMy BakKyyMy. JHEPTHIO TMOIVIONIEHHA (POTO-
HOB pusmdeckuM BakyymMoM — AFY 3a cger KpacHO-
T'0 KOCMOJTOTHYECKOTO CMEIEHIA MOKHO TIPEICTABATE B
BUIEe POPMYJIHI:

1 1
AE°=hAv=h(v,—V)=he| ——=) =
v (vo — V) c SV
hez z
_ _ hu,  (22), 22
Ao(z+1) 241 vo (22) (22)

roe h — mocroarnasn [lmanka; Ay — BeaudnHa Kpac-
HOTO CMeIlleHNA YacTOTHI BOJHBI JUHUN CIIEKTPA; Vo —
W3JTyYeHHAsA 9acToTa ; V' — Hab/IomaeMas 9acToTa | Ag
— W3JIyYeHHAd JJIMHA BOJIHBI, A — HabJromaeMas IJiH-
Ha BOJHBI; 2 — BeJWYNHA KPACHOTO CMeNleHUA W3JIy-
deHNdA yIOaJIeHHBIX TaJaKTHK nian KBasapos. [lormoire-
HIE W3JIYy9IeHn s (PUSHIECKIM BaKyyMOM yIOBIETBOPAET
BCeM TpeM (a; 0; B) BBIIENEPETUCIEHHBIM TPeOOBAHN-
AM paccedHWA CBeTa TPHU KPACHOM KOCMOJIOTHIECKOM
CMEIeHNN JaJeKnX TaJakKTuK, KBa3apoB.

Ha ocHoBanuu BBIIIEPACCMOTPEHHBIX (DUSUIECKAX U
acrpodnsndeckux Apiaenuit u dopmyn (4-17, 22) cre-
AyeT MPENNnoJIOKNTE, ITO PeAATHBACTCKAA TPDaBUTAIIN-
OHHad KOHIeNnA Molenn BcesemHON 3akmodaerca B
PeIATUBUCTCKON TPaBUTAIIMOHHONW KOHIENIIUN TPHUPO-
OBl POKIEHWA W TIOTJIONIEHWA >HePTuu Bo BcejenHOit
[9]:

1. PenarwBucTckad TpaBUTAMOHHAA 3HEPTUA PO-
Kmaerca m3 (PUIWIECKOTO BAKyyMa B IIEHTPAJbHBIX
obJTacTAX 3BE3M W APYTUX ACTPOHOMUYIECKHX OOBEKTOB
IpH WX CXKATUH COOCTBEHHBIM TDABHTAIMOHHBIM IIO-
JieM. YMeHBIIeHWE PAIUyca ACTPOHOMHUYECKOTO 00D~
eKTa COOCTBEHHBIM TDABUTAIIMOHHBIM [MOJEM TPUBOIUT
K PeJIATUBUCTCKO-TPABUTAIIMOHHOMY VBEJIWYIEHUIO €To
TTOJTHON MacCHl U 3HEPTHH.

2. llpwpaieHHad peAATHBUCTCKAA TDaBUTAINOH-
Hasg Macca W PHEPTHUA MPU TOM MPEBPAIIACTCA B 3HED-
THIO 3JIEKTPOHOB M MO3UTPOHOB W APYTHX Oojiee TAXKe-
JIBIX YaCTHIl U AHTUYACTHUIl. ODHEPIUA YACTHUIl U AHTHU-
YaCTHIl [TOCJIe WX AHHUTHIANUN TPaHCHOPMUPYETCA B
pasaudHble (POPMBI HPHEPTUN ACTPOHOMUIECKOTO 00beK-
Ta.

3. BoimesenHas B aCTPOHOMHUIECKOM OOBEKTE DHED-
rUd MOC/e AHHUTHTATNY YaCTHIL B AHTUIACTHIL B popMe
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dOTOHOB 2JIEKTPOMATHUTHO 2HEPTUU U3IYIAETCA C IO~
BEPXHOCTH ACTPOHOMUYIECKOTO OObEKTA B OKPY KAIOIIee
KOCMUYECKOe MPOCTPAHCTBO.

4. NsaydeHHBIE B KOCMHUYECKOE MPOCTPAHCTBO (HO-
TOHBI MEPEIAIOT CBOIO YHEPTHIO (PUIMIECKOMY BAKYYMY
D10 Tmpo-
mecc Haboaerca B popMe KPaCHOTO KOCMOJIOTHIECKO-

IpU WX pacupocTpaHeHWn Bo Bcemennoii.

ro CMellleHne yIaJeHHBIX TaJakTHK U KBa3apoB.

W3 Bcero BBINIECKA3AHHOTO MOYKHO MPEITIONOKUTh,
9TO MOJHAA »Heprus BceleHHON ocraeTcsi HeW3MeH-
HOJi 1PN PESIATHBICTCKOM TPABUTAIMOHHOM POXKICHUN
sHepIMH W3 (PU3HIECKOTO BaKyyMa B HEHTPATBHBIX
0bJIacTAX ACTPOHOMHYECKUX OOBEKTOB U TPH MOTJIONIe-
HWUU 5HEPTUH N3IyUeHus 3Be3] DU3NIECKHM BAaKyyMOM
(KpacHoe KOCMOJOTHYECKOE CMeIeHne). DTa KOHIEM-
WS 5HepPTHH Bo BeeseHHONW MoOKeT OBITH MOJOKEHA B
OCHOBY PeIATHBUCTCKON TIDaBUTAIMOHHON KOHIIETITHI
3aKOHA COXDAHEHW: W TPeBPAIleHN: HEPruu Bo Bce-
nennoit [9].

TpensoxkeHnas peATHBACTCKAA TDABUTAIHOHHAS
KOHIIENIIA Mofean BeelleHHON pasBUBaeT KOHIEIITHIO
cramuoHapHoii Beenennoii [9].
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B mokmame ma npumepe nByx dbyHIAMEHTAIBLHBIX ITOHATHN, MPUMEHAEMBIX B KOCMOJOIMH, — ‘GeCKOHEYHOCTH’ U
“rpaBuralrua’ — MoKa3aHa HENPHUTOIHOCTH TPATUIIMOHHBIX OOINEMIPOBO33PEHYECKIX W 061IehmIToCOpCKUX TOKTPHUH
B MOCTPOEHUM HEMPOTUBOPEYUBHIX Teopull u Mozeneit Bcenennoli, kapTuHbl Mupa B mejqoM. TakKe IokasaHa He-

COCTOATETBHOCTE W HETOCTOBEPHOCTH TPAIUIIMOHHOTO METONa abCTpArmpoBaHmA 1A 00pa3soBaHUA MOHATHI, AKOOBI
OTpakKamwIMX 00bEKTUBHYIO PeaTbHOCTD, MaTepHaIbHbI Mup. CTaBUTCA 3a7lada MO BHIABIEHUIO “HETIPEOHOTMMBIX”

HpOTI/IBOpG‘II/II?I %3 HpO6JIeM BO BCeX (byH,D;aMeHTaJIbHI)IX IIOHATUAX W TCOPUAX COBpeMeHHOfI HAYKWM W CO3OaHWIO HEIIPO-

TUBOPEYNBOI albTepHATUBHON MHUPOBOI HayKM, KapTHHBI MHAPa B IIEJIOM.

1. Bsenenue

1.1. Bcesennag kak menoe — HauboJsee oOLIUI KOcC-
MoJtoTHYecKuili 06beKT HayKW KOocMoJiormu. BceseH-
Has, BKJoJaiomas B cebd BCIO MaTepUIO, XapaKTepu-
3yeTcad HECOTBOPHUMOCTBIO W HEYHHYTOKHUMOCTBIO, KO-
JINYeCTBEHHON HEMCUIePIaeMOCThIO, DECKOHEIHBIM MHO-
roobpasmeM CBOWCTB, cBAzell, popM OLITHA W TeHIeH-
nuit paseutug. Takum obpasom, Beemernras Kak 1mesoe
— beckoneuna. CoBpeMeHHBIe B3IVIAIM Ha Bcesernmyio
KaK Ha OeCKOHEeYHBIN KocMojormyuecKuii obbekT Oazm-
pyioTca Ha 0bIeMupoBO33peHUecKoll u obiteduiocod-
CKOIl HOKTpHHE O HECKOHEUHOCMU, KOTOPAad OTPAXkKaer
HEOTpaHWIeHHOE MHOT0OODpa3He MaTepUaIbHOIO MUPa B
npocTpaHncTBe U Bo Bpemenu [4, ¢. 205, 44, 76; 3, 1. 2,
c. 476].

1.2. Jna noctpoenns teopuit u Mmomenett Beemennoit
B KOCMOJIOTHH UCIOJIB3YIOTCA TaK ¥Ke JTaHHBIE acTPOHO-
MuYeCKUX HaOMONeHN 1 5KCIepUMEHTAIBHON (DU3UKH,
OCHOBHBIE (DUIMIECKHE TEOPUH, OMUCHIBAIONINE 3aKOHBI
IBUXKeHWA Marepun. B duzuke, cormacHo moaokeHIIO
O B3aWMOMIENCTBUAX MATEPUATBHBIX OOBHEKTOB, 2past-
mayuA (TATOTEHUE) OTHOCHTCA K OTHOMY W3 byHIa-
MeHTaJbHBIX THIIOB B3anMonelicrBusa. [lannoe mosoxe-
HIe OCHOBAHO Ha OOIIeMHPOBO33peHTecKoi 1 obiiedn-
JTocod Ko TOKTPUHE O IBUKEHNN KaK BCeobIeM CBOI-
CTBe MaTepHu, BKJOYAIONIEM, TOMUMO APYTuX HopM
JIBUYKEHNA, TPABUTANNOHHOE B3aUMOMNEWCTBIE MaTepH-
AJIbHBIX OObEKTOB, Tegl [3, . 2, ¢. 476, 1. 1, ¢. 263; 4,
c. 65, 105].

1.3. YkasaHHBIE 0OLIEMHPOBO33pEHIECKHE U OOIIE-
dumocodpckre HOKTPUHBI MPOOJEMATHIHBI, COMEPIKAT
“HepaspelrmMble” MPOTHBOPEYUNA, W MO3TOMY HE MOTYT

le-mail: zhuck@insurance kharkov.ua

OBITH UCIIOJIB30BAHBI B KaveCTBE KOHIIENTYaJbHONW Oa-
3Bl [JI MUPOBOH HAyKW, B TOM YHCIE OJd KOCMOJIO-
ruu. Y UeHble, CJeNys II00ATbHBIM OOIIEMIPOBO33PEH-
qecKUM 1 00mmednnocodcKuM JOKTpUHAM, 0OlieHay -
HBIM B3IVIA[AM W TOHATHAM, He CBA3BIBAA C HUMHU ITPO-
671eMBI KOCMOJIOTHH, CKJIOHHBI TIOBTOPATH W BOCIPOM3-
BOIUTH ONUOKY W MTPOTUBOPEYN A, 3AKJIIOUEHHBIE B 9TUX
JMOKTPUHAX U TMOIXOHAX.

1.4. B maHHOM HOKJIaJ/le aBTOPHI MOKA3BIBAIOT, Ka-
Kue “HepaspernMbie” MPOTHBOPEYN 3aKTI09AI0T PYH-
“OGeCKOHETHOCTE W “Tpa-
BUTAINA , TPUMEHAEMbIE B KOCMOJIOTHH, YKAa3BIBAIOT

AJdaMeHTaJIbHble IMOHATHUA —

Ha TpobJIeMATHIHOCTD HAJTbHENIIEr0 HEKPUTHIHOTO HC-
MOJB30BAHNA 5THX MOHATHI B HayKe, MOKAa3BIBAIOT He-
MPUTOIHOCTh METOIa abCTparmpoBaHusa IJisd oOpa3oBa-
HuA 06X moHATHi. [loMuMO 3TOro aBTOPHI CTABAT
3amavy 1Mo pedbOPMUPOBAHIIO ODIEMIPOBO33PEHIECKIX
u obueduiocodpcknx MOKTPUH W KOHIENui, ycrpa-
HEHUIO MPOTHBOPEYNBLIX ONpeesennii PyHIaAMEHTATEb-
HBIX MOHATHI, paspaboTKe HEMTPOTHBOPEYNBOI aJIbTep-
HATUBHOW MUPOBOI HAayKH, B TOM YHCJI€ HEITPOTHBOPE-
YUBBIX KOCMOJIOTHIECKUX Teopwit u mMomeseli Bcesen-
HO1.

2. “BeckoHeyHOCTB”

1.5. CorytacHO TpaAUIIMOHHOMY OTIPEESIEHUIO, TIOHATHE
“GeCKOHETHOCTR oTpakaeT obIHil XapaKTep MaTepi-
AJTBHOTO MUDPA B BUIE €70 HEOIPAHUIEHHOTO MHOTO00pa-
3Us B MPOCTPAHCTBE U BO BpeMeHu. TeM He MeHee, B BU-
Iy 0B1eMIPOBO33peHYecKoil 1 obiedniocodckoit mok-
TPHUHBI O MATEPUATBHOCTH MIPA, O MATEPHH KaK 00beK-
THBHOH peaJbHOCTH, CYIIECTBYIONIEl BHE I HE3ABHCHMO
OT YeJIOBEYECKOTO CO3HAHUA W OTParKaeMOll WM, TOH -
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Tre “DeCKOHETHOCTH , KOTOPOE MOTJIO OBl OTPa3UTh BCE
OeCcKOHEUHOE MHOTOODpa3ne MaTeprajbHOrO MUpa, He-
BO3MOXKHO 0bpasoBarh [b, ¢. 57; 4, c¢. 44].

1.6. Kaxnoeifi o6beKT MaTepHaJbHOTO MHPa KO-
HEYEH W MMEET OMpele/leHHbIE TPAHUITBI — MTPOCTPAH-
CTBEHHBIE, BPEMEHHBIE, KOJMYECTBEHHBIE, KAaUeCTBEH-
uble u ap. Wcxonsa ms 3Toro, 06 beKTUBHAS PEATBHOCTD,
MaTepUAJbHBII MUD W MaTepus He UMET OeCKOHed-
HBIX OOBEKTOB. DTO O3HAYAET HAJMINE B MATEPUATH-
HOM MHUDPE TOJBKO OIPAHMYEHHOTO MHOro0oOpasms Ma-
TepUAJbHBIX OOBEKTOB W CHCTEM KaK OObeKTa Ipak-
THYecKOl u mo3HaBaTelbHOW meareaprocTH. Cliemo-
BaTeJIbHO, MOHATHE “OECKOHEYHOCTH , KOTOPOE AKOOBI
oTpaxkaer “HeOrpaHUYEHHOE MHOTOOOPA3NE MAaTEPUATE-
HOTO MHUpPa B MPOCTPAHCTBE W BO BPeMeHH ;| OTHOCUTCHA
K YeMY-TO WHOMY, HO HUKaK He K MaTepUaJTbHOMY MUPY,
MHOT000Opasme KOTOPOro OTPAHUIEHO W KOHeUHO. Kpo-
Me 5ToTO “GecKoHedHoe MHOTOOOpasne” Kak 0ObeKT He-
JIb31 OKOHYHUTE, OTPAHUIHUTE, OMPENEUTh W TO3HATE, a
3HAYNT OTHECTH K IeHCTBUTEBHOCTH, BKJIOYUTH B e
ATEJIBHOCTD U MCIOJIb30BaTh KaKUM-JIU00 criocobom [4,
c. 252; 5, ¢. 349].

1.7. Tlommmo mpobsieM ¢ GeCKOHEYHBIME OOBEKTA-
MH, TOHATHE “GeCKOHEYHOCTH COHAEPIKUT TPYAHOCTH,
CBA3AHHBIE C Ollepanreil OTpakeHns DeCKOHETHBIX 00~
IlonaTtne “GeckoHeTHOCTH” O ONPEIESIEHHIO
OoTpaXkaeT HEOTPAHWIEHHOE MHOTOODpa3me MaTepUuaTh-
HOTO MWpa B IPOCTPaHCTBe W BO BpemeHu. QueBui-
HO, 9TO HUKaKOH cCyO'beKT He B COCTOAHUHU C TOMOIIBIO
TEXHOJIOTHH W KOHIENIUH OTpayX)eHns chOPMHUPOBATH
3HaHUE O “DECKOHEIHOM MHOTOOOPA3NH MATEPHATIBHOTO
Mupa”, KOTOpOe COOTBETCTBOBAJIO OBI MOHATHIO “Dec-
xoHednocTn . IlpumHIuN amekBaTHOCTH TpoIecca OT-
paxkeHusa TpebyeT COOTBETCTBUA Pe3yJIbTaTa OTpaKe-
HUA oTpaxkaeMoMy o0bekTy. B ciydae ¢ GecKOHETHBIM
MHOTr0o0pasmeM MaTepHaJbHOTO MHUPa U €ro OTpakKe-
HHUEM B MOHATHU “OeCKOHEYHOCTH , YKa3aHHBIH ITPHH-
AT AJeKBATHOCTH HE BBITIOJHAETCH, TIOCKOJIBKY HEBO3-

€KTOB.

MOYKHO TIOJIVIUTH COOTBETCTBHE OTPAKEHUA OTPAIKA-
€MOMY B BHIY HEUCUYEPIAEMOCTH, HEOIPEIEIEHHOCTH,
HeobospuMocTu TocjienHero. KoHedHO, ompeneeHHyo
OTPAHUYEHHYIO 9acTh DECKOHETHOTO MHOT0OODA3MA Ma-
TePUAJBHOTO MUPA OTPA3UTh MOXKHO, HO TOTHA NOAHOE
HecKOHETHOE MHOTOOOPa3Me BCETO MaTepUaIbHOTO MUDa
TepseT, KaK MHUHUMYM, TIO3HABATEBLHOE, a TO W OHTO-
JIOTHIECKOe, MUPOBO33PEHUECKOE 3HAUEHNE KaK He CO-
OTBETCTBYMOIee neficTBuTenbHOCTH. [loHATHe “Gecko-
HeYHOCTH KaK oTpakeHme “GeCKOHETHOTO MHOI0OOpa-
3UA MAaTEPUATBHOTO MUpa’ He afeKBaTHO OTpaiKaeMoli
IefCTBUTETBHOCTH — MATEPUAIBHOMY MUDY, KOTODBIi
OTHOCHTEJIBHO OTPAIKAIOIIEr0 cyO'bekTa BCErma BBICTY-
maer KakK ONpele/leHHas OrpaHWYeHHas YacTh O0bek-
THBHOI peasibHOCTH. Tak 49ro moHATHE “GECKOHETHO-
ctr” He oTpaxkaeT HECKOHETHOIO MHOTO0Opa3na 00beK-
TuBHOM peasibHocTu [4, ¢. 454 —455; 2, 1. 1, c. 14— 20,
1. 2,c. 10 - 24].

1.8. Kak Bumno, monarume “GeckoHednoctu” obpa-

30BaHO BHE BCAKONW 3aBHCHMOCTH OT OOBEKTHBHON pe-
AJTBHOCTH, MATEPUAIBHOTO MUPA, & TaK e BHE TEXHO-
JIOTHH ¥ KOHIIEMIUN OTPAXKEHNA U TPUHIIUTA aJTeKBaT-
HOCTH OTpaiKeHHsa orTpaxaeMomy. (CKopee BCETO, TO-
HATHE “DeCKOHEUHOCTH OTpay)aeT OOBEKTHI, ABIEHUA
WJIH TPOTIECCH, KOTOPBIX HET B OOBEKTUBHON peasibHO-
ctu, MarepmajbHOM Mupe. U »T0 yiKe oblenaydnad
npobJieMa, KOTOpasd CTAHOBUTCHA OYEBHUIHON Toc/ie BBI-
ABJIEHUA TPOTHBOPEUNH, 3aKIOUEHHBIX B OIPeNeIeHIH
moHATHA “DecKOHEeTHOCTH .

1.9. B cBaA3u ¢ »TUM aBTOpBI AOKJIaja IIpeijiara-
0T chOPMYJIUPOBATH HECKOJBKO MPOOJIEMHBIX BOIMPO-
COB 0 feckoHeurocmu, pellieHne KOTOPBIX CITIOCOOHO M3~
MeHUTh PyHIaAMeHTAIbHBIE OOIIEMIPOBO33PEHIECKIE U
obrredpusocodpckre MOKTPUHBI U OOIIeHAYYHBIE B3IVIA-
JIBl Ha OOBEKTUBHYIO PeAJIbHOCTD, MATEPUATBHBIA MUD
u npou.: 1) K uwemy ornHocurcsa “GeckoHedHOe
MHOroobpasue”, eciin He K MarepruajibHOMY MH-
py? 2) Hns 9ero ycTaHOBIIEHO W MCHOIbL3YeTCs
nousarue “Geckoneunocru’?

3. “I'paBurtanus”

1.10. CoryacHo TPaauIIMOHHOMY OMPENETEHNIO, MOHA-
THe ‘TpaBuUTAlWA’ OTPaKaeT YHUBEPCAJbHBIH w dyH-
JTAMEHTAJIBHBIA TUI B3aUMOMEHCTBIA MeXKIY JIFOOBIMI
BUIAME (PUBHIECKON MaTePUN, MaTePAATBHBIME 00 beK-
tamu, Tejgamu [1, 1. 2, ¢. 513].

1.11. MartepuaabHOe €IMHCTBO MHUpPa MPOABJAAETCA
BO BCeobIell cBA3M ABJEHUN, B HAJUYIUU Y BCEX BUIOB
MaTepUl TaKWX yYHUBEPCAJBHBIX W BCeOOIINX CBOWCTBE,
KaK JIBWIKEHWe, MPOCTPAHCTBO, BPpeMsA, CIOCOOHOCTH K
CaMOpa3BUTHIO U TPOY. Bceobiias cBA3b ABIeHUN
MpeNCTaBIAeT CODON PesyIbTaT YHHBEPCAIBHOTO U BCe-
obIIero B3amMOENCTBASA BCEX MPEAMETOB W ABJIEHUH
MaTepUATBHOTO MUPA. ITa CBA3b BHIPAXkKaeT CTPYKTYD-
HOe BHYTDEHHee eIUHCTBO BCEX 3JIEMEHTOB M CBOWCTB B
KakKJIOH cucreMe, a TaK Ke DeCKOHETHO pasHOOOpasHbie
CBSA3W W OTHOINIEHUS HAHHONW CHCTEMBI C IPYTHMHU OKPY-
KAOIINMA €€ CHCTEMaMU Win sABjIeHnaMu [4, c. 136].

1.12. Taxmm obpasom, yKazaHHaA OOHIEMHIPOBO3-
3peHveckas u obiuieduocodckas IOKTPUHA O MaTepPH-
AJTBHOM €UHCTBE MUPa TPebYyeT paccMaTpuBaTh Ji000lH
THI OBUMKEHWS W B3aUMONEHWCTBHA, K KOTOPBIM OTHO-
CUTCA W TPaBUTAIIMOHHOE B3aWMOMENCTBUE, MCKITIOYN-
TeJIbHO B Ka9eCTBe HEOTHEMJIEMBIX U BCEODIUX CBONCTB
MaTepUH B MEJIOM, MATEPHATBHBIX OOBEKTOB, CHCTEM U
Tesm B gacTHocTH. OMHAKO HajbHeliliee pacCMOTpPEHHE
5TOll MOKTPUHBI MOKA3BIBAET MPOTHBOPEYUBOCTL U He-
BO3MOKHOCTD TIOJIOKEHUA O TOM, UYTO ABUKEHUE U B3a-
HMOMEHCTBIE TeJl, B YaCTHOCTH TPABUTAIMOHHOE B3a-
HMOMEHCTBIE, ABIAOTCA HEOTHEMIIEMBIMHI CBOICTBAMEI
STHUX TeJl W CUCTeM Teji. Hamporuws, cuiisl, 0byc/aBiim-
BAIOIIWe BCE BUILI W THUIBI ABUKEHUA W B3aWMOIEl-
CTBUA, MeHCTBYIOT BHE MAaTepHUATBHBIX OOBEKTOB, CH-
crem u tet [4, c. 65, 105].
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1.13. Tlo ompeneseHuio rpaBUTAITHOHHOE B3aMMO-
HOeiicTBre, Kak # Jioboe Apyroe, HMpeacTapiiger coboit
TIPOITECC B3AMMHOTO BJIUAHNA MaTePHAJIbHBIX 0O BEKTOB,
TeJl IPYT Ha JIpyTra MyTeM HepeHoca MaTepun U JIBU XKe-
HuA. BsaumojelicTBUe olpenenser CyIECTBOBAHHE U
CTPYKTYPHYIO OPraHu3aInio BCAKOW MaTepuaabHOM cu-
cmembt, ee cBOMCTBaA, ee 0ObeIUHEHNE HAPALY C IPYTH-
MH TeJaMHi B CHCTeMy OOJIbIllero mopsaaka. V3 KoHIern-
MM BCEOOIIETO B3aMMOLEHCTBHA MaTepHaJbHBIX 00b-
€KTOB WUJIM TeJ APYT C APYyroM, CJIEIyeT, 4TO B MaTepH-
aJbHOM MHpPe HeT W He MOKeT OBITH TaKHX OObeKTOB
WJIN TeJI, KOTOPBIE MOTJIN OBl CYIIeCTBOBATH BHE KaKOM-
GO CUCTEMBI, BHE KaKoro-jubo zaumometicrsus [4, c.
65]. Jlwobas cucrema, B CBOIO 0Yepellb, XapaKTepu3yer-
CcA COBOKYIHOCTBIO 3JIEMEHTOB, HAaXOIAIIMXCA B OTHO-
MEeHNAX W CBA3AX MeXKIy coboit M 0bpasyonmx ompe-
JEJIEHHYIO 1IeJI0CTHOCTD, enutcTBo [4, ¢. 408]. Jlobbie
MaTeprabHbIE OOBEKTHI, TeIa, COCTABIAIOININE KaKyIo-
b0 CUCTEMY, TPEICTaBAAIOT cobOH asemeHmbt >ToM
CHUCTEMBI. DJIEMEHT CHCTEMBI BCErZa paccMaTpPHBAeTCH
KaK HeleJIMMBIN U He obmamatoliuil cBoicTBaMU »TOM
cucrembl [4, ¢. 535]. Takum 06pazoM, rpaBUTAIIUOHHOE
B3auMOJIeiCTBUE, N3MEHATOIIEE TTOJOKEHHE TeJ — 3Jie-
MEHTOB CHCTEeMBI — OTHOCHTEJBHO JPYT JApyTa, u3Me-
HAET CBOWCTBA CHCTEMBI, TO €CTh OTHOIIEHUA W CBA3U
MeXKY »JIeMeHTaMU CUCTEeMBI, HO He 3aTparuBaeT Co-
CTOAHUE U CBOMCTBA CAMUX TeJI, OCTAIOIINXCA HEM3MEH-
HBIMH U HeIeJIUMBIMH B KadecTBe 3JIeMeHTOB HaHHOM
Kpome Toro, mo omnpeneneHno Marepuasib-
HBIe OOBEKTHI, Teja, ABIAIONINECA >JeMEHTAME CHCTe-
MBI OOBEKTOB, TeJI, He MOTYT MHHIHIPOBATH M3MeHe-
HHe COOCTBEHHBIX CBOWMCTB M CBOMCTB CHCTEMBI, KOTO-
pyio oum cocTapiagioT. CucremMa MaTepuaIbHBIX 00bEK-
TOB, TeJI TaK K& He MOYKeT HU3MeHATH CBOWCTBa caMoit
cebsa mo ompenenernio. CHcTeMbl MaTepHATbHBIX 00b-
€KTOB, TeJI, ABJAAONMEC SJIEMEHTaMI CUCTeM OOJIbIle-
ro mopAnKa, HeIeJIUMMbl KaK 3JIEMEHTHI 5THX CHUCTEM U
He UMEIOT CTPYKTYPHOM opraHu3aIiuy U APpYTUX CBOWCTB
crucTeMbl Kak TakoBofi. [losToMy m3aMeHeHUe CBOWCTB
CHCTEMBI DOJIBIIETO TOPAIKA HE MOXKET ONPEIes AT N3~
MeHeHWe CBOMCTB CUCTEM MeEHBIIEro MOpAHKa, ABJIAIO-
IIXCA >JEMEHTAMHE CUCTEM OOJBIIETO TOPAIKA.

CHUCTEMBI.

1.14. Tak, HeCMOTPS Ha TOJIOKEHUA ODIEMUPOBO3-
3peHvYecKux u o0IednnocodCKuX AOKTPUH O MaTepu-
aJbHOM eIWHCTBE MWPA W O JIBUKEHWUU W B3amMoeli-
CTBUEM KaK BCeOOINX CBONCTBAX MarTepuu, TPaABHTAIH-
OHHOE B3aUMOJIeHiCTBHE He MOXKET OBITH CBOWCTBOM HHU
MaTepUATbHBIX OOBEKTOB U TeJ, HU CHCTEM, COCTOATIUX
n3 HuX. Tak XKe cBOMCTBA CHUCTEMBI U COCTABJIAIONINK
ee 2JIEMEHTOB He MOTYT OOYCJIaB/IWBATH W ONPENETATH
B3aMMOJIEHCTBIE 3JIEMEHTOB 3TOl CHCTEMBI W M3MeHe-
HUe CBOHCTB camoli cucrembl. (COOTBETCTBEHHO, CBOI-
CTBa TeJI, 3JIEMEHTOB CHCTEMBI, (3HEPTH:, Macca, TJI0T-
HOCTB W TIP.) M CBOfCTBA cHCTEMBI Te (B3aHMMOCBA3N 1
3aKOHBI B3aHMOCB3€H MEXKIIy TeslaMi) He MOTYT OIpe-
IeATH B3auMOelicTBIe 1 IBHKeHHe (cOMMKEHNE, OT-
JaJieHne) Tel B paMKax JaHHOW CHCTEMBI.

1.15. Taxwmm obpasom, ecjim CHCTEMA MAaTEPUATIB-
HBIX TeJT U €€ BJIEMEHTHI He 00yCIaBAUBAIOT NBUKEHUA
U KaKoro-jnbo THIla B3aWMOMEWCTBUA, HAIIPUMED I'Da-
BUTAIMOHHOIO, a IBUKEHNE W B3aWMOJielicTBrEe He BJIH-
A€T Ha CBOHCTBA MaTepHAJBHBIX TeJ, TO W ABUKEHUE,
u yir060# THI B3aMMOAEeHCTBUA, B TOM 9YHC/IE€ W TDABH-
TAIMOHHOE, MPUHAJIEKNT YEMY-TO BHENTHEMY, HE OT-
HOCAIIEMYCSA HH K CHCTEME MAaTepHAJbHBIX TeJ, HU K
ee simemenTaM. OHAKO YyTBEpKIEHUE O MPUHAIJIIEKHO-
CTH NBUKEHWSA W B3aWMMOIEHCTBUAA YeMY-TO BHEIIHEMY,
HE OTHOCAIIEMYCA K MaTepPHAJbHOMY MUDY, JTUCKDEIH-
THPYET U ODECIIEHMBAET ODIEMIPOBO33PEHIECKYIO 1 00~
niepua0codCKy0 TOKTPUHY O MATEPHAIBHOM EIMHCTBE
MUDa U O ABAKEHUU W B3aUMOAEHCTBUN KaK BceoOIeM
cBolicTBe Marepuu.

1.16. Ucxoms u3 »Toro, aBTOPHI AOKJ/Ia1a Ipeijiara-
IOT CJEAYIONINe TTPOOIEMHBIE BOTIPOCH 0 2PasUmMayuoH-
HOM 63auMmodeticmeuu, PellleHre KOTOPBIX CITOCODHO W3-
MeHUTh PyHIaAMeHTAIbHBIE OOIIEMIPOBO33PEHIECKIE U
obrredpusocodpckre MOKTPUHBI U OOIIeHAYYHBIE B3IVIA-
JIBl Ha OOBEKTUBHYIO PeAJIbHOCTD, MATEPUATBHBIA MUD
U TTPOY.:

1) CBoiicrBoM 4ero sABsseTcs “rpaBUTAIIMOH-
HOe B3amMoaehcTBre” , ecjii OHO He MOXKeT OBbITh
CBOMCTBOM MarepuaibHBIX 00bEKTOB, TeJ?

2) HJist 9ero yCTaHOBJIEHO U UCHOJb3YeTC s IMo-
HiATHE “rpaBuraiuaa’?

3) Yro onpeneaser “rpaBUTAIIMOHHOE B3au-
MopelcTBrue” MareprualibHBIX 00bEKTOB, TEJI!

4. “Abcrpakmnua”’

1.17. B cooTBeTcTBUEH ¢ BBINIEYKa3aHHBIMEA OOIIEMU-
POBO33peHUECKUME 1 0OD1eDUITOCOMCKIMI TOKTPIHA-
MU, TOHATHA “GecKOHEYHOCTH U “TPABUTAIUU MOTJIH
OBITE TIOJIYIEHBI B PE3yJIbTaTe MPUMeHEeHNA MeToma ab-
crparupoBarng. OIHAKO 9TOT METOJM HE IaeT TOJHOIO
3HaHUA 006 OOBEKTUBHON PeajbHOCTH, JTHOO BOOOIIE He
TaeT HUKAKOTO 3HAHUA O MaTePUAJTHHOM MUDE.

1.18. HokTpuHa 0 GECKOHETHOM MHOTOOOpas3WH Ma-
TePUAJBHOTO MUPA OIPAHUYHUBAET BO3IMOKHOCTH OTPa-
JKeHHUA B Ipollecce 0Opa30OBaHWA MOHATHI: HeJb3d Oy-
KBAJIBHO OTPA3UTH HECKOHEUHOE MHO02000pa3UEe MaTePH-
aTbHOTO Mupa. TeMm He MeHee, IJTA yTBEPKICHNA yKa-
3aHHON HOKTPWHBI O OECKOHEYHOM MHOToObpasuu Ma-
TePUAJBLHOTO MUPA, yUeHble TPAIUINOHHO MOIB3YIOTCH
Meronom abcrparupoBanua. Merom abcrparupoBaHusA
3aKII09aeTcsa B (GOpMUPOBaHIT 0OPA30B PEATHHOTO MU-
pa (TpencTaBIeHul, MOHATHI, CYXKIeHUTT) TOCPEICTBOM
omepanuii OTBJI€UeHNA U HOMOMHEHNA (HATeMeHNs), TO
€CTh MyTEM HCHONb30BaHUA (MM YCBOSHHA) JINNTH da-
CTH M3 MHOYKECTBA COOTBETCTBYIOIINX TAHHBIX W MPHU-
b6aBjeHUA K »TOH dYacTu HOBOH mWHpopMannm, He BbBI-
Tekatoniell u3 srux manubix [5, ¢. 6 — 7]. TlonsTus,
obpasyeMble TIyTeM OTBJIEUEHNA OT PAa CBOUCTB oTpa-
KaeMBIX MATEPUATBHBIX OOHEKTOB WJIH IIYTEM HaIese-
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HUS UX HOBBIME CBOMCTBaAMU, HE B TOM, HU B JPYTOM
caydae He DYAYT aleKBATHO OTpaKarTh HAHHBIE MaTe-
puasbHble 06beKTh. Tak, eAMHCTBO CBOMCTB JIOHOTO
MaTepUaJbHOTO 00bEKTa O3HAUAET W OIPEHENIfeT ero
KadecTBo. KadecTBo Xe J060ro MaTepHajbHOTO 06
€KTa CBA3AHO C HUM KaK C ITEJIBIM, COIEPKUT COBOKYII-
HOCTB BCEX €O CBOWCTB M, TEM CaMBIM, OIIPEIENIAeT eTo
Goitue [4, c. 186 — 187]. Tlosromy npu obpazoBaHuu
MOHATUS O MaTepUAJLHOM OObeKTe MyTeM Meroma ab-
CTPArUPOBAHU S, HEBOZMOKHO TOJIYUYUTh B pe3yJibTare
MOHATHE, KOTOPOEe OB OTPAKATIO UMEHHO IMOM MaTe-
puasbHBI 06bekT. B pesyibrare oTBlIeUeHHS OT pAIA
CBOWCTB MaTepuajbHOTO 00beKTa WU HAIEJEHUS ero
HOBBIM CBOHCTBOM IOJIydaeTcss HOBOE Kad4eCcTBO, HOBOE
6BITHE, HOGWIT 00BeKM, — HE TOT, TO MOBOAY KOTOPO-
ro MPOBOIUJIUCH omepaliuu abcTparupoBanusd. Takum
obpasoM, MOHATHS, TMOJy4eHHBIe MyTeM TPUMEHEHW s
MeTofia abcTparupoBaHus, He MOTYT OBITH CBA3aHBI C
OOBbeKTUBHON PeasIbHOCTBIO Yepe3 ee OTpakKeHue B JaH-
HBEIX ToHATHAX. [loaToMy moHATHA “GecKoHETHOCTH M
“TpaBUTALN , KOTOPBIE, OYEBIIHO, 0OPA30BaHbBI C IO-
MOIIBIO MeToIa abCTparupoBaHus, He MOTYT UMETh OT-
HOlIeHHE K OObeKTUBHONW peasibHOCTH, MaTepUATLHOMY
MUDY, HECMOTPA Ha ODIIEMHUPOBO33PEHUECKUE U ODIIle-
dusocodckne TOKTpUHATBHBIE OTPAHUYEHUS Ha CYIIe-
CTBOBaAHUE Yer0-IMOO BHE MATEpUaILHOTO MUPA.

1.19. ABropel mokmama TpedjiaraioT CJAeAyoIlne
MpobJIeMHBIE BOIIPOCHL 0 MeMode abcmpazuposarus, pe-
IIeHne KOTOPBIX CIOCOOHO HM3MEHUTH (DYHIaAMEHTAhb-
Hble OOIeMUPOBO33peHdecKue u  obieduiocodcxme
JOKTPWHBI U OOIeHAYYHbIe BITJIAIBI Ha OObeKTUBHYTO
peasibHOCTh, MarepuabHbli Mup u mupod.. 1) Hro
OTpaXKaloT TOHSITUSI, €CIU OHH HEe OTPaAXKAIoT
pealibHO CYHIECTBYIONIUAE TIPEAIMETh U SIBJICHUS
(06 bekTUBHLIE Mup, marepuio)? 2) Kak nosHarb
OObEKTUBHBI MHUP, MaTEpHIo, eciu merojd ab-
CTPATUPOBAHUS HE MO3BOJISIET €r0o MO3HATE?

5. 3akamodenue

1.20. Takwmm obpazoM, W3 pPacCMOTPEHHA MABYX U3
Bcex (DYHIAMEHTAJIBHBIX MOHATHI HAyKH KOCMOJIOTHH
— “DeckoHedHOCTH W “TpaBUTaIlunM’ — BHUIHO, UYTO OHH
U WX ONpeHesieHWsA BBIIEPIKAHBI B CTPOIOM COOTBET-
CTBUE C ODONIEMUPOBO33peHUYecKUME U 0bIteduiocod-
CKUMU JOKTPUHAMHI U COMEPIKAT Te Ke MPOTHBOPEUN U
ONUOKY, 9TO W 3TH JOKTPUHBI. ¥ KazaHHBIE (DyHIAMEH-
TajJbHBIE TIOHATHA MOTYT OTpPaXaTh BCe, UTO YTOMHO,
HO TOJIBKO HE TY OOBEKTHBHYIO PEaJbHOCTH, KOTOPYIO
IeKJTapUPYIOT yKasaHHBIE OOKTpWHBI. Hwukakwme rumo-
TeTHIeCKNe W HKCIePUMEHTAIbHBIE TTOMBITKN (DPUSUKOB,
KOCMOJTOTOB U IPYTUX YIEHBIX B pAMKaX YaCTHBIX HAYK
B IIPeXKHWE U HOBBIE BPEMEHA, BUINMO, HE B COCTOAHUH
MPEOTIOJEeTh ABHBIE, W AJIA HUX OY€Hb TPYIHBIE MPOTH-
BOpevnd, comepikaiimecs B (PYHIAMEHTAJbHBIX TOH -
THAX M JOKTPUHAX.

1.21. Amropsl, mo cytu mesa, yxe Hadaam pabo-
Ty 1o TVIyOOKOMY M BCECTOPOHHEMY Pe(OPMIPOBAHMIO
Bceil MUPOBOH HAYKM. DTOT JOKJA[ — ellle oauH mar. B
HeM aBTOPHI Ha MPUMepe BCETO IBYX MOHATHH (“Gecko-
HeYHOCTE”, “IpaBuTanus’ ) n MeToqa abCTPArnpOBaAHNA
MPUMEHAOT HOBBIM aBTOPCKUI MeTOH BBIABJIEHUA He-
JMOMYCTUMBIX MPOTHBOPeYnii B (byHIAMEHTAJIBHBIX MO~
HATHAX W JOKTpUHaX. KoneuHo, (yHIaMeHTaIbHBIE
ONUOKY MUPOBOIH HAyKU HE JieXkKaT Ha MOBEPXHOCTH, —
OHE XOPOIIO CKPBITHL W HE BUIHBI HU C TEPBOTO, HU CO
BTOPOTO, HU C TPeThero W T. n. Bamiama. Cosmaercs
o0liiee BIeYaTeHe, 9TO OMMOKN W MPOTHBOPEYHNA TaK
XOPOIIIO CKPBITH W 3aMaCKHPOBAHBI HAPOUHO, C OMpeIe-
JIEHHOM TeJTbIo, KOTOpad, ONATE JKe, CKPBITA.

1.22. Tak uam wHaAYe, HO B COBPEMeHHONW MWUPOBOIH
HayKe, OUeBUIHO, HET METOIOB BBIABJIEHUA HEIOIMYCTH-
MBIX TPOTHBODPeUnii B (pyHIAMEHTATBHBIX MOHATHAX U
JMOKTPUHAX, WX BO3MOXKHON 3aaHTa)XupoBaHHOCTH. [lo-
5TOMY HOBHIYf aBTOPCKUHM MeTOHN, pe3ybTaThl MpUMeEHe-
HUA KOTOPOTO MOKA3aHBI B TOM JIOKJIA/e, MOKET OBITH
C yCIIEXOM WCIOJIB30BAaH IJIA paspaboTKl HOBOH HEmpo-
THBOPEYNBON aJbTepHAaTHBHON MUPOBOW HayKN.

1.23. OrBeTnl Ha MPOOIEMHBIE BOPOCHI, TOCTABJIEH-
HBIE B JOKJ/aJe, MOTYT OBITH MOJYYEHBI B Pe3yJbTaTe
MpUMeHEH A HOBOTO aBTOPCKOTO MeTona. Ho oHm — 310
yIKe cIaemyoumil mar Ha myTH TViyOOKOTO U BCECTOPOH-
HeTO pebOPMUPOBAHUA MAPOBOiT HAYKHA. ABTOPHI 5TOTO
JIOKJIala TMpeJiaraloT YIeHbIM, HAYIHBIM PaDOTHUKAM,
BCEM, KTO IPUMET PEIIEHUE OCHOBATETHHO O3HAKOMHUTE-
cd C HOBBIM ABTOPCKHUM METOHOM W MPUHATH YIaCTHE
B pa3spaboTKe HOBOIW HEMPOTHBOPEYNBON aJbTePHATHB-
HOM MUPOBOH HAYKM, OOPATUTHCA K HUM MO YKAa3aHHOMY
azpecy u TeseoHy.
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Jannas pabora ocHoBaHa Ha DpianreHcKoll mporpamme O.KietiHa, TpOBO3IIACHBIIETO TE3NC: IBUKEHNE MOPOKIA-
eT reomeTputo. CIpaBeyinBo n 0oOpaTHOE yTBEPKIAEHHE: T00Ad TEOMETPHA MOPOKIAET CBOM CTPOTO OTPAHUIEHHBIN
KJlacc IBUKeHMi. B »ToM CMBICTe OTKPBITHE JOPEHIIEBON TEOMETPUN ABUIOCH CIACTIMBON HOTAIKON, OCHOBAHHOM
Ha ypaBHeHnAX MakcBesia, KOTOPBIE, B CBOIO OUEPEb, TaKXKe OB yraganbl MakcBesioM, HO He BBIBEIeHb. Hu-
K€ JIaH BBIBOJL JIOPEHIIEBOM MeTpHMKM W ypaBHeHult MakcBensa mjia ¢poToHa, MCXONA W3 MPUHITAIOB DPIAHTEHCKOMN

TTPOTPaMMGBI.
1. Ilocrynarel Teopun

[Mocrynarer mexanuku HpioroHa 66BN YTOUHEHBI DiiH-
HITEHHOM, TaK KaK TOJBKO TeHui criocobeH MoampaBuTh
reausa. VIMeHHO MOPTOMY BCe HANaIKW Ha JiHIITelHA
moTepriesnu kpax. Ho dpyHmamMeHTaIbHBIE OCHOBBI (bU-
3UKH HE MOTYT OBITH BEYHBIMU, W TPHUIILJIO BPEMA YTOU-
HUTH [IBa mocTynata sitmrefinosckoit CTO, reomerpu-
YeCKUM 00OPa30oM KOTOPOH ABJIAETCA JIOPEHIEBA MeOMe-
tpus. Onupasack Ha Hosee Tyiybokme n HyHIAMEHTATE-
HBIE WIIEN, ABTOP BBIBOIUT CJEMYIOIIAE TOCTYJIIATHI:

1. B oramume or DiiHiuiTeiiHa, JTOpPEHI-UHBAPUAH-
THOCTb PacHpOCTpaHACTCA TOJBKO Ha Te THIBI IBUKe-
HUil 9acTHIl, KOTOphle MOPOKAAIOT JIOPEHIIEBY T'eoMe-
TPHUIO, & He Ha BCe ABJICHUA ITPUPOIHL.

2. B oramume or Ditrmrefina, abcosoTHAd CKO-
POCTH MacCoBO# YacTHUIBI U CKOPOCTh Japeticdha Gesmac-
COBOI 9acTHUIBI PAaBHBI (PU3UUIECKON KOHCTAHTE ¢, MPH-
qeM abCoOTIOTHAA CKOPOCTh 0e3MacCOBOW YacTHUIBI MO-
JKET MMPEBOCXOANTD C.

Bonnomasa nnen ©.Kielira, aBTop BllepBble OTKPHIT
7 WCCJIETOBAJT IBA TUTA IBUKEHNH CKAJADHBIX YacTHUIL,
TMTOPOKIAOIINX JIOPEHTIEBY T€OMETPHUIO: TIJIOCKAA TepH-
onmdeckasd Tpaektopus P.DeiliHMana M BUHTOBOE IBHU-
JKeHWe o KPyTroBoMy THJAWHApPY. I3BecTHBIE aBTOpY
APYTHe TUTHI JIOPEHTIEBLIX ABWIKEHNUHN, HO yiKe IJ1d BEK-
TOPHBIX YaCTHIl, BHIXOAAT 334 PAMKH JTaHHOW PabOTHI.

le-mail: yuvn@psu.ru . Pa6ora aHOHCHpOBaHa Ha MeKIYy-

naponHoli koudepennun “T'eomerpusanma pusnkn—4" (r.Kasans,
4-8 oxraAGpa 1999 1.)

2. Ckouab3sdanias CUMMETPU

Brenem Ha eBKIMIOBOM MITOCKOCTH [IEKAPTOBY CUCTEMY
KOOPAWHAT W TPOBeNeM Ha Hell HeOTpaHWIEHHYIO TpA-
MYI0 HaKJOHHYIO JuHN0. OTOXKIECTBUM 3Ty JUHUIO C
TpaeKToprell TBUKeHNA KJIACCHUeCKON JACTHIIHI € TMO-
cToAHHON cKopocThio ¢. Ilpenmonoxnm, 9T0 MaccoBad
YacTHUIla B3aUMOMEHCTBYET C (DUSHIECKHM BaKyyMOM
(PB) takum 06pasoM, UTO TPaeKTOPUA ee HENPEPHIB-
HOTO NIBUYKEHWA CTAHOBWUTCA JOMAHOI, cocrodlmeit m3
IpAMOJUHENHBIX OTPE3KOB, B MpeNesiax KOTOPBIX CKO-
POCTh TO-TIpeKHEMY paBHa ¢. PaccMOTpuM 9YacTHBIH
caydait mepmonmdeckoit Jomanoit Tpaektopnu. Takyio
TPAeKTOPUIO MOXKHO TOJIYUUTh, €CJIH MBICIIEHHO “HaMO-
TaTh’ BCIO €BKJIMIOBY IJIOCKOCTH Ha HEOTDAHUIECHHYIO
mojocy mocroguHol mupuasl As. Taxkoe mBukeHume
YaCTHUIBl AHAJOTHIHO JBUKEHUIO OUJIIMAPIHOTO Iapa
MeXKOy NByMA TapaJiAeJbHBIMHA CTeHKAMU W Ha3BIBa-
ercs CKoJb3smell cummerpuedi [1, ¢.27], onucbiaemoit
PaBHOMEDPHO-PA3PBIBHON IPYITOH ¢ AByM A 00pa3yoim-
mu. Tax Kak MaTeMaTwWdecKW Takad CUTYald TTOJTHO-
CTBIO peaqu3yeTca Ha BepxHell KOMIIJTEKCHOM MOMTyTIa0C-
Koctw (23,ix4) [1, c.207], TO

(cAl)? = (Aws)? + (iAzs)?, (1)
roe x3 — KoopamHaTa mpeiida, a x4 — KOopamHATA
poickanua dactuiibl. Ho, mockombky Azgs = As =

const, 1o u3 (1) aBTOMATHYECKN MOIYYIaeM MPOCTPAH-
CTBEHHOTIOMOOHBIH JIOPEHTIEB MHTEPBAJT

(As)” = (Aus)? — (eAl)? )
¢ curnarypoii (1, 1, 1, —=1).
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TakuM o6pa3oM, yrajgap THUII ABHKCHHA, MBI IIPH-
mw K (2). Diirmreiin [2] dbakTHdeckn HoCTyIRpoBalt
dopMy 3TOro MHTepBaJia M TO>TOMY HUKTO He 3HAET
dusmaeckoro cmbica penaTuBAcTCKUX 3dhdexToB. Ha-
npotus, Tpackropusa PeliHMaHa TO3BOJIAET IaTh OTHO-
3SHAYHYIO WX MHTepIpeTannio. JlopeHIeBo “cokparlie-

Hue”

(=aly, a=+1-p5%  B=uvs/c (3)
e vs = Awxs/Al — ckopocrb apelidba MaccoBoii

YaCTHIB, 00bACHAETCA caenyommM obpasom. [lycrs

v3 = 0 u mycTh MUAUHAPUYeCKu nuamerpa fj MydoK

HacTHIL COBEPIIACT BO3BPATHO-NIOCTYIIATEbHOE IBUKe-
—

HIEe BIOJIb JIAMUJIJIAPHOTO BeKTOpa As ocHu MUJIWHIADA,
00pa30BaHHOTO IBYMA Mapa/lJIeIbHBIMU [JIOCKOCTAMU.
[pu vs # 0 KpyroBoii MOMEPEIHNK MUIUHIPA HAKIO-
HEH TI0 OTHOIIEHWIO K OCH £3 U €0 MPOEKINA Ha JIAMUJI-
JISAPHYIO IJI0CKOCTD [3] uMeer bopmy siiamica ¢ Majiol
HOIyOChIo, paBHOi { B coorBeTcTBHE ¢ (3). “Bamenie-
Hre” BpeMeHH

At = Aty/a (4)

obbscHAeTcs Tak. Bpems pBICKAHUA YACTHUIBI TPH
vs = 0 paBHo Aty = As/c. Tlpu vy # 0 myiusa cBo-
bomHoro mpobera YacTHIbI paBHa cAt > As, mpudeMm
At ompenensierca dopmynoit (4). Takum obpasom, HeT
HHKaKOTO PeaJIbHOTO JIOPEHIEBA COKPAIEHIA W 3aMe/T-
JIEHU S BpEMEHHU, TPUYeM BPeMs ABJIAETCH abCOTIOTHRIM
U WMeeT CMBICJI TTapaMeTpa IBHKEHNSA, a PACCMOTPEH-
HBIE PeJIATHBUACTCKUE 5DDEKTH ABIAIOTCA KAKYIHMU-
ca. Uarepuperamus ocTajibubix abdexTon [4] BexomuT
3a paMKHU JaHHOW pabOThI.

3. Bunropoe nBuiKeHue

[Mpennomoxum, uro HesmaccoBas 9acTUIA B3aUMOIET-
crByer ¢ @B rakum obpazoM, 9TO ee TPAEKTOPUA ABJIA-
eTcd BUHTOBOW JuHUeH. AHAJOTHYHO TPEIBIAYIIEMY,
MBICIEHHO “HaMoTaeM BCIO €BKINIOBY IJIOCKOCTH Ha
HeorpanndeHHbIt TuawaAp T.Kaayner pannyca Ry . B
pesyJibTare TOJYYNM BUHTOBOE IBHUIKEHUE YACTHUILH.
Paccmorpum wacTtHBIfl caydail paBHOMepPHOTO Bpailiie-
HUA JACTUIBI BOKPYT OCH &3 C OKPYKHOH CKOPOCTBIO
vy, = wRi B KOMILTEKCHOR IJIOCKOCTH (&5, 1&4), KOTO-
pas, B CBOI OUYepelb, NMeET CKOPOCTh apefida vs = c.
Haifinmem reomeTpimio, KoTopas MOPOKAAET TAKOe IBU-
xKenne. Ijia aT0oT0 MOCTATOYHO TPOHeOPMUPOBATE TIH-
muaap Kasmymer 6e3 pacTakeHnA-CcKATHA TAKUM oOpa-
30M, 9TOOBI KOHEYHBIE TOYKH OTHOTO W3 JHAMETPOB Pas3-
IBUHYJIUCH Ha PAacCTOAHUE TRy, a NepIeHInKYIAPHO-
ro gmaMerpa — coBHaJim. Torma TpaeKTOpusA GacTHIThI
craner dpelfHMAHOBCKOM, T.€. UMEEM CKOJIB3AIIYIO CHM-
MeTPHIO Ha TJIOCKOCTH (3, 1%4)

(AL)? = (Azg)? + (iAz4)?, (1a)

roe Axs = cAt — koopamuara npeiida, AL = vsAt,
a vy > ¢ — abCoJIIoTHAA CKOPOCThH YacTHIbI-TaXHOHA
[5]. Ho, mockonbky Axgy = Ry, = const, To u3 (1a) aB-
TOMATHYECKH TIOJIy9aeM BPeMATIOMOOHBIN JIOpEHTIEB WH-
TepBaJs

(As)? = (cAl)? — (AL)? (2a)

¢ curnarypoit (1, —1, —1, —1). Takum obpasom, Haii-
JIeHHBIe ABa THIA JIOPEHIEBA JIBUKEHUA PA3THIAIOTCA
curHarypoit. Pengrupucrckue apdekThl MOKHO HHTEDP-
MPETHPOBATH MO AHAJOTHU ¢ TpeabiayiuM. [lockoms-
Ky OftHmTeltH mocTymupoBas misa doToHa vy = ¢, TO
HUKTO He 3HAET, YTO TaKOe 3JEKTPOMATrHUTHOE TOJIe |
doton. NmMes B BUAY ONTUKO-MEXaHUIECKYIO AHAJIOTHIO
lamMuabToHA, MOYKHO YCTAHOBUTH (DUIUIECCKUN CMBICIT
IIEKTPOMATHUTHOTO MOJI.

Herpymuo mokasarh, 94T0, eCJiM CPABHUTH CBOHCTBA
fuBekTOpa BJIEKTPOMATHUTHOIO ToJis [6, c.56] F =
E+iH co cpofictBamn 6UBEeKTOPa OKPY KHOM cKopocTH
TaXUOHa U, = Us + iU4, TO OHH COBIANAIOT C TOYHO-
CTBIO JI0 pasMepHocTH. [10sTOMY MOKHO yTBEDKAATH,
9TO IpU w = const

Takum 06pazoM, BCIO 3JEKTPOINHAMAKY TaXMOHA MO K-
HO OTOOPA3UTH HA €70 UMITYJIBCHOE TPOCTPAHCTBO U W3-
y4arTh ONTUIECKHE PeTATUBUCTCKEE 3PEPEKTHI U yCIO-
BUA MEPEXOIa B HeJuHEHHY 0 06/1acTh BBICOKHUX 3HEePruil
TaXUOHOB.

B saxuouenne aBrop OGmaromapur B.U.Bamxkora,
C.B.Yeppona u B.M.2KypagsieBa 3a MopaJsbHyIO U WH-
dOPMAIMOHHY IO TTOIIEPKKY.

JIuteparypa

[1] B.B. Huxymaun, U.P. Hladapesn4, ” T'eomerpua u rpym-
oei,” Hayka, Mocksa, 1983.

[2] A. Einstein, ”The Meaning of Relativity,” Princeton,
1953. Pyc. mep.: A. Ditamreitr, ” CyuHoCTh TEOPUH OT-
wocurensaoctn,” VJI, Mocksa, 1955.

[3] A.E. JleBames. ” [Ipuzkenne n ABOWCTBEHHOCTD B PEJIA-
THUBUCTCKOM aiekTpoauHamuke,” Msn-so BI'Y, Munck,
1979.

[4] E.F. Taylor, J.A. Wheeler, ”Spacetime Physics,”
W.H.Freeman and Company, San Francisco and
London, 1966. Pyc. mep.: 2.0. Tefnop, Ix.A. Yu-

sep, " Ousuka mpocrpancTBa-Bpemenn,” Mup, Mocksa,
1971.

[5] 7 Astrofisica e cosmologia gravitazione quante e
relativita,” Firenze, 1979. Pyc. nep.: 9.Pexkammu, ” Teo-
pus OTHOCUTEILHOCTH 1 ee 06001menns,” B ku. Acmpo-
Pusuxa, xeanmu, u meopus omuocumesvnocmu, Mup,
1982. C. 53-128.

6] 7L’ algebra vectorielle,” Gaston Casanova, Presses univ.
g
de France, 1976. Pyc. nep.: I'. Kasanopa, ”BekTopuasa
anrebpa,” Mup, Mocksa, 1979.



Spacetime & Substance, Vol. 1 (2000), No. 5 (5), pp. 235-237

© 2000 Research and Technological Institute of Transcription, Translation and Replication, JSC

KOCMOJIOTMTYECKUE 9OOEKTHI B KPYITHOI'ABAPUTHBIX
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ITokazsamo, 9T0 MUKPOBOJIHOBOE (DOHOBOE M3IYyUIEHUE KOCMOCA MOXKET ObITh CYMMAPHBIM W3JIyYeHUEM BCEX 3BE3J CTa-
nronapHoti BcesreHHON Npy HATMYUT TPOCTPAHCTBEHHON TUCCUTIAITUN HEPIUH JIEKTPOMATHUTHBIX BOJIH. BbIBemeHa
dopMyna TeMmeparypbl 3TOr0 W3JIYYEHNsA, MOKA3aH YEePHOTENbHBIA XapaKTep €ro CHeKTpa U COBMECTHMOCTD 3aK0-
Ha PACIpOCTPAHEHHA 3JEKTPOMATHUTHBIX BOJH ¢ auarpammoit Xab6mia. Ilpemmoxkera BO3MOKHOCTH HaABIIIOIEHIA
ocoboro addexTa, cBA3aHHOTO ¢ 3TUM mpoteccoM, B LIGO-naboparopum.

1. Bsenenue

CoBpeMenHBIe TIpecTaBJIeHnA O Beestennott 6asupyor-
cd HAa OTKPBITHAX KPACHOTO CMEIIEHUA B CHEKTPAX W3-
JIYUYeHUA TaJaKTUK, MPOMOPIHOHATBHOTO PACCTOAHUIO
o HEx (9. Xabbm, 1929 r.), u MukpoBoIHOBOTO do-
HOBOTO M3JIydeHNs KOcMoca ¢ TeMmeparypoii 2,7 K (A.
Mewmsuac u P. Buabcon, 1965 r.).

ITepBoe w3 HEUX OBIJIO MCTOJIKOBAHO HA OCHOBE 3-
dexra lommepa Kak B3aUMHOE VHAJIeHHE TaJaKTHK
IpYT OT mOpyra, T. e. paciupenue BceseHHoii, a BTO-
poe — KaK OCTHIBIINIT 5JIEKTPOMATHUTHBIN 0cTaToK (pe-
aurT) Bonbioro BapeiBa, KOTOPBI AKOGH TPON3OMIENT
20 Mypmo. JeT TOMY Has3a/ U MPHUBEJ B JBUKEHHE BCE
Maccel Beenennoit. Opmaako mocsieqHue WccaeIOBaHUA
MOKA3BIBAIOT, YTO YKa3aHHBIE OTKPBITHA HU TIOPO3Hb,
HHU B COBOKYIMHOCTH HE ABJIAIOTCA HOCTATOYHBIM OCHO-
BAHMEM JIJId TAKOTO 3aKJIOUEHUA.

Tak, B paborax [1, 2] obocHoBaHa CTAIMOHADHAS MO-
nesib Beestennodt, B paMKax KOTOPOit moKazaHo, 9To mpu
pacmpocTpaHEHUU CBeTa AOJIKHA CYIECTBOBATE TICCH-
Mamus ero HEPTUHN 33 CIET IPABUTAIMOHHOTO B3AMMO-
ZeficTBUA CO BceMu MaccaMu BcejteHHOM, TpuBOIAIIAL
K YMEHBIIEHUIO JACTOTHI IO 3aKOHY

) (1)
roe: v, VY — HadaJbHad M KOHeYHasd 4acTOTHI CBETA;
r — TpOHIeHHOe CBETOM paccTogHme; Ry — pammyc

TPAaBUTANMOHHBIX B3aWMOoieficTBUil, KOTOPHIH, B CBOIO
oUepenh, onpenesgerc mo popMmye

- 2)
47TGp0

W 3aBUCUT OT CKOPOCTHU CBeTa ¢, TPABHTAIIMOHHON TO-
croauuoit (G u cpemueli mimorHocTn Beemennoit pg .

Ry =

le-mail: zhuck@insurance kharkov.ua

2. Temmneparypa cymMMapHOro
U3JIydYeHUA 3BE3]

YuaursBag dbopmyny (1), HOAHBIA TOTOK W3IydeHUA
Jm06oro KocMudecKoro ucrounnka $g Ha paccToaHUE
r OT Hero Oymer paBeH

b5 = Lge™"/Fo, (3)

rie LS — MOJIHBIE cBeTOBO#l MOTOK CKBO3b IIOBEPX-
HOCTB, OXBATHIBAOI[YIO UCTOYHUK CBETa Ha IIPpeAcJIbHO
MaJIOM pacCCTOAHUHN.

HOCKOJ'H)Ky YKa3aHHOMY BbBINIE CABUTY IIOABEPrarT-
Cid BCE YACTOTBI CIIEKTpa HW3JIYYCHHUA HNCTOYHHUKA, TO,
OYEeBUIHO, CHUJIa HU3JYYCHUA 6yHeT OIIpeAeJIAThCA BbBI-
pPaXKeHNueEM

Lge_r/RD
1= (4)

IIpur Taxom momxoJe Mocje HECTIOKHBIX Paccy kKie-
HEH MOXKHO ONMpeAenTh OCBEHIEHHOCTD JTI0O0H moBepx-
HOCTH OT Bcex 3Bé31 BeesteHHOIM, Haxomammuxcsa ¢ OIHOM
cTOpoHBI OT Hed. IlpuueMm TeMmmeparypa »TOro m3JIyde-
HEUA OIpedeasercsa Mo (gpopMmyJie

4 LSHPORO
Th = i
0 doMs (5)

roe ¢ — nocrosanad Credana-Bosbimana.
WsBectHO, 9TO Macca cpenHell 3Be3Ibl paBHA MPH-
mepuo 0,4 maccer Comama. Torma, ecom B dopmyry
(14) MOJICTAaBUTH 3HAUYeHUA 3Tol Macchl Mg =0, 8- 1039
Ke W COOTBETCTBYIOUIYIO elf cCBETUMOCTH 3Be3Obl Lg =
1,1-10%° Bm, , ataxxe 0 =5,67-107% Bm w2 K4
u 3HaveHne pg & 10726 xe/m3 (1. e. poRo & 1), 10
ag # = 0,8...1,0 remmeparypa paBHOBECHOTO H3JTyde-
HuA Bcex 3BE3n Oymer paBHa Ty = 2,64...2,79 K, uro
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COTJIaCyYETCA C peaJIbHBIMU M3MEPECHUAMN 3Tol BeJIMYIn-

HB (2,726 + 0,005 K).

3. CrekTp cyMMapHOTro uU3Jy4YeHUsd
3BE3I

Kak usBecTHO, crieKTp HaO/II0Ia6MOTO MIKPOBOJTHOBO-
1o (POHOBOIO W3JIYIEHUA COOTBETCTBYET CHEKTPY W3IY-
qeHudA abCOJIIOTHO YEPHOrO Tejia. Pacmpemesenune ke
SHEPTHUH B CIEKTPE W3JIyIeHUA abCOTIOTHO YEPHOTO Te-
Jla £, 7 B 3aBHCHMOCTH OT YaCTOTBEI ¥ M TeMIEPaTyphl
resia [ omuceiBaeTca popmyiioii [Tmanka

22 hv (6)
€ R o ——
wT 2 ehv/kT _ 1’
roe: h — mocrosnnas lIlmanka; k — mocToAHHasA
Boapnmana.

CyllecTByeT HECKOJIBKO CITOCOO0B BBIBOIA (DOPMY-
gl (6), HO B Hacrosdlllee BpeMs TMPAKTHYECKH OOIIe-
OPUHAT cocob, B OCHOBE KOTODPOTO JIEKHT PacIpeiie-
sgerne ['mb6ca. CoryiacHO TaHHOMY paclpeleseHuio, B
COCTOAHUH TENJIOBOTO PABHOBECHSA BEPOATHOCTH OOHA-
DY KUTH JTI000€e COCTOMHNE TACTHUI] MAKPOCKOITHIECKOTO
TeJia ONpPeIeIAeTCA TOTBKO WX MOJIHOM sHeprueii. Bepo-
arHocTh W (V) oBHAPYRKHTH COCTOAHHWE YACTHUIL C MOJ-
HOli sHeprueit us wHTepBana (E, E 4 hv) paBHa

W (v) = e W/, (7)
Ecmm us (1) Mb1 paceMoTpuM byHKINO
Wir)= e~/ o (8)

TO OOHADYKUM TOJHYIO aHAJIOTHIO NCXOMHBIX MO3UIIIH
IpH BBIBOIE (POPMYJIBI pACTIPEIEIEHIA SHEPTUN B CIIEK-
Tpe U3JIYyUeHHs abCOTIOTHO YEPHOTO Tesa U (hOpMYJIbI
CIERTPATBHOMN TIIOTHOCTH CyMMAapPHOI 9HEPTHH W3y de-
HUS BCeX Tesl BeeleHHOl, 9T0 W MOATBEPKIEHO PeasTb-
HBIME pacdyeramu [1, 2].

4. Teoperuveckasa guarpamma Xabb6ia

Kaxk msBecTHO, cBA3b abCOMIOTHON 3BE3IHON BETMTIHBI
M ¢ BuguMoil 3BE3IHON BEJIMYUHON M U PACCTOAHHEM
OO TaJaKTUKHW r B MapceKax BBIPAXKaeTCA 3aBUCUMO-
CTBIO

M=m+5-5lg r. (9)

B acTpornomum BUINMYIO 3BE3IHYIO BeJHMIMHY He-
6GeCcHOTO CBeTHJIa 1M W OCBENMEHHOCTH F  eIUHUYIHOMN
MMOBEPXHOCTH, NEPIEHANKYJIAPHON CBETOBOMY IOTOKY,
NPUHATO CBA3BIBATH 3aBUCUMOCTBHIO

m=mg—2,blgFE, (10)

rme mg = —13,89™ — 3BE3mMHAA BEJIMUNHA, COOTBET-
CTBYIOIIasA OCBEIEHHOCTH B 1JTIOKC.

ITockoabKY OCBEIIEHHOCTh MOBEPXHOCTH, TEPITEH-
JUKYJIAPDHOW HalpaBJIeHUIO Ha HCTOYHHK cBeTa, F
(6J1eCK) W CBETWMOCTH MCTOYHUKA [ ¢ yIETOM 3aKOHA
pacnpoctpaHenns cBera (1) cBA3AHBI 3aBUCIMOCTBIO

L
= — ¢ "/Fo, (11)
4mr
a paccTOAHME A0 TaJakKTHKH 7 W KpacHOe CMelleHue 2
— dynknueii, koropas BoiTekaeT u3 (1),

r=Roln(1+z), (12)

To, moacTaBuB (24) B (23), a (23) — B (22), mocie mpe-
06pas3oBaHUil HAXOIIM

m=5lg[VI+zIn(l+2)] + A4, (13)

rme

A=my—25lg (14)

47 R2
ABJIAeTCA HEKOTOPOH MocToAHHON BenwmuwHOlM, ecan L
paccMaTpuBaTh KaK MaTeMaTHdecKoe OKHIAHWE CBe-
TEMOCTH OOBEKTOB TajaKTHdeckoro Mmacimitaba. [lo-
cJle TIONICTAHOBKY TIPUMEPHOTO 3HAUeHWA cpemHell cpe-
TEMOCTH TaJaKTHUecKHX 06bexToB L = 10%° Bm m
Ro &2 10%° wm nostyuaem saBucumocts (auarpammy Xab-

6aa)
m =5lg[VI+ zIn(1+ 2)] +21,68. (15)

I/IHTepeCHO OTMETHUTL, YTO B AMAIIa30HE Ha6mo;1a—
eMBbIX 3HadYeHUit z AJaHHad 3aBUCUMOCTH MPAKTUYECKHN
ﬂHHeﬁHa, YTO OIMATHL-TAKH COIJIACyeTCdA C pe3yJibTaTa-
MM BHeETaJJaKTUYECKUX Ha6J’HO,HeHI/II7L

5. Pacnpenenenue KkBa3apos

Culeniyer Takke OTMETUTh, 9T0 B pabore [3] npuBeners
pe3yNbTaThl MCCIIeIOBAaHWI CIEKTPOB KBAa3apoB, B KO-
TOPBIX BHIABJIEHO MUKJIMIECKOE M3MEHEHWE CHEKTPasib-
HOMl TIJIOTHOCTH WX M3JIy9eHWA, TIPONOPINOHATILHOE ap-
rymenty In (1 4+ z). Takoe pacipenesieHne KOppeaupy-
eT c paclpenesieHneM TaJakTUK, obpasyomux Bo Bce-
JIEHHOW OIHOPOJHBIE TOHKOCTEHHBIE CKOIJIEHWA B BHJIE
COT WJIN TIEHHI.

C yaerom dopmymst (12) muKIIECKOe H3MEHEHIE
CIIEKTPabHON TJIOTHOCTH W3JIy4YeHHA KBa3apoB IIpe-
obpasyercs B MUKJINYIECKYIO 3aBUCAMOCTE pacIpeeie-
HEA KBa3apoB IO PacCTOAHUAM, YKa3BbIBAIOILYIO Ha, Ofl-
HOPOIHOCTH BcesleHHoi He TOJBKO B MPOCTPaHCTBE, HO
W BO BpEMeHH, T. €. Ha €& CTAIHOHAPHOCTH 3a IIO-
cregane MUHEIMYM 30 MIIDI. JIeT (CTOIBKO BpEMEHH IO
Hac [IJIA 3JeKTPOMarHUTHBIE BOJIHBI OT CAMBIX JAJEKAX
KBa3apoB).
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6. ®yHmaMeHTAJbHbBIH
KOCMOJIOTUYeCKUil PKCcIepuMeHT

Hnsa mposepku dopmynsr (1) aBropoM mpemyoxena
cxeMa PYHIAMEHTATBHOTO KOCMOJIOTHIECKOTO KCIIEPH-
MeHTa, OCHOBaHHAA Ha cpaBHeHWN a3 ABYX Jydel of-
HOTO W TOTO e Jiazepa, OAWH M3 KOTOPBLIX Ionalaer
IpAMO Ha WHTePdEPOMETDP, a BTOPOil — mocje mpoxo-
JKIEHUA HEKOTOPOro KOHTPOJBHOTO PACCTOAHMA.

ITpuanmn geficTBUA yCTaHOBKU CBOANTCA K CJEMYIO-
meMy. M3aydeHne KBAHTOBOTO T'eHepaTopa HeMPepHIB-
HOTO meifictBusa | (cM. puc. 1) pasmensgercs Moaynpo-
3padHBIM 3epKajioM 3 Ha aBa MoTokKa. OIWH TOTOK,
OTPA3MBIINCH OT TIJIOCKOTO 3epKaJjia 2 m mMpoiiid depes
cobuparesibHyI0 AUH3Y 6, cpasy momamaer Ha oTope-
3ucTop 7. Bropoit moTok momanaeTr B CBETOBOITHOE BO-
JIOKHO 4, HAMOTaHHOe Ijid yaobCcTBa »KCIIEPUMEHTATO-
pa Ha KaTyHIKy D, TPOXOOHUT Uepe3 Hero, oTpayKaeTcsd
OT BTOPOTO TJOCKOTO 3epKaJjia 2, TMOBTOPHO MPOXOIHUT
IO BOJIOKHY B OOPATHOM HAIPABJIEHUH, OTPAXKAETCH OT
MOJIYITPO3PAIHOTO 3epKaJia 3, TPOXOIUT depe3 cobupa-
TeJIbHYIO JIMH3Y § U TaK¥kKe MOMagaeT Ha POTOPEIUCTOP
7. Taxad KOHCTPYKIHA YCTAHOBKU ITTO3BOJAET B NIBA
pasa COKpPaTUTh AJIMHY BOJOKHA IO CPABHEHUIO C OTHO-
KPaTHBIM MPOXOXKJICHNEM CBeTa IO HEMY.

B saBucumMocTu OT COOTHOIIEHNA IJIWH Ty Tell, mpoii-
JIEHHBIX ODOMMM CBETOBBIME MOTOKAMM, Ha (POTOpE3U-
CTOPe WX aMILTUTYIBI OyIyT CKIaIBIBATHCA UJIM BBIYU-
TarbCd, T.€. CYMMAapHBIH TOTOK OyIeT ociabjieH Wiau
YCHJIEH. DTOT CyMMapHBIil moToK mpeobpasyercs (hoTo-
PE3UCTOPOM B 3JIEKTPpHYECKUil cCUTHAT U HaJjiee PUKCH-
pyeTrca B YCHJINUTEJbHO-PETUCTPHUPYIONIEM YCTpoiicTBe
8. NapiMu caoBaMu, YKa3aHHBIM YCTPOWCTBOM HOMTKHO
duKrcrpoBaThCA W3IMeHEHNE PasHOCTH (Pa3 ABYX CBETO-
BBIX TIOTOKOB.

JlaGopaTopHYIO YCTAHOBKY [Jif 3TOTO ®KCIEPUMEH-
Ta MOXKHO W He CTPOUTH — OHa Yy¥Ke IOCTPOeHa
B Bume Jsaboparopun LIGO, mpencraBmsfouyio co-
Goit orpomubIi (¢ miaedamum B 4 KM) HHTepdepoMerp
Maitkeabcona-Mopan. [TocTomHCTBOM MCHIOJAB30BAHUA
®TOTO yCTPOHCTBA ABJIAETCA MPOXOKIEHUE JTA3EPHOTO
Jiyda B BaKyyMHOiT Tpybe, 4TO 3HAYNTEIHHO yMEHBIITPET
MOTEPH IO CPABHEHUIO C ONTUIECKUM BOJIOKHOM, & MHO-
TOKpaTHOE MPOXOXKAEHNE JTyda BIOIb 4-KHITOMETPOBOM
6a3bl 3HAYUTEIBHO YBEJIMINBAET KOHTPOJBHOE PACCTO-
AHWE W BPeMsA MOCTAHOBKHU 3KCIIEPUMEHTA.

OnHako OKa3bIBAe€TCH, 9TO B TAKOM KPyIHOTabapuT-
HOoM ycrpotictBe ¢ 400 KpaTHBIM TPOXOKIEHIEM JTa3ep-
HOTO JIyda MEeXKIY 3epKajlaMi BOIMOXKEH U APYToit 5¢-
dexr, KoTOPHIHt MOXKHO HymeT HabMOAATH, — 3TO YIIU-
peHIe CIeKTpaIbHO IUHEH JasepHoro Iyta mo 10720,
D10 oueHb cabbiil 3(PdeKT, OMHAKO, €r0 MOIKHO TTPO-
boBaTh 0OHAPY KHUTh.

Puc. 1. Cxema na6oparopnoii ycranoBku

7. 3akamodenue

Taxum obpazom, oKOHUATEIbHaA MPUINHA CYHIECTBO-
BaHWA MHKPOBOJHOBOTO (POHOBOTO M3JIYTIEHIS MOIKET
OBITH YCTaHOBJIEHA TOJIBKO IOCJEe IOCTAaHOBKe JIabo-
PaTOPHOTO 3KCIEepUMEHTA IO MPOoBepKe (POPMYJIBI (1)
Hanbosee moaxonsdieit mabopaTopHoil yCTaHOBKOM 1151
storo gsjigercda LIGO.
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KOPOHAJIBHBIE JIBIPBI I POTOPHBIE

MAT'HUTHEBIE BOJIHEBI
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Xapvroscrull soennwili yHusepcumem, Xapvkos, Yrpauna

11 moa6psa 2000 r.

ITokazano BaxkHOE MecTO KOPOHAJBbHBIX IBIPD B UCCIEOOBAHUAX BOIIPOCOB I/IH(l)OpMaL[I/IOHHOI‘O obmeHa 1 TrpaBUTAITN.
Ha ocuose Hpe,D;CTaBJIeHI/If‘I KBaHTOBOI (1)1/13I/IKI/I MHHHNMAaJIbHBIX 3HepI‘I/II71 0060CHOBBIBAETCA BO3MOXKHOCTD I/IH(i)OpMa—
OMOHHOT'O obmeHa MeKOY 3BE3THBIMUW CUCTEMAaMM C IMOMOINBIO POTOPHBIX MArHUTHBIX BOJIH, PACIIPOCTPAHATOMINXCA
BOOJIb MariMTHBIX CHJIOBBIX JII/IHI/II?I7 IIPOHMU3bIBAIOIITIX Kocmoc.

s obmena madopmarueii B macmrabax Kocmoca
HHTEPEC MPEICTABAAIOT ABJIEHUA TPUPOIBI, TTO3BOJIAIO-
1IHe UCKJTIOYNTE MPOIECCH PACIIPOCTPAHEHIA CUTHAJIOB
B KOCMHUYECKOM TIPOCTPAHCTBE U Pean30BaTh TPUHITUI
“mruoBenHoro masibHomelicreua” Papanes [1]. TIpen-
CTABJIAETCA BO3SMOIKHBIM MMPEOIOJIETh H3BECTHBIE OTDa-
HUYEHUA HA CKOPOCTHh PaclpOCTpaHeHus WHMOPMAIHN
B Kocmoce Ha ocHOBe ABJIEHUA POTOPHOTO T€OMATHETHS-
Ma, eCJTH TepeliTH OT 3JeKTPOMATHUTHBIX BOJH K Mar-
HHUTHBIM POTOPHBIM U OT (DYyHKITHOHAJIBHON CPeIbl THITA
BaKyyM K (DYHKITHOHAJIBHON Cpelle TUIIAa MATHUTHAS CH-
JIOBad JIMHUA.

Poropubrit reoMmarserusM 3To ABJIEHIE 0Opa30BaAHUA
POTOpPHON KOMIIOHEHTHI T€OMATHUTHOTO M MeKILJTAHET-
HOTO MarHuTHBIX Tosteit [2]. Teopermdeckoit ocHOBOM
obpazoBaHUA POTOPHON KOMIIOHEHTHI SABJIAIOTCA KBAH-
ToBad (HbUIMKA MUHUMAJIBHBIX HEPTUHl W TEOPHUA Mar-
HHUTHOTO pe3oHaHca. PoTopHas KOMIOHEHTa oOpa3yer-
cd biaromapsa KBAHTOBBIM MATHUTHBIM MMEPEXOHAM da-
CTHUIT KOPOHAJBHOMN TIJIa3Mbl, & TAKKe TapaMarHeTHKOB
BEIECTBA TJTAHET W IPYTHUX 00pasoBaHUil, HAXOIAINX-
cA B ®THUX €CTECTBEHHBIX MArHUTHBIX MOJAX. PoTopHad
KOMIIOHEHTA MPeACTaBIAeT coDOl CyMMapHBIii mMpoIiecc,
HMEOIIIH BOJHOBYIO TPUPOLY, U MIOITOMY MTPABOMEPHO
MPUMEHATH K Hell TaKie TEPMUHBI, KAK POTOPHOE TIOJIE,
DPOTOPHOE W3JIyUeHIe U T. 1.

KBaHTOBBIE MATHUTHBIE TIEPEXOIBI YACTHIL TTPOUCKO-
AT TIYyTeM TPENeCCHr ONMPOKUABIBAHNA X MATHUTHBIX
MOMEHTOB W COIPOBOKIAIOTCA U3TydIeHHEM MATHUTO-
MEXaHNYIECKUX W 3JEKTPOMATHUTHBIX BOJIH B JHATIA30-
HaX »JeKTPOHHBIX, TPOTOHHBIX, HEATPOHHBIX U APYTHUX
THPOMATHUTHBIX 9acToT. B BelllecTBe oHE pacmpocTpa-
HAOTCA B BUJE BOJIH IIPENECCHE ONMPOKUIALIBAHNA, B Ba-
KyyMe — B BHIE 3JeKTPOMATHUTHBIX BOJH C KpPyro-
BOIl MoJIApU3aIMell MATHITHOTO BEKTOPA, & BIOJb Mar-
HUTHBIX CHJIOBBIX JIUHUH — B BHJIe MATrHUTHBIX POTOD-

le-mail: zhuck@insurance kharkov.ua

Maraurnas POTOpPHadA BOJIHA 2TO BO3MY-
IMEHNE MATHUTHOTO IIOJIA, BOSHUKAKIIEE B pe3yJibTaTe

HbIX BOJIH.

MPEIECCUN OMPOKUIBIBAHNA MATHUTHBIX MOMEHTOB Ya-
CTHUIl, W3MEHAIONUMX OPUEHTAINIO W3 MOJOKEHNA TPO-
THB MOJIA B MOJIoXKeHme 10 1mojio. OHa MpercTaBiiger
coboli cnupaJbHBI MATHUTHBINA COJIMTOH, PACIpOCTPa-
HAOMUHCA BIOJIb MATHUTHBIX CHJTOBBIX JuHuil. B ycmo-
BUAX 3€MHOTO W MEKIIJAHETHOTO MAarHETHM3Ma KBAaHTBI
POTOPHBIX W3JIyUeHud 06/Ia1aI0T MUTHIMAJTBEHO BO3MO K-
HBIMU HEPTUAMHA U ABJIAIOTCA CAMBIM 4y BCTBUTEIBHBIM
HCTOYHUKOM HWH(MOPMAIUH 006 W3MEHEHUAX COCTOAHUA
MAarHUTHBIX [OJIel 3Be3M U MJIaHET.

C yueroMm mocTmkKeHUl COBpeMeHHON 3KCIIEpHUMEH-
TaJbHON (DUIMKM B HacTosAllee BpeMsA HET OCHOBAHUH
CYUTATh, YTO CKOPOCTH PACHPOCTPAHEHWA MATHUTHBIX
BO3MYIIEHUH BAOJBb MATHUTHBIX CAJIOBBIX JIMHWUH TMeEET
orpannvenusa. Tak, HampuMmep, >KCIEPUMEHTHI, OIU-
cantble B pabore [3], MOKa3bIBAIOT, YTO CKOPOCTH Ie-
penadu nHAOPMAIUH OT UCTOYHUKA CBETA [0 IYBCTBU-
TeJIbHBIX JAaTYMKOB 4Yepe3 KoJiOy ¢ mapaMu Me3usd MO-
JKeT MPEBBINIATH CKOPOCTH CBeTa. ABTOPBI paboThHl —
corpynuuku [Ipuacrornckoro NEC uncTHTYyTA B3 TPYII-
sl JI. Banra mpemmosiaraior, 9To mMpeBBINIEHTE CKOPO-
CTH CBeTa ODYCJIOBIIEHO OCOOBIMHE YCJIOBHAMHU DPacCIIPO-
cTpaHeHHWsA cBera B Kojibe. Mexmy tem, c mosuruit
POTOPHOTO FeOMAarHETH3MAa, 3TH SKCIEPUMEHTH MOKHO
MPEeNCTaBUThL CcoBepliieHHO mHade. Tak, mesmit B Kosbe
ABJAAETCA TMapaMarHeTHKOM, HaXOIANIMMCA B TeoMar-
HUTHOM mojie. Ha ero sieKTpoMarHUTHOe W3JTYydYeHHe
HaCTPOEHO TOPOTOBOE YCTPOWCTBO, TaKKe HaXOIAlIee-
cd B »ToM moJie. [lad cTUMYIHPOBAHUA TOTO W3JITYYe-
HUA UCIOJIB3YeTCs ONTHYecKasds HaKadka. [Ipm BKITO-
YEeHUHU CBETA W3JIYYAIOTCA JIBE BOJIHBI: 3JIEKTPOMATHUT-
Hasdg ¥ MAarHUTHAs POTOPHAd, MMEOIINE PasHble CKOPO-
CcTH pacnpocTpaHeHus. KEcam mocrysar, BBIIBHHYTHIH
A. DfiHmTelfHOM, OCTaeTcd HEMOKOJIEOUMBIM, TO MAar-
HUTHAA BOJIHA, PACIPOCTPAHAIONIAACA BAOJJH MATHUT-
HOW cUJTOBOM JIMHWE, HOJTKHA OIEpekRaTh 3JIEKTPOMAr-
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auTHyio. ClemnoBaTesbHO, €CJIM MaTHUTHBIE CHJIOBHIE
JIMHUU CTIOCOOHBI MPOHU3BIBATH BAKYYM, TO OHH CIIOCOO-
HBI 06Pa30BBIBATH M 0OCOOBIE OE3MHEPITMOHHBIE KOCMUTe-
CKIe KaHaJbl I CHCTEMBI obMeHa mHpopMalmeit.

I obmena muadopmarueit B macurabax Kocmo-
ca WHTepecC MPeACTaBIAI0T OOJACTH C OTKPHBITHIMH BO
BHEIIHee TMPOCTPAHCTBO KOH(MUTYPAIMAMEA MaTHATHBIX
cuyiopbix JuHEH. Takyio KoH$UTypalmo moasd co3ma-
10T, HAIIPUMED, MYJIbcaphl M KOPOHAJIBHBIE IBIPHI 3BE3.
HamHaa paboTa MOCBANIEHA AaHAJI3Y MPOIEccoB dhop-
MEPOBAHUA U PACIPOCTPAHEHNA POTOPHBIX MAaTHATHBIX
BOJIH BIOJIb MAaTrHUTHBIX CHJIOBBIX JUHIH KOPOHATBHBIX
OBIp, GOPMHUPYEMBIX 3Be3IaMI U IIJIaHETAMHU, BPAIIaio-
IIIIMHCSA BOKPYT 3BE3]I.

KoponanabHaa Obpipa OTHOBPEMEHHO MpEICTABIIAET
coboil ecTecTBeHHYIO MarHUTHYIO MYyIIKY, GopMHPYIO-
IIyfo y3KUH JIyd MarHUTHBIX CHJIOBBIX JIWHHIM, HaIpa-
BJIEHHBIN pPaIWaJibHO OT 3Be3Hbl. BI0ib OTKPBITHIX
MaTHUTHBIX CHJIOBBIX JIUHMN 3Be3IHAA CHCTEMA W3JIy Ia-
€T pOTOpHBIE MAaTrHUTHBIE BOJIHBI, HECYIIINE 3BE3THYIO M
IaHeTapHyo HHAOPMAIHIIO B KOCMHUYIECKOe TPOCTpaH-
CcTBO. XapakKTepHO#l 0COBEHHOCTHIO KOPOHAJBHBIX THIP
ABIAETCA KOJINHEAPHOCTH HaIllpaBJIeHIH pacpocTpaHe-
TTosTomy
YCTaHOBJIEHHE CKOPOCTH PaCIpOCTpaHEHUI W CTPYKTY-
PBI POTOPHBIX BOJIH MOYKET CYIIECTBEHHO MPOIBUHYTH
BIIEPET, BOIIPOCH OOHAPY KEHUA TPABHTAINOHHBIX BOJIH
1 TPOBEPKH aJeKBATHOCTH I'PABUTAIMOHHBIX TEOPHI.

3BesgHbIE KOpPOHAJBHBIE IBIPHEI 3TO 0OOJACTH IO-
HUKEHHOW SAPKOCTH CBeYeHHS KOPOHBI 3Be3, HMEIO-
e TMOHWKEHHBIE TeMIEpaTypy # IIOTHOCTH Belle-
CTBa, 0bpasyollnecs BCIEICTBIE BBHIOpACHIBAHMA Mar-
HUTHBIX CHJIOBBIX JiuHHI majieko B Kocmoc. BemecrBo
OBIP He YIepKUBACTCA MarHUTHBIMHU CHJIaMU U Hecipe-
MATCTBEHHO MCTEKAET B MEXKILTAHETHOE MPOCTPAHCTRO.
3Be3abl MOTYT (POPMHUPOBATH IMOCTOAHHO B KPATKOBPE-
MEHHO CYIIECTBYIOUINE JIYYH MATCHUTHBIX CHJIOBBIX JIM-
amit. Hampumep, comHedHas KOpoHa MOCTOSHHO MMEET
KOpOHAJIbHBIE OBIPHI W MArHUTHBIE JYIH B TOJTAPHBIX
obmactax CoJiHITa T KPATKOBPEMEHHO - B 00/TacTH HI3-
KHX IIAPOT. 3Be3IHBbIe KOPOHAJIBHBIE THIPHI MOTYT OBITH
HCTOYHUKAME CIYIAWHBIX W MEPHOTUIECCKUX CHTHAJIOB.
Ecnm xopoHadbHad ObIpa pacro/araeTcsa B IPOCTpaH-
CTBE TaK, 9TO ee MAaTHUTHHIR JIYYT MEPHOAIMIECKT OKA3hI-
BaeTcsA HallPaBJIeHHBIM B TOUKY IIpPHEMa, TO €€ CUTHAJIBI

HUA POTOPHBIX M T'PaBUTAIMOHHBIX BOJIH.

IPUHUMAIOTCA B BUAE TOCIEI0BATEIBbHOCTH UMITYJIbCOB.

[T1aneraprable KOPOHAJIBHBIE IBIPHI 0OPA3yOCH MTa-
HETAMU, BPAIAOIMMUCA BOKPYT 3Be3I, MpHU ODIyBa-
HUY KOPOHAJBHO M/1a3Moil NX OUTONBHBIX MarHUTHBIX
moseli. OOenprHEATO, 9TO TPHU B3aUMOMEHCTBHN KO-
POHAJIBLHOTO BellleCTBa W MArHUTHOTO IOJId IJIaHETHl B
00JTACTH MATHUTOIAY3Bl IPOUCXOMUT PA3PHIB MATHUT-
HBEIX CHUJIOBBEIX JinHW. PasopBaHHBle MarHUTHBIE CH-
JIOBBIE JIMHUU CHOCHATCHA 3BE3MHBIM BETPOM U OOPa3yIOT
XBOCT IHMIOJBHOI'O MArHUTHOTO TOJA TIJIaHeTHI, HaJe-
ko yxomammit B8 Kocmoc B BUme y3skoro mayda, Halpa-
BJIEHHOT'O PAINAIBLHO OT 3BE3BI. ¥3Kuil Iy CKaHUpYeT

MPOCTPAHCTBO B COOTBETCTBUHU C OOpaIeHIEM IJTAHETHI
BOKDYT 3BE3MBI. 3BE3/Ia MOYKET HMETh HECKOJIBKO TAKUX
aydeii. x dmcyio paBHAETCA IUCITY TJTaHET, WMEIONITX
AUTOIBHOE MAarHUTHOE ToJe. BHoab MAarHUTHBIX CHIIO-
BBIX JIMHUI Jydeil 3Be3gHad cucreMa HM3JydaeT U IpH-
HUMAaeT POTOPHBIE MATHUTHBIE BOJIHBI, 0bpasyfolime po-
TOPHYIO KOMIIOHEHTY MEeKIIJIaHeTHOTO MAarHUTHOTO IO-
Jd.

ITpu anamuse BO3SMOKHOCTH OpraHU3anuu WHMOP-
MAaIHOHHOTO ODMeHa ¢ TOMOIIBI0 POTOPHBIX MATHUT-
HBIX BOJIH, PacCHpPOCTPAHAOIINXCA BIOJb MarHUTHBIX
CHJIOBBIX JIMHUI, BO3HUKAET PAJ BOIPOCOB, KacalOUINX-
K BUM oTHOcATCA B TePBYIO
OdYepelb BOMPOCH O TOM, KaKOBa (pusmyueckas MPUPOLA
MarHUTHBIX CHJIOBBIX JIMHUI M KaK IO HUM MOTYT pac-
TIPOCTPAHATHLCA MATrHUTHBIE BOJIHBI. B HacTodAllee Bpe-
M OBIIENPUHATON ABIACTCH MOMETH MATHUTHOTO TTOJIA
B BUZe AUHWI. B cOOTBETCTBUU C 3TOH MOIETBIO TOCTO-
AHHBIA MarHUT 00JIagaeT BHYTPEHHUM U BHEITHUM Mar-
HUTHBIMH TOJIAMU, KOTOPBIE CONPATAIOTCA 4Yepe3 TOp-
TleBBIe TJIOMIAIKY €TO TOTIOCOB. BHYyTpeHHee 1MoJle Mar-
HHUTAa B HacTodAllee BpeMsA OObACHAETCHA TeopHel mar-
HUTHBIX TOMeHOB. BHelllHee mojie MarauTa XapaKTepu-
3yercd MarHUTHBIMH CHUJIOBBIMHU JIMHUAMHF, TO €CTh JIH-

CdAd OCHOB MarhneTusMa.

HUAMH, KacaTeJIbHble K KOTOPBIM COBIIAIAIOT C Hallpa-
BJIEHHEeM HallpAXKEHHOCTH 3TOrO I0Jid B JaHHON TodKe.
Buenrnee mosie, bopMupyeMoe MArHUTOM, IMeET KOHEY-
HBI 0ObeM W 4eTKO 0DO3HAYEHHBIE I'DAHUIIHI, OMpEIe-
JdAeMBle PacloJIOKeHneM IocJaelHell MarHNTHOW CHJIO-
Boit imann. CUanuraercs, YTO MOCKOJBKY HE CYIIECTBY-
€T U30JINPOBAHHBIX CEBEPHOTO M IOXKHOTO ITOJIIOCOB, JIN-
HUW TOJId HUTIE He MOTYT HAYMHATHCA WJIH OOPBIBATH-
ca. OHE He MOTYT TepeceKaTh APYT APYTra W IOJIAKHBI
CyIIeCTBOBATH B BAJE 3aMKHYTBIX IIeTelIb.

C moMonipo paker W COyTHUKOB OOHADYKEHO, UTO
Pe3KyI0 BHEIIHIOI IPpAaHUIy IMeeT M OUIOJBHOEe Mar-
HUTHOe ToJie 3eMyn. KEro HampaKeHHOCTh yMEHBIIa-
eTcdA ¢ yBeJndeHHeM BBICOTBHI M OrpaHWYeHa I'paHulle,
TakK Ha3biBaeMOld MaranTocdepbl. MarHuTHBIE CHITOBBIE
JINHUW, HAXOIANINECH 33 MAaTrHUTOChEPOIi, paspyramT-
CA BHEIIHNM BO3IeHCTBAEM M CHOCATCA COJHEYHBIM Be-
TPOM.

Momens MarHUTHOTO TOJIA B BUJIe JUHUN ABIAeTCA
HaTJIAIHON, OMHAKO OHA He OTBedYaeT Ha BOMPOC O du-
3MdecKoll MPUPOIe MATCHUTHBIX CHAOBHIX Juami. [lo-
5TOMY B HacTodllee BpeMsA NOABUJICA PAJ HOBBIX MO-
nesieli MarauTHOrO mousid. B wactHOCTH, B pabore [1]
npruBelleHa reoMeTprYecKad MOAeJb MarHUTHOTO 11014,
B KOTOPOIi ero pusmdeckas MPUPOLA TPEICTABIAETCH B
Buge medopMaluu mpocTpaHcTBa. HecMmorpsa Ha mpu-
BJIEKAaTeJbHOCTh TAKOI'0O IIOAXOa, reoMeTprudecKad MO-
OeJIb TPYOHO IPUMeHNMa /I OIINCAHNA TeOMarHuTHOTO
U MeXKIJIaHeTHOIO MarHUTHBIX ITOJell I WX B3auMonel-
CTBUIl ¢ KOPOHAJBHON IJIa3MOIi.

B macrosmieii pabore mpengaraerca HHTEPhEpEHTIN-
OHHasA MOJIeJIb MAarHUTHOTIO I10JId, B KOTOPOI MarHuTHa s
CHJIOBafd JIMHUA paccMaTpUBaeTCd KaK pe3ysabTaT Mar-
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HHUTHOTO POTOPHOTO B3aUMOMeHCTBUA CBOOOIHBIX Pa -
KaJIOB BENIEeCTBA TJAaHeT W KOCMHUYECKOTO TPOCTPAaH-
crBa. K cBobGOmHBIM paguKaJjam, TO eCThb K aToMaMm U
MOJIEKYJIaM, B KOTOPHIX, IO KpaiiHell Mepe, onWH 3J1€K-
TpOH 00JiaaeT HECKOMITEHCUPOBAHHBIM CIHUHOM, OTHO-
cATCA TapaMarHUTHBIE Tasbl U MHOTHE, BEChMa BaXkK-
HBIE ¢ XUMHWYeCKOW TOYKHU 3peHmsA, BelecTBa. K mapa-
MarHUTHBIM Ta3aM OTHOCHTCH B TEPBYIO OUYEPElb aTO-
MapHBIM U MOJEKYJAPHBI KHUCIOPOM, COCTABIIATOIINIH
21% semuoit armocdeprl. IlapaMarHNTHBIMI ABJIATOT-
cA TaKXkKe BOIOPOI, YIJIEKUCILIH Ia3, OKNCh U JIBYOKNCH
a30Ta, IBYOKNCH XJIOPA, Taphl HEKOTOPHIX TTapaMarHnuT-
HBIX COeIMHEHNH W BOIBI U M.

O MArHUTHOM TIOJIe CBUAETEJBCTBYIOT U MOPOIIKO-
Bble KAPTUHBI, B KOTOPBIX YacCTUI[BI MATHUTHOTO Bellle-
CTBa BBICTPAMBAIOTCA B IMEMOYKH, 00pa3ysd JUHUU TIO-
asa. O4eBUIHO, 9YTO B TAKHWE JKe, HO TOJBKO HEBIIIMBIE
TJ1a30M, TEMOYKN, BRICTPAMBAIOTCA BOKPYT MAarHUTa U
aTOMBI M MOJIEKYJIBI TTAPaMarHUTHBIX Tas30B, 0bJamgao-
IITie MAarHUTHBIM MOMeHTOM. Hampumep, Mosiekysia Ku-
CJIOpOHa TpeAcTaBiger cobolt GUpagnKa, TO eCTh CO-
JIepXKUT Ba HeCTTAPEHHBIX 3JIEKTPOHA C TMapaJjljieTbHBI-
mu cnmaamu. OHa WMeeT MATHUTHBIH MOMEHT BCETO B
1.5-2 pasa MeHbIIWI, YeM MOJEKyJa Kejae3a caMOTO
MarauTa. Takum obpazoM, MarHUT WMeEET BHYTpPeHHee
U BHEIlTHee TI0JiA, 0Opa3oBaHHBIE COOTBETCTBEHHO MOJIE-
Kyaamu (heppOMarHeTHKOB W ITapaMarHeTukoB. Mexa-
HEU3M 06pa30BaHUA TUX TOJIEl OTMHAKOB U COCTOUT B
CJTeyTOTIEM.

Kak nokasano B pabore [4], BHEIIHIOW BHITAHYTYIO
opburajb, HAPUMED, KUCJIOPOAA MOYXKHO PacCMaTpH-
BaTh KaK [Ba MapajlJIeTbHBIX MPOBOIHWKA C AHTHUIA-
B Takom ciydae MarHUTHBIE
oJid MeXKIy TPOBOIAMH CKJIAIBIBAIOTCA, B TO BpeM4,
KaK BO BHENTHUX OOJIACTAX MPOUCXOAWT MX KOMITEHCA-
musa. To ects opburaab ABIAETCA HCTOYHUKOM MATHUT-
HOTO TT0J1d, KOTOPOe, KaK OBl YITAKOBAHO BHYTpH 00beMa
opburaju u BHEIIHe OTpaHUYEHO ee reoMerpueii. Ecian
aHAJIOTUYIHBIE PACCyKIACHNA TPUMEHUTh K IEeN MOJe-
KyJ KHCJIOPOHA, TO CTAHOBUTCH OYEBUIHBIM HHTePhe-
DPEHITHOHHBIN MeXaHW3M 00pa30BAHUA MATHUTHBIX CH-
JIOBBIX JINHWI W WX TPOCTPAHCTBEHHAA IUCKPETHOCTD.
TpeboBanre KOMIEHCAIIUN BHENTHUX MOJIEll ¢ MOCTOAH-
HO pasHOCTBIO 0OYCITOBANBAET POPMY CHJIOBBIX JTUHUH
B BHUJe 3aMKHYTHIX KPUBBIX BToporo mopanka. [lTapar-
JIETHHOCTh WX MATHUTHBIX BEKTOPOB NMPUBOAUT K B3a-
MMHOMY OTTAJKWBAHWIO B MPOCTPAHCTBE.

CTpyKTypy MAarHUTHOW CHJIOBOW JIMHUM B TaKOM
c/iydae MOIKHO TPENCTaBUTh B BHUIE COBOKYITHOCTH
HuoTOHOBCKUX MOJIEKYJI-TTAPUKOB, ¥ KakKOOW W3 KO-
TOPBIX HA MOBEPXHOCTH MMEIOTCA MATHUTHBIE KOHTAKT-

PaJlJICJIbBHBIMHA TOKAaMM.

HBble TOYKH, COBMEIIEHNE KOTOPBIX B IPOCTPAHCTBE MIPH-
BOJHUT K 3aMBIKAHWIO MEXMOJIEKYIAPHBIX MarHUTHBIX
cBA3efl W 0OpA3OBAHUIO TIEMOYEK. Y TaKOW IMemod-
K BHYTPH MEXaHWYIECKOW CTPYKTYPBI, 00pasoBaHHOM
MOJIeKyJIaMU-UIapUKaM#, CyUIeCTBYeT IoJeBad CTPYK-
Typa, obpasoBaHHAAd MATHUTHBIMU CBA3AME, OjTarogaps

qeMy, MAarHUTHAA CUJIOBaA JUHUA CIOCOOHA MPOBOIUTH
MarHUTHBIE BO3MYyIieHusA. [lo coBpeMeHHBIM TpencTa-
BJIEHUAM KBAHTOBON XUMWW 3/IEKTPOHBI ATOMOB U MOJIe-
KyJ1 06001ecTBIAAIOTCs, 06pasyd TuOpuaHble OpOUTAIN.
Takxke xKak u BHyTpPH OMHON MOJIEKYJIBI, IPU BBICTPA-
HBAHUU MOJIEKYJ UX 3JEKTPOHBI 0000MIATCA W CyIile-
CTBYIOT OJTHOBPEMEHHO BIIOJIb Beell memodku. [Ipu sTom
ncYe3aeT MOHATHE CKOPOCTH PACTIPOCTPAHEHN S MATHUT-
HBIX BO3MYIIEHHH BHOJIH MATHUTHBIX CHJIOBBIX JIUHUMH.
[Mockompky MexaHmsM 00pa3OBaHUA MeEIKMOJIEKYJIIAD-
HBIX CBA3ell BHYTPH W BHE MArHUTA OJMHAKOB, TO Mar-
HUTHAA CUJIOBAf JIMHUA TMPEACTaBIAeT coboll Gesmnep-
IHOHHBIH MHMOPMAIMOHHBIH KaHaJT.

Warepdepennimortas MOIETb MOKET OBITH UCIOTE-
30BaHA W 14 OMUCAHUA MATHUTHBIX CHUJIOBBIX JIUHUH
TeOMATHUTHOTO W MeXKIJIAHETHOTO MATHUTHBIX TOJIEH.
MarauTHBIE CHJIOBBIE JIMHAN T€OMATHUTHOTO O (hop-
MUPYIOTCA MOJIEKYJIaMI W aTOMaMM TapaMarHUTHBIX
rasoB arMocdepbl 3eMJIM W YACTHIAMH KOPOHAJBHO-
ro BemectBa CojHna. BsamMHOe oTTajgKuBaHHe Mar-
HUTHBIX CUJIOBHIX JIMHUI BBRITaJKuBaeT ux B Kocmoc.
[Moroku wefiTpuao, HOTOHOB M KOPOHAJBHBIX YaACTHII
Coutrita criocobHBI pasphIBaTh 3AMKHYTHIE METIOYKH MO-
JIEKYJI W CHOCUTB WX OODBIBKH IO HANPABJIEHUIO BETPA.
[Tpu sTOM YacTuIbl ¥ MapaMarHETHKU COJTHEYHOTO Be-
Tpa u Kocmoca MoryT HapamumBaTh OOPBIBKE Teliell Ha
60JTBIIITE TAJTBHOCTH, 06pa3yd MATHUTHBIE CHJIOBBIE JIH-
HUU MeXKITAHETHOTO MarHUTHOTO mosis. Ha mHekoropoii
AJIbHOCTH BO3MOJKEH OTPBIB KYCKOB Ilelielf, KOTODBIE,
yxonda B KocMoc, co3malT HUCKPETHBI MOTOK W €ro
CTYCTKH, TPUBOLAIINE K (DIIOKTYAIMAM CUTHAJIOB, pac-
MPOCTPAHAONIMXCA BIOTb MATHUTHBIX CHJIOBBIX JTHHUM.
MoXHO MPemIoNOKUTh, YTO BIOIbL MATHUTHBIX CHJIO-
BBIX JIMHUH TPOUCXOAUT 0Opa30BaHIE BEMIECTBA W3 Ja-
CTHUIT COTHETHOTO BeTpa n KocMoca myTeM cHHXpOHI3a-
U MeXMOJIEKYIAPHBIX U 0OPa30BaHNA KOBAJIEHTHBIX
cBasefi. Taxum 06pasomM, B KOCMHYECKOM MPOCTPAH-
CTBe MOXKET 0OPA3OBBIBATHCH CETh W3 MEPECEKATOIINXCHA
MAarHUTHBIX CUJIOBBIX JIMHA.
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