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1. BeedeHue

CybOoaekmpoHHbIe Yacmuubl — 32MO0 O2POMHbBLIL MUup uacmuu,
06.1adanwWux Maccoi, xapakmepHoil 048 4acmuy NPUHACAEHCAUWUX YDPOBHIO
Bcenennoil, aexcawemy Hudxice 31eKMpOHHO20.

Jlnsn Hux 3eman s645emcs 8 6bvlcwell cmeneHu «pa3pedHceHHbLM»
chepuueckum npPoCcMpPaHcIMaoM.

OHu npoHu3viearom J3emard maxkxe Cce0000HO, KaK U acmepouodvl
NPOHU3bLIBAOM NPOCMPAHCMBO COAHEUHOU cucmembl U 2arakmuk. K amum
yacmuuyam npuHadaedcam u HeumpuHo; obHapyiceHue mace y HelumpuHo
NPoU30ULI10 OMHOCUIMEAbHO Heda8HO — 8 nociedHue decsamuaemusl.

B aaekmpoHHbIX cucmemax amomos, 6bl8e0eHHbIX U3 PABHOBECHbBLX
COCMOSHUL MpUu 6030YrcideHUU, NpomeKdarm nepexooHble NPOUECCH,
CcoOnposox*coariuecs U3MEHEHUAMU UX IHeP2eMUHECKUX COCMOSHUIL.

IlepexoOHble JuHamuueckue npoueccbl. 803MYWAIOM 8 OKpYIicarouiem
amombl nNpocmMpaHcmee  Hacmuusbl CY0I1eKMPOHHO20 YposHs. B
pe3yabmame Mupualdsl 3Mux UACMul, 2eHepupyembvblx, maxum obpasom,
6030YHCOEHHBLIMU AMOMAMU, 60B1EKAIOMCA 8 80.1HOB01l npouecc.



ITepeasa uacmv (npedvidyuwee eudeo [1]) O6bLra nNoaAHOCMBIO NOCBAUEHA
CcYb631eKMPOHHBIM Yacmuuam, 8 uacmuocmu, ¢homoHam u HeumpuHo.

Onupaaacvs oHa HaA Mamepuaast uccaredosaHull agmopa, onYoAUKO8AHHbLE
paHee Ha aH2AUTICKOM 8 2004 200y 8 “Hadronic Journal” [2].

IloxazaHo, WMo KeaHmMvl JdHepluu, ¢0m0ubl, AB/AAI0OMCA J/1I0KA/IbHbIMU
gecombiMu  JuHaMuvecKkumu OﬁpﬂSOB(lHllﬂMll 603MyluéHH020 noasn-
npocmpaHcmea 1acmuuy Cy63/leKmpOHH020 YpOBHAL.

BeedeHo nonsmue no.aesoit maccwi gﬁomonoe U 8blMuUcCACHbL abCoAOMHbLE
3HaUeHUA N0.esblx Macc 011 3Hepeui1 g’iomouoe, coomeemcecmeyruwiux pasHbvim
yacmomam cnekmpda s3/,1eKmpomacHUMmMHO20 u3ayveHuaA.

IIposedetHblll aHaau3 nokasa.an, 4mo noaesble MAccblL GomoHos, m. e.,
Maccbl OUHAMUYUECKUX O00pa3oeaHuill u3 uacmuu JA0KAAbHbIX obaacmell
npocmpavcmeda, cosnadarnm ¢ maceamu, OOHAPYHCeHHbIMU Y HEUMPUHO.

Taxum obpazom, 6 mepeoit wacmu [1, 2] 6bL10 NOKA3aAHO, YWMO No.aesasn
macea GomoHos modicdecmaeeHHa no eeAudUHe MACCAM A0KAAbHbIX 2pYynn
yacmuy cybasekmpoHHo2o YposHs (Yyuascmeyrowiux 6 60AHOB80OM npouecce
nepenoca 8030YyxcoeHUs 8 npocmpaHcmaee) U dmu 3HaAHeHUs MACC KOPpPeAupyom
c Maccamu HetmpuHo.



OuenouHoe mnpedeavHOe 3HAUYEHUe MACC IACKMPOHHBLIX HeUMmpUHO,
-5
uszgecmHoe u3 aumepamypbl, He npegbiuaem M, =20eV =4-107"m,

JloMuHupyowue 3HaueHuss mMacc cyb3aeKmpoOHHbIX HACMUY, PACCUUMAHHDbIE 8
[2], sapvupyromea om M=68.22x10"m, do m, =136.44x107° m,

Mbt noaazaem, umo uacmuubl YKA3AHHLIX 6blllle MACC BHOCAM OCHOBHO
6KAa0 8 makKk Ha3bleaemMyrn «HEOAPUOHHYIO» COCMABASIOWY «MEMHOU
mamepuu».

A HanpaeaeHHoe JsuxceHue OAHHBIX UaACMuy, UX NOMOKU, COCMAsAsom
OCHO8Y Mnoeil, pecucmpupyemblx 8 NPOCMPAHCMBe KaK MazHUIMHbBLE.

Idmu e uacmuusl, Kak mbl noaazaem [3], aeaswomes cocmasasrowumu
2unomemuuecko20 aghupa, nomokxu Komopo20 Ha3blearm «dPUPHBIM 8EeMPOM ».

/Jlannoe caaiid-npedcmasaeHue (mopas uacms) NOC8AUEHO NePeHUCAEHHIM
8blllle KOHUeNnUUaM, 8bl0BUHYMbLM A8MOPOM; OCHOBAHO HA MAMEpuanax Ccmambvl,
onyb.auxkosanHol Ha aHa2aulickom 8 xcypHane “Physics Essays » B 2007 rony [3].

Pewerusn, uszaodxiceHHvle 8 ynomMsaHymolx pabomax asmopa [2, 3], noayueHwvl
ecmecmeeHHO, Kak caedcmeue, npu onucaHuu 8 pamxkax Boanosoit Modeau (BM)
napamMempoe 804H08bIX @uU3UUeCKUX NOoAeU-NPOCMPAHCNE, a makice
60.1HOB020 CMPOEHUS U N0BeJeHUS 3NeMEeHMAPHHLIX Hacmuy U amomos.

Hmax, npodoicaem pacecmompeHue memul
(Hauamoil 8 1-it uacmu), NOC8AUWEHHOIU NPOO.1IeMe «KMEMHOU mamepuu».



2. 00 a¢hupHoM eempe U MAZHUMHOM NOMOKeE

KoHnuenuus ceemoHoCcHO20 adhupa - cunomemuueckotil cpedvl, 3anoaxsrowletl
gce MuUposoe npocmpaHcmso, dtvira evidsuHyma Pene /lexkapmom e XVII eexe.
IIpocywecmeosana 0o Hauvanra XX eexa. C noseaeHuem cneuuaabHoll
meopuu OMHOCUMEAbLHOCTU 0M 3MOll KOHUeNnUuuU OMKa3aAuUch.

OoHaxo,  MHoO2ue  uccaedosamenu, 2Ayboxko  YoexncoéHHvle 8
cywecmseosaHuu ocoboil cpedvt (Haswvieaemoll agpupom), 3anoaHswOulell
KocMuueckoe NpocmpaHcimseo, NPoooANCANU C80U UCCAEI08AHUS, NbIMAACH
Jdoxkazamsb peaabHOCMb 3Pupa.

ITepewiit npedsapumenvHblili axcnepumenm Maiikeavcona-Mopau 1887
200a, HaueneHHblll HA OOHapyidceHue OeudceHUs 3eMau ONMHOCUMEAbHO
HenodsuwxcHo20 (Kak noaa2anu) «Mmupoeozo agupa» [4], exarouan 8 cebs sce2o
AU WEeCMb HAco8 cO0pa OaHHbIX 8 MeueHue Yemblpex OHell.

Heboablioll noaod cumenvHblil pe3yasinam, NoAYYeHHbI Npu maxkom
npobHoM aKcnepumeHme Ha HedOCMAIMOYHO CO8EePUWEeHHOll YCmAaHoske U, KakK
8bISICHUNOCHL Oanee, NPOBeOeHHbIl 8 He ONMUMAAbHLIX YCAOBUAX, UMeEN
OMHOCUMENbHO BbICOKYIO0 HeonpeoeaeHHOCM.



BauameavHvle Ha mo epema @u3uKu NPOUZHOPUPOBAAU 3MOMm
UBHAUAABHO TNOAYUEHHBILl pe3yabmam, nocuumas e20, ecmecimeeHHo,
HeyOedumeavHbimM. (OO0Haxko, eonpexku .a02uKe Hayku, noseau cebds
CMPAaHHbIM 06pa3oM.

A UMEHHO, HeCMOMpPsA HA KOHUENMYAaabHY0 BAMHCHOCMb 01 HAYKU
npooaemvt 3gupa, He O00HCUOAACHL Pe3yabmamos OaabHeuuwux
uccaedogaHull Ha boaee co8epuleHHOll U HYyecmMeUMeabHOll annapamype,
a maxkxe MNOOMEEPHCOEHUA NOAYHEeHHbIX OAHHbIX Om  Opyaux
He3asucumblx 2pynn uccaedosameell, UMU NOCNEUWHO O0blL10 CcOenAaHo
ompuuyameabHoe 3aKAUeHle 0 cyulecmaeosaHuu 3dupda.

Imo O6bL1 pe3yabmam u38ecmHoll 0opvLOLL Pusuueckux npedcmasaeHuUll
0 cmpykmype npocmpaHcmea, Komopdas umend Mecmo 6 mo epems,
8peMs NOABAEHUA MeoPUU OTNHOCUMEAbHOCTU.

C 1906 200a 0o cepedutsvl 1930-x 20008 [5, 6] /I. Muaaep npoodo.axcuna
akcnepumenmst MaitikenabcoHa 68 OOUHOUKY, UCNOAB3YS npu amom Ooaee
yyecmeumeavHbulil uHmepgpepomemp, CKOHCMPYUPOBAHHDBILL emecme c .
Mopau.



E2o0 skcnepumenmbsbl 0aau, 8 0OCHOBHOM, NOAOHCUMEAbHbIU pe3yabmam,
ocobetHo ybedumenvHbvle, NOAYUEHHble HA CPedHUX 8blcomax (8 2opax).

Yuumwvieas amo obcmosimeavbcmeo, axkcnepumenmust /. Muasepa OvLau
noemopeHslt 8 1929 200y cHosa A. A. MaitikeavcoHom, emecme ¢ @. I'. ITucom u
®. ITupcoHom [7].

ITocaedyrowue sxcnepumeHmsl Opya2ux uccaedosameneil, 8 mMmom Hucae
npogedeHHble OMHOCUMEAbHO HedaeHO 8 2001 u 2002 2o0dax FO. M.
I'anaeswvim [8, 9], noOmeepowiu u ymouHuAu pe3yabmamowl, noaydeHHbvle /1.
Munanepom, kacarwuecs 8eAUHUHbl CKOpoOcMuU «3upHo20 eempa» U e20
Hanpae.eHusA.

AHaAUu3upya pe3yabmambsl 8blUeYNOMAHYMbIX IKCNEPUMEHINO0E8 [4-9],
Mbl 0Opamuau HUMAaHUeE HA Mom hakm, umo «3hupHsviil eemep» umeem
Mo Je HanpasaeHue, 4YmMO U 20PU3OHMAABLHAA COCMABAAIOUWAA
HANPAHCEHHOCMU MAZHUMHO20 Noas 3emau. A ocb nomoka agupa
oKa3vleaemcs NPuMepHo nepneHOUKYAPHA NAOCKOCTU IKAUNTNUKLUL.

Huxmo panee He oOpawian eHUMAHUe HA dMY BANCHY 0COOEHHOCMb,
NOCKONbKY, MNO-8UOUMOMY, He MO2 O00nycmumbs MbICAU O C8A3U
2unomemuyuecko20 nNomoxka adupa ¢ MazZHUMHLLM No./1eM, Napamempbsl
KOMopoz20 60.AU3U NOBEPXHOCTNU 3eMAU HAOEHCHO MONHCHO ObLI0 UMEePUMDB U
8 Mo e8pemsi.



Caedya xonuenuusam Boanoeoit Modeau (BM), 8 uacmHocmu,
Kacarwuxca huauuecko2o cmMblcaa napamempos NpoooabHO-NONEPeUHbIX
80/1HOBbIX NOAEU-NPOCMPAHCME, U ONUPAACHL HA OAHHbBLE, NOAYHEeHHble 015
CKOpoCMU U HaNPasAeHU «3PhuUpHo20 sempa», HempyoHo O6bL10 Npuilmu K
A02UUECKOMY  6ble00JY (NpasuabHOMY, KaK NOKA3AAU Pe3yAbnambl
nposedeHHO20 AHAU3A U UCC/1e008aHUll), UMO HabA0aemblll

«ahupHbvlilt 8emep» npedcmas.siem codoil HU YUMo UHoe, KakK
Hanpaes.ieHHoe  OswiceHue (NOMOK)  CYO0IAeKMPOHHBLX
yacmuu, U 4mo amu Hacmuubl 16/1910MC COCMAB8AAIOWUMU
nomoxa, Ha3vleaemoz20 8 PusuxKe MAZHUMHBLM NOAEM.

Taxoil 6vle00 A6UACA ecmecCmEeHHbLIM caedcmeuem koHuenuuili BM,
onuparoweiica Ha akKCuomMy o0 MamepuarbHoO-UudeaAbHOlU CYwHoCcmu
BceaeHHoll, 20e ecmb mMoabko mamepus U, YCA08HO 2080ps, «udes» (uau
«Hemamepus»: 0yx, oywd, MbiCab, pa3ym, CA080, CO3HAHUE, UHPopMmauus,
3aKOHbL, HuCAd, u m. 0.).

Omcioda, 3Haa ckopocmsb nomoka («aupHozo eempa») u
xapakmepucmudeckue napamempst MAZHUMHO20 NOASA, MOX}CHO
onpedeaums KOHUEHMPAUUIO uacmuy 6 CO0Omeemcmsywux noasx-
npocmpaHcmeax, ux NAOMHOCMb.



B uacmuocmu, mbl Mo}#cem OUeHUMb KOHUeHMpauuio cybs,1eKmpoHHbIX
yacmuu kaxk 864u3u 3eMHOU NOoBepxXHOCMu, MaK U 8 MeHc36e30HOM
npocmpaHcmee, 8 uacmHocmu, 8 Hawell 2araxkmuxe, Maeunwiilt ITymb, 20e
HaANPAM¥CEHHOCMb MA2HUMHO20 NOAS U38ecmHa 8 cpedHeM, d makdice
oueHumb KOHUeHmpauuio cy03.1eKMpPOHHBIX yacmuu 8
MeHC2anaKmuueckom npocmpaHcmase.

Ymo u 6bL10 Hamu cOeaaHo.

B cayuae medxczarakmuuecko20 npocmpaHcmea HeonpeoeneHHOCMb
OUEeHKU, 04eBUOHO, HAMHO20 8bllule U3-3d 8blCOKOU Heonpede.reHHocuU 8
nopsoke 3HAUEeHUll MeXc2anraKmuueckKux MAZHUMHbIX HANPAXs@ceéHHocmell,
2py0b0 OUeHEeHHbIX K HACTosAWeMYy 8peMeHL.

B umoee, noaoxcenue Boanoeoii Modeau Jduanexmuueckoil @dusauxu o
eduHou npupode 0s8yx nomokxos (dupa u mazHuUmMHbvLxX noaeit) u
nomoxka uacmuu cybsneKmpoHHO20 YPOBHS, peuwlaem 8 3HAUUMEAbHOI
cmeneHu nNpood.aemMy NPUPOObL COCMABAANUWUX «MEMHOU Mamepuil», Ul
«MEMHO020 8eulecmsa», 80 Bceaennoii.

Heckoabko 108 0 npod.1eme «memMHoOU mamepuu»:



3. O mémnoit mamepuu

H3amepetue napamempoe 8paileHuss CNUPAIbHLIX 2AAAKMUK, MAaKux
kax Mnaeunblli nymsv, U pacuemvl, B6blNOAHEHHble HA OCHOBe JMux
napamempos, NOKa3svlearom, 4imo no MeHwvwel mepe 90% maccwl 110060l
2aaaKkmuxu — u, 803MO0X*CHO, 00 99% maccwul BceaeHHoll — Haxodumcsa 8
dopme mamepuu, KOmMopyw Heab3A yeudemb, a Nomomy eé Haszealu
«MeMHOU mamepueil».

Hmeemces Heckoabko kaHoudamose Ha memHynw mamepurw 8
caslakmuxax.

Cpedu Hux maxk Hasbleaemvle MACCUBHBLIE acmpodgusuvecKue
KoMnakmusle o0sexmuvl 2ano (avea. massive astrophysical compact halo
object, MACHO). K Hum omHocam naaHemol, Mepmeble UAU HepodcOeHHble
38e30bl, UepHble ObIpbl U M. 0., Udayuarouwiue Mma.no dHepa2uu (uau coecem He
usayuaowue).

3HauumenvHoe  KOAUYECMBO  «MeMHOIl  mamepuu»,  Kak
npeonoaazarm acmpoPusuku, moxcem Obimb «CKPLIMO» 6 HellmpuHo,
ecau ux macea Haxodumes 6 duanazone (0.2-1.0)-10"m, ((10-50)eV -c?2)
wau, no kpaiiveil mepe, Goavwe, vem 2-10°m_ (leV -c2).



YbedumenvHble dokasameascmea moz20, 4MO HEeUMPUHO UMem
maccy YKasaHHoll 6bllle 8eAUYUHbl, ObLIU NOoAYHeHbl 8 IKCnepumeHme
SuperKamioKande 8 AnoHuu [10].

Ewé odHum 2unomemuueckum xkaHoudamom HA MeMHYK mamepuro
aeasemcs  cemeiucmeo 001ee  MAMNCENBIX HEUMPAABLHLIX UYacmuu,
NPeoCcKka3aHMbLX Mmaxk Hasvleaembvim cynepcummempuuHsim (SUSY)
pacwuperuem Jdo Cmandapmuoii Modeau. OHu u3eecmHbl KAK CAAOO
ezaumodelicmsyrwiue maccusHvle dacmuusvt uau WIMP (nauboaee
U38eCMHOIL cpedu HUX 61emcs HeUmpaauHo).

Mbvt noaazaem, ymo cyo3AeKMPOHHBIE YACMUUbL, 8 TMOM HUCAe me,
Komopble umerom maccy, PasHyrd macce, OMHeCeHHOU 6 cmamve [2]
domoHam u HeUMpPuHoO, H6A0MCA PeanvbHbiMU KaHoudamamu Ha
MEMHYI0 mMameputro, Umo u ObL10 8bICKA3AHO 8 YKA3AHHOU cmambue.

ITomox cybanekmpoHHbIX uUacMuy, KaK Mbl cCuumaem, nposasasem
ceda IKCnepumMeHmMaabHo 8 e6ude 08Yx OemexKmupyembvblX SAGACHUIL:
MAZHUIMHO20 NOMOKA U MAK HA3bl8AEMO020 «dPUPHO20 sempa».

ITonoxceHue o ux eoduHcmee ecmecmeeHHO a6blmexaem u3 BM kax
caedcmeue eé koHuenuuil, 8 HaCMHOCMuU, 8 OMHOWeEHUU CMPYKMYpPbsbl U
napamempoe 60.1H08blX husuueckux noael-npocmpaHems [11].



IToaHaHue nNPupoodsbl B01HOBLIX PuUHEeKUX NOAEeU-NPOCMPAHCMS
26849emcs NOCMOSHHOU NPUHUUNUAABHOU NPO0.1emMotll 04 Puuku.

B smoil cea3u, npodsuzasch, Ha nymu 000CHOBAHUA BblOBUHYINO20
noaoxceHuss 0 npupode KaHOuUdamos HA pPoOAb <«MEMHOU Mamepuu»,
paccmompum  6oaee  NOOPoOHO, nNpudepxcusasicb CmMpo20il  102U4ecKoll
nocaedo8amenbHOCMuU, OCHOBHble Xapaxkmepucmuueckue napamempol
paccmampueaemo20 HaMmu noas-npocmpavcmsa [3].

Hauném c oueHku naomHocmu u mooyan ynpyzocmu no.eil-
npocmpaHcmae cyb6aneKmpoHHO20 YPOBHS; danee paccmompum
Ko.1ed0amenvHble ckopocmu cyba1eKmMpOHHbIX Hacmuly 8 80./1He.

3amem nepetioém K onpedeaeHUld KUHeMamu4ieckKozo u
JUHaAMUUECKO20 8eKIMOopos, UCNOAb3YeMblX 015 ONUCAHUL NMPOJOABLHBLIX U
nonepeuHblx 80.1HO8bIX noell, u m. 0.

Takum obpasom, npedcmasum Heobxodumble onpedeaeHus u
apa2ymeHmol, PA3BACHUM NOCMENeHHO 2/1d8Hble ACNeKMbl  peweHus
paccmampusaemoil npob.aemol.



4. IlnomHocmbv u modyans ynpyzocmu
npocmpaHcmea cyo34eKmpoHHbIX Yacmuy

ITomox wuacmuy OuckpemHoz20 cnekmpa Mdacc, OMEemcmMeeHHbIX 3d
nepeHoc  oHepauu OM  u3ayueHus, 3aANOAHAEM  KOCMUUECcKOoe
npocmpancmeo u Jdpetipyem 6 Hém. ITaomHocmb OaHHbLIX uacmuuy
obecneuusaem nepeHoOC UMU IHEP2UL 80 8CEM WUPOKOM JuaAna3oHe 4acmom
IM cnexkmpa 80.1H ¢ 6A3UCHOL CKOPOCMbIO, PABHOU CKOpOoCcMu ceaema.

U3 onbima Ml 3Haem, 4mo npu oceewéHHocmu 8 50 aoxkc u A =0.55-10"*cm
yucao homoHoe, nadarnuux Ha no8epxHocmv 8 1 cM? 3a CeKyHOY, pasHo
N=2.-108%cm™2.s! . Takaa ocseweéHHOCMb ONMUMAAbHA 049 YMeHUs,
ymom/eHue 24a3 MUHUMAAbHO. B amom cayuae koHUeHmpauus homoHos

n=N/c=2-10%/3.10° ~660cm (1)
Hpe(')no.aaeaﬂ, ymo 8 KocmMuueCKkomM npocmpancmee Cpeaﬂ.ﬂﬂ
KoHUueHmpauua uacmuy cybsneKmpoHHO20 YPOBHSI NPUMEPHO pPasHA
KOHUeHmpauuu homoHo8, U Yacmuubl YKka3aHHO20 YPOBHA NEePeHOCAIM Ty
Jce camyro aIMep2ur0 SM usayyveHus, UMoO u HOMoMbl, Mo 041

8blUeNPUBeJeHHO20 CAYHUASl Mbl noayuaem 04 4acmuy C No0.1e6oil Maccoul
my, = 68-107 m, (cm. (29) 8 [1]) credyrowyro naomuocmsy

pon =NMy, =660-62-10°? ~4.1.10*°g-cm™> (2)



Jlas wacmuy maccoit m, , =18.7 107°m, (cm. (41) 8 [1]), mbl umeem
P, =NM, , =660-17.03-107 ~11.2-10 g -cm™> (3)

Man./lb ynpyz2ocmu cunomemuvecKux nOAeﬁ-npocmpchme, cocmoawlux
u3 maxKux vacmuu, paeeH, coomeemcmeeHHoO,
Eon=ppnC’ #4.1-107°(3-10'%)* =3.69-107" dyne/ cm” (4)
u
E,,=p,.C°~11.2.10°-(3-10"°)* =1.008-10°dyne / cm® (5)

BoamoocHas HaillveHbuwan JauHa 60./1THbIL nepeaauu 60/1THOB020
803MYyuwieHuUA onpeae./memca B603MOMNCHBLIM Kpamttaiiwwu cpeOHuM
paccmosHuem Meofcay K0/1e6mou;umu051 Hacnmuuamu, Komopuole
paccmampusarOmcAa Kak dacmuubsl udeanvbHo20 2a3a, Haxoaﬂu;uec;z 6
HeENpPEepvLIBHOM XxaomuieCKkom dsudiceHuU.

Mbt noaazaem, umo MUHUMAAbHOE CcpedHee pPACCMOosHUe MeHcoy
CYOINEKMPOHHBIMU HUACTNUUAMU 8 NPOCMPAHCMBEe He MOXCem npesvllams
deoiiHoe 3HaueHue GyHOaMeHMAaAbHO20 80.1H08020 paduyca A, cybamomHoz20

YPOBHSI.
/JlanHoe ycaosue peaausyemes, Hanpumep, 8 MO1eKYAax U KPUCmaniax.



B makom cayuae 0aa odwvema, 3aHumaemoz20 OOHOU uacmuyeilt,
V =(2%,)°® =33.0073978-10 % cm?® (6)

NAOMHOCMb NOAL-NPOCMPAHCMBA UAcCMUU, HANpumep, Maccoil
m, ~136.44-107° m, (cm. (42) 8 [1]), 80 8HewHemM nNpocmpaHcmee Kocmoca

(cm. Taba. 1) pasHa
m, 124.28858678-10"°

——~3.76-10"%g-cm™° (7)
V 33.0073978-10"

Py =

a Moay./lb ynpyz2ocmu maxkoeco noas-npocmpaHcmea oxkdasdsleaemcsa paeeH

E. =p,c®~3.76-10" -(3-10'°)? =3.38-10%dyne/cm?  (8)
Py

A%

IMoayuenHwliit MoOyavy npessbiutaem mooyab ynpyzocmu 6030Yyxda, Ho
MeHbuie, uem Mooys ynpyzocmu 600wt (Taba. 1).



Jlas cpasHeHus c¢ npusedeHHbIMU 8bllle napamempamu, 8 Tadauue 1
npeocmasaeHsvl AHA102UYHble Napamempbl, oueHeHHble 015 eo30yxa (T = 293
K, P =1 amm) u mopckoit 600vt (T = 288 K), ucnoavayemvie 015 onucaHus
pacnpocmpaHeHus 38yka 6 Hux [12]. Temnepamypa sHeuwHe20 KOCMUUECKO20
npocmpaHcmeda, ouesudHo, pasHa memnepamype  KOCMUUECKO20
MUKPOB0AH0B8020 (HhOH0B020 U3AYyueHUs, komopas pasHa 2.7288 K [13-15].

Tabauua 1
IThomHnocmy , p, 6A3UCHAA CKOPOCMDb ,C, U MOOYAab ynpyaocmu ,

0C2, PA3AUUHBIX cpeo.

Parameters air m ph — gas m,, —gas m,, —gas sea water
(for n=660 cm™3) (n=3-10%?cm™3)

o (g/cm?) 1.21-107° 4.1-10%® 112.10%°  3.76-107° 1.02338

c (cm/s) 3.44-10*  3-10%° 3-10%° 3-10%° 1.5-10°

pc? (dyne/cm?): 1.42.10° 3.69.-107" 10.08-10°  3.38-10° 2.3-10%°



5. KoareobameavHan ckopocmuw
CY02.1eKMPOHHBIX HaACNUY 8 B0O.THE

OueHum kKoaedbameavHYO CKOpocms M -uUacmuy, noaaz2as, 4mo OHU
nepeHocam K8aHMbL dHep2uU Wupoko20 IM duana3oHa cnexkmpda 80.1H.

IIpu amom caedyem nOMHUIMb, UMO KOAEOAMEAbHAA U B0AHOBAS CKOPOCMU
- aMo ckopocmu 0suxceHull, HAN0HCEHHble HA HenpepbleHOe BecnopadoHHoe
JdewixceHue u opeiidh vacmuuy, nOOOOHO MOMY, KAK 3MO umeem mMecmo 8 2ase.

Koaebameavno-eoanoegoe deiicmsue h, ., pasnoe deiicmeuro Ilnanxa h,
pasHo m, W, M, ,uC

h=h,, = gv = — m, , LA (9)
Cnedosamenvho, d0ast A =0.555-10""cm eudumozo OJuanasona (3eaenwtit
ceem), coomeemcmseywuwlell  MAKCUMAABLHOU  YYyeécmeumeabHocmu
Yea108euecK020 21a3d, Ko1edameabHas CKOPOCmb m - 4acmuy pasHa
h 6.62606876-10%

=7-10%cm/s (10)

L= =
m, ,A 17.03201074-107%*.0.555-10"*

umo npesvliutaem v ~C/137 u 6AU3K0 K 3HaueHur0 Oa3ucHoll ckopocmu “c”
2 o 1A% -1

cybamomuozo yposHa. Jas A =3-10°cm , omnocaweiica k uacmome v=10"s

me.1esuU3UOHHO020 duana3oHa M 80.H, KoaebameabHaAA CKOPOCMb PABHA

v=1.3-10cm-s™. Jan A=3-10"cm , v=10°s", OQuanaszoma paduoeoan,

KoaebameavHas ckopocmv m-uacmuy paska v=13cm-s™ u m.a.



6. OcHosHble napamempul
60.1H06020 (Pu3uUecKk020 npocmpaHcmaa

B Boawnosoii Moodeau [11] macca ¢usuueckoz2o npocmpaHcmea m
pacemampugaemcs kKak koaudecmseo @u3udecko2o npocmpaHcmaeda

8.10JceHHocmu &,
onpedensiemoe paseHCcmeoMm
m=gV =g, g,V (11)
2de V ecmb 06w€Mm npocmpancmaa.

Baoscennoems €=¢g,g, ecmbv (Opyaumu cn06amu) NAOCTMHOCMDb
-3
npocmpancmaea, 20e & — OMHOCUMeNbHAs NA0MHOCMb, a €, =1(¢-CM
- abconromHas eduHUUA NAOTMHOCMU NPOCMPAHCMad.

INoHamue «eao0ceHHOCMb» 6bimexkaem u3 JlunHamuueckou Moodeau
(IM) saemenmaphuwvix uacmuuy [16].

B coomeemcmeuu c [IM ¢pusuueckoe noae-npocmpaHcmaeo Bceaenhoil
npedcmasasem codoil 6eCKOHeUHbIll psI0 NPOCMPAHCMB, BA0HCEHHbIX OPY2
6 dpyaa.



Zlnsa boaee MoOuHO20 onucaHus 80.1HO8020 du3uvecko20 NpocmpaHcmasda, 8
coomgemcmeuu ¢ BM, caedyem onepuposambv

KuHemamudeCKum 6EKmopomMm-CKoOpocmuvro E
(Ha yposHe ba3ucHo20 npocmpaHcmaa).

Jlas mo2o umobvl noduepkHYymMb €20 HANPABAEHHBIUL Xapaxkmep MOMCHO
ucnoavzosams cumeon E.

-1
PazmepHrocmsb gexkmopa-ckopocmu E CMXxS |

Jlunamuuecxkuit gexkmop D,

CONpPAdCEHMBLL KuHemamuueckomy E-eexmopy, onpedeasemcs caedyrowum
paseHcmeom
D=cE=¢,¢,E (12)
H3 0aHHO20 6blpadceHusl 6UOHO, MmO D-eexmop ecmb 6exmop
NAOIMHOCINU UMNYAbCa GU3ULECKO20 NPOCMPAHCMEd C 610HCEHHOCTILIO &.
Pazmeprocmv D-gexmopa (g-cm-s)-cm™ .

Bexmopa D u E ucnoav3yromcesa 04 ONUCAHUS NPOOOALHBIX 80/1HOBBIX
no.eil.



AHanoz2uuHas napa eexkmopos, B u H, npedcmasasem nonepevwHoe

60/1HOB0¢€ noae:.
H=¢B=¢¢,B (13)

Bexmopa D u E onucsieaiom cdepuueckoe («aaexmpuueckoe»)
80.1HO80€e No.ie 6ba3ucHO20 NPoCMpaHcmMea; 8 mo gpemsa kak aekmopa H u B
onucblearom uuaAuHIpuueckoe («MazHUMHoOe») B60/HOB80E MNO0J/e MOo20 Hce
camoezo 6a3ucHo20 npocmpaHcmaa.

Hapsdy ¢ «<npamoit» 8/10#eHHOCMbI0 E€=€.E, Mbl oOnepupyem makxice
NOHAMUEM «OOPAMMHOU» 8104 CEHHOCTU:

To2da pasenecmea (12) u (13) npuHumarom caedyrowuoi 6uo:
E=pp,D, B = p, 1H (15)

Mbt nocmyaupyem cnpagedausocmsv paseHcmasa &, =1 daa 6a3ucHoz0
npocmpaHcmeda. 9mo cosepuleHHO eCcmecmeeHHO, NOCKOAbKY HA 3MOM YPO8He
6102CEeHHOCMb, NO CYWecmay, OMHOCUMCSA K CaMOMYy npocmpaHemay, m. e.,
umeem Mecmo CaMOBA0HCEHHOCMb 0aAHHO20 NPOCMPAHCMEd.



Takum o0pazom, 8 60AHOBbLIX NOAIX-NPOCMPAHCMBAX UEHMPAABLHOE
noae-npocmMpaHcmeo obmeHa HepaspwbLIBHO O0m €80e20 OMPUUAHUI,
Komopoe npedcmas1semcs nonepeHHsbM N0AeM-NPOCMPAHCMBE0OM 0OMeHA.

lleumpa./lbuoe no.e obmeHa onucblieaemcs 66y.7\/l.51 eexmopamu, E u D;
aAHA/102UUHblE BEKMOPUBL, B u H, onucwsiearom nonepeviHoe noae.

Bexmop B ecmb eéekmop ckopocmu-HaAnpadicéHHocmu, a eekmop H
ecms 6eKMOop MAOMHOCMU UMNYAbCA NONEepevuH020 0OMeHA.

0O6a noas-npocmparcmea (ueHmpaitbHoe U nonepevHoe) obpasyrom
Eodunoe npomusgopevusoe npoooabHO-nonepeuHoe
noAe-NpPoCMpPaHcmaeo co c1edyUUMU 6EKIMOPAMU:
A=E+iB u C=D+iH (16)

B ob6wem cayuae kaxcovtit eexkmop oomeua (E, D, B u H) umeem
npomueopeuussiili. NOMEHUUAAbHO-KUHemuueckuit xapaxkmep (umo
obosnauaemcss cumeoaom “7)  [11, 17]. Ilosmomy, Ooaee MOUMO
paseHcmsa (16) 00xcHbL 6bIMb Npedcmas.ieHsvl 8 caedyruiem sude:

A=E+IiB u C=D+IiH (17)
2de 1 ecmb eQuHUUA OMPUUAHUS UCHMPAABHOZ20 N049 NONEPEUHbIM
no.em.



Taxum obpa3om, Oyxea “i" ykasvieaem Ha nonepeuHsblil xapakmep noas
B u H e6exmopos 8 npomueono.noixHocmsv UeHMpPAAbLHOMY N0
gexmopos E u D .

(13

OoJdHoepemeHHO, byksa “1 “ ykasvleaem HA NOMEHUUANbHBIU Xapakmep
coomeememayouwux 8eKmMopos, KaKk OmpuuaHue KUHeMu1UeCKUx, NOCKOAbKY

E:Ek+iEp, I§=Bk+in u D=¢ge E, H=¢g.2B (18)

r

Ouesuodno, _ _
u
A,=E +iB_, C,=D,+IH, (20)
Kaxcowiit eexkmop obmeHa npuHaoaexcum 006e0UHEHHOMY 6eKmopy
obmeHa ~ :
Y=U+iV (21)
20e VYe(E,BD,H,AC). BHmom eexkmop yodosremeopsiem 60AHOBOMY
YpPAaBHEeHU1I0 X 2
ap -2 g (22)

ot?



~ ey

ITpodoavHo-nonepeurHoe noae obmena A=E+i ecmb o00pa3
nNPoodoabHO-nonepeuHoit cmpykmypst Mupa.

Ha CyoamomMHoOm YypoeHe amo noae Ha3bleaemcs
ANEKMPOMAZHUMHBIM N0./1eM, 8 KOTNOPOM NoO.Ae nonepevuHozo obmeHa
(wru 60aee mouHo, nonepeuHoe NOONno.1e NPOOOAbLHO-NONEPEUHO20
Nn0.11) HA3bIBACMNC «MAZHUMHbBIM NO.AEM», d NPOJ0AbHOE Nodno.ae —
«dACKMPUUECKUM NOACM».

BunapHuvie noAs-npocmpaHcmasda cocmaes.asaom ocHO8Y
npocmpaHcmea BceaeHnHoil.

Cmpoeo c080pAa [11], AECKMPOMaAHUMHOE noae 00XCHO HA3bIBAMBbCA
MoOAbKO OOHUM UMEHeM: UAU «@aeKmpuvecKum» wiu <«mMacHUmHsvim»
npoaonbno-nonepetmbuu no.em.

IMOo oueHb 8AXCHBIIL ACNEeKM 102UHECKOU CeMaHMUKU NO0/sl, KOMOPblil
ceoodumeces K caedyrouwiemy.

C mouxu 3PpEHUA CEMUOHMUKU HA3BAHUE «dACKIMMPOMAZHUIMHOEe» noae
JAUWEeHO emblcna. ByKBCI./leO (GCTIOMHU.M ucmopumio omekpsinmuin noaetl
uux HCl36(lHllﬁ) OHO Oo3Ha4daem <«AHMAaApHoO-mMazuvecxkoe» noJe.

I'pybo 2080ps, 9MO «KAUMKA» UAU NCEBOOHUM.



Caedyem 6030epicusamvbCcs om mnceeooHUMA, NOCKOAbKY 3MO
UBHAUAABHO NOpPoMHcoaem oOwUOOUHbIe KOHUenuuu U HANpasaeHus
uccaedosaHuil.

bonee moceo, Ha OoCHO@g8e nceeaonwua, nosHaHue npupoabt
KIACKMPOMASHUMHBLX A6ACHUI» CMAHOBUIMCA HEB03MONICHBIM.

HHmeHcusHOCMb  «3AeKMPOMAZHUMHO20» NO0A caedyem Onucbl8amb
geKkmopom ckopocmu obmeHa E (gexkmopom «HanpsacéHHocmu»)
caedyroulell 102uueckoll cCmpyKmypul:

E=E, +E, (23)
20e E, ecmb 6eKkmop MPOO0OABHOZ20 <«3AEKMPUHECKO20» NOONoaf, a
E. ecmb sexmop nonepeunozo «anexmpuxecko20» noonoas.

B pasHoll cmeneHUu — «2AeKMPOMAZHUMHOE» NoAe  Modcem
Ha3vieamvest  NPOJOALHO-NONEPEUHbIM  «MAZHUMHBLIM»  NOAeM  C
coomgemcmayowumMu e8exmopamu B, npodoavHozo0 u B, nonepeunozo
MAZHUMHBILX Nodnoaell:

B=B,+B. (24)



BunapHuvte noas-npocmpaxcmaea asaawomes dremeHmapHsLIMU
36EHbLAMU 6 Uenu 63aduMHO OMmpuuUarwWUxX npPodoabHO-NONEPEUHbIX
npocmpaHcmas-noaeil, Komopule oopa3yiom MHO20MEPHYI0
NPOCMPAHCMBEHHY0  CMPYKMypy Mamepuu-npocmpaHcmed-epemeHu
Bceaennoii.

Ilonns nonepeuHo20 obMeHa  264AW0MCA, 6  OCHOBHOM, NOASAMU
yuauHopuueckoit cmpykmypvl. Haauvue noas uuwauHdpuueckoil
CMpPYKmMypsl Yykasvléaem Ha O0B8UCEHUEe 8 Nnoe Mamepuu-npocmpaHcmea-
8peMeH.

dusukxu sicHo “eudam’ u uccaedyrom npodoavHyo («daekmpuueckyro») u
nonepeuHyo («MazHUMHY)O») cocmasasouwue npooo1bHO-NONePeHHo20 NoAS
0bMeHa CYyoamomMHO20 MUKPOYPOBHA, NOCKO1bKY OHU 8038bILULAIOMCA HAO
AMUM NoAeM, HAXO00ACHL 8 N1aOOPAIMOPHBIX YCAOBUAX «CB8EPXY» I1MO020 NOAS.

/lelicmeumenvHo, 80.1HOB0U paduyc amomHo20 U cybamomHo20 YyposHell
pasen X, =1.60x10"° cm

B mo e e8pema Mbl Haxooumcsi ~SHYMPU  KOCMUUECKOZ20
(epasumayuorHo2o) NPoOoAbLHO-NONEpeUHo20 noast. Boanoeoit paduyc
2pasumauyuoHHO20 60/1H0B8020 NOAA PABEH xg 27»9 [ 2t =327.36 Mkm .



OuesudHo, pasmepwvt awdell HeconocMAsUMblL C OAUHOU 60.aHbL
2pasumayuoHno20 noaa A, (ommocames, NpumepHo, kKax 1:10%2).

EcmecmeenHo, Haxo0achL 6HYMpu 2u2aHmMCKoll 2pasumauuoHHOl 80AHbBL,
Adu He sudam 3my 604HY U BO0CNPUHUMAIOM 2PASUMAUUOHHOE Noae
Kak cmauyuoHapHoe (owywan e2o uepe3 npumsadiceHue, HAnpas/ieHHoe K
ueHmpy 3emau).

Iloosmomy, coepemeHHan du3uxka @Gaxkmuuecku paccemampuasaem
MoO/AbKO NMPOOOABLHYI CMOPOHY 3MO020 NOAA, HEe 3HAA 0 e20 NPOOOAbLHO-
nonepevuHoM xapakmepe, 68 KOMOPOM nonepevuHdan cocmasaiouiasn
npedcmasaeHd 60 AHOBbLIMU 000.10UKAMU 2pasumauuoiHoz2o noas CoaHua u
e20 naaHem [18].

B maxoil cumyauuu, x020a «KOMNACKCbL OWYweHUlLl» He nomo2arom,
Heobxo0umo oopamumsca K pasymy u ouaarexkmuke. Toabko oHu npusedym
uccnedogamenss Kk NOHUMAHUIO MO20 axkma, 4mo 2pasumayuoHHoe no.e
maxdce A645emc  NPOOOABLHO-NONEPEUHbIM N0AeM, AHAA02UUHbIM
npo0oabHO-nonepeHHomy («3AeKMpPOMAZHUIMHOMY») NOA CYOAMOMHO20
YPOBHA.



7. Pasmeprnocmu H u B eéekmopoe

Caedyrwwue mpu cucmemst eduHuu 6ObLu 868edeHblL 8 @usuxke 00
NoABAEHUA MEHCOYHAPOOHOIL cucmembvl euHuy gusuueckux seauvur, CH:

1. CI'C, 0asa onucaHusi He3AeKMmMpPOMAaAZHUMHbBIX $6/1eHUll;
2. CI'C3, 045 onucaHus «dAeKmpuueckoz20» (Npo0o/1bHO20) NOONO0AR;
3. CI'CM, Oas onucaHus «MazHuUmHoz2o0» (nonepevdioz2o) noonoAas.

CI'C cucmema ObLra enepeble npumeHeHad 0A8 ONUCAHUS MEXAHUUECKUX
ae.aeHuil. PacwupeHa 3amem u 012 ONUCAHUS MENn108blx udmepeHuil (nymém
dobasieHUs Kaaopuu - onpedeaéHHOU KaKk eduHuua aHep2uu, Heobxooumoil
Jaa HazpesaHusn 1 2pamma 8o0bl Ha 1 epadyc Lleavcus).

B Hacmosuwee 8pemss ama cucmema, HadsaHHas IT'ayccoeoit (uau
cumMMempuuHoOil) cucmemoul eduHuu, Moxcem Ha3bl8AMbCA
UUPKYAAUUOHHOU cUCMEeMOll, NOMOMY 4MoO OHA O0wBeduHsem 8 eduHoe
uenoe CGSE u CGSM cucmembl uepe3 UUPKYAAUUOHHOE YpasHeHue

oomena [2]: 1dg 1

= —
cdt c (25)



B ypasHeHuu oomena (25)
I'=21H =2nrg,,B (26)

ecms UUpKYyaauusa eéexmopa naomHocmu umnyavca H (13) uiu auneiltHoll
naomHocmu  MaHeeHyuaabHo2o  (nonepeuHo20) nomoka cxKopocmu-
HaNpPsaIcEHHOCMU B (15), xomopvle oba  s8aarOMCA nNaApamempamu
nonepevuHoz20 («MazZHUMHO20») NOONOAA.

Hcemopuuecku, uupkyasuus ' paccmampusanacsb kaxk mokx 6 MAaz2HUmHou
cucmeme edunuy I, . dnexmpuueckuit mox I ecmv napamemp NPoOOOABLHO20
noonoas.

llupny./muun evlpwixcaem 3AKOH NO/THOZ20 MOoOKa 6 makxk Ha3vleaemoll

I'aycoeoii cucmeme eduHuu: 1
gS(Hdl)zgl (27)

Ha ocnoeanuu ypasHenusn (25) MOXCHO 88ecmu noHAMUEe UUPKYAAUUOHHBLU

3apao:
q, =Eq=j1“dt (28)
C



Cnedyrowee coomMouweHue ObL10 HatideHo Hamu Mmexncoy
Ppenomenono2uueckumu A, u 006exmueHbLMu A napamempamu (nocaednue
NOAYUEHHBL 8 pPamkKax paccmampusaemozo 3decb noodxodda, m. e., 8 pPaAMKax

meopuit BM [11, 19]):
A, = (Jane, ) A (29)

-3
2de k ecmv yenoe uucno, €, =19-cm ° — abecomomHan eduHUYA NAOMHOCINU.

B uacmnocmu, oomeHHblil 3apad q u KyaoHosckuil (heHomeHoao2uueckuil)
3apa0 q,;, €8A3aHbLMexNc0Yy cobol credyowem obpasom,

q=/4ne, -q,, (30)

Kunemamuueckue gekmopsvl ckopocmu, E u B (napamempst BM), a makxice
coomsemcmasyrouwiue um ¢peHoMmeHo102uUecKue 8EKMOPbL, «8exmop
HANPANCEHHOCMU IAeKMPUUECKO20 NOAA» Eu «MAZHUMHOU UHOYKUYUU»
B, , c8513aHbL c1edyowumu COOMHOWEeHUAMU.

P
E=E, /\4ng, u B=B,, //4ng, (31)

B OdanHom paccmompeHuu Hac uHmepecyem pasmepHoOCcms napamempa
nonepeyuHozo («Ma2HUMHOZ20») noas — eexkmopa B.



B coomegemcmseuu c onpedeneHuem, npusedeHHOM 6bllle 8 pas3dene 6,
B-eexmop npedcmasasem coboil aekmop ckopocmu obMeHa 8 nonepexnom
(«mMazHUMHOM») noae; e2o o0BEeKMUeHaAa paszmepHocmsb ecmb CMXS

B cospementoil ¢pusuxe sexmop B ussecmen kak eexmop uHOYKUUU
MazHUmMHoz20 noas: usmepsiemes 8 CIC e 2cayccax (Ic), e CH - 8 mecaax
(Tn).

Hanomuro, 6 abcoaromusbix eduHuuax (g, cm, S) pasmepHocmbsv
coomsemcmeyoue2o fenHomeHoao2uueckoz20 sekmopa By, , Hazvieaemozo 6
Pusuke 86eKMOPOM «MAZHUMHOU UHOYKUUU», 8bipaxceHHas 6 2ayccax (Ic),
adbcypoHa, maxk Kaxk umeem OPOOMBLIE nNokKazameau cmeneHu npu
abcomommMblx eduHuuyax (cm. coomHouwieHue (31)) :

dim(7'c) = dim(B,,,) = dim(f4ne, -B) =g 2 -em 25 (32)
O6ﬁekmu6}laﬂ mepa MaHUIMmMHoOZ20 2aycca pasHa (6 coomeemcmeuu c

(31) 17
e =P _ 982094791810 e -5~ (33)

\ / 4re,

deHoMmeHo02uUHeCcKan Mepa MAZHUMHO20 mecaa pasHa 104 zaycc (8
coomseemcmsuu ¢ onpede.neHuem, NPuUHAMbIM 8 Pusuxe),

1Ta,, =1-10°Ic,, (34)



CaedosamenvHo, caedyrouwas odosekmueHan mecaa Tn coomeememayem
denomenoro2uueckoit mecae Tn,, :

10*

\ /47580

Obpamumca menepsb Kk nonepeuHomy («MaszHUmMHoOMy») nNoarw 3emau, d
UMEHHO, K e20 20pU30HMAaAbHOUl cocmasaswwell B, (Ha3vieaemoil 8
Pusuke HANPAHCEHHOCMBIO MAZHUMHO20 noasn H; ), usmepsiemoil 6 CI'C 8
apcmedax, 3:

1Tn=1-10"T¢,, = =2.820947918-10° cm-s™  (35)

19=1g%-0m_%-s_l
PaszmepHocmu apcmeda u 2aycca 8 CI'C odunaxoewt (cm. (32)) .

JKcnepumeHManvHvle 0aHHble NOKA3bLBAIOM, YMO CYMOUHbLe sapuauuu
B, (8 200ax HU3KOU MASHUMHOU AKMUBHOCMU U CNOKOUHBbIX OHAX 0151 CpedHUX
wupom) aedxdcam 8 WUpoKoM duana3oHe 3HaueHull [12, cmp. 997]:

B, =(0.7-4)-10"5 (36)

Bo3bmém 015 ouenku snavenue B, =2.5-10" 3 . Eé o6sexmuenasn mepa
(yuumwieasn (33) uumo 6 CI'C 13 =1I'c) ecmb

B, =25-10°2=25-10"-2.820947918-10 " ~7-10° cm -5~ (37)



B CI'C cucmeme umeem Mecmo PaéeHCMeE0 UUCACHHbIX 3HaueHUuil u
adcomomuvix pasmepHocmeil eouHuy H u B gexmopos, 1 2acca u 1
apcmeoa.

B coomeemcmeuu ¢ npusedeHHbIM 8bllie onpedeeHuem, NpuHamvim 8 BM,
coomHoweHue mexcdy H u B eexkmopamu 8vlpaxcaemcs pageHCmsom

(13), H=¢¢,B
3

20e abcomomuasn eduHuya naomuocmu €, =1¢-CM ; a omHocumenvHas
naomuoems &, =1 (Oaa 6asucnozo npocmpancmsa).

O0beKmuBHOll Mepe 20pU3OHMAABLHOU cocmasaswoweit By, (37)
coomeemcmeyem c1edyrowas NAOMHOCMb umnyasca H; 2eomasHumHoz0

noasa: H, =¢,B, =7 .10°g-cm?-s™! (38)

MazHumHuslit MmomeHm u eduHuuHoz2o0 odséma noaa (V=1 cm3) c
NA0OMHOCMbBI0 uMnNYyasea (38) umeem caedyrowyro 8eAUHUHY:

n=HV=710°g-cm-s*~1.97.10°J-T"* (39)



8. BviuucaeHue nnnomHocmu
no.Aei-npocmpaHcmae cYyo631eKmpoHHbIX Hacmuuy

(60.1u3u nosepxHocMu 3emau U 8 MeHC38€30HOM NpocmpaHcmae)

Hmax, cozaacHo woHuenuuii BM uuauHdpuueckoe 80.1HO80e
(«mazHummMoe») noae 2649emcs NOMOKOM CY0I1eKMPOHHBLLX Hacmuuy.

IIpu amom, 8 coomeemcmeuu c¢ npuHamsiMm 8 BM onpedeneHuem,
JuHamuueckuil H-eexmop, onucvisarowuil (Hapsady ¢ kuHemamuueckum B-
8eKMOPOM) «MaAZHUMHOE» noae, npedcmasasem coboll NAOMHOCTML
umMnyasca 3mozo noas. INooamomy,

Cnpaeed.uso caedyiowee pageHcmaeo:

H = pv (40)
2de p ecmb NAOMHOCMb NOAA-NPOCMPAHCMEA Hacmuy cyb31eKmpoHHO20
yposHa Bcenenmnoil, pasHas no onpedeneHuiro macee ecex cyba.,1eKmpOHHbIX
Hacmuu s eauuuue O6’6€M(l Imoeco npocmpaHcemed,; a v - CKOpocmbsb ux
YnopsaooueHHo20 08UNCeHUA 8 HANPAB.AeHUlU, onpedeasiemom sekmopom H.

B maxom cayuae, 3Haa ckopocms NOMoOKa Imux yacmuu, v, a makdice
3HaQueHUue MNAOMHOCMU UMNYAbLCA IMO20 NoAA, M. e., 8eAUHUHY
JunHamuuecko2o eekmopa H, ypaseHenue (40) nossoasem oueHumwv
NAOMHOCMb P NPOCMPAHCMBA CYOINEKMPOHHBLIX HaAcmuul.



IdkcnepumeHmsbl NO onpedeaeHuro napamempose 3@dupHoz20 eempa,
nposederHHvle 00 1929 2. [7], nokasaau, 4Mo MAKCUMAABLHAA CKOPOCMb
aupHozo0 eempa, 3apesucmpuposaHHas Ha evicome 1830 m (obcepsamopus
Maynum-Buavcon, Ilacadena), npumepHo pasHa 6-10°cm-s™ .

Hanpaeaenue 3s¢gupHo2o0 e8empa, KAK Mbl BblACHUAU, AHAAUSUPYSA
pe3yabmamusl 0aHHbIX IKCNEePUMEHMOo8, Noumu coenadaem ¢ HanpasaeHuem
20PU3OHMAABHOU cocmasaswell MazHUMmHo20 noas 3emau, H,,.

JKcnepumeHmsvl, NOBMOPEHHbBbIE NOo3JHce, MAakxk3Hce NoomeepHcoarom 3mom
8b1800.

B uacmnocmu, uccaedosanus FO. M. I'anaesa, nposedeHHble 8 Xapvkose [8,
9/, noxasaau, umMo 20PU3OHMAABHAA COCMABASANWASL CKOpOocMu v
ahupHoz20 eempa Ha evicome 42 M Hao yposHem mMopsi docmuaaem 3HaueHUs
v=1.414-10°cm-s™'. Ha svicome 4,75 m cpedHsas ckopocms okono 4.35-10* cm-s™,
a Ha evbicome 1,6 M — 2.05-10°cm-s*.

Mbvt nonazaem, umo ckopocmu mnNOMOK08 (3ape2ucmpupo8aHHblX Kak
MAZHUMHbBIE NOAA) MAKO20 JHe Ccamo2o0 Nopadka 3HaveHuil Mmoaym
cywecmeosams u 60.Au3u noeepxHocmeit opyaux nodobHbvlx 006eKIMo8 80
Bceaennot.



Brauane eo3bmem 0as pacuemos O0HO U3 MUHUMAAbLHBLIX 3HAYEeHUl
cnopocmeii, npeacmaeﬂennbtx ebvlue, Hanpumep, CKopocCmb HA eblcome

475 M [9]: v=435-10"cm-s ! (41)
Coomeemcmayowasn danHoil cxopocmu MAKCUMAABHAA

mAoOMmMHoOCMmM»v vacmuu ceomMaZHUIMmMHoOZ20 npocmpaHcmea pasHa

p=H/v~16-10"g-cm™ (42)

ede H=H, =7-10°g-cm?-s™ (38).

Maccvl cy0aaeKkmpPoOHHBIX YaCMUY, KOMOPble MOXCHO PACCMAmMpueamns
Kak Haildbo.nee 6epoamHbIX 2/4308HbIX COCMABAANOWUX MASHUIMHBLX
NOMOKO08, OUeHEeHbl HaAMU paHee; UM ObL10 nocsauleHo npedvioyulee caaiio-
npedcmasaevue [1].

BvL1o0 nokaszano, umo Hailboaee epoamHbLIMU MAKUMU Hacmuuyamu
Mo2au 6bl Obimb 08e, U3 MHOXMcecmaa opyaux, umerouiue c1edyroujiue MAacebl:

m=68-10"m, ~6.19-10 ¥ g (43)
m, =136.44-10°m, ~1.243-10* g (44)

ede m, =9.109382531-10*°* g — macca aaexmpona.



Ecau 803bMéM nepsyio u3 Hux, umerowyio maccy m~6.19-10%qg (43),
moada coomeemcmsyruldsl MAaAKCUMAALHAA KOHUEHMpPauus maxkux
wacmuu, 0suxcywuxca co ckopocmuvio v =4.35-10"cm-s™* (41) 6 nomoxe
60.AU3U nogepxHocMU 3emau, pasHa

n=p/m=258-10°cm™ (45)
JIna m uacmuuy, maccoi m,~1.243-10%g , umeem
n,=p/m, =1.29-10®cm™ (46)

Cropocmub-HaNpadsceHHOCMb  Mmedic3ee30Ho20 (interstellar, “is”)
MazHUmMHoz20 noas B;, (Mnaeunozo ITymu) npumepHo 8 10° pa3 meHmvuue
CKOPOCTMU-HANDAXCEHHOCMU MAZHUMHO20 noas J3emau [20] (pasHoil
0,65 D Ha MAZHUMHOM No.arce U 0,35 J Ha MazHUMHoM Ikeamope [12]), a
UMEHHO, UuMeem NPUMEPHO CAedYIowWY10 8eAUHUHY:

B, =0.5-10°5 (47)
Ez20 o6sexmusenasn mepa, 8 coomsemcmeauu ¢ (33), pasHa

B, =0.5-10°-2.820947918-10* ~1.41-10 " cm-s™*  (48)



ILnomnocms umnyavca H, u MmazHUmMHbUL MOMeEeHM eJuHUYbl
005éMa MeHC38E30H020 MASHUMHO20 NOAA [, UMENM, COO0MBemcmaeeHHO,
caedyrowjue 3HaUeHus:

H,=p,0=141.10"g-cm?-s™,
w.=HV =p oV =141-10"g-cm-s* =398-10J.T* (49)

IIpeonoaazas 68 nep8om npubaudceHuu, HYMO 8 MeHC36E30HOM
npocmpaHcmee MUHUMAABHAA CKOPOCMb MACHUMHbLIX NOMOKO8 pasHa
npueedeHHOll 8blUle CKOPOCMU, U3MepeHHoll 049 3JadupHoz20 eempa
Ha ewbicome 4,75M HaAl yposHem mopa [9], m.e., npu ycaosuu, 4mo
v=435-10"cm-s , Mmbl npuxodum, coomeemcmeeHHO, K CAedyowemy

3HaA4YeHUw MAKCUMAABHOU NAOMHOCMU MeHC38E30HO020 noasn-
npocmpaHcmaea cyb634eKmpoHHbIX YHaCmMuu:
H, ] )
Pr=—2~324-10%g-cm’’ (50)
L

Muvt  npednonazaem, wmo 6 KOCMUMECKUX  MAZHUMHbLIX  NOAAX
domuHupyrom keanmot maccot M, =136.44-10°m, .

11 .1
Kax 6wu10 nokasano 8 [2], wvacmoma smux keanmos <v >=1.23-10"5s
coomsememayem MUuAAUMEempoeomy ouana3oHy u 6ausxka k¥ cpeoHemy
3HAUEHUI0 YacCMom 3ACKMPOMAZHUMHOZ20 cnexmpa.



BaxcHo ommemumsb npu 3mom, ¥mo OaHHAsL 4acmomdad NPUHAao.Aedcum
Juana3oHy uacmom KOCMUYECKO20 MUKPOBOAHOB020 (HOHOBO20
usayueHun [14].

Ecau amu yacmuuwst 26/1210MCA OCHOBHbBIMU KOMNOHEHMAMU MAZHUIMHBLX
no.aeﬁ, moeaa UxX MaKkCumMaabvHAA KOHUeHmpauus 6 MacHUmMHoOmM no.ne ( npu
YKA3AHHBLX YCr0o8UAX ) pasHa

NP _ 3.24.10*
Y 'm, 136.44-10°.9.11-107%

A%

=2.6-10%cm™ (51)

MakcumanvbHO  B803MOXCHLIL MOOYAbL Yynpy20cmu  maxux-noaeil-

npocmpaHcme paseH npuMepHo
E, = p.C° ~2.9-10° dyne-cm™ (52)

Taxum obpasom, mbl npuwLAU K napamempam npocmpaHemea (Taba. 2),
Komopble uMernm mom Jyce NOPAJOK GeAUUUH, YIMO U NOAYUEHHbLE HA
OCHOB8e UHO020 noodxoda (npedcmasaeHvl eviwe 8 Taba. 1). Imo uUOHO u3
CpasHeHUsl 0AHHbBLX, NPUBCOCHHBLIX 8 08YX CpedHux ko.aoHkax Tabauuwt 2.

IIpakmuueckoe cosnadeHue pe3y.1bmamos, NOAYHEHHbLX NPUHUUNUAAbHO
PaA3HbLIMU NYymMaMu, HA Komopslx basuposaaucy pacuémwvt 8 [2] u [3],
ceudemenbcmeyem 8 NOAb3Y cnpasedausocmu  KoHuenuuit  BM,
UCNIONB3YEMbIX 04 PeuleHUsl paccMampusaemoil npob.aemol.



Tabauuya 2

ITnomroemv (p) u modyav ynpyzocmu (pc?) 60.1HO06020
npocmpaHcmaea, cocmoswe2o u3 mpuacmuy (2-1 u 3-1 KOAOHKU), 8
CpasHeHUU ¢ COomgeemcmaynwumMu napamempamu 049 6030Yyxa U MOpPcKoil
800bl (1-1 U 4-5 K0A0HKU); c (cM/cex) — Oa3uUCHAA 80AHOBASL CKOPOCMDb.

Parameters air m, — space sea water
(n=2.6-10%; 3-10%cm™[2])

p (g-cm™): 1.21-10°° 3.24-107% 3.76-107" 1.02338
c (cm-s™): 3.44-10* 3-10" 3-10" 1.5-10°
pc’® (dyne-cm™): 1.42-10° 2.9-10° 3.38-10° 2.3-10%

2-9 KOAOHKa codepixcum OdaHHbLEe, PACCHUMAaHHble 049 CKoOpocmu
nomoxa wacmuy v=4.35-10"cm-s™ u «HanpadxcénHocmMu» MazHUMHOZ20
[X) </ —6
noasn ( mexczeé3zoHoz20) npumepHo pasHoil B, =0.5-107 3 .

B 3-1i xonroHke npusederbl daHHble [2] (048 cpasHeHus), paccuumaHHbsle
UHbIM nymeém (kax 049 uacmuy udeaabHo20 2a3d); Npedcmas.ieHbl paHee 8
Taoa. 1 (4-s xonroHka).



INapamempwvt cpedvl (MAZHUMHO20 NOAS-NPOCMPAHCMBA), cocmosuietl
u3 m-uacmuy, paccuumaHHsvle Npu Ycaosuu, Mo CKOPOCMb MAZHUMHO20
nomoxa Ha NOpPaAdokK evblule U pasHa okoao 6-10°cm-s* (makosa cxopocmob
ahupHozo eempa, 3ape2ucmpuposaHHas Ha evicome 1830 M HAO YposHem

mops [7]), caedyrowue:
p=235-10"%¢g-cm™
n, =1.9-10**cm™® (53)
E, = pc® =2.1-10°dyne-cm™

Taxkum 06pa30M, OCHOBHYM pPO/1b 68 Oonucvl8aAeémMom HamMu nooxoade uepaem
CKOpPOCMb MAZHUMHBILX NOMOKOE, nNpuHAaAman ona pacqémoe.

IIpusederHnble 8blue OUEHKU ObLIU B8bINOAHEHBL NPU YCA08UU MUHUMAABHBLIX
cropocmeil, xapakmepHslxX 011 NOMOK08, 3ape2ucmpupo8aHHbIX KaK dPUpHbLil
gemep npakmuvecku Yy nogepxHocmu 3emiu, 8 CpedHUX WUPOMAx.

JxcnepumeHmnwl, npogederHvle 8 [5-9], nokasviearom, umo aup umeem
8a3KOCMb U cKopocmb 3@PupHo20 6empa yYeeaudusdaemcs C pocmom
8blcombl Ha0 nosepxHocmvio 3emau (Hao yposHem Mmopsi).



ITo-sudumomy, cpedHue ckopocmu ma2HuUmMHslx nomokxos 8 Kocmoce
npessLIULam CcKopocmu, XxapakmepHble 01 NOMOKO08 Y mnosepxHocmu
3emau, e3amule 0132 NpusedeHHbLX 8blille OUCHOK.

Hpeanwloofcww, Ymo 6 MeMHC36e30HOM npocmpaHcecmee CKOpocCcmbs
MAZHUMHBIX NOMOKO6 npu6/1u3fcaemCﬂ K CKOpocmu ceema uiu pasHa
maicoeoﬁ, m.e., v =C,; Mo 6no/tHe B03MONMCHO.

B amom cayuae coomseemcmeywas MUHUMAABHAA TNAOMHOCTL
MedHc36e30H020 NOAS-NPOCMPAHCMBA, COCMOAWE20 U3 M ~dacmuy npu moil

srce camott nanpsrcénnocmu B =0.5-10° D (47), 6ydem umemdv caedyiowee

FHATEHe: p.=H,/lc=47-10"g.cm™ (54)

Konuenmpauua u molyabv ynpyzocmu noaAs-npocmMpaHcmeda makxotl
naomuaocmu, cocmoswe2o u3 m,-uacmuy, 6yoym pasHwvl, COOMBEeMmcmeeHHoO,

SHAMEHUAM n, =3.78-10* cm™® (55)

E, = p,c* =4.23-10° dyne-cm? (56)

Beauuuna moodyan (56) npumepHo 8 1000 pa3 mMeHbuwie Mooyas ynpyzocmu
603dyxa, pastozo 1.42-10°dyne-cm™ (cm. Taba. 2).



_9. Ilnomnocmov medxczarakmuueckux
no.ei-npocmpaHcmas cyo34eKmpoHHbLX Hacmuy

Hmak, eaxcHeinuell npood.aemoil KOeMOA02UU A6.15eMCA:
ITpobaema ckpwuimoit maccewt 60 Beeaennoii.

Muvt sudum He 6oree uem 5-10% om eceil mamepuu, KOmopas ecmov
8 Kocmoce. OcmaavHoe — MAUHCMBEHHAS «MeMHas mamepus» (uau
«MEéMHOoe e8euwecmeo»), Haauvue KoOmopoil caedyem u3 ocobeHHocmell
2pasumauuUoHHbIX JswiceHUll 2arakmuk. Mbl npocmo He 3HaeM, CKOAbKO
mam amoil mEémMHOU mamepul.

MHozo HeonpedeaeHHocmeil c813aHO CO CpeoHell NAOMHOCMbIO
BceaeHMoOLll.

B modeau pacwupsroweiica BceaenHHoll 68edeHO noHamMue max
Hasvleaemoll «Kpumuueckoiu mnaomHocmu» BceaenHoil. IlocaedHan 6
delicmeumenbHOCMU HE «PACCHUMBIBACITNCA» 8 HOPMAALHOM CMblIC1e 3MO020
cno8a.

daxmuuecku nossasemcs kak napavemp 8 ypasHeHuu Ppuomana.
Aeasemces hyHkuueil mozo, kKak ovicmpo pacuupsemeca Beceaennas.



3axoH Xab06.aa nokasvleaem, Hmo CKOPOCMb «PaA3de2aHUs» 2a1aKmuk
U NPONOPUYUOHANBHA PACCMOAHUIO T 00 HUX,

v=H,r (57)
Hcxods u3 amoeo, «kpumuueckas nAoOmHOCmMb» p 0KA3bleaemcs pasHoll
p=3H?/81G=5-10"g-cm™ (58)

20e nocmoannaa Xa66aa H,=(1.587-1.62)-10"s™ | a zpasumauuonnas
nocmosmmas G=6.6742(10)-10°cm?®.g™*-s™

B Hacmosawee epema Haubosee u3secmHbvble 3HAUEHUA KOHCMAHMbBL
Xao661a H, u epasumayuonHoll konemaumost G 0arom 043 «Kpumuueckou
-29 -3
naomaocmu» 3HaueHue oxoano p=1-107"g-cm™ .

ITocaedHue usmepeHUs <«KPACHLIX CMeuweHUll» U OUYEHOUHbLE pPACUeémbl
nokaswvlearom, Mo naAoMmHocmMmb Hauweiul BceaenHoil, xax noaazarom,
daxmuuecku oueHb OAUIKA K MAK HA3bIBAGMOU  «KPUMUUECKOI»
naomHocmau.

300 NASA (Wilkinson Microwave Anisotropy Probe — WMAP, NASA
Explorer Mission), uamepsaswiuili memnepamypy KOCMuUUecKko20 oHO08020
usayueHus) onpedeaun, umo BceaeHHas naockan, u 4mo cpeoHAasn
naomHocms aHepa2uu 80 Bceceaennoill pasHa kpumuueckoit naomHocmu (8
npedeaax 2% owubxu).



dma naomHocmbv IHEp2UU IKEUBANEHMHO NMAOMHOCMU MACCHL
-30 -3
9.9-100™ g-cm™ |, ymo coomsemcmeyem 5,9 npomoHam (uau NpumMepHo

10 o
8-10™ cybasexmponnbix m ,-~uacmuu) na memp xybuueckuil.

Cnedyem ommemumbs, umo cyuwiecmeyrom 00801bHO OOOCHOBAHHUBLE
COMHEHUA 8 3HAUEeHUSX UYKA3AHHbLIX 6blllle BeAUHMUH <«KpUumuudeckoul
NA0MHOCINU», NOCKOAbKY OHU NOAYYEHbl 8 pe3y.1bimme 0AUHHOU Uenu OUeHOK.

Kpome mozo, 2unomesa pacwupsiwoweiicas  BceaenHoll  secbma
npomugopeuusa U CHUMAEMCca MHO2UMU COMHUIMEAbHOIL.

/lelicmeumenvHo, npupoda KpacHoz20 cMeuwleHUs, 9K00bl CeA3aHHAA, 6
OCHOBHOM, C paszbezavuem 2aaaxKmuk, 00 CUX NOP CMABUMCS NO0 COMHEHUE
(cm., Hanpuwmep, [21]).

Becbma comHumeavHa u npupoda  MUKpPOB0.HOB8020 (PHOHOB020
UBAYUEHUA, DACCMAMPUBACMO20 2UNOMEMUUYECKU KAK <«PeauxKmosoe» —
ocmamouHoe nocae muguueckoz2o boavuwozo B3pwisa [22], noaoxcusuezo
aKoObL Hauano poxcOeHuro Bceaewmoil [11, 14, 23].



Hmax, eecbma npasdonodobHo, umo memHas mamepust BceaeHHoll,
npupooda komopoil 00 cux nop Heu3leeCcnHA U 8A2eMcs 8 Hacmosawee 8pems
601bWol NPod.AeMOll acmpodu3uKku, 8 CYwecmseHHOl uacmu ckpsima 6
HEBUOUMDBIX  CYOINEKMPOHHBLIX  UACMUUAX C  YKA3AHHbIMU  8bllle
napamempamu. Idmu uacMuusvl, No-sudUMOMY, U COCMABAAIIIM OCHO8Y
MedHc38e30HbIX  noaell-npocmpaHcms  2aaakmuk U, daaee  8WUpPY,
MedHc2anakmuueckux noael-npocmpaHcms.

OueHum menepsb 3HAUEHUS napamemposg p U n 041

MENHCCANAKMUUECCKO20 MAZHUMHOZ20 NOoAA- npocmpaHcmaea.

K coxcaaeruro, HanpsanceéHHOCMb MeEHC2AAAKMUUECKUX MAZHUMHbBIX
noaeiu (MI'MII) 0o cux nop He onpedeaeHa [24)].

Boavwuncmaeo Mmemooos8 oueHusarwm 3HA4eHUe HANPAHCEHHOCMU
JaHHblx noaell 8 Juana3oHe om 107'° Jdo 102° Ic [25-28].

B uwacmmnocmu, «JduHamo-meopuu» (Mo0eab —«2aArAKMUHUECKO20
OuUHAMO» ), NPUBOOAM K MAKUMU He HUSKUM 3HAYeHUsIM, Kak 102°Ic [29, 30].

B Hacmosiuwee epems meopemuueckue pacuemsl NEPEUMHBIX MASHUMHbIX
no.iell NoKas3svl8arm, YMmo 3mMu nNo.aA Mo2ym o6bims nopadka 1072° I'c uau daixce
CIMoAb HU3KUMU, kax 1029 1c [31].



OuesuodHo, UMo HeonNPeoeaeHHOCMb 8 3HAUCHUSX HANPAMHCEHHOcMell
MTI'MII svi3blieaem HeonpeodeaeHHOCMb 8 PAcuumbleaemMol NAOMHOcCmu
npocmpancmeaea MI'MII.

Cpedu 3uaueHull, npusedeHHblx 8 pabomax [24-31], Mbl 603bMméMm 01
OUeHKU cKopocmb-HanpaxcéHHocmv MI'MII nopsioka 102°1c .

oma eeauuuHa 6o.see npeanouume./lbua, NOCKO/1bKYy OHA Haxooumcs
noimu nocepeaune Me.’)fCay 6EePXHUM u HWICHUM npeae/la.nw
uanpn:»céuuocmeii, YKA3AHHBIX 8 Tlpll6€a€HHblx éblie CCbliKax.

O6sexmusHan mepa 0aHHoll seauvumsvt MI'MII , coenacHo (33), pasHa

B, =10/ /4ne, ~2.82-10* cm-s™ (59)
IThomuocms umnyavca 0aHHO20 NOAS
H, =€,8B, =2.82:10" g-cm”-s™ (60)

CnaedosamenvHo, niomuocms MI'MII , npu v=c u &=1, bydem pasHa
caedyrouiemy 3HaHeHUro:

Py =H,/c=094.10%g-cm™ (61)



Mpvl nonazaem, umo cpedu Wupoko2o cnekmpa dacmuy cyb3neKmpoHHO20
yposHa uacmuybl maccoit mM=68-10"m, u m, =136.44-10"m,
ueparom OJoMuUuHUpYrOwyr poab 8 MIMII.

HanomuHar, macca amux uacmuy kpamHa yHoamMeHMarvbHoil mepe
(6 eduHuuax wmaccol 2aeKMpoHa) 8 uUemeepmb U NOAOBUHY
pyHdlamenmanrbHo20 nepuoda A=2rxlge=2.7288 [32,33],
CO0MBEMmMCMmMeEeHHO.

Konuenmpayua wacmuy maccoii. M=68-107"m, ¢ MIMII, umerowezo
naomnocems  p;, =0.94-107 g-cm™  (61), doawcna Gvimb pasna

n=p,/m=151cm> (62)

o -9
B MI'MII, cocmoswezo u3z wacmuy maccoit m, =136.44-10"m, , ux
KOHUeHmpauus 2 3
n,=p,/m,=7.6-10"cm (63)
CyosaekmpoHHble Hyacmuubl npedcmasasiom coboil 02poOMHbBIUL MUp
yacmuu yposHs Bceaenuoil, komopbwlil aexcum Hudice aaekmpoHHoz20. OHu
yuacmeyrm 8 nepexooHbvIX nNpoueccax smecme C 3AeKmpoHaMuU.

Idmu uacmuubl 00pas3yrom nonepeuHoe (MazHuUmMHoe) noae B0OKpPY2
Jdewicywiuxcs 31eKMmpoHO8 u, cnedosamenvHo, ux MOXMCHO
paccmampueams Kaxk CNYMHUKU 3/1eKMPOHOS.



CoomeemcmeeHHO, UX CKOPOCMb UMeem MOM JYce NOPA0oOK, umo u
CKOpOCMb 3AeKMPOHO08. MakcumManbHas CKOPOCmMb 3/1eKmpoHa 8 amome
6odopoda pasHa Bopoeckoil ckopocmu v,.

Omnowernue smoil opbumanvHoll (konrebamenvHoil) ckopocmu U, K
0a3ucHoiul cxopocmu “c” pacnpocmpaneHus eo3myweHuil (8 sude
C8eMOoBbLLX, 3/1eKMPOMASHUIMHBIX, 80.1H) NPU 3/1EKMPOHHLIX Nepexooax 8

amome 6000poda, Ha3bieaemcs 8 @Gu3uke NOCMOAHHOU MOHKOU
cmpykmypust anvda, a [34], u paeHo npumepHo 1/137.

Yuumwvieasn smom ¢paxm, mvl MoxcemM NPUHAMB 0151 OUEHKU 8CAUUUHY
cCKOpocmu nomoxos cybaneKMpOHHbIX uacmuy (MAZHUMMHBbLX NOMOKO08) 8
paseHcmee H = pv (40) pasmuoil boposckoil, v=v,:

v, = aC =2.187691263-10°cm-s™* ~2.19-10°cm-s™*  (64)

20e o =7.297352568-10°. B makom cayuae ece 6vrurenpueedeHHble
napamempswt (paccuumanHsvle 041 v=c) 6yoym u3mMeHeHwvl 8 « pdas.

IIpusedennble 6bvlule pacuemHsvle napamempst 045 20PU3OHMANBLHOU
cocmas.aaouweil MazHuUmMmHo20 noas 3emAau Ha evicome 4,35 M HAO YyposHem
MOpS, @ Makxice 049 MeHC38E30HbIX U MEHC2ANAKMUUECKUX MASHUMHbBIX
noaeti-npocmpaHcms (npu 08Yx CKOPOCMAX MAZHUMHbBIX NOMOK08, U=C U
v=ac), cocmoawux u3 m -vacmuy, coopaHHvle emecme nNpPeodcmasneHbl 8
Tabauue 3.



Tabauua 3

Pacuemuvle naomuocems (p) u koHueumpauua (n,) m,uacmuuy 8

MASHUIMHOM noJe

60au3u noeepxHocmu 3emau (1-1 KoaoOHKA), 8

MedHC38E30HbIX (2-2 U 3-2 KOAOHKU) U Medccaaaxkmuueckux (4-2 u 5-2
KOAOHKU) MazHumuwvix noasx. B, , By u B;,, — nanpsajicénnocmu
COOMEeMCcmeyowWux mazHumubsLx noaeil; m, =136.44-10"°m,

B, (Eg.37) B, (Eq.47)
25100 0.5-10°2
v (cm-s7)  4.35-10° 2.19-10°  3.10%
p (g-cm™®) 3.24.107° 6.4-10"° 4.7-107°
n, (cm™) 2.6-10% 5.15-10® 3.78-10"

3.10%
0.94.10™%
7.6-10°

2.19-10°
1.29.107%
1.04-10°

Takxum obpazom, Mbl 6uOUM, UMO pacuemusvle naomuocmu MIMII
eapvupyromea om 1.29-10°° do 0.94-10°'g-cm™ , m. e., npumepHo 0K0A0
«kpumuueckoit naommocmu» Bcenennoii, pasmnoir 5-10°° g-cm™ (58),
noayveHHou u3 ypasHeHua PpudmaHa HaA 0CHOBE NOCMOAHHOU Xaboaa

H, u epasumauuonHoit nocmosHHoil G.



10. 3ax.noueHue

Hccnedosanus odsudceHus 38630 6 Hawell Ianrakmuxe npusgenu
acmpodus3uxkos K 6bleody, 4mo 00AbUWAA UACMb Bewecmed 8 2anaxKmuxe
HesuduMma.

Oowan macca xkaxcooll 2arakmuku, sxkawuas Hawy, 6o1ee uem 8 10 pas
0oavule, yem macca, KOMopas C8A3aAMHA CO 368e30aMul, 2A30M U NbLALIO 8 HUX, M.
e., C NPuBbIUHOU PHopMOll Mamepuu - e ECNME0M, COCMOAUUM U3 HEUMPOHOE
U NPOMOHOB (KOMOPbIX PU3UKU OTNHECAU K 2pYynne MAXCENbIX OapUOHO8).

Taxum 06paszom, N0 KOCBEHHbIM NPUSHAKAM NO8e0eHUS acmpo@duudecKux
006eKmos u Nno co30as8aembiM UMU Z2PASUMAUUOHHbIM dfdekmam coenaH
8b1600 O CYWEeCMBo8aAHUU MEMHOU mamepuu — 2unomemuueckoil @opmbl
mamepuu, xomopas He ucnyckaem 34eKmMpPOoMASHUMHO20 U3AYUEHU U
Hanpamyo He e3aumodelicmasyem ¢ HUM, 4mo deaaem eé€ npsimoe Hab.arodeHue
npaxkmuyuecku Hego3ModxicHbiM. Tax umo 8o BceaeHHoll ecmb WIMoO-Mo, 4mo Mbl
He MoJicem sudemb.

Ap2ymeHmoe 8 nNoAb3y CyuwecmeaeosaHus meéMHol mamepulu HAKONUA0CH
ysoce docmamouHo MHO20, 0COOeHHO 3a nocaedHue decamuaemusi 8 853U C
8NeHamMALOUWUM NPoO2Peccom 8 Hab.A10dameAbHOU ACMPOHOMULL.

Ap2ymeHmamu 264A810MC makxce OaHHble husuveckux napamempos
801HOBbIX NOACU-NPOCMPAHCINE, 8bimexkarwiue u3 Boanoeoit Modeau.



K 603Mo0)cHbIM kKaHOudamam HA poab HeOAPUOHHOU MEMHOl
(Hesudumoil) mamepuu acmpodusuxku omuecau, cpedu Opyaux, u HeUmpuHo.
Pazdeasns daHHoe npedno.odceHue, Mbl NOKA3aAU 8 paccmampusaemvlx HamMu
pabomax [2, 3] e2o0 peaabHOCMb HA KOHKPEMHbIX NPUMEPAX.

baazodapss docmueHymozo 8 pamkax BM [11] noHumaHua npupoodst
Pdusuueckux npo00AbLHO-NONEPEeUHbLX 80AHOBbIX NoAel (K KOMOpPbIM OMmHocumcs u
«3AEKMPOMAZHUMHOE» N0./1e), NPodaemMa «HeOaApPUOHHOU mamepuu» (eé
cocmasasowux-yacmuy) noAyuuaa, kKaxk nNoKas3aHo 30ecb, CB0OE .02uvecKoe
pa3peweHue.

/JlocmamouHo ap2ymeHmuposaHHo, MNOAA2Al0, NOKA3AHA aA0eK8aAMHOCTb
NoA0JMCeHUA, 8blmexkarnue2o Kaxk caedcmeue xoHuenuuit BM [2, 3], coeaacHo
KOMoOpoMYy MAZHUMHBIIU NOMOK, «dPUPHLILL éemep» a Mmakxkx#e NOoMmok
CY021eKMPOHHBLIX yYacmuy no cymu npedcmasasiom coboil 0OHO U Mo Jce
aenenue.

Caedyem ewé pa3 noduepkHymsv 6 3moil €8a3uU, YUMo 0e3 UCNOAb30BAHUA
00BeKMuUBHbIX pa3mepHocmeilt napamempos (onpedeaéuHvix 6 BM)
MazHumHozo noas (eexkmopoe H u B), eblpayxceHHbIX 8 adCOMOMHbBLX
eduHuUUax mamepuu, npocmpaHcmaea u epemeHu (g, cm, s; ¢ UeA0HUCACHHbIMU
cmeneHamu) [35], 66110 6bl HE803MONCHBIM NPUIMU K YKA3AHHBbIM PEULeHUAM.



JluHamuueckuilt napamemp mazHumHoz2o0 noast 6 BM — H-sexmop.
Du3uueckuil cMbLCA I1MO20 8eKMOPd — NMAOMHOCTMb UMNYALCA NOAS-
npocmpaHcmeda nonepeuHo20 oOMeHd, m.e., UMNYAbC eduHUUbL 006eéma
JaHHO20 NoAs.

U3 danHozo onpedeaerHun H-eexkmopa caedyem, umo mMmazHUmMHoe no.e
npedcmas.isiem coboill NOMOK Hacmuy, UMenwuUx Maccy m, 0sudcywuiics 6
npocmpaHcmee co CKOpoOCmMuvio .

E20 pazmepHrocmus onpedessiemces, COOmeemcimeeHHo, Pa3mMepHoCmamu
eduUHUY Maccvul m, ckopocmu v u ooeéma V:

mi-jo

1=

MazHummnbsie noas cyuwecmaeyom 60 6cém npocmpancmaee Beeaennoil.
Amo sHauum, wmo, NPU3HABAA PEANbHOLU NPUPOOY MASHUIMHOZ20 NOAs, d
c1e008aMeAbHO U €20 pasmepHocmb, caedyowue u3 BM, no snauenuam

napamempoé MA2HUMHbIX Noaell 8 KOCMUUEeCKOM nNpocmpaHcmee, Mbl
MoxceM onpedenams KOHUeHMpauuro cyba1eKmpoHHbIX Hacmuu 8 HEM.

=(g-cm-s')-cm™

Yno u ObLAO HAMU NPOOEMOHCMPUPOBAHO 6 O0AHHOM CAQllo-
npedcmasaeHuu 049 PAaA3AUUHbIX nojaell-npocmpaHcms (0K0.103eMHO020,
MEINHC3BE30HO020 U MEeHC2aNaKmuuecKozo).



PaccuumaHHible HAMU  MAOMHOCNMU  MEHC2AAaKMUHecKkoz20
MA2HUMHO20 N0/ 8APBUPYIOIMCA  NPUMEPHO OKOAO0 <«KPUIMUHecKoill
naomHocmu» BceanenHol, noayueHHou u3 ypasHeHus Ppudmana Ha
ocHoge nocmoaHHoil Xabbaa H, u spasumayuoHHoit nocmostHoll G.

AHanozom H-eexmopa BM seasemcs 8 cogpemeHHol Ppu3uke aeKmop
«MazHuUmMHoOU uHoyxyuu» B. Hzmepsemcs e CIC 8 2ayccax (Ic), 8 CU -
6 mecaax (Th).

Takaa pasmepHocmb abcypoHaA, maxk Kak umeem OpPOOHbBLE
nokazameau cmeneHu 68 abcoaomublx — eduHuuax mamepuu (Q),
npocmparcmaea (cm) u epemeru (s):

[B]=g2-cm 2.5

ITosmomy, coepemeHHan @usuxka He 3Haem UCMUHHOU NPUPOObL
MA2HUMHO20 noaa (kKak, kcmamu, U 31eKmpuueckoz20), a NOmomy He @8
cocmoaHuu, 68 nNpuHuune, NPASUABLHO pewums  npobdbaemy
«HEOaPUOHHOU» «MEMHOU mamepuu».

3ameuanue. Bnepsvie o pusauueckom cmvicae eexkmopoe B u H, a
maxie E u D (c nosuuyuii duasexmuueckoul ¢usuxu, e¢ BM), cmano
uzeecmHo ¢ 1996 200a — 200a nYydaAukauuu 2-20 MomMa KHu2u
“Alternative Picture of the World” [36].




Hmax:

H3 npedcmaeneHHozo mamepuana caedyem, umo Hauboaee
geposAMHbIMU  KaHdudamamu-dacmuuamu 04  «HeOapuoOHHOIL»
cocmasafwulell MeMHOlUl Mmamepuu S6AAMce  CYodaneKMmPOHHbLE
yacmuusl, umerwuwiue maccy 8 npedeaax om

m=68-10"m, 0do m, 6 =136.44-10"m,

JlaHHble yacmuybl 3anoaHA0M npocmparcmao Bceaennoil Hapady c
dpyaumu obsvexmamu U HACMUUAMU, U UMEHHO UX HANPA8.1eHHOoe
deuxcerue (nomoxu) 8 npocmpaHcmse npedcmasasem coboil no cywecmay
no.e, Komopoe Ml Ha3bl8aem MAZHUMHBIM.

Idmo e noae 8 e8ude 3a2adodHo20 «IPupHO20 eempa»
pe2ucmpupyemes 3KCnepumMeHmanbHo 86.Au3u nosepxHocmu 3emau.

ITockonvky mMmazHuUmMHoe noae, «3IPuUpHBLIL 6emep» U NOMOK
CYO02NeKMPOHHBIX HaACMUY — CYymb OOHO U MO JHce, MO MOdcem
00HOBPEMEHHO HA3bl8AMb PACCHUMAHHblE TLIOMHOCMU, NPedCMAas.1eHHble 8
Tab. 3, naiomHocmamu adgupa.
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