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BBenenue

B konne 1920x rogos Ilosab Jdupak mpejickasasi cylniecTBOBaHIEe aHTUYIACTHII—

YaCTUll, IPOTUBOIIOJIOZKHBIX 11D Y U 3JIEKTPOHY 110 3JIEKTPUYECKOMY 3apsAjly U
N UM e ? e ARKCYpoThO

Japyrum xapakrepucrukam.B 1932, 1955 rogax GHIM OTKPBITHI IO3UTPOH U AH-
R tihihie siaishiosin ca e Mkt

TUIIPOTOH, cooTBeTcTBeHHO. Ceityac 0OHApPYKEHbI COTHU aHTUYACTHIL, U KarKJasd
HAITP @ Mo KCAL LRETU KL
COIVIACHO COBPEMEHHBIM TeopeTuve-

3apdAzK€HHad 9aCTulla UMEET CBOIO aHTUYIaCTHUILY. 9‘0 gM-A

AHnTHMaTEpUIO CTAIN MOJAPOOHO U3ydaTh, 1

7

9e
CKMM MPeJCTaBIEHUSIM, OHA paS,ZLeHHeTCﬂjHa TPpU KaTErOpUU IO MTPOUCXOZKJIEHUIO:

1. IlepBuunas aHTI/IMaTepI/IH"&)XpaHI/IJIaCb C MOMEHTa 3apOXKJICHUA ECGHGHHOP’I 10}
ceifyac, 110 IPEJIIIOJIOKEHNI0, MOXKET CYIIEeCTBOBATh B BHU/JIE HIAPOBLIX CKOILJIEHUI
AHTU3BE3]] WM B BUJle aHTUTAJIAKTHUK. \‘_1

2. Bropuunas aHTI/IMaTepI/IHe;Ka’K’BGSyJIbTaT CTOJIKHOBEHUS $IJIEPHOI KOMITOHEH-
Thl TAJJAKTUYECKIX KOCMHYECKUX JIyUell ¢ MEXK3BE3JIHbIM I'a30M UJIN 000JIOUKOI

CBEPXHOBOH [l é 0%&, b WDy ,mgg;;,x
0 1

3. AHTI/IMaTepI/IH T 9K30TUYECKNX NCTOYHUKOB ape A NeEpBIHHSIX YeD-
A ’Wl?m\() . )

HBIX JAbIp WJIN pacliaJ/aHHUTWJIAIINA 9aCTUIl CKPBITOM MaCChI.
) ) ne 0nd CRAA, G 00Leih U] rec
Ocobbrit mHTEpEC I JaHHOH paboThI MPEJCTAB/ISIET NePBUYHASI aHTUMAaTEepPUs,

P

%!

?

CoeT Ol ks e

TaK Kak UMEHHO OHa 110 TPEJIIoJIoKeHno B pabore 1] coxpanuiach B Haleii Ta-
JIJAKTUKE B BHUJIE IIAPOBOr0 CKOIJICHUS aHTU3BE3/I.
b /\o\Sofvaﬁo HauL O UM szmp_?
[IepBuuHast aHTUMATEPUST
Bapuonnas acummerpus BceslenHoit - HabsojiaemMoe 1mpeobJiajlaHue B BUIMMOI

yactu Bcenennoit BeIllEeCTBa Hall aHTHUBCIICCTBOM. ObbacHenune ITPONCXOZKICHU A

Oapuonnoit accumerpun BceesleHHOI SBJIsIeTC OJIHOM U3 KJIIOUEBBIX MPOOJIEM CO-

) AoTboko Mty
BPEMEHHOI1 @HSHKM.\E_IEpByIO o4yepe/ib B u/B (busnKe 31eMeHTaPHbIX

qaCTI/ILL(._j VO X MMJ (?

B crarbe 1967 roga [2] A. 1. Caxapos chopMyinpoBal HeOOXO[MMbIE YCIOBUST
Oapuorenesuca:
1. AcuMMeTpust MeXKJIy MEPOM 1 aHTUMHUPOM KaK HapyIieHne 3apsi1oBoit C- 1 KoMm-
ounnposanHoit CP-cummeTpun.
2.Hapymienne 3akona coxpaHnenusi 6aprOHHOTO 3aPsijIa. « 1\

3.Hapymenue na pannux stamnax doopmupoBanus BeesleHHOM TepMOINHAMIICCKO-

—_—
e

I'o paBHOBECHSI.



wuo?

Ha pannux crajmsx mporiecchbl (PU3UKN BBICOKUX SHEPruii MOTYT HPUBOJIUTH K

,,\pl,t(‘}n V\,O
95 N HEXOPaHEHNIO0 ODAPHOHHOIO 3apsija. B TaknxX HepaBHOBECH gx Hpoueccax OTJINYIE
e

179 TAWet C P olunu 4 é
CBOWCTB 4YaCTUIl 1 aHTUYaCTHII IPUBOJUT K 6apI/IOCI/IH €3y.

MMM(_
OKcIepUMeHTaJIbHBIC JaHHbIe TIOKa3bIBAIOT, YTO T o C-, P- , P- I/.B O'{‘ileﬂb—

HOCTH HapPYIIEHLI. B JaCTHOCTHU, €CJIN JaCTHUuIla HGCTa6I/IﬂbHa " MO2KET pacCllaJaTb-

nhareu w Gl ?
csl B pasHble KOHEYHbIE COCTOSHUSA, TO _f{iciﬂ_ﬁ{)m.lsepOHTHOCTM CKOPOCTH paciia-
JIOB B JIAHHOE KOHKPETHOE COCTOSTHUE JIJisl YACTUIIBI U B AHAJIOTUIHOE (3apsiI0BO-
COTIPSIZKEHHOE) JIJIsT AHTUIACTUIIBI OKA3BIBAIOTCST HECKOJIBKO PA3THIHBIMI. DTO S1B-
Jerne HasbiBaeTcd napyienueM C- u CP- cummerpun. Paziundune B BEpogTHOCTSX
O4YeHb MaJIO, HO MMEHHO OHO ODeCHedrBAeT MPEMMYIIECTBEHHOE CYIeCTBOBAHIE
TACTHI BEIECTBa B HareM mupe.|2§|
C japyroii ctoporbl B paborax [3-6| mokazaHo, 9TO MPAKTHIECKH BCE CYIIECTBY-
IoIT1Ie MeXaHu3Mbl 6APUOCUHTE3a MOT'YT MPUBOJIUTEL K (DOPMUPOBAHUIO JIOMEHOB C
M30BITKOM aHTUMATEPUN, U 3TO OTPayKaeT,BO3MOYKHO, CUJIBHYIO HEOTHOPOIHOCTD
Oapuorenesuca. Pasmep JOMEHOB 3aBUCHT OT jieTaJjieil COOTBETCTBYIONINX MeXa-
HU3MOB M MOYKET ObITh KaK MaJIbIM, TaK U JIOCTUTAIONIUM COBPEMEHHOTO TOPU30H-
TA.
Makpockonuieckasi 06/1acTb aHTUMATEPUH ¢ U30OBITKOM OAPMOHOB IPU TOI
JKe TeMIiepaType U IJIOTHOCTH 9BOJIIONNOHUPYET TaK K€ KaK 1 OObIUIHAsT MaTepust
MaKpPOCKOIIMYECKHUX Pa3sMepoB.|4|DKciiepuMeHThl Ha yCKOPUTEJIAX, TJ1e CHHTE3UPY-
I0T aHTUBE eCTBO TOKaSEIBAIOT, ITO CBOMCTBa YaCTHI| U AHTUIACTHUI, C MODA3ZU-_
5;_3 wax Il TLFo C}?}g QUi CO CLhhha MU
COBII

TeJIbHOIT TOUHOCTE JIAIOT, ecJii IpuHeOpedb MaJjIbiM 3P MEKTOM HapyIIeHHsI
e

CP-uernocrn.

B usommpoBaHHOM TPOCTPAHCTBE B X0OJIe KOCMOJIOIMYECKOI IBOJIIONNN HE MO-

e
(at IKeT chopMUpPOBATHCS aCTPOHOMUYECKNT 00BHEKT MEHBINE, YeM IapoBOe CKOTLIe-
(3

u
%@Q 6 WW"]? HUE, 9TO ToKa3aHo B pabore |7] .@pn MEHBIINX pasMepax aHTHBEIIEeCTBO eIle 0

§ QSI‘ dopmupoBanns ['ajgakKTUKI HPOAHHUTIINPOBAJIO OBI C BemeCTBcE: @_@@Oﬁ
j JIOMEH He cMOzKeT "BBRKHUTH' U MPOAHHUTMJINPYET ¢ OKpy2Kalolieil ero 6aprnoHHoii
MaTepH@ Takum 0OpazoM, HAITpUMED, MIAPOBbIE CKOIJICHUST aHTU3BE3]l MOTJIN ObI
obpa3oBaThcs B 11epuo/] (popMupoBaHus ['alaKTHKI 1 COXPAHUTHCS B €e raJio K Ha-

crositieMy Bpemenu|7]. DddeKToM MPUCyTCTBUS MIAPOBOTO CKOILIEHHST AHTH3BE3]T

MOZKET OBITh peructparus sijep anturenns|l,8,9], K npumepy, B 3KCIepUMEHTAX

Ha, OKOJIO3EMHBIX y@/mﬁx@ax PAMELA u AMS-02.

4
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DKCIIepUMEHTAJIbHbIE PEe3yJbTaThl 00 OTKPBLITUN aHTUYACTHIL

Baxkubim MOMEHTOM HPOBEPKH TEOPHIl ABJACTCA CONOCTABIICHIE PACICTOB C
9KCIEPUMEHTAILHBIME JaHHBIMI. B 9TOM pasiee paccMaTpuBaroTCs 9KCIIEpUMEH-
tel PAMELA 1 AMS-02, B KOTOpPBIX IIPOBOINTCS IONCK aHTHBEIECTBA OT IIOTOKOB
rajakTHIECKNX KOCMUYIECKUX JIydeil. L UL]M hogured  ux fﬁgm “alad
PAMELA
PAMELA 0ObL1 SaHyHL(?I; 15 mong 2006 roja m cTaJr IEePBHIM CIIYTHUKOBBIM 9KC-
[IEPIMEHTOM, HOCBﬁ.&e’ﬂHblM O0DHAPYZKEHNIO KOCMUYECKIX JIydeil, ¢ 0&06511\/1 aK-

e~y 26%% A
16 ropuy.
[Tpubop mocrpoen Ha,CrieKTpoOMeTpe € MOCTOSTHHBIMEI MArHUTAMU U KPEMHUIEBBIM

une §prM  TPewolm geieer opors
T , KOTOpBIil obecrieunBaeT MH(MOPMAIIIO O YKECTKO-

CTH JacTull. BHU3Y HaX0UTCsl KPEMHIEBO-BOJIR(DPAMOBBIil KaJIOpUMeTP, HeATPOH-
a

%
IIEHTOM Ha IOWCK aHTUBEIIEeCTBa. JKCIEPUMEHT ObLI HperameHé
0BT HPERPALIS

’
HBII JETEKTOP U CHUHTUJLJIATOP C JIMBHEBLIM XBOCTOM JIJIA PaCIIO3HaBaHWA OTHO-
AT N —

IeHuns %. CJ1ou IIaCTUKOBBIX CIMHTHULISTOPOB UCHIOJb3YIOTCS JJIsI U3Mepe-

Hus ckopoctu u 3apsiaa dactuilbl. PAMELA nmeer BbICOKYIO 1YBCTBUTEILHOCTD
ornomenug @ifle — 10=7  Lpurr 90 | Corn  comy QKCAV.fWM&T 7
€

H
ek A

DHeprusi aHTUIIPOTOHOBNI3Mepsiiach B puanazehe 60-750 MsB. Kocmuaeckne

JIVIU CTAJKUBAIOTCA C aTOMaMIk B BEpXHUX ¢A0sX aTMocdepbl, co3/aBas anTHu-
HEHTPOHBI, KOTOPBIE, B CBOIO OYepEXb, pagiia aloTcs ¢ 00pa30BaHueM aHTHUIIPOTO-

HoB. OHu ObLIN OOHApY2KeHbI B dacTp<iosica Ban Asurena, Ommkaiimeit Kk 3emire.

[Toryuennnie anusie PAMELA

e, YeM MOYKNO OBbLIO ObI OyKHJATh B OTCYTCTBHE

OKa3bIRalOT, 9YTO aHHUTWJIAINNOHHDLIE COOBITHSI

IIPOUCXOAUJIN B ThICAYY pPa3

aHTuBelIeCcTBa. ,ZL&HHI)IG, JepzKalne JOKa3aTEAbCTBa HaJUYMWAd aHTHBCEIIECTBaA,

ObLIM cobpanbl B epudt ¢ uiossa 2006 roja 1o jiexa 2008 roza. [10,11]
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AMS-02 7
AMS sBisieTcst mepBbIM OOJIBIIMM CIEKTPOMETPOM HPOBOALAIINM SKCIEPUMEHTDI

— e ————— —
Ha 0KoJ103eMHOIT oponTe. B-AAMS-02 ncnonh3yored yeToiauphie-K-paiHatitii CBEPX-

OxkcnepuMenT Hadasica B 2011 romy m mpojioszKaeTces B HacTosmee Bpemsi. Peru-
CTpUpPYeTCd KaK BEIEeCTBO TaK M AHTHUBEIIECTBO B IIMPOKOM JIMAIIA30HE MacC U
SHepruit. /leTeKTopHbIit MO/Ty/Tb COCTOUT U3 CEPUN JETEKTOPOB, KOTOPbIE UCIOJb-

3YIOTCA IJid OIIpEACJICHNA Pa3/IMYHbIX XapPaKTCPUCTUK HU3JIYHCHNA WU YaCTUILL IIPU

UX TTPOXOYKIEHUN.
HHEX-eBepxyBHI3. JacTUIlbl, KOTOPBIE BXOJAT B JIETEKTOP MO/ JIIOOBIMU JAPYTUMU
yIJIaMU, OTKJIOHSIOTCs. e 7 j“ UO

JleTeKTOp TEPexXoHOr0 M3JIyUeHUs U3MepsieT CKOPOCTH YacTHIl ¢ HanOOJIbIIei
sHeprueil. Bepxuee BpeMs cueTunKa MoJjeTa, HAPSAY ¢ MEHBITUM BpeMeHeM CUeT-
YuKa I0JIeTa, M3MepseT CKOPOCTH YacTHUll ¢ 0oJjiee HUBKOW sHeprueil. 3Be3THbIil
TPEKep OlpeJieisieT OPUEHTAIINI0 MOy B TpocTpaHcTBe. KpeMHueBwIil Tpekep
n3MepsieT KOOPIMHATHI 3apsyKEeHHBIX YaCTUIl B MarHuTHOM 11oJie. MMeer 4 peseps-
HBIX Hacoca OXJaxKJarormeil KugakocT [[ocToAHHbIII MaruuT n3MeHnseT MyTh 3a-
PS2KEHHBIX YaCTHIl, YTOOBI UX MOXKHO OBbLIO WACHTH(MUIIPOBaTH. CUYeTInK aH-
TUCOBIaJIeHNl 0TOpachIBaeT CayJaliHble YacTHUIIbI, MONaIaIoNme Yepe3 OOKOBBIE
creHKr; KosiblieBas BU3yan3alus YepeHKOBCKOI0 JIETEKTOpa U3MepsieT CKOPOCTh
OBICTPBIX YACTHIL C IIPEJICTbHOI TOTYHOCTHIO; DJIEKTPOMArHUTHBIN KaJIOPUMETP 13-

MepAdeT IIOJIHYIO 9HEPIruio YaCTHUII.

AMS upejcrasuiia B anpese 2015 roga ganabie 0 300 MUIINOHAX ITPOTOHHBIX
coObITHIT 1 ToToKe resiusd.B nexkadbpe 2016 rojia on 0OHAPYKIT HECKOJILKO CUTHA-

JIOB, COOTBETCTBYIOIIUX AdpaM aHTUI'C€JINA CPEAN HECKOJIbKNX MWJIJINapdOB AIEpP

rejins.|12,13] U %9? @4«{,@(7 L



IITapoBbie cKomIeHUsI B raJjo rajJakTUKN

[[TapoBoe ckoiieHne - 3170 cdepuyiecKkasi COBOKYIIHOCTb 3Be3]I, KOTOpasl Bpa-

aeTcst BOKPYT sijipa rajakTuku. [IlapoBble CKOIICHIST OYeHb TECHO CBI3aHbI 110/1
JIeficTBHEM TPaBUTAINN, UTO IpHUIaeT UM chepudeckyio hopMy U OTHOCUTETHLHO
BBICOKYIO TJIOTHOCTH 3B€3J1 110 HAIIPpABJICHUIO K UX IeHTpam. Hazpanue 31oit Ka-
TEropum 3BE3/IHBIX CKOILJIEHNI MTPOUCXOIUT OT JaTuHCKoro globulus - nebosbImoi
cepor.
[ITapoBbie CKOILIEHUST HAXOJIATCS B Tajo TAJaKTHKH U COJEP:KAT 3HATUTETHHO
OoJIbIlIe 3BE3J] U HAMHOT'O CTapllie, YeM MeHee ILJIOTHbIEe OTKPBIThIE CKOILJICHUSI,
KOTOpbIE HAXOJSITC B JMCKe rajiakTuku. IlapoBble CKOILJICHUSI JTOBOJIbHO pac-
npoctpanenbl, B Muteanom I[lytn B Hactosimee Bpems m3BecTHO oT_1H0-—#A61H8
IMAPOBBLIX CKOILJICHMIT. [ l ocono [5S
Habsoiernst 3a mapoBbIMI CKOILJIEHUSIMU [TOKA3bIBAIOT, UTO STU 3BE3/IHbIE 00-
pa3oBaHusl BOBHUKAIOT IJIABHLIM 00pa3oM B 00J1acTsX 3(PpMOEKTUBHOIO 3B€311000-
s pas’oBaHMdA U IJIe MEXK3Be3/[Has cpejia MMeeT 00Jiee BBICOKYIO IJIOTHOCTH, YeM B
 TT— T ~  — —
(PRI HW@% B nacrosmee BpeMst HII OJIHO U3 13-
BECTHBIX IIAPOBBIX CKOILJIEHUI He ITOKa3bIBAeT aKTHBHOI'O 3BE3/1000pa30BaHNsT,0HI
+ cBOOOJIHBI OT r'a3a U MbLIU, U [PEJIIoIaracTcs, 4To BeCh ra3 U IbLIb JIABHO OBLIN
OO TIpeBpaIeHbl B 3Be3/Ibl, JTUOO BBIIY/INCH U3 CKOILJIEHUST BO BPeMs II€pBOHA-
O Qe
8 3 Ja/IbHOTO B3PhIBA 3BE3/1000PA30BAHUA.ITO COIVIACYETCsI ¢ MHEHHEM O TOM, 4TO
& WOWUTO ) 11apoBble CKOILICHNS SIBJISIIOTCS CAMBIMI CTAPBIMI 00beKTaMu B ['aIakTHKe 1 Gbl-
o famuo JIN OJTHUMU U3 ME€PBBIX CKOIJICHWI 3Be3/l, KOTOPhIe CCPOPMUPOBAJINCE. r:(
TpakekTOpu# JIBUKEHUST MIAPOBBIX CKOILJIEHN Kﬁpqpble CHJTBHO SKCIEHTPUIHBI
U CHJIbHO HAKJIOHEHBI K ILJIOCKOCTH rajiakTuku. Haxojsich Ha opbute "oxpan-

HbI"Ta/IAKTUKH, IAPOBBIX CKOILIEHUSIM TPeOyeTcs, BOSMO)KHO,?HGCKOJIBKO COTeH
\

MIJIJIMOHOB JIET, YTOOBI IPONWTHU OJIHY OPOUTY:-B Teseckore mapoBoe CKOILICHUE

o5 —

™ \6“\,98 BBIIVISIINT KakK HeYeTKUil map, a OTje/IbHble 3Be3/Ibl Ha Iepudepun CJAnBalOTCs
O

,5 gt W \»L B CILJIOIIHOM Wy Tem ne menee, 3T0 MPOCTO
e’
b

IIOTOMY, YTO 3Be3/Ibl HAXOJSATCS TaK OJM3KO JAPyr K JPYry, YTO OHU HE MOI'YT
OBITH MHINBUIYAJIbHO TEJIECKOIMYCCKN paspelieHbl. B meHTpe mapoBoro CKoILie-
HUsI 3Be3Jibl MOI'YyT JocTurarh 1aoTHocTu or 100 mo 1000 3Be3j Ha KyOudeckumii

IapceK. DTo B OTJINYKE OT IJIOTHOCTHU 3Be3]1 0K0JIo Harrero CoJtHIla, KoTopas ole-



HuBaetTcs npumMepno B 0,14 3Be3)1bI Ha KyOUUecKnii mapcex.

[ITapoBble CKOIJIEHUST OOBITHO COCTOAT U3 3B€3/l, KOTOPblE NMEIOT HU3KYIO JI0JIIO
9JIEMEHTOB, OTJIMYHBIX OT BOJIOPOJIa U T'eJiMs, 110 CPAaBHEHUIO C TAKUMU 3BE3/1aMU,
kak Cosarie. HazpiBatoT 3t OoJtee TsKesble 3JIeMeHThI METa/LJIaMU, & IIPOIOPITAN
TUX JEMEHTOB - METAJIMIHOCTHIO. DTU SJIEMEHTbI IIPOU3BOISTCSA B PE3yJibTare
3BE3/HOIO HYKJICOCHHTE3a, & 3aTEM BO3BPAIAIOTCA B MEK3BE3JHYIO CPely, /e
OHU TOTAJIAIOT B 3BE3JIbI CJeytoriero mokoenus. CiaemoBaTebHO, J0JIs MeTal-
JIOB MOXKET YKa3bIBaTh Ha BO3PACT 3BE3JIbI, ITPIIEM OoJiee cTapble 3Be3/1bl OOBITHO

IMEIOT 60JIee HU3KYI0 METaJUITIHOCTb. [14-16]



ITocTanoBKAa 3aa4n
He kel
A
[IpenrmonoxxKum, 9T0 apoBoe CKonﬂeHMeﬂﬁ{ HNCTOYHUK aHTUrensa-4 B rajak-

THUYCCKNX KOCMHNYCCKUX nyan.BepeTCﬂ HJId pacCMOTpeHud MMEHHO AHTUTeJINI

T.K. BEPOSITHOCTb €0 BTOPUUIHOI'0 00pa30BaHus KpaliHe Majid. Hias9reroAo/sKHbI

pTiT 1Ty Th. /11 nagadia

AHTUTEINIO-4 HYKHO NPOHUKHYTH B JINCK. A MOTOM B COJHEYHYIO CHCTEMY, KO-

TOpask HaXOJAUTCS-Ha PACCTOSHUN & KIIK OT raJlakKTUYecKoro IeHTpa. KeTh Tpu
Cioeed o

BO3MOKHBIXYITHZKeKIN anTureans B KJI:

1.Huskwne suneprumn.

Ecnu obacTh pacmpocTpaHeHusT aHTHBEIIECTBA MTAPOBOI0 CKOTLICHUS OyIeT Te-

pecekaTh raJlakTUIecKHil JIMCK, 3BE3JIHBII BeTep IOIaJeT B JIUCK, a 3aTeM U B

Coseunyto cucremy. [ljist 9TOro paccMaTpuBaeTCs CTAIMOHAPHOE UCTeUYeHne Be-

IECTBA 3BE3/Ibl B CKOILJIEHNH.

3Be3JIbl MOCTOSTHHO TEPAIOT YaCTh CBOEH MACChI, TTO9TOMY KOHIICHTPAIIS YacTHUIL

JIOWUR™ ) b o
OT BCETro MIAPOBOI0 CKOIJIEHUA OYJIeT JI0CTATOIHO BbICOKOI. Ho 9T0 ouennb HU3KME

e {
SHEPIUHU, HEOOXOIMM IIPOIECC [TOYCKOpeHns dacTuiy. 4ad o P P4 LU o f”-
G

LOIM CLINLD  UR U .
2.B pe3ynbTaTe BCHOBINIEK Ha 3BE3/4aX B IMIAPOBOM CKOILJICHUN YACTUIILI MOTYT ITPH-

obpeTaTh OOJIBIIYIO YHEPTHIO, 00pa3yst aHTHAAepHYI0 KoMioHeHTy ['KJI.
3.B3pbIBBI CBEPXHOBBIX - 9TO PE3Y/ILTAT 9BOJIIONIHI 3BE3/1,COIPOBOXK IAIOITIIICS BhI-
nru

. . O
6pocom orpomuoii sueprun(nopsaxa 10°1 spr).Berectso or B3opBaBlIeiics 35e3-
Q/

JIbl PACIIPOCTPAHSAETCA C OOJIBIINON CKOPOCTHIO U C BHICOKOI BEPOSITHOCTHIO JIOCTUT-

Her CoJiHedHOIl CUCTeMBI 1 BIIOCJIEZICTBUEC SeMJII/Iﬂ'l%BerHOBbI MOI'YT ABJIATHCA

HanboJiee BEPOATHBIM MCTOYHUKOM aHTHUAIECP B KOCMUYECKUX JIydax.

Q0 u nl

OW%) nole, EM

A J!«(M{/



PesynabTaTb!
A —

B pabore mpoBoanioch n3ydeHue IMapoBbIX 3BE3/IHBIX CKOILICHUI Haleil ['a-

JIAKTUKU U UX OCHOBHBIX cBOficTB.Ilo nanunbiM|32] ObLI0 OCTPOEHO pacipejieie-

Hue 110 HebecHoil cdepe ckortennit B IasakTuke.llo pacinpeenenuto Ob110 BbI-
¢ 4«’@0 )
—bOpaHo-tanbofee-oTIaIeHHOE I1apPOBoe cKoiLieHne M4 U taunow J -

CralmuoHapHbIil cirydaii

Ha nepBom srame ObLT PACCMOTPEH MEXaHM3M CTAIOHAPHOTO MCTEUICHUS Be-
mecTBa u3 ckorwienus. [lo manubiv [15], [21] mocTpoensl rucTorpaMMbl Mace 1o
BbIOOpKe TemIitepaTyp u3 100 3Be311, JJIs MIOHUMaHUsI TOTO, KaKie 3Be3]Ibl Hace-

JIAIOT IapoBoe ckorenne M4.

O LS

0.7e 0.827 0.833 0842 0848 0852 0857 0862 0487 0.874

Puc.5 Pacupemiienne mo maccam n3 100 3Be311 B 3Be31HOM cKoiLieHun M4

DTN 3Be3/Ibl U3 [EHTPA CKOILJICHUs, HO Mbl MOYKEM OOOOIIHUTH Ha BCE 3BE3JIBI
CKOILJIEHUS, [TOCKOJIbKY OHU 3BOJIIOIUOHUDPYIOT B OJIHUX M TeX Ke YCJOBUIX TaJlo.
Ucxons n3 paciipesieieHns Macce 1 3HaUeHUs TeMIIepaTyp, MOKHO C/leJIaTh BBIBO/I,
YTO HaIlla BBIOOPKA -3TO T'PYIIa OPAHXKEBBIX Kapukos ¢ Maccamu oT 0.78 j10 0.9

macc CoJtaiia.
Lowu v U.. ..
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Jlj1st Toro, 4TOObI IIOHATH, MOLJIO JIK OOBIYHOE BEIIEeCTBO U3 rajo [ajJakTHKH
MHTEHCUBHO MPOHWKATH B MIApPOBOE CKOILJIEHHUE, OLLIO PACCUNTAHO CPeJIHee pac-
CTOSTHIE MEXKJYy 3Be3aMu 110 (popMyJie o0beMa Iapa Ipu U3BECTHBIX 3HATEHHSIX

pananyca kiaacrepa(R) u kommrdaectsa 38e3m B HeM(N):

AT R
<R>= é%fzon&m (1)
Ucnonbsyst pantbie [21] u [22], Haxopnm cpejauii pasmep acTpocdepsl j1Jist OpaH-

JKeBBIX KapJIMKoB B M4:

Al ogcféc\ LU O
——geind = 0.005mK :iho,p_ (2)

CpaBHHUBagd €ro C IIOJYYEHHBbIM CPEAHUM PaCCTOAHMEM MeEXXKAY 3BE€3JaMN MOXKHO
CKa3aTb, 9TO 0OBIYHOE BEIIECTBO IIPOHUKaET B MG)KSBQS,ZLHOG j;7§OCTpaHCTBO B IIa-

Cohe
5&3& IIPUCXOJIUT

POBOM CKOIJIEGHUH. DTO TOBOPUT O TOM, YTO Ha IOBEPXHOC

ponecc aHHUTUJIAITN JI TOTI'O, YTOOBI IIOHATDH, ITOKUJaET JIX BEIHIECTBO 3BE3 /-

BMWW

HOI'O B€Tpa HIapOBOE€ CKOILJICHHE, ObLIa paccdnuTadna CKOPOCTb 3BEJHOI'O BETPa U

IIOJIY4YE€HHOE€ 3Ha4YeHHUE CpaBHHUBaAJIOCH CO BTOpOﬁ KOCMUYECKO CKOPOCTDBIO:!
2GM
Vo = T = 15KM/C (3)

rie R=3.4 cB. sier [23],M pajmyc u Macca CKOILJIEHUsT COOTBECTBEHHO.

JI71s1 BBIYMCJICHNs] 3BE3/HOIO BETPa HYKHO BBIMUCJINTL TEMIIEPATYPY BETpa IO
dbopmyiie u3 [24]

2Gumy , Cy 2 M

Topind = ) =35%10°K 4
o= ) () = 35 ()
1 paJinyc 38e37bl 110 (opmyiie|25]
L
Lsun
R=—"—"—7 (5)
(Ticn>

R=128%R.,,

Haxomum o rpaduky us [24] ans 1 a.e. S3Hagenne cKopocTu BeTpa Cabo

by o Nae i1
MECHAETCA C PaCCTOAHNEM, ITIO9TOMY IJId OLCHKU

Vwind = T00KM /¢ (6)

CkopocTh BeTpa 3Be3/bI DOJIbIIE BTOPOH KOCMUYIECKOIT. SHATUT BEIECTBO CTAIINO-

HapHOI'O UCTe4YeHudg 3BE€3/] aKTUBHO ITIOKNAACT IIPeae/Ibl CKOIIJICHMA.

M@\ @S(:atrt((ﬂéxx {Aﬂé?/ 11
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Bricokune dHEpPIrmm - BCIIBIIIIKMN CBEPXHOBbLIX

Ha pucynke 1 npejicrasiien rpaduk 9BOJIONNE HaceieHust cKorLierust M4[17].
'paduk naer HoHATL KaKue IPOIECChl IIPOUCXOUIN Ha PAHHUX 3TallaX KU3HH
CKOILJICHHS U CPABHUTDL PE3YJILTATHI TUX IIPOIECCOB ¢ HACTOANMM Bpemenem. O6-
~7 PATHM BHHMAHIC HA IHCIIO HEATPOHHBIX 3Be3]] Ha rpaduke. VX ducio ne n3mMenu-
JIOCH 32 12 M. JIeT. DTO 3HAYNUT, 9TO NPUMEPHO 12 MJLIP. JIeT Ha3aJl OHU MOIJIN

00pa30BaThCA KaK Pe3yJIbTaT B3PhIBa, CBEPXHOBBIX | THIIA.

1e’m ¥ L T ] L L

O ru e(cou Nt 100000 | |
ﬁ}g/aohwgmowy%( e ————————
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Puc.2 WN3menenune nacenenns M4 Bo BpeMeHH

Ucnonb3yst Janmbie cTaThll [22] paccunTaeM MOTOK aHTHIEJIHsT OT MAPOBOIO CKOII-

JIEHUS:
Eg Nt
PCR = %ﬂm =10"*B/cM® (7)
rie Ny, = 2 % 10* uncio neiirponnbix 3Be3q B M4, Gepem nx Jyis pacueTos,

TaK KaK OHH II0 COBPEMEHHbLIM IIPpEACTaBJICHUAM fABJIAIOTCA PE3YJIILTATOM B3PDbIBa

cBepxHOBBIX, t = 13 * 10° et A=t meT=-3-+10% cekyns - Bo3pacT KiacTe-

pa, Ny, ~ 2% 107° cpeqnss yacToTa B3DPbIBA CBerHOBbIX E,, ~ 10°!

SPr -3HEPTHUs OT OJHOI CBGpXHOBOg, ret ~ 107- Bpema yuepskanna KJI, V- oobem
obsnactu pacrnpoctpanennsa KJI. [Ina pacdera odObema B3gTa MOJIE/Ib IJIMHJIPA, C

BbIcoTOl 1 pajimycoMm 300KknK u 10 KIIK COOTBETCTBEHHO, YTOOBI PACCMOTPETDh HE
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TOJIBKO 00JIaCTh JIMCKa, HO 1 rajo [ajakTuku.
JlanHas omeHKa IOCIYKUTb OCHOBOM I JAJbHEHIINX pacueToB JIBIMKCHUS da-

CTUIL B Mal'HUTHDBIX ITOJIAX ['astakTuKN.

Bb/‘gog}n 5 Z
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3akJro4eHne

B nawrioit paboTe B paMKax IIapOBOIO CKOILIEHMsI aHTH3Be3: B lajgakTuke
ObLTa M3yvena BO3MOXKHAA POJIb ITPOIECCOB 0OPA30BAHUS JIOMEHOB aHTUBEIECTBA
Ha OCHOBE MOJICJIN, 3aKJII0YaloIleiicd B TOM, YTO HIAPOBOE CKOILICHUE aHTU3BE3/]
9BOJIIOIMOHUPYET TTOX0XKUM 00Pa30M Kak 0OBITHOE IapoBOE 3BE3/IHOE CKOILJICHNE,
HCXO/IsI U3 CUMMETPUN CBOMCTB BellecTBa u anTuserecTsa. OcHOBHAsT Mjiest BO3-
MOXKHOCTH OOHapy KeHUs aHTU3Be3)] B ['alakTHKe COCTOUT B JIETEKTUPOBAHUN aH-
THSAIEPHOI KOMIIOHEHThI KOCMUYECKUX JIydeil OT UCTOYHHKa. B paboTe 1nponsBo-
JINTCSA TeopeTuydecKas OlleHKa JIaHHoro moToka. B m, aHaJIn3 pas3/iesaeT-
cd Ha HECKOJILKO 3TaroB: [locTpoenne byHKINM nCTOYHNKA, OCHOBBIBasICh Ha TPEX
crocobax MHZKEKIUU BeIecTBa CKOILICHUsl W Ha (DOPMUPOBAHUE MOJIE/IN JIBUKE-
HUsI YACTUIL B YCJIOBUSIX TaJji0 1 jucka ['ajmakTuku. 13 Tpex crocoboB paccMoTpeHo
JiBa: B cramumonapHoM cjiydae MpoBejieHa OlleHKa CKOPOCTU MCTeYeHUs BellecTBa
1 3aKJIIOYCHO, YTO aHTUBEIIECTBO aKTUBHO IIOKU/IACT MCTOYHUK W B IIPU JTAJIb-
HeHImX pacderax MOXKeT JaTh BKJIaJ B OOIIMiT SHEpreTHIecKuil moTok. BTopbiM
ObLI PACCMOTPEH BBICOKOCKOPOCTHOI cJiydail, Oa3upyomuiicss Ha OJyUeHUN Bbl-
COKOHEPTIUYHBIX YACTHUI[ OT B3PhIBA CBEPXHOBBLIX B 9TOM CKOILIEHUU.3JeCh ObLIA

accunTaHa sHepreTuvecKasl IJI0OTHOCTL KOCMUYECKNX JIy4dell OT JaHHOIO CKOILIe-
HUA.
HaJibHeiimas paboTa OyieT HallpaB/ieHa Ha (POPMUPOBAHIE SHEPIeTHIECKOIO CIIeK-
Tpa OT UCTOYHUKA U Ha IIOCTpPOCHUE MOLLGWTOKOB AHTUYACTUIl B
MarHUTHBIX TTOJIIX TaJi0 U JINCKa ['a/lakTHKI KaK JIjIs CTAITIOHapHOTO CIydast, TakK

1 OJid cJiydad 9aCTHull C BBICOKMMUH CKOPOCTAMMU.
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