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Paccmarpusaercsa nuddy3uonno-norokoBas Moieisb paguoraitaktuk (PIY) ¢ yuerom nenuneitnbix
upoueccoB B3aumozeiicrBus kocmuueckux Jjydeil (KJI) ¢ MII-rypBysieHTHOCTBIO HA I'paHULE
KOKOHOB. Jlanubie HesimHeiiHble MexaHW3Mbl CBs3aHbl ¢ gauddysmonubiv  yberanmem KJI B
MOTPAHUYHBIX CJIOSAX. 33 CYeT 3TuX mporeccoB ycuauBaercs MI/I-TypOymeHTHOCTh Ha TpAaHUIE
KOKOHA, yzaepxkusaiomnias KJI BuyTpu KokoHA u (HhOPMUDYIOIAs UKINIECKUE TEICHHUS TEIJIOBON
mra3mbl. [loka3aHO, YTO KOKOHBI HWMEIOT HAMHOrO OOJIbINIHEe pa3Mepbl, 9eM 3TO BUIHO B
I[Tu-puanazone, u okpyzkenbl rago u3 ep-KJI, yckopenubix Ha (poHTE yIapHON BOJHBL Y
MOBEPXHOCTH KOKOHA. 910 rajo PT' nabmonaerca Ha Huskux paguodacrorax (< 30 MI'm). [orepu
e- u p-KJI ma remepamuio MIJI-BostH mpuBOAdT K U3MEHEHWIO WX (QYHKIUU DPACIPEIeIeHUs
mo sueprusim u yriaam. Coexrpsr pajgmomsiydenuss PI ykpydatorcss 3a cder “Bo3pactHOro”
BeicBeumBaHusa e-KJI, mpuyem dwacrora 3aBajia CIOEKTPA, OMPEIE/ISercssi He TOJBKO BO3PACTOM
HCTOYHUKA, HO M KOHKypupyoiumu Mexanu3mamu 3aumoeiictsus KJI co cpezmoii kokona.

BBEJEHUE

Pagmoacrponomus 9acTo nMeer [1eJi0 C PaAMOU3J1yYeHreM, KOTOPOe BbI3bIBAETCS MPOIECCAMHU CHHXPOTPOHHOI'O
U3JIyYeHUS PEJIATUBUCTCKUX 3JIEKTPOHOB (I03UTPOHOB). [lajiee oHu Oy1y T HA3bIBATHCS 3/IEKTPOH-MO3UTPOHHBIMU
kocmuueckumu stydamu (e-KJI), — mbr umeem B Busy, uro cyiiecrsyior euie u uporounbie KJI (p-KJI), nnornocrs
KOTODBIX TOYTH Ha [Ba TOpsigka Bhime miorHocth e-KJI B named Tamaktuke [1]. Ho p-KJI HeBnammbr B
U3JTy YCHUH .

Bce KJI 06br9HO moOpoxkmaioTcs (ppoHTaMM KOCMUYECKUX yIapPHBIX BOJIH. lIpmyem, Kak 9TO MOKA3BIBAIOT
nabionenus, KJI B kocmoce wmeror cBOHCTBO 0OdOpPMIATbHCs B “CrycTKu’, B KOTOPBIX OHH I[IOYEMY-TO
yaepxusatorcs [14]. MexaHn3M Takoro yJep:KaHusi PEJISTHBHCTCKAX YACTHI[ B “crycTkax” J0Jroe BpeMst ObLI
HenoHsATeH, mockoibKy nasienune KJI okazanoch Oosiblile qaBjieHMs MATHATHOTO IIOJIsi, 9TO IIPOTHUBOPEUMIIO
smeMeHTapHoil Teopun yaepxkanus KJI maraurabivu mojisimu. 11 TOJIBKO B IOCIEIHEE BPEMST CTAJIA MTPOSCHATHCS
[IPUYMHA TAKOI'O [TOBEJEHUS KOCMUYECKAX PEISTUBUCTCKAX YACTHI] B CBSI3U C PA3BUTHUEM TEOPUHU HEJIMHEHHOTO
B3aumozeiicreusg KJI ¢ dpoHTamMu ymapHbIX BOJH M MHOTOYACTOTHOTO M3yYeHWs HAOIIOMEHUN KOCMWIECKUX
VIAAPHBIX (PPOHTOB.

B nmamnoit pabore oOcyxkmaercs HequHeiiHAs Momenab tmeperoca KJI  mpuMeHuUTENTbHO K - paamo-
ranakrukam (PT).

HEJINMHENHBIE ITPOIIECCHI HA ®POHTAX YJIAPHBIX BOJIH

Teopus nenuneitnoro s3aumoueiicrsust KJI u ynapuoro dbpoura 6buta passura B paborax [2, 7, 8, 10, 18-20] B
CBSI3M C HEOOXOMMOCTHIO COTJIACOBAHHOIO OObsICHEHUsT HADIIONATEbHBIX JAHHBIX B PAJINO- U PEHTTEHOBCKOM
Jana3oHax /s 0bomodek cepxuosbix (OCH).

CyTb 3TOro B3aMMOMIEHCTBUSI COCTOUT B TOM, UTO Ha (PPOHTE yIAPHOH BOJIHBI, TJE €CTh CKAYOK IJIOTHOCTH
U CKOPOCTH TE€YEHUd TEIJIOBOM KOCMHUYECKOW I1J1a3Mbl, IPOUCXOJUT CUJIbHOE HEJUHEHHOE B3aUMOAEUCTBUE TPexX
cpen;: TemwtoBoii mia3mer; MII-TypOyaeHTHOCTH, TBUKYIIEHCS OTHOCUTEIHHO TEIIOBOM m1a3mMbr; u KJI, koTopbie
yekopsitorcas MI'JI-TypOyaeHTHOCTBIO Ha yAApPHOM (DPOHTE U YAEPKUBAIOTCS €10,

HenuHeitnble mpornecchl pu TakoM B3auMoeiicteun cpen (cM. ypasaenus (1)—(6) w3 [18]), mpuBomaT K
YCUJIEHUTIO TYypOYyJIEHTHOrO MATHUTHOTO TIOJA HA yJapHOM (DPOHTE 10 TAKOrO YPOBHS, YTOOBI 3()HEKTUBHO
yaepxkuBarh yckopennbie KJI BHyTpu dponTa, npensgrctByst ux auddy3unoHHOMY yOeranuio Buepen (hpoHTA.
A rakke IpUBOAT K MCKayKeHUIo nmpoduss yrapaoro ¢pporTa u K yckopenuio KJI 1o 60s1ee BBICOKUX SHEPIHiA,
9eM B JIMHEHHONW MOIEIH.

Hasnenne MII-rypbynenrnocru (P,,) 1upu HeJIMHERHOM B3aUMOAEACTBUM CPEJ HA YIAPHOM (QPOHTE
OKa3bIBaeTCsi MHOTO MeHbIne gapjienus KJI, 4Tro kak pa3 coryacyercst ¢ HaOJIIOAATEIHHBIMHA JIAHHBIMHU TIO
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OCH (P, ~ 0.2P,,). Tak 4T0, €cju paHblle CUUTAJIOCH, YTO IHEPIUs MAHUTHOrO MOJIA B KOCMOCE IPUMEPHO
cpasauBaercs c dueprueit KJI, o B Hesimneiinoit Mozesu 66110 MOy 9€HO, 9TO Ha yaapHOM (bPOHTe uaeT dpicTpas
epeKkadka SHEPTMH TeIIoBOoi maasmbl B 3Hepruio KJI, kyma mocrymaer mpumepno 20% sHepruwm ymapHOTO
dpoura OCH, Py, = 0.5u2.

Taxkum 00pa3oM, Ha KOCMUYECKUX yAAPHBIX (hpoHTax (MeK3BE3IHBIX U Mexkrajakruaeckux) KJI ciyxar Toii
“Bs3KOI” cpeoit, koropasi BMecte ¢ MI/I-TypOyIeHTHOCTBIO OpraHu3yeT yAapHbIi (DPOHT. DHEpPrus yIapHOro
dpoHTA MEPEXOIUT U3 TEMJIOBOI — B MATHUTHYIO, 8 u3 Hee — ObicTpo mepekaunBaercs B duepruio KJI. To ecrs,
MI/I-TypOyeHTHOCTD SB/IAETCA IVIABHBIM “MOCPETHUKOM MPeoOpa30BaHUs IHEPTUH HA yIapHOM (ppoHTe.

Tax oprauusyercs ymapubiii GpoHT B ciaydae HepenatuBucrckoro ¢gponta B OCH. Bmecre ¢ tem, B PT
uMeeT MecTo DoJiee CIIOKHAs KapTHHA B3auMoJeicTBus cpei, GopMUPYIOIAs UX aHU30TPOLHYIO (C JKeTaMu)
CTPYKTYDY, pu KoTopoii KJI B 06/1acTi KOKOHOB (OKDY3KAIOIIUX JKETHI) YBIEKAIOT 33 OO0 TEIIOBYIO IIa3My,
MOAIePKUBasi BHEITHUIT (PPOHT ymapHON BOMHBI KOKOHA. To ecth, B PI' mayr eme m oOpaTHbIE IPOIECCHI
HEJIMHEUHOTO B3aUMOJIEHCTBUA KOCMUYECKUX CPEl.

Hemuueitaore 3¢ dexTsl Ha yaapHOM (DpPOHTE, MOXKHO CKa3aTb, OPTaHU3YIOTCA AHAJOTHIHO IIPOIECCAM
ambumnonsapuoit nuddy3un B mrazme: KJI Moryr “reus” B MOrpaHWYHBIX CJIOSX JIUIIhL COBMECTHO C TEILTIOBOM
wia3moii [2]. Dro obecneuuBaerca 3a cuer Tokos u3 KJI, koropble ycusmBaiorcs Ha yaapHoM (ponre, 4robbl
BBITIOJIHUTh YCJIOBAE KBA3WHEHTPAJBHOCTH, 8 TAKXKE 3a CUYET reHepanuu TypOyJEHTHOrO MarHUTHBIE TOJIS,
yMmenbiasoriero ckopocts auddy3uu KJI B okpectaocTu dponta u “orpazxkatomiero” norok KJI Bayrps dpponTa.

IIPOIIECCHI HEJIMHEMHOI'O IIEPEHOCA KJI

IIpouecc uepenoca KJI onucehiBaercs kunermueckum ypaaenuem (1), KOTOpOe I0/ydaercs W3 ypaBHEHHs
BracoBa, B ciydae, eCiau YCPEJHWTb 3TO YypPABHEHHE MO OBICTPHIM TapMOHUKAM, COOTBETCTBYIOIIUM
IPOCTPAHCTBEHHBIM U BpeMeHHbIM (uryKryanusm nouas MII-ryp6ynenraocru, “okpyzxaroweit” KJI [2, 5]:

oft,x,p) . \Of(txp) 0O Oft,x,p) pdu*(z) 0f(t,z,p)
Bmecs u*(z) = u(xr) — cga(Py), f(t,x,p)=<f>,r — ycpenuennas byukims pacupegenenns pis KJL

VYpasuenue nepenoca (1) gaer nousarb mMexanusmbl B3aumozneiicrsus KJI ¢ okpyxatomumu cpepamu. Vmento,
KJI ygacTBy1oT B ClleyOIIMX OPOLECCAX: a) TEKYT BMECTe C TEIIOBOM IIa3Moii CO CKOPOCThIO u(x); 6) TeKyT
Bmecte ¢ MI/I-TypOyaeHTHOCTBIO €O CKOPOCTBIO Cga(Py); B) muddyHIEPYIOT B HPOCTPAHCTBE 33 CUET
paccesaus Ha daykryanuax MTI-rypOyaeHTHOCTH; ') aauabaTuIecKu OXJIazKIAI0TC WK YCKOPSIOTCSA 33 CUeT
B3aUMOJIEHCTBH C IPAJUEHTOM CKOPOCTU (yJAaPHBIM Pa3PbIBOM) B TEIJIOBOIl I1/1a3Me; /1) U3JLyYaloT.

[Ipu sTom, wmen, omuceBaromuii muddysuio KJI B mpocrpancrse, 3amaercsd KOI(GOUIUEHTOM K ~ K|
0OpATHO MPOIOPIUOHAILHBIM KOI(MQMUIMEHTY PACCEAHHMsS [0 yrilaM B TypOYJEeHTHOM MATHHUTHOM IIOJIE

B? c pc
(KJ x ﬁcpo'%,m” > Kp = gf_H [5]. Tak uro, npouecc auddysun KJI okasbiBaercs CBS3aHHBIM CO
st

ckopocthio m3orpornu3anuu KJI mo yrimam ¢; u gem 0osbire TypOy/JIEHTHOE MACHUTHOE IOJIE, TeM MEHbBIIe
oyner nuddysuonnas ckopocts nepenoca KJI, u 6picrpee 6yzer nzorponm3sanus KJI mo yriaam ¢. Haobopor,
B Ca00TYpOYy/IEHTHOM, TOYTH peryasapHoM marHutHOM moje KJI mmeror Gosbinyro aud@dy3noHHYIO CKOPOCTH
BJIO/Ib MAIHUTHOIO 110Jis (J1a2Ke JIOMUHUPYIONLYIO HAJ| TEUYEHUEM) U MEIJIEHHO U30TPONU3UPYIOTC 10 yIyIaM .

0
ieH ¢ M3JIy<YeHHEeM CONEPIKUT CHHXPOTPOHHOE U3IYUCHHE, (Qsyn o B(Py, p)p* f (t,x,p)}, a TakxKe

0oOpaTHOE KOMIITOHOBCKOE M3/TydeHre W H3/aydeHne Hu3kodacToTHbIXx MIJI-Bo/H 3a cdyeT B3auMOIeHiCTBAN TOKA,
KJI ¢ renmoBoit mma3Moit.

B ciygae e-KJI 6yayT [oMUHEPOBATH MOTEPH SHEPTUU HA CHHXPOTPOHHOE n3nydenue. A s p-KJI rnasube
moTepu OYIYT MPUXOAUTHCA B 001aCTh TMPOYIACTOTHBIX U JApeiidoBbrx MII-moz. [Tocienane mompr 3 dekTuBHO
BO30YKJAIOTCA 32 CYeT HEPE30HAHCHBIX Heycroiiuupocreidl [2, 8]. Ilpuyem, HOCKOIBKY mpoLECC ycueHus
ML I-typbynenTHoCcTr He JuHeeH U 3aBucuT ot masjenus KJI, To u meperoc KJI Toxe He muHeeH.

Takum obpaszom, mporeccst meperoca KJI, rersosoii nina3dmer u MI'/I-TrypOyieHTHOCTH B KOCMUYECKO#T I1a3me
camocoracoBanubl. [losromy B Mmozmesnn PI' HeoOX0auMO B KOMIIJIEKCE YIUTHIBATH B3AUMOIEHCTBUE TPEX CPEI U
yuaurbiBarh, 90 KJI cocTosT e- u ep-KOMIIOHEHTOB.

PAIVOTAJIAKTNKU TUITIA FRII: HABJIFOAEHNA 1 MOJAEJIb

Tunuanubiv npegcrasuresiem Mopbix PT runa FRII, aasierca Jlebeap A [13]. Dtu PI' umeror momHoCTH
Gombie 104 spr/c. Mopdooruueckn, oHu MpeaCTaBAAIOT COOOH OOBEKTHI, B KOTOPBIX W3 S/Ipa TaJaKTHKU
WHXKEKTUPYeTCs [?KeT, HamoJHeHHbIH et mira3dmoit m e+KJI, KOTOpbIii CTAIKMBAETCS C MEXKraJaKTUYeCKO
cpeioii B obsiactu “ropsiuero naraa” (HS), rae dbopmupyercs cucrema U3 IBYX yAAPHBIX BOJIH, U HHKEKTUPYIOTCS
e-KJI B kokoubI, XOpOI110 0O(DOPMIIEHHBIE B PAINOINAIA30HE U PDEHTTEHE.
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Puc. 1. Monens koxona PI', oTBedafonias 0CHOBHBIM CBOICTBAM B3anMOIEHCTBHA cpeld KOKOHa. 1 — MeXramakTraeckas
cpema (MI'C), 2 — obmacts cxkaroir MI'C ¢ He3aMKHYTHIMH KOHBEKTHBHbIME ToTOKamu u ep-KJI, yckopenHbiMu Ha
1060B0# ymapHoii Bosre (1-2), 3 — 061aCTh BHYTPEHHErO KOKOHA, C TMK/TMIECKUME MOTOKAMHE TeII0BOH mra3mbl u e-KJT,
4 — obnactb mxKera, npuseraomaa K HS, 5 — obsractp /2keTa, orpaHMYeHHas [IOBEPXHOCTHBIM yAapHbiM GporTom. Cxema
JIMHWIT TIOTOKA MPUBA3aHa K JTADOPATOPHOI cucreme oTcyera (C/IeBa) W K COMyTCTBYIOMEH CHCTEME OTCUETa, B KOTOPOM
MOBEPXHOCTU yJAPHBIX (DPOHTOB HEMOJBUKHBI (CripaBa). [IBOWHBIME CTpEJKaAMHM TOKA3aHO HAIMPABICHWE TPYIIOBOH
ckopoctu MI'JI-TypbyneaTaoctn

B paBore [16] moxHO Haiitn geranbHoe u3ydenne HS JleGemp A, mpoBeZeHHOE HAa OCHOBAHWH CPABHEHUS
JIAHHBIX CHHXPOTPOHHOI'O PAJMOU3IyYeHUsi U OOPATHOIO KOMIITOHOBCKOTO X-M3JIy9YeHUsI, [TOJIYyIeHHOI'O 38 CYeT
paccesiaus e-KJI Ha, CHHXPOTPOHHOM MOTOKE. JTO W3ydYeHHe MOKA3aJ0, YTO JABJIEHNe MArHUTHOrO mojisd B HS Ha
mopsiiok nuzke nasienus KJI. Tak qro, 8 PI' nony4gaercs ananornvubiil “qucbasanc’ B JaBIEHUSAX CPE, KaK U
B OCH. Dro roBoput B nosib3y npucyTcTBus Heauueinoro nepernoca KJI B kokonax PI.

OrHOCHUTENTBHO HEJABHO HA OCHOBAHUU OOpPabDOTKU JIAHHBIX PEHTTEHOBCKOIO W3JIy9YeHUs  YJIAJIOCh
BOCCTAHOBUTH PACIPEIETIEHUE TEMITEPATYPhI MEKTAJAKTHIECKOH MIa3Mbl, TOKA3BIBAIONIEE CTPYKTYPY YIAPHOTO
dbponra kokona Jlebeap A [9]. Januble Kaprbl HOKa3au, 4TO TEIJIOBON yiapHbiii dbpouT Kokona Jlebeap A
ropasao mwpe, 4eM 00JIacTh ero paauousiaydenus. 1o ecrth, Ha rpanure kKokounoB FRII PI' obnapyxkuBaercs
OUYeHDb OOIIMpPHAs 00ACTh, HE MPOABICHHAS B PAIUOU3IYICHUN; U OHA MOXKET OBITH 00JACTBHIO, HAIOJTHEHHOMN
ep-KJI, o cymecTBoBaHNE KOTOPO#i y»Ke MpPeJICKa3bIBaeTcs B psijie HeaBHux pabor mo PT' [11, 12] .

Onnaxko, HesuHelHas Moaes mepenoca KJI B HacTosIee BpeMs elne He HAIIa MUpOKOoro mputoxkenus K P
HECMOTPS HA TO, 9TO Psij HAOIIOAATEIBHBIX JaHHbIX 10 PT' Tak u ocTajmch HECONTACOBAHHBIMU. DTO TOABOIUT
HeoOXOMMOCTh TOCTPOeHHUsT HOBO# Momenu njisi PT, B3aMeH wacro npuMeHsiemoii Mozenu [15], onwmchiBarormei
pacmupenue kokoHOB PI' kak azmabarudeckoro redenus e-KJI smecre ¢ morokom MI'JI-TypOysrenTHOCTH.

B nacrosimeii pabore npesaraercs Moaesb (puc. 1), IOCTpoeHHAs ¢ UCIOJIb30BAHUEM CBOWCTB KOCMUYIECKUX
yaaphubix (hpouros u Mexanuzma nesuueiinoro nepenoca KJI B PT. Cuuraercs, uro e-KJI uz mxera (obuacrs 4,
puc. 1) nocrynator B HS, mpoiins gepes dbpoHT ci1abopeaTUBUCTCKOM yIapHON BOJIHbI, UMesi CKOPOCTh T€UEHUsT
¢/3 B obnactu 3. B HS onu nox geiicrBuem ovens cumpaolt anmzorponuoit MIJI-rypbymenrnoctu (cga ~ ¢/3)
U3MEHSIIOT HAIIPABJIEHUE TEYEHNS, U CHOCATCS B KOKOH.

Hauee, B kokoue (obsactu 3) e-KJI ysiekator 3a coboii TeiuioByo ia3my, GopMUpysi KOHBEKTUBHbII 10TOK
TEIJIOBON MEXKTAJIAKTUIECKON MIa3Mbl BIOJIb JIUHAN [ ®). B HEKOTOPOM MeCTe KOKOHA IOTOK TeIJIOBOU MJTa3MBbl
HA4YMHAET 4yBCTBOBATH I'DAJUEHT [IABJIEHUs] TEIIOBOH I1JIA3MblI, BO3HUKAIOIIMI M3-33 €e HeJI0CTATKA BHYTPHU
mexera. Torma mmamst moroka [(3) moBopadmBaeT, BO3BpAIIAsCH B IKeT, 00pa3yst MUKINIECKHil MOTOK i (bPOHT
KOCO#1 yZapHO# BOJIHBI Ha OBEPXHOCTH /Kera. B To ke Bpems, muann noroka e-KJI B 3Toit 2xke obsractu 3 OyayT
cMeIenbl oTHOCHTENTbHO [(3) Ha BesmumHy BeKTOpa IpymmoBoii ckopoctit MIJI-BomH. 3a CYeT 9TOrO CMEIeH ST
e-KJI 6y1yT HpososiZKaTh Tedb BIOJb JZKETa I B TeX Mecrax, rie noTok [(3) yrke HAIpaBHTCH BHYTDb [ZKeTa.

C apyroii CTOPOHBI, Ha MOBEPXHOCTH KOKOHA, (B 00J1aCTH 2) 06pa3y0TCsa HE3aMKHY ThIE JIMHUA KOHBEKTUBHOTO
[IOTOKA TeIJIOBOH mia3Mbl, mepenocsiiiero takxke ep-KJI, yckopennsie Ha ¢ponTe “1060BO#” yHapHO# BOJIHBI
(Bow shock). B6musu simpa PT, nanmsre i notoka [(2) ) rakxe kax u 1) mummm, 6yayr 3arnGarses BHYTPS
JI2KeTa, CO3/aBasi BJIUBAHUE B J2KET TEIJIOBON MEXKrajakKTu4deckoil mia3mbl. [Ipu srom, obsractb, HanosHeHHAS
ep-KJI, Oymer mioxo perucTpupyeMoil B pauon3 Iy IeHun 13-3a Tpeodiaanus B Heil p-kommonerTa KJI.
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PAIVIOTAJIAKTUKU TUITA FRI: HABJIFOOEHNA 1 MOJEJIb

FRIPT - 310 PT menbmieit momuocty, vem FRII. Tunuansiv npencrasurenem FRI ecrs M 87 [17]. B PI' aroro
tuna e-KJI Topmosgarcs yxke BHyTpH J2KeTa, U, BhITEKAas U3 KeTa, OHU (DOPMUPYIOT MIy3bIPH, BCILIHIBAIOIINE B
MEeKIaJIaKTHIecKoii Maa3me Mo aeficrBueM cuibl Apxnmena [14].

Ounako, B pamkax onucanuoii soie mogenu (puc. 1), PI' FR1 moxHO onucarb B pamkax Toil xKe Moze/u
teuennii e-KJI, aro u FRII, Tronbko jums B momenu FR I obmacts 2, 3aHsTas HE3aMKHY THIMU JIMHUSIMA TTOTOKA,
6yaer Gosbuiero obbema, yem B FRIL. W mkerbr FRI Gyayr gacrtuuno nomaepuBarbes (Wi 3aMejisiThCs)
norokamu ep-K.JI.

WNaTepecHo orMeTuTh, UTO B HH3KO4YacTOoTHOM pamuoananaszone B PI' tuma FRI wrorma mabmomaercs
JIOCTATOYHO MPOTSI?KEHHOE TaJjI0, UMeolee 60jiee KpyTOil CIeKTPAIBHBIN HHIEKC W3/ YeHUs, YeM B KOMIAKTHOM
“payrpentaem”’ pamuoucrounuke. Tak, B mabmonermsax FR I-QSO 3C 216 ma 30 MI'n mabaroganocs 40% nomaHoro
U3IyYeHus B rajio, pa3mep Koroporo B 10 pa3 mpeBbImag pa3Mep KOMIAKTHOTO MCTOYHUKA, COBIAIAONIETO C
paguoucrounukom Ha 1.4 T'T'y [3]. IlosiBaenue raso B HU3KOYACTOTHOM PAJMOIUAIIA30HE JI0 CUX HOP OObICHEHO
He 6bu10. OMHAKO, paccMaTpuBaeMas 3JeCh MOjedb (puc. 1) Kak pa3 00bACHIET MOSBJIEHUE [aj0 C KPYThIM
cuexkTpom m3iydenus ep-KJI u3z obsacru 2.

ITEPEHOC KJI ! CIIEKTPHBI PA/IMON3JIVAEHN{ KOKOHOB PA/IMOTAJTAKTHUK

Yro6b! HANTH TOTOK CHHXPOTPOHHOTO MU3IYUEHUA W3 HEKOTOPOIl 33 JaHHON 0O/JACTH MCTOYHUKA, HAJMO, MPEXK/IE
BCEro, ONpeJNeNNTh B 3T0il obsactu dbyukuuio pacnpeneienus e-KJI mo sHeprusim (7 = p/mec) u yrimam @
K MaruuTHoMy mosio. s 3roro, B paMKax ONUCAHHON MOmesn, CileayeT mpociaeauTb 3a mepenocom e-KJI
BJIO/Ib HEKOTOPO# 3aJaHHON JIMHUKM WX MOTOKA M PEIIUTh KUHETHYeCKoe ypasHenue mnepexoca KJI tuna (1) B
KOOpaAuHaTax JIMHUHA IIOTOKA.

KadgecrBeHHO, MOXKHO 3amMuCaTh MPUOJIMAKEHHOE DPEIeHre 3TOro ypaBHenus B 1D-npubimmkennn B IBYX
caydasX — KOT/Ia MPEeBaTUpPyeT TeUdeHne W KOTIa IpeBanupyer auddy3us:

Flt2,7) =y % (v = Bosin pafu*) 2O (t —z/u”), (2)

f(t2,7) = a0y (t2,7) " G (2, 4k(y) - 1). (3)
Bﬂer G(t, Z) = (’/T Z)_1/2 © exp {_12/2}) w(tvxvfy) = (’y_l - ﬂO Sin2 ® - min [t’ 1’/ ('LL* + Vdif (tvv))])ila
t — Bo3pact ucrounnka. Cre[yer OTMETUTD, 9TO BHYTPYU KOKOHA, PAINOTAJIAKTUKY OOBITHO BBITOTHSETCS MEPBbIi
Caydai, Tak Kak vgf/u* <1 npu vgir = k() - (Vf/f) > +/k(7)/t; HO BOIH3HM GOKOBOI MOBEPXHOCTH KOKOHA,
T7Ie Vgif PACTeT, a u* yMEHBIIAeTCs, BCeTJa npeBamupyeT quddysns.

W3 mamubIX pereHuii BUIHO, 9YTO €C/IN IOMUHUPYeET TeueHue, To (hpyukims pacnpenenerus e-KJI Ha Bbicokux
SHepruax u 6obmmx yraax ¢, ysin? ¢ > u*/ (B ), npuobperaer medbunur Uacrtun u mazaer a0 myis. Ha
MaJIbIX K€ JHEPrusX W yriIax ¢ (QYHKIWS PACIpeIeeHus MOBTOPSeT WHXKEKIOHHY, f o« v~ °. Ecaum xe
pomuaupyer auddy3us, To GyHKIUA f HA BBICOKUX SHEPIUSX TOKE OOHYIISETCs; HO BMECTE C 3THM, BOSHUKAET
u “ucromenne”’ YUCIa YaCTUI] TPU MAJBIX dHeprusix. HemocTarok HU3KOIHEPTUIHBIX YACTHUIL CIIOCOOCTBYET
Pa3BUTHIO ILJIA3MEHHBIX HEyCTONYIMBOCTEH, mepekadmparonux sHepruio dacruii; B MIJI-Bomubr. Kpome Ttoro,
npu guddy3un GYHKIUS PACIpeIe/IeHnsT Ha, “DeryisgpHOM ydacTKe’ Oymer HEeMHOrO Kpyde WHIKEKIIMOHHOM,
f o '7_8_1/2

Bwmecte ¢ tem, gacrora BbICOKOIHEpPrudHOrO 3aBasa dyHkiwmu pacupenenenus e-KJI byzer onperensarbesa
HE TOJIBKO MPOIECCOM CHHXPOTPOHHOTO BBICBEUMBAHWS, HO €€ W KOHKYDPUPYIOIIUM MEXAHU3MAMU TOTEPh
(umu nabopa sueprum KJI) npu B3ammogeiicrBuun ¢ MITI-rypOyseHTHOCTbIO M IIPOLECCOM H30TPOIU3ALMN
qactur mo yriam. Ilorepu na mnnasdmenuoe usiyderue B MIJI-BoHBI Tem Bbimie, 4eM OOJIBINE AHU30TPOIUS
KJI. Ckopocrb n3orponm3anuu 9acTul, odpaTHo npomnopiunonanbia auddysnonnomy koddduimenty. 3a caer
9TOr0, Ha TIOBEPXHOCTH UCTOYHWKA, riae rnpeodbsagaer nuddy3us, n30TpOnr3aius yMEHbITAETCA U YCUINBAECTCS
3aumozeiicrsue ¢ MI'/I-BojiHaMu, TaK YTO BLICOKOSHEPIHMYHbLIN 3aBajl Ha (PYHKIMHU [ IEpecraer 3aBHCETb OT
“Bo3pacra’ 4acTHIl.

[Torok CUHXPOTPOHHOrO U3Jy4YeHus U3 AAHHON obsiacTu (ONTUYECKU TOHKOIO) PaMOUCTOYHUKA HAXOIUTCH
[MyTeM WHTErPUPOBAHWS IO SHEPTUSM YACTHI, W 10 yrJIaM K MarHATHOMY TIOJIIO BJIOJb Jyd4a 3peHus [4]:
I, (l,v) o< <H> L [[ f(v,¢) F{v/ (Hy*sing)}dy-dcos(p) . D10 pelenne DaeT CHEKTPBI H3IyHCHU, IO
dbopme HamommHaromue “rpaguiponusie” crnekTpbl Kapramepa—Ilaxonpanka wian Ixxadde-Tlepona [4, 6].
OHako, 9acToTa M3JI0Ma ITUX CIEKTPOB, COOTBETCTBYIONIAS BHICOKOIHEPIHIHOMY BhicBeunBanuio e-KJI, 6ymer
3aBUCETh YK€ HE TOJILKO OT BO3PACTA MCTOYHWKA, HO W OT COOTHOIIEHWS MEXaHW3MOB Auddy3un U TEUEHUs,
KOTOPBIE JIOJIZKHBI COOTBETCTBOBATH CAMOCOIVIACOBAHHON MOJETU W HeJnHeiHbIM MexaHu3MmaM nepernoca KJI u
TEIJIOBOH MJIa3Mbl HCTOYHUKA, IETAJBHO pa3paboTaTh KOTOPYIO MPEICTOUT B OYAYIIEM.
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3AKJIIOUYEHUNE

[Iposenennniii ananmm3 mepenoca KJI B kokonax paaumorasakTuk mmokasas, 4ro KJI um remroBas mniasma
B KOKOHAX TEKyT CAMOCOTJIACOBAHHO, W 3TO MPUBOIUT K HEOOXOAMMOCTH MOIUMDUKAINN WCIOIb3yeMO
paHee MOme/d PAJUOTAIAKTUK C YYE€TOM IIPOIECCOB HEJWHEHHOIO MEePEeHOCa W B3aWMOIEHCTBUS TPEX CPe.:
TemIoBoil miaa3mbl KokoHna, MIJI-typOymentaoctu u KJI, cocrosimux m3 e- u p-KOMIIOHEHTOB. B pamkun
9TOIl HOBO# MOJIEJIN €CTECTBEHHO YKJIAJABIBAETCS P, PaHee HEOObSCHEHHBIX JAHHBIX HAOJIIOIEHUN, TAKUX KaK
MOSIBJIEHVE HU3KOYACTOTHOTO paauon3itydenus rajio B FR I u QSO-paguoncrounmkax, CIeKTPHI U3JIy 9€HUs TaJI0,
HabJurio/leHne HU3KUX 3HAYEHWH HANPsKEHHOCTH MAarHUTHOIO IO/ B PaMOTaJIAKTUKAX, HAOJ/IIOIEHUE COCTABA
KJI Bosmm3u 3emnu ¢ mpeobmaganrem mporonubix KJI. JleranbHoe n3ydenne paguorajakTHK B PAMKAX JAHHOMN
MO/IEJIA OXKUJIAETCs B OyIyIiem.
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