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OUBNYECKAA MOAEJIb ITPONECCA ®OPMUPOBAHUA
TAJAKTUKHW (HOBBIA B3IJIsIT)

H.II. ITonoB

(OOBbenHEeHHBIH HayIHO-HCCIenoBaTenbCKuit HHCTUTYT BC Ykpannsr, XapbKkoB)

Usznacaemes eunomesa npoyecca gpopmuposanus I araxmuku, 8 0CHO8Y KOMO-
POl NON0JCEHO 0OnyujeHue o 83pvlee 00pa308asuielics 8 xooe npeouecmeayo-
wel 36010YUU KOMRAKMHOU npomol arakmuxu.

dusuueckan mooenwv, I'anaxkmuxa, 63puvie, I'ano, /[uck

MocTanoBka nmpodjaeMbl. OHON U3 IEHTPAJIbHBIX 3a7]a4 aCTPOHOMUU SIB-
JISIeTCSl YCTAHOBIIEHUE 3aKOHOMEPHOCTEH 00pa3oBaHUs M BOJIOLUH 3BE3], Ia-
JIAKTUK W UX CKOIUIeHUH. OcoOBIi MHTEpEeC MPEICTaBISICT H3YUYCHUE MPOUCXO-
XKJICHUS U 3BOJIONUK ['aakTuky, B cocTaB KOTOpoi BXoauT CoylHEUHas CUCTe-
Ma. 3HaHHWE 3THUX 3aKOHOMEPHOCTEH MO3BOJIAET JIydlle IOHSATh U OOBSICHHUTH
SBOJIIOLIMIO 3JIEMEHTOB BceneHHOH B MponuioM, HacTOSIEM U OyayIeM.

Anann3 gurtepatypsl. MccienoBanusm (U3WKH ¥ 3BOJIONWHU 3BE3/ M Ta-
JIAKTHK TIOCBSIIEHO OOoJbIIoe KoauuecTBo pabor. HakomiueH oOmmMpHBIN dKcre-
PUMEHTAJIBHBIA MaTepual, MO3BOMUBLINI pacKphITh MHOTHE TaliHbl BceneHHO.
AHanu3 pe3yabTaToOB UCCIEAOBaHUH MOKA3bIBAET, YTO CYIIECTBYIOT pa3HOoOpas3-
HBIC TIOJXOJIBI K OOBSICHECHUIO JBOIIIONMH 3Be31 U ux cuctem [l — 10]. O630p
M3BECTHBIX TUTIOTE3 00pa3oBaHus [ alakTHKHU MpHBENEH B padorax [2 — 5]. Bme-
CTEe C TeM, HECMOTPS Ha TO, YTO CTPYKTypa ['ajakTHKH, XapaKTEepUCTUKH €€ OT-
JENBHBIX 00JIacTel OCTATOYHO JCTAThbHO W3ydeHHI [3, 8], Bce emie HET JocTa-
TOYHO SICHOT'O OTBETa HA MHOTHE BOIPOCHI, Kacarolluecs MporeccoB ee hopMu-
pOBaHUsL.

B wactHOCTH, JHMCKYCCHOHHBIMU SIBJISIFOTCS MEXaHU3M oOpaszoBaHus ["ano u
OKpy>Katomiei ero KopoHsl, 1UCKOBOW CTPYKTYphl ['aJakTUKK ¥ YTOJIIEHHS B
ee [eHTpalibHON obnactu. Her yOennTensHOro OOBSICHEHNST MaJIoro IO CpaBHE-
HUIO ¢ JINCKOM MOMEHTa BpallleHHsI [EHTPaIbHOW 00JIACTH U JIp.

Heanb padoTsl. [lenpio HAacTOsAIMEH pabOTHI ABISCTCS MPEAITOKUTH THIIO-
Te3y popmupoBanus ['amakTHKH, MO3BOJISIONIYI0O B OOIIEH MMOCTAaHOBKE OTBE-
THTHh HA YKa3aHHBIC BHIIIEC BOIPOCHI.

Martepuansl uccienoBaHus. B ocHOBY mnpeuiaraeMoil runote3sl Gpopmu-
poBaHus ['alakTHKU MOJIOXKEHO JONMyIIEHNE O B3phIBE 00pa3oBaBilelics B X0-
Jle mpeauecTByoeil 3somtonuu nporol anaktuku. Ha ocHoBe aHanusa mo-
CIeACTBUI Takoro B3pbiBa (u3MUeckas Monenb mpouecca (HOpMHPOBAHUS
lanakTuky MOXET OBITH MPEJICTABICHA B CIIEAYIOIIEM BHUJIE.
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1. ®opmupoBanuw ['anakTuku mpejlIecTBOBaia SBOJIONUS BceneHHO,
3a Hayajo OTCYeTa KOTOPOHW NPHUHATO CUMTATh TaK Ha3blBaeMbli bonbimoi
B3peis (BB) [1, 2]. CymecrBoBanue bB mnpezanonaraer HayaapHOE COCPENOTO-
YeHHEe BCeW MacChl MPOTOBCelleHHOoH B OrpaHMYeHHOM NpocTpaHcTBe. Marepus
npotoBcenenHol cymiecTBOBaia B CBEPX CXKATOM COCTOSIHUHU 3a CUET CHJI IpH-
TSDKEHHSI €€ 3JIEMEHTAapHBIX YaCTHIl U TPaBUTAIMH. BrojgHEe BEepOSTHO, YTO OHA
obnamana MomeHToM mmnynbca. [lpu Boasmom B3peiBe B okpyxkatomiee mpo-
CTpaHCTBO ObUIa BHIOpOIIEHAa OCHOBHAash 4acTh Macchl nportoBcenenHoi. Ilo
CYIIECTBYIOIIUM OIIEHKaM IUIOTHOCTH NMPOJYKTOB B3pbIBa Ha MOMEHT Hauaja
pacimpenns coctapnsia nopaaka 10'® kr/m’. B npomecce pacmupenus Bo Bce
BO3pacTarolieM o0beMe NMPOUCXOAMIN pacnaj IepBOHaYaIbHO CIUIONIHOM cpe-
JIbl ¥ CHW)KEHHE CPE/IHEH TUIOTHOCTH MaTepud. [IpoayKTHl B3phIBa Ha 3TOM 3Ta-
e COCTOSUIM M3 MHOTOYHCIEHHBIX (DParMeHTOB, HAXOASIIUXCS B CBEPXILIOT-
HOM COCTOSTHMM (THIIa HEWTPOHHBIX 3BE€3/), MU T'a30BBIX O0JIAKOB C BBICOKOU
IUIOTHOCTBIO Bonmopoaa. Co BpeMEHEeM Ioj ACHCTBHEM CHII TpaBuUTanuu Qop-
MHUDPYETCSI YIOPSIOYEHHOE JIBI)KEHHE D3JIEMEHTOB CHCTEMBI C 00pa3oBaHHEM
ckoruieHuit (parmentoB B3pbiBa (PB). CBepXmioTHble (QparMeHTHl B3pbIBa
AKKYMYJIUPYIOT 3HAYUTEIBHYIO MacCy OKPYKAIOIIETo BellecTBa, 0opasys (0ma-
rojapst ocoObIM CBOIcTBaM Takux ¢parMeHToB [7]), MaccuBHBIE chepHuecKue
arperaTsl. [log melcTBMEM TI'paBUTAIIMOHHBIX CHJI IPOMCXOIUT OOBEAMHEHUE
YKa3aHHBIX arperaToB M COIMYTCTBYIOIIUX UM Ta30BBIX 00JaKOB B KOMITaKTHBIE
KOHrJioMepaTsl — nportol amaktuku. OJHMM W3 TakWX KOHTJIOMEpaToB Oblia
nporol'amaktuka (nl’). [Iporol'amakTuka o0ajasa HaYaJIbHBIM MOMCHTOM
BpalleHus, IPHOOPETEHHBIM B X0J1€ MPE/IIECTBYIOIIEH IBOIOLNH.

2. Ilponomkatomasics akKpelus, IpaBUTAIIMOHHOE C)KaTHe, B3auMojeii-
cTBHE OOJBIIMX COCPEAOTOUYEHHBIX MacC B MPOIECCe MX TEIMIO- U Maccoo0-
MEHa CO34al0T yCIOBHS JJs B3pbIBa MpoTol anakTuku. B HeKOTOpHINl MOMEHT
BpEMEHHU MPOUCXOIAUT B3pbIB mpoTol anakTuku, moao0HbIH Boabmomy B3phI-
BY, HO CYIIECTBEHHO MEHBIIETO MaciITada.

IponyxTer ramakTudeckoro B3peiBa (I[II'B) B BHIe MHOroO4MCIEHHBIX
CBEPXIUIOTHBIX ()ParMeHTOB pPa3HbIX Pa3MepoOB, IUIOTHHIX I'a30BbIX 00JaKOB U
paccessHHOTO rasa paclpOCTpPaHSIIOTCS B OKpy)KaromeM mnpoctpancrse. Cko-
pOCTh NMPOAYKTOB B3phIBA OINpPEJENSieTCs] HAa4aJbHBIM HUMITYJIbCOM, HOJy4YeH-
HBIM €€ OTJeJIbHBIMH (pparMeHTaMu, U CKOPOCTHIO UX BPAIlEHUsI BOKPYT OCH B
cocraBe nporolamakruku. Ilpu B3pbIBe 4acTh (parMeHTOB MpHOOpETaIoT
CKOPOCTb, NMPEBHIMIAIONIYI0 NapaboNuecKyro, B pe3ysibTaTe Yero OHU yJaajs-
I0TCS B MEXTraJaKTHYeCKOoe MPOCTPaHCTBO.

[Mon meiicTBMEM CBETOBOTO JABJICHHSI M yIApHOW BOJHBI 3HAYMUTEIbHAsS
Macca OCTaBLIEroCs B 30HE BIMSIHUS MpoTol allaKTHKK BellecTBa IepeMelna-
eTcsl Ha nepudepuro (BO3MOXHOCTh MOAO00HOT0 Mpolecca noka3ana B [9]).

[Ipu nBWXEHWM TO paguycy HMPOIYKTHI B3phIBAa COXPAHSIOT JIMHEHHYIO
CKOPOCTh JIBHXKEHHUS BOKPYT LEHTpa MacChl CUCTEMBI, 00YCIOBICHHYIO Bpa-
menueM nl. BennduHa 3TOH CKOPOCTH ONpeesieTcss XapakTepoM U3MEHEHUs
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JMHEHHOHN cKopocTH 1o paauycy nl W mupoTol BEIOpOCa BemecTBa (JIHHEH-
Has CKOpOCTh (parMeHTOB OYJeT U3MEHSATHCS OT MaKCUMaJbHOW IpPH BHIOPO-
ce WX M3 IKBaTOPHUAJIBHOM 00IacTH 10 HYJIEBOW — U3 paiioHa MOJIOCOB).

ITo mepe nBuxkenus [II'B B panuanbHOM HampaBi€HUW MPOUCXOJUT UX
IpaBUTAIIMOHHOE TOPMOXKEHHE. B pe3ynpTaTe co BpeMeHeM obOpaszyercs [a-
nakTuaeckoe odmako (I'O) ¢ qmamMeTpoM, COM3MEPUMBIHA C TUAMETPOM COBpe-
MeHHoro ['ano. BenenctBue nucnepcuu HadansHOM ckopoctu III'B pacnona-
ralorcsi 1o Bcemy o0bemy 'O ¢ ompepeneHHBIM (C HalMYMeM MaKCHMyMa)
pacnpeneireHneM WX IUIOTHOCTH MO paauycy. llpu pacmmpeHun mpoayKToB
B3phIBA M B pE3ylbTaTe TEIUIOOOMEHA C BHEIIHEH cpelodl WX TemIeparypa
MMOHMXKAETCsS OT I[EHTpa obyiaka K ero nepudepui.

[TockonpKy B mpolecce akKpeluuu HapyKHble ciion Nl mpeBbIIaNu JIH-
HEHHYI0 CKOPOCTh BHYTPEHHHUX €€ CJI0EB MOXHO MpeJIoiaraTb, 4TO Momo0-
Hasg nuddepenumanus nuHeitHoi ckopoctu III'B OymeT coxpaHAThCS W 1O
paauycy I'O. [Ipeanonoxenue moATBEpKAaeTCs UccaeoBaHusIMH [1].

CoxpaHuBIIMecs 3a NpezeaMy 30Hbl BIUSHUS MPOTOl aJaKTUKU TUIOTHBIE
razoBble o0Jlaka BMECTE C BBITECHEHHBIM M3 JTOH 30HBI ra3oM 00pa3yioT B
nanbHelmeM Bokpyr ["ano remuyro Kopony 3 HeHabOmromaeMoro Bemiecrsa [3].

3. [ocne B3peIBa poTol anaktuku B rieHTpe 'O obpasyercs SAnpo Namaxk-
TUKH, COBPEMEHHBIN pajuyc KOTOPOTo coctasiisieT okojio 3 mnic [8]. CTpykTypa
Snpa oOycioBieHa, MO-BUIUMOMY, UCXOJIHOU CTPYKTYpo#l mpoTol anakTuku u
XapaKTepoM B3pbIBa: OHO COJEPKUT HECKOIbKO CBEPXIUIOTHBIX (hparMeHTOB
(BHYTpPEHHHUX siep), 3Be€3]l M MOHM30BAaHHOTO Ta3a OONbINOW IUIOTHOCTH. B
neHTpe Snpa comepKUTCS 00BEKT («IepeMBIUKY») ¢ pazmepamu okoyo 0,3 x
0,7 mc [8]). CtpykTypa 00BeKTa, MO-BUANMOMY, OJ00HA CTPYKTYpe IBOHHON
3BE€3/Ibl C IUNIOCKOCTHIO BpAIIEHUS 3JIEMEHTOB, NEPIEHANKYISIPHON IKBATOPH-
anpHOHU TutockocTH ["anmakTuku. «llepeMbraka» SBISETCS HCTOUHUKOM CTPYHHO-
r'o TEYEeHUs] HOHW30BAHHOTO Ta3a U3 ee IIeHTPAIIbHON 00JIacTH.

4. Tlocne mogbeMa Ha MAaKCHMAJIbHYIO BBICOTY IOJNYYUBIINE OJMHAKOBBIH
HavanpHBI uMynsc OI'B pacnonararorcs Ha chepuveckoil TOBEPXHOCTH pa-
muycoM 1; BHyTpu ['O. Ilpu Hanu4Yuy JIMHEHHOW CKOPOCTH U U ACHCTBUH IICH-

TpasnbHOH cuiabsl F OI'B HaumHaOT ABUraThCsl BOKPYT LIEHTpA Macc MO WHAUBU-
JyaldbHBIM SJUIMITUYECKUM OpOUTaM C amnolEHTPOM I, =T, . DJUIMITHYECcKas

opOWTa ra30BOil KOMIIOHEHTHI W3-32 MAJOH CHIIBI TSDKECTH MMEET Malbli dKC-
nentpucuretr. @I'B, pacnonokeHHbIE B CXOACTBEHHBIX TOYKAaX Ha MOBEPXHOCTU
BbIOpaHHOW c(epbl B pa3HBIX MONYMIAPHSIX (32 MCKIIOUEHHE MPHUIOISIPHBIX 00-
jacTel), IBIKYTCS K 9KBaTOPHAJIbHOM INTOCKOCTH C POTHBOIOJIOKHBIX HAlpaBs-
nennit [10]. X opOHUTHI ABaXABI MEPECEKAIOT COOTBETCTBYIONINE OPOUTHI (par-
MEHTOB, JBIDKYIIUECS B 3KBATOPHAJIBHOM MIIOCKOCTH 31€Ch, B OCHOBHOM, ITPOUC-
XOJIHT CHJIOBOE B3aUMOZEHCTBUE (PparMeHTOB: X 00beInHEHNE, BOSHUKHOBEHHE
MOMeHTa BpaeHus u T.. O0bennHeHne pparMeHToB MPHUBOAUT K POCTY ceye-
HUSI CTOJIKHOBEHUS! OOBEAMHEHHsI, YTO B CBOIO OY€pEJb MOBHIIIAET BEPOSITHOCTh
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€ro CTOJIKHOBEHHMsS C mocieayommmu ¢parmenramu. OOpasyromuecss mnpu
cronkHoBeHNH PI'B arperaTsl MOryT U3MEHSTH CBOIO IE€PBOHAYAIBHYIO OPOUTY
W BBIXOJUTH M3 HKBATOPHAIBHOM IUIOCKOCTH, CO3/1aBasi JOIOJHUTEIbHBIE 30HBI
CTOJIKHOBEHHSI 32 €€ IpenenaMu. AKKpelus ra3oBoil KOMIOHEHTHI IPUBOJIUT K
JIOTIOJTHUTEIBHOMY POCTY Macchl 00ObEMHEHNH 1 00pa30BaHHIO ITPOTO3BE3I.

B skBatopuansHOi oOnacTu Bce QparMeHTHI U O0Opa3yrOMIMECs MPOTO3-
BE3bl ABMXKYTCS B HalpaBieHNH BpamieHus SAapa [anakTuky.

B o6mactu nomtocoB nuHelHas ckopocts @I'B 6muska k Hysto. [1o aToit
MPUYMHE OHHM JBWXKYTCS MO BBITSAHYTBIM JJTMOTHYECKUM OpOUTAM HIIHU IO
paauycy cCHCTeMBbl B HalpaBJIeHUM K IeHTpy [ ajmakTuku. B mporecce aBuxke-
HUS TP B3aUMOJIEHCTBUM C JPYTMMH (parMeHTaMH U B pe3yibTaTe aKKpe-
LMW Ta30BOH KOMITOHEHTHI NMPOUCXOAUT POCT UX MacChl C JalbHEWIIEH 3BO-
JIIOLUEN B 3BE3/IbI.

Takum 00pa3oM MPOUCXOJUT COCPENOTOUCHHUE OCHOBHON Macchl MPOAYK-
TOB B3phIBa B 00JacTH, NMpUIeTaplleld K dKBaTopHaibHOH miockoctu 'O, n
obOpasoBaHue TMCKO0Opa3HOl CTPYKTYpHI ['amakTHKy.

CymecTByomue HbIHE pykaBa [alakTMKM W pykaBa, HaOJioJaembie B
Anpe [8], sABAAIOTCA pe3yabTaTOM CTPYHHOIO HCTEUEHHUS raza U3 LEHTpalb-
HOH obOnactu nBoiHOTrO 00BekTa Snpa. Habmonaemble HEIHE CTpYyHHbBIE TeUe-
HUS B BUJE ABYX PYKaBOB SIBJISIIOTCS MCTOYHHMKOM BEIIECTBA JUUISl HHTEHCUBHO-
ro 3Be3000pa3zoBanus B Snpe.

5. HawnbGonee maccuBubie ®I'B npu nBMKeHUH B SKBaTOpHANbHOI 00iac-
TH U BHE €€ YBEJIIMYMBAIOT CBOIO MaccCy, OCTaBasch OJHAKO Ha OpOUTax BHE 00-
pasyromierocs Jlucka. Takue QparMeHTBI CO CBEPXIUIOTHBIM SIPOM M Majou
CKOPOCTBIO BpallleHHUs] CO BpeMeHEeM 00pa3yIoT IIapoBbIe 3BE3AHBIE CKOTIJICHHUS.

6. B nenrpansuoit obnactu 'O wacte ®I'B, nepuneHTp KOTOPHIX MEHB-
me paauyca Sapa, nornomatorcs Anpom. Ha Anpo akkpeuupyer u razonas
koMmroHeHTa. Co BpeMeHeM olOusacth Sapa oboramaercs ra3oM U GparMeHTa-
MH — 3JIEMCHTaMU OYAYyIIUX 3BE3]] B cocTaBe Sapa.

Yacts ®I'B, nepuneHTp KOTOPBIX HE3HAYHMTEIHHO IMPEBHIIIAET pa3Mepsl
Slnpa, BcieACTBUE TpaBUTALMOHHOTO 3aXBaTa MEpPEXosiT Ha OpOHUTY BOKPYT
SAnpa. Co BpemeHeM BOKpyr Sapa oOpaszyercs UEHTpallbHOE CKOILIEHUE
¢parMeHTOB B (hopMe TOJIOTO ILIMIICONA BpALleHUsI C OOJBIIONH MOJIYOChIO,
nexamel B mockoctu Jucka (coBpeMeHHOe EHTPaIbHOE 3BE3/THOE CKOTLIEe-
nue (I[3C) unm yronmenne). CoBpeMEHHBIH paauyc BHYTPEHHEH M HapyX-
HOW TpaHUlbl dJuIHIicoua coctaBiser okono 0,7 u 1,4 knc [8]. B paccmar-
puBaeMoii obnactu opOUTH (parMeHTOB B3pbIBa Hambosee OIM3KO pacriona-
raloTcsl APYT K JPYyry, YTO CO3/1aeT YCIOBMSA JUISl HHTEHCUBHOTO B3aUMOJIEH-
CTBHS QparMeHTOB U YCKOPEHHOTO 3BE€37000pa3oBaHusl. DTOMY CIOCOOCTBYET
TaK)Xe BBICOKAasi TEMIIEpaTypa U INIOTHOCTh MaTepUU B YKa3aHHOH 00JacTH.

Hapyxnas oGmnacts flnpa u BHyTpeHHSS 00NacTh LEHTPAIBHOTO 3BE3/I-
HOTO CKOIUIEHUs pa3J/ieJIeHbl Ta30BBIMH 00OJIOYKaMU Pa3HOr'0 COCTaBa, KOH-
¢urypanuun u mwiotTHocTH [8].
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7. Oobequnenne ®I'B, cocpenoToyeHre ra30BOM KOMIIOHCHTHI B 3KBa-
TOpPHAJIBHOH 00JacTH crmocoOCTBYeT 00pa3oBaHHUIO MPOTO3BE3 ] C AabHEHIIEH
SBOJIIOIIMEN B 3Be3/bl. BeiencTBue MOHIKEHHS TeMIIEpaTypbl M IJIOTHOCTH
MaTepuu 3Be3g000pa3oBaHue B oObeMe JlMCKa MPOUCXOIUT C BPEMEHHBIM
3ama3plBaHUEM OT IeHTpa K nepudepun. Ta ke mpUYIMHA MPUBOIUT K TUP-
(depeHIMaN HaYaJIbHOIM Macchl 00pa3yroIuXCcs 3BE3 1.

8. TlpuobpereHne JIMCKOM 3HAYMUTEIBHOTO MOMCHTA UMITYJIbCA SIBIISCT-
c4 pe3yJbTaTOM CHJIOBOTO MEpeMEUIeHUs MPOAYKTOB B3phIBA HAa 3HAUYMUTEINb-
HOE paccTosHMUE OT LeHTpa ['anakTuku.

Bce cocraBnsioniue Gpopmupyromeiics [anakTuku B JadbHEHIIEM BUJIO-
HU3MEHSIeTCS, a €€ CTPYKTypa U COCTaB CYIIECTBEHHO YCIOXHsOTCI. OIHaKO
W3 NPHUBEACHHOW KapTHUHBI IPOCMATPUBAETCA JIOTHUECKas IIelb JalbHEHIInX
COOBITHH, TPUBOJANINX K CYIIECTBYIOLIEMY COCTOSHHIO BEIEH.

BeiBonsl. Ilpennoxena ¢usuueckass Mojaelb mporecca (GopMUPOBaHUS
lNanaxTuku, B OCHOBY KOTOpPOH MONOKEHA TUIOTE3a CYIIECTBOBAHUS B3PbIBA
chopMHpOBaBIIEHCS B IIPOIECCE IBOJIIOIMM KOMIAKTHON MpoTol alakTHKH.

Monens 1o3BONSET OOBSICHUTH MEXaHM3M OOpa30BaHUsS COBPEMEHHBIX
anemeHToB ['anaktuxu: fnpa, Jlucka u ero pykaBos, LleHTpanbsHOro 3B€31HO-
ro ckorieHus (yronmenus), ['ano n ero Koponsr.
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