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1 Bsenenne

CutbHOE B3aMMOJIeficTBIE MEXK/Iy KBapKaMi U IJIIOOHAMU B CTaHIAPTHON MO-
neun onncbiBaercss Kpanrosast Xpomouunamukoit (KX/1). Uccrenosanue hazoBoii
nuarpammbl KX I 6blta ak TUBHOI TeMoli B TedeHne MHOTHX JieT. Ocoboe BHUMAaHUE B
9TOM HCCJIEIOBAHUN YEJISIeTCs TIePexoLy MexK/Iy aJpoHaMi IIPU HUBKOI TeMIiepary-
pe 1 KBapK-TJIFOOHHOI I1J1a3MOI1 IIPU BBICOKOIT TemIiepaType. XapaKTep Iepexo/ia Kak
anasmriaeckoro kpoccosepa |[1],]2],[3],[4],[5][6],7]] m3Becren ¢ 2006 r. [[1], [2]]. Oxa-
HAKO Pa3Hble BHEIITHIE BIUSHUSI MOTYT H3MEHUTh XapakTep 9Toro mnepexoaa. OgHnum
13 U3BECTHBIX IIPUMEPOB SABJIsIeTCs J00aBIeHne XMMUIeCKOro moTeHimasia. Kpocco-
Bep ObLI YCTAHOBJIEH TOJIBKO JIJI NCUE3AI0IIEr0 XUMUIEeCKOr0 IOoTeHI[na1a OapuoHOB,
YTO O3HAYAET HACTPOMKY C OJIMHAKOBBIM KOJIMIECTBOM KBAPKOB U AHTUKBAPKOB. T4,
HACTPOITKa SBJIAETCA XOPOIuM Ipub/KenueM s nepexoga KX /I B panneit Bee-
Jennoit. OJiHaKO SKCIepuMeHTa IbHbIe ucciaeoBanus nepexona KX/I ocHoBaHbl Ha
9KCIIEPUMEHTaX 110 CTOJKHOBEHUIO THAXKEJIbIX HOHOB, KOTODPhIE IIPOM3BOJIAT KBapK-
IJIFOOHHYIO TIJIA3MY ¢ KOHEUHOI TIJIOTHOCTHIO. KpoMe Toro, cToIKHYBINAsiCs MaTepus
IPOXO/IUT Yepe3 HECKOJIbKO CTaJIiii 1 He HaXOJIUTCs MOCTOSHHO B paBHOBecHU. Tax
KaK B HacTodmmit MoMmeHT mostHasd KX/I He MoxKeT ObITH pelieHa B 9TUX YCJIOBUSX,
HEOOXO/IMMO TIPEJIIIPUHSITH 9TO-TO NHOE.

IIporpecc ¢ dazopoit guarpammoii ot pererouanoit KX /I xoporo coorBeTcTBYy-
eT U JaCTUYHO BbI3BaH PACTYIIUM YUCJIOM JIOCTYITHBIX SKCIEPUMEHTATBLHBIX PE3YIh-
TaToB. B JAaHHBIIT MOMEHT OOJILIIIMHCTBO KCIIEPUMEHTAIBLHBIX PE3YILTATOB JIjIsT IKC-
HEPUMEHTOB 110 CTOJIKHOBEHUIO TSZKEJIbIX MOHOB IOJIyUeHbl Jinbo Ha Bosbmiom Aj-
pourom Kosmnaiizepe (LHC) B IIEPH B 'endpe, Iseitnapus, nim Pengrusucrekom
Tsxenom Nonnsim Komnaitnepom (RHIC) B BpykxeitBeHckoii HarmoHa bHO#T j1a60-
paropunu B Heio-Nopxke, CIIA. TToka pesyabrarst ¢ LHC nMeioT HU3KYIO [IOTHOCTD,
a RHIC nosyaaer poctyn K uxdopmalun jijisg O0JIbIIEro XUMIIECKOro TIOTEHITAIA.
Tem HE MeHee, eCTb HeCKOJIBKO ITPEJICTOAIINX ITPOCKTOB, KOTOPBIE ITO3BOJIST N3y YCHUE
erie OoJjiee BBICOKUX IIOTHOCTEH. TakuMu IIpoeKTaMy SBJISIIOTCSA YCTaAHOBKa, MOHHO-
ro kojuaiiziepa Ha 6ase mHykmorpora (NICA) B O6beuHEHHOM HHCTUTYTE SIIEPHBIX
uccyenopanuii (OUAN) B dy6ue, Poccusi, sxcrepumenT co cxkaToilt 6aproHHOMN Ma-
tepueit (CBM) na ycranoBKe /1t aHTHIIPOTOHOB U MOHHBIX HCCIe0BaHuil B EBpote
(FAIR) B lapmmmrasre, epmanust, u rientp tsizkesbix nonos J-PARC (J-PARC-HI)
B fMOHCKOM HCCIeI0BATEILCKOM KOMILIEKce MPOTOHHBIX yekoputeseit (J-PARC) B

Toxkaii, Anonns.



[Tocsie sToro BBejieHUsT B pasjiesie [2| Oy/iyT KPaTKO OIMCAHbI dTallbl SKCIIEPHU-
MEHTa 110 CTOJIKHOBEHMIO TsizKeJIbIX MoHOB. UBsizb pemerounoit KX /I ¢ akciiepumMen-
TaMU 110 CTOJTKHOBEHHIO TSI?KEJIbIX MOHOB TpedyeT pe3ysibTaTbl NPU HU3KOH KOHEed-
HOM TJIOTHOCTH, KOTOpBIe OYIyT 0bcyKaaThcs B pasjeste [3 OcnoBHas mpobiema B
JIMAIa30He IMapaMeTpoB — 3TO TaK HasbiBaeMas MpobJieMa 3HAKOB, KOTOpas Oyjer
obcyzkaareest B pasgese [3.1] [losromy jyist mostydeHns: SKCTPanompoBaHHbIX (Hu-
3UYECKUX PE3YJIBTATOB TPUXOJNTCST MOJIAraThCsl Ha SKCTPAIoJsiin (pasies oT
ncuesatoriero (Meron Teitsopa) miam MHEMOTO XUMHYECKOro noreHnnasa. pyroit
METOJI, KOTOPBIN MPUOIMKACTCA K IMPIMOMY MOJICTUPOBAHUIO PEIIETKU MPU KOHEU-
Hoit miornoctu, Komiuiekcnoe mosenuposanue Jlamn:kesena, Oyjer paccMOTpeH B
pazesie [3.3] CyimecTBYIOT U JIpyrie MeTojbl, KOTOpble Ha OyIyT 006CYKIaThCs B
sroit pabore ( Merossl nosroproro s3sermusaius |8, [9], [10]], meToas! mrorHOCTH
cocrostamit [[11], [12]], ¢ ncnonbzoBannem kanommdeckoro amcamoss [[13],[14],[15]],
hopMyIUPOBKE ¢ JBOHCTBeHHBIME TlepeMerHbiME [[16]] i nanepcrkamu Jledimerna
[[17]]. Hpyroii crioco6 nosnyuennst undpopmanun o KX/ koreuHoil 1m10THOCTH, pe-
IMETOYHOE MOJIeINpoBaHue Teopuii 3(hheKTUBHOrO 1moJIst, 00Cy K paercst B pasjee [4]
3/1ech B pazjieie OyJlyT PacCMOTPEHbBI PE3YJILTATHI JIJIST COCTOSTHUI, CBSI3AHHBIX C
TSIZKEJIBIMU KBapKaMI, TaK Ha3bIBAeMbIil TszKe bl KBapkoHuit. B pasnene | oyier
paccMoTpeHa hazoBas JIuarpaMma CUJIbHO B3aumMmo/ieiicTBytomnieit Matepun. B pasje-
7e [6] 6yer KpaTko paceMoTper (heHOMEH Tak Ha3biBaeMBbIX strangelets u u3 cBsi3b ¢

KOCMOJIOTHEH 1 acTpou3nKoil. 3a 3TUM Ioc/IeyeT 3aK/I0UeHne JaHHOH paboTHI.

2 CTOoJIKHOBEHUd TAXKEJIBIX MOHOB

[TockobKy sKCcIIEpuMeHTaIbHAA peansalns TepmoguHamMukn KX /T Tecno cBs-
3aHa C KCIIEPUMEHTAMU 110 CTOJKHOBEHUIO TsIZKeJIbIX NOHOB, OYJIeT CJieIaH0 HeDO b
I10€ OTCTYILIeHNEe, 9TOObl O0bsICHUTD PA3JIMUIHbIE STAIIbI, IPOUCXOILAINNE BO BPEMs
TAKOro CTOJIKHOBEHMsI, KOTOpble n306paxkenb! Ha pucytke [I [lpu croikHoBennu Tsi-
JKEeJIbIX MOHOB MOXKHO HCIIOJIB30BATh Pa3/IMUHbIE djpa. APKUMU IpUMEPaMU sIBJIsI-
I0TCs1 30JI0TO U CBUHEI, KOTOPhIe ncro/ib3oBasinch Ha RHIC u LHC. /IBa myuka sijiep

PA3rOHSIOTCA 10 PEIATUBUCTCKUX CKOPOCTEIA.
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Pucynok 1 — O030p pasjmuHbIX CTaJAUil CTOJKHOBEHHSI TsizKeJbIX HOHOB. CepbiM
I[BETOM I10Ka3aHbl pa3/inyuHblie 3(PMEKTUBHBIE TEOPHH, KOTOPhIE UCIIOJIL3YIOTCS JIJIsT
OMNICanus PasHbIX 3Tanos [[18]].

Kora jiBa 1mydka CTaJKHBAIOTCs, OHU 00Pa3yloT COCTOsIHKE, KOTOPOE He Ha-
XOJNUTCA B TEPMOINHAMIYICCKOM PABHOBECHN, ¢ CUJIBHO B3aMMOJIEHCTBYIOIIUMH I10-
JIIMHE, TIOJ] HAa3BaHUEM ryia3Ma (0ObIYHO 9TO COCTOSIHUE OIMKUCHIBAETCS B PAMKAX TaK
HA3bIBAEMOI'0 KOHJIEHCATa IBETHOTO CTEKJIA [] Komnjiencar nBeToBOro cTek/ia, siB-
JIIeTCSl TEOPETHICCKUM ITO/IXO0/IOM K OIMCAHUIO CUJILHOTO B3aUMOJICHCTBIA B YCJIOBH-
sIX BBICOKHX ILIOTHOCTE. OCcOOEHHOCTBIO TEOPETUUECKO MOJIEIN SIBJIAETCs IJIa3Ma,
HO MOJIEJ/Ib OIIMCHIBAET U IIPOIECCHI JI0 CTOJKHOBEHUSI. 3/eCh IVIa3Ma, pacCMaTpruBaeT-
cd B paMKax OECKOHEUYHOI'O UMITYJ/IbCA, TJIe €CTh HapPTOHBI si/iep, BaJeHTHbIE KBAPKU 1
apbl MOPCKUX KBapKOB. OCHOBHOI 1IPOOJIEMOIL SIBJISIETCS OIUCAHNIE PA3IIMIHBIX 00-
JlacTeil uMITyJibcoB. V3-3a TOro, 4TO COCTOSTHUE HE HAXOUTCS B TEPMOJIMHAMITIECKOM
paBHOBECHUH, OHO HEJIOCTYITHO JII permeTounniXx Teopuit KX /1.

Ha ciienytoriem srare IporcxouT JajibHedinast ¢pparMeHTalus 1apToOHOB Ha
KBapKU U TJIIOOHBI, YTO B KOHEYHOM HTOre IPUBOJUT K KBAPK-TVIIOOHHOI ILIa3Me.
DTO CUJILHO B3aUMOJIEHCTBYIOIEe COCTOsIHIE KBAPKOB U TJIIOOHOB,KOTOPBIE B ITUX
YCJIOBHUSIX MOT'YT pacCMaTpUBaThCs Kak cBOOOHBIC. Ec/m cHava a mpeanosaraioch,
YTO OHO OYJIET ITOXOXKE Ha IJIEKTPOMArHUTHYIO IIJIa3MYy, TO K HACTOSIIEMY BpPeMEeHN
XOPOIIIO YCTAHOBJIEHO, YTO KBAPK-IJIIOOHHASI I1J1a3Ma 0OJIbIIe IIOX0YKe Ha CUJILHO B3a-

UMOEHCTBYIONIYIO KIIAKOCTEL. Cje0BaTeIbHO, €€ 4acTO OINUCHLIBAIOT PeJISITUBUCT-
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CKOW I'JIPOANHAMUKOIA.

KBapk-r/ioonHas mia3Ma paciiupseTcss W OCThIBaeT OJHOBpeMenno. Korma
OHa JIOCTHTaeT TeMIlepaTyphl, Oymskne K Temmeparype mnepexoma KX/, "cBobos-
HbIe"EI KBapKH U TVIFOOHBI JIOJIZKHBI pEKOMOMHUPOBATH B O6€3I[BETHBIE aAPOHbI. B 3T0T
MOMEHT OIIpeJIesIsieTcsl XUMIdeckoe u300mire aJpoHoB. CoOTBETCTBYIONAs TeMIIe-
paTypa Ha3bIBaeTCs TeMmiepaTypoil 3akaJku. IIpm 3ToM, ajpoHBI BCe €Ie MOTYT
O0OMEHUBATHCS dHEPrueil 1 NMITYILCOM JI0 MOMEHTa 3aKaJIKU.

Ouenb WHTEPECHO y3HATH OYYT JIM COCTOSTHUS HAXOIUTHCA B TEPMOIUHAMIE-
YECKOM PABHOBECHU Ha CTAJMH KBAPK-IJTIOOH-TIJIA3MbI 1 TIOCJIE TIEPEeXo/ia K aJIpOHaM,
TaK KaK TOJIbKO B 9TOM CJlydae pe3y/bTaThl perrerodnoit Teopun KXJI, kortopas

IIpealiojiaracT TEIJIOBOE paBHOBECUE, IIDUMEHNMbBI HAIIPAMYIO.

3 Hwuskag KoHedHad NJIOTHOCTD

Ojro u3 npejicrasiennii dazopoii quarpammbl KX /I mokazano Ha pucynke [2]
Curyanusa ¢ pup = 0 xoporo ucciegoana pererodnoit KX/I. I1pu auzkoM xumu-
YECKOM TIOTEHIMaJe W TeMIlepaType CyIIecTByeT aJpoHHas da3a IBeTOHEHTpab-
HBIX CBSI3aHHBIX cocTosiHmii. [Ipu BeICOKMX Temmeparypax 3hPeKTUBHBIMI CTEIeH -
MU CBOOO/IbI SIBJISIIOTCSI KBAPKU U TJIIOOHBI. JTa (ha3a Ha3bIBAETCsS KBAPK-TJIFOOHHO
I1a3Moit. D1 jiBe das3bl pasjeseHbl KPOCCOBEPOM IPU HU3KOM U HYJIEBOM XHMU-
yeckux moreHnuagax. OxKujgaercs, 9To IIepexoJl IMPeBPaTUTCA B IEePexXoj IepBOIro
nopsijika Jijisi 0oJiee BBICOKUX fip C KPUTUUIECKON TOYKON BTOPOIO MOPSAJIKA MEXKLY
nnmvu. [lostoxkenne KpUTHIECKON TOYKN aKTUBHO UCCTIETyeTCA KaK SKCIIepIMEHTAMI
110 CTOJIKHOBEHHIO TSI?KEJIbIX MOHOB, TaK U TeOpPeTUIYecKNMU pacderaMu. s odenn
OOJIBININX XUMIYECKUX TTOTEHIINAJIOB CYIIECTBYIOT ellle 0oJiee yBJIeKaTe/IbHbIE sIBJIe-

HISI, TaKNe KaK [BeTHas CBepXIpoBo/siias daza [[20]].

1
31ech oIpa3yMeBaeTCsi aCUMIITOTAYECKAsi CBOOOIA.
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Pucynok 2 — Cxemarudeckuit Buj Ha T-pup-1mockoctu dpazopoit guarpammbl KX/I.

st anaJinza KBapK-IJIIOOHHOI T11a3Mbl, KOTOPast CO3/IaeTCsI B 9KCIIEPUMEHTAX
1o crojkHoBeHno Tsizkesbix noHoB Ha LHC mnn RHIC ny:x#HO Teopernueckoe 1o-
HUMaHIe KBapK-TyIF00HHO 1a3Mbl B KX /. B obactu jnekondaiinmenta KX He
MOKET OBITH M3yUeHa C TTOMOIIBIO TeOPUH BO3MYIeHnit . YToObl moyunTsh Henep-
TypOaTUBHBIE PE3YILTATEI ¢ KOHTPOJIUPYEMOIT OMMOKOM, HeOOXOIMMO MepeiiT K pe-
metounoit KX/I. Ha manubrit MOMEHT TpAMble KOHTUHYAJILHO SKCTPAITOINPOBAHHbIE
CUMYJISIIIUN ¢ (PU3NIECKUMU MACCAMHU KBAPKOB OI'PAHUYIEHBI HYJIEBBIM MJIM MHUMBIM
XUMHUYIECKUM TIOTEHIUAIAME U3-3a U3BECTHO 11pobJsiembl co 3nakom. C jpyroit cTo-
ponbl, cToikHOBenus, ocodernro Ha RHIC u 6yaymux ycTanoBKax Jijisd CTOJTKHOBEHMI
TSIZKEJIBIX HOHOB, TakuX Kak Fair u NICA, 6yayT pacnosararsest Biaasm ot ocu T (g

= 0). [oaromy HEOOXOMMa HH(MOPMAIIUS 110 ITOMY DEIHOHY.

3.1 IIpobGjema co 3HAKOM

st MojieTupoBaHus 06€3 XUMIYECKOI'0 ITOTEHIINA A B CPEJIHEM NMEeTCsl OJInHa~
KOBO€ KOJIMYECTBO JacTull u anTudactuil. CjaegoBaTebHO, MaTeMaTUIeCKOe OXKIIa-
Hue O0IIel II0THOCTH OapnoHHOTO Yncia (ng) paBHa HyJo. Jljist onucanns cucreMbl
¢ KOHEYHOI OAPUMOHHOM ILJIOTHOCTHIO HEOOXOINMO J00aBUTH KOHEUHBIH XUMIIECKUI
NOTEeHIHAJ KBapKa (i, K JarpaH:KuaHy. B KOHTHHyyMe 5TO OTHOCHTEIBLHO IIPOCTO
JI0CTHYb, J106aBUB TepMuH hopMbl 1,1). OJIHAKO Ha PEIIeTKe BCe He TaK IPOCTO.

JlobapjieHne aHAJIOIMYHOIO 4jieHa K onepaTopy upaka IpUBOIUT K PacXosiieiics



IJIOTHOCTH SHEPIUH B KOHTHHYAJIBLHOM IIpEJIesie, UTO sIBHO HelpeeMIeMo ¢ (u3nte-
CKOIT TOYKH 3peHus. BmecTo 3Toro crout mnocienoBaTh ujee Xasendpana n Kapiia
B [[21]], re xummTecKuit TOTEHIIAT BOCIPHHIMACTC KaK BPEMEHHAS COCTABIISIIO-

1asi BEKTOPHOTO 110J1sd. Toria BpeMeHHOi CKauKoOOpa3HbIil 14JIeH NMeeT CJIEJTyIOITYIO

bopmy

1

=3 - ~
_%EnEA(eT (774)a5U21(n)ab5n+21,m +et (774)04ﬂU21f (n - 4)ab5n—41,m) (1)
On BoccranapmBaeT ucxoanoe jeficrsue mid 4 — 0 u ¢ & = apNy Bocupo-

N3BOAUT HpaBI/IﬂbeIﬁ YJIeH IIJIOTHOCTU B JIMHEITHOM IMop4aaKe B alt. O,ZLH&KO ITOT

TepMUH HApYIIAET 7Y5-3PMUTOBOCTH ollepaTopa lupaxa

Vs D5 = DT (2)

¥ TIPUBOJIUT K KOMILJIEKCHOMY (hepMUOHHOMY JIeTepMUHAHTY JIJIst JIeHCTBUTE b
HOro (. PepMUOHHBII ONpeenTe b BXOAUT B BecoBoil Koadduiment Bosbimarna,
KOTODBIH JIOJIZKEH ObITH MOJOKNUTEIBHBIM, ITOOBI MOXKHO OBLIO MPOBECTH MO/ICIIH-
posanue metojoMm MonTe-Kapjo. Bblio HecKoJIbKO 1jieit 0 TOM, KaK MOJyIUTh pe-
3yJIBTATHI [IPU PEATHHOM KOHETHOM XUMUIECKOM moTeHnnaste. [l pumepamu tTaknx me-
TOJIOB SABJIsIOTCs ToBTOpHOE B3BemuBanue |[8],]9],[10]], pasnoxenue Teitnopa [[22]],
mioraocTn cocrognnit |[11], [12]], nermonssys kanornngeckuit amcam6ss [[13],[14],[15]],
opMyTPOBKH ¢ JBoiicTBeHHbIMI TiepeMentbivu |[16]],nanepcrru Jledmena [[17]]

WK CIoyKHBIe cnmyJtsiimn Jlamxkesena [[23)].

3.2 DKcTpaloJidiis Ha KOHEeYHOe [

BumecTo mpoBejieHnst mpsiMOro MOJIETHPOBAHMS JIJTsT MAJIBIX [LJIOTHOCTEH MOXKHO
MOJIYIUTh PE3YJIbTATHI ¢ MaccaMn (bU3NIECKIX KBAPKOB IIyTeM 9KCTPAIoJIsni. Tak
Kak 1mpn pp = 0 nepexon spisiercs KpoccosepoMm [[1] - [6]], nekoropsie mabstiomae-
Mble MOI'YT ObITh [ApAMEeTPU30BaHbl AHAJUTHIECKON (DYHKIINEH TaK:Ke B OKPECTHO-
cTu HyJis. DTOT (haKT MOXKHO HCIOJIB30BaTh, UCIO/bL3Ys PE3YIbTaThl B HyJe [[22],
[24]] wu iprr MuHEMOM XuMEITdeckoM noTernnadte [[25]], aTober HaiitTu GyHnknuo, Ko-
TOpasi MOYKET OBITH IKCTPAIOINPYEMa Ha PEATbHbIN MOJTOKUTEbHbBI XUMITIeCKUiT
norennuas. s mogyderust nHOOPMAIMK OT HYJIEBOTO XUMIYECKOIO MOTEHIINAA
HCIIOJIB3YIOTCS BBICIINE [TPOU3BOJHbIE (DYHKIMU DPACIIPE/IeJIeHIs] JIJIS BbIYUCICHUST

K03 PUINEHTOB pasJioyKeHus: Teitjaopa, KOTOpOe MOXKHO IPOJAOJIKUTD JI0 KOHEUHO-



1o itp. IToaToMy 3TOT METO]1 YacTO Ha3bIBAIOT MeTo oM Teitopa.

pyroit BO3MOKHOCTBIO Olpe/iesieHns (BYHKINHI, KOTOpasg MOXKET ObIThH ITPO-
JIOJI7KeHa 10 KOHEYHOTO XUMHUYECKOTO TMOTEHINAJa, SBJIAETCd MCIOJIb30BAHIE MO-
JIeTMPOBAHNs IUCTO MHUMOTO XHMUYECKOI'0 TOTEHIMaa, e mpobjema 3HaKa OT-
cyrcrByeT. Kak mokasaHo Ha pucyHke [3| jgaHHble MOTYT ObITH ONUCAHBI (DYHKIHETT
,uQB. JI1s1 MHUMOTO XMMUYECKOT'0 ITOTEHITHAJIA, M2B < 0, 1 370 00/1aCTB, TJIe Pe3y/IbTa-
THl MOJIEJINPOBAHUS ABJISIOTCS JOCTYTHBIMU. [oTydeHHbIMI TaHHBIMI 3aTeM MOK-
HO TTPOPUTUPOBATE (DYHKITHIEH, KOTOPYIO MOYKHO SKCTPAIIOJINPOBATL Ha ,u% > 0 m,
cJIeJIOBATEIbHO, Ha, PEAIbHBIN MOJIOYKUTEIbHBIN XUMIYecKnii moreniual. [lockoabky
MaJIo YTO U3BECTHO O KOHKPETHOi (popMe omuchIBatorieil pyHkin, BLIOOp MyHKITNN

JJI (bI/ITI/IpOBaHI/IH BJINACT Ha PE3YyJIbTAaT IIPpU PEaJIbHOM XMMHUYECKOM ITOTECHIINAJIE.

Analytical continmation on N = 12 raw data
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Pucynok 3 — Wmocrpaliust aHAJIUTHIECKOTO MTPOIOJIZKEHIS N3 BOOOParKaeMoro Xu-
MUYECKOI'0o IOoTeHInasa. JaHable, creHepupoBaHHbIE € ITOMOIIBIO YUCTO MHUMOI'O
(g, MOTYT OBITH MPOMPUTHPOBAHBI KaK (PYHKIINS B ,u%, a 3aTeM YKCTPAIIOJIUPYETCsI
s i < 0B pp > 0 [[26]].

Ha puc. 3 nmokasanbl Tpu pasjimdHble GyHKINN t, & IMEHHO

fil, T) = at b5 + e(2)! (3)



i) = 20, 0
R T) = a+ bl 4 20 5)
T

KazKJIbIil 113 KOTOPBIX MMeeT TpHu mapamerpa dgurupoBanus a, b, ¢. Bece tpn
QYHKIIMU XOPOIIO OIUCHIBAIOT JIOCTYIIHbIE JaHHbIe. OJHAKO UX IHPOJIOJIZKEHUEe JI0
g > 0 pazmmano, ocobenno s Temreparypbl 1T = 170 MsB. Takum obpazom, 3Ty
BapHUaIio CjaeyeT YIUThIBATh KaK CHCTeMATHIECKYIO OIIHOKY.

HpI/I HCIIOJIb30OBaHUM MOJCJIUPOBaHUA IIPU MHUMOM XNMHWYCCKOM IIOTCHIIMAJIC
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Takum oOpas3oM, olpeje/InTe/Ib JAefCTBUTEeIeH JIJIg YUCTO MHUMOI'O XHUMKIYe-

CKOI'0 IOoTeHInaja. B ciydae Mcroab30BaHus MOJEJINPOBAHUS TP MHUMOM XUMU-

YecKOM IIOTeHIHaJie TpeOyeTcss MeHbIIe IIPOU3BOJIHBIX, YeM Il MeToda leitaopa.

BwmecTo 3TOro ncno/ib3yoTes pasHublie GyHKIME (DUTHPOBAHUS JIJI OIUCAHIST HabOpa,

JIAHHBIX JIJIsT HECKOJIBKIX MHUMBIX XUMHYECKUX MOTEHIINAIOB. JTOT METOJ MHOIJIA

HA3bIBAIOT aHAJUTUUECKIM IIPOJOJIKEHIEM, HO, IMOCKOJIbKY MeTosn Teilsiopa TakxKe



OIMPAETCs Ha aHAJMTUYECKOE MPOJIOJIZKEHNEe, Mbl OyJIeM BIIPEJib Ha HEr0 CChLIATHCS
KaK MeTOJ MHIMOI'O XUMHUYECKOro MnoTeHIuaa. Pasnnanble (pyHKIun GuTIpoBa-
HUS MOTYT MPUBECTU K PA3JUYHBIM pe3yJibTaTaM, 9TO MPUBOINT K HEOOXOIMMOCTH
THIATETLHOTO CUCTeMaTHdeckoro anajusa. lloBegenune ojgnoro tuna (GyHkiuit du-

TrpoBanus — npubsmkenus [lajge — obeyxmaercs B [[27]].

3.3 Caoxnble cumyadaiunu JlanxkeseHa

OyuH 13 crocoboB MPOBEIeHNs MOJETNPOBAHIS PEIIeTOK, HECMOTPs Ha, IIPO-
OJIeMy €O 3HAKOM, KOTOPBIH JTOOM/ICS CYIIECTBEHHOI'O IIPOIpecca — 3TO CJIOMKHBIE
cumyssinun Jlamzkesena. B aroii pabore Oyuer npeicTaBieH JIUIlb OYeHb KPATKUii
0030p HOBBIX pa3paboToK. Bosee mosHbIN HepaBHul 0030p MOXKHO HaiTi B [[28]].
DTU CUMYJIALMNA OCHOBAHBI Ha JIAHKEBEHOBCKOM IIPOIECCE, IBOJIONUN B YCJIOBHOM
JIAHYKEBEHOBCKOM BpPEMEHH, I CO3JIaHnsl KOHMUryparuii co ciaoxHoit mepoii. [Ipn
9TOM IPOUCXOUT KOMILIEKCOODOpA30BaHue BCex IoJieli 1, cJIe0BaTeIbHO, paciiupe-
aue kagnoposounoit rpymmbt SU(3) 10 SL(3, C), koropast He SBJISIETCST KOMIIAKTHOI
IPYIIONH. DTO MOKET IPUBECTH K TaK HA3LIBAEMBIM HEYIIPABJIsieMbIM KOH(UTYpali-
SIM, M3-3a KOTOPBIX TPAEKTOPUSI MOYKET CXOJIUThCSI K HeBepHOMY pesysbrary [[29]].
Y1o0bI 3BOJIIOINS Oblila OJIM3KAa K YHUTaAPHOMY MHOTOOOpAa3WiO M, CJIeJ0BATEIbHO,
K [PABUILHOMY PE3YJILTaTy, ObLIO Pa3sBUTO TaK HA3BIBAEMOE KAJTHOPOBOYHOE OXJIa-
xkaenne [[30]]. Hemasuuit 0630p mo sromy Bompocy moxkno naiitu B [[31]]. daxke
ecI KaJuOpOBOUHOE OXJIAsKJEHHE, a TaKzKe aJalTHBHBLIA pasMep Inara Ipu 9uc-
JeHHoM uHTerpuposannu [[32|] uim mobasienne CHIIBI K 9BOJIONNE YBEJINIUBAIOT
CTabMJIbHOCTD MOJIEIMpOBaHust JIaHKeBeHa, elle BayKHO IIPOBEPUTH MPABUILHOCTD
pe3yJIbTaTa. JTO MOYKHO CIEJATH C IIOMOIILIO PA3HBIX KPUTEPUii IPaBUILHOCTH, KO-

TOPBIE CBSI3aHBI C MOBEJCHNEM YMEHBINAOMINXCSA 3HATCHNTT KOHKPETHBIX HAOJI01a6-
MbIx [[33]].

4 DddekTuBHBbIE TEOPUN PEIIETOK

Mopenuposanune KX/I nHa mosiHO perreTke /i OOJIBITIX OAPUOHHBIX XUMU-
YeCKUX MOTEHINAJIOB He SBJISIeTC BO3MOXKHBIM Ha JIaHHBII MOMEHT. TeM He MmeHee,
HEKOTOPOE TIOHUMAHNE MOYKHO TOJIYIUTh U3 MOJE/JNpoBaHust 3(hPEeKTUBHBIX TEOPHii
Ha perieTke. B 9ToM ciiydae 0ObIYHO MHTErpUPYIOTCS JINO0 (hepMUOHDI, JITOO TTPO-
CTPAHCTBEHHbIE KAJMOPOBOYHbBIE CBS3U, YTO JIA€T TEOPUIO, 3aBUCHIILYIO TOJHKO OT
neresib [loJisikoBa, cojlepzKalllyio BpeMeHHble CBsdA3HbIe IlepeMennble. Bo3MoxkHo, B

KadeCcTBe BTOPOI'O PacIpOCTPAHEHHOTO BapuaHTa, NHTErPUPOBaHUE MTPOCTPAHCTBEH-

10



HBIX U BPEMEHHBIX KaJUOPOBOYHBIX CBsI3eil, 9TO IPUBOJIUT K TEOPUU C aJIPOHHDI-
MU cTeneHsiMI ¢BoOObI. Vcnosb3oBanne 3h(MeKTUBHBIX TEOpUil OrpaHudeHbl OlIpe-
JIeJIGHHBIM JINalla30HOM I1apaMeTpPOB, I'Jie IPOsBJISETCsS CHUXKEHME cTelleHell ¢cBoOO-
Jbl. Ecim siBjisieTcst BO3MOXKHBIM HAWTHU [I€PEKPhIBAOIIIECs JIUala30Hbl IapaMeTpoB
MEXKJIy Pa3/IMIHBIMU TEOPUSIMU MOYKHO IIOJIYIUTH IPEJCTABIeHNE O IIINPOKOM CIIeK-

Tpe ABJICHUIL.

4.1 Taxkemplii KBapKOHMIIA

TsKesblit KBAPKOHUIT OTHOCHTCS K COCTOSTHASIM MaTe€pPUN, KOTOPbIE BKIIOIAIOT
B ce0sl TsizKeJible KBApPKI, Jallle BCEro OYapOBAHHBIN M HUKHUN KBapKu. B CTOJIK-
HOBEHUSIX TSZKEJIBIX HOHOB Hapbl € 1 bb OOBIYHO MOIYT TOJBKO CO3/ABATHCA HA
pPaAHHUX CTAUSX CTOJKHOBEHHS 13-3a TPeOYEeMOro OOJIBIIOrO KOJNIECTBA SHEPIH.
OTH TZKeJble CBA3aHHBIE COCTOsIHUSI 3aTeM OKPYrKeHbI KBaPK-IJIIOOHHOMN ILIa3MOoii
1 MOI'YT JINOO CJIMBATHCA M3-3a BBICOKHX TEMIIEPATYD WIH ITOKHUTH 10 3aMOPO3KH.
B nocsiennem ciiydae CUrHATYPBI 9TUX YACTHIL JOJIKHBI OBITH BUJIHBI B JIETEKTOPAX.
[Tocko/IbKY ILIaBJIeHNE PA3JIMIHBIX YACTUIL 3ABUCHT OT COCTOSIHUST KBapK-IIFOOHHOM
IL1a3MbI, HaOJIIOeHe KBAPKOHMS SIBJISIETCS [TOJIE3HBIM MHCTPYMEHTOM JIJIsT PACIIIHI-
pennsi Hamux 3HaHnit 0 KX/I npu odenb BbicOKHX Temieparypax. C npyroit cro-
POHBI, CTAHOBUTCS BCe SICHEe, UTO HEOOXOIMMO YUNTBIBATH HE TOJILKO TasgHIEe, HO I
BO3MOXKHOCTH PEKOMOMHAIIMI COCTOsTHUI KBapKOHHUsI. B3ammojeiicTBre MexKy Tsi-
JKEJIBIMI CBSI3QHHBIMHU COCTOSIHUSIME W OKPY2Kafoleil cpenoil sIBJsieTcsl OJHUM U3
OCHOBHBIX BOIIPOCOB, CBSIBAHHBIX ¢ 3(MEKTUBHBIMU TEOPUAMEI. JCKU3 PA3INIHBIX
CTaJINii KOTOPBIE MapPhl TSIZKEJBIX KBAPKOB IPOXOJSIT IPU CTOJKHOBEHUN TAZKEIbIX
FOHOB, MOKa3aH BHU3Y pucyHka 1| w3 [[19]] (3mech mMoxkHO HafiTH MOIPOOHOE BBEIC-
HUe 1 0030p MOCIETHUX PA3pPabOTOK /IS TZKEJIOT0 KBAPKOHIS).

PereTka MO»KeT BHECTH BJIaK B UCCJIEIOBAHNE KBAPKOHUS JIBYMsI CJIEJLY O~
mu criocobamu.C oHON CTOPOHBI, BBHIYNCIEHIE KBAPKOHIEBBIX KOPPEJIATOPOB U UX
CrieKTpaJibHBIX (DYHKINI, Kak Hampumep 0bL10 caenano B [[34]]. [lockosbky 911 ne-
cae0BaHusI TPeOYIOT MOJEJIMPOBAHNS IIPU HYJIEBOI TeMIleparype, OHI He OyIyT 00-
cyzKJlaThcs B 910t padbore. C Jpyroit cTOpOHBI, penieTdaToe MojenpoBanue 3 dek-
TUBHBIX TEOPHUil MOJIsT OYEHDb [TOJIE3HbII MHCTPYMEHT JIJIsl UCCJIeIOBAHNUSI TIOBEICHIS
KBApPKOHIS B KBAPK-IJIFOOHHOM I1a3Me. UTo0b! npuiit K 3pHeKTUBHON TEOPUH 110~
JIsl ICIIOJIb3YeTCs pa3HuIla B MaciiTabax BHYTpH KBapKoHusi. Macca TsizKeoro Kpap-

Ka mg MHOTI'0 OO0JIBIIIE ero CKOPOCTH VU B CBA3aHHOM COCTOAHUUN U, CJI€JOBATCJIbLHO,
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mg >> vmg >> vzmQ (10)

Ha pucynke {4 mokazaHo ymMeHbIlleHne crereneii cBoOOIbI IyTeM UHTErPUPOBa~
Hus 110 pasubiM MaciTabam. Xord KX/ ¢ moJHbIM KOHTHHYYMOM ITpUMEHNMa, Ha
BCEeX MaciiTadax, KOHEeUHbII 00beM pelleTKr odeclieunBaeT oTcekanne nHdpakpac-
HOT'O U3JIyYEHUs, B TO BpeMs KaK KOHEUHBII Mar pereTkn oTcekaeT yabTpaduoie-

TOBBIE PACXO2KJICHUMA.

not

dynamic i Q0 3
dots d';:.a inte dofsp dnot 'QQ
integrated e grat integrated nﬂa |nteeg
mQ out ed out rati
out out
a1
d.o.fs |p|
Mg VvV integrated
Q= out
lattice lattice lattice
A CD NRQCD
Qch Q QCD Q NRQcD  PNRQCD  pNRQCD
2 =
MqV soft gluons gla Pauli .
and ons  Spin ultrasoft coeft e
Pauli ors gluons
spinors 7 funct
wave i
AIR functions
l not not i
dynamic dyna dyna
mic mic

Pucynok 4 — O0630p pas/jimaHbIX IIKaJ, pACCMaTPUBAEMBbIX B 9P (HEKTUBHBIX TEOPHUIX
noJisi Ha perierke. Ha nepBom sTare perierka BBOJUT YIbTPa(pUOIETOBYIO OTCEUKY
3a CYeT KOHETHOro 00beMa PereTKn U NHPpaKpacHyIo OTCEUKY 3a CUeT KOHEUHOTO
mara perierku. Ha ciiejryrorem srarie IIIOOHBI U TsizKeJible KBAPKU HHTEIPUPYIOT-
cd, 4TO JaeT HepejsTuBucTcKyio Bepcuto Ha QCD, Tak nHasweBaemyio NRQCD. ¥V
pemrergaroii Bepcun NRQCD cHoBa uMeroTcst cOOTBETCTBYIONINE OTCEUKH. BmecTo
perieTok MOxKHO Takzke paccMmarpuBaTh NRQCD mneprypbaruBHO, 4TOOBI MHTEIDU-
poBaTh JlajibHelinme crenenn cBoOO/IbI BILIOTH JI0 SHEPreTHIECKOro Macimrabda mau.
1o npusoaur K norernuanbHoii NRQCD (pNRQCD) ¢ yiabTpaMarkumu riIrooHa-
MU U BOJIHOBBIMU (DYHKITUSAMHU B KadecTBe OCTAJILHBIX CTeleHell CBOOOJBI. 3aTeM
pNRQCD moxkHO m3ydaTh Ha pelieTke MyTeM HCCJIEI0BaHUs HEeJOKAJbHBIX KO3(h-
durmenToB Buibcona.
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Yrobb! npuiitn K HepesstuBucTcekoil Bepcun KX/, Tak nassiBaemoit NRQCD
[[35]], naTerpupytorcst kectkue riooHBI U TsKeable KBapku. Cruaopsr [layimm u
MSITKH€ TJIFOOHBI ABJISIIOTCSA COOTBETCTBYIOIIUMHE CTelleHsIMEI ¢BOOObI. CaMmy 3Ty 3h-
PEKTUBHYIO TEOPUIO MOXKHO TPAKTOBATDH C TIOMOIIBIO PEIMIETOYHOIO MOJCTMPOBAHHE.
C apyroit croponsl, neprypdarusnoe paccMmorperrie NRQCD morkeT ObITH puMeHe-
HO K MHTEIPUPOBAHUIO JIAJIbHENIINX cTeleHeil ¢cBOOO/IbI BILIOTH JIO HEPreTHIeCKO-
ro macmraba mqv. 9ro npusoant K norennuansnoii NRQCD (pNRQCD, [[36]]) ¢
YJIBTPAMATKAMHA TJIFOOHAME U BOJIHOBBIMU (DYHKITUSMHI B KAUECTBE OCTABIITIXCS CTe-
neneit ¢cBobosbl. B paMKax 9Toil CTpYKTYPbl MOYKHO HCCJIEI0BATH TOTEHITUAN CPEJIbI
B peasibHOM Bpemenu. Otuarhb ke, Moxkao u3yunTb pNRQCD na pemterke. Crpost
cooTBeTcTBYIONNe (pyHKINK Jlarpamka s pa3andHbIX 3(PEKTUBHBIX TEOPUil T0-
JIsl, MOYKHO OTOXKJECTBUTH COOTBETCTBYIOIINE CTEIIEHN CBOOOJIbI Ha KarKJOil IKaJie
SHEPIUU U IOCTPOUTH 001y GyHKIMIO Jlarpanka u3 cooOparkeHuil CUMMeTPHUH.
CootBercrBytonue mpedakTopbl KaxKJI0I0 TepMIHA, TaK Has3bIBaeMble KO3MUIu-
eHTbl BijibcoHa, onpeaeIdioTcs myTeM coroctapienns. Cusia 3¢dpHeKTUBHBIX TeOpHii
OJIS 3aK/II0YAETCS B YMEHBIIIEHHOM YHCJIe CTeleHell ¢BOOOIbI, YTO YIIPOIIAET Bbl-

YHUCJICHUA. KOMHpOMI/ICCOM ABJIACTCA YMeHbIHeHHbeI Jnalla30H ,ZLeI'/JICTBI/IH.
5 @az3oBasg AmarpaMmMa CUJbHO B3auUMO/IeliCTBY-

IOIEl MaTepun
Cakarue s1iepHOil MaTepuu JI0 OUeHb BBICOKOI IIJIOTHOCTH, CKaKeM, B 2—3 pas3a
00JIbIIe, HOPMAJIBLHOI IIPUBEJIO OBl K IePeXo/ly B KBAPKOBYIO MaTepuio. AHAJOIUIHO,
B cJIydae OUYeHb BBICOKOI TeMIIepaTyphl, INIOTHOCTh SHEPIUN OYJIeT OUeHb BBICOKOI 1
ACUMIITOTHYIECKas CBOOOIA KBAHTOBON XPOMOIUHAMUKI IIO3BOJIIT KBapKaM CBOOO/I-
HO IIepeMelIaThCcd B ropsiueil KBapK-IJIIOOHHOM I1a3Me. TemiepaTypa, Ipu KOTOPOi
9TO IPOUCXOJIUT B cpejie CBOOOIHOI 0T OaprOHOB, OblLjIa OlleHEeHa Ha OCHOBE PACUYeTOB

KX/I na pemerke B mpumepno 150-200 M»B.
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Pucynok 5 — Cxemarudeckasi azoBasi auarpaMMa CHJIHBHO B3anMOJIEHCTBYIOIIEro
BEIECTBA.

CxemaTndeckoe n300parkKeHne Toro, Kak MOXKeT BBIIVISIJIETh (pa3oBasi Juarpam-
Ma GaprHoHHOI MaTepui, okasaHno Ha pucyske [o TlnorHoCcTh GapuorHOTO YKCTA N g
BbIpaykKeHa B eJMHUIIAX HOPMaJIbHOI sIJIepHOMl IIJIOTHOCTH BeIecTBa N, & TeMiepa-
Typa 1T B enuHHIax KpuTudeckoii Temreparypsl 1.. Ilpn Hu3koil Temieparype u
IJIOTHOCTH OAPUOHHOIO HICJIa BEIIECTBO HAXOMUTCA B aJIPOHHON (ha3e, B TO BpeMs
KaK IIpU BBICOKUX T MM BBICOKMX M p OHO HaXOJWUTCsS B KBapKoBoil daze. Tak:ke
eCTb y4YacToOK, rje obe ¢asbl cocymecTByioT. [Ipu dpuxkcuposannom 1" 9mu cocyiie-
cTByIonue basbl HE UMEIOT OJMHAKOBON OAPHOHHOM IJIOTHOCTH, MOITOMY TOYKA B
cMelIaHHOI (hbase XapaKTepu3yeTcs: cpejiHeil 6apuOHHOIl IJIOTHOCTBIO BCEil CUCTEMBI,
XOTsI HI OJIHA M3 JIBYX ha3 Ha caMoM Jieie He UMeeT 3Ty ILIOTHOCTb. EcTh m npy-
I're IIePexXo/ibl, KPOME OJHOTO IMOKA3aHHOTO 3/1€Ch, HAIIPUMED, NMEET MECTO IEePEXO]]
OT s1JIEPHOI »KUJIKOCTH K aJIDOHHOMY Ta3y, HO 3JIeCh OCHOBHOE BHUMAHUE YJIEISICTCS
KBapK-a/[pOHHOMY (ha30BOMY IIEPEXO/LY.

3/1ech HAMU IIPEJIII0IaraeTcsi, ITO Mbl IMEEeM JIeJ10 ¢ (DA30BBIM IIEPEXOIOM IIep-
BOI'O POJia, TaK KaK B IPOTUBHOM CJiydae He ObLIO Obl CMelaHHO# ¢as3bl, TaK Kak
IJIOTHOCTH SHEPIUM ¥ OAPUOHHOE YNCJIO IIJIOTHOCTH HEIPEePLIBHBI BO BpeMs (ha30BO-
ro rnepexojia Broporo pojia. Ilopsijiok dazoBoro nepexojia HEU3BECTEH, HO PACUEThI
Ha pererke |[8]] st qrcTo KaMOPOBOUHBIX MOJIEll TOKA3bIBAIOT (ha30BBIil MEPexo/]
1epBoro pozga. KoHedHO, KBapKOBbIE IOJISIMU HEJIb3sl IIPEHeOpedh, HO UX, KaK H3-
BECTHO, TPY/IHO BKJIIOUNTH B pacdeThl PEMeTOYHO Kagnoposku. [lopsiiok dhazosoro

nepexo/ia 3aBUCUT OT MACC KBAPKOB: YUCTO KAJMOPOBOUHLIN cIydail cOOTBETCTBYeET
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OecKOHEeUHOIT Macce Bcex KBapKoB. JIBa Ge3maccoBbIX apoMara, MO-BHIUMOMY, yKa-
3BIBAIOT Ha (pa30BBIil 1€PEXo/1 BTOPOIro poja, Torja Kak Tpu 6€3MacCoOBbIX apoMaTa
JaroT Paz30BbIil IEPeXo/T MEPBOTO Pojia. PealbHOCTh HAXOMUTCS IJIE-TO MEYKTY JIBYMS

pUMEpHO 6e3MAacCOBBIME apoMaTamu (U4 u d) U OJHUM MACCHBHBIM apoMaToM ().

6 Strangelets

KBapKoBY10 MATEPUIO JIyUIlle BCEro O0bACHUTD, CPABHIBAS €€ ¢ OOBITHOI S71ep-
HOI MaTepueil. B To BpeMst Kak KBaApKH B sijIpe 3aKJII0UEHbI BHYTPU HYKJIOHOB (IIPO-
TOHOB, HEHTPOHOB) KBAPKU B KBAPKOBOI MaTepUN MOT'YT CBOOOTHO [IEPEMEIIATHCST 110
Beeil hasze (pucyHOK . Takum 00pa3oM, KBAapKOBYIO MaTePHUIO MOXKHO ITPEJICTABUTH
cebe Kak s1JIpo, COCTOsAIIIee N3 KBAPKOB, KOTOPbIE HE KOPPEJINPOBAHBI TAKUM 00pa30M,
4TOOBI 00PA30BLIBATH HYKJIOHBI. U3 sijiepHOit pusnkm Mbl 3HAEM, ITO Ha, CAMOM JIejIe

KBapKu O6”be,HI/IH5HOTC${ B HYKJIOHBI, KOTOPbLIE, B CBOIO O9€PE€/b, COCTaBJIAIOT AJPO.

Pucynoxk 6 — Slapo (ciesa), cocrosimee 13 7 HYK/IOHOB (Hapumep, 'Li), Kax aplii n3
HYKJIOHOB COCTOMT M3 Tpex KBapkKoB; 1 strangelet (cripasa), cocrosiiuii uz 3 X 7 =
21 kBapka.

[Ipuposa cuab/miia HaC TpeMst TaK Ha3bIBAEMbIMU ITOKOJIEHUSIMEI (DEPMUOHHBIX
COCTaBJIAIONINX MaTepun. Kazkioe 1oKoIeHne COCTOUT U3 JABYX KBaApPKOB U JIBYX JIell-
TOHOB, KarKJIOMy 13 KOTOPBIX COOTBeTCTBYeT anTndactuia. CooTBETCTBYIOIINE UIe-
Hbl B Pa3HBIX IMOKOJEHUSIX OJMHAKOBBI BO BCEX OTHOIIEHHSIX, KPOME CBOUX MAacCC.
IlepBoe mokoseHme, cocrosimee U3 U- U d-KBapKOB, U 3JIEKTPOHA, U €ro HeATPUHO
(BMecTe ¢ WX COOTBETCTBYIOIINMU AHTUIACTUIIAMIE) Jierde YeM UX KOJIETH B JIBYX
Japyrux moxkojeHusix. CTpaHHBI KBapK OCOOEHHO MHTEPECeH TeM, 4TO 3TO CaMbIil
JIETKUI W3 TsKEJIbIX KBAPKOB (MJINM Ke CAMBIN TsIyKeJIbIil U3 JIETKUX KBapKOB) H,
TaKUM 00pa3oM, HauboJjiee JIerko IPOU3BOINMBII.

Ecin paccmarpuBaTh KBAPKOBYIO MATEPUIO ¢ TOYKHU 3PEHUsT IPOCTON MOJIE/IN
depmu-raza, TO KBAPKH 3aII0JHSIT OJHO YacTUIHbIE YPOBHH J0 MaKCUMaJIbHON 9HEp-

run, sueprun Pepmu, €. [loka macca crpannoro KBapka Menbiie sueprun Pepmu,
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OyJeT 0J1arolnpusiTHO UMETh CTPAHHbIE KBAPKK B CUCTEME B JIOIOJHEHUE K BePXHUM
1 HUKHUM KBapkaMm. Takum oOpa3oM, BOBMOXKHO, YTO dHEPrud Ha OapuoH KBapKoO-
BOII MaTepuu 3 apoMaToB, B JIOIIOJTHEHUE K TOMY, UTO OHa MeHbIIIe YeM y MaTepun
2-X apOMaTHBIX KBapKOB, TaKxKe MEHbIIIE, YeM SHeprus Ha OapHoOH sJIepHOI MaTe-
puu, 4TO JiejaeT ee NCTUHHBIM OCHOBHBIM COCTOAHUEM CUJIBHO B3aUMOJICHCTBYIOIICH
MaTePUN.

Takum o0Opa3oM, MbI MMEEM CJIeJIyIoIee: KBapKoBas MaTepus 2 apoMaToB
JIOJIZKHA UMeTh 0oJiee BBICOKYIO SHEPI'ui0 Ha OapHUOH, YeM siAepHas MaTepusi, KO-
TOpasi B MPOTHUBHOM CJlydae pacraJjach Obl Ha u, d KBapkoByio Marepuio. C jpyroii
CTOPOHBI, MaTepusi CTPAHHOIO KBapKa uMeeT 0oJiee HU3KYIO SHEPTHIO Ha OapUOH, YeM
MaTepusi HECTPAHHOI'O KBapKa, 1, BO3MOXKHO, OHA MOXKET OBbITh HUKEe, YeM SHEPrusd
sijepHoit marepun. [lociieunii cirydail, oueBuIHO, O0JIee 3aXBAThIBAIONINI, TOCKO/Ib-
Ky TOIJa IIPEJICTAB/IsIeTCs] BOSMOYKHbBIM IIPOM3BOIUTH U HAOJIIOIaTh CTPAHHYIO KBap-
KOBYIO MaTepuIo.

Ho nouemy gapa cpasy He pacnajuch Ha MaJeHbKIE KOMOUYKH CTPAHHOI'O KBap-
Ka, eCJIN Mbl IMEeM JIeJIO C COCTOSHIEM DoJiee HU3Koi sHeprun?! UToObl TaKoi pacai
[IPOM30IIIE]T C SIAPOM ¢ OAPHMOHHBIM dmucJIOM A, MpuMepHO OIMH KBapK u wWin d Ha
HYKJIOH JIOJIKHBI ObITh OJHOBPEMEHHO IPeodpPa30BaHbl B § KBAPKU. DTO O3HAYAET,
YTO JIOJIZKHBI IMETH MECTO OJHOBPEMEHHBIX [-paciiajia, 4To KpaiiHe MaJJIOBePOSITHO.
OneHnTh BEPOSITHOCTH TAKOI'O IIPOIECCa MOYKHO C IIOMOIIBIO0 TEOPUN CJIa0BIX B3au-
MoieiicTBrit PepMmu, T KaxKIbli [S-paciai UMeeT aMILINTY/Ly TPOIOPINOHAIbHYIO

koHctaunte @epmu G , 9TO JaeT OOIYIO aMILTUTYTY

(AX =4 (uds)) x G4 (12)

[Tockonbky G o4deHb MaJia ﬂ, aMILTATya (1, CJIe0BATEIHLHO, BEPOSTHOCTD)
OYeHb MaJia.

[lepBbIM, KTO BbICKA3aJ MbIC/Ib O TOM, UTO CTPAHHAs KBapKOBas MATEPUs MO-
xKeT ObITh cTabusibHoil, 6611 Bonmep [[37]], koroperit B 1971 1. ykaszas, 4rto cyiie-
CTBOBaHME “KOJIAIICUPYIONINX sijIep’ ﬂ ¢ boJjiee HU3KOIT HEPTHEH, YeM Y HOPMaJIbHBIX
sijiep, He IPOTHBOPEYUT TOMY (PakKTy, 4TO MbI HAOJII0JaeM HOPMAaJIbHbIE siIpa, a He
UX KOJLIAIICUPOBaHHbIE aHAJIOIH, ITIOCKOJIbKY SIAPa IIPOCTO ObLIN ObI OUY€Hb JIOJIT0XK -

BYIIMMU 110 OTHOIIEHUIO K “KoJjunancy’ . Boamep Tak:Ke NpeaaoyKua YTO CTPaHHA

2 -5 -2 .
G cocrapnger npubmmsuTensno 107°(m,) ", rae m,, ABIfeTcs Maccoii IPOTOHa.
3 N
Bomamep ucnonbzosan dpasy “kosutancupyrormue sapa’ 11t 0003HAYEHUS TOrO, YTO MBI CeifIac Ha3bIBAEM CTPAH-
HOI KBapKOBOHU MaTepueil.
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KBapKOBas MaTepus MOTJIa ObITh IPOU3Be/leHa Ha paHHUX TopsayunX cTajausax Beejien-
HOIl 1 BCe elle MOKeT ObITh OOHApyrKeHa B KOCMIYECKUX JIydax WU JaxKe BHYTpH
3BE3/IbI WM ILJIAHETHI, BO3MOXKHO, W MEJJICHHO TIPEeBpaIllaeT OObLIYHYI0 MATepHUio B
CTPAHHYIO KBapKOBYIO MaTEPHIO.

B 1979 rony Yun u Kepman [[38|] obcyquin BosamorkHy0 MeTacTabuibHOCTD
TUIEPCTPAHHBIX MYJIBTUKBAPKOBBIX Kalle/Ih, U MPEJNTOJOKIIN, ITO TaKHe COCTOsI-
HUS MOTYT ObITH CO3/IaHbI TPU CTOJKHOBEHWH TSXKEIbIX NOHOB C PETATUBUCTCKOI
CKOPOCTBIO. AHajiorndaabie coodpaykeHus: ObLTN BbICKa3aHbl Tepa3aBoii IMpUMEpPHO
B TO K€ BpeMsI.

AbcosmtoTHas cTabUJIBHOCTH MaTEPUU CTPAHHBIX KBApPKOB, BIIEPBBIE IPE]JIO-
JKeHHast BojnepoM, He paccMarpmBasachk BHOBb 10 1984 1., koryma Burren |[[39)]
pPeaduINTUPOBAJ STY UJIEI0, IIPUJIAB €il HOBbBIII UMITYJIbC, BBIIMBIIUICA B CEPUIO CTa-
Teil MHOIMUX aBTOPOB IMbITasICh YTOUYHUTH U UCCJIEI0BATH MHOTHE WJIEH, BbIJIBUHYTHIE
Burrenom. Kak u boamep 0o Hero, Burten cuntasr mpon3BoAcTBO CTPaHHOI KBap-
KOBOII MaTepnu B OUYeHb panHeil Beenmennoii, rjie crycTkn cTpaHHoil KBapKOBOi MaTe-
pun (Tak Ha3bIBAEMbBIE CAMOPOJIKE KBAPKOB) JIOJIZKHBI OBLITH MOSIBUTHCS KaK OCTATKN
KBapK-a/IPOHHOTO (DA30BOTO Mepexoia IMepBOro MOPsJIKA.

TmareTbHOE 1 BCECTOPOHHEE U3YUEHNE CBOMICTB MaTepUN CTPAHHBIX KBapKOB
B COOTBETCTBHU ¢ ruioTe30ii Burrena 6bi1o mposegeno @apxu u Addde [[40]]. Onu
paccMaTpuBa/n Kak 00beMHbIE CUCTEMbI, KOTOPhIE COJIEPKaT 3JEKTPOHBI B JIOTOJI-
HeHre K KBapKaM, TaK 1 HeOOJIBIIE CUCTEMbI, B KOTOPBIX 3JIEKTPOHBI, HEOOXOTIMbIE
JUIst 00IIIell HeiTpaabHOCTH 3apsijia, 00pas3yloT 00J1aKo BOKPYT s/ipa CTPAHHO MaTe-
pun. I mocaeiHIX cUcTeM, KOTOPhIe COOTBETCTBYIOT OAPUOHHOMY YHCJIy MEHBIIE
[IPUMEPHO 1077 OHU BBeJIN TepMuH strangelet.

To, uTo cymecTByeT Aualla30H MapaMeTpoB MOJIEJN JIJIsi KOTOPBIX CTpaHHasd
KBapKOBas MaTepus cTabuIbHa B 00beMe, a JIJ/Isi CAMBIX ONITUMUCTUYHBIX BAPUAHTOB
— Jla’Ke TIPHW OYeHb HU3KOM OapMOHHOM 4ncye ObLIo Haiigeno Burtenom u nmomrsep-
JKJieHo oostee nosipobubiMu pacdetamu @apxu n xxadde. YemoBue cTabuIbHOCTH
CTpaHHOIl KBAapKOBOII MaTepwu COCTOUT B TOM, YTO €€ SHeprus B pacueTe Ha OJUH
OapuoH JIOJKHA OBITH HUYKE MACChl MPOTOHa (min HefiTpona). AGcosoTHas cTa-
OMJIBHOCTb TaKxKe oTpeboBaJjia Obl, 4TOOBI SHEPrusi Ha ODapUOH ObLIa HIXKE, 9eM Yy
CaMoro cTabUJIbHOIO SIAPO ¢ dHeprueit Ha 6apuon okoso 930 M3B, Ho TouHO Taxk ke,
KaK JIpo He MOXKET JIETKO PaClacTbCd Ha CTPAHHYIO KBAPKOBYIO MaTEpPUIO, PACIIa]

CTPaHHOII KBAPKOBOIl MaTepuu Ha siIPO OYJIET CUIbHO 3aMeJIJICH.
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st sueprun Ha Gapuon Gosibite Macchl HyKJoHA (~ 938 M»sB), HO HuXKe
macchl A (~ 1116 M»B), crpannast kBapkoBasi MaTepust ObL1a Obl MeTaCTAaOUIBHOI,
paciaiasicCh ¢ UCIIyCKaHIEeM IIPEUMYIIeCTBEHHO HETPOHOB C II0CJIELYIOIINM IIPpEeBPa-
menneM ([-pacrajioM) CTPAHHBIX KBAPKOB Ha BEPXHUE M HUXKHEE KBAPKH, 4TOObI
BOCCTAHOBHUTDL HamboJjiee 0JIarOIPUSITHYI0 apOMaTOBYI0 KOMIIO3UINIO. Ecin sueprusi,
HPUXOJISIIALACS Ha HYKJIOH, IIPEBBIIIaeT Maccy A\, cTpaHHas KBapKOBasi MaTepust Oy-

JIeT HEeYCTONYINBa 1 HEMEJJIEHHO PAaCTBOPUTHCS B ra3 m3 A’s.
6.1 Kocmosorndeckuii KBapK-aJpOHHBIT pa30BbIil iepe-

XOJT,

Ha camom jgese odeHb TPYJIHO MCCJIENOBATH (PA30BYIO JMarpamMmy, MOKa3ai-
HYIO Ha pucyHke X, TakK KaK YCJOBUsS HEOOXOMMbIE JI/Isd PpUOJIMKeHns K (pa3oBoil
IpaHnile HaCTOJIbKO SKCTpeMasIbHbl. OTHAKO B ACTPOMU3NIECKNX YCIOBUAX MbI Ha-
XOMM YCJIOBUSA, HEJOCTIZKIMbBIE HU B OJTHOI 3eMHOil jtabopaTopun. Camas ropsdas
cpejla U3 KOTrJla-Jinbo CyINeCTBOBABIINX HaXoJuIach B paHneil Bceenennoii, rjie Bo
BpeMsI KaKOTO-TO BpeMeHU MaTepus HaXo/MIach B KBApKOBOI dase, moka Bcesen-
Hag He pacIIupuiach M JOCTATOYHO HE OXJIa/IIJIaCh, YTOOBI JJOCTHYb TEMIIEPATYPbI
KBapK-a/IpOHHOTO (ha30BOr0 Mepexo/ia, Mpru KOTOPOi HAaYaIl 3apPOKIAThC My3bIPh-
KI aJpoHHoil martepun. [IyTh mMaTepum B panneil Bcesrennoil mokasaH CTpPEIKOI,
nepecekatoneil (ha3zoBy0 I'paHuIly CBEpXy B TOYKE HU3KOW IJIOTHOCTUH OAPUOHHOIO
gyucja. [Ipuanna Toro, yro 6apmonHas MJIOTHOCTHL ObLIa HU3KOI B panneil Beesen-
HOI1, 3aKJIFOYAeTCs B TOM, YTO aHTUMAaTepun ObLIO 00Pa30BaHO IOYTHU CTOJILKO K€,
CKOJIBKO MaTepuu Ipu 00JIbIIoM B3pbiBe. HebostbInas acuMMeTpust MexK 1y ODapuoHa-
MU ¥ aHTUOAPUOHAMEI — 3TO TO, YTO JIAJI0 HAM MATEPUIO, MPUCYTCTBYIOINLYIO ceifuac
BOo Bcestennoit, MaTepnio, n3 KOTOPOH MBI COCTOUM.

[TepBonauasbhas ujest Burrena [[39]] o Tom, uro kKBapKOBas Marepust MOTJIa
IEPEYKUTH KOCMOJIOTMYECKNT KBapK-aJIPOHHBIN (pa30BBIil 11epexojl, 1 BCe elle Cy-
MecTByeT B HACTOsIIee BpeMs B (popme TeMHoit Marepuu. PU3MIECKNT MEXAHI3M,
MO3BOJISIONTUIT CTPAHHOI KBAPKOBOIT MaTePUN MEPEXKUTH (DA30BBIT ITIepexXo/1, ABJIICT-
cd KOHIIEHTpalliell CTpaHHoCTel B KBapKoBoil haze. HecMmoTps na cBoe obpazoBanue
1pu (pa3oBOM IEpPEXojie, CAMOPOIKI KBAPKOB MOTYT He BBIKUTH B arpECCUBHOI cpe-
Jie Tocie X obpa3oBaHusd, TaK KaK OHU TOJIBEPYKEHBI MOBEPXHOCTHOMY HMCIIAPEHHIO
HefirponoB n npotoros [[41].[42]], aro mesmaer MaIOBEPOSTHBIM, UTO CAMOPOIKH C

040

30 .
HavaJIbHBIM OapuoHHbIM ducjoMm MeHee 107 — 107 Bbikum. Bepxuwuii mnpejen Oa-

PHUOHHOI'O 4YHMCJIa YCTaHaBJINBA€TCA 6apI/IOHHbIM 9UCJIO BHYTPU TI'OPU30HTa YaCTUIIL,
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3HAMEHHE KOTOPOro 6bu10 pasao 10*° Bo Bpemst KBapK-aApOHHOro (hasoBOro Hepexo-
Ja.

Ho naxke ecim caMOpOJIKM HE COXPAHWINCH, MBI BCE PABHO CMOYKEM HaDJIIO-
JaTh ux ‘okamenesbie OcTarku’, MOCKOJIBKY OHU TPOU3BEJIN ObI HEOJIHOPOHOCTH B
pacnpejie/ieHu DapUOHHOTO YUCIa U3-3a UX 00Jiee BHICOKON IJIOTHOCTH, Y€M OKPY-
Karoras (asza 1 X CIOCOOHOCTD MOTJIONATH HEHTPOHBI. DTa HEOJHOPOIHOCTH Oa-
PUOHHOI'O YHUCJIa B CBOIO O4YEPE/ib BIMACT HA MEPBUUHBIN HYK/JICOCUHTE3, HAIIPUMED,

4
BbI3bIBasd YMCHbLIIEHUE IIPON3BOACTBA He.

6.2 CrtpaHHBIE 3BE3/IbI

Ecnu crpannas KBapKoBas MaTepus abCOIOTHO cTabWIbHa, TO BCe M3BECTHBIE
HENTPOHHBIC 3BE3/Ibl ABJIAIOTCI BOBCE HE HEUTPOHHLIMU 3BE3J1aMU, a, CKOpee BCero,
CTpaHHbLIMU 3Be3/[aMiU, T.€. 3Be3JlaMU, COCTOAIIMMNA U3 CTPAHHOI KBApKOBOI MaTe-
pun. B ciydae mMeracTabuibHO cTpaHHOI KBApKOBOII MaTepuu siipo U3 CTPaHHOIT
KBapKOBOII MaTepPUU BCe ellle MOYKeT IIPUCYTCTBOBATHL B TOM, UTO TOrJa OyneT 00o-
3HaYATbCs KakK rubpujgHag 3Be3na. M crpanHble n ruOpujHble 3Be3/bl, BEPOsiTHO,
OYyIYyT OKPYZKEHBI siJIEPHOI KOPOIi, COCTOsIEl B OCHOBHOM W3 SIJIEP 56Fe, pacIoo-
JKEHHBIX B KYJIOHOBCKOI pelieTke, a TakxKe U3 3JeKTpPoHoB. Ha pucynke /| mokazamno
cXeMaTUIHOE IoIepevdHoe ceueHne ruOpuiHoi 38e31bl. CaMblilt BHENIHUI CJIONH — 9TO
TOJIBKO UTO YIOMsIHyTas siJiepHasi Kopa, B TO BpeMs Kak IIyOxKe B 3Be3jie sijipa C
OOJIBIIINM KOJIMYECTBOM HEATPOHOB U 3JIEKTPOHOB COCYIIECTBYIOT CO CBEPXTEKYIHMMU
Hefirponamu. Ha Gosbimmx rirybnHax IJIOTHOCTH CTAHOBUTCS HACTOJBKO BBICOKOIT,
YTO 3JEKTPOHBI U IIPOTOHBI IIPEBPAIAIOTCA B HETPOHBI U HEATPUHO B 0OpaTHOIT pe-
aKINN paciaja p+e — n+ v, a Ipeod1a alonmM KOMIOHEHTOM sIBJISAETCS CBEPX-
TeKy4uil HeliTpOHHas »KUJIKOCTh. HakoHel, ecin j1aBjaeHne CTAaHOBUTCS JOCTATOTHO
BBICOKUM, JlarKe HEeATPOHbLI Paclia IaloTcd Ha COCTABJIAIONIME UX KBAPKU, YCTYyIad

MECTO APy U3 CTPAHHBIX KBapKOB.
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aucler, e2

Pucynok 7 — Ceuenue rudbpujiHoit 38e3,1bl. BHyTpennee s1Jipo KBapKOBOIl MaTepun
OKPYZKEHO HEHTPOHHON KUJIKOCTBHIO, TaKyKe COJIepzKallleil HEKOTOPOe KOJINICCTBO
MIPOTOHOB M JIEKTPOHOB. 7l/ipa TaKyKe NMPUCYTCTBYIOT JAJbIe, BMECTE C HEHTpOHAa-
MU, KOTOpbIe OYKBAJbLHO BBITEKAIOT U3 sIJIep, U € JIJId COXpaHeHns HelTpaJbHOCTH
3apsjia. BHenHmit cjioit aBJsieTcs sepHOil KOPKOIA.

Crpannast 3Be3jia — 9TO TO, YTO IOJy4YaeTcs, eCJIi CTpaHHas KBapKOBas Ma-
Tepus abCOIOTHO CTAOU/IbHA: B 9TOM CJIydae sJIpo KBapKOBOII MaTepuu OyJieT po-
CTUPAThCs JI0 BHelHel Kopbl. Q030D CTpaHHBIX 3Be3]1 MOXKHO HaiiTn y Ajikoka [[43)]]
nin y Beiiresist u Bebepa. K coxkajieHuto, OTJIMINTh CTPAHHYIO 3BE3/1y OT HEHTPOH-
HOI1 C TIOMOIIIBIO HAOJIIOIeHNIT JIOBOJIBHO CJ10yKHO. CHJIbHBIN PU3HAK CYIIeCTBOBaHUSI
CTPaAHHBIX 3BE3J1, 1, TAKUM 00pa30M, abCOIIOTHAS CTAOUILHOCTb CTPAHHON KBapKO-
BOIt MaTepun ObLIa OB HAOJIIO/IEHNEM ITyJIbcapa ¢ IEePUoJIOM BpallieHus MeHee 1 Mc.
[IpyawHa B TOM, 4TO HEHTPOHHBIN IyJIbcap MMeeT BEepXHUI Ipejiesl CKOPOCTH Bpa-
menust okosio 1000 oboporoB B cekyH1y. Fcm Ob1 oH BpalaJics ObicTpee, 9eM 3TO,
TO IEeHTPOOEXKHAasl CHUJIa Ha IIOBEPXHOCTU 3BE3JIbl IIPEBBICHIA Obl I'PaBUTAIMOHHYIO
CHUJIY, UTO TPUBEJIO OBbI K IOTEPE MACCHI U 3aMEJIJIEHUIO BPAICHIS 3BE3/Ibl. DTO TaK
Ha3bIBaeMblil 1peses Kermepa. pyroit Bepxumil mpejes 4acToThbl BpallleHus Heli-
TPOHHOM 3Be3/Ibl yCTAHOBJIEH O0IIell Teopueil OTHOCHTEHLHOCTH DIHINTeHa, KOTO-
pas IpeJiCKa3bIBaeT, YTO HEHTPOHHAs 3BE€3/la, Bpalllaioliasics ObIcTpee, YeM OKOJIO
1000 060poTOB B ceKyH/Y Oy/IeT N3/IydaTh SHEPIUIO B BUJE I'PABUTAIINOHHOIO U3JTy-

YeHns U3-3a OTKJOHEHUS OT chpeprIecKoil CMMMeTPHN.
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Ha cTpannyio ke 3Be3jly 3TO OrpaHWYeHne He pacIPOCTPaHIeTCsd, TaK Kak
OHA CBdA3aHa He CUJION I'paBUTAIAN, & CUJIBHON CHUJION, TTO3BOJIAIONICH €il BpalllaThCd
IpuMepHO B jJBa pasa ObicTpee. [lo cux mop mysabcapbl, MPEBLITIAIONINE TTPEIE/TbI
JITsl HEUTPOHHBIX 3BE3]1 He HAOJIOIAINCE: CAMBIH OBICTPBIN N3 N3BECTHBIX ITYJIHCAPOB
BpaIaeTcsd CO CKOPOCTHIO B 641 000pPOT B CEKYHTY.

B kocmoce MOKeT TpUCYyTCTBOBAThH CTpPaHHas KBapKoBas MaTepus, NMPUObLIB-
masi Ha 3eMJII0 BMeCTe ¢ KOCMUYIECKIMU JTydaMu. Takoe KOCMIYeCKoe MPUCYTCTBHUE
MOTJIO OBITH OCTATKaMU CAMOPOJIKOB, 0Opa30BaBIINXcs B paHHeil Bceenmennoii, Kax
obcyXKIa/10ch B pasjene 1.3, WM MOIJIO BOBHUKHYTH OT CTOJKHOBEHUSA JIBYX KOM-
MAKTHBIX O0BEKTOB, OJINH U3 KOTOPLIX ABJISETCS CTPAHHOM 3BE3/101.

Moscen [[44]] ycTrarOoBII OUeHb CTpOTHE TPEIEbl MOTOKA JIJIST TAKOTO KOCMHU-
YeCKOTro ITPUCYTCTBUS CTPAHHON KBAPKOBOI MaTepun, NCIOJIb3Ys 3Be3/1bl B KAUECTBE
JIETEKTOPOB. APIryMeHT COCTOUT B TOM, UTO €CJIH MPAPOINTE/b CBEPXHOBOM CTaJIKN-
BaeTCs ¢ KBAPKOBBIM CAMOPOJIKOM, KOTOPBII TPOOMBaeTCs K BHYTPEHHEN YacTh 3Be3-
JIbI, OHa Bce elre OyJieT CYIeCTBOBATH IOC/Ee B3PbIBa CBEPXHOBOI, B pa3pyIIeHHOM
sijipe. OKas3aBIINCh TaM, OH MOXKET WHUIIMUPOBATH IIpPeBpallieHne HeliTpOHHO 3Be3-
JIbl B CTpaHHyto 3Be31y. HefiTponnas 38e3/1a MoT/1a ObI TaKKe TONIOTHTH CAMOPOJIOK
KBapKa 1ocJje ero poxkjaenns. CoriacHo 3ToOMy apryMeHTy, Bce HeHTPOHHBIE 3BE3IbI
B JIEMICTBUTENLHOCTH JIOJKHBI OBbITH CTPAHHBIMU 3BE3/IaMU, €CJIM MATepusi CTPaH-
HBIX KBAPKOB CTaOWIbHA (M HAYAJIBHOE KOCMUIECKOE M300MINE CAMOPOJKOB NMEJIO
mecTo). C Apyroif CTOPOHBI, €C/T OIMHOYHAS HEHTPOHHAST 3B€3/1a WICHTHMUIIPYET-
cd KaK HelTpoHHas 3Be3/1a, CTpaHHasl KBapKOBas MaTepHs, BEPOSITHO, HECTAOMIbHA,

UM B Hell He OCTaJIOCh CAaMOPOJIKOB OT OOJIBIIOTO B3PHIBA.

7 3akJodeHne

B sToit padote ObLT caeran 0630p dazopoit quarpammbl KX /1. /i Hava o Obi-
JIO JIAHO KPAaTKOe OIHUCAHUE ITPOUCXOJISIIEro MPU CTOJIKHOBEHUSX TsI¥KEJIbIX HOHOB,
IIOTOM OblLjIa YCTaHOBJIEHA CBsA3b ¢ pererounoit KX /I 1 ObLIn paccMOTPEeHbI METO10-
JIOTUN JIjIsI 00XOXKJIeHns 1IpobJieMbl 3HAKOB. /lajiee OBLIO PACCMOTPEHO pElIeTOYHOe
MoJleJTIpoBaHme Teopuil 3pHeKTUBHOTO 10JsT U (ha30Bas JuarpaMMa, CUJIbHO B3au-
MojieiicTBytoteit marepun. Hakowrerr, ObL10 pacckasaHo 1po ¢geHomMen strangelets n
UX CBsI3b ¢ KocMoJiorueit m actpodusukoii. PestoMupysi MOzKHO cKa3aTh, 4TO (a30-
Bag juarpamma KXJI gBisiercs oueHb MHTEPECHON M HACBIIIEHHON 00/1acThIO JIJIst

Hay9HOI'O n3y4deHud 1 9TO UMCHHO 9TO yIaJIOCh II€EpEaaThb B ,Z[aHHOﬁ pa60Te.
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