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KHPHUII (1oKTOPJIHK JUccepTALUACH AHHOTALUACH)

Juccepranus MaB3yCHHUHI 10J13ap0Juru Ba 3apyparu. byryHru kyHna
’KaxOHJa HOMYBO3aHATAArd KBAHT CHUCTEMallap AWHAMHUKACUHHMHI Ha3apui
TaJKUKOTH 3aMOHAaBMM Ha3zapui Ba OHKCIEpUMEHTaNn (PU3MKAHUHT J1013ap0
dbyHaaMeHTal MacalapyHM Xaj KWIMINra Karra axamusT oepMmokiaa. XXymianah,
HOMYBO3aHATJIM KBaHT cucTeMaiapaard (iayKTyalus Ba AUCCUNALUSA XOAucanapu
TaIKUKUIA, ONAaTAd, KBAaHT MapKOB >Kapa€HJApUHUHI CTAaHAApPT TEXHUKACHJIAH
KeHr Mukécna Qoigananunand. MabiymMKu, pean (U3UK, TEXHUK Ba OMOJIOTHK
CUCTEMaJIapHUHT TAIIKU Tacoauuil Tabcupra Oynaran »aBoOW HOMApKOB kKapacH
0ymu6, HoMapKoB 3(PGHEKT CHCTEMAaHWHT MYPaKKaOJIHMK Japa)kacu OIIUIIKM OWIaH
optu® Oopaau Ba MOC paBHIIga OyHAall cuUcTeMalap MapKOB >apaCHiapura
acocyianu0 unuIad YMKWITaH CTaHAapT ycyl €paamuna udonanaHa oamainau. by
HOMapKoB Taconuduii skapaéunapau udoaanan yyyH MaTEeMaTUK YCYJIHH HIILIA0
YUKHII 3apypPaTUHU KypcaTaiu.

Mamnakatumuzga  Hazapuil  QU3MKAHUHT  Typid  HYHAIWIUIApUHU
PUBOMIIAHTUPHUII Xamja TyHE MHUKECHAA (PyHIaMEHTaa MyaMMOJApHHU XaJl dTHII
Oyiinya KeHI KaMpOBJIM YOpa-Tai0upIiap amaira olupuiaIno, MyalssH HaTHKajgapra
SpUILIMIMOKIA. by Oopaga HOMyBO3aHAT/IM  CUCTEMAJApPHUHI  Hazapui
MyaMMOJIADUHU €YMII Ba YJIAPHU aMajauérra TaTOMK ASTUII, KBAaHT CUCTeMasap
Y4yH HOCTAl[MOHAp KHHETHK KOA((UIMEHTIapHU AaHAJIUTHK  XHCOoOall
yCYJUIApUHM SIPATHILL, OFUP MOHJIAP UIUITUPOKHUAA KeYaUTraH SAp0 peaKkusIapuHu
Ha3apuil VypraHuil, TallkKd MAaWJOHJIApHU TypJIA HOMYBO3AaHATJIM  KBaHT
cucTeMaiap Ba HOMyBO3aHATIIM Kapa€Hiapra TabCUPUHH TaJIKUK KWIHII Oopacuia
Ce3WJIapJid  HATWKajapra SpUIIWITAHINTUHUA ajJoXuJa TabKUJjall Kepak.
V36ekucton PecryGnuKacMHM sSHAIa PUBONKIAHTHPHIN Oyiinua Xapakatiap
CTPATEeTUsCH acOCHJIa HOMYBO3aHATJIM KBAHT CHCTEMaap, HOMYBO3aHATIU
JUACCUNIATUB JKapa€Hiap coXaculdard Ha3apuil Ba aMalldi  UW3JIAHULLIAP
HaTWXKacuJa WHHOBALMOH TEXHOJIOTHSUIAPHU YKOPUWA 3THUII OPKAJIM JUCCUIIATUB
KBaHT CHUCTEMajap Ha3apusCH Ba HAHOTEXHOJIOTMS COXACHMHMHI PHBOXJIAHMII
camMapaJIopJIMTUHU OIIUPUII 1013ap0 Macanagap/iaH Oupuaup.

byrynru xyHza xaxoHza KyWu SHEpTrUsUIapard OFUp MOHJAp TYKHAIlyBUIA
AJIPOJIADHUHT TYCHUKOCTH KYIIWJIUIIN, KPUCTAJIApAard JUCCUNALUSAIN TYHHEI
yTunuiap, Typau TaOuartnard Kywid, KydCu3 Ba yTa Ky4uCHM3 MAarHur
MalJIOHJIApUHUHT Mypakka®d Qu3nK xamja OHOJIOTMK OOBEKTIapra TabCUPHU
OyliMya OJMHIAH SIHIM SKCHEPUMEHT HaTWXXKaJlapu MaBXyJ]l aHbaHAaBUW yCyJuiap
acocHa TYIIYHTUPHII KUIKH OYiran ssHru MyHocabaT Ba 3gdekraap OOpIUruHu
KypcatMoKaa. Xo3upra Kajgap HOTEHLMaNI TYCUKIAH TYHEJUIM YTHIJIA HOMapKOB
sddexTaapan XpcoOra OJIUIII HOMYBO3aHATIM KBAHT CHUCTEMAaJlapHUHT TYJia
e4rJIMaraH MyaMMOCH OVirannuru cababiii MUCCUIIATHB KBAHT CUCTEMajap/ia
TyHEJ VTUNUIAPHU XUCOOJAIIHWHT SIHTM YCY/UIADUHU WILIA0 YUKW KUYUK
ynuaMin Ba KyHW TeMIepaTypald ME30CKONHUK CUCTEMAaJapHHU TAaAKHUK KHJIUIIIA
MYyXUM axamusTra sra. SIApojapHUHT Tyja KYIIMIIUIL, KBAa3UOYIUHUI, OYITMHUIL
Ba SAPOHUHT sAApO OWiiaH KaMpad OJIMHHUIN peakiusuiapyu OViinda SKCIIEPUMEHT
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HATIKaJapUHU Ha3apuid TYHIyHTHpUII Ba wudojaaiam YIyH HOCTAI[MOHAP
TpaHCHOPT KO3(DPUIMEHTIapHU XaMJa MeTacTaOui XOJATJIAPHUHT EMUPHUIIHIIL
KCHIJIMTUHY aHUWKJIAll yCyJUIapUHM WOUiad YUKWl 3apyp. byHaaH Ttamikapu,
JUCCUTIALIMSANIM TYHEN YTHUIN, KBaHT HYKTajlap Ba KBaHT Ypajap opacujaru
ANIEKTPOHJAPHUHT TPAHCIIOPTH Macajajlapyd XamJa acTpoPU3UKaAaHUHT MYyXUM
MyamMMoJIapuJaH Oupu OYnraH KaTTa 3UYJIMKKA 3ra aCTPOHOMHK OOBEKTIapaaru
SAIPOJIAPHUHT KYIIMIUIIMHY YPraHuill JoJ13ap0 BazudanapaH XMCOOIaHA .

V36ekncron Peciy6mukacu IMpesunentunnar 2017 i 16 dpepangarn ITD—
4958-con «Omuit  VyKyB IOPTUJAH KEWHMHTH TabJIAM THU3UMUHH SHaja
TakoMuwutamTupui tyrpucuga» ®apmonu, 2010 iiun 15 nexabpnaru [1K-1442-
coH «VY3b6ekucton Pecmy6brmmkacu —caHoarmmuar  2011-2015  immapaa
PUBOKJIAHUII HCTUKOOapu Tyrpucuganru Ba 2017 wun 17 ¢espangarn [1K-
2789-con “@annap akagemuscu (GaoMATH, WIMANW-TAIKUKOT WILIAPUHU TAITKUI
ATUII, OOWIKAPUII Ba MOJMSUIAIITUPUIIHUA SHAJA TaKOMWUIAIITHPHUIL Yopa
TaaOupnapu Tyrpucuga»tu Kapopu xamaa Ma3kyp QaoiusTra TErHILUIM OOIIKa
MEeBEPUN-XYKYKUN XyXoKaTiapAa Oenruianrad BaszudanapHy amaira OLIMpHUIIIa
yimoy quccepranus TaIKMKOTH MyailsiH Japakaja Xu3MaT Kujaiu.

TagKUKOTHUHT pecny0/inka ¢an Ba TEXHOJIOTUSAJIAPH
PUBOKIAHUIIMHUHT YCTYBOP HYHAJMULIAPUra MOCJIUrH. Maskyp TaIKUKOT
pecniyOnuka (an Ba TexHoJOTHUsUIapu puBOXIaHUIMHUHT |l. «OHepreruka,

HHEPrHUs Ba PECypC TEXKAMKOPJIUIHW» YCTYBOP WYHATUIINIa MyBOQUK Oa)kapHJraH.
Jucceprauus MaB3ycH OyiMYa XOPMKHM MIMUN TAIKHKOTJIApP HIAPXU.
OuMK CHCTEMaJapHUHI CTATUCTUK Ba JMHAMHUK XOCCaJlapuHU HU(POJATOBUH
(bopMalIU3MHU PUBOKJIAHTUPHUIL OVilMya WIMHA TAaJKUKOT HILJIAPU JYHEHHHT
KATOp €TaK4Y¥ WIMHMH MapKasjapu Ba OJIMH YKyB IOpTiapu, xKymnaaad, Ltyrrapr
yauBepcuteT (I'epmanus), Pocrok ynuBepcuteTn komwuaaru Ousrka UHCTUTYTU
(I'epmanust), Makc [lnank mnasma ¢usukacu uHcTuTyTH (I'epmanus), Xamkapo
Hazapuit pusuka mapkasu (Uramus), KemOpmx ynusepcuretu (byrok bpurtanus),
AnbGepra yuuepcutetn (Kanama), Kamudopaus yuusepcuretn (AKII),
. Xonkuuc ynuepcuretu (AKII), bpaswnmus yausepcutetu (bpasunus), @an Ba
TEXHOJIOTUS yHUBepcutTeTu (Xutoil), Kanyouii-mmapkuii yHuepcuter (XuToil),
Tokuo ynuBepcuretn (Anonus), MockBa npaBnatr yHuBepcutetu (Poccus),
bupnamran sapo TtagkukoTiapu wuHctHTYTH (Poccus), Poccust  danmap
aKaJeMUsACUHUHI YMyMmuid ¢uszuka uHctuTyTH (Poccus), MockBa ®Pu3snka-
Texanka wHCTHTYTH (Poccms) Ba  V30ekuctoH MMl yHHBEpPCHUTETH
(Y36eKNCTOH)1a KeHT KAMPOBIIH WIMHII-TaIKMKOT HIIAPH OJIHO GOPHIMOKIA.
HomyBo3aHaTiM KBAaHT cUCTeMalap JUHAMUKACUHUHI Ha3aphil TaaKUKOTH
Oyiinya >kaxoH MUKECHIA OUp KaTop WIMHUN HaTwkajgap oJiuHrad. KymiiaJas,
HOMYBO3aHATJIM KBAHT CHUCTEMaJlap YYyH YM3UKIM Ba HOYM3UKIM KIJIACCHUK Ba
MapkoB JlamxkeBen xamma @Dokkep-llnaHk TEeHrnaMalapuHUHT  €YUMIIAPU
TONWITaH; Kyl YyJI4amiu KJIAaCCUK JIaH)XKEBEH TEHrJiamanapu OFUp HOHJIAPHHHT
OYIMHUIN peakIusuIapyu JUHAMUKACUHHU TYITYHTHUPHINAA KyJutanraH. Houmsukium
JlamxkeBen Ba @okkep-Ilmank TeHrmamanapu IUIa3Maga HOMYBO3aHATIU
x)apa€rmapaaru GIyKTyalMsUIapHA aHHUKJIAITA, PaANOCUTHAUIADHUHT MYXHTIA
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TapKaIMIIUAArd  HOMapkoB  3(G(EKTIapHUHI  XHMCCACMHHM  XHUcoOuamaa
doitnananunrad. Orup SAPOJAPHUHT OVIMHMIN >KapaéHIApUHU TAIKUK KHJIMILIA
XaM KYJUIaHUO, 3UWIMK MATPUIIACH YUYH aCOCUM TEHIJIAMaHUHI COHJIM €4uMJapu
épraMuia OYTMHUIITHUHT BaKTTa OOFIMKJIUIUTA KBAHT CTATUCTUK 3 (EKTIapHUHT
tabcupu ouub® Oepwiran (MockBa naBiaT yHHBEpCUTETH, CKOJKOBO HIMUIA
Mapkasu, buprnamran sapo TagKUKOTIApH HWHCTUTYTH, TOMCK MOJUTEXHHUKA
uHCTUTYTH, OMCK naBnat yHuBepcuteTH, Poccus; JlucOoa yHUBEpcUTETH,
[TopTyranus); NUCCUIIATUB CUCTEMATAPHUHT KBAaHT HA3apUsACU TEPMOCTATHArH
KBaHT OCIIMUIISTOPU MOJEIHM acOoCHIa PHUBOXKIAHTUPWITAH; KBAHT 3appadyaHUHT
myxutaaru auddysuscuan udonanam yuyn Kampeiip Ba JlerreTHUHr mojenu
unuad yukuiaran (Kamudopuus ynusepcureru, AKI); moreHmuman Tycuxmaxn
YTUII Ba MeTacTaOWi XOJATJIApHUHT EMHUPWIMII >KapaéHIapuHU YpraHuiinaa
CTalMoHap TpaHcmopT kodddunmentnn JInHOIaH TEHTIaMach eYuMIIapHIaH
doitgananunuo, YTUII TE3NUKIAPUHUHT SXTUMOJUIMIIUTH XaM/1a eMUPUIIUII BaKTH
xucobnanradn (ILtytrapt yHuBepcuTeTH, POCTOK yHHMBEpCHUTETH KOIIHWJATU
®uzuka uHCTUTYTH, ['epmanusi; bupnamran sapo TagKUKOTIAPU HHCTUTYTH,
Poccus).

JlyHéa HOMyBO3aHaTJIM KBaHT CUCTEMaap JUHAMHKACH COXacuaa Kyhuaaru
yCTYBOp MyHanuuuiapia TaJAKUKOTIAp OJu0 OOpHIMOKIA: HOMYBO3aHATIM KBAaHT
CUCTEMaJIapHUHI HOCTALIMOHAp TPAHCHOPT KO3PPUIMEHTIAPUHN AHUKJIALI,
IUCCHUIIATUB CUCTeMallap/ia KBaHT TyHEN YTHII SXTUMOJUIMKIAPUHHU XUCOOJAII;
Kyiu TeMmepaTypajiapia KeyaJuraH HOMYBO3aHAT CHUCTeMalap YYyH KBaHT
GbayKkTyanusulapHd  TOTMHWIN, HOMYBO3aHATIM KBAaHT CHCTEMalap IMHAMHUKACHTa
TalllKi MAWJOHJIAPHUHT TabCUPJIAPUHU YPTaHUII, KYIIAIOK SAPO CUCTEMACHHUHT
XOCWa  OYynuIM, SBOJIONUSACH Ba YHUHT CEMUPWIHILIAPUHA  CTOXACTHK
TEHTJIaMajap acocHJa aHWKJIall XaMmJa JAWCCUIIATUB-AMHAMHUK MOJEIUIapHH
PUBOKIIAHTUPUIII.

MyaMMOHMHI VPraHWJIraHjJduK Jgapamxacu. HomyBozanariu  KBaHT
CUCTEMAJIAPHUHT CTAaTUCTUK Ba JIMHAMHUK XOCCAJIApUHU Ha3zapuid xamja
AKCTIEPUMEHTAJT YpraHUIl YUyH 3apyp GOpMaIM3MHU PUBOKIAHTUPUIN OVinYa 11y
naiitraua amepukanuk (Katja Lindeberg, Bruse J.West, Roy Jay Glauber),
repmanusink  (W.Scheid, G.Ropke, C.V.Gardner), smonusumuk (K.Nishio,
K.Fujikawa), utanmusauk (Gian Paolo Beretta), pymunsuiuk (Aurelliu Sandulescu,
E.Stefanescu), dpannusuk ( Denis Lacroix), kanananmuk (M.Razavy), poccusimuk
(B.B./lomoHoB, A.B.[lonoHoB, 10.JI.KnnumaHTOBMY, A.H.Mopo3o0B,
A.B.Cxpunkun, W.Kmsaukun, B.I.Mopo3oB, A.B.Uypkun Ba Oomkanap),
opaswmmsmuk (S.S.Mizrahi) onuMiap Ba OomiKa MyTaxaccuciap TaJAKHUKOT OJIMO
oopumMokga.  AmMMo  ymi0y — WIITJApHUHT  aKcapusATHAa  TepMocTaTra
KOUJAIITHPHIIITAH KBaHT OCHWJUISITOP YUYH €3WIITaH TeHIIaMaliap/ia HOMapKOBIUK
abdextn xucobra oamHMAraH €K TEPMOCTAT OWJIaH OCHWUIATOP YpTacuaaru
OOFIaHMIILIIAD YU3HUKITU ned KapaJiras, HOCTaIlMOHAP TPaHCIIOPT
Kod(DPUIMEHTIApHN aHATUTHK XUCOOIAI yCyutapyura JUKKaT KUJIMHMAaraH.

HomyBo3aHaTiu KBaHT cUCTeMallap HA3apUSCHHUHT SAPO peakuusiapu Ba
OFUp SIIPOJapHUHT OYynuHMIN >xapaénmapura tatouku amepkanuk (C.N.Mortan,
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B.B.Bak Ba Oomkanap), repmanmmsmuk (H.Hofman, F.P.Hessberger,
G.Munzenberg,  P.Frobrich,  R.Lipperheide), poccusimuk  (B.B.Boikos,
I'T".Anamsan, H.B.Auronenko, P.B.[Ixonoc, U.M.I'onyap), smonusumk (S.AyiK,
N.Takigava, Y.Aritoma, Y.Abe) Ba y30ekucrommuk (A.K.Hocupos,
A.M.MymunoB, C.B.ApremoB) onumiap Ba OoIlKajgap TOMOHHJIAH YpraHWUJITaH.
bupox Oy wunutapga OFUp SIIPOJAPHUHT OVJIMHUININ Ba OFHpP HOHJIAp
UIITUPOKUIATH AP0 peakluusiap KBaHT MEXaHWUK TaOuartra sra Oynuiimra
KapaMail KBaHT CTaTUCTUK 3(PeKTiaap WHKOp KUIWHTAH XaMJia KJIIACCUK JTHHAMUK
€Kl MapKOB THUIUJATH CTOXACTUK TEHTJaMajap KYyJUIaHTaH, TUCCUTIAIASHUHT
HOJIOKQJUTWJINTUTAa 3bTUOOp KapaTwiMarad. Juddysus Ownan uIIKagaHUIn
KOd((PUIMEHTIIApHUHT BaKITa OOFIMKIUTH XHWCOOTa OJMHMAaraH €Ku yJIapHU
O0FI0BUM HMIIEPHUK (hopmyTanapaH HonJaTaHuITaH.

Orup snposlapHUHT OVIMHUIIMHA MapKOB Ba HOMApKOB SKUHJIANIUIIAA
YpraHWIUIIK AP0 MOJAMACH EMUINTKOKIUK KOY(PPHUIMEHTUHUHT COH MUKIOpIapU
opacujgar (apKHUHI KaTTaJIUTUHUA Kypcatnud. byHmaH sapoBuil Marepus
EMUMIKOKIUK KOO DUIIMEHTUHUHT OSKCIEPUMEHT HaTWXKajlapura acocilaHuO
XucoOmanran Mukaopuii kuiimatiaapu Hemuc (G.Wegmann, H.Hofman) sa mosbsik
(K.Pomarski, M.Dworzeska) onumiapy TOMOHHMIAH aHHWKJIAHTaH OYiIuO, Oy
UIUIapa TUCCUTTAIIUSIHUHT POJIM MUKPOCKOIIMK MOJIEJIap aCOCH/Ia YpraHuIMaraH.

Juccepranus TaAAKUKOTHHUHT JUCCEPTANMS 0aKapWIraH oJIMil TabJIUM
MYacCaCACHHUHT WJIMHIi-TAAKMKOT HILIAPH pekajiapu OWJIaH OOFJIMKJIUIH.
Jucceprauusi TaAKUKOTH V36ekncTon Munuii YHUBEPCUTETH WIMUN-TAAKUKOT
unuiapu pexacuHuar ®-2.1.8 «Snpo peaknumsapu nauHamukacm» (2003-2007),
DOA-O2-D055 «Ofup MOHNAP WIUTUPOKUIATM SAPO pPEaKUMsiap Ba SIAPOHUHT
OYIMHUIIM HaTHXacuaa XOCHJ OViIaauraH MaxCyJIOTIapHUHT YHKUTITUHU TaTKHK
ki (2007-2011), ©2-DA-D115 «KYnHYKIOHIN aTMaIluHUII PeaKIUsIapy
Ba KYIIMIUII-OYIUHHUII MEXaHM3MHUHH HIMUN TagkukoT Kuauiny (2012-2016),
®2-60 «Kywin KoppenanusiaHraH KBaHT CHUCTeMalapHMHT Hazapuscu» (2012—
2016) maB3ynapugard WIMUH JToMUXanapu opacua OaxapuiraH.

TaagKMKOTHUHI MaKCaJAW HOMYBO3aHATIU KBAaHT CHUCTEMAJAPHUHT MapKOB
Ba HOMApKOB JWHAMHKACHHU HGOJaIOBYM (OPMATUM3MHU HIUIA0 YHUKHUIIIAH

nbopar.
TaankuKoTHUHT Basudaapu:
TalIKu MalgoOHIaru HOMYBO3aHaTJIN KBaHT cucreMa YYyH

raMIJIbTOHMAHHUHT aHWK M(OJACHHU TOMHUO, KOJIJIEKTUB KOOpAMHATANAp YUyH
yMyMJIalITaH HOMAapKOB CTOXAaCTUK KBAHT TEHIJIamMalap CUCTEMAacHUHHU OJIMII Ba
yJlapHHU aHAJUTHK €YUMIIAPUHU TOIHIII,

HOMapKOB CTOXAaCTHUK TEHTJIaMaJIaH HOCTAIIMOHAP TPaHCHOPT
KO3 PUIIMEHTIM MapKOB TUMUAATH KBAHT AU(PQy3usl TEHIIaMalapuHUd KEATHUPUO
YUKAPUIII;

TFApMOHMK OCLUJUIATOP MOTEHIMANM KaOu MOTEHLHUAUIap YYyH TEepMOCTaT
Oowran Tyma Oofnmanum (Th) Oynran xonma Ba ailaHyBYM  TYJKHHIIAP
akuanamumuga (ATS) JlamkeBeH TeHINIaMalap CHCTEMACHHHMHI aHAJIUTHK
€YMMIIAPUHU KypCaTull,
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KBAaHT TepMOCTaT OwWjiaH TabCUpiamaETran KYIIcaTXJu JTUCCUIIATHB
cucTteManap Y4yH HOYM3HMKJIM CTOXAaCTUK TEHIJIaMajlap CUCTEMAcCHMHHU OJIMII Ba
yJIAPHUHT aHAJIUTUK €UUMJIIAPUHU aHUKJIAI,

JUCCUTIATUB CUCTEMAaHUHT KOJJIEKTUB KOOpJMHATAJIapU YYyH BaKITa OOFIIUK
Oynran  TpaHcnopT  Kodh(UIMEHTIApHM  TONMII  XaMJla  TPAHCIOPT
KodhQUIIMEHTIIapHU Xamaa Koppemsiuus (QYHKIUSIAPUHUHT aCUMOTOTUKACUHU
TaJKUK KWJTUIII,

OFMp HWOHJAp  HWIITHPOKHIATH  SIAPO  PEAKIHMICH  KECUMJIAPUHHUHT
AKCIIEPUMEHTA KUAMATIAPUHU TaXJIWJI KWIHII OPKAIH TYITYHTAPHII.

TanKukKOTHHHT 00beKTH cudaTua HOMYBO3AaHATJIM KBaHT CHUCTEMalap,
KBAaHT Ba ME30CKOIMUK CUCTEMAalIap/iard HOMYBO3aHaT apa€Hap OJIMHTaH.

TagKMKOTHUHT NpeAMETHHHM OYMK CHCTEMajapaard  JIUCCHUIIAINSA,
auddys3us Ba KBaHT GIyKTyalusuiap TaKWI 3Tau.

TagkukoTHUHT ycysanapu. Hocrammonap TpancnopT koddduimeHTIapHu
OJIMII yYyH CTOXAaCTHK JIMHAMUKA, HOPEISATUBUCTHK KBAaHT MEXaHUKAa Ba
tacoauduil xapaCHiap Ha3apUACUHUHT ycysulapunaH (onnananwmirad. Cucrema
OwiaH TepMOCTaT oOpacujard y3apo Tabcupiammil wMacaitacu ['eitzenOepr-
JlamxeBeH ycynu OpKajid €YHJITaH.

TagKMKOTHUHT WIMMIA SIHTWJINTH KyHugaruiapaad uoopar:

KBaHT TEpMOCTaT OuiaH TyJa OOFJaHTaH TapMOHUK OCHWUISTOP YYyH
ailnaHaéTral TYJTKWH SKAHJIAWIIHN EHIAIINII TOMpPACUIa HOUM3HKIN CTOXACTHK
TEHTJIaMajap CUCTEMAcH KeNTHPUO YMKAPUIITAaH Ba yJIAPHUHT aHATUTUK €9UMIIapU
TOTIWJITaH,

HOMYBO3aHAT/IM KBAaHT CHCTEMajap Y4YyH BakKTra OIIKOpa OOFIWK Oyirax
TpaHCHOPT KOA(P(UIMEHTIAPHU AHUKJIAIIHUHT Ba KBAaHT (IyKTyalusIapHUA
AHAIUTUK XUCOOJIATHUHT yCYJUIApH UIIUTA0 YMKHIITaH;

yMyMJIalliTaH HOMApKOM CTOXACTUK TEHIrJamaZaH 3WYJINK MaTpUIlach Y4yH
AKBUBAJICHT HOMApKOB KBAHT Au(dy3usi TeHriIamacu Ba (QUIyKTyalus-IucCUumaIus
(®J]) HuHT yMyMmIIamrad KBaHT OOFJIAHUIIN KeNTUPUO YNKAPUIITaH;

OUp KUHCIIHM TAIIKW MAarHUT MaWJOHJIard UKKH YI4aMiid 3apsi/UIaHTaH KBaHT
OCIIIIISITOP y4yH HOCTAI[MOHAP UITKAJTAHUTIT Ba b dy3us
Kod(puIMeHTIapUHUHT aHUK Udoganapu KypcaTuiras;

UKKH  yIyamid  3apsijlaHraH  KBaHT — OCHWIISATOP YYyH  TPaHCHOPT
kod(purmeHTIap Ba Koppeaaius GyHKIUIIAPUHUHT aCUMITTOTUK KHHMaTIapUHU
AHUKJIOBYM M(oaanap €3uiraH;

Kyl TemrepaTypa Ba KaTTa BakT OPAJIHMKJIAPH YUyH OCHEJUIATOPHHUHT
Koppensanus (QYHKIUSICHHUHT SMUPWIMIIHHUHT Aapakadd KOHyHTa OYHCYHHIIN
Oaropart KWIMHTaH,

OFUp WOHJIAp WINTUPOKHIA KEYaJWTaH peaknusiiapia KBAaHT Ba HOMapKOB
b PEeKTIAPUHUHT MyXUMIIUTH aHUKJIAHTaH.

TaagKMKOTHUHT aMaJuii HATUKAJAPH Kyiuaaruiapaad noopar:

yMyMJIAIITAaH HOMApKOB CTOXAaCTHUK KBAHT TEHTJIAMACHUJIaH BaKITa OOFIIUK
Oynran TpaHCOpT KOY(POUIMEHTIN MapKOB TUMUIATH KBaHT Juddy3us
TEHIJIaMacH KeATUPUO YMKAPUIITaH;



HOMYBO3aHATJIN xKapaéHuap yUyH GbayKTYyanus- TUCCUTTATTUSTHUHT
yMyMJIalliTaH KBAHT MyHOca0aTH Ba BakIra OIIKOpP OOFIMK OYJraH TpaHCIOPT
nuddys3ust kordPuIMeHTIapuHA XUCOOIAIHUHT aHATUTHK U(oaaapy OJMHTaH,

TalIK{d MarHUT MalJIOHAArd UKKU YI4amild 3apsiijlaHraH KBaHT OCHMIUISTOP
y4yH HOCTAIIMOHAP KBAHT TPAHCHOPT KO3(PPUIIMEHTIapU aHUKJIAI YCYJIH UIIad
YUKWJITaH.

TaagkuKOT HATHKAJTAPHMHI WINOHWIMJMIM WA Hazapuil ¢usmka,
taconuduil KapaCHIap Ha3apUACH Ba CTOXACTHUK JUHAMHUKAHWUHT 3aMOHABUN
ycyJulapu  XamJa ~caMapagop pakaMid ~ycyJulap Ba  aJropuTMIaplaH
doiiiaTaHUITaHIUTH, Ha3apuil HaTIKAJTApHU OKCIIEPUMEHTIAp Ba OOIIKa
MyaJuIM(QIapHUHT HWIUIapUH OWJlaH TaKKOCIAHTAHJIWTH; XYJIOCaJapHUHT OYHK
cUCTeMajiap CTaTHCTUK (DU3MKACH Ba PO peakUusapyd Ha3apUSICHHUHT aCOCHM
TaMOMMJITApUTA MOC KEJIUIITN OWJIaH W30XJIaHAIH.

TagKUKOT HATHXKAJIAPUHUHI WIMHHA Ba aMajJMil axaMusTH. TaaKuKOT
HATWKATAPUHUHT WJIMHUNA ~ aXaMHUSTH OJMHTaH aHaJuTHK  (opMyJaiapHU
JIUCCUTIATUB CHUCTEeMaJllapAa TYHEUIM YTUlUIapHU udojananiia KyJIaHWIHIIY;
KBaHT CHCTEMallapia METAacTaOWi XOJIATIAPHUHT SIall BaKTJIApPUHU AHUKJIAII
yuyH ¢doigananuiga acoc 0ynuimm ouian OenruiaHaau.

TaaKUKOT HaTKAJAPUHUHT aMajuil  axaMUsSTH yJIApHUHT aToM, SJpo
dbu3MKacu Ba CTaTUCTUK (U3UKAIA, KYTI )KUCMIIM CUCTEMAIAPHUHT KBaHT-MEXaHUK
Ha3apHUSICUHU spaTHIa, OTITHK reHepaTOpIapHUHT ¢GyKTyanox
XapaKTEepUCTUKATAPUHU XHcoOnamaa (poriganaHIuIIg MyMKHHIUTY XaM/a yioy
UII/1a KENTHPUITaH HOMAapKOB (G (EKTIAPHUHT SHTY TaXJIWLIapU HAHOTEXHOJIOTUS
XamJa KBaHT D>JIEKTpOHMKacu Oyinya sHru acOoOnapHu JOWHMXalallTHUPUIITa
épaam Oepulliv OWsiaH U30XJIaHAH.

TaagKuKOT HATHKAJAPUHUHI KOPU KWIMHUIIM. HOoMyBO3aHATIM KBaHT
CUCTEMAJIAPHUHT MAapKOB Ba HOMAapKOB JMHAMUKACUHHU M(DOAaIOBUN (HOpMATH3IM
Oyitnya unniad YMKUITaH HaTHKajlap acoCUa.

HOMYBO3aHATJIM KBAaHT CHCTEMaJapHUHT HOMAapKOB JUHAMUKACHUHHHT
Ha3apui TaxXJWIM Ba KBAaHT CTOXACTHK TEHIJIAMaJlapHM €4HIl Oyiinua uIuiao
yuKuiarad ycyn PoccussHunr bupnammran  gapo  TaAKUKOTIApU HMHCTUTYTH
xy3ypugaru Haszapuii ¢usuka mgabopatopuscumaru Ne(01-3-1029-99/20032006
«AapoBuii Ba ME30CKOMHUK CHCTEMallap IWHAMUKACH Ba TY3WIMAHHHT XOCHII
oymumm»  (1999-2003) dyHmameHTanm JIOMUXAacH  JOWpAcHIard  Ha3apwu,
DKCIIEPUMEHTA]  HaTW)KaJlapHM  acocjall  XaMmJa HOMYBO3aHATJIM  KBaHT
CHUCTEMaJapHUHI  HOMApKOB  JWHAMUKACUHU  TYIIYHTHPUIIAA  KYyJJIaHTaH
(bupnamran sinpo TaaKuKoTIapu WHCTUTYTHHUHT 2016 ¥wmn 12 wuronmmarm 300-
20/15-connu MabiiyMOTHOMACH). VIMHH-TaAKUKOT HATHIKAIAPUHUHT KYJJTAaHHUIIN
Kywiud AedopMalysuiaHraH SAPOJIAPHUHT  XOJIATIapuHU UQOJATAIIHAHT SHTH
KJIaCTep YCYJWHU UIUIA0 YUKUII Ba cynepaedopMarusianTad sapojapHu TaJKUK
KWINITHUHT STHTYA CTIEKTPOCKOIMK YCYJIMHH Oaniopat KWJIMHUIITUTA UMKOH OepraH;

HOCTAIIMOHAP TPaHCHOPT KOA(DPUITMEHTIIApHN Ba METACTaOMII XOJIaTIapHUHT
CMUPHJIMII KCHIJUTUHU —aHukiam  ycywiapu  Ne01-3-1029-99/2008  «Kyiiu
SHEprusaapaa sSapo-saApo TYKHAIIyBIapd Ba sApolapHUHT Xxoccaimapn» (2003—
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2008) wiMuii MaB3yCHHUHT Oa)KapWIMINUAA SAPOJIAPHUHT TYla KYIIMIIUIIH,
KBa3WEeMUPUJIUIL, €MUPUIIUII Ba KamMpad OJMHUIIMHU TaBcUIamiga KyJIaHTaH.
(bupnamran sapo TaaKUKOTIapu WHCTUTYTHHHHT 2016 ¥un 12 uronmgarn 300-
20/15-connn MabiiyMOoTHOMAcH). TaaKUKOT HATHIKAJIAPHWHHUHT JKOPUH STHIIMIIN
KyWId paJUOKTUB Ba CTAOMJI HOHJIAp JlacTacu €pAamMuaa OpTUKYA HEUTPOHIIU HOEOD
M30TOIUIAPHU OJIUIIT UMKOHUHU Oepra;

KBaHT CHCTEMAJIApHUHT HOMAapKOB JAMHAMHUKACH, METACTaOWJ XOJIATIapHUHT
emupunuinu Ba Kynon tycuru atpoduaa keyaauran OFup UOHJIAP UIITHPOKUAATH
peakuusUIapHUHT  HOMapkoB  JlamkeBeH  (QopMaliu3MM  XOPWIXKUN — WIMHINA
xypHaymapnaa (Physics Letters A, 2009; Physical Review C, 2010; Modern Physics
Letters A, 2014; Physical Review B, 2015; Physics Reports 2015; Physics Letters
A, 2009; International Journal of Modern Physics B, 2015) orup wuonmap
UIITUPOKUIATH SAPO peaKUUsapu HaTWXKAacHa SAPOJAPHUHT TYJa KYIIMIUIIH,
KBa3WEMUPWIIUIL, EMHUPWIMII Ba KaMpa®d OJNuMHUIIM Oyiinya Hazapui,
HKCIIEPUMEHTANl  HaTIKAJIapHU  acocjiall  XaMJla HOMYBO3aHATIM  KBaHT
CUCTEMaJIAPHUHT HOMApKOB JTMAMUKACUHU TYIIYHTUPHUIITa XU3MAaT KUJITaH.

TagkMKOT HATH:KAJIAPUHUHI anpodamusic. MasKyp TaJKUKOT HATHXKa-
mapu 14 Ta xankapo Ba 6 Ta pecnyOiauka WIMHH-aMalIdid aHXyMaHHA
MyXOKaMaJiaH YTKa3uIraH.

TagkMKOT HATHKAJTAPUHUHT JIbJOH KWIMHranJauru. Jluccepranus
MaB3ycHu Gyitnua sxamu 40 Ta MIMHMI WIT HAIIP KWIMHTAH, IIyJIapaaH Y30eKuCToH
PecriyOnukacu Onwmii arTecTanusi KOMUCCHACHHUHT JOKTOPJIMK AMCCEpPTalUsIIapu
acoCuii WIMHIA HATH)KaJTAPUHU YOTI STHII TaBCUS dTHITaH uaMuil Hampnapaa 20 ta
MakoJa, iryiapaad 18 Tacu Xoprkuil )KypHaIapa Hallp STHITaH.

JuccepTalsIHMHT TY3WINIIM Ba Xa:xMu. J(uccepTanus TapkuOu KUPHIIL,
ontu 000, Xxyioca Ba ¢oiganaHuiaran agabuérnap pyuxatugaH uOopar.
JluccepTallustTHUHT yMyMHU#H XakMu 136 OETHU TaIIKWII 3TaJIH.
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JACCEPTAIIUSIHUHI ACOCUM MASMYHHA

Kupum xucMmuna yTka3wiraH TaJAKUKOTIAPHUHT 013apOJIMru Ba 3apypaTu
acoCllaHTaH, WIMHA WITHWUHT MaKcaJu Ba Baszudanapu, 0ObEKT Ba MpeaAMETIapu
TaBcu(IIaHTaH, pecny0auka ¢paH Ba TEXHOJIOTHSIIAPU PUBOKIAHUIIIMHUHT YCTYBOP
NYHAJIMIUIAPUTra MOCIIATHA KyPCAaTUITAH, WMWK SIHTWIMITHA Ba AMaJIMM HaTWKAJIapU
0aH KWJIMHTAH, HATHKAJTAPHUHT WIMHN Ba aMajuil axaMHsITH ouyuO OepuiraH Ba
yIApUHHA aMaiauérra >KOpUM KWIHII, HAIIp STWITaH HIUIAP Ba JHUCCEPTALIHS
TY3WIUIIM OViindya MablyMOTIap KEITUPUIITaH.

«KBaHT Ba Me30CKONHUK OYHUK CHCTEMAJAPHHUHI MAapPKOB Ba HOMAapPKOB
AUHAMHUKAcCH» J1e0 HoMJIaHraH OupuHuM 00072 amabuériapga MapKOB Ba
HOMAapKOB JWHAMHUKAaHMHI acCOCHUM XOJIATJIapU Ba XYyCYCHATIApU XaKHIaru
MabIYMOTJIAPHUHT KUCKaua MyXokamacu OepwiradH. by WyHamumigaru acocuit
MyamMMmoJiap caHa0 VTWiraH Ba yiapHu Oaprapad STUII WYUIapu Myxokama
KWIMHTaH. AnaOuérnapjaard MabiIyMOTJIAPHUHT TaxJIMJIA  acocuja  yuoy
JMCCEePTALMSIHUHT Makcaj Ba Bazudaiapy 0aéH KUIMHTaH.

«HomapkoB kBaHT auHamukacu Ba aAuddy3uss TeHrjamagapu» 1eo
aTajiraH WKKUHYM 00042 MHUKPOCKONMHMK TaMWIbTOHHMAHTA AacOCJIaHTaH XoJijia
HOMApKOB SIKUHJIAIIMWINJIA KOJUIEKTUB KOOpPAMHATAIAp Y4YyH JIaHKEBEHHUHT
HOYM3HUKJIM YMyMJIAIITAaH KBAHT CTOXAaCTUK TEHIrJaMmanap CHUCTEMACH OJWHIaH
XaM/la YJIApHUHT aHAIUTUK ednmMiiapuian (oiinananud, uxTuépuidi TemmnepaTrypa Ba
CYHHUIII YUYH KOJLJICKTUB CUCTEMaHUHT HOCTAaIMOHap TPaHCIIOPT
KOd(QPUIMEHTIIApUHU aHUKJIANl YCYJM WILIA0 YUKWITaH. ByHMHT y4yyH Tyna
cucteMa (MYKM Ba KOJUIGKTUB CHCTEMAa)HUHT TaMWIbTOHMAaHM cudaruga
BATUnunr Hazapuit  ¢usuka nabopatopusicu onumiapu  (P.B.[Ixomnoc,
C.I1.MBanoBa, B.B.MBaHOB) TOMOHMJIAaH Takjiu¢ KWJIWHTAH TaMIIbTOHUAHIAH
doitnananunrad. by ramMuiabTOHMAaH KOJJIEKTUB KOOpAMHATa (] Ba yHra Kymima
OynraH WMOyJabC P XaMJa WYKH OSPKUHIMK Japaxamapd b, .b, ra oImkopa
OOFJIUKIUD:

H=H_ +H, +H,

by

Oy epna
H.o=p p+U(q) Hbzzhwvbv+bv
2(q) ’ : ’
H., =3V (q)(b, +b)+iY G (q,p)b, -b )
> z (1)

by epna H,Ba Hy Moc paBuiiga KouieKTUB Ba MUKH CUCTEMalapra TeTUIIUIH.
Hp KOJIeKTHB cucTeMa OujlaH MYKM CUCTEMAaHUHT OOFIaHUIIIMHU U(OIaToBYN Xa
Oynub, y KOJJIEKTUB CHUCTEMAaHUHI KOOpAMHATANApU Y4YyH OJIMHAJUTaH
TEHrJaMajapiard JUCCUNATUB XaJUIapHUHT MaHOaum XucoOjaHaau. Yoy
raMwibTOHUaH €Epaamuaa JlaHKeBEeHHUHT KyHugaru HHTerpo-auddepenmman
TEHTJIamMajap CUCTEMAaCH OJIMHAIU:
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. 1 -, 1 . 1 .
q(t) = E{ﬂ_ (a(t)), p()}, - ;J'dT{KGV (tr).a(n)}, + ;J'dT{KGG (tz), p(z)}, + F (1)

. 1! 4 1! 4
P = ~H o (@), P() =~ [ dr{Ky, (L), 4(0)}, + [ dr{Kyq (L), B} + F, (1) (2)

by xapakar TeHrnamamapujgard HMHTETpajl XaJJapHUHT MaBXYIJIUTH
HOMapKOB CHCTEMaHUHI XapakaT TpaeKkTopusich OVitna® yTtraH t BakT MOMEHTH
Oyiinua XoTupara sra HKaHJIUTHHM aHrjaTaad. TeHriiamanap CHUCTEMAaCHUHHUHT
ukkuHun TeHrmamacuparu  (Fp(t)) wummynsc Oyiinda  Tacomuduil  Ky4HHHT
MaBXYJIITH MAaTEMAaTUK >KMXATJIaH TEHTJIAMAHWHT CYMMHHU TONHUIITHU aH4a
Mypakkabmamrupaau. Yoy TeHriaMmaiap CUCTEeMAaCUHUHT aHATUTUK €YUMIIapUHU
TOMHII YUyH TeHIJIaManapjaru GyHKIMOHAJUIApHH yJIApHHUHT YpTaya KHiMatiapu
OwraH anMamTupuO, KailTa HOpMaJUIAllilaH TMOTEHIUAJUIAPHA TapMOHUK (EKn
TeCKapH) OCHWUIATOP MOTCHIMATN KYpUHHUINIMIA OJHUII Kepak. TeHriamanap
(2)narm muccHMIaTUB SIpOJIap TEPMOCTAT TeMIlepaTypacH Ba (DOHOHIAp COHHIa
oornmuk 3mac. [uccepramusga kypuO YMKWITaH XoJijla TeMIliepaTypa Ba
GbaykTyanus UYKM CUCTeMa Y4yH OOIUIAHFUY IIAPTIAPHUHT TaKCUMOTH OPKaJU
XMCOOTa OJIMHTaH.

Tenrnamanap (2)marm Fy(t), Fq(t) omepatopmap p(t), q(t) xamma wuku
CUCTEMaHUHT OOILUTAaHFUY IMIapTiapura OOFIUK OYIuO, MMIYJIbC Ba KOOpJIWHATA
oyiinua Tacoauduil Kyuigap omneparopiiapu posivHu O6axkapaau. OxaTaa, CTaTUCTHK
dbu3nkana TepMocTaT oOleparopiapu y4yH OOIUIaHFHY IHapTiap HOAHUK
Oynrannuru cababmu Fy(t), Fy(t) oneparopnap dmykryanus ned 6axonanaau. By
GayKTyalsUIapHUHT  cTaTUCTUK — Xoccanapuu  anukiamma  P(0),  g(0)HuHr
KuiiMatiaapu OepuiiraH OOLUTAHFUY XOJaT aHcamOJM Kapanaad, TePMOCTATHHHT
OOLIITaHFUY OMepaTopiiapy 3ca KAaHOHMK aHcaMmOiaaH onuHaau. by ancamOina
dbaykryanus ['aycc TaKCUMOTHUTA 3Ta Ba YHUHT ypTaya KMMMaTH HOJITa TEHT.

Hucceprammsina ¢uykryanus-aguccunanus (OJ) kBanT myHocabaTu yMyMui
xonga uxtuépuit Hg, yuyH omuaran. @®J[ mMyHocaOaTWHUHT Oa)KapUIIHINN
HOMapKOB JWHAMHK TEHrJamMajgap CUCTEMAcUJard IUCCUTIATUB SAPOJAPHUHT
TVFpu udomananranuu anriaataau. OJlHuHT KBaHT MyHOcabaTu udoaacu O60IIKa
Myaudaap TOMOHUAAH aBBajl XyCyCHM X0JIaT[a YM3UKIN OCHWIISTOpPIAp, ShHU
FC (tynuxk Oornmanunum ociuiatop) Ba RWA (te3 aillaHyBYM TYIKUH
SKUHJIAIIHII)JTap YYyH TOTHITaH dH.

@®JIHUHT KBAaHT MyHOCa0aTu KJIACCUK MyHocabaTaaH gapK KWiaayd Ba IOKOPU
temneparypa 1 (éku h —0) Oynran xoiuapaa yHra KEATHPWIMIIA MYMKHH.
Knaccuk myHocabar ¢akar (7) MCCHUKIHMK (QIIYKTYalMsUIApDHHU Y3 MUUTA OJIAJIM.
Jluccepranusiiard HaTWKanapAa KBaHT (DIyKTyanusiaap XaMm XucoOra OJIMHTaH.
KonnexkTuB xoopanHaTa Ba UMIYJIbC yUyH €3WiIraH XapakaT TeHraamanapu OJ]
MyHOCA0aTUHU KAHOATIAHTUPTaHIUTU cababmu umuad YuKuWiarad Gopmannsm
KOJUICKTUB  XapaKaTJapHUHT KBAHT CTAaTUCTUK UGOJAIAMIHUHT  aCOCHUHU
TabMUHJIAUIN.

Hocrammonap tpancnopt ko3¢ GUIMEHTIApHA TOMHUII YYyH P Ba (| JapHUHT
BakTra  omkopa  Oormumkyurugad  Goiganmanu®,  yJIapHUHT  acoCuid
XapaKTEpUCTHKATAPU aHUKJIAHIM Ba OMPUHYM MOMEHT (YpTadya KMMaT), UKKHHYA

13



MOMEHT (JIMCTIEPCHS)HUHT TEHTJIAMaJlapy YJIApHUHT KJIACCUK aHAJIOTJIapu OwIiaH
COJIMIITUPWIIIM  XamjJa Bakrra OofiauK OynaraH wumkagaHuil, Auddys3us
kodpbunmeHTmapu Tomwiad. by KodpduIMEHTIapHUHT BakTra OOFIMKINTH
CUCTEMaHUHT HOMAPKOBIWIUTHAAHIUD. YOy HOCTalMOHAp KoddpuimeHTapaan
doitnanannnu6b, ymymiamran JIaH)KeBeH TEHIJIaMacu acoCHjla MaTpUlla 3UUJIUTH
yuyH JIMHAOIaHAHUHT MapKOB TUIMUJATH KBAaHT AU y3usi TEHIJIaMacu OJIMHTaH.

HuccepraiussHUHT «CYHYBYM KBAaHT OCUMJLIATOP Ba YU3UKJIM OOFJIaHUII
ne0 HOMJIAaHTaH yYWHYM O000W;a TabcupiamaérraH CcucTeMagap opacuaard
OOFMaHMIl yMyMUW OYITaH TaMUJIbTOHHAHAAH KOJUICKTHUB, WYKH CHCTEMaJap
opacuaaru OOFJIAHWIN WMITYJIC Ba KOOpAWHATA YUyH, YM3UKIN OYJIraH XOJ y4dyH
MUKPOCKOITMK TaMIJIbTOHHAH KEITHPUO YMKApWiIraH. by TramMmibTOHUaHJIapaH
doiinanann0, YUUKIM CYHYBYM OCHWUIATOP YYYH aiJlaHYyBUM TYJIKUH
skuHTammmuaa [ 'eiizenoepr-JIamkeBeH KBaHT TEHTJIaMajiap CHCTEMAcH OJIMHHO,
VIApHUHT  aHAJIMTUK  eyuMmiapu  Tomwirad. HocranmoHap — TpaHCHOpT
kod(duireHTIapu Ba KOppesius (PyHKIUSUTApUHUHT aCUMITOTHK KUMMATIapH
TaAKUK KuUJIUHTaH. CHUCTEMaHUHT KOJUIEKTUB KOOpJAMHATANIApU YYyH E3WIraH
xapakat Tenriaamainapu ®J] myHocabaTHU KaHOATJIAHTUPHUIITN UCOOTIIaHTaH.

CummeTpusuid - Koppensius (QyHKIusulapuHuHr  acumnrotukacu (t- t>0)
IOKOpY Ba KyiH TeMIiepaTypajap/ia Typiauda OYJIHUIIN aHUKJIaHTaH:

2 2 4 ~2 2 4
s hgy w1 hyou'u'w 1
O-m)‘r(T—)O)_)_ 2 2 2 2 2 ~ 2.2 N2
~ (t-t") s, (t-t)
Tuuw® s,s. (s, +5s,)e” s.s.(s, +5,)e”
as 23\, 3 12343 3
Gptpf(T%w)_)_ 5 + +
}/(ILIC() _Il'lfo) (52_51)(33_51) (Sl_sz)(s3_sz) (3)

s, (t—t')
s.s (s, +s,)e”
+12 1 2

(Sl - Ss)(sz - 53)

Kyiin Temneparypa Ba KaTTa BakT OpajMKIap y4yH OCUUIUISTOP KOppesus
GYHKUMSICHHUHT  €MUPWIMILM  JapaXald KoHyHra OyicyHagu. Cababu
OCLIMJUISATOp OWaH KBAaHT TEPMOCTAT OpAaCHJIard TabCUPJAUTYBHUHI Tyja KBaHT
MEXaHUK TabuaTra SraJurujaup, SbHU Xap OuUp TabCcHUpJallyBla Oup cucTemaaaru
KBaHT UYKOIMO, UKKMHYM cucTeMajia Tyruiiaau. FOKopu TemnepaTypa Ba KJIacCUK
yerapajga OyHIail eMUPWIMII Ky3aTWIMalaAu Xamaa €MUPWIHII 3KCHOHEHIHA
KOHYHUSIT Oyiinua Oynaau.

bup xun yacrota Ba Maccara sra OyiraH TapMOHUK XamJa TeCKapu
oclwIsiTOpaap (TYHKapuiaran mapadoyia) Y4yH MHKPOCKOMHUK —HINKAJIAHUIIT
kod(pdurmentu Ay(t), Ba Dpp(t), Dpg(t) muddysus kosddunuentnapuauHr BakTra
oormukuru 1- Ba 2-pacmitapia KeaTHPUIITaH.
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Teckapu (varm ToMOHAAru rpadukiap) Ba rApMOHKUK OCHMILISITOpPIap yuyH (YHT TOMOHAAru
rpaduknap) (u=50mg Ba’w =3M>B ne6 ommuran, T =1.0 M»B). Tyram, mrpux, HYKTaIH
YU3MKIAp, MOC paBUIIJA, WIIKanaHum kodpduuuentunudr #hl,=1.0, 2.0, Ba 3.0 M»B
ACHMITTOTHK KHHAMAaTIapua XUCoOIaHTaH.

1-pacm. Mukpockonuk 1u¢gys3us Ba MIIKAJAHUII KO3(PPUIHNEHTJIAPUHUHT BAKTIa
oorsmmkauru (T=1.0 MaB)

Baxomnauku, Dy, (0)>D,,Dgp(0)<0, kiaccux xomnma sca Dy (00)=0. Dyp, Dygp
Ba A, HUHI OOLIIAHFUY BAaKTIaru KUKWMaTiapu Hoira TeHr OynuO, kucka t ~ 7y
VTUII BAaKTH WYUJA Y3UHUHT aCUMIITOTUK KAMMATJIApUra SpHUIIau. Vrum BaKTH
UILKATaHUII KO3 (OULUEHTH Ay, HUHT YCHUIIN OMJIaH 5KyJla CEKHUH y3rapaiu.

HuccepranustHUHT ymoy 600o0uga KBaHT TEPMOCTAT OWJIaH TabCcUpiaraéTran
KYIICAaTXJIM $SKKa aTOM YYyH aWJaHyBYM TYJKWUH SKUHJIAIIWIIWAA HOYU3UKJIN
CTOXaCTUK TEHrjamMasnap CHCTeMacH OJIMHTaH Ba YJIAPHUHT aHAJUTHK CUUMIIApH
tonunrad. KoyulekTMB  KoOpAWHATAIap Y4YyH TeHrimamanmap kBaHT D]
MyHOCa0aTHH KaHOATIAHTUPHIIN KYPCATHIIIH.
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Teckapu (varm TOMOHIAru rpaduKiIap) Ba rapMOHKUK OCHMILISATOPIIap yuyH (YHT TOMOHIAru
rpadukmap) (u=50mg Ba?w =3M»3B ne6 omuuran, T =0.3 M»dB). Tyrami, mrTpux, HyKTalu
YU3MKIap, MOC paBHIAa, HIIKanaHum KoddduuuentuHunr /A4,=1.0, 2.0 Ba 3.0 M»B
ACUMITOTHK KHIMAaTIapuIa XucoOIaHTaH.

2-pacM. Mukpockonuk 1updy3us Ba MIIKaIaHUII KO3GPUIHEHTIAPMHUHT BaKTTa
ooruksnru (T=0.3 M>B)

HuccepranussHuHr  «@epMHOHJIM HWYKM KHCMJIM Ba  y3rapyB4YaH
OOFJIAHUILIM OYHUK KBAHT CHCTEeMAHHHI HOMAPKOB JAHHAMHUKacw» Je0
HOMJIAaHTaH TYPTHUHUYM Oo0uja wuku cucrema Depmu-/lupak craTHCTHKAcHTa
OyiicuHYyBYM 3appajiapiaH uoopar OyiraH xonatr Kypubd yukuiarad. KBaHTianraxn
MaiJIOHJIap Ha3apusACH, KATTUK JKHUCMIIADHUHI KBAaHT Ha3apusCcu Ba SApO
(Gu3MKaCUHMHI KaTop MacajajapuHu euumga tepMmoctatHun  Depmu-Lupak
CTaTUCTHKacura OYWCHHYBYM YEKCHU3 KYI OCHWUIATOpiapaan wubopar 1ed
KapaJMIIy Ba CUCTEMallap opacuaru TabCUPHU HOCTALMOHAPJIMITMHU 3BTHOOpPra
omuul Tanad KuiuHaau. by, ailHukKca, orup voHnap uintupokuaa Kynon tycuru
aTpoduia Keyaaurad siApo peakiusiapy TaAKUKUAa KaTTa axaMUsITTa ara.

KosnekTuB cucremMa SHEPrUACHHUHT Y3TapUIINA KyWHIArd TEHIJlaMa acocuia
OYIUIIM KYpCaTUIITraH:

m(t) 1o, )+ < p(t) >
m (t) 2m(t)

o ()+<q(t)>"
+

qq

: r :
E(t):—LUP(t)+ —[22,(0& (1) + £(1)]

(4)

D, (t)
+———+()D (1)
m (t)
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Maskyp TeHrjIamMaiaH aHTJIANIMIAINKH, TAPMOHUK OCIUJUIATOP YIYH SHEPTHSI
AUCCUMALMSICUHUHT TE3JIMIH 4, (1) Ba 4, (t) Ta mponopuuoHai ycca Dyy(t) Ba Dyq(t)ra

MIPONOPLMOHAI PaBUIIIA KaMasp SKaH.
Tepmoctar OWIaH OCUWISATOpP oOpacuiard Tyia OOFJIaHWII HOCTALMOHAP
Oynran xon Taakuk KuiauHad. HocTtammonap OOFIaHUII YaCTOTACHHUHT CYHYBUH
KBaHT OCIWUIATOPHUHT JUCCUTIAIIMSACATA TabCcupu JIaH)KEeBEHHHMHT HOMAapKOB
TEHIJIaMacu acocujia YpraHwiau Ba HOCTALMOHAP TpaHCHOPT KodddUuiMeHTIapra
HOCTAIIMOHAP OOFJIAHUIIIHUHT YacTOTa Y3TapUITMHUHT TabCUPHU TAJAKUK KUIHH]IH.

Hocrammonap OofnaHumn TpaHCIOPT KOIPGUIMEHTIAPHUHT KamMaluInra
OJINO KENUIIHN KYpCaTUIIN.

«KBaHT CHCTEeMAHWMHI HOMAPKOB JMHAMHUKACH: €eMHPHJIMII Te3JIMIH Ba
KaMpad oaum» 1e0 atanraH OemuH4Yu 0007a FOKOpUJArd MKKWHYH, YYHHUYM Ba
TYpTUHYK O00NapAa Munuiad YMKWITaH Ba PUBOXIAHTHPUITAH EHJIAUTYBIIAP OFUP
WOHJIAp WINTHPOKWJA KyHH DSHeprusjiapaa KedaguTaH SIpo peakIusIapuHu
TymMHTHpUInAa Qoinananwirad. [lapabonuk TycukaaH TyHen YTUIN Kapa€HUTa
UKanaHum Ba AUGQy3us Kod3POUUUEHTIAPHUHT TabCUPJIAPU KApad YHMKUITaH.
Baktra OofnMK ~ OynaraH  3WWIMK ~ MATPULACUHUHT  Typiau  auddysus
ko3 unreHTIapura OOFJIUKJIUTK YpraHuiarad. TepMocrar OwiaH OOFJIaHMUII
HaTWXacuja KOoopJuMHata Oyiuya uWIKadaHU KO3((OUIMEHTHHUHT OOpJIUrU
TYCUK MOTECHIMAJIMHU TEPEHOPMHUPOBKACUTA OJIMO Kellaau Ba Oy TYCHKIAH YTHII
HXTUMOJUITUTUHU OImUpaau. TYCUKIaH CU3U0 YTUIN TE3JIUTH KOOpAMHATa OYiinua
mubdy3us koapounmentura xam 60K, OFUp UOHJIAPHUHT TYKHAIIMIIKAIA CHOT
TeOpaHUIIM Ba SAPOJAp Opacuaard HYKIOHJIAp aJMallMHYBH  SJIPO-SJIPO
TascupiamryB KyJloH MOTEHIMaN TYCUFUHU TMEPEHOPMHUPOBKACUTAa Ba KHHETHK
SHEPTUSHUHT JUccunanusicura cabad 0ynaau.

Tycuk octu d3Heprusylapaa TyHEJI YTUII OSXTUMOJUIMIM  MIIKAIAHUII
kodhdunueHTIapu Aq =4, #0 Oynran xosnna MIIKaJaHUII MaBxKyHd OynIMarad Aq
=/p=0 xonra HucOGaran kartagup. by eppa xoopauHara 6yiiMYa HINKAJIAHUII Aq
TYCUKHUHI CH3YBYAaHJIIMTMHU OPTTUPAAH, MMITyJbC OyiW4Ya MINKAJIaHUII A, 3ca
KamaiiTupanu. Karra cH3yBUaHIWK SIPOJIAPHUHT TYCHKOCTH OWpJIANTyBYAHIIUTH
Oyiinya SKCIIEpUMEHTAJl HATWKAJIApHU TYIIYHTHPHUIN YIYH MYXUMAHD. DHEPTUs
TYCUKJIAH Karra OyiaraHaa HWIOKaJaHum Ba AUPQy3us TYCUKIAH YTHUILIHUA
KaMalTupaau. DHEPrUsiHUHT HOJIb KMHAMATUAa Ba Aq =Ap, OYJIraHia AUCCUIIALUSIIN
Ba TUCCUTIALIMACU3 YTHUII DXTUMOJUIUKIApU OMp-OupHUTra TeHIAUP.

bynapnan Tamikapu, TYCUKHUHT CH3yBYAHJIMTUTA KBAaHT S()QeKTaapHUHT
TabCUPJIAPU XaM VpraHwigu. 3UYIUK MaTpUIlACH yYyH MacTep TEHIJIaMaHUHT
eunmiiapugan  ¢oinanannbd, KoopAauHaTara OOFIMK OYiraH MHKpPACKOIHK
mubdy3ust kodDPUIMESHTIIAPUHUHT METATypFyH XOJIATJIApPHUHT EMHUPUJIUIINTa
TabCUPU XaM TaAKUK KwimHaud. Juddysus kBaHT MexaHuk d(dext O0ynumo,
KJIACCHK KaMpaJIMIIJa YHUHT PO WYK. Kampamumn 3XTUMOJITUTHHUHT dHEPTHS,
Oypyak MOMEHTH Ba WINKAJIAHWINTA OOFIUKIUTHHUHT TEKC Y3rapuiiu
TG QY3UTHUHT  MaBKyUIMTH ~ xucoOuramup. UyKyp HO3JACTUK — TYKHAIIIWII
PEaKIMSUTADUHUHT  YpraHWI HaTW)KAcHIa WINKATAHWIIHUHT XaKWKaTra SKHH
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Oynran kuiimMatu i A,=1-2M»3B skannuru ronunnu. i A HUHr Oy KuilMaTiapuia

Kampad osuin 3xTuMosiuru 20% atpoduaa CeKuH y3rapaiu.

4.8 K 06 | M | ]
o 05| R
3 45 of
: 04 \ ]
2 42 o 03 -
S - \l\.\
< 39 2T _
K 0.1 AE= 5 MeV T —
3.6 -
0.0 f~+—+—F—+—+—F—+—+—+F—+—
08 /N T -
06 | ]
- \\. "
o o4l |
0.2 ]
AE= 15 MeV e
0.0 : : : ~
0 1 2 ? ¢
R ®u t (i/ MeV)
Byma Ti + Pt cricrema yuyn A= 2 Omeprus  Kymonm  tycurmman  Gonwrab

xucobmanamu. J= 0 (tyram yu3uk), 30 (urpuxiu
yu3ukK), 60 (myHKTHpIM uyn3uK) Ba 90 (mTpux
MIYHKTUPIIU YU3HK)

MbBra Ba Oypuak momentu J= 0 (Tyram
yu3KK) Ba SO (IITPUXJIA YU3HK)

4-pacm. 8ca + %®pp peakmusaaa Kampao

OJIMII 3XTHUMOJUIMIIMTH P HHUHI JHeprusiHu
AE(0)=Ecn—V(R=R,,J)=5M>3B Ba 15 MD1B
KuiiMaTiaapuaaru  t  BakIra  OOFJIMKJIHMK
rpaguru

3-pacm. Juddy3us kodpPpuuneHTHHHA
SIpoJIap MapkKa3d opacuigard HUucOuid
Macoda R ra 00FIUKJINTH

3-pacmna muddysus kodhdunreHTHHUHT Oypuak MOMEHTH (Y3ITyKCHU3
9n3uK), J= 50 (IUTPUXIU YM3WK) Ba TemmepaTrypanunr T = 1.2 MsB kuitmatinapu
yayH R koopaunartara OofiaHuIn Tpaguru KeITUpwirad. Smpo-sapo
TabCUPJIAITYB MOTEHIIMAIN Oypyak MOMEHTH J ra OOFJMK Oyiranmuru cababiu
madoysus kodpdunmentmapuy xam J HUHr (yHKuuscu Oymamu. IloTeHmman
«gyHTaK» atpoduna Dy, Ba Dyp HUHT KuiiMaTIapu Oypyak MOMEHTHU yCHIIM OWIIaH
eTapjauya Kyudcus y3rapaiu.

4-pacMaa KampaO o sXTuMosutiinrd P(t)HUHT BakTra OOFIaHuI rpaduru
KEJITUPUIITaH. bonuanruy KUHETHUK SHEPTHUS yayH &3unran
Evin(0)=(<P(0)>*+0pp(0)/(21:)) opmymama KBauT GIyKTyarus OWIAH OOFIHK
Oynran sHeprus XucoOra oymHraH. KoOJJIEKTHB CHCTEMAaHHWHT TYJa JHEPTHSICH
KyJIOH TycuruaaH Oonutad xucoOmianraH, seHu AE(0)=E—V(R=Ry,J). Pacmaan
KYPUHAJANKNA, OKHUM KBa3UCTAIIMOHAD TE3JIMUTUHUHT YPHATWIHMIL BaKTH T =
2.0//MhB  mapaMmeTpiapHUHT  KapamaéTraH  OpajJufd  Ba  HWIIKAJIAHHUII
kodddurmenTr, Oypuyak MOMEHTH Xamja TyJa DJHEPTUSHUHT OONUTaHFUY
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KUiiMaTiapura Kyucu3 Oofnanrat. t>7 6ynaranga P HUHT KUAMaTH 3KCIOHEHIHAI
KaMasiiy.

T T LI
1000 & e -
i el 1
[ “F+%pp ]
100 | -
g
n
“"U 10 & E
=] - 3
VE| ve=730 V,=81.5 E
FEPRE EEPRRPR R SRR Y SRR TR SRR B |
70 80 90 100 90 105 120 135
E.. (MeV) E_. (MeV)

1 T 1 T I L L L_L_'_'_-ul
1000 E_ZEMQ-quBPb — 0 =

F " 25+ P
100 | 4
ié" ]
- 10 k 3
B” E 3
1k -.
El V,=106.5 V,=124.6
] ] 1 ML P BPEEN B B
110 120 130 120 135 150 165 180 195

E_ (MeV)

cm.

E_. (MeV)

Xucobnanr HaTuXKalapyu — TyTall YU3UKJIIap, 0 + 2%pp peakiusi yayH kecuM Bonr popmynacu
épramMua XucoOIaHral — MITPUX YUUKJIIAP.

5-pacm. Pacmuiapaa kypcaTuiran peakuusiiiap y4yyH KaMpao oJiMII KeCHMH.

bypuak MomeHTHMHHMHT KaTTa KuiimarTiapuaa (J=90) OKMM KeCKHH
KaMalUIMHUHAT ~ cababu  MOTEeHIMaln  YyKypJuK  (4YHTaK)HUHT  KyJa
caé3nmuruganaup (3-pacMaard IITPUX-MYHKTHPIM YM3HMK). Bypyak MOMEHTHHUHT
KAYMK KAAMATIapuaa Kampad OJHIN SXTUMOJUTMINIU t = T jgaru kuiimatu P(t)
HUHT MaKCUMaJl KHMAaTHUra TEHT.

Xucobsianran Kampal OJMII KECUMUHUHT MaBKy/ SKCIIEPUMEHT HaTHXKanapu
OwraH Takkocnam 5—8-pacmimapaa kenrupuiarad. Kynon tycurunan 4 MaB kudnk
Ba Tycukaan 70 M»>B rokopu OViraH SHEpPrUsSHUHT KUKWMAaTiIapuaa XucoOusiain
HaTWXanapu Jespau Oapya peakiusiiap y4yH SKCHEpUMEHT HaTKajlapu OuiiaH
Moc Tymamu. Cr + °“®Pb peaxims y4yH Hasapus OWIAH OSKCICPUMEHT
HaTWXaJTapy Opacujiard MaBxKy (papKHU Kyluaarnda TyITyHTHPUII MyMKHH:
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Em_ (MeV) Em_ (MeV) Ecm (MeV) EML (MeV)
6-pacm. Pacmaa KeJITHPWITAH 7-pacM. PacMaa  KeJITHPHJITaH
peakuusyiap  YY4yH KaMpad oIl peakuusiap  Y4yH KaMpad  oJiui
KeCHMHHHHI  XHCOOJAHraH KuiiMaTH KeCHMHHHHI XHCOOJAHraH KuiMaTH
48 208
(ryram 4m3uk). ~O + “°Pb peaxkuus (TyTam 4u3uK).

YUyH Bonr ¢opmyaacu oyiinua
XUCO0JIAHTaH HATHKA (IITPUXJIHM YH3HK)
KeJTHPHMJITaH.

Kampab oJumr KeCHMUHHUHI SKCIICPUMEHTANl KMAMATH KBa3sHOYIMHUIL O ¢,
KYWWINII-OYJIMHUIL ~ Of¢  Ba  OYFJIQHUIN — KOJNJMFU Oggp  KECUMIIAPUHHHT
o 52 208
dinrunaucuaan uoopar. ~°Cr + “"Ph peakuusna oy Ba OyFJIaHMII KOJJMFH Ogp

KECUMJIAPU KyJla KUYKWHA (YYHKH KYIIWIHMII SXTUMOJUTWINTU JKyJa KUYHUK),
IIYHUHT YY9yH YJapHH XHcoOra oiMaca Xam Oynaau. byHmaH skcrnepuMeHTna
KBa3UOYJIMHUII OUJIaH 3JIACTUK Ba YyKYp HODJACTHK COUYMJIMITHUHT MaxXCyJIOTIapu
Oup-OupHrIaH KaHYaIMK aHUK aKpaTa OJWHAJIH, JIeTaH CaBOJI KEIHO YMKAIH. 2Cr +
%Py cpcremama 3aps (Macca) acCHMETPUSCH KOOPAMHATACH OYifiua MHHHMYyM
Oy cHUCTeMaHH CUMMETPHUK OYyiraH KoH(UTrypamusra orud KETHUIIUTra KapIIHJIUK
KWJIaau, 1y oorc (KBa3uOYJIMHUII OpKaJIi) Oepuiirad ailHu KoHpuUrypauus oyinua
EMUPWINII 3XTUMOJIM Karta. KBazuOynuuumira 3apsa (macca) acCUMETPHSICH
KUPUIIl KaHAIM SIKUHHMAA OYJraH MaxcysoTjap acocuil Xucca Kymaah. AMMO
OKCIIEPUMEHTa KBa3UOYIMHHII MaxCyJOTIApUHU SJACTHK Ba YYKyp HODJIACTHK
*KapaCHIapHUKHIAH  axpaTuml  yta wMmypakkab. IlyHunr yuyyH 0Oab3u
AKCIIEPUMEHTIIapJa KUPHII KaHATH SKUHHUA KBa3HOYIMHUII MaXCyJIOTIapUHUHT
XHUCcalapy eTapiinya Xucoora OJIMHMAaraH JeHuIl MyMKHUH.

TYKHAIMIT SHEPTUSCUHUHT OIIUINK OWIaH Ba MOC paBUINJA KHUPHII
KaHAJIMJArd Ky3FallUIl DSHEPTUsCH, OONUIAHFUY CHCTEMAHUHT CHUMMETPUKPOK
KOH(pHUrypanusra YTUIll SXTUMOJUIMIINTH OPTaAy XaMJla KUPHUII KaHAJIW SIKWHUJA
KBa3UO Y IMHHUIII MaXCyJIOTIapPUHUHT xuccacu KaMasiau. TykHammm
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SHEPrUSICHHUHT OLIMIIKM OujlaH Hazapuil xucoOnamnuiap Ba SKCIEPUMEHTAN
HaTwxanap ypracugaru ¢papk Kamasu.
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IOxopunaru pacm — xucoOaniap HaTHXKacu, acTIark pacMmiiap — SKCIEPUMEHT/Ia YI4YaHTaH
HaTHXanap

6-pacm. Huuron siapo ?%Ph gunr pacMaa KeJTHPWITaH TYKHAIIYBYH SIAPOJIap OMJIaH peaKkuusicu
yUyH acapEcm/(anZhwb) HUHT (Ecn-Vp)/(hwp)ra doraukauru, 0y epaa Vy,=V(R=R,,J=0)

Kampa® omuinr  KECUMUHUHT  YIYaHTaH  MIIOHWIMIHNK  KPUTEPUSICH
UcapEcm/(anzha)b)HI/IHl“ (Ecn-Vp)/(howp)ra  Oornmukaurumup.  8-pacMuma Oy
MYHOCA0ATHUHT SKCIIEPUMEHTANl Ba Ha3zapuil OOFmMaHWIM KenTupuirad. Kupwuin
KaHaiu Oepaauran >¢ddektra kypa Kampad OJIMII KECUMUHUHI aOCOJIOT
KuiiMatuaa Gapk maiigo Oymamu. By pacMlaH KYpUHAAWKH, TYIIYBUM SApOJap
CHIWJ OYJraH peaknusiapiaa acapEcm/(anzha)b) karrapok. Ca0aOu aifHK
peKnusIapaa siapo-aapo TabCUp MOTEHIMAIWHUHT Ypacu («UyHTarm») 4yKyp Ba
KeHrpoK. HucOaTaH eHrwiIpok suponap Omman kedammran O, “F,**Mg, 2Si,
32343%g pa %Ca peaxumsmapma Gepmnran (Egn-Vp)/(fiwp) ydayH erapiamda Top
coxaaa TakcumiaHraH. E.,>V, Oynranmma Oapua  peakuusuiap  y4yH
UcapEcm/(T[szha)b)HI/IHF (Ecm-Vp)/(hwp)ra OOFMUKIMIUHE YHUBEpcaa ae0 Kapaill
MyMKUH. Tyna KYIIWINII 3XTUMOJUIMTH Ky4Jd Kam Oynaran HucOaTtaH OFup *OTi,
2Cr + “®Pb cucremanapia KBa3sHOYIMHMIN KUPHII KAHATH SKUHHAA KyWId Ba
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DKCIIEPUMEHTA] HyKTajap Oy TOp COXaJaH KYMpOK dueTriamand. Arap CTaTHK
KyJIOH TYcuFuHH (Q(EKTHB AMHAMUK TYCHK OMIaH anMamrupuica, -Cr + 2°Pb
peaKkiys y4yH g, HUHT SKCIIEpUMEHTaT KUAMAaTUHUA Ha3apuil TYFPU OJUII MyMKUH.
CraTuK TYCUKHHHT OyHIal CHDKUIIN «eXtra-pushy merinmamu.

BUPOK COBYK KYLIUIMII OYiiM4a HHUIIOH supoiap — -°Pb Ba ““Bi
UIITUPOKHUJIATH peakiusiap/ia KUpUIIl KaHaiauaa OyHaal 3Q@PeKTHUHT HYKIUTU
HKCIIEPUMEHTIA Ky3aTwiraH. Jlemak, TYCUKHUHT CHJDKMIIMHUA XUCOOra OJMII J,

HUHT XaKWKUW KAWMAaTHHHA TOMHINJIA KaTTa CTHIIIMOBUMIMKKA OJUO KeaJu.
Kypunran peakmusuiapaa Kampad onumn kecumu gactiad Eg, oprtumm Owunan
Yycaam, Oupox keitmH 1/ Egpra mpomopiimonan pasumiga kamasan. Kymmamox sapo
CHCTEMacH MoJeinra Kypa Kampanum J HUHT Oapua (J= Oman J= J.qrada) Tyma
KYLIIWINIITa OJIUO KEeIyBYM MOTEHUMAN ypa «UYHTaKHW» OepyBUM KuHMaTiapuia
MaBxyn Oymamu. Kadonku Jyt HUHT KubiMatu E., HUHT OepwiraH KuiMartuia
Oypyak MOMEHTH J,,. JaH KWYUK OYyica, KaMpaauil KecuMH o.E., HUHT KaTTa

KuiiMaTiapuga kamas Oouwvtaiinu. by kupum kaHanu 53¢Q¢GeKkTd KaMpasuiil
KECUMUHHM 4Yerapanad KyWraHuHu Owmiaupanu. J>Jqq OViaranmga mapkasjgaH Kouma
Ba KYJOH KyuJapu SAPOBHI KydJapHU KOMIICHCAIUSAJIAWIM, MOC paBHIIA,
MOTEHIMAT YYKYPJIMK — YYHTaK KyJa caé3 0ynub Koyaau €Ku yMmyMaH OYIMaiiiu.
J<Jgit Oynranaa sca KMpUII KaHAIH SKUHUIATH eMUPUITUIT MaxCyJIOTJIapyu acoCaH
KBa3HEMHUPHIIMII MaxcylIoTaapu oymamm. >'Fe + “®Pb Ba *Ni + “®Pb peakumsiiap
y4yH MOC paBulIa 3HEprusHuHr Eq =250 Ba E~<260 M»>B, sapuu Kynon
TYCUFMHUHI OaJlaHJUIMTHIaH yHYa KaTTa OyiMaraH KuiiMaTiapuia KaMmpajulll
KECHMJIApH MakCHMan Kuiimatmra sra Oymamm. Ni + *®Pb peakumst yuayn
MOTEHIUAJT YYHTAaKHUHT KeHriauruHu 0.5 MbBra ommpwuiica, g. HUHT aOCOJIOT

KUIIMaTh cajl omaad, MAaKCUMyMHHUHI XoJlaTh »3ca TaxmuHaH 10 Mb»Bra
SHEPTUSHUHI KaTTa KUAMaTH TOMOHUTA CHIDKUNAJIN.

«HomyBoaHAaT/IM cUcTeMAJap TAIKM MATHUT MaiaoHaa» el arairaH
OJNTUHYM 00072 OYMK CHCTEMAaHWUHT HOMAapKOB JIWHAMUKACHUTa TalllKM MAarHUT
MaWJJOHUHUHT TabCUpU KYpuO uukwiraH. HomyBo3aHaT/IM KBaHT CHUCTEMAaHWHT
JUHAMUKACUTa MAarHUT MalJOHMHUHT TabCUPWHU aHUKJIAIl Makcaaujaa 0030HIU
TepMOCTAT OWJIaH YpajraH 3apsiiJiaHraH KOJUICKTUB CUCTEMAHWHT WKKU YI4amIiv
MOTEHIMAI ypaJaru XapakaTy TaIKUK KUJIMHTaH.

bup xuHCIM MarHuT MalJOHUIArM UKKH YITYAMIIM 3aPsIJIAaHTaH OCIUIUISTOP
y4yH HOCTalMOHap Jud@y3uss Ba HUIIKATaHUII KOADPUIMEHTIAPUHUHT AHUK
udoaanapy ToONUATaH. ODHI aCOCHM HaTwxkaiapaaH Oupu Oy TallKM MAarHuT
MalJOHM  MaBXyn  OynraHga  OO30HJAM  TEpPMOCTAaTAAard  MIIKAJTAHMII
KOO(POUIIMEHTUHUHT TAcalMIM HATW)XKAacuia CUCTEMa DHEPrus CYHUIIUHUHT
Kamatnmmaup. Jlekun Oy SHEPTUSHUHT aCUMITOTHK KUWMATIApH o, Ta OOFIHMK

Oynmaiiaun. MarHuT MaiJIOHUHUHT OYHMK CHCTeMa JUHAMUKACHTa TabCHUPU TACT
TeMreparypajgapaa sIKKoJ HaMo€H Oynub, OyHIa MarHUT MalJOHUIAH MabyM
HIapOUTAA CUKWITaH TMakKeT JAWHAMUKACUHM oJuiaa ¢GoilaliaHuil, MarHut
MalJoHU €pAaMuaa KPUCTAUl KaHAIMAArd 3apsUiM 3appajlapHUHT KYHIAJIaHT
JTUCIIEPCUSICUHU CO3JIalll MyMKHH.
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XVYJOCA

«KBaHT Ba ME30CKOMHMK OYMK CHUCTEMaJapHUHT MapKkoB Ba HOMAapKOB
AMHAMHMKACH» MaB3yCHUJIaTM JOKTOPJHK JUCCepTaluscu Oyiuda oiauld OGopuirax
TaJKUKOT HAaTH)Kacua KyHuaaru xyJjocanapra KeJIuHIu:

1. HomyBo3aHaT/IM KBaHT CUCTEMA YUYyH 3apyp raMujibToHuaH Tomuirad. Ly
KBaHT TaMIJIbTOHWAHIAH (oigasaHn0 HOMApKOB CTOXACTUK TEHIJIamaap
CUCTEMAaCH OJIMH/M Ba YIAPHUHT aHATUTUK €YUMIIAPU TOMUIIJIN.

2. CTOXacTUK TEHIJIAMAJIAPHUHT aHAJUTUK eduumiiapuiaH (organaHuiral
XOJI7a 3UYJIMK MaTPUIIACH YUYH BaKTra OOFJIMK OYJraH TpaHcnoT KodhUIIMEeHTIN
HOMAapKOB KBAaHT UM Py3usi TEHTTIaMacu KEITUPUO YUKAPUIIIH.

3. Unk Oop Kyiu Temmeparypanapia (QIyKTyaluus-TUCCUTIAIUSIHUHT KBAHT
MyHocabaTugaH ¢oigaTaHUITHUHT (EHOMEHOJIOTHK MyHocabarra HucOaTaH
TYFPUIIUTH KYpCcaTUIAu. AWIaHyBUM TYJIKWH SIKMHJIAIIUIIKIA OCUUJUIATOP OWIIaH
TEpMOCTAT Opacujaru Tyja OOfJaHWII OYJIraH XOoJ YYyH OJIMHTaH TPaHCHOPT
KO3 ULIMEHTIApHUHT aCUMIITOTUKACH YPraHUJIIH.

4. Kymcarxim JUCCUIATHB KBaHT CHUCTEMalap YYyH HOUYU3UKIN CTOXACTHK
TEHTJIaMajap CUCTEMAaCH OJIMHAM Ba YIAPHUHT aHAIUTUK €YUMIIapU aHUKJIaH]IH.

5. IloreHuman Yypaman wMeracTaObmwi XOJIATHU EMHUPWIUII TE3JUTHUHU
TpaHCTIOPT KOA(PIULICHTIIAPUHUHT HOCTAIMOHAPJIUTUTA KYy4CH3 OOFJIUKJIUTH
kypcatnngu. Koopnunata-ummynsc Oyinda muddysus kospdumuentu Dy,
EMUPWINII TE3TUTMHU Kamaiummra oinu0 kemaad. CYHUII Kydcus OyiraH €xu
KyiHu TeMmIiiepaTypajiap/ia eMUPHWIHIIIHUHT KBa3UCTALIMOHAP TE3JIMIU UINKATIAHUIIT
KyTapwimind OujaH omaad. byHu Kylu TeMiepaTypaiapiard eMUPHIIHII
xKapaCHuna WIIKajgaHumra #Hucbaran mauddy3uss POJMHUHT OPTHUIIM OWIIaH
TYIIYHTUPHUII MYMKHH.

6. 100, 1F, ®Mg, 2si, 243638g 0480y SOT 4 209D peaksTapHHEHT
KamMpald OJMII KECMMHU YYyH OJIMHTaH Ha3apuil XHcoOiall HaTKajlapu OuiiaH
MaBXKyJl AKCIEPUMEHTa] HaTWXajlap opacuja >XKyAa SAXIIM MOCIHK OOopiuru
KypcaTwirad. by kampa® oJMII KECUMHHHM XUCOOJAIIHUHI Takiu( KHJIMHTaH
yCYJIMHU OOIIIKa skapa¢Hiap yUyH XaM KYyJUlalll MyMKUHJIUTHHU acociaad Oepau.

7. Ecn>Vy, Oynranaa ofup sAApo cCHCTEMallapy yIyH acapEcm/(anzha)b) HHUHT
(Ecm-Vp)/(Aicwyp) T2 OOFNMKIUTY YHUBEPCA KYPUHHUIITA 3ra OYIIUIIN aHUKJIAaHIH.

Yoy Oornanumaan ¢oiigananud, TyCUKHUHT napametpiapu (Rp, Vp, u
hwy) HU XECcOoOIaraH Xoyjga Kampad OJHUII KECUMH oO; ,, Ec, Ta OOFIUKIUTHHU
Oamopar KUIHIll MyMKHH.

8. BoHrHmHr kampa® oJIMII KECMMHUHH XHCOOJaIl SMIEPHK (OopMyJIacH
MHUKPACKOIHUK aCOCTIaH/IH.

9. bup XUHCIM TalllKW MarHAT MalJOHJArd WMKKU YIHamiid 3apsijJiaHraH
KBAaHT  OCIHWIUISATOP YYyH  HOCTallMOHAp  WMINKIaHum Ba  auddysus
KO3 PUIIMEHTIApUHUHT aHUK HQoaanapu Tonwirad. KoopauHaTaHUHT HeHTpal
0030HJIM TepMOCTaT OWIAH YM3HMKIM OOFJIaHraH XOJW YpraHwiad. Yoy
dbopman3M Kyusn OOFIaHUII Ba UXTUEPHUI TeMIepaTypayiap YUyH YPUHIUIUD.

10. bo3onnu TepMocTarT OYyiraH XoJjijla MarHUT MaWJOHU HIIKaJaHUIIHUA

KaMaﬁTHpHMH Ba MOC paBHIllJa SHCPrusd AUCCHUIIALIUACHHHUHI XaM KaMaWluIIu
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Kypcatniaad. MarHurt MauJOHUHUHI HOMYBO3aHATJIM KBAaHT  CHCTEMAaCH
JUHAMUKAaCcUra TabCUPH KyHU Temmneparypajlapia SKKOJIPOK SKAHIUTH acOCIaHIH,
OyHZaH MabIyM XoJulapJa MarHuT MaiJoHU €plaMuia CUKWITaH NakeTIapHU
OJIUIII UMKOHHU OOPJIUTH KYpCaTHIIIH.
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BBEJIEHUE (anHoTamusi 1oKkTOpcKoi auccepranuu (DSc))

AKTYaJIbHOCTh U BOCTPe0OBAHHOCTH TeMbI auccepTranuu. B HacTosiee
BpeMs TEOPETUUYECKOE MCCIICIOBAHUE TUHAMUYECKON MPOOJIEeMbl HEPABHOBECHBIX
KBAaHTOBBIX CHCTEM, SBJISICTCS OJHOW M3 (PyHIaMEHTaIbHBIX 3a7a4 COBPEMEHHOM
TEOPETUYECKOW M JKCINEPUMEHTaIbHOW (Qu3uku. SBaeHus ¢Gaykryanuu u
JTUCCUTIAIIMY HEPABHOBECHBIX KBAHTOBBIX CHCTEM OOBIYHO MCCIICAYIOTCS B paMKax
CTaHJAPTHON TEXHUKH TEOPHUH KBAHTOBBIX MapKOBCKHUX IpoiieccoB. M3BecTHO, 4TO
OTKJIMK pPEAIbHBIX (PU3HMUECKUX, TEXHUYECKUX M OHUOJOTHYECKUX CHCTEM Ha
BHEIITHEE CIy4yailHOE BO3JIEUCTBHE, SIBJISETCS HEMAPKOBCKUM MpoIieccoM U 3h ekt
HEMapKOBOCTH BO3PACTAET C POCTOM CJIOKHOCTH cucTeMbl. ClieJJoBaTeIbHO, TaKUE
CUCTEMBbl HE MOTYT OBITh OIHUCAaHbl TMOCPEACTBOM CTAaHJIAPTHBIX METOJIOB,
pa3pabOTaHHBIX HA OCHOBE MAapKOBCKUX MPOIECCOB. B CBA3M ¢ 3TUM, aKkTyalbHOU
CTAaHOBUTCSl pa3pabOTKa MaTeMAaTHUYECKHUX METOJI0OB OMUCAaHUS HEMapKOBCKHX
CIIy4alHBIX ITPOLIECCOB.

B Hameit PecnyOnuke OoJibllioe BHUMAHHWE  YACHSIETCA  Pa3BUTHIO
TEOpeTHUeCKOW (DU3MKM W TIPOBEACHHUIO (PYHIAMEHTAIBHBIX HCCIEAOBAHUHN I10
OTUM HaIpaBJICHUSAM Ha MHPOBOM YpOBHE. B 3TOM mmiaHe ymamoch JOCTHYBL
3HAYUMBIX pE3yJIbTaTOB, B UYACTHOCTH: B PCIICHHH TEOPETHYCCKUX 3aaad
HEPaBHOBECHBIX KBAHTOBBIX CHCTEM U WX MPAKTHYECKOM MPUMEHECHHH, pa3padOoTKe
METOJOB  AHAIUTHYCCKOTO  OMpEIeICHUS W  pacdeTa  HECTAIlMOHAPHBIX
K02 PUITMEHTOB TepeHoca, TEOPETUUECKOM HCCIIEAOBAHUM SJIEPHOM PEaKIUHU C
TSOKETBIMU MOHAMU, BIIMSIHUE BHEUTHUX TOJIEH Ha CBOMCTBA OTKPBITHIX KBAHTOBBIX
CUCTEM U HEPABHOBECHBIE MPOIIECCHI.

B coorBerctBUM co «Ctparerueil NeWCTBUN MO AalbHEUIIEMY Pa3BUTHUIO
Pecnybnmuku VY306ekucran Ha 2017-2021 rr.», sBasercs HaubOojiee BaKHBIM,
noBbIeHne 3(PGEKTUBHOCTH OTpaciu (DU3MKH HEPABHOBECHOW CHUCTEMBI U
HAaHOTEXHOJIOTUU HA OCHOBE TEOPETHUCCKHX W TMPAKTHUYECKHX HCCICIOBAHHMHA B
00J1aCTH HEPAaBHOBECHBIX KBAHTOBBIX CHUCTEM M JHUCCHUIIATHBHBIX HEPABHOBECHBIX
KBAaHTOBBIX IIPOIIECCOB 3a CUET BHEIPCHUS MHHOBAITMOHHBIX TEXHOJIOTHIA.

B Hacrosmee BpeMs MONMydeHBI HOBBIE DKCIICPUMEHTANBLHBIC JTaHHBIC IIO
Moa0aphEPHOMY CIUSHUIO SAEP B CTOJIKHOBEHHUSAX TSDKEIBIX HMOHOB HU3KHX
DHEPTUH, TYHHEIBHBIC TMEPEXOMbl C IUCCUTIANUCH B KpUcCTauiax, mo ¢ dexram,
CBSI3aHHBIM C CHJIbHBIM, CJTA0BIM M CBEPXCIa0bIM BO3ICHCTBHEM MarHUTHBIX ITOJICH
Pa3TUYHON PUPOBI HA Pa3HOOOPA3HBIE CIOKHBIE (PU3NUYECKHE U OMOJOTUYECKUE
00BEKTHI, 0OHAPYKUBAIOT HOBBIE TEHCHITNHU, KOTOPHIE HE MOTYT OBITh OOBSICHEHBI
B paMKax CYIIECTBYIOIIMX TPAJAUIIMOHHBIX MOIXO00B U Mojenel. Teopernyeckoe
00BsICHEHHE OOJIBIIIOTO YKCIIa MOA00HBIX (D (PEKTOB SABISICTCA aKTyaTbHOM 3a7a4eit
COBPEMEHHOM TEOpeTUYeCKOW (U3HKU. YUeT HeMapKOBCKHX 3(h(dEKTOB B
TYHHEJBHBIX TIEPEXOJaxX SBISETCS HE TOJHOCTBIO PEIICHHOW TpoOiemMon
HEPaBHOBECHON KBAHTOBOW CHUCTEMBI, IIOATOMY PEIICHHE MPOOIEMbI 0 KBAHTOBOM
TYHHEJIBHOM TI€peXoJie C JAWCCHMAIlMEH MOXKEeT OKas3aThCs BaXXHBIM TIpU
WCCJICIOBAHUM SJEPHBIX, aTOMHBIX HH3KOPa3MEPHBIX M HHU3KOTEMITEpPaTyPHBIX
ME30CKOITMYECKUX CHCTEM.
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Pa3zpaboTka MeTosa onpenenaeHusl, 3aBUCSIIEro OT BpeMeHH K03 (PHUIIMEeHTOB
nepeHoca W IIMPUH pacriaja MeTacTaOWIbHBIX COCTOSHUA HeoOXxoauma IpHu
ONMMCAHUN U OOBSICHEHUHM HKCIIEPUMEHTAIBHBIX AHHBIX MO SIACPHBIM PEAKIUSIM
MOJIHOTO CIUSIHUSA, KBa3UIECIEHUs, JEJICHU U 3axBara sjapa anpoM. Kpome storo,
TEOPETUYECKUE [JaHHBIE O TYHHEIBHOM MEPEXOJE C JUCCHUMAIMENd KpalHe
HEOOXOJAUMBI ISl TPAHCIIOPTA 3JEKTPOHOB B KBAHTOBBIX TOUKAX U AMAaX, a TAKXKe
JUTSL pEIICHMs] OTHOM M3 BaXKHBIX MPOOJIEM sIIepHOM acTpOoPU3UKKN — CIUSHUS SIAEP
B CBEPXIUIOTHBIX aCTPOHOMUYECKHX OOBEKTAX.

JlaHHass Hay4HO-UCCIIEIOBATENbCKAasl pabdoTa COOTBETCTBYET  3aJadam,
npenycMoTpeHHbIM B Ykase [Ipesunenta PecnyOnuku Y36ekuctan No YII-4958
«O nanpHEHIIeM COBEPIIEHCTBOBAHMHU CHUCTEMbI MOCIEBY30BCKOTO 00Pa30BaHUS)
or 16 deBpans 2017 roma, B IlocranoBnenusx Ilpesumenta PecmyOmmku
V36ekuctan Neo [II1-1442 «O mnpuoputrerax pa3BUTHUS MPOMBIILICHHOCTH
Pecniyonuku V36ekuctan B 2011-2015 rogax» ot 15 mexabpst 2010 roma, Ne I1I1-
2789 «O Mepax 1mo JajgbHEHIIEMy COBEPIIEHCTBOBAHUIO JACATEIHLHOCTU AKaJEMUU
HayK, OpTaHU3aluu, YIpaBieHUs U (PUHAHCUPOBAHUS HAYYHO-UCCIIEI0BATEIbCKON
nesteapHOCTHY OT 17 deBpans 2017 roma, a Takke B JPYrMX HOPMATHBHO-
MPaBOBBIX JOKYMEHTaX, MPUHATHIX B JaHHOU cdepe.

CooTBercTBHE HCCICIOBAHNS NMPUOPUTETHBIM HANPABJICHUSM Pa3BUTHS
HAYKM M TEXHOJIOrWil pecnmyOauku. JHccepTallMOHHOE  UCCIEAOBAaHUE
BBITIOJTHEHO B COOTBETCTBUHU C NMPUOPUTETHBHIM HAINPABJICHUEM Pa3BUTHUSI HAYKH U
texHonorud B PecmyOnuke VY30ekuctran: |l.  «DHepretuka, »sHeEpro-
pecypcocOepeKeHHe».

O030p 3apy0eKHBIX HAYYHBIX HCCJIEJIOBAHMUA IO TeMe IMCCePTALUM.
HccnenoBanusi, M0 pa3BUTUIO TEOPUHU MJIsl ONMHUCAHMUS JUHAMUYECKOIO CBOMCTBA
HEPABHOBECHBIX CHUCTEM, MPOBOJATCS B BEAYIIMX MUPOBBIX HAYYHBIX LIEHTpAX U
BBICIIMX OOpPa30BaTEIbHBIX YUPEKIACHUSIX, B TOM 4YHCIE. B YHHUBEPCHUTETE
[rytrapra, Uacturyre ¢usuku miazmsel Makca [Tnanka, Macturyte Gusuku npu
yauBepcutete Poctox (I'epmanus), VYuuBepcutere Anbbepra (Kanana),
VYuuepcurere bpazwmmu (bpasunus), YHuBepcuTeTe HayKu U TexHosoruii Kuras,
IOro-Bocrounom  yuuBepcutere (Kwurait), KeMOpHIKCKOM  YHHUBEPCHUTETE
(Benukobpurtanus), Kanmudopuuiickom YHUBEPCHUTETE, VYHuBepcurere
J.Xonkunca (CHIA), Toxuiickom yHuBepcutrere (SAmonust), MockoBCKOM
rocyJapCTBeHHOM  yHuBepcutTeTre, OObEAMHEHHOM  HWHCTUTYTE  SIIEPHBIX
uccienoBanuii, MTactutyTe 06meit ¢pusznkun Axagemuu Hayk Poccun, MockoBckoM
®dusuko-texuudeckoM  uHctutyte  (Poccus),  MexayHapogHOM — IIEHTpeE
Teopernueckor pusuku (Uranus) u HarmonaneHoM yHHBEpcUTETE Y30€KUCTaHA.

[lo TeopeTuecKOMY HMCCIIEIOBAHUIO JUHAMUKH HEPABHOBECHBIX KBAaHTOBBIX
CUCTEM Ha MHUPOBOM YPOBHE MOJYyYEH pPsJ BaXKHBIX PE3YJIbTATOB, B TOM YHUCJE:
HEpPABHOBECHbIC KBAaHTOBBIE CHCTEMBl OBLJIM  HCCIICIOBAaHBI HAa  OCHOBE
KJIACCUYECKUX JIMHEVHBIX U HEJIMHEWHBIX MapKOBCKUX ypaBHEHMM JlaHkeBeHa U
@oxkkepa-Ilnanka; YUCIEHHbIE PEMIEHUS  MHOTOMEPHOTO  KJIACCUYECKOTO
ypaBHeHUus1 JlamkeBeHa ObUIM TPUMEHEHBI JJISl ONWCAHUS JTUHAMHKHU JICJICHUS
TsDKeNbIx sfaep. Hemuneiinole ypaBHenus JlamxkeBena u ®dokkepa-Ilnanka Obun
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MpPUMEHEHBl I ompenesieHus (QIyKTyallun  HEpPaBHOBECHBIX TIPOIIECCOB B
iazMe, i OIEHKM  HEeMapKOBCKUX d3(PQPexkToB B  pacnpocTpaHEHHUH
pPaANOCUTHAJIOB B Cpejie, TakKe ObUIM MPUMEHEHbl B UCCIEJIOBAaHUU IPOIIECCOB
neneHus Tsokenbix saep (MockoBckuii ['ocynapcTBeHHBINM YHUBEPCUTET, HAYUHBIN
1eHTp «CKoIKOBO», O0BEeIMHEHHBIM HHCTUTYT SICPHBIX UCCIICIOBaHUM, TOMCKHIA
nonurexHuyeckuit HHCTUTYT, Poccust, Universidade de Lisboa Portugal); Teopus
JUCCUNIATUBHBIX CHCTeM ObUla pa3BUTa HA OCHOBE MOJEIH KBAaHTOBOT'O
OCHIIIISITOpa B TepMocTaTe; i qudy3uu KBaHTOBOW YaCTHIIBI B cpele Oblia
pa3zpabotana wmogenp Kangeiipa u Jlerrera (Kamudopuwmiickuii yHuUBEpCUTET
CIIA); nnsa uccnenoBaHus TPOXOXKICHUS Yepe3 MOTSHITMATBHBIN Oapbep U pacnaji
MEeTacTaOUJIBHOTO COCTOSIHUA, OBLIO HCIONb30BaHO ypaBHeHue JIuHOmama, co
CTaIlMOHAPHBIMU TpaHCTIOPTHRIMUA Kod(hdurmmentamu (YuuBepcurer IITyTrapr,
Nuctutyr Ousukun npu yHusepcurere Poctok ['epmanns, OO0beanMHEHHBIN
UHCTUTYT SIIEPHBIX wHccienoBanui, OMmckuil ['ocymapCTBEHHbI YHUBEPCUTET
Poccus).

[Io Teopun  HEpPaBHOBECHBIX KBAHTOBBIX CHUCTEM BEAYTCS CIEIYIOLINE
byHIaMeHTaIbHbBIC UCCIICIOBAHUS: BBIYUCIICHUE HECTAIIMOHAPHBIX
Koo PUIIMEHTOB  MepeHoca B  HEPaBHOBECHBIX KBAaHTOBBIX  CHUCTEMAX;
HCCIIEIOBAHUE TYHEJIbHBIX MEPEXOJIOB B JINCCUMATUBHBIX CUCTEMAX; OINPEICICHUE
KBAaHTOBBIX  (DIYKTyallMii JJii HEPAaBHOBECHBIX IPOIIECCOB TMPHU  HU3KUX
TeMmrepaTrypax; HCCICAOBAaHMWE BIUSHMUS BHEIIHUX TMOJied Ha JUHAMUKY
HEpPaBHOBECHBIX KBAaHTOBBIX CHUCTEM; OOpa30BAHMS, HBOJIOLMUS JIBOMHON SAEPHOMN
CUCTEMBI; UCCJIEIOBAHUE €€ paclajla Ha OCHOBE CTOXACTHMYECKOTO0 YpPaBHEHHS U
pa3BUTHE JUCCUMATUBHO-TUHAMUYECKON MOJICIIH.

CreneHb H3y4YeHHOCTH MpoOdJjeMbl. B Hacrosiiee BpeMms BeayIIUMU
y4eHbIMH Mupa, Hanpumep, amepukanckumu (Katja Lindeberg, Bruse J.West, Roy
Jay Glauber), nmemenxkumu (W.Scheid, G.Ropke, C.V.Gardner), smoHcKUMHU
(K.Nishio, K.Fujikawa), wrambsackum (Gian Paolo Beretta), pyMbIHCKUMHU
(Aurelliu Sandulescu, E.Stefanescu), ¢paniyzckumu (Denis Lacroix), kanaackum
(M.Razavy), poccuiickumu (B.B.JlogonoB, A.B.Jomonos, HO.JI.KnmumanToBuy,
A.H.Mopo3zos, A.B.Ckpunkun, U.Knsainkun, B.I'.Mopo3os, A.B.Uypkun u np.),
OpasmwibckuM  (S.S.Mizrahi) wu  apyrumMu, BBITIOJIHEH  OOJbIION  00BEM
DKCIEPUMEHTAIIbHBIX W TEOPETUYECKUX  HCCIEAOBAHMM Il  ONKCAHUs
CTaTUCTUYECKOTO M IMHAMUYECKOIO MOBE/ICHHUSI HEPAaBHOBECHBIX cucTeM. OIHAKO,
B OOJIBIIIMHCTBE ATUX PabOT, B YPAaBHEHUSX JIJIsi OCIHUJUISITOPOB B TEPMOCTATE HE
YUYUTHIBAIOTCS HEMApPKOBCKUE A (PEKTHI, UM pacCMaTPUBAIOTCS TOJIBKO JTUHEUHbBIC
CBSI3U MEXIY OCHWUISITOPOM U TEPMOCTATOM, HE pacCMaTPUBAIOTCS METOJbI
aQHAJIUTUYECKOTO OMPEIeSICHUs] HECTAIIMOHAPHBIX KO3 (PUITMEHTOB MepeHoca.

Teopusi HepaBHOBECHBIX KBAaHTOBBIX CHCTEM PsSJIOM aBTOPOB, HaIMpUMED,
amepukanckumu (C.N.Mortan, B.B.Bak wu np.), nemenxumu (H.Hofman,
F.P.Hessberger, G.Munzenberg, P.Frobrich, R.Lipperheide), poccuiickumu
(B.B.Bonkos, [I'.I''Amamsn, H.B.Aatonenko, P.B./[>xomoc, W.M.I'onuap),
anoHckumu  (S.Ayik, N.Takigava, Y.Aritoma, Y.Abe) wu y30exckumu
(A.K.Hocupos, A.1.MymunoB, C.B.ApremoB) Oblla MpUMEHEHA JJIsI OTMHCAHUS

29



MIPOIIECCOB JICTICHUS TSOKEIBIX SIIep W PEaKIUK C THKEIbIMA MOHaMH. B paborax
TUX aBTOPOB HA(PQPEKThl HEMAPKOBOCTH HE YUHUTHIBAIOTCS M, B OCHOBHOM,
UCIIOJIb30BaHbl KJIACCUYECKHE JIUHAMUYECKHE YPABHEHMs: WUTHOPUPYETCS HeE
JIOKaIbHOCTh ~ JUCCUNIAIMK, HE YYHUTHIBAETCS 3aBUCHUMOCTh OT BpPEMEHU
kodpdunmrenTor aubdy3un U KodIPOUIMEHTOB TPEHUS WIA HCIOJb30BaHbI
sMIUpudeckue (opMyJbl, CBI3bIBAIONINE ATH KOAP(DUIIUESHTHI.

PaccmoTpenue neneHus sapa B MapKOBCKOM M HEMAapKOBCKOM IIpejelie
NPUBEIO K TOMY, YTO HMETCS OOJbIlIass pa3HHUIIA B YHUCICHHBIX 3HAYCHUSIX
KOA(pGUIIMEHTOB TPEHUS SACPHOTO BellecTBa. Takoe Hecorjacue MOKa3aHO B
pabotax, Hanpumep, Hemeukux (G.Wegmann, H.Hofman) u nonbckux ydeHsbIx
(K.Pomarski, M.Dworzeska). B »3Tux paborax pojib JHCCHUIIAIMH B paMKax
MUKPOCKOITMYECKON MOJIETT! HE pacCMaTpPUBACTCS.

CBsi3b TeMbl JAUCCEPTALMOHHOIO MCCJIEAOBAHUS € IUIAHAMM HAY4YHO-
HCCJIEI0BATEILCKUX PadoT BbICHIEr0o 00pa30BaTeJbHOI0 WJIM HAYYHO-
HCCJIEI0BATEILCKOT0  YUYpe:XKIeHHusl, TIJe  BbINOJHEeHA JAuccepTaums.
JluccepTallMiOHHOE MCCIIeI0BAHKE BBIMOJHEHO B paMKax IJlaHa HAYYHBIX MPOEKTOB
HanmonanpHoro ynupepcutera Y30ekuctana mno temam: D-2.1.8 «/luHammka
saepHbix  peaknmii  (2003-2007); DA-D2-D055 «McciaemoBaHue  BbIXOAA
IPOJYKTOB PEaKIMii ¢ TSHKEIbIMA MOHAMH M aeneHus saep» (2007-2011); d2-
DOA-D115 «MccnenoBaHue MeXaHU3MOB pPEaKIIMi MHOTOHYKJIOHHBIX Iepenad U
ciustHus-nenenust saep» (2012—2016); d2-60 «Teopust CHITBHO KOPPETUPOBAHHBIX
KBaHTOBBIX cucTem» (2012-2016).

Heabio uccjeqoBaHusi SBISICTCS pa3paboTka (hopmanm3Ma I ONMUCAHUS
MapKOBCKOW W HEMAapPKOBCKOW TMHAMUKHN KBAHTOBBIX CHCTEM.

3agaum uccjieI0BaAHUSA:

YCTaHOBUTH SBHBIM BUJ TaMUJIbTOHHAHA HEPABHOBECHON KBAaHTOBOW CHCTEMBI
BO BHEIIHEM TII0JIe, TOJy4YUTh OOOOIIEHHbIE HEMApKOBCKHE KBAHTOBBIE
CTOXAaCTUYECKUE YpaBHEHUS i1 KOJUJICKTUBHBIX KOOPAMHAT W HAWTU WX
aHATMTHYECKHUE PEIICHUS;

MOJIYYUTh W3 HEMApKOBCKUX YpPaBHEHMI KBAaHTOBBIE MapKOBCKHE
nudPy3roHHBIE YPABHEHHS C HECTAIIMOHAPHBIMH KO3 GUIIMEHTAMHU MTEPEHOCa;

MOJIYYUTh AHAIUTUYECKHE PEHICHUs CHUCTEMbl ypaBHEHMU JlaH)keBeHa st
MOTEHIIMAJIOB TUIIA TapMOHMYECKOro ocuuuisitopa momHoud cBszu  (I1C-
OCIIWJUISITOP) C TEPMOCTAaTOM U B MpuUOIMxKeHUMU Bpamaromieiics BojHbl (I[IBB-
OCIUJIISITOP);

MOJIYYUTh CHUCTEMbl HEIMHEWHBIX CTOXACTUYECKUX ypaBHCHUH U UX
AHATMTHYECKUE pEIICHUS I JABYXYPOBHEBBIX JMCCHITATHBHBIX KBAaHTOBBIX
CHCTEM B3aMMO/ICHCTBYIOIINX C KBAHTOBBIM TEPMOCTATOM;

OTPENCNNTh 3aBHUCSAIIHE OT BpeMeHH Kod(HUIHMEHTH TepeHoca s
OTHOCHUTEIHHBIX KOJUICKTUBHBIX KOOPAUHAT JTUCCUTIATUBHON CUCTEMBI BO BHEIITHEM
MarHuTHOM TIOJIE, WCCIIEIOBAaTh ACUMITOTHKU KOA(D(UIIMEHTOB MepeHoca W
KOPPEISIUOHHBIX (DYHKIIHIA,

OMHCaTh W HWHTEPIPETUPOBATH IKCIEPUMEHTAIbHBIE TaHHBIC IO CEUYCHHSIM
00pa30BaHUs TKEITBIX DJIEMEHTOB.

30



OO0bekTOM HCCIeI0BAHUA SIBISIFOTCS OTKPBITHIE KBAaHTOBBIE CUCTEMBI U
HEPaBHOBECHBIE MTPOLIECCHI B KBAHTOBBIX U ME30CKOMMUYECKUX CUCTEMAX.

IIpenmerom uccief0BaHMsA SBISIOTCS MPOLIECCHI AUCCUNIALUU, TUPPYy3uH, a
TaK)K€ KBAHTOBBIE (DIIYKTyalluu B HEPABHOBECHBIX CUCTEMAX.

Metoabl uccjenoBanms. [ nogydyeHus: CUCTEMbI KBAHTOBBIX YPaBHEHUH U
HECTALIMOHAPHBIX  KOA(P(QUIMEHTOB  IEPEHOCa,  HUCIOJIB3YIOTCA  METOJIbI
CTOXaCTUYECKON MHAMUKH, HEPEIATUBUCTCKOM KBAHTOBOM MEXAHUKU U TEOPHUU
ciydailHbIX TmpoueccoB. [IpoOrema B3auMOIEHCTBUSI CHUCTEMBI M TepMOCTaTa
pemaetcst metooM I 'elizenOepra-JlankeBeHa.

HayuyHasi HOBU3HA HCCJIEIOBAHMS 3AKIIOYAECTCS B CIECIYIOLIEM:

MOJIydeHa M aHAJIUTHYECKH pEeIIeHAa CUCTEMa HEJIMHEHHBIX KBAaHTOBBIX
CTOXaCTUYECKUX YPABHEHHMI B Mpelese MOJHOW CBS3M MEX]Iy TapMOHUYECKUM
OCLMJUIATOPOM UM KBAHTOBBIM TEPMOCTAaTOM B MPUONMKEHUH Bpallaoeiics
BOJIHBI,;

pa3paboTaHa METOJIMKA MOJyUYEHHUs 3aBUCALIUX OT BpEMEHH KO3((HULIMEHTOB
NepeHoca U MOJy4YeHbl aHAIUTUYECKUE (POPMYJIbl AJii BBIUMCICHHUS KBAaHTOBBIX
(baykTyaluii B HpaBHOBECHBIX KBAHTOBBIX CHUCTEMAX;

BBIBEICHO U3 OOOOIIEHHOTO0 HEMAapKOBCKOI'O CTOXACTUYECKOTO YpaBHEHHUS
MapKOBCKOE€ KBAaHTOBOE YpaBHEHUE I MATpPULBl ILJIOTHOCTH M IOJIYYCHBI
KBaHTOBbIE (PIIyKTyallnoHHO-AUccunatuBHble (PJl) cooTHOLIEHUS;

MOJIydeHa M aHAJIMTHUYECKH PEIIEeHAa CUCTEMa HEJTMHEHHBIX CTOXACTHYECKUX
YpaBHEHUH C YYETOM BHEIIHETO MarHUTHOIO IOJIS;

BBIYMCIICHBl 3HAYEHUsA HECTAMOHAPHBIX KOA()(PHUIMEHTOB TpEHUA U
muddy3un I8 IBYMEPHOTO  3apsDKEHHOTO  KBAHTOBOTO ~ FapMOHHYECKOTO
OCLMJUIATOPA B OJTHOPOJAHOM MarHUTHOM IIOJIE;

MOJIy4eHbl aHATUTHYECKUE BBIPAKEHUS IJISi ACUMITOTHKU KO3(P(UIIMEHTOB
NepeHoca U KOPPENSLUMOHHBIX (YHKUUMH JJIs1  JBYMEPHOTO 3apsyKEHHOTO
OCLIJIJISATOPA;

OpeJcKa3aH CTENEeHHOW 3aKkOH pacmnaja KOPPEeSIIMOHHBIX — (YHKIHMA
OCLMJUIATOPAa C TIOJHOW CBA3BIO B NpEleie HU3KUX TEeMIeEeparyp U OOJbIIUX
BPEMEH;

YCTaHOBJIEHA POJIb KBAHTOBBIX M HEMAapKOBCKUX 3((PEKTOB B peakuusx C
TSYKEJIBIMA HOHAMU.

IIpakTHyeckne pe3yabTaThl HCCACAOBAHUSA 3aKIIOYAIOTCS B CIEAYIOLIEM:

U3 HEMapKOBCKMX KBAHTOBBIX CTOXaCTUYECKUX YPABHEHUN BBIBEICHbI
MapKoBckuEe IU(PPY3UOHHBIE YpABHEHUS C 3aBHUCSIIMMH SBHO OT BpPEMEHHU
K03 puimeHTaMu nepeHoca;

BbIBeJIeHbl KBaHTOBble DJ] cooTHOomeHuss u GOpMysbl [Js BBIYUCICHUS
3aBUCSALIMX OT BpeMeHU Kod(PPUIMEHTOB T1epeHoca U  (QuyKTyauuid B
HEPaBHOBECHBIX Ipolieccax;

pazpaboTaH  METOA  ONpPEIETCHHUS  HECTAalMOHAPHBIX  KBAHTOBBIX
K03 (UIIMEHTOB MepeHOoca 3apsHKEHHBIX JIBYXMEPHBIX OCHHUISITOPOB BO BHEIIHEM
MarHuTHOM MOJIE.
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JloCTOBEPHOCTH pe3yJibTaTOB UCCJIeIOBAHNS 000CHOBBIBAETCS
UCIIOJIb30BAHUEM COBPEMEHHBIX METOJIOB TEOPETUYECKOM (U3UKH, TEOopUuu
CIIy4ailHBIX TMPOILIECCOB M CTOXAaCTUYECKOM JUHAMUKH, a TakXke BechbMa
3¢ ()EKTUBHBIX YUCIEHHBIX METO/IOB U HUCIIOJIb3YEMbIX aITOPUTMOB;

THIATEJIBHOW TMPOBEPKON COIJIACOBAHHOCTH TMMOJYYEHHBIX TEOPETHUECKHUX
pe3yibTaTOB C IKCIEPUMEHTATIBHBIMU JIaHHBIMU U PE3yJIbTaTaMH HMCCIIEI0BAaHUN
JPYTUX AaBTOPOB; COOTBETCTBUEM BBIBOJIOB C OCHOBHBIMHU IMOJIOKEHUSMU
CTATUCTHUYECKON (PU3UKHU OTKPBITBIX CUCTEM M TCOPUU SIACPHBIX PEAKIIHIA.

HayuyHas W npakTuyeckasi 3HAYHMOCTH pPe3yJIbTATOB MCCJIeT0BAHUS.
HaydHasi 3HaUMMOCTh PE3yJIbTaTOB UCCIICIOBAHUS OMPEICSETCS BO3ZMOKHOCTHIO
MPUMEHEHUS TTOJIYYCHHBIX aHATUTHYCCKUX (DOPMYI JUIsl ONMMCAaHUS TYHHEIHLHOTO
nepexoaa MUCCUTIATUBHOW CHUCTEMBI; ONMMCAHUS BPEMEH JKU3HH METacTaOMIIBLHBIX
COCTOSIHUM KBAaHTOBBIX CHUCTEM.

[IpakTryeckasi 3HAUMMOCTh PE3YJIbTATOB MCCIIECIOBAHUMN 3aKIIIOYACTCS B TOM,
YTO OHM MOTYT OBITH YCHEIIHO MPUMEHEHBI K PEHICHUIO0 KBAHTOBO-MEXaHUYECKHUX
npo0eM MHOTHX T€JI B aTOMHOM, SJIEPHON U CTATUCTHYECKON (PHU3UKE, a TakKe
JUISL pacdeTra KUHETUYECKUX U (IIYKTYallHUOHHBIX XapaKTEPUCTUK ONTHUYECKHX
KBaHTOBBIX TeHepaTopoB. [IpoBeneHHbIN aHAIN3 HOBBIX HEMApKOBCKUX 3 (HEKTOB
MOKET OBITh MCIIOJIb30BAaH B HAHOTEXHOJIOTHSIX U MPU KOHCTPYUPOBAHUU HOBBIX
THUIIOB MTPUOOPOB B KBAHTOBOM AJIEKTPOHUKE.

BHenpenne pe3yabTaToB HMcciaeaoBaHuil. Ha oOoCHOBe mMONMydeHHBIX
pe3yabTaToB 1O pa3paboTke QopManu3Ma Jisi ONUCAHUS MAapKOBCKOM U
HEMAapKOBCKOW TUMHAMUKHN HEPABHOBECHBIX KBAHTOBBIX CHCTEM:

pe3yNbTaThl  TEOPETHYECKOTO  aHalnM3a  HEMapKOBCKOW  JIHHAMHUKHU
HEPABHOBECHBIX KBAHTOBBIX CHCTEM M pa3pa0OTaHHBIE METOIbI PEIICHUS
KBaHTOBBIX CTOXACTHYECKUX ypPaBHCHWH OBUIM WCIOJB30BaHBI B paMKax
byHIaMEHTAIBHOTO rpaHTa JlabopaTtopuu TEOPETUYECKOU busuKu
OOBbeIMHEHHOTO MHCTUTYTA sACPHBIX ncciemoBanmii Ne 01-3-1029-99/200320061
«/lnHaMKKa ¥ MPOSIBJICHUE CTPYKTYPHI B SIEPHBIX U ME30CKOMTUYECKUX CUCTEMAX)
(1999-2003) mpu OMKMCAaHWU TCOPETUUYECCKUX U IKCIICPUMEHTAIBHBIX PE3yJIbTaTOB
U OOBACHCHHH HEMapKOBCKOW JIMHAMUKA HEPABHOBECHBIX KBAHTOBBIX CHCTEM
(ITucekmo OOBETMHEHHOTO MHCTUTYTa siiepHbIX uccienoBanuid Ne 300-20/15 ot
12.07.2016). IlpumeHeHue pe3yJbTaTOB JIaHHOW HAy4YHO-HCCIIEI0BATEIHCKOU
paboTHI, MO3BOJIUJIO pa3padoTaTh HOBBIT MOJAXO0JT OTIMCaHUSI
CHUITBbHOIC(DOPMHUPOBAHHBIX SIICPHBIX COCTOSSHMM M, B paMKax 3TOro IMOAXO7a,
MIPEIJIOKEH HOBBIN METO]T SKCIIEPUMEHTAILHBIX NCCIEAOBAHUN TaKUX SACD;

METO/Bl OMNpPEACIICHUS HECTAIMOHAPHBIX KOA(D(PUIIMEHTOB TiepeHoca u
IIUPHUHBI pacliajla METacTaOMIIBHBIX COCTOSIHMM OBUTM HCITOJIb30BaHbI B paMKax
Hay4qHoU TeMbl Ne 01-3-1029-99/2008 «Sapo-saepHbie CTOJKHOBEHUS U SIICPHbBIC
CBOWCTBAa Tmpu  HU3KUX oSHeprusx»  (2003-2008) mnpu  oOBsICHEHUU
DKCIIEPUMEHTANLHBIX JAHHBIX 1O SJACPHBIM PEAKIUSM TIOJHOTO  CIHUSHUS,
KBasujeaeHus, nenenns u 3axsata ([lucemo OOBeTMHEHHOTO UHCTUTYTA SICPHBIX
uccaenoBannii Ne 300-20/15 ot 12.07.2016). Ucnons3oBaHue pe3ynbTaTOB IaHHON
HAyYHO-UCCIIEI0BATEILCKON PA0O0THI MO3BOJMIO TMOIYYUTh PEAKAE HEUTPOHHO-
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M30BITOYHBIE H30TOMNBI C TOMOIIBIO CTAOWIIBHBIX W PaTUOAKTUBHBIX HOHHBIX
IIy4YKOB;

HEMapKOBCKasi JIMHAMHMKA KBAHTOBBIX CHUCTEM, pachajJ MeTacTaOMIbHBIX
COCTOSTHUM W HEeMapKOBCKHM JIaH)XKEBEHOBCKUN (PopMaliv3M SAEPHBIX PEaKIUil C
TSOKETBIMH MOHAMU HU3KUX SHEPIHUsX LIMPOKO HCIOJIB3YIOTCS B 3apyOesKHBIX
Hay4YHBIX JKypHajgaX TMpU ONHUCAHUM U OOBSICHEHUH TEOPETUUYECKUX U
AKCIEPUMEHTAIIbHBIX JAHHBIX IO SIEPHBIM PEAKIUSAM C YYACTUEM TSHKEJBIX HOHOB
MOJIHOTO CIIMSIHUS, KBa3HJIEICHUS, CJICHUS] U 3aXBaTa, a Takke sl 0OBSICHEHUS
HEMAapKOBCKOW JMHAMHKHA HEPABHOBECHBIX KBAHTOBBIX CHCTEM (CCBUIKM B
3apyOexHBIX Hay4dHbIX kypHajax Physics Letters A, 2009; Physical Review C,
2010; Modern Physics Letters A, 2014; Physical Review B, 2015; Physics Reports
2015; Physics Letters A, 2009; International Journal of Modern Physics B, 2015).

AnpobGanus padotrbl. OCHOBHBIE pE3yJbTaThl AMCCEPTALMOHHON pabOTHI
JOKJIa/IbIBATIUCh U OOCYXIaUCh Ha 14 MEeXIyHapOJIHBIX U 6 pecIyOIMKaHCKHUX
HAyYHO-TIPAKTUYECKUX KOH(DEPEHIUSX.

Iyonmukanuu pe3yabTaToB mucciaeaoBanusa. Ilo Tteme aucceprauuu
omyonrkoBaHo 40 HaydHbIX paboT, 20 HAyYHBIX CTaTei U3 HUX 18 B 3apyOeKHBIX
Hay4YHBIX >XypHaJlaX, PEKOMEHIOBAaHHbIX BhICIIell aTTecTalMOHHON KOMHUCCHEN
PecniyOnuku Y30ekuctan il MyOJIMKAIMM OCHOBHBIX HAYYHBIX pE3yJIbTaTOB
JOKTOPCKUX JUCCEPTALMMN.

O0beM u cTpyKTypa amccepraumu. J[uccepramus COCTOUT W3 BBEICHHS,
IIECTH TIJ1aB, 3aKJIIOYEHUs, CHHCKAa MCIOJb30BaHHOW juTeparypbl. OO0beM
auccepTanny coctasisieT 136 cTpaHul.
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OCHOBHOE COIEP KXAHUE IUCCEPTALINHU

Bo BBeneHum 00OOCHOBaHBI aKTyaJlbHOCTh M BOCTPEOOBAHHOCTH TEMBI
auccepTanyu, chopMyIUPOBAHbI 1IEJIb W 33/a4d, BBISIBICHBI OOBEKT, MPEAMET U
METOJIbl UCCIICIOBAHMS, ONPEIETICHO COOTBETCTBUE UCCIEIOBAHUS PUOPUTETHBIM
HalpaBJICHUSIM pa3BUTHUS HaykKu W TexHojorui B Pecnybnuke VY30ekuctaH,
W3JI0O)KCHA HaydyHas HOBHM3HA HCCIEJOBaHUS, OOOCHOBaHAa JOCTOBEPHOCTh
MOJYYEHHBIX PpE3yJIbTAaTOB, pACKpbITA HUX TEOpETHUYECKas U NpaKTUYecKas
3HAYMMOCTb, TIPUBEAECHbI KpAaTKUE CBEICHUS O BHEAPECHUH PE3YJIbTATOB U
anpoOaiuu padoThl, a TAKKE O CTPYKTYpE JUCCEPTALIUH.

B niepBoui rimaBe puccepraunu «MapkoBCKasi 1 HEMAPKOBCKas JUHAMHUKA
KBAHTOBBIX M Me30CKONMUYECKHX OTKPBITHIX CHCTEM» BBINOJHEH 0030p
JUTEpaTypbl MO TeMe auccepranuu. [IpuBeneH aHaIM3 3KCIEPUMEHTAIbHBIX
JAHHBIX M TEOPETHUYECKUX HCCICIOBAHUM, MOCBSILIECHHBIX JUHAMUKE OTKPBITBHIX
CHUCTEM U HEPABHOBECHBIX MPOIECCOB. bolbllioe BHUMaHUE yJIEIEHO MOACISIM U
MOAXOJaM OIKMCAHUsI PEAKIUU C TSKEIBIMU HOoHaMH. KpaTkKo paccMOTpeHbI
npo0JieMbl TOAOAPHEPHBIX MEPEXOO0B C AUCCUTIALIMEH U paciiajl MeTacTaOMIbHBIX
coctossHuid. OnpeneneHbl OCHOBHbIE MPOOJEMbl B JIaHHOM HaIlpaBJCHUH,
00CYXIeHbI BO3MOHBIE METO/IbI UX pElICHUs U CPOPMYIHUPOBAHBI 1IEJIb U 3aJa4l
JTAHHOW JTUCCEePTALIMOHHON PaOOTHI.

Bo Bropoii rnaBe «KBaHTOBasi HeMapKOBCKasi JAMHAMMKA H
AU Py3uOHHbIE YPABHEHUSD> B OCHOBE MHUKPOCKOMUYECKOTO0 raMWJIbTOHHAHA B
HEMapKOBCKOM TMPHUOIIKEHUU TOJIy4eHa CcHCcTeMa OOOOIICHHBIX HEIHMHEHMHBIX
KBAaHTOBBIX CTOXaCTUYECKUMX YypaBHeHUM JlaHkeBeHa Il  KOJUIEKTHBHBIX
KOOPJIMHAT U C MCMOJIb30BAHUEM HMX aHATUTHUYECKUX pElIeHUH pa3paboTaH METO.
OTpEJICTICHUs] HECTAlIMOHAPHBIX  KOA(G(GUIIMEHTOB TEpeHOca  KOJUIEKTUBHOM
MOACUCTEMBl B CJlyda€ MPOU3BOJBHOM TEMMEpPATypbl M 3aryxaHusd. bbul
MCIIOJIb30BaH MUKPOCKOMUYECKUN raMWIbTOHHAH TOJHOM CUCTEMBI (BHYTPECHHSS
MOACUCTEMA TUTIOC KOJUIEKTUBHAS TMOJCUCTEMA), MNPEAJIOKEHHBIH YYEHBIMU U3
JlaGoparopuu Teopetnueckor ¢uzuku OUSAN (r. Jlyoua, Poccust) (P.B./Ixomoc,
C.I1.MBanoBa, B.B.MBaHOB), 3aBUCAIIMNA SBHO OT KOJUICKTUBHOM KOOPIMHATHI (,
KAaHOHUYECKH COMPSKEHHOTO KOJJIEKTUBHOIO HWMIYJbCca [P HW BHYTPEHHHUX
CTEIEeHEer CBOOOIBI b ,b " !

H=H_ +H,6 +H,

b
’

rac

H =p

p+U(q),  H,=X"wb’d,
2u(9) v

Ho =3V, (a)b, +b)+i> G, (d,p)b, ~b,)

1)

HC n Hb SIBIIAIOTCSL TaMMJIbTOHHAHAMM COOTBETCTBEHHO KOJIJICKTUBHOM M
BHYTpeHHeﬁ IHOACHUCTEM, ch OIIMCBIBACT CBA3b KOJUICKTHBHOI'O OIBHKCHHA C
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BHYTPEHHUMHU  BO3OYXKIEHUSIMH U SIBISIETCS  MCTOYHUKOM  TOSIBJICHUS
JUCCUIIATUBHBIX WICHOB B YPaBHEHUAX Ui ONEPaTOPOB  KOJUIEKTHBHBIX
nepeMeHHbIX. Hampumep, npu OnuMcaHuM B3aMMOACUCTBUS sAI€p IIPU HU3KHUX
SHEPrusix NepBblii ujieH Hg, OTBEYaeT BO3JAEHCTBUIO CPEIHETO IMOJIS KaXKIOro U3
Alep Ha OJHOYACTUYHOE JBHKCHUE B APYIOM SIJIpE€, a BTOPOW ONIMCBIBAECT CBS3b
TOKa BHYTPEHHETO [JBWJKEHHMS C KOJUIGKTMBHBIM TOKOM. C moOMOLIbIO
IOPUBEICHHOIO  BBIIIE TaMWJIBTOHMAHA IIOJIyd€Ha cHUcTeMa O00O0OIEHHBIX
HEJIMHEWHBIX KBAHTOBBIX YpaBHEHUH JlaHkeBeHa:

. 1 -, 1 . 1 :
q(t) = ;{#_ (a(t)), p()}, - ;j'dT{KGV (tr).a(m)}, + ;.[df{KGG (tz), p(z)}, + F (1)

. 1! . 1! .
p(t)=-H_ (a(t), p(t)) - ;de{KVV (tz),q(z)}, + ;jdf{KVG(tlf), p(z)}, + F (1)

(2)

[IpucyTcTBHE MHTETPATBHBIX YWICHOB B YPABHEHUAX IBUKEHUS O3HAYAET, YTO
HEMapKOBCKasi cucremMa oOJajaeT MaMATbI0 O JBIKEHUU 1O TPACKTOPHH,
MPEAUIECTBYIONIE MOMEHTY BpemMeHH t. BTopoe u3 ypaBHEHUN COJEPKUT TaKKe
ciydaiiHyio cuity mo umiynscy (Fp(t)), 4To mpHBOIUT K pAoy MaTeMaTHYECKHX
TPYAHOCTEN NPH pelICHUH. AHATUTUYECKOE PEHICHUE BO3MOXKHO, €CJIM 3aMEHUTH B
ypaBHEHUSX (DYHKIIMOHANBI WX CPEAHUMHU 3HAYCHHUSIMHU, CUUTas HX Ci1ado
MEHSIOIUMHUCS 32  MHTEpBal  BpeMeHM t, W anmpoKCUMHUPOBATH
MEPEHOPMHUPOBAHHBIA  MOTEHIMAT TapMOHUYECKUM (WM  MEPEBEPHYTHIM)
OCIUJUISITOPOM. YPaBHEHUS JIBH>KEHUS (2) JAMCCUNIATUBHBIX SIIEp HE 3aBUCAT OT
yucia (POHOHOB M TEMIIepaTyphl TepMocTaTa. Temmeparypa u QuIyKTyaiuu BXOJSIT
B PAacCMOTpPEHHUE 4Yepe3 OIpEACNICHUE paclpe/eieHUs] HavyaJbHbIX YCJIOBUU IS
BHYTPEHHEW CUCTEMBI.

B (2) oneparopst Fy(t) n Fy(t) urpator ponb onepatopoB cirydaifHBIX CHIJI IO
UMIIYJIbCY U KoopauHate, 3aBucat oT P(t), q(t) u HavanbHBIX yCIOBHI BHYTpEHHEH
noxcuctembl. Kak 00bluHO, B crarucTHdeckoi ¢usuke omepatopsl Fp(t), Fy(t)
OTOXACCTBISIIOTCA € (QIYKTyallUsIMH  H3-32 HEONPEJEJICHHOCTH HayalbHBIX
YCIOBUM MJIsI omepaTopoB TepMocTtara. Jljis ompeaesneHusi CTaTUCTUYECKHUX
CBOMCTB ATUX (DIIyKTyaruii paccMaTpuBaeTcs aHCaMOJIb HA4albHBIX COCTOSIHUM, B
kotopom 3aganbl P(0), q(0), a HavaabHBIC ONIEPATOPHI TEPMOCTATA BHIOUPAIOTCS U3
KaHOHUYECKOT0 aHcamoOJs, B KOTOpoM (IIyKTyalluu pacrpesnesieHsl no [Mayccy u
HMMEIOT HYJIEBBIE CPEHUE 3HAUCHUS.

B nannoit  auccepranmoHHOM  paboTe  KBaHTOBOE  (DIYKTyallMOHHO-
nuccunatuBHoe (DJ]) cooTHomeHnE 0000IIEHO Ha Cllydail MPOU3BOIBLHOU (HOPMBI
Hep. Beimonnenune ®J] cooTHoleHM O3HAavaeT NPaBUIBLHOCTH OINPEIeTICHUS
JIMCCUTIATUBHBIX SIIEp B HEMApKOBCKUX JIMHAMUYECKUX YPABHECHUSX JIBHIKCHUSI.
KBantoBoe ®J] coorHomenue mnomoO6HONW (OpMBI OBUIO TOIYYEHO JPYTUMHU
aBropamu s mpocTeix ciydaeB FC (monmnas cBs3b) U RWA (mpubnrkenus
OBICTPOTO BpPAIICHUS ) OCITUILIATOPOB.

KBanToBbie @/ COOTHOMIEHUS OTANYAIOTCA OT KIIACCUYECKUX U CBOLATCS K
HUM B Hpejelie BbICOKOM Temmeparypbl T (wmm /i—0). IToCKOIBKY ypaBHEHHS
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JBWKEHHS U1 KOJUIEKTUBHBIX KOOPAWMHAT W MMIIYJIbCOB COOTBETCTBYHOT D]
COOTHOIIICHMSIM, pa3paboTaHHbIN (hopMann3M 0OecrieurBaeT OCHOBY JIJIsl OTIMCAHUS
KBaHTOBBIX CTATUCTUYECKUX 3(PPEKTOB KOJUIEKTUBHOTO JBUKEHUSI.

Jnst Toro yToObl HAWTH HECTAIMOHAPHBIE TPAHCIOPTHBIE KOADPUIIUEHTHI,
WCIIOJIB3YIOTCS SIBHBIE 3aBUCUMOCTH P U ( OT BPEMEHHU, MOJTYYAIOTCS UX OCHOBHBIC
XapaKTEepPUCTUKHU, W, CPABHUBAs ypaBHEHUS ABUKEHUS IJIA MEPBBIX (CPEAHUX) U
BTOPBIX (AUCHEpCHUI) MOMEHTOB C MX KJIACCMYECKUMHU aHaJIOraMH, BBIBOISTCS
BBEIPOKCHUS IS 3aBUCSIIMX OT BpeMeHH Kod(dduimeHToB mepeHoca. MmMeHHO
BpEMEHHAs  3aBUCUMOCTh 3TUX KOI(P(UIIMEHTOB  SBIACTCS  CICACTBHEM
HEMApKOBOCTH B CHCTEME.

B Tperbeil rnaBe «3aryxammmii KBAHTOBBIN OCHWLISATOP WU JIMHEHHbIE
CBSI3W» U3 TaMWIbTOHMAHA, C OOIIEd HEIMHEWHOW CBA3BIO  MEXKIY
B3aMMOJICHCTBYIOLIUX MOJICHCTEM, MTOJTy4YE€HBI MHKPOCKOTIMYECKHUE
raMUJIbTOHUAHbl C JIMHEMHOW CBS3bI0 IO KOOpPAMHATE W UMIIyJbCy. M3 stmx
MHUKPOCKONIMYECKUX TAMUIBTOHUAHOB MOJIYYEHbI U PELICHBI CUCTEMBI KBAHTOBBIX
ypaBHeHu# ['eiizenOepra-JlankeBeHa i 3aTyXarollero JUHEHHOTO OCIMILISTOpa
B npuOmmkennn Bpamatwomieiics BouHbl ([IBB-ocmmmstop). Uccnegoanbl
ACUMIITOTHKU HECTAIMOHAPHBIX KOA(D(PUIIMEHTOB MEpeHOcCa W KOPPENSIIMOHHBIX
GyHKIHA.

JlokazaHO, 4YTO ypaBHEHHUs JABWKECHUS [JI KOJUIEKTUBHOW I1OJICUCTEMBI
YAOBJIETBOPSIOT KBAHTOBBIM D] COOTHOIIEHUSIM.

B mpenenax BBICOKMX W HHU3KHX TemrepaTyp acumntoTuku (t- t’> 0)
CUMMETPU30BAHHBIX KOPPEJSIIUOHHBIX (PYHKUMM JIMHEHHOTO OCHUJUISITOpa B
OTJINYME OT KIIACCHYECKOTO CITydasi pacagacTCs MO-pa3HOMY 3aKOHY:

2 2 ~
as hgr'u'o" 1 hgou'u’o’ 1
O_ptptr(T_)O)_)_ 2 2 2 2 2 o~ _2.2 N2
msisisl (t-t)  (uo’-a&l)’ (t-t)
~ 2 s, (t-t") s, (t-t')
o (T 5 o) > T,u,ua)~ [3233(sz+ss)e . s,5,(s, +5s,)e .
PPy 2 2,2
7/(/160 _lugo) (sz_sl)(s3_sl) (Sl_sz)(s3_sz)

s, (t—t")
s,5,(s, +s,)e”

(s, - 5,)(s, - 5,)

3)

DTO CBA3aHO C YHUCTO KBAHTOBOM MPUPOION B3aUMOJCHCTBUS MEKIY
OCUMJUIATOPOM M TEPMOCTATOM: Ka)XIbId AKT B3aMMOJCHCTBHUS 3aKIIOYACTCS B
YHUUYTOKEHUY KBAHTA B OJTHOU MOJICUCTEME U POXKIAECHUU KBAaHTA B IPYTOM.

B npaHHOM rnaBe TakKe pPacCMOTPEHO B3aUMOJCKUCTBHUE OJMHOYHOTO
JBYXYpOBHEBOTO aroMa C MHOTOMOJIOBBIM TIOJIeM W B MNPUOIKEHUU
Bpamaronieiics BoyiHbl (IIBB) monyueHa cucteMa HENMHEHHBIX CTOXACTUYECKHUX
YpPaBHEHUM [JI1 JBYXYPOBHEBBIX aTOMOB B3aMMOJICMCTBYIOIIUX C KBAaHTOBBIM
TEPMOCTATOM M  HAWAEHbl WX AaHalIUTU4YecCKue pemeHusa. [IpoBepeHo
YAOBJIECTBOPEHNUE YPAaBHEHUW JBWXKEHUS JJIs KOJUIEKTUBHOM  MOJCUCTEMBI
KBAHTOBBIM (PJIYKTYaIlIMOHHO-TUCCUTIATUBHBIM COOTHOIIICHUSIM.
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Pacuets! a1 acumMnroTuueckux 3HadeHuil koaddunuenta tpenus irp=1.0, 2.0, u 3.0M»>B
ITI0OKa3aHbl COOTBETCTBEHHO CIUIOIIHOM, INTPUXOBOM Y IYHKTUPHOW JIMHUSMH.
Puc. 1. Paccuntanible 3aBUCMMOCTH OT BpeMEHU MUKPOCKONIUYECKUX KOI(P(PUIIUEHTOB
AU(P@y3uu U TPeHUs 1JIs IEPEeBePHYTOro (JieBasi 4acTh) U TAPMOHHMYECKOro (mpasast
YacTh) OCUMIATOPOB (M=50mgo u /i =1M>3B) npu T=1M>3B

Ha puc. 1, 2 mnokaszaHbl 3aBUCHMOCTH OT BPEMEHH MHMKPOCKOMMYECKUX
KodduimenToB TpeHus U IudPy3uu ISl TEPeBEPHYTOTO U TapMOHHYECKOTO
OCHUJUISITOPOB, UMEIOIIUX OJIMHAKOBBIC YACTOTHI U MACCHI.

B HauvanbHbIi MOMeHT BpemeHHM 3HaueHus Dy, u Dy, paBHBI Hymo. Uepes
KOpPOTKO€ TiepexojHoe BpemMsa T~1/y K03(h UIMEHTHl JTOCTUTAIOT CBOMX
acUMITOTHYECKHX 3HaueHWd. IlepexomnHoe Bpemsa cinabo pacTeT ¢ POCTOM Ap.
Cwmemannbii  kodpdurment auddy3un BO3HUKAET U3-32 HEMAapPKOBOCTH
JUHAMUKH, B MAPKOBCKOM MpeJiese (Y—o0) OH UCUE3aeT.

B derBeproii rnaBe «HemapkoBckasi IMHAMMKA KBAaHTOBBIX CHCTEM C
(epMuoHHOII BHYTPEHHEH MOJACHCTEMONl W HECTANUOHAPHOW CBSA3HIO»
pPacCMOTpEH cilydail, KOraa BHYTPEHHSAS IOACUCTEMA MOMYMHSAECTCS CTATHUCTUKE
@®epmu—/upaka. [ng pemieHuss HEKOTOPBIX 3a/1ad KBAaHTOBOW TEOPUHU IOJH,
KBAHTOBOW TEOPHUHM TBEPAOrO Tejia U siAepHOM (usuku TpedyeTcs paccMOTPETh
TEPMOCTAT KakK IIOJICUCTEMY, COCTOSILYIO M3 MHOXECTB OCLHUIUIATOPOB,
noguuHsomMMX cratuctuke depmu-/lupaka, Takxke ydyeT HE CTallMOHAPHOCTHU
CBS3M MEXAY B3aMMOJCHCTBYIOIIUX TMOACHUCTEM. JTO OCOOEHHO Ba)XXHO TNpHU
MCCIIEIOBAHUM PEAKIUH C TSKEIBIMU MOHAMHU MIPU SHEPTUSAX OKOJIO KYJIOHOBCKOTO
Oapbepa. DHeprus KOJJICKTUBHOW TMOJCHCTEMBI MEHSAETCS B COOTBETCTBUHU C
ypaBHEHUEM
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PacueTsl 111 acUMNTOTUYECKUX 3HaYCHUH Koddduuuenta tpenus /irp,=1.0, 2.0, u 3.0M»>B
II0OKa3aHbl COOTBETCTBEHHO CIUIOIIHOM, INTPUXOBOM Y IYHKTUPHOW JIMHUSAMH.

Puc. 2. PaccuntanHble 3aBUCUMOCTH OT BpeMeHH MHUKPOCKONMUYECKUX
k03¢ PpunuenToB 1uddy3un U TpeHus AJs1 NePEeBEPHYTOrO (JieBasi 4acTh) U
rAapMOHUYECKOr0 (MpaBasi 4acTh) OCHMLIATOPOB (u=50mo u /iy =1 M3B) npu 7=0.3 M>B

o (+ < q(t) >’

m(t) To,, (0)+< p(t)>’ :
—[22, (1) () + E(1)] ” +

m (t) 2m(t)

E'(t)——{Zﬂp(t)Jr

D
+L(t)+ g(t)qu(t) (4)

m (t)
N3 3T0Or0 ypaBHEHUs BUIHO, YTO [JII FAaPMOHHUYECKOrO OCLHUIUIATOPA CKOPOCTH
AUCCUTIAIIMU PACTET € 4. (1) U 4, U yObIBaeT ¢ pocToM Dpy(t) 1 Dyq(t).

UccnenoBana HemapkoBckas auHamuka JmHeitHoro IIC-ocuumisitopa ¢
HECTAllMOHAPHOM CBA3BKD MEXIYy CHUCTEMOM U TepMmocTtatoM. PaccMmotpeno
BJINSIHUE MU3MEHEHHE YacTOThI CBS3M HA JUCCHUIIATHBHBIE CBOKWCTBA 3aTyXarOIIETO
KBaHTOBOI'O0 OCUMJUIATOPAa B paMKaxX HEMAapKOBCKOIO ypaBHEHHUs JlaHkeBeHa u
oTpeJiesieHbl HecTallMOHapHbIe KOA(D(PUITMEHTHI TTepeHoca 3aBUCSIINX OT YaCTOTHI
n3MeHeHus CBs3d. [loka3aHo, 4TO HE CTallMOHAPHOCTH CBSI3U C TEPMOCTATOM
MIPUBENIET K YMEHBIIEHUIO KOA(DPUIIUEHTOB MepeHoca.

B msron rimaBe «HemapkoBcKasi JMHAMMKA KBAHTOBbIX CUCTEM: CKOPOCTh
pacnaja M 3axBaT» PE3YJbTAThl, IIOJYyYEHHBIE BO BTOPOU, TPEThEN U YETBEPTOU
rJIaBax, MCIHOJIb30BAaHbI ISl M3YYEHHs MpolLecca 3axBaTa, HAJIETAIOLIEro sapa
AIPOM-MUIIECHBIO B SIICPHBIX PEAKIHUSIX C YYACTHEM TSDHKEIbIX HMOHOB HU3KOU
sHeprun. Paccmotpenbl BiusHHS Kod(duimentoB TpeHus u auddysum Ha
mpoliecc TyYHHEJIUPOBAHUS Yepe3 mapadonudeckuii 6apbep. M3ydena 3aBUCHMMOCTh
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MaTpULIbl TUIOTHOCTH OT BPEMEHH /Jis Pa3IUYHbIX HAOOpOB TPAHCIIOPTHBIX
kor¢ddunrenToB. [lokazaHo 4To, CBSI3b CO CpellOM MPUBOJIUT K BO3SHUKHOBEHHUIO
OTJIMYHO OT HyJds Kod(pduuueHta TpeHUs MO KOOpAUHATE, KOTOPHIi,
NEPEHOPMUPYET MOTEHIMAIBHBIN Oapbep U YBEIWYMBAET MPOHUIIAEMOCTh Yepe3
Hero. [IpoHuIIaeMocTh Takke€ OY€Hb YYBCTBHUTENIbHA K 3HAYEHUIO KO3 UIlMeHTa
mubdy3un mo xoopAuHaTe. B CTONKHOBEHUSX TSKEJIBIX HOHOB IMOBEPXHOCTHBIE
KojeOaHusi M  HYKJIOHHBIH OOMEH MEXIy sApaMd OTBETCTBEHHBI  3a
MIEPEHOPMUPOBKY  KYJOHOBCKOTO  Oapbepa  SApO-SJE€pHOr0  NOTEHIHMAJIA
B3aMMOJICHCTBUSL U JAMCCHUIALIAI0O KHHETUYECKOM HHEPrud OTHOCUTEIHHOTO
JBUKCHUS SITIEP.

[Ipn monGapbepHBIX HIHEPTUSX BEPOSTHOCTh TYHHEJIUPOBAHMS OOJbIIE B
ciydae Aq = Ap /& 0 1o cpaBHEHHUIO co ciaydaeM Oe3 TpeHus A, = Aq = 0. 3x1ech
TPEHHE 110 KOOPAUHATE Ay YBEIUYUBACT IIPOHHLAEMOCTb Oapbepa, HO TPEHUE IO
UMITyJIbCY Ay, HAOOOpPOT, yMEHBIIAET €€. OTO IOBEICHUE COOTBETCTBYET
3aBUCHMOCTH CKOPOCTH JUCCHNAIIMU OT Aq U A, bonbmias mnpoHUIIaeMocTh
Oappepa, YeM B CTAHJAPTHHIX BBIYMCIIEHUSAX IO MOJENU CBSI3aHHBIX KaHAJIOB,
HeoOxoauma JiIsl OOBSICHEHHS SKCIIEPUMEHTAIBHBIX JIaHHBIX MO M0AOapbEpPHOMY
cIusHHI0. B ciydae, xorma cBsA3b €O cpelod HIPHUBOIUT K Aq ~ 0, cKOpocTh
JUCCUIIALIMM  YMEHBbUIAETCSI W IMPOHMIIAEMOCTh YyBEIMUYUBaeTcsA. TpeHue u
muddy3us yMEHBIIAIOT MepecedyeHre oapbepa Juist sHeprui Boiie 6apbepa. [Ipu E
= 0 m Ay = Aq BEPOATHOCTH IPOHHMLAEMOCTH PaBHBI JPYT APYTYy C y4eToM U 0O€3
y4eTa JUCCUTIALUU.

Taxxe, #u3y4yeHO BIMSIHHE KBAaHTOBBIX J(PGEKTOB Ha MPOHUIIAEMOCTD
MOTEHIMANbHOrO Oapbepa. B ocHOBe pemieHuss MacTep-ypaBHEHUs IS
NPUBEICHHON MAaTpUIbl IJIOTHOCTH M3YyYEHO BIUSHUE MHUKPOCKOTTHUECKHUX
1 y3MOHHBIX KO3(Q(UUIMEHTOB, 3aBUCIIIMX OT KOOPAMHATBI, HA pacnaj
MeTacTaOUIBLHOTO COCTOSHUSI.

Cnenyer orMetuth, uTOo 1ubdy3us sBISETCS CJIEICTBUEM KBaHTOBO-
cTaTucTU4YecKuX 3(P(PEKTOB U OTCYTCTBYET B UMCTO KJIACCHUYECKOM PacCMOTPEHUH
npouecca 3axBara. M3-3a auddysum 3aBUCMMOCTH BEPOSATHOCTH 3axBara OT
SHEPruM, YIJIOBOI'O MOMEHTa U TPEHUS CTAaHOBATCS IJIaBHbIMHU. M3 u3yueHus
peakimii TIIyOOKOHEYNPYTruX CTOJKHOBEHUH OBLJIO H3BJICUEHO Hauboliee
peaqucTHYHOE 3HaueHue TpeHus /il,=1-2 MbB. B sToMm uHTepBane 7, 3HaueHHne
BEpPOSITHOCTH 3aXBaTa MEHSIETCSl JOCTaTO4HO ci1abo, B mpenenax 20%.

Ha puc. 3 noka3zana 3aBUCUMOCTh IUPPY3MOHHBIX KOAPDUIMEHTOB OT
KoopAauHaThl R 11 yrinoBeix MoMeHTOB J= 0 (crutomHas kpuBasi) u 50 (mrpuxoBas
kpuBas) npu 1= 1.2 M»sB. Tak kak sapo-saepHOe B3aUMOJICHCTBUE U3MEHSETCS C
VIJIOBBIM MOMEHTOM, TO JIU(PPy3uoHHBIE KOIP(GULIMEHTHI TaKXKe SBISIOTCS
¢Gynkuusamu L. B obmactu moreHnmansHOro «kxapmana» Dy, m Dgp mocraTtoyno
ci1abo BO3pacTalOT C YBEIMUEHUEM YIJIOBOro MomeHTa. M3 puc. 3 BuIHO, 4YTO
KOOpPJIMHATHAST 3aBUCUMOCTh JU(PGY3UOHHBIX KOI(P(UIIMEHTOB OKOJIO Oapbepa
J0CTAaTOYHO ciabasl.

Ha puc. 4 mpuBeneH pacdeT 3aBHCHMOCTH BEpOSTHOCTH 3axBarta P FPor
BpemeHn. B dopmyne g HAYAIBHOW  KUHETHMYECKOW  DHEPTUu
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Evin(0)=(<P(0)>*+0pp(0)/(21)) yuTeHa SHeprus, CBS3aHHAS C KBAHTOBBIMH
¢nykryanusmu. IlonaHass 5Heprus KOJUIEKTUBHOW CHCTEMbI OTCUMTHIBAETCSI OT
KYJIOHOBCKOTO Oapbepa, TO €CTh AE(0)=Ecm—
V(R=R,,JAE(0) =E,,—V(R=R,,J]). Kakx BUIHO W3 pHCyHKAa, BpeMS 7=
2.0n/MbB T & 2.0 h/M>3BycraHoBieHus KBa3sUCTAIMOHAPHON CKOPOCTH IOTOKA
ci1abo 3aBUCHUT OT TPEHHS, YIJIOBOTO MOMEHTa M HAa4YaJIbHOTO 3HAYEHUS IOJIHOM
PHEPrUM B PACCMOTPEHHOM JHMana3oHe 3HAaYeHUM HTuX BenuwduH. l[lpu >7
3HaYeHHe P SKCIOHEHIMAIBbHO MajaeT. Pe3koe majeHue MOoToKa MpH OOJBIINX
yraoBeIX MoOMeHTax (J=90, WTpUXIyHKTUpHAs JIMHHAA) CBSA3aHO C OYEHb
MaJICHbKOW TITyOMHON MOTEHIMAIBLHOTO KapMmaHa. [Ipyu Manmbix yrioBbeIX MOMEHTax
3HAYEHHs] BEPOSITHOCTH 3axBata mpu L = T OMM3KM K MaKCUMaJbHOMY 3HAUYEHUIO

P(t).
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Puc. 3. 3aBucumMocThb Puc. 4. BepositHocThb 3axBaTa P oT Bpemenu t npu
K03ppuurenToB 1upPy3suun or JHEPrugx CTOJIKHOBEHMH
ornocurensnoro paccrosmuas  AE =E_. — V(R =R,,]) = SAE(0)=E¢n-

q A8 YrJ0BbIX MOMeHTOB J= 0 V(R=R,,J)AE(0) = E.,, — V(R = Ry,])=5M1B
(conommas  xpmsas) w50 nu 15 MdB B peaknun “®Ca+?®pb. JHeprus
(mrrpuxoBas  Kpusas) 1510[) " OTCYMTAHA OT KYJOHOBCKOro Oapnepa mpu J=0
h)“l%? 2 MbB past cuctembr T (crutomHast  kpuBasi), 30 (mrpuxoBas), 60
+Pt (mynkTupHasi) ¥ 90 (IUTPUXNIYHKTUPHAS)

Ha puc. 5-8 mnpuBeneHbl CpaBHEHHS BBIYMCICHHBIX CEUEHUN 3axBaTa C
MMEIOIUMHUCS DKCIEPUMEHTAIbHBIMU JAaHHBIMU. Pe3ylbTaTbl pacyeToB XOPOIIO
COIJIACYIOTCSI C SKCIIEPUMEHTAIBHBIMUA JTAHHBIMU TOYTH JJISI BCEX PEAKLUN B
JIAANa30HE HEPIUN CTOJKHOBEHMS fAlep: OT 0KoJIo 4 MbsB HMkEe KyJTOHOBCKOIO
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O6aprepa mo moutu 70 M»>B Beime Oapwrepa. Pacxoxaenue Mexay Teopueil u
JKCIIEPUMEHTOM B peakiun ~-Cr + “®Pb M0XHO 0OBSCHHTB CIEAYIOLMM 06Pa3OM.
OKCHepUMEHTAIbHOE ~ CEYEHWE  3axBaTra  SIBJISETCS  CyMMOM  CedeHHi
KBa3UJICIICHUSA O ¢, CIMSHUS—[ICIICHUS. Opp M MCIAPUTEIBHBIX OCTATKOB Oggp. B
peakiun “2Cr + “®Pb 1Ba mocieqHHX CedeHHS O4YCHb MaleHbKHE (HM3-33 MAJOi
BEPOSATHOCTH CIUSHUS) M UMH MOXKHO TpeHeOpedb. [loaToMy BO3HMKAET BOIPOC,
HACKOJIBKO KOPPEKTHO B IKCHEPUMEHTE Pa3AeNieHbl MPOIYKTHl KBa3UACIEHUS OT
YOPYTUX U TITyOOKOHEYNPYTUX MPOTYKTOB.
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Puc. 5. Paccuutannble ceyeHus 3aXBaTa (CIVIOIIHbIe KPUBbIE) /151 YKa3aHHBIX PeaKIuid.
Jlas peakmun O + °Pb nokasanbl cevennst 3aXxBaTa, BHIMHCICHHBIE € TOMOLIBIO
¢opmyuibl Bonra (urpuxoBasi Kpuast)

B cucreme *°Cr + *®°Pb noreHmanbHorii MHHUMYM 110 KOOPAMHATE 3aps110BON
(MaccoBoif) acUMMETpPUM TMPENSATCTBYET CKATBIBAHMIO ATOW CHCTEMBI B Oolee
CUMMETPUYHbIE KOH(UTypaluHd, MO3TOMY CYIIECTBYET OOJiblllasg BEpPOSTHOCTD
pacnaga (kBa3uieneHus) JaHHOW KoHGurypauuu. OCHOBHOW BKJIaJ B
KBa3HJIEJIEHUE BHOCAT MPOAYKTHI C 3apsiioBOM (MaccOBOM) aCHMMETpPUEH OKOJIO
BXOJHOr0 KaHajia. OHAaKO B SKCHEPUMEHTE OYEHb CIOKHO OTIEIHUTH MPOIYKTHI
KBa3WJEJICHUS OT VYOPYIrMX M  [JIyOOKOHEYNpPYrux IMpoieccoB. MOokKHO
MPEANOJOXKUTh, YTO B O3KCHEPUMEHTAIIbHOM paboTe BKIAJ MPOAYKTOB
KBa3UAEJICHUSI OKOJIO BXOJIHOTO KaHasla ObLT HEJJOOLIEHEH.
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Puc. 6. PaccuuranHble ceyeHus Puc. 7. PaccuuraHHble CcedYeHHA
3axBaTa  (CIUIONIHbIE  KPHUBBIE) s 3axBaTa (CIJIOLIHBbIE KpPUBBIE) IS
yKa3aHHbIX peakuuid. s peakuumn %8s + YKa3aHHBIX peaKuuii
>
%®pPh  mokazaHel  ceueHus 3axBara,
BbIYUCJIECHHbIE € MOMOIBLI (OopMYyJbI
Bonra (lurpuxoBasi KpuBasi)
C pocrom »3Heprurn OOMOApAUPOBKM U  COOTBETCTBEHHO JHEPTUH

BO30YKIIEHHSI BO BXOJHOM KaHaJle BEPOSITHOCTH MEPeXo/a HavyalbHOH CHCTEMBI B
Ooyiee CHMMETPUYHYIO KOH(PHUTYpaIHIO PacTeT U BKJIAA MPOAYKTOB KBa3UIACICHUS
OKOJIO BXOJHOTO KaHaJjla yMEHbIIAETCsl (OTHAKO OCTAETCSl 3HAUUTEIBHBIM). MOKHO
BUJICTh, YTO PACXOXKICHHE MEXKIY TEOpUEH M IKCIIEPUMEHTOM YMEHBIIIAETCS C
POCTOM SHEPTHU CTOJIKHOBEHUS sIIIEp.

OmHUM W3 OCHOBHBIX KpPUTEPUEB JOCTOBEPHOCTH HW3MEPEHHOTO CCUCHHUS
3axBaTa SBIIIETCS 3aBUCHMOCTD acapEcm/(anzhcob)Jc E../(mR;hwy) ot (Ecn-
Vo) (hwp)0 E /(TR A,). Ha puc. 8 mpuBeneHsl OKCIEpUMEHTANbHAs |
TEOpETHYECKasi 3aBUCUMOCTH ATOTO OTHOIEHUs. M3-3a addexra BXOJHOTO KaHaIa
TIOSIBIISIETCSI Pa3HUIA B aOCOJIOTHOW BEJIMYMHE CeueHHs 3axBara. Kak BHIHO U3
puc. 8, B peakuusx c Oosee JIETKUMH OOMOapIHUPYIOIIMMHU SApaMH BEIMYHMHA
acapEcm/(anzha)b) 0 E o/ (TR; hwy )0 E ... / (TR} hwp, )60onsme. [Tpuunna 3Toro B
TOM, YTO B TAKUX PEAKIUSAX KapMaH sAPO-SIEePHOTO TOTEHIIMAIA B3aUMOICHCTBHS
riy6oKe W mmpe. B peakumsx ¢ oTHOCHTEnbHO nerkumu sapamu 20, °F *°Mg, #Si,
32,3436 ©4%8Ca  skcrepumentanphpie ToukH mpH  HaHHOH  (Egn-Vy)/(owy)
(Eem — Vi) /(Nwy, )pactipenienieHsl B TOCTATOYHO Y3KOM 00JaCTH.
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Mo:xHO IIPEAIOI0KHUTD, 4TO 3aBUCHMOCTD
OcapEcml (TRy rp) 0 E oy / (TRE iy, oT (Ecm~Vi)/ (icop)
(Eom — Vi) /(hwy, )ynuBepcanbaa mas Bcex peakumit npu Eq>VpE., = V,. B
OTHOCHTENIBHO TSKENBIX cucremax °Ti, “2Cr + “®Pb, rme mporecc moiHOro
CIIMSIHUSL CHUJIBHO TIOJIaBJICH, a KBa3HWJICJICHHUE YCHJICHO OKOJIO BXOJHOTO KaHala,
AKCIIEPUMEHTAIIbHBIE TOYKU CUJIBHO OTKJIOHSIOTCS OT 3TOM y3kou oOmactu. Kaxk
OBUJIO OTMEUYEHO BBIIIE, 3TO MOXET OBITh CBSA3aHO C OSKCICPUMEHTAIBHOM
CJIOKHOCTBIO ONpECIICHUs KBa3UICICHHUS OKOJIO BXOJHOTO KaHaJa.

B paccMoTpeHHBIX peakIMsIX CEYCHHE 3axBaTa BHAuaje PacTeT C POCTOM
E.,., omHaKko MOTOM yMeHbImaeTcs mnpomopiuonansuo 1/Eq1/E.,,. B monenu
JBOMHOMN SIIEPHOM CUCTEMBI MPEAMNONATaeTCA, YTO 3aXBAaT MPOUCXOIMUT JJIsI BCEX
snavenuii J (ot J=0 10 J=J¢itf = Jerit), IPU KOTOPBHIX MOTEHIMAIBHbINA KapMaH
cymecTByeT B npezene nonHoro ciunanus. Korma Jeit | = JeriterisCTanOBHTCS
MEHBIIIE MAaKCHMAaJIbHOI'O YIIIOBOTO MOMEHTA/mq, HpU maHHOM E..,, ceuenue
3aXBaTa HAYMHAET YMEHBIIATHCS MPH OOIBIINX dHEPTUAX EcnEom. DTO 03HaAuUaeET,
YTO CYIIECTBYET OIPaHMYCHHME Ha 3axBaT M3-3a 3¢ (deKkTa BXOJAHOro kaHaia. [lpu
J>Juit | = Jerit) = JerisCyMMa HEHTPOOEIKHBIX M KYJOHOBCKHAX CHJI KOMIIEHCHPYET
sepHbie CHIbl. 1Ipu J<Jgit /| = JoriIPOMYKTHI paciiaia OKOJIO BXOJHOTO KaHaja —
9TO B OCHOBHOM NIPOXYKTHI KBasumeaenns. [t peakuuii ~ Fe + 2°Pb u”°Ni + *®Pb
CCUCHUE 3aXxBaTa JOCTHIaeT CBOEIO0 MAaKCHMAJIbHOTO 3HAYE€HHS COOTBETCTBEHHO
npu E.,,,=250 u 260 M5B, To ecTb NpU SHEPIUsAX, HE CHIBHO IMPEBBIIIAIOIINX
BBICOTY KYJIOHOBCKOro Oapbepa. Jms peaxmmu “Ni + “®Pb ¢ yBenmuennem
rIIyOMHBI NOTEHIUANBLHOTO KapMaHa Ha 0.5 M»aB alcontoTHoe 3HaueHue J, clerka

YBEIIMUMBAETCA, & TOJIOKEHWE Makcumyma ciauraercs Ha ~10 MsB B ctopony
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OonpiuX 3HEpruil. bBputo OBl MHTEPECHO 3KCHEPUMEHTATbHO H3MEPUTHh TaKYIO
3aBHCHMOCTH CEUCHHS 3aXBaTa OT SHEPrHH GOMOApAMPOBKH s peakimy “ Ni +
2%8pb. DTO MO3BONMUT M3BIEUH 3HAUYCHHE INIyOMHBI MOTEHIMAIBHOIO KapPMaHA BO
BXOJHOM KaHasle. Kpome TOro, MOXHO TakKe IOIBITaThCS OTBETUTH HAa BOIPOC
SBIIIETCS JIM 3aXBaT AMA0ATUYECKUM WM aJua0aTUYECKUM IIPOLIECCOM, TaK Kak
IOTEHIIMAJI YyBCTBUTENECH K JMHAMUKE B3aUMOJICUCTBUS.

B mecroi rimaBe «HepaBHOBecHbIE CHMCTEMbl BO BHELIHEM MATrHMUTHOM
110JI€» YCTAHOBJICH KBAHTOBBIM IAMWJIBTOHMAH C YYE€TOM BHEIIHETO MArHUTHOTO
IOJIsi M TOJIydeHa CHCTEMa JABYMEPHBIX KBAHTOBBIX YypaBHEHHMU JlaH)keBeHa.
HccemenoBaHo BAMSHHS MAarHATHOTO IIOJISI HA JWMHAMHUKY OTKPBITOM KBAaHTOBOM
CUCTEMBI, PACCMOTPEHO KOJUIEKTUBHOE JBMIKCHHE 3apsDKEHHOM CHUCTEMBI B
JBYMEPHOW TMOTECHLUHUAIBHON $IME, OKPY)XEHHOM HEUTpAJIbHBIMU 0030HaAMU
TepMocTara. PaccmoTpeHa JMHEMHas CBsI3b MO KOOPAMHATE C HEWUTPAJIbHBIM
0030HHBIM TepMocTaToM. IloyueHbl SIBHblE AHAIUTUYECKUE BBIPAKEHUS IS
HECTAllMOHAPHBIX KOA((UIMEHTOB IMEpeHoca JJs JIBYMEPHOIO 3apsHKEHHOTO
KBaHTOBOI'O JINHEWHOIO OCLUJUIATOPA B OJHOPOJHOM BHEIIHEM MArHUTHOM IIOJIE.
OpHUM U3 BaXXHBIX MOJYYEHHBIX PE3YJIBTATOB SIBIIETCA TO, YTO TPEHHE, B CIIydac
0030HHOTO TEPMOCTaTa, YMEHBIIAETCS NPU MPUCYTCTBUU OCEBOTO MAarHUTHOTO
NoJIsI, TPUBOAS K YMEHBIICHHUIO 3aTyXaHWs »JHepruu cucreMbl. OpHako
ACUMIITOTUYECKOE 3HAYEHUE HTOM DHEPIUMU IIOYTH HE 3aBUCHUT OT LIMKIATPOHHOU
YacTOTHl. SIBHOE BIMSHUE BHEIIHErO MOJs Ha JMHAMHUKY CHUCTEMbl HAOJI0aeTcs
MIPY HU3KOM TEMIEPaATyPHhI.
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3AK/IIOYEHUE

[Io pe3ynpraram HCCIECIOBAaHMUM, NPOBEACHHBIX IO TEME JOKTOPCKOU
nuccepraunn  «MapkoBckass M HEMAapKOBCKas JWHAMHKAa KBAaHTOBBIX U
ME30CKOITMYECKUX OTKPBITBIX CUCTEM», IPEACTABIIECHBI CIEAYIOIINE BHIBOBI.

1. YcranoBineH Nmoaxonasmyii KBAaHTOBBIM [ aMHIIBTOHMAH HEPaBHOBECHOU
cuctemsl. M3 kBaHTOBOro I['aMWJIBTOHMAaHa ITOJMy4YE€HAa CHUCTEMAa HEMAPKOBCKHUX
KBAaHTOBBIX CTOXACTUYECKUX YPABHEHUM U HAUACHBI NX AaHAINTHYECKUE PELICHUS.

2. Ha ocHOBe aHaJIMTUYECKUX PEIICHUH CHCTEMBl CTOXaCTUYECKHX
YPABHEHHI BBIBEJCHBI KBAHTOBbIE MAapKOBCKHME YPABHEHHS I MATPHUILIbI
TUIOTHOCTH C KO3 PUIIMEHTaMU MePEHOCa, 3aBUCAILIUMU SIBHO OT BPEMEHH.

3. DBmepBele J0KazaHa MPaBWIBHOCTh HCIIOJIB30BaHUA IIPU  HU3KHUX
TEeMIlepaTypax KBAHTOBOTO  (IYKTYallMOHHO-AUCCUNATUBHOTO COOTHOIICHUS
BMECTO (DEHOMEHOJIOTMYECKOr0 COOTHOIIEeHUs. VcciienqoBanbl aCUMIOTOTUKH
K03 unmeHToB nepeHoca B ciaydasx nojsHou (I1C) cBs3u Mexay oCHMILISATOPOM
Y TEPMOCTATOM B IpHOIMKEHUH Bpalaronieiics BosHel (IIBB).

4. TIlomy4yeHbl CHCTE€MBI HEJIMHEMHBIX CTOXAaCTHYECKUX KBAHTOBBIX
YpaBHEHUM i1 JBYXYPOBHEBBIX JMCCUIIATUBHBIX CHCTEM M HaWJIEHbl HX
AHAJIMTUYECKUE PEIICHUS.

5. TlokazaHo, 4TO CKOPOCTh pacnaja U3 NOTCHIIUATBLHOMN MBI CJ1a00 3aBUCUT
OT HE CcTalMoHapHOCTH K03 duimenToB nepeHoca. Koadduiment auddysuu no
KOOPJIMHATE-UMIIYNbCY Dy, NPHBOIUT K YMEHBUICHMIO CKOPOCTH pacnajna. B
cilydae caaboro 3aTyXaHus WU MalbIX TEMIIEpAaTyp KBa3UCTallMOHApHAs CKOPOCTh
pacriaia MOXKET YBEIUYUTHCS C POCTOM TPEHUS.

6. [l ceueHuii 3axBaTa B peaKIusiax 16O, 19F, 26Mg, 28Si,
**Ti + ?®Pb monydeno xopolee coriacue MeXIy TEOPETHIECKHMHU PACIETAMH I
MMEIOIIMMUCS SKCIEPUMEHTAIBHBIMU JIAHHBIMA. OJTO JA€T OCHOBAaHUE JUIA
JAJIBHENIIEr0 UCTI0JIb30BAHMS IIPEAJIOKEHHOIO METO1a pacyeTa CEYEHHUs 3aXBara.

7. BBISBIIEHO, YTO JJI TSOKENBIX AJIEPHBIX CUCTEM MpUE,, = V,, En,>Vy
3aBUCUMOCTh OcapEenl (MR Ti0p) 0 E o1 / (MR E Frwy,) oT (Eem-Vio)/ (Awp)
0.E /(MR hew,) UMEET YHUBEPCATBHYIO MIPUPOAY. VICTIONB3ys 9Ty 3aBUCHMOCTD M
paccunTbiBas mapametrpoB Oapbepa (Rp, Vp, u fiwp) hw,, MOXHO TpeacKa3aTh
3aBUCHUMOCTb CEYEHUS 3aXBaTa 0 OT YJHEPTUU CTOJKHOBEHUSA E_,,..

8. Iloka3aHO MMKPOCKONHMYECKOE OOOCHOBAHHME SMIHUPUYECKON (HOPMYJIBI
BoHra 151 BBIYMCIIEHNS CEUEHUS 3aXBaTa.

9. bpm moNydeHBl SBHBIE BBIPAKEHUS 3aBUCAIIMX OT BPEMEHU
K03 puimeHToB TpeHus u 1uPdy3un Ajig JBYMEPHOTO 3apsKEHHOTO KBAaHTOBOTO
rapMOHMYECKOI0 OCLHWUIATOPAa B OJAHOPOAHOM MAarHUTHOM moJsie. PaccMmorpena
JUHEWHAs CBS3b 1O KOOPJAMHATE C HEHUTPaJbHBIM OO30HHBIM TEPMOCTATOM.
Januenii  QgopManu3M JIEHCTBUTENIEH B TPOMW3BOJBHBIX CHJIAX CBS3U W,
CJIEA0BATENBHO, IIPU IPOU3BOJIBHBIX TEMIIEPATYPaX.

10. [Toka3zaHo, uTo TpeHHE B ciayyae 0030HHOIO TEPMOCTaTa, YMEHbBIIAETCS
IIPY IPUCYTCTBUH OCEBOI'0 MAarHUTHOTO IOJISI, MPUBOJS K YMEHBIICHUIO 3aTyXaHUs
SHEPIUM CHUCTEMBl. BIusHWE MAarHUTHOTO TOJI Ha JUHAMUKY CHCTEMBI
npejcTaBiseTcss 0ojiee SBHBIM B CIydyae HHU3KOM TeMIeEpaTyphl, MPU KOTOPOU

45

32;34;36;388 40;480a
) )



MAarauMTHBIC BBaHMOﬂeﬁCTBHH MOT'YT HCIIOJIB30BAaTbCA Ui ITOJIYUCHUA cXKatou
JUHAMHWKH BOJIHOBOT'O ImakeTa Ipu ONnpCACICHHBIX YCIIOBUAX.
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INTRODUCTION (annotation of doctoral dissertation)

Topicality and relevance of the theme of the dissertation. At present time,
a theoretical study of the dynamic problems of nonequilibrium quantum systems is
one of the fundamental problems of modern theoretical and experimental physics.
The phenomena of fluctuations and dissipations of nonequilibrium quantum
systems are usually investigated in the framework of the standard technique of the
theory of quantum Markov processes. It is known that the response of real
physical, technical and biological systems to external random effects is a non-
Markovian process, and the non-Markovian effect increases with the complexity of
the system. Consequently, such systems can not be described by standard methods
developed on the basis of Markov processes. In connection with this, the
development of mathematical methods for describing non-Markov random
processes becomes topical.

In our Republic, great attention is paid to the development of theoretical
physics and the conduct of fundamental research on these areas at the world level.
In this respect, significant results were achieved, in particular: in solving
theoretical problems of nonequilibrium quantum systems and their practical
application, developing methods for the analytical determination and calculation of
nonstationary transport coefficients, theoretical study of the nuclear reaction with
heavy ions, the influence of external fields on open quantum systems and
nonequilibrium processes.

In accordance with the "Strategy of actions on further development of the
Republic of Uzbekistan", the most important is to increase the efficiency of the
physics sector of the nonequilibrium system and nanotechnology on the basis of
theoretical and practical research in the field of nonequilibrium quantum systems
and dissipative nonequilibrium quantum processes through the introduction of
innovative technologies.

At the present time, new experimental data have been obtained on the
subbarrier fusion of nuclei in collisions of the low energies heavy ions, tunnel
transitions with dissipation in crystals, in effects associated with strong, weak and
superweak impact of magnetic fields of various nature on a variety of complex
physical and biological objects, trends that can not be explained within existing
traditional approaches and models. Theoretical explanation of a large number of
such effects is an actual problem of modern theoretical physics. Taking into
account non-Markovian effects in tunnel transitions is not completely solved by
the problem of the nonequilibrium quantum systems, therefore, solving the
problem of a quantum tunnel transitions with dissipation may prove to be
important in the study of nuclear, atomic low-dimensional and low-temperature
Mmesoscopic systems.

The development of a method to determining the time-dependent transport
coefficients and the widths of the decay of metastable states is necessary when
describing and explaining experimental data on the nuclear reactions of complete
fusion, quasi-fission, fission and capture of the nucleus by the nucleus. In addition,

theoretical data on the tunnel transition with dissipation are extremely necessary
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for the transport of electrons in quantum dots and wells, and also for solving one of
the important problems of nuclear astrophysics-the fusion of nuclei in superdense
astronomical objects.

This research work corresponds to the tasks approved in the state normative
documents, in the Decrees of the President of the Republic of Uzbekistan No. PR-
1443 “On the priorities of industry development of the Republic of Uzbekistan in
2011-2015” of 15 December 2010 and No.PR-2789 “On measures to further
improve the activities of the Academy of Sciences, organization, management and
funding research activities” of 17 February 2017, and the Decree of the President
of the Republic of Uzbekistan No. PD-4958 “On the further improvement of the
system of postgraduate education” of 16 February 2017.

Relevance of the research to the priority areas of science and technology
development of the Republic of Uzbekistan. The dissertation research has been
carried out in accordance with the priority areas of science and technology
development of the Republic of Uzbekistan — II “Energetics, energy and resource
saving”.

Review of international scientific researches on the theme of the
dissertation. The researches on the development of a formalism to describe
statistical and dynamic behavior of open systems are being conducted in the
world’s leading research centers and higher education establishments, particularly,
in the University of Stuttgart (Germany), the Institute of Physics at the University
of Rostock (Germany), the University of Alberta (Canada), the University of
Brasilia (Brazil), the University of Science and Technology of China (China), the
Southeast University (China), Cambridge University (UK), the University of
California (USA), the University of Tokyo (Japan), Moscow State University
(Russia), the Joint Institute for Nuclear Research (Russia), the Institute of General
Physics of the Russian Academy of Sciences (Russia), Moscow Institute of Physics
and Technology (Russia), D. Hopkins University (USA), the Institute of Plasma
Physics of Max Planck (Germany), the International Centre for Theoretical Physics
(Italy) and the National University of Uzbekistan.

According to the investigation of the dynamics of nonequilibrium quantum
systems at the world level has yielded a number of important results, including:
nonequilibrium quantum systems have been investigated on the basis of the
classical linear and nonlinear Markovian equations of Langevin and Fokker-
Planck; numerical solutions of the multidimensional classical Langevin equation
were applied to describe the fission dynamics of heavy nuclei. The nonlinear
Langevin and Fokker-Planck equations have been applied to determine the
fluctuations of nonequilibrium processes in a plasma, to estimate non-Markovian
effects in the propagation of radio signals in a medium, also have been applied to
investigating the fission processes of heavy nuclei (Moscow State University,
Skolkovo Research Center, Joint Institute of Nuclear Researches, Polytechnic
Institute of Tomsk, Universidade de Lisboa Portugal); based on the model of
quantum oscillator in the thermostat the theory of dissipative systems was
developed; a Caldeira and Leggett model was developed for the quantum particle

50



diffusion in a media (the University of California, USA); to study the passage
through a potential barrier and the decay of a metastable state, the Linblad equation
with stationary transport coefficients was used (the University of Stuttgart, the
Institute of Physics at Rostock University, Germany, the Joint Institute of Nuclear
Researches, Omsk State University, Russia).

According to the theory of nonequilibrium quantum systems, the following
fundamental research is being conducted in the World: calculation of non-
stationary transport coefficients in nonequilibrium quantum systems; The study of
tunnel transitions in dissipative systems; determination of quantum fluctuations for
nonequilibrium processes at low temperatures; investigation of the influence of
external fields on the dynamics of nonequilibrium quantum systems; education, the
evolution of the dual nuclear system; investigation of its decay on the basis of a
stochastic equation and the development of a dissipative-dynamic model.

Degree of study of the problem. Currently, the leading scientists of the
world, for example, American scientists (Katja Lindeberg, Bruse J. West, Roy Jay
Glauber), German scientists (W. Scheid, G. Ropke, C.V. Gardner), Japanese
scientists (K. Nishio, K. Fujikawa), Italian scientists (Gian Paolo Beretta),
Romanian scientists (Aurelliu Sandulescu, E. Stefanescu), French scientists (Denis
Lacroix), Canadian scientists (M. Razavy), Russian scientists (V.V. Dodonov,
AV. Dodonov, Y.L. Klimantovich, A.N. Morozov and A.V. Skripkin, I.
Klyatskin, V.G. Morozov, A.V. Churkin and others), Brazilian scientists (S.S.
Mizrahi) and others conducted a large amount of experimental and theoretical
studies on the development of a formalism for describing statistic and dynamic
behavior of open systems. However, in most of these works, in the equations for
the oscillators in the thermostat, non-Markov effects are not taken into account, or
only linear relationship between the oscillator and thermostat is considered, or
methods of analytical determination of non-stationary transport coefficients are not
considered.

The theory of open quantum systems was used by several authors, for
example, the American authors (C.N. Mortan, B.B. Bak, and others), German
authors (H. Hofman, F.P. Hessberger, G. Munzenberg, P. Frobrich, R.
Lipperheide), Russian authors (V.V. Volkov, G.G. Adamian, N.V. Antonenko,
R.V. Jolos, I.l. Gonchar), Japanese authors (S. Ayik, N. Takigava, Y. Aritoma, Y.
Abe), and Uzbek authors (A.K. Nosirov, A.l. Muminov, S.V. Artemov) to describe
the process of fission of heavy nuclei and reactions with heavy ions. Although
many of the properties of nuclear fission and nuclear reactions with heavy ions
have quantum nature, in these studies the quantum statistical effects are ignored,
and classic or Markov stochastic dynamic equations are applied. The locality of
dissipation is ignored, the time dependence of the diffusion coefficients and
friction coefficients is not taken into account, or empirical formulas related to these
coefficients are used.

Until recently, it was believed that the process of fission is Markovian — the
relaxation time of the single-particle subsystem is considerably smaller than the
characteristic time of collective motion. This consideration has led to the fact that
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the quantitative evaluation of the viscosity in the non-Markovian part of the model
may significantly differ from those obtained in the works by, for example, German
scientists (G. Wegmann, H. Hofman) and Polish scientists (K. Pomarski, M.
Dworzeska) under the assumption of Markovian nature of fission dynamics. In
these works, the role of dissipation in the framework of the microscopic model is
not considered.

Connection of the theme of dissertation with the scientific researches of
the higher educational institution, where the dissertation was conducted. The
dissertation research has been carried out within the framework of the scientific
projects of the National University of Uzbekistan on the themes: F-2.1.8 “The
dynamics of Nuclear Reactions” (2003-2007); FA-F2-F055 “A study of the
reaction yield with heavy ions and nuclear fission” (2007-2011); FA-F2-F115
“Investigation of reaction mechanisms of multinucleon transmissions and fusion-
fission of nuclei” (2012-2016); F2-60 “Theory of strongly correlated quantum
systems” (2012-2016).

The aim of the research is to develop a formalism to describe the Markovian
and non-Markovian dynamics of quantum systems.

The tasks of the research:

to establish the explicit form of the Hamiltonian of a nonequilibrium
quantum system in an external field, to obtain generalized non-Markovian
quantum stochastic equations for collective coordinates and to find their analytic
solutions;

to obtain from the non-Markovian equations quantum Markov diffusion
equations with nonstationary transport coefficients;

to obtain analytical solutions of the system of Langevin equations for
potentials of the type of a full-coupling harmonic oscillator (FC- oscillator) with a
thermostat and in the rotating wave approximation (RWA oscillator);

to determine the time-dependent transport coefficients for the relative
collective coordinates of the dissipative system in an external magnetic field, to
investigate the asymptotics of the transport coefficients and correlation functions;

to describe and interpretat of the experimental data on the cross sections for
the formation of heavy elements;

The objects of the research are open quantum systems and nonequilibrium
processes in quantum and mesoscopic systems.

The subjects of the research are the processes of dissipation, diffusion, and
quantum fluctuations in nonequilibrium systems.

The methods of research. To obtain a system of quantum equations and
nonstationary transport coefficients, methods of stochastic dynamics,
nonrelativistic quantum mechanics, and the theory of random processes are used.
The problem on interaction of the system and the thermostat is solved by the
Heisenberg-Langevin method.
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The scientific novelty of the research is as follows:

a system of nonlinear quantum stochastic equations are obtained and solved
analytically in the limit of the complete connection between a harmonic oscillator
and a quantum thermostat in the rotating wave approximation;

a technique for obtaining time-dependent transport coefficients has been
developed, and analytical formulas have been obtained for calculating quantum
fluctuations in nonequilibrium quantum systems;

the Markovian quantum equation for the density matrix is derived from the
generalized non-Markovian stochastic equation and quantum fluctuation-
dissipative (FD) relations are obtained;

a system of nonlinear stochastic equations with allowance for an external
magnetic field is obtained and analytically solved,;

the values of non-stationary friction and diffusion coefficients for a two-
dimensional charged quantum harmonic oscillator in a homogeneous magnetic
field are calculated:;

an analytical expressions are obtained for the asymptotics of transport
coefficients and correlation functions for a two-dimensional charged oscillator;

the power law of the decay of the correlation functions of an oscillator with a
complete coupling in the low-temperature and long-time limit has been predicted;

the role of quantum and non-Markovian effects in reactions with heavy ions is
established.

Practical results of the research consist of the following:

from non-Markovian quantum stochastic equations, Markovian diffusion
equations are derived with explicitly time dependent transfer coefficients;

guantum FD relations and formulas to calculate time-dependent transport
coefficients and fluctuations in nonequilibrium processes are derived,;

a method is developed for determining the nonstationary quantum transfer
coefficients of charged two-dimensional oscillators in an external magnetic field.

The reliability of the research results is substantiated by the use of modern
methods of theoretical physics, the theory of random processes and stochastic
dynamics, also quite effective numerical methods and used algorithms;

careful verification of the consistency of the obtained theoretical results with
the experimental data and the results of studies by other authors; the
correspondence of the conclusions with the main provisions of the statistical
physics of open systems and the theory of nuclear reactions.

Scientific and practical significance of the research results.

The scientific significance of the research results is determined by the
possibility of applying the obtained analytical formulas to describe tunneling of the
dissipative system; description of the lifetimes of metastable states of quantum
systems.

The practical significance of the research results lies in the fact that they can
be successfully applied to the solution of quantum mechanical problems of many
bodies in atomic, nuclear, and statistical physics, as well as to calculate the kinetic
and fluctuation characteristics of optical quantum generators.
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The conducted analysis of new non-Markovian effects can be used in
nanotechnology and at designing of new types of devices in quantum electronics.

Implementation of the research results. Based on the obtained results on
the development of formalism for describing the Markovian and non-Markovian
dynamics of open quantum systems:

the results of a theoretical analysis of the non-Markovian dynamics of
nonequilibrium quantum systems and the developed methods for solving quantum
stochastic equations were used in the framework of the fundamental grant of the
Laboratory of Theoretical Physics of the Joint Institute for Nuclear Research No.
01-3-1029-99/2003 20061 “Dynamics and manifestation of structure in the nuclear
and mesoscopic systems” (1999-2003) when describing theoretical and
experimental results and explaining non-Markovian dynamics of nonequilibrium
quantum systems (a letter of the Joint Institute for Nuclear Research No. 300-20/15
ot 12.07.2016). The application of the results of present scientific-research work
allowed the development of a new approach for describing strongly deformed
nuclear states and, within the framework of this approach, a new method for
experimental studies of such nuclei was proposed,;

the methods for determining the nonstationary transport coefficients and the
widths of the decay of metastable states have been used within the scientific
project No. 01-3-1029-99/2008 “The nucleus-nucleus collisions and nuclear
properties at low energies” (2003-2008) to explain experimental data on nuclear
reactions of complete fusion, quasi-fission, fission and capture (a letter No. 300-
20/15 of the Joint Institute of Nuclear Researches dated 12.07.2016). Using the
research results made it possible to obtain rare neutron-excess isotopes by means
of stable and radioactive ion beams;

non-Markovian dynamics of quantum systems, the decay of metastable states,
and non-Markovian Langevin formalism of nuclear reactions with heavy ions near
the Coulomb barrier are widely used in foreign scientific journals (Physics Letters
A, 2009; Physical Review C, 2010; Modern Physics Letters A, 2014; Physical
Review B, 2015; Physics Reports 2015; Physics Letters A, 2009; International
Journal of Modern Physics B, 2015) in describing and explaining theoretical and
experimental data on nuclear reactions involving heavy ions of complete fusion,
quasi-fission, fission and capture, and also in explaining the non-Markovian
dynamics of open quantum systems.

Testing of the research results. The main results of the dissertation were
reported and discussed at 14 international and 6 republician scientific and practical
conferences.

Publication of the research results. On the theme of the dissertation 40
scientific papers were published, 20 scientific articles from them 18 in
international scientific journals recommended by the Supreme Attestation
Commission of the Republic of Uzbekistan for publication of the main scientific
results of doctoral dissertations.
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Volume and structure of the dissertation. The dissertation consists of an
introduction, six chapters, conclusion and a bibliography. The volume of the
dissertation is 136 pages.
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