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o(iIiifHOTO OIIOHEHTA
Ha aucepTariiiny poboty XKypasns Jlenuca BitamiiioBuua

«HEPIBHOB A’KHUI EJIEK TPOHHUUN TPAHCIIOPT B CUCTEMI
KBAHTOBUX TOUYOK TA BJIACTUBOCTI BO3OHHUX CUCTEM IIPU
HEHYJIbOBUX TEMIIEPATYPAX B PAMKAX MOJIEJII CEPEJITHHOI'O

T[1OJIS »,

MO/IaHO1 Ha 37J00YTTS HAYKOBOTO CTYIEHs JOKTOpa (inocodii

10 IMpupoauuyi Hayku (104 dizuka 1 acTpoHOMIs)

JlocmiKeHHST CUCTEM 13 CHUIBHHMH KOPEJSIiIMH BUKIUKAIOTh 3HAYHHUN 1HTEpec,
mo OOyMOBIIEHO Cy4YaCHUMU TEOPETUYHUMHU Ta  EKCHEPUMEHTAIbHUMU
JOCATHEHHSIMU Y PI3HUX rany3sx (i3uku. 30KpeMa, 1€ BITHOCUTHCS 10 CTBOPEHHS
Ta JIETAIbHOIO BUBUEHHS BJIACTUBOCTEW CHUCTEM, SIKI € OCHOBOIO JJisi MOOYI0BU
HAHOPO3MIPHUX TPAH3UCTOPIB, KYOITIB Ta IHIIUX €EKTPOHHUX MPUCTPOiB. Jis ix
JOCITI/DKCHHSI BHUKOPUCTOBYETHCSI METOJ HEpiBHOBaXHUX (yHKUiH ['piHa B
dopmanizmi Kennuina ta HU3Ka OB CydacHUX METOJIB. BakiIMBOIO O3HAKOIO
CyyacHOTO eTamy JOCHIDKeHb € 3BEepHEHHs a00 BpaxXyBaHHS TJMOUMHHUX
BJIacTUBOCTEN MaTepli Takux sk boze-ENHIITeiHIBCbKa KOHIEHCAIis Yy PI3HHUX
YMOBAaX 1 BpaxXyBaHHs il 0COOIMBOCTEN y MPUCTPOSIX YU 0OMexkeHux cuctemax. Ll
BJIACTUBOCTI MPUTAMaHHI PI3HUM CHUCTEMaM HEPENIATUBICTCHKOI 1 PEISATUBICTCHKOI
Gb13UKH 1 BUMAraroTh JUIsl iX BUBYEHHSI IITUPOKOTO CIEKTPY MAaTEMaTUYHUX METO/IIB
SK aHATITHIHUX, TaK 1 gucenbHUX. [IpoBeaeH1 MOCIIKEHHS BiANOBIIAIOTh BiCIM
BUMOI'aM CYy4YacHOI TeopeTnyHoi (i3uku. Lle BIAHOCHUTBCA 1O pI3HUX PO3JALIIB
BUKOHAHOI POOOTH, K1 O€3MOCEPETHBO BUIISAAAI0Th HE 3B’ I3aHUMH M1k COOO0I0.

B poGoTi y mopiBHSHHI 3 ICHYIOUMMH B JIiTepaTypi Oylid 3HAYHO PO3IIHPEHI
OOYHUCIIEHHd MEXaHI3MIB KOHJEHcallll JUISL  YMOB, SIKl JIOCIHIJIKYIOThCA.
XapakTepHOI0 PUCOI0 JMCEPTAllll € aHaJIITUYHI OOYMCIICHHS Ta MPEICTaBICHHS
pe3yabTaTiB sl IIMPOKOrO 1HTEpBally Temmeparyp. nojaaHHi. Takox Oynu
3allpOIIOHOBAHI HOBI KpUTEpli, 110 MOXYTb CIyryBaTW CHUTIHaJlaMH YTBOPEHHS
KOHJICHCATy B Cy4YaCHUX €KCIIEpUMEHTAaX.

AKTyaJbHICTL 00paHoi TeMH OOyMOBJIEHAa IOTOYHUMH Ta HOBUMU
eKCIIepUMEHTaMU Yy (I3UIll BUCOKMX €HEPrid Ta HAHOCHUCTEM, 10 BHUMAararTh



TEOPETUYHOTO MOsICHEHHS a0o Horo mokpauieHHs. EdexkTH, 1o BUHUKaIOTh MpU
3ITKHEHHI BaXKHUX SIIEP BUCOKUX EHEPTii, MOTPeOyIOTh BCEOIYHOTO aHami3y 1
PI3HOMaHITHUX MOPIBHSAHB, OCKUIHKH BOHH B OCHOBHOMY CIIPSIMOBaHI Ha BIIKPUTTS
Ta JOCIIJIKEHHS BJIACTHUBOCTEM HOBUX CTaHIB Marepli y €KCTpEMalbHUX YMOBaXx,
110 Bi/ANOBIIal0Th BKPail pI3HUM SIBHUILIAM.

3 moryIsAly pO3BUTKY TEOPETUUHOI (D13UKH, 3aCTOCOBYBaH1 aBTOPOM METO/IH 1
HAaOMMKEHHS € TUINOBUMHU JJsl Cy4yacHOi (I3MKM BHUCOKHMX €Heprid Ta
KOHJIEHCOBAHUX CHCTEM 3 KopeislisiM.  BOHM MIHMPOKO BiIOMI HayKOBIH
rpomajicbkkocti. PazoM 3 THM, € TocTpa mnorpeda BHUKOPUCTAHHS MOTYKHHX
MaTeMAaTUYHUX, 30KpeMa, KOMII'FOTEPHHUX, 3aco0iB, IO TAaKOX € BaXXJIUBOIO
03HAKOI0 CY4YacHOi (Di3UKH.

Jucepranmisi CKJIAJA€THCA 3 aHOTAlli, BCTYIY, YOTUPHOX PO3JILIIB,
BHUCHOBKIB, criucky jgitepatrypu 3 120 nHaiimeHyBaHb, 24 , pUCYHKIB. 3arajibHUN
00’eMm o00csT cTaHOBUTH 147 CTOPIHOK ApyKOBaHOTO TekcTy. Kosken pozain
JMcepTallii MICTUTh BCTYIT Ta BUCHOBKH.

Y Poznini 1 BuBuaeThesi eneKTpOHHUHN TpaHCHOPT y paMmkax OAHOPIBHEBOI
Mozeni AHJEepCcOHA IPU HASIBHOCTI 30BHIITHBOTO MAarHITHOTO TIOJIS.

BynyeTbcs MoJienbHUIN ramMibTOHIAH , BUBYAETHCS €JIEKTPOHHUIN TPAHCHIOPT
yepe3 KBAHTOBY TOUYKYy. PO3MNIAHYTO BHUIAIKU CTAlllOHAPHOTO  CTPyMY,
HEpIBHOBAXXHOTO CTpyMy. HaBenmeni umcenbHi pesyabTatd . Cepen 3HAYHOL
KUTBKOCTI OTPUMaHUX PE3YJIbTATIB CIiJ] BIAMITUTH, IO JJII BHUMAJKY 3aJI€KHOTO
BIJl Yacy pexumy Oylo IMOKa3aHO, 110 BHUKOPHUCTAHUN METOJ YJIOCKOHAJIEHOTO
HaOmkeHHs Xab0apaa [ moOpe BIATBOPIOE MMHAMIKY pelakcailiii 3acelieHOCTI
KBAaHTOBOI TOYKH, sIKa CHIOCTepirajgacs B HEMIOJABHIX pe3ylbTaTax OTPUMaHHUX 3a
nornoMoroto  merony inchworm QMC. Opnieto 3 TOJOBHUX IiepeBar
BUKOPHUCTAHOTO METOMAY € T€, IO BiH J03BOJISIE MOSICHUTH (HI3UYHY MPUPOAY TTIKIB
cnekTpiB. Tak Oys0 BCTaHOBJIEHO, 1110 JJIsi 0OpaHUX MapaMeTpiB AUHAMIKA CTPYMY
PETYIIOETHCS  TYHEIIOBAaHHSIM 4Yepe3 OJIHO-CJICKTPOHHMM PIBEHb, TOMI 5K
TPAHCIOPT, IO BKJIIOYAE THUMYACOBO 3aWHATUN JBOEIECKTPOHHHMI pIBEHb, Ja€
CTAalllOHAPHUN BHECOK Yy NPOBIAHICTE. OTpuMaHi pe3yNbTaTH JEMOHCTPYIOTh
aJIecKBaTHICT, OOpaHMX METOJIIB JIOCHIIKEHb. BOHU TOSCHIOIOTH BaXKJIUBI
CTPYKTYPHI OCOOJIMBOCTI CIIEKTPIB.



Y Poszini 2 suBuaetbess EJIJEKTPOHHUI TPAHCIIOPT uepes momsiitHy
KBaHTOBY TOUKY.

st ommcy cucreMH, SK 1 B TIOMEPEIHBOMY PO3JlJ, BUKOPUCTAHO
OJIHOZIOPiBHEBY MoieNb AHjAepcoHa B pamkax HaOmmwkeHHs NCA. ['aminbToHiaH
MOJIeNl MICTUTh BHECKH BiJ] KOHTAKTIB, TOUOK 1 BiJl TYHEIIOBAaHHS M1 KOHTaKTaMH
Ta Toukamu, H = Hygs + Hyots + Hyn. Tpu HEKOpenboBaHI M1k COOOI0 METalleBl
KOHTaKTH.

[IpoBeneno aeranbHI YUCENbHI AOCTIKCHHS.

binpm nmeransHO, OyJa0 MOCHIKEHO EICKTPOHHUN TPAHCIOPT dYepe3 IOJABIHHY
KBAaHTOBY TOYKY 13 CHJIBHUM BHYTPIIIHBO- Ta MIXKTOYKOBUM KYJIOHIBCHKUM
BIIITOBXYBAaHHSAM y L-moAiOHIM mpucTpoi. Y Takiii CUCTEMI CTPyM MOXKeE
MPOTIKATH BiJi BUTOKY JO CTOKY JIMIIE 4Yepe3 HIKHIO TOYKY. BepxHs Touka
BIJIIFPAa€ POJb 3aTBOPY Ta 3aBASKU HAIBHOMY MIXKTOYKOBOMY KYJIOHIBCHBKOMY
BIJIIITOBXYBAHHIO KEPYy€e MOTOKOM €JIEKTPOHIB 4Yepe3 MPOBIAHUI KaHal HUKHBOI
touku. [100 mocsrT 1HOTO, HAMpPyra BEPXHHLOTO KOHTAKTY PETYIIO€ 3aCElICHICTh
BEPXHbOI TOYKU. [Ipm HUBBKHX TeMIepaTypax CIIOCTEPIraeThCs TyXKe Ppi3Ke
NEpEeMHUKaHHS TIPY ITiIBUINCHH] HAIPYTW Ha 3aTBOPI: CMOYATKY 31 CTaHy 130JsITOpa
TOYKA PANTOBO TMEPEXOIUTh Yy PEKAM PE3OHAHCHOTO TYHEIIOBAaHHSA, 1€
MPOBIIHICTh OJM3bKA IO TeOpeTHIHOTO MakcumyMy GO = 2e2 /h, a moTiM y cTaH
HOpPMaJIbHOT MeTajeBoi mpoBigHOCTI. Po3paxynku koedimieHnta 3eebeka Ta
CHEKTPaAIbHUX T'YCTHH MiTBEPAKYIOTb, 1110 1151 0COOJIMBA MOBEIIHKA NIEPEMUKAHHS
TiCHO TIOB’si3aHa 3 edexroM KoHmo Ta HOro pi3KuM pe30HaHCOM MOOIM3Y PiBHS
®epmi. [lpu migBumiennai temmnepatypu KoHAO mik po3MUBAETHCS 1 TEPEXis CTae
OUIbII TJIABHKUM, a CTAaHW MEHII BUPAXKCHUMU: MPU 30IbIICHH]I HANIPYTH 3aTBOPY
npu temneparypax T = TK npoBiIHUN KaHal IUIaBHO NEPEXOAUTh 31 CTaHy
”NOTaHOT0” MPOBIAHUKA J0 CTaHY MOTaHOTO ~130JisITOopa’.

Y Poznini 3 suBuatotbes TEPMOHOANMHAMIYHI BJIACTUBOCTI CUCTEMU
B3AEMOAIIOYMX  BO3OHIB 1P HVYJIbLOBOMY  XIMIHHOMY
[TIOTEHLIAJII

Temneparypa Moe csiraTH JTOCTATHBO BEIMKHUX 3HAUEHBb, & OTXKE 1 KOHIICHTPAITIS
TEMJIOBUX YACTUHOK MOXKe OyTu Benukow. EnemeHTapHi po3paxyHKu st
HEB3a€EMOJIIOUOT0 aJPOHHOIO PE30HAHCHOTO Tra3y I[O0Ka3ylTh, IO TyCTHHA
JacTUHOK Moe nocsratu 3HaueHb (0.1 — 0.2) fm—3 npu temneparypax 100 — 150
MeV, ski 3HaxoasThCs HUXKYE (Pa30BOro mepexoay JeKoH(ailHMEHTy. 3a Takux
yMOB e(eKTH B3a€MOJIi1 MOYNHAIOTH BiJIITpaBaTH 3HAYHY poiib. DEeHOMEHONIOTIUHE



cepenne mone U(n), moxibne mo tak 3BaHoro moreHmiany Ckipma, BBEICHE IS
BpaxyBaHHS B3aeMOjii Mik Oo3oHamu. J[aHe moOJe 3aIeKUTh TUIBKU BiJ] TYCTHHH
YaCTUHOK N. TepMOAMHAMIYHO Y3rOJKEHI CHIBBIJIHOIIEHHS (CaMOY3rOJKEHE
PIBHSIHHSL BIAHOCHO TYCTMHM YAacTMHOK), OTpMMaHi B paMKax JaHOTO METOAY,
MOXXYTb OyTH BUKOPUCTaHI JiJIsi OOYUCIEHHS TYCTUHU YaCTHUHOK, TYCTUHU €HepTii
Ta TUCKY SIK (DYHKIIIH TemnepaTypu. BaxxiuBooo prco0 po3riIsHYTOi CUCTEMH € T€,
o0 Ha BIAMIHY BiJ TaKk 3BaHOi 0030HHOI MaTepii, KIJIbKICTh OO30HIB HE
30epira€ThCs, a BH3HAYAETHCSA 3a JIONMOMOTIOK MiHIMI3alisl TEPMOJMHAMIYHOTO
MOTCHITIATY.

B pamkax TepMOAMHAMIYHO Y3TO/DKEHOI MOJIENl CepeHbOTO TMOJISl PO3TIISTHYTO
CUCTEMY CHJIbHOB3a€EMOJIIIOYMX OO030HIB MpPU HYJIHOBOMY 130CHIHOBOMY 3apsii,
IIPY BUCOKUX TEMIIepaTypax Ta ryCTHHAX YaCTUHOK. MeTos OyB y3araabHEHUHN IS
BUIIAJKYy IPUCYTHHOTO Yy cHUCTeMl bo3e KOHJeHcaTy Ta 3acTOCOBaHMM JUIs
JOCJIDKEHHST CUCTEMHU B3a€MOIIOYKX IT10HIB 13 ITIOTEHI1AJIOM B3acMO/Ili 1011 OHUM
1o noteHiany B moneni Ckipma. Byno mokazaHo, 1o Jjisi KOHACHCATHUX CTaHIB
caMOy3roJikeHe piBHSHHS (3.26) y3araJibHIOETBCS 1 3aMIHIOETHCS PIBHSHHSIM
(3.32). [ocmipkeHO yMOBHM BHUHHKHEHHS bo3e-koHJeHcary B cucTeMi
B3a€EMO/IIIOYHX ITIOHIB B 3aJI€XKHOCTI BiJ] CIIIBBIIHOIICHHS M1 NMPUTATYBATBHUM Ta
BIIITOBXYBAIHPHUM BHeckamu B cepenHe mone U(n). Kpurnmune 3HaueHHs
0e3p0o3MiIpHOTro Koedili€eHTa NPUTITaHHs K, iK€ piBHE KC = 1, po30uBae nianazoH
Horo 3HaueHb Ha JBI 00dacTi, A SKUX T[OBEIIHKA CHCTEMHU MPUHIIUIIOBO
BIJIPI3HAETbCA. Y BUNAAKY “‘cabKoro” MpUTATaHHSA, TOOTO JJisi 3HAYeHb
koedimienta k < k¢ = 1, bo3e-KoHeHcallis B cCUCTeMi HE BiI0YBA€ThCS 1 CTaHU
CUCTEMHU 3HAxXOJsAThCA B Ta30-piAMHHIA a3l uisI  BChOTO  Jiama3oHy
JOCTI/DKYBAaHUX 3HAY€Hb TeMmrepaTypu. [[is cuibHOTO mpUTSATaHs, KOIu K > KC =
1, ymoBa U(n) > —m nepecrae BUKOHYBATUCh JJIs TYCTUH 3 iHTepBaTy nl <n < n2
, 1 B cucTem1 BUHUKae bo3e-koHaeHcar npu temneparypi Tc = 115 MeB. I'yctuna
YaCTMHOK 3MIHIOEThCS CTpUOKOM 31 3HaueHHs nc = 0.06 fm—3 g0 3HadeHHs N2 =
1.09 fm—3. Ilpu poMy BiAOYBaEeThCSA TEpPeXia MEPIIOTrO POAY 13 MOTIMHAHHSIM
npuxoBaHoi Terotu B a3y boze-konnencary. [liaTBepKeHHSIM IOTO € PO3PUB
Ha TpadiKy 3aJIe)KHOCTI TEIUIOEMHOCTI BiJ TeMmrmepaTypu. BapTo 3ayBaxuTH, 10
EeMIIPUYHI JaHl Ta TEOPETUYHI PO3PaxXyHKH BKa3ylOTh Ha Te€, IO MIOH-MIOHHA
B3a€EMOJIisl JOCUTh cinaOka npu eHeprisix < 100 MeB. Tum He MeHI, 10JaTKOBHI
BHECOK Yy CEpedHe TMoje MOoXke 3a0e3MedyBaTHCh 3a pPaxyHOK MPUTATYIOYOL
B3a€EMO/II1 MIOHIB 13 HYKJIOHAMU Yy BIJTHOCHO XOJIOJHIN SIIEpHINA pEeuoOBHHI, a00 3a
pPaxyHOK p-ME30HHHUX Ta OapioH-aHTHOApIOHHUX Map MPU BUCOKUX TeMIepaTypax.

Kpim Toro, mpu BHUCOKHX TemIeparypax B aJpOHHIN marepii Oyne 3’SBIATHUCH
0araTo 1HIIMX YaCTUHOK. BOHM MOXyTh JaBaTH J0JIaTKOBHUI BHECOK Y MPUTSATaAHHS



B CEpPEeJHbOMY TIOJ, SKWW BIAYYBAlOTHh IMMIOHU. 3a PaxyHOK I[bOTO MOXYTh
3’IBUTHCh HOBI JIOJJAHKM B ONTHYHOMY TOTEHI[aNl IMiOHIB, $SKI OyayTh
OPOIMOPIIHHUMUA 10 TYCTHHM IWMX JOJATKOBUX YACTHMHOK. 3a TaKuX YMOB
e(eKTHBHA Maca MIOHIB 3MEHUIUTHCS, & OT)KE 3MEHIIUTHCS 1 TEMIEPAaTypHUN MOPIT
JUTs BAHUKHEHHS KOHJICHCATY MOH1B, SIK MMOKa3aHo y piBHsAHHI (3.30).

I3 npoBeaeHOr0 AETAaTBbHOIO aHalli3y BUILJIMBAE HU3KA YMOB BHUHHUKHEHHS
KOHJICHCAllll Ta 3MIHA TMapaMeTpiB cUCTeMU. SIK Ha M TOTJAN, 1e I[IKABUM
pe3yabTar, KUl NoTpedye MoAATBIIOTO PO3TIISIY.

Y Pozaismi 4 po3riasmaeTbCcs TEPMOJAMHAMIYHI BJIACTHBOCTI B3a€EMOIIFOUUX

0O030HIB IPU HEHYJILOBOMY XIMIYHOMY MOTEHII1AI.

BuBuaetbcs  B3aemopitoua cucrema bo3e YacTMHOK- 1 aHTUYACTMHOK TpHU
HEHYJIbOBOMY Ta 30€peKeHOMY 130CHIHOBOMY 3apsiai nl Ta CKiHYEHHIN
Temieparypi. bo30HHI YacTMHKM Ha3BaHO «mioHaMu». Takuil BUOiIp 3poOJIEHO,
OCKIJIbKM TT-ME30HU €, HaWJIeTIIUMU aIpOHAMU, SIKI MAalOTh 130CHIHOBUI XIMIYHHM
NMOTEHIIaT BIAMIHHUK BiJ HYNSA. bo3e-KOHJEHcAaT IOHIB MOXXE€ BHHUKATH Y
SJIEpHII Ta HEUTPOHHIN MaTepii.

[[Io6 BpaxyBaTH B3aeMO/Iit0 MiK O030HaAMU, BBOJUTHCS (DEHOMEHOJIOTIYHE CEPETHE
noje U(n) monione no mons Ckipma, siKe 3aIeKHTh JIMIIE BiJ] TIOBHOI T'YCTHHHU
Me30HiB n. Lle cepenne noie BimoOpakae HAIBHICTh 1HIIINX CHIIBHO B3aEMOIIIOUNX
YaCTMHOK B CHCTE€Mi, p-ME30HH, TapW HYKJIOH-aHTUHYKJIOH TIPU HHU3BKUX
TeMIIepaTypax, TIFOOHH a00 Mapu KBapK-aHTHUKBApK MPH BHCOKUX TeMIIeparypax,
T > Ty =160 MeB.

JlocnipkeHHsT B JaHiil [1aBl € PO3BUTKOM 3allPOMOHOBAHOTO MIAXOAY Y
nonepeaHboMy po3aiai 3. BukopucraHo KaHOHIYHHMM aHCamMOJib 3 KaHOHIYHUMU
3MIHHUMHU Temneparypa T Ta i3ocmiHoBa ryctuHa nl . JlocmigxyBaHa cucTeMa
PO3IIIAIAETHCSA B paMKaxX IrpamikoBOi MOJIEN, sSiKa JOMOMarae 3p0o3yMiTH MPOIIECH
boze-EitnmTeiHiBCbK01 KOHeHcalii Ta $a30Bi Mepexo/id y MHUPOKOMY Jliara3oHi
Temmeparyp 1 ryctuH. B pamkax KanoHiyHOro ancamOii0 po3paxoBaHO
TEPMOJMHAMIYHI XapaKTEPUCTUKHA HEIICAbHOIO Tapsyoro “moHHOro” rasy 3
¢ikcoBaHor ryctuHoro i3octiny nl =n (—) t —n (+) T > 0, ne n (+) ™ — rycruna
T + -Me30HiB, BiAIOBIIHO.

VY po0oTi mpeAcTaBlieHO TEPMOAMHAMIYHO Y3TOJKEHHM METOJl Omucy OO030HHOI
CHCTEMH TIpY KIHIIEBUX TeMIlepaTypax Ta BUCOKHX T'YCTHHAX, SIKa CKJIQJa€ThCS 3
B3a€EMO/IIIOYMX YaCTHHOK Ta aHTMYACTHMHOK IPH (p1KCOBaHIN T'yCTHHI 130cmiHy nl .



Byno po3risHyTO CUCTEMY ME30HHUX YaCTUHOK 3 1M = MIT 1 HyJIbOBHM CITIHOM .
3okpema, Oyno IOKa3aHO, IO BBEIEHA Oe3po3MipHa BemmumHa k = A/2VmB ¢
MacmTabHUM napaMmeTpoM Mmojem. Kpim Toro, neil mapameTp BU3HA4Yae pi3HI
MOXJIMBI (pa3oBi cCIrieHapli, SKi peaTi3yloThCsid B CUCTeMi 003€-4acTUHOK Ta -
anTnyactuHOK. Koedimient npursaranns A = kAc , ne Ac = 2VmB, 6ymo
napaMeTpU30BaHO 3a JOMOMOIOI0 K TakMM 4YHHOM, 100 k = 1 BiAmoBigano
KPUTUYHOMY 3HAYEHHIO, K€ PO3JAUIAE PeXUM “‘crabkoro mputsaranas” (kK < 1) Ta
pexuM “‘cunbHOTO TipuTAraHHs” (k > 1). Byno mokazano, 1mo B Me30HHIN cUCTEMI
YaCTMHOK-aHTUYACTUHOK, /i€ TYCTHHA 130CHiHy nl 30epiraerbcsi, BUHUKAE 003e-
CHMHINTEHHIBCHKUI KOHJeHcar B i1HTepBaii Temmepatyp 0 < T < Tc . lle €
pe3ynbTaroM (a30BOro MEpexoay JAPYroro poay, IO BIAOYBaeTbCs MpU
Temreparypi Tc, a TyCTUHA KOHJACHCATY € mapaMeTpoM mnopsiaky. Lle TBeppkeHHs
CylepeunTh BUCHOBKAM, SIK1 Oynau OoTpuMaHi B Tperbomy. JlilicHO, Oyiio moka3aHo,
0 B pasi JOCHTh CHJIBHOTO TMPUTATAHHS cepenHboro mois (k > 1), y
0araTo0030HHIM cucTeM1 BUHUKAE (Pa30BUI Mepexij Mepuioro poay i, ik HaciiJoK,
YTBOPIOEThCS  003€-KOHACHCAT, MOYMHAIOYM 3 KiHIEeBOI TemmepaTypu. OTxe,
HE3aJIeKHO BiJl MapaMeTpiB CEPEIHbOTO MO, MYyJIbTHOO30HHA CUCTEMA PO3BUBAE
003e-KOHJIeHCAaT TIIbKU Ui KOMIIOHEHTH BHMCOKOi TYCTHMHHM (4acTuHOK). lle
O3Hayae, 110 B MOHHOMY Ta3i, ge nl =n (—) m — n (+) © > 0, guire T — -Me30HH
3a3HAIOTh (PAa30BOTO MEPEXOay 10 003e-eHHITEHHIBCHKOTO KOHIEHCATY. Y TOM Ke
yac 7 + -ME30HM ICHYIOTh JUIIE€ B TEIUIOBIH (a3l A BChOTO Jiama3oHy
Temmeparyp. BapTo 3BepHyTH yBary, 10 XipajibHa Teopisi 30ypeHb mependavae,
o nepexia Mk BakyymoM 1 BEK € da3oBum nepexonom apyroro poay 3 Kiacom
yHiBepcanbHOCTI O0(2. s ommcy TepMOIMHAMIYHHX BJIACTHBOCTCH cHcTeMa
po3mIsiAaiach B paMKaxX KaHOHIYHOTO aHCAMOJTIO, JJIS SIKOTO XIMIYHUM MTOTEHITIAl U
€ TEPMOJMHAMIYHOIO BEJIMYMHOIO, SIKA 3aJICKUTH BiJ KaHOHIYHUX 3MiHHUX (T , nl
). Byno po3paxoBaHO 3aJ€XHICTh XIMIYHOIO HOTEHLIANY BIJ TEMIEpPATYpH UL
pI3HMX 3HA4YeHb MapamMeTpa NPUTATaHHS K 1 MOKa3aHo, WO W[ < const B
“kongeHcaTHoMy” iHTepBaii Temmneparyp 0 < T < Tc . BenmnumHa XiIMI4HOTO
MOTEHITIaTy U = const B Ikl 00JacTi 3aJ€KUTh BijJ 1HTEHCHUBHOCTI NMPUTATAHHS.
Bonnouac temneparypa T (—) ¢ ¢da3oBoro mepexoay A0 0603€-eMHIITEHHIBCHKOTO
KOHJIEHCATy T — -Me30HIB (KOMIIOHEHTa BHCOKOI T'yCTUHH) C1a00 3aJeKUTh BiJ K.
Jnst Becix 3HaueHb 0 < k < 1, ski Oyiau pO3TJISHYTI, KPUTUYHI TeMIIEpaTypu
BIJIPI3HSAIOTHCS OJIHA BiA oAHOI He Ounblie Hik Ha 4 MeB. Tomy mMoxxHa BBeCTH
neBHe cepenHe 3HadeHHs Tc = ( T (—) c¢ ) mepexomy no ¢a3u 0o3e-
CHHINITEHHIBCHKOTO KOHJIeHcaTy. OTpuMaHi pe3ynbTaTH BIANOBIIAIOTH BIJIOMUM
BJIACTUBOCTSIM  1JI€a]IbHOTO PEJSITUBICTCHKOTO 003e-Ta3y: KoHjeHcallis bose-
Eitnmreiina siBisie co06oro (azoBuii mepexijy TpeThoro poay abo po3puB MOX1THOT
TEIUIOEMHOCTI. B pamkax mpencraBiieHOT Mojen Oylio OTPUMAaHO, IO TaKUM XKe



YUHOM TIOXIJTHA TEIUIOEMHOCTI 3a3Ha€ po3puBy mpu Temmeparypi TC. IlnaBHi
3aJIeKHOCTI TYCTUHU €HEpTii Ta TYCTUHU €HTPOIIi BiJ TeMIepaTypH 1 BIICYTHICTh
MPUXOBAHOTO BUAUICHHS TEIUIOTH NpU T'C Ha HUXKHIA maHeni puc. 4.3 TOBOISATS,
0 B CHCTEMI HAaclpaB/l BUHUKAaEe (Pa3oBUU MepexiJl IPyroro poay MIpH i
TEMIEpaTypi.

[lepeiinemo 10 aHami3y OTPUMAHHUX PE3YJIbTATIB.

Cryninb  OOIPYHTOBAHOCTI  HAYKOBHUX  IMOJIOXKeHb | BHCHOBKIB,
chopMyILOBAHMX Yy AUCEPTAILiL

PesynbTaTi, 3700yTi aBTOpPOM, TIPYHTYIOTbCS Ha (PI3UYHO PO3YMHHUX Ta
3araJibHO MPUWHATUX HAOIMKCHHSIX, YABICHHSAX MPO B3AEMOJIII0 KBAPKIB Ta 1HIITUX
YAaCTUHOK y 3ITKHEHHSX IMPU BUCOKUX €Heprii. BoHW cnmparoThCs HA MEBHUN
NonepeaHl pe3yabTaTd OTPUMaHl MET0/I0M (POHOBOIO MOJIA Ta PO3LIUPIOIOTH HOro
MO>KJIMBOCTI, BPaxOBYIOTb HOBI YMOBHM e€KcliepUMeHTIB. Po3numm aucepTarii,
MPUCBAYCHI AHATITUYHUM MOJICTBHUM JIOCTIPKEHHSIM, TaKOX BIJIOBIIAIOTh
Cy4YaCHUM YSBJIEHHS 1 METOJ]aM KBaHTOBOI TeOpii MOJI B €KCTpEMaIbHUX YMOBAX.
TakuMm 4uHOM, pe3yibTaTH aBTOpa € (I3MYHO OOIPYHTOBAHMMHU 1 MAIOTh BaroMme
MPaKTUYHE 3HAYCHHS.

HoBusuna

Ha 3axuct BUHECEHO HM3KY PE3yJbTaTiB, SIK1 € Jo0pe mpencraBieHuMu. Bei
BOHM, Ha Miil morsia, € HOBUMHU. OCOONMBO I[IKaBUMH, 3 TOYKH 30py PO3BUTKY
Teopii € APyruil Ta TpeTid po3AuTH. BukopucTaHHS MOJCICH BUIJISAIAE BEIbMU
JOPEYHUM 1 BIJIMIOBIIAa€ TEOPETHYHUM iaessM A. Mirgana mpo Te, 10 OCHOBHUM
BHECOK Yy KOHJIGHCATH JAl0Th JIMIINE TIE€BHI MOJHU, SIKI MOMJIWBO BHJIUINTH 1
3amucatu Juis HUX eexTuBHI [aminbToHianm. Jlye IIKaBUM € BUKOPHCTaHHS
anasorii 3 Mmojemio Ckipma, sika € JI00pe BiOMOIO, IO JI03BOJIIE OTPUMATU
JOJTATKOBI apryMEHTH Ha KOPHUCTh pE3yJIbTaTIB MPOBEACHUX JOCIIKEHb. B
I[IJIOMY, aBTOP TIPOJIECMOHCTPYBAB IIHUPOKHH CIIEKTP CYYaCHUX METOJIIB Ta ITiIX0/1iB
TeOoPii MOJISI AJIs1 TOCIPKEHHS I[IKaBUX ME30CHCTEM.

Omnyo0sikoBaHi nmpaui

Jucepraiiisi HamucaHa 3a pe3yabTaraMd S poOiT. bumemicte 3 HHX
OMmyOJIIKOBaHAa B MPOBIJHUX MDKHApOJHUX >KypHalax. Pe3ynpratm aucepTtarii



TaKOX YCHO JOIOBIIATUCh HA 0ararbox (haxoBUX MINKHAPOJAHHX KOH(EPEHIIIsX, 1
TOMY MOXXYTh BBOKATHCS 3araJIbHO BIJIOMUMH Ta alipOOOBAHUMU.

IloBHOTA BUKJIAAY pe3yJbTATIB AUcCepTalii B OIy0JiKOBAHNX NMPalsX

PesynbraTi nucepraiiii 10CTaTHRO MOBHO Bi0Opa)keHi B MyOJiKalisgsX, ajae 1HOII
BUKJIAJIEH1 OUIbII crpolieHo. Takoxk B JucepTallii He MPOBEICHO IOBHOIO MIpOIO
MOPIBHSHHSA 3 pe3yjbTaTaMU IHIIUX POOIT Ta MIIXOJIB, SIKE MOXKHA 3HAUTH B
icHyrounii Jiteparypi. KBamidikariiitna pobota BuMarae npuauisTi I[bOMY O1JIbIIIe
yBaru. BTiMm, copomieHHs 3MicTy aucepraiii MOKHa BITaTH, OCKUIBKM BOHA
MICTUTh BEJIUKY KIJIBKICTh PO3PAaXxyHKIB Ta LJIIOCTPATUBHOIO Marepiany.

Henogixku

VY mpeacTaBiaeHUX pe3yibTaTax BaKKO 3HAMTH HEMOJIKU. Inme cucTemaTuyHMiA
aHaJl3 y MEXax BUKOPUCTAHOI MOJIEINI Ta MPOBOASITHCS aHATITAYHI OOYUCIICHHS.
Ak Ha Mill TOTAA, MO HEAOTIKIB MOXKHA BIAHECTH 3amany iHGOpMaIiio mpo
BUKOPHUCTaH1 METOJM JOCHIDKEHb Ta iX poib 1 ictopiro. Hampukian, aBTop
BukopuctoBye meron JI.B. Kenmuma, ane kopucHo Oyno © AOKJIagHO #OTO
onucaru. Hampukinan, na BianoBigHy ctartio JI. B. Kemaum «/Inarpammuas
TEXHUKa JIJI1 HEPaBHOBECHUBIX TporieccoBy, XKITD (1964), tom 47, Bein. 4 (10),
ctp.1515, 3 HepiBHOBaXHOI0 (GYHKINE PO3MOJINY 1CHYE OUIbIIE JBOX THUCSY
MOCHJIaHb. AHAJIOTIYHO, TPAKTUYHO HE 0OroBOPIOETHCS Oa3oBa ines A. Mirmana
PO MOXJIMBICTH BUJJICHHS OKPEMO JWHAMIKY MOJI, BIIMOBIMHUX 3B (ha30BHIA
nepexij], 3HEXTYIOUN 1HIIAMHU MOJIaMU. AJle TIpU aHalli31 OTPUMAaHUX Pe3yJabTaTiB
[ MPAaKTUYHO MiATBEPKYETHCS HABITh Ha rpadikax. 3po3yMilsio, 110 3rajaHe He
BIUTMBAE HAa OTPUMaHI Pe3yJbTaTd poOOTH Ta Ha 3arajibHe MO3WUTHBHE BPaKCHHS
po JIMcepTalliio.

XoueTbcsa Tak0XX BUCIOBUTH, CKOpille, MoOakaHHS Ha Mail0yTHe. B mpucyTtHOCTI
JAICKOCSHKHUX Kopessilii ( B JaHOMY KOHTEKCTI MEBHUX MOJ 3 MaJIUMU
4acTOTaMM) CJIiJ] BpaXOBYBAaTH BHECKU B €)EKTUBHMM MOTEHITIAN PSI/IIB TaK 3BAHUX
daisy (ring) miarpam. BoHu, K MiHIMYM, JarOTh YMCIOBI KOPEKIIi 10 pe3yIbTaTiB.
B knacuunux pobGoTax, Ha SAKUX TPYHTYEThCS JUCEpTallisl, 11 JAiarpaMu Ha
BpaXoOByBalMCA. IX pomb cTana BUBYATHCA B cepeauHi 80-X pOKiB mnpu
JOCTI/DKeHHSX (Da30BUX MEPEXO/IIB Y BCECBITI.

[lincymoByroun, B aucepraiii po3B’s3aHO 3HAYHY KIIBKICTh  Cy4acCHHUX
aKTyalbHUX 3adad. Bci posmim aucepTtarlii € B3aeMoroB’s3aHuMH. Jluceprariis
BUKOHAHA Ha HAJIEKHOMY MaTeMaTHYHOMY PiBHI 1 BCTAHOBJIIOE Mapaieli 3 TEOPI€ro



$ha30BUX MEPEXO/diB, TEOPIEI €IEMEHTAapHUX YaCTHUHOK. BoHa € 3aBepiieHuM,
CaMOCTIHHHUM JOCTIJKEHHSIM, 110 TTOBHICTIO BIJINOBIJA€ MAacoOpTy CIEHIaIbHOCTI.
B cykymHOCTI mpencTaBieHi pe3yabTaTd € 3HAYHUM JOCATHEHHSM JJISI PO3BUTKY
Teopii Ta OMHCY CHIIHLHO B3a€MOJIIFOY01 PEYOBHHH.

BBaxaro, 1o auceprariiina pooora XXypasns [lennca BitanitioBuua
«HEPIBHOB AYXHIH EJIEKTPOHHWI TPAHCIIOPT B CUCTEMI
KBAHTOBUX TOYOK TA BJJACTHUBOCTI BO3OHHUX CUCTEM I1PU1
HEHYJIbOBUX TEMIIEPATYPAX B PAMKAX MOJEJII CEPEJJHbOI'O
[10J151», 3anoBonbHse Bcim Bumoram MOH VYkpainu 1o PhD muceprarniii, 30kpema
ni. 9, 10 Ta 12 «Ilopsaky npuCyI>)KeHHs] HAYKOBUX CTYIIEHIB 1 HAYKOBOTO 3BaHHS
CTapIIOr0 HAYKOBOTO CIIBPOOITHUKAY, 3aTBEPIKEHOTO MOCTaHOBOIO No567
Kab6inery MinictpiB Ykpainu Bin 24.07.2013, a ii aBTop, 6€3yMOBHO, 3aCTyTOBYE
Ha IPUCY/PKEHHS HOMY HayKOBOTO CTYMEHsI ToKTopa ¢iocodii 3a creriaabHICTIO
104 ¢izuka Ta acTpoHOMISI.

OdimiiHuii OMOHEHT

HoxTtop ¢i3.-maT. Hayk, mpodecop Bonogumup Ckanosyo



