Penen3is
MPOBITHOTO HAYKOBOTO CHIBPOOITHUKA BIAIITY €IEKTPOAMHAMIKH BUCOKHX €HEPTiil y
peuoBuHi HHII «XapkiBcbkuii Ppi3UKO-TEXHIYHUIN
iHcTuTY™ HAH VYKpainu, noktopa ¢pi3zuko-mMaTeMaTHYHUX HaYK,
CTapIIIOro HAyKOBOT'O CIIBPOOITHUKA
bongapenka MukoJsu BikropoBuua
Ha aucepramiiay poooTy Kocruienka Slna OsexkcanapoBuya
«TeopeTuko-nosbOBHIl OMKUC BIACTUBOCTEH IEUTPOHA Ta MO3UTPOHIIO Y 300paKeHH1
OJIATHEHUX YaCTHHOKY», TIOJIaHy Ha 3700yTTs CTyIeHs HoKkTopa dinocodii 3a
cnermianbHicTIO 104 — «®Di3uka Ta acTpOHOMISN»

3 raiy3i 3HaHb 10 — «IIpupoaHuyl HayKn»

B nucepranii npeactaBiieHO OCTaHHINA PO3BUTOK METOAY OJSATal0YMX YHITaApHUX
nepetBopeHb (UCT), 30kpema, #Oro 3acTocyBaHHS [JI0 3a7ad  KBaHTOBOI
enektpoauHamiku (KEJ]). Lleit meton BunHK 11e B 1950-1 poku, HEBIOB31 Micis MOSBU
ME30HHO1 Teopil sAepHUX CWi, 3 OaKaHHS OMUCATH AJIEPHI CUIU 32 JIONOMOIOIO TOJIS
BITHOCHO JIETKUX Ii-ME€30HI1B, IKE F€HEPY€EThCS BAKKUMHU, KBa3iCTATUYHUMH HYKJIOHAMHU.
Skmo, B paMmKax CHOpOMIEHOI MOeNi, BBaXaTH HYKIOH KIACHYHUM JDKEPEIOM
HE3aJIeKHUX ME30HHUX KBaHTIB (HEXTYIOUM B3a€EMOJIEI0 MDK ME30HAMHM), MOXKHA
pO3paxyBaTh MYJIbTHUME30HHUN KOTEPEHTHHUI CTaH HaBKOJO HykJoHA. I[loOymyBaBim
TAaKUM YWHOM «OJSITHEHWI» HYKIOH, Jajdli MOXXHa BBaKaTh IIeW CTaH HOBUM
«BaKyyMHHUM), a TaMIJIbTOHIaH 3 YPaxyBaHHSAM IOKaBChKO1 HYKJIOH-ME30HHOI B3a€MO/IIT
— JllarOHAJII3yBaTH 1 BBaKaTH HOBHMM TaMUIbTOHIAaHOM «0e3 B3aemomii». dopmalibHoO,
nepexiyi BiJg TaMUIbTOHIAHY BUIBHHUX HYKJIOHIB JO TaMUIbTOHIAHY «OJSITHEHUX)
JOCSTAaeThCd 3a JomoMoror yHiTapHoro mneperBopeHHs — UCT. Bono 3MiHIO€
orepaTopy HAPOKEHHS Ta 3HUINEHHS, a TAKOXK MacH YaCTHHOK. Y Takiii MOJeIi MeTo.
UCT nae Buxij 3a Mexi Teopii 30ypeHb, y 4OMY i MOJIsIrae Horo npruBaOIUBICTb.

Axmo fgami B Takid Mojeni OOYMCIWTH BIANOBIAHY 3MiIHY Macu HYKIJIOHA,
BBKAIOUYM HOTO TOYKOBHMM, I 3MiHA BHSIBUTHCA HeckiHUeHHOIO. I1[06 3pobutm ii
CKIHYEHHOIO, HEOOXITHO BBECTH HYKIOHHUU (opMdakTop. SKIIO MPHUITYCTUTH, IO
3HAYHA JI0JII MacH HYKJIOHa (OPMYETHCS 3a JaHUM MEXaHI3MOM (110 HEXTYeE BiAauero
HYKJIOHA TIpM BHIIYCKaHHI ME30HIB), pajiyc mpocTopoBoro ¢opmdbakTopa Oyne
AQHAJIOTTYHUM KJIACUYHOMY PaJlyCy €JIEKTPOHA, 13 3aMIHOI0 MOro Macu Ha HYKJIOHHY, a
eJIEKTPOMArHiTHOI KOHCTAHTH 3B'S3Ky — Ha ME30H-HYKJIOHHY. Ll anamoris, Ha Moo
TYMKY, MOX€e OyTH KOPHCHOIO B IAHOMY ITiIXO/II.



OCKUIbKM OKpIM MIOHIB ICHYIOTH ¥ 1HIII, 30KpeMa, BEKTOPHI ME30HH, 332 MAacOI0
CHIBMIpHI 3 HYKJIOHOM, aJie TeXK BaXJIMBI JIJI1 HYKJIOH-HYKJIOHHOT B3a€MO/Ii1, HEOOX1THO
3HAWTH BUXIJ 3a MEX1 MOJIeJIl CTAaTUYHOTO HyKJIOHA. Toxal TeopeTudHa 3a7ava 3HAYHO
YCKIIAAHIOEThCS. Binmada B KO)KHOMY akTi B3a€MOJIii MiK KBaHTaMH 3MIHIOE CTPYMHU B
HACTYITHOMY aKTi, 1 MOXJIMBOCTI JUIsi HENEPTYpOATUBHOIO OMUCY 3MEHIIYIOThCA. JlJis
anpoOarii ta po3Butky Meroxy UCT B ymoBax pensTuBicTChKOi KiHemaTuku, O.B.
[Ilebekom 31 cmiBaBTOpamu, oaHMM 3 skux € auceptanTt $1.0. Koctumenko, Oymo
PO3TISTHYTO 3aCTOCYBAaHHS JIaHOTO MeTOAy 0 3anay crmiHopHoi KE]I, 13 BukopuctanHsam
Teopii 30ypens. [Ipu boMy eneKTpoH, Mo1I0HO 10 HYKJIOHA, PO3TJISIIaBCs K YaCTUHKA 3
dbopmdakTopoMm, aje HEeICKTPOMArHITHOI Mpupoau — 0e3 3pocTarouoi 3 TepeaaHuM
IMITYJIbCOM JIB14i JIOTapU(MIUHOT aCUMIITOTUKH, & HATOMICTh HEOOMEXKEHO YOYyBarOuHii
Ha BEJIMKUX TIepeaaHuXx immynbcax. Cinil HaroJdoCUTH, IO 1€ € HEeB1I'€MHOI0 YaCTHHOIO
JAHOTO TIAXO0My, 1 Ha OMY IPYHTYETHCS HayKOBa HOBHM3HA OTPHUMAHHUX PE3YJIbTATIB,
0 HE 3BOJATHCA OO0 CYTO METOAWYHHX. YHUCenbHI pe3yJdbTaTH MpPH [bOMY JEIIO0
BiZIpi3HAIOTECA Bin mnependadenr KEJI, ockimbku naHa Teopis, CTPOrOo KaKydH,
Bimpi3HsAeTbes Bim KEJI 3 11 TOUYKOBHM €JIEKTPOHOM Ta MEPEHOPMYBATbHUMH YMOBAMH.
Meroto auceprartiii 30kpema 0yJio mpoaHaIi3yBaTy Il BIAMIHHOCTI.

[Mono 3acrocyBanus no KEJI, nHeo6xigHo BimzHauutu, mo miaxig UCT mopymrye
sBHy JlopeHIl- Ta kaniOpyBajibHy 1HBapIaHTHOCTI TEOpIii, sIKI € BEJIbMU CYTTEBUMU JUIS
nepeHopmyBaibHOI nponeaypu B KEJI, 30kpema, 1uisi 3HUKEHHS CTYIEHIB pO301KHOCTI
no norapudmivnoi, 3aBasku yomy KE] ctae «mpupoano» nmepeHopmoBanoro. ToMy mpu
nepeHopmyBaHHsAX B UCT BuHUKAIOTH CBOi TpyAHOILIl. Takox ciij Opatu A0 yBaru, 1o
B TpamumiiHii KEJ[ knacuunmii pajiyc eJeKTpoHa HE € MTPHUHIIUIIOBO BaXJIMBUM
MacmraboM, Ha sKOMy (opMyeThcsi Maca enekTpoHa. [IpuunHa momnsirae B TOMy, IO
edeKTH BiAadl €JIEKTpOHA y HOTro B3aemoii 3 (OTOHAMU CTalOTh CYTTEBUMHU 3HAYHO
panimie, Ha MacTadi KOMITOHIBCHKOI JTOBXHHHM, TOJ1 K MaciiTad yiabTpadioleTOBOTO
(YD) obOpizanHs, 3aBAAKY JIHILIE JorapuMiuHiid po301>KHOCTI YCIX METIEBUX BHECKIB, (B
TOMY 4YHCIl JO MacoBOTO OIepaTropa), MOKHAa BBaXaTH OIBIIMM 32 YCi
eKCIEpUMEHTaNbHO JAocskHI Macmitabu. o cTocyerbes cydacHuX ysBIEHb TIPO
MexaHi3M (OpMyBaHHSI Mac €JIIEMEHTApHUX YaCTUHOK (HAmpuKiIaa, HE TUIbKU
CJICKTPOHA, ajie ¥ MIOOHA), TO BIH BBAXKAE€ThCS HE EJIIGKTPOMATHITHHM UM B3araii
KaJiOpyBaJIbHUM, a 3aBIAUYIOYUM B3a€MO/Ii1 3 XITTCIBCHKUM TOJIEM.

B Pozainmi 1 okpecitoroteest ocHoBHi 1111 metoay UCT, nepeBaxHO IPYHTYIOUHUCH
Ha pobotax M.I. HlupokoBa Ta O.B. IlleGeka 3 cmiBaBTOpamu. IlocuianHs B oMy
OTJISIIOBOMY PO3/ILII MOKHA 0YyJ10 O TOMOBHUTH MOHOTpadisiMU

N. N. Bogoliubov, D. V. Shirkov. Quantum Fields. NY, Benjamin, 1983.

E. Stefanovich. Elementary Particle Theory, Vol. 3 — Relativistic Quantum Dynamics.
De Gruyter, 2019.



Ha 3aBepienns pozauty, niaxing UCT nopiBHioeThes 3 miaxonom LSZ. Ha moro nymky,
BpPaxoOBYIOUM MOJAIbIII 3acTOCyBaHHA B auceptamnii no 3amad KEJ[, Oymo 6 Takox
KOpPUCHO TMOpiBHATU mepeBard il Henoniku meroqy UCT Ta Meroay TouHuX (DyHKIIIA
I'pina B KE]I, amxe B OCTaHHROMY 3 HUX €IEKTPOHH 1 (DOTOHH TEXK MOXKYTh BBAKATHCS
«OJIATHEHUMU», ajie 0e3 BTpaTh PEISITUBICTCHKOI Ta KaliOpyBaJbHOI 1HBApIaHTHOCTI.
MoxxIuBO, Takok OyJ10 O BapTO MPOBECTH 3B'SI30K 13 KOTEPEHTHUMH CTaHAMH O030HHOTO
1oJIf, K1 IMHUPOKO BUKOPUCTOBYIOTHCS B KE/I.

Po3nin 2 nmpucBsueHuit 1eMOHCTpAIlii TOTo, IO micis po3paxyHky metogom UCT
MacoOBOT'O 3CYBY (pepMioHA 3aBISKHM BUITYCKAHHIO Ta TIEPEIIOTIMHAHHIO HUM BEKTOPHOTO
0030Ha MOJXHa BCTAaHOBHUTH MOJIOHICTh IHTETPAILHOTO MPEACTaBICHHS ISl 3CYBY O
IHTErpajiB, 10 BUHUKAIOTH B KOBapiaHTHIM Teopii 30ypenn, Hanpuxian, st KE/I.
BinBonikatouucsk BiJl mOHATTS MacoBoro onepatopa B KEJI Ta iforo cmiHOBOi CTPYKTYpH,
otpuMani ¢opmynu (2.23), (2.24) y Burisail iHTErpaiiB 3a 3-BUMIPHUM IMITYJIbCHUM
IPOCTOPOM JIIACHO MPEACTaBUMI dYepe3 €AUHUM 4-IMIyJIbCHUN I1HTErpai, B SIKOMY
IMPOBEICHO IHTETPYBaHHS 3a C€HEPri€l0 MeToJoM JMIIKIB (e Oyno O BapTo
MIPOJIEMOHCTPYBATH SBHO). TakoX BHIHO, IO B JIMITI HECKIHYEHHO BaXXKOTO (hepMioHA
(2.23) 3HuKae, ol sK (2.24) micns perynsipusalii oOpizaHHsIM HaOyBae QopMuU eHeprii
O030HHOTO TOJISA 3 IMITyJIbCaMH, HE OUTBIIUMHU IMITyJbCy 0Opi3ku. Lle exkBiBajgeHTHO
€Heprii KJIACUYHOTO MOJiA 30BHI cepHu AESIKOTO Majoro pajaiycy, B Iycl po3paxyHKY
KJIACUYHOTO PajlyCy eJIeKTPOHa.

[Ticns BpaxyBaHHA Biggadi (epMioHa, IHTETPAIM 3aUINAIOTHCA JIHIHHO
po30ikaMMH. CTymiHb poO30DKHOCTI Majga O B3HU3UTUCA A0 JorapudmMidyHoi 3
ypaxyBaHHSIM aCUMIITOTUYHOI HEMapHOCTI MiJIHTErpaibHOro Bupasy. Haromicte, micis
iHTerpyBaHHa 3a KyTamu, Qopmymu (2.26), (2.27) BusBWIHCA KBaJApaTUYHO
PO301KHUMU.

B Po3nini 3 3 Me30H-HYKJIOHHOT e(eKTUBHIN Teopii mojs Ha ocHoBI miaxoay UCT
BUBOJISITbCA TaK 3BaHI ME30HHI CTPYMH, SIKI € BXKJIMBUMHM JJI1 OMKCY B3a€MOJIT sJep,
30KpeMa, NEeUTpOHiB, 3 GpoToHaMu. OTpUMaHI CTPYMH BIAPI3HAIOTHCS BiJ TPAIUIIHHUX
Ha BEJIIMYMHY TOPSJKY BIJHOIICHHS KBaJpaTy Macd ME30Ha, SIKUM OOMIHIOIOTHCS
HYKJIOHHM, /10 KBaJpaTy IMOJBOEHOI Macu HyKjJoHa. lle BigHOILIEHHS XapakTepusye
BEJIMYMHY BiJjIaul HYKJIOHA MpPU BUIYCKAaHHI YW MOMVIMHAHHI Me30Ha. s p Ta 1
Me30HIB BOHO ckiaaae ~10%. Byno 6 mikaBo oOroBopuTH ()EHOMEHOJIOTIUHI HACIIJIKH
OTPUMAHUX BIJIMIHHOCTEH.

B Posnini 4 ta Jlongatky C BUBeEHI BUIIIE ME30HHI CTPYMHU 3aCTOCOBYIOTHCS TSI
nooynoBu (opmdakTopiB Ta XBWIbOBOI (PyHKINT AeiTpoHa. S 1 D KOMIIOHEHTH ITIET
XBUJIBOBOI (hyHKIIT TapamMeTpusyroThcsi cymoro 11 «MoHomonbHUX (opmbakTopiB» 3
€KBIIICTAHTHUMH MacaMH, MOAIOHO A0 OOHHCHKOI mapamerpu3zaiii. bynu 3HaiineH1
3HAYEHHS NapaMmeTpiB, 110 3pemrToro BurinBaoTh 3 Metoay UCT. Li 3HaueHHs nenio



BIIPI3HSIOTHCSA B1J OOHHCHKHX, aj€ HE MOTIPIIYIOTh 3T0Jly TEOPETUYHOTO KBaapaTy
dbopmdakTopy AEUTpOHA 31 CBITOBUMHU EKCIIEPUMEHTATHHUMH JaHuMU. Ha HaBegeHmx
rpadikax y jorapudMidyHOMY MacmTadl I8 3roja BUTISAAE ayke ao0poro. Llpomy
BOYCBHUIb HE 3aBa)Kae€ Te, IO Yy IMIAXOJl aBTOpa, HAa BIAMIHY BiJ MapU3bKOTO Ta
OOHHCBKOTO, HE BPAXOBY€ThLCS IBOTIIOHHUI OOMiH.

Ha »xanb, 3 ¢iTyBanHs Oe3nocepeHbO XBUIHLOBOI (DYHKII HEJETKO 3pOOUTH
(b1314HI BUCHOBKH 0€3MOCEPEIHBO 1100 ME30OHHUX OOMiHIB — OOMIHU SIKUMHU ME30HAMU
€ HEeOOXiJIHUM, a SKHUMHU 1 32 KX YMOB MOKHa 3HEXTYBaTH, 1 UM CHpaB/ai HEOOXiTHO
BpaxoOByBaTH OOMIH JBOMa MIOHAMM JiJIsi OMHUCY MPUTSATAHHS MK HYKJIOHAMU B
nertponi. Cyasuu 3 yChOro, aBTOp MOKH 110 He Oepe Ha ce0e TaKy BiANOBIIATbHICTD.

Po3nin 5 mpucBsiuennii 3actocyBanHio metona UCT mo ramineroniany KE/I.
[ToOyoBaHO TaMUIBTOHIAH KBAHTOBOI €JEKTPOJMHAMIKK Y 300pakKeHH1 OJSATHEHUX
4acTUHOK. [laii JeMOHCTPYETHCS, IO MICIS PO3PaxXyHKIB aMIUTITYd PO3CISTHHS METOJIOM
UCT moHa BiTHOBUTH iX JIOpeHII-1HBap1aHTHICTb.

B Poznini 6 oxepxani Buie, i3 BukopuctanHsiM UCT, aMIuniTyau eneKTpoH-
MO3UTPOHHOTO PO3CIIHHA B OOPIBCHKOMY HAOJIMKEHH1 3aCTOCOBYIOTHCS JUISl PO3PAXYHKY
CIEKTpy TO3UTpOHI0. Take HAOMMKEHHS BIAMOBiNAae piBHAHHIO bpeiita (MeHII
TOYHOMY, HUK piBHsIHHS berte-Counmitepa, B sIKOMY piBHI €HEprii MO3UTPOHIS CTaIOTh
KOMITJIEKCHUMH, BPaxOBYIOUM MOXJIMBICTh ABOX(OTOHHOI aHIrusamii). Bxe B mpomy
HAOMWKEHHI I €Heprii  3B'A3Ky TMapamo3uTPOHII0 BHUHUKAE PI3HUIA MK
nependaveHHsiM UCT ta nependauennsm KEJI. Pizuuito moxkna Oyino 6 mepeBipuTu
EKCIIEpUMEHTAIBHO, SIKOM Oylia po3paxoBaHa TaKOX €HEPTis 3B'SI3KYy OPTOMO3UTPOHIIO.
Ha xanb, inpopmalig rpo Hei B [ucepTarlii BICYTHS.

SAx Bia3HayaeTbcss Ha crop. 148, immynabcHuM MacmTad y QopmpaxTopi
eJIeKTpoHa BUOMpaeThes piBHUM 207 MacaM eleKkTpoHa, ToOTo maci MiooHa. OCKUIbKH
e (B3arajii KaxXydd, MOJENIbHO-3aJISKHHUIM) MapaMeTp BKa3y€eThCs 3 TOYHICTIO 70 3X
3HAUyIMX UU(Qp, BUHUKAE MUTAHHS, HACKLJIBKM BUCOKA YYTJUBICTH 3CYBY €HEprii 10
pOro mapamMeTrpy. TakoX 37a€Tbcs HEBUMAAKOBHUM, IO 3a MOPSAKOM BEJIUYMHH BIH
CHIBMIpHHMIA 31 3BOPOTHIM KJIIACHYHUM pajiiycoM enekTpoHa 137 mac enexktpona. Maca x
MIOOHA HaBpsIJ YA Ma€ BiTHOIICHHS JIO TaHOI 3a/1a4i, B JaHOMY HaOJIHKEHHI.

HuceprariitHa poOoTa 100pe CTpyKTypOBaHa Ta HamucaHa. Pe3ynbratu po3aineHi
Ha HAayKOBI Ta METOAHWYHI. 3HAYHy KUIBKICTh TEXHIYHOTO MaTepialy BUHECEHO Y
Honatku. CTOCOBHO TEKCTY MOKHA 3pOOUTH IIe JEKiIbKA HEBEIIMKUX 3ayBaKEHb:

- IlepcnextuBu BUXOIY 3a MexXi Teopili 30ypenb 3a nonomoroiro meroay UCT B
aucepTaiii He OOrOBOPIOIOTBCS aX JO OCTAaHHBROTO PO3AUTY, J€ METOJ
3aCTOCOBYETHCS 10 MO3UTPOHII0. OCKUTLKM HENepTypOaTUBHICTh — MPUHITUIIOBA
nepeBara MeTojay, Ha Hiil cmijg Oyno O Haronocutd Bigpady — y Berymi Ta B



Poznini 1. B oGmacti * 3acTOCOBHOCTI Teopii 30ypeHb 3pY4YHIIUM MOXe OyTH
KOBap1aHTHUH OIHC.

-V Posnuini 2 Gyno 6 D0UiIbHO MOPIBHATH perenTtu nepeHopmyBanns macu B UCT
ta B koBapiauTHii KEJ[, B skili Ha MacoBiii TOBEpPXHI MAaCOBHI omepaTop
eJIEKTPOHA 332 BU3HAYEHHSIM MIOBUHEH 3HUKATH.

- B Tabmumi 4.1 pis mapameTpiB ¢GiTyBaHHS XBUJIHOBOI (DYHKIIIT nedTpoHa Oyno 6
[[IHHO BKAa3aTH HEBU3HAUYEHOCTI LIUX MapaMeTpiB, a TAKOXK iX MOYATKOBI 3HAUECHHS.
be3 11p0r0 HE3p03yMiNno, HACKUIBKU (IT CTIMKHH, 1 YA I1ACHO MOTPiOHI BCi MOTO
11 nmomankiB. [l MOpIBHAHHS TakoX HE 3aBagwio O HaBECTH OOHHCHKI
napaMmeTpH.

- ¥V Poznuni 6 HE po3paxoBaHO 3CYyB €HEPrii OPTOMO3UTPOHIIO (uiie mapa-). bes
I[LOTO BHCHOBKM Yy BIAMOBIIHOMY pPO3JAUII JUCEpTaIlii HE MOXYTh BBa)KATHUCS
TIOBHUMH.

- B poszainax aucepranii yuManao HETPAIULIHNHO BUKOPUCTOBYBAHOI TEPMIHOJIOTI].
Hamnpuknan, y Po3a. 1 ta 2 counterterms o3Ha4aroTh HE JOJAHKH Y JarpaHxkiaHi
BUTBHUX TIOJIB Ta iX €JeMEHTapHHUX B3a€EMOJIIH, IO MalOTh KOMIEHCYBaTH Y@
PO30DKHOCTI METJICBUX BHECKIB, a YJIE€HU B TaMUIbTOHIAHI, 110 BUHUKAIOTH MICIIsS
3actocyBanHsa UCT, 1 Bix skux moTiM mo30yBaroThcsa. Contact terms 03Ha4aroTh
HE WICHH B raMiUIbTOHIAaHI, MPOMOPLINHI JenbTa-QyHKIIT (UM ii MOXIAHUM) Bij
PI3HUIII KOOPAMHAT B3a€EMOJIIIOYUX YACTUHOK, a B3araii Oyb-sKuil 4-HyKIOHHUN
oTiepaTop, HAMpHUKIAd, MUTTEBY KYJIOHIBCHKY B3a€MOJII0 Ha JOBUILHO BEIHKHX
BijicTaHsAx. B Po3aiii 3 Tpudi HaroJonry€eThes, Mo Mpu KOHCTPYIOBAHHI ME30HHUX
CTPYMIB B OCHOBY KJaJeThcs Kputepiit Doka-Belins, aje Hifge B aucepTarllii BiH
HE copMysibOBaHUM. SIKIIO s HE MOMUIISIOCH, 1€l TepMmiH Oyino BBeneno O.B.
[ITeGexomMm 31 cmiBaBTOpamu. Y Po3zn. 4 structure function o3Hauae He KOEQILIEHT Y
mudepeHItianbHI KMOBIPHOCTI 1HKJIFO3UBHOTO TJIMOOKO-HETPY>KHOTO PO3CISTHHS,
a cyMy JBOX KBaJIpoBaHMX aMmIUITy] mpyxkHoro. Ilix Mandelstam variables y
PiBH. (5.56) matoTbcs Ha yBa3i KiHEeMaTU4HI 4-BEKTOpH, a HE 1X KBajpaTH. BTiMm, y
BucHoBkax jxoHa HE3BUYHA TEPMIHOJIOT1SI HE BXKUBAETHCA.

Haromomry, mo BpaxoByrouu 3HauHMi 00'eM aucepTtartii (193 ctop.), 3ragani HEAOMIKH
HE € KPUTHYHHUMH 1 HE 3HIDKYIOTh 3HAUCHHS 3100y THUX I[IKaBUX PE3yIbTaTiB.

[TincymoBytoun, nuceprailisi pO3BUBAE METOJ, KU MAa€ CBOIX NMPUXWIBHUKIB y
CBITOBIi HayIli, 1 MOke OyTH KopucHUM Takox ais 3anad KEJI. Sk mpuknazn, korepeHTHi
CTaHU EJIGKTPOMArHiTHOrO IOJIsI ONHUCYIOTh KBAHTOBI TOJIA Ja3epiB, TOMl SIK
yIBTPAPENATHBICTCHKI ~ €JIEKTPOHU PIBHOIO MIpPOI0 MOXKYTh OyTH JDKEpenaMu
0araTo)OTOHHOTO TYaCOHIBCHKOTO UM IUJIKOM KOT€PEHTHOTO BHIPOMIHIOBaHHS. Y



3aCTOCYBaHHI JI0 PEISATUBICTCHKUX 3aJady, AMCEpTalis PO3KPUBAE IEBHI TPYIHOIII
meroay UCT, ane it HaMivae IUISAXH A7 X TOJOJIaHHS.

Pesynbratn mucepramii omyOiiKOBaHI y TPOBIAHMX CBITOBHX Ta BITUU3HSHUX
HAyKOBUX BHJIaHHAX, 30Kkpema, Physical Review D Tta VYkpaincbkomy ¢izuuHOMY
KypHaJi; MpounuIn anpoodariro Ha ¢axoBuUX MibKHapoAHUX KoHpepeHiisax. [Tyomikarii
3no0yBaya (6 crareit, 3 skux 4 y BUAaHHAX, 1HAeKcoBaHUX Scopus/Web of Science, a
TakoK | po3ail y KOJEKTHMBHIM MoHorpadii, 1 3 Te3u JO0moBijed Ha MIDKHAPOIHUX
HAyKOBUX KOH(EPEHIIisX) TOBHICTIO BIAMOBIIAIOTh BUMOTaM JO TMPUCYIHKCHHS
HAyKOBOTO CTYIICHsI TIOKTOpa (isocodii.

AHani3 auceprtaiiiiHoi poOoTu Ta myOsikaiiii aBTOpa HE BHSBUB MNOPYIICHb
akaJieMiuyHo1 JoOpoUYecHOCTI, mariaty. [leski 3armo3udeHHs TeKCTy aHTIIHChKOI0 MOBOIO
pobusnucs nuie 3 BIacHUX myOmikaiiii aBropa. CaMOCTIHHICT aBTOpa y BUKOHAHHI
JOCIIJDKEHHS Ta HalMCaHHI JucepTalii He BHUKJIMKAaE CyMHIBIB. JlucepraHt
IPOJEMOHCTPYBAaB BOJIOJIHHS METOJaMH KBAaHTOBOi Teopii Mo, 3HAMOMCTBO 3
HAYKOBOIO JIITEpaTyporo, 3alpoONOHYBaB Ta peajizyBaB BJIACHI OPUTIHANBHI MIJIXOIU JO
BOXIMBUX (PI3UYHUX 337a4.

Biarak, Ha Mot0 nmymKy, muceptamis «TeopeTHKO-MoIL0BUI OMHC BIACTHBOCTEH
JNEUTpOHA Ta TMO3UTPOHII Yy 300pa)KEHHI OJATHEHUX YACTUHOK» € 3aBEpIICHOIO
HAYKOBOIO Tpalelo, sKa MICTUTh HOB1 TeopeTu4Hi pe3ynbratu. Pobora KocTtuiienka fna
OnekcannpoBuya BianoBigae Bumoram «llopsaky NpUCYIKEHHSI CTYINEHs JIOKTopa
¢binocodii Ta ckacyBaHHsSI PILIEHHS Pa30BOi CIELIATi30BAaHOI BYEHOI paju 3aKiaay
BUIIOT OCBITH, HayKOBOi YCTaHOBU MPO MPHUCYKEHHSA CTYINEHs AokTopa (imocodiin,
3atBepkeHoro IlocranoBoro Kabinery MinictpiB Ykpainu Big 12 ciuna 2022 poky
Ne44, a ii aBTOp 3aciIyroBy€ Ha MPUCYIKEHHS HOMYy CTymneHs JokTopa (uiocodii 3a
cnemianpHicTIO 104 — «®i3uka Ta acTpoHOMIsi» 3 ramy3i 3HaHb 10 — «[lpupogHudi
HAYKH».

OdimiitHuI pereH3eHT:

NPOBITHUIN HAYKOBUI CIIBPOOITHUK

BIIJIUTY €JIEKTPOAMHAMIKH

BHUCOKHUX €HEPTiH Y pe4OBHHI

HHII X®TI HAH VYkpainu,

JTOKTOp (hi3UKO-MaTEMAaTUIHUX HAYK,

CTapUINil HAYKOBUH CHIBPOOITHUK bonnapenko M.B.



