Penensin

JTOKTOpa (p13MKO-MaTeMaTUYHUX HAYK, TPOBITHOTO HAYKOBOTO CITIBPOOITHHKA BIIJILTY
KBAHTOBO-EJICKTPOJAMHAMIYHMX SIBUIIL Ta €JIEKTPOJUHAMIKH afpoHiB [HCTUTYTY
TeopetnyHoi ¢izuku imeHi O.1. Axiezepa HamioHansHOTO HAyKOBOTO IIEHTPY
«XapKiBCbKUH (P13UKO-TEXHIUHUN THCTUTYT»

MepenkoBa Muxosu IlerpoBuua
Ha gucepTaniiiny poooty Koctunenko Slna OJiekcanapoBuya
«TeopeTHKO-TOJILOBHIA OMUC BJIACTUBOCTEI IeliTPOHA TA MO3UTPOHIIO Yy
300pakeHHi OASITHEHUX YACTHHOK,

MOJIaHy Ha 3100YTTS CTyIeHs JokTopa dinocodii
B rany3i 3Hanb 10 — «[Ipupogaudi HayKu»
3a crienianbHicTIO 104 — «®i3uka Ta acTpOHOMISI»

1. AktyajibHicTh 00paHoi TeMu AucepTaniiiHOI po60oTH

Cepen cyyacHux (i3MYHUX JOCIIDKEHb (i3HKa siipa, eJIeMEHTaApHUX YAaCTHMHOK Ta
BUCOKHUX €HEpriil 3aliMae ocoOiiMBe cTaHOBHUILEC. YHMCENbHI BIAKPUTTS B MMl ramysi Ta
pe3yabTaTd Mpeuu3iMHUX BHUMIPIB aJIeKBaTHO onucyoTbes CranaaptHoro Mopenmtto
(CM), ska 00'emHye ciiaOKi, €JIEKTPOMArHiTHI Ta CHJIbHI B3a€MOJIIi €JIeMEHTapHHX
yacTUHOK. CM 06a3yeTbcsi Ha KBAaHTOBIM TeOpii MO 3 BUKOPUCTaHHSAM JlarpaH:keBoro
dbopmariaMy Ta MaTpHIll PO3CIIOBAHHS, B SKOMY JJIsI OIKCY IPOIIECIB B ME&XaxX Teopii
30ypeHb TeHEPYEThCsS JiarpamMHa TexHika. J[eski MeTIhoBl JiarpaMyd MPU3BOAATH [0
yabTpadioneToBux  po3OLKHOCTEW, TOMy Oylno  pO3poOJEHO  TaKOX  TEOPiro
NepeHOpMyBaHHs. Xo4a BOHA ¥ JO3BOJIA€E OTPUMYBATH KIHIIEBI PE3YJbTaTH IS YCIX
CIIOCTEPEXKYBAHUX, il MPOLEAYPY Ta 3aCTOCYBaHHS HISIK HE BIIOOPAXKEHO Yy BUXIJTHHUX
PIBHSIHHSX Ta MOJOXKEHHSX, Ha SIKUX 3acHOBaHO caMy CM. Tomy Oynb-sIKuii BHYTPIIITHBO
HE CyNEepeuwIuBHM MiAXija, SKUW 3a0e3leuye OTpUMaHHs KIHIICBUX PE3yJbTaTiB B MeXax
PEJSITUBICTCHKOT KBaHTOBOI TeOpii, Ma€ MpaBO PO3MIANATUCH SIK albTepHATUBHUMN
JlarpanxeBomy (hopmaltizmy, Ta BUKJIMKAE TIEBHUHN 1HTEpEC.

VY nuceprauiitnii  poOoti Koctunenka SnHa OnekcannpoBuua «TeopeTuko-
MOJIbOBUH OIKC BJIACTUBOCTEH ACUTPOHA Ta TO3UTPOHIIO y 300pa)KCHHI OISTHEHUX
YaCTUHOK» BUKOHAH1 JOCIIIKEHHS, 5Kl 0a3ytoTbest Ha ['amunbToHOBOMY (hopmMati3Mi Ta
METOJIl YHITApHHUX OJATalOuMX TMepeTBOpeHb. lleld MeTom po3BUBAaEThCA 3 YaCIB
kinacuyHux mnpaipe [pindepra ta IlIBeOGepa 1 3HANIIOB HOBE 3aCTOCYBaHHS B MEXKax
JOCIIIJIPKEHHSI ME30HHUX OOMIHHUX CTPYMIB Ta €JIEKTPOMArHiTHUX B3a€MOJIN sIED.



BBaxaro, mo BuOpaHa Tema JOCHIJKEHHS BIJANOBIJAE€ HANPSIMKY Cy4acHUX
JTOCHIHKEHB Y Tally3i (p13UKU eIeMEHTApHUX YaCTHHOK 1 € AKTYaJIbHOIO.

2. CTpyKTypa nucepraniiiHoi po6oTu

Juceprartiisi Ma€e 3pO3yMUIMA CTWIIb BUKJIAJEHHS 1 CKi1ajaeTbes 3 192 cropiHok, 24
pucyHkiB Ta 2 Tabnuis. CTpyKTypa poOOTH € HACTYITHOIO.

Y Beryni chopMylibOBaHO METY Ta 3aBJaHHSA JOCHIJKEHHS, BKAa3aHO METOAU
JOCIIIJIKEHHS, MIJIKpPEeClieHa HayKoBa HOBU3HA OTPUMAHUX PE3YJbTaTiB, iX MPaKTUYHE
3HAYEHHS, anpoOallisi Ta NIEPCOHAIBLHUN BHECOK aBTOPA.

VY mepmiomy po3aiuti B ICTOPUYHOMY IUIaHI BUKJIQJAE€THCS KOHUEMIIS OISTHEHUX
YaCTUHOK, BKa3aHO (DI3UYHI YMOBH, SIKI HAKJIQJAIOTbCSd Ha ONEPATOPU HAPOIKEHHS Ta
3HMILEHHS Ta iX BIANOBIJHI MEPETBOPEHHs. TakoX OTPUMAHO BCl JABOYACTUHKOBI
OrepaTopu, KOTPl OMHUCYIOTh B3a€MOJII0 OJSATHEHUX HYKIOHIB 32 PAaxXyHOK OOMIHY
BEKTOPHOIO YaCTUHKOIO 3 KBAHTOBUMH YHCIIaMU P-ME30HA.

Y apyromy po3auii  OOroBOpPIOETHCS IpoOiemMa NEPEeHOPMYBaHHS MacH Y
300paKE€HHI OJSITHEHUX YaCTUHOK. J[oCIIpKeHO MO/IeNl B3a€MO/IIi HYKJIOHA 3 P-ME30HOM
Ta eJeKTpoHa 3 (QOTOHOM Yy Jpyromy mopsaky Teopii 30ypenb. [lokazano, 110
PO301KHICTh, MOB's3aHa 3 MEPEHOPMYBAHHSM MAacCH, CKOPOUYEThCS O€3MOCEPEHbO Y
["aminbTOHIaHI.

Y TperbomMy po3AUT, BHUKOPHCTOBYIOUM METOJ YHITAPHUX  OJATar04YuX
MepeTBOPEHb, NOOYAOBAHO HOBE CIMEUCTBO ME30HHUX OOMIHHUX CTPYMIB 3 KBAHTOBUMHU
YUCJIaMu T, P, ®, N, 0, G ME30HIB SIK1 B3aEMOJIIIOTh 3 OJSITHECHUMU HYKJIOHAMM.

Y d4erBepTrOMy poO3aili OOYMCIEHO MarHiTHUH QopMbakTop IEHTpOHA, SIKUN
pPO3MIIAIa€ThCS SIK 3B’ I3aHUM CTaH OJTHEHUX MPOTOHA Ta HEWTpoHA. BpaxoBaHO BHECKH
JiarpaM 3 OTHOYACTHHKOBOIO B3a€MOIIE€I0 TA ME30HHHMH OOMIHHUMH CTPYMaMH.

Y m’aToMy po3auii METOJl YHITAPHUX OJSTAlOuUX MEPETBOPEHb 3aCTOCOBAHO IS
OOYMCIIEHHS ONEepaTopiB B3AEMOJIi EJIEKTPOMArHiTHOTO Ta EJIEKTPOH-TIO3UTPOHHOTO
MOJIIB Yy JAPYroMy MOPSAKY Teopii 30ypeHb, 3a JOMOMOTOI0 SKHX OTPHUMAHO BiJOMi
IuQepeHiiiti nepepizu MpoIeciB KBAHTOBOI €JIEKTPOAUHAMIKH.

Y mocromy po3aiun OOYHCIEHO EHEPreTUYHHU CHEKTp Ta KBAHTOBI CTaHU
Haparo3UTPOHiI0, BUKOPUCTOBYIOUH OIEPATOPU PENIATUBICTCHKOT B3a€MOJIl OISTHEHUX
€JIEKTPOHA Ta O3UTPOHA.



OcHOBHI pe3yibraru onucaHi y BucHoBkax.

3. HaykoBa HOBU3HA 0/1ep:KaHMX Pe3yJIbTaTiB

Baromi HOBi pesynbraru gucepraiiiiHoi poOOTH MOXHa copMyITHOBaTH
HACTYITHUM YHUHOM:

1. BukopuCTOBYIOUM METOJ YHITApPHUX OJATHEHUX IEPETBOPEHb, MOOYIOBAHO
CIMEHCTBO ME30HHMX OOMIHHHMX CTpPYMIB, LIO JO3BOJII€E BPAaXOBYBaTH e€(EKTH, SKi
3yMOBJIEHI OOMIHOM ME30HaMHu 3 PI3HUMHM KBAaHTOBUMH YHCIIAaMH B MaJIOHYKJIOHHHX
3B’ I3aHUX CUCTEMAX IPHU iX B3a€MOJI] 3 €JIEKTPOMArHITHUM I10JIEM.

2. ®opmanizaM ME30HHUX OOMIHHHMX CTPyMIB 3aCTOCOBAaHO ISl PO3PAXyHKY
Mar”iTHOro Qopmdakropa JIEeHTpOHA 3 YpaxyBaHHSAM pPEISATUBICTCHBKUX €(EKTIB B
MIMPOKOMY Jlarna3oHi KBaJpara nepeaaHoro iMITyJibCy.

3. IloOymoBaHO raMuIBTOHIAH EIEKTPOH-TIO3UTPOHHOTO 1 E€JEKTPOMArHITHOTO
MOJIIB Y 300pa)K€HH1 OMATHEHUX YACTUHOK, OTPHMAHO OIEpaTOpu B3aEMOMAIT Mixk
OJSITHEHUMHU E€JIEKTPOHAMH, MO3UTpOHaMH Ta (OTOHAMH, SIKI BIATBOPIOIOTH BiIOMI
pe3yibpTaTH y nepuioMy OOpHIBCHKOMY HAOIM)KEHHI.

4. OOUHCICHO CHePTeTUYHHN CIIEKTP Mapario3uTPOHII0, KOTPUH PO3TISIAETHCS SIK
3B'SI3aHUN CTaH OASTHEHHMX EJEKTPOHA 1 Mo3uTpoHa. OTpUMaHO TEpIry MOMPaBKY 10
€Heprii OCHOBHOTO CTaHy Ta IMBUJIKICTh HOTO po3Maay Ha J1Ba (hOTOHHU.

5. Ha npukiiazi B3aEMOJIIF0UHX TOJIIB 31 CIIMHAMU MOJIOBUHA (HYKJIOH) Ta OJMHUIIS
(BekTOpHHUII ME30H) IMOKA3aHO, SIK IMOIPaBKa 0 MacH HYKJIOHA, sIka BUHHUKAE 3a PaxXyHOK
B3a€MOIIl, MOke OyTH OOuHcieHa B MeXKax 300paKeHHsI OASTHEHUX YaCTHHOK 1 K 3a
PaxyHOK YHITApHUX OJSITAIOUMX MEPETBOPEHb MOXKHA YHUKHYTH MAacCOBUX KOHTPUJICHIB
Ha piBHI ['aminbTOHIaHY.

4. locTOBIipHICTH i 0OIPYHTOBAHICTH HAYKOBHUX M0JI0KE€Hb, CPOPMYJIbOBAHUX Y
auceprauniiiHii poooTi

TeopeTHko-noIbOBUI METOJ] YHITAPHUX OJSTAIOUMX MEPETBOPEHB 1 300paKeHHs
OJIATHEHHX YaCTHUHOK Oyju po3poOJieHi I OMUCY IPOIIECIB B MEkaX raMIJIBTOHOBOTO
dopMmamizMy 1 MaroTh OLTBII HIXK MIBBIKOBY icTOpito. B Mexax mporo Qopmanizmy
BIpTyaJIbHI €(EKTH BKIIFOUCHI JO BIACTUBOCTEH ONATHCHMX YACTHHOK Ta iX B3a€MOJIH,
10 pOOUTH MOT0 3pYUYHUM JJIs AOCIIIKEHHSI MaJIOHYKJIOHHUX cUcTeM. B nuceprariiiiniii
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po0OOTI 300pa)k€HHSI OJATHEHMX YACTMHOK MOIIMPEHO HAa PO3paxyHKH MAarHiTHOTO
dbopmdbakTopa AEHTpOHA, EHEPreTHUYHOIO CIEKTpa TMapano3UuTPOHII0 Ta MepepisiB
IPOLIECIB KBAHTOBOI €JIEKTPOJIMHAMIKM B OOpPHIBCbKOMY HaOmmkeHH1. Bcl po3paxyHku
BHUKOHAHI 3 KOHTPOJIEM KaTiOpyBalIbHOI Ta PENATUBICTCHKOI 1IHBAPIaHTHOCTEH.

Otxe, MOXXHAa BBaXaTW MPEJCTABICHI B JWCEPTaliiHIi poOOTI pe3yabTaTu
AOCTOBIPHUMM Ta O0IPYHTOBAHMMHU.

5. [IoBHOTa BMKJIAJICHHA HAYKOBHUX I10JIOKEHb, BHCHOBKIB i pe3yJbTaTiB B
ony0JIiKOBaHMX NpAaNAX, anpodaiis pe3yJabTariB podoTn

Pesynbratn aucepraiii MOBHOW MipoOW BHUCBITIIEHO VY IIICTHOX CTAaTTAX Y
BITYM3HSIHUX Ta MDKHApPOJHUX HAYKOBUX >KypHaJax, 1HIACKCOBAaHUX y SCOPUS, OfHiM
MoHorpadii, a Takox Oylu TpeACcTaBiIeHI Ha MIXHAPOAHUX KoH(pepeHmisx y SnoHii,
Benukiit bputanii Ta HimeuuuHi.

6. TeopeTnyHe Ta NPAKTHYHE 3HAYECHHSI OJleP:KAHUX Pe3yJabTaTiB

Huceprariiina poboTa BHKOHAHA B MeXax TEMATUYHOIO IUIAaHYy HayKOBHX
nociimpkersb [Hetutyty Teopetuunoi ¢izuku iM. O.I. Axiezepa HHI[ XDTI. Orpumani
pe3yibTaTi JIONOBHIOIOTh Ta PO3LIMPIOIOTh HASIBHI YSABJICHHS MPO OMUC B3aeMOMIL siiep
Ta eJIEMEHTAapHUX YaCTUHOK B ME&XaxX KBaHTOBOI Teopii nmossi. HoBi onepaTtopn Me30HHUX
CTPyMIB € KOPUCHHMH JJIsl PO3PaXyHKIB IIMPOKOTO KOJIa CIIOCTEPEKYBAHUX BEIHYUH B
eJIEKTPOJUHAMIII aApOHiB. 3HaliIeHa 3aJIe)KHICTh MarHiTHOro ¢gopmdakrropa AeHTpoHA
BiJl KBajJpara MEpPEAaHOTO IMITYIbCYy CTUMYJIIOE MOTO BHUMIPIOBAaHHS B MPYKHOMY
CJIEKTPOH-ACUTPOHHOMY PO3CIIOBaHHI, @ PE3yJAbTaTd CTOCOBHO AaroOMIB TMO3UTPOHIIO
noTpeOyI0Th MOAAIBIIOT0 €KCIIEPUMEHTAIBHOTO JTOCTIHKEHHS 1X TOHKOI Ta HAJTOHKOI
CTpYKTypH. YacTka pe3ynbTaTiB Ma€ eBHE METOAOIOTTYHE 3HAYEHHS.

7. BinnoBigHicTh BUMOramM akajaeMiuHOl J00pPO4eCHOCTI

Jucepraliisi MICTUTh pe3yJabTaTH BIACHOTO JOCIIIHPKEHHS, HE MICTUTh 3all03UYECHUX
MatepiaigiB 0e3 HaJIeKHOro MOCHJIaHHS Ha HUX. BBaxaro, mo po0OoTa BUKOHAHA 3
JOTPUMAaHHSAM aKaJeMIYHOI JOOPOYECHOCTI.



8. luckyciliHi mo/10;keHHs Ta 3ayBa)KeHHsI 10 AucepTaliiHoi poooTH

Jlo po3misiHyTO1 JaucepTaliitHoi poOOTH MOMKHA 3alpoIOHYBaTH Taki JAUCKYCIHHI
TIOJIOXKCHHSI Ta 3ayBa)KCHHSI:

1. OTpumyroun HOBI ME30HHI OOMIHHI CTPYMH, aBTOP BBa)Ka€ ME30HH 3a TOYKOBI
€JIeMEHTapHl YAaCTHHKHM, HEXTYIOUM IX BHYTPIIIHIMH CTPYKTypaMH Ta IIUPUHAMHU
po3naaiB. Y 11poMy 3B’ 513Ky Oysio O 1IKaBO OILIHUTH TOYHICTh PE3YJIbTaTiB, OTPUMAHUX B
MekKaxX METO/y YHITApHUX OJSTalouuX NMEPEeTBOPEHb, Ta TPAHUILIL iX 3aCTOCYBaHb.

2. Y pesxux ¢opmyiax, IO MICTATh BEIUKY KUIBKICTh CKaISIPHUX 1 BEKTOPHUX
BEJIMYMH, BaXXKO 3PO3YMITH, Kl BEKTOpH IMEPEMHOXYIOTbCs, a skl Hi. Hampukian, y
dopmymax (1.28), (1.29), (2.54), (3.53), (5.28) ta iHmHKX, BapTO BHUKOPHUCTOBYBAaTH
Kparky Ha IO3HAYEHHsI CKAJIIPHOIO MHOXEHHSI BEKTOPIB.

3. V yerBeproMy po3isli OTPUMAHO MarHiTHUN (HopMdakTop ACUTpOHA, alie He
BKa3aHO, YW € MOXIIMBICTh PO3paxyBaTH TAaKOX EJICKTPUYHUN Ta KBaAPYIOIbHUIMA
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dopmparropu, mob matu Bupa3s ais ctpykrypHoi pyHkii A(Q”).

4. Y 1’ aTOMy pO3/i1 TOSICHIOETHCS, SIK MOYKHAa BUKOHATH PO3PAXYHKH Y BHIIHUX
nopsikax Teopii 30ypeHb Uil MPOIECIB KBAHTOBOI €JIEKTPOJUHAMIKH. A YU OYIKYETHCS
BIIXHJICHHS BiJl BIZIOMHUX Pe3yJIBTaTiB (SKOT0 HEMAE ik OOPHIBCHKOTO HAOIMKECHHS).

5. Jlo po3paxyHKiB €HEPreTUYHOTO CIEKTpa Maparno3uTPOHit0, HA Mii MO, HE
BHCTAYa€ MOPIBHSAHD 3 BIJOMUMH €KCTIEPUMEHTAIbHUMHU JTaHUMH.

3po0eHi 3ayBakKeHHS HE BIUIMBAIOTh Ha 3arajbHy MO3UTUBHY OLIHKY poOOTH, HE
3MEHILYIOTh BarOMOCTI Ta IIHHOCTI OTPUMAaHUX IPH 11 BAKOHAHHI PE3yJIbTaTIB.

9.3araJibHi BUCHOBKH
VY nucepraniitHiii po6oTi

- B Me&XaxX METOJIY YHITapHHMX OJArarduXx MEepeTBOPEHb MOCIHIJIOBHO JOCIIKEH]
JesIK1 BJIACTUBOCTI JEUTPOHA Ta MO3UTPOHIIO, a TAKOXK HAUIIPOCTIII MPOLECH KBAHTOBO1
€JIEKTPOIMHAMIKH,

- MOOYI0BaHO HOBI ME30HHI OOMIHHI CTPYMH, OOYHMCIIEHO MAarHiTHUI (opMbakTop
NEUTPOHA, €HEPreTUYHUI CHEKTP Mapano3UTPOHIID Ta MEpepi3H MPOILECIB KBAHTOBOI
€JIEKTPOUHAMIKU B OOPHIBCHKOMY HAOIMKEHHI.



- OTpUMaH1 pe3yibTaTh apryMEHTOBAH1, OITUCaH1 MOC1I0OBHO, 100pe 0dopMIIeH] Ta
HIMPOKO MPOLTIOCTPOBAHI rpadiyHUM MaTePIaIOM.

HaykoBi pe3ynapTar MOBHOKO MIpPOKO BHCBITJIIEHI B CTaTTaX, 1 Marepiajax
koHdepenmii. Jucepramiss Koctunenko .0. € 3aBepiieHO0 HAyKOBO-IOCIITHOIO
po0OTOI0, BUKOHAHOIO Ha BHCOKOMY HAayKOBOMY piBHI, HE MICTUTH IJariaty. Pobora
IOpUCBSYEHA AaKTyajbHIA TeMi. HaykoBl pe3ynpTaT € HOBUMH, YTOYHIOIOTH HasBHI
3HaHHS TPO BIACTUBOCTI JEUTPOHA Ta MO3UTPOHIIO 1 MalOTh HAYKOBY I[IHHICTb.

Huceprariisi 3a10BosibHsAE€ BUMoraM «llopsKy MPUCYIKEHHSI CTYIMEHs JOKTOpa
dimocodii Ta ckacyBaHHsS PIIIEHHS Pa30BOi CIEIIali30BaHOI BUEHOI paju 3aKkjiIamy
BUIIOI OCBITH, HAyKOBOi YCTaHOBU MpPO MPUCYHKEHHSI CTYIEHsA JoKTopa (inocodii»
(mocranoBa KabGinery MinictpiB VYkpainm Big 12.01.2022 p. Ned4) ta Hakasy
MinictepctBa ocBiTH 1 Hayku Ykpainu Bim 12.01.2017 p. NedO «IIpo 3arBepixeHHS
Bumor 1o odopmieHHs guceprarii».

Bpaxaro, mo Koctuiaenko SIn OJiekcaHApoBMY 3aC/IyrOBY€ Ha NPHCYIKEHHS
oMy crtyneHsi noktopa ¢ijgocodii y ramysi 3nanb 10 — «[Ipupomnuui Hayku» 3a
cnerianbHicTIO 104 — «®Di3uka Ta aCTpOHOMISI».

OdimifiHuii pereH3eHrT,

JTOKTOp (13UKO-MaTeMaTUYHUX HayK,

MIPOBIIHHI HAYKOBHM CIIBPOOITHUK BIAALTY

KBAaHTOBO-EJIEKTPOIMHAMIYHUX SBUIL TA

€JICKTPOAMHAMIKY apOHIB [HCTUTYTY

TeopetnyHoi pi3uku iMeH1 O.1. Axiezepa

HHII XDTI Muxkora MEPEHKOB
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