
BI,WYK O<PII(IHHOro OIIOHEHTA 

)J;OKTOpa cp.-M.H, npocp., npocp. Kacpe.n;pH 51.n;epHOI cpi3HKH Ta BHCOKHX eHepri:H: 

KHi'BCbKoro Ha:o;ioHaJibHoro yHiBepcHTeTy iMeHi Tapaca llleBtieHKa 

Ilrr10:H:Ka Borro.n;HMHpa AH.n;pi:H:oBHtia 

Ha .n;11cepTa:o;i:H:Hy po6oTy Corrox11-KrrHMtiaK Map'51HH ,[(MHTpiBHH 

«,[(MHAMIKA ,[(BO - TPHKJ1ACTEPHJ1X JI,[(EPHJ1X CHCTEM B 
MIKPOCKOilllffil1X MO,[(EJ15IX» 

npe.n;cTaBJieHy .n;o 3aXHCTY Ha 3.n;o6yrr51 HayKOBOfO CTyneH51 )J;OKTOpa cpirrococpii' 

(HaIIp51M 10 - IIpHpO)J;HHtii HayKH, crre:o;iaJihHiCTb 104 - cpi3HKa Ta acTpOHOMi51) 

B ocTaHHE: .n;ec51THpltitI51 3HatIHa yBara npH)J;IJI51E:TbC51 .n;ocm.n;)K:eHH51M 

BrracTHBOCTe:H: nerKHX crra6K03B1513aHHHX 51.n;ep, 3B'513KY i'x KorreKTHBHHX 36y.n;)K:eHb 

Ta 6iHapHHX KaHaJiiB peaK:o;i:H:, 3a.n;atii TpHKrracTepHoro KOHTHHYYMY, Toru:o .. 

3oKpeMa TaKi .n;ocrri.n;)K:eHH51 .n;aIOTb 3MOry BH3HatIHTH porrb Ta BHeCKH pl3HHX 

KOMIIOHeHTiB 51.n;epHOl B3aE:Mo.n;i'i, a TaKO)K: oco6JIHBOCTi KOJieKTHBHOfO pyxy 1 

npou;eciB po3na.n;y y rrerKHX 51.n;pax. l(i .n;ocrri.n;)K:eHH5I Ha)J;3BHtia:H:Ho cKrra.n;Hi, TaK 51K 

Heo6xi.n;HO KOpeKTHO BpaxoByBaTH, 51K KiHeMaTHtIHi Koperr51:o;i'i B pyci HYKJIOHlB 

(HanpHKna.n;, Ti, ru:o o6yMoBrreHi 36epe)K:eHH51M pyxy :o;eHTpa Mac, KYTOBoro 

MOMeHTY i npHHU:HIIOM IIayrri), TaK i serrHKi HMOBipHOCTi po3na.n;y 51)].ep. ToMy 

rr106i cnpo6H 3acTocyBaHH5I Ha6Jitt)K:eHHX MeTo.n;iB BHMaraIOTb nonepe.n;Hhoro 

fJIH60KOfO TeopeTHtIHOfO aHaJii3y Ha OCHOBi cpyH.n;aMeHTaJibHHX cpi3HtIHHX 

npHHU:HIIiB Ta MaTeMaTHtIHO Ha.n;i:H:HHX MeTo.n;iB. ,[(11cepTa:o;i:H:Ha po6oTa Corrox11-

Km1MtiaK Map' 51HH ,[(MHTpiBHH npHCB51tieHa aHaJii3y TaKoro ni.n;xo.n;y, a caMe 

Arrre6pa'itIHiH Bepci'i MeTo.n;y pe3oHymLIMX rpyn (AB MPr) Ta :H:oro Mo,nmpiKa:o;i'i. 

.Ue cBi,ntIHTb npo Ti aKTYaJihHiCTb. 

,[(11cepTa:o;i:H:Ha po6oTa .n;o 3ax11cTy npe)l.cTaBrreHa BnepIIIe. BoHa CKJia)l,aE:TbC51 31 

BcTyny, Tpbox po3.n;irriB, cnHcKy ny6rriKa:o;i:H: aBTOpKH 3a TeMoIO )l,11cepTa:o;11, 

Bi.[(OMOCTeH npo anpo6au;i10 pe3yJibTaTiB 

y BcTyni o6rpyHTOBaHO aKTyaJibHlCTb OCHOBHHX HaIIp51MKlB .[(OCJil.[()l{:eHb, 

IIOKa3aHO 3B' 5130K po60TH 3 HayKOJ3HMH IIJiaHaMH Ta TeMaMH, ccpopMyJibOBaHO 

. . 
MeTy Ta 3a)J;alfl .[(OCJI1.[()K:eHH51, rrpo,neMOHCTpOBaHO, B tIOMY IIOJI51faE: HOBH3Ha Ta 
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rrpaKTl'.PIHe 3HaqeHIDI OTpHMaHHX pe3yJibTaTIB, BllCBlTJieHO oco6HCTHH BHeCOK 

3,n;o6yBaqa rrptt oTpttMaHHi pe3yJII>TaTiB, BKa3aHa arrpo6au;i5I pe3yJII>TaTiB. 

B rrepIIIoMy po3,n;iJii po6oTtt po3rJI51,n;aIOTbC51 rrttTaHH51 36i:>KHOCTi pe3yJII>TaTiB 

3a BttKopttcTaHH5IM T-MaTpttu;i rrptt ,n;ocJii,n;:>KeHHi cTaHiB ,n;ttcKpeTHoro Ta 

HerrepepBHoro crreKTpiB. Po3rJI51,n; o6Me:>KeHo Mo,n;eJihHHMH 3a,n;aqaMtt qacTHHKH B 

rrom u:eHTpaJibHHX rroTeHIJJaJilB. EyJio BHKop11cTaHo q0Tttp11 rroTeHU:laJIH 

(rayciBCbKHH, eKcrroHeHu;iaJihHHH, IOKaBtt Ta rrp5IMOKYTHa 51Ma), IIJ,06 

rrpo,n;eMoHcTpyBaTtt 3aJie:>KHiCTb Koecpiu:ieHTiB po3KJia,n;y T-MaTpttr.i:i Bi,n; cpopM11 

rroTem.i:iaJiy. TaKo:>K ,n;ocJii,n;:>KeHo 3aJie:>KHiCTb Koecpiu:ieHTiB Bi,n; ocu;11JI5ITOpHoro 

pa,n;iyca Ta qlfcJia 6a3HCHHX cpyHKU:iH, 3aJiyqeHHX ,n;o po3paxyHKy. ,II.ocJii,n;:>KeHH51 

rrpOBO,Z1;llJIOCb 3a ,Z1;0IIOMOfOIO OTpttMaHo'i CllCTeMH JiiHiHHHX p1BH51Hb ,Z1;JI51 

Koecpiu:ieHTiB po3KJia,n;y T-MaTpttu;i no ocu;ttJI5ITOpHHM cpyHKU:i5IM. 

B ,n;pyroMy po3,n;iJii po6oTH aHaJii3yeThC51 3B15130K Mi:>K KBaHTOBHM Ta 

KJiac11qHlfM OIIHCaMH CllCTeM, IIJ,O ,n;orroMarae HaoqHo II05ICHI1TI1 MaTeMaT11qm 

o6qttcJieHH51. B po6oTi ,n;JI51 u:noro BHKopttcToByeThC51 MeTo,n; cpa30B11x rropTpeTiB. 

5IKI.IJ;O Bi,n;oMa XBllJibOBa cpyHKU:i51 y KOOp,n;ttHaTHOMY rrpe,n;cTaBJieHHi, TO Mil Ma€MO 

rycTHHY HMOBipHOCTi B KOOp,n;11HaTHOMY rrpe,n;cTaBJieHHi, aHaJioriqHo - B 

iMITYJibCHOMy. ,Zl.JI51 rro6y,n;oBH cpa30BHX rropTpeTiB Tpe6a 3HaTH po3rro,n;iJI rycnrn11 

y cpa30BOMY rrpocTopi rrpocTopoBo'i Koop,n;ttHaTtt Ta iMrryJincy. XBHJibOBY 

cpyHKU:iIO y cpa30BOMY rrpocTopi MO:>KHa OTpttMaTH 3a ,Z1;0IIOMOfOIO rrepeTBOpeHH51 

<PoKa-EaprMaHa 3 cpyHKU:iH y Koop,n;irnaTHOMY a6o iMTIYJibCHOMY rrpe,n;cTaBJieHHi. 

rycTHHa p03IIO,Z1;iJiy rrptt pi3HHX 3HaqeHIDIX eHepri'i ,Z1;03BOJI51€ rro6y,n;yBaTH cpa30Bi 

rropTpeTtt cTaHiB ,n;ttcKpeTHoro Ta HerrepepBHoro crreKTpa. ITpocTip EaprMaHa 

3a6e3rreqye rrpttpo,n;HHH OTIHC KBaHTOBO-KJiacttqHo'i Bi,n;rroBi,n;HOCTi Ta ,Z1;03BOJ151€ 

BCTaHOBHTll, rrp11 51KiH eHepri'i KBaHTOBi cpa30Bi TpaeKTopi'i Ha6Jitt:>KaIOTbC51 ,n;o 

CBOlX KJiacttqHlfX. y U:bOMY po3,n;iJii B 5IKOCTi rrpI1KJia,n;iB p03fJI51,Z1;aIOTbC51 ,n;Bi 
. . . .. . . 

MO,n;eJibHl 3a,n;al..£1: pyx BlJibHOl qacTHHKll Ta pyx qacTHHKll B IIOJil raycIBCbKOro 

IIOTeHU:iaJiy' a TaKO:>K peaJibHa cpi3ttqHa 3a,n;aqa, B 51KiH ,n;ocJii,Z1;:>KYffiTbC51 cpa3oBi 

rropTpeTH ,Z1;JI51 3B'513aHoro OCHOBHOfO CTaHy 1 +Ta rrepIIIoro 36y,n;:>KeHoro 1 + CTaHy 

51,n;pa 6 Li. 
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TpeTiii po3JJ:in rrpncmPieHo BHB"LJeHHIO caMe BnacTnBocTeii 3B '513aHnx cTaHiB i 

cTaHiB HerrepepBHoro crreKTpa B KaHani 
3H+ A rirrep51,z::i;pa 

4 /\H 3a ,z::i;orroMoroIO 

TpnKnacTepHnx anre6pa1"LIHHX Mo,z::i;eneii. B rreprniii 3 5IKHX - Anre6pa1"LIHiii MO,[(erri 

3 OCU:HJI51TOpHHM 6a3HCOM (AMOE) ,[(JI51 po3KJia,[(y cpyHKU:ii: Bi,[(HOCHoro pyxy 

KJiaCTepiB BHKOpHCTOByBanHCb rirrepccpepn"LJ:Hi OCU:HJI5ITOpHi cpyHKU:ii:, a B JJ:pyriii 

- Arrre6pa1"LIHiii Mo,z::i;erri 3 rayciBCbKHM Ta ocu:nn5ITOpHnM 6a3HCOM (AMrOE) 

rayciBCbKHH 6a3HC BHKOpHCTOByBaBC51 ,[(JI51 orrncy IIOJI5IpH3aU:ll 6iHapHo'i 

rri,z::i;cncTeMn, a ocu:nn51TOpHnii - ,[(JI51 orrncy pyxy TpeThoro KrracTepa. B AMrOE 

po3rJI51,[(annch Tpn Tnrrn MO)l(JIHBoi: KrracTepi3au:i'i (T.3. Tpn ,z::i;epeBa 5IKo6n): (D+n) 

+ A, (D+A)+n i D+(n+A), a B AMOE rrnrne rreprne 3 ,[(epeB. Ilpn U:bOMY 

pe3ynbTaTH ,[(JI51 3B'513aHHX CTaHiB B o6ox po3paxyHKax rrpaKTH"LJHO 36irJIHC51, ru:o 

roBopnTb npo ,[(OMittyID"LIY porrb KrracTepn3au:i1 (D+n) + A. 

Cepe,z::i; Haii6inhIII Ba)l(JIHBHX pe3yrrhTaTiB crri,z::i; Bi,[(MiTHTH TaKi: 

1. BcTaHoBrreHo, ru:o T-MaTpHU:51 B rrpeJJ:CTaBneHHI ocu:nrr51Topa MO)l(e 6yn1 

OTpnMaHa y BCKTOpHOMY Ta MaTpH"LIHOMY BHrJI51,[(i. BeKTOpHa cpopMa 

ni,z::i;xo,z::i;nTb ,[(JI51 ,z::i;ocrri,[()l(CHH51 T-MaTpnu:i Ha eHepreTn"LIHo'i niBnoBepxHi, TOJJ:i 

5IK MaTpH"LIHa cpopMa 6iJibIIIe ni,[(XO,[(HTb ,[(JI51 IIOBHOl eHepreTH"LJHOl IIOBepxHi. 

2. Po3paxoBaHo Koecpiu:ieHTH po3Krra,z::i;y T-MaTpnu:i ,[(JI5I "LIOTnphox pi3HI1X 

IIOTeHu:ianiB. IloKa3aHO, ru:o IIIBH,[(KiCTb 3MCHIIICHH51 Koecpiu:ieHTiB po3KJia,[(y 

T-MaTpnu:i 3ane)l(HTb Bi,[( cpopMn noTeHu:iany Ta ocu:mrnTopHoi: ,[(OB)l(HHI1. 

Ilpn U:bOMY Koecpiu:ieHTH po3KJia,[(y T-MaTpnu:i He JJ:y)l(e cnrrhHO 3ane)l(aTh 

Bi,[( eHeprii: CTaHiB HenepepBHOro cneKTPY B THX Me)l(aX eHepru, 51Ka 

,z::i;ocrriJJ:)l(yBanacb (,z::i;o 20 MeB). 

3. ~ocrri,[()l(CHO acnMIITOTnqm BrracTHBOCTl T-MaTpnu:i B JJ:HCKpeTHOMY 

rrpocTop1 i BCTaHoBrreHo 3B15130K 3 i:x acnMIITOTnqHoIO cpopMoIO B 

. . 
KOOp,[(l·IHaTHOMY Ta lMIIYJibCHOMY npoCTOpl. 

4. Ilo6y ,[(OBaHO cpa3oBi Tpa€KTOp11 ,[(JI5I ,[(BOX MO,[(CJibHHX CHCTeM: 

rapMOHl"LJHOro OCU:HJI5ITOpa Ta BlJibHOro pyxy qacTHHKH. y neprnoMy 

BHIIa,[(KY OTpnMaHO TiJibKH cpiHiTHi cpa3oBi Tpa€KTopi'i, a y JJ:pyroMy TiJibKH 

iHcpiHiTHi. Po3paxoBaHi 3a JJ:OIIOMoroIO AB MPr cpa3oBi nopTpen1 JJ:JI5I 
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pea.TibHOl cpi31fqHoi' CHCTeMH 51.lJ.PO 6Li .[(JI51 KJiaCTepH3auji' 4He+D B 

OCHOBHOMY 3B'513aHOMY CTaHi 1 + Ta BHC036y.n.)l(eHoro CTaHy 1 +. 3'51COBaHo, 

ll.J,0 cpa30BHH rropTpeT .[(JI51 3B'513aHoro CTaHy MiCTHTh nmrre cpiHiTHi cpa30Bi 

TpaE:KTOpii', TO.[(i 51K cpa30BHH rropTpeT .[(JI51 BHCOK036y.n.)l(eHoro CTaHy 1 + 

Hara.n.ye cpa30BHH rropTpeT BiJihHOl qacTHHKH 3 He3HaqHMM BTIJIHBOM 

rrpHHL(Hny ITayni. 

5. ITpo.n.eMoHcTpoBaHo, ll.J,O KJiacTepHe rrpe.n.cTaBJieHH51 (D + n) + A 3 

ypaxyBaHH51M IIOJI51pH3a1(ii' 6iHapHoi' ni.n.cHCTeMH (D + n), Bi.n.irpac 

.n.oMiHyIOqy pono B orrttci BJiaCTHBOCTeii rirrep51.n.pa 
4
AH. To6To BmKJIMBHM 

cpaKTopoM e Heo6xi.n.HiCTh 5IKHaiiKpa11J,oro orrttcy 6iHapHoi' rri.n.cttcTeMH D + 

n. U:e cTocycThC51 TaKO)I( i CTaHiB HenepepBHoro crreKTpa. ITpH L(hOMY, 

He3Ba)l(aJOqH Ha Te, ll.J,O AN B3aE:MO.lJ.i51 c 3HaqHo cna6rnoIO 3a NN 

B3aE:MO.lJ.iIO, A-rirrepoH rreBHHM qlfHOM rron51ptt3yc Kop 3H. 

5IKiCTh Ta o6c51r rrpoBe.[(eHHX .n.ocni.n.)l(eHb He BHKJIHKaIOTh cyMHiBy. 0.n.HaK. Ha 

MOIO .ll.YMKy, rrepIIIHH p03.[(iJI .[(ell.J,O rrepeo6T51)1(eHO cpopMyJiaMH i B TeKCTi 

3ycTpiqaJ0ThC5I .n.pyKapcoKi rroMHJIKH. Mo)l(Ha TaKO)I( 3po6HTH TaKi 3ayBa)l(eHH5I. 

l.Y rreprnoMy po3.n.ini .n.eTa.TihHO po3rJI5IHYTO BJiaCTHBOCTi T-MaTpttu;i B 

.D.HCKpeTHOMY ocu;iJI51TOpHoMy rrpe.n.cTaBJieHHi. Ane 51 BBa)l(aIO, ll.J,O 3a.n.aqa He 

30BCiM .n.oBe.[(eHa .n.o KiH1(51. Ha Miii rrorJI51.lJ. Tpe6a 6yno 6 oTpHMaTH XBHJihOBi 

cpyHKL(ii' .[(JI51 po3rJI51HYTHX rrpHKJia.[(iB i crriBCTaBHTH i'x 36i)l(HiCTh 3i 36birnicTIO 

Koecpiu;ieHTiB po3Kna.n.y T-MaTpttu;i. 

2. y TpeThOMY p03.[(iJii rrpH .n.ocni.n.)l(eHHi BJiaCTHBOCTeii rmep51.n.pa 
4
AH 

BHKOpHCTOBYBa.TIHCh .D.Bi a.rrre6pai'qHi Mo.n.eni AMrOE (Anre6pai'qHa MO,D,eJih 

rayciBChKHii, OC1(HJI51TOpHHH 6a3HC) Ta AMOE (Anre6pai'qHa Mo.n.enh 

ocu;HJI51TOpHHii 6a3HC ). Eyno 6 KopHCHHM qfrKo Bi.D.MiTHTH, qlfM ocTaHHiii rri.n.xi.n. 

Bi.n.pi3H51€ThC51 Bi.n. Anre6pai'qHoi' Bepcii' MeTo.n.y pe3oHyIOqHx rpyrr. 

0.n.HaK u;i 3ayBa)l(eHH5I He CTOCyIOTbC51 .[(OCTOBipHOCTi pe3yJioTaTiB He 

3MeHIIIYIOTh i'x Ba)l(JIHBiCTh. 

ITpe.n.cTaBJieHa .n.o 3axttcTy po6oTa BHKOHaHa Ha BHCOKOMY TeopeTHqHoMy piBHi. 
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~OCTOBipHiCTh Ta o6rpyHTOBaHiCTh LJ:OCJii,r:pKeHh BM3Haqa€ThC5I BMKOpHCTaHH5IM 

Ha,z:i:iiiHMX MaTeMaTMqHMX MeTOLJ:iB Ta MeTOLJ:iB o6qMCJieHh, i rropiBH5IHH5IM 

OTpHMaHMX TeopeTMqHMX 3HaqeHh 3 eKcrrepHMeHTaJihHMMM ,z:i:aHMMM. 

Pe3yJinTaTM, HaBe,z:i:eHi B ,z:i:ttcepTau:i'i, orry6JiiKoBaHi B cTaTT5IX B rrpoBILJ:HMX 

pecpepoBaHMX HayKOBMX )l(YPHaJiax, rn:o BXOLJ:5!Th LJ:O HayKoMeTpHqHoi' 6a3M 

SCOPUS. HayKoBi rry6JiiKau:ii' Ta i'x arrpo6au:i5I Ha HayKoBMX KOHcpepeHU:i5Ix 

IIOBHicno Bi,z:i:rroBi,z:i:aIOTh BMMOraM II. 8 "I1op5ILJ:KY rrpttcy,z:i:)l(eHH5I CTyrreH5I LJ:OKTOpa 

cpiJiococpii' Ta cKacyBaHH5I pirneHH5I pa3oBoi' crreu:iaJii3oBaHoi' BqeHoi' pa,z:i:M 3aKna,z:i:y 

BMrn:o1 OCBlTM, HayKOBOl ycTaHOBM rrpo rrpttcy,z:i:)l(eHH5I CTyrreH5I LJ:OKTopa 

cpinococpi'i", 3aTBep,z:i:)l(eHoro ITocTaHoBoro N2 44 Ka6iHeTy MiHicTpiB YKpai'HM Bi,z:i: 

12 ciqH5I 2022 p. 

ToMy BBa)l(aIO, rn:JI ,z:i:ttcepTau:rn Maph5IHM ~MHTpiBHM CoJIOXM-KJIMMqaK 

"~MHaMiKa LJ:BO - TpHKJiaCTepHHX 51,z:i:epHHX CMCTeM B MiKpOCKorriqHMX MOLJ:eJI5IX" 

IIOBHiCTIO Bi,z:i:rroBi,z:i:a€ crreu:iaJihHOCTi "104 <l>i3MKa Ta acTpOHOMi5I" Ta BMMOraM 

"I1op5ILJ:KY rrpttcy,z:i:)l(eHH5I CTyrreH5I LJ:OKTOpa cpinococpii' Ta CKacyBaHH5I p1rneHH5I 

pa30BOl crreu:iaJii30BaHOl BqeHOl pa,z:i:M 3aKJia,z:i:y BMrn:oi' OCBiTM, HayKOBOl ycTaHOBH 

rrpo rrpttcy,z:i:)l(eHH5I CTyrreH5I LJ:OKTOpa cpiJiococpii'"' 3aTBep,z:i:)l(eHoro IIOCTaHOBOIO 

Ka6iHeTy MiHicTpiB YKpai'mI Bi,z:i: 12 ciqH5I 2022 p. N2 44. ITopyrneHh aKa,z:i:eMiqHoi· 

,z:i:o6poqecHOCTi B LJ:MCepTau:ii' Ta HayKOBMX rrpaU:5IX, B 5IKMX 6yJio rrpe,z:i:cTaBJieHO 

pe3yJinTaTM ,z:i:ttcepTau:i'i, MHOIO He 6yJio BM5IBJieHo. Ha,z:i:aHa po6oTa 6e3yMOBHO 

3acJiyroBy€ Ha rro3MTMBHY ou:iHKy, a ri aBTOp Mapn5!Ha ~MHTpiBHa CoJioxa

KJIMMqaK 3acJiyroBy€ Ha rrpttcy,z:i:)l(eHH5I cTyrremr LJ:OKTopa cpiJiococpi'i 3a 

07 .02.2024 p. Bono,z:i:MMHp ITJHOMKO 
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