PELHEH3IA
Ha aucepramniitny po6otry BYBOH Tetsau JleoniniBHu
«MojentoBaHHS KOJUBAIBHOI TMHAMIKH 10H-T1IpaTHOI 000JIOHKH
noagiiiHoi cripani JIHK», mpeacrasiaeny Ha 3100yTTs cTyneHs qokTopa ¢igocodii
3 ray3i 3HaHb 10 «[IpupogHmdi HayKm»

3a crerianpHicTIO 104 «Di3uKa Ta aCTPOHOMIS

biomoriuni makpomonekynu, Taki sk JJHK, PHK Tta Ginku, y ¢izioqorivHux ymoBax
3HaxXOJAThCS Y BOAHUX PO3YMHAX 10HIB METAJIB Ta 1HIINX PEYOBHH, K1 YTBOPIOIOTH HaBKOJIO
HUX HEOJHOPIAHY I10H-TIAPAaTHY OOOJOHKY, IO CTabUIi3ye iXHIO CTPYKTYpPY, 30Kpema,
BU3Hauae ABocmipagbHuil Xapakrep crpykrypu JJHK. Bupimanbaum 17151 HOBHOTH PO3yMiHHS
¢13MuHKX MeXaH13MiB (QyHKLIOHYBaHHS noBiiHOI criipam JIHK y »kuBiil KITHHI € BUBYEHHS
B paMKax MOJEJIEH MOJICKYJISAPHOI TUHAMIKU OCOOJIMBOCTEH CTPYKTYpHOI Opradizailii 10H-
rigpatHoi obononku JJHK, a came, BnactTuBocTeil B3aeMoii K MOJIEKYJ BOJIU Ta 10HIB JIYKHUX
MeTaniB 13 nmojsiiHow cripamwno JAHK, tak 1 B3aemopii 6e3mocepeHbO0 MK €JIeMEHTaMu
po3uuny. JlochmipkeHHS AUHAMIKM CYOOJWHHUIP Takoi CKJIQJHOI CHCTEMHU 3a3BUYail
MIPOBOJATECS B paMKax BHMBYEHHS 4YaciB OCIIJIOTO JKUTTS, CTPUOKIB, MepeopieHTallid Ta
KonuBaHb. He3Baxkarouu Ha Te, 110 [uHaMika nmoABiiHoi cripani JJHK akTuBHO BUBUAETHCA K
€KCIIEpPUMEHTAIbBHUMH, TaK 1 TCOPETUYHUMH METOAMHU, CaMe KOJIMBAaJIbHA JUHAMIKA MOJIEKYJT
BOJM Ta MPOTUHOHIB METaJIB B pi3HUX Jokauiax cripan JJHK Hapasi BuBueHa He10CTaTHBO 1
notpedye po3poOKM HOBUX TEOPETUYHUX MIAXOAIB Ta TMPOBEJACHHS CHEIlaTbHUX
KOMIT'I0TepHUX cumMmyisnii. Juceprauiitna podora T.JI. ByOoH BiTHOCUTBCS came A0 LbOro
HampsiMy 1 TpPHUCBSYEHA TEOPETUYHOMY JOCIIIPKEHHIO BJIACTUBOCTEH Ta OCOOJIMBOCTEM
JUHAMIYHOI CTPYKTYPH 10H-T1JpaTHOT 000JIOHKH B PI3HUX YacTUHAX nojBiiHoi cripami JHK,
30KpeMa, BHU3HAUYEHHIO KOJIMBAJIbHUX XApAKTEPUCTUK MOJEKYJ BOJU Ta MPOTUHOHIB, IO
MIPOSIBIISIIOTHCS. B €KCIIEPUMEHTAIBHUX CIIEKTpax. Tomy, pobota €, 6€3 CyMHIBY, aKmyaibHOK
1 Ma€ CyTT€BY HayKo8y yiHuicmb K 'y (QyHIAMEHTAIbHOMY, TaK 1 MPAaKTUYHOMY acleKTax.
JlogaTKOBUM MIATBEPHKEHHSM IIbOMY € 3B’SI30K PELEH30BaHOi POOOTH 3 HAYKOBO-I0CIIITHOIO
temoro HAH VYkpainu Ta 1BOMa rpaHTOBUMH i ITPUMKAMH.

Hucepraniiina pobota opopmiieHa 3rigHo 3 Bumoramu MOH VYkpainu 1 ckinagaerbes 3
aHoTaIlil, BCTYIy, YOTHPHOX OCHOBHUX PO3/ILTiB, BUCHOBKIB, CIUCKY BUKOPUCTAHHUX JHKEPEII Ta
YOTHUPHOX MOJIATKIB, 30KpeMa, CIUCKY MyOmiKaiiil AucepTaHta 3a TEMOIO AMcepTamii Ta
BIIOMOCTEW Mpo ampoOariito pe3ynpTaTiB. 3araJbHUil 00CAT pPyKOMHCY cTaHOBUTH 171

CTOPIHKY JPYKOBAHOTO TEKCTY.



Y ecmynnii wacmuni nuceprarii HaJaHO 3arajbHy XapaKTEPUCTUKY POOOTH 3TiAHO 3
aTeCTalllfHUMM BUMOTAaMH, 30KpeMa, OOIPYHTOBAHO aKTYaJbHICTh TEMHU JUCEpTalli,
chopMyIIbOBAaHO METY, OCHOBHI 3a7ayl, 00’€KT, MPEeIMET 1 METOAU AOCIIKEHHS, OMUCAHO
HOBU3HY OJEp’KaHMX pe3ynbTaTiB. BpaxoByrouu cnenudiky 3amay Ta METOMIB, PO3ILIU
JUcepTalli MaloTh BIIACHUW BCTYI, 110 MO3UTUBHO BILNIMBA€E HA CIPUUHATTS MaTepiaiy.

Y nepwomy po30ini HaBeleHO HEOOXI1JIHI JIJIi PO3YMIHHSI MaTepiainy AucepTallii BiaoMi
JaHl 3a TEMOIO poOOTH, 30KpeMa, MOJaHO OCOOIMBOCTI CTPYKTypu Makpomoiekynmu [JHK,
BU3HAYEHO POJIb 10H-TIPATHOTO OTOYEHHS y (opMyBaHHI noasiitHoi cmipani JAHK, nagano
OCHOBHU METOJy MOJIEKYJISIPHOT TUHAMIKH, IIPOAHAII30BaHO CHENU(IKY KOJUBAIBHOI AMHAMIKA
JIHK, 110 nposIBIISIIOTECS B €KCIIEPUMEHTAIBHUX CIIEKTPax.

Y opyzomy po30ini po3BUHYTO HOBY TEOPETHUHY MOJEINb Ui PO3pPaxyHKy 4acToT Ta
aMIUTITYJ TPAHCIIALIMHUX KOJIMBaHb MOJIEKYJ BOAM B MiHOpHOMY 0151001 JIHK, 110 6a3yerbes
Ha Mojenl KoH(opMmauiiHux kKoinuBaHb BonkoBa-KoceBuya. B pamkax 3ampornoHoBaHOTrO
JTUCEPTAaHTOM MIAX0y OyJI0 OTPUMAHO aHATITUYHI BUPA3H JJIA YACTOT Ta aMIUIITYl KOJIUBaHb
cTpykrypHux eneMmeHTiB JIHK Ta monexkyn Boau, MpoBeAEHO YHCENIbHI PO3PAaXyHKH Ta
JeTaIbHUN aHai3 pe3yiabTaTiB. 30KpeMa, MOKa3aHo, 10 YacTOTa TAKUX KOJIUBAHb JIEKUTh Y
HU3BKOYACTOTHOMY JI1ara30H1 CIEKTpa Ta 3aJeKUTh B HYKJICOTHUIHOI MOCHIAOBHOCTI. [[ms
BUOKPEMJICHHSI TPAHCISLIMHUX MOJ KOJMBaHb MOJIEKYJ BOAM B MIHOpHOMY k01001 JIHK
cepell IHIIUX MOJ, CIOCTEPEKHUX B EKCIEPUMEHTAIbHUX HHU3bKOYACTOTHUX CIEKTpax,
JMCEPTAaHTOM 3aIlPOIIOHOBAHO J[Ba HE3aJIC)KHI ITIIXOJH: MOPIBHAIBHUN aHaN3 KOJIHBAJILHOT
muHaMmikd JIHK 3 pisHUM BMiCTOM HYKJICOTHIHHUX I1ap Ta YACTOTHOTO 3CYBY Y CIIEKTPI CHCTEMU
JIHK 3 Baxkoto Bomoro. OcTaHHIN NEMOHCTpye HalMEHIIUH 3CYyB YaCTOTH KOJHMBaHb Ha
10 cm! B HM3BKOYACTOTHY 00JIaCTh CHEKTPa B MOPIBHSAHHI 3 JErKOK BOAOI0, IO KiIbKICHO
Y3TO/KY€ETHCS 3 BIATIOBIIHUMH €KCIIEPUMEHTAILHUMH JTaHUMH.

Y mpemvomy po3dini B paMKax METOAY aTOMICTHYHOI MOJICKYJSPHOI JWHAMIKH, B
pe3yabTaTi MPOBEACHOTO TUCEPTAHTOM KOMIT IOTEPHOTO MOJICIIOBAaHHS, OTPUMAHO CIIEKTPH
T'YCTUHU KOJIMBAIILHUX CTaHIB JJI MOJIEKYJ Bou rifgpatHoi o6ononku JJHK, mo nokanizoBani
y pi3HuX 00JacTsAX MOJBIMHOI cripalti, a came, y 30BHIIIHIHN TipaTHii 000JI0HI, Y hochaTHUX
rpynax, y TOJIOBHOMY Ta MIHOpHOMY kojo6ax. Jns ¢i3uyHOi iHTeprpeTanii MO KOJIHBaHb
MOJIEKYJI BOJM, BUIIEHHMX B jmiamnasoHi cmexrpa <400 cM !, amcepTaHTOM 3ampONOHOBAHO
e(pEeKTUBHUI MiAXiJ, IO MOJsAra€ B OOMEXKEHHI PYyXiB aTOMIB TiJJpOT€HY MOJIEKYJ BOJM.
HaouHo nposeMoHCTpOBaHO, 0 KOJIEKTUBHA KOJUBAIbHA IUHAMIKA MOJIEKYJ BOJH TiAPaTHOI

obosionku JIHK cyTTeBO BiZipi3HAETHCS BiJl BUITAIKY MOJIEKYJI BOJIM B 00’ €Mi, IO TTOB’SI3aHO 3



VIOBUIBHEHHSIM MOJIEKYJI BHAcHiok ix B3aemomnii 3 moBepxuerwo JIHK, sk nHacmigox,
HU3bKOYACTOTHA MOJIa KOJIMBAHb IPUPOTHBO 3CYBAETHCA Y BUCOKOYACTOTHY O0JIACTH CIIEKTpA.

Yemsepmuii po30in PUCBSIUEHO BUBUYCHHIO NMHAMIKH KOJHMBaHb npoTtuioHis, JJHK Ta
MOJIEKYJT BOJM B paMKax METOJY MOJEKYJISIpHOI AMHAMIKU. [ pO3paxyHKy BiANOBITHUX
KOJIMBAJIbHUX CTIEKTPI1B AUCEPTAHTOM OYyJI0 3alIPOTIOHOBAHO JIBa HE3AJICKHI MIAXO/U: Ha OCHOBI
BpaxyBaHHsS aBTOKOPEIIINA MIBUAKOCTEH Ta aBTOKOPEIIINA TUMOIBHIUX MOMEHTIB, OKPEMO
JUISL aTOMIB KOKHOTO 3 KomnoHeHTiB cuctemu ([IHK, Boga Ta ioHm). AHani3z po3paxoBaHUX
iH(ppauepBoHux crekrpiB cucteM JIHK 3 pisHuMU npoTuiioHamMH JTy>KHUX METaJliB, 30KpeMa
Li*, Na*, K*, Rb" Ta Cs*, mokasaB, 110 BIUIMB i0OHIB Ha KojuBaibHy muHamiky JIHK e
HECYTTEBUM, 3a BUHATKOM ioHIB Li*, mo € mposiBoM ioH-pocaTHHX KOJMBaHb Ta
CIIOCTEPIracThCs B iH(pavepBOHOMY CIIEKTPi y BHIVIAAI OKpeMoi cmyru B okomi 820 cm .
BaxxnuBum JOCATHEHHSAM IILOTO PO3/LTY € 3HaleHa CYTTEBA BIAMIHHICTh CIIEKTPIB MO3UTUBHO
rizparoBanux ioniB (Li* ta Na') ta meratuBHO rigparoBanux ioHiB (K*, Rb* ta Cs') B
3aJIeKHOCTI B X pO3TalllyBaHHS BIJIHOCHO aTOMHUX Ipyn noasidHoi coipani JJHK, a Takox
MOsiBa 1300€CTUYHOI TOYKH y KOJIMBAJIBHUX CHEKTpPaxX MOJEKYJ BOJIU TiIpaTHOI OOOJOHKHU
MPOTUHOHIB, IO OOyMOBJIEHAa OOMEXKEHHSMU PYXJIUBOCTI MOJIEKYJ BOAM CIPUUYMHEHUMU
BruBoM cripani JIHK ta npoTtuitonamu.

PesynbraTi aucepraiiii € HOBUMH Ta J€TaIbHO MPOAHATI30BAHUMH, & BHCHOBKH JIOCTaTHBO
OOTpYHTOBaHUMH, 10 OOYMOBIIOETHCA AHATITUYHUMHU OIIHKAMH Ta pe3yJbTaTamMu
KOMIT'IOTePHUX CHUMYJAIiN (momaHux Ha rpadikax Ta y TaOnMIsix), a Takoxk (Hi3UIHUM
TIYMA4eHHSIM BUSBJICHHUX BIACTUBOCTEN Ta 3aKOHOMIPHOCTEH.

OcHOBHI pe3yNbTaTH AUCEPTAIIHHOT POOOTH BUKJIAJICHO Y TPHOX IMyOmiKaIisfax y GaxoBux
HaykoBux kypHamax Journal of Physical Chemistry B (Q1), European Biophysics
Journal (Q2), European Physical Journal E (Q3), siki ingekcyroThcs B 0a3ax gaHux Scopus Ta
Web of Science, onpoGoBaHO Ha MIECTH HAYKOBUX KOH(EPEHIIISIX Ta HA HAYKOBUX CEMiHapax
IncTutyTy Teopernunoi ¢gizuku im. M.M. boromo6osa HAH Ykpainu.

HHocmogipricme pobomu 3a0e31e4eHO0 KOPEKTHIUM BUKOPUCTAHHSIM Y KOMITJIEKCI METOIiB
Teopii TBepaoro Tina, Teopii koHpopManiiHaux konuBaHb JIHK, MonexynspHoi nuHamikw,
CTaTUCTHUYHOI MEXaHiKM, CydacHHMX Ta Jo0pe ampoOoBaHMX MporpamMHux maketiB NAMD,
GROMACS ta AMBER, a Takox HiATBEpIKEHHSIM MPAaBUIBHOCTI OTPUMAaHUX pPE3YJIbTaTiB
HUISAXOM X TOCIIJJOBHOTO TOPIBHSHHS 3 JaHUMHU EKCIEPHUMEHTIB Ta pe3ysbTaTaMH 1HIIUX

aBTOPIB.



Boanouac, € psin 3ayBakeHb Ta MoOakaHb 10 TUCEPTALitHOI pOOOTH:

VY pi3HHX YacTUHAX TEKCTYy AMCEpTalli AUCEPTAHTOM BKUBAIOTHCS TOTOXKHI TEPMIHU K
«MIHOPHHM KOJIO00» Ta «MaJui K07100», TaK 1 «TOJIOBHUI 3K0100» Ta «BETUKHUH K0JI00»,
SK1, BIATMOBIJHO, BU3HAYAIOTh OJIHI 1 Ti caml O0’€KTU JIOCHIIKEHb Ta y CBOIO UEpry
YCKJIATHIOIOTh CIPUAHATTS MaTepiady IIMPOKUM 3arajoM YHTAviB.

bepyun 1o yBaru Toii paxT, 1110 3Ha4HA YaCTHHA JUCEPTALIHHOT poOoTH (po3aimu 3 Ta 4)
OB’ A13aHAa 3 KOMIT FOTEPHUMH CUMYIIALISIMA B PaMKaxX METOAY MOJEKYISPHOI JHHAMIKH,
aucepTaHTy Oyino O AOUIIBHO OLIbII JI€TadbHO APryMEHTYBAaTH BUOIp BIANOBIIHHMX
MIPOrpaMHMX MAKETIB Ta MapamMeTpu3alliil CUIOBHUX IOJIB I BUPIIIEHHS KOHKPETHHUX
3a/1ad Ta 3aCTOCYBaHHS JO IEBHUX OO0 €KTIB MOCHIIHPKEHHS, JOJaBIIM, HAMPUKIAI,
MOPIBHAJIBHUM aHaji3 3 IHIIMMHM BIJIOMHMHM TIaKeTaMU Ta TapaMeTpHU3allisiMu,
3a3HAYMBIIM iX TIEPEBard Ta HEMOMIKH. Tak, He 30BCIM 3p03yMio, YoMy y mimpo3aini 3.1
JucepTallii MOJETIOBaHHS MPOBOAMIIOCA 3a gomoMoror makety NAMD 3 cuioBum
noiiem CHARMM36, a y migpo3aim 4.1 — y maketi GROMACS 3 napameTpusaiii€ro
AMBER.

Y po6oTi 6axkano Oyno 6 mogaTy OIBIN I€TaTbHUM SIKICHUM aHali3 BUOOPY MOYaTKOBUX
Ta TPAaHUYHUX YMOB, & TaKOXX BIUTMBY MAaKPOCKOIIYHUX TTapaMeTpiB CHCTEMH, 30KpeMa,
TEMIEPATYPH, THUCKY, 00’€My, KIJIBKOCTI (KOHIEHTpallii) YaCTUHOK Ha pe3yJbTaTu
MOJIETIIOBAHHSI, HAIPHUKIIAJI, PO3IJIIHYTH YMOBH TE€PMOCTaOUIBHOCTI MOJBIMHOI cripaii
JIHK mipu BapiiioBHiii TeMIiepaTypi Ta KOHIIEHTpaIlii CoJe.

[Ipu BuBYeHHI edekTiB rigparaiii mpoTuiioHis, mo B3aemoairoTh 3 JIHK (posnin 4),
1ikaBo OyIio 6 MOPIBHATH Pe3yJIbTaTH, OTPUMAaHI JUCEpTaHTOM st Mozeni Bogau TIP3P,
3 BIJMOBITHUMH pe3yJbTaTaMH JJIs IHIIUX MOJCNICH, 30KpemMa, TakuxX, IO 3AaTHi
BpaxOBYBaTH peJAKCAIlil0 TeOMETpii MOJIEKYyl BOAM B TiApaTHIA OOOJOHII KaTioHa
BHACIIIJIOK CHJIBHOI KYJIOHIBCHKO1 B3aEMO/III.

VY po3naini 4 nucepTarlii KoJMBadbHA IUHAMIKA 10H-T1IPAaTHOT 000JIOHKH JTOCIIHKYBalach
Ha mpuKIag omHoBaneHtHux ioniB Li*, Na*, K, Rb* ta Cs*, xoua Bizomo, mo ioHu
GaraToBaJleHTHHX METaJiB, Takux sk Mg?*, Mn?*, Ca%*, Cu®*, Zn?*, Fe?*/3* Tb%*, moxyTh
BrumBati Ha cTpyktypy HHK Ta posrasmatucs B poni MOTEHUIWHUX MOAYNIATOPIB
6ionoriunux ¢ynkmii JITHK. Tomy, mikaBo Oyno O TakoX MpPOBECTH BiINOBIIHI
CUMYJIAIIT II0JT0 3’ SICYBaHHS TOYOK 3B’ sI3yBaHHS TAKUX 0arato3apsijoBUX 10HIB METAITy 3

JIHK 3 meToro BHM3HAauYeHHsS iX BIUIMBY Ha BJIACTUBOCTI BTOPUHHOI Ta TPETUHHOI

CTPYKTYpH.



HaBeneHi 3ayBakKeHHSI HOCATH CKOpIIIIE XapaKTep Mo0akaHb s MOAAIBIIOT pOOOTH 1 Hi

B IKOMY pa3l He BIUIMBAIOTh HA 3arajbHy BUCOKY ITO3UTHUBHY OLIIHKY PELEH30BaHO1 pOOOTH.

[TlincymoByroun, aucepramiiina pobora T.JI. bybon Ha Temy «MojentoBaHHs
KOJMBAJIbHOI JIMHAMIKM 10H-TiIpaTHOI 00070HKK mojBiiHOi cmipam JHK», nmomana Ha
3100yTTs cTyneHs jAokropa ¢uaocogii 3 ramy3i 3HaHb 10 «IIpupognuui Hayku» 3a
cunemjanbHicTio 104 «@i3UKa Ta acTPOHOMIs» € 3aBEPIIEHUM HAYKOBHM JOCIIIKEHHSM,
pe3yabTaTH SIKOTO MAlOTh K (DyHIAMEHTAIbHE 3HAUYCHHS JUIsl TOTJIMOIEHOTr0 PO3YMIHHS POJI
10H-T1iIpaTHOT 0Oo0soHKM Yy B3aemonii JIHK 3 6iosoriyHo akTUBHUMHM MOJEKyJlIaMH, Tak 1
MpaKTUYHE [UIsl IHTEpIpeTalii E€KCHEPUMEHTAIBHUX CIEKTpiB. Y poOOTI Ta HAayKOBUX
nyOJiKalisiX HeMae MOpYyLIEHb akaJeMIqHOi JoOpoyecHOCTI. BBaxkaro, 1110 3a aKTyaJIbHICTIO,
MPAaKTUYHUM 3HAYCHHSIM, OOCSTOM JOCIIIKEHb Ta HOBU3HOIO PE3YyJbTaTiB AUCEpTalliiiHa
poOota Bignosimae BciM BuMoram Hakazy MOH Vkpainnm Ne40 Bix 12.01.2017 «lIpo
3aTBep/UKeHHsT BuMor 1o odopmiieHHs: auceprauii» (3 HacTynmHUMHU 3MiHamu) Ta «[lopsanky
MIPUCYIKEHHSI CTyNEeHs ToKTopa (inocodii Ta ckacyBaHHS PIIICHHS Pa30BOi CHEIiaTi30BaHOl
BUYEHOI pajJiil 3aKJiaJly BHUILOI OCBITH, HAYKOBOI YCTAHOBHU IPO MPUCYKEHHS CTYNEHS JOKTOpa
¢inocodiin, 3arBepmxeHoro IloctanoBoro Kabinery MinictpiB VYkpainu Ned4 Bix
12 ciunst 2022 poky, a ii aBrop, bybon TersHa JleoHimiBHa, 3acayroBye Ha MPHUCYIKEHHS
CTymeHs AoKtopa ¢iutocodii y ramysi 3Hanb 10 «IIpupognudi Hayku» 3a cnenianbHicTio 104

«®Di3uKa Ta aCTPOHOMISI.
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