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MOJEJIOBAHHSA ITPOLHECY ®OPMYBAHHA
I'PAJIEHTHOI'O CBITJIOBOAY B ITAPI HEMATHYHOI'O
PIIKOI'O KPUCTAJIA

JlocHipKeHO CTYIiHb BIOPSAKOBAHOCTI Ta HPO(ITh JUPEKTOpa MOAEIBHOTO PIAKOrO
KpUCTaly, KMl yTPUMYETbCS B IIOpi 3 TOMEOTPOITHUMH TPAaHHYHMMU YMOBAaMH B DI3HHX
Me30TeHHHX (hazaX. 3a JOIMOMOTOI0 METOIY MOJEKYJISIpHOI JHHAMIKH BHKOHAHO KOMII IOTEpHE
MOJICTTFOBaHHS Tporiecy ()OPMYBaHHS TPaIi€HTHOrO CBITJIIOBOJA TiJl MI€H0 EICKTPUYHOTO IIOJIS.
In.: 3. Bibmiorp.: 10 Ha3B.
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IocTranoBka mpodJieMu Ta aHaugi3 Jireparypu. [lnanapHi cBiTIOBOAM
BUKOPUCTOBYIOTBCSL B ONITHYHUX KoJax oOpoOKHM Ta mepemadi iHpopmarii sk
TIACHBHI, aKTHBHI Ta 3’ €THyBaJbHI €JIEMEHTH JIAHITFOTIB TaKUX KiJl. B cygacHmx
YMOBaXx JUIS 1X BUTOTOBJICHHsI HaifuacTillle BHKOPUCTOBYIOTH TBEP/l PEYOBHHH.
VY TBepHOTINBPHHMX IUIAHAPHHUX CBITJIOBOAHHX CHUCTEeMax ICHye mpodiema
CTBOPEHHS aKTHBHUX Ta NACHBHUX €JIEMEHTIB Ha OCHOBI OJHOTO MaTepiaiy.
IIpu 3acrocyBaHHI CepelNoOBHI] 13 PI3HUMH ONTHYHHMH BJIACTUBOCTSIMHU
CIIOCTEpIraloThcsl 3HA4HI BTPaTW ONTHYHOTO BHUIPOMIHIOBAHHS Ha MeXax
po3ainy pisHux MatepianiB. OIHUM 31 IUIIXIB BUPILNICHHS Ili€l mpoOiemMu €
3acrocyBanHs pigkokpucraniuaux (PK) marepiaiiB sik akTHBHOTO CepeIOBHIIA
TUIAHAPHUX CBITJIOBOJIB, SIKI XapaKTepU3YIOTbCS  BHUCOKOKO aHI30TPOIIIE0
NOKa3HUKA 3aJIOMIICHHSI, BUCOKOI YYTJMBICTIO O 30BHIIIHIX €JICKTPHYHOTO
Ta MarHiTHOrO IOJIB Ta MIMPOKHM Jiana3soHoM pobodux Temmeparyp. OmHak
IUIst 1X 3aCTOCYBaHHS HEOOXiJHO JOCIIIUTH MPOLECH ITOLIMPEHHS! ONTHYHOTO
BUIIPOMIHIOBaHHS (B TOMY YHCII JIa3epHOrO BHUIMMOIO Mialma3oHy) Yy
CBITJIOBOIAX 3  PIIKOKPUCTAIIYHOK  CEpLEBHHOK, 30KpeMa  sIBHIIA
PO3CitOBaHHS CBiTa Ta €PEKTH, [0 BUHUKAIOTH IIiJl YaC MPOXOHKEHHS CBITIa
B HEOJHOPIZIHO OPIEHTOBAHMX IIApax PiIKMX KpuctamiB. ToMy MoJeIrOBaHHS
npouecy (GOpMyBaHHS TPaJiEHTHOTO CBITJIOBOJa Ta BIJIOBIJIHO PO3IOALTY
HampsIMKY TUPEKTOpa B Imapi HemaTwdHOro pimkoro kpuctamy (HPK) 3
MOYaTKOBOIO TOMEOTPOIHOIO OPIEHTAI€I0 B 30BHIIIHBOMY €JIEKTPHYHOMY
MoJIi, JaCTh MOMJIMBICTh JOCKOHAJO BUBYHTU TPAI€HTHI CBITJIOBOIU 3
PIAKOKPUCTAIIYHOIO CEPLIEBHHOIO.

st monemroBanHs PK cucteM MOXHa CKOPHCTAaTHCh TUMH K METOIAMH,
SKI BUKOPUCTOBYIOTBCS JUIA JOCIIJDKEHHS BIIACTHBOCTEH DPIiIMH BHKOHABIIH
JIesIKi y3arajbHeHHs Ha BHUIAJIOK aHI30TPOIil B3aeMoil Mixk Me3oreHamu [1 —
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3]. B ocHOBi Oyap-IKOi KOMIT'IOTEPHOT CHMYISIii JICKHTh MOTEHIIAT
B3aeMmopii, skuil omucye (i3 TMEBHUM piBHEM JAeTami3allii) MiKpOCKOIYHY
SHEPreTHKY, XapaKTepHy Ui cucTeMu. Tak, CroYaTKy 3a1a€ThCs BiAMOBI THHH
TEPMOAMHAMIYHUN aHCaMOJIb: MEBHA KIJBKICTh MOJIEKYJ IOMIIIAETHCS B
KOMIpKY | Ha Hel HAKIaJaroThCS YMOBH, HAMPHKIAJ, MMOCTIHHOI KilbKOCTI
qactuHOK N, 0o6'emy V (abo Tucky P) i temmeparypu T [2]. Jocnimkyroun
00'eMHI BIACTHBOCTI, 3aCTOCOBYIOTh MEPIOJUYHI TPaHUYHI YMOBH, MijJ 4Yac
JOCTI [UKSHHS TIOBEPXHEBHUX SBHII Yy HAIPSIMKY OIHI€l 3 MPOCTOPOBHX OCeH
CTBOPIOETHCS aTOMapHa ab0 KOHTHHYalbHa cTiHka. [1s onucy i30TpomHoi Ta
HeMaTH4yHoi (a3 TOCTaTHIM € BHKOPHCTAaHHS KOMIpKH nocTiiiHoi gopmu (K B
NVT, tak i B NPT ancam6isix). CmekTuuHi X (a3u XapakTepH3yIThCs
3HaYHOK aHI30TpOmi€r0, | IXHA CaMOOpraHizalis MOXe YCKIaIHUTHChH
HECYMipHICTIO MeTpukd (asu i3 GopMor0 KOMIpKH. |HAMKATOpOM IBOTO €
3HAYHa AHI30TPOIisl TEH30pa THCKY y pa3i PO3MIIICHHS TakKOi CHCTEMH B
KoMipri i3 mocriitHoro Qopmoro [4]. B Takux Bumagkax eHEKTUBHHM €
BUKOPHCTAHHS aHCaMOIiB i3 3MIHHOKO (HOPMOIO KOMIpPKH, HANpPUKIA, Y
HaizaranpHimi it Gopmi [lappinenso-Pamana [5], abo y mpoctimiii dopmi
NPPy,P,T, B 0cTaHHbOMY BHIA/IKy 3a0€3M€4y€THCA MOCTIHHICTD KOXKHOI 3
JiarOHAJIbHAX KOMIIOHEHT THCKY. IX OOYHCIIIOIOTH 32 METOIMKOI, 3TiIHO 3
SKOK0 CIIOYaTKy OOYHCIIIOETBCS TEH30p BIOPSAAKYBaHHA, a IOTIM BiH
JiaroHani3yeTbcst [6, 7]. AnbTepHaTUBHHN MeTOH 0a3yeThCs HA OOYUCIICHHI
JIANICKOCSDKHUX OpieHTaniiHux Kopessiuiii [8]. st ananizy crpykrypu ¢asu,
SKIf BIIACTHBE TPAHCIIALIHHE BIOPSIKYBaHHS, BeIEThCs OOUMCICHHS MapHUX
KOpeNALi HHUX QYHKII .

Merta po6oTH — BH3HAUEHHS CTYIEHS BIOPSJIKOBAHOCTI Ta HANPIMKY
nqupexropa HPK.

MopenwBanns. KoM torepHe MOJETIOBaHHS MOJIEKYJISIPHUX MOJIENeH
B 1[Il po0OTI BUKOHAHE 3a Jomnomoror mporpamu GBMOLDD — napanensHa
nporpamMa MOJIEKYJISIPHOT JWHAaMIKU 13 alrOpUTMOM IIPOCTOPOBOTO PO3OHUTTS
[9].

B OCHOBi KOMIT'IOTEPHOTO MOJIEIFOBAaHHS JIGKHTH IOTEHIIal B3aEMOAIT,
SKUI OIUCYe MIKPOCKOINIYHY €HEPreTHKY, XapakTepHy miIi cucteMu. Jlms
mozemoBaHHss PK cucremM BHKOpPHCTOBYIOTH KIJIACHYHI  JIBOYACTHHKOBI
NOTEHIIany, $Ki BpaxOBYIOTh KBaHTOBO-MeXaHIuHI edexTn jume B
eexTHBHUIA crioci6. B miif podoTti Hamu BuKoprcTaHo noTeHmian [ 'eii-bepre:
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ne Uj, Uj — opieHTamii JOBTHX OCed BiAIOBiTHO i-i Ta j-1 moieky, rij —
OJTMHUYHUI Pa/liyc-BEKTOP MiX TX LIEHTPaMH,
(GB)

(GB)
r(GB) _ 2
] rij .5(GB) (LI i Ij)+s (GB) ( )

3CYHyTa KOHTaKTHA BiJICTaHb MIXK MOJICKYJIaMH, a

s©(a,0;,5), s G.0;,5) ©)
BI/INOBIIHO €HEPreTHYHHIA mapaMerp Ta eeKTHBHA cemaparlis Mix i-fo Ta j-10
MOJIEKYJIaMH, 3aJISKHI BiJl iX B3a€MHOTO po3TalllyBaHHs Ta opieHramii [Gay-
Berne].

Iporpamuuii 3aci6 GBMOLDD pae 3Mory OTpUMyBaTH pPO3MOILT
HaINpsMKy JUpeKTopa B Oynb-sKii 00J1acTi KOMIPKM Ta BIJNOBIAHY BEJINYNHY
napaMeTpa BIIOPSIKYBaHHsI, SIKMH Oe3nocepeHbO IOB’SI3aHUN 13 3HAUYCHHSIM
MMOKa3HMKa 3aJ0MIIeHH [5, 7].

bazoBuMK BXiOHUMH JaHHMH JUIS TIPOTpaMH €: Ny, Ny, N, — KiTbKIiCTh
MOJIEKYJI, BIIIOBIIHO, MO oci X, Y Ta Z fgf — BenmuuMHA CHIM 34YEIUICHHS
NPHUIIOBEpXHEBUX IIapiB; T — Temmeparypa MozemoBaHHs; fy — BennunHa
moJIs, siKa Aie Ha Monekynu PK.

PesynpTaTH nporpamu 3ammcyroThes y ¢ainm aBox Tumie: *.coord ta
instant.Ist. ®aiimn Tamy *.coord narTh 3MOrYy Bi3yanbHO BimOOpa3HTH
nepeopieHTanilo Monekyn y mapi PK, a BixnoBigHO i HampsM JIupeKTopa
Montekyn instantst nae 3mory oTpuMaTH YHCIIOBI 3HAYEHHS Mapamerpa
HOPSJKY, SIKI B TOJJAJIBIIOMY OOpOOJISIOTHCS Il OTPUMAaHHSI 3MiHH ITOKa3HUKA
3ajomiieHHs B mapi PK mijg giero enexTpuyHoro moss.

[lepmmM 3aBIaHHAM MOZENIOBaHHS OyJIO BU3HAYCHHS MOJEIBHOTO
3HAYCHHs TeMIEpPaTypH, NP sKii yTBOpIOBajach HeMaTH4YHA (asza piAKoro
KpHUcTaa.

[TouaTkoBe pO3TAlIyBaHHS MOJICKY, 3 SIKOI IIOYMHAETHCS MOJICIIIOBAHHS,
HaBeseHa Ha puc. 1, a. Ha puc. 1, 6 npeacraBieHo po3ranryBaHHS MOJEKYJT B
ineanpHi cmexTrynii A-¢aszi (T = 400 K) me crocrepiraemo momiapose
po3TallyBaHHs MOJIEKYJ, SIK Y TNPHMEXOBHX OOJIaCTSAX TaK i B cepenHii
o6unacri. [TapameTp NOpPSAKY, OTPUMAaHUIA Micis aHami3y ¢aitny instant.Ist, ams
Takoi crpykrypu S= 0,82.

3 mopaneimuM 30inbmeHHsM Temmeparypu 10 T = 500 K (puc. 1, 6, 2)
MOJIEKYJIM, $IKIi pO3TamioBaHi OJM3bKO J1I0 OOMEXYIOUYMX IIOBEPXOHB,
30epiraroTh TOMEOTPOITHUI CTaH, a 3 BIIJAJICHHIM BiJl TIOBEPXHI MOYHMHAETHCS
PO3YIOPSIKYBaHHS MOJIEKYJ, 3yMOBIIIOIOUH TIepexill y HeMaTH4Hy (a3zy mpo
IO CBiTYUTH 3MEHIICHHS BEIMUMHH TapamMeTpy mopsaky mno S= 0,6.
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Puc. 1. 3M0/1€710BaHi TEKCTYPH: @ — MOYATKOBE PO3TAIIYBAHHS MOJIEKYJT;
6 — cmextruHa pasza, T =400 K; 6 — mouaTtkoBa dasza Hematrka, T = 450K;
2 —nematnuHa ¢asza, T =500 K

[Monanpiie 301IbIIEHHST MOJIENILHOTO 3HAYEHHS TEMIIEPaTypy IPHUBOIUTD
JIO TIOBHOTO PO3YNOPSAKYBaHHS B PO3TALIyBaHHI MOJIEKYJ TOOTO INEpexXomy
HeMaTn4yHO! (a3u B i30TponHy piaumHy. [lapameTp MOpsSAKy TpH IIHOMY
mopiearoe S = 0,2. Tomy I MONANBIIOrO MOZETIOBaHHS Oyio 0OpaHO
moneneRy Temneparypu T = 500 K, npu sixiit icHye HemMaTnaHa dasa.

Posrnsaemo moBeninky monekyn HPK 3 mo9aTkoBOIO TOMEOTPOITHOIO
OpIEHTAITIEI0 T €0 MOMEIBHOTO eEKTPUYHOTO MO BeinunHow fy=0,6.
Ha puc. 2 nokaszaHo mpoiiec 3MiHH Opi€HTAIlil MOJIEKYJI 33 IEBHUH MPOMINKOK
yacy TMicisi NPUKJIaJaHHs MOJIEJLHOTO EJIEKTPUYHOro Mois. Sk BUAHO 3
PHUCYHKIB, TMpOIEC MEPEOPIEHTAIlii MOJIEKYJl TIOYMHAEThCS 31 30ypeHHS
MOYaTKOBOT TOMEOTpOmHOi Tekctypu (puc. 2, a). B momanbiiomy
CIIOCTEPIraeThesl NepeopieHTalis eHTpanbHol yactunu wapy PK puc. 2, 6. B
pe3ynbTarti, 4epe3 IEBHHH IMPOMIXKOK 4Yacy BiJIOyBaeThCs IepeopieHTallis
oimpmocti Monekyn PK B HanpsMky mii mons, BHACTIZOK YOTO YTBOPIOETHCS
IUIAHAPHO OpPI€HTOBaHWI Iap, OJHAK Yy IPUIIOBEPXHEBHX IUISHKAX
30epiraroTbCsi TOMEOTPOITHO Opi€HTOBaHI mapu. Take po3TalryBaHHS MOJEKYI
y Iapi HEeMaTHYHOTO PiAKOTO KPUCTaja € aHAIOTOM TPATiEHTHOTO CBITIOBOIY
(puc. 2, 6), ake BpaxOBYIOUH, 110 An=n| — Ny, BesuunHa AN 3MiHIOEThCS Bijl
MiHIMaJabHOTO 3HaueHHs  (MPUITOBEPXHEBI 06NACTi) 0 MaKCHMAIBLHOTO
(ueHTpasbHi 061aCTi).

OTpuMaHi  pe3yibTaTd MOJEIIOBaHHS  J00pe  Y3TOJUKYIOTBCS 3
eKCIIePUMEHTAIbHIMH JaHUMH OMHMCaHUMU B po6oTi [10].

[poananizyBaBiu gani 3 aitny instant.st orpumyemo ywmcnosi
3HAYeHHsS IapaMeTpa NOpSAAKY, SIKI B IOJAIBIIOMY OOpOOJISIOTBCS JUIs
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OTPUMAHHS PO3MOIiTY AUPEKTOpa Ta 3MiHH MOKA3HHWKA 3aJOMIICHHS B Imapi
HPK mig giero eneKTpudHOro mosst. THIIOBHI PO3MOALNT HANPSIMKY JAHPEKTOPa
300paxxeHo Ha puc. 3. B naniii Mojesni HaNpsIMOK AMPEKTOPa MOXKE NpUMaTH
3HaueHHst Bix 1 (romeoTpomnHa opienraris) 10 —0,5 (mraHapHa opierartis).

Puc. 2. 3monenvoBani Tekctypu HPK: a — vac nii enexrpuanoro moss t = 20 ric,
T =500 K; 6 —4ac naii enexrpuynoro moist t = 180 nc, T = 500 K;;
6 —uac il enexrpuynoro moist t = 300 e, T = 500 K
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Puc. 3. Po3mozin qupektopa B api HEMaTHIHOTO PiIKOTO KPHCTAIa, OTPUMAaHHH 32
pe3yabTaTamu KoM 1oTepHoro MozaemoBanus npu T = 500 K, crarionapuuii cras npu
TIPUKJIA/ICHH] 30BHIIIHBOTO EJIEKTPHYHOTO ITOTEHIIaTy

BucnoBku. IIpoBeneHe KOMITIOTEpHE MOMAETIOBAHHS a0 3MOTY
Bi3yaJIbHO IIOKa3aTH TIPOIEC YTBOPEHHS IUIAHAPHO OPIEHTOBAHOTO MIapy B

125



ISSN 2079-0031 BecmHuk HTY "XIW", 2014, Ne 35 (1078)

HPK Tta oTpyMaTH po3MoJil HanpsMKy JUPEKTOpa NpU il eIeKTPUYHOrO
noteHuiany. Take po3TalryBaHHS MOJEKYJ IPHBOAWTH JO YTBOPEHHS
IPaJliEeHTHOTO CBITJIOBOJIA Y LIAPi HEMAaTHYHOTO PiJJKOr0 KpUCTaa.
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