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AkTyasbHICTh TeMu. Po3yMiHHs CTPYKTYPH IJINHIB MOOJU3Y TBEPJNUX TOBEPXOHD
aKTyaJibHEe 3 TOYKHU 30PYy Oararhox MPUKJIAJHUX 3aCTOCYBaHb, TAKUX sIK TeTEPOreHHU
KaraJi3, 30epiraHis ra3y 4u po3pobKa KOJIOIHUX HAHO-CTPYKTYPOBAHUX MaTepiaJiiB.
PoJib moBepxHi BUKJIMKAE TaKOXK (DYHIAMEHTAJIHHUN HAYKOBUI IHTEpEC, OCKIILKYI OYIhb-
KUl peaJIbHU TJIMH € IPOCTOPOBO-0OMezkeHnM. [loBe/linKa 3a3HaYeHX CUCTEM BU3HA-
JAETHCA KOHKYPEHIIEI0 MI2K CTBOPEHUM CTIHKOIO 30BHINTHIM MOTEHIIAJIOM 1 MI?KMOJIEKY-
JISDHUMU B3a€MO/IIsIMU, 1110 IPUBBOJUTH JIO XapaKTEPHUX IIOBEPXHEBUX SIBUIIL - 3MOYYBa~
HHsI, aJICOPOIIil, KallJspHOl KOHIeHcallil ToIo. [ aHI30TpOIHUX IJIMHIB BpaXyBaHH
edeKTiB IPOCTOPOBOIO OOMEKEHHST 0COOJIMBO aKTyaJbHE 3 ONJIsi/ly Ha TXHIO HAJI3BUYANHY
qyTJIMBICTD 10 30BHIIIHIX BILIMBIB. BHAC/IOK IIHOIO CHOCTEPITaEThCsI BEJIMKE PI3HOMA~
HITTSI (DIBUIHUX SIBUIM HABITH /I HARIIPOCTIIIOT PiIKO-KPHUCTAIIUHOI (Da3K - HeMaTHKA.
BaraTcTBo (hi3UIHUX SIBUII, a TAKOXK BarKJMBe MPUKJAJIHE 3HAUCHHS PIIKUX KPUCTAJIB
y BUPOOHUIITBI €KPaHiB Ta PiJIKO-KPUCTAJITHUX HAHO-KOJIOITHUX JIUCIIEPCiil, ITPUBEpTaAE
3HAUHY yBary JIOCJIJIHUKIB JIO BUBYEHHs HeMaTU4dHOI (pa3u B 00’eMi Ta 1100113y 110BEpX-
Hi.

3acTocyBaHHS METO/IIB KOMII IOTEPHOTO MOJIETIOBAHHS 10 TPOCTOPOBO-HEOTHOPITHUX
IJIMHIB ICTOTHO PO3IIMPUJIO HAIIl 3HAHHS 11PO 11oBepxHeBl epekTr. Pazom 3 Tum, BHACIII-
JIOK PECYPCO-3aTPATHOCTI KOMII' TOTEPHOI'O €KCIIEPUMEHTY aKTyaJbHUM € PO3BUTOK TeO-
PETUYHUX IT1IXO0JIIB, SIKi JaBaJii O 3MOry IIBUJIKO JIOCLI>KYBATH TaKi CUCTEMU Y BEJIMKUX
objiacTsix mapamerpiB. B pamMkax cydacHoi Teopil piJIKOro cTaHy PO3BUHYTO J[Ba, MOTY-
JKHI ITHCTPYMEHTH OIUCY [IPOCTOPOBO-OOMEXKEHUX CUCTEM - METO/| (PYHKIIOHAJY I'YCTUHU
(M®T") Ta reopito inrerpanbuux piBasaub. MO H6azyerbest Ha MOOYI0BI (DYHKITIOHATY
TEPMOJIMHAMIYHOTO MMOTEHITIATY Ta YUCETHHOMY 3HAXOKEeHHI YHAPHOT (PYHKIIII, SKa HOT0
minimizye. Tpajauiiiinoo mpobJieMoro pu KOHCTPYIOBaHHI TaKOTO (DYHKIIIOHAJLY € KOPe-
KTHE BpaxyBaHHs JIAJIEKOCSXKHUX B3AEMO/IIN. AK 11paBuiio, Jijist IbOI'0 BUKOPUCTOBYIOTH
TaK 3BaHy TEOPI0 CEPEJIHBOIO I0JIs, siKa HeXTye (qJIyKTyaliiaumu edpekramu. B ocHOBI
Teopil IHTerpaJbHIX PIBHSHBL JIEKNTH 3HAXOKEeHHs 13 piBasgaas Oprmreitna-lleprike
(OII) napHoi KopeJisiniitHol QyHKIIIT, sIKa OIUCYE TPOCTOPOBY KOPEJISIIIIO JIBOX YACTHHOK.
OpiHak BpaxyBaHHSI KBaJpPaTUIHUX (DJIYKTYaIil ¥ 11iii Teopil € HEelmoCIiJOBHUM, OCKIIb-
KU 3aJ1e2KUThH BiJl BuOpanoro g pisusuig Ol samukanns. [lommpennm ciocobom onu-
Cy IPOCTOPOBO-HEOHOPLIHKUX TnHIB € MeToy Tenyiepcona-Abpaxama-Bapkepa (CAB),
SIKUI 3BOJIMTHCST 710 pOo3B’si3Ky piBHstHHst OLL jij151 JIBOKOMIIOHEHTHOT CyMilIl TBEP/UX K-
70K Ta yacTuHOK winHy |D. Henderson, F. Abraham, J. Barker // Mol. Phys., 1976, 31,
no. 1291, 5048|. V rpanuiii HeCKiHIeHHOTO PO3BEJIEHHST Ta, HECKIHUEHHOTO PO3MIPY TBEp-
JINX KYJIbOK TakKa CHCTeMa MOJENIOe IJInH Ot noBepxHi. OHAK ICTOTHUM HEJIOJIKOM
metony I'AB € te, mo y HafimpocTimmx HADIMAKEHHSIX THITY CepeHbO-CHepUuIHOTO Ha-
OJIMKEHHS BiH HE BPaxXOBY€E BILIUBY JAJEKOCSKHUX B3a€MOJIiil Ha MPUIIOBEPXHEBY CTPY-
KTYpY ILJINHY.

[TapaJiesibHO 31 3rajlaHUMU 111JIX0/IaMU, JIJIst OITUCY [IPOCTOPOBO-HEOHOPIJIHUX [1JIMHIB
po3BUBaBCs TeopeTuko-mosbosuii miaxina [D. Di Caprio, J. Badiali // J. Phys. A: Math.
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Theor., 2008, 41, 125401]. HermoaBro 0ys10 BCTAHOBJICHO 3B’SI30K IIHOTO METOJTY 13 METO-
JIOM KOJIEKTUBHUX 3MIHHUX JiJIsi BUllajiky Toukosux dacturok [O. Patsahan, 1. Mryglod
// Condens. Matter Phys., 2012, 15, no. 2, 1|. ®opmasism Teopii 1nosst 6a3yerbes Ha
TOYHOMY (DYHKIIIOHAJIHLHOMY IIPEACTABICHHI TePMOJUHAMIUHOIO MOTEHIIAY 1 JI03BOJISIE
IIOCJIIJIOBHO BPaxXOBYBATU BKJIaJl (PJIYKTyalllil y BJacTUBOCTI cucremu. B paMKax 1bo-
ro MeTojly OyJi0 MOKa3aHO HETPUBIaJIbHY POJib (DJAYKTYyalliil Jijiss HU3KU TTPOCTOPOBO-
OOMEXKEHNX 10HHMX CHCTEeM. 30KpeMma, JIIsi PO3UMHIB €JIEKTPOJITIB Oy/I0 BCTaAHOBJICHO
IPUPOJIY AHOMAJIBHOI 3aJI€2KHOCTI €JIEKTPHIHOI EMHOCTI MOJIBIIHOTO €JIEKTPUIHOTO ITa-
py Bl TemmepaTypu, Ui PO3UMHIB aCUMETPUYHUX €JIEKTPOJIITIB TepeadadeHo CrioH-
TAHHY TOJISIPU3AIII0 HEHTPaJbHOI MOBEPXHI. 3a3HadeHl ePeKTH MiITBeP/KYBAINCT Ha
KOMII FOTEPHOMY €KCIIePUMEHTI.

IIpu pospaxyHKax CTPYKTYPHHX BJIACTUBOCTEH IIPOCTOPOBO-OOMEXKEHUX IIJIUHIB Ba-
JKJIUBUM MOMEHTOM € BUITIOBIJIHICTH OTPUMAHUX PE3YJILTATIB MEBHUM TOYHUM CITIBBIJI-
HOIIEHHSIM - 1ipaBusiaM cyM. OcobsiuBy poJib BiIINPaiOTh KOHTAKTHI TEOPEMHU JIJIsi TTPO-
dbimo ryerurn Ta npodimo 3apsiny [M. Holovko, J. Badiali, D. di Caprio // J. Chem.
Phys., 2005, 123, 234705|. Bracsigok mpobsieM i3 BpaxyBaHHSM JTAJEKOCIKHUX B3ae-
mouiii, mijaxig [AB He 3a/10BlIbHSIE yMOBaM KOHTAKTHUX TeopeM. BojHouac, B paMKax
TEOPETUKO-1I0JIOBOI'O OLIUCY BUKOHYIOTHCS KOHTAKTHI TEOPEMHU SIK JiJisi I'YCTHMHHU, TaK 1
JUTS 3apsijly, O CBITUUTD PO KOPEKTHE BPpaxyBaHHSA KOPEJAIiil y IbOMY METOJ.

Y naniit poboTi BIEpIle 3aCTOCOBYETHCS TEOPETUKO-TTOJBOBUI MIXIJ JIJIs OHNUCY
IIPOCTOPOBO-00OMEXKEHUX TIJIMHIB 13 OTEHI[lAJIaMK MI2KYaCTUHKOBOT B3aemoil Tuiy FOka-
BM 1 JI0 HEMATOTeHHMX ILIUHIB Tuny Maiiepa-3aymne. Chiji 3a3HaUUTH, [0 HEMATOTE€HHI
IJIMHKA XapaKTepU3yoThCsa aHOMAaJbHO BeJUKUMEU JIyKTyaligMmu opieHTarii. Tomy npu
JIOCJTIJPKEHH] HeMaTUKIB O0CODJIMBO BarKJIMBUM € TIOCJIJIOBHUIT PO3PaxXyHOK KOPEJISIIiil
MI2K TPAHCJSAIIRHUMEI Ta OPIEHTAIIMHUMY CTYTIEHSIMU BLILHOCTI, SIKUI € HETPUBIAJIbLHUM
HaBITH y HPOCTOPOBO-OJIHOPIIHOMY BHIIQJIKY. 3a HAABHOCTI IOBEpXHI I 3aja4a 3Ha-
YHO YCKJIQJIHIOETHCS, OCKLILKY B CUCTEM1 TIOPYTIYETHCS He JIUIe OpleHTaliiina, aJje i
TpaHCsIiiHA cuMeTpis. BHACIIIOK CKIAHOCTI MOJIE/Il, TaKl CUCTEMU JOC/IJKYIOThCS
B OCHOBHOMY METOJIaMH HaIliB-heHOMeHOoJoriaHuX Teopiit Tumy Jlanmay - e 2Kena abo
KOHTUHYaJIbHUX I1AX0/AIB. Y JaHiii poboTl aHAJITHYHI BUpa3U Jjisd CTPYKTYPHUX BJla-
CTUBOCTEl HEMATHUKa Yy TPUIIOBEPXHEBIN 00JIaCTI OTPUMYIOTHCS HA OCHOBI TEOPETUKO-
IOJIBOBOT'O FaM1JIbTOHIAHY.

3B’a30K pobOTH 3 HAYKOBMMH IporpaMaMu, IIaHaMu, Temamu. Jlucepra-
miiina pobora BWkKoHaHa B I[HcTnTyTl disvknm KomgeHcoBanux cucrem HAH Vkpainu
3riJHO 3 IIaHAMHU pPODOIT B paMKax Jjep:kOopkerHnx TeM “‘CrarucTUKo-MeXaHidHl Ta,
KOMIT FOTepHI JIOCJIIKeHHsT BiacTuBocreii ckuaaaux pigunna” (2008-2012 pp., Homep jep-
x)aBHol peecrparii 0108U001153), “Posutok cratuctudnol Teopii Ta il 3acTocyBaHHs
JUIST JTOCJIJIPKeHb (ha30BOl IMOBEJIHKK, PIBHOBaXKHUX 1 JMHAMIUHUX BJIACTUBOCTEH CKJia-
anux pigun” (3 2013 p., Homep siepxkasrol peecrpariil 0112U007762), “Bararomaciira-
OHICTH 1 CTPYKTYpPHA CKJIQHICTH KOHJIEHCOBAHOI PEUOBMHIE: TeOpis i 3actrocyBanHs (3
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2012 p., Homep siepraBHOl peectparii 0112U003119), “PosuTok i 3acrocyBaHHs METO/IB
aQHAJITUIHOI TeOpil Ta KOMII I0OTEPHOI0 €KCIIEPUMEHTY JIJIsi OTTUCY SIBUIIL IEPEHOCY B 10H-
esekTporHnx cucremax” (2007-2011 pp., nomep jgepxkauoi peecrpariii 0107U002081).

Merta i 3aBJaHHA AOCOLIKEHHA. Memotro ducepmauitinoi pobomu € JTOCTiI>KeH-
Hs BIUIUBY (DIIYKTYaIliil MO/ TYCTUHU 1 TBEPOl MOBEPXHI Ha PIBHOBAXKHI BJIACTHUBOCTI
MPOCTUX Ta aHI30TpONHUX TuHIB. 06 ’ekmom docaidocenns € odMexReHl TBEpIO0 To-
BEPXHEIO IIJIMHU 13 MOTEHIlaJIaMi MIXKIaCcTUHKOBOT B3aemoyil Tuity FOkaBu i HemaToreHHi
naunn Tuny Maiiepa-3ayne. [Ipedmemom docaidotcenns € CTpyKTYpPHI, TepMOJIUHAMIUH]
1 MPY>KHI BJIACTUBOCTI MTPOCTUX Ta AHI30TPOIHWX TIJIMHIB B 00’€Mi Ta 100JIN3Yy TBEpJI0T
MOBEPXHI.

MeTtoam mocJtigzkeHHs. JloCTiPKeHHS TPOBOAUTHCS B paMKaxX Teopii ToJIsl I'yCTH-
HU, dKa 06a3yeTbcst Ha (DOPMATBLHO TOYHOMY (DYHKIIOHAJBHOMY MpEJCTAaBICHH] BIIHHOL
eHeprii cucremu. MeTo1 J103BOJISIE TIOCJIIJIOBHO BpaxoByBaTH (JIyKTyallil Ta aHaJiTUuIHO
PO3PaxoByBaTh KOPEJsiiiiHi (PyHKIIT IIPOCTOPOBO-HEOIHOPITHUX IIJIMHIB.

HaykoBa HOBU3HA OTPMMAHUX PEe3yJbTATIB. Y JucepTaliiiHiii poboTi BepIie
JIO BUBUYEHHS ITPOCTOPOBO-00MEXKEHNX HEHTPAJbHUX IJINHIB 3aCTOCOBYETHCS TEOPETUKO-
noiboBuit mijxia. TpajuniiinuM 06’ €KTOM 3aCTOCYBaHHs JAHOTO METO/y Oy/iu 10HHI CH-
CTEMU, y sIKUX BHACJIJIOK YMOBU 3araJibHOI €JIEKTPOHEUTPAJIBHOCT] BLJICYTHIH BHECOK Bi/I
CepeIHBOTO NoJIdA. TaKuM IMHOM, BIIepllie B paMKaX JIaHOro (hOpMaJi3My JTOCHIKYETHCS
BHECOK CEPEJIHBbOIO TI0JIsi Y CTPYKTYPHI BJIACTUBOCTI MPOCTOPOBO-O0OMEXKEHOTO TIJINHY.
[Tokazano, mo nabsmxenns cepesaboro noss (HCIT) 3BoguThes g0 weniniitnol cucremu
nudepeHIiagbHIX PIBHIHb 1 OTPUMAaHI pe3yJIbTATH 3aJI0BLILHAIOTH YMOBI KOHTAKTHOI
TEOPEMU.

Buepie 3a mexkamu HCIT anamiTuaHo JOCTRKYIOTHCST CTPYKTYPHI Ta, T€PMOJIMHA-
MiYHI BJIACTUBOCTI IIPOCTOPOBO-O0OMEXKEHUX IJIMHIB 13 HOTEHIlaJlaMi Mi2K4aCTUHKOBOT
B3aemo/il Tuny FOkaBu. AHaJITHIHO PO3PAxXOBAHO BUPA3U JIJIsI MAPHUX KOPEJIAIHHIX
dyHukIiit, mpodiiB rycrunm i kKoedirieHTin ajicopobiiii Takux cucreM. BusiBjieHo HeTpuni-
aJibHUiT edpexT 301/ HEHHS TIJIMHIB 1100JIU3Y 1TOBEPXHI: Ha BIJAMIHY BiJI CEPEJIHbO-110JIbOBOI'O
BHECKY, (DIYKTyaIliiiHuil BHECOK ¥ MPOMIIb I'YCTHHY 3aBXKIU BiJl EMHUN HE3aJIEXKHO Bi/T
napaMeTpiB IMapHOro MOTeHMiaay. B pe3yabrari, JJisd JIedKUX CUCTEM CIOCTePIraeThCs
OCHMJISATIIfIHA TIOBEJIIHKA MPOMILIIO I'YCTUHN 1 HEMOHOTOHHA 3aJIEXKHICTh KOeMIIeHTY a/l-
copbuil Bij| rycrunu Ta Temueparypu. Ha Bijminy Bij JOC/I2KEeHb TPAJULIAHUMU Me-
ronamu tuny ['AB, BpaxyBanus rayciBcbkux uyKTyalliit 3iificnere mocsioBHo. AHa-
JITUYHO TIOKA3aHO BUKOHAHHSI KOHTAKTHOI TEOPEMU JIJIsT OTPUMAHUX PE3YJIHTATIB.

Buepitie Teoperuko-1oJib0BUil iJiX1J y3araJbHIOETHCS Ha BUIAJI0K aHI30TPOITHUX
nnHiB. Po3paxoBaHo BHECOK rayCiBChbKUX (DJIYKTYyalliil Y CTPYKTYPHI Ta TEPMOIMHAMIYHI
BJIACTUBOCTI KJACHIHOI MOJeJi HEMaTOTeHHOTO TJIMHY 13 moTeHtiajgom Maiiepa-3ayre
MIKIaCTHHKOBOT B3aeMoil. OTpuMaHo aHaJITUYHI BUPA3W I TTApPHOI KOPeJAIiitHOl
¢yHKIT 1 110Ka3aHO, 10 BOHM KOPEKTHO OHUCYIOTH Moju [osjicroyHa st HeMaTuaHol
dazu. BuBogsgTbcs aHaJITUUHI BUpPA3H JJisd BUILHOI €Hepril, TUCKY, XIMI9HOIO HOTEeHIT-
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aJly, YHapHO!I (QpYHKIII, MapaMeTpa HOpsJIKYy Ta CTaJol IPY>KHOCTI.

s nemarorensoro mwianny Maitepa-3ayne mobu3y TBep ol HoBepxHi chopMyJIbo-
Bano HCII. Orpumano cucremy HesiHifiHUX jgudepeHniaJbHUX PIBHSHD, Y sKiil diry-
pPyIOTh y3arajbHEHI mapamMeTpy MOPsJIKY JIjIs OMKUCY JIBOOCHKOBOI (pha3u y NMPUITOBEPXHE-
Biif 00JsiacTi, a TAKOXK KyT MIXK IOBepxHei Ta jupekTopoMm. Brepme B pamxax HCII
TOYHO JIOBEJIEHO KOHTAKTHY TEOPeMY I aHi30TPONHOro mauny. s Bunajiky nepren-
JIMKYJISTPHOTO HAIIPSIMY JIMPEKTOPA, Y JiiHeapu30BaHOMY HaOJIM>KEHHI PO3pax0oBaHO siBHI
aHaJITUYHI BUPa3u Jijist TPoiIiB I'yCTUHEU Ta napaMerpa nopsjiky. Ilepejidaueno edekr
BTPATU HEMATUIHOIO (Pa30i0 OPIEHTAIINHOIO BIOPSIKYBaHHS Y IPUIIOBEPXHEBI 00/1acTi
BHACJIJIOK TTPOCTOPOBOIO 0OMeKeHHs. [[Jis BUMAIKy OJJHAKOBUX MOKA3HWUKIB 3aracamHs
aHI30TPOITHOTO Ta 130TPOIHOTO TMOTEHIIAJIB, BUBOJATHCA aHAJITUIHI BUPA3W JIJIST Tap-
MOHIK 1apHOT KopeJistiiitnol pyukiiii. PospaxosaHo npodijii rycrunu Ta napamerpa 1no-
PSIIKY, & TaKOXK BHECOK (JIYKTyalliil y KoedillieHT acopOIiil Ta HaJIKIIOK I1apaMeTpa,
MOPSAJIKY 3a PaXyHOK TTOBEPXHI.

IIpakTutie 3HaUeHHA OAePKAHUX Pe3yabTaTiB. Jloc/izKeHHs CTPYKTYPH TLTH-
HiB 1100/1M3y OOMEXKYIOUUX MOBEPXOHb MOXKE MATH MMPUKJIAJHE 3HAUYEHHS Y TaKUX Tpa-
JIMLITHUX raJiy3sx 3aCTOCYBaHHS siK I'e€T€pOreHHUI KaTaJi3 uu 30epiraHHs rasy, a Ta-
KOXK y pO3poOIi CydacHUX HAHO-CTPYKTYPOBAHUX MaTepiajiB. Po3yMmiHHS MOBEIIHKH
PiJIKUX KpUCTaJiB 1MOOJIM3Y MOBEPXHI aKTyabHE B iHJLYCTPIl PiJIKO-KPUCTAJITHUX €KPa-
HIB, & TAKOXK y HOBITHIX JOCJPKEHHAX JIUCIEPCI HAHO-KOJIONTHUX YaCTUHOK Y PI1JIKO-
KPUCTAJIYHUX CEPEJIOBUINAX. 3 1HIITOr0 OOKY, OTPUMAHI Pe3yIbTaTH MOXKHA, PO3TJISIIATH
JK MepHInit KpoK y BUBYEHH] aHI30TPOITHUX CUCTEM METOJIaMU Teopil IMOJIs.

Ocobuctnii BHecoK 3700yBadva. ¥ IpejcTaBieHiii pobOTi JucepTaHTOBI HaJe-
YKUTh:

e PozpaxyHoK mapHOI KOpeJAniiHol GyHKIT 1 BKJAay (QIyKTyalii y mpodiib Ty-
CTUHU, KOeDIEHT aJIcopOIlil Ta TepMOJIMHAMITHI BJIACTUBOCTI MPOCTUX TLJIUHIB T10-
OJIM3Y 1HOBEPXHI;

e Y3araJibHEHHs TEOPETUKO-TIOJHLOBOTO OMUCY Ha MPOCTOPOBO-OOMEXKEHUH TIWH i3
KOHKYPEHIIIEIO MK MPUTATYBAJIBLHOIO Ta BIJIMNITOBXYBAJHHOIO B3aEMO/IISIMU Ta, yCl
YUCJIOBl PO3PAXYHKHU Y 111 MOJIEJI;

e Vci uncJIOBI Ta aHAJITUYHI PO3PAXYHKY JIJIs aHI30TPOIHUX TIJIMHIB Y 06’eMi Ta, OiJist
MOBEPXHI;

e [Ipomosulliss BKIIOUYEHHS M SKOI'O 130TPOIIHOIO BiJIIITOBXYBAHHS y IIOTEHITIAJ B3a-
€MO/IIT HeMaTOTeHHOTO TJINHY 1 JOCHIJIXKEeHHs 1I1€1 MOJEJ;

e YUacTb y IOCTAHOBII 3aja4, 0OOrOBOPEHH] Ta TPaKTyBaHHI OTPUMAHUX PE3YJIbTa-
TiB.

Anpobartiisg pe3yabTariB qucepraiiii. PesyibraTn poboTu 1omoBigaancs ta ooro-
BOpIoBaJsucs Ha Takux KoHdepeniisix: [1I Mixknapoyna kondepentisi "Crarucruana, ¢i-
3WKa: CydacHi HampsiMku Ta 3acrocyBanus’ (JIbsiB, 2009 p.); V Mixnapogaa koude-



9

perriist "@izuka pigkol pedosunu: cydacui npobsemu” (Kuis, 2010 p.); Hlopiuna Hapa-
J1a €BPOIEHCHKOI Ta sITOHCHLKOI Py 3 BUBYeHHst MoJiekysipanx pigna (EMLG-JMLG)
(JIbBiB, 2010 p.); 36-ra LlenrpasnbHoeBporieiicbka KoHdepeHilis 31 CHiBIpalll B raJy-
3i crarucruanol disuku (MECO) (JIssis, 2011 p.); XI Beeykpaincbka mkosa-ceminap
Ta KOHKYPC MOJIOJMX BUYEHHUX 31 CTATUCTUUHOI (PI3UKU Ta Teopil KOHJIEHCOBAHOI pevo-
sunu (JIpBiB, 2011 p.); II Poboua napasa Ilnanepa-CumosyxoBebkoro 3 (bisukn M’ sKol
peuosunm: Pijgki kpucraiu ra kosoipni jucnepeii (JIbsis, 2011 p.); IV Mixkuaposua
koHbepentis "Craructudna (izuka: cydacui HanpsiMku ta 3acrocyBants’ (JIbis, 2012
p.); lopiura Hapaa €BponeichKol Ta SMOHCHKOI TPYT 3 BUBYCHHS MOJEKYJISPHUX Di-
aua (EMLG-JMLG) (Erep, Yropumna, 2012 p.); mixkaaposna kondepentiist “TIpobsiemu
teoperndnoi ¢isuku” (Kuip, 2012 p.), a Takox Ha ceminapax B IHerutyTi (hisuku KoH-
nencopanux cucreM HAH Vkpainu ta B nadboparopii LECIME Bijtinenss ximil BAIol
narionasntol 1mmkosu [TapiTex HarionanbHoro nenTpy HaykoBux Jiociipkenb Opaniiii.

ITy6aikamii. 3a pesynbraTamu guceprarii omybiikosano 5 crareit [1-5] y pedepo-
BaHuX, (AXOBUX XKypHaJIax, 3a3Hadenux y nepejaiky BAK, 3 npenpunru [6-8|, ra 10 Te3
HayKoBux KoHpepeniit [9-18].

CrpykTypa Ta ob6’em amceptalrii. /lucepraliisg CK/Iaga€Tbes 31 BCTYILY, OIVISALY
JITEPATYpH, YOTUPHOX OPUTIHAJLHUX PO3JILIIB, BUCHOBKIB, CIIUCKY ITUTOBAHOI JITEPATY-
pu i jogaTky. Pobora Bukiaena Ha 153 cropinkax 6e3 BpaxXyBaHH JIOJATKY 1 BKIIOUAE
6i0iorpadiuHuil CIIUCOK MOKJIUKIB, 1110 MICTHTh 112 HaliMeHYBaHb.

OCHOBHUI 3MICT POBOTH

Y BCTymi 00OI'pyHTOBAHO aKTYaJJbHICTb Ta NPAKTUIHY IIHHICTD JIOCHIPKEHHS, chop-
MYJIbOBAHO MeTy pobOTH, BiJI3HAYEHO HAYKOBY HOBU3HY OTPUMAHUX PE3YJIbTATIB, CTUCIIO
BUKJIQ/IEHO 3MICT Jicepraliil Ta 3a3Ha4eHO 0coOUCTUIl BHECOK 3/100yBada.

Y nepmioMy poO3AiJIi MPOBOAWTHCS MOPIBHSIBHNAN aHAJI3 TEOPETHKO-TOJIHOBOTO
MJIXO/Iy Ta METOJIB Teopil PIJKOTO CTaHy, sKl TPAJIUIINHO 3aCTOCOBYIOTHCS JIO OIMUCY
IIPOCTOPOBO-HEOIHOPIIHNX MJINHIB. [[oKa3yeThes 3B'I30K Teopil MoJIst 3 METOJ0M KOJie-
KTUBHUX 3MIHHUX JIJIA CHCTEM TOUYKOBHUX YaCTUHOK. BUBOIATHCA TOUHI CIIIBBIIHOIIEHHS Y
TEOPIAX MPOCTOPOBO-HEOIHOPIJIHUX Ta, AHI30TPOIHUX TIMHIB. HaBOAUTHCs OrJIst] MIKpO-
CKOIIIYHUX Teopiit HemaTuuHol (asu. IlijicyMmoByeThCs CTaH TEOPEeTUIHUX JIOC/IJIKEHDb
HEMATUYIHOI a3y 3a HASIBHOCTI TOBEPXHI.

Y po3JiiJii BUKJIQJIAIOThCS TaKOXK OCHOBU TEOPIl 110Jist 1 METOJ/IMKa, PO3PAXyHKIB, sIKa,
BUKOPUCTOBYETHCA ¥ PoOOTi. Tak, y paMKax TeOpPeTHKO-II0JIbOBOI0 (DOPMAJII3MY I'aMijib-
TOHIAH KJACKIHOI CHCTeME € (DYHKIOHAJIOM 10Jist IycTuln p(T) 1 3alUCyeThCs y BULJIsLI
CyMH €HTPONIHOTO Ta eHePreTUIHOrO J0/IaHKIB

BHIp() = [ o) (I [p(x)A3] ~ 1) o 1)



6
+ g/y(rlarQ) [P(rl)l)(r2) = p(r1)o(rs — 1ra) | dridrs,

ne 8 = 1/kT - obepuena remneparypa, v(ry,ry) - napHuii noreHiiag B3aeMojil Mix
qacTHHKaMu y Toukax 11 2, §(r) - menpra-dyukiis dipaka, Ap - nosxkuna xsuai e
bpoitns.

BisibHa eHeprisi CUCTEMU 3HAXOJAUTHCS siK JIOTAPU(PM CTATUCTUYHOI CYyMU

BF = ~In | Dplr) exp{~AHIp(w)]). )

Haitnpocrimum HabJiM2KeHHsIM J1j1si BLJIbHOT eHepril € HaOJIM»KeHHs 11epeBaJly st pyH-
KITIOHAJILHOTO iHTerpasty (2), mo BimoBigae HAOINKEHHIO CEPETHBOTO T0JIsT 3 (DI3UTHOT
touku 30py. Taknwm annom, HCII Binmosinae ymosi

301

5p = A, (3)

pJ\IFA (I’)

je A - muooxkauk Jlarpanxka, iagekc "MFA"nosnauae 3nadensst BIIIIOBIHOT BEeJUIHMHE
y pamkax HCII.

s BpaxyBanHs (QUIYKTyalliii raMiJibTOHIAH PO3BUBAETHCA B PsiJl HABKOJIO IOJIS
pMEA(r), robro saiiicnioerses migcranoska p(r) = pMEFA(r)+5p(r). ko obmexurucs

rayciBcbKuMu (hJiyKTyalisiMu, TO Take PO3BUHEHHSI 1IPUBOJUTH JIO HACTYIHOI'O BUPA3y
JIIsl TaM1JIBTOHIAHY

5?BH
drldrz 4
5(5,0(1‘1))5(5,0(1‘2)) JMEA Y
Jie TIepInii JI0JaHOK BiJIIOBIIA€ BHECKY Bl CEPEJIHbOIO T0JIst, & JPYTuil - Biji QpJyKTya-
1114,
JpyTuii po3iia IpucBIIeHuil JOCTIIKEHHIO 0OMEXKEeHOTO TBEPI0I0 TOBEPXHEIO TTH-

BHlo) = 8H [0 + 5 [ Solr0)splra)

Hy 13 norenniajgoM KOKaBu Mi>KIaCcTHHKOBOT B3aEMO/II1

v(rp) = A exp(—aris), (5)
12
JIe 719 MO3HavYae BIICTaHb MIXK JacTHHKaMu 1 Ta 2, A - ammiiTyna B3aemMomil 1 « -
obepHeHuil pajiyc Jil HOTeHIAJTY.
Jlst qance/bHIX PO3PaxyHKiB BBOAUTHCA TaKoxkK OesposMipHa ryctuna p* = p/a’ ta
6esposmipua remneparypa 1T = T/(Aa).
3a HASBHOCTI MOBEPXHI HAOJMKEHHSI CEPEHBOTO T0JIst (3) TPUBOIUTH O PIBHAHHS

1 20 +V(r) =V, (6)

Pb



7e My o3HauuaH norerrian V(r)

V(r) = B/p(rz)%2 exp(—ara)dra, (7)

Vi, = 3% /a? - smauenna V(r) B o6'emi, 32 = 4dmppBA, pp - TycTHHA IIHHY B 00’€Mi.
I'pasient piBusnms (6) mae

—E(r) =0, (8)
Jle MU O3HAUYUJIA €KBIBAJIEHT HATPYKEHOCT1 eJIEKTPUIHOTO MOJIs
E(r) = -VV(r). (9)
Jitounm namipaciaHoM Ha TOTEHIIAJ, OTPUMAEMO CITiBBITHOIIIEHHS
(A —a®) V(r) = —4rBAp(r). (10)

[Tincrasumo (10) y (8). Bracsiok Tpancsmiiinol iHBapiaHTHOCTI CHCTEME y TApaJIesTh-
HUX JIO IOBEPXHI HallpsMax, (PYHKIII 3ajeXKaTh JIIIE BiJl BIJICTaHl 2 Y HepIeHIUKYJIsIp-
HOMY JIO TIOBepXHI Hanpsimi. B pe3ysibraTi orpumMaemo

d [p(2) a’ 2 L
— |—+— |[V(2)]" —=—=FE"(2)| =0. 11
1P S e - e (1)
3 pisnocri (11) BurumBae, 10 BUpa3 y KBAJPATHUX JyKKAX € KOHCTAHTOIO, SKa He 3aJie-
KUTh Bij| z. 3Baxkarouu Ha e, 1o B 00’emi p(z) — pp, E(z) — 0, V(2) =V}, moxemo
OTPUMATH 3HAUCHHS IIbOTO BHpa3y B 00’emi: 1 + 2 / (2042). s BenuumHa BiIMOBIIAE
6esposmipromy Tucky SP/p, B pamkax HCIT:

2
BP = p, (1 + %) . (12)

3a MexXaMH CHUCTEeMH, Jie HeMa€ YaCTUHOK, MA€MO IIe OJUH iHBapiaHT, KUl piBHMI

a?V3(2)/ (25%) — E*(2)/(25¢*). 3nauenns uporo iHBapianTy jajiexo Biji HoBepxHi pisHe

HyJIeBl, a, OT»Ke, 1 Ha camiil noBepxHi. BHacsijlok HenepepBHOCTI MOTeHIiady 1 #oro

MIOX1JIHOI TIe CIIpaBeIJINBO TaKOXK Ha MOBepxHI Bcepeauni cuctemu npu 2 = 0,. Orxe
p(0y) | o 1

)y O - 0. = 20 (13

OCKIJIbKY 1151 BEJIMIUHA € TTOCTIHHOIO, MU TIePEeCBITUMINC, 110 BUKOHYETHCA KOHTaKTHA,
TeopeMa Jiist PpOogLII0 ITYCTUHH

BP = p(0;). (14)
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HaroJiocumo, 110 BUKOHAHHsSI KOHTaKTHOI TeOpeMU MoxKe OyTH ITOKa3aHe aHaJOITIHUM
YUHOM JIJIsT JOBLIBHOI KijbKocTl norenmiaaip FOkapu. Taknm amrom, B pamkax HCII
HaBeJIeHa lepeBIpKa KOHTAKTHOI TeopeMu MoxKe OyTH 3acTOCOBaHA JIO0 PIBHOMAHITHHUX
MOTEHITIAIB, sIKI MOXKHA MPEJICTABUTHU SIK CYIIEpIIO3uIliio morenniaais FOkapu.

3 (8)-(10) orpumyeThest cucTeMa TPhoX JudepeHIiajbHIX PIBHAHD 3 TPbOMA HEBi-
nomumu bynukiisvu p(2), E(z), V(z). Li cuissignoments € qudepeniiaibHIMI PiBHSI-
HHSIMU T[IEPIIOTO HOPSJIKY, K1 PO3B SI3YI0ThCS YUCEJbHO BUXOJSIUN 3 YMOBU KOHTAKTHOT
TeopeMu. 3 IHIIOTo OOKY, JiHeapu3allis CUCTEMU JI03BOJISIE OTPUMATHU aHAJITUIHII BUpa3
Jutst ipodisiro rycruan. podink rycruaun 8 HCII MmoxkHa Tako»X OLIHUTH, THTErPYIOYU
MOTEHIIAI B3a€MO/IIT 110 MIBIPOCTOPY. AHAJI3 IUX PEe3y/IbTaTiB MOKa3ye, 10 TP BUCO-
KX TeMIepaTypax yci Tpu BHPa3W JaloTh OJIHAKOBI 3HAUCHHS, OJHAK IIPU 3MEHIECHHI
TeMIIepaTypu aHaJITUUHI PO3B’SI3KHU IIOUYMHAIOTH CYTTEBO BiJIPISHATHUCS BiJ YMCEIBHOIO.

Jljist BUBUEHHST BILIUBY TayCiBChbKUX (DJIyKTyalliil Ha 006'€éMHI BJIACTUBOCTI, PJIYKTYya-
i1 I'YCTUHU PO3BUBAIOTHCS B psiji 38 rapMonikamu Pyp’e. V npomy 6a3uci KBajpaTuituii
raMiJIbTOHIaH Mae jgiarorayabry dhopmy. Tomi Ha mijcrasi (2) OTpUMYeThCs aHAIITHIHEI
BUpPa3 JIJIsl BIJIBHOI €HepPril, 3 SKOI'0 3HAXOJATHCI BUPA3H JIJIsi TUCKY Ta XIMIYHOTO IO-
TEHIIATY.

Y BUlIaJIKy HasiBHOCTI 1HOBePXHI (JIyKTyallil I'YCITUHA PO3BUBAIOTHLCS B Psijl 38, JIBO-
Mipaumu rapmonikamu Pyp’e

op(r) = > dpx(z) B, (15)
K

Je K, R - ckj1a10B1 BIJIIIOBIJIHO XBUJILOBOI'O BEKTOPA, Ta PaJlyCc-BEKTOPA Y MMapaJjebHOMY
JIO TIOBEPXHI HATTPSIMI.

Buaxopkentst Kopessauiinol Gynkuii (0pk(21)0p_k(22)) 3BOAMTHCA JI0 3HAXO/KEH-
Hsl 0OEpHEHOI MaTPUIll KBaJIPATUIHOTO TaMiJIbTOHIAHY

(Gpxc(1)0p x(22)) = 50H; [px(2)] (16)

siIKe B CBOIO 4Yepry 3BOJIMTHCs JI0 PO3B’S3KY 3ajiadl Pimana Juist napHol KOpeJssiiiiinol
dyukmil. HaBoauThes TexHiKa po3B 3Ky 1€l 3a/1a9i 1 OTPUMYETHCSI aHAJITHIHUN BUpa3
JUIst TIAPHOT KOpEJIATIiHOT DyHKITT

exp[—riaV 7#? + o]

12

h(I‘l, I‘Q) = — /614 (17)

oo

_ 54 / Jo(K Rio)

0

ne o (K) =V + a2+ K2, a (K)=+va2+ K2, Jy(x) - dynxuia Beccens nepioro
POAaY.

KdK (o (K) —
ay (K) (o (K) +
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Y Bupasi (17) nepuruit 0JaHOK BiMOBiIa€ TPOCTOPOBO-OIHOPIHII YacTuHi, a Jpy-
Uil - MMPOCTOPOBO-HEOAHOPIHIH. K Oaunmo, KopeJsiiiiina (DyHKIsT € HeBU3HAYEHOIO,
gKio 22 + a? < 0. Anasioriuni HeBU3HAYEHOCTI MAIOTH Micie st 00’ €MHUX TEPMOU-
HaMiuHUX yHKIH. [le BKazye Ha 0OMEXKEHICTh OTPUMAHUX PE3YJIbTATIB JIJI BUIAJIKY
IPUTATYBaJbHOI B3AEMOJIIT MI2K YaCTUHKAMHU.

Brecok rayciBechbkux uiyKTyaliiil y npodijb yCTUHU MOYXKHA 3HAWTHU, HAIIPABUBIIN
y HEOJIHOPIAHIN YacTuHl 1apHol Kopessiiinol pyHkiii ry — ro. Toul npodiib rycrunu
y TayCiBCHKOMY HaOJIMXKEHH] 3allUCYEThCS AK CyMa CepeIHbO-TTOJTLOBOTO Ta, (DJIYKTYaIliii-
HOT'O BHECKIB

p(z) = pMT(z) + pT(2). (18)

SHAK CepeHbO-1I0JIbOBOI0O JOJAHKY 3a/Ie2KUTh Bljl 3HaKy B3aemosil. Haromicrsb, diy-
KTyalllliHa YaCTHHA 3aBXK U MEHIIa 33 00’eéMHe 3HaUYeHHsT He3aJIesKHO BiJl 3HAKY B3aEMO-
Jil. B pesyibrari, s BIIIITOBXYBaJIbHUX IIOTEHITaJiB IPodijib MoKe OyTH HEMOHOTOH-
HuM. BHecok Biji uiyKTyalliii cTae BayKJIMBUM IIPU 3MEHIIEeHHI 0€3pOo3MipHOT TeMIiiepa-
TYpH 1 IpU MaJux 3HaYeHHsIX 1™ MoxKe mepeBaXkaTu HaJl CePeHbO-II0JbOBUM BHECKOM.
TakuM 9YUHOM, JIJI PO3IVISTYBAHOI CUCTEMU MOXKE MaTh Micie epeKT 301 THEeHHS TIJINHY
100JIN3Y TTOBEPXHI.

Axio y Bupasi jisi npodiiio rycrunu noksactu 2 = 0, orpuMaeMo BUPa3, siKuit
30Ira€ThCsA 3 BUPA30M I 00’ €MHOTro TUCKY. TaKuM YUHOM, OTPUMAaHi y TayCiBCbKOMY
HAOJIM>KEHH] pe3yJIbTaT 33JI0BIILHAIOTH YMOBI KOHTAKTHOI TEOPEMHU.

3 Bupasy i TpPoMLII0 I'YCTHHE aHAJITUYHO PO3PAXOBYEThHCT KOEMIIEHT a/1copOoIiil

r— / a2 [p(z) — ). (19)

st IpUTATyBaJIBLHOTO MOTEHITIATY CepeIHbO-MOTBOBUH 1 (PJIYKTYaIiiiHI BHECKH Y KO-
edimienT ajcopOuil MarTh OJUH 3HAK 1 HAKJIAJAIOThCsI. TOMY IIKaBUM € BUIIAJIOK BiJI-
HITOBXYBaJbHOI'O 1OTEHIIAJy, IIPU SIKOMY Ma€ MiClle KOHKYpeHIlis MixK BHecKamu. Taka
curyaliist 306paxkena Ha puc. 1 st T = 0.11T* = 1/20, jie upeicraBieno 3ajexKHicTh
6esposmiproro koedimienTa ancopbmii I'* = I'/a? Big 06’emnoi ryctuny p* njst pisaux
3nadvenb 1°. Ha nepiiomy rpadiky BusHavdabHY POJib BIIIIPAE CepejiHbO-10JILOBUI JI0-
JIAHOK, TOMY Ma€ MicIle MOHOTOHHA MOBeJIIHKa KoedimienTa ajgcopoiiii. OgHaK mpu 3MeH-
IIeHH]l TeMIepaTypu (BpJyKTyalliiiHuii BHECOK MOYMHAE TepeBaxkaTu. B pe3ynabraTi, Ha
Jipyromy rpadiky koedilieHT ajicopOilii cTae HEeMOHOTOHHUM 1 31 301JIbITIEHHSM 00’ €MHOT
I'YCTUHU 3MIHIOE 3HAK.

Y TpeTboMy PO3IiJIi JOC/IIIKEeHH y3araJbHIOEThCs Ha BIIIAIOK HASBHOCTI Y MiXK-
YACTUHKOBI B3a€MO/IIT MPUTATYBAHHS 1 BIIIIITOBXYBaHHSI, STKE MOJIEJIOETHCS MTOJIBIAHUM
norenuiajom KOkasu

A A

V(T12) = 7“_1; eXp(—Oéle) + 7"_12 eXp(—Oézrw): (20)
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03— TP

— Tiotal U 0.006F | — Trotar 3
L T vra ] [ T nvra ]
02k |---- Triuet - 0.004f |-+ T fruct E

0.002f

F*

Looof-
-0.002f

0 S —

-0.004f

01f . -0.006f 3

0.0001 0.001 o 0.01 0.1 0.0001 0.001 p*0.0l 0.1

Puc. 1: Banexnictb KoedimieHTy aacopodiii Big 6e3po3mMipHoi 006’emuol ryctunu p* mag 1% = 0.1 mi-
Bopy4 i T* = 1/20 upasopyu. IIlTpuxosana Jiuist BiIIOBIIAE CePeIHBO-TIONBLOBOMY PO3B 3Ky ['yrpa,
IYHKTUPHA - BHECKY Bij duaykryamniit Iy, 1 cyninbaa ainia - ixniit cymi Lyogqr.

jge Ap > 0 Bijuosijae BlToBXyBaJbhiil B3aemoil, Ay < 0 - upuTsryBaJibHiii.

Jns mogaipnX po3paxyHKIiB BBOAATHCA IapaMeTPH %%2 = 4mppBA1 2, onuHuIA
macirraby joskuun g = 1/|33|"/%, a rmakox Gesposmipma rycruma p* = py/ad Ta
besposmipha Temneparypa 7% = T /(Asas).

B paMkax HaOJM>KEHHsI CepeIHbOrO T0JIsT OTPUMYEThCS CUCTEeMa HeJIHIHHUX Jaude-
pPEeHIIaJbHUX PIBHAHD, sIKa 3BOJUTHLCA O MaTpUUHOro piBHAHHA. [loKazano, mo BiacHi
3HAYEHHST A1 1 Ao BIJIMOBIIHOT MaTPHWIll MalOTh CEHC OOEPHEHUX PAJIIyCiB eKpaHyBaHHS
HPUTHATYBAJILHOT Ta BIJIIITOBXYBaJibHOT B3aeMoyiiit. 1i napamerpu marorsh BUIJIs)|

1
)\%72 = (B +a 4+ +ai+ \/(%f + af — 35 — oz%)2 +dsd ) . (21)

2
3a MerxaMu HabJIMYKEHHsT CEePEIHBOTO TOJIST MIJISTXOM PO3B’si3Ky 3a1a9i Pimana orprumano
aHAJITUYHI BUPaA3U JIJIsl TAPHOI KOPeJsIiitHOT (pyHKIIIT, sIKi BUPaXKaIOThCs depes3 rapa-
MeTpH A1, Ao. BeTranoBjaeHo yMOBY Ha mapaMeTpy BiAIITOBXYBaJbHOI'O MOTEHINIATY, KA
3abesnedye PpisMIHICTh OTPUMAHUX Pe3y/bTaTiB. TakKuM YMHOM, Ha BIJIMIHY BiJI MOJEJI
3 omgauM miorenmiagoMm FOkapu, nmapua Kopessiiiia (pyHKIsS crae jJo0pe BU3HATEHOIO
JUISL BCIX TeMIleparyp 1 I'yCTHH, a TaKoXX J/Is CUJbHO IPUTIIYBaJIbHOI B3a€MOJIIT MIXK
JaCTUHKAMH.

PospaxoByeThcst siBHUIT BUpa3 JIJist POMLIIO TYCTUHY, iKW 300pakeHuit Ha puc. 2.
Y posriisjlyBaHiit MoJies1i cepeJIHbO-TI0JILOBUIT BHECOK € HEMOHOTOHHUM 1 3MIHIOE 3HAK, &
duykTyariiiia YacTUHA € MOHOTOHHOIO 1 BiJi éMHOM0. TakKuM YUHOM, IPU MIEBHUX Iapa-
MeTpax MOJIesIl Ma€ MicIle KOHKYPEHIIisS MK ITUMU BHECKAMHU 1, IK HACJILJIOK, TIJINH MOXKe
MaTH IapyBaTy CTPYKTYpY. 3i 3MeHrneHHsM 1™ ociusiiii npodiis 3aTyxaoTh 1 BiH
MOHOTOHHO 3MEHIIYEThCs 3 HAOJIMKEHHsAM J10 11oBepxHi. Kpim Toro, 31 3menientsm 1™
edexT 301 IHEHHS T'YCTHHU JaCTHHOK CTa€ OLIbII BupaxkKeHuM. [Ipu BeJIMKUX 3HAUCHHSIX
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Puc. 2: TIpodine ryctunn y rayciBcbkoMy HabauzKeHHI g napamerpis Ay /As = 2, aj/ay = 1.35
i pi3Hux 3Ha4deHb Oe3po3MipHOI Temieparypu. JliBopyd T* = 0.5, upasopyu 17" = 0.167. Irpux-
IyHKTUPHA JIiHIg BIJIOBI/IA€ YUCEJIBHOMY PO3B S3KY CEpPe/IHbO-II0JIbOBUX PIBHSIHD, NITPUXOBAHA JIiHIS
- BHeCKY Biji uIyKTyaliiil i cynijibHa JiiHig - IXHiil cyMi.

T "qacTUHKYU TJIMHY 30UPalOThCs TIO0JIM3Y TTOBEPXHI, a TP MaJuX - BUIITOBXYIOTHCS 3
Hel.

BuBoJgTbHCS KOMIAKTHI aHAJITHIHI BUpa3y JJist BIIbHOI eHepril [eqbMrosbiia, Tu-
CKY, Ta XIMIYHOTO TOTEHIaay crucTeMu. AHAJITUIHO MOKA3aHO BUKOHAHHS KOHTAKTHOI
TeoOpeMu JIJst TPOMLITIO I'YCTUHH.

PospaxoByerbcsi koedinienT ajicopdbiiii Ta aHaJi3yeThCs HOro 3ajeXKHICTh Bij 00'-
€MHOI TYCTHHHU Ta, Temieparypu. BusiBjiieno, mo BpaxyBaHHst (hJiyKTyalliil pU3BOIUTH
JT0 HEMOHOTOHHOI 3aJIe?KHOCTI 1€l BeJTMInHN Bijl TemmnepaTypu. [lokazano, 1mo npu 3po-
cTaHHI TeMIlepaTypu KoedillieHT ajcopOIlil 3MiHIOE 3HAK 3 BiJI €MHOI'O Ha, JIOJIaTHIM.

Y deTBEepTOMY PO3/IiJIi TEOPETUKO-TIOJBOBHUI TT1JIX1]T 3CTOCOBYETHCS JIO ONUCY He-
MaTorenHoro minny Maiiepa-3aytme B 06’emi. [loTentian Mi>k 4aCTHHKOBOT B3a€MO/IiT Ma€
BUTJISIT

A A 1
2T M2 P (cos b)) = _26—0427“125 Zi%(ﬂlmm(%)? (22)

12 12

(T12, Q Q2)

ne Q = (0, ¢) - opientanii yacrunok, Pa(cosfis) = (3 cos? 15 — 1)/2 - noninom Jlexan-
JIpa JIPYroro pojy BITHOCHUX OpieHTaIiil 4acTHHOK, Y;,(€2) - cchepudmi rapMOHiKH.

Y3arajabHEeHHsI TEOPETUKO-TI0JIbOBOI0O TaMiJIbTOHIAHY HA aHI3OTPOITHUIN BUIIA 10K TTPU-
BOJIUTH JIO0 BUPA3Y

BHp(r,Q)] = /p(r,Q) [In(p(r, Q)AgA}) — 1] drd

+ § / V(T’lg, Qlﬁg)p(rl, Ql)p(rz, Qg)drldrzdﬁldQQ,

e A§1 - 00epTOBa YACTUHA, CTATUCTUIHOI CYMU JIJIsi HEB3AEMOIIOUNX MOJIEKY.I.
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B pamkax HaOJM>KEHHsI CEPEJHBOIO II0JIsi OTPUMYIOThCS Bijlomi 3 Teopii Maiiepa-
Bayre Bupasu jyis opienraniitnoi dbyuknii posmnogiay f(€2) i mapamerpa nopsijiky S.
3 yMOBM MiHIMyMY BLJIBHOI €HEPril BCTAHOBJIIOETHCS TOYKA MEPEXO/y 3 130TPOITHOI Y
cTablIbHYy HEMATHIHY (asy.

[TokazaHo, 1Mo BpaxyBaHHs KBapaTHIHUX (DIYKTyalliil 3BOAUTHCs 10 piBHsaHHs OL]
y HabJMXKeHHI XaoTu4dHux ¢a3. Buac/ijiok cumerpiit HemaTu4dHol (pas3u Ta po3rJisijly-
BaHOT MOJIeJIi PO3BUHEHHS KOPEJIAliitHOl (PYyHKIT B Psiji 3a cPepUUHUMU rapMOHIKaMu
MPUBOJIUTH JIO BUPaA3y

h(r12, 018) = Z hoom (112) Yoy, (21) Yo (£22), (23)

nem = 0,+1,+2.
OTpuMyrOThCsT aHAJITUIHI BUPA3W JIJIsI TAPMOHIK TTapHOT KOpeJIsiiiitHol hyHKIIII:

1
2 2
(1) = —2 222 ot e ineit (24)
5 T
5 p = (1/V) [ p(r, Q)dSr, a cepeni (V2 )o = [ dQ(Q)V2,(©)].

Bemannn (Y22, Yo dirypyiorh Takox y BiAIOBiqHIX BUpas3ax Jyis OJHO-4aCTHHKOBOT
dyHKIiT po3nojiiay Ta repmojuHaMivnux gynkiii. Ha puc. 3 npejcrapieni 3ajexxKHOCT
IUX BeJINYMH BijJ mapamerpa 1/M* ~ T%/p*.

o orpuMannx pe3ysbTaTiB 3aCTOCOBYETHCS TOUYHE CIIBBIIHOMIEHHS 3 TEOPil aHi30-
rporaux mnniB [M. Holovko, T. Sokolovska // J. Mol. Liq., 1999, 82, 161] i 3naxourhcst
yMOBa,

— (Vo) =1. (25)

Buxojisiam 3 1i€l yMOBH 1 3 O1JIsijly Ha PUC. 3 IOKA3AHO, 1110 BUX1JIHA MOJIE/Ib IPU3BOAUTH
JI0 HEBU3HAYEHOCTI IapHOl Kopessarmiitnol dyHkiil y HemarudHiit ¢dasi. B pesynbrari,
pO3IyIsiIyBaHa MOJE/b y3araJbHIOETHCS MIJIAXOM BKJIIOUEHHsT 130TPOITHOTO BIIITTOBXY-
BaJIbHOrO norenniaay KOKaBu y BUXIIHUI HOTEHIIAT B3a€MO/IIT

Ay _ Ay
e M2 4 ZZ e T2 P (cos ),

v(r, hida) = vo(rio) + va(ria) Pa(cos i) = - "
(26)

jge Ag > 0, Ay < 0. st gncesbHEX pO3paxXyHKIB BBOJASATHLCS OE3PO3MIPHI I'yCTHHA,
p* = p/ad Ta obepuena remmeparypa 3* = [B|As|an/5 = 1/T*.

B pamkax HCII mokaszano, 1110 i30TpOnHMI J0JIaHOK MOJAMMIKYE TepMOuHAMIUHI
XapaKTEePUCTUKH, aJie He BIIMBAE Ha PO3IOJILI 10 OPIEHTAIlIsIX 1 TOUKY CTaOLILHOCTI He-
mMaTu4dHol (pasu. BpaxyBaHHs rayciBCbKux (hJIyKTyalliil HIPUBOJUTH JIO MATPUIHOIO PiB-
HSIHHSI JIJIsI TapMOHIK mapHoi KopeJdniiiaol ¢gpyuknil y @yp’e-mpoctopi. OTpUMYIOTHCS
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Puc. 3: 3anexuicts cepennix Big napamerpa 1/M*. Jlinia (1) signosigae (Yao)q, ainia (2) - (Y5)a,
ninig (3) - daykryanii ((Y3)a — (Yao)3), ainia (4) - (Y3)q i ainia (5) - (Y3)a.

aHAJIITUYIHI BUPA3K JJIs [IUX FAPMOHIK. BCTaHOBIIOETHCS yMOBa, JIJIsT TTapaMeTPiB 130TPo-
ITHOT'O IOTEeHIiaJly, siKa 3a0e31edye (PIBUUYHICTb OTPUMAHUX PE3YJIbTaTiB Yy HEMaTUUHIN
dazi. [lokazano, 1110 OTprMaHi Pe3yabTaTi KOPEKTHO OMUCYIOTH Moju ['osacroyHa. Pos-
PaXOBYIOTHCS MOIPABKU JIO OPIE€HTAIIHOI (PYHKINI pO3IOJIJIy Ta HapaMeTpa HOPSIKY
BHACJLIOK duryKTyariii (puc. 4), a TakoXK crTajia MpyKHOCTI. SHANHIEHO, 110 JJisi BEJI-
KOI 00J1acTl 1apaMerpiB rayciBcbke HaOJIMXKEHHSI Jiisi YHAPHO! (DYHKIIT 3BOAUTHCS J10
IepEeHOPMYBaHHsI CepeIHbO-110Ib0BOI (DYHKINIT po3noaiay Maiiepa-3aye
p(2) 1 3

exp §M*(1—t)800829 : (27)

p - Z//

. "
Jie t - mapaMmeTp, AKuil BUPayKaeThCs Uepe3 apaMeTpu MoJiesl, 4 - cTajia HOpMYBaHHSI.
Y po3iijii BUBOJSITHCS TAKOXK aHAJITUYHI BUpPa3u JJisi BLILHOI eHeprii, TUCKYy Ta
xiMiuHoro noreuiiaJy. [lokazyerbces, 1o jiJjist i30TPOITHOL Ta CUJILHO BIOPSIIKOBAHOT (a3
1l BUPA3HW CYTTEBO CIIPOILYIOTHCH.
I’ aTuit po3aij npucBsiTIeHnii JOCTIPKEHHIO HeMaTuIHOT (ha3n 38, HasIBHOCTI TBEP-
701 osepxui. Posrisijaerbest Mojiesib 13 OTEHIiaIoM MK IaCTHHKOBOT B3aeMo/iil (26).
B pamkax HCII orpumyeThes cucrema HemiHIAHUX audepeHniaJbHUX PiBHSAHD, Y
SAKUX BBOJATHCA CEPETHLO-II0IbOBI MOTEHIIAIN

Vo(ry, Qun) = 5/V0(7“12)P(1“2,an)d1'2, (28)

‘/2m(r17 an) = ﬁ / VZ(TIQ)S%TL(I'Q; an)er (29)

1 BeJINUYNHU

Eo(r, an) = —V‘/Q(I', an); EQm(ra an) = _v%m(ra an) (30)
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5.0 ] f(Q) . S

0,5 N

—MFA N
04 ----Fluctat ® = 30 N
0,34 - — -Fluct at ® = 100
02
014 1M

. 0,0 . ; . : . : . ¢ . )

Puc. 4: JliBopy4: ynapua (yHKIs PO3MOJiLY y HaOJUZKEHHI CepejHboro 1moJst (cyniapbHa JiHis) Ta
y rayciBcbkoMy Habuzkenni (27) (mrrpuxoBana Jiinist). [Tapamerpn MaioTh HACTYIHI 3HAYeHHS: p* =
0.04, g* = 0.015, ap/ay = 5, Ag/As = 50. [Ipasopyu: nonpaska J0 napamerpa HOPsSAKY BHACIIIOK
dbaykryaniii jyst pisHux 3Hauenn napamerpa w = Ag/A; npu dikcoBanux napamerpax ag/as = 5,
g* = 0.01.

VY 1ux piBHAHHAX DIrypye KyT 2y, MK JIUPEKTOPOM 1 TIOBEPXHEIO, 8 TAKOXK y3araib-
HeHl nmapaMeTpu nopsiJiky S5, JJisd OIKUCY MEPEXOJy CUCTEMHE 13 OJIHOOCHOBOI Y JBOOCHOBY
¢azy y npunoBepxHesiii 06J1acTi

* . fp(raﬂlna an)}/Qm(an)dﬁln o ng(r,an)
Som (T, Q) = = q ,
\/gf p(r7 QlTU an>dQ1n p(ru wn)

ne 1, - opieHTalisi YaCTUHKU BiJIHOCHO jupekTopa, p(r, Qi,, Qy,y) - yHapHa dyHKIs

(31)

POBIIOILILY.

TakuM IMHOM, PO3BUHYTHI (hOpMaJIi3M J03BOJISIE OIMUCYBATH BUHUKHEHHS ILJIaHap-
HuX a3 1 JOCIIJKYBATU sABUITE 3UEIlJICHHs, sKe [oJisarae y ¢gikcallil oBepxXHe Hallpsi-
My JIMPEKTOpa.

3 OTpUMAHKMX PIBHsIHb 1 BHACJIJOK TPAHCJSIIIAHOT IHBAPIAHTHOCT] CUCTEMU Y I1apa-
JIETbHUX JIO TIOBEPXH1 HalpsiMaX, 3HaiJIeHO pIBHICTH

d P(Zaan) O‘(% 2 J
Y O3 e (0 - B (2,0 -
+ - 2%§ 2m(z7 wn) - 2%3 2m(z7 wn) =0,

3 sIKOl BUILIMBAE, 1110 BUPA3 y KBaJpATHUX JAYKKax € He3aJIeXKHOIO BlJI 3MIHHOI 2 BeJIH-
auro0. Ha ocHoBi iHBapianTy (32) mokazaHo, 10 OTPUMaH] PE3yIbTATH 33 [0BLIbHSIIOT
YMOBI KOHTAKTHOI TEOPEMH JIJIsI IIPOMLIIO I'YCTHHI HE3AJIEXKHO BiJ KyTa $2,,.

st BUITQIKY TIEePIEeHIUKYISTPHOIO HAIIPSIMY JIMPEKTOPa Y JIIHEapU30BaHOMY Ha0JIM-
XKEHHI PO3PaxX0OBaHO aHaJiTU4YHI BUpasu Jyisi upodiao rycrunu p(z) ta upodiuwo na-
pameTpa mopsaky Siy(2). Bussieno, mo mobsu3y moBepxHi icHye BesuKa 06JaCTD, Y
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1084 1 p(2)/py,
S5(2)/S,

1,06 4 1,00 e — T
----Sb=0.63 (T*=2.41)
------ Sb = 0.56 (T* = 2.56)
——Sb=0.47 (T* = 2.67) 095!

1,04

1,02 +

----Sb=0.63(T*=2.41)
e S = 0,56 (T* = 2.56)
——Sb=0.47 (T*=2.67)

1,004
0,85

0,98

0,80 4
za,
0,96 T T d T T

Puc. 5: TIpodini rycturn (1iBopyd) Ta mapamerpa Mopsiaky (mpaBopyd) y JiiHeApu30BAHOMY HAO/IH-
wenni s pp/ay = 0.5, Ag/Ay = 2.2, ag/as = 1.25. Pisni ainii Bijuosigaiors pisuum 3naueHnsam
06’eMHOTO mapamerpa Hopsijiky S, (abo 6e3posmipHoi Temmneparypu 17).

SIK1i TIJTMH cTa€ OLIBII PO3PIJIPKEHUM Ta MEHII OPIEHTAIIHO BIIOPSAKOBAHUM IOPIBHAHO
3 00’emHO0 0bJtacTio (puc. b). [lepenbatacThcss MOXKINBICTL BTPATH HEMATHKOM OPI€H-
TAIitHOTO BIOPSIKYBAHHS Y IPUITOBEPXHEBIH 00J1acTi.

st BUNIaJIKy OJIHAKOBUX MOKA3HUKIB 3aracaHHst aHi30TPOITHOIO Ta 130TPOITHOTO 0~
TeHIiasiB MDXKIaCTHHKOBOT B3aeMOJIIT (g = (ra) BPAXOBYEThCsI BHECOK I'ayCiBChKUX (JIy-
KTyalliil y BjaacTuBocTi cucreMu. OTpuMyeThCa MaTpudHa (popMa pIBHSIHD JIJIsI FAPMOHIK
napHoi KopeJiniiinol ¢pynkiil. Ha ocHOBI aHa/JiTHYHOrO po3B’a3Ky KX PiBHSHL PO3pa-
XOBYIOTHCs IPOMIJIL TYCTUHY Ta apamMeTpa MopsiJIKy, a TAaKOXK BHECOK (DJIyKTYalliil y Ko-
edinienT ajcopOuil Ta HAUIKIIOK IIapaMeTpa HOPsJIKY 3a paxyHokK nopepxHi. [Tokazano,
1110 QIIYKTyallil HOCHIIOITEH CePeHbO-1I0Ib0BI e(PeKTH PO3PIJIZKEHOCT] Ta J1e30PieHTalliT
MJIMHY TI00JIN3Y TTOBEPXHI.

OCHOBHI PE3SVJIBTATU TA BUCHOBKH

1. CdopmynboBano nHabimxkents cepeanboro nosst (HCII) st obmexkenux TBep 1010
OBEPXHEIO IIMHIB 13 norenniagamu KOkapu B3aemomil Mixk gactuakamu. [Toka-
3aHO, 110 omuc Takux cucreMm y pamkax HCII 3BopuTbest 10 HesHIAHOT cucreMu
JnudepeHIiaJbHIX PIBHSIHD. 3HARIEHO iIHBapiaHT, Ha, OCHOBI SIKOI'O JIOBOJUTHCS BU-
KOHAHHSI KOHTAKTHOI T€OpeMu JiJisi TTPOMIII0 I'yCTUHN.

2. Tlokazano, 1o BpaxyBaHHsi (DJIyKTyalliil y 11POCTOPOBO-OOMEXKEHUX CHUCTEMaxX i3
MOTEeHIlaJaMI MIXKIaCTUHKOBOI B3aeMoIil Tuny KOKaBu 3BOJUTHLCS 10 PO3B SA3KY
3asiadil PiMana Jiist mapHol Kopessniiaol ¢gpyuknil. OTpruMaHo aHAJITUYHI BUPa3K
JUIS TIAPHUX KOPEJSIiiHnX (QyHKIIIH, mpodiiaiB ryctunn i KoedimieHTis ajicopo-
nii. [TokazaHo BUKOHAHHS KOHTAKTHOI T€OpPeMU JiJist POPIII0 I'yCTUHU B paMKax
OTPUMAHUX PE3YJIHTATIB.
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Buspieno edexT 30iiHEHHS ILJIMHIB 1100JIM3Y IOBEPXHi: Ha BIJIMIHY BiJ| cepeHbO-
MOJILOBOI'O BHECKY, BHECOK BiJI (DJIyKTYyaIiil y Tpoijib TYCTUHY 3aBXK 1 Bl € MHUI
He3aJIe2KHO BiJI 3HAKY B3a€MOJIIT MixK YacTUHKaMu. B pesyiibrari, Juis JedKux Ch-
CTEM CIIOCTEPIra€ThCsI OCITUIIIOI0YA TOBEIIHKA MPOMIII0 TYCTUHI Ta HEMOHOTOHHA,
3aJIC2KHICTb KOeilieHTy ajcopOIril Biji 06’€MHOI I'YCTHHHU Ta TEMIIEPaTyPH.

[Tokazano, 110 JiIsi HEMATOMEHHUX ILJIMHIB 38 BIJICYTHOCTI 1TOBEPXHI TEOPETUKO-
nosboBuit popmasiiam y HCII BinTBOpioe Kiacuuny teopito Maiiepa-3ayie. s
Mojiesi 13 motreHIiagoM Maiiepa-3ayme Mi2KYaCTUHKOBOI B3a€MOJIil BpaxyBaHHs
durykTyaliit BuMarae BKJIIOUEHHSI y TMapHUI MOTEHIIal 130TPOIHOIO BiJIINTOBXY-
BaHHsi. BeraHoB/IeHO 1POCTY yMOBY Ha llapaMeTpu 130TPOIHOIO HOTEHIIaJLy, dKa
B TAKOMY pasi 3abe3rnedye cTabLIbHICTh CUCTEMHU.

3Haifiero, M0 BpaxyBaHHs rayCiBChbKUX (DJIYKTyaIliil Jjisi HeMaTOTeHHUX TJINHIB
3BOAUTHCH 10 piBHsinHs Opuinreiina-IlepHike y nabsmkenni xaoruanux das. Bu-
BeJICHO aHAJITUYHI BUPA3K JJIsl FapMOHIK IIapHOI Kopesisdiiitnol (pyHkiii. 3a j10110-
MOT'OI0 TOYHOTO CITIBBIJIHOIIEHHS JJIsT aHI30TPOMHUX TJIMHIB MMOKA3aHO, M0 OTPU-
MaHi Jiisi HeMaTU4HOl (pa3u pe3yJibraT KOPEKTHO ONKUCYI0Th Moju [osijicroyHa.
PospaxoBano aHaJiTUYHI BUpa3u NI BLILHOI €Heprii, THCKY, XIMIYHOIO TIOTEHIIi-
aJly, yHapHOI (PYHKIIII, IapaMeTpa MOpsJKy Ta craJjol npyxxHocri. ITokazano, 1o
JUIs BEJIMKOT 00JiacTi nmapaMeTpiB rayciBcbKe HaOJIMKEHHS JiIst yHAPHO! (PyHKIIT
3BOJIUTHCs JI0 1IEPEHOPMYBaHHs CEepPeJIHbO-110J1b0BOT (pyHKIIT posuojiiiy Maiiepa-
3ayre.

15t 0OMEexKeHOTo TBEPJI0I0 MOBEPXHEI0 HEMATOINEHHOI'O TIJIMHY OTPUMAHO CUCTEMY
HeJiiHIHKuX JiudepeniiiajbHUX PiBHSIHb, y K PIirypyloTh y3arajbHeHi napame-
TPU TOPSIKY JJIsI ONUCY MEPEXo/ly CUCTEMHU 13 OJHOOCHOBOI y JIBOOCLOBY (hazy y
npunoBepxHeniit obmacti. Briepre y pamkax HCII Touro noBejieno KOHTaKTHY Te-
opeMmy Jijisi aHi3oTpoIHOro 1inHy. [Tokazano, 1110 BAKOHaHHSI KOHTAKTHOI TeopeMu
He 3aJIEXKUTD BiJT KyTa MiXK JIUPEKTOPOM 1 oBepxHero. /[y Bunaaky neprneninKy-
JIIPHOTO HAIIPSAMY JIMPEKTOpa Y JiHeapu30BaHOMY HAaOJMKEHHI PO3PAaXOBAHO SBHI
aHaJITUYHI BUpa3u Jijisd TpodiiiB rycTuHM Ta, napaMerpa nopsjiky. Ilepejadbadeno
edexkT BrpaTu HEMaTUYHOIO (Pa30I0 OPIEHTAIINHOIO BIOPSJIKYBAHH Y IIPUIIOBEPX-
HeBiil obJsracTi.

st BUNIaJIKy OJIHAKOBUX TMOKA3HUKIB 3aracaHHsi aHi30TPOITHOIO Ta, 130TPOITHOIO
HOTEHIIAJIB 1IPOCTOPOBO-0OMEKEHOI'0 HEMATOI'C€HHOI'O 1IJIMHY, BUBEIEHO aHAJITH-
YHI BUpa3u JjIsd TapMOHIK IapHOl KopeJsiiiinol ¢yukiii. PospaxoBano mpodii
I'YCTUHU Ta TapaMeTpa MOpsJKy, a TaKoXX BHECOK (JIyKTyalliil y KoedillieHT a/i-
copOI1il Ta HAJJIMIIOK IapamMeTpa MOPsJIKY 33 PaxXyHOK [TOBEPXHI.
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AHOTAITIS

KpapiiB 1.41. EdekTn diaykTyariiii i HpocTOpoOBOT0 00Me>KeHHA B TEOPii ITPo-
CTUX Ta aHI30TPOITHUX NJnHIB. — Ha npaBax pykomnmucy.
Hucepmauisa na 3006ymmsa Hayko6020 cmynens kandudama Gi3uko-mamemamuiuHuT
nayx 3a cnevtarvuicmio 01.04.24 — ¢isura woroidnux cucmem, Inemumym @izuru
kondencosanux cucmem Hauronarvroi axademii nayx Ywpainu, JIveis, 20135.

Hucepraniitia podoTa MpHUCBsiueHa BUBYEHHIO BILIMBIB IPOCTOPOBOIO OOMEXKEHHST Ta,
durykTyaliii 1oJisi ryCTUHUM Ha, PIBHOBAXKHI BJIACTHBOCTI 130TPOIHUX Ta, aHI30TPOIHUX
IJIMHIB. 3 II€J0 METOI0 B paMKaX TEOPETUKO-IIOJHOBOTO (POPMaJIi3My JIOCITIIKYIOTHCS
CUCTEMH 13 MOTEHIIaJIaM1 MI>K9aCcTUHKOBOI B3aemo/1il Tuity KOkaBu 1 HemaroreHHi rmjinuu
Maiiepa-3ayme B 00’eéMi Ta 3a HasIBHOCTI ITOBEPXH.

[Tokazano, 1110 HADJIUKEHHSI CEPETHBOTO MOJIsI JIJISI CUCTeM OiJisi TIOBEePXHI 3BOIUTHCS
JIO CUCTEMH HeJIIHIMHUX JudepeniaJbHiuX piBHsAHD. 3HAlIeHO IHBAPIaHT, HA OCHOBI KO-
I'0 JIOBOJINTHCSI BUKOHAHHS KOHTAKTHOI TeopeMu Jijisi Tpodiiip rycruan. BusipieHo, 1o
BpaxyBaHHs TayciBCbKUxX (pJiyKTyaliil 380iuThcs J10 KpaitoBol 3ajiaui Pimana. Pospa-
XOBAHO aHAJITUYHI BUPaA3U JJIsi OCHOBHUX CTPYKTYPHUX 1 TEPMOJMHAMIUHUX (PYHKITI
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3a3HAYCHUX CUCTEM, 30KpeMa, JIJis MapHUX KOPeJISIiiiHux (pYHKIH Ta BLILHOI eHepril.
[TokazaHo BiJIMOBIAHICTH OTPUMAHUX PE3YJIHLTATIB YMOBI KOHTAKTHOI TEOPEMH.

Busipiieno, 1o ¢guiyKryaliiitHuit BHECOK Y NPOMLIL I'yCTUHN 3aBXK/ 1 Bijl €eMHUIT He3a-
JIEXKHO BiJI mapaMeTpiB mapHoro noreniiany. Ilepeadadeno epekT BTrpaTu HEMATUIHIM
IIJINHOM OPIEHTAIIHOIO BIOPSJIKYBaHHSA y IIPUIIOBEPXHEBIN 00J1aCTi.

Karouosi caoBa: nomenuias FOxasu, nemamozennuti naur Matiepa-3ayne, meep-
da NOBEPTHA, MEOPLA NOAA, KOHMAKMHG MEOPEMA, NPOPIAL 2YcmMUuHU, Koediuienm ao-
copouyii.

AHHOTAITUSA

Kpasius . 4. 9dbdexkTn daykryarumii u mpocTpaHCTBEHHOTO OTPAHUYEHUST
B T€OPUU MPOCTHIX M AHU30TPOITHBIX (PJIFONIOB

Huccepmanus na couckarue naywnoti cmeneny xandudama Guauko-mamemamusecku
Hayx no cneyuarvrocmu 01.04.24 — dusurxa xorroudnovix cucmem, Uncmumym dusu-
KU Kondencuposannur cucmem Havyuonarvnot axademuu nayx Ypaunv, Jveos, 20183.

Hucceprannonnast paboTa MOCBIEHa U3y YeHNIO BIUSHUN TPOCTPAHCTBEHHOI'O OTPa-
HUYeHUs U PIIYKTyalnii 1oJisi IJIOTHOCTH Ha PaBHOBECHBIE CBOMCTBA N30TPOIIHBIX U aHU-
3orporHbix duionioB. C 9TOH 1eIhI0 B paMKax TEOPETHKO-TI0JIEBOr0 (popMaIn3Ma 1c-
CJICJIYIOTCsl CUCTEMbI C TOTEHIMAJaMI MEXKIaCTUIHOIO B3anMojeicTBus tuia FOkaBbl
u HemaTorenunlie duronibl Maiiepa-3ayne B o0beMe U Py HAJUIUU ITOBEPXHOCTH.

[Tokazamno, aTo MpubIMKEHNE CPETHETO TTOJIST IS CUCTEM Y MTOBEPXHOCTH CBOJINTCS K
cucreMe HeJMHeRHbIX 1nddepeHnuaibibix ypaBHennii. Haiijen nuBapuanT, Ha OCHOBa-
HUU KOTOPOI'O JIOKA3BIBAETCs KOHTAKTHAsI TeopeMa s npoduis miotHoctu. ObHapy-
»KEHO, UTO y4eT IayCcCOBBIX (DJIYKTyaluil CBOJUTCA K KpaeBoii 3ajga4ue Pumana. Paccun-
TaHbl AHAJUTUICCKNE BBIPAXKEHUS JIJIsI TJIABHBIX CTPYKTYPHBIX U TEPMOSMHAMUICCKUX
GyHKIMA yKa3aHHBIX CUCTEM, B YaCTHOCTH JIJIsI HAPHBIX KOPPEJSIIUOHHBLIX (DYHKIMNA 1
cBODOOTHOM dHEepruu. [[oKazaHO COOTBETCTBUE IIOJYUEHHBIX PE3YILTATOB YCJIOBUIO KOH-
TaKTHOW TEOPEMDI.

Obnapyxkeno, 4rT0o (MIYyKTyallMOHHbIA BKJaJ B IPOMUIN IJIOTHOCTH BCErJa OTPH-
HaTeJIeH HE3aBUCUMO OT IIapaMeTpoB LAapHOIo noreHuuasa. [Ipensujen adpdexT nore-
pU HEMATUIECKUM (DJIFOMIOM OPUEHTAIIMOHHOI'O YIIOPSIIOUEHHUSI B OKOJIO-II0BEPXHOCTHOI
obJiacTu.

KuaroueBbie cioBa: nomenuuans FOxasol, nemamozennoil paroud Maitiepa-3ayne,
meepoas NOBEPTHOCG, MEOPUA NOAA, KOHMAKMHAA MEOPEMA, NPOPUAL NAOMHOCTIU,
Koagppuvuenm adcopbuyu.

ABSTRACT

I. Kravtsiv. Fluctuations and confinement effects in the theory of simple
and anisotropic fluids — Manuscript.
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The thesis is submitted for the PhD degree in physics and mathematics with speciali-
zation 01.04.24 — physics of colloidal systems, Institute for Condensed Matter Physics
of the National Academy of Sciences of Ukraine, Lviv, 2013.

The thesis investigates the impact of confinement and density field fluctuations on
equilibrium properties of isotropic and anisotropic fluids. To this end a field theory
formalism is applied to the study of systems with Yukawa-like potentials of interaction
and Maier-Saupe nematogenic fluids in the bulk and in the vicinity of a hard wall.

The mean field approximation (MFA) for spatially confined fluids is shown to reduce
to a system of non-linear differential equations. Based on a pressure invariant, the vali-
dity of the contact theorem for the density profile is demonstrated. The contact theorem
proof presented can by linearity be generalized to potentials that can be expanded as
sums of Yukawa potentials.

We find that the Gaussian approximation for systems near the wall reduces to solvi-
ng the Riemann problem for the pair correlation function. Analytical expressions for
the pair correlation functions, the density profiles, and the adsorption coefficients are
calculated. The results obtained satisfy the contact theorem condition. We show that
under certain conditions the fluctuations can significantly alter the mean field predicti-
ons. Notably they lead to density depletion close to the wall regardless of the sign of
interaction between particles. Due to the interplay of the contributions from the mean
field and the fluctuations, for some systems an oscillatory behavior of the density profile
is observed. Furthermore, as a result of this competition the adsorption coefficient can
change sign if the temperature or the bulk density is changed.

In the case of systems with the Maier-Saupe potential of interaction, the MFA retri-
eves the standard Maier-Saupe theory for nematic liquid crystals. Beyond the MFA,
however, the study of the system requires a repulsive isotropic term to be introduced
into the interaction potential. A simple condition on the parameters of this term is
established for the correlation functions and thermodynamic properties to be defined
in the nematic phase. Subsequently, analytical expressions for the correlation functions,
the free energy, and the elasticity constant are derived. Corrections to the single-particle
distribution function and the order parameter due to fluctuations are calculated.

For a nematogenic fluid in contact with a hard wall a system of non-linear differential
equations containing generalized biaxial order parameters is obtained. We show that
the MFA results satisfy the contact theorem regardless of the angle between the surface
and the director. For homeotropic alignment, expressions for the density and the order
parameter profiles are derived. Analytical expressions for the pair correlation function
are calculated. We find that in certain thermodynamic region a nematic fluid near the
wall can be more diluted and less orientationally ordered than in the bulk region. The
possibility of the loss of nematic ordering at a confining interface is conjectured.

Keywords: Yukawa potential, Maier-Saupe nematogenic fluid, field theory, hard
wall, contact theorem, density profile, adsorption coefficient.
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