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OBbIIASA XAPAKTEPUCTUKA PABOTDI

AKTyaitbHOCTS HpoGuiemsl. Boiscnenne MeXaHH3MOB CBA3bIBAHUA HH3KOMO-

JEKYJISAPHBIX BEWIECTB — JIUTAHAOB C HYKICHHOBBIMH KHCJIOTAMH M HX RIHAHHE Ha
KOH(OPMAIIHOHHbIE H3MCHEHAA B HYKICHHOBBIX KACIOTAX SBISACTCS BAXHBIM, TAK
KaK 9TH BeinecTsa ofulafalor UIMPOKEM CNICKTPOM OHONIOTHYECKOro JeHCTRHS,
Gonee Toro, koudopmanuoHHsle u3Menenwss B [ITHK mpm B3ammopmeiictBum c
JHTABJaMA  MOTYT BIMSATH Ha (DYHKIHAHHPOBAHAE EHOMA, HOCKOIBLKY GObLIHH-
CTBO JIHTAH/JOB SBIAIOTCA MyTareHaAMH HWIH KaHOeporeHamu. [Lisi NOHHMaHUs
MOJICKYJIADHOro MexaHn3Ma ux BospgedcTsusi Ha [JTHK pazimansix opm Baxuo
3HAHHE BEJIHYHH TCPMOJIMHAMMYECKAX HApaMETPOB B3amMojeHcTsua. Oupene-
negne  CTabWIH3APYIOMET0 H JIeCTaGRIH3HPYIOMEro a((eKToB pasTHYHbIX
JHTaHAOB /17 Vilro leaeT BO3MOXKHBIM BbISCHEHHE MEXaHH3MOB JICKAIIAX B OCHOBE
tynkimonuposamus JIHK B xietke B (DH3HONOrHYECKHX YCIOBHAX H B
UATOICHHOM  COCTOSIHHH. 3TO J[aeT BOIMOXKHOCTb TakKXe pacCMATpHBATL
PaNIHYHbIC TCOPETHICCKHE MONEIH KOH(OPMAUHOHHBIX NEPEXONOB KOMILIEKCOB
IHK B npucyTcTBME JITaENOB H ONPENENHTh (DYHJAMEHTAILHbIE TEPMOIKHA-
MuvecKue napaMerpbl Kak “wactoi” [THK, Tak # KOMILICKCOB HOIHHYKIEOTHIA C
JIATAHaMH.

ey B 3anaga_paborsl. llenbio HacTosune# paGoOTHI SABHIOCH TEOPETH-

YCCKOE M OKCHEPHMEHTAIbHOS HCCJICNOBAHHC B3aHMOJEHCTBHS JIHTaHIOB HA
npumepe Opomuctoro aruaust (B3), akruromummua D (AMD) ¢ marusnbiMu
[eHaTypUPOBAHHBIMH HOTHHYK/ICOTHIAMH.

TeopeTHyeckne W IKCHCPHMEHTaibHbIE  NAHHBIE  BBISBWIM,  4TO
PAacCMOTPEHHbIC JIATAH/Ibl MOTYT B3aHMOICHCTBOBATH C PaNIHUIbIMA (hOpPMaMH
HYKJICHHOBBIX KHCJIOT HECKOJBKHME cnocoGamu  (MyJIbTHMOJATLHOC B3aHMO-
nefcTBHE).

CpaBHeHHE TEOPHH C OKCHCPHMEHUTOM BIEPBbIE BBIABHIO BO3ZMOXIOCTH

CYHIECTBOBAHHA  MYJIbTHMOAATHLHOIO  CBM3bIBAHHUA JlHl”aH!l()B-CTaﬁHJIH'}'d'l‘()p()ll
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ool crpykrypsl [JTHK ¢ ojiHONENOYEYHbIMH NONMHYKIICOTAaME, 410 ObLIO
HOATBEPKICHO HE3aBACHMBIMH 3KCOSPUMEHTAMH.

Ha ocBOBaHWH 3KCICPAMCHTAIbHBIX HCCICJOBAHHA M CPaBHCHHH HX C
TEOpHEH onpejerieHbl TEPMOJHHAMHICCKHE TAPAMETPbI CBA3bIBAHHS HCCIEIYCMbIX
JIArafjoB ¢ offHOuEenoYe YHbiMi (onn) B AByxuenovegubva (i) [HK.

B 3apawn gaccepranii BXOARIO:

- TeOpeTHYECKOoe 000CHOBARHAE MYJIbTHMONIAIBHEOIO CBs3biBanus B3 1 AMD ¢
IHK:

- 9KCOEPHMEHTATHHOE HCCICIOBAHAC KOMIUIEKCOB OPOMHCTOrO STHMHS C
ByXnenoveqHo# 1 ojaonenodeynon [{HK;

- YCTAHOBNEHHE CYIECTBOBaHAs “CHIBHOTO’, HE 3aBHCHINETO OT HOHHbBIX
ycioBui cpensl, cassbiBanns B3 ¢ HK;

- Olpefe/icHAc TEPMOIHHAMHICCKEX [HapaMeTpoB R3amMojcHcTBua B3 ¢
ononenogeursivE [JHK.

Haygnoe 3paveanc o gopazgaa. B [accepranuy onpeee bl TCOPETHUECKHE

papaMetpsl cessbiBaEust B3, AMD ¢ JJHK B pgByx xosdopmanuonusix
COCTOSIHHSIX - OJHONCTIOYCYHOM | JABYXNENONeTHOM. Panune aKCHepAMEHTATIbIbIC
HaAHble mo B3aumofedctuio 2TEX auraggoB ¢ [HK pacxogwmuce ¢ rteopern-
YeCKHMH, TI¢ YIATHIBAIACH TOJMBKO TpH crmocoba cBsa3biBagms juranaos ¢ JHK.
Takoe pacxoXueH#e BO3MOXHO ObUIO CJICACTBAECM HEYYCTA MYNbTHMONAIBHOIO
B3amMofiencTBus ykasaunbix naragnos ¢ JAHK. Ioatomy paspaborana teopus, iie
BHEPBbIE YYTEHA BO3MOXKHOCTh MY.IbTHMOIAILHOTO CBSi3bIBaHHs juranios ¢ [THK
paxIHYHbIX KOH(opManui. Bould NpoBeaeHbI 9KCIEPEMEHTAILHLIC HCCIEOBalNs
no m3auMmojeicteuio B3 ¢ opHOuCnOYCUHbIMH nosMHyKICOTHaMHU. [onyucin
cnekTpbl nomowennst B3 s komwiekce ¢ on-[IHK. Ha cuckipor worioncuns
ObLIH TOdyYeHbl KPUBBIE CBS3bIBAHMSA B OLIOXKeHHM Crervapia n onpeieicubi
TePMOJIMHAMUYCCKHE NapamcIpbl csisbinanst jsurania ¢ ou-JIHK. Oxaswio «
yro B3 s3aumonciicteyer ¢ on-lIHK no kpaitne#t mepe jsyms cnocodu:

“CHABHBIM. M “cabhiM”, 4TO HAXOAMTCH B XOPOUIEM COINIACHH C HPEICKa3a!
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paspaborannod Teopuu. CpasuchHue KOHCT2'T CBsisbiBanus B3 ¢ mu- u on-ITHK
BbIALIIO, 4TO KoHCTauta ceasbiBanust B3 ¢ on-[IHK Ha ogun nopsuiok meusiie
1pH “CHIIBHOM  CHOCOGE CBA3BIBAHUA, B TO BPEMS, KaK CTEXHOMETDHS HACBILICHHS
3THX B3aUMONCHCTBHI NOYTH ONHHAKOBAS.

[omyuennpie sKCnepAMEHTATbEbBIE 3HAYCHHS TEPMOIMHAMHYECKHX INapa-
MeTpos ¢ on- ¥ nu-JJHK Haxopsrcs B XOpOIIEM COMACHH C TEOPETHYECKMMH
ONEHKAMHM, 9TO B CBOXO OYepeNlb FOBOPHT B INIb3Y TIPABHIBHOCTH PACCMOTPERHOM
TEOPETHYCCKOH MOJICIIH.

[Ipakrageckas negrocrs. Pesynbratel JanHoM paGOThI BaXKHbI WIS MOHH-

MAHHSI MCXaHU3MOB CTPYKTypHbIX nepexogos [THK B npucyrcTBEH pasmadmbix
HE3KOMOJISKYJISIPHBIX BelnecTB. PaspaGoranHasi TeOpHS H IKCHEPHMEHTANbHbIC
pesylbTarTsl OTKPHIBAIOT HOBBIC BO3MOXHOCTH ISl NAIbHCHINAX HCCICHOBaHHH B
9TOM HANPABJICHHH, H OCOOCHHO aKTYyalbHhl B BBUICHCHHH MCXaHH3MOB CBSI3bl-
BAHHS PasiuYHbIX JEKapCTBEHHbIX MpenapatoB ¢ pasEbiva opmame [THK, tem
Gosiee, 9T0 B NOQICGHHE IOJbI CHHTC3HPOBAHBI H MPOTOJDKAIOT CHHTC3HPOBATHCS
HOBbIE HPOTHBOOMYXICBbIC COCJHHCHHSN, KOTOPhIC MOTYT CBsi3biBatbcad ¢ [JJHK
HECKOJIbKHMHA criocoGamy.

[Momyyennple pgaHHblc MOrYT ObITb MCHONB30OBAHBI B  CHCHHATLHBIX
JeKUHOHHBIX Kypcax [Jis CTYJEHTOB cooTBercTBylonmx Kagenp EIY, MOTH,
ITY @ B pa3muuabix Hay4yHbIX JaGOPATOPHAX, IME BEAYTCH HCCICTOBAHHS NO

B3aaMoeicTBHIo Jurannos ¢ [THK.

Anpobanns pabors! i oyORKanAE. Marepraibl JECCEPTaEl 06Cy XIaTHCh

Ha cemuHapax Kaenpnt O6uodmsuku EIY ® jgonoxens Ha KoRr(epeniuy,
nocssuenoi 30-u netmo Kadeapei, Ha neBsTod B 19951, u mecsroit B 1997r.
KOH(DEPEHITHSIX 110 cTepeonnamuke 6uomonekyn (Onbanu, CLIA).

1lyOnnkagns.  OcHoBHbIC pe3yibTaTbl HCCIENOBAUMA OTPaXcHbi B S

Hay4YHbIX "y()ﬂ HKAIHAX.



Crpykrypa A 00sem paborsl. HHCCCpTaU.KH COCTOHAT H3 BLCHCHHSA, YCTHIPEX

IJaB, BbIBOJIOB, 3aKJIIOUEHHsA H cHucKa Jjureparypbl (194 ccouiok). [lucceprauus

copepxuT 112 crpanun, 27 pacyHKos 4 6 Tabumil.

COILEPXAHHME PABOTbBI

Ilepsag raapa nocesinena 0630py CVLIECTBYIOIUAX B JHIEPATYPE JAHHBIX,
OTHOCSUIMXCA K B3auMmojcHcTBmio jmramioB (B3, AMD) c¢ [HK, wmetopam
HCCICOBAHAH, 4 TAKXE [aBHBIM 10 KOH(OPMAIMSM H KOH(POPMAHOHHBIM
nepexogaM B [IHK # ee xomiiekcax ¢ HH3KOMONEKYISPHLIME BeIECTBAMH.
O6cyxnenbl pa3Hbie MEXaHA3MbI CBS3bIBaREs JArangos ¢ [THK.

Bropas rmasa nocesiicRa TEOPETHYECKOMY PACCMOTPEHHIO MONEIH
MyIbTHMOJIBHOrO  B3ammoficicreuss Jmrangop ¢ [HK B paumunsix
KoH(OpManusiX.

Panee GbuU10 BbIsIBIEHO, YTO HEKOTOpbI€ JIHrangbl B3anMopeictsyior ¢ [JHK
0 KpaiHe#d Mepe Tpemsi cmocoGama, 1pH 27oM fia - ¢ gu-JIHK, “consabiit”
“cnabptit”, 0 opmd - ¢ on-dHK. Onaako, Bece HOMBITKE HoMydaTs AAGOP peaIbHbIX
TEPMOJMHAMUYCCKHX HapaMEeTPOB B3aHMOJICHCTBHS HCCICHOBAHNBIX JATAHNOB -
AM]I, B3, a Takxke HORHOB TsKeibiX Meramiop ¢ [THK, KOTOpbIe Jand Obi
Xopolnee corjiacie paspaGoTaHHOH TCOPHH C 9KCHEPHMEHTOM, HE YBEHYATHCH
ycunexom. Hajto nonarars, 9r0 HaGmofaeMoe HECOmIacHe CBA3afo C TEM, 41O B
TCOPHH HE YYH:BIBAIACh BO3MOXHOCTh MY/JIbTHMOIAILHOIO CBA3LIBAHMS JIATAHIOB

¢ JHK: suramusi MOTYT ONHOBpeMEHHO OGpa3OBLIBATH HPOM3BONLHOE YHCIO

THIOB KOMILICKCOB C paxiA4yHbiMA hopmamu nosraykiectiia (B-, Z-, A-, kiy6ok

W Ip.), OTIMYAIOUWMMACA APYT OT Jpyra TePMOAHHAMHYCCKMMH [apamerpami

B3AHMOJCICTBAS  (KOHCTaHTa CBsispiBanksi K, wMci0 mnap ocnosamsit n,

IPUXOMIANINXCS HA OO MECTO CBS3BIBAHHA A p.).
MynbTaMORANBHOCTE B3AHMOACHCTBHA JIMPAIION MOKCT OOHAPYXKHBATLCH

HE TOJBKO C ABYHHTCBOH, 1O ¥ ¢ oanounresol JIHK u ¢ PHK. [Mocicubiit daxr

\
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HA B OJHOW H3 paHce pacCMOTPCHHBIX TCOPCTHYECCKHX

HC  YUYHTBIBAJICH

mogenet. CliefloBaTe)IbHO, BO3HHKACT HCOOXOJMMOCTh DPAacCMOTPEHHst TakoH
TEOPETHYCCKON MOJEIH, B KOTOPOH YYHTBIBACTCH MYJIBTHMOJATPHOE B3aHMO-
feHCTBYE B C OfHOH, U ¢ gpyro# ¢opmamu [THK B KoHKpeTHO paccMaTpuBacMoM
koomeparusaom mnepexoge (B-wiy6ok, B-A, B-Z u np.). Ha puc. | npuBenena
MOJIE/Tb MYJILTAMONAIEHOTO B3aMMOJCHCTBES Hramios ¢ on- B au-[IHK B cirywae
nepexofia Cuupab-KIyOoK, CyTh KOTODOH 3aKimodaetcsa B cnepyiomeMm. Ilycts B
pacTBope HMEIOTCS MOJICKYJbl NOJHMEpPA B JBYX padIHYHBIX (opmax, co
3HAYCHUSAMH 9MCIIA Hap OCHOBaHME coorBeTcTBeHHO N H N», a urcio obnacrei,
Ha KOTOpoe pa30HBacTCs HONAMEP B HHTEpBajie MEpexofa - n, OpHieM obiee
qucio 3BeHbeB N OCTAeTCs HOCTOSIHHBIM B XOJIE BCEro lpomecca nepexoja H3
OfiHO# (POPMBI B APYIYIO:

)

T
Sty
y ‘3.-
@,

Puc. 1. Cxemaraueckoe mzoOpaxenue [JTHK co ckpenkamm npa temuepatype T.
0 - cpobogman ckpeunka, | - pasopBaHBasi napa, 2 - cBs3aHHasd mDapa, 3 -
pasopBanilble Napbl C CWILHO CBA3AHHBIME CKPENKaMH, 4 - pasopBaHHas napa co
CKPEHKO#, CBA3aHHOM B OFHOCHHPAILHOM ydacTke (“ciiaGoe cBs3biBaHHE ), ¢
BHEIIHEH CTOPOHBI, 5 - CBA3AHHBIC MApbl ¢ HATEPKAIAPOBAHHBIMH CKPEKamy, 6 -
NOJYMHTEPKAIANROHHOE CBS3bIBAHAE, 7 - CBA3bIBAHHE BIO/IL I[ENH C BHELINECH
CTOPOHbI.

B Mojenn noka3aHbl JIHLIb
ckpenku ¢ [THK.

HEKOTOPBLIE BO3MOXKHBIC BHbI B3aHMOJICHCTBHS



[peanonoxum takske, 4o #3 OBILUETO YHCIA JTHIAHIOB K; (i =1,1) cBszanut
¢ opsoil opmoit, K (j=[+1,m) - c npyroi Gopmoll HOTHHYKICOTHIA, 2 K,

HAXOIUTCs B CBOOOIHOM cocTosiHHH. Tor, aa

i/ m
k:k0+i§1ki+ Yk, 2)

j=lvr 1
Ecm r (i=1/) - 9ncio map oCHOBamHil, UPHXOJAIAXCA HA ONHO MECTO
CBA3bIBAHHA C OlHOH W3 POpM HONMHYKICOTHNA, a 1) (j=/+1,m) - ¢ apyroi, 1o
UHCIO MECT CBAI3bIBaHMA CoOTBETCTBEHHO Oymer Ni/r  No/r. [lpenmonaraercs,
4TO MEXIY OTNE/bHbIMHA CIOCO0aMH CBA3bIBAHES HET B3AHMOCHCTBHUS.

[lycts € ® € cBoGomEbc JHEPrHH, UPHXOJANME HA UAPy OCHOBAHM
coorsercTBytommx ¢opm OHK, vy, (g=0,...,m) cBOGONHAS SHEPTHS CBA3BIBAHHA
MYIbTHMOfIbHOrO  Jtramfia X kaxpod copme [HK u €2 osmepras
B3aHMOJNCHCTBASL MEXIy COCCHHMMH [NADAMA OCHOBAHHH, HAXOJSLHXCH Ha
TPaBENe [BYX (OPM, Ha KOTOpble pPa3GHBACTCH BCA MOJEKYNa B HHTCpBAIC
gepexopa. Tomd obimas cBoGofHast 3HEPTHEs OyeT

m
F=51N1+£2N2+so+ >y kq——Tlnw, 3)
q=0
rae w aacio MakpococrosiHai cacremsl [IHK nmrang komiviekcos B pactsope.

prmensist MeTon HanGOMCe BEPOSTHOTO pacTpelicsienns, B ciyyae N—>o i

NpUHMMas, 4TO O6mIask KOHNCHTPAIHA JATAHAA, CBA3AHHOIO ¢ O0EHMH (hopMamy

ITHK ocraetcs nocrosHaoil B Teuenne Bcero HEPEXOfa, HOMYYrM:

/ m
m Vr. i 1
0 2 .
ey (F1rey) 0;’:1’1 j=§+1']
af;zmln 1 e llri Xl ’ (4)
igl(xl *Pi)
e
AT 1[ m 7 ! p &
e e O
7 Syt 4 P ; 14
m j-/+1rjx](x] Py ,_.lrlxl(.\rl opl) e
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1 1 AT AT AT
rae 5F—:I——F', 5—,7=“,T— P
m m 0 Tm T,,, To

To u AgT - Temnepartypa WiaBleBHs B IMPHHA HHTEpBaia mianienus wis [JHK B
orcyrcrere nuranna, a T u AT - Te xe napametpst wist [IHK-nmarasy koMmwiekcos,
AH - sHTanbuus nepexona, po=K¢/K;, rie K; - KoHCTanTa CBA3bIBAHHS NEPBOTO
cnocoba (Ipor3BOIbHO BHIGPAHHOTO) B3AHMOJICHCTBHS JIHTAHIA C ONHOH U3 (opM

JHK, K, - koHCTaHTa CBA3bIBARKS VIS §-Or0 THOA (G=2,...,m):

cqrq
e (g=1,...,m), (6)
Qs 04
k. k.
cl.:—’ (=i cj.:—']— (J=I+1,..,m) - KOBUEHTpANHH JHTAHJOB,
N1 N2
cB3aHAbIX ¢ coorBercTByrommME ¢opmami [THK m ¢y = ko/Ny <<I -

KOHIICHTDAUASA HECBA3AHHBIX MOJIEKYJl JArania. Ecnu X, - peuenne ypasnenust (7)
upe 6=0,5 (6=N,/N (f=1,2)), 0
m P.

Loiigh
1-6) % L_,9 3 —I1—-c. )
i=1r(x +p;) j:,+1rj(x+pj)

=2D/P, rie D - obmas KoHNEHTpanus JATagna B pacTsope, P - konnesTpanss
¢ocdarasix rpynn [THK.

Ypapuerus (4) u (5) ¢ ypaHenneM (7) ONHCBHIBAKOT MHOTONApaMETpH-
YECKYI0 3aBACHMOCTb H3MEHCHHSI TEMIEPATyphl H IIMPHHBI HETEpBala Hepexoia
OT KOHUEHTpauH® JurajioB. OHH NaOT BO3MOXHOCTH OIpPENEJIATh TePMOJHHA-
MHYECKHE NapaMeTpbl KOMIVIEKCOOOPA30BAHHA MYJIbTHMOJAILHBIX JIHFAHIOB C
AHK (m, 1, r, Kj), uto Moxer GbiTh HOCTHIHYTO MyTeM noaopa TaKumx 3HAYCHHH
nabopa NapaMeTpoB, IpH KOTOPbIX MMECT MECTO HaWilydllee COMIACOBAHHE
TEOPHH C IKCIICPUMEHTOM.

Teoperrucckre  HapamMeTpbl.

[Ipemiokenunasn Teopust  (hEeHOMECHONOIH-

gyeckast. Ona priloyaer HEKOTOPLIC NAapaMETphl. KOTOPLIC MOTYyHAIOTCH JKCHCPH-
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