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IIpencraBieH 0630p COOCTBEHHBIX pabOT ¢ HauboJiee CYIIECTBEHHBIMM Ha Halll B3IJISIA OCOOEHHOCTSIMU
MOJEIN TTapaMeTPUIECKUX HeKpUcTauiorpauuecKux CTPYKTYp CBSI3aHHOM ¢ OMOTOJIMMepaMy BOIBI,
npeninoxeHHoil H.A. BynibeHKOBBIM. PaccMOTpeHBI XapaKTepUCTUKU BHYTPEHHUX ITapaMeTPOB CBSI3aHHOM
BOJBI C TIOOYJIAPHBIM GETKOM UM TTOKa3aHO CYIIECTBOBaHME TBHUCT-BaHH B CTPYKTYpE CBSI3aHHOM BOJIBI.
ITpoaHanu3upoBaH XapakTep CBSI3bIBAHUS BOJABI C MOHOCaXapyuaaMM U MOKa3aHO, YTO OHU 3HAYUTEIbHO
JIy4Ille KOMIUIEMEHTApHBI TapaMeTPUUECKUM CTPYKTYpaM, HeXXeJIM KpUCTATNYEeCKOMY CTpoeHMIo Jibaa Ih.
BaxHoiT 0COOEHHOCTHIO ITapaMeTPUUECKMX CTPYKTYpP SIBISIETCSI BO3MOXHOCTh OOpa30BaHUSI SHaH-
THaMOPMHBIX CTPYKTYP M HAKOITJICHHUE YITPYTUX HAMPSIKEHU I, KOTOPBIE MOTYT OBITh UCIOJIb30BaHbI B Me-
XaHOXUMUYECKUX MPOoIleccax paboThl MOJEKYISIPHBIX MAIIVH.
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CrepxxneMm pador H.A. bynbeHkoBa sBiseTcs
o0obmeHHass Kpucrtauiorpadpusa. B orimmume ot
KJIAaCCUYECKOM KpucTaiorpauu, rime OCHOBHBIM
3JIEMEHTOM CTPYKTYPbl KOHACHCHUPOBAHHOTO COCTO-
STHUSI SIBJISICTCSI KPUCTAJUIMYeCcKasl pelleTKa, pa3BU-
BaeTCs HOBOE IMMOHATHE KPUCTAJUIMISCKOTO MOMYJIS —
OoJiee 00IIIEero, YeM pelreTKa U OTpaKarollero YHU-
BEpCaJbHOCTh METO/Ia CAMOOPTAaHU3ALINH CTPYKTYP-
HBIX (DOPM CTAaOMIBHBIX COCTOSTHUM, BKITIOYAsT TAaKKe
U KpUcTaJmueckue. MoaynbHOe pa3doueHue Mmpo-
CTpaHCTBa YYMTHIBACT BKJIIOYCHME BCEX CBsI3eil, B
TOM 4YHCJIE€ CIa0BIX, II03TOMY MCHOJIb30BaHME TOHS -
TSI MOIYJISI MEHSIET CMBIC]I KPUTEPUS CTaOMIbHOCTU
CTPYKTYpPBI, IIOCKOJIBKY pacCMaTpuBaeTCs HE MUHU-
MYM DHEPIUM CUCTEMBI, a OJIHAsI CBI3aHHOCTh 3JIe-
MEHTOB CTPYKTYPhl KPHMCTAJUTMYECKOro Momyas [1,
2]. MonynpHOe 0000IIIeHe MO3BOJIsIeT paboTaTh B
€IMHOM KOHTEKCTe KaK C KpUCTATIMIECKIMHU CTPYK-
TypaMH, TaK M ¢ HeKpUcCTauIMueckumu. BeeneHue
MOMYJISI TTO3BOJISICT peaIn30BaTh MOAYIbHbBINA TU3aliH
MHOXECTBa CTPYKTYP, BKIIIOYAIOIINX KJIACTEPHI, CITH-
paiv, CTepPXHH, IUIOCKME (CIOEBbI€) CTPYKTYPHI,
CBEpXpEIICTKU, CTPYKTYpPhbl C CUMMETPUEI MSTOrO,
ceabMOTo M 0OoJiee BBICOKUX MOPSOKOB, (PpaKTajib-
HbIe CTPYKTYpHI [3]. MonynpHas kKpucTtauiorpadus
MO3BOJISIET M3y4aTh CTPYKTYPHEIE IIPOLECCHI (hopMO-
o0Opa3oBaHMsI, 3BOJIIOLIMM, CAMOOPTaHU3alMKU 1 KO-
ONepaTUBHBIX IIPEBpAICHUM, M3YyYeHUE KOTOPBIX
HEBO3MOXHO COBPEMEHHBLIMU 3KCIIEPUMEHTAIbHbI-
mu Metogamu [4]. IlocaegHee yTBepxKiIeHue, OqHA-

KO, He BriojiHe BepHO, T.K. B 2011 r. JI. IIlexTman 110-
Jayunn HobGeneBcKyro peMuIo 110 XMMUY 3a OTKPBITHE
KBa3UKPUCTAUIOB METOAOM PEHTITEHOCTPYKTYPHOTO
ananusa. [Ipu ananuse criasa Alj gsMny ;4 ObLIM 06-
HapyXeHBI pedieKChl, XapaKTepU3yIOlnue CUMMET-
pUIO TIITOTO MOPSIAKA, 3allpellleHHYI0 B KJlacchde-
ckoit kpucTtajuiorpagun. JIto0OIIBLITHO, YTO TTIOCKU I
BapMaHT TaKUX KBa3sUKPUCTALUIMYECKUX CTPYKTYp
MOXHO HAalTH B MO3aMKaX CPEeAHEBEKOBBIX MEUETEIA.
Kax BuaHo 13 puc. 1 Xopolllo u3BecTHas MITUKOHEY -
Hasl 3Be3/1a U €€ 3JIEMEHThI BMECTE C IIITUYTOJIbHUKA-
MU TIOJIHOCTBIO TOKPBIBAIOT IUIOCKOCTh. SICHO, 4UTO
PUCYHOK YIIOpSITOYEH, XOTSI B HEM OTCYTCTBYeT
TpaHCJISIMUOHHAs cuMMeTpusi. PermeHue Gosee 06-
el 3amaun O 3aMeIlIeHUM TUIOCKOCTH, U3BECTHOE
mon HazBaHueM “Mmo3amku IleHpoysza”, morydmiio
CYILIIECTBEHHOE pa3BUTHE B (PyHIaMEHTaJIbHOMN pado-
te H.A. bynpenkosa [5].

O4yeBUAHO, YTO IIPUHLIUIIEI OOOOIIEHHON KpH-
crajuiorpadpuu, B TOM 4YMCJIe MOAYJIbHBIN OU3aiiH
OYEeHb BaKHBI JJIsl pa3BUTHSI HAHO- ¥ METUKO-01OJIO-
TMYECKMX TEXHOJIOTUI, BKIIOYAIOIIMX pPa3padoTKy
MaTepraioB, COBMECTUMBIX C OMOJIOTUISCKIIMHM TKa-
HSIMU, HO TIPU 4eM XKe 37ech Boga? Boga paccmaTtpu-
BaeTcs KakK CBsI3aHHas cTpyKTypa. [IpoToHBI 1 HeTlo-
JIeJIecHHBIE 3JeKTPOHHEBIEC ITaphl KHUCJIOpOAa MMEIOT
KOOPIVHAINIO OJIM3KYIO K TETPa3ApUIECKOIi, 4TO, B
OCHOBHOM, 1 OOYCJIOBJIMBACT ITOSIBJICHNE IPOCTPaH-
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Puc. 1. Mo3auka 13 3J1eMEHTOB CUMMETPUM IISITOTO I10-
psinka.

CTBEHHOI YNpPYroii CETKM BOJAOPOIHBIX CBI3€ii B BO-
ne. IIpu aToM 4eThIpe BOTOPOIHBIE CBSI3U Y KaxKIOM
MOJIEKYJIBI XapaKTepHbI, HAIpUMeEP, IS HEKOTOPHIX
JILIOB ¥ KBa3UKPUCTAUIMIECKUX CTPYKTYP Ha OCHO-
Be “TBUCT-BaHH”.

Hexpucraninyeckuii MoayJib BOAbI MOXHO I10-
JIYyYUTh OUCTIMPAlMOHHBIM IIpeoOpa3oBaHUEM W3
MOJIYJISI TeKcaroHajJbHOTO JbAa — Jnabga lh, mpm
3TOM, MOCKOJIBKY AUCHHUPAIlMOHHOE Mpeobpa3oBa-
HIUE BKJIIOYAeT B ceOs Imapy (QIUCKIJIMHAIMS Ha yroil +
+ TpaHCISILMS Ha CBS3b), TO HEKPUCTAUIUYECKUM
MOJyJIb BOJIbI 00JIaIaeT TAKMM Ba>KHBIM TOTIOJIOTUYES-
CK1M CBOMCTBOM, KaK XUPaJbHOCTh. XUpaIbHas Y1~
CTOTa MpUCYyIla HEKPUCTAUIMYECKUM MOAYJIbHBIM
cTpykTypaM. OCHOBHO#I reOMeTpUUYECKOI XapaKTe-
PUCTUKOM UX SIBISICTCSI TOPCUOHHBIN YTOJI BOTOPO/ -
HOM CBsI3M, paBHBIN +38°, (3HAK yKa3bIBaeT X1Upaslb-
HOCTb). MUHUMAJILHBIN LIUKJI B TAKOM CJTydae — 3TO
reKcalukia B KoH(GOpMallMi TBUCT-BaHHA, HE pac-
cMaTpUBaeMblii B KpUCTaI0(hU3UKe BOAbI, 8 MUHU-
MaJjibHasl TOIIOJOTMYECKM CTaOWJIbHAsI CTPYKTypa —
9TO cTabuibHas cucteMa u3 10 MoJIeKys1 BOObl KOTO-
pbI€ CBSI3aHBI B MSITh T€KCAIIMKIIOB.

HanpHeiinee ycIoXKHEHUE CTPYKTYp TI0 OIpene-
JICHHOMY aJITOPUTMY TTPUBOAUT K 0Opa30BaHUIO IMa-
paMeTPUUYECKNX HEKPUCTALIOTPa®UISCKUX CTPYK-
TYP METPUYECKM COpPa3MEPHBIX OMOJIOTUYECKUM
MaKpOMOJIEKYJIaM IO CUCTEME BOTOPOIHBIX CBI3ei 1
boJsiee CIIOKHBIM HaIMOJICKYJSIDHBIM CTPYKTYpaM.
Ha 3TOM OCcHOBaHMU BBIABUHYTA TMIIOTE3a O CUCTE-
MOOOpasyolleil poJii BOAbI B CaMOOPTaHU3aIlUN
ouonornuyeckux cucrem [1, 2, 4]. KomnbiorepHoe
MOJEIMPOBaHNE C YYETOM TOTEHIIMAJIOB ITapHOTO
B3aMMOICHCTBUSI B BOTOPOIHBIX CBSI3SIX ITTO3BOJIMIIO
TIOCTPOUTD PSII SHEPTETHIYECKN YCTOMYMBBIX Tapa-
METPUIECKUX CTPYKTYP U3 MOJIEKYT BOIBI (MOIYJIH,
crmpanu, GpakTarbl MOIYJIEi) ¢ Y4ETOM pacCTaHOB-
KW IIPOTOHOB [6].

KYPHAJI ®U3NYECKON XUMUU

CTOUT HATOMHUTD, YTO XXMBOU OPraHU3M MJIEKO-
nuTaromux 6ojiee, yeM Ha 70% COCTOUT U3 BOABI, a Y
0GeCMO3BOHOYHBIX MOKET JaxKe mpeBbimaTh 99%. [1o-
3TOMY OMOMOJIMMEDPBI TUIPATUPOBAHBI, T.€. OKPYXKe-
HbI MOJIEKYJIaMU BOAbI. HacTo B JIUTEpaType MOXHO
BCTPETUTDH BHICKA3bIBAHUE O JIBAOMOIO0OHOCTH BOIbI,
CBSI3aHHOI1 ¢ OMOIoOJIMMEepaMu, OIHAKO MPU 3TOM,
WMEIOT B BUIY JIUIIIb YBEJIUUEHUE BPEMEHU OCELION
SKM3HU MOJIEKYJT BOJIbI, B3AUMOIECTBYIOIINX C OHO-
noauMepoM. Ha cerogHsiHui 1eHb, MO BIUSIHAEM
MHOTOUHMCJIEHHBIX PE3YJbTaTOB MOJIEKYJISIPHO-AUHA-
MUYECKOTo MOACIUPOBAHUS, JOMUHUPYET MHEHUE O
TOM, UTO 00O0JI0UYKa CBSI3aHHOM BOJbI C OMOIIOJIUME-
pPOM HE MMEET TOIOJIOTUYECKUX 3aKOHOMEPHOCTE 1
OIMMCBIBAETCS JIMIIb BpEeMEHAMU KU3HU U DHEPTUSI-
MU CBSI3M B MEPBOH M BTOPOI KOOPAMHALIMOHHBIX
chepax. OgHAKO, pacCCMOTPEHUE TOITOJIOTUM CTPYK-
TYp TUAPATHBIX 000JI0UeK OEJIKOB BaXKHO JJISI TTOHM -
MaHUs CBOMCTB BOIHOM 000JI0YKHU, IIpoliecca r'uapa-
TallMU, a TaKXe IS HIOHUMaHUs MPUYUH (PyHKIMO-
HaJIbHBIX pa3auyuii 6enkoB. Hamu ObLT IpoBedeH
aHaJu3 XapakTepa paclpeaeaeHuil BHyTPeHHUX Ma-
pameTpoB (“BaneHTHBIX” O—0O—O U TOPCUOHHBIX
O—0—0-—0 yrJy0B, MOSICHEHHBIX Ha pUC. 2) BOIO-
POIHBIX CBSI3eil 0OBEMHOM BOABI U TUAPATHBIX 000-
JIoueK OEIKOB, CTPYKTYpa KOTOPBIX 3aMMCTBOBaHa U3
PDB 6anka [7, 8]. B aToii paboTe ObLI UCTIOJIb30BaH
reOMEeTPUUYECKUIl KPUTEpUid, COMIACHO KOTOPOMY
MEXIy IBYMSl MOJIEKYJIaMU BOJIbl CYIIECTBYET BOJIO-
pOIIHasI CBsI3b, €CJIM HA PACCTOSTHUE MEXIY KUCIOPO-
IamMu OByx MoJjekya Boabl R OO* u paccrosiHue
MEXIy KUCIOPOAOM OAHOM MOJIEKYJIBI U BOAOPOAOM
npyroit R_OH* HajoxXeHBI clieAylolie orpaHuye-
Hust: R_00*<3.3Au R _OH*<2.6A. YcraHosie-
HO, YTO TUApaTHas obojiouka Oeyika, U3 0ojee yem
3000 mMoneKya BOIAbl, MOXET OBITh paCCMOTpPEeHA Kak
cucTeMa TeKcallMKJIOB aTOMOB KMCJIOpOJa CBSI3aH-
HOit BombI, mpuieM 95% MOJeKyT BOObI THIPATHBIX
000J104eK MpUHAIEXKAT XOTsI Obl OMHOMY T'€KCallvK-
ay. B pamkax monenu H.A. BynbeHKOBa CBSI3aHHAs
BOla MOJEIUPYETCS CETKOW TBUCT-BaHH, KOTOpPHIE
JIEACTBUTEIbLHO ObUIM OOHapyXeHbl B TUAPATHBIX
000JIouKax uccienyeMbIX 0eKOB M3 0a3bl JaHHBIX
Protein Data Bank. B kauecTBe npumepa IipencraB-
JIEHBbI pacripefefieHusi BaJeHTHbIX ymioB O—O—-O
TSI BCEX TPOEK MOJIEKYJI BOJBI, CBSI3aHHBIX MOCIEA0-
BaTeJIbHO BOIOPOTHBIMH CBSI3SIMU (pUC. 3) U TOPCU-
oHHBIX Yyri1oB O—0O—0—-0 (puc. 4) B rekcaumkiax
TSI OOBEMHOI BOIBI U TUAPATHOM OOOJTOYKU MIO0Y-
JiipHOTO OeJika youkButuHa. [lonoxeHue Makcumy-
Ma paclrpenejeHus: BajJeHTHBIX yriaoB O—O—O B
000X CciIy4yasiX COOTBETCTBYET BaJI€HTHOMY YTy B
moaekyne Bogsl HOH, paBHomy 104.5°.

B mnonb3y mNOBBINIEHHOIT OpraHW3aluyd BOObI
BOJIM3M ITOBEPXHOCTU O€Ka rOBOPUT OoJiee ocTpas
¢dopMa KpuBOii paciipenesieH1S BaJeHTHBIX YIJIOB II0
CpaBHEHUIO C KPWBOIi, HaOIIOHaIoNIeiics B 00beM-
Hoii Bome. Ha pacnpeneneHun BaJeHTHBIX YIJIOB B
rUapaTHOM 000109Ke OeaKa oOpalllacT Ha ce0sI TakK-
Ne 1
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Puc. 2. Unmoctpanus “BaneHtHoro” ABC (a) u “Ttopcu-

OHHOTrO” yriia (6) MoJIEKYJI Boabl. Bce BEKTOpHI yKa3bIBa-
OT Ha ITOJIOXKEHHME SIIep KUCI0POoIa.

K€ BHUMaHM€e YeTKO BhIpaXkKeHHBIN JIOKAJIbHBI MaK-
cuMyM BOM3M 60°, KOTOPBIT MOXET OBITh OOBSICHEH
HaJIMYMEM YCTOMUYMBOIO YETHIPEXMOJICKYISIPHOTO
¢dparMeHTa rekcamepa B KOHGopMalluu “KJieTka”
(cage-hexamer), (puc. 5). B o0beMHOI1 Boae Mbl MO-
KeM HaOJII0IaTh I HeOOIbIIIOE IJIEYO B 3TOI 00-
Jactu. Yron 60° sBiasieTcsl NPUHLMAMUAIBHBIM IS
TOTIOJIOTUM JUCKOHTHUHYaJIbHBIX BOIHBIX CTPYKTYD,
IMOCKOJIbKY OH COOTBETCTBYET IIPOMEXYTOUYHOMY
MakcuMyMy 3.5 A Ha panuanbHO# (DYHKIMM paciipe-
JIeJIEHUSI U JaBHO SIBJISIETCS TPEIMETOM Hay4HbIX
nuckyccuii [9]. Panee aTor MakcuMyM OBLT OIIpene-
JIEH KaK HaJau4dre CBOOOIHBIX ITOJIOCTHBIX MOJIEKYII
BOIBI B JbOOINONO0OHOI cTpykType [10]. IIupokoe
pacrmpeneaeHre 00yCIOBIEHO HA0OPOM MOJIEKYJI BO-
IIbI, 00JIadaoIIX Pa3HbIM KOJIMYECTBOM BOIOPOI-
HBIX CBSI3¢il, B TOM YMCJIe MATU I OMpypKaTHBIX
BOJOPOAHBIX CBSI3EM.

Ha pacmnipeneineHMn TOPCUOHHBIX YIJIOB OO0BEM-
HOM BOABI M TUAPATHBIX 000I0YEK TAKKE €CTh pa3jin-
yus. B Boge HaOMogaeTcsl OTYETIMBbII I100AIbHBIN
MuHuMyM 1pu 0° u gBa Makcumyma mpu +60° u
—60°, yTO HexapaKTEPHO JIsl TUAPATHOM OOOJIOUKU
HCcCaeIyeMbIX 0eJIKoB. B rumparHoil 060J1ouke yOuK-
BUTHHA MOXHO OTMETUTH PSII TIOKATbHBIX MAaKCHMY-
MOB, B TOM 4ucJie, MaKcuMyMEbI ipu +40° 1 —40°. Ta-
KM€ YTJIBI XapaKTepU3YIOT TeKCalluKJI “TBUCT-BaHHA”
win “th-mukin”. OTUX MAKCUMYMOB HET B OOBEMHOI
Boze. Bce 3To cBUIETENBCTBYET O TOM, YTO B TUIPAT-
HOIT 0000YKe OenKa peann3yeTcss ocodast TOIoJIO-
Tdsl CBSI3aHHOW BOIBI, BKIIOYAIOIIAs TeKCAIIMKIIBI
TBUCT-BaHHA U KJIETKa.
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Ecnu B HekoTopoM “th-1mKile” 3aMeHUTh 4acThb
TBUCT-BaHH Ha KJIETKU, TO, HEKOTOPbIE TETpadapH-
YeCKMe YaCTULIbI, UMEBIINME B 3TUX TBUCT-BaHHAaX I10
YeThIpe CBSI3U, MOCJIE IIPOBEACHUS JOIOTHUTEILHBIX
CBSI3el OyoyT UMETh IO TISITh CBSI3EH, T.€. YaCTh CBSI-
3eii craHyT OuUdypkaTHbIMU. Takoil ¢parmMeHT U3
TeTpasAPUIECCKUX YACTUIL] MOXET HEIIPOTUBOPEYNBO
MPUCYTCTBOBAaTh KakK Oe(MEKT CTPYKTYphl “th-1imk-
JoB”. CyliecTBoBaHME OU(pypKaTHBIX CBSI3E B XKW~
KOIi Boe He MomIexXuT coMHeHuo [11]. Ecaiu momo6-
HBI1 (parMeHT BCTPOUTH B CTPYKTYpPY CIUpaId
30/11, cTaHOBUTCS BO3MOXHO pealn30BaTh aJro-
PUTM BOJIH CTPYKTYPHEBIX IIEPECTPOEK P HE3HAYM -
TeJIbHBIX ITEPEeMEIICHUSIX TeTPa3IPUUECKUX YaCTUIL B
MPOCTPAHCTBE, OIEPUPYsT IMEePEKIIIOUeHUEeM CBSI3ei
Mexay JactTuuamMu. I1py 3ToM IpoucXoauT IoIepe-
MEHHOE TIepPeKJIIOUEHNE TEeTPa’dApUUYEeCKUX YaCTUIL
TaK1MM 00pa3oM, UTO reKCcallMKjbl TBUCT-BaHHA IIpe-
BpalllaloTcsl B TeKcaMephl KJIeTKa U 00paTHO. AJTo-
pUTM 00pa30BaHUS BOJTHBI CTPYKTYPHOM IIepecTpoii-
KU moapoOHo omnucaH B [12]. JIonNoJTHUTEIBHO OTME-
THUM, YTO JIMHEWHAas CKOPOCTb TaKOil BOJHEI BIOJb
cnupanu 30/11 paBHa yIBOEHHOUW CKOPOCTM 3BYyKa.
B0o3MOXHO 3TO TOT MeXaHU3M, KOTOPBIA MIIYT JJIST
OOBSICHEHUS TIepenauyr MH(pOopMaIlK O LIEeITN BOIO-
POIHBIX CBSI3€M CBSI3aHHOI ¢ OMOIMMOJIMMEPaMU BOMIEI.

PaccMorpum emie omyH mpumep cOelHU(GUIHOTO
B3aMOIEMCTBUSI BOABI C HHU3KOMOJIEKYISIPHBIMU
OUOJIOTMYECK aKTUBHBIMM MOJIEKYJIaMU CaxapoB.
H3BectHO, uTO 0- 1 -DOPMBI caxapoB UMEIOT pa3-
JIMYHBIe (PU3UKO-XMMUYECKHE CBOMCTBA, HAIpUMep,
OHU TI0-pa3HOMY PacTBOPSIIOTCS B Bojie. Tak, pacTBO-
PUMOCTh O,-DITIOKONMUpPaHo3bl cocTaBisgeT 0.069 Moib
MOHOcaxapu/1a/MOJIb BOAbI IIPA HOPMAaIbHBIX YCIIO-
BUSIX, T.e. Mopsiaka 14 MojieKya BOAbI HAa MOJICKYITY
MOHOcaxapuna. PactBopuMocTs B-TITIOKOTTMPaHO3bI
paBHa 0.1538 Moub II0KO3bI/MOJIbL BoAbl. st mBYX
KOH(opMalMii oguHAKOBOW OOIIeid GopMyabl U
MPaKTUYECK OOUHAKOBOM CTPYKTYPhl PacTBOPHU-
MOCTB B BOJIe OT/IMJaeTcsd OoJjiee 9eM B 1Ba pasa [13].
TepmocTabUIBHOCTD psiia OEIKOB 3aBUCUT OT MPU-
cyrcTBus caxapoB. CTabuim3upylollee ACUCTBUE ca-
XapoB TeM cujibHee, yeM Oosbiie OH-rpyrnm B Mmose-
KyJie caxapuna. Bmepsble mpobjieMa cTepeocrnelu-
(GUYHOCTU TUIpaTallM YIJICBOIOB ObLJIa pacCMOTPEHA
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Puc. 3. Pacnipenenenue BajeHTHBIX yriioB O—0O—O B 06beMHOI BoJie (a) U TUApaTHOM 000J104Ke (0) Oejlka yOMKBUTHHA.
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Puc. 4. Pacnipenenenue TopcuoHHbIX yriioB O—0O—0O—0 B 06beMHOi1 BoJie (a) 1 rTuapaTHOI 00osouke (0) Oesika yOMKBUTHHA.

B pabote [14], rne OBUIO ITOKAa3aHO, YTO CIelrGpUd-
HOCTb FMApaTaliuy ONpeaesieTcs MPeXe BCEro COOT-
HOIIIEHMEM 3KBaTOPUAJIbHBIX U aKCUATBHBIX TUAPOK-
CWIBHBIX TPYIIN C MPEANOUYTUTENbHON ruapaTaiei
nepBbIX. OQHO U3 OCHOBHBIX MPEAIOCHLIOK, pa3pa-
OoTaHHOI B 3TOI paboTe, ObUIO IPEAIOIOXEHUE O
koMIieMeHTapHocT OH-rpyrn caxapa U CTpyKTy-
pbl CBSI3aHHOU BOJBI. JIeliCTBUTEIbHO, PACCTOSIHUE
MEXIy aToMaMM KUCIopoja 3KBatopuaibHbIx OH-
rpynn coctasiseT 0.485 HM, 4YTO XOPOIIO COOTBET-
CTBYET IOJIOXKEHUIO BTOPOTO MaKCUMyMa paaualib-
HOU (ODYHKIIMU XXUJIKOMN BOMBI.

Crenyetr OTMETUTh, UYTO JJIMHA BOIOPOIHBIX CBSI-
3eil BO JIBAY MEHBIIIE, YeM B KHMIKOI BOJIE, TEM Ca-
MBIM XapaKTepHOE PACCTOSHUE BTOPOTO MaKCUMyMa
paguaabHON (PYHKUIUU yMeHbInaeTca 10 ~0.45 HM.
BosmoxHo, TosToOMy 06pasyeMble MOHOCaXapUaaMU
TUIpaTHBIE CTPYKTYPBI MOTYT BCTPAUBAThCSI B CETKY
BOJOPOIHBIX CBSI3Ei IbJa B MEHBIIIE CTENEHU, TEM
caMBbIM Melllasi pOCTy KpUCTaJIIA.

Paznuune pacTBOPUMMOCTH ITIPUBENEHHBIX Be-
IIECTB B BOJE B JBa pa3a, NO-BUAMMOMY, HE MOXET
OBITb OOBSICHEHO TOJIBKO C ITO3UIUI ITOJISIPHOI THI-
pataiuu. IToCKOJBKY KOJMMYECTBO TMAPOKCHMIBHBIX
KMCJIOPOIOB (T.€. aToMOB Kucjoponaa B rpynne OH) y
9THUX MOJIEKYJl OIMHAKOBO, TO 3aM€Ha IIOJIOXEHUS
atomoB npu C; — yriaepojie HE3HAUMTEIbHO U3MEHSI-
€T CTPYKTYPY MOJIEKYJIbI U, CJIEA0BATEILHO, € (hU3n-
KO-XMMHMYECKHUE CBoMcTBa. Eciiy mpuHATH BO BHUMA-
HUE CTPYKTYpHbIE CBOMCTBa CaMOIo pacTBOPUTEJS,
TO MMOMUMO YMCTO SHEPreTUYeCKOro aaauTHUBHOIO
BKJIaJa B paCTBOPEHHUHU MOXKET CYIIIECTBOBATh TaKKe
W CTPYKTYPHBIM, TOIOJOTUYECKUI BKJIad, CBS3aH-
HbI HETIOCPEACTBEHHO C IIPOCTPAHCTBEHHOM CTPYK-
Typoii pacTtBopuTelst. PacTBopeHre MOJEKYIbl MO-
Hocaxapu/ia B BOJI€ 3aBUCHUT OT BO3MOXKHOCTH BCTpa-

(a) (0)

Puc. 5. I'ekcanukibl: KjieTKa (a) ¥ TBUCT-BaHHa (0) U3
MOJIEKYJT BOIBI.

XKYPHAJI ®UZUYECKON XUMUU

WBaHUsI 3TOM MOJIEKYJIbI B CETKY BOIOPOIHBIX CBSI3€il
Bonabl. [TOCKONIBKY MOJIeKy/da MOHOCAaxapuaa He He-
ceT Ha cebe 3HAUUTENBHBIX DJIEKTPUUYECKUX 3apsaoB
Ha aTOMax, MOXHO MPEAIIOJIOXKUTh, YTO PACTBOPEHUE
MOHOCAXapuI0B B BOJIe B 3HAYMTEIBHOM Mepe MOXKET
OBITH OOYCIOBIIEHO CITEIIU(DUKON UX TEOMETPUU U TO-
MOJIOTUH CETKU BOMOPOMHBIX CBsI3eil Bombl. B aToM
ciyJae pa3Iindaue pacTBOPUMOCTE MOXKET TaK3Ke CITy-
KUTh XOPOIINM TECTOM Ha aJeKBATHOCTb PA3TNYHBIX
MoJieJieii BOIbI, MPEANoaralolinx orpeaeieHHYIO 3a-
JTAHHYIO TOITOJIOTUIO CETKU BOAOPOIHBIX CBS3EiA.

Hawmu Oblna mcciieqoBaHa TuapaTalidst psiga Mo-
HOCaXapUIIOB C IBYMS TOITOJIOTUYECKU Pa3IUUYHBIMU
CTPYKTYypaMU CETOK BOJIOPOIHBIX CBA3CH — MOIyJIeM
aepga-lh um  10-“th-umknom”, 10-MoOJeKyISIpHBIM
KOMITJIEKCOM, COCTOSIIIMM W3 TBUCT-BaHH, U300pa-
>K€HHBIX Ha puc. 6. [Ipeamonaraercs, YTO MOJSIPHBIE
TPYNIIBI paCTBOPEHHOM MOJIEKYJIbl MOHOCaxXapuia
3aHMMAIOT T¢ ITO3ULIUM B CETKE BOJOPOIHBIX CBSI3EiA
BOZbI, KOTOpPbIC paHbllle ObUIY 3aHIThHI aTOMaMM K1C-
JIOpOJa BOJIbI, a MEPa UCKAXKEHUS CETKU BOJOPOIHbBIX
CBsI3¢il BOAbI BIMSIET HA BEJIMYMHY PACTBOPUMOCTH.

PeanuzoBaH anroputM, COBMELIAIONINI MOJIEKYITY
MOHOCAaXapHIa v 3a1aHHOM CTPYKTYPBI MOIYJIb JTbaa-1h
wm 10-“th-tmkna”. KonmyecTBeHHOI XapaKTEePUCTH -
KO 3TOT0 COBMEITIeHUS OblTa BEIOpaHa mejieBast (QyHK-
st F — “reomerpudeckast pacCTBOPUMOCTD .

TIE Foy — PAINYC-BEKTOP aToMa KUCJIOPOJa TUIPOK-
CWIBHOW TPYIIIBI MOJIEKYJIBI MOHOCaxapuna, Noy —
YMCJIO TUAPOKCWIBLHEIX TPYIII B MOJIEKYJIe MOHOCA-
xapuaa, ¥, — paauyc-BEeKTOpP YaCTULIbI MOAYJISI BOJBIL,
OmKaifiel K JaHHOMY aTOMY KHMCJIOpOJa TMAPOK-
cuia. CyMMHUpOBaHME BEIETCS 110 BCEM T'MIPOKCUIb-
HBIM rpynmnam. Bce MoHocaxapuabl B3SThI B D-nimpa-
HO3HOI (opme. [eTaabHO aaroOpuUTM, COBMEIIAIO-
1T MOJEKYJIy MOHOcaxapuaa M JaHHBIA MOIYJIb
Bonel onmcaH B [3]. HoBeIif MTOTOBEIN pe3yibTaT
IpeacTaBlIeH Ha puc. 7.
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(@) (©)

(8)

Puc. 6. Ctpykrypsl 10-“th-1iukiia” B ripaBoii (a) u JeBoii (6) koHbopMalusax 1 Moays baa-lh (B).

Kaxk BunHo u3 puc. 7 KoadGUIMEeHT KOppeasiiuu
MeXay (pU3nIecKoi pacCTBOPUMOCTBIO ITSITU MOHOCA-
XapuJI0B M UX pacuyeTHOH “reoMeTpUYecKoil pacTBO-
puMocTbhio” ajst 10-“th-umkna” odeHb BBICOK U CO-
crasisieT 0.99, B To BpeMms Kak IJisi MOAYJs Jibla
Juib 0.44, 9TO OYEBUIHO CBUIIETEILCTBYET O OoJice
BEPOSITHOM MPUCYTCTBUM “th-LIMKIIOB” B CTPYKType
CBSI3aHHOI1 BOABI, YeM JIbIONOAO00OHBIX CTPYKTYp. 3a-
METHUM TakK:Ke, 4TO CTPYyKTypa jJbga l1h He obimamaer
XUPATbHBIMU CBOMCTBAMHU, B TO BpeMsI Kak “th-1iuk-
JIbI” — CTPYKTYPHI, IOCTPOSCHHEIE U3 TBUCT-BaHH MO-
IryT OBITH DHAaHTUAMOP(MHBIMHU, T.€. “JEBBIMU’ WU
“mpaBbIMU”, B 3aBUCMMOCTU OT HampaBJICHUS yrja
CKpYYMBaHUS IUMepa BOIbI MM TBUCT-BaHHBI. XO-
POIIIO U3BECTHO, YTO CYIIECTBEHHOM YepToii 01010~
TMYECKU aKTUBHBIX MOJEKYJ SIBJSIETCSI UX TOMOXU-
panbHOCTb. OCOOCHHOCTD TMApAaTAllUY TAKUX MOJIE-
KyJI XMpaJIbHBIMU MMapaMeTPUIECKUMU CTPYKTypaMu
CBSI3aHHOI1 BOJIBI €l11le MPEACTOUT OLICHUTb.

BaxHoit  0COGEHHOCTBIO  TMapaMeTpUYEeCKUX
CTPYKTYp SIBJISIETCSI HAKOIIJIEHUE YIPYTOl SHEPTUU B
KJacTepax, CTepxXHsIX U crnupansix [3]. CtepxKHU ¢
dopmymamu ciiupamm 30/11 u 40/9 HaunHatotes ¢ 10-
“th-umkna”. TlokazaHo, 4TO TI0 Mepe YIAJIUMHECHUS
CTeP>XHU HAKaIUIMBAIOT YIPYTYIO SHEPTUIO B pa3HO
crenieHu. HanMeHee Hanpsi)keHHBIM SIBJISIETCST, 00J1a-
AU MUHUMAJIbHBIM TIMAMETPOM U HE UMEIOIIINIA
MOJIEKYJ BHYTpH, cTepxkeHb 30/11. CtpykTypa Tako-
ro mpocTeiilliero cTepxHs, (akTUYEeCKU Chupau,
cocrosiieid Jauiib u3 saemMeHToB 10-“th-umkna”

1 4 L * a.nbcha—nukcosa\-
anbda-rmoko3a
. anba-noKo3a
5 1.2
= L
Q
>~ anbda-apabnuHo3a *
&) ¢
1.0+
— = “t-h uukn’
’/aﬂh(ba—ra_rlakmw QMOI[YJ'[I) npaa — lh
0.8 L 1 J
5 25 45 65

C,, /100 M1 BOmbI

Puc. 7. CooTBeTCTBUE r€OMETPUUECKON PACTBOPUMOCTU
(Cp) aKcnepuMeHTaIbHOMY 3Ha4eHUIo (Cy).

KYPHAJI ®USUYECKOU XUMUU  tom 97 Ne |

HauJIy4IIruM 00pa3oM COOTBETCTBYET CTPYKTYpPE CBSI-
3aHHOM ¢ GMoMoIMMeEpaMHU BojJe. 3araceHHast SHep-
TYs B CBSI3aHHOI BOJIE MOXET OBITh UCITOJIb30BaHA B
MEXaHOXMMUYECKMX IIPOoLeccaX U UrpaTh poJib pabo-
Yero Tejia B MOJIEKYJISIPHBIX MalllHAX, B OTJIUYHUE OT
JTBO000pPa3HOM CTPYKTYpHI, TpeOyromieit 3aTpaThl
SHEPTUU Ha ee pa3pylleHHe. DTOT acleKT BO3MOX-
HOI pOJIU CBSI3aHHOM ¢ GUOITOJIMMEPaMU BOIbI TAKKE
TpeOyeT NaTbHEHIIIETO pa3BUTHSI.

B kauecTBe 3aKIIFOUEHUS XOUETCS €lle pa3 OTMe-
TUTH BbIIalonryiocs poib H.A. byiseHKOBa B pa3Bu-
THUM 0000IIEHHOI KpucTajuiorpaduu U CTUMYJIMPO-
BAaHUM aHAJIM3a TOIIOJOTMYECKUX OCOOEHHOCTEN
CTPYKTYPBI CBSI3aHHOI BOIBI, 2 HE TOJBKO DHEPTUIO
NapHbIX B3aMMOAEHCTBUIA.
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