COBPEMEHHA MOJIEJIb BOJIbI

OcobeHHOCTH (PU3UYECKUX CBOWCTB BOJBI 1 MHOTOUHCIICHHBIE KOPOTKOKHBYIIIUE BOJOPOIHBIC
CBSI3M MEXIy COCETHHMMH aTOMaMH BOJOPOAAa M KHCIOpOJa B MOJIEKYJE BOJBI CO3/AIOT
OnaronpusTHbIE BO3MOXHOCTH JJIsi 00pa3oBaHUS OCOOBIX CTPYKTYpP-acCOIMATOB (KJIACTEPOB),
BOCIPUHHUMAIOIINX, XPAHSIIIUX U MEPEAAIOINX CaMyI0 Pa3InuHy0 HHPOPMAIIHIO.

Onmna w3 mepBBIX Mojened Boabl — monenb ®dpska m Yana [Frank & Wen, 1957]. B
COOTBETCTBUM C HEH BOJOPOMIHBIC CBSI3U B JKUIKOW BOJE HEMPEPHIBHO 00pa3yroTCsS W PBYTCA,
MpUYEM OJTH TIPOIECCHl TPOTEKAIOT KOOMEPATHBHO B TMpeAeiaxX KOPOTKOXKHBYIIUX TPYIII
MOJIEKYJI BOJBI, Ha3BaHHBIX ‘‘MepLaOUMHU KiacTtepamu’ . VX BpeMs >KM3HM OLICHMBAIOT B
Uara3oHe OT 10" 10 10" ¢. Takoe MPEJICTABICHUE TPABIONOJ00HO OOBSICHSIET BBICOKYIO
CTENEeHb MOJBMKHOCTH KUAKOW BOJBI U €€ HU3KYIO BA3KOCTh. CunMTaercs, 4To Giaronapsi TakuM
CBOMCTBaM BOJIa CITY>KUT OJTHHM M3 CAMbIX YHUBEPCAIbHBIX PACTBOPUTEIICH.
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Omnako  Mojmenb  “Meplaroiu
KJIACTEPOB” HE MOXKET OOBSICHUTh MHOXKECTBO YK€ JaBHO M3BECTHBIX (PAaKTOB, U TEX, YTO CTAIIU
CTPEMHUTEIHHO HapacTaTh B TIOCIICIHEE BPEMSL.

Ho Bo BTOpOIi nonosuHe XX Beka BO3HUKIIMU JIBE TPYIIIBI ,,CMEIIAHHBIX " MOJEJIEH: KIacTepHBbIE
U KJaTpaTHble. B nepBoii rpymnne Boja mnpejicTaBajia B BUIE KJIACTEPOB U3 MOJIEKYJ, CBSI3aHHBIX
BOJOPOJHBIMU CBSI35IMHM, KOTOpBIE IIJIaBAJIM B MOPE MOJIEKYJI, B TAKUX CBSI35X HE y4acTBYIOLIMX.
Mogenn BTOpO#l TPYMNITBI paccCMaTPUBAIN BOAY KaK HENPEPHIBHYIO CETKY (OOBIYHO B 3TOM
KOHTEKCTE Ha3bIBa€MYI0 KAapKacoM) BOJOPOJHBIX CBs3eH, KOTOpas COAEPKMUT IYCTOTHI; B HUX
pa3MenalTcsl MOJIEKYJbl, He 00pasylolue CBs3el ¢ MoJieKylaMHu Kapkaca. HerpyaHo Obuio
noJo0paTh TakHe CBOMCTBa U KOHLEHTPALMM JIBYX MHKpo(a3 KIacTepHbIX Mojenen
WIM CBOMCTBA KapkKaca M CTENEHb 3alOJHEHHUS €ro IyCTOT KJIATPaTHBIX MoJenei, d4ToObl
OOBSICHUTH BCE CBOMCTBA BOJIbI, B TOM YHUCIIC 1 3HAMEHHUTbHIC aHOMAJIHH.

Cpenu KiacTepHbIX Mojeell HamOoisiee sipkoil okazanmack Mojaenb I. Hemern u X. Illeparu:
MPCIJIOKCHHBIC HWMH KAapTUHKH, 1/1306pa>1<a10mne KJIIACTCPbl CBA3AHHBIX MOJICKYJI, KOTOPBIC
IUIaBAIOT B MOPE HECBSI3aHHBIX MOJIEKYJI, BOIIIH BO MHOYKECTBO MOHOTPadHii.

Mogene knatpatHoro tumna npemioxuna O.5. CamoinoB B 1946 romy: B Boge coxpaHsieTcs
no00Hasi TeKCaroHaJTbHOMY JIbAY CETKAa BOJOPOJHBIX CBSI3CH, IMOJIOCTH KOTOPOM YaCTUYHO
3amoJIHEHI MOHOMEpHbIMU MoJiekysiamu. JI. [lomunr B 1959 rogy co3man apyroil BapuaHT,
IIPEAINOJIOKHUB, YTO OCHOBOU CTPYKTYPBI MOXKET CIIy’KUTb CETKA CBA3EH, MPUCYLIasi HEKOTOPBIM
KpUCTAIJIOTHApATaM.



B Teuenue BTOpoOi monoBuHBl 60-X TOM0B M Haudana 70-x HaOMIOAAETCS CONMIKEHHME BCEX ATHX
B3DUISA0B. [lOSIBJISIICh BapUaHTHI KJIACTEPHBIX MOJENEi, B KOTOPBIX B 00CMX MHKpodazax
MOJICKYJIBl COCIMHEHBI BOJOPOJHBIMHU CBs3sIMH. CTOPOHHHMKHM KJIATPATHBIX MOJEIEH CcTain
JIOITyCKaTh 00pa30BaHKe BOJOPOIHBIX CBA3CH MEXIY ITYCTOTHBIMHU M KQPKACHBIMU MOJICKYJIAMHU.

B 1990 r. un.-xopp. AH CCCP I'.A. ompaueB (Mu-T MeTaimoopranndeckoit xumun PAH) u
¢m3uk /I.A. CenuBanoBckuii (MH-T npuxiagnoii ¢uszuku PAH) chopmynupoBanu rumnoresy o
CYyIIECTBOBAaHMM MEXaHOXMMHMUYECKHUX pPEaKIMil paJuKaIbHOM Aucconuanuu Boabl [Jlompaues,
1995]. OHM wucxoauau M3 TOTO, YTO JKUAKAs BOJA MPEACTaBIACT COOOW JIMHAMUYECKU
HECTaOUJIbHYIO TOJMMEPHYIO CUCTEMY M UTO MO aHAJIOTHH C MEXaHOXUMUYECKUMU PEAKIUSIMU B
noMMepax TpPH MEXaHWYeCKMX BO3JCHCTBUSIX Ha BOAY TMOTJOUICHHAs BOJOW OSHEPTHs,
HeoOxoaumast mist paspeiBa H-OH, nokanusyercs B MUKpoOMacImTaOHOW 00JIACTH CTPYKTYPBI
x)uakoir Boael. Peakmuro paspeiBa H-OH cBsizu moxkno 3amucath Tak: (H,O),(H,O...H-|-OH)
(H20)m + E (H20)p41(H ) + ( OH) (H20)m, Tae “ E” 0003Ha"aeT He ciapeHHBIN AJIEKTPOH.

[Tockonbky maucconuanus MOJEKYJl BOAbBI M peakuuu c ydactueM paaukanmoB H u OH
IPOMCXOJUT B ACCOLUMUPOBAHHOM COCTOSIHUM JKHJIKOH BOJBI, paJMKadbl MOTYT HUMETh
rpoMagHble (JECATKH CEKYHI M 0ojee) MpPOJODKUTEIEHOCTH JKU3HU JI0 THOENTH B pe3ysbTaTe
peaximii pekomOuHaruu [Blough et al., 1990].

Takum 00pa3oM, CyIIECTBYIOT AOCTATOYHO yOeAUTEIbHbIE CBUAETEILCTBA B MOJB3Y TOTO, YTO B
JKUJKOW BOJE TPHUCYTCTBYIOT BEChbMa YCTOWYMBBIE TMOJUMEpHBIE CTPYKTYypbl. B 1993 romy
aMmepukanckuil xumuk Ken J[)xopaaH npeokuil CBOM BAPUAHTHI YCTOMYUBBIX “KBAaHTOB BOJBI,
KOTOpBIE cocToAT U3 6 e€ monekyi [Tsai & Jordan, 1993]. Otu kiactepsl MOTYT OOBEIUHATHCS
Ipyr ¢ APYroM M co “‘CBOOOAHBIMH~ MOJEKYJaMU BOJbI 32 CUET SKCIOHHPOBAHHBIX Ha MX
MIOBEPXHOCTH BOAOPOAHBIX CBs3eil. THTEpecHOW 0COOEHHOCTHIO 3TOW MOJENH SBISETCS TO, YTO
U3 Hee aBTOMATHYECKH CIEAYeT, 9YTO CBOOOJIHO PACTyIIHUE KPUCTAIIBI BOJBI, XOPOIIO H3BECTHBIC
HaM CHEXHUHKH, JTOJIKHBI o0nanate 6-myueBoit CUMMETpHEN.
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B 2002 rony rpynmne a-pa Xsa-I'opaoHa MeTOAOM PEHTTEHOCTPYKTYPHOTO aHAIIU3a C TTOMOIIBIO
CBEPXMOIIIHOTO peHTreHoBckoro ucrounuka Advanced Light Source (ALS) ynanock nmokasars,
YTO MOJIEKYJIBI BOJBI CIIOCOOHBI 3a CYET BOJOPOJHBIX CBs3eil 00pa30BBIBATH CTPYKTYPHI -
"MCTUHHBIC KUPIIMYUKA" BOJBI, IPECTABIISIONINE COOOI TOMOJIOTHYECKHE LETOYKH U KOJIbIIA U3
MHO>KECTBA MOJICKYI.

Hpyras uccnenoBarenbckas rpynna HubccoHa U3 CHHXPOTPOHHOM J1a00paTOPUM BCE TOTO K€
CreHdOopACKOT0 YHUBEPCUTETA, UHTEPIPETUPYS MOIyUYEHHBIE SKCIIEPUMEHTAIbHbIE JJAHHbBIE KaK
HaJIMYue CTPYKTYPHBIX LIETIOYEK U KOJIELl, CYUTAET UX JOBOJBHO JOJIT0KUBYLIUMH 3JIE€MEHTAMU

CTPYKTYpBHI.



HecMoTpss Ha TO, 4TO pa3Hble MOJENM NPEUIaraloT OTIMYAIOLIUECS 0 CBOEH TI€OMETpUn
KJacTepbl, BCE OHM TOCTYJIMPYIOT, YTO MOJIEKYJbl BOJAbI CHOCOOHBI OOBEAUHATHCS C
oOpa3oBanueM noauMmepoB. Ho kiaccuyeckuil moivMep — 3TO MOJEKYJIa, BCE aTOMbl KOTOPOM
00bETMHEHbl KOBAJEHTHBIMU CBS3SMH, a HE BOJIOPOJHBIMH, KOTOpBIE 10 HEJAaBHETO BPEMEHHU
CUMTAJIUCh YHUCTO 3JeKTpocTaTHueckuMu. OHako B 1999 r. 6bl10 3KCIEpUMEHTAIBHO TOKA3aHO,
YTO BOAOPOJAHAs CBSI3b MEXKIY MOJEKyJaMH BOJbl BO JIbAy HMeeT vacTuyHo (Ha 10%)
KoBaJIeHTHBIN xapakrtep [Isaacs E. D., et al.,1999]. Jlasxxe 4acTMUHO KOBAJICHTHBIA XapakKTep
BOJIOPOJTHON CBsI3U “‘pazpemaer”’, mo MeHblued Mepe, 10% Monekyn Bojbl OOBEIUHATHCS B
JIOCTaTOYHO JOJTOXHUBYIIUE MOJIUMEPHl (HEBaXKHO, KAKOW KOHKPETHOM CTPYKTYphI). A eciu B
BOJIE €CTh MOJMMEPHI BOJBI, TO Jake ciabble BO3JeHCTBUSA Ha aOCOMIOTHO YHUCTYIO BOAY, a TEM
Oosee ee pacTBOPBL, MOT'YT UMETh Ba)KHbIE IIOCIIEICTBHSL.

B xuMuum mnomumMepoB XOpOIIO H3BeCTEH TOT (aKT, YTO TMOJ JCHCTBHEM MEXaHHUECKUX
HaNpsDKEHUH, B YAaCTHOCTH — 3BYKOBOM 00paOOTKH, pacTsDKEHHs, IMPOJABIMBAHUS IMOJIMMEpPA
4yepe3 TOHKUE OTBEPCTHUS, MOJIEKYJIbI TIOJIMMEPOB MOTYT “pBaThCs”’. B 3aBUCUMOCTH OT CTPOEHUS
HOJIMMEpa, YCIOBUIM, B KOTOPBIX OH HAaxOAMTCSA, 3TH Pa3pbiBbl CONPOBOXKIAIOTCA JIMOO
00pa3oBaHNEM HOBBIX OECHOPSIOUHBIX CBA3CH MEXIY “‘OOphIBKAMU” MCXOJHBIX MOJIEKYJ, JTUOO
YMEHBIIEHUEM UX MOJEKYJSIPHOM Macchl. Takue IpoLecChl CIyXaT, B YaCTHOCTH, IMPUYMHOU
CTapeHHs NOJMMEpOB. Penko yTOYHSIOT, uYTO (parMeHTalys MOJUMEpPOB MpPHU MOJOOHBIX
BO3JCHCTBUSIX — SBJICEHHE HETpuBHaibHOE. Tak, Hampumep, HHTakTHble MoJekyJsbl JIHK,
COCTaBJIEHHBIX U3 COTEH THICAY U MUJUINOHOB MOHOMEPOB-HYKJIEOTH/IOB, JIETKO PAaclagatoTcs Ha
Oonee mMenkue pparMeHThl OT IPOCTOrO NMEpeMeIInBaHus npenapara najaodkoi. [Ipu stom, yem
MeHbIIe (parMeHThl, TeM 00Jee BBHICOKOH IUIOTHOCTU TPeOyeTcsl HEprus Ui JNalbHEHIIero
npobnenus. Bo Bcex ciaydasXx — M B JJIMHHBIX M B KOPOTKHX IIOJIMMEpPAxX pa3pbIBAlOTCS
XMMHUYECKH UIEHTUYHbIE KOBAJIEHTHbIE CBA3H. Cle10BaTENbHO, €CIIN JUIS Pa3pblBa KOBAJIEHTHON
CBSI3M MEXJIy JIBYMs AaTOMaMHU B MaJOM MOJEKyJe HEOOXOIUMO MPHIOKUTh HHEPIHUIO,
DKBUBAJICHTHYIO 3HEpruu kBaHta Y ®- wiaM mo MeHbIIEH Mepe BUAMMOIO CBETa, TO Takas e
CBSI3b B IIOJIMMEPE MOXKET pa3opBaThCs MPU BO3JACHCTBUU HA HErO MEXaHUYECKUX KoyebaHuil. B
IIEPBOM CIIydae 4acToTa KoJIeOaHU COOTBETCTBYET BennuyrHaM nopsaka 1015 ', Bo Bropom —
repuam — KujorepaM. 3HauuT, MOJIEKYJIa ITOJIMMepPa MOXKET BBICTYIIaTh B POJIM CBOEOOPA3HOTO
TpaHchopMaTopa SHEPrMM HU3KOW IUIOTHOCTH B JHEPIUI0 BBICOKOH IUIOTHOCTH. OOpasHO
TOBOPsl, TOJIMMEPHI NPEBPAIIAIOT TEILUIO B CBET. A TOrja, €CiIM XUAKas BOAA MOXKET XOTh B
KaKOW-TO CTENEHHM PAcCMaTpUBAThCS KaK KBa3H-IIOJIMMEP, TO U B HEH MOTYT OCYIIECTBIATHCS
OJJOOHBIE MPOLIECCHI.

Mojenb CTpyKTYpUPOBAHHOM BOJBI ONPEAEIISAET IOUTH BCE €€ aHOMaJIbHBIE CBOMCTBA, UMEIOIINE
OTPOMHOE IPAKTUYECKOE 3HAYCHHME - BOJAa CaMO€ aHOMAaJIbHOE U3 BCEX H3BECTHBIX MPUPOJE
BemecTB. [luamerp momnekyinsl Boabl 2,8 A (1 anrctpem = 10-10m). Ecnu paccmatpuBath Boay
KaK IMPOCTYI0 COBOKYIHOCTh Mojekyl HO, To oka3biBaercsi, 4To €€ yAeibHbIM Bec IOJIKEH
cocraBmATh 1,84 r/cm3, a Temniepatypa e€ kunenus oyzaer paBaa 63,5°C. Ho, kak U3BeCTHO, IpH
HOPMaJIbHOM TeMIlepaType M JaBJIeHUM y/AEIbHbIM BeCc BOJbI paBeH | I/cM3, a KUIIUT BOAA MpHU
100°C. Ucxons u3 3T0rO0, CIEAyET NMPEANONI0KUTb, YTO BHYTPU BOJABI JOJDKHBI OBITH IyCTOTHI,
rae Her moiekya H»O, To ecth Boje mpucyma ocoOasi CTpYKTypa. DTO NPUHIMIIHAAIBHOE
OTKpBITHE OBUIO ceNaHo aHrmickuM ¢u3nkoM bepnamom. C Tex mop B 3TOil obmactu
IIPOBEJEHO MHOKECTBO MCCIIEA0BAaHNM, HO TIOJHOU SICHOCTH B TOM BOIIPOCE €ILIE HET.
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CriocoGHOCT,  MOJIEKYJI BOJABI OOpa3OBBIBATh  OIpE/EICHHbBIE

CTPYKTYpbI, OCHOBaHAa Ha HaJW4YMM TaK Ha3bIBAEMbIX BOJOPOJHBIX CBS3€H. OJTU CBS3U HE
XUMHUYECKOW Tpupoael. OHU JIETKO pa3pylIaroTcs W OBICTPO BOCCTAHABIUBAIOTCS, YTO JIEIACT
CTPYKTYpPY BOJBI UCKIIOYUTENbHO U3MEHUNBOK. FIMEHHO Onaromapsi 3TUM CBS3SIM B OTACIBHBIX
MHUKPOOOBEMaX BOJbI HEMPEPHIBHO BO3HUKAIOT CBOCOOpa3HbIE AaccolMaThl BOABL, €&
CTPYKTYpHBIE 3JeMeHThl. CBs3b B TAKUX acCOLMATax Ha3bIBaeTCs BOAOpPOAHOM. OHa sBiseTCs
OUYeHb CJIA0OMW, JIETKO pa3pylmacMol, B OTIMYME OT KOBAJICHTHBIX CBS3CH, HAmpuMep, B
CTPYKType MUHEPATIOB WITU JIFOOBIX XUMHUYECKUX COSAMHCHU.

I/IHTepeCHO, qTO CBO60,I[HI>I€, HC CBA3aHHBIC B aCCOLMAThI MOJICKYJIbI BOABI IPHUCYTCTBYIOT B BOAC
JUIIbL B OYEHb HEOOJBIIOM KOJHYECTBE. B OCHOBHOM K€ BOAa — OTO COBOKYIIHOCTBH
6GCHOp5I,HOqHBIX acconuaToB M «BOJSAHBIX KPpHUCTAJIOB», TIA€ KOJIHYECTBO CBA3AHHBIX B
BOOOPOJHBIC CBA3H MOJICKYJ MOXKET OJOCTHUI'aTh COTCH U JaKC ThICAY CAWHUILIL.

«BoJsiHBIE KpUCTAJUTBDY MOTYT UMETh CaMyl0 Pa3Hyl (opMmy, Kak MPOCTPAHCTBEHHYIO, TaK U
JIBYXMEPHYIO (B BUJIE KOJIBIEBBIX CTPYKTYp). B 0cHOBE e Bcero JexuT TeTpalap (mpocTeifmas
nupaMuja B 4eThipe yria). IMeHHO Takyro (GopMy UMEIOT pacrpeaelieHHbIe TOJI0KUTEIbHbBIE U
OTpHUIIATEILHBIE 3apsabl B MOJICKYJ€ BOJbI. [ pynmupysce, Terpasapsl mosiekysn H20 oGpa3zytor
pa3zHoOOpa3Hble MPOCTPAHCTBEHHBIE U TUIOCKOCTHBIE CTPYKTYpbl. M M3 Bcero MHOroooOpasus
CTpYKTyp B Tmpupoae ©0a30Bod, cyAs Mo BceMy (IoKa JHIIb HE TOYHO JOKa3aHHOE
MPEANOJIOKEHNE) SBISETCS BCEro OJIHA — TeKCaroHalibHas (IIeCTHrpaHHas), Korja IIecTh
MOJIEKYJ BOJBI (TETPA’APOB) OOBEIUHSIOTCS B KOJIBIIO.

Takoil TUI CTPYKTYpPbI XapaKTEPEH JIA JibAA, CHETa, TAJIOW BOJbI, KJIETOYHOM BOJbI BCEX KUBBIX
CyILIECTB.
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Puc. 1. Kpucrannuueckas cTpykTypa Jbaa
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Kaxnas MOJIEKyJ1a BOJIbI B
KPUCTAJUIMUYECKOM CTPYKTYype JibJla y4acTBYeT B 4 BOJOPOJHBIX CBS35IX, HAMPABICHHBIX K
BEpIIMHAM TeTpadjapa. B 1eHTpe 3TOoro Tterpasapa HaxXOAMTCS aTOM KHUCIOpPOJa, B JABYX
BEpIIMHAX — [0 aTOMy BOJOPOJA, SJEKTPOHBI KOTOPBIX 3aJeHCTBOBAHBI B 0OOpa30BaHUU
KOBAJEHTHON CBS3M C KUCJIOpPOJAOoM. /[Be ocTaBiIMecs BEpUIMHBI 3aHMMAIOT Mapbl BAJIEHTHBIX
ANIEKTPOHOB KHUCIIOPO/Ia, KOTOPhIE HE YYaCTBYIOT B 00pa30BaHUU BHYTPUMOJICKYJISPHBIX CBS3CH.
IIpu B3auMOACHCTBMM TPOTOHA OJHOM MOJEKYJbl C Tapoll HEMOAECIEHHBIX 3JIEKTPOHOB
KHCIIOpPOJa JPYroil MOJIEKYJIbI BO3HHKA€T BOJOPOJHAs CBsI3b, MEHEE CHIIbHAsl, Y€M CBS3b
BHYTPUMOJIEKYJISIpHAsA, HO JOCTATOYHO MOTYUIECTBEHHAs, YTOObI YJEp>KUBATh PSAIOM COCEIHUE
MOJIEKYJIbl BOJbI. Kaskaas MoJeKyia MOKeT OJHOBPEMEHHO 00pa30BhIBATH YETHIPE BOJAOPOIHBIC



CBA3M C JPYIMMHM MOJIEKYJIaMU MOJ CTPOrO ONpPEIENCHHbIMH yriamu, paBHbIMU 109°28',
HaIpPaBJIECHHBIX K BEPUIMHAM TETpa’[pa, KOTOPbIE HE MO3BOJAIOT IIPHU 3aMEp3aHUM CO3/1aBaTh
IUIOTHYIO CTPYKTYpy (mpu 3ToM B crpykrypax sapna I, Ic, VII u VIII stor Terpasap
IIPABUJIBHBIM).

Korna nén nnaButrcs, ero TeTparoHalbHas CTPYKTypa pa3pyllaeTcsi U oOpas3yercs cMech
MOJIMMEPOB, COCTOSIINAs U3 TPHU-, T€Tpa-, IEHTa-, 1 TEKCaMEpPOB BOABI M CBOOOJTHBIX MOJIEKYII
BO/Ib. CXeMaTHYEeCKH 3TOT MPOIIECC MOKA3aH HUXKE.

Puc. cneBa - CtpykTypa >XUAKOHW BOJbl. B BoJe KiacTepbl MEPUOIUYECKH pPAa3pyIIAIOTCS M
-12
oOpazyroTcs cHoBa. Bpemst nmepeckoka coctasisieT 10 ° cekyHI.

N3yunte cTpoeHHE 3THUX O00pa3yIOUIMXCS TOJIMMEPOB BOJBI OKa3ajoCh JOBOJBHO CIIOXHO,
IMOCKOJIBKY BOJAa — CMCChb PAa3JIMYHBIX IOJIUMCPOB, KOTOPLIC HAXOAATCA B PABHOBCCHUU MCKIY
co0oii. CrankuBasich APYT C JAPYroM, MOJUMEPHI MEPEXOASIT OJUH B IPYroM, pas3iaralorcs u
BHOBB 00Pa3yrOTCA.

PaznenuTh 3Ty cMech Ha OTJENbHBbIE KOMIIOHEHTBHI TOXE NMPAKTHYECKH HEBO3MOXKHO. JIWIIb B
1993 rony rpymnma uccienosareneid u3 Kamudopuuiickoro yausepcuteta (r. bepkmu, CIIIA) ox
pyxoBozacTBoM JokTopa P./[x.Caiikannu pacumdpoana cTpoeHue Tpummepa Bojbl, B 1996 1. —
TeTpaMmepa U MeHTaMepa, a 3aTeM U rekcamepa Bojbl. K 3 ToMy BpeMeHH yke ObLIIO yCTaHOBIICHO,
YTO JKUJKas BOJA COCTOUT U3 MOJUMEPHBIX acCOLMATOB (KIACTEPOB), COACPKAIIUX OT TPEX IO
[IECTU MOJIEKYJ BOJBI.
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'Ha pucyHke HW)XE IOKa3aHO CTPOEHUE TpH-,
TeTpa-, IeHTa-, U reKkcaMepa BOoJbl. Bce OHM LUKINYHBL, T. €. 00pa3yloT TOBOJBHO yCTOWYHBBIC
«KOJIBLIAY.

bonee cnoHBIM 0Ka3anoch CTPOCHUC I'CKCaMcpa. Camas IpocCTasa CTPYKTypa — MICCTb MOJICKYJI
BOALI B BCPHIMHAX MIECTUYTOJIbHUKA, — KAaK BBIACHHJIOCH, HC CTOJIb IMPOYHA, KaK CTPYKTYypa
kietku. bornee TOIr0, CTPYKTYPhbI ITPU3MBI, paCKpBITOﬁ KHHMI'M WMJIK JJOAKH TOXKEC OKa3aJIuCh MCHEC



yCTOfI‘IHBBIMH. B INCCTUYTOJIbHUKE MOXKET OBITh TOJBKO IIIECTH BOOOPOJHBIX CBH3€I>'I, a
OKCIICPUMCHTAJIBHBIC TAHHBIC T'OBOPAT O HAJIMYHUU BOCBMU. 910 SHAYUT, YTO YCTBIPC MOJICKYJIbI
BOJbI CBA3aHbI HeperéCTHBIMI/I BOAOPOJHBIMU CBA3SIMHU.

CTPYKTypBI KIIaCTCPOB BOJIbI ObLIH HalileHbl U TCOPCTUUCCKHU, CCTOAHAIIHASA BbIYUCIIUTCIIbHAA
TE€XHHUKA IIO3BOJIACT 3TO CACIATH. Bbomee TOro, UMCHHO COIIOCTABJICHUEM OJSKCIICPUMCHTAJIIBHO
HalJICHHBIX U PACCUUTAHHBIX MMAPaMCTPOB YAAJIOCh OO0Ka3aTb, YTO IIOJIMMEPbBI HMCIOT TO
CTPOCHUEC, KOTOPOC OIMMCAHO BBIIIC.

B 1999 r. CranucnaB 3enun mpoBén coBmecTHO ¢ b. Ilomamyspom (ceitwac B CIIIA)
uccinenopanue Boabl B ['HMW reHEeTMKH, KOTOpBIE [Nl WHTEPECHEMIIME pPE3yJIbTaThI.
[IpuMeHUB COBpPEMEHHBIC METOJBI aHAIM3a, KaK-TO PEePPaKTOMETPHUYECKOTO, MPOTOHHOTO
pe3oHaHca M KHAKOCTHOM  Xpomarorpaduu  HCCIENOBATENSAM  YJIAlIOCh OOHApYKUTh
IIOJINACCOOLIMATEI - "KBAaHTEI" BOJBI.

d

Puc. Bo3moxxHbI€ KiTacTepbl BOJbI

OO0BeMHSASACH IPYT C APYTOM, KITaCTEPhl MOTYT 00Pa30BhIBATh OOJIEE CIIOKHBIE CTPYKTYPHI:



Puc. bosee cnoxHble aCCOLMATHI KJIACTEPOB BOJIBI

Knacrepsl, conmepxkamue B cBoéM coctaBe 20 MOJIEKyIy
OKa3aJuch 0osiee CTAOUILHBIMU.

Puc. cnesa - ®opmupoBanue kinactepa u3 20 MOJIEKYJIbI BOBI.
Cornacuo rumnoresze C.B. 3eHnHa Boja npencTaBisieT co0oi HepapXxuio MPaBUIIbHBIX 00BEMHBIX

cTpykTyp "accormatoB" (clathrates), B OCHOBE KOTOPBIX JICKHUT KPHUCTALIOMOJO0OHBIA "KBaHT
BOZBI", cocTOAMI M3 57 €€ MOJEKYJ, KOTOpble B3aMMOIEHCTBYIOT APYr C JAPYroM 3a CueT



CBOOOTHBIX BOJOPOIHBIX cBs3eid. [Ipu aToM 57 Moneky Bobl (KBaHTOB), 00pa3yroT CTPYKTYpY,
HAIOMHHAIOLLYI0 TeTpasap. Terpasap B CBOIO odepeslb COCTOUT U3 4 10/1eKa’ApoB (IIPaBUIbHBIX
12-rpaHHUKOB). 16 KBaHTOB 00pa3ylOT CTPYKTYPHBIM AJIEMEHT, cocTosimuii u3 912 monekyn
Boabl. Boma Ha 80% cocrouT W3 Takux 3aeMeHTOB, 15% - kBaHThI-TeTpa’apel U 3% -
kjaccuueckue Moisiekyiasl HoO. Takum oOpa3om, CTpyKTypa BOJbI CBsSI3aHa C TaK Ha3bIBAEMbIMU
IUTATOHOBBIMH TeJaMH (TETpasp, A0AeKa’aAp), GopMa KOTOPHIX CBsI3aHa C 30JI0TOM MPOMOpPLUEH.
Snpo kucmopoaa Takxke umeet GopMmy IJIATOHOBA TeJa (TeTpadapa).

TeTpasgp
Orkraznp
i R
HMrocaanp
..‘r
Mexcazap (kyh) Oonexasgp

OneMeHTapHO! s4YeMKON BOJBI SBISAIOTCS TETPAd/phl, COJEpIKAlllMe CBSI3aHHBIE MEXAYy COOOMH
BOJIOPOJTHBIMU CBSI3IMH YeThIpe (MPOCTOW TeTpasnp) wim 1At Mojekynal HrO (oGbemHO-
LEHTPUPOBAHHBINA TETPa’Ip).

Puc. cnesa - Terparap



Puc. Terpas>ap Boabl



[Ipu 3TOM y Kax10i1 U3 MOJIEKYJ BOJIBI B IPOCTHIX
TETpa’Ipax COXPaHIETCs] CIIOCOOHOCTh 0OPa30BBIBaTh BOJOPOJIHBIE CBS3U. 3a CUET UX MPOCTHIE
TETPadIpbl MOTYT OOBEIUHATHCS MEXKIY COOOH BepIIMHAMH, peOpaMH WIH TPaHIMH, 00pa3ys
pa3IMYHbIE KJIACTEPHI CO CI0XKHOM CTPYKTYpOH, HalpuMep, B hopMe ToaeKadIpa.

Puc. cipasa - [logekasp

Takum oOpa3oMm, B BOJie BO3HHMKAIOT CTaOMJIBHBIC KJIACTEpPhl, KOTOPHIE HECYT B ceOe OuYeHb
OOJIBIIYIO0 SHEPTUI0 W WH(GOPMAIIMIO KpaliHe BBICOKOW IMIOTHOCTH. [TOpsSaKOBOE YHMCIO TaKHX
CTPYKTYp BOJbl TaK >K€ BBICOKO, KaK U TMOPSJIKOBOE YHCIO KPHUCTAUIOB (CTPYyKTypa C
MaKCHMAaJbHO BBICOKHM YTOPSJAOYCHHEM, KOTOPYIO MBI TOJBKO 3HAEM), MOTOMY HX TaKkKe
Ha3bIBAIOT (OKUJIKHUMH KPHUCTAUIAMHU» WIH «KPUCTAIJIMYECKOW BOJOW». akas CTPYKTypa
SHEPreTUYECKH BHITOJHA U Pa3pylIaeTcsi ¢ OCBOOOXKICHUEM CBOOOIHBIX MOJIEKYIN BOJBI JIHIIb
MPU BBICOKMX KOHIIGHTPAIIUAX CHUPTOB W TOJOOHBIX MM pacTtBoputeneit [3eHuH, 1994].
"KBaHTBI BOJBI" MOTYT B3aMMOJICHCTBOBATH JPYT C APYTrOM 3a CUET CBOOOJIHBIX BOJOPOIHBIX
CBSI3€H, TOpYAIMX HApPYXy W3 BEPIIMH “KBaHTa’ CBOMMH TpaHsaMHu. [Ipu 3TOM BO3MOXXKHO
o0Opa3oBaHHEe yKe JBYX THUIIOB CTPYKTyp BTOpOro mopsiaka. X B3auMoJeiCTBUE OPYT C IPyroM
NPUBOJIUT K TOSBJICHUIO CTPYKTYp BhIciIero mopsaka. Ilociemnue cocroar u3z 912 monekyn
BOJIBI, KOTOpBIE MO MOJENTU 3CHHMHA MPAKTUYSCKH HE CIIOCOOHBI K B3aMMOJCHCTBHIO 33 CUET
o0pa3oBaHMUsl BOJOPOJHBIX CBsA3€il. DTUM U OOBICHAETCS, HAlpPUMEp, BBICOKAs TEKYy4ecThb
KUJKOCTH, COCTOSIIEW W3 TPOMAIHBIX MOIMMepoB. Takum oOpa3oM, BOAHAs cpeaa
MpeICTaBIsIeT COO0M Kak Obl MEpPAPXUUECKU OPTaHU30BAHHBIN KUIKUNA KPUCTAILI.



W3MeHeHre TMOJIOKEHUsI OJHOTO CTPYKTYpPHOTO
3JIEMEHTa B 3TOM KpUCTaJUle IMOJ JeicTBHEM J1000ro BHELIHEro (akropa WM HU3MEHEHHUE
OpUEHTAIIMM OKPY>KAIOLIUX 3JIEMEHTOB IOJ BIMSHUEM J100aBISEMBIX BELIECTB 00ECHEYMBAET,
COIVIaCHO TUNOTe3¢ 3€HHHA, BBICOKYIO UyBCTBHUTEIBHOCTH MH(DPOPMAIMOHHOW CHUCTEMBI BOJBI.
Ecnu creneHp BO3MyILEHUSI CTPYKTYPHBIX 3JEMEHTOB HEJOCTaTOYHA JUIsl NMEPECTPOWKH BCel
CTPYKTYpPBI BOJbI B JAHHOM 0OBEME, TO IOCIE CHATHUS BO3MYIIEeHUs cucrema uepe3 30-40 mun
BO3BpAIllaeTCs B MCXOJHOE cocTosiHue. Ecnm ke mepekoaupoBaHue, T. €. NEPEXOo] K JIPyromy
B3aMHOMY DAaCIOJIOXKEHHUIO CTPYKTYPHBIX 3JIEMEHTOB BOJBI OKa3bIBAETCS HHEPreTUUYECKU
BBITO/IHBIM, TO B HOBOM COCTOSIHUM OTpaXkaeTcsi KOAMPYIOIllee ACHCTBUE BBI3BABLIETO 3Ty
nepecTpoiiky BemiectBa [3eHuH, 1994]. Takas Moaenb 1Mo3BoJseT 3eHUHY OObSICHEHUTD "IaMATh
BOJbI" M ee nHGOPMAIMOHHbBIE CBOMCTBA [3eHuH, 1997].



Puc. cneBa - ®opMupoBaHue OTAEIHLHOTO KJIaCTEPA BOABI (KOMITBIOTEPHOE MOIETUPOBAHUE)

B muctunnupoBaHHON BOJE KiacTepbl NPAKTHUYECKU 3JIEKTPOHEHUTpanbHbl. OpHako 3€HUH
OOHapy’KWJI, 4TO HX 3JIEKTPOIPOBOJHOCTh MOXHO M3MEHUTh. Ecin momemaTs MarHUTHOU
MEILIAIKON, CBA3M MEXIYy SJIEMEHTaMHU KICTEpOB OyIyT pa3pylIeHBI M BOJA NPEBPATHUTCS B
MEPTBOE, HEYIIOPSAJOUEHHOE MECUBO.

Eciu momectuTh B BOAY MpeAeNbHO Majoe KOJUYECTBO JPYroro BewlecTBa (XOTh OAHY
MOJIEKYJTy) - KJacTepbl HAYHYT "TIEPEHUMAaTh" €ro 3JE€KTPOMarHUTHBIE CBOMCTBA. DTO CBOMCTBO
OOBSCHSIET YPE3BBIYANHO JIAOUITBHBIN, TTOJABMKHBIA XapaKTep X B3auMmojencTBus. Ero npupona
00yCIIOBJICHAa NaTbHUMH KYJIOHOBCKUMHU CHJIAMH, OIPEACISIONIMMH HOBBIA BHIl 3apsI0BO-
KOMIUIEMEHTApPHOW CBs3U. VIMEHHO 3a CUET 3TOro BHJA B3aUMOJACHCTBHI OCYIIECTBISETCS
MOCTPOCHUE CTPYKTYPHBIX AJIEMEHTOB BOJIbI B stueiiku (KiaTpaTel) pazmepom a0 0,5-1 MUKpOH.
WX MOXHO HEMOCPEICTBEHHO HAOMIOAATH MIPH MOMOIIY KOHTPACTHO-()a30BOr0 MUKPOCKOIA.

CTpyKTypHUpOBaHHOE COCTOSIHHE€ BOJBI OKA3aJIOCh YYBCTBUTEIBHBIM JATUYUKOM Pa3IUYHBIX
nojiei. C. 3eHUH cuMTaeT, 9To MO3T, caM cocTosmui Ha 90% 13 BOJBI, MOXKET, TEM HE MCHEE,
U3MEHSATH €€ CTPYKTYPY.

Onwupasicb Ha MOJOOHBIE MPEACTABICHUS O CTPYKTYpE BOJbI, YYEHBIC BBISCHHIN HHTEPECHBIC
noapooHoctu. HemaBHo, kKak cooOutui poccuiickue uccienaoBarenu Breiconkuit 1 KopHuosa,
pazBuBas wunmen HO.M. HabGepyxuHa, mpoBenH pacdeT »HHEPreTHUECKUX XapPaKTEPHCTUK,
HEOOXOAMMBIX TSl TIepexoa CBOOOIHBIX MOJIEKYJI BOJIBI U3 HECBS3AHHOTO COCTOSIHUS B TTOJIOCTh
KJIaTpaTta 1 00paTHO.

C moMoIIpI0 3TUX PacyeTOB OHU MOKa3ajliH, YTO CTPYKTYPOH BOIBI - KOJIMYECTBOM CBOOOIHBIX
MOJIEKYJI BOJABI B TOJIOCTSIX KJIATPATOB U BHE WX, - MOXXHO YIPABJIATH C MOMOIIBIO J1aBJICHUS,
TEMIEpaTypbl, MarHUTHOTO ToJs W T. A. llpuyeM Boma MOXKET HCIONB30BATHCS IS
MEIUIIMHCKUX IIeJIe, KaK CaMOCTOSATEIbHO, TaK M B KadecTBe '"YMaKOBKU'" JUIsI MOJIEKYJI
JICKapCTBEHHBIX BEIIECTB. Takoil rumoTeTnyeckoi "ymakoBKoil", CmocoOHON JOHECTH JIeKapCcTBa
JI0 BHYTPEHHUX OPTaHOB OOJBHOTO, HE PACTPATHB WX MO IMyTH, CIyXaT KJIaTpaThl, B MOJOCTIX
KOTOPBIX MOTYT OBITh pa3MelIeHbI JIEKAPCTBEHHBIC MOJICKYJIbI MPU OMpPEAETICHHBIX PEXKUMAaX HX
MPUTOTOBJICHHUS.

B npupoIHBIX yCIOBHSX IOJOCTH B KJIaTpaTax BOJbI MOTYT 3aHUMAaTh MOJIEKYJIBI IIPUPOIHBIX
ra3oB, oOpasys Kpuctauioruaparsl. Haubonee pacmpocTpaHEHHBIM —KpPUCTALIOTUAPATOM,
BCTpEYAIOLUMCsl B BEUHOU MEP3JIOTE U HA JHE MOPEN U OKEaHOB, SIBJIACTCS KPUCTAJUIOTUAPAT
YIJIEBOJOPOAHOTO Ta3a MeTaHa. OH MpeaAcTaBisieT co00M Maccy, MOXOXKYI0 Ha MOKpBIH CHET.
Takne Kpucrtajuioruparbl, B MNPUHIOUIC, MOI'YT HCIIOJIb30BaThCA B Ka4YCCTBC TOILIMBA
albTepHATUBHOIO He(PTU U ra3y, HO, BMECTE C T€M, MOTYT MPEICTABIATH OOJBIIYI0 OMACHOCTh
JUTS )KM3HU Ha 3emuie.

Mopnenb KJIaCTEPHOTO CTPOEHUSI BOJBI UMEET MHOI'O CIOPHBIX JUCKYTUPYEMBIX MOMEHTOB, HO
OTBepraTh €€ COBEpIICHHO HecmnpaseInBo. Hampumep, 3eHUH MpeanosaraeT, 4To OCHOBHOM
CTPYKTYPHBIM 3JIEMEHT BOJBI — KJacTep U3 57 MOJEKyJ], 0Opa30BaHHBINA CIUSHUEM YETHIPEX
noaeka’apoB. OHM MMEIOT O0IIME TPaHU, a UX HEHTPBI 00pa3yloT MPaBWIBHBIA TeTpadp. To,
YTO MOJIEKYJIBl BOJbl MOTYT paclojiaraTbCsi IO BEpPLIMHAM II€HTarOHaJbHOTO J0AEKa’pa,
U3BECTHO [JIaBHO; TAaKOM JOAEKa’aAp — OCHOBAa Ta30BbIX rIuzapartoB. llostomy Huuero
YAUBUTEIBHOTO B IPEIIOJIOKEHUN O CYIIECTBOBAaHMM TaKUX CTPYKTYp B BOJE HET, XOTA YK€
TOBOPUJIOCh, YTO HMKakKash KOHKpETHas CTPYKTypa He MOXeT ObIThb IpeoOnajarouied u
CyILEeCTBOBaTh N0Jro. I103TOMy CTpaHHO, YTO ATOT JIEMEHT MPEAIOIAraeTcs IJIaBHbIM U YTO B
HEro BXOJWUT pOBHO 57 Monekyn. M3 mapukoB, HampuMmep, MOXHO COOMpaTh TaKHUE K€



CTPYKTYpbI, KOTOPbIE COCTOSIT U3 NMPUMBIKAIOIIMX APYT K APYry JoJeKa’apoB u coaepxkar 200
MOJIEKYJl. 3€HUH K€ YyTBEpXKIAeT, YTO Hpolecc TPEXMEPHOM NOIMMEpPHU3alMU BOJBI
OCTaHaBJIMBaeTCsA Ha 57 moiiekynax. boiee KpymHBIX accoIMaToB, MO €r0 MHEHHUIO, ObITh HE
nomwkHo. OnHako eciu Obl 3TO OBLIO Tak, M3 BOASHOTO Iapa HE MOIVIM Obl OCaXJIaTbCs
KPUCTAJIJIbl T€KCArOHAIBHOIO JIbJ]a, KOTOPHIE COAEPKAT OIPOMHOE YUCIIO MOJIEKYJ, CBSI3aHHBIX
BOEIMHO BOJOPOJIHBIMU CBs3iMHU. COBEpIIEHHO HESICHO, IMOYeMy pOCT KiacTepa 3eHHHa
OocTaHOBWJICS Ha 57 Moisekynax. UToObl yHTH OT MPOTUBOpEUNi, 3eHUH yIMAaKOBBIBAET KJIACTEPhI
B Oosiee CIIOKHBIE OOpa3oBaHHsI — pPOMOORJPHI — W3 MOYTH THICAYM MOJIEKYJ, HPUUYEM
UCXOJHbIE KJIACTEPhl JIPYr C JAPYroM BOAOPOIHBIX CBsA3€il He 00pasyroT. Bo3Hukaer Bompoc
noyemy? YeM MOJEKysIbl Ha MX MOBEPXHOCTH OTJIMYAIOTCA OT TeX, 4To BHYTpHu? Ilo MHeHuio
3eHnHa, y30p THAPOKCWIBHBIX TPYII HAa TOBEPXHOCTH pPOMOOSAPOB M  OOECIIEYMBACT
uHpOpMaLMOHble CBOMCTBa BOAbl. (renoBaTenbHO, MOJEKYJIbl BOJAbl B 3THUX KpPYIHBIX
KOMITIEKCaX JKECTKO (PMKCUPOBAHBI, U CAMU KOMIUIEKCHI MPEJCTABISIOT OO0 TBEpIBIC Tema.
Takast Bona He OyJeT Teub, a TemIeparypa e€ IJIaBJIeHHUs, KOTOpas CBA3aHa C MOJEKYJISpHOU
Maccoi, 10JKHa ObITh BeChbMa BBICOKOU. [I0CKOIBKY B OCHOBE MOJIEIH JIEKAT TETPAdpUUECKUe
HOCTPOIKH, €€ MOXHO B TOH WJIM HMHOH CTENEHM COIVIAaCOBATh C JAHHBIMHU MO IUPAKIUU
PEHTTEHOBCKUX JIydeil U HEUTpoHOB. M XOTs Monenb 3eHMHA MOXKET OOBSCHUTH YMEHBIIICHHUE
IUIOTHOCTH TIPH IUIABJICHUU — YIaKOBKa J0AEKa3pOB IUIOTHEE, YeM JIEA, TpyAHEE coriacyercs
MOJIENIb C JTUHAMHYECKHMMH CBOWCTBAMH BOABI — TEKYYECThIO, OOJBIIUM 3HAYCHHEM
ko3 duuuenta camoauddy3un, MaabIMH BpEeMEHAMU KOPPENSALUM W JAUIIEKTPUUYECKOU
pellakcayy, KOTopble N3MEPSIIOTCA MUKOCEKYHIaMu.

CJIGIIYCT OTMCTUTHL, 4YTO B HACTOANICC BpPCMA CYHICCTBYHOT W Jpyruc¢ MOACINU BOJBI,
omHChIBaroNMe €€ aHOMaJlbHBIE CBOMCTBA. Tak, mpodeccop Maptun Yammme u3 JIOHTOHCKOTO
yauBepcuteta (Martin Chaplin Professor of Applied Science Water and Aqueous Systems
Research of the London South Bank University) paccunTtan u mpearnoaoXuil UHYI0 CTPYKTYPY
BOJIbI, B OCHOBE KOTOPOH JIS)KUT UKOCAIP.
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Puc. ®opmupoBaHue MKocasipa BOAbI

CornacHo 3TOl MoJenu BoAa cocTouT U3 1820 Monekys BOJBI - 3TO B JiBa pasza OoJbIle, YEM B
Mozenu 3eHuWHa. [MraHTCKMH HMKOca’Jp B CBOIO oOYepenb COCTOMT W3 13 Oomee Menkux
CTPYKTYPHBIX 3J1eMeHTOB. [Ipruem, Tak ke Kak U y 3eHuHa, CTpyKTypa THTaHTCKOTO accolipara
6azupyercs Ha 6osiee METKUX 00pa30BAHUSAX.

CoBcem HemaBHO JO-p Amnmkenoc Mukaenunec (Angelos Michaelides) wu3  lLlentpa
HaHoTexHojorui B Jlonaone u mpodeccop Kapuna Moprenmrepn (Karina Morgenstern) u3
yHuBepcutTeTa uM. JleitOnuna B 'anHoBepe omyOnukoBanu B xKypHaie Nature Materials pabory,
MOCBSIIEHHYIO U3YUYEHUIO CBOMCTB KPUCTAUIMYECKOM BOJIbI HA HAHOYPOBHE.



Puc. cneBa - WM3o0pakeHue rexcamepa BOJBI, IMOJYYEHHOE C TIOMOIIBIO CKaHUPYIOIIETO
TYHHEIILHOTO MHUKpocKoma. Pasmep rexcamepa B momepedHuke - okono 1 uHM. @oro London
Centre for Nanotechnology

VYueHble OXaxaany BOASHOW Nap HaJ MOBEPXHOCTHIO METAINIMYECKOM MJIACTUHBI, HAXOAAIIECUCS
npu Temieparype S rpaaycoB KenbBuHa. Bckope ¢ MOMOUIBIO CKaHUPYIOLIETO TYHHEIBHOTO
MHUKPOCKOIIa Ha TUTACTUHE yAalIOCh HAOMIOMaTh Tekcamep (IIeCTh COCIMHEHHBIX MEXTYy COOOMU
MOJIEKYJ BOJIbI) - METbYANIITYI0 CHEXKUHKY. DTO CaMblii MaJ€HbKUN U3 BO3MOKHBIX KIIACTEPOB
Jpaa. Y4ueHble HaOIr01ali TakKe KIIaCTePhl, COACPIKAIUE CEMb, BOCEMb U JICBSATH MOJICKYJI.

Pa3zpaboTka TEXHOJOrMH, MO3BOJMBIICH MOIY4YHUTh M300pa’keHHE rekcamepa BOJBI - CaMO IO
cebe BakHOE HayyHOe JocTrxkeHue. [ HaOnoaeHNs MPUILIOCh COKPATUTh 30HAUPYIOIIUN TOK
0 MHUHUMYMA, 4YTO U TO3BOJHJIO TIPEAOXPAHUTH CJaldble CBSI3M MEXIY OTACIbHBIMH
MOJIEKyJJaMH  BOJbI OT pa3pylIeHUs BCIEACTBUE Tpolecca HaOmoaeHusa. I[lomumo
9KCHEPUMEHTOB, B pabOTe ObLIN UCIIOIb30BaHbl TEOPETUYECKHE MOIXO0bI KBAHTOBON MEXaHHUKH.
KommnnekcHbIi MOAX0/ 1aj BIEYATIISIOIINE Pe3yIbTaThl.

B oTnuune oT KpUCTAIIMUECKOro JibJa, I/I€ MEXIYy BCEMH MOJIEKYJIaMU BOJBI SHEPTUSl CBS3U
OIMHAKOBA, B HAHOKJIACTEpPAaX €CTh UEpelOBAaHUE CHIBHBIX U CIa0bIX CBs3ed (U
COOTBETCTBYIOIIUX PACCTOSHUI) MEXIY OTICNIbHBIMU MoJieKynaMmu. [lomydeHsl Takke BaKHbIE
PE3YNBTATHI O CIOCOOHOCTH MOJIEKYJI BOJIBI K paCIpeIe]ICHHIO BOJOPOIHBIX CBS3EH U K UX CBS3H
C TIOBEPXHOCTHIO MeTaJlIa.

PaccmarpuBast Bce 3TH MOJieNM, HYKHO UYETKO MPEACTaBIATh, YTO OHU — IIOKa He OoJiee 4yeM
MOJIEJIH, JTyYIlle BCETO OOBSCHSIOINE T€ WIN MHbIE aHOMaJIbHbIE CBOMCTBA BOJIBI.

K.x.H. O. B. Mocun
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