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B cratbe KpaTko paccMOTpeHa UCTOPUS PA3BUTHS MIPENCTABICHUM O TMHAMUKE OCJIKOB U IPYTUX OGUOITO-
JIMMEPOB M OTMeYeH cyliecTBeHHbIN BKiaa B.U. TonbraHCcKOro B opraHu3aluio U MpoBeIeHUE 3TUX UC-
cjenoBaHMii B Hale#t ctpaHe. O6cyXkmaeTcsi COBpeMEeHHOe pa3BUTHE 6ojiee paHHUX MPENCTABICHUM O TN~
HaMuKe OMoIoJuMepoB U doiarHre 6eakoB. [TokazaHo, UTO (DOJIVHT He SIBJISIETCSI U30JIMPOBaHHOI TTPO-
GiemMoif M cBsi3aH ¢ (yHIAMEHTAIbHBIMM JIWHAMUYECKMMU CBOMCTBAMM JMHEHHBIX ITOJMMEpPOB B
KOHJIECHCUPOBaHHOU (aze. AHAIMTUYECKMMU METOIaMU C UCITOJb30BAHUEM ITOAXOA0B, OCHOBAaHHBIX Ha
MHOTOMEPHO# TeOMeTpUM, TTOKa3aHO, UYTO BSI3KOCTb CPENBI SIBJISIETCS OMHUM M3 BaXKHEWITMX (PaKTOpOB,
KOTODBIii OIpenessieT MpaBuja IBUXKEHUST perpe3eHTaTUBHOM TOYKHU MO YJIbTPAMHOTOMEPHOM MOBEPXHO-
ctu noteHIanbHOM 3Hepruu (I1T19). DT nmpaBmiIa NIpUBOAAT K KOHIICHTPALIIM TPACKTOPUA B TeX 001a-
CTSIX KOH(pUTypallMOHHOTO ITPOCTPAHCTBA MaKPOMOJIEKYJIb, KOTOPbIE COOTBETCTBYIOT OTHOCUTEIBLHO TJIajI-
kUM ydactkam [1T1D, uTo BaskHO IJ1s1 TOHUMAaHWS TPUYUH YCTOMYMBOCTU PE3YJIBTATOB PACYETOB OOIBIITNX
CUCTEM METOIOM MOJIEKYJSIPHOM TMHAMMKN, HECMOTPSI Ha MPUHLIMIIUAIBHYI0O HETOYHOCTh MMEIOIIUXCS
CWJIOBBIX ToJieii. B cTaTbe KpaTKO ONMUCHIBAETCS TaKKe HOBBIN IMOIXON K OMpPEACICHUIO U U3YyYEeHUIO
cBOCcTB MHOroMepHbix I1I1D, KOTOphIii OCHOBAaH Ha OCOOEHHOCTSIX TOIOJIOTUM KOH(MUTYPalMOHHOIO
MMPOCTPAHCTBA JIMHEIHBIX TTOTUMEPOB (GMOIIOJUMEPOB), CUMMETPUU OTHOCUTEIHLHO MEPECTAHOBOK ONM-
HaAKOBBIX 3B€HbEB LIeNU U Teopuu Mopca 1ist u3ydeHust Tonorpadruu MHOTOMEPHBIX TToBepxHocTeit. [Tpu
OIpeNeICHHBIX YCIOBUSX 3TOT ITOAXOM AaeT IMOJie3HbIe pe3yabTaThl 1is Tortorpaduu IO u moBepxHOCTH
cBobonHoii aHepruu (IMCH) MakpOMOJIEKYJIbI M ITO3BOJISIET C EMMHBIX TTO3ULIMIA CBSI3aTh MEXIy COOOIT BECh-
Ma pa3HOPOIHbBIC PE3YJIbTATHI 9KCTIEPUMEHTOB 10 (GOoITUHTY 6eKoB. [Ipu 3TOM TTOSIBIIsIETCSl HOBasl oCTa-
HOBKa IIJIsl psijia TPUHIUITUATBHBIX U TMCKYCCUOHHBIX BOIIPOCOB, CBSI3aHHBIX ¢ (GDU3NYECKUMU 3aKOHOMEP-
HOCTSIMM (hOPMUPOBAHUS XKUBBIX CUCTEM. B YaCTHOCTH, MPOCIIEKUBAETCS CBSI3b MEXKITY TeMITepaTypHbBIM
PEeXMMOM Ha TIJIaHeTe Y XMMUYECKOI peayn3alyeit 3SHepruu HeBaJeHTHBIX B3aUMOACHCTBUIL B MAKPOMO-
JIEKyJie, KOTOpbIe HeOOXOAUMBI 1Tl (hOPMUPOBAHUS YHUKATBHBIX TPOCTPAHCTBEHHBIX CTPYKTYP OO0~

MEPOB.

Knrouesuie crosa: nuHamMuka 6ejika, IOBEPXHOCTh IMTOTEHIIMAJIbHOM 3HEPTUU, SHEPTreTUYeCKUE JJaHIIadThI,
CUMMETPUS U BA3KOCTh, (POIIUHT U pedoNAUHT O€JIKOB, MOJIEKYJIsIpHast IMHAMUKA TTOJIMMEPOB, CUJIOBbIE
rnoJist, crpesia GU3NKO-XUMUUECKON MOJIEKYJISIDHOI 3BOJTIOIUY.
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BBEJEHUNE

CoBpeMeHHas OMOJIOTUSI TepeXXUBaeT MHTEpeC-
HBII Tan pas3Butus. Maer HakoIUIeHMe OrPOMHOTIO
o0beMa MH(pOPMALIMM O CAMBIX pa3JIMYHBIX OMOCHU-
creMax. Ho 3ToT niporpecc moka He COIPOBOXKIAETCS
reHepauueii HoBbix uaei [1]. Ocralorcs 6e3 oTBeTa U
JIaxe 0e3 KOHKPETHOM MOCTaHOBKM (DyHIaMEHTaIb-
HBIE BONPOCHI, CBSI3aHHbIE C (PU3UMYECKUMHU MeXa-
Hu3MaMu GOpPMHUPOBAHUSI M B3aMMHOIO COLIJIACOBA-
HUS IIPOCTPAHCTBEHHBIX CTPYKTYp OMOOOBEKTOB Ha
Pa3IMYHBIX YPOBHSIX OpraHU3aluy — OT MaKpOMOJIe-
KYJISIDHOTO B KJIETKE 10 MAaKpPOCTPYKTYp B OpraHM3-
me. Co3naeTcs BIeYaTJIEHUE, YTO B HACTOsIIIIEe Bpe-
MSI MBI YK€ TOCTaTOYHO MHOIO 3HAaeM, HO MaJiO YTO
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MOHUMAaEM B CaMbIX 0a30BbIX (DU3UUECKUX MPUHIIU-
Max 1eJJOCTHOM OpraHU3allMM XUBbIX cUCcTeM. B aTom
OTHOIIIGHWM TMOKa3aTejJeH TpuMep Hauboliee dJie-
MEHTapHOTO C TOUKHU 3pEHUs OUOJIOTUM mpollecca —
¢opMUpOBaHUST YHUKIbHBIX TPOCTPAHCTBEHHBIX
CTPYKTYp 0OeJIKOB (1 BOOOIIe OMONOJIMMEPOB) B pe-
3yJabTaTe cnoHTaHHOTO (ponuura (folding — cBopa-
yuBaHuUe, ykiaaaka). Ilocjie u3BeCTHBIX McCienoBa-
Huit (otMeueHHbIXx HobeneBckoit mpemueii B 1972 1.)
[2] cTramo MOHSATHO, YTO CYHIECTBYIOT (PU3MUECKUE
3aKOHOMEPHOCTH, KOTOPbI€ IMPU BbIMOJIHEHUU ONpe-
JIeJIEHHbIX BHEIIHUX YCJIOBUI MPUBOIAT pa3BepHY-
TYIO CTPYKTYPY JJIMHHOTO JIMHEHHHOTO OMOoIoIMMepa
(MoUIIeTNITUAA) B YCTOMYMBYIO YHUKJIBbHYIO IIPO-
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CTPaHCTBEHHYIO KOH(purypaummo (KOH(OPMaIUIo),
MmpuyeM IojiydyaeMasli B pesyabrare dojaauHra 3D-
CTPYKTypa OIpeaesieTcsl KOHKPETHON aMWHOKMC-
JIOTHOM MOCIeA0BaTeNIbHOCThI0. CunTaercs, uto Oe-
JIOK CBOpAYMBaeTCsl B IIPOCTPAHCTBEHHYIO CTPYKTY-
py, KOTopasl SIBJISIETCS TepPMOAMHAMMWYECKN paBHO-
BeCHOIT [2], T.e. OoTBeYaeT MMHHMYMY CBOOOTHOM
DHEPTUM cucTteMbl. B HeKoTopoM cMmbIciie POJIIUHT
GuoIoIrMepa HalIOMUHAET KPUCTA/UIM3AaI[UI0, KOTaa
aTOMEI B pacTBOpE CIIOHTAHHO (POPMUPYIOT CTPOTO
OIpeAeICHHYI0 KPUCTAINIMYECKYIO pelleTKy. 3ame-
YeHO, YTO YAaCTO IPOCTPAHCTBEHHAS YKJIaIKa aTOMOB
B KpHCTaJlJle TaKOBa, YTOOBLI IUIOTHOCTH YITAKOBKU
mapoB (aTOMOB) ObIJla MAaKCMMaJIbHO KOMITAaKTHOMA.
DT0 10o3BOJIsIET (OPMYJIMPOBATh HEKUeE TpaBuia [ 3],
KOTOpHIE HEIJIOXO0 paboTaloT MJISI OTHOCUTEIBHO
MPOCThIX COCAMHEHUA.

C ouomnonuMepamMu cuTyanus nHass. Hampumep,
MOJIMTIETITUAHYIO 1IeMb MOXHO TIPpEICTaBUTh Kak
LICTb, COCTOSIIYIO M3 MIAPUKOB IPaKTUIECKU OINHA-
KOBOTO pa3mMepa (~3 A) C MaJICHbKUMM “ITyTIBIPHITII -
KaMu” — atroMamu Bogopozaa. Ho npeacraBieHus: o
IUIOTHOM yKJIaJKe IIapOB 3[4eCh COBEPIICHHO HE pa-
0oTaloT, TaK KaK aTOMBI COENMHEHBI BaJIEHTHBIMU
CBSI3SIMU, KOTOPbIE OrPaHUYMBAIOT CTEPUUECKUE BO3-
MOXHOCTH I yKiIagku B 3D-cTpykrypy. 3a mpo-
IIeOIINe HECKOJIBKO ASCATUIICTUII C MOMEHTa OCO-
3HAHUS TPUHIUITMATIbHOM BaXXHOCTU JIJ1sI (DYHKIIMO-
HUPOBaHMsI KMBBIX CHUCTEeM IIpolecca (ojaauHra u
BO3HUKAIOIINX B CBSI3M C 3TUM (DUBHMIECKUX IIPOOJIeM
[4—17] Ob11 HaKOIUIEH OOJBIION U Pa3HOOOPA3HbBIN
SKCIIepUMEHTAIbHBINA MaTepuan [5, 6] u chopmynu-
pOBaHbI BeCbMa 001111€ KOHLIEMIIMHA IJ1sI OObSICHEH U
HabJIronaeMbIX siBJieHU [5—18], 0 cyTH KOTOpPBIX OY-
JIET CKa3aHO HILKE.

ITpu obcyxneHun GU3NIECKUX MPUIUH U 3aKO-
HOMEpPHOCTEM (poaamHra Mbl UCXOOUM 13 0a30BBIX
NpeacTaBJeHUl O AJUMHAMUKE JUHEWHOW MNoJuMep-
HOIi 1 GMOTIOJIMMEPHON 1ieTieii 1 OCHOBHBIX (hU3nUe-
CKUX 1 (PU3UKO-XUMHUUECKNX MapaMeTpax, KOTOPhIe
peryaupyloT IMHaMHU4YeCcKoe IToBeIeHE TaKOro poja
MHOI'0aTOMHBIX 00BeKTOB. OTMETHUM, YTO ITOHMMA-
HIUE 3aKOHOMEPHOCTEeH (DOJIAMHTA BaXKHO HE TOJIBKO C
TOUKM 3pE€HUsI OpraHu3aluu U (QYHKIIMOHUPOBAHUS
KUBBIX cucTeM. [Ipyrue, BecbMa pa3HOOOpa3HbIe MO-
JIEKYJISIPHBIE CUCTEMBI CKJIOHHBI K IIPOCTPAHCTBEH-
HOM camoopraHu3anuu. B nocienHue roabl aKTUBHO
M3Yy4aloTcs TaK Ha3bIBaeMbIe “YMHBIE” MOJUMEPHI U
cuctembl Ha ux ocHoBe [17, 19]. Hanpumep, eliie jet
10 Ha3ag HUKTO U MOAYMAaTh HE MOT, YTO MOJUMEPHI
TUIIa CONOJUMEPOB CTUPOJIa U MaJIEMHOBOI KUCIO-
THI 32 CUET TOHKOTO OajlaHca KYyJOHOBCKUX CHJI U
ruapodoOHBIX 3 dekToB [20] CTOCOOHKI TIpU TUHA-
MMWYECKOM B3aMMOACHCTBUM C KJIETOYHOM CTEHKOM
CIIOHTAHHO BBIpe3aTh U3 OMOMeMOpaHbI U CTAOMIIM-
3MpPOBATH IMIIOAUCKH pa3MepoM ~ 150 A, B Tom umncie
¥ C BKJIIOYEHHBLIMM B HUX MeMOpaHHBIMU OeIKaMu,
YTO MOXKHO MCITOJIb30BAaTh B IIpeNapaTUBHBIX LEJISIX 1
CTPYKTYPHBIX UcceaoBaHusX [21].
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ANHAMMUKA 1 BJIEMEHTAPHBIE
IMPOLIECCBHI B BUOITOJIMMEPAX

CoBpeMeHHbII 3Tall pa3BUTUS IIPEICTABICHUN B
obyractTy (pU3MKO-XUMHUYECKOM OMOJIOTHH, Kacaio-
IIUICS caMbIX (PYyHAAMEHTaJIbHBIX 3aKOHOMEPHO-
cTeil QOpMUPOBAHMS IIPOCTPAHCTBEHHOM CTPYKTYPBI
1 MeXaHM3MOB (DYHKIIMOHMPOBAHMS OMOMaKpPOMO-
JIEKYJT U MX KOMIIJIEKCOB, OBLJI B 3HAYMTEJILHOM CTe-
IICHU ITOATOTOBJIEH paboTaMu B 00J1aCTU AUHAMUKU
0eJIKOB, M3yYeHMs MX KOH(MPOPMAIIMOHHON MOIBIIK-
HOCTU COBPEMEHHBLIMM (PU3NYECKUMMU METOIaMHU U
METOJAaMU KOMIIBIOTEPHOIO MOJIEKYJISIDHOTO MOJIE-
JmpoBaHus [22—24]. AKTUBHOCTh MCCICOOBAaHUIA B
STOM HamnpaBJIEHMM PE3KO BHIPOCJIAa BO BCeM MMUpE,
HaumnHag ¢ cepenuHbl 70-x 1 B 80-X rogax IIpoILIOTro
BeKa. MHorue u3BeCTHBIE UCCIea0BaTe I, paboTaB-
1II1M€e B 00J1aCTM aTOMHOM (DU3MKU, B 3TO BpeMsl Tiepe-
KJIIOYMJIA CBOM MHTEpechl Ha 00JIaCTh OMOJIOTUU U
IIpUBHECIU B Hee pa3pabOTaHHbBIE B aTOMHOM U MO-
JICKYJISIpHOIM (pU3MKE METOIbl TOYHBIX (PU3NUYCCKUX
U3MepeHMi. 31eCh MOXHO YIIOMSIHYTh pa3HOOOpa3-
HBIE METOIbl MeCCOaydPOBCKOI CHEKTPOCKOIIMHU U
paccessHUSI MeccbayapoBcKoro usaydeHus [25—30],
CIIEKTPAJIbHO-KMHETUYSCKIE METOMIBI JJIsl M3yYEHUS
BHYTPMOEJIKOBBIX IIPOLIECCOB C HCHOJIb30BaHUEM
MMIYJbCHBIX JIa3epHBIX TEXHOJOIMiA Ha IIpuMepe
nuddysun auranaos [31, 32], nepeHoce 3aeKTpoHa
[33] v mp.

B cBs131 ¢ 3TUMU TOCTUXKEHUSIMU B U3YYCHUU TU-
HaMUKW OMOIIOJIMMEPOB HEJIb35I HE OTMETUTH POJIb
akagemuka B.M. TompmaHckoro (cM., HaIrpumep,
[25—29, 33]), 100-5eTuto co THS POXKIEHUS KOTOPOTO
M TIOCBSIIIaeTcs 3Ta pabora. Bo MHOroM numeHHoO 0J1a-
rogaps ycuiusaMm B.M. ToapgaHCcKOro Bce 3TU TOOBI
Hallla HayKa ObLIa JOCTOMHO IIpeACTaBIeHa B MEXKIY-
HapOIHOI KOooNepalliy YYeHBIX B TaHHOI 00JIacTu.
Oobpamasicb K coobITusIM moutu 40-jeTHel maBHO-
CTH, MOXHO CKa3aTb, YTO OJiaromapsi peaKoMy Iapy
HayyHol nunimomatnu B.W. Tonpmanckuii cMor op-
raHU30BaTh B3aMMOJEHCTBUE MEXIY YYCHBIMU pa3-
HBIX CTPaH TaKUM 00pa3oM, YTO OTeUYeCTBEHHAsI Hay-
Ka TOJIyd/Ia MOIIHBIM UMIYJIbC Pa3BUTHUSI B CaMBbIX
COBPEMEHHBIX [0 TEM BpeMeHaM HampaBJIeHUSIX TEO-
peTUYECKOI OMoI0ruy U 6MoPU3NKU. DTO OBLUIO HE-
IIpOCTOE BpeMs JUISI Halleil HayKu (BOpoYeM, KOraa
oHO ObLIO TIpocThiM?). Hapacrano orcraBaHue B
npuboOpHOIl 6a3e, obecneyeHU peakTuBaMu U IIp.
Hame corpymHu4yecTBO ¢ TaKUMU SIPKUMU MUPOBBI-
MU nuaepamu, Kak Hobenesckuii maypeat P. Mecc-
6ayap [26, 30] (DPI) u I'. ®paysudennaep [31, 32]
(CIIIA), nx yaeHUKaMU U KOJIJIeraMu, ObLIO Ype3BbI-
YaiiHO BaXKHO KaK JIJIsl pa3BUTHSI HOBBIX HAYYHbBIX Ha-
MpaBJICHUI, TaK W MOAHSITUSI MHUPOBOTO MPECTH:KA
oTedyecTBeHHOI Hayku. [IpryeM oT pocCHIICKMX ydye-
HBIX UCXOIUJIU HE TOJIBKO TePBOKJIACCHBIE BKCITePU-
MEHTaJIbHEIE pa0OTHI, HO ¥ NPUHIIMINAJIBEHO HOBEIC
Uaeu M TeopeTUUeCcKre pa3padOTKM O IUHAMHUYE-
CKOM YCTPOMCTBE OMOIIOIUMEPOB U CBSI3U TMHAMUKU
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MaKpOMOJIEKYNI ¢ (PYHKIIMOHAIBHOM aKTHMBHOCTBIO
[34—44]. He ciyyaiiHo jgetoM 1991 r. B YepHorosios-
K€ coOpaJIcs mepBhlil (M, K COXAJICHUIO, TIOCICTHMIT)
COBETCKO-aMePUKAHCKUI CUMITO3UYM 110 TUHAMMKE
0eJIKOB, Ha KOTOPOM IIPUCYTCTBOBAJIU MPaKTUYECKU
BCE MUPOBBIC JIMACPHI 3TOr0 HAIIpaBJIICHUS U IIpE.I-
craBuTenbHasA aenerannsg Haygnoro donma CIIA
(rmoppo6Hee cM. cratbio FO.®. KpynsgHckoro B 3ToM
BBIITYCKE KypHaja). DTO MEPONpUSITUEC IIPOU3BEIIO
Ha BCex BechbMa OJiarorpusiTHOe BliedatiieHue. Korma
B deBpasie 2016 r. HaM JOBEIOCH IO IIPUIIAIIEHUIO
OIHOTO U3 aKTUBHBIX YYACTHUKOB 3TOrO COTPYIHU-
yectBa Y. MUtona (W. Eaton) BeicTynaTh Ha €ro m3-
BECTHOM CEMHMHape Mo XUMNIECKOU (PU3UKE OMOCH -
creM B National Institute of Health (CIIIA, berecna),
TO IIPUCYTCTBYIOIIMMM BHICKA3bIBAJIMCH ITOXKEIAHMSI,
YTO XOpo1I0 Ob110 OB B Poccum o1sITh TIOBTOPUTH Ta-
KOU CUMITIO3UYM...

Jaxke mocJjie u3BeCTHbIX cOObITUI KOHIA 1991 1. u
MocjiefoBaBIliero Iaydouaiiliiero Kpusuca oTeue-
ctBeHHoU Hayku B.W. TonpaaHckuit mpomosrkan ocTta-
BaTbCs IEHTPOM MPUTSKEHUSI POCCUMCKUX U 3aTlaHbIX
YUEHBIX, KOTOpble 3aHUMAJIMCh MEPETOBbIMU UCCIIENO-
BaHUSIMU B O0JIACTU CTPYKTYPHOH AWUHAMUKU OUOIIO-
aumepoB. braromapsi cozmanHoii B.M. TonbmaHcKum
atMocdepe aKTMBHOTO HayYHOTO MOMCKAa U MEXIy-
HApOJHOTO HAay4YHOTO COTPYAHUYECTBA JOCTUKECHUS
POCCHUICKHX YYEHBIX MU CaMU 3TU HaIlpaBJIeHUSI He
MOTEPSUIMCh B KPU3UCHBIE TOJIbl U ObLIM MPOIOJIKe-
Hbl. HoBBIIM 3Tan pa3BuTusi paboT B 00J1aCTU CTPYK-
TYpbI M IMHAMUKU OMOMOIMMEPOB U X KOMILIEKCOB
OCHOBAH Ha MCMOJb30BaHWM COBPEMEHHOM 3KCIe-
PUMEHTaAJILHOU 6a3bl [45], MPUMEHEHUU CYIIEPKOM-
MMBIOTEPHBIX TEXHOJOTHI [46] 1 HOBBIX MaTeMaTHJe-
CKUX U (UBMUYECKUX UIIESIX YCTpPOMCTBa OUocuctem
Ha MOJIEKYJISIPHOM YPOBHE.

Huxe MBI paccMaTpuBaeM HEKOTOpPbIE pa3BUBae-
MbI€ HAMU B MOCJIEIHUE T'OIbl HOBBIE TTOMXObI K ITOCTA-
HOBKE 3a/1a4 U TEOPETUUECKNUM MPEICTABJIEHUSIM O IU-
HaMuKe OMOTOJIMMEPOB U MEXaHU3Max caMOOpraH13a-
MM WX IIPOCTPAHCTBEHHON CTPYKTyphl [47—51].
HecMmoTps Ha moBajbHOE yBJIeUEHUE B IMOCJIEIHUE
TOJIbI MOJIEKYJISIPHBIM MOJEJIMPOBAHVEM C UCITOJIb30-
BaHVWEM BbICOKOTIPOU3BOIUTEIbHBIX BBIUMCICHUIA,
Mbl TOJIaraéM, YTO COBPEMEHHbIE aHATUTUYECKUE
(MaTeMaTUYeCcKre) METONbl ce0s1 JajleKo He UcYep-
Maju, a B psifie cliydaeB OCTAIOTCS TOKa eAMHCTBEH-
HBIM MHCTPYMEHTOM LISl IOMCKa OTBETOB Ha HaubO-
Jiee TpyAHbIE BOIIPOCHl AMHAMUKYN OUOIIOJIMMEPOB U
MOJIEKYJISIPHOI OpTraHU3allMM XKUBBIX cucteM. B ka-
yecTBe IMpuMepa nepeuncanM 10 Takux mpooiaem, Ha
KOTOPBIE HEMOHSITHO KaK MOXHO OBLJTO ObI KOHKPET-
HO OTBETUTD C TPATAULIMOHHBIX MO3UIIUT.

1. buononuMepsl, KOTOpPbIE SIBISIIOTCS OCHOBOM
It pyHKIMOHUpoBaHUsS XKuUBBIX cucteM (JHK,
PHK, Oenku) mpeacTaBisiiOT COOOM IJIMHHBIC JIM-
HEWHEIE TTOJIMMEPhI, KaXKIbIiA 13 KOTOPBIX ITOCTPOCH
M3 HECKOJIbKMX THUIIOB MOHOMEPHBIX 3BEHBEB. Jljs

STUX MTOJIUMEPOB U UX KOMILJIEKCOB CBOMCTBEHHO 00-
pa3oBaHue crienududeckux (YHUKaIbHBIX) MpPO-
CTPaHCTBEHHBIX CTPYKTYyp. DYHKIIMOHAIbHAS aKTHUB-
HOCTb 9TUX MaKPOMOJIEKYJI TECHEHIIIMM 00pa30M CBSI-
3aHa C BO3MOXHOCTBIO (POPMUPOBAHMSI TAaKOTO poja
3D-cTpykTyp. Y mepBbiii BOMIpOC Ha MyTU MOHUMa-
HUS GHUBNYECKUX NMPUHIIUIIOB, JEeXallluX B OCHOBE
>KMBOTO, COCTOMT B CJIEAYIOIIEM — UMEIOTCS JIN Y JIU-
HEMHBIX TTOJIMMEPOB HeKue obI1iue Gpusnyeckue oco-
OEHHOCTH, KOTOPbIE MOTYT OKa3aThCsl MOJIE3HBIMU JIJIs1
1X UCTIOJIb30BaHUsI B KUBbIX cucTeMax? U eciu ecThb, TO
MPU KaKKX YCIIOBUSIX OHU MOTYT MPOSIBUTHCSI?

2. Kak u3BecTHO, OMOIIOJIMMEPhl IOCTPOSHBI U3
XUPATbHBIX MOHOMEPHBIX 3B€HbeB. MBI HAMEPEHHO
3lIeCh He KacaeMcsl Bompoca O MpUYnHaX U MeXaHU3-
Max BbIOOpa B IIpoLecce MOJEKYISIPHOM 3BOJIOLUN
MOHOMEPHBIX eIUHMUII C ONPeAeIeHHBIM 3HAKOM X1~
panpHOCTHU [52—54]. Ho Halll BOIIpOC 3aK/TI09aeTcs B
MMOUCKe (PU3NIECKOM IIPUINHBI, KOTOpasl OpeIe-
JIa WCIOJIb30BaHME WMEHHO XHUPAlIbHBIX CTPYKTYP
TSI OMOTIOTMMEPOB MJIH TIOYEMY JIJISI OMOTIOJIMMEPOB
HeJIb3sI OBLJIO OTPaHUYUTHCS 36 pPKAIbHO CUMMETPUY-
HBIMU CTPYKTYpamu?

3. B HacTostiiee BpeMs M3BECTHBLI IMPOCTPaH-
CTBEHHBIC CTPYKTYpHI mouyth 200 ThIC. OMOTIONMMeE-
pOB U UX KoMIuIeKcoB. CrenyeTr 3aMEeTUTh, YTO B UX
YKJIagKax IIpeo6nafaloT pasaudHbIe CITMpajbHBIE
CcTpyKTyphl. EcTh M1 06111a8 171 BCEX 3TUX CTPYKTYP
dusnyeckass MpUYMHA CTOJb YaCTOTO MCIIOJIb30Ba-
HUS Pa3HOOOPA3HBIX CHUPATbHBIX MOTUBOB?

4. I'lpu cBOpaYMBaHUY TTOJIMMEPHOM 1LIETTHN perpe-
3€HTaTMBHAs TOYKA JABMXETCS T10 yJIbTpaMHOTOMep-
HOI MMOBEPXHOCTU MOTEeHIIUaIbHOM sHepruu. IToye-
My OMonosiMMepHasl 1Ierb MPY CBOpauYrMBaHUU He 3a-
MyThIBAETCS 1 MoYyeMy HaOII01a10TCs CIy4au ¢ pe3Ko
pa3IMYHBLIMM BpeMEeHaMM CBOpauuBaHUS (OT OTHO-
CUTEIbHO PEIKMX 3HAaUYeHUI MopsiaKka HaHOCEKYH
JI0 TUINWYHBIX MIUIMCEKYHIH)? DTOT BOIPOC TECHO
CBsI3aH C ApYruM. 11T MHOTOMEpPHOI TTOBEPXHOCTU
MOTEeHIMAJIbHONM SHEPTUU OUOIOJIUMEPOB, KOTOPhIE
3a pa3yMHO€ BpeMs CBOpauMBalOTCsl B YHUKaJIbHbIE
MPOCTPAHCTBEHHbBIE CTPYKTYpPhI, 0KoJio 30 JieT Ha3a
ObLT TIPEJIOXKEH TTPUHIIUIT OMpPEAeIeHHOTO YCTPOii-
CTBa 3TUX MOBEPXHOCTEM B BUAE OTHOCUTEIBHO IJIaJl-
KO BOpPOHKM (IIPUHLIMIT MUHUMAaJIbHOU ¢pycTpa-
UM 3HepreTudeckoit BopoHku [8—11]). Ectb 11 pu-
3MUYECKHE MPUUYUHbBI, IO KOTOPBIM JJIsI TIOJIMMEPHBIX
CTPYKTYp OIIpeIeJIEHHOTO TUIIA 3TOT IIPUHIIMII CIIpa-
BEIJIUB U YeM BbIJEJIE€HbI 3TU MOJIUMEPbI?

5. MHoroMepHasi MOBEPXHOCTh MOTEHIIUATBHOMN
9HEpruu 1Jisi 6uonoarMmepa, KOTophbiii CBOpauynBaeT-
Ccs B YHUKQJIbHYIO TIPOCTPAHCTBEHHYIO CTPYKTYDY,
JIOJDKHA OBITh YCTPOEHA IO TIPUHIIUITY SHEpPreThuye-
CKOI1 BOpOHKHU. BMecTe ¢ TeM MHOTOYMCIIEHHbIE DKC-
MEPUMEHTHI MO KWHETUKE (OJIIMHTA TOKa3bIBalOT,
YTO TOBEPXHOCTh CBOOOMHOUW 3HEPTUU OJISI 3TOTO
Mpoliecca UMeeT BYJIKaHOOOpa3HBIN Tpodus |5, 6],
KOTOPBI TpeOyeT NMPeo0JeHUsI HEKOTOPOTO 9HEepTre-
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TUYECKOro 6apbepa Ajsi OMOIIOIUMMEPHOI LIeNU Ie-
pell TIepexoioM B COCTOSTHUE, U3 KOTOPOIO BO3MOXEH
¢onmunr. CauraeTcs, 4TO 3TOT bapbep UMEET SHTPO-
NUTHYIo TIpupony. SBiasgercd M ByTKaHOOOpa3HEBIN
npoduiab MOBEPXHOCTU CBOOOMHONM SHEPTUM Cle-
CTBHEM OOIIMX (PU3NUECKUX 3aKOHOMEPHOCTEi1, KO-
TOPBIE PETYIUPYIOT IIpolecc (poaauHra IS JTUMHEH-
HBIX TTouMepoB? KaknMmu ¢u3mdyecKnMu xapakre-
puCTUKaMu OMOIIOJIUMEpaA OIpeIesieTCsl BbICOTA
3TOTO HTPOIIMITHOTO Odaphepa?

6. Ipu Markoii meHaTypauuu OEIKOB B pacTBOpe
MPOMCXOOUT pa3pylleHre MPOCTPAaHCTBEHHOI CTPyK-
TYpbl W Tiepexol MOJMMEPHON 1IeMU B COCTOSIHUE,
01m3Koe K KiyokoBoMy. [locie HeliTpanu3auumy AeHa-
TYPUPYIOIIETO areHTa HabIogaeTcs nmpoliecc pedori-
JWHTA U CBOpauMBaHUe MTOJUMEPHOM LIeTIN B UCXO/ -
Hy10 3D-cTpykTypy. OmHaKo 3aMe4eHO, YTO OBICTPOE
CUJIOBOE pa3BopauyvBaHWe OEIKOBOM LIENU, HAIIPU-
Mep aTOMHO-CHUJIOBBIM MUKPOCKOIIOM, II€PEBOIUT
MMOJIUMEPHYIO LIeb B KOH(OpMAaILlUK, U3 KOTOPBIX pe-
dosmuHra He MpoucxoauT [55, 56]. Apyrumu ciaoBa-
MM He BCE pa3BEPHYThIE COCTOSTHUS TTIOJIMMEPHOIA 11e-
A 3KBUBAJICHTHHI C TOYKM 3peHUST (QOJIMHTa WIN
CBOpayMBaHUSI B YHUKAJbHYIO IPOCTPAHCTBEHHYIO
CTPYKTYypy. BodHUKaeT Borpoc, Mpu KaKMX YCIOBUSIX
U JIJIsI KAKMX CUCTEM MOTYT IIPOSIBUTHCS (pU3UUECKIE
3aKOHOMEPHOCTH AuddepeHInanu pa3BepHYTHIX
(mneHaTypupOBaHHbBIX) COCTOSIHMIT OMOIIOIUMEPHOI
LICMIH, KOTOPbIE HA MEPBbIil B3MISII KaXKyTCs MTOJTHO-
CTBIO clIydaiiHbIMU? B ueM nmpuumHa HeCIIOCOOHOCTH
Oesika K peOJIAUHTY MOC/Ie OBICTPOTO CUJIOBOIO pa3-
BopauuBaHus ero 3D-ctpykTypbl? C 3TUM MBI TECHO
CBA3BIBAEM M IPYIroii BONIPOC — O MEXaHU3ME KO-
TpaHCISIIUOHHOTO (onauHra [57], Korma KoHgpopma-
LMW TTOJUNEIITUIHON e, KOTOPhIE ITOIY4YaloTCcsl B
mpoliecce ee OMOCUHTE3a Ha puOOCOME, OKA3bIBAIOTCS
OJIaronpUSATHBIMU TSI TIOC/IEAYIOIIETO CBOpaYMBaHUsI
9TOM 1IENIM B YHUKAJIbHYI0O TIPOCTPAHCTBEHHYIO
CTPyKTypy. [1pn Kakux ycioBUsIX BO3HUKAET (pU3M-
yeckasli TIpUYMHA UISI CBSI3W MEXIYy MeXaHU3MOM
OrocuHTe3a 0eIKa v ero (POJITUHIOM?

7. CyliecTBYIOIINIA BApUaHT >KU3HU Ha HallIei 1ia-
HETE TeCHO CBSI3aH C HaJIMYKEM IOCTATOYHOIO KOIMJe-
CTBa XUIKOW BOIbI. Bomblyio poib B crabumm3aiiumn
MPOCTPAHCTBEHHBIX CTPYKTYP OMOMOJIMMEPOB UTPaIOT
BOJIOPOIHEBIC CBSI3U C 3Heprueit ~5 kkaim/Moib [3]. C
JIPYroii CTOPOHBI, MEPBUYHBIE MOCJIEN0BATEIbHOCTU
0eJIKOB MOCTPOEHBI U3 allb(ha-aMUHOKUCIOT. B aToM
cJiydae B OCHOBHOM 1LIETIM KaXKIbIi aMUHOKUCJIOTHBIA
OCTaTOK MMeeT ABE CTENEHU CBOOOIbI — YIJIbl TOBO-
POTOB BOKPYT IBYX OOWHAPHBIX CBA3EH (YIIIBI O U ).
B mpunHnuie, ucnonb3oBaHue, HAIIpUMeEp, IJIsS O-
CTPOEHUS CTPYKTYp “OeKOB” 0eTa-aMUHOKMCIIOT, Y
KOTOPBIX MMEIOTCSI TPU ITOJOOHBIX CTEIIEHU CBOOO-
IIbI, MOTJIO OBl JATh MHOIO OOJbIIE BO3MOXKXHOCTEM
JUUIST 3BOJIIOLIMM M €CTECTBEHHOM MHXXEHEePUM pa3Ho-
obpa3Hbix 3D-cTpyktyp. Ilpupona ocraHoBuUJIach
TOJILKO Ha alib(ha-aMuHOKuCI0TaX. EcTh mu puzmue-
cKas IIpudrHa (1 B YeM OHa) BEIOOpa MMEHHO ajibga-
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aMMHOKMCJIOT (a He, HaIpuMep, uX 0eTa-aHaJIOTOB)
IIPU ITOCTPOSHUM OEIKOBBIX CTPYKTYpP?

8. B oOcyxxmaeMoM BBIIIIE KOHTEKCTE MHTEPECHO
OLICHUTb, HACKOJILKO KPUTUYHBI TEMIIEpaTypHBIE YCII0-
BUS T (DOPMHUPOBAHUS YHUKATBLHBIX 3D-cTpyKTyp
JIMHEMHBIMU noiuMepaMu? EcThb JIn ¢puznueckue 1 Ko-
JIMYECTBEHHBIC CBSI3M MEXIY TUAla30HOM TeMIlepaTyp
Ha IUTAaHETe U XUMHUYECKUM COCTaBOM JIMHEMHBIX MO~
JIMMEPOB, KOTOPbIE IJISI ITPOSIBJICHUST (DYHKIIMOHATb-
HOM aKTMBHOCTH HOJKHBI ()OPMHUPOBATh YHUKAJIb-
HbIe 3D-CcTpyKTYpHI?

9. XapakTepHOIi YepTOii U3BBECTHBIX HaM X1BBIX CH-
CTEM SIBJISICTCS MCITOJIb30BaHUE 11 0OECIIeUeHUST pas3-
HOOOpPAa3HBIX (PYHKLWIA TUHENHBIX TTOJMMEPOB, KOTO-
phble B 3aJaHHOM AWAaIta30He BHEILIHUX YCIOBUIA (op-
MUPYIOT YHUKAJIbHBIE IIPOCTPAHCTBEHHEIE CTPYKTYPHI.
Ecnu ¢ aT0i TOUKM 3peHUs] B3MISIHYTh Ha IIPOOIeMy
BO3HUKHOBEHMSI XXU13HU [58, 59], TO BO3HUKaAET BOIIPOC
0 Haytmuuu pyHIaMEHTAIbHBIX (DU3NIECKNX 3aKOHO-
MEPHOCTEIM, KOTOPBIE 11IAr 3a I1aroM B Xole (hU3NKO-
XUMUUYECKOI 3BOJIIOLMU MPUBOIAT K MOJIUMEPHBIM
MaKpOMOJIeKyJlaM, CIIOCOOHBIM CIOHTaHHO CBOpa-
YMBAaThCsI B YHUKaJbHBIE 3D-cTpykTypni. B cBoio
ouepenb, MOJOOHBIE MaKpPOMOJIEKYJISIpPHbIE 00pa30-
BaHWsI, IBJISISICh HEKUMU IEPBUYHBIMU “KUPITUYNKA-
MU”’, MOTJM OBl XMMWYECKM 3SBOJIOLINOHUPOBATD,
BCTYyIIaThb BO B3aMMOJIEMCTBUS, MPUBOAS K MPOTO-
dopmaM OUOCTPYKTYp U Aajiee. TeM caMbIM BO3HM-
KaeT BOIIPOC O BO3MOXKHOM CyIIeCTBOBAHUY (hU3UEe-
CKMX 3aKOHOMEPHOCTEM, KOTOPbIE MOTYT ONPEIE/ISITh
KOHCTPYKTUBHOE Jisi OMOJIOTMU HarpaBJIEHUE J0-
GUOJIOTUYECKOM MOJIEKYJISIPHOI 3BOJIOLINH.

10. MHorune 3HaYMMBIC U TTOJIC3HBIE PEe3YIbTAThI B
COBPEMEHHOI OMOJIOrMU MOJIy4eHbl METOIaMM KOM-
MMBIOTEPHOTO MOJICKYJISIPHOTO MOIEIUPOBAHUS, KO-
TOpBIE B 3HAYUTEIHPHON Mepe OCHOBAHBI HA MOJIEKY-
JsipHoit nuHamuke (M]1), To ecTh pelieHUM CUCTEMbI
KJIACCUYECKMX YpaBHEHUI NBVKEHMS IJIsI CUCTEMBbI
M3 OOJIBIIOTO YKciia aToMOB. KirroueBbIM MOMEHTOM
371ECh SIBJISIETCS TOYHOE 3HAHME CUJI, KOTOphIE JIeii-
CTBYIOT Ha KaXIbIil aTOM B TeKYIlleil KOH(GUTypaluu
CUCTEMBI B 3aJaHHBIII MOMEHT BpeMeHMU. DTU CUJIbI
3aJal0TCs KaK OTpMLIaTeJIbHble I'pagueHThl MHOTO-
MepHOI (PYHKIUM (ITOBEPXHOCTU) MOTEHIMATIHHOM
DHEPIUM CUCTEMBI, KOTOpasi 3aBUCUT OT KOOPIMHAT
BCex aTOMOB. Jlaxe 11l CUCTEM, COCTOSIIIIMX M3 COT-
HU 1 00Jiee aTOMOB, 3amaHue B ooeM Buae 300-mep-
HOM (PYHKIIMM M paboTa ¢ HEl HEeIOCWIbHA IS ca-
MbIX COBEPIIEHHBIX KOMIILIOTEPOB 0€3 KapAauHalb-
HBIX yrnpoliueHuii. OQHO 13 Hanbosee CylleCTBEHHBIX
VIIPOLIEHUI IIpY MOIEIUPOBAHUM OMOITOJIMMEPHBIX
CHUCTEM COCTOUT B OLIEHKE BKJIa[la HEBAJIEHTHBIX B3au-
MOJIEICTBUI B IOTEHLIMAJIBHYIO SHEPTUIO YePe3 CYMMY
MapHbIX aTOM-aTOMHbBIX IoTeHLManoB [60, 61]. Ilpu
3TOM IapaMeTPhl 3TUX ITOTEHILIMAIOB OIPENEISIOTCS
KanmOpoBKOIi (MHa4Ye TOBOPSI, IIOATOHKOI ), KOTOpast
paboTaeT MpH BBIYNCIEHUNW HEKOTOPBIX CTaHOAPT-
HBIX XapaKTePUCTUK IS Y3KOTO KJlacca CUcTeM [62].
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C Ipyroit CTOpOHBI, IJisI CUCTEMBbI, COCTOSIIICH, Ha-
NMpUMEP, N3 HECKOJIbKUX TBICAY aTOMOB (He OYECHb
0OJIBIIION 0€JI0K), YKCIIO CIaraeMbIX B CyMMe ITapHBIX
B3aMMOJEMCTBUI OyIeT HECKOILKO MIJLIMOHOB. [da-
K€ €CJIU TIPUHSTh, YTO TOYHOCTh OMpeaeeHUsT Kax-
JIOTO 13 3THUX MapPHBIX ITOTEHIIMAJIOB COCTABIISIET OJIU
npolieHTa (B caMOM ONTUMUCTUYHOM BapUaHTE), TO
MMOHSITHO, YTO MOJIOOHBIE CYMMBI MaJIo KOHTPOJIUPY-
€MBI, He TOBOpsI yKe 00 ux rpagueHTax. C 3Toii TOUKU
3peHUST Pe3yabTaThl MOJICKYISIPHON TUHAMUKI MOXK-
HO OBLJIO OBl MPU3HATh CIUIOIIHBIMU apTedakTaMu.
OIHako B LIEJIOM psifie cIydacB (IaJeKo He BO BCEX)
MBI BUAVM XOPOIIYIO TIpeacKa3aTeIbHYI0 CHIY pac-
yetoB MetogoM MJI [20, 63]. Haaumo ompeneieH-
HBI MapagoKc: He HOJDKHO ObITb, HO ITOJIy4YaeTCsl.
Bomnpoc coctonT B TOHMMaHUU (GU3NIECKUX TPUIUH
ycriexa mpaBUJIbLHO MPOBEIeHHBIX PACUETOB METOAOM
MOJIEKYISIPHOM TMHAMUKY ¥ TOHUMaHUU IIPOOJIeMBbI
B 1LIEJIOM — YTO HYXHO INPUHUMATh BO BHUMAaHUE,
J1a0bI N30e3KaTh IBHBIX apTe(aKTOB IIPU MOJICKYJISIp-
HOM MOJICJIMPOBAaHUU CJIOXKHBIX OMOIIOIMMEPHBIX
cucrem?

Mp&b1 npuBenu npumep, cocrosiiuii u3 10 gocra-
TOYHO Pa3HOPOAHBIX BOMPOCOB (MX HAa caMOM JeJie
MHOTO 00JIblile), HO, KaK 9TO HU CTPAaHHO, OHU MOTYT
OBITb PACCMOTPEHBI C €AUHBIX TTO3UILIUI HA OCHOBE
BITOJIHE TIOHSITHOM M XOPOIIIO U3BECTHOU (PUBUKMU C
KCIIOJIb30BaHUEM MaTeMmaTudeckux uaeit. Ilocnen-
HUe 6a3MpyIOTCS Ha MOHATUSIX cuMMeTpun [64, 65],
TOMOJIOTUU KOH(PUTYPALIMOHHOTO MPOCTPaHCTBA JIN-
HEHHBIX MMOJIMMEPOB [66], aCHUMIITOTUYECKNX CBOI-
CTBaX MHOTOMEPHBIX TOBepXHOCTeil [67] u Teopumn
Mopca [68] mist orucaHus Tonorpaduu MHOromMep-
HBIX MOBEPXHOCTEM (B JAHHOM Cily4yae MoBEepXHOCTe |
MOTEHIIMAILHOU 3Heprun Ouorionumepa). Hioke Mbl
KpaTKo 000O0IINM MOJydYeHHbIE HAMU B 3TOM HaIlpaB-
JIEHUH pe3ynbTaThl [47—51] 1 HaMeTM BO3MOXKHBIE ITy-
TH JaJbHEHIIero pa3BUTHs 3TOi 00JIaCTU HAayKM.

OOPDEKTHI BA3KOCTHU
N KNHEMATUYECKHUE CBA3U

Kunemamuueckue ceasu 6 8:a3koit cpe()e

BDddeKTl BI3KOCTU B IMHAMUKE W KHHETUKE
BHYTPUOETKOBBIX IIPOLIECCOB U3YYaTUCh U 00CYKIa-
JINCh B OCHOBHOM C TOUKM 3pEHUsI HAOJI0OIaeMbIX 3a-
BUCUMOCTEM KOHCTaHT CKOpOCTeii OT BSI3KOCTH [7,
31, 32, 69]. CommacHo n3BecTHOI Teopun Kpamepca
[70], cKOpOCTh TIPEOIOJICHUSI aKTUBAIIMOHHOTO 0a-
pbepa B BSI3KOM cpefie J0KHa ObITh 0OpaTHO MPO-
MOPLMOHAIbHA BI3KOCTH cpeabl. Ho mis BHyTpubGer-
KOBBIX INPOILIECCOB OOBIYHO ITOJydajlach OOpaTHO
MPOIOPLMOHAIbHASL 3aBUCUMOCTb OT BSI3KOCTU B
cTereHu, 0au3Koii K 1/2. Otomy addekTy ObLIO He-
CKOJILKO 00OBbsICHeHMUI1 [36, 43, 71], Ha KOTOPBIX MBI HE
OyneM ocTaHaBIMBaThbcA. [10 maHHBIM paboThl [69]
XapakTepHoe BpeMs (OJIIMHIa NPUMEPHO MPOIOP-
LMOHAJIBHO BA3KOCTU. C Ipyroii CTOpoHbI, U3 Oosee

Puc. 1. [IpoctpancTBeHHast KOH(pUTYpaLKsI TOTMMEPHON
uenu. Y3isl 1 u 2 3akperuieHbl. [10BOpOTHI BOKPYT CBSI3U
1—2 mpoucxonsT nox AelicTBUeM cuil B3aumoneicTaus f
Mexy 00KOBBIMU rpynmnaMu. JIMHeitHble CKOPOCTU IBU-
JKEHUSI YNAJeHHBIX Y3J7I0B LMW U CWJIbl TPEHUSI pacTyT
MPONOPLIMOHATIEHO COOTBETCTBYIOLIUM PACCTOSIHUSIM y3-
JIOB LIEMU OT OCHU TOBOPOTA. YMEHbILIEHUE CKOPOCTU TUC-
CUMALIMKU 3HEPTMU U COIIACOBAHME 3TOIl CKOPOCTH CO
CKOPOCTBIO YOBIBaHMSI MOTEHUUAJIBHON SHEPTUM LEMU
BO3MOXHO TMPU YMEHBUIEHUM JIMHEHHOUN CKOPOCTH yaa-
JIEHHBIX OT OCH BpallleHUsl Y3JI0B 3a CYeT MOACTPOIKU
WJIU KOPPEJISILIMY TTOBOPOTOB IO APYTUM CBSI3SIM.

paHHUX TEOPUI KaK-TO COBEPIICHHO BBITIAJl OOt
aHaJiu3 BJIMSIHUS BSI3KOCTU Ha KOH(OPMAILMOHHYIO
JIWHAMUKY IIOJIMMEPOB 1 OMOIIOJIMMEPOB, XOTSI HEKO-
TOpble HEOXUIAHHBIE M UHTEPECHBIE OOCYXISHUS
obutu [11]. ITpakTuyecku Bce OMOIOTMYECKU 3HAUU -
MBbI€ TIPOLECCHl MPOUCXOOAT B KOHIASHCHUPOBAHHBIX
(Ckuakux) cpegax. Y BausiHue 3(pheKToB BI3KOCTU
OKa3bIBaeTcsl JOBOJIbHO pa3HOOOpa3HbIM [47, 51].

PaccmMoTpuM IIMHHYIO IApHUPHO-COYICHEH-
HYIO LeIb, TOMEIEHHYIO B BSI3KYIO 3KUIKOCTh. 3a1a-
JIUMCSI BOIIPOCOM, KaK OyIoyT IBUTAThCS 3BEHbS Ta-
KOI LIenM IpU MOBOPOTaxX BOKPYT CBSI3EH, COSAUHSI-
IOIIMX y3JIbI Lenu? 3amada KaxkeTcsl OueHb CI0XHOM
(1 3TO B caMOM [IeJie TaK), €ClIM Mbl MHTEpeCyeMcsI
JIeTaJIbHBIM OIMCaHUEM IBVKeHU 3BeHbeB. [Togoii-
JIeM K 3TOi TIpobiieMe ¢ Apyroit ctopoHsl. EcTh 1u
OrpaHWYeHMs Ha IBM>KEHMS y3/10B nenu (puc. 1)?

Bynem mmoBopaunBaTh OMHO 13 3BEHBEB LIETIN, KO-
TOpOE PacHojIoXXeHOo Ha puc. 1 ropu3oHTanbHO. Ecim
BSI3KOCTb Cpelibl HyJieBasi, TO BCJIed 32 3TUM 3BEHOM
OyIeT MOBOPAYMBATHLCS BeCh MIWHHBINA Y4acTOK IO
KoHIIa 1ieniv. Eciin BA3KOCTh 00JIbIlasi, TO CBOOOTHOE
JIBIDKEHME 1IeTI HeBO3MOXHO. Kak n3BecTHO, B cu-
cTeMe YpaBHEHUI IBUKEHUS TS Y3JI0B LIETTU MOXKHO
npeHeOpeub MHEPIMATBHBIMUY WIeHaMM [72]

oU
—oY 1
o (D

rae ¥, — koadduuneHT TpeHus i-ro atoma; U — no-
TeHUMAJIbHAsT DHEPIusl, 3aBUCSIIAS OT PAaCCTOSIHUIA
MEXIy YaCTULIaMU 1 X B3aUMOJEHCTBUS C OKpPYyKa-
IOLLIE CpeNo; I; — PaaguyC-BEKTOPDI MOJOXKEHUN Ya-
CTHUII B IPOCTpPaAHCTBe. Touka cBepxy IepeMEHHOM
O3Ha4YaeT, KaK OOBIYHO, muddepeHInpoBaHUE II0

Vi =
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BpeMeHU. MeToIOM MOJIEKYISIPHON AUHAMUKU TI0-
Ka3aHO, 4YTO IJIs1 L[BI/I)KGHI/II‘/JI ATOMHBIX YaCTULL B KU -
KOCTH, HaIlpuMep BOJIe, Cpela C TOYKU 3pEHUS TUHA-
MUWKU OKa3bIBAaETCS CHJILHO BSI3KOil, HAYMHAS C aM-
IUTMTYZ ABVOKEHUsI aTOMOB Topsiika u 6osee 0.45 A
[24, 73].

CKOpOCTbh TOBOpPOTa 3BEHbEB 1LIeMU BO3pacTaeT
MIPONOPLUOHAJIBHO YIaJeHUIO OT OCY BpallleHUs U B
BSI3KOM cpene OymeT pacTU Cuja COIPOTUBICHUS
(BSI3KOTO TPEHUST) 3TUX 3BEHBLEB 1LIEIIN, KOTOpast IIPo-
MOPLUMOHAIbHA JTUHEMHON CKOpOCTH JacTull. B pe-
3y/IbTaTe KWUHEMATUUECKOM CBSI3U MEXIY y3JIaMU 1ie-
I BEIHYKJIEHHO HAYHYTCS B3aMMHBIE COIIAaCOBAHUSI
IMOBOPOTOB 3BE€HbEB, UTOOBI MUHUMU3UPOBATH ITOTE-
pU SHEPTUU HA TPEHUE.

3akpenuM Ha puc. 1 moJIoxkeHud y3JioB 1 1 2 B Ha-
yajie Lenu U OyaeM ToJiarath, YTo 3a CYET B3aKMO-
JIeiicTBUSI OOKOBBIX TPYIII IIPOMCXOIUT MOBOPOT BO-
Kpyr cBSI3U. B omHOpomHOI BSI3KOI cpele cucTtema
SIBJISIETCSI M30TPOITHOM OTHOCHUTEIBHO ITOBOPOTOB
BOKpYr ocu 1—2. Tak Kak cuctreMa CUMMETPUYHA OT-
HOCHTEILHO MTOBOPOTOB IO OCH BIOJb CBSA3U 1—2, TO
MIPOEKLIMS Ha 3TY OCb CYMMBI MOMEHTOB CHJI B3aIMO-
JIeCTBUS MEXIY Y3JIaMU MIPU CIIOHTAHHOM CBOpaYM-
BaHWM e paBHa HyTIO [72]:

Tem cambiM, cormtacHO ypaBHeHUsIM (1), coxpaHsieT-
cs M paBHA HYJIO IMPOEKIIUSI CyMMBl MOMEHTOB CHUJI
TPEHUsI Ha BTY OCh:

N
& v [ni]=0. ©)
i3

31ech Mbl BBEJIM BEKTOPBI YIJIOBbIX CKOPOCTEI TTOBO-
POTOB BOKPYT CBS3€H:

_b.do,;
b dt’
Taxk Kak JIMHBI CBSI3€M U BaJleHTHbBIE YIJIbI MOJIa-

raeM (UKCUPOBAHHBIMU, TO KOH(pOpPMalIMOHHOE

IBUXXEHUE, BBI3BAHHOE BPAIIEHUEM BOKPYT MEPBON

CBSI3U PACHPOCTPAHSAECTCH BIOJIb LEIU, IPUYEM JIU-

HEWHAasl CKOPOCTh ABUXKEHUS Y371a [ OTIPEAEsIeTCS KaK

CyMMa BKJIaJla OT CKOPOCTU JBWXKEHUS y3na i — 1 u

BKJIa/1a OT IOBOPOTA BOKPYT CBSI3U MEXIY y31aMu i — 2

i — 1 B cooTBeTCTBUU C (DOPMYJIOi

L=0,+ l:d)FZ (-1 )] =%+ [(i)i—2bi—l]- 4

IMoncraBnsisa BeipaxeHue (4) B ypaBHeHUE (2) IOy~
yaeM, YTO TIpU ITPOU3BOJIBHOM paclipeieIeHUN KO-
3 PUIIMEHTOB TpEeHUS MO y3JIaM LIENU TOJKHO BbI-
TTOJTHATBCS COOTHOIIIEHUE

[ ] (F_y + [d_ob,,]) = 0. (5)

CrrenoBartenbHO, BKJIA B CKOPOCTb ABVKEHUS y3I1a { OT
IMOBOPOTa BOKPYT CBSI3U MEXITY y3JaMu i — 2 u i — 1 nom-

o b, =r., —r. (3)
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XKEeH OIIpeleIeHHBIM 00pa3oM KOMIIEHCUPOBATh JIM-
HEIHYIO CKOPOCTh ABUXKSHUSI MpeabIIyIIero y3ma i — 1.
Haubonee HarISIAHO 3Ty CUTYALIMIO MOXHO ITPEICTa-
BUTbD, €CJIU BCE Y3JIbI LIEITM HAXOMSATCS B OMHOM IJI0C-
KocTH. JImHeliHass CKOPOCTh CMEIIeHUS y3J1a 3 ornpe-
JIEJISIETCS TOJIBKO CKOPOCTBIO ITOBOPOTA BOKPYT CBSI3U
1—2. HampaBieHre CKOpOCTH TTOBOPOTA TI0 CBSI3N 2—3
B CHUTY COOTHOILLIEHUS (5) TOJKHO OBITh MPOTUBOIIO-
JIOXKHBIM IT0 OTHOIIEHMIO K MpeablaylleMy HalpaB-
JIEHUIO CKopocTu ImoBopoTta. Y tak manee. B pesynb-
TaTe IoJiydaeM TeHICHIIUIO K (hOpMUPOBAHUIO CIIU-
pabHOI CTPYKTYPbI, KOTOPas SIBJISIETCS pe3YIbTaTOM
paBeHCTBAa HYJIIO MPOEKIUM CyMMapHOI0 MOMEHTA
CUJI TPEHUS B JTAHHOM cJlydyae Ha OCh BpallleHUs BO-
KpYT IEepBOI1 CBSI3U.

Junamuueckue s¢hhexmot 6s3x0cmu Ha MHO2OMEPHBIX
IHepeemuuecKkux aanouagpmax.
Pasnopacnpeodeaenue cpednux ckopocmeil ouccunauuu
SHepeuu no cmenenHsam c60600bt

EC.HI/I IMMOJIMMEpHad LCITb 10CTATOYHO JJIMHHAasA, TO
BO3HMKAET ellle OOUH WHTepPeCHbBI 3(PdeKT, KOTo-
PBIi1 OTHOCUTCS K CTATUCTUYECKUM CBOICTBAM AWHA-
MMWYECKOTO IOBEACHUS LIETIM U ONpeliesIsieT IIpaBuia
JIBVKEHUST PENPE3EHTATUBHOM TOYKU II0 MHOTOMEP-
HOM MOBEPXHOCTU NOTEHLUMAJIBHOU HEPTMU MAKPO-
MoJiekysl [47]. Ias1 onipeneaeHus 3TUX MpaBUJI IBU -
KEHUSI MOJIE3HO MCIIOJIB30BaTh METOALI MHOTOMEP-
HOIf TeOMETpPUM U AaCUMITOTUYECKUE CBOMCTBA
MHOTOMEPHEIX cep [67].

VYMHOXUM Kaxaoe U3 ypaBHeHUit (1) ckaasapHO
Ha COOTBETCTBYIOIIUI BEKTOP CKOPOCTU U MPOCYyM-
MUpPYEM T10 BceM y3jiaMm. B pe3ynbrarte nmoayunm

. U .

CireBa B ypaBHEHUH (6) MIMeeM BETIMIUHY CKOPOCTH
TMVICCUTIAITNN SHEPTUHA MaKPOMOJICKYJISIPHOM IIeTIH:

S=2 (), ™

a clpaBa — CKOPOCTb YMEHbBIIECHMS MOTCHIINMAIbHOM
SHEPTUY 3TOM LIeTH:

dU _~dU . 8
L=< ®)
dt — or;
CoorHortreHure (6) — 3TO TIPOCTO 3aKOH COXpaHe-
HUSI SHEPTUM, KOTOPHII IIEpeUIlieM B BUAE

U s-o. )

dt

M3 oueBuaHbix popmyi (6)—(9) MOXHO M3BIIEYb
MOJIE3HYI0 MH(pOpMalIMIO O TMHAMUKE IJIMHHOM 1ie-
. [eno B ToM, uTo ypaBHeHUs (7) v (9) MOKHO CBe-
CTH K YpaBHEHUSIM JJIST Tutiepcdep oUyeHb OOIBIION
pasmepHocTu. Takue runepcdepbl 00Ja1a0T psiaAoOM
WHTEPECHBIX ACUMOTOTUYECKUX CBOUCTB [67], KOTO-
pble MO3BOJISIIOT YCTaHABIUBATb CTATUCTUYECKUE 3a-
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KOHOMEPHOCTH LTSI TIEPEMEHHBIX B 3TUX YpaBHEHU-
sx. Ha aTux cBoiicTBax ruriepcdep O0JIbLION pa3Mep-
HOCTU OCHOBaHbl MHOTUE IIUPOKO W3BECTHHIE
3aKOHOMEPHOCTHU B CTATUCTUUYECKOI (DU3HMKe U TeO-
puu BepogTHOCTEMH [67].

ITyTemM 3amMeHbI IEPEMEHHBIX TTPENCTABUM BbIpaxe-
Hue (7) B BUIe ypaBHEHUSI eTUHUYHON TUIIepCchephl

N

(10)
i=l =123

A€ MbI BBCJIM TICPEMCHHBLIC, ITPOMOPHMOHAJIbHBIC

KOMITOHEHTaM CKOpOCTCfI Y3JI0B LICTIN:

Yo = Fo/(1:5)" (11)

VpaBHeHUe (9) B 3TUX NepeMEeHHBIX TakXe SIBJIsI-
eTCsl ypaBHEHUEM ruiiepcepbl ¢ paguycoM 1/2 u
LEHTPOM, KOTOPBIIi HAXOAMTCSI Ha paccTosIHUU 1/2
OT Havajia KOOpJAWHAT:

N

>
i=1 o=1,2,3
MrHOBeHHOE MOJOXeHUEe lIeHTpa rurepcdepbl
(12) HaxomMTCS Ha ITOBEPXHOCTHU ruiiepcdephl pagr-
yca 1/2, B1oxeHHOU B rumepcdepy, ornpeacsieMylo
BeipaxkeHueM (10), u ompenensercds HAOOPOM KOM-
TMOHEHT CUJI, JIeMCTBYIOIINX Ha Y3JIbl LIETTW B JaHHBIN
MOMEHT BpEMEHU:

- L)’ =1/4. (12)

__9U__ 1 _ (13)

9o 2(v,8)"

o

3aMeTHM, 9TO

N
L, =1/4. (14)
=1 0=123

Ilepexons Ha SI3BIK MHOTOMEPHOM TeOMETpHU B
MMPOCTPAHCTBE CKOPOCTEH, MacIITabMpPOBAHHBIX
OIMCAHHBIM BbIIIIE CIIOCOOOM, MOXHO TPEACTABUThH
OYeHB CJIOKHOE TMHAMMYECKOE TTOBEAeHNE TITMHHOMN
TTOJTMMEPHOM 1IeTIH B BSI3KOM cpelie B BUIE BpallleHUs
runepcdepbl COXpaHeHUs] YHEPTUU BHYTPU TUTEP-

cepbl quccUnany 3Hepruu (puc. 2).

Pemenue ypaBHeHUiT MexaHuku (1) u 3HaYeHUS
CKOPOCTEM ABVKECHMSI Y3JIOB LIEITN B KaXKIbIii MOMEHT
BPEMEHM OIPENeISIIOTCS KOOpAMHATAMM TOYKM Ka-
caHus 3TuX runepcdep. KoneuHo, KoHKpeTHasI Tpa-
eKTOpUS IBVDKEHUS TOYKM KacaHus 110 ruriepcdepe
JIUCCUIIALIMM DHEPIMM HaM He u3BecTHa. [lJis1 aToro
MBI JOJDKHBI PELINTh YpaBHEHUS OBYKeHMs1. OmHa-
KO, €CJId YHCJIO CTeNeHeil CBOOOABI BEJIMKO, TO MbI
MOXEM ClieJIaTh BaXKHbIE€ CTaTUCTUYECKUE BHIBOMIBI O
XapakTepe IBWKEHMSI pacCMaTpuBaeMOil ILIeIu.
KimroueBBIM MOMEHTOM 37eCh SIBIISIETCS M3BECTHAasI
TeopeMa, U3JIOXEHHAasI B pabore [67], CMBICI KOTO-
poii coctout B ciaeayioiieM. Eciu nmeercst puzude-
CKM pa3yMHasl GyHKIIMS OOJIBIIOro YKcia IIepeMeH-
HbIX f(X, X,,..., X,) 1 Mbl paccMaTpyMBaeM 3HAYEHUS

0.
/
// \
=05 05 10
\

\\\&5

— I

i
[

Puc. 2. Cxematnyeckoe U300paxkeHUe eIUHUYHON T'M-
nepcdepsl nuccunanyu sHepruu (ypaBHenue (10)) u ru-
nepcdep (ypaBHeHnue (12)) paguyca 1/2, koTopble Kaca-
FOTCSI TOBEPXHOCTH TUIIepchepbl TUCCUTIALIUA SHEPTUU U
OTPaXXaloT 3aKOH coXpaHeHust dHepruu. LleHTp rumnep-
cdep MMeeT KOOPAWHATEI { L, } ¥ TPY IBUXKEHNY 3BEHBEB
LIeTM JIBUXKETCS TI0 TTOBEPXHOCTU ruriepcdepsl paaumyca
1/2 ¢ TeM ke LIeHTPOM B HyJie, YTO U Tunepcdepa IMccu-
Maiyu SHePruu.

9TOil (PYHKIIMM Ha MOBEPXHOCTHU Trumnepchepbl KO-
HEYHOro paaunyca a:

2, 2 2 2
X +x+...+x, =a,

TO B IIpeaesie OOJIBIION pa3MepHOCTHU 1 3> 1 3HaJe-
HUS GYHKIMU Ha MTOBEPXHOCTU rumepchepsl OYyayT
MPaKTUYECKH ITIOCTOSTHHBIMU. TakoMy (aKTy eCTb He
CTporoe, HO TipocToe oO0bsicHeHre. Eciim MBI paccMmar-
puBaeM 00beM, OrpaHUUYEHHBINA TUIIEpCdEPOil KoHeU-
HOTO pagnyca, TO IPU HEOrpaHUYEHHOM BO3pacTaHUU
pa3MepHOCTH 3TOT 0OBbEM CTPEMUTCS K HYJIIO. DTO CBSI-
3aHO C TEM, YTO B 3HaMeHaTesie (POpMYJIbI 0ObeMa
MHOTOMEPHOTO 1Iapa CTOUT raMMa-(pyHKLIUS U 00b-
€M IlIapa CTPEMUTEJIbHO YyObIBaeT MpU YBEJIUYECHUU
YyucJia U3MEPEHUIA.

CyTh BO3HMKAIOLIETO MpU OOJILIINX pa3MEpHO-
ctax addekra cocrout B cnenypomeM. [1pu nBuke-
HUM (ITOBOPOTAX BOKPYT CBsI3¢ii) LIEHTP TUIIepcdephl
COXpaHEHUS DHEPruu, 3aJaHHbI ypaBHeHUEM (12),
JIBIDKETCS 110 MOBEPXHOCTU TUIlepcephl ITOJOBUH-
Horo paguyca. KoopauHaTel 3TOM TOUKM OMpPEaesisi-
FOTCSI KOMITOHEHTaMM CWJI, KOTOPbIE NEUCTBYIOT Ha
Y3J1bI LIETIM, HOPMUPOBAHBI B COOTBETCTBUU C BBIpa-
xeHueM (13) 1 gocTaTOYHO CIOXHBIM 00pa3oM Me-
HSIIOTCSl B AMana3oHe ot —1/2 no 1/2 kak npu usme-
HEHUM KOH(MUTYpaluu LeNy Npu ABUXEHUU, TaK U
3a CYET CTOJIKHOBEHMIA C MOJIEKYJIaMU Cpeabl (ecau
MBI ucXoauM 13 ypaBHeHui JlanxkeBeHa [47]). Heko-
TOPBIE OTJINYMS B pacIipeeIeHN CKOPOCTEM peripe-
3€HTAaTUBHOI TOUYKM MOXKHO OXWIATh ST HEOOJb-

XUMUYECKAS ®UZUKA Ne 6
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IIIOr0 YMCJia MEPEMEHHBIX, CBSI3aHHBIX C aTOMaMU Ha
KpasiX eI, HO B mpeesie O0JbIIMX 3HaYeHU N 3T0
MPUHLMINAILHO HE CKa3bIBaeTcsl Ha olleit ¢pusu-
YeCcKoit KapTiHe KOH(hOPMaIIMOHHbBIX IBUXEHU J1-
HeliHoro mojimMepa. B pesynprare mpu OOJBIIOM
yucie KOH(GOPMAIMOHHBIX CTeTIeHei cBOOOIbI pac-
npeaesjieHue MIOTHOCTM PEeNpPe3eHTAaTUBHBIX TOYEK
Ha runepcdepe NUCCUNALMU DHEPTUU CTAHOBUTCS
MPaKTUYECKM DPAaBHOMEPHBIM, 4YTO JaeT BO3MOX-
HOCTb BBIYMCJIWUThL paclipeliesieHue IJjisi cKopocTeit
JUCCUTIALIMU SHEPTUU JJIs1 KAXKIOTO U3 Y3JI0B LIETIH.

Dukcupyst OTHY U3 MIEPEMEHHBIX B YPaBHEHUU TU-
nepcdepsl (10) 1 BBIMUCIISIS OTHOILIEHHE TUTOLIAAEH CO-
OTBETCTBYIOIIMX Turiepcdep, moiaydaem mnpu N > 1
¢dopMyJTy 17151 TNTOTHOCTY BEPOSITHOCTH CKOPOCTH JIUC-
CUTIAITNY SHEPTUH 110 3aMaHHOM CTeTIeH! CBOOOIBI:

3IN/2
p(Ya) ~(1-Ya) " =
Yi'}é e Yi';ii (15)
=|1- ~ exp| —+% |,
3No 206
e
6 =S/3N (16)

— CpE€aHAA CKOPOCTb JUCCUIIALIUN SHEPIUU, ITPUXO-
Jd1adacd Ha OoHY CTCIICHDb CBO60,I[BI.

I[IpumedarenbHO, YTO 3TO pachpenesieHue IS
CKOpOCTei IUCCUTTALIMU SHEPTUU HE 3aBUCUT OT HO-
Mepa yama! MHBIMU clioBaMu, KOH(GOpMAaIlMOHHBIE
IBWXEHMS B BSI3KOI cpelie yCTPOSHBI TakK, YTO TUCCH-
Mauusi SHEPTMU B CpeaHeM paBHOMEPHO pacrpese-
JIeHa TT0 BCeM BHYTPEHHUM Y3J1aM U CTETIEHSIM CBOOO-
IIBI (€CTECTBEHHO, 3HAYMTEILHBIC OTKIIOHEHWST MOX-
HO OXuAaThb IJIsI KOHILIEBBIX y4YacTKoB). To ecTb,
KOHGhOpMAUUOHHbIE 08UICEHUSI O0ANCHbL NPOUCXOO0UMb
makum obpazom, 4umobsl He ObLIO PEe3KUX pa3Auduil 6
CKOPOCMAX OUCCUNAUUY dHepeuUu MexHcdy pastuuHbIMU
yaaamu yenu, 4mo 0ocmueaemcsi OnpeoeaeHHol coena-
COBAHHOCMbIO NOBOPOMOE BOKpYye ceéa3eil (puc. 3).

CMBICII CpeaHel CKOPOCTU AUCCUTIALIMU DHEPTUU
(16) Hy>XmaeTcst B HEKOTOpPOM TosicHeHUH. CKOpOCTh
JUCCUITALIMM BHEPIUM 3aBUCUT, €CTECTBEHHO, OT
KOH(UTypaum 1enu mwia BpeMeHn. KoppekTHocTh
BbIBOJA (popmMyJibl (15) TpeOyeT 10CTaTOUHO MOJTHOTO
MIPEACTaBUTEILCTBA PENPE3CHTAaTUBHBEIX TOYEK B
IIPOCTPAHCTBE CKOPOCTEM Ha ruriepchepe auccuna-
UM SHEPTUM. DTO BO3MOXKHO MO UCTEUEHUU HEKO-
TOPOro BpEMEHU pelakKcaluy, Korma cucrema “3a-
ObIBaeT” O HayaJbHBIX 3HAUCHUSIX CKOPOCTEI y3710B
M IeUCTBYIOIIMX CHI. TeruioBbie IIyKTyallin CPeabl
CIIOCOOCTBYIOT Ooyiee OBICTPOI pellakcallii CKOPO-
creii. Pesynabrupylomime cuibl, OEHCTBYIOIIME Ha
KaXXIbIi y3eJl, IIPUBsI3aHbl K MTHOBEHHOI KOH(UTY-
paluy Lenyd U BeChbMa CIIOXKHBIM 00pa3oM M3MEHSI -
JOTCSI TIPM Jake HEOOJBIIOM IIIeBeJICHUM KOH(PUTY-
pauuu IuHHONM nenu. HyXHO HeKoTopoe Bpems,
YTOOBI MPU IIeBeJIeHUM KOH(UTYypaluu Lenu (B pe-
3yJbTaTe MEXaHUYECKOIO NBUXKEHUS U (hIyKTyaliuii)
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MMPOM30IIlIA pelaKcallis 3TOTo MmapaMeTpa. MoXHO
rpy00 OLIEHUTH IMANa30H 3TUX BpeMEeH peJlaKCalliH.
Kak n3BecTHO, BpeMsI pelakcalii CKOPOCTHU B KU~
KOCTU O4YEHb MaJIO U cocTasisieT mnopsaka 10~ c.
Bpems penakcauuu cvi, OeiCTBYIOIINUX HA y3el Lie-
Y1, MOXHO OLICHUTH M3 pacueToB MeTogoM MJI. Ilo
HalllUM OlleHKaM B TMOJIHOATOMHOM TPUOJIMKEHUUN
9TO BpeMms jJexuT B auamna3doHe 10—100 mc [74—78].
Takum obpaszom, B popmyJe (15) mapamerp cpeaHeit
MapuuajbHON CKOPOCTU NTUCCUTALIMU SHEPTUU UMe-
eT CMBICI YCpEeOHEHHOII BeIMUYMHBI Ha MaciuTabe
BpEeMEHU peJlakCallui CUJI, IeHCTBYIOIIMX Ha Y3JIbI
uenu. I[Ipu 3HaUMTETBHOM U3MEHEHUU KOHdUTrypa-
UM LIETIM 3TOT HapaMeTp MEHSIETCSI U U3MEHSIIOTCS
cpenHUe TNapHUalbHble CKOPOCTU OIUCCUNALIAN
sHepruu. Ho BaxkHO, YTO MPUHLIMII PaBHOMEPHOTO
pacnpeneaeHUsI CpeIHUX CKOPOCTEi TUCCUTIALINU TI0
y3JIaM LIeTIN OCTAeTCSI HEU3MEHHBIM.

Oo6cyxxmaeMprii 3pPEeKT paBHOMEPHOIO pacIipe-
JIeJICHUsI CKOPOCTEeI TUCCUNaliy SHEPTruu 1o y3jiaM
ey MMeeT NPUHLMINUAJIbHOE 3HauyeHHMe, TaK KakK
9TU BEJIMUYMHBI HAIPSIMYIO CBSI3aHbI CO CKOPOCTSIMU
U3MEHEHUs TTIOTeHIIUAIbHON 3HEePTruu U UX pacrpe-
JIeJICHUEM I10 CTEeTIeHSIM CBOOOIbI, KOTOPOE OKa3hiBa-
€TCsI TaKXXe paBHOMEPHBIM. DTO O3HAYaeT, UYTO IIpU
CBOpauMBaHWUU TMOJMMEpHas Lienb OymeT uzderaTb
TaKMX U3MEHEHUI KOHMUTYpalluK, KOraa MOTeHIIN-
aJibHasi 2Heprus OydeT pe3KO YMEHbIaThes (M3Me-
HSITHCSI) TOJIBKO MO OTHOCUTEIBHO HEOOJIBIIIOMY YHC-
JIy CTeIeHe cBOOOAbl. DTa OCOOEHHOCTD IBUKEHUS
Ha MHOT'OMEPHOM DHEPreTUYeCKOM JIaHaIadTe yeM-
TO HAIIOMUWHAET MOBeACHNE “HAauYMHAIOIIEro TOPHO-
mepkHUKa” [45]. Kak paboTaeT 3TOT HpMHLMI Ha-
NISIAHO TT0Ka3aHo B pabotax [74, 75], tome MeTomom
MOJIEKYJIIPHOIT TMHAMMKU U3y4aJloCh BIAWSIHUE BSI3-
KOCTY Ha pe3y/IbTaT CBOpAaYMBaHMsI IIOJIUIECTITUIHBIX
nerneit nmuHOM no 150 ocTtaTkoB. B Ba3Koii cpene mpu
CBOpauUMBaHUU LIEMIM MMEETCsS 4eTKasi KOppeJsiius
MOBOPOTOB MO TOPCUOHHBIM yriiaM ¢ u . [ToBopoThI
110 3TUM yTJIaM IIPOUCXOISIT, B OCHOBHOM, B MPOTHU-
BOIIOJIOXKHEBIX HaIlpaBJeHUSIX, (GOpMUPYS CIIMPaib-
HYIO MPOCTPAHCTBEHHYIO CTPYKTYpy Lieru (B COOT-
BETCTBUM C popmyinoii (5)). YMeHbllIeHe BSI3KOCTHU
cpellbl HUXe HEKOTOPOro IMopora MpuBOIUT K TOJI-
HOM JIe30praHM3aliii CBOpaYMBaHUS e 1 BMECTO
CIIMPAJILHOM CTPYKTYPbhl MOJYy4YaeTCsl XaoTudyecKas
miobyna [74].

B pesynbTate BhlpaBHMBasi CKOpOCTeil nuccumna-
LM SHEPTUU IIPU IIOBOPOTAX 1O TOPCUOHHEIM yTjIaM
penpe3eHTaTUBHAs TOYKa “BhIOMpaeT” Ha MHOIO-
MEPHOIT TOBEPXHOCTH IMTOTEHIIMAILHOI SHEPTUY OTHO-
CHUTEJIPHO IIaIKMEe MaplIpyTEL. B 3TOM cMbICie cyiie-
CTBEHHO YMEHBIIIAeTCs HEOOXOMMMOCTh B TUIIOTE3€
MUHUMAJIBHOI (hpyCcTpaliiy SHEPreTUIeCKOi BOPOHKU
[10] mnst IIT1D 6uononmmMepoB, KOTOpble (hOPMUPYIOT
YHUKaJIbHbIE TIPOCTPAHCTBEHHBIE CTPYKTYPhI. JlocTu-
XKeHHe I100aJIbHOIO MUHMMYMa 1 30eraHue perpe-
3€HTAaTUBHOIM TOYKOI SHEPreTMYeCKUX JIOBYIIEK 3a
CUET HU3KOI BEpOSITHOCTHU IBUKEHMUS IO TPAEKTOPH -
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Puc. 3. Pe3ynbTaThl YMCIEHHOTO MOIEIUPOBAHUS IMHAMUKY CBOpauYMBaHUs Lenu u3 50 omMHaKOBbIX y3710B [74, 75]: a — cko-
pOCTY TUCCUTIALIMU SHEPTUHM IO PA3IMYHBIM Y3JIaM LIETH IS IByX MOMEHTOB BpeMeHHU; 6 — (DYyHKILIMY pacpeneiaeHus (ycpen-
HEHHBIE TT0 BpeMeHU) IUTs CKOPOCTEl AUCCUTIAlNK SHepTun 16-T0 (cieBa) u 26-ro (cripaBa) y3/1oB (KpuBbie /) U COOTBETCTBY-
IOIIME VM rayCCOBCKME almnpoKcuMalnu (KpUBble 2); ¢ — TMCTOrpaMMa pacnpeieieHus YIJOBbIX CKOPOCTEil MOBOPOTOB BO-
KpYT CBs13eil BMOMeHT BpeMeHu 40 He (00111ast IiTnHa TpaeKTopuu cBopauuBanus 1enu — 340 He, a HaOII0gaeMoe YepeioBaHme
HanpasJieHUi1 CKOPOCTeil MOBOPOTOB IO ABYTPAHHBIM YIJlaM HaXOJUTCSI B COOTBETCTBUU ¢ (popmyioii (5)); ¢ — 3aBUCUMOCTb
MOTEHUUATbHOM 9HEPTUU MPY CBOPAYMBAHUU LIETTU OT BpeMEeHH (U151 HAMISIAHOCTU rpaduK mpoduisi SHEpreTMYeCcKoil BOPOH-
KU COBMEIIEH C 3epKaJbHbIM OTOOpaXKeHUEM.
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SIM C PE3KUM U3MEHEHNEeM MOTeHIIMaIbHOI 9HePTUH
[0 OTHOCUTEJIbHO HEOOJIbIIOMY YMCIy CTereHei
CBOOOIBI HE TpeOyeT KAaKUX-TO WCKIIOUMTEIbHBIX
TpeboBaHUilI K miaakoMy ycrpoiictBy III1D mist, Ha-
npuMep, OEJIKOB, XOTSI OoIpeaciecHHBIE TPeOOBaHUS K
tonorpacduu IT1D 6ey1KoB MpoaoKAIOT COXPAHSITHC.

OO0cynuM HEKOTOpHIE TOIOJHUTEIbHBIE OCOOEH-
HOCTHU AUHAMUKU CUCTEMBI, OIMMUCHIBAEMOI ypaBHeE-
HUSIMU MEXaHUKU C CUJIBHBIM TpeHueM (1), KoTopbie
MOTYT OBITh MOJYyYeHbBI PACCMOTPEHHUEM CBOMCTB pe-
LLIEHUI 3TOM CUCTEMBI 1 YCIOBHBIX 3KCTPEMYMOB IJI51
CKOpPOCTH YOBIBAaHUSI MNOTEHLUAJIBHOW 3HEPruvd M
CKOPOCTH IUCCUITaliuu 3Hepruu [47]. DTu cBoiicTBa
WHTYUTHUBHO IIOHSATHBI, HO, OyAy4YW IIPUMEHEHBI K
KOHKPETHOI CUTyalluM, Jal0T CYLLIECTBEHHOE 100 -
HeHMe K QU3nIecKoil KapTuHe (OpMUPOBAHUS IIPO-
CTPAHCTBEHHBIX CTPYKTYp B BSI3KOW cpele, B TOM
4YH1CJIE U TIPU CBOPAYUMBAHUM JIMHEHOM MTOJIMMEPHOMI
LEeNu.

MbI MOXEM 3amaThCsl CIAEAYIOIIMMM IBYMSI BO-
mpocaMu. [1ycTh penpeseHTaTMBHAS TOYKA IBUTACT-
CsI B COOTBETCTBUHU C CUCTeMOI1 ypaBHeHU’it (1).

Bonpoc nepBriii — eCTh JIM OTpaHUYSHUSI Ha CKO-
POCTb yMEHbIIIEHUS MOTEeHIMAIbHON 9HEPTUU B KaXK-
IBIIA MOMEHT BpeMeHH (T.€. IJIsI KaXKI0ii MTHOBEHHOM
KoHpurypauuu nenu)? OTBET COCTOUT B TOM, UYTO
IUIsl KaxkAoi 3aJaHHON KOHpUTypaluu Lenu cKo-
pocmu YOblau NOMEHUUANbHOU dHepeuu Ha MexaHuve-
cKoll mpaekmopuu 6yoem MaKkCcuManbHO 803MOICHOU NO
CDABHEHUIO CO GceMU OpyeUMU GUPMYANbHBIMU nepeme-
wenusmMy. DTO O3HAyaeT, 4YTO perpe3eHTaTUBHas
TOYKA OYAET CITyCKAaTbhCSI TI0 CAMOMY KPYTOMY CKJIOHY
MmHoroMepHoii(!) ITIID B ToM cMmbIcie, 4TO cyMMap-
Hoe(!) yMeHbIIeHHe ITOTeHIUAIbHOI 3HEPIUM IIO
BceM(!) N cTteneHsIM CBOOOABI OyaeT MaKCUMAaJIbHBIM.

Bomnpoc BTOpoit — ecTh 11 OrpaHUYEHUST Ha CKO-
POCTbh IUCCUMNALIMU SHEPTUU B KaXKIbIii MOMEHT Bpe-
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MeHH (T.€. IUIST KaXKIIOM MTHOBEHHO# KOH(DUTYparm
1enu)? OTBET COCTOUT B TOM, UTO IJIsI KaxKI0M 3aJaH-
HOIi KOHGUTypaluuu UeNU CcKopocms Ouccunayuu
SHepeuu Ha Mexanu4eckolu mpaexmopuu oyoem MuHu-
MAABHOU NO CPAGHEHUIO C OpPYeUMU BUPMYANbHBIMU He-
pemewjenusmu! Tak Kak 3T BEJIMYMHBI — CKOPOCTH
yOBUTM TOTEHIIMATBHON SHEPTUN U CKOPOCTD TUCCH-
Malvy SHEPTUU paBHBI APYT APYTY, TO 3TU IBA YTBEP-
KIEHUsT MOXHO BOCIIPUHATH KakK mapamnokc! Ha ca-
MOM Jiejie HUKaKOTO ITapamokca HeT. [leo B ToM, 4To
CKOPOCTb AVCCUTIALIMY SHEPTUU U CKOPOCTb yOBLIN
MOTeHIIMAJIbHON SHEPIrUM CUCTEMBI JOJKHBI pac-
CMaTpUBAThLCS B PA3TMYHBIX IMTOAITPOCTPAHCTBAX CKO-
pocrteit y35oB uenu [47].

Takum obpaszoM, oOMii aHanu3 3(pGheKToB Bs3-
KOCTH TTOKa3bIBAET, YTO BSI3KOCTb CPEAbl SBIISICTCS
BaxXHeHINM (aKTOpOM, KOTOPHII HEIOCPEACTBEH-
HBIM 00pa30oM BJIUSIET HA JUHAMUKY TTOJIMMEPHON 1
OMOTIOIMMEPHOM LIEMU U CITOCOOCTBYET (hOpMUpPOBa-
HUIO KOJUICKTUBHBIX CTeIIeHel CBOOOIBI 1 CITMPaJib-
HBIX CTPYKTYp. ECTh ellle onyuH OYeHb BaKHbIIA BbI-
BoJI. B yCclTOBUSIX BSI3KO#1 Cpelbl IBKEHHUE perpe3eH-
TaTUBHOII TOYKU IO MHOIOMEPHOM IOBEPXHOCTU
MOTEHIIMAIBHOM SHEPTUU CUJIBHO OTPAHUYEHO YCIIO-
BHMEM PaBHOMEPHOIO paclipele/icHUs 10 CTENCHSIM
CBOOOBI CpenHeil CKOPOCTU U3MEHEHUs TTOTCHILIM-
anbHOM 3Heprun. [ToaTOMy peaibHO penpe3eHTaTUB-
Has Touka “3amMeTaeT”’ JIMIIb HUYTOXHYIO YacTh OT
DHEPreTMYECKM JTOCTYMHOTO KOH(MUTypallMOHHOTO
MpocTpaHcTBa. MHBIMU CIIOBaMU, B YCIIOBUSIX BSI3-
KOW cpelibl UM UMUTHUPYIOIIUX €€ AITOPUTMOB HaM
He HY>XHO 3HaTh B IETAJISIX BCIO IOBEPXHOCTh IOTEH-
LIMAJIbHOM 3HEePTUU (4TO MPAKTUUECKA HEBO3MOXHO
M0 TEXHUYECKUM MPUUUHAM), @ HYICHO ObIMb YEepeH-
Hoimu 6 peaveghe TIIID moavko 60046 OMHOCUMENbHO
2naokux mpaexkmopuii (3TOTO B HESIBHOM BUJIE U JI0-
OMBaIOTCS TIpU KaJIMOpPOBKE ITapaMeTpPOB CHJIOBBIX
noJjieii). HeakkypaTtHoe oOpalieHue ¢ MpOTOKOJIaMU
MOJIEKYJIIPHOTO MOJETMPOBAHUS U HEKOPPEKTHBII
y4eT BSI3KOCTHM OyIyT NMpaKTUUeCKU OOeCIIeHUBATh
pe3yabTaT AJ1s JJIMHHBIX LIETICH.

TOITIOJIOTUSA KOHOUTYPAITMOHHOI'O
ITPOCTPAHCTBA. CUMMETPU
INOJIMMEPHOU HEIIN OTHOCUTEJIIBHO
INHEPECTAHOBKM O/IMHAKOBBIX 3BEHBEB

B wu3BecTHOIT crathe, MOCBsIIEHHON 50-neTuio
rnpo0OJieMbl (pojiauHTa [5], 06CyXnaanch U HE pellIeH-
HbIE BOMPOCHI, CPEU KOTOPBIX OTMEYATIOCHh OTCYT-
CTBUE IKCMEPUMEHTAITBHBIX TAHHBIX 00 YCTPOMCTBE
9HepreTMYecKoro JaHaiadra, HEOOXOAUMOTO ISt
donarHra, U OTCyTCTBUE MMKPOCKOMUYECKON Kap-
TUHBI TIOHUMaHUsI (PU3UKU U TIpaBUA (POJAMHTA A5
MPOU3BOJIBHBIX MOCea0BaTeIbHOCTE. Brhllie Mbl
00CyIWIV BJIUSTHUE BS3KOCTU CPEAbI HA KOPPEJISLINIO
KOH(OPMAIIMOHHBIX ABUKEHUN JTUHEWHBIX TTOJIUME-
POB U OUOTIOJIUMEPOB U CBA3aHHYIO C 3TUM TE€HAEH-
M0 K (OPMUPOBAHUIO PA3IUUYHBIX CHUPATbHBIX
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IIPOCTPAHCTBEHHEBIX CTPYKTYp. DTO HU B KOE Mepe
He CHUMaeT Borpoca o Tornorpaduu 3HepreTU4eCcKux
JaHAIAadTOB U UX OCOOEHHOCTSIX, KOTOPhBIC JIEXKAT B
OCHOBE CBSI3M MEXIy MPOCTPAHCTBEHHOM YKJIaIKOM
1 XUMHWUYECKOM CTPYKTYPOIl OTOEIBLHBIX OMOTIIOIME-
poB. 3aMeTHUM, YTO OOBIYHO MCIIOJIb3YyeMOE IIpe-
CTaBJICHHE ITOBEPXHOCTH IIOTEHILIMAIBLHOM SHEPruu
MaKpOMOJIEKYJISIPDHOI CHCTeMbl B YaCTU BKJIada He-
BaJICHTHBIX B3aUMOACUCTBUI B BUAE CYMMBI TapHBIX
VUIA HECKOJILKO MOAN(HUIIMPOBAHHBIX IIAPHBIX aTOM-
aTOMHBIX MOTEHIIMAJIOB HE AAeT 1I€JI0CTHOI KapTUHBI
BO3MOXHBIX 3((OEKTOB BIMSIHUS ITOCICIOBATEIbHO-
CTH Ha ToIloTrpadMio SHEPreTUIECKUX JIaHAIIAa(TOB,
a TIPUBOAUT K PACCMOTPEHMIO KOHKPETHBIX M HE
OYEeHb CJIOKHBIX (10 TEXHUYECKUM IIPpUIMHAM) TIPU-
MEpPOB.

Kaxk mMbI Bunenu u3 aHanusa a(pdekToB BI3KOCTH,
IUTS TIOHUMaHUs Tipouiecca (hOJAMHTA 8ANCHO 3HAMb
He ece demanu dHepeemuueckKo2o AanHouwiagpma, a me,
KOmopble OMHOCAMCA K MOonozpaguu 0mHOCUMENbHO
21ao0Kux (8 KOMOPvIX USMEHEeHUe NOMEHUUANbHOU IHEpP-
euu pacnpedeneHo pagHOMEPHO NPAKMUHECKU No 6CeM
cmenensm c800600bl) u nomomy OOCMYNHbIX 6 BA3KOI
cpede yHacmko6 NOBepXHOCMU NOMEHUUAAbHOU IHep-
euu. Huxe Mbl pacCMOTPUM, YTO MOXKHO CIesaTh A5
pa3pabOTKHU MpencTaBleHuid 0 Tonorpaduu sHepre-
TUYECKUX JIaHAA(TOB, UCXOASl U3 TOMOJOTUU KOH-
¢GUrypalluoOHHOTO MPOCTPAHCTBA U COOOpakeHUit
CUMMETpUU. 3aMeTUM, UYTO HMEIOTCS HEKOTOpbIe
JaHHBIE O TOM, 4TO Tomorpadusi 3HEPreTUYeCKUx
JaHAmadTOB OETKOB, Y KOTOPBIX HAOIIOAAETCS TIPO-
CTpAaHCTBEHHasi CUMMETpUSI, YCTpoeHa OoJiee miaj-
KUM M peryysipHbiM oopazom [9]. Huke Mbl yBUIMM,
YTO COBEPIIEHHO IPYTOM TUIl CUMMETPUU — CUMMET-
pUSI OTHOCUTEJIBHO MEPECTAaHOBKM OIUHAKOBBIX 3BE-
HbEB JIMHEUHON MOJIMMEPHOUN LETIM — OKa3bIBAETCS
BaxKHEUIIUM (PaKTOPOM s TOIMorpauu MHOTO-
MEpPHO dHEePreTUYecKoii MOBEPXHOCTU MaKpOMOJie-
KYJIBL.

Xopomo u3sectHo [17, 18, 79, 80], uTo ripocTpaH-
CTBEHHasl CTPYKTypa U IMHAMUKa JUHEHHBIX MOJIU-
MEPOB OIpeAesieTcss ITOBOPOTAMU IO IBYTPAHHBIM
(TOPCHMOHHBIM) YIJIaM BOKPYT OAMHAPHBIX XUMUYE-
CKUX CBsI3eil ¢ OapbepaMy BHYTPEHHETO BpallleHUs
MOPSIIKA HECKOJIbKUX KKaJl/MOJib. BaJleHTHEIE KOJie-
0aHUSI HEe BHOCST 3aMETHOTO BKJIaJa B M3MEHEHUE
MPOCTPAHCTBEHHOM KOHGUTypaluu MaKpOMOJIEKY-
nbl. Jdedopmalivg BaJleHTHBIX YIJIOB MOXET UMETh
HEKOTOpOEe 3HAUYEeHUE JIJIsT YMEeHbIIESHUSI BBICOTHI Oa-
pbepa B cllydyae CTepuYeCKUX OrpaHUYeHU mpu To-
BopoTte BOKpyr cBs3u [80]. st manpHelinero pac-
CMOTpEeHUS 3TOT (P PEKT TaKKe He MMEET MPUHIIN-
MUAaJIbHOTO 3HAYCHMUSI.

Tonocpagpusa cummempuueckux
3HepeemukecKux Aanouagmoe

INoTeHanbpHasg SHEPTUs JIMHEMHON MoJIMMep-
HO#t 1lenn (TOYHEe, €€ YacTh, KOTOpas 3aBUCUT OT

KOH(OpMallMM) MOXET OBITh IpeacTaBieHa (PyHK-
uueil N TOpCMOHHBIX yIIOB ¢,. JlIs JiMHeitHoro no-
JuMepa 3To (PYHKIIUsI OOJIBIIOrO Yucjia MepeMeH-
HBIX, KaXI0€ 13 KOTOPhIX HUKINISCKA MEHSIETCS OT
—1 no +m. O06JacTh onpencaeHnusT KaxIoro yria —
TOYKU OKpY>XKHOCTU. O0JIacTh onpeneeHusI MHOXe-
ctBa N YIJIOB — 3TO TONOJOTUYECKOE MPOU3BEACHNE
OKPYXHOCTE MJIM MHOTOMEpPHBI TOp (TUIIEPTOP)
[66], T.e. GYHKILIMS TOTEHIIMATBHOM SHEPIrUM 3aIaHa
B KOH(pUT'YpalIlUOHHOM MPOCTPAHCTBE C TOIIOJIOTIEiA
MHOTOMEPHOIO Topa. DTO OOCTOSITEIBCTBO MBI HC-
MOJIb3yeM Jlajiee, a B TaHHBIMI MOMEHT pacCMOTPUM
oo61ue 3 eKTH CMMMETPUHU, CBSI3aHHBIE C IIEpecTa-
HOBKOI1 OMMHAKOBbIX MOHOMEPHBIX 3BE€HbEB LICIIN.

1o HemaBHETO BpeMEHM IIPEICTaBICHMS 00 OTHO-
CUTEJIbHO INIAAKOM 9HEPreTUYeCcKoit BOpOHKeE (IMTpUH-
LIMII MUHUMaJbHON (pycTpallu 3HEpPreTUuYecKoit
BOPOHKM) Y SHEPTETUUECKOMN “IIesin” MeXIy HaTUB-
HOI M OJIMKaNIIMMM KOH(pOpMaIusIMU MaKpOMOJIe-
KyJibl [10, 12] ObUIM MPaKTUYECKU €IMHCTBEHHBIMU
obOcyxxgaeMbIMH BapuaHTaMu yctpoiictsa 1119, xo-
TOpBIE MOTJIM OBl OBITH COINIACOBAHBI C HaOJIIOmae-
MbIM (heHOMeHOM (hOoJIIMHTAa OMOIOJIUMeEpPOB (Oel-
koB). IIpn 3ToM HUKaKNX PU3NIECKUX apTYMEHTOB B
MOJb3y CTOJIb YIAYHOTO C TOYKU 3peHUs (DOIAMHTa
ycrpoiictBa MHOToMepHOii ITI1D 1yt HEKOTOPBIX TH-
OB MaKpOMOJIEKYJI He TIPUBOANIOCH. BMecTe ¢ TeMm,
HCXO/IS1 U3 TOTIOJIOTUH ITIPOCTPAHCTBA KOHGUTypaluii
JIMHEITHOTO IIOJIMMEpa U CUMMETPUM OTHOCUTEJILHO
MEPECTAHOBKM OIMHAKOBBIX MOHOMEPHBIX 3BEHBEB,
OKa3bIBaeTCsI BO3MOXHBIM TIPOCJICANUTh 3aKOHOMEP-
Hoctu popmupoBanus 111D ¢ Tonorpadueii, KoTo-
pas sBasieTcs “ymadyHoli” ¢ TOUYKM 3peHUS IIpoIiecca
donaguHra MOJUMEPHON 1IN B YHUKaJbHBIE 3D-
CTPYKTYpHI [48—51].

Hauboiee spko cMMMETpHsI OTHOCUTEIBHO Mepe-
CTAaHOBKU ONMHAKOBBIX MOHOMEPHBIX 3BEHbEB WU
Y4acCTKOB TMOJUMEPHOM 1IeNU BbIpaKe€Ha y LIMKIUYe-
CKUX TomomnoiauMepoB. loMoronumepsl OOJIbIION
JUIMHBL TakKskKe 00JIagaroT 3TOM CUMMETpPUEN 3a HC-
KJIIOYeHUEM KOHIIEBbIX yJacTkKoB. PaccmarpuBas
III1D nnsg NoJUIEeNnTUAOB, MOXHO OXMOATb, YTO
CUMMETpHs OyIeT YaCTUYHO HAPYIICHHON 13-3a 13-
MEHEHMII B OOKOBBIX IpyINMax pPa3IWYHBIX aMHUHO-
KHUCJIOTHBIX OCTATKOB, XOTSI caM ITOJUIIEIITHUIHBIN
OCTOB OCTaeTCsI HEU3MEHHBIM M B HEKOTOPOM IIpHU-
ommkeHnn 3 PeKThI CUMMETPHUH OYIYT IMTPOOOLKATH
TIPOSIBJISITHCS.

151 KOMITAaKTHOCTU U3JI0XKEHUS 1 BbISIBJIEHUS 00-
IIMX 3aKOHOMEPHOCTEH PacCMOTPUM MPOCTEHAIIUIA
ciyJaii, Korna KoHgopmalius KaxkJaoro MOHOMEpPHO-
ro 3BE€HA XapaKTepU3yeTCs OJHWUM ABYIPAHHBIM yT-
Jiom u ITII1D cuMMeTpUUHA OTHOCUTENILHO TepecTa-
HOBKHM JIIOOBIX YTJIOBBIX TTIEPEMEHHbIX:

U (0,05 0pe s 0y Oy ) =
= U (0, 02se s 0o s OOy ).
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HMzyyenne Tomnorpadum MHOTOMEPHBLIX HOBEPXHO-
creit ocHoBaHO Ha Teopur Mopca [66, 68]. Heo6xo-
JUMO HAWTU KPUTUYECKUE TOYKU MOBEPXHOCTU (IIe
BCe YaCTHBIC MTPOU3BOMHEBIC paBHEI HyI0). Jlanee, B
KaXXI0M KpUTUIECKOI TOYKE BHIYMCIUTD U IPUBECTU
K IUMaroHajbHOMY BHIY reccuaH (MaTpPUILy BTOPBIX
MMPOU3BOMHBIX) U OIPEIEINTh MHACKC KPUTUUIECKOMI
TOYKM (MHAYe TOBOPS, YMCJIO OTPULATEIBHBIX BJIe-
MEHTOB Ha AWaroHajayd MPUBEIEHHOIO TIeccUaHa).
Kputnueckue Ttouku ¢ mHaekcoMm (0 — JIOKallbHbIE
MUHUMYMBI. KpUTHyeckne TOUkKu ¢ MaKCUMAaJIbHbIM
3HaueHUEeM UHAeKca N — JIOKaJbHble MaKCUMYMBIL.
OcTajbHBIE — CEMIOBBIE TOYKU COOTBETCTBYIOIIETO
uHaekca. CenjioBasi ToUKa ¢ MHIAEKCOM 1 — oObIYHOE
cemno. [Tyt yepes ceTOBbIE TOUKU ¢ 00Jiee BHICOKU -
MUJ WHIEKCAMHM MOXHO TIPEICTaBUTh KaK “TpyOKu”
Pa3MEPHOCThIO, PABHOM MHAEKCY KPUTUYECKOM TOY-
KM, Ha TOpE COOTBETCTBYIOIell pa3MepHOCTU. Pe-
Mpe3eHTaTuBHas ToYKa npu aBvkeHuu 1o 111D ne-
peMellIaeTcs] MeXIYy MUHHMyMaMH 4Yepe3 CHUCTeMY
DHEPreTUYEeCKM MOCTYIMHBIX “TpyOOK” pas3iuvHOi
pa3sMepHOCTH, 00TeKast objracTi MakcuMymoB. Kak
cienyeT u3 aHanu3a 3(P@EeKTOB BSI3KOCTH, IBUKCHUE
penpe3eHTaTUBHON TOYKU OyIeT IPOUCXOAUThL IIpe-
MMYIIIECTBEHHO I10 SHEPTeTUIECKH TOCTYITHBIM “TpyO-
KaMm” ¢ MAaKCUMaJIbHO BO3MOXKHOM pa3MepHOCTHIO.

Ycenosue cumMmerpuun (17) HakiambIBaeT Cylle-
CTBEHHbIE OrpaHUWYEHUSI HAa BO3MOXHbBIE TOIOrpa-
¢uu mHoromepHbix I[IT1D. DyHKLUUU C YyCITOBUEM
(17) ABASIOTCSI CUMMETPUYECKUMU (DYHKLIUSIMU [65].
Tak, eciiu Ip¥ HEKOTOPOM 3HAuYeHUM yria ¢; = Oy,
nepBasi mpousBogHast U oOpaiaeTrcss B HyJb, TO U
Mpou3BOAHbIe U 10 OCTAILHBIM YIJIaM MPU TaKUX XKe
YUCJIEHHBIX 3HAUYEHMSIX TePEMEHHBIX TaKXe PaBHbI
HYJIIO Y 9Ta TOYKA K SIBJISIETCS KpUTUUECKOM. AHAJIO-
T'MYHO, 3HAYEHUSI COOTBETCTBYIOIINX BTOPBIX TPOU3-
BOIHBIX B 9TOI TOUKE OKA3bIBAIOTCSI OAMHAKOBBIMMU:

Uy, 2V
a¢,2k aq)laq)jk

Torma B OKpPECTHOCTM KPUTUYECKOM TOUKU Kk
MOXKHO TIpeacTaBUTh pasznoxeHue 111D B Bume

U=Up+ (0 =302, —00) +

2
+ % [Z«bi - qw} :

Takum o6pa3oM, CUMMETPUSI OTHOCUTEIBHO TIe-
pECTaHOBKH 3BEHbEB LMW MPUBOAUT K TOMY, UTO B
OKPECTHOCTH KPUTHUYECKOW TOUKM TOoIrorpadus
IIIID omnpenensieTcst AByMsI OOOOIIEHHBIMU Tiepe-
MEHHBIMU:

R/f = Z(q)z - ¢ik)2§ Zy = Z(q): = O )s
>1Z,|.

=2y,. (18)

(19)

(20)
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[lepBas nepemenHass — paguyc cgepbl (TUIep-
chepnl), OonMMCaHHON BOKPYI KPUTUUYECKON TOYKM;
BTOpasi — paccTosiHWe (C TOYHOCTBIO IO 3HaKa) OT
KPUTUYECKOM TOYKM OO THUMNEPIJIOCKOCTH, ITePIICH-
JIUKYISIPHON K BEKTOPY C €eMMHUYHBIMIA KOMIIOHEH-
TaMH1 B IPOCTPAHCTBe yIiIioB. HepaBeHCTBO B BhIpa-
xeHuu (20) o3HAYAET, YTO TOJILKO IIPU €r0 BHIIOJIHE-
HUUM CYIIECTBYIOT TaKue 3HA4YE€HUS YIJIOB, KOTOPHIC
YAOBJIETBOPSIIOT KOHKPETHBIM 3HAYCHUSIM 3TUX IBYX
0000I1IeHHBIX TepeMeHHbIX. UMEHHO BO3MOXHOCTh
BBIACJICHUS ABYX 000OIIIEHHBIX IIEPEMEHHBIX B BhIpa-
xkeHuu (20) B pasznoxeHun I[II1D B okpecTHOCTHU
KPUTHUYECKUX TOUYEK U SIBJISIETCS IIPUUINMHON OTHOCH-
TeabHOM TankocTy Takux I1I1D m Moxer paccmar-
pUBaThC KaK HEKOe 000CHOBaHME IIPUHLIAIIA MUHU -
MaJIbHOI (hpyCTpallM IS SHEPIETUIECKOM BOPOH-
KM B Ccliydyae JIMHEHMHBIX TOJMMEPOB, KOTOpPHIE
CUMMETPHUYHBI (MJIM ITOYTU CUMMETPUYHBI) OTHOCH-
TEJIbHO TEePECTAaHOBKM MOHOMEPHBIX 3B€HBEB. DTO
JIaeT TakKe BO3MOXXHOCTD IIJISI HAIJISIIHOIO TIpeaACcTaB-
JieHus1 ocobeHHocTei Tonorpaduu 111D B 3aBUCUMO-
CTH OT 3HaKa Ko3(PUIIMEHTOB Tiepen 0000IMEeHHBIMHA
rnepeMeHHbIMU B ypaBHeHUH (19). OTMETHIM TakKe, YTO
B CJIydae paccMaTpMBaeMOIl CUMMETPUU BCE KPUTHUC-
CKME TOYKM COOTBETCTBYIOT Pa3INYHBIM CIUPAIbHBIM
KoH(popMaLmsaM noasuMepHoi Henu (¢, = 0;).

PaznoxeHue ypaBHeHus (19) MOXHO BbIpa3uTh U
yepe3 OpPTOroHaibHbIe KOOpAMHATHL. B oKpecTHOCTH
KPUTUYECKOM TOYKM Kk CIIpaBeIIMBa, HalpUMep, Ciie-
JyIoLIas AMaroHaan3alys KBaapaTUIHOi (pOpMbI:

N
U=Up+ 05 =y + Nn&l + 0 =0 & (2D
n=2

A€ BBCIACH OpTOHOpMHpOBaHHBIﬁ Oazuc

&1 = LZ(‘D: — &y,
(22)

= 2,3,...,N.
E.m [ ( _1) 1/2Z(¢j q)n) n=

Paznoxenue BoipaxkeHuii (19) u (21) mokasbsiBaer,
YTO B C/Iy4yae CUMMETPUYHOMN (PYHKIIUY TOTECHIINAIIb-
HoM sHeprun (17) umeeTcs BCero 4eThIpe THIIA KPY-
TUYECKUX TOYEK: JIOKATbHBIM MUHUMYM, JIOKAJTbHBII
MaKCUMYM U JIBa TUIIA CEAJIOBBIX KPUTUUIECKUX TOUEK
cnHaekcamu 1 u N — 1. Ha puc. 4 mpencraBiaeHbI 1Ba
TUIA KPUTUYECKUX (CEIJIOBBIX) TOUEK C MHIeKcaMu 1
u 2 ajst pasmepHoctu N = 3.

Pernipe3seHTaTnBHasg TOYKa IBIKETCSI B 00JIacThb
MUHMMYyMa I10 TPAaeKTOPUH, KOTOpasl IIPOXOIUT Ye-
pe3 cemoBbie Touku. Kak crnemyer n3 aHanusa 3¢-
¢ EKTOB BSI3KOCTH, TIEPEXO] pENPE3eHTATUBHOM TOY-
KM 4epe3 CEIJIOBYIO TOUYKY OCYILIECTBISIETCS IO KOJI-
JIEKTUBHBIM  CTEMEHSIM CBOOOABI, B KOTOPBIX
3aJIefiCTBOBaHbI ITOBOPOTHI 11O MHOXKECTBY TOPCHUOH-
HBIX YIJIOB TAKMM 00pa30M, YTOOBI CKOPOCTH YMEHb-
IIIEHUs] TTOTEHLIMAIbHON dHEeprun ObLIA MOYTU paB-
HOMEPHO pacnpelneyeHbl 0 CTEIeHsIM CBOOOILI, a
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Puc. 4. CemyioBble TOUKM TpexMepHOii (N = 3) MOBEpXHOCTHU (B YETBIPEXMEPHOM MPOCTPAHCTBE) UHAEKCOB | U 2: a — nmoBepx-
HOCTb ypoBHs1 U — Uj, = 0, KOTOPBIi1 COOTBETCTBYET 3HaUeHUIO U B KPUTUIECKOI TOUKE; 6 — MPOCTast CeIoBast TOUKa (MHAeKca 1),
x, = 0.5, y, = —0.5, moxazana nosepxHocTb ypoBHs U — Uy = —0.1; 6 — cemnoas Touka uHaekca 2, x;, = —0.5, y, = 0.5, moka-

3aHa MOBEPXHOCTh ypoBHs U — U, = —1.5.

CKOPOCTb YObLIM MOTEHUMATIbHOW dHEPTUU MaKpO-
MOJIEKYJIBI TTIPU CBOPAYMBAaHWUM MOJUMEpa Oblia MaK-
cuMaiibHOI. I3 opmMyisl (21) 1 puc. 4 BUIHO, YTO B
cllyyae TIpOCTOI CEeNJIOBOM TOUKM yMEHbIIIeHUEe MO-
TEHIMAIbHON PHEPTUU MIPOUCXOIUT MPU IBUKEHUU
BIIOJIb KOOpAUHATHI Z;, (cM. (20)). [IBUXXeHure 1o 3TOit
KOOpAWHATE SIBJSIETCS KOJUIEKTUBHBIM ABUKEHUEM C
yyacTMeM Bcex cTerneHeir cBobombl. Ho ckopocTh
YMEHbIIIEHUST MOTeHIMAJIbHOM 3HEPTUY O TPAEKTO-
pUU IBUXKEHUS Uyepes CeIIOBYIO TOUKY uHaeKca 1 Oy-
JIET MPOMNOPLMOHAIbHA CyMME 3HaKOIEPEMEHHbIX
BKJIA/IOB YIJIOBBIX CKOPOCTEM. DTa cyMMa OXKUIAaeMO Cy-
1LIECTBEHHO MEHbIIIE, YeM aHaJIOTM4yHasl BEJIMUMHA MPU
JBIDKEHWH 9epe3 CeUIOBYIO TOUKY ¢ mHiIeKcoM N — 1. B
MocJeaHEM BapUaHTe 3aJeicTBOBaHA KOJUIEKTUBHAasI
creneHb cBoOoAbl R,. CKOpPOCTb yMEHbUIEHUS ITO-
TeHIMIbHON SHEPTUX MO 3TOU CTeNeHU CBOOOIbI
BKJItouaeT N cjaraeMbIX OJHOTO 3HAaKa U COOTBET-
CTBYET PaBHOMEPHOMY paclpeaeeHNI0 NU3MEHEH S
MOTEHLIMAJIbHOM 2HEPTUM TI0 CTEIMEHSIM CBOOOJBI.
IToaTOMY NpU NMPOYMX paBHBIX YCIOBUSX IEPEXO]T Ye-
pe3 KpUTHUUECKYIO TOUKY C OOJBIIMM UHIEKCOM SIB-
JIsieTcsi MHOTO 60Jiee BEpOSITHBIM.

HUcnons3yss ¢opmyny pasmoxenue III1D B
OKPECTHOCTU KpUTUYECKOU Touku (19) mocTatouyHo
MPOCTO BBIYUCISETCS MOBEPXHOCTh CBOOOMHOI
SHEPTUU MaKpPOMOJIEKYJIbI, KOTOpas 3aBUCHUT OT
00001IEHHBIX KOOPAUHAT R, U Z,. 3aiaHHBIM pa3pe-
IIEHHbIM 3HAYeHUsIM OOOOIIEHHBIX KOOPAWHAT U3
BeIpaxkeHUs (20) COOTBETCTBYEeT 00beM KOH(MUTYpa-
IIMOHHOTO TIPOCTPAHCTBA MaKPOMOJIEKYJIbI, KOTOPBII
paBeH 00beMy runepcdepsl pa3MepHocThio N — 1 u pa-
TTYCOM

12

2 2

no=(R-27) (23)
Cnenys ooumM mipasmiiaM [81], mojiyauM BhIpa-

JKEHUEe IS DHTPOIUMU COCTOSIHUSI B OKPECTHOCTU

KPUTUYECKON TOUKM k C 3aJaHHBIMU 3HAYEHUSMU

00O0OIIIEHHBIX TIEPEMEHHBIX R; 1 Z;, B BUJIE

S, (R, Z,) = kg (N =1)In . (24)

B dopMmyne misi sHTponuM HMMEETCS PaCXOIU-
MOCTH B TOUKe 7, = 0 MJTM B TOUKe KacaHus Tunepcde-
pPBl M TUMNEPIUIOCKOCTH. DTa PacXOIUMOCTb MOXKET
OBITh yCTpaHEeHa IIPY y4YeTe KBAHTOBBIX ITOIIPABOK.
I[IpuHuMass Bo BHMMaHUE HYyJEBble KoJieOaHUs IO
KOH(pOPMAIIMOHHBIM CTEIIEHSIM CBOOOIBI, BhIpaXKe-
HUE IS SHTPOIUY IIPUOOpETACT BUL,

S, (R, Z,) = Sy + kgN In| 1+ % |,
o (25)
2 1 2
S, =kgNlnn, r’ = 5N<q> >0.
3nech Mbl Ttojiaraau N > 1, a BenuuuHa ($2), — KBa-
paT aMIUIMTYIbI HYJIEBBIX KOJI€OaHUIA 110 TOPCUOHHO -

My yriy [79], KOTOpEIi1 OLIEeHUBAETCSI, MCXOMAS 13 T1a-
paMeTpOB TOPCUOHHOTO MOTeHIMAala, KaK

() =" ~ 001, (26)
O 3/(Mu)

rne M — mMacca OOKOBOIf TpyIIIbI, KOTOpasi IToBOpa-
YMBAaeTCs NPU TOPCHUOHHBLIX HYJIEBBIX KOJIEOAHUSIX;
[ — nnvHa CBI3M MEXIY Y3JIOM U 3TOM TPyNIoit; u —
BBICOTa Oapbepa BHYTpeHHero BpamieHus. Ilomaras
M~20aem,I~1.5Au—~3 KKaJI/MOJIb, IJIsl KBl -
paTa aMIUTMTYObl HYJIEBBIX KOJEOaHWIA ITOJydaeM
3HaueHue ~0.01 (xB. pam).

CoOTBETCTBEHHO, (opMyna IS IOBEPXHOCTHU
CBOOOIHOI 3HEPIUU B OKPECTHOCTU KPUTUUYECKOI
TOYKHU k MeeT BU

2
G (R, ZisT) ~ Gor (T) + (3% — wi) R +
(27)
+ 3 ZF —kgTN In| 1+ % |,
)

rae GOk (T) = Uk - kBTSO'

B nipuHumIie, ecau 3a0aThCs KOHKPETHLIMU 3HA-
YeHUSIMU napaMeTpoB B popmyiax (19) u (27), mox-

XUMUNYECKASA ®U3UKA Ne 6

TOM 42 2023



ITOYEMY BEJIOK CBOPAYUBAETCA B YHUKAJIbBHYIO 3D-CTPYKTYPY 53

HO TIOCTPOWTH MHOXKECTBO NMPUMEPOB Tomorpapun
JIByMEPHBIX OBEPXHOCTEH cCBOOOAHOI aHEeprum. Of-
HAaKO MBI IIOJOMAEM K 3TOM MpobyemMe ¢ Apyroi cTo-
POHBI.

IIpeocmaeaenue 3nepeemuneckux aanouagpmos
muozomepuvimu paoamu Dypove

Kaxk n3BecTHO, TOMOIOTUSI MTPOCTPAHCTBA, HA KO-
TOPOM 3aJaHbl (PYHKIINU, OKA3BIBAET CYIIEeCTBEHHOE
BJIMSIHME Ha CBOMCTBA 3TUX QYHKUMUA [66, 68].
dyukuus, 3agaHHAsg Ha TUIEPTOPE, MOXET OBITh
paslioXeHa B MHOTOMEpHBLIi psia Dypbe [82]

U@ = Ame"™,

[J€ Mbl JJIs1 COKpallleHWs 3alMCHy BBEJU ajiredpanye-
cKuit BekTop [83] Habopa TOPCUOHHBIX YIJIOB B BUJIE

6=(¢15¢2""7¢ia"'5¢N) (29)

U ajrebpandyecKuii BEKTOp N COOTBETCTBYIOIINX HO-
MepoB rapMoHUK psina Dypbe (31ech U BCIOLY HUXKE
Mbl OyZeM B TEKCTE BEKTOPBI BBIACISATH KHUPHBLIM
mwpudTOM, OCTaBisIsS B (GopMyliax 0003HAUEHUST C
YyepToii CBEPXY):

(28)

(30)

CkaisipHO€ MPOU3BEIEHUE BEKTOPOB OMPEIEIECHO
OOBIYHBIM 00pa3oM.

KoadhduiimeHTsl pasnoxeHus B BhIpaxkeHUH (28)
OIPEAESIOTCS UHTerpaJioM

1 T T _

-~ —iA® N&
= j j U@)e ™d"o.
(2m)

3aMeTUM, YTO IPUBBIYHBIE HAM MEXaTOMHBbIE O~
TEHLMAJIBI UMEIOT CUHTYJISIPHOCTh B HYJICBOM TOYKE.
OnHako 3Ta CUHTYJISIDHOCTH JIEXKUT B KJIACCUYECKU
3arpelleHHON 00JacT U He MEIIaeT MoJIb30BaThCs
paznoxenueM B psin Dypbe st [TI1D. bosee moopoo-
HO 3TO OOCTOSITEILCTBO M3JI0XKEHO B padoTte [50].

B xoaddunmeHTax pasnoxeHus BbipaxeHus (28)
colepKUTcs Bcsd MHopMalus o6 ycTpoiicTBe MHO-
roMmepHoii I1T1D, koTopas cBsi3aHa ¢ OCOOEHHOCTSI-
MU XUMMYECKOTO CTPOEHUSI MaKpOMOJICKYJbI, ee
3JIEKTPOHHOM COCTOSIHUM U CBOMCTBax €€ OKpyXKe-
HUS, B3aUMOJIEMCTBUEM C pacTBopuTesieM. Bo3amoxk-
HOCTh y4yeTa TaKMM O0pa3oM BKJaja pacTBOPUTEJIS
CBsI3aHa C TEM, YTO BpeMs peJiakcallui pacCTBOPUTEIS
(W11 BOABI 3TO BpeMd paBHO npuMepHo 102 ¢) MHO-
ro MeHbIlIe, YeM XapaKTepHble BpeMeHa KoHdopMa-
LIMOHHBIX ABMKEHUM 1ierr. MoJIeKyabl pacTBOPUTE-
JIST yCIIeBalOT TIOACTpauBaTbCsl TOA MTHOBEHHBIE
KOH(popMaInu 1erm. B HeKoTopoM CMEBIC/IE 3TO aHa-
JIOTUYHO aauadaTUIeCcKoOMy MPUOIMKEHUIO TIPY B3a-
UMOJEMCTBUU OBICTPOI U MEIJIEHHOM ITOJICUCTEM.

KommnekcHasa dopma mpeactaBieHusT pas3ioxke-
HMS B psia BbIOpaHa U3 cooOpaxkeHuii ynoocrsa. Tak
Kak (OyHKIIMS MOTEHIIMAIbHOM 9HEPTUHN BEIIECTBEH-

n=(nm,ny,... 0. ny); m=0,£1,12,...

A(n) = (31

- -7

XUMUYECKAS ®U3UKA Ttom42 Ne6 2023

Ha, TO I Ko3(hGUIMEHTOB pa3IoKEeHUSI UMeeM
OYEBUIHBIE COOTHOILIECHMUS:

A(7) = |A(m) ",
A(=n) = A@@)* =|A(m]e ™.
M3 BeliecTBEHHOCTU CyMMBI (28) IIPUXOIMM TaK-
Ke K 3aKJII0UEeHMIO, YTO aMIUIUTYIbl U (a3bl Koad-

(GULIMEHTOB pa3lIoXKeHUsI CBI3aHBl CICAYIOLIUMU
YCJIOBUSIMU:

A7) = AT, 8(-7)=-B(m). (33

CootHotnreHue m1s a3 6 MOXKXHO TIPENCTaBUTh TaKKe
B BUJIE CKJISIPHOTO ITPOU3BEACHUS BEKTOPa HOMEPOB
rapMOHMK N U HekoToporo BekTtopa C(n), KOTOpbIit
SIBJISIETCS YeTHOM (DYHKIIME BEKTOPOB HOMEPOB rap-
MOHUK:

(32)

0(1n) = tnh(n) — C (n)n. (34)

3nech A(n) mMpUHUMAaeT 3HaYCHWE HYJIS, eciia da3a 6
JIEKUT B TIPABOM KOMITJICKCHOM TTOTYTUIOCKOCTH MJTH
€IVUHUIIBI — B IPOTUBOIIOJIOXHOM ClIydae.

Taxk kak B cymMe (28) ciaraeMbie Oj11 BEKTOPOB N
U —N BCTpeYaloTcs Bceraa napoii, moiaydaem
U@ =D (=" ]A@)|cos[n® - Cm)l (35
n

KoadduumeHtsr pasnoxeHust A(n) u dasbl 6(n)
YJIEHOB psiia OTIPENEJISIIOT CJIOXKHOE CTPOEHNE MHO-
TOMEPHOM MOBEPXHOCTU MOTEHLMAJbHOW SHEPIUU C
OTPOMHBIM YHCJIOM KPUTUUYECKUX TOYEK. DTU MOUTHU
OYEBUIHbBIE COOTHOIIEHUS MOJIE3HbI IJIsl aHa13a 00-
IIIUX CBOMCTB SHEPreTMyeckoili moBepxHocTtu (35),
3alaHHO Ha MHOTOMEPHOM TOpPE MHOXECTBa yIJoOB
MOBOPOTOB BOKPYr XUMUYECKMX cBsizeid. Tak, Ha-
npuMep, ISl 3epKaJTbHO CUMMETPUYHBIX CTPYKTYP
(T.e. TMHENHBIX MOJTMMEPOB 6€3 XUPaJIbHBIX 3BEHbLER)

nuMeeM

Us ((I)) = Us (_¢) (36)
B sTom ciryuae pasnoxenue ojist ITITID cBoguTest K
BULLY
_ )| gy _
U,©) =D (1" |A@m)|cos[rd] (37)
n
Cpeay MHOXECTBA TEOPETUYECKU BO3MOXKHBIX
NOTEHIMAJIbHBIX MOBEPXHOCTEl B BbIpaxkeHUU (35)
BBIIEJSIETCSL KJIAaCcC TTOBEPXHOCTEH Il XUPaTbHbIX
JIMHEWHBIX IMOJIMMEPOB, KOTOPbIE MOTYT UMETh €I1UH-
CTBEHHbII YeTKUI ITTI00AIbHBIIT MUHUMYM, OTBEYalO-
I YHUKAITBHOM ITPOCTPAaHCTBEHHOM CTpyKType. B
HanOoJjiee OJaronpusITHOM ciydyae s TakKuX IMOo-
BepxXHOCTeit 3HaueHMe (a3el 6(n) B WieHaX pasjioxe-

HUS MOXET OBITh BRIOpAHO, HATIPUMED, CICAYIONINM
obpazom [48, 51]:

0(17) = tn — 1, (38)

e ¢,, — BEKTOpP TOPCUOHHBIX YIJIOB JIJIST TIOJIOKEHUST
rmodaapbHOr0 MUHMMyMa. B 3TOoM ciyyae moBepx-
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HOCTB TTOTEHIIMATbHON 3HEPTUM MOXKET OBITh 3aIh-
caHa B BUJE

U@) ~ - A cos[a(@ - 9, (39)

HeoO6xonuMbIM yCcioBreM CyIIECTBOBAHUS TaKOM
III1D, kaKk y:Xe oTMe4YaiocCh, SIBJISIETCSI XUPATIbHOCTh
MOJIMMEPHON MOJIEKyJbl. 3aMeTUM, 4TO IIpU 3ep-
KaJIbHOM OTPaxKeHMHM, KOIJa MEHSIOTCS 3HAKU BCEX
YIJIOBBIX TTIEPEMEHHBIX U MbI IEPEXOIUM K CTPYKTYpE
C IPYroii XMpaJibHOCTbIO, 3HaUeHNE TTOTeHILIMAIbHOM
sHepruu (39) He u3MeHseTcs.

Takoii BUI MOTeHLMATBHOI MToBepXHOCTH (cM. (39))
MpU omnpeaeseHHbIX YCIOBUSIX SIBJSETCS ONMTUMAab-
HbIM 11 GOPMUPOBAHUSI YHUKAJIbHOW MPOCTpaH-
CTBEHHOI CTPYKTYphl C TOYKU 3peHUs] (heHOMeHa
donnuHra 6uononumepos. B padore [51] obcyxna-
IOTCS BO3MOXHbIE 3aKOHOMEPHOCTM T103TAHOTO
¢dbopMUpPOBaHUS MOJEKYJSIPHBIX KOHCTPYKLIWM, ISt
koTopbix [IT1D ycTpoeHbl Mo TUITy, aHAIOTUYHOMY
BoIpaxkeHuto (39). [pu HEKOTOPBIX YCIOBUSIX TSI KO-
3 GUIIMEeHTOB pa3ioXeHus B BhIpaxkeHUU (39) MoxK-
HO TIOJIyYUTh pallMOHAIbHOE OOBbSICHEHE MHOTUM U
BeCbMa Pa3HOPOIHBIM BKCIEPUMEHTAIbLHBIM (ak-
TaM, KOTOpbIe HaOJII0Ial0TCs B IIpoliecce QOIANHTA U
KOTOpbIE, Ha MEpBbIi B3IJIsI, HUKAK HE CBSI3aHbI
Ipyr ¢ npyrom [48, 49, 51].

Mmnoeomepnoe eayccoeckoe npubausicenue.
0O6006wennvie KoopouHamolt.
Tonoepaghus 610xcennvix IHepeemutecKux 60poHOK

Oo0patumcs najee K 3aBUCMMOCTH KO3 PUITNEH-
TOB pasyioxXeHUs B hopmylie (39) oT BEKTOPOB HOME-
pPOB rapMOHMUK B YCIIOBUSIX CHMMETPUM MOJIMMEPA OT-
HOCUTEJILHO TIePECTAaHOBKA MOHOMEPHBIX 3BEHBEB.
EcTh 001111e coobpaxkeHus1 0 TOM, KaKUM 00pazom
JIOJIKHBI OBITh YCTPOEHBI 3TU KOO UITUEHTHI pas3yio-
xeHus. Beuny cummerpun I1T1D oTHOCUTEIBHO TIE-
pECTaHOBKM YTJIOBBIX NepeMeHHbIX (17) koadduim-
€HTbI pasyioxXeHus B hopmyJie (39) He JOKHbBI 3aBU-
CeTb OT NePECTAaHOBKU HOMEPOB FAPMOHUK U B 3TOM
ciiydyae OHU OynyT (yHKIUSIMU HEKOTOPBIX MHBApU-
aHTOB BEKTOPOB HOMEPOB TapMOHUK (T.€. (PyHKIIUSI-
MU, KOTOpblE HE WM3MEHSIOTCS TPU TEePECTaHOBKE
KOMITOHEHT BEKTOPOB N MJIsi 3BeHbeB lienu). [1po-
CTeHIIMMU MHBapUaHTaMU SIBJISIFOTCS: IJIMHA BEKTO-
pa, cyMMa KOMIIOHEHT BeKTopa (MoayJjieil KOMIIO-
HEHT BeKTopa) WK, HalpuMep, CKaJIsipHOe MPOor3Be-
JIeHWEe BEKTOpa M Ha BEKTOP, MPOMOPLUMOHATbHBIN
BEKTOPY C OJUHAKOBBIMU KOMIOHeHTaMu. UHBapu-
aHT TUMA MPOU3BEAECHNSI KOMITOHEHT BEKTOpa HOMe-
pPOB rapMOHMUK SIBHO HE TOAUTCS MO MOHSITHBIM MPU-
yruHaM. B mpocreiiliieM BapuaHTe, KOraa B MOHOMEpPE
UMeeTCsl TOJIbKO OJMH TOPCUOHHBIN YroJl, Mbl Oynem
HUCXOAWUTh U3 CYMMbI TayCCOBCKMX (hopM jis1 KOah-
(GUILIMEHTOB Pa3IOKECHUS:

4] =

A, == f exp —x—lz(ﬁ—a—k)z (40)
k

k
1 —, -2
+ exp —P(n +a,) |rexp [—Sz |ni|}.

k i
KoadduumeHTsl pasznoxeHuss B BbipaxeHuu (40)
CUMMETPUYHBI OTHOCUTEIBbHO IepPecTaHOBOK KOM-
IMOHEHT BEKTOPAa HOMEPOB FrAPMOHMUK, €CJIU ajnredpa-
MYeCcKUe BEKTOPHI a;, PABHbBI HYJIIO WX MPOMOPIIUO-
HaJIbHbl BEKTOpaM C €IMHUYHBIMU KOMITOHEHTaMU.
Hitxe MBI yBUIMM, 9TO BCe OPMYITBI TaK:Ke padoTa-
I0T U IpU HEKOTOPOM HapyIIeHUU UAeabHON CHUM-
METPUU B Cllydyae MPOU3BOJBbHBIX BEKTOPOB a,. Pe-
3yJIbTaThl MOTYT ObITh 00O0IIIEHBI U Ha ClTyyait, Koraa
B MOHOMEPHOM 3BEHE €CTh HECKOJIbKO TOPCUOHHBIX
creneHeil ceoooanl [S1]. ITocnenHuit COMHOXUTEIb B
BeIpaxkeHnH (40) yka3pIBaeT HA TO, YTO IS (pu3rde-
CKM pa3yMHOM (PyHKIIMU C POCTOM HOMEPOB TapMoO-
HUK Ko3(hdulimeHTsl psiga Pypbe yMeHbIIAIOTCS
IpUMEPHO SKCOHeHIuaabHO [51, 82]. bricTpoTa 3a-
TyXaHusl Ko3(p(PUIIMEHTOB C YBEJIMYEHUEM HOMepa
rapMOHMKU omnpeessieTcs: mapamerpoM €. Hike B Ko-
HeuHbIx (hopmynax st [TI1D mbl epelinem K npeaeny €,
CTpEMSILLIEMCS K HYJIIO, 1 3[1€Ch HE BaXKHBI pa3inyus B
3TOM MapaMeTpe JJIsl pa3HbIX cTereHeit cBodomnl. [1a-
paMeTphI A OIIPENEIISIOT MACIITAG JOIYCTUMBIX OTKJIO-
HEHUI BEJIMYMH B IOKa3aTelisIX TayCCOBCKUX JKCIIO-
HEHT OT HyJIs1. [1py cTpeMIIeHIU A K HYJTIO TayCCOBCKIE
9KCITIOHEHTHI NpeBpallaloTCcs B AejibTa-(PyHKIIMU.

Yno6¢ctBO hopmya Tuma ypaBHeHuUs (40) mist mo-
JIydeHUs aHATUTUYECKUX Pe3yJbTaTOB OCHOBAHO Ha
MPUMEHEHUU MHTETPaTbHBIX IIPEeACTaBICHUI U MPO-
u3BoAsaMX ¢GyHKIUi. B pesynabrarte mojgydyaem st
OIHOTO cJlaraeMoro B BeipaxkeHuu (40)

A )
— 2.0 0u)

X Coszali(q)i = 0m); ME <1

U,(9) ~ -\ "% exp
(41)

ITo cTpykrype BoipaxkeHus (41) BUIHO, 4TO Liejae-
COO00pa3HO BBECTU ABE OOOOIIEHHBIEC IIEPEMEHHbIE,
KOTOpbI€ aHAJTIOTUYHHI (20)

= 20— 0w =0-0,)"
(42)
Z, "Z (9, - ¢,m)—" ”(¢ 0,); R=|Z).

Hopma BEKTOpa a; B BbIpaxeHuu (42) omnpeneneHa
oObYHBIM oOpazom [83]. IlepBasi mepeMeHHas IO
T€OMETPUUYECKOMY CMBICITY 3alaeT runepcdepsl pa-
auyca R B MpOCTpaHCTBE TOPCUOHHBIX YIJIOB, OIU-
CaHHBIX BOKPYI TOYKM DIOOAJBLHOTO MWHHUMYMa.
Bropast nepemeHHas1 orpenessieT TUIEPILUIOCKOCTH,
MEePIEeHANKYJISIPHbIE BEKTOPY a; U HaXonsdlluecs Ha
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Puc. 5. LleHTpanbHas U caTesIMTHbIE 3HepreTuyeckre BopoHkW 1uist [1I1D B 0060OIIEeHHBIX NEpeMeHHbIX R u Z: a —

UR,Z) = —exp(—R2/4) cos5Z;6 —URZ) = —exp(—R2/4)(1 +c0os5Z +0.5c0s20Z). Camas miyboKasi — LeHTpaJlbHast BO-
pOHKa, CIIpaBa ¥ clieBa — CaTeJUIMTHBIE BOPOHKH C yMEHbIIIaoleics yonHoi. BopoHKM oTaeneHs! Ipyr ot apyra 6apbepa-
MU, BBICOThI KOTOPBIX YMEHBIIAIOTCS 110 Mepe yAaJeH!s OT TOYKH TT0GAIbHOTO MUHIUMYMa. Ha mpaBoM pucyHKe BUAHBI MeJT-

KHe OCUWJUISILIMU, KOTOPbIE MOXXHO MHTEPIIPETUPOBATh KaK KOH(POPMaIlMOHHBIE TTOICOCTOSIHUSI WIM “MOTEHIUAJBHYIO Ipe-

6enky” [30, 31, 33].

pacctosiHUM Z; (C TOYHOCTBIO 1O 3HAaKa) OT TOYKHU
m1obansHOTO MUHUMYMA. B pesynerate I111D MoxHO
rnepenucaTh B IPOCTOM BUJIE

U1(6) =U,(R,Z) = -U, exp (—XIZRZ/4) Cos"El"Zl;

(43)
R>|Z|.

HamomHuM, 4To cOOJIIOIeHUE HECTPOTOro Hepa-
BeHCTBA R > |Z)| B popMyie (43) odeHb BaXHO, TaK
Kak B TIDOTUBHOM CJIyJyae He CYIIEeCTBYeT TaKOTO Ha-
60opa YIJIOBBIX TIEPEMEHHBIX, KOTOPbIC OMHOBPEMEH-
HO yIOBJIETBOPSIOT YCIOBUSIM (42).

Ecnu BekTOp a; paBeH HYJII0, TO Mbl UMEEM IPO-
CTYIO TayCCOBCKYIO BOPOHKY. IIpu mocTaTouHOI 111~
He BekTopa a, pesibed IO npencrapnasier coboii Ha-
0op 00JBIIOrO YKciia BOpOHOK (puc. 5). UmeeTcs ca-
Mas DIyOoKasl ILIEHTpaJibHash BOpPOHKa, KOTOPYIO
OKPYXaIOT CaTeJUIMTHBIE BOPOHKY C YMEHbBIIAIOIIEIi-
¢Sl NIyOMHOI 110 Mepe yIaJeHHUsI OT LICHTPaJIbHOM BO-
POHKHU.

Bce BopoHKM OTHEIeHBI IPYT OT Apyra IOTeHLIM-
anbHBIMU Gapbepamu. Eciim paccMaTpuBaeMBblii mo-
JIUMEP COCTOUT U3 aGCOJTIOTHO OIUHAKOBBIX MOHO-
MEPHBIX 3B€HbEB U MOBEPXHOCTh CUMMETPUYHA OT-
HOCUTEIBHO TIEPECTAHOBKU TOPCUOHHBIX YIJIOB
OIMHAKOBOIO TUIIA, TO IO COOOpPaXKEHUSIM CUMMET-
pUYH 3TOT BEKTOP JOJKEH OBITh MJIV paBeH HYJIIO, WU
OBITH MPOITOPLUOHAILHLIM BEKTOPY C €IUHUYHBIMU
KoMIToHeHTaMu. B iepBom ciygae mbl mmeem ITT13D ¢
npoctoii Tonorpadueii. Takas Tomorpadus III1D
MOJTHOCTBIO COOTBETCTBYET ITPUHIIMITY MWUHUMAIb-
HOH ¢pycTpally M MUaeaibHA IJIsI O4eHb OBICTPOTO
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CBOpauMBaHUS B YHUKAIbHYIO IPOCTPAHCTBEHHYIO
CTPYKTYpY (B JAHHOM CJlydyae — CIIUPAIbHYI0), KOTO-
past JoCTH:KMMa 13 T1000i HauaabHOM KOHGUTypa-
oy nenu. OTMETUM, YTO U3BECTHEI IIPUMEPHI OUYEeHb
OBICTpPOro (pOJIAMHTA MOJUIICITUIOB 32 BpeMeHa 1o~
psnKa HaHOceKyHI [7, 84].

Eciiu BexTOp a; HE paBeH HyJI0, TO (GOPMUPYETCS
Tororpacuss MHOXECTBA BJIIOXEHHBIX 3HEpreTHde-
CKMX BOPOHOK. (3aMeTHM, 4TO MOXOXEE CTPOCHUE
SHEPreTUYECKUX ITOBEPXHOCTEH, COCTOSIIMX U3 MHO-
JKeCTBa BOPOHOK (SHEpPreTUIecKux “0acceitHoB”), BO3-
HUKAeT U TIPY YMCJICHHOM MOACIMPOBAaHUU (pparMeH-
TOB OMOITIOJIMMEPOB U MHBIX MHOTOAaTOMHBIX CUCTEM
[61, 85]). [Tpu Takoit Tonorpadum INI1D nosiBisgIOTCS
omnpeaereHHbIe 0COOEHHOCTH Ipollecca CBOpadynBa-
Hus noaumepa. MIMeetrcs Habop OOLIMPHBIX 0bJa-
cTeii KoHopMauii Henu (MM S9HepPreTUIeCKUX BO-
POHOK), MEXIy KOTOPBIMU MEPEeXo pernpe3eHTaTUB-
HOI TOYKM CUJIBHO 3aTpyiHeH. B stom ciydae
tontorpacdus I1I1D exarouaem mexanuszm ceszu mexncdy
Ccmapmoeoil Kongopmayuell yenu, Komopas 603HUKaem
8 npouecce cuHmesa U KOHEYHOU NPOCMPAHCIMBEHHOL
CmpyKmypou, noayuaemoii 8 npouecce @oadurnea. C
TOYKU 3PEHUST BOZBMOXHOTO OTOOpa JMHEHHBIX T10-
JIUMEPOB, (hOPMUPYIOIINX YHUKAJbHBIC MPOCTPaH-
CTBEHHbBIE CTPYKTYpPHhI, IPEUMYIIIECTBO JOJKHBI ObI-
JI1 OBl TOJIyYUTh MakpoMoaeKynbl, I1I1D koTopsix
YCTPOEHO MaKCUMAaJIbHO CUMMETPUYHO U I7agko. B
paMKax paccMaTpUBaeMOM rayCCOBCKOM MOACIN 3TO
ctpyKkTypsl ¢ T3, y kotopsix BekTtop a; = 0. Eciu
MOHOMEpPHBIE€ 3BEHbsI y TaKMX CTPYKTyp IToABepra-
JIMCH najiee MoaudUKalusgM, HarlpuMep, B 00J1acTH
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OOKOBBIX I'PYIIII, TO TaKas UaeaJlbHas CHMMETPHUS IS
KO3 PUILIMECHTOB pa3JIoKeHUsT HapyllaeTcsl, YTO B
paMKax paccMaTpMBaeMOil MOJIIEIN TPAKTYyeTCS KakK
BO3HMKHOBEHME HE HYJIEBOTO BEKTOpA a; U YCJIOXHE-
Hue Tornorpacduu I1I1D. Cobmonas obiiue ycaoBus
CUMMETpUU i1 KO3(M(OUIMEHTOB pa3jIOXKEHUS B
paMKax pacCMaTpHBaeMOI TayCCOBCKOIM MOIEIN, MbI
OMNKCHIBAEM 3TU U3MEHEHMUS KaK paclleIlIeHUe LIeH-
Tpa pacrpenejaeHus: Ko3pGUIUeHTOB pa3IoKeHUs B
MPOCTPAHCTBE HOMEPOB FAPMOHUK Ha BEKTOPHI a; U
—a,;. OTO MUHUMAJIbHBIN 1IaTr B YCIOXHEHUU TOMO-
rpacdpuu I1I1D, KOTophIil OUeHB ITOXOK HA CHSITUE BbI-
POXIEHUSI COCTOSIHUSI IPU BKIIIOYEHUM IOMOJIHU-
TEJIbHOTO BO3MYIIICHUSI.

3ameTnM, 4TO AOOaBlieHUE K KO3 dULIMeHTaM
pa3IoXeHUsT BTOpOro ciaraeMoro B popmyie (40) ¢
MHOTO MEHbIIIEN aMIUITUTYI0M 1 CyIlIECTBEHHO 0O0JIb-
111eii HOpMOIi BEKTOpPA a,, YeM Y MIEPBOTO cJIaraeMoro,
BBOIUT MOIIOJIHUTEJIBbHBIE MEJKOMACIITA0OHBIE OC-
LLISIUMYA BHYTPU DHEPTeTUUYECKUX BOPOHOK, KOTO-
pbIe MOTYT OBITh MHTEPIIPETUPOBAHbLI KaK KOH(OP-
MalmoHHbIe moncocTogHnud [31, 32] mmm Kak “110-
TeHLaJbHas rpebenka” [34, 35].

M3 nomydeHHBIX (DOPMYJI MBI TaKKe€ BUAUM, YTO
nMeeTcs aHepreTudeckas “menp” [12, 13] mexmoy ca-
MBbIM HIDKHUM COCTOSTHMEM U OJIVDKaMIIMMU KOHMOP-
MaumsmMu. B mpocteiiiiem BapuaHTe BhipaxkeHUsT (43)
BEJIMUMHA 3TOM SHEPreTUYecKoil “uienn” MOoKeT
OBITh OIIpeIe/icHa KaK pa3HOCTb SHEPIUil MEXIY IJ10-
OabHBIM MUHUMYMOM W MUHUMYMOM OJIMKauTIei
CaTeJUIMTHON BOPOHKM:

oA A
~Z 20Uy SL<1.
laf " lal

B pamkax nmpocToii rayccoBckoii moaenu (43) corna-
COBaHME TOPSIAKOB HAOJIOJaeMbIX BEJIUYUH B (op-
myie (44) BO3MOXHO IIPUA MaJIbIX 3HAYEHUSIX OTHO-
IIEHUs TIapaMeTpa A, K [UIMHE BEKTOpa a, MOopsaKa

N2 TIpu A ~ 1 peaved I3 u [1CD 6uononumepa
OyIeT comepkaTb OFPOMHOE YKCJIO CATSJUTUTHBIX BO-
POHOK, YTO COITIACYETCSI C HAIIMMU WHTYUTHUBHBIMU
TIpeNCTaBICHUSIMHN O CIOXKHOI Tororpacdmm I1T15.
3aMeTuM, 4YTO UCMHOJb30BaHUE IOMOJHUTEIBHBIX
YyjeHoB B pazioxeHuu (40) (cM. TakKe puc. 56) gaer
BO3MOXHOCTU JISI JOIOJHUTEJIBHOM WHTEPIIpETa-
LIUM SHEePTeTUYeCKoit “mienn”.

(44)

Byaxanoobpasusiii npoghuav ceo600mnoii 3nepeuu.
Temnepamypa denamypauyuu nponopuyuoHaibHa
YOeabHol IHep2ul He8AAEHMHBIX C8A3el
Mmexncoy MoHoMepamu

INepeiineMm ganee K pacCMOTPEHUIO TIOBEPXHOCTH
cBobonHoit aHepruu (I1CHD) nuHeitHOo ToTMMepHOM
LIeTu, KoTopasl (popMUpYET YHUKATIBbHYIO MPOCTPaH-
CTBEHHYIO CTPYKTYpy. B peanbHbIX 3KCcIiepyUMeHTax
1o POIOMHTY IIPU KOHEYHBIX TeMIlepaTypax Ha0I1o-

nmaeMble 3(¢hEeKThl ONpPenesIOTCI UMEHHO ITOBEPX-
HOCTBIO CBOOOIHOM 3HEpr1u MakpoMoJiekys. B pam-
Kax pa3BUBaeMbIX rayccoBckux mogneseit mias IMI1D
MMEETCS TIOCTATOYHO IIPOCTOM 1 JIOTMYHBIN IIEPEeXO
ot IITID K moBepXHOCTU CBOOOTHOM HEPTUM LICTTU
(ITC3) B TepMuHax 0000IIEHHBIX KOOPAUHAT R U Z.
Hcrionn3yst ctaHAapTHBIE IIPOLIEAYPHI, UTO 1 TP BBI-
Boae (popMyJibl (27) TIOIydMM BBIpaXKeHUE IJIST CBO-
OOIHOIi HEePIrUu:

G(R.Z,.T) = Uy {exp(-A R’ [4) cos|a] z, +

o 45
+ L1+ X =2l Rz, @

0 h

IIe MBI BEIEM OTCUET SHEPIUM OT COCTOSIHUSI IJIO-
0abHOr0 MMHHUMYMa, a MapaMeTp #, OnpeaesieTcs
aMIUIMTYIOM HYJIeBBIX KoJieOaHUN U HOPMYION IS
sHTponuu (25). Mbl TakKe BBEJIY ITapaMeTp XapaKTe-
pUcTHYECKOi TeMmriepaTypbl Tj, KOTOPbI IO CMBICITY
MPOTIOPLIMOHAJICH YASIbHOMY YMEHbBIIEHUIO (BBIWT-
pBIILY) ITOTEHIMAJILHOW 3HEpPTHy NpHU CBOpadMBa-
HHU, TIPUXOIAIIEMYCS Ha OMHY KOH(OPMALIIOHHYIO
CTEIeHb CBOOO/Ibl B OCHOBHOM 1IETIN:

Ty = Uy /kgN. (46)

IIpumMep moBepxXHOCTHM CBOOOTHOM DHEPTUM NPUBE-
JIeH Ha puc. 6.

ITo dhopmyne (45) MOKHO OLIEHUTb MOPOT TeEMIIe-
patypsl, Ip KOTOPOM CBOOOTHAS SHEPTHS CBEPHY-
TOTO COCTOSTHUS TIEPECTaeT OBITh HIKE, YeM SHEPTUS
TOJTHOCTBIO I€HAaTYpUPOBAHHOTO cocTosTHM. [1pn 3a-
JAHHBIX 3HAYEHUSIX MapaMeTPOB B BhIpakeHUHU (26) 1
3HayeHUH N ~ 200 cBepHyTOE COCTOSIHHE OKa3hIBaCTCsI
TepMOIMMHaMWUYecKu BbITomHbIM Tipu 7' < 0.267
(puc. 6). 3aMeTUM, YTO 3Ta OLIEHKA MPU OOJBIINX
3HAYCHUSIX /N TpaKTUYECKU He 3aBHCHUT OT ITMHBI 11e-
4, a TaKXKe rapameTpa A.

IMomaras, HaripuMep, YTO TeMITepaTypPHEBI IOPOT
meHaTypanmuu Genka cocrapmser ~60°C (~333 K),
olleHUM TnapaMeTp 7, KOTOpBIi COCTaBUT OKOJIO
1280 K. TanHast Moaesib MpeacKas3biBaeT Mo Tpedye-
MO TeMIIepaType AeHATypalluy BEIUINHY BbIUTPbI-
Il1a B IIOTEHIIMAJIbHOM DHEPIUM MaKpPOMOJEKYIbI 3a
CYET HEBAJICHTHBIX B3aMMOAEHACTBUI, KOTOPbI NpU-
XOIUTCSI Ha OMHY CTEIIEHb CBOOOIBI U COCTAaBIISIET B
paccMaTpUBaeMOM ClIydae OKoJio 2.56 KKall/MOJIb.
To ecTb aHeprusi HeBaJICHTHBIX B3aMMONEHCTBUIA MO-
HOMEPHBIX 3BEHBEB C ABYMSI KOH(OPMALMOHHBIMU
CTeIIeHSIMM CBOOOIBI Tt cBopaunBaHus ripu 7'< 333 K
JIIOJIKHA COCTaBJISITb ~5 KKaja/MOJb, YTO COOTBET-
CTBYET DHEPTUU BOTOPOAHOM CBSI3M B BOTHOI cpele.
EcTecTBeHHO, 3TO OPUEHTUPOBOYHBIE 3HAYEHU ST, KO-
TOpble OIEMOHCTPUPYIOT pa3yMHBIN MOPSOOK BEJIM-
yyH. /IBe cTerneHu cBOOOALI B OCHOBHOM LICIU TH-
NUYHO I ambda-aMUHOKMCIOT. Hampumep, mis
0eTa-aMUHOKMCJIOT B OCHOBHOI LIeNIM UMEEM TpU
CTEIIEHU CBOOOIBI Y BEIMTPHILI B 9HEPTrUM WIS (hop-
MUPOBaHMS YHUKAJIbHBIX TPOCTPAHCTBEHHBIX CTPYK-
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Puc. 6. Tonorpadus MoBepXHOCTU CBOOOMIHOI SHEPTUU, COOTBETCTBYIOMIAs hopmyrie (45), B MpOCTpaHCTBE 0OOOIIIEHHBIX T1e-

pemenHbIX: G = —exp(~R’/4)cos10Z - 0.2In{l + (R® — 71,

G
—0.2+
—0.4
—0.6

—0.8

10 20 30 40

Puc. 7. IMpoduns cBOOOAHOIT SHEepruu (MOTEHIIUAIbHASI SHEPTUS 3a/laHa TaK Ke, KaK Ha pUC. 5a) B LIEHTPAJIbHOI BOPOHKE
(Z=0):a—-T/Ty=0.13;6 — T/T, = 0.25; 6 — T/T;y = 0.33; a, 6 — CBEpHYTOE COCTOSTHUE TEPMOIUHAMUYECKH BBITOIHO; 8 —

CBEPHYTO€ COCTOSAHNEC TEPpMOIMHAMUYECKIN HE BBITOOHO.

TYp MpU TOI Xe TeMIlepaType AeHaTypaluu JOJKEeH
OBLI OBI OBITH ~7—8 KKaj/MOJIb B pacueTe Ha OIHO
MOHOMEPHOE 3B€HO, YTO B CWJIbHOM CTEIIEHU U3MEHSIET
TpebOBaHUS K XUMUYECKOMY COCTaBy MOHOMEPHBIX
3BeHbeB. M3 puc. 7 BUACH TakKe XapaKTePHbIi1 ByJIKa-
HOOOpa3HbIi MpodHIIb CBOOOTHOM HEPTHUU, KOTOPHI
OOBIYHO HAOMIOMaeTCsl B 3KCIIEpUMEHTax mo (oJi-
JIUHTY 6eJIKOB B pacTBopax [5, 6]. O61acTb dHepreTH-
YECKOM BOPOHKMU, MPUBOAMIILIEN K CBEPHYTOMY CO-
CTOSIHUIO, OTAeJIeHa OT JeHATyPUPOBAHHOIO COCTOSI-
HHUs OapbepoM, KOTOPBHIM HMEET SHTPONUITHYIO
MIpUPOLY.

OBCYXIEHHNE OCHOBHBIX PE3VJIBTATOB

BepHemcs K Bormpocam, KOTOpbie ObLIY MOCTaBIe-
HBI BO BBEJIECHUN W OOCYIUM UX C TOYKU 3PEHUS ITO-
JIy4eHHBIX PE3YJIBTATOB O BIIMSTHUU BSI3KOCTU Ha AUHA-
MUKY MOJUMEPHBIX Lerei 1 3(h(peKToB CUMMETpUU 1
TOIOJIOTUM KOH(PHUTYPAIIMOHHOTO TIPOCTPAHCTBA JIJIST
Tornorpacd¥u MOBEPXHOCTH IMTOTCHIIMATLHOM SHEPTUU.

1. JIuHeiiHBIe TIONIMMEDPHLI peabHO WMMEIOT PSII
OCOOEHHOCTEH, KOTOphIe MOTYT OBITh IIPU OIIpene-

XUMUYECKAS ®U3UKA Ttom42 Ne6 2023

JICHHBIX YCJIOBUSIX NCITOJIB30BaHBI 1T POPMUPOBAHYIST
YHUKaJIBHBIX IIPOCTPAHCTBEHHBIX CTPYKTYP. JlnHaMmKa
KOH(OPMALMOHHBIX IBIKECHUI TaKHMX ITOJIMMEPOB B
BSI3KOI cpelie conpoBoxaaeTcsi apdeKTaMu KoppeJisi-
IIMM TIOBOPOTOB IO JBYTPAaHHBIM YIJIaM, YTO CO3HaeT
MPEANOChIKM I (pOpMUPOBAHUSI U OTOOpaA TIPO-
CTPAHCTBEHHBIX CTPYKTYP, COMEPKAIIX CITUPaTbHbIE
SJIEMEHTHI.

2. Tomonoruss KOHGUTYPAIIMOHHOTO MHPOCTPaH-
CTBa JIMHEHHOTO MOJMMEpa OKa3bIBa€T HEMOCPE-
CTBEHHOE BJIUSTHME Ha BO3MOXHBIE BApUAHTHI TOITO-
rpauyt MHOTOMEPHOI ITOBEPXHOCTU ITOTECHIINATIHHOMN
sHepruu. B yacTHOCTH, HaIM4YMe eMMHCTBEHHOTO IJI0-
0aTbHOTO MUHMMYMa Ha MHoromepHoii ITI1D Han6o-
Jiee €CTeCTBEHHO BO3HUKAET IS 3€PKAJIbHO HECHUM-
METPUYHBIX MAKPOMOJIECKYI.

3. OddekTsl Koppeasuuu KOH(MOpMalMOHHBIX
JIBVDKEHUI U paBHOpAacIIpeAeieHuEe CPETHNX CKOPO-
CTEll TUCCUITALIMM PHEPIUM MEXAY y3JIaMU LeNH B
BSI3KOI cpele CTUMYJIMpPYIOT (hOpMUPOBAHUE CITH-
panbHBIX CTPYKTYp. C Ipyroii CTOPOHEI, CUMMETPHUS
MoJMMEpPa OTHOCHUTENILHO NEPECTAHOBKU OIMHAKO-
BbIX MOHOMEPHBIX 3BEHbEB TaKxke MPUBOASAT K (hop-
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MUPOBAHUIO PA3IUYHBIX CITUPAIbHBIX CTPYKTYp. 1JIst
MOJIMMEPOB, CUMMETPUYHBIX OTHOCUTEIBLHO Ilepe-
CTaHOBKU MOHOMEPHBIX 3B€HbEeB, KpUTUYECKIE TOU-
Kk 11D coOTBETCTBYIOT pas3sIMIHBIM CHHUPATbHBIM
CTPYyKTypaM. MoXeT BOBHUKHYTb BOIIPOC — ITOYEMY,
HanpuMep, MOJIUITUICH He (OpMUpYET cripaieii?
3nech ecTh IBe NMPUUMHBI. Bo-T1epBBIX, KOH(MOpMa-
ous 1Hereil MoJuaTUIeHa OOBIYHO (POPMHUpPYETCS B
YCJIOBUSIX pacIliaBa, KOIJa LEHU MELIaloT ApyT Apy-
ry. Bo-BTopbiXx, KOH(popMalius mnojimMepa Mpu Ko-
HeuyHo#i Temriepatype T ormpenensieTcss MOBEPXHO-
CTBbIO CBOOOMHOIT 3HEPTUH, OIIPEACIIEMOil BhIpake-
HueM (45), Tae IPUCYTCTBYET SHTPOIIMIHBIN BKJIAM,
KOTOPBIH MpU 3HaUeHUSIX T 00abIlIe HEKOTOPOU KpU-
TUYECKOM TeMIepaTypbl BBIBOOIUT KOHGOpPMALUU B
HEYIIOPSIIOYeHHOE COCTOsIHUE (pHC. 78).

4. Kak m3BecTHO, HmiIgd (HPEHOMEHOJOTHIECKOTO
00BsiIcHeHUS (oIIHTa OeJIKOB Obl1a BhICKa3aHa -
rmore3a O CHeHMaIbHOW Tomorpaguu sHepreThude-
CKOro JaHmmadTa NoJUNenTUIHON 1Ienu, CyTh KO-
TOPOIf COCTOUT B TOM, 4TO 0bO111ee ycTpoiicTBo I1T1D
MpeacTaBIIsIET COO0 OTHOCUTENILHO MIAAKYIO DHEP-
FeTUYECKYI0 BOPOHKY (OPUHOMI MHUHUMAaIbHON
dpycTpanuu aHepreTuueckoit BOpoHkM). I1pu aTom
OCTaBaJIMCh HENOHSATHBIMU (DU3MUYECKME apTYMEHTBI
B TTOJIB3Y CTOJb ymauyHoro ycrpoiictea [1T1D mnsg stux
ouomnoauMepoB. Belllle MBI BUAEIN, YTO IBUXKEHUE
pEIpe3eHTaTUBHOM TOYKM II0 MHOTOMEPHOI1 IIO-
BEPXHOCTHU IIOTEHIIMAIbHON DHEPIUM ITPOMCXOIUT
MPaKTUUYECKU TOJBKO IO OTHOCHUTEIbHO MNIAJAKUM
y4acTKaM, [JIsI KOTOPBIX U3MEHEHME ITOTEHIIMAILHOM
SHEPTUM paBHOMEPHO “pa3Ma3aHO” TI0 BCEM CTeIle-
HsIM cBoOOAbI. ITpu aTOM TpeboBaHUS K IIAAKOCTU
camoii III1D cymectBeHHO cHMXaworcsa. C mpyroi
CTOPOHBI, TOMNOJOTUS KOH(MPUIYPALIMOHHOIO IIpO-
CTpaHCTBA JIMHEWHOro TojiuMepa U CUMMETpPUSI OT-
HOCUTEJIbHO MEePECTAHOBKU ITOYTH OTMHAKOBBIX MO-
HOMEPHBIX 3BEHBEB IIPUBOOUT K OIIPEICICHHOMY
ycrpoiictBy ITI1D u ITCHD, KkoTopble XapaKTepu3yloT-
cs1 IByMs1 00OOIIIEHHBIMU KOOpAMHATaMU, HAOOpPOM
DHEPreTUIECKNX BOPOHOK 1 OTHOCUTEIBHO INIAAKUM
YCTPOMCTBOM ITOBEPXHOCTEN BHYTPU KaXIOU U3 BO-
poHok. C 3T0if TOUYKM 3peHUSI JIMHEIHBIE TTIOJIMMEPhI
OKa3bIBAIOTCS YIOOHOM TIaTopMoii 11t GOPMHUPO-
BaHUSI MaKpOMOJIEKYISIDHBIX KOHCTPYKLU, KOTO-
pbIe MOTYT B pe3yJIbTaTe CIIOHTAHHOTO CBOpadrBa-
HUS GOpMUPOBATh YHUKaNbHBIE 3D-CTPYKTYpHI.

5. Kak cnenyet u3 popmynner (45) misa ITCHO, Byn-
KaHOOOpa3HbIi SHEPTreTUYECKUIi ITpodUIb BOZHUKA-
€T BCIIEACTBUE SHTPOIUMHBIX 3(PHEKTOB U TOJIKEH
OBITh XapaKTepeH AJISI CBOpauYrMBaHUs JIMHEWHBIX MO~
JIMMEPOB, Y KOTOPHIX €CTh BbIIEASHHBIN ITT00aIbHBIN
SHEPreTUYECKUIT MUHUMYM.

6. U3 dopmyin (43) u (45) BugHBI ycaoBus GOpMU-
pOBaHUsI YHEPreTUYECKMX JIAHAIIA(MTOB ¢ MHOXe-
CTBOM DHEPreTUYEeCKUX BOPOHOK, KOTOPbIC OTaese-
HBI IPYT OT APYra U OT LEHTPaAIbHOM (caMoiil rybo-
KOif) BOPOHKHU TOTEHUMAIbHBIMU Oapbepamu. I[lpu

9TOM IIOIaaHUE PeIPe3eHTAaTUBHOI TOUKM yXe Ha
CTaauu TPUTOTOBJIEHUSI (CMHTE3a) MOJUMeEpa B 00-
JIaCTh IPUTSIKEHUSI OOHOM M3 BOPOHOK (DaKTUIECKU
MIPUBOIUT K BHIOOPY clieHapus ¢hoJIMHIa, KOTOPBIA
JIUKTyeTCsd JaHHOW BOpoHKoI. YTo Kacaercsl mpo-
LIECCOB peHaTypally CBEPHYTHIX COCTOSTHUI MaKpO-
MOJIEKYJI, TO IIPXA TAKOM YCTPOMCTBE SHEPTeTUUCCKUX
ﬂaH[lLLIa(I)TOB NUMEECTCHA 3aBUCUMOCTb OT UHTEHCUBHO-
CTHU mpoliecca pa3BopaunBaHus. [Ipu Msarkom Bapu-
aHTe pasBopaumBaHusg 3D-cTpyKTyphl KOH(MOpMa-
LIMY MaKpOMOJIEKYJIbl OCTAIOTCS B TIpeeiax 001acTu
MPUTSDKEHUST HAaYaJIbHOM 3HEPTeTUYECKO BOPOHKU
(WY TPYIIIILI OYeHb OU3KUX APYT K APYTY BOPOHOK).
ITpu xecTkoM OBICTPOM pa3BOpaYMBaHUM (HAIIPU-
Mep, C UCIIOJIb30BaHMEM aTOMHO-CUJIOBOTO MUKPO-
CKOIIa) MOXKET IIPOM30HTH epedpoc KOHGOpMaAIINHT
MaKpOMOJIEKYJIBI B obJyiactu NMPUTAKCHUA YIAaJICHHBIX
OT LIEHTPa BOPOHOK U pe3yJbTaT peHaTypaluy oKa-
XKETCSI MHBIM.

7. B dbopmyne (45) 4eTKO IpOCIeXUBAETCS CBI3b
MEXIy TeMIIepaTypoii feHaTypaluyu CBEpHYTOIO CO-
CTOSTHUSI MaKpOMOJIEKYJIbI U YIEJIbHOW 3Hepruei
MIPUTSKEHUS 3a CYST HEBaJIEHTHBIX B3aMMOACHCTBUIA
MOHOMEPHBIX 3B€HbeB. Tak, IpU YCIOBUM, YTO TEM-
repaTypa AeHatypauuu coctapisieT ~60°C, mojyda-
€M HeOOXOIMMBII BHIMTPHIII B 9HEPIMU HA OJHY KOH-
¢hopMalIMOHHYIO CTEIEHb CBOOOIBI B OCHOBHOM 1I€-
nm ~2.5 Kkaja/Mojib. B TojaumenTumHo uenu,
cocToseil n3 anbgha-aMUHOKUCIOT, HA MOHOMEp
MIPUXOAUTCS OBE CTEIIEHUM CBOOOIBI W BBHIUIPHIII B
SHEPrUU HeBAJIEHTHBIX B3aMMOICIICTBUIA JOJKEH CO-
CTaBJISITh BEJIMYMHY, OJIM3KYIO K SHEPIrUM BOIOPOI-
HOI1 CBSI3W B BOIHOM cpele. YBeIndeHre Jrciia KOH-
¢dopMalIMOHHBIX cTereHeit cBOOOAbI MPU UCTIOIb30-
BaHMU, HaOpuMep, OeTa-aMHMHOKMCJIOT MOTpedyeT
IIpU TeX XK€ TeMIlepaTypax JIeHaTypaluy IIPOHOpPLI-
OHAaJIbHOTO YBEJUYEHUsI BKJIaga SHEPTUU HeBaJleHT-
HBIX B3aMMOACUCTBUII B CTAOMIM3AIIMIO MPOCTPaAH-
CTBEHHOI CTPYKTYPbI MAaKPOMOJIEKYJIBI.

8. [IpuBeaeHHbBI BbIlIEe aHAJIU3 TTOJIe3€H JJ1s TT0-
HUMaHUS CBSI3U MEXAY TeMIepaTypHbIMU YCIIOBUSI-
MU XXU3HU Ha MJIaHEeTe U BO3MOXHBIMU XUMUYECKU -
MU T1aThopMaMu 1Sl peasiu3aliii MaKpoOMOJIEKYJI C
VHUKAJIbHBIMUA TIPOCTPAHCTBEHHBIMM CTPYKTYpPaMH.
ITpouiecc BOBHMKHOBEHMSI XKU3HU (HECMOTPSI HA UMe-
IOIIIYIOCS B HACTOSsI1Iee BpeMsl HEOTIpeAeIeHHOCTb U He-
JIOCTATOYHOCTh HAIIIMX 3HAHUIA O KOHKPETHBIX MeXa-
HU3Max 3TOro SIBJIEHUS1), HECOMHEHHO, MPOUCXOANT
nmoatanHo. C BbICOKO BEPOSITHOCTBIO 3TOT MPOLIECC
BKJIIOYAI B ce0s1 aTanbl (pUMKO-XUMUYECKOM MOJie-
KyJIIPHOI 3BOJIIOUUU U (POPMUPOBAHNE HEKOTOPBIX
MpoToopM OUOMOIMMEPOB C YHUKAJIbHBIMU MPO-
CTPaHCTBEHHBIMU CTpPYKTypamu. BapuaHT ¢ anbda-
aMUHOKMCJIOTaMU Y BOTOPOIHBIMY CBSI3SIMU OKa3aJi-
csl, TIO-BUAMMOMY, aJeKBaTHbIM TeMIlepaTypHbIM
YCJIOBUSIM Y HAJIMUMIO BOJIBI HA Halle riaHeTe. J1is
¢dbopMuUpoBaHUs YHUKaAJIbHBIX 3D-CTpYyKTYyp B ApYyroM
Iuara3oHe TeMIleparyp HeoOxomuma “moaroHka”
rmapaMeTpoOB TeMIIepaTyphbl JeHAaTypaluu, SHEPTUU

XUMUYECKAS ®UZUKA Ne 6

TOM 42 2023



ITOYEMY BEJIOK CBOPAYUBAETCA B YHUKAJIbBHYIO 3D-CTPYKTYPY 59

B3aMMOIEUCTBUS MOHOMEPHBIX 3BEHbEB M 4YMCIA
KOH(pOPMAILIMOHHBIX CTEIIEHEl CBOOOIBI MOHOMEpP-
HOTO 3B€HAa B OCHOBHOM I1IETIN.

9. JIoTOJHUTENbHBIM UHTEPECHBIM (DAKTOPOM B
OpraHmM3alyy IIPOCTPAHCTBEHHOI CTPYKTYPHI IO~
MEPOB SIBJISIETCSI BO3MOXHOCTh COBMECTHOTO Jeii-
cTBUS 3 PHEKTOB BSIZKOCTU Ha KOH(POPMAILIMOHHYIO
JIWHAMUKY CBOpaYMBaHUS MaKpOMOJIEKYI U 3 dek-
TOB CUMMETPUM OTHOCUTEJIILHO MEPECTAHOBKU OIM-
HAKOBBIX 3BEHLEB Ha Tororpaduio I1I1D. U3 puc. 6
BUIHO, YTO, B COOTBETCTBUM C popMyJioii (42), mo-
BEPXHOCTh CBOOOIHOII 3HEPTUU IJIsI Pa3BEPHYTOIO
COCTOSIHUS HoJIuMepa (MpU OOJIbIIMX 3HAYEHUSIX KO-
opauHaThl R) Majo 4YyBCTBUTEJIbHA K M3MEHEHUIO
KOOPAWHATHI Z. DTO MOKET IIPUBOJINTH K CUTYAlINH,
KOTja pe3yJbTaT CBOpauYMBaHUSI MOJIMMEPHOI LIeTU
(monagaHusl B OMHY M3 MHOTOUYMCJICHHBIX SHEPTeTH-
YeCKMX BOPOHOK) ObLI OBl IIPAaKTUUYECKU HE TIpeacKa-
3yeM 3a CUYeT ABUXKEHUS peNpe3eHTaTUBHOI TOYKHU T10
KoopauHate Z. CxomHbIe MAeH 00CYKIaInCh B pabo-
Te [4]. OmHako B BSI3KOI cpene BO3HMKAET OIpeie-
JICHHast KOppeJsilysi KOH(GOPMAIIMOHHBIX IBUXEHUIA
(dpopmyast (5) u (15)), mpuyem u3 popmynsl (5) u
YUCJIEHHOTO MonaeaupoBaHus (puc. 3) BUIHO, YTO
CyMMa YTJIOBBIX CKOPOCTEl OBOPOTOB T10 ABYyTpaH-
HBIM yIyIaM 0Jin3Ka K Hy110. CKOpOCTb U3BMEHEHMSI KO-
opauHaThl Z B BhIpaKeHUM (42) TakKe SIBJISIETCS JIM-
HeltHOI KOMOWHaIMeit CKOpoCcTeld MOBOPOTOB BOKPYT
cBsaseit. Ilpu onpenereHHOM cornacoBaHUU Ko3dpu-
LIMEHTOB (OIIpenesieMbIX ITapaMeTpaMU CTPYKTYPBI
MOHOMEPHBIX 3BEHBbEB) BO3MOXKHA CHUTyallusl, KOraa
MpOM3BOIHASA Z II0 BpeMeHHU OyIeT MHpaKTU4eCKU
paBHa HYJIIO BCICACTBUE PACCMOTPEHHBIX BhIIIE (-
¢ eKTOB BSI3KOCTU. DTO O3HAYAET, YTO Z — KOOPJAUHA~
Ta penpe3eHTaTUBHOM TOYKM, He OyIeT 3HAUMTEJIbHO
W3MEHSTBHCS B MIPOILIECCE CBOPAYMBAHUS U PE3YJIbTAT
donauHra OyaeT ompeneasiTbcs 00JacCThi0 Hadallb-
HBIX KOH(pUTYpaIii 11enu, BO3HMKAIOIIMX B ITpoIlec-
Ce IIPUTOTOBJICHUST HAYaJIbHOTO COCTOSIHMSI TTIOJIMME-
pa. Takoe comtacoBaHue 3(@EKTOB BSI3KOCTU OISl
IWHAMHUKH CBOpayuBaHUSA 1M 3((HEKTOB CUMMETPUN
s Tororpadum ITITD morio ObI co3gaTh TPUHIIN-
MUaJibHble BO3MOXKHOCTH IJIs1 OTOOpa MOJIMMEPHBIX
MOJIEKYJ, (POPMUDPYIOLIMX YHUKAJIbHbIE TMPOCTpPaH-
CTBEHHBIE CTPYKTYPHIL.

10. IlpoBemeHHBII aHanU3 BIUSHUSA 3(GEPEKTOB
BSI3KOCTM Ha AWHAMUKY PENpe3eHTAaTUBHOM TOUKU
o MHoromepHoii I1I1D rmoka3eiBaeT HEOOXOAUMOCTh
0oJiee BHUMATEJILHOTO OTHOILIEHUSI IIPA MOJIEKYJISIP-
HOM MOJEIMPOBAHUU K BBIOOPY MMapaMeTPOB CUJIO-
BBIX TMOJIEHl U aJITOPUTMOB TTOAIEepXKaHUSI Ha 3alaH-
HOM YPOBHE MaKpoIlapaMeTpoB (TeMIleparypa, BsI3-
KOCTb, JaBjeHHe U 1p.). [IpobiemMa COCTOUT B TOM,
YTO B HACTOSIIIIEee BpeMsI HUKAKUM Pa3yMHBIM CIIOCO-
OOM HEJIb34 IOJIYYUTh (MJIN BEIYUCINTH) MHOTOMED-
ayio I1I1D ¢ TouHOCTRIO, KOTOpass HeoOxommuMma IJist
HaAEeXXHOTO BBIUMCIACHUST cuil. Jlaxke I CUCTEMBbI,
COCTOSIIIIE U3 OMHOII COTHU aTOMOB, YMCJIO HEO0XO0-
JMMBIX OIlepalMii HA MHOTO MOPSIIKOB ITPEBOCXOIUT
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gucio ryron (10'°%), koropoe ¢ 11060ii mpakTUYECKOit
TOUYKU 3PEHUSI acCOLMUPYeTCsl C OECKOHEUHOCTHIO.
OOBIYHO MCITOIB3YIOTCS pa3IUdHbBIC MTPUOIMKEHUS
J1JIs1 00X0Ja 3TOM MpoOJIeMbl: BBeICHUE PaIyCOB 00-
pe3aHus IJis aTOM-aTOMHBIX ITOTEHLIANIOB [22, 62],
KCIIOJIb30BaHUE MeToJa DBajibla JJisl yyeTa KyJjo-
HOBCKUX B3aMMOJCUCTBUI B CUTyalluU TepUOAUYEC-
CKMX TPaHUYHLIX yciioBuii [86] u ap. Borpoc o Tou-
HOCTU 3TUX allpPOKCUMALIUA allpUoOpy OCTaeTcsl He
OYEeHb MOHSITHBIM U TIPOOJieMy OOBIYHO TBITAIOTCS
pELIUTD 3a cUeT KATMOPOBKHU ITapaMeTpOB MOTEHIIMA-
JIOB JJIg Y3KMX KJIaCCOB MOJIEKY/ISIPHBIX cUcTeM [62].
B Bs3koii cpene (3aMeTuM, 4TO Jaxe OOJbIIUMHCTBO
CKMXKEHHBIX Ta30B C TOUKU 3peHUSI KOH(OpMaIluOH-
HBIX IBUXEHUI TaKXe OTHOCITCS K cpedaM C 00Jib-
I0H BSI3KOCThIO [75]) penpe3eHTaTuBHAasI TOUKa IBU-
JKETCsl MPEeUMMYIIECTBEHHO 10 MIaJAKUM TPaeKTOpU-
aM, T.e. oonactam IIIID mis KoTopbIX M3MEHEHHE
MOTEeHUMAIbHONW dHEPrUuu MPaKTUUESCKHU PaBHOMEp-
HO “pa3zMa3aHO” IO BCEM CTEIIEHSIM CBOOOIEI. B aTOM
OTHOUIEHUU MOHSTHO, YTO KAJIMOPOBKA MapamMeTpoB
CUJIOBBIX MOJIEH JOIKHA MTPOBOAUTHCS OTASIBbHO IS
MaKpOMOJIEKYJT B BSI3KUX Cpedax v, Harpumep, B Ba-
KyyMe, TAe JBUXEHUE PENpe3eHTAaTUBHOU TOUKHU
OrpaHUYEHO JIUIIb SHEPreTUYECKMMU BO3MOXKHO-
cramu. O61acTh KOH(PUTYPAIIMOHHOTO MPOCTpPaH-
CTBa, KOTOpasl NOCTyMHa IJisi penpe3eHTaTUBHOM
TOYkM Ha MHoroMepHoii [1I1D B Bsi3koii cpene Hen3-
MEPHMMO MeHbIlle, YeM B BaKyyMe M TpeOOoBaHUS K
OIpEeNeIEHUIO TMapaMeTpOB CWIOBBIX IIOJIe TMpu
9TOM CTAHOBSITCSI MEHee XKeCTKUMU. M criosib3oBaHue
aruHaMuKM JlanzkeBeHa [62, 87] MK CTONKHOBUTEIb-
HOrO TepmocTaTta [88], KOTopble MMHUTUPYIOT BSI3-
KOCTb [89], HaMm TIpencTasisieTcst 6oJjiee NpaBUIbHBIM
JUTsl U3y4yeHUs1 KOH(pOpMallMOHHON AMHAMUKU OUO-
MOJIMMEPOB C TOYKW 3PEHUS MUHUMHU3ALMUU apTe-
daxros [90, 91].

3AK/ITIOYEHUE

B crathe m3noxkeHBI chopMUpOBaBIIMECS y HaAC
Ha JaHHBLIA MOMEHT OOIIMe TIpeaCTaBJIeHMsT O TUHA-
MUYECKOM YCTPOMCTBE OUOMOIMMEPOB, KOTOPHIE
CBOPAYMBAIOTCSI B YHUKAJIbHbIE TIPOCTPAHCTBEHHBIE
CTPYKTYPBI U KOTOPBIC SIBJISIIOTCSI €CTECTBEHHOI MO-
JIEKYJISIPHOI MaTopMoii Ijisl peain3anuu OMoiIo-
rudeckux pyHKumnii. PazButne aTUX npeacTaBieHUA
nMeeT 6ojiee yeM 40-1eTHio ucrtopuio. Hamre yya-
CTUEe B 3TUX paboTax HAyaJloCh C MPEITOKEHUI 10
WHTEpIIpeTalluy  TapagoKcallbHbIX (Ha TepBbIid
B3MJISI) JaHHBIX MeccOayIpOBCKOI CIMEKTPOCKOMUUN
no guHaMmuke 6enkoB [34, 35]. MexaHu3M orpaHu-
yeHHOU 1ndPy3un 118 KOHGOPMaAITMOHHBIX IBUKE-
HUIi ¢ aMIUTMTYIaMU Topsiaka win 6omee 0.3 A yno-
BJIETBOPUTEILHO OIMMUCBLIBAET TEMIIEPATYPHbIE 3aBU-
CUMOCTH MeECCOaydpOBCKHMX CITEKTPOB OEJIKOB M
MO3BOJISIET DKCIIEPUMEHTAJIbHO OMNpPEeAeIUTh yCcpel-
HEHHbIE ITapaMeTpbl KOH(MOPMAIMOHHBIX JIBVXE-
aHuii. MHTEpec K 3TUM TIpoOJieMaM YBEJIMUYMBACTCS
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Tak:Ke OJiaromapsl BBICOKOM KOPPEISIIUUA MEXIY I1a-
paMeTpaMu KOH(hOPMalIMOHHOW TMHAMUKU U (PyHK-
LIMOHAJIbHOM aKTMBHOCTbIO OElKOB. 3aMeTUM, YTO
Takoro poaa 3¢h@heKThl He SBISIOTCS YHUKATbHBIMU
WMEHHO IS OMONOJIMMEPOB, 2 CBOMCTBEHHBI U ApY-
MM TIOJIMMEPHBIM cuctemam [17, 19-21, 92]. Uc-
MOJIb30BAaHME OTHOCHUTEJIBHO TIPOCTBIX MOICIBHBIX
npeacTaBieHuii 00 orpaHudeHHOM Auddys3uu [34—39]
VI TpPEACTaBJICHUII 0 KOH(pOPMAIIMOHHBIX MOACO-
crogangx [31, 32] maetr pm3myecKyro KapTUHY s
MEJIKOMAaCIITaOHBIX KOH(OPMAILIMOHHBIX IBVXKEHUMA.
Teopust KpynmHOMAacCIITaOHbBIX KOH(OPMaLIMOHHBIX
W3MEeHEHUI npu (ojiaruHre OeJIKOB pa3BUBajach Ha
OCHOBE MAeit 0 MUHUMAJIbLHOI (ppycTpannum 3Hepre-
TUYeCcKOU BOpoHKU [10] u sHepreTuueckoit “miean”
[12], KoTOpBIE HEOOXOOMMBI IT0O KWHETUIECKUM U TEP-
MOJIMHAMUYECKUM COOOPaXKEHMSIM ISl COITIaCOBAHMS
XapaKTEPHbIX BpeMEH CBOPAaYMBAHUS U YCTOMYMBOCTU
CTPYKTYpBhI O€IKa B YHUKAJIBHOM IIPOCTPAHCTBEHHOM
KoHpurypaimy. OnHaKo 3TU MepeyrcIieHHbIe (hU3M-
yecKUe MIeU HaIpsIMyIo He CTBIKyIoTcs. OLigHKa CJ1o-
KMBIIEHCS CUTYallMM ITpUBEJIa HAC K BBIBOAY O HEO0XO0-
JMMOCTH 0oJiee IIIMPOKOTo IoAXoaa K aHaIu3y JUHa-
MUYECKUX CBOMCTB OHOIIOJIMMEPHBIX CHUCTEM U
WCMOJIb30BaHUSI MaTeMaTHYECKUX WMHCTPYMEHTOB
MHOTOMEPHOM T€eOMETPUM U TOITOJIOTMU [66—68] yxe
Ha CTaguu ITIOCTAHOBKM 3a1a4u. 31eCh aBTOP IIPU3HA-
TeJIeH KojleTaM MeXaHMKO-MaTeMaTU4ecKoro ¢a-
kynereTa MI'Y, HepbopMmanbHOE OOIIIEHNE C KOTOPbI-
MU MONJIEPXXUBAJIO €r0 CTPEMIICHHE IIPOIOJIKUATH Pa-
00Ty B BBIOpaHHOM HaIlpaBJICHUMN.

AsTtop 6maromaped M.I1. KnpnnyaukoBy 3a moz-
JIEp>XKKY M1 BHUMaHUE K padoTe.

IMonaepxka co cTOpoHBI MeXIUCIUILIMHAPHBIX
HayYHO-00pa3oBaTeJIbHbIX IMKOJA MOCKOBCKOTO
yHUBepcuteTa “MoseKyasapHble TEXHOJIOTUU KUBbIX
CUCTEM U CUHTeTHYecKasi ouosorusi” m “Mo3r, Ko-
THUTUBHBIE CUCTEMBbI, UCKYCCTBEHHBIII MHTEJUIEKT”
CTUMYJIMpOBAJIa HAac yIesITh OOJibllle BHUMAHMUSI
¢dyHIaMEHTaJIbHBIM MCCJICAOBAHMSIM.

Pa6ora Obuia 661 HEBO3MOXHA 03 MHOTOJIETHEN
¢duHaHCcoBOI nomuepkkn Poccuitckum poHmom pyH-
JlaMEHTAaJIbHbIX UCCAeA0oBaHM 1 Poccuiickum Hayd-
HBIM (DOHIOM, a B TToclIieAHee BpeMss — MUHOOpHAYKU
P® (rpant Ne 075-15-2021-1354).
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