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MeTonamMu MOJTHOATOMHOTO KOMITBIOTEPHOTO MOJICJIMPOBAHMS M3yYeHa MOJIEKYJIsipHas TUHAMUKa CTePXK-
HeoOpa3HbIX OJIMTOMEPOB N-U30MpoHuIMeTaKpuIaMuIa U CIMpaaeo0opa3HbIX OJIMTOMEPOB MUPUIUHDY-
paHa pa3MepoM B HECKOJIbKO HaHOMeTpOB. [IprBeneHbI IpUMephl OJIMTOMEPOB, IMHAMUKA KOTOPBIX TIPU
CXKaTUM M PACTSKEHUM aHAJIOTMYHA TUHAMMKE KJIACCUYECKUX OMCTaOMIBbHBIX KOHCTPYKIIMI THIIA apoK
Bitnepa u ocunsuisstopoB Jyddunra. OnpenesieHbl KpUTUYECKUE 3HAYEHUSI CUJIOBBIX Harpy30K, TpU KO-
TOPBIX MMPOUCXOIUT OMDYpKaIMs AMHAMUYECKUX COCTOSTHUM OJIMTOMEPOB U TMHAMMKA OJIMTOMEPOB CTa-
HOBMTCS OucTabuiibHOM. [TokazaHo, UTO B 061aCTU OUCTAOUIIBHOCTU OJITUTOMEDPBI MOTYT MEPEXOIUTH B pe-
JKMM CIIOHTAHHBIX BUOpalMii, aKTHBUPOBAHHBIX TETUIOBBIMU (DJIYKTyallMsIMM OKPYXKAIOIIel Cpelbl IMpHu
KOMHATHOM TeMIiepaType. s peskuma CITOHTaHHBIX BUGpALIVii TIPOAeMOHCTPUPOBaH 3(hdeKT cToXxacTu-
yeckoro pe3oHaHca. O0cykaaeTcsi BO3MOXKHOCTh MCIOIb30BaHMsI OMCTaOMIbHBIX OJIMTOMEPOB IJIsI IeTeK-
TUPOBAHUS €AMHUYHBIX OPTAaHUYECKUX MOJIEKYJI B paCTBOpax.
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1. BBEAEHUME

MouiekyasipHblE CTPYKTYPbl HAHOMETPOBOTO pa3-
Mepa, IMHAaMUKa KOTOPBIX aHaJOTUYHA JUHAMMKE
OUCTAaOWJILHBIX CUCTEM, IMPUBJIEKAIOT K cebe 0Oosb-
1I0€ BHUMaHWE BO MHOTMX HAaHOTEXHOJIOTUYECKUX
paspaboTkax nocjiaenHero aecsatwietysi. Ha ux ocHo-
B€ KOHCTPYUPYIOTCSI TIepeKIouaTeyin, TPUITepbl U
JIOTUYEeCKHe dJIEMEHTHI [1—5], ceHcophsl HaHOpa3Me-
pa |6, 7] 1 pa3IrYHbIe MOJIEKYJISIPHbIC MAaIIMHBI [8—11].
bucrabunbHble HAHOCTPYKTYPbI TTPEACTABISIIOT WH-
Tepec U ISl TEPMOJMHAMMUKU MOJIEKYJISIPHBIX Ma-
IIMH, aKTUBHO pa3BUBAIOIIEICS B MOCIEIHEe AeCsI-
tuietue [ 12—18]. KoHcTpynpoBaHue MOJIEKYISIPHBIX
MallWH MPeAesIbHO MaJIbIX PA3MEPOB UMEET OTHOIIIE-
HUE W K TakoW (pyHIaMeHTaJlbHOI mpobiieMe, Kak
BO3HUKHOBEHUE XU3HU, LICHTPAJIBHBIM U I1OKa HE
pa3pelnieHHbIM BOIIPOCOM KOTOPOIi OCTAaeTCs BOMPOC
0 Tepexoae OT “CTOXacTUYECKOW XUuMUu”’ 100MOoI0-
TMYECKOM 3PbI K “aJIrOpUTMUYECKON XUMUM~ XUBOM
MPUPOJIbI, peaTnu3yeMoii OMOJIOTUYECKUMU MOJIEKY-
JIIpHBIMU MaliMHamu [ 19—22]. O01uienpusHaHo, 4To
BEPOSITHOCTD “caMOCOOPKHU” CTOJIb CJIOXKHBIX U CTOJIb
cnelMUYHBIX MaKPOMOJIEKYJISIPHBIX CTPYKTYp, Ka-

21

KMMMU SIBJISIIOTCSI OMOJIOrMYECKME MOJIEKYJISIPHBIE Ma-
IIMHBI, MCYE3alollie MaJjia, ¥ BOIIPOCHI O TOM, MOTJIN
I “TiepBAYHBIC” MOJIEKYJISIpHBIE MAaIIWHBI OBITH
MHOTO TIpOIlle U YTO OHU MOIJIM COOOM IpeacTaB-
JISITh, SIBJSIIOTCS UCXOMHBIMU IJIST JTIOOOTO CLEHAPUST
BO3HUKHOBEHUS XKU3HU.

B maHHOIi cTaThbe MBI OIMChIBAEM HpPUMEPHI O1-
CTaOWJIbHBIX OJIMTOMEPHBIX CTPYKTYP pPa3MepoM BcCe-
ro B HECKOJbKO HAHOMETPOB, AMHAMHKA KOTOPBIX
aHaJJOTMYHA TUHAMUKeE apok Dinepa [23, 24] u oc-
mwusatopoB Jdyddunra [25, 26] — KiacCUYeCKUX
IIPUMEPOB HEJIMHEMHO-YIIPYTUX MEXaHNYECKNX KOH-
CTPYKIUI C KPpUTUYECKOW TMHAMUKON 1 OMCTaOUIIb-
HocThio. B mpocreiilieM Buae, apky Ditjiepa MOXHO
MPEACTABJISITh KaK 1Ba JKECTKMX CTEPXKHS, COETUHEH-
HBIX IIIAPHUPOM C TAKMM 00pa3oM BCTPOSHHOI B HE-
rO YIPyToi NPYy>KMHOM, YTOOBI B HEHATPY>KEHHOM CO-
CTOSTHMM apKa OblIa BBIIPSIMICHHOI, HO MOTJa
YIIPYTo M3rn0aThes IPU CXXATUU €€ KOHLIOB. OKa3bl-
BaeTCcsl, UTO TaKasi KOHCTPYKLUS TIPpU CXKaTUuu Oyner
BECTH ceOsI KpUTUYECKMM 00pa3oM, a UMEHHO, apKa
OymeT n3rndarbcs (YCJIOBHO, BBEPX MM BHU3) TOJIb-
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KO IIpU CBEpXKpUTUYECKOM cxkatuu F' > F,, rne F, —
HEKOTOpasi KpuTuuyeckasl cuja cxxatus.

1 TeopeTUUeCKOit AeMOHCTPALIM CMEHBI TUHA-
MUYECKUX CTAllMOHAPHBIX COCTOSSHU (¢a30BOro
MopTpeTa) apku Ditjiepa 0GBIYHO UCIIOIL3YIOT YpaB-
HeHnre HploToHa B CMJIBHO AeMII(PUPOBAHHOM IIPpH-

OVKeHUU (dzx/ dr’ = 0) Bunma
dx _ dU(x)

dt dx (1)
U(x)=[E(y)- F]x’ +bx*, b>0,

I1e X — OTKJIOHEHUE OT (PaBHOBECHOTO) yIJIa MEXIY
CTEeP>KHSIMU apKU B OTCYTCTBUE CXXKUMAIOIIUX YCUTU
F, Y — xo3dPULIMEHT YyNIPYyrocT! NPYyXUHBI IIapHU-
pa. Bun norenunana U (x) mwist apku Ditiepa MOXeT
OBIThb MOJY4YeH M3 PACCMOTPEHHUSI €€ KOHCTPYKIIUU
(cMm, Hampumep, [23]). I3 ypaBHeHuii (1) BUAHO, 4YTO
npu F < F, noteHumnan U (x) nMeeT OIUH IKCTpe-
MyM (MUHUMYM) B Touke x = (0. COOTBETCTBEHHO,
IIpU JTOKPUTUYECKMX CXKATHUSIX BBIIPSIMIIEHHOE CO-
CTOSTHUE apKU SIBJISIETCSI €AMHCTBEHHBIM M YCTOMYM-
BBIM CTallMOHAPHBIM COCTOSTHMEM KOHCTpyKIuu. [1pu
CBEPXKPUTUYECKOM CXaTuu (F > F,) NOTeHUMaJ apKu
UMeEET TPU BKCTpEMyMa, OIWH U3 KOTOpbIX (x = () sIB-
JIsIeTCsI MaKCMMYMOM, M, CJI€AOBaTEIbHO, BBITSIHYTOE
COCTOSTHME apKU TIpU 3TUX YCIOBUSIX HEYCTOMYMBO, a

[IBa IPYTUX KCTPEMYMA: X, = i[(F - FC)/ 2/)]1/ ? , SIBJTSI-
IOTCSI MUHUMYMaMHM, U COOTBETCTBYIOIINE UM M30-
THYTBIC “BBepx” M “BHM3” COCTOSIHUS apKH CTallO-
HapHbl U yCTOMYUBBI. TakuMm oOpa3oM, TMHAMHMKA
apKu Diiyiepa 101 Harpy3Koil XapaKTepru3yeTcsl Kpr-
TUYECKON TOYKOM F = F,, B KOTOPOW NPOMCXONUT
cMeHa (pa3oBOTO TTOpTpeTa ¢ oMdypKaluei craimo-
HApHBIX COCTOSIHUII, U B YCJIOBUSIX CBEPXKPUTHYC-
CKOTO CXKaTHUs apKa Difjiepa CTaHOBUTCS OMCTaOWITh-
HOU TMHAMUWYECKOM CHUCTEMOM.

Ocuunnsatop dyddunra [25] oTHOCUTCS K 3TOMY
Ke TUITY HEJIWMHEWHBIX TMHAMWYECKUX cucteM. Ero
MOXHO NpeACTaBUTh, HAaIlpuMep, KaK IBMXKEHUE B
BSI3KOI1 cpejie Tpy3a eqUHUYHOI Macchl, 3aKperieH-
HOTO Ha KOHIIE YIIPYTOM MPYKWHbBI, SHEPIUs PACTS-
KEHUsSI KOTOPOU 3afaeTcs MOTSHILIMAJIOM YeTBEPTOM
CTEIIEH!, TAKUM XK€, KaK U ITIOTeHLIMaI apKu Diiepa:

d’x __pdx_dU(x)
dt2 dt dx ’ (2)

U(x)=4x" +éx4, b>0.
2 4
3aech x — pacTsKeHUe TIPYXKUHBI U kK — Ko3¢hGULiu-
eHT AeMIIpUpPOBaHMUs KojiebaHuil IpyXuHb. Ecnm
KO GULMEHT (JIMHEWHOI) YIIPYTroCTH NPYKUHBI, a,
IIPU MaJIbIX PACTSDKEHUSIX MOJIOXKUTENIEH, TO MOTeH-
muan U (x) uMeeT eIMHCTBEHHBII SKCTpeMyM (MU-
HUMYM), KOTOPOMY COOTBETCTBYET €IMHCTBEHHAS
TOYKa HYJEBOTO HamNpsXkeHUus TpyXuHbl: Xx = 0.

B sTOM, TMIMYHOM 1JIs1 IIPAKTUKHU CIIy4yae IIpyKMHa
OyIeT MCHOBITHIBATh 3aTyxalollle KoJjeOaHUusl ¢ MU3-
BECTHBIMU JJIsI HEJIMHEWHBIX OCHMIIISITOPOB 3 PeK-
TaM1 aHU30XPOHHOCTH M aHTapMOHMYHOCTU. Ham-
OoJiee MHTEpECeH, OMHAKO, cly4daii, Koraa a < 0, 4to
¢opMaTbHO COOTBETCTBYET OTpULIATEIbHOMY KO3(-
(GULMEHTY YIIPYTOCTH IIPYKMHBI IIPA MaJIbIX pacTs-
XKEHUSIX, U MOJOXKUTEIbHOMY KO3(MDDUIIMEHTY YIIpY-
TrOCTH, b, Ipy OONBIINX paCTsKeHUSIX. B aTOM Heop-

OVHApHOM cilydae mnoreHuuan U (x) wumeer Tpu

SKCTPEMYMA, 1Ba U3 KOTOPLIX (X, = * (—a/ 2b)l/ 2) co-
OTBETCTBYIOT MUHUMYMaM, ONIPEAESIONIMM ABa 6ac-
CeiiHa MPUTSKEHUS IUHAMUYECKUX TPACKTOPUI Ta-
KOTO OCLUJIIATOpa, a Touyka x = (0 COOTBETCTBYET
BepIIMHE Oapbepa OMCTAOMIBHOCTH, Pa3IeIsSIONIETO
npuTsaruBamplire 6acceitHbl. IToHATHO, YTO CUJIBHO
nemrdurpoBaHHasg AWHaMuKa ocuuisatopa lyd-
¢uHTa aHaJIOTMYHA TUHAMUKe apKu Diinepa. emo,
OIHAaKO, B TOM, YTO B OTJIMYME OT apku Ditjiepa, KO-
TOPYIO TOCTATOYHO MPOCTO CKOHCTPYUPOBATh, ClE-
JIaThb MPYXUHY C OTpULIATEIbHBIM KO3(DhUIIMeHTOM
YIIPYTOCTU TIPU MaTBIX PACTSISKEHUSIX U TIOJIOKUTEIb-
HbIM KO3 UIIMEHTOM YIPYTrOCTU TIpU OOJIBIINX
pacTsikeHUsIX — 3aiaya HeTpuBMaibHas. MMeronue-
Csl B MEXaHUKE MTPpUMEpPHBI ocuuIsiTopoB ydbduHra
B JEMCTBUTEJIBHOCTU TIPEIACTABISIIOT coboii mocTa-
TOYHO CJIOXHBIE KOHCTPYKLIMU, COCTaBJIEHHBIE W3
OOBIYHBIX MTPYKUH.

BMecTe ¢ TeM KOHCTpYKIIMM apoK Ditaepa U oc-
uusitopo JybdruHra HaHOMETPOBOIO pasMepa
MOTYT pagrKaabHO OTJIMYATHCS OT KOHCTPYKIIMIL Me-
XaHWYECKNX OMCTAOMIBHBIX CUCTEM, ITPEKIE BCETO,
13-3a HEJIMHEMHOCTU MEXMOJCKYJSIPHBIX B3aUMO-
JIeMICTBUI1, BKJIaJ KOTOPKIX B IIOTEHIIMAI HAHOCUCTEM
MOXET OKAa3aThCs HE TOJBKO CYIIECTBEHHBIM, HO U
OIpeAcIsIONIUM ee TuHaMUKY. Hiuke MBI moKaxxem
IIpUMEPHI UMEHHO TAKMX HAHOCUCTEM, a UMEHHO IIpH-
MEPBI CTEPXKHEM U TIPY>KMH HAHOMETPOBBIX Pa3MeEpPOB,
KOTOpBIE IEMOHCTPUPYIOT OMCTAOWMJILHYIO JTUHAMUKY
apok Ditnepa u ocawuisTopoB JdydduHra.

buctabuiabHOCTh apoK Diijiepa U OCUUIIISITOPOB
Hyddunra sBisieTcs, KOHEUHO, 0a30BOil AeTepMU-
HUCTUUYECKOI XapaKTepUCTUKOM MX OMHAMHUKU, HO
HaunboJjiee MHTepeCcHble 3P PEKThI IIPU UCIOJIb30Ba-
HMU 3TUX KOHCTPYKIIMI, KaK U BOOOIIe OMCTaOWIIb-
HBIX CUCTEM, HAOIIOAAIOTCS TIPU IIPUJIOKEHUH K HUM
CITy4aiiHbIX BO3MYIlIeHUM. TeopeTuueckoil MoAebIo
B 3TOM Ciy4yae SBJIsieTCsl ypaBHeHMe JlaH>keBeHa,
ONUCHIBAIONIEE NBUKEHHE YACTHUIILI B IBYXBIMHOM
MOTEHIIMAJIe TPU IEMCTBUM HA YACTUILY CIYyYaHOU
CUJIBL:
dr’
rne f(¢) — 0-KoppelupoBaHHasl CiydaiiHasl cuiia ¢

HYJIEBBIM CpelHUMU U amrumtymoir 2e, U(x) —
IBYXbSMHBIIA IOTEHIIMAJ cUCTeMBI. B citydasx, korna

dx

d——(ax+bx3)+2£f(t), a<0, b>0,03)
t
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CPEOHSIS SHEPIUs CIyYalHbIX BO3MYILIEHU M (~82) co-
MOCTaBUMa C 0apbepOM OMCTAOMITLHOCTHU, Pa3IeIsio-
UM ABa OacceifHa NPUTSLKEHUS TUHAMMYECKUX
TpaeKTopuii (IBa JIOKAJIbHLIX MUHMYyMa IIOTCHIIMA-
na U (x)), ciydaiiHble BO3MYILEHUSI MOTYT aKTHBHU-
poBaTh CIIOHTAaHHBIE CKAaYKOOOpa3HbIE IIePEXOIbl
MEXIY IBYMSI aTTpakTopaMHu OMCTaOMJIBHOM CUCTE-
Mbl. 1151 apok Diiepa u ocumuisitopoB Jlyddunra
TaKye Mepexoabl OYAyT IIPOSIBIISIThCS KaK CIIOHTaH-
HbIE€ BUOpAILIMM KOHCTPYKIIMM C IIIMPOKUM pacrpeae-
JIEHUEM YacTOT BOKPYT HEKOTOPOM CpeaHEM 4acTo-
TBI, OIIpeAcIIeMOi, HaIpUMep, COOTHOIICHUEM
Kpamepca [27].

B pexmme croHTaHHBIX BMOpalnii BO3MOXKHO
ele OMHO MHTEePECHOE SIBJICHUE, Ha3BaHHOE B ITMO-
HepcKoli padoTe [28] cToxacTYeCKNM pe30HAHCOM U
MIOXOXee B HEKOTOPOM OTHOIIEHMHM Ha Kjaccuye-
CKUit pe3oHaHC KoJyiebaTenbHbIX cucTteM. Kak u mipu
KJTACCUYECKOM PEe30HaHCe, IIPU CTOXaCTUUYECKOM pe-
30HAHCE BO3HUKAET CWJIBHBI OTKJIMK CIOHTaHHO
BUOpUpYIONIeil OUCTAOMIBHOM CHUCTEeMbl Ha Jeii-
CTBUE CJIabOl OCUHWLIMPYIOIIEA BHEIIHEH CHUJIbI,
cJierka “ImoKauyrBalolieit” NBYXbIMHBIN ITOTSHIIMA.
Oxa3sbIBaeTCsl, YTO €CJIM YaCTOTa BHEIITHEH OCIIUILIN-
pyoieit cubl 6;113Ka K CpelHeil 4acToTe CITOHTaH-
HBIX BUOpalnii, TO OMCcTAa0MIbHAS cCMCTeMa Ha9MHaeT
BUOpUPOBATh C YaCTOTOW BHEIIHEW OCHWLIMPYIO-
meii cuabl. PaccMaTpuBas crabyro oCHMLIMPYIOITYIO
CHJIy KaK “BXOTHOM CHUTHaJ’, a WHIYLIUPOBAaHHBIC
IIIYMOM CKayKOOOpa3HbI€ MepeXoabl MEXIY COCTOSI-
HUSIMM OMCTAOMJILHOM CHUCTEMBI KaK “BBbIXOTHON
CUTHaJ”’, 9aCTO TOBOPST, YTO CTOXaCTUIECKUI pe30-
HaHC — 3TO TOT NMapadOKCAIbHbIN CJIyyaid, KOria CUr-
HaJl yCUJIMBaEeTCd IryMoM [29].

Xots B nruoHepckux padotax [28, 30] ucmonb3o-
BaJlaCh KOHIICTIIIMSI CTOXaCTMIECKOTO pe30HaHca B
Ka4yeCTBE TUITOTETUYECKOTO MEXaHM3Ma, CITOCOOHOTO
OOBSICHUTD BITEUATJISIIONLYIO PETYASIPHOCTD JIGAHUKO-
BBIX TICPUOAOB Ha 3eMJie, OHM BBI3BAJIN JJaBUHY ITy0-
JINKAILIMI O CTOXaCTUYEeCKOM PE30HAHCE B CHCTeMax
MaKpOCKOMUYECKOTo, MIOOATBLHOTO 1 AaXKe KOCMMU-
yeckoro macira6a [31, 32]. K HacTosiimemy BpeMeHn
HaKOMMJIOCh JOBOJBLHO MHOTO BKCIIEPUMEHTATBHBIX
HaOII0eHUI CIOHTAaHHBIX BUOpALIMii M CTOXacTUYe-
CKOTO pe30HaHCa B CHUCTeMax MaJIBIX pa3MepoB, Ha-
npuMep B HaHOTpyOKax [33—35], rpadeHOBBIX JIH-
crax [36], AHK-mmunekax [37] n Geakax [38]. B
STOM CBSI3M CJIEMyeT 3aMETUTh, UTO IUIST CUCTEM Jaxe
MUKpPOHHOTO pa3Mepa Oapbep OMCTAOMILHOCTH
CTOJIb BBICOK (k,T'), UTO CHOHTAHHBIE BUOpaLUU
HaOJII0JAI0TCSI JTUITb TP BO3MYILIEHUSX, HECOITOCTA -
BUMO OoJiee CUJIbHBIX, YeM TEeIUIOBbIe (hJIyKTyalluu
CpeIIbI.

B cucremax cyOMHUKpOHHOro pasMepa Oapbephl
OMCTAOMJILHOCTU HMXE W CIIOHTAaHHBIC NEepPEeXOIbl
MEXIY COCTOSTHUSIMU, aKTUBUPOBAaHHbBIE TETJIOBBIMU
GIIyKTyanusiMyu OKpYy>Kalolleil cpeabl, HabIomaThCs
yke MoryT. OmHaKO TaKne COOBITHS BCE €Ie CTOJb
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pPEIKM, UTO YaCTOThI CIIOHTAHHBIX BUOpaIUii Ha T0-
psiaku MeHble 1 I, u Takue OucTabUIbHBIE CTPYK-
TYpbl MOTYT OBIThb HCIIOJIb30BaHbI TOJIBLKO B Y3KOM
cerMeHTe (PYHKIIMOHAJIBHBIX yCTpoucTB. IlomoOHEbIe
OrpaHUYEHMUS PE3KO 0CIabEBAIOT C IIEPEXOAOM Ha Ha-
HOMETPOBbIE MacIITaObl. bapbepbl OMCTaOMITBHOCTH
CUCTEM Pa3MEPOM B HECKOJILKO HAHOMETPOB MOTYT
OBITH BIIOJIHE COMOCTaBUMBI C SHEPTUEN TEILJTOBBIX
dykryaunmii (~kzT ) npy CTaHIAPTHBIX YCJIOBUSIX, a Xa-
paKTepHbIE YaCTOThI CIIOHTAHHBIX BUOpAIIUii U CTOXa-
CTUYECKOTO pPe30HaHCa MOTYT JOCTUTaTh coTeH MITI.
3nech, OMHAKO, HY:KHBI TIpUMepbl. B maHHoO#i cTaThbe
MBI IPUBOIMM HECKOJIBKO TaKUX IMIPUMEPOB, OOHAPY-
JKEHHBIX HAMU B pe3yJibTaTe KOMIbIOTEPHOTO CKPU-
HUHTa OJMITOMEPHBIX CTPYKTYpP METONaMU IOJHO-
aTOMHOI MoJIeKyJsipHOii auHamMuku [39—41]. Mmbl
MOKa3bIBa€M, YTO B IMHAMUYECKOM OTHOIIIEHUU 3TU
OJIUTOMEPHI SIBJISIIOTCS MOJHBIMUA aHaJloTaMU apoK
Ditnepa u ocuiuiATopoB JydduHra u umeroT 6apbe-
pbl OMCTaOUIBHOCTU, COMOCTaBUMbIE C 3HEprueit
TETUIOBBIX (DIIYKTyalluid OKpyxKalolleil cpeabl NpH
KOMHATHOI TeMIlepaTrype.

B pazn. 2 m3noxeHbl JaHHBIE 110 MOJIEKYISIPHOM
JUHAMUKE KOPOTKOIo (pa3MepoM B HECKOJbKO Ha-
HOMETPOB) CTep:KHEOOpa3HOIO OJIMTOMEepa TEepPMO-
YyBCTBUTEJILHOIO IIoJIMMepa /N-M30NpoIuIMeTa-
Kpwiamuaa 1uHo 30 MOHOMEPHBIX 3BEHbEB (OJIU-
ro-NIPMA-30) B Bome u IIOKa3aHO, 4YTO IIpU
MPOOOJILHOM CXAaTWUM, CTPEMSIIIEMCS COTHYTh OJIUTO-
Mep, OH BeeT cebsl TaK XKe, KakK apka Diijiepa: KaK TOJIb-
KO C1JIa, CT0arolasi OJIMTOMED, JOCTUTAET HEKOTOPO-
IO KpUTHYECKOTo 3HaYeHus1, y onuro-NIPMA-30 1o-
SIBJISIETCSI BTOpO€ AUHAMMYECKOE COCTOSIHUE, OH
CTAaHOBUTCSI OMCTAOUIIBHBIM, U BOJIN3U KPUTUIECKO-
ro CXKaTHsI CaMOITIPOM3BOJILHO BO3HMKAIOT CIIOHTAH-
Hble BUOpaumu co cpenHeit yactoror ~100 MIir.
JaHHBIe 110 OMCTa0MILHOCTU I CHOHTAaHHBIM BOpa-
M onuro-NIPMA-30 momnosiHeHBl JaHHBIMU IIO
CTOXaCTUYECKOMY PE30HAHCY 3TOM CTPpYKTYyphl. B 3TOM
Ke pazesie Mbl 00CyKaaeM BO3MOXHOCTb MICIIO/Ib30Ba~
HUSI CIIOHTaHHBIX BUOpAIINii X1 CTOXaCTUIECKOTO Pe30-
HaHca oauro-NIPMA-30 mist aeTeKTupoBaHUST €ay-
HUYHBIX OPTaHMYECKNX MOJIEKY/I B BOOHBIX pACTBOPAX.
MEI mokaseiBaeM, 9To oiuro-NIPMA-30 moxkxeT 00-
paTUMO BXOOUTH B PEXKMMBI CLIOHTAHHBIX BUOpaLIMii
M CTOXaCTUYECKOIO PE30HAHCA W BHIXOOUTH M3 3TUX
peXUMOB B OTBET Ha MPUCOCAUHEHUE K OJIMTOMEPY
eIUHUYHBIX OPraHUYECKUX MOJICKYI.

B pasn. 3 MBI mpuBOIMM NIpUMEPHI IBYX OMCTa-
OWJILHBIX TIPY>KUH, TOXE pa3MEPOM B HECKOJIBKO Ha-
HOMETPOB, 00pa30BaHHBIX KOPOTKUMU MUPUIANHPY-
paHoBeiMu (PF) onmuromepamu (onuro-PF) cnupa-
Jeobpa3Hoil ¢opmbl. MBI TMOKa3bIBacM, 4TO IIpU
pactsokeHUn ojimro- PF-HaHOIIpYXWHBI CTaHOBSITCS
OMCTaOMJILHBIMU U UX AUHAMMKa OKa3bIBA€TCS aHa-
JIOTUYHOU AuHaMuKe ocuumiaTopoB HydduHra.
Taxk ke, Kak 1 y onuro-NIPMA-30-HaHoapku Diiie-
pa, CHoHTaHHBIE BUOpau onuro-PF-Hanonpyxna
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Puc. 1. /IBa KOHOOPMALIMOHHBIX COCTOSIHUS TEPMOYYBCTBUTEIbHOTO 0iuro-NIPMA-30 B aTOMUCTUYECKOM IPEACTaBICHUMN:
au 6 — “oTkpbIToe” (BBITSIHYTOE) U “3aKphITOE” (COTHYTOE) COCTOSTHUS oJimroMepa mpu temriepatypax 290 u 320 K, coorset-
CTBEHHO; 6 — pacnpeneneHust p(R,) pacCTOSHUIA R, MeXITy KOHIIaMM OJIUTOMepa TIPH 3THX TeMIepaTypax.

HydduHra akTMBUpOBaHEI TEIUIOBBIMM (DIIYKTyally-
SIMM M UMEIOT CpemHIoio yacTtoty ~100 MIt. Pexxum
CTOXacTUYECKOTo pe3oHaHca onuro-PF-HaHompy-
KWH IOTIONTHSIET KapTUHY OUCTaOMIbHON TMHAMUKU
5THX OJIUTOMEPOB.

2. MATEPUAJIBI 1 METObI
Oauzomepovr N-uzonponuimemaxpuiamuoa

IMomm-(N-u3ornponujiMeTaKpuilaMua) — XOPOIIo
M3BECTHBIIA TePMOUYYBCTBUTEIBHBIN ITOJIMMED C HIK-
HEl KPUTHUYECKOW TeMIlepaTypoii pacTBOPUMOCTU
(LCST) B Bone, paBHoii 310 K [42—44]. Huxe LCST
OH HaxXOOUTCsI B KIIyOKOBOI1 (pa3e, a BhIIlle — B ITI00Y-
JsspHOM. TepMOYYBCTBUTEIBLHOCTh MOIMMEpa 0O0y-
CJIOBJIEHA T€M, YTO €T0 OCHOBHASI LIETTh Y N30T POITUITb-
HBIe OOKOBBIE TPYIIIIEI TUAPO(hOOHEI, a aMUIHBIE OOKO-
BbIC TPyINbl THAPOMUIBLHBL. PasHOHaIpaBIeHHOCTh
B3aUMOIEUCTBUI 3TUX TPYIII C BOAOW MPUBOIUT K TO-
My, uro Hike LCST mpenmyiiecTBo MMEIOT THOPO-
(GUIILHBIE TPYIIILI U KITyOKOBOE COCTOSIHME OKa3bIBa-
eTCsl DHEepreTMYecku OoJiee BBITOAHBIM, a BbIIIE
LCST mpeumymiecTBo MMEIOT yXe TUIpodoOHbIe
TPYIIbI U BHITOAHBIM OKa3bIBAETCS IJIOOYISIPHOE CO-
CTOSTHUE.

Hamuuue LCST-nepexoma Mexay KIyOKOBBIM U
[IOOYASIPHBIM COCTOSIHUSIMM ToauMmepa NIPMA
MO3BOJIWJIO MPEAINOJOXUTb, UYTO €CJIU KOPOTKHUE
cTepxxHeoOpa3Hble onuromepsl NIPMA nnuHoit B
HECKOJIbKO KYHOBCKUX IJIMH BCe ellle OyIayT coxpa-
HSATh TEPMOYYBCTBUTEIbHOCTb, T.€. HUXE W BBIIIE
HEKOTOPOU TeMIiepaTyphbl OYyAyT UMETh ABAa XOPOIIO
pa3JIMYMMBbIX KOH(OPMAIIMOHHBIX COCTOSIHUSI, TO
OHM, BO3MOXHO, OyayT OMCTAOMJIBLHBI U TP CHJIO-

BOM PacCTSDKEHUM WK CKaTUM, KaK 3TO IIPOUCXOIUT
¢ apxoii Ditnepa. C 3Toii 11e1bI0 MBI ITPOBEJIN IIpEIBa-
pUTEeNbHBIE UCCIefOBaHUSI KOH(MPOPMAIIMOHHOMN T1-
HaMMKW Pa3JIMYHBIX 110 IJIMHE U CTEPEOPEryIsIpHO-
ctu oymromepoB NIPMA 1ipu reMIiepatypax HIKE 1
Boilte LCST 1 ycTaHOBUJIM, YTO CTEpKHEOOpa3HbIN
onuromep NIPMA mimunoit B 30 3BeHbEB B CUHINO-
TakTH4ecKoii KoHpurypauum (omuro-NIPMA-30)
MMeeT UCXOIHO TpebyeMble cBoicTBa. B 11ei0M, OH
BBIDVISIIUT KaK apka Diiiepa U MMEeT ABa XOPOIIO
PasITMINMBIX KOH(GOPMAIIMOHHBIX COCTOSTHUS — “OT-
kpbiToe” (ripu 290 K) u “3akpbeiroe” (mipu 320 K).
PacripeneneHust pacCTOSHUIT MEXIy KOHLIAMU OJIM-
roMepa B OTKPBITOM U 3aKPBITOM COCTOSIHUSIX IIPU
temneparypax 290 u 320 K, cooTBeTCTBEHHO, MOKa-
3aHbI Ha puc. 1.

Jnsg nceaenoBanus nmHaMuky omuro-NIPMA-30
IpY OEMCTBUM Ha HETO CUJIOBBIX HArpy30K, MOXKHO
WUCIOJIL30BaTh Ba BapyUaHTa MOCTAHOBKU 3KCIEPU-
MEHTA: B3STh OJIUTOMEP B OTKPBITOM COCTOSIHUM U
CXXKMMAaTh €ro KOHIIBI, ITBbITasiCh COTHYTh, JIM0O, Ha-
000pOT, B3SITh OJIUTOMEDP B 3aKPLITOM COCTOSTHUU U
pacTIrMBaTh €ro, MBITAasiCh PAa30THYTh. bucrabuiib-
HocTb oiuro-NIPMA-30 Bo3HUKaeT B 000uX cllydya-
SIX U IPUMEPHO MPU OAMHAKOBBLIX KPUTUYECKUX Ha-
Irpy3Kax, II03TOMY B 3TOi CTaThe Mbl IPUBOIUM JaH-
HbIe TOJbKO JIs1 cliydasi, korna ojiuro-NIPMA-30
W3HAYaIbHO Opajicd B OTKPBITOM COCTOSSHUM MpU
temreparype 290 K 1 3aTem mmoaBepraics cxXaTHio.

ITupuoun-gypanoevie oauzomepot

INupnnrHGypaHOBBI COMOIMMED TOXE STBISETCS
XOPOIIIO U3BECTHBIM ITPOBOMSAIINM TTOJTUMEPOM, CO-

XUMUYECKAA ®U3NUKA Ttom42 Ne6 2023
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CTOSIIUM M3 5- M 6-WICHHBIX T'eTePOLMKINIYECKHNX
kojel (puc. 2a) [45]. [TupuanHdypaHOBbIE OJIUTO-
Mepbl, Aaxe OOCTaTOYHO KOPOTKUE, HPUHUMAIOT
cnupaneoOpa3Hyo (GopMy, KOTopash CTaOMJIM3UpPO-
BaHa T-B3aMMOACUCTBUSIMU apOMaTUUYECKMX TPYIIII
COCEIHUX BUTKOB CIIUPAJIN (CTEKMHTOBLIMU ITapaMM)
[46]. IIpennosnarasi, YTO CTEKMHIOBOE B3aUMOIE-
CTBME, OynyYUd HEJIMHEMHBIM, MOXET IPUBECTU K HE-
JmHeitHou yrpyroct PF-mipy>xuHEBI TIpu ee pacTsi-
XKEHUM, U OTTAJIKMBASICh OT KBAHTOBOMEXaHUIECKIX
pacyeToB MEXBUTKOBOro paccrosHus mist PF-crim-
pajieil B OKpyxKarolleil Boae IIPpU pa3InIHbIX KOH(PU-
rypanmsx reTepoaToMOB MUPUANHGYPAHOBBIX TPYIIIT
[46], MBI OCTAHOBUWJIMCH HA luc-KOHMUTYpALIUU OJIU-
ro-PF ¢ paBHOBECHBIM MEKBUTKOBBLIM PACCTOSTHUEM,
paBHbIM 0.35 HM (puc. 26). Kak u B ciiy4ae ¢ 0JIuro-
mepamu NIPMA, npeaBapuTeabHBIN CKPUHUHT Ta-
kux PF-onuroMepoB mo3BoaMI HAM ITOg00paTh MO -
XOOSIINEe pa3Mephl IIPYKWUH 1M MacIITaObl UX pacTsi-
XKeHuit. B pesynbraTe Mbl OCTAaHOBWJIMCH Ha JBYX
cnimpasieo0pa3HbIx onuromepax: onuro-PF-5 u onu-
ro-PF-7 pasmepoM B HECKOJIPKO HAHOMETPOB, UMEB-
IUX UIAHY 5 1 7 TUpUINH-PYypaHOBBIX MOHOMED-
HBIX OJIOKOB M OOWH CEPEeIUHHBII BUTOK, CITIOCOOHBIM
00pa3oBaTh ¢ KOHILIAMHM OJIMTOMEPHOM HAaHOMIPYXKM-
HbI CTEKWHTOBYIO I1apy.

Memoobt évtvucaenuii

Bce BbluMceHUS ObLIM BBIMIOJIHEHBI B TIOJHO-
aTOMHOM IIPENCTaBJIIEHUN OJIUTOMEPOB U OKpPYKato-
111e¥i BOMIbI C MCITOJIb30BAHUEM U30TEPMUYECKOTO Ka-
HoHmnuyeckoro NVT-ancam0J1s ¢ coxpaHeHUEM Jucia
YacTUIl U 00beMa CUCTEMbl 1 TEPMOCTAaTUPOBAHUEM
0 CTaHAApTHOMY anroputrmy [47]. Beraucienue nu-
HaMUYECKUX TPAEKTOPUI CUCTEMBI TIPOBOIAUJIOCH C
HUCMOJIb30BaHUEM TlakeTa MojaeaupoBaHMs (Gromacs
2019 [48] n mapameTpoB cuiioBoro 1osist OPLS-AA [49]
Kak UISl OJIMTOMEPOB, TaK U [iyis1 Moxaesiv Boasl SPC/E.
IlapamMeTpnl JeHHaPI-AKOHCOHOBCKMX MeEXKaTOM-
HBIX TTOTeHIIMaI0B OB B3ITH 13 OPLS-AA, a mnga
MEXMOJIEKYJISIPHBIX TTOTEHIIUAJIOB MCMOJIb30BaIUCh
1—4-B3anMoAeiCTBUSI C COOTBETCTBYIOIIMMU MPaBU-
JIJaM1 KOMOVHMPOBAHMS U IIOIIPAaBOYHBIM K03 dhu-
nueHToM 0.5. JlanmpHOOEHCTBYIONINE SISKTPOCTATH -
YyecKre B3auMOJICCTBYS ObLJIM BBEAECHBI C CITOJb30-
BaHUEM METO/Ia CIJIa’K€HHBIX YaCTHUIL.

MonexynsapHass nuHamMuka oauro-NIPMA-30 u
OKpyXalolieif BOIbI MomeaupoBajach B oObeMme
7 x 77 HM? ¢ m1arom no BpeMeHu B 1 dc. Monenu-
poBaHUe MIPOBOAWJIOCH ITpU TemmepaTtype 290 K, T.e.
3HAYUTEIHLHO HIKE HIDKHEH KPUTHIECKOM TeMItepa-
TYPBI PACTBOPUMOCTH TTOJIH - /N-M30TIPOITMIIMETaKPH -
nmamuga, paBHoii 310 K [42—44, 50]. ITockoabKy pu
temneparype 290 K onuro-NIPMA-30 Haxonuics B
OTKPBITOM (BBITIPSIMIIEHHOM) COCTOSTHMM, K KOHIIAM
oJvMroMepa MNPUKIAALIBAIMCH CHJIbI, CXUMAaOIINe
€0 KOHIIBI, 1 UICKAJIUCh TaKUE €€ 3HAYCHUSI, TIPU KO-
TOPBIX OJIMTOMEP CTAaHOBMJICS OWCTAOMIBHBIM W

XUMUYECKAS ®PUIUKA Ne 6
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D=~1.3HuM

Puc. 2. [MupunnudypanoBas onuro-PF-5-nipyxuHa: a —
CTPYKTypa NUPUANH-(GYPaHOBOTO MOHOMEPHOTO GJIOKA B
LMC-KOH(pUTYypalmu; BUI Ha HaHOMpPYxXuHY osuro-PF-5
cOOKYy (0) 11 cBepxy () B aTOMUCTUYECKOM IIPEICTABICHUM.

CKayKoOoOpa3HO IIepeXOaMI B 3aKPHITOE (COTHYTOE)
cocrostHue. ToHKast HacTpoiiKa CKUMAaIOIIEH CHITBI
(c TouHocth ~1 mH) B obGjacTu OMCTAOMIBHOCTU
MO3BOJIWIA TIOJYYUTh CUMMETPUYHbBIE CITOHTaHHBIE
BUOpanMu, IIPU KOTOPBIX CpedHME BpeMeHa >KM3HU
OoJUroMepa B OTKPBITOM M 3aKPBITOM COCTOSIHMSIX
OBLIU TIPMMEPHO ONMHAKOBBIMU. B Kaxk710M U3 NHTE-
pecyIoNInX Hac CIIy4aeB, BHIUMCIISIMCH TPU TUHAMU--
yeckue Tpaekrtopum mamHoi 300—350 Hc, a craTm-
CTHKa IePEeX0I0oB oIpeaeisijiach IO CyMMapHO Tpa-
eKkTopuu, 3deKTUBHAS IJIMHA KOTOPOI COCTaBIsIIa
~1 MKC U1 nMesa okoso ~103 nepexonoB Mexiy co-
CTOSTHUSIMU ojuromepa. YacToTHBIE XapaKTepUCTU-
KU CIIOHTaHHBIX BUOpaLii M CTOXaCTUYECKOIO Pe30-
HaHca onpeaeIsIiCh 1o 3P GEKTUBHOM TPACKTOPUH
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MeTonoM ¢ypbe-TIpeobpa3soBaHUsI COOTBETCTBYIO-
WX KOPPEISILIMOHHBIX (DYHKIIUIA.

MouekyasipHasgd JIWHaAMHWKa CIHUpageo0pa3HbIX
MUPUANHGYPAHOBBIX OJIMTOMEPOB U OKpYXKaloIIe
BoObl MoaelupoBanach npu Temneparype 280 K B
06beMe 7 X 7 X 7 Hm? ¢ marom B 2 . g repMmocTa-
TUPOBaHUS UCIIOJb30BAJICS TEPMOCTAT MaCIITAOUPO-
BaHU ckopocTeit [51]. Tak ke Kak 1 B crydae ¢ OJIn-
ro-NIPMA-30, ntmHaMHU4ecKUe TPAeKTOPUU JIIMHOMN
300—350 HC BBIYUCISUIMCH TPU TPACKTOPUH, KOTOPBIE

3
cyMMmapHO mMeau 10° IepexomoB IPpU CIIOHTaAaHHBIX
BUOpanusax oauro- PF-HaHommpyXxuH.

B skcnepumenTax ¢ onuro-PF-5 onuH KoHel Ha-
HOIIPYXUHBI (PUKCUPOBAJICS, a IPYTOil pacTITUBAJICS
cusoit F. CocrosiHue IIPY>KMHEI KOHTPOJINPOBAJIOCh

0 PacCTOSHUIO R, MeXIy KOHLIAMU MPY>XUHBI. bu-
crabunbHOCTH onuro-PF-5 onpenensiiace B oTHOIIIE-
HUMU IBYX COCTOSIHUI, B KOTOPBIX PACCTOSIHAE MEXITY
KOHIIAMU MPYXKUHBI (DIYKTYyUPOBAJIO BOKPYT IOCTAa-
TOYHO XOpPOIIIO Pa3HECEHHBIX CPEeAHUX 3HaAYCeHMI
R, =1.10 u 1.45 am. Huxe 3T COCTOSTHUS MBI Ha3bI-
BaeM “cKaThIM” M “HaIIpSKEHHO-PACTSIHYTBIM CO-
OTBETCTBEHHO.

bucradbnnpHoCcTh onnro-PF-7-mipy:kuHbB 1OCTH-
rajjachb MHBIM cItoco6oM. B aTom ciyuae ynpaBisiio-
IIUM TTapaMeTpoM ObLIIO paccTosiHue D MeXay KOH-
HaMU IIPYXKWHBI, KOTOPOE YCTaHABJIMBAJIOCh IIyTEM
nx (UKCAauyd B COOTBETCTBYIOIINX MHO3ULMsIX. B
3TUX IKCIIEpUMEHTax 00a 3apUKCUPOBAHHBIX KOHIIA
onuro-PF-7 Mornu nputsAruBaTh cepeaUHHBINA BUTOK
Oiarogapsl CTEKMHTOBOMY B3aMMOACUCTBUIO W OU-
CTaOwiIbHASI OMHAMUKA HAHOIIPYXXWHBI BBITJISIACIA
KaK CKa4KoOOpa3Hble IEPEeMEIIeHUS CePEeIMHHOIO
BUTKA K JIEBOMY WJIM IIPaBOMY KOHILY NpyXKUHbI. Co-
OTBETCTBEHHO, AuHamMuKa onuro-PF-7 xapakrepu-
30BaJlaCch U3MEHEHHEM BO BpPEMEHU pPaCCTOSHUS F
MEXIY BUTKOM TIPYXKWHBI M1 OMTHUM M3 €€ KOHLIOB (17151
OIpeneeHHOCTH, JIEBbIM), 2 OMCTaOMIIBHOCTBD OIpe/ie-
JISTMCh B OTHOLLIEHUM JBYX, XOPOILIO pa3HEeCEHHbBIX ITPU
D =1.0-1.3 HM TOJOXEHWI BUTKA Yy JEBOTO
(r = 0.4-0.5 sm) u mpaBoro (r = 0.6—0.9) KoHIIOB
MPYXKMHEI COOTBETCTBEHHO.

CTaTucTUKa TIEPEXONOB MEXIY COCTOSHUAMU
OJINTOMEPHBIX HAHOAPOK M HAHOIPYKWUH OINpeness-
JIaCh HEIMOCPEICTBEHHO U3 MOJIEKYISIPHO-IMHAMUYE-
CKUX TpaeKTopHii R, (1) u p(t). YacToTHbBIE XapaKTepH-
CTUKM CITOHTaHHBIX BUOPALIMIA M CTOXaCTUYECKOIO pe-
30HaHCAa HAHOAPOK WM HAHONPYXWH OIPENEIUINCH
METONOM (Pyphe-TIpeoOpa3oBaHnsl KOPPEIALIMOHHBIX
(PYHKLMIA COOTBETCTBYIOLLIMX MOJIEKYJISIPHO-IAHAMM-
YeCKMX TPaeKTOPUIA.

3. OJINTOMEPBI
N-U3OITPOIMNIMETAKPUIAMUIA
KAK APKH BDUJIEPA

Ilpennomnarasi, 4To MPOMOJLHOE CXaTHUE OJIMIO-
NIPMA-30 MoxeT IpuBecTU K KOH(pOPMaLMOHHO-
My TI€peXOay U3 OTKPBITOTO COCTOSIHUS B 3aKPHITOE,
T.. K U3rudy ojMroMepa, Kak TOJIbKO CXMMaloIas
cuJjia IIPEBHICUT HEKOTOPOEe KPUTUUECKOE 3HAYCHUE

F,, mb1 B3s1mn onuro-NIPMA-30, ypaBHOBeIIEHHBINI
C OOHUM 3a(PUKCUPOBAHHBIM KOHIIOM B OTKPBITOM
coctossHuM 1mipu 290 K, ¥ NMpUIoXuin K ApyromMy
KOHILY CUJTY, I€MCTBYIOIIYIO B HallpaBJIeHUN 3a(hUK-
CUpPOBaHHOTO KoHIIA. [ToslydyeHHbIe B 3TUX IKCIIEPU-
MEHTax JaHHble MPUBEIECHBI Ha puUC. 3.

Ha puc. 3a cxeMatnaecku IToKa3aHo, KaK IIPHIIO-
XeHa cwia, cxkumaromas oiauro-NIPMA-30. Ha
puc. 36 mpuBeneH ¢a30BbIi TOPTPET TMHAMUYIECKUX
cocrossHuii onmuro-NIPMA-30 ¢ 6udypxkanueii, ne-
MOHCTPUPYIOLINI TOT (pakT, YTO MPU CUJIE CKATUS

F, = 320 nH nnnamuka onuro-NIPMA-30 meHsteTca
KpUTHYECKUM 00pa3oM. Huxe kpuTuueckoro cxa-

Tus, T.e. F < F,, OTKpBITOE (BBIMPSIMIIEHHOE) COCTO-
sIHUE oJIMroMepa sSIBJIsSIeTCSl eIMHCTBEHHBIM U YCTOM-
YUBBIM, OIHAKO, KaK TOJIbKO CHJIA C3KAaTUsl TOCTUTAET

KPUTUYECKOIO 3HAauyeHUsl F,, BO3HUMKAET NOMOJIHU-
TeJIbHasl BETBb 3aKPBITHIX (M30THYTHIX) COCTOSIHUIA
onmuro-NIPMA-30. BO6au3m KpUTUYECKOI TOUYKU
CTpaBa, T.€. B 00JIaCTH CBEPXKPUTUUECKOTO CXKATHUSI,
IUHaMuKa oucrtabunbHa. B 3101 00MacTu Habmona-
I0TCSI CHOHTaHHbIe BuOpamuu oguro-NIPMA-30
MEX]Y OTKPBITBIM U 3aKPBITBIM COCTOSIHUSIMU. 3aMe-
TUM, YTO TEIUIOBbIE (DIIYKTyallMy OKpyXkalollei cpe-
Il SIBJISIIOTCSI TYT €IMHCTBEHHBIM MUCTOUHUKOM CITy-
YalfHBIX BO3MYIICHUII OMCTAOMIBHOI IMHAMUKU
onuro-NIPMA-30.

®azoBhIif MOPTPET AUHAMHYECKUX COCTOSTHUIA
onuro-NIPMA-30, moka3aHHbIifi Ha puc. 36, mo-

CTPOEH MO pacrnpeneyseHusaM p(R,), ONUCBIBAIOLINM
CTaTUCTHUKY MOCELLEHUI OTKPBITOrO M 3aKPBITOTO CO-
CTOSIHUI OJMroMepa IpU Pa3JIUMYHBIX 3HAYEHMSIX
cxumaroleit cuibl F. JocTaTOYHO Ja7€KO OT TOYKU

oudypkammu F, nnHamuka onuro-NIPMA-30 xa-
paKTepU3yeTCsI MOHOMOIAJILHLIMU pacIipeacaeHUsI -

MU p(R,), OTBEYAIOILMMU OTKPBITOMY COCTOSHUIO
IIpU JOKPUTUYECKOM CXKATHUM U 3aKPBITOMY COCTOSI-
HUIO IIPU CBEPXKPUTUUYECKOM cxatun. O0macTb O1-
CTaOMJIbHOCTHU BO3HHMKAaET BOJIU3U KPUTUYECKOI TOU-
KU IIpU CBEPXKPUTUIECKOM CxXaTuu. B 310l ob1actu

pacnpeneneHue p(R,) umeer GUMoIaIbHyIO (GhopMy,
T.e. ouro-NIPMA-30 cmoHTaHHO BUOpUpPYET MEX-
JIy OTKPBITHIM 1 3aKPBITHIM COCTOSTHUSIMU C BpEMEH-
HEIMUA WHTEpBajlaMU MeXIy CKauKOOOpa3HBIMU IIe-
pexonamu ~1-10 Hc, uTo Ha 3—4 TTopsiAKa OOJIbIIIe Xa-
paKTepHOIo BpeMeHU (QIYKTyalluii TUHAMUYECKOMN
TpaeKTOPUMU.
XUMUNYECKAA ®U3UKA Ne 6
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Puc. 3. Iunamuka omuro-NIPMA-30 nipu TpogoibHOM CKaTUM: @ — CXeMaTUYeCcKoe TpeCcTaBIeHNe 9KCITIepuMeHTa; 6 — da-
30Basi AMarpaMMa JMHaMUUYECKUX COCTOSIHUM (R, ) omuro-NIPMA-30 npu pasnuuHbIX 3HAUEHUSIX CKUMaroLleit cuisl F; 06-

JIaCTb CITIOHTaHHBIX BI/I6p8.HI/Iﬁ 3alITpMXoBaHa.

IIpu mpoxoxneHnM o0JIacTh OMCTAOMIBLHOCTA —
W3 00JIaCTH TOKPUTUIECKOTO B 00JIACTH CBEPXKPUTH -
4ecKOTo cXaTusl pacrnpeneneHue p(R,) mocienopa-
TEeJIbHO TpaHCHOpMUPYETCSI OT MOHOMOIAJIbHOTO,
OTBEUYAIOIIETO OTKPHITOMY COCTOSTHHUIO OJIMTOMeEpa, K
MOHOMOAAJIbHOMY, OTBEYalolIeMy 3aKpbITOMY €To
COCTOSTHHIO, TIPOXOIIsSI TIPU 3TOM OTHOCHTEIIPHO Y3-
Kyl 00JIaCTb CUMMETPUYHBIX CIIOHTAHHBIX BUOpa-
LU, IPY KOTOPBIX BpeMeHa XXM3HU OJIMTOMEpPa B OT-
KPBITOM 1 3aKPBITOM COCTOSTHUSIX TIPUMEPHO OMMHA-
KoBbl. Jlasg onuro-NIPMA-30 B okpyxXarouiei
HaHOMIPYXXKWHY BOIE CUMMETPUYHBIC CITOHTAaHHBIS
BUOpanuy HaOJIOJAINCh TIPUA CXKUMAIOIIEH cuie

F,,,, = 375 1H u cpenHee Bpemsi XU3HU OIMroMepa B

KaXXTOM COCTOAHHMU IIPHU TaKUX BI/I6pa]_[I/I$IX cocCTaB-

XUMUYECKAS ®U3UKA Ttom42 Ne6 2023

Jis10 T ~ 5 He. PaccMmaTpuBasi 3To BpeMs KakK Xapak-
TepHOE BpeMs aKTUBAlIMOHHOTO Iepexoja uepes 0a-
pbep OucrabunbHocTM AE Tipu Temneparype 7 u
npenamnosarasi, YTo XapakTepHOE BpeMsI MEXMOJEKY-
JIIPHBIX CTOJIKHOBEHUIA B HAIIIMX CUCTEMaX JIEXKUT (10

MOPSIIKY BEJIMUUHBI) B UHTEpBaJIe ~107"-107" C, MBI
olLieHWJIM Oapbep OrcTadbmbHOCTH ouro-NIPMA-30 B
okpyxawouiei Boae Kak AE ~ 10k,T.

Hanee, BBenst onmuro-NIPMA-30 B pexum cum-
METPUYHBIX CIIOHTAHHBIX BUOpALIWii, Mbl CTUMYJIV-
pOBaJIU CTOXaCTUYECKUI pe30HAHC, JOMOJHUTEIHHO
MPUKJIAAbIBasi K OJIUTOMEPY OCLUJITAPYIOILYIO CUITY,
HaITpaBJICHHYIO BIOJIb CXKUMaroleit cuibl F. Ocuu-
JIUpyIolIasi Cuja co3daBajach MEPeMEHHBIM 3JIeK-
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Puc. 4. Bu6pauuu omuro-NIPMA-30 B pexXuMe CTOXaCTHIECKOTO Pe30HAHCa: @ — THITMYHAs TPaeKTOpus R,(#) pe30HaHCHBIX
BUOpAlIMii; 6 — YaCTOTHBIM CIIEKTP BUOpaLMii OJIMroMepa B peXXrMe CTOXaCTUYECKOro pe3oHaHca.

TPUYECKUM I10JIEM YACTOTHI V U aMIUINTYIbL F,), neii-
CTBYIOIIUM Ha €IMHUYHBINA 3apsil, MOMEIICHHEIN Ha
BUOpUPYIOIIUI KOHEIl OJIMTOMEpPa BMECTE C KOMIIEH-
CUPYIOIINM 3apsiioM Ha 3a(pMKCUPOBAaHHOM KOHIIE
onuromepa. Haubonblinii pe3oHaHCHBIA 3¢ deKT
(puc. 46) HaGmMIOmaICSI HAMU IIPU 9YaCTOTE IIepeMeH-
HOTro 3jieKTpudeckoro nojs v ~ 100 MI'u u ammu-

tyne £, = 0.2 B/uM.

Crenyer oTMETUTb TOT NpUMeYaTelbHbINA (DakT,
yTo Ipu 4yactore v ~ 100 MI1 nepuon kosjedbaHui
MoJisl, TEHEPUPYIOIIEr0 PE30HAHCHBIM OTKJIUK OJU-
ro-NIPMA-30 B pexxuMe CUMMETPUYHBIX CITOHTaH-
HBIX BMOpallMii, coBMamaeT ¢ IBOWHBIM CPEIHUM
BpEMEHEM KU3HMU (~2T) oJMroMepa B KaxXIOM U3

COCTOSIHU, YTO TIOJHOCTBIO COOTBETCTBYET YCJO-
BHIO CTOXaCTUUYECKOTO pe3oHaHca [28, 29, 32].

4. OJIMTOMEPBI NIPMA-30 KAK JETEKTOPbI
EAVMHUWYHbBIX OPTAHNYECKUX MOJIEKYJI

JT1a ceprus KOMIBIOTEPHBIX 9KCIIEPUMEHTOB ObIIa
MOCTaBjieHa C LIeJIbIO BBISICHEHMSI BOIIPOCA O TOM,
YYBCTBUTEJIbHBI WJIM HET CIIOHTAHHBIE BUOpaLWU U
croxacThudecknii pe3oHanc oymro-NIPMA-30 x
MIPUCOCANHEHNIO K HEMY OPTaHMYECKMX MOJIEKYJI.
ITocTaHoOBKa Takoro BoIlpoca Oblla MOTUBUPOBAaHA,
BO-TIEPBBIX, TEM, UTO BOJIM3M TOYKM OMPypKaimu
OMCTaOMILHBIC CUCTEMbI BOOOIIE YyBCTBUTEIIbHBI K
cJIabbIM Bo3aeiicTBUsSIM [52, 53], HO HOMHUMO 3TOrO,
pasmepsl omuro-NIPMA-30 1 MHormx opraHude-
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CKMX MOJIEKYJT BIIOJTHE COU3BMEPUMBI, U JJISI PEXKUMOB
CIIOHTAHHBIX BUOPAIIMiA 1 CTOXaCTUYECKOrO pe30HaHCa
onmuro-NIPMA-30, kak moka3aHO BbIllle, TpeOyeTcs
TOHKas1 HACTPOIKa yNpaBIsIoIIMX TapaMeTpOB.

B a1tux skcriepymMeHTax Mbl BBOOWIM ojuro-NIP-
MA-30 B pexXrM CUMMETPUYHBIX CITOHTaHHBIX BUOpa-
U 1 M3ydalid, KaK MEHSETCs OUHAMUKA OJIMToMepa
MpY HArpy>kKeHUM ero eNMHUYHOM OpraHUYECKOM MoJIe-
KyJbl. JaHHble mis ciydasi, Korga oymro-NIPMA-30
Harpyxaicst Mojiekyioii kpacureiss ATTO390 mpuse-
JIEHBI Ha puc. 5.

DKCIIEpUMEHTHI ITOATBEPAMINA HAIIW OXUIAHMWSI.
JlaHHBIC, TIpUBEICHHBIC Ha PUC. 5, TTOKa3BIBAIOT, YTO
eciu oiuro-NIPMA-30 HaxoauTcsl B peXKMMe CITIOH-
TaHHBIX BUOpalMii, TO HAaIpy>XeHUE €ro eAMHUIHOMN
OpTaHNYECKON MOJIEKYJIOM BBIBOIMT OJIMTOMEpP W3
3TOr0 peXxyMa, a JJisi BO3BpalleHUsI B 3TOT PEXUM
yXKe Harpy>XeHHOI'O OJIMTOMEpa HYyKHa OIIpeacIeH-
Hasl MOACTpOoIiKa ImapaMeTpoB, YIIPaBASIOMINX o0Ja-
CTbIO OMCTAaOMIBHOCTU. B yacTHOCTU, KaK BUIHO U3
puc. 56, IPUCOEIVMHEHHE EIMHUYIHON MOJIEKYJIbI
kpacurenrst ATTO390 coBuraet o0iracTe OMCTAOUITh-

Hoctu oiuro-NIPMA-30na =15nH:cF,,, = 375nH

sym
1o F,,, = 390 nmH. BeimunHa caura obiactu 6ucra-
OMIBHOCTH, KaK MTOKAa3aJI SKCIIEPUMEHTHI, 3aBUCUT
OT CPOJICTBA OPraHMYECKUX MOJIEKYI K ojuro-NIP-
MA-30 1 ux Macchl.

ITockombKy crioHTaHHBIe BUOpanuu onuro-NIP-
MA-30 okazajiiCh YYBCTBUTEIbHBI K Harpy>KeHUIO
oJIUroMepa €IMHUYHBIMUA OPraHMYECKUMU MOJIEKY-
JIJaMH, €CTECTBEHHO OBLIIO IOCMOTPETh Ha AETEKTUPY -
I011[1i€ CBOMCTBA OJIMTOMEpA B YCIOBUSIX CTOXacTUYe-
CKoOro pe3oHaHca. B atnx akcnepumMeHTax onuro-NIP-
MA-30 cHavasa BBOOWJIM B PEKMM CTOXaCTUUYECKOTO
pe30oHaHca TepeMEeHHbBIM 3JIEKTPUIECKUM T0JIEM C Ya-
croroii ~100 MIi1 n ammutymoii ~0.2 B/HM, a 3ateM
KCCJIEOBAIN MOJIEKYJISIPHYIO IMHAMUKY OJIMTOMEpPA,
Harpy>kKeHHOTO MOJIEKYJISIPHBIM Ipy30M. Pe3ynbTaThl
SKCIIEPUMEHTOB ITOKAa3aHbI Ha pUC. 6.

Xopomo BUAHEHI 1Ba 3 dekra. B Tom ciygae, Ko-
rna ouro-NIPMA-30 He HarpyXeH U HaXxOAMUTCS B
peXuMe CITOHTaHHbIX BUOpALIWii, TIpUCOSANHEHUE K
HEeMy €IVMHUYHON OpraHu4eCcKoil MOJIeKyIbl (B JaH-
HOM cjyyae — TpuliTodaHa) BHIBOAUT €ro U3 3TOTO
pexuma (cp. Kpubie I Ha puc. 6a u 66). B mokazaH-
HOM Ha puc. 6 ciaydae onuro-NIPMA-30 nepecraer
BuOpuposath. Eciu ke onuro-NIPMA-30 ucxonHo
HaxoOIUTCSl B PeXMMeE CTOXaCTUYECKOIro pe3OoHaHca,
Harpy>eHue ero opraHM4eCckKoi MoJieKyJIOi BbIBOJUT
OJIUTOMEP U3 ITOTO pexkrMa, HO BUOpaluu, yxKe He-
peryJsipHble, MOTYT COXpaHsITbcs (KpuBble 2 Ha
puc. 6a u 66).

MBI COUNIM MHTEPECHBIM MOCMOTPETh, MOXKHO JIN
IUIST IEeTeKTUPOBAHUST HUCITOB30BaTh M3MEHEHUE aM-
TUTMTYIBl CUTHAJIA CTOXacCTUYECKOro pe3oHaHca. [lo-
CKOJIbKY, KaK ObLIO MOKa3aHO BhIllIE, HArpy>KEHUE OJIN-
ro-NIPMA-30 oprannuecKuMu MOJIEKyJIaMy CIBUTAET
00J1acTh OMCTAOMIBHOCTH B CTOPOHY OOIBIINX CXKMU-
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MAaOIIMX CHJI, MBIl HEMHOI'O YBEIUYMIN 3Ty CUIIY 10
3HaueHuil F = 390 nH, nmepeniu B peskuM CTOXacTH-
YeCKOro pe30HaHca M Harpy3wjd OJIUTOMEp yXe B
9TUX yCJIOBUSX. MU3MeHeHne aMIUIUTYIbl pe30HaHC-
HOTO cuTHaja IIpu HarpyxkeHuu omuro-NIPMA-30
MOJIEKYJIOU TpumntodaHa mokasaHo Ha puc. 7. Bun-
HO, YTO IPUCOEINHEHNE OPraHNIECKON MOJIEKYJIbI K
omuro-NIPMA-30 3aMeTHO yMEHBIIIaeT aMIIMTYIY
PE30HAHCHOTO CUTHAJIA.

CyMMupysT pe3yibTaThl KOMIIBIOTEPHBIX 2KCIIe-
PUMEHTOB 3TOrO IToapasaesia, MOXHO 3aKJIIOYUTh,
YTO HarpyKeHue OMCTaOMIBHBIX OJIMTOMEPOB eAMHIY-
HBIMM OpPTaHUYECKMMM MOJICKYJIAMU MOKET CIIBUTATh 1
TOUYKY OMdypKaum, 1 odsacTb OMCTAOMIBHON OUHA-
MUKHU ojMromMepa. BemunHa Takoro cisura 3aBUCHUT, B
YaCTHOCTH, OT CPOICTBA IETEKTUPYEMOM MOJIEKYJIbI K
omuro-NIPMA-30 1 Macchl IeTEeKTUPYEMOM MOJIEKY-
Jibl. Harpyxenue onuro-NIPMA-30 MoxeT yxyaiiaTb
CHUTHaJI CTOXaCTUYEeCKOIO Pe30HAHCa, WJIY IIEPEBOINTh
PEXMM CTOXaCTUUECKOro pe30HaHca B PeXKMM CIIOH-
TaHHBIX BUOpalvii, WX BOOOIIE BHIBOIUTH OJIUIO-
MEp U3 peXuMa CIIOHTaHHBIX BuOpaumii. [losaTomy
caMoO JIeTEeKTMPOBaHUE €NMHUYHBIX MOJIEKYa OucTa-
OMJIBHBIMHU OJIMTOMEPAaMM, B IIPUHIIUIIC, MOXET ObITh
OCHOBaHO Ha M3MEPEHUSIX YaCTOTHOTO CIIEKTpa BHUO-
pauuii onruromepa.

CeNleKTUBHYIO CIIOCOOHOCTh TaKWX JETEKTOPOB
OLIEHUTh MoKa TpyaHo. ClemyeT, OMHAKO, 3aMETHUTh,
YTO MBI HE cO3IaBaii HA MoJjieKyJie ouro-NIPMA-30
cnelu@uIecKrx caiiToB CeJISKTUBHOIO CBSI3bIBAHUSI C
JIEeTEKTUPYEMBIMH MOJieKynamMu. HecelleKTUBHOTO CBSI-
3bIBAHUSI OPTAHUYECKUX MOJIEKYJI C OJIMTOMEPOM OBbLIO
JIOCTATOYHO ISl TOTO, YTOOBI BBISICHUTb, MOXHO WJIN
HET, XOTsl ObI B IPUHIIUIIE, UCIIOJIL30BaTh OUCTAOMIIb-
HbIE OJIUTOMepbl HAHOMETPOBOIO pa3Mepa ISl Je-
TeKTUPOBAHUSI EAUMHUYHBIX OPTAHUYECKUX MOJIEKYJI.
Tenepb, 1ociie MOJIyYEeHUST BIIOJIHE OOHANEKMBAIO-
IIUX Pe3yJILTaTOB, BOIIPOC O OMCTAOMIBHBIX OJUTO-
MEPHBIX JETEKTOpaX cO chelrupUuIecCKUMU caiTaMu
CEJIEKTUBHOTO CBSI3bIBAHUS CTAHOBUTCS HECOMHEH-
HO aKTyaJIbHbIM.

5. INPUJINH-®YPAHOBBIE OJINTOMEPbDI
KAK ITPY2KMHBI 1YOPUHIA

Kak yxe ormeuanoch B pasn. 2, B pe3yJbTaTe
MpenBapuTeIbHOTO CKpUHUHTa PF-HaHONpyXuH
pasIUYHON IJIMHBI MBI OCTAaHOBWJIMCH Ha IBYX CITH-
paneoOpa3HbIX oymuromMepax: oiauro-PF-5 u onmro-
PF-7 pazamMepoM B HECKOJIbLKO HAHOMETPOB, UMEBIIINX
OIINH CePEeINHHBII BUTOK, CITIOCOOHBIN 00pa3oBaTh C
KOHIIaMU HAHOIPYXUHbI CTEKMHTOBYIO Mapy.

Ilpu wuccnemoBaHusIX AUHAMUKU oauro-PF-5-
IIPYXWH B OKpyKalollleil X Boae, IIPYKUHY C OTHUM
3a(UKCUPOBAaHHBIM KOHIIOM YPaBHOBEIIMBAJIMU IIPU
temriepatype 280 K (3To cocTosiH1Ee HUXKE Ha3bIBaeT-
csl “cxkaTbhiM™) M 3aTeM pacTIruBajiu cwioir F, Ha-
MIpaBJICHHON BAOJb OCH NpPYyXUHBI. COCTOSIHUE MPY-
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Puc. 5. [leTeKTpoBaH1e OpraHUMYECKUX MOJIEKYJI B peXKMMe CITOHTaHHBIX BuOpaimii onuro-NIPMA-30: a — cxema KOMITbIOTEpHOTO
3KCHepUMeHTa; 6 — auHamuKa oauro-NIPMA-30, HeHarpy>keHHOro OpraHM4eCcKoii MOJIEKYJI0i (TpaeKTopusl /) M Harpy>KeHHOIO Op-
TaHUYECKOI MOJIEKy/Iol (TpacKTopus 2); ¢ — CMeNIeHNe 00J1acTh OMCTaObMITbHOCTH TTpy HarpykeHnu oiro-NIPMA-30 emnHMYHOI
OpraHNYeCcKOi MOJICKYJIO: p(Re) — pacIipezieJieHye IUIOTHOCTU BEPOATHOCTU COCTOsIHUI R,; F'= 380 (7), 390 (2) n 400 nH (3).

XKUHbI KOHTPOJIMPOBAJIOCH 10 pACCTOSIHUIO R, Mexay PF-5-mipyxunHa Benmer cebsl KpUTUYECKUM O0Opa3oM.
ee KoHLamu. CxemMa sKcIiepuMeHTa mnoka3daHa Ha [lpm MallbIX pacTATUBAIOMIVX CHIaX (MajbIX pacTs-
puc. 8a. OKas3ajloch, UTO MPU PACTSKEHUM OJIMTO-  3KEHUSIX) PACCTOSTHUE MEXIY KOHIIAMU HAaHOIIPYXKU-
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Puc. 6. [leTekTrpoBaHUe OpraHUYECKUX MOJIEKYJ B pEKHUME CTOXacTUYeCKOro pe3oHaHca oiuro-NIPMA-30: ¢ — nuHaMuKa
CIIOHTAHHBIX BUOpaIUii (TpaeKTOpUsI 1) M CTOXacTUUYECKOTO pe30oHaHca (TpaeKTopusi 2) HeHarpy>keHHoro ojuro- NIPMA-30;
6 — nuHamuka onuro-NIPMA-30, Harpy>keHHOTO MOJIEKYJ0it TpurnitohaHa (HoMepa TPaeKTOPUil COOTBETCTBYIOT CITy4aro a).

HBI JIMHEMHO PACTET C YBEJIIMYCHUEM MPUIOKEHHON
cuiibl F, KaK U y OOBIYHBIX MEXaHUYECKUX TIPYKUH,
OIHAKO KaK TOJIbKO pacTaruBatomas cuia F noctu-

raeT HEKOTOPOTo KPUTUUYECKOTO 3HadeHus F,, y ou-
ro-PF-5-1ipy>kuHbI TTOSBIISIETCS e1lle OOTHO TUMHAMIYe-
CKO€ COCTOSTHME (HMXKE OHO Ha3bIBAETCs “HampsDKeH-
HO-pacTIHYTbIM”’) M BO3HUKAET OWUCTAOMIBLHOCTD.
®da30BbIil MOPTPET IMHAMUYECKUX COCTOSTHUIM MPYKU-
HEI TIPY €€ pacTsKeHUM TIpUBEACH Ha puc. 86.

Ha puc. 86 mokazaHa TUITMYHAS TPAEKTOPUSI CUM-
METPMYHBIX CITOHTAHHBLIX BHOpanuii onuro-PF-5

XUMUYECKAS ®U3UKA Ttom42 Ne6 2023

npu pacrsarusatoneii cune Fy,, =~ 280 mH. Ha puc. 82

MOKAa3aHO M3MEHEHUE pachpeleyieHUs IIOTHOCTU
BEPOSITHOCTU OOHAPYXKUTh IMPYKUHY B COCTOSTHUHU CO

3HaYeHUeM R, IpU yIaJIEHUU OT KPUTUYECKOMN TOUKHU
F, =220 nH B o6nacth OUCTaOUIBHOCTU. 3aMETUM,
YTO BUJ, 3TUX paclpeiceHUl COOTBETCTBYET BUIY
noTeHuMaaa npyXuHsel U(x): OuMomaibHOE paciipe-
nenenue p(R,) oTBeyaeT ABYXbSIMHOMY IOTEHLIMATY
U(x). Takum obpazom, puc. 8¢ IMoKa3bIBaeT, 4YTO P
yIAJIEHUU OT KPUTMYECKOW Touku F, B obyacTb Ou-
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Puc. 7. UsmeHeHMe curHaja croxacTudeckoro pesoHaHca ouro-NIPMA-30 ripu Harpy>keHuu ero opraHun4ecKoil MOJIEKYJI0it
(TpunitoaHOM): @ U 6 — BUOpaALIMM HEHArpy>KEHHOTO 1 Harpy>kKeHHOT0 OJIUTOMEpPa, COOTBETCTBEHHO; 8 U ¢ — CUTHAJI CTOXaCTU-
YECKOTo pe30HaHCa HEHArpy>KeHHOTO Y Harpy>XeHHOTO OJIMTOMepa, COOTBETCTBEHHO.

CcTabubHOCTU BUM ToTteHuuana U(x) MeHsieTcsd OT
MOTeHIIMajla ¢ OMHUM MUHHUMYMOM, COOTBETCTBYIO-
ILIUM CXKaTOMY COCTOSTHUIO, K TIOTEHLIM ATy TOXe C Of-
HMM MUHUMYMOM, HO COOTBETCTBYIOLIMM HaIps-
JKEHHO-pacTsIHyTOMy cocTosiHuio. [lo xomy aToii
TpaHchOpMaIy cucTeMa IMPOXOIUT 00IaCTh OUCTa-
OMJIIBHOCTA C XapaKTepPHBIM IS OMCTaOMIBHOCTU
JIBYXbSIMHBIM TTOTCHLIAJIOM.

DTa KapTUHA NOJIHOCTHIO COOTBETCTBYET (ha30BO-
MY TTOPTPETy “KaTacTpodbl COOPKM” CHIBHO IEMII-
¢upoBaHHOro ocuuuisitopa HdydduHra. 3ameTum,
YTO CXKAaToe M HAIIPSDKEHHO-PACTSIHYTOE COCTOSIHUS
oymuro-PF-5-TipykKHBI DOCTAaTOYHO XOpPOIIO OIU-
CTaHLMPOBAHEI APYT OT apyra. CpenHue pacCTOSSHUS
R, B 3THIX COCTOSIHUSIX Pa3IM4aloTCsl Ha paBHOBEC-
HYIO IJIMHY CTEKMHIOBOI Hapbl MUPpOUHMYpaHOBBIX
crimpasieif, a iMeHHo Ha =0.35 HM. DTo 03HaYaeT 4To

B HaIIPSIKEHHO-PACTSHYTOM COCTOSTHUM PacCTOSTHUE
MEXIy BUTKOM U 3a(pUKCUPOBAHHBIM KOHIIOM TIpY-
KUHBI BOIBOE GOJbINIe PABHOBECHOTO CTEKMHTOBOTO
pacCTOSIHUS, a CIeNOBaTeIbHO, BKJIAI CTOKMHTOBOTO
B3aMMOACKCTBUS B TOTEHIIMA HAHOMNPYKUHbBI Mpe-
HEOpEeXXMMO MaJl M yIpyTrue CBOMCTBA TIPYKWHBI B
5TOM COCTOSTHUU OIIPEIEIISTIOTCS B OCHOBHOM 3KECT-
KOCTBIO TTOJIMMEPHOIA LIeTIH.

Takum obOpazoMm, y osuro-PF-5-HaHoTnpyXuH
UMeEeTCI KPUTUUECKUI MOPOT IO PACTSKEHUIO, Ta-
KO 4TO TP MPEBBIIICHUN 3TOr0 ITOpora HaHOIIPY-
JKMHA CTAaHOBUTCS OMCTAaOMIBHOM 1M MOXET CITOH-
TaHHO BUOPUPOBATh MEXIY CKAThIM U HAPSKEHHO-
pacTSIHYTBIM COCTOSTHUSIMHU. B Hauayie oOactu Om-
CTaOMJIBHOCTU TPYXXMHA HAXOIUTCSI B OCHOBHOM B
CXKaTOM COCTOSIHUH, JIMIIIb U3PeaKa moceliast Hampsi-
JKEHHO-PACTSIHYTOE COCTOSIHME, a Ha KOHILIe O0JIacTh
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Puc. 8. BuctabuibHOCTh 01uro-PF-5-nipyXuHbl: a — BUI “cxKaToro” (cjieBa) U HapPSKEHHO-PACTSIHYTOIO (CIpaBa) COCTOSI-
HUI PYXKUHBI ¢ 3a(PMKCHPOBAHHBIM KOHIIOM B aTOMHOM TIPEJCTaBIeHUU: F — cuila, pacTsiruBalolias HAaHOMPYXXUHY; 6 — ¢a-
30BBIi TTOPTPET cxKaTtoro (M) ¥ HAMPSKEHHO-PACTSHYTOTO (@) mmHamMudecKux coctostHuit onmro-PF-5 (mmmpokas nuaus —

Gapbep OUMCTAOMIBHOCTU); 6 — CIIOHTaHHble BUubpauuu omro-PF-5; ¢ — usmenenue cratuctuku noceieHuit p(R,) onuro-PF-5
Npyv yIaJleHUM OT TOYKW OucdypkKaluuu B 00JaCTb OUCTAOMIIBHOCTH: CUMMETpHUYHAsi OMCTaOMJIBHOCTh HaOJIIonaeTcst nmpu

F

ym = 280 mH (2); 1 — F=240nH, 3 — F= 320 nH.

OUCTAOMILHOCTH (TaM, TOE CUJIBHO PACTSIHYThIA OJIUTO-
Mep TepsIeT CITMpaieo0pa3Hyo GOpMy) CTATUCTUKA 1O~
CellIeHUI IBYX COCTOSTHUI 0OpaTHast — IPYKUHA B OC-
HOBHOM HaXOJIMTCSI B HAIIPSIKEHHO-PACTIHYTOM CO-
CTOSHUM. PeXUM CUMMETPUYHBLIX CIOHTAaHHBIX
BUOpaLMii HaOIIOAAIOTCS NPUMEPHO B cepeauHe
aToit objlactu. CpenHue BpeMeHa XKU3HU CXKAaToTo U
HAMNPSKEHHO-PACTSIHYTOTO COCTOSTHUIA B TOM PEXKHU-
Me paBHBI APYT APYTY U COCTABIISIIOT BEJIMYUHY T = 6
Hc. OTcroma Ipy TeX Xe MPEaITOJIOKESHUSIX, UTO OBIITN
cIeJIaHbl B pasm. 2 IIsI OLIEHKU 6apbepa OMCTaOWiIb-
HocTtu onuro-NIPMA-30, monydyaem 6apbep OucTa-
omnbHOCTU oyuro-PF-5-Tpy>kmHbI IpuMepHO paB-

HbIM ~10k,T.

XUMUYECKAS ®U3UKA Ttom42 Ne6 2023

Hanee, BBoas onuro-PF-5-nmpyxXmHy B pexXum
CUMMETPUYHBIX CITOHTAHHBIX BUOpaLIii, MBI CTUMY-
JIMPOBaJIA CTOXaCTUYECKUM pe30HaHC, MPUKJIIaabIBast
K HaHOIIPYXWHE TOIIOJHUTEIbHYIO OCHWLIAPYIO-
IIyI0 CWIy, HalpaBJICHHYIO BIOJb OCH MPYXKUHBI.
Kak n B 3kcmepumenTtax ¢ onuro-NIPMA-30, oc-
JUTAPYIOLIAsl CUIa co3aBajiaCh BHELITHUM 3JICKTPU-
gyeckuM noneM E (t) = E, cos 2nv¢, OeiiCTByIoMNM Ha
eOIVHUYHBINA 3apsii, pacnojOXEeHHBI Ha BUOPHUPYIO-
IIEM KOHIIE TIPY>KUHBI (KOMITEHCUPYIOLINIA 3apsia ObLT
pacIIoioxkeH Ha 3a(pUKCUPOBAaHHOM KOHIIE IIPYKIHEIL).
HaHHble 3THX 3KcnepuMeHToB nipu E, = 0.2 B/HM
npuBeaeHbsl Ha puc. 9. HauOomblmii pe3oHaHCHBI
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Puc. 9. CroxactTuueckuii pesoHaHC onuro-PF-5-nipyknHbI: @ — BUOpalny NPy>KWHBI B PEXKMUME CTOXaCTUIECKOTO PE30HAHCA;
6 — 9aCTOTHBIH CIIEKTP CTOXaCTUYECKOTO pe3oHaHca (/) B CpaBHEHUU CO CIIEKTPOM CIIOHTAHHBIX BUOpatuii (2); 6 — u3MEHEeHUe
aMIUIATYbl PE30HAHCHOTO MUKa MPpY U3MEHEHUU neproaa 7' KojiebaHUil BHEITHETO OCLUWJTUPYIOLLETO MOJIsT; 2 — U3BMEHEHUE
aAMIUIMTYIbl PE30HAHCHOTO MUKA MPY YBEJIUYEHU N aMIUTUTYIbI A BHEIITHETO OCHUJUIMPYIOIIETO MOJIs.

nuK (puc. 9¢) HabIOMAJICS IIPU YACTOTE TIEPEMEHHOTO
3JIEKTpUYECKOro rmojs v ~ 100 MIt.

31ech TOXe CIIeIyeT OTMETUTh, YTO MaKCUMAaJlb-
HBIIl pE30HAHCHBINA OTKJIMK HaOJII0AajIcsl UMEHHO B
TOM cJlydae, KOrjma Mepuoi OCHWLIMPYIOIIEro MOJIs
OBLI OJIM30K K YIBOCHHOMY CpeTHEMY BPEMEHM KM 3-
HU COCTOSIHUIT OMCTAOMJIBHOII CHUCTEMBbI B PEXUME
CUMMETPUYHBIX CIIOHTaHHOI BuGpanuu. Yro Kaca-
€TCsl aMIUIMTYAbl OCUWJUIMPYIOLIETO MO, TO TIOHST-
HO, Y4TO TMPU ITOCTATOYHO OOJBIIMX aMIUIUTyHax F;
BHEIITHETO OCHWUIMPYIOIIEro ToJjsl OucTaduabHast
CUCTEMA MOXET BOMTU B PEKUM BBIHYKIEHHBIX KOJIe-
GaHMii, KOTOpBIE TEHEPUPYIOTCS CAMUM TepeMEHHBIM
IOJIEM, a He CIOHTAaHHBLIMM IepexomaMu OMCTaOWIb-
HOIT CHCTeMBbI MEXIY COCTOSTHUSIMU. DKCIEPUMEHTBI
MoKa3ajiyd, 4YTO PEXUM BBIHYKICHHBIX KOJeOaHMIA

Bo3HUKaeT npu £, > 0.3 B/HM, T.e. ipu 3aMeTHO
OOJIBIINX aMIUIMTYIAX INEePEMEHHOIO IMOJsI, YeM Te,
KOTOpPBI€ MBI NCHOJIb30BAIN IJIsi BO30OYKICHMS CTO-
XacTU4YeCKoro pe3oHaHca. CiegyeT TakK:Ke OTMETUTD,
YTO Ha Kpasgx o0jacTh OMCTAOMIBHOCTHM BpeMeHa
Xn3HU oauro-PF-5-TIpy:kuHbBI B CXKaTOM M Harpsi-
>KEHHO-PaCTSIHYTOM COCTOSIHUSIX CUJIBHO pas3iuya-
I0TCSI U TI0J00paTh YacTOTy MEPEMEHHOTO TI0JIS ISt
BO30OYXIEHUsI CTOXaCTMYECKOTO0 PEe30HaHCa OKa3bl-
BaeTcs IIPO0JIeMaTUYHBIM.

IToMrMO 3THX KCITEPUMEHTOB, MBI HCCJICTOBATN
U IpyToii crmoco6 mepeBoaa onuro-PF-Hanonpyxku-
HBI B OMCTaOMIILHOE COCTOsTHME. Mmes 3akimouanach
B TOM, YTOOBI 06a KOHIIA TIPYKMHBI MOTJIN TIPUTSITH-
BaTh CEPEIMHHbII BUTOK 3a CUET 00pa30BaHUS C HUM
CcTOKUHToBO# mapkl. [Ipenronaraiock, 4To Npy He-

XUMMWYECKAS ®U3UKA Ne 6

TOM 42 2023
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Puc. 10. bucrabunbHocTb onuro-PF-7-npyxuHsl: @ — aeBoe (cjieBa) U rpasoe (CrpaBa) COCTOSIHUS HAHOTPYXXUHBI C 3apuK-
CUPOBAHHBIMU IpyMIiaMu Ha KoHLax onuro-PF-7 B aToMHOM npeacTaBieHuu; 6 — a3oBblii TOPTPET JieBOro (M) U MpaBoro
(®) IMHAMWYECKUX COCTOSTHUM ouro-PF-7 (cuHUM LIBeTOM BblIeJIeH Oapbep OMCTAOMIBHOCTH): ¥ — PACCTOSIHUE MEXIY BUT-
KOM U JIEBBIM KOHIIOM TPYXUHBbI, ) — paccTOsTHUE MEX1y KOHLIAMU TIPYXXUHbI;, 8 — CIIOHTAHHbIE BUOpALIMM MEXIY JIEBBIM U
MpaBbIM COCTOSIHUSIMU HAHOTPYXXUHBI; ¢ — U3BMEHEHUE CTAaTUCTUKHU MOCELIEHU JIEBOTO U MPAaBOTr0 COCTOSIHUI MPU yBeIUYe-
HUM D; CMMMETPUYHBIE CTIOHTaHHbIEe BUOpatuu Habmonawotces npu D = 1.03 um (2); I — D=0.74 um, 3 — D= 1.07 um.

KOTOPOM pacCTS>KeHUM HAHOIIPYXKWHBI BUTOK CTaHET
BUOPHUPOBATh MEXIY €€ KOHIIAMM, IOIIEPEMEHHO CO-
31aBasi CTSKMHTOBYIO TIapy ¢ OOHUM M IPYTUM KOH-
oM 1pyxuHsbl. [IpenBapuTenbHBIN CKPpUHUHT ITOKA-
3aJl, YTO MOOXOASIIMM OOpas3loM IJisi TaKOM KOH-
crpykuuu sBisercsa PF-oauromep mimHOM, paBHOI
CeMM 3BeHbsIM. B ypaBHOBEIIIEHHOM COCTOSTHUU pac-
CTOSIHME MEXIy KOHUaMu oJauro-PF-7-mpyXuHbl
cocTapisio ~0.70 HM, T.€. BUTOK HaxXOJIMJICS Ha paB-
HOM yIaJeHHU OT €€ KOHIIOB M PAaCCTOSHUE MEXIY
BUTKOM M KaXIbIM M3 KOHILIOB NPYXXWHBI COOTBET-
CTBOBAJIO JUTMHE CTEKWHTOBOIT mapsr ~0.35 HM.

bucrabunbHOCTh Onuro-PF-7-nipy>kuHBI mOCTH-
rajach IIyTeM €€ pacTIrMBaHUS C KOHTPOJIEM PacCTO-
saHus D Mexny ee KoHamu. Kak 1 oxXumanock, mpu
JIOCTaTOYHO OOJBIINX PACTSKCHUSIX HAHOIIPYKUHBI
LIEHTpaJbHOE IOJIOXKEHME BUTKA CTAHOBUTCI He-
XUMUNYECKASA ®U3UKA 2023

TOM 42 Ne 6

YCTOMYMBBIM M OH CMEIaeTcs JIMOO K JIEeBOMY, JIMOO
K MpaBOMY KOHILy MPYKUHbI, 00pa3ysl BOJIU3U ITUX
KOHIIOB YCTOMYMBBIE COCTOSIHUS, CTAOMIN3UPOBAH-
HbIEe CTCKMHTOBBIM B3aMMOJICiICTBUEM BUTKA C COOT-
BETCTBYIOIIIMM KOHIIOM MpPY>XWHBI. H1>kKe MbI Ha3bI-
BaeM 3TU COCTOSTHUSI JIEBBIM U IIPABLIM COCTOSTHUSIMU
COOTBETCTBEHHO. Bu 3TUX ABYX COCTOSIHUIT B aTOM-
HOM TIpeIcTaBJIeHUU MoKa3aH Ha puc. 10a.

®a30Bblii TOPTPET AMHAMUYECKUX COCTOSHUM
onuro-PF-7-npyxxuHsl mokaszaH Ha puc. 106. Ilpu
DACCTOSIHUSIX MEXIy KOHLIAMM HaHOTIPY>XUHBI,
MEHBILINX KPUTHYECKOTO paccTostHUA D, = 1.00 HM,
MOCTENHSIS. UMEET TOJbKO OIHO TMHAMWUYECKOE CO-
CTOSTHME, OTBEYalolllee CEpPeIMHHOMY ITOJIOXKEHUIO
BUTKa. OJHAKO TIPU CBEPXKPUTUUECKUX PACTSIKEHU -
sax D > D, mpyxXuHa OKa3blBaeTCsl OMCTaOWMJIbHOI:
aTTPAKTOP C CEPENUHHBIM PACIOJIOXKEHUEM BMUTKA
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Puc. 11. Croxactuueckuii pe3oHaHc onuro-PF-7-mipy-
JKMHBI: @ — BUOpAIIM HAHOIIPYXXUHBI B PEXKMME CTOXa-
CTMYECKOTO pe30HaHCa; 6 — YaCTOTHBIN CITEKTp BUOpa-
LIMIA B pesKMMe CTOXaCTUYECKOro pe3oHaHca (/) B cpaBHe-
HUM CO CIIEKTPOM CITOHTAHHBIX BUOpauii (2).

paclIernJisieTcs Ha IBa aTTPaKTopa, PacIloIoKeHHBIe
Y KOHIIOB IPYKUHBI (pUc. 66), a caMO cepeauHHOE
COCTOSIHHE BUTKA OKA3bIBAeTCS HEYyCTOMUYMBLIM. Pac-

crosgHue D, =1.00 HM MexIy KOHLUAMU IPYKUHBI
COOTBETCTBYET KPUTUIECKOMY PACTSIKEHUIO TIPYXKU-
HBI, TP KOTOPOM IIPOMCXOOUT CMeHa (ha30BOTO
mopTpeTa HaHOIIPYXWHBI ¢ OMdypKaleil ee ImHa-
MUYECKUX COCTOSTHUI.

HpI/I IIPEBLIINICHNN KPUTHUYECKOTO PaCTAKCHUA

D, npyxuHa osimro-PF-7 craHoBUTCSI OUCTaOMUIIBHOM
M BUTOK MOXET CaMOIIPOU3BOJILHO BUOPUPOBAThH
MEXIY JIEBBIM W TIPaBbIM KOHIAMU MPYKUHbI. TH-
MMAYHAasI TPAEKTOPUS CIIOHTAaHHBIX BUOPALINii OJIUTO-
PF-7-npyxuHbl mokazaHa Ha puc. 106. DBosouus
pacnpenejaeHUs] TIJIOTHOCTH BEPOSITHOCTH HaMTHU
MPYXUHY B COCTOSIHUU ¥ (HATIOMHUM, UTO ¥ €CThb pac-

CTOSTHWE MEXIY BUTKOM U JICBBIM, JIJIST OTTpElIeICHHO -
CTU, KOHIIOM MNPYKMHBI) TIPUA YBEJIMUEHUU PACCTOSI-
HUg D MeXxny ee KOHIAMM, IpEICTaBiACHHAas Ha
puc. 10e, gaeT ripeacTaBieHe 00 N3MEHEHUH XapaK-
Tepa BUOpanuii B o0jlacTy 6uctadbmibHOCTH. B Haua-
Je ob6sacTu OMCTAOMJIBHOCTU CUCTEMA B OCHOBHOM
HaXOOUTCS B JIEBOM (IJISI OMPEIeIEHHOCTH) COCTOSI -
HUU, JIMIIb M3penKa IMoceniasi mpaBoe COCTOSHHE.
I1pu yBenmmueHUU paccTOSSHUS [ BpeMsl XXU3HU B Jie-
BOM COCTOSTHWM YMEHBIIIAeTCSI, a B IPaBOM — YBEJIM-
YMBAETCS; BpEMEHAa KM3HU B 3TUX COCTOSIHUSX BBI-
paBHUBAIOTCSI, HO 3aTeM HAauyMHAeT JOMUHUPOBATh
yKe IIpaBO€ COCTOSTHUE.

OKCMEepUMEHThI MOoKa3aiy, YTO CTATUCTHKA IOoce-
LIEHWI JIEBOTO U MPaBOTO COCTOSTHUIA OY€Hb YyBCTBU-
TelbHA K M3MEHEHMIO PACCTOSIHUS MEXAY KOHIIaMU
MPY>KUHKHW, YTO BIOJIHE OXWIIAEMO I KOPOTKOMNEH-
CTBYIOIIIMX CTIKMHIOBBIX B3aMMOACUCTBUI. B Harmx
9KCIIEpUMEHTaX CUMMETPUYHbIE CITIOHTaHHbIE BUO-
pauuu onuro- PF-5-npy>xuHbl Haboga1Mch MpU pac-
crosiHuu D, = 1.03 HM. TunuyHas TpaeKTopust CUM-
METPUYHBIX CIIOHTAHHBIX BUOpaluii oauro-PF-7-mipy-
JKWHBI TToKa3aHa Ha puc. 106. CpenHee BpeMsi XXU3HU
B JIEBOM M MPaBOM COCTOSIHUSIX MIPU CUMMETPUYHBIX
BUOpaIsIX ObUIO paBHO T = 6.5 HC. COOTBETCTBEHHO,
Oapbep OuctadbwibHOCTA onuro-PF-7-mipy>knHbl OKa-
3asics paBHBIM ~10k ;T T.€. TaKuM Xke, Kak y onuro-PF-
5-nipyxkuHbl 1 onuro- NIPMA-HaHoapku Ditepa.

Kax 1 B mpeapInymx cirydasix, Mbl 4 31€Ch UCCIe-
JIOBaJIM PEXUM CTOXacTUYECKOro pe3oHaHca. B naH-
HOM cJlydae IOMOJHUTEIbHBIA eIVHWYHBINA 3apsn
pacrionarajicgd Ha BUTKe oymro-PF-7-mipyxxwHbl, a
KOMIICHCUPYIOIIUIL 3apsii — B OKPYKaIOLIE MpyK1-
Hy Bojae. TUNMUYHASg TPaeKTOPUS CTOXACTHUYECKOIO
pe3oHaHca BUOpHUpYIOLIE MOPYyXUHBI oauro-PF-7
noka3aHa Ha puc. lla. CooTBETCTBYIOLIUI pe30-
HAHCHBIN MUK B YaCTOTHOM CIIEKTpe BUOpanuii mo-
Ka3aH Ha puc. 116.

B neiicTBUTENbHOCTH, U B TaHHOM cjiydyae ObLI
MPOCKAHWPOBAH MIMPOKUNA TUAMA30H YACTOT BHEIII-
HETO TIEPEMEHHOTO TIOJSI, TEHEPUPYIOLIETO PEXUM
CTOXacCTUYECKOTO pe30oHaHca, U MaKCUMaJbHBIN pe-
30HAHCHBIN CUTHAJT ObLI TIOJIYYEH TSI IEPEMEHHOTO
oJisi ¢ IIepuoaoM Konebanuit 7 ~ 2T = 13 HC, paB-
HBIM IBOMTHOMY BPEMEHU XKU3HU COCTOSTHUM OJIUTO-
PF-7 npu cuMMeTpUYHBIX CITOHTAHHBIX BUOpALIUSIX.

6. SAKJIIOYUTEJIBHBIE 3AMEYAHU S

OnucaHHbIC BIIIE KOMITBIOTEPHBIE KCIIEPUMEH-
Thl IAlOT OCHOBAHWUS II0JIaraTh, UYTO OJIMTOMEpPHBIE
CTPYKTYpPBI HAHOMETPOBOTO padMepa, KoH(popMaL-
OHHbIE COCTOSTHUSI KOTOPBIX CTAOUIM3UPOBAHBI CJla-
OBIMM MEXMOJCKYISIPHBIMUA B3aUMOJICHCTBUSIMUA,
MOTYT, IIPU OIpPEICIEHHBIX YCIOBUSIX, TEMOHCTPU-
poBaTh OMCTAOMIILHYIO OuUHaAMUKy. IlpuBeneHHBIC
MPUMEPBl OUCTAOMIBLHBIX OJUTOMEPHBIX CTPYKTYpP

XUMUNYECKASA ®U3UKA Ne 6

TOM 42 2023
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JIEACTBUTEILHO IEMOHCTPUPYIOT TaKOe MOBEICHUE,
HamoMuHasl apku Diiyiepa u npyxuHbl ypdurra He
TOJILKO JUHAMMWYECKH, HO U CTPYKTYPHO. DTU MIpU-
Mepbl MOKAa3bIBAIOT, YTO TUHAMUYecKass OMCTaOUIb-
HOCTb MOXKET OBITh MPUCYIA OJIUTOMEPHBIM CTPYK-
TypaM pa3MepoOM BCEro B HECKOJIbKO HAaHOMETPOB,
T.€. TAKMM MOJIEKYJISIPHBIM CTPYKTypaM, pa3Mep KO-
TOPBIX Ha TTOPSIOK MEHBIIIEe XapaKTEPHBIX pa3MEPOB,
HamnpuMep, 0EJIKOBBIX MOJIEKYISIpHbBIX MamuH. Cie-
IyeT MOMUEepKHYTb, YTO OMCTaOUIbHAs JTMHAMUKa
OJIMTOMEPHBIX CTPYKTYP, MOTOOHBIX apKaM Ditjiepa u
npyxnHaMm HydouHra, peanrmsyercs IIpU BHEITHUX
CWJIOBBIX HAarpy3kax, BBIBOISIINX MOJEKYISIpPHEIC
CTPYKTYPHI U3 TEpPMOAMHAMUYECKI pABHOBECHBIX CO-
CTOSTHUI. B Takmx yCIOBUSIX CTPYKTYPBI, OJIMIO-
NIPMA-30, onuro-PF-5 u onuro-PF-7 sBnsiorcs,
110 CYTHM, HEJIMHEMHBIMU TUHAMUYECKUMU CHUCTEeMa-
MU, OOHAKO CTOJb MaJIbIMM, YTO MX CIIOHTAaHHBIC
BUOpauy ¥ CTOXaCTUYECKUIA pe30HAHC MOTYT aKTH-
BUPOBAThCS HETTOCPEACTBEHHO TEIJIOBBEIMU (PIYKTY-
alMsSIMU OKPY>KaIOIIeil CpeIbl.

OOpalasice K mnpobjieMe MNpeadroJornieckoit
3BOJIIOLIMU, MOXHO I10Ka JIMIIIb OTMETUTD, UTO CAMO-
cOopKa B MOAXOASIIMNX YCIOBUSIX CTOJIb MaJIbIX U, BO-
00111e TOBOPSI, HEeCTIeIM(PUIHBIX OMCTAOMIILHBIX OJIV-
roMepoB, kKak omuro-NIPMA-30, omuro-PF-5 m
onuro-PF-7, He nipeacTaBisieTcsl CTOJIb XK€ HEBEPO-
SITHOI, KaK caMocOopKa OMOJOTMYECKUX MOJIEKY-
JIIpHBIX MallMH. BMecTe ¢ TeM ciienyeT 3aMEeTUTb,
YTO Ja, KOHEYHO, TeIlepb €CTh HEKOTOPhle OCHOBA-
HUS M0JIarathb, YTO AaxKe OY€Hb KOPOTKUE OJIUTOME-
PBI MOTJIM OCYIIECTBIISATh (PYHKIINY HeJTMHEHHBIX I1-
HaMMWYECKUX CHUCTEM M, CIeOOBATEIbHO, OBITh IIPO-
CTEMIIMMU MOJEKYIIpHBIMUA MalnmnHaMu. OmpHaKo
MoKa TPYyJIHO 4YTO-JIMOO CKa3aTh O TOI “aJropuTMHU-
YeCKOM XUMUN ", KOTOPYIO TUTIOTEeTUISCKN OHU MOT-
JIM peaan3oBaTh Ha CTaaUsIX IIPEnOMOJIOTMYECKOM
sBomounu. Iloka He sSCHO, ITOCTAaTOYHO JIM COO-
CTBEHHBIX (PYHKIIMOHAJIBHBIX BO3MOXKHOCTEM TaKMX
MIPOCTEUIIINX MOJIEKYJISIPHBIX MAIIIUH IS COOPKU TO-
paszno 00j1ee CIOXKHBIX U CITELU(PUUHBIX MOJIEKYISIP-
HBIX CTPYKTYP, KaKUMU SIBJISIIOTCSI OMOJOTMYECKUe
MaKpOMOJIEKYJIbI, WJIM TaKasl BOBMOXKHOCTD ITOSIBIISIET-
Cs1 TOJIBKO y CYIIIECTBEHHO 0oJiee CIIOXKHBIX (hyHKIIMO-
HaJIbHBIX CICTEM, 00pa30BaHHBIX TAKMMM IIPOCTEIIIIN -
M1 MalmmHamMu. B mociemHeM cilydae, eCTeCTBEHHO,
BO3HMKAET BOIIPOC O BEPOSITHOCTU CaMOCOOPKU TaKUX
(YHKIMOHAIBHBIX CUCTEM B HeCIeUU(PUUIECKUX
YCIIOBUSIX TPenONOIoTUN. TaK 4TO LIEHTPAIILHBIN BO-
IIpOC MPEaOMOIOTMYECKO TEOPHU OCTAeTCs IT0Ka
OTPBITHIM.

KoHeuHO, KOMITBIOTEPHBII SKCIEPUMEHT HE 3a-
MEHSIET peabHBIN SKCIIEPUMEHT, a JIMIIb Ja€T apry-
MEHTHPOBaHHBIN ITPpOrHo3. OJHAaKO, KOTaa peyb UIeT
00 BKCIIEpUMEHTAILHOM WCCIeIOBAaHUM TUHAMUKU
eIMHUYHBIX MOJIEKYJIIPHBIX CTPYKTYP pa3MepOM B He-

XUMUNYECKASA ®U3UKA Ne 6
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CKOJIbKO HaHOMETPOB, 6e3 IMpE€ABAPUTCIIBHOTO KOM-
IIBIOTCPHOI'O SKCIICPUMECHTUPOBAHMA paCCYUTHIBATh HA
YCIriex B p€aJIbHOM 3KCIICPMMEHTE €1Ba JIN ITIPUXOONUTCH.

B 37014 CBSI3M 3aMeTUM, YTO 3KCTIEPUMEHTAIbLHOE
HaOJoaeHne OUCTaOMIILHOCTU, CTIOHTAHHBIX BUOpa-
1M U CTOXaCTUYECKOTO PE30HAHCa CTOIb MaJIbIX MO-
JIEKYJISIPHBIX CTPYKTYP, Kak onuro-NIPMA-30, onu-
ro-PF-5, omnro-PF-7, MoxXeT OBITH CBSI3aHO C PSIAOM
OrpaHUYeHM A, BUTHBIX U3 KOMITBIOTEPHOTO MOJIEJIH -
pOBaHUs. DTU OrpaHUUEHUST Mbl IPOKOMMEHTHUPYEM
Ha nmpuMepe onuro-PF-7-mpyXuHBbI.

CpasHuBas kputnueckoe paccrosiuue D, = 1.00 HM
MeXIy KoHIIaMu ofiuro- PF-7-npy:>KuHEI, TIpy KOTOPOM
BO3HUKAET BTOpasl BETBb NMHAMMYECKUX COCTOSHUIA
MPYKWHBI, C pPABHOBECHOM JNIMHON CTAKUMHTOBOM Mapbl
=~(0.35 HM, MOXHO TIPEAIIOJI0XKUTh, YTO OMCTAOWIb-
HoCTh ojiuro-PF-7 ynpaBasercs nmepekpbITUEM II0-
TEHLIMAJIOB CTEKWMHTOBOI'O B3aMMOJCHCTBUSI BUTKA C
JIEBBIM Y MPaBbIM KOHLIAMMU TIPYXUHBI. DEeHOMEHO-
JIOTMYECKUI TTOTEHIIMa HAHOIPYXXUHBI B 3TOM CIIy-
yae MOXHO 3aIlicaTh B BUIE

U(X) = Ustack (X) + Ustack (D - X),
U aer (x) = 4 (%jm _(%jn ’ 4

X X

tae m > n > 0, x,, — PABHOBECHAsI JUVIMHA CTEKUHIO-
BoIt mapbl (MUHUMYM noteHumana U, (x)), 2X,,;, —
paauyc oOpe3aHusi CTIKMHIOBOTO B3aMMOJIENCTBYSI,
1 D — paccTosiHUE MEXIY KOHLIAMU HAHOIIPYKMHBI.
Orciofa  HETNOCPENCTBEHHO  BUIHO, YTO TIPU
D = 2x,,,, IEPEKPBITUE CTIKUHTOBBIX MOTEHIIUAIOB
U e (X) 1 Uy (D — x) aCT €IMHCTBEHHBII MUHU-

MyM B o6nacti x = D/2. Tlpu D > 2x,,,, 3TOT MUHU-
MyM (DOPMaJIbHO PACILEIISIETCS Ha 1Ba MUHUMYMA,
W, CJIEI0BATENbHO, GUBYPKALNIO COCTOSHUIT HAHO-
MPYXUHBI MOXHO ObLIO Obl OXMIAThb B TOYKE

D =2x,,, = 0.70 HM. OnHaKO, KaK ITI0Ka3bIBAET KOM-
MBIOTEPHBIII SKCMEPUMEHT, OHa HaOIIOHAeTCs MpU

CYLIECTBEHHO OObIIMX 3HayeHUsAX D, =1.00 HM.
3aech ciaeayeT UMeTh B BUY, YTO UMEETCS ellle OHO
OorpaHMyYeHNe B HaAOMIONEHWHW ONUCTAOMIBHOCTU M
CIIOHTAHHBIX BUOpalnii, XapaKTepHOe 11 HaHOpa3-
MepHBIX cucteM. Ilpu cauiikomM MajbIx Oapbepax
oucrabunbHOCTU ~kgT', 1BA COCTOSIHUSI OUCTAOUIIb-
HOM CHCTEMbI HEpa3IUuIMMBbl Ha (poHe (DIIyKTyaluid
TPaeKTOPUU U IIEPEXOAbl MEXIY COCTOSHUSIMU Ha-
OmromaTbes He OynyT. Bubpauumn 6uctabuaIbHON cu-
CTEeMbI MOTYT HAOMIOAaThCsl TOTA, Korna 6apbep Ou-
CTaOWJIBHOCTU CylLeCTBEHHO Ooublue kz7. Ho, ¢
JIPYroii CTOPOHEBI, €CIU TEIUIOBbIE (DIIYKTYalluUd Cpe-
JIbI SIBJISIIOTCSI €IMHCTBEHHBIM aKTUBUPYIOILIM IIepe-
Xodbl (pakTopoM, Oapbep OMCTAOMIBHOCTU IOJIKEH

ObITb coudmepuM c k7. OTCro1a caenyeT, YTO CIOH-
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TaHHBIE BUOpAIN MOTYT HaOJIOIaThCS Y TAKUX MO-
JIEKYJISIDHBIX CTPYKTYp, Oapbepbl OMCTAOMIBHOCTU
KOTOPBIX OrpaHWYCHBI C JIBYX CTOPOH, HaIlpUMep,
MHTEPBAJIOM OT ~k T 1o ~10k,7T. UMeHHO Takue 6a-
pbepbl OMCTAOMIILHOCTHY XapaKTEPHEI IS IIPUBEICH-
HBIX IIPMMEPOB HAHOApOK Jiijiepa M HAHOMNPYXUH
JydduHnra.

BosBpamasice Kk oocyxneHuto onuro-PF-7-1ipy-
XKUHbI, OTMETUM, 4TO eciu D > 4x,,,, T.. pacCTosi-
HMe MeXIy KoHaMu ojuro-PF-7 nipeBbiiiaeT gBoii-
HOI paguyc oOpe3aHusI CTEeKWHTOBBIX B3aMMOJICH-
cTBMIA, TO hopmanbHO U (x) ocTaeTcs IBYXbSIMHBIM
MNOTEHLIMAJIOM, HO B CEPEAMHHOI 4acTu IIPY>KUHBI
BO3HMKAET IIMPOKasi 30Ha HYJIECBOTO IrpagueHTa I10-
TeHIMaJIa, B KOTOPOM BUTOK TPY:KMHBI MOKET Ha-
JIOJITO 3aCTpeBaTh, M CITOHTAHHBIC BUOpAII HAOJTIO-
IaThbCs ToxXe He OynyT. UMeHHO 3TO 1 HabJI101a10Ch
Hamu ripu D > 1.30 M [40].

Takum o6pa3oM, MOMUMO OTPaHMYEHU B BEIOO-
pe MOIXOASIINX MOJEKYISIPHBIX CTPYKTYp, IJIS Ha-
OroACHUST TUHAMWYECKON OMCTAaOMIBHOCTU CTPYK-
TYp pa3MepOM B HECKOJIBKO HAHOMETPOB TpeOyeTcst
He TOJILKO NPEeLM3NOHHOE 3KCIIEPUMEHTUPOBAHHUE C
CANHUYHBIMU TaKUMU O6’beKTaMI/I, HO U TOHKO€
yIIpaBJIcHUEe HAHOMAaCIITAOHOM ITMHAMUKOM BOTUX

CTPYKTYD.
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