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BBenenue

Ckanupyromas 3oH10Basi Mukpockonus (C3M), oObenuHsomas MUpPOKUii
CIEKTP COBPEMEHHBIX METOIOB HCCIEIOBAHUS NOBEPXHOCMU, HACUUTHIBACT
MOJITOpa AECSATKA JIET CBOEH HCTOPUM — C MOMeHTa co3aanus B 1981 r. bunnu-
roM u Popepom ckanupyroliero TyHHenpbHoro mukpockona (CTM)[1, 2]. 3a
MTPOIIIE/IINE TOIbI TPUMEHEHHE 30HI0BON MUKPOCKOITHH ITO3BOJIWIIO JOCTHYh
YHUKAJIbHBIX HAYYHBIX PE3yJbTATOB B PA3JIMIHBIX 00IACTAX (PU3HKHA, XUMUH
u Ouosnoruu. Hanbosee spkuMu AeMOHCTpALIUSIMU BO3MOKHOCTEN 3TOT'0 9KC-
MEPUMEHTAIIBHOT'O HATIPABJICHUS IIPU UCCIIEIOBAHUM TTOBEPXHOCTEHN TBEPIbIX
TEJI MOTYT CIIYXKUTh: Pe3yJbTAThI IO MPSIMON BU3yaIU3allMi PEKOHCTPYKIIUH
noBepxHocTed [3]Y), MaHUMyIAIMA OTAETBHBIMH ATOMAaMM IS 3aIMCH HH-
(hopManuu ¢ peKopaHOM MIOTHOCTHIO, UCCIETOBAHNE JIOKAIBHOTO BIUSIHUS
MMOBEPXHOCTHBIX JIe(PEKTOB HA 30HHYIO CTPYKTYpy obpa3sua [4] u 1ip.

Hossie sxcriepuMeHTaIbHBIE BO3MOKHOCTH PACCMAaTPUBAEMOTO HATIPaB-
JICHUS B CPABHEHUH C TPAJAUITMOHHBIMUA METOJAMH UCCIIEIOBAHUS ITOBEPXHOC-
TH JeN1at0T 0COOEHHO NMEPCIEKTUBHBIM MPUMEHEHHE 30HA0BONH MUKPOCKOITUHU
(B 4aCTHOCTH aTOMHO-CHJIOBOM MUKpockonmuu (ACM) [5]) mis uzyuenus o6uo-
JI02UYECKUX U Op2aHuyecKux MatepuanoB. Ha 3ToMm myTu B mociieqHue rojibl
TaKKe ObUT IOCTUTHYT 3HAYUTEIIHLHBIN ITporpecc. B yacTHOCTH, MPUMEHUTEITh-
HO K UCCIIEJOBAHUSM HYKJIEMHOBBIX KUCIIOT, MOKHO YIIOMSIHYTh O TAKUX pe-
3yJbTaTax, Kak BU3yajausauus oTaeabHbix Moieky JJHK [6] u uccienoBanue
X KOH(OPMAIMOHHOTO COCTOSIHUSI B KHJIKUX Cpefax, MPsSMOe U3MEPECHHE
CHJT B3aUMOJICHCTBUSI KOMITJIEMEHTAPHBIX HYKJICOTHIOB [7], BU3yanu3aius B
peanbHOM Maciitabe BpeMeHu npoiieccoB Baumosercteust JJHK ¢ Genka-
MH [8].

B 1O e BpeMsi 30HIOBass MUKPOCKOITHSI OMOJIOTUYECKUX U OPraHUYeC-
KMX OOBEKTOB M CTPYKTYP OCTAaeTCsl O0jIee CI0KHOM 3aaueii B CPABHEHUH C

C3M-aHaIM30M MMOBEPXHOCTEHN TBEPABIX TeI. efcTBUTENBHO, TPOIILIO O0JIee

1) manpumep, mosepxuocTa Si(111)7 x 7
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JIECSITU JIET C MOMeHTa Bo3HUKHOBeHUst C3M, nipexie uem Oblia yoeauTenb-
HO TIOKa3aHa ee aJeKBaTHOCTh JJIs UcCleToBaHu 0Moo0bekTOB (B 1992T.
Ha npuMmepe Mojekyibl JJHK[6]). DTo cB3aHO ¢ TakuMU OCOOEHHOCTSIMU
TO0OHBIX OOBEKTOB, KAK HU3KAS ITPOBOJUMOCTE2) 1 HEBBICOKAS MEXaHIUEC-
Kas )KECTKOCTh. AKTYaJIbHOH sIBJIsIeTCSl MpobiieMa UMMOOMIM3AINU TaHHBIX
CTPYKTYP Ha MOBEPXHOCTSIX TBEP/IbIX MMOIJIOKEK B ITPOLIECCaX MPUTOTOBICHUS
00pas310B U MPU UCCIIETOBAHUAX (0OCOOEHHO B XXUAKUX cpeaax). BaxkHo, uTo-
OBI 00BEKTHI OBLUTH 3a(PKCUPOBAHBI HA TIOIJTOKKE B TAKOM COCTOSTHUU, YTOOBI
OBLIIO BO3MOXHO MCCIIEIOBATH UX MHTEPECYIOIHUE CTPYKTYPHbIE OCOOEHHOC-
TU. BO3MOKHBIM IMOJIXO/IOM K PEIICHUIO 3TON 3a]aU1 MOXKET CITY)KUTh, HATIPH-
Mep, MoaU(UKALIUS CBOMCTB MOAJIOKKH ITyTEM KOHTPOJIMPYEMOT'O OCAXKICHUS
Ha €€ MOBEPXHOCTh TOHKUX OPTraHUYECKUX IJICHOK C 33ITaHHBIMU CBOMCTBAMH.

Becbma BakHBIM [1J151 aIGKBATHOT'O ITPUMEHEHUSI 30HA0BBIX MUKPOCKOIIOB
B IIMPOKOMACHITAOHBIX HAYUHBIX HUCCIEIOBAHUSIX SIBIISIETCS OTCIIEKUBAHUE
U CHUCTeMAaTH3allisl BO3MOXKHBIX MEXaHU3MOB BO3HUKHOBEHUS apmeqhaxkmoas,
T.€. anmapaTHBIX 3(PEeKTOB, MPUBOISIIHMX K HAOJTFOIEHUTO JTOKHBIX UJIU UCKA-
KEHHBIX CBOMCTB UCCIIEAYEMOTO 0OBEKTA, KOTOPOE MOXKET OBITH OOYCIOBIIE-
HO, HAIIPUMED, BO3IEUCTBUEM HA OOBEKT CAMOTI'0 HHCTPYMEHTA UCCIIEIOBAHUS
U TIp.

JIeNCTBUTENIbHO, CKAHUPYIOIINI 30HI0BBIN MUKPOCKOII IMPEACTABIISIET CO-
00l «IIPOEKTOP», MPOCHUPYIOMINN OOBEKTHI U SIBJICHUSI MUKPOMUpPA HA J0-
CTYIHBIN HAIlIEMY BOCHPHUSITUIO «IKPAH» — B CHJIy MHOTUX IIPUYUH yIO00HO,
YTOOBI UM CIIY>KHJI 9KpaH MOHUTOpPA KOMITbIOTEpa. B 3TOM ciyuae nmpoekius
CTAHOBUTBHCS OTYACTH «OCSI3AEMOI», TOCKOIBKY IOMYCKAEeT BO3MOKHOCTb J0-
MOJIHUTEILHOTO aHaIu3a C MOMOIIBI0 COOTBETCTBYIOIIETO MPOrPAMMHOTO
obecrieueHus. OJIHAKO MOJI0OHOE KIIPOCIIMTPOBAHUE» HECET TOJILKO YaCTHY-
Hy10 HHpopMalu 00 00BEKTE, K TOMY )K€ OTUACTH UCKAXKEHHYIO BIIMSTHUEM
CaMoro «IpoekTopa». BoccraHOBIEHHE O MPOEKITUU PEAJIbHBIX CBOMCTB HUC-
CIIelyeMbIX OOBEKTOB SIBJISIETCSI TATMYHOM OOpaTHOM 3ajauei, Tpedyrolen

PCHICHUA U JIA 30HI0BOM MUKPOCKOIINHU.

2) BaxHO npu CTM-uccnenoBaHusx
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[Ie.m: U 3aJa491 UHCCJICA0OBAHUA

Llenpro paboThl sBIIsLIACH pa3pabOTKa METOIOB UCCIIEIOBAHUS HYKJIEMHOBBIX
KHUCIIOT ¥ UX KOMILUTEKCOB C IIOMOIIBIO 30HI0BON MUKPOCKOITHH.

B 57011 CBSI31 OCHOBHBIMU 3aJa4yaMy HACTOSIIEH pa6OTBI ABJIAINUCH:

e pa3paboOTKa METOIOB OIPEICIICHHSI HCTUHHOW T€OMETPUN OO BEKTOB ITy-
TE€M aHaJIu3a KCIEPUMEHTAIBHO U3MEPEHHBIX MapaMeTpoB ux ACM-

n300pakeHuit (yuet apTeakToB);

® OIIPCACICHUC aJACKBATHBIX MCTOIUK I/IMMO6I/IJ'II/ISaI_[I/II/I MOIJICKYJI HYK-
JIGMHOBBIX KHMCJIOT M UX KOMIUIEKCOB C OeJIKaMu M IIOBCPXHOCTHO-
AKTHBHBIMHU BCIICCTBAMU B PA3JIMYHBIX OKCIICPUMCHTAJIBHBIX YCIIOBUAX
(HpI/I IPOBCACHNH UCCIICAOBAHUU B JKUAKHX CPE€AAX UJIN HA BO3IIYXC) Ha

PAa3INYHBIX ITOMJIOKKAX;

e 0TpaboOTKa MOAXO0/IOB K PEIICHUIO 33/1a41 MOTU(PUKAIINH CBOWCTB MO/I-
JIOKKH IyTeM KOHTPOJIUPYEMOTO OCAXKICHUS TOHKHUX OpPraHUYECKUX
IUIEHOK; MCCIIeJOBAaHUE BIUSHUS Ha KauecTBO (OJHOPOIAHOCTH, Oe3re-
(DEKTHOCTB) U CTPYKTYPY CPOPMHPOBAHHOTO MOKPBITHS CIEHU(DUKI

MPOIIETYPHI €r0 GOPMUPOBAHUS U TIPUPOIBI MTOTIOKKH.

[Tpu pereHnn OCHOBHBIX 33/1a4 BO3HUKIIA HEOOXOAMMOCTD HJIU BO3MOX-
HOCTH PaCCMOTPEHUS Psifia JOTIOIHUTETHHBIX U BCIOMOTATEIBHBIX BOIIPOCOB
u nipo6ieM. Tak, aHanmu3upyst npo0bjieMy OInpeaeeHus] ICTUHHON T'eoMeT-
pum oOBekTa 1Mo pe3yiapTataMm ucciaeqoBanuss ACM (riasa?2), paccMoTpe-
JIM JIBa OCHOBHBIX apTedakTa, MPOSBIISIFOIINXCS MTPU UCCISTOBAHII MUKPO-
00BEKTOB, aICOPOUPOBAHHBIX HA TTOBEPXHOCTH TBEPIOU MOMTOKKH: d(PDHEeKT
ymmpeHus (pa3aen2.2) u apdext 3anmxkeHus Beicor ACM-nipoduts (pas-
nen2.1). Ilpu pazpaboTke METOAMKH KOJIMYECTBEHHOTO onucaHus 3¢ dexra
3aHWKEHUS BBICOT IMPUBJIEKIIA TEOPUIO KOHTAKTHBIX Ae(pOPMAIUii; CIIEICTBUS
ee TIpUMEHEHUs I aHajm3a pe3yiabraToB ACM morpeboBaiu (3TOMY TO-
cBseH paszfen2.1.5) oObSICHUTD ¢ MO3UILIMI KOHTAKTHOM TEOPUU MEXaHU3M
ACM-BU3yann3aum aTOMHOM WM MOJIEKYJISIPHOM CTPYKTYP MTOBEPXHOCTH.

Onpenenenue aIekBATHON METOIUKHA UMMOOUIIN3AIUNA OTHOIEITOUYEYHOU
BupycHoit PHK (rnaBa 3) Ha mOBepXHOCTH MOI0KKHU MTO3BOJIUIIO BU3yaIU3H-
poBaTh CTaUU MpOoIiecca MOCIeA0BaATEIbHOTO pa3pyIlIeHUs BUPYCHOM YacTH-

1B ¢ BBICBOOOXAeHeM MoJieKytbl PHK, Haxonasielics B 6eTKOBOM 000JI0UKe
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(paznen 3.1.1), u mpoaHaIM3UPOBATHh HEIKBUBAJIEHTHOCTh TPOTEKAHUS 3TOT'O
rpolecca JJist IByX KOHIIOB BUPYCHOM yacTulibl (pasnen 3.1.2).

PazpaboTka MeTOI0B omnpeesieHns HICTUHHON Te€OMETPUU OOBEKTOB IO-
3BOJIMIIA, TIPH TIPOBEACHNHN HCCIEN0BaHNI KoMmakTi3armu®) monekyn JHK
(rmaBa 4), mpoaHaIU3UPOBATH KOJUUYECTBEHHBI MOJIEKYJISIPHBIN COCTaB KOM-
MaKTU30BAHHBIX CTPYKTYp. OTpaboTKa METOIUKHU UCCIIeIOBAHUS HYKJIEMHO-
BBIX KHUCJIOT B XKMIKHUX cpeax (onucaHa B paszeie4.2.2) mo3BoJiniia U3y4uTh
MIPOMEKYTOUHBIE CTaanu npouecca kommnaktuzaunu JJHK HenmocpeacTBeHHO
B KUAKOCTHOU stuelike ACM m omnpenenuTb CTPYKTYPY KOHIEHCUPOBAHHON
MOJIEKYJIBI.

[Tpu uccrneqoBaHUM TOHKUX IUIEHOK (CM. TJIaBy 5), MpUMEHEHHE MeToaa
(hopMHUpPOBaHMS UCKYCCTBEHHBIX 1e(peKTOB (cM. puc. 5.10) 1a710 BO3MOXKHOCTH
MPOAHAIM3UPOBATH YIJIbl B3AUMOOPHUEHTAIIMA OCEN PEIIETKU IUIEHKH U MOJ-
noxku. Kpome Ttoro, mis psia TOHKOIUIEHOYHBIX MOKPBITUNA YJIAJIOCh OCY-
niecTBUTh ACM-BU3yanu3aiuio MOJIEKYIIPHON yITAaKOBKHU U ONIPEACIIUTD Ia-
paMeTpbl 3JIEMEHTAPHOM sTUSHKU. DTO MO3BOIUIIO CIENIATh BBIBOIBI O TPUPO/IE

MEXaHU3MOB, OTIPEIEIISIONINX MOJIEKYJIIPHYIO CTPYKTYPY IUIEHOK.

3) mepexo «KIIy6oK» — «TI06yma»

13



I'1aBa 1

OCHOBHBIE IPUHIIAIILI CKAHUPYIOIIEH

30H0BOM MUKPOCKOIIHMHU

OO0111ei1 uepTOil BCEX CKAHUPYIOIIUX 30HOBBIX MUKPOCKOIIOB (U OMPeIesito-
el X Ha3BaHUE) SBIISIETCS HAJTUYUE MUKPOCKOTTMYECKOTO 30H0d, KOTOPBIN
TIPUBOUTCS B KOHMaKm') ¢ Ncce yeMoil TOBEPXHOCTBIO U IIEPEMEIAETCS 110
HEKOTOPOMY 3aIaHHOMY yYacTKYy ITOBEPXHOCTH, OCYIIECTBIISISI €r0 30HIUPO-
BaHUE (WA CKAHUPOBAHUE).

KonTakT 30H1a 1 06pasia nojapasymeBaet ux Bzaumopaeiictesue. CTporo
roBOps, B OOIIEM ClIyyae 3TO B3aUMOJICHCTBUE HOCUT CIIOKHBIN XapakxTep.
UToOBI OCYIIECTBIISTH UCCIEAOBAHME C TOMOIIBIO KOHKPETHOTO Mprbdopa, 13
IIMPOKOTO CHEKTpa BhIOMpaeTcss Kakoe-Tnbo ogHO pabouee B3aMMOAEHCT-
Bue. [Ipupoaa 3Toro BRIOPAaHHOTO B3aUMOJICHCTBHS M OINPEACIISIeT TPUHA/-
JISKHOCTh MPUOOPa K TOMY WJIM UHOMY TUITY B paMKaxX CEMENCTBA 30HI0BbIX
MUKpockonoB. MHpopMmalus o HOBEpXHOCTH U3BIIEKaeTcsl myTeM puKcain’)
WU JIETEKTUPOBAHUS B3aUMOICHCTBUS 30HAa U 00pa3ia.

B TyHHETTBHOM MHKPOCKOTIE 3TO B3aNMO/ICHCTBUE MPOSIBIISICTCS B TPOTEKa-
HUU TTOCTOSIHHOTO TOKA B TYHHEJIbHOM KOHTaKTe. B 0OCHOBE aTOMHO-CHIIOBOM
MUKPOCKOIIHMH JISKUT B3aUMOJCHCTBUE 30HAa U oOpasiia ¢ CUJIaMH MPUTSI-
KCHHUSI WM OTTAJIKUBaHUS. MOXHO YIIOMSIHYTh O TaKUX Pa3HOBHIHOCTSIX
30HJ0BBIX MUKPOCKOTIOB, KAK MAarHUTHO-CUJIOBOI MUKPOCKOTI [9] (30H1 1 00-
pasel B3auMOACHCTBYIOT C MATHUTHBIMU CUJIAMH ), MUKPOCKOIT OJIMYKHETO TTO-
7151 [10] (onTryeckue cBoicTBa 0Opasiia AETEKTUPYIOTCS Yepe3 MUHUATIOPHYIO

nuadparMy, HaXOIAIILYIOCS B OJ1udicHell 30He UICTOUYHUKA ), TIOJISIPU3AIIMOHHBINA

1) He Bcer/ia pedb HIET O MEXaHHYECKOM KOHTAKTE
2) U MOMOIIH CHCTEMBI OOPATHOM CBA3M
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cuoBoit Mukpockor [11] (c o6pa3iiom B3anMoaeHCTBYET IMPOBOISIIMI 3aps-
’KeHHBIN 30H1) U T.II.

MuHHaTIOpHBIE pa3Mepbl 30Ha U BBICOKAsl YyBCTBUTEIBHOCTD JCTCKTH-
pYIOIIEH CUCTEMBI TIO3BOJISIET JIOCTUTATh B 30HIOBON MUKPOCKOITMH HAHO- U
CyOHAHOMETPOBOI'O IIPOCTPAHCTBEHHOT'O Pa3peIIeHUS IIPH IeTEKTUPOBAHUT

MOBEPXHOCTHBIX CBOMCTB?),

1.1. O0mue npuHIUNBI PA0OTHI CKAHNPYIOLIETO

30HA0OBOI'0 MUKPOCKOIIA

ITpouecc ckaHMPOBAaHUS OCYILIECTBIISIETCS IIPU ITIOMOILHU TbE30KEPAMHUYECKO-
ro Manurnynsaropa®). 3oHa ABMKETCA MOCIENO0BATENBHO, CTPOKA 33 CTPOKOIA,
BJIOJIb TTOBEPXHOCTU (M3MEHSIOTCS koopauHatel X u Y). s onudpoBKu
JAHHBIX YYACTOK CKAaHUPOBAaHUA pa30uBaeTcs Ha N CTPOK, a Kaxaas CTpoKa
Ha M TO4YeK, TAKMM 00pa3oM IOJIOKEHUE UIJIbI B IUIOCKOCTH XY OIMCHI-
BaeTcsd ABYMs KOOpAMHAaTaMH X;,Y; U3 MHOXECTBa {X;, Y]} N x M Touek
(0ObryHO BeIOMpatOT N = M). PesynpraToM paGoOThl CKAHUPYIOLIETO 30H-
JIOBOTO MUKPOCKOIA SIBJISETCS YCTAHOBJIEHNE COOTBETCTBUS MEXKIY KaXKION
napoii KoopANUHAT U3 MHOKecTBa { X;, Y; } 1 HEKOTOPBIM YHCIIOBBIM 3HAYECHH-
eM (UM PSAOM 3HAUYEHMI), XapaKTepU3YIOIUM aHAIM3UPYEMBI mapaMeTp
MTOBEPXHOCTH (WUJIU PSAJ NAPAMETPOB).

ITo criocoOy ABMXKEHUS UTIIbI HAJl TOBEPXHOCTHIO MOXKHO MMPOBECTH CJIe-

nyromyio nuddepenumnaimio padotsr C3M.

e Ecim 30HI ABMXKETCS HAJ MOBEPXHOCTBIO IPH ITOCTOSHHON KOOPIH-
HAaTe Z, TO TOBOPAT, YTO CKAHUPOBAHHUE OCYIIECTBIISIETCS IO CITO-
co0y nocmosinnoii eévicomvl. B 3TOM cliydae B KaXJIOW TOYKE W3
MHOXecTBa {X;,Y;} m3mepsieTcss unmerncusnocms pabodero B3auMo-
NEHCTBUSA D] 7—const- PE3YTBTATOM MCCIENOBAHUS SIBIISIETCS MACCUBY)
{®ij| z=const, Xi, Y; }, OIUCBHIBAIOIIUI 3aBUCUMOCTb (DYHKLIUH IBYX II€pe-

MEHHBIX ®|z_const(X,Y).

3) Paspelatonasi CriocoGHOCTb MpUOOpa, KaK MPABHIIO, TeM BbIIIE, YeM 00jee KOPOTKO-
JIECTBYIOIINI XapaKTep UMeeT B3auMOEHCTBYE 30H1a 1 00pa3ia.

4) MM CCTEMBI MAHHUITYJIAITOPOB

5) MM HECKOJIBKO MACCHBOB, €CITH B KaX/I0H TOUKE M3MEPSUTUCh HECKOIBKO MAPAMETPOB
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e Eciu xe cucmema obpamnoii ceszu (PUKCUPYET B MPOIECCE CKAHM-
pOBaHMS Ha 3aJaHHOM YPOBHE BEJIMYHMHY pab0OYero B3aUMOJICHCTBUS
A(X,Y,Z) Bapuanueil BepTUKAIBbHON Z KOOPAMHATHI 30HIA, TO TO-
BOPAT, YTO CKAHUPOBAHHE OCYIIECTBIISETCS IO CIIOCO0Y HOCMOSHHO2O
s3aumodeiicmeusi. PeaynbratoM padboTel C3M B 3TOM pexume Oyaer
MaccuB {Z;;| a=const, Xi, Yj}, KOPPETUPYIOUMI ¢ Tonorpadueil uccie-
nyemoit moBepxHocTu. [lomumo «romorpaduueckoro» MaccuBa, MOX-
HO, TPOBOJAS B KaXJIOW TOUKE HM3MEPEHHS] KaKOro-IubO JIOMOJIHU-

TCJIBHOI'O ITapaMeETpa (I/IJ'II/I HCCKOJ’IBKI/IX), IIoJIy4aTb 3aBUCHMMOCTHU BHUda
(I)ij |A:const(Xia YVJ)

Takum oOpazom, pesynbTaToM C3M-HccieqoBaHUS SBISETCS IMOJTyde-
HUE (DYHKIIMOHAIPHBIX 3aBUCUMOCTEH JBYX THIIOB: IO CHOCOOY ITOCTOSH-
HOW BBICOTBL ®|z_const(X,Y), 1 O crocoOy MOCTOSHHOT'O B3aMMOJIEUCT-
BUS: Z|a—const(X,Y) («Tomorpadus»), mwioc Kakas-mudo AOMOIHUTEIbHAS
3aBUCUMOCTD P | 4—const (X, Y'). C HOMOIIBIO KOMITBIOTEPHOTO IIPOTPAMMHOTO
o0ecrneyeHuss MOXHO MPOBOJIUTh AHAJIN3 MOJIYUYEHHBIX 3aBUCUMOCTEN (aHa-
JIU3 XapaKTEPHbIX JIATEPATbHBIX U BEPTUKAJIbHBIX Pa3MEePOB MOBEPXHOCTHBIX
0COOEHHOCTEH, TOCTPOCHHUE CeUCHUM, (Pyphe-aHaIN3, OlIEHKa IIIEPOXOBATOC-
TH ¥ T.II.), OTOOpa)kaTh MOJIydeHHbIE 3aBUCUMOCTH Ha 3KpaHe MOHHTOpA U
BBIBOJINTH UX HA MIPUHTED.

IIpu ctporom paccMOTpeHUHU, CIAEAYET YUUTHIBATH OTIMYUE «TOIOrpa-
(brdeckoro» MaccuBa, MoJIydeHHOTO B peKHUME IMOCTOSHHOTO B3aMMOEHCT-
BUS: {Z;j|A=const; Xi, Yj} OT peanbHOIl Tomorpaduu nosepxHoctu. [lomoob-
HBI aHAJIN3 TTO3BOJISIET OTCIIEIUTD PSAJI MEXaHU3MOB BO3HUKHOBEHHUS aphie-
gaxkmos. B citydae HEOJTHOPOTHOTO pacIpee/IeHUs TOBEPXHOCTHBIX CBOMCTB,
OTIPEICIISAIONINX HMHTEHCUBHOCTD B3aMMOACHCTBHS 30H1a U oOpa3a, I 13-
BIIeUEHUS TOUHOM nH(popMaIu o Tornorpadun 00beKTa HEOOXOAUMO B KaXkK-
JIOM TOUYKE MPOBOAUTH JTOTOJHUTEIbHBIA aHAJIN3 B3aUMOJICUCTBUS 30HAA U
obpa3sia.

Hampumep, B TyHHEIbHON MUKPOCKOITMHU peaibHasl T€OMETPHs MOBEPX-
HOCTH Y KapTa MOBEPXHOCTHOT'O PaCIpeIeIeHUs JIEKTPOHHBIX CBOMCTB MO-
I'yT ObITh TOJTHOCTBIO [12] peKOHCTPYHUPOBAHBI IIyTEM aHAIU3a TPEX U3MEpsI-
€MBIX MACCHBOB: «TOIMOTrpa(uu» B PeKUMe MOCTOSTHHOTO B3aMMOJICHCTBUS,
MIepBOI MPOU3BOAHON TYHHEIBHOTO TOKA IO HANIPSHKEHUIO CMEILICHHS U TIep-

BOM HpOHSBOI[HOﬁ TYHHCJIIBHOI'O TOKa I10 BEJIMYMHC TYHHCIIbHOI'O 3a30pa.
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1.2. Ckanupyromasi TYHHeJIbHAsi MUKPOCKOTHS

B ckanupymoIieM TyHHEIbHOM MHMKPOCKOIE B3aUMOJIEHCTBUE 30HIA U IO-
BEPXHOCTH IPOSIBISETCS B NMPOTEKAHUU MOCTOSSHHOTO TOKAa B TYHHEJIHBHOM
3a30pe MexAay HUMHU. I MIIOTHOCTU TYHHEIBHOTO TOKa (B MPUOIMIKEHUUN
TJTOCKUX METAJUTMYECKUX JIEKTPOJOB U BAKYYMHOTO TYHHEJIMPOBAHUSI ) CIIpa-
BeauBa popmyma [13]:

B 3e2k,
"~ 4rhs

Jt Ui exp (_214703)» (L.1)

TAE e — 3apsij JIEKTPOoHA, h — nocTtossHHas [nanka, s — paccTosiHue 30H1-

06pa3eu, Ut — Pa3HOCTb NOTCHIHNAJIOB HA TYHHCIIbHOM KOHTAKTC, ko — KOH-

CTaHTa 3aTyXaHHs BOJTHOBBIX (bYHKL[I/Iﬁ QJICKTPOHOB B KOHTAKTC!:

2mep
ko =4/ e (1.2)

ra¢c m — Macca IJICKTpOHA, ¢ — 3(1)(1)€KTI/IBH21$[ BbICOTA IMOTCHLIHAJIBHOI'O

Oapnepa.

N3 anammza opmynsi (1.1) cmeayeT, 4To IIpU U3MEHEHUU PACCTOSIHUS
30HA-00pa3el Ha OJMH aHTCTPEM BEJIMUMHA TYHHEJIBHOTO TOKA U3MEHSETCS
Ha nopsaok. [TockorbKy BeTMYMHA B3aUMOJIEUCTBUS 30HI-00pa3ell CTOJIb Cy-
IIIECTBEHHO 3aBHUCUT OT PACCTOSIHUSA d, TO 3TO MO3BOJISET CUCTEME O0OpaTHOM
CBSI3M MMOJJIEPKUBATH BEJIUUUHY d MOCTOSIHHOM B MPOIECCE CKAHUPOBAHUS
C BBICOKON TOYHOCTbHIO. JlaHHOE 0OCTOSATENHCTBO OOYCIABIMBAET BBICOKOE
npoctpaHcTBeHHOe paspemieHne CTM mpu omnpeneneHun «Tororpaduyec-
KOU» QYHKIMH Z | 1,—const (X, Y).

Hapsiny aToit 3aBUCHMOCTBIO — «TOmnorpadueil B pexxruMe TOCTOSTHHOTO
Toka» — B CTM B03MOXHO 1oirydeHue 3aBucuMocTeid THIa |z .onst(X,Y)
W P| 4—const (X, Y). K mepBoMy THITy OTHOCSTCSI KTOKOBBIE» U300pakeHus,
MOJIyYEHHbIE B PEXKUME MOCTOSHHON BBICOTBI: I¢|z—const(X,Y ). Ko BTOpO-
My tuny oTHOcSTCs: d In(1;)/d 2| f,—const (X, Y) 1 d I, /d Ul 1,—const (X, Y), cBsI-
3aHHBIE C TIOBEPXHOCTHBIM pacmpeneneHneM padoTsl Beixoaa ¢(X,Y) (1.1)
1 TOBEPXHOCTHBIM pACIPEICIICHUEM IIJIOTHOCTH 3JIEKTPOHHBIX COCTOSIHUU

p(X,Y, Es £ eU). Ilocnennee onpenensiercs Gpopmynoii [14]:

Ef-l-eU
KX Y.2)% [ pXY.E)T(B,U,2)dE, (1.3)

Ey
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rae T(E,eU, Z)— xoadduuueHT mnpospadyHocTu Oapwepa, Ey— ypoBeHb
Depmu.

[Tomyuenne ¢ynxkumoHanbHbIX 3aBucUMocTed d In(Iy)/d 2|1, —const(X,Y)
U dI;/dU|—const(X,Y) TO3BONSIET yuyecTh WX BKJIAJ B HECOBIAJCHHE

Z|1,—const(X,Y') ¢ peasibHO#T ToOrpadueit ncciaeayeMoit moBepXHOCTH.

1.3. ATOMHO-CHJIOBasi MUKPOCKONMS

B aromHo-cuioBom mukpockore [5] B3aumopeiicteue A(X,Y, Z) sBusercs

CUI06bIM B3aMMO/JICCTBHEM 30H/1a 1 oOpa3sia.

1.3.1. CuioBoe B3auMo/ieiicTBHe 30H1a U 00pa3ina

dusnyeckas Npupoaa U XapakTep JaHHOTO B3aUMOJIEHCTBUS B OOLIEM CITy-
yae J0CTaTOYHO CIOKHBI, TOCKOJIBKY OHHM OIIPEIENISIIOTCSl CBOMCTBAMMU 30H/A,
obpasua u cpeabl, B KOTOPOM MPOBOJAUTCS UcCiieoBaHue. B cinyyae nccieno-
BAHWI He3apsiocenHblX TIOBEPXHOCTEN B €CTECTBEHHON aTMOc(epe OCHOBHOM
BKJIaJl B CUJIOBOE B3aUMO/JIEHCTBUE 30HAa U oOpaslia JaroT: CUJIbl OTTAJIKHU-
BaHMS, BbI3BAHHBIE MEXaHUYECKMM KOHTAKTOM KpalHUX aTOMOB 30H/Aa U 00-
pasua, cuibl Ban-gep-Baanbca, a Takke KanWUISIPHBIE CWJIbI, CBSI3aHHBIE C

HaJIMYUEM IJIEHKU ajicopbarta (BOJbl) HA MOBEPXHOCTU 00pasiia.

Cuabl Ban-gep-Baanbca

30H/BI 1711 AaTOMHO-CHJIOBOTO MHKPOCKOIA UMEIOT (hOpMy KOHyca WIH TH-
pamubl (puc. 1.1), KOHYMK XapaKTepu3yeTcsl paguycoM KpUBU3HBI R, nexa-
1M, COTJIACHO JaHHBIM (UPM-IIPOU3BOIUTENEH, B nuamna3one 5 <+ 40 HM, cM.
Tabmuny A.1 Ha cTp. 227.

Beruncisis aucriepcoHHOE B3aMMOJCHCTBHIE 30HIA, M300PaKEeHHOTO Ha

puc. 1.1a, 1 mnockoro o6pasia B mpubImKeHun®):
d< R < h, (1.4)

npeHeOperas wieHamu nopsiika d/R u 6oliee BBICOKOTO MOPSIKA MaJIOCTH,

HJI1 BEJIMYHUHBI CUJIBI BAH-ACP-BAAJIbCOBOI'O IMPUTAXKCHUA HUMECM Q)OpMYJ'Iy,

6 yus MpUOTKEHUHN aINTUBHOCTH JUCTIEPCUOHHOTO B3aMMOACHCTBUS
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FBHB T l Fian
« TF .
FTP o VCKAH
Fynp
r_ A
FBﬂBl 1 l FKAI'I
F T FKOH v
a) obpasert 6) ™ CKAH

Puc. 1.1. O60061eHHas TeoOMeTpHs 30HAa ATOMHO-CHJIOBOTO MUKPOCKOTIA M OanaHC

CUJIOBOTO B3aMMOJICUCTBUS 30HIa U 06pa3ua;

a) h— BeIcoTa 30H1a, R — paanyc KpUBU3HBI KOHUHKA, d — pacCTOSIHME MEXKy 30HIOM U
obOpa3siom. TunmJHbIe ITapaMeTPhl IPOMBIIIICHHBIX 30HI0B (0oI1ee moapoOHo B Tabmuie A. 1
Ha cTp. 227): h ~ 3 + 15MkM, R ~ 5 + 40 M, a0 ~ 10 + 35°;

6) yKa3aHbI CHJIbI, ICUCTBYIOIINE HA 30H/: TUCTIEPCUOHHBIE Fpyp, KamWILIsApHbIe Fiy,, CUITBI
Tpenus Fy,,, yIpyrue CUibl, 00YCIOBICHHBIE TPSIMBIM UIIH OOPATHBIM H3THOOM KaHTHIIEBEPA

F),,, a Takxke KOHTaKTHBIME AehopManusMu obpasua Fi,y

19



COBITaaromyto ¢ nojayueHHou ['amakepom [15] miist B3anmoaecTBus chepsl
U TJIOCKOCTH: p
R
Fpop >~ 62 (1.5)
rae d— paccTosiHUEe MEeXAy 30HJIOM U 00pasioM, R— paanyc KpUBU3HBI

30H1a, A — KoHcTaHTa ["amakepa:

A= 7T2:01P25- (1.6)

371ech p; U ps — INIOTHOCTU MaTEpUAJIOB 30H/1a M 00pa3slia, J — KOHCTaHTa
B 3akoHe JIonmona [16] a1s sHepruM IUCIEPCUOHHOTO B3aUMOJICUCTBUS IBYX

HEUTPAIBHBIX AaTOMOB B BAKYyME:

v b (1.7)

ré’

JI71st TaHHOM KOHCTAHTHI CIIPABEIMBA OLEHKA [ ~ oy s Fypmon, TIE i U
(o — TIONIAPU3YEMOCTH B3aAMMOJIEHCTBYIONIMX ATOMOB, oy ~ me*/h% —
«aToMHas» dHeprus’) (m M e— Mmacca M 3apsj dIeKTpoHa). Bocnombso-
BaBIIIMCh TE€M, UTO a X p — BeJIUUMHA Oe3pa3MepHasi U JJIs MHOTHUX 3Jie-
MEHTOB MMeeT MOpsIoK 1/10, moryuynM OIeHKY AJIsi KOHCTaHThl ['amakepa:
A ~ Eynon/10 ~ 1071 Ix. DKCriepuMeHTaIbHO U3MEPEHHbIE 3HAUYEHUS! KOH-
craHThl ['amakepa i1l pa3IMyHbIX MaTepUaJIOB MO MOPSAKY BEIUYUHBI CO-
BIIAA0T C BBIIUCAHHOM OIEHKOM [17]: A,in ~ (0,4 = 4) x 1071 [Tx.

[TpoBoas oueHkM A1 THIMYHBIX ycnoBuii ACM-3KcniepruMeHTa B pexkH-
M€ KOHTAaKTa, MOoJydyaeM ISl BEJIMYMHbI BaH-/1€P-BAaJIbCOBOTO MPUTSIKEHUS:
Frop ~ 1078 =10 °H.

CTOUT OTMETUTD, UYTO MPEAMNOIOKEeHUEe 00 aJAUTUBHOCTH JUCTIEPCUOH-
HOT'O B3aMMOACHCTBUS, crenanHoe ["lamakepom mipu BeIBoae Gpopmyisl (1.5),
BOOOIIE TOBOPSI, HEOOOCHOBaHO. [Ipyrue cyliecTBYIOIINE TeOpUHu (HAMpPH-
Mep, moaxon Jlugiuia [18], cBA3bIBAIOMIMI HHTEHCUBHOCTD JUCIIEPCUOHHO-
ro B3aMMOJIEHCTBUS C IUAJIEKTPUUYECKUMHU MPOHUIIAEMOCTSIMU MaTepHUaiOB
B3aMMO/JICUCTBYIOIINX TEJI U CPEIbl UCCIIEIOBAHUS) MO3BOJISIIOT OOBSICHUTH
SKCHEPHMEHTAILHO HAGIII0AaeMble B psjie ciyuaeB®) CUIIbl JUCIEPCHOHHOTO
ommanxuganus[19]. OgHaAKO HECMOTpPS Ha TO, YTO MPUPOJIA JUCTIEPCUOHHO-
ro B3aUMOJICHCTBUS IOCTATOYHO MOHSITHA, pa3padoTaTh TOYHBIN MOAXOM K

OIIMCAHHIO ABJICHUA OKa3aJIOCh TPYAHO, M ITIOITOMY COBPEMCEHHBIC TCOPHHN

7) cOBNAAET MO MOPSIKY BETMUMHBI C TIOTEHIIMATIOM HOHU3AIIHH
8) mpu azIeKBaTHOM BEIGOPE MATEPHAIOB B3aMMOJIEHCTBYIOIMX TeJI U CPEMIBI, B KOTOPOii
OCYILIECTBIISIETCSA B3aNMOCHCTBHE
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SABJIAIOTCA HpI/I6J'II/ISI/IT€J'II>HBIMI/I Wi MOACIbHBIMHU,; BCIICACTBUC 3TOT'O COBIIA-
ACHHUC B pCaAJIbHOM UCCICAOBAHNHN PACUCTHBIX U OKCIICPUMCHTAJIbHBIX JaHHBIX

no NOpsAOKY 8eauYUHbl CANTAECTCS BIIOJIHE YAOBIETBOPUTEIHHBIM [20)].

Kannansipubie cuiibl

BBuny Hanmmuust ancopOupoBaHHON TUIEHKU BOJIBI HA MCCIEAYEMON MOBEPX-
noctu?), mpu nposeaenun ACM-3KCIIepUMEHTOB Ha BO3AyXe MEKIy 30HI0M U
00pasioM GopMUPYETCS MEHHUCK, YTO IPUBOIUT K BOZHUKHOBEHHIO TOTIOTHU-

TEJIbHOU CUJIBI TPUTSIKEHUS MEXK Ty KOHTAKTUPYIOUUMU TOBEPXHOCTSIMU [21]:

4m R~y cos 6

[ — 1.
1+ D/d (18

riae R— paanyc KpuBU3HBI 30H1a (okoja0 10 HM, cM. Tabmwuiy A.1), v — 1mo-
BEPXHOCTHOE HATSDKEHUE IUIEHKH ajicopoata (i1t Boasl vy ~ 0,073 [Ix/m),  —
KOHTAKTHBINA YroJ Jis MaTepuaia 30Haa (obpasia) u rieHku, D — paccro-
sTHUE 30HA-00pasel, d — TiIyOrHa MOTPYy>KEeHUsI 30Ha B IJICHKY.

[TpuBeneHHBIE 3HAUSHUS TTO3BOJISIIOT IO MOPSIKY BEIMUMHBI OIICHUTDH Be-
JUYMHY KamWUISPHBIX CUJI B peknMe Kontakta ACM-uccinenosanmit: F,, ~
10-® H.

I'uapodooubIii 3¢ dexT

CynrHocTb 31010 3¢ (eKTa — B BOSHUKHOBCHUN HHTCHCUBHBIX CHIT IIPUTSIKE-
HUSI MEXAY IBYMsI TUAPOGOOHBIMU MTOBEPXHOCTSIMU, HAXOASIIUMUCS B BOJI-
HOU cpenie. B HacTosi1ee BpeMst CUMTaeTCsl, YTO 3TOT 3((HEKT HOCUT CIIOKHBIN
XapakTep U MPH Pa3TIUIHBIX YCIOBUSIX MOXKET OBITH OOYCIIOBIIEH PA3IMYHBI-
MU MEXaHU3MaMH, MPOSBIISIIONINMUCS, TEM HE MeHee, OIMHaK0BO. COTIacHO
MMEIOIIMMCS TIPE/ICTaBICHUsIM, BKJIaJ B 3PGEKT MOTYT JaBaTh SHTPOIMUNA-
HBIE MTPOLIECCHI, CBSI3AHHbBIE CO CTPYKTYPHBIM YIOPSIOUYMBAHUEM MOJIEKYJI BO-
IIbI BOJTM3H rTuApOPOOHOM MOBEPXHOCTH [22], TEPMOIMHAMHYECKHE TTPOIIECCHI,
CBSI3aHHBIC C BO3PACTAHUEM POJIM CYOKPUTHUYCCKUX (IIyKTyalluid B 3a30pe [23]

U TIp.

%) pM yCIIOBUHM ee TOCTATOYHOM THAPOPUILHOCTH
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1.3.2. IIpunoun padorsr ACM

Heneane ACM mio crioco0y u3MepeHus 1 (PUKCaIMK CUIIOBOTO B3aUMO/IEHCT-
BUSI 30H/1a ¥ 0Opa3iia M03BOJISET BbIICIUTD IBA OCHOBHBIX CITydas: KOHTAKT-

Hast aTOMHO-CHJIOBasi MUKPOCKOIIHUS U ACM IPCPBIBUCTOI'O KOHTAKTA.

KonTakTHasi aTOMHO-CHJIOBast MHUKPOCKOITUS

J71s1 n3MepeHus BEIMUMHBI CUJIOBOT'O B3aMMO/JICHCTBUS B KOHTAKTHOM PEXH-
Me MCITOJTb3YETCS CIeIyIoIIas CXeMa, BKITFOUAIoIas B KaueCTBE MUHHATIOPHO-
ro AMHAMOMETpPA YIPYTYI0 KOHCOJIb (HA3BIBAEMYIO J1e8epoM WU KaHmujiese-
poMm), UMEIOIIYIO Ha CBOOOTHOM KOHIIE 30H/ (ApYroil KOHel] jIeBepa 3aaes1aH
B epxkatene). [Ipu ckaHnpoBaHUM OasaHC CHIT B3aUMOJICHCTBHS 30H1a U 00-
pasia IpUBOAMT K U3rHOy JieBepa (T.e. CyMMa BCEX CUJI YPaBHOBEIIUBACTCS
YOPYroM CUII0M U30THYTOTO JIeBepa, cM. puc. 1.10); BenmuunHa n3ruda nerek-
TUPYETCS MPEIU3UOHHBIM JATYNKOM. B OOIBIIMHCTBE ATOMHO-CHUIIOBBIX MUK-
POCKOIIOB [IJISl 3TOTO UCIOJIB3YIOT ONITHYECKHUE JATYUKH, peaTn30BaHHBIC 11O
CIIEYIOIIEH CXeMe: JTyd JIA3€PHOT0 U0 1A Ma1aeT O] YIJIOM Ha TIOBEPXHOCTh
JeBepa U OTPAXKAETCs B IEHTP YETHIPEXCEKIIMOHHOTO doToauoaa (puc. 1.2).
[Tpu n3rube neBepa B HOPMAITbHOM HATIPABICHUH WIIH IPU €r0 KPYUYEHUH BO3-
HUKAeT pa3HUIIa B CUTHAIAX COOTBETCTBYIOIIUX YY4aCTKOB (pOTOIMOMA: BEpX-
HUE CETMEHTBI/HM)KHUE CETMEHTBI WM MPaBbIe CErMEHTHI/JICBbIC CEIMEHTHI.
[TepBrIii curHan HeceT HHGOPMALIUIO O OATaHCe CUJI TPUTSDKEHUS U OTTAJIKHU-
BaHMS, & BTOPOI — O JTaTepaIbHbIX CHIIAX B3aNMOICHCTBUS 30H1a U 00pasna
(puc. 1.3).

B nponiecce ckanuposanus cuctema 06pammoii ¢és13u OJACPKUBACT Ha 3a-
JAHHOM YPOBHE BETTMUMHY N3TH0a KaHTHIIEBEpa (CIIeI0BATEIHHO, U CHITBI BO3-
JEHCTBUS 30HAa HAa 00pasel]) OCPeACTBOM BapHalUt Z-KOOPIUHATHI TOUKU
3aKperuieHus KaHTuieBepa. CUTHAT 0OpaTHOM CBSI3M HECeT, TAKUM 00pa3om,
UH(GOPMAIHIO O TOMOTPAdUH MOBEPXHOCTU Z | p—const (X, Y).

VYmpyras cimia n3ruda KaHTUiIeBepa, ASUCTBYIONIAS Ha 30H/I, MOXXET ObITh
HampaBJ/IeHa KaK B CTOPOHY 00pa3ua, Tak U B 00paTHYIO (MpsIMOM U 00part-
HBII U3rub KaHTUIIeBepa, cM. puc. 1.10); B IepBOM Cllydyae OHA YBETUYMBACT
JaBIIECHUE 30H/1a Ha 00pa3sell, BO BTOpoM yMeHbIaeT. Kak nmpasuio, mpu cka-
HUPOBAHUU CTPEMSATCS YMEHBIIINTH BO3ICHCTBUE HA 0Opa3ell, 1151 4eTo BhIOU-
pPAIOT MUHUMAITBHYIO BEIMUYMHY MPSIMOTO M3rHda KaHTUJIeBEpa, WM, IO Me-

P€ BOBMOXHOCTH, MAKCUMAJIbHYIO BCJIIMUYHNHY 06paTHOFO n3ruda KaHTUJIEBE-
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doToauon

obpaszerr

TIBE3OMAHUITYJISITOP

Puc. 1.2. OcHOBHEBIE Y3J1bI MEXaHMYECKOM YaCTH aTOMHO-CHJIIOBOTO MHUKPOCKOIIa

M306paxeHsl: MOIYIPOBOTHUKOBBIN JTa3ePHBIN AUOM, yIpyras KOHCOJb (KaHTHIIEBEp) C
30H/IOM Ha CBOOOJIHOM KOHIIE, YeThIPEXCETMEHTHBIN (POTOINO/, Mhe30KepaMuiecKast TpyO-
Ka (MAHUITYJISTOP OTHOCUTEIBHBIX MMEPEMEIICHU 30HAa U 00pasiia, OCYIECTBISIEMbIX IO

YIpaBJICHHEM CUTHAJIOB Ha X, Y U Z-3]IeKTpoaax)
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> (A+B)-(C+D)

(A+B+C+D)
D, (X,¥)
F.(x,y)

@ > (A+C)-(B+D)
Ha KOMITbIOTEP (A+C+B+D)

— ©

MeEXaHW4eCcKast
JacTb
OTOANOL AB

Z-31eKTpojL G

«—1

IT doroamon

Z(x.y)
»
>
Ha KOMITbIOTEP

41

cucreMa OOpaTHOM CBS3U

Puc. 1.3. OcHOBHBIE 3]IeMEHTBI AaTOMHO-CUJIOBOT'O MHUKPOCKOIIA

M300paskeHbl: MPOMOPIMOHATIBHOE W HHTErPAIbHOE 3BEHbS CHUCTEMbI OOpaTHOW CBSI3H,
YIPABJISAIONICH HANIPSHKCHUEM Ha Z-3JIEKTPOJIE, MEXaHUUYeCKas YaCTh MUKPOCKOIIA, YEThIPe
CerMeHTa JeTEKTUPYIONIero (GoToANO0Aa; MOKA3aHbI CUTHAIIBI, HAMPABIIAEMbIE TSI ITOCTPOE-
Hust ACM-u300pakeHUIH Ha KOMITBIOTED (B pexkuMe KOHTAaKTHOM ACM): cHTHAJT OTKIIOHCHHI

@ min (X, Y'), cun Tpenus F,, (X,Y) u Tonorpadudeckuil curai Z|p=const(X,Y)
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pa, IIpu KOTOPOIi ellle COXpaHsIeTCsl MeXaHMUeCKUi KOHTaKT. CKaHMpOBaHUE
pu 0OPATHOM U3TUOE MOKET OBITh HECTAOMIBbHBIM. ECITH CHITBI TPUTSDKEHUS
(KanmWLISpHBIE, TUCTIEPCHOHHEBIC) IEHCTBYIOT Ha 30H/ HEOJIMHAKOBO Ha BCEM
yUYaCTKE CKAHUPOBAHUS, TO B TEX MECTAX, IJIe OHU MEHBIIIE, 30H]] MOKET «OTO-
PBATBCS» OT MOBEPXHOCTHU (BBIHTH U3 KoHTakTa'?)), ecn BeTMUMHA YIPYrHX
CHJI 00paTHOTO M3rMba MPEBBICUT CUIIBI MIPUTSHKEHUSI. ITO 0OCTOSTEIBCTBO
SIBJISIETCSI OCHOBHBIM IPETISITCTBHEM MPH MUHHMH3AIUU CHIIBI BO3ICHCTBUS
30H/A.

Pa3nuna curHajaoB mpaBbIX U JIEBBIX CETMEHTOB (poToamona otobpaxa-
eT BEJIMYMHY CHJI TPEHUS, JEUCTBYIOIINX HA 30HI MPU CKAHUPOBAHUU, YTO
MO3BOJISET UCCIIEOBATh PACIIPE/IeTICHUE JIOKAIBHBIX (DPUKIIMOHHBIX CBOWCTB
noBepxHOCTH. MHDopMaIUIo 0 TpaiueHTe K UCCIeAYeMOU TOBEPXHOCTH He-
ceT cUrHaII 0mKA0HEHUt Py, (X, Y') HeTEKTHPYEMBIi IPY CKAHUPOBAHHUHU KaK
Pa3HOCTHBII CUTHAJI BEpXHUX U HUKHUX CETMEHTOB (poTomuosa, cM. puc. 1.3.
Oxa3pIBaeTCs, UTO B 3KCIEPUMEHTE 3aBUCUMOCTH F,(X,Y) U @y (X, Y)
YACTO XapaKTepHU3YIOTCs OOJIbIIEeH JaTepalibHOM pas3peliaromeid crocoo-
HOCTBIO, YeM TONOTpadrUecKuil CUTHAI Z | p—const(X, Y'), B CHIIy 4ero okasbl-
BAETCs BO3MOXHBIM JIETEKTUPOBaHUE 0OJiee MEJIKHX JIeTalell MOBEPXHOCTH;
MOTOMY MMEHHO 3TU CHTHAJIBI MBI HCIIOJIB30BAJIM ITPH BU3YAJIU3AIIMU ATOM-

HOW WJIM MOJIEKYJISIPHOM YITAKOBKHM MOBEPXHOCTH (paszaen S.3).

HexkoTtopbie orpannuennsi. Vicrons3yemasi cxemMa H3MepeHHUs CHIIOBOTO B3a-
umozeiicteusi B ACM mnpocta U yaoOHA, HO B HEKOTOPBIX CIIyYasiX Cujibl
mpenuss MEXTy 30HIOM U 00pa3lloM MOTYT UCKaXaTh «TOMOTPAGUICCKHIIT»
CUTHaJI, CM. puc. 1.4.

B ciydae, korga HampaBiieHre CKAaHIPOBAHUS COBITAIA€T C OCHIO JIEBEpa,
KapTa MOBEPXHOCTHOT'O PaCIpeIeIICHUsI CUJT TPEHUS OyIET HAMPSIMYIO HAKJIa-
IBIBATHCS HA KapTy M3MEPSIEMOM «TOMOTpa(pUU» MMOBEPXHOCTHU, IMTOCKOIBKY
JEHUCTBUE CWJI TpeHHS OyAeT BapbUpOBATh PA3HOCTHBINH CUTHAII BEPXHHUX W
HIDKHUX cerMeHTa (oToanoa (MMEHHO 3TOT CUTHAN (PUKCUPYETCS] CUCTEMOM
00paTHOM CBSI3M).

B ciyuae, xoria HanpaBiieHUE CKAHUPOBAHMUSI TIEPIICHIUKYJIIPHO OCH JIe-
Bepa, ACHCTBUE CUJT TPEHUS CBEIETCS K BapHAIIMK KPYTHIIHHOTO U3THu0a JIeBe-
pa ¥ TPOSIBUTCS B pa3HOCTHOM CUTHAJIE ITPABBIX U JIEBBIX CETMEHTOB (POTOIH-

04, 4TO IIO3BOJIACT pa3/indaThb BKJIad HOPMAJIbHBIX W JIATCPAJIbHBIX CHJI. O,Z[-

10) U CUCTEMA O6paTHOI71 CBs3H HE CMOKET BOCCTAHOBUTDb KOHTAKT B 3TOM Cliydac
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NaVaVaVUaVaVaVUa U

A A Pa3HOCTHBIA CHTHAJ N Pa3HOCTHBIU CHUTHAJ
npaBbIﬁ/ﬂeBbIﬁ CerMeHT BerHI/II;I/Hl/I}KHI/II;I CerMeHT

dhoTomuona 3 (otonrona

—

JIyd Jjasepa JIyd Jasepa
\V OTKJIOHEeHHEe I \V
/ \

o Frp s Frp

/

HalpaBJ/JeHWEe CKaHUPOBaAHUA

n3rub

Puc. 1.4. OObBSICHEHMSI BIMSHUS ITOBEPXHOCTHOTO paCIpEeICHHS (PPUKIIMOHHBIX

CBOMCTB Ha Tornorpadudyeckoe ACM-u300paxkeHue;

a) KOrJa HallpaBlIEHUE CKAHUPOBAHUS MEPIIEHANKYISIPHO OCH JIeBepa, BKIIAI CHUJI TPEHHS
MIPUBOIUT K U3MEHEHMIO KPYTUIIBHOTO U3rU0a JieBepa U MPOSIBIIIETCA B PA3HOCTHOM CUTHAIIE
MPaBbIX U JIEBBIX CETMEHTOB (POTOAMOIA

6) Korga HampaBiieHNE CKAHUPOBAHUS U OCh JIEBEPA COHAIIPABJICHBI, BKJIA]] CHII TPEHUS ITPU-
BOJUT K U3MEHEHUIO BEPTUKAIIBHOTO OTKJIOHEHUS JIEBEPA U MPOSIBIISIETCS B PA3HOCTHOM CHT-
HaJie BEPXHEro U HIDKHEro cerMeHTa (poTomnoma, HaKiIaIbIBasch Ha oOIuil Tonorpaduyec-

KM CUTHAJI
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HAKO B PEAIBHOCTH U B 3TOM Cllyuae (GPUKIUOHHBINA CUTHAI MOXKET HAKIIaIbl-
BaThCs HA TOMOrpadUIeCKUil, YTO MOXKET OBITh OOYCIOBIEHO aCUMMETpHEN
(OKyCHPOBKH JIA3€PHOTO JIy4a OTHOCUTEIBHO OCH JIEBEpA UIN aCUMMETpUEi
OpHEHTAINH JieBepa (M 30HAA) OTHOCUTEIBHO IMOJIOKKH. DTH apTehaKThI
MOTYT UCKaXaTh pe3yabTaThl ACM-u3MepeHust BBICOT 00beKTOB. OTCIeTUTh
UX BOSHUKHOBEHHE MOYKHO, aHAITU3UPYSI 3aBUCUMOCTb U3MEPSEMBIX BBICOT OT

HaITpaBJICHUS CKAHUPOBAHUA.

Pazpemaromas cnocooHoctb ACM. [Ilpu ckanupoBanuu obGpatHas CBS3b
(pUKCHpyeT Pa3HOCTHBIN CUTHAJI BEPXHUX U HUKHUX CETMEHTOB (OTOIMOAA,
HOPMUPOBAHHBIM Ha BEJTMYMHY CYMMApHOTO CUTHAJIA BCEX CETMEHTOB (hOTO-
IUOAA. DTO UCKIIOUAET BIUSHUE IIIyMOB JIA3€PHOTO IMO0JIa HA TOYHOCTh U3-
MepeHusl n3ruda KaHTuiaeBepa. BinusiHue ceicMUYecKux IIyMOB B 10CTATOY-
HOM CTENEHU MCKII0YAETCS UCIOJIb30BAHUEM MPOCTEUIINX AHTUCEHCMUYEC-
KUX (QWIBTPOB: HANpUMEpP, NAEMIIPUPYIOIIEH KaydyKOBOM MPOKIAAKONU MO/
IPaHUTHLIM OCHOBAHMEM, Ha KOTOPOM ycTaHaBmuBaeTcs npuboptt). TToaTo-
My pa3zperiarias cnocoOHOCTh AaTOMHO-CUIIOBOTO MUKPOCKOIIA 110 HOpMa-
7 (B HAIIPABJIEHUH ) OTpaHUYeHA JPYTUMH IIyMaMU: Tb€30MaHUITYJISITOPA,
KaHTUJIEBEPA U 3JIEKTPOHHOTO OJ10Ka (ITpenyCHIIUTENs, LIEMU 00paTHOM CBSI3U
¥ BBICOKOBOJITHBIX ycunuTeneit?).

Kputepuem paspemiaronieit CHocOOHOCTH 10 HOPpMAAU MOXKET CITY>KUTh MU-
HUMAJIbHOE U3MEHEHUE Z-KOOPAUHATHI UIJIbl IPU CKAHUPOBAHUU, JETEKTU-
pyemoe Ha ypoBHe 11ymMoB. [lociieiHuii cyiecTBeHHO 3aBUCUT OT TApaMETPOB
CKaHUPOBaHUS (CKOPOCTH, MAPaAMETPOB MPOMOPIIMOHATIBHOTO U UHTETPaJlb-
HOI'O 3BEHbEB LIEMU OOpATHOM CBSI3M, pa3Mepa Kajapa), a TAKKe OT BSI3KOYII-
pYyTHX CBOMCTB Hccieayemoro oopasua. s ucnonszyemoro B pabore ACM
«Nanoscope-IIIa» (Digital Instruments, CIIIA) MbI olileHUBaeM Ipeen pas-
pelIeHus: Mo HOpMaJIl Ha YPOBHE JTOJEH—eIUHUIl AHTCTPEM (B 3aBUCUMOCTH
OT apaAMETPOB IKCIIEPUMEHTA).

ITponenypa ompeneneHus pa3pelaromeil CiocOOHOCTH B JaTEPATIbHOM
HampaBlIeHUM He ycTosiiach. [IpencraBisercs BO3MOXKHBIM OIPEICTUTh ee
cienyronmM oopaszom (puc. 1.5). [Tycts 30HaUpYIOIIEE OCTPUE XapaKTePHU3Y-
€TCsl paAuyCcoM KpUBMU3HBI R, a pa3peliaemMble 0COOEHHOCTH NOBEPXHOCTH —

r (puc. 1.5). Toraga BO3MOXXHOCTb J1ATEPATIBHOTO Pa3pelIeHHs] TOBEPXHOCT-

1) 3Ty cXeMy MBI HCITOJIB30BAIIH SKCIIEPUMEHTAX
12) 33 TaFOIIMX CHTHAIBI HA 2NEKTPOAX TTbe30MAHUITYIATOPA, CM. puc. 1.2
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Puc. 1.5. K onpenenenuto 1aTepaabHOM pa3pemiarolieii crrocoonoctu ACM;

ecu Az — TpeJien pa3pelieHus T0 HOpMaJid, TO d — UCKOMBIH JIaTepaIbHBIN MpeneN pas-

petenns; R u r — pannychl KpUBU3HEI 30HA U pa3pelracMbIXx 0ObEKTOB

HBIX OCOOCHHOCTEH OyIeT CBsI3aHa C IPeIesIOM pa3peleHus 1o HopMaiu Az:
KPUTEPHEM pa3pelIeHus SBISETCS YCIOBHE BO3ZMOXHOCTH JIETCKTUPOBAHUS
PA3HHIIBI B 3HAYCHUSX BEPTUKATHHOW KOOPAUHATHI UTJIBI HAJ OOBEKTAMH U
MEKIy HUMHU. ['eoMeTprueckuit aHaau3 puc. 1.5 mo3BojIseT MOayYUTh COOT-
HOILIEHHUE /1T MUHUMAJIbHOTO PACCTOSHUS MEKAY pa3peliaeMbIMU MOBEPX-
HOCTHBIMH OCOOEHHOCTSIMH, IIPU KOTOPOM «IIPOBaJI» Mex 1y HUMu Ha ACM-
N300 pakEeHUU eIlle MOXKET OBITh JeTEKTUPOBAH (T.€., KOT/Ia OH PaBEH IPEIeITy
Az):

d=+/8(R+r)Az. (1.9)

[TOCKOIBKY JOCTHKHUMOE MPOCTPAHCTBEHHOE Pa3pEIICHUE JOJKHO SB-
JNATHCS MHBAPHAHTHOM XapaKTepUCTHKoi mpubopal®), To ero cieayer ompe-
JIENIATh, PACCMATPHUBAs YCIOBHE JETEKTUPOBAHHUS IBYX TOUEYHBIX OOHEKTOB

(r = 0). Torna cootnomenue (1.9) mpumeT BUI:
d =V8RAz, (1.10)

CBSI3BIBAS IIPENAEII PA3PELICHUS B JaTEPAJIbHOM HAIIPABIECHUU d C MPENEIOM
paspelieHus mo HopMaiu Az U paJuyCcoM KPUBU3HBI 30HIUPYIOUIETO OCT-
pus R.

CTOUT OTMETUTH, UTO BBEJEHHAS NPOLIEypa ONpPENAEIeHU JaTepaabHO-

IO IPOCTPAHCTBEHHOTO PA3PELIEHUS YIIPOLIEHA U HE YUUTHIBAET, HAIIPUMED,

13) ye 3aBUCAIIENH OT 0OBEKTA UCCIENOBAHMS
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BIIMSIHUS 30HA HA CTPYKTYPY 0OBbEKTa (3a CUeT KOHTAKTHBIX aedopmannii).
BBenennas npoueaypa, no-BUAMMOMY, HETPUMEHUMA IPU OTIPEIeTIEHUHN pas3-
pelaroIei crocoOHOCTHU B UCCIIEIOBAHUSX MOJIEKYISIPHOM (ATOMHOM) CTPYK-
Typbl MOBEPXHOCTHU (cM. pazaen 2.1.5).

OtnenpHO clielyeT MOJYEPKHYTh OTJIMYME MPEI0KEHHOTO MOoAX0Aa OT
MPOLIEAYPHI OMPEETICHHs pa3pelaloieil ciocOOHOCTH ONTUYECKUX MPUbOo-
POB, KOT'1a UCIIOJIB3YIOT KpUuTepuil Peres, COOTBETCTBYIOIINI TOMY, YTO OCBE-
ICHHOCTh MEXAY M300paKEHUSIMH JETEKTUPYEMBIX TOYEK COCTaBIsIET 74%
MakcuMasibHOUM. To ecTh ist onTudeckoro mpubopa OepyT B pacuer omHo-
cumebHyI0 BEJIMUUHY MTpOBajia Mexay n3o0paxeHussMu o0beKToB. B ciyuae
ACM BaxHa abcontomuas T1yOMHA TpoBajia — OHA JIOJDKHA OBITH JIETEK-
TUPYEeMOW Ha YPOBHE IIYMOB. DTO pa3iuydMe SBISIETCS CIEACTBHEM TOTO,
YTO ONTUYECKHE M300pakeHuss GOPMHUPYIOTCS ITyTeM CIIOKEHUSI MHTEHCHB-
HOCTeH n300paKeHU OTACIBHBIX OOBEKTOB (MIPUHIUI u), HamTpoTuB, ACM-
n3obpaxeHue GopMUpyeTCs IMMyTeM UCKIIIOUEHUS BKJIaga B U300paxxeHue 60-

JIee «KHU3KUX» TOBEPXHOCTHBIX OCOOCHHOCTEN (TPUHLIUIL UJL).

ACM npepbIBHCTOr0 KOHTAKTA

Jns u3mepenus 1 puKkcanuy mpu CKAHUPOBAHUU UHTEHCUBHOCTH CHUIIOBOTO
B3aMMOIeHicTBIS 30HAa U obpasua B ACM npepwisucmozo konmaxma'® nc-
MOJIB3YETCsl Pe30HAHCHAs cxeMa. J|OTIOIHUTEIbHBIN The303JIEMEHT BO30YK-
JaeT BBIHYXICHHbIE KOJIeOaHUsI JIeBEpa Ha ero Pe30HAHCHOM yacToTe (Baaiu
OT moBepxHocTH obpasua). [Ipu cOmmkeHun 30H1a U 00pasila BOZHUKHO-
BEHHUE JOTOJHUTEIHLHOTO TPAJANEHTA CHJI UX B3aUMOACUCTBUS MPUBOIUT K
CIIBUTY PE30HAHCHOH YaCTOTHI (M3MEHEHHIO 3((HEKTUBHOM KECTKOCTH) U Yac-
TUYHOMY BBIXOJTy CUCTEMBI U3 pe3oHaHca. Hapsay ¢ aTum, mpu coyaapeHusx
30H1a U 00pasia yBeTndnBaeTcs aeMiipupoBanue KojaeOaHui 3a CYeT HeyII-
pyrux mporeccoB. CreAcTBHeM 00OUX MEXaHM3MOB SIBJISIETCSI YMEHBIIICHHE
aAMIUTATY Il KOJICOaHUH.

[Tpu ckanupoBannun ACM B pexuMe TPEpPhIBUCTOIO KOHTAKTa CHUCTE-
Ma OOpaTHOM CBSI3U MOAJEPKUBAET HA 3aJaHHOM yPOBHE WUMEHHO BEIHYU-
HY amMnaumyosl koaeoanuii: Az = const. B cuiy BbICOKON 4yBCTBUTEIBHOCTHU
AMIUTUTYIbI KOJICOAHUI K CpeHEMY 3HAUCHUIO PACCTOSHUS MEXIY 30HIOM

1 00pa3oM, MOXHO TMOJIy4aTh HHGOPMAIMIO O TONOTrpaduu MOBEPXHOCTHU

14) B AHTIOS3BIYHOI TUTEPAType HCIONB3YIOT TEPMHUH fapping mode
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(Z| Az=const(X,Y)) ¢ IOCTATOYHO BBICOKUM MPOCTPAHCTBEHHBIM pa3pellleHH -
eM.

Nupopmanus o TOHKOHN CTpyKType (M JIOKAJIbHBIX BA3KOYIIPYTUX CBOMCT-
BaXx) UCCIIEAYEMOM MOBEPXHOCTU MOXKET OBITh MOJIyYeHA U3 U3MEPEHUM 3aBU-
cUMOCTU: AP|Ar—const(X, Y'), Tne Ap — caBur a3 Mex 1y KojeOaHUSIMH JIeBe-
pa ¥ BHENTHEH BhIHYXIatolel CUiibl. Branu oT moBepXHOCTH KoJieOaTenbHasl
CHCTEMa HACTPaMBaeTCs B PE30HAHC (¢ = 7/2), OTHAKO IPHU COMMKEHUN 30H-
1na 1 obpasia oHa, YaCTUYHO, BBIXOJUT U3 PE30HAHCA W BKJIAJ B CIBUT (a3
OynyT AaBaTh ynpyrue (M3MeHeHUe PE30OHAHCHON YaCTOThI) U IMCCUTIATUBHbBIE
(yBeImyeHue JeKpeMeHTa 3aTyXaHus) MexaHu3Mbl. OKa3bIBaeTCs, UTO B psijie
ciydaeB CUTHAT Ap|a,—const (X, Y) XapakTepusyercst 60JbIIIei JaTepaabHON
paspemaronieit CrrocoOOHOCTHIO, YeM TONOTPAPHUECKHN Z | A, —const(X, Y'), TTO-
3BOJISISL pa3pelInTh O0JIee MEJIKUE JETAIN TOBEPXHOCTHU.

CTOUT OTMETUTH, YTO B HACTOSIIEE BPEMS HE CYLIECTBYET 3aKOHUEHHOMU
teopuu ACM npepbIBUCTOTO KOHTAKTa, KOTOPAast MO3BOJIsIa ObI KOJIMYECT-
BEHHO CBS3aTh MapaMeTPhl IKCIIEPUMEHTA (BEJIMYMHY aMIUIUTY/Ibl U CABUTA
(a3 xonmebaHwmii JeBepa) C MHTCHCHBHOCTBIO CHJTOBOTO BO3/ICUCTBUS 30H/a Ha
o0Opa3ell U ¢ JIOKaJIbHBIMU BSI3KOYIIPYTUMHU CBOMCTBaMU obpa3iia. ITo 06cTo-
SITEJIbCTBO OCIIOKHSIET KOJIMYECTBEHHYIO MHTeprpeTanuio (azoBeix ACM-

n300paxeHuit (Ap|a,—const(X,Y)) MUKPOCKOTIMU TIPEPBIBUCTOTO KOHTAKTA.

ACM Moy Isiuuu CHIIbI

MeTox MOIYJSIMU CHJIBI MBI PACCMOTPUM IPUMEHHUTEIIFHO K aTOMHO-
CHIIOBOI MUKPOCKOMMH KOHTakTa'®). B 3ToM ciydae obmas cxema n3mepe-
HUl TakoBa. Kak ¥ B MUKPOCKOTIMH MPEPBIBUCTOTO KOHTAKTA B IKCIICPUMEH-
TaJIbHYIO CXeMY BBEJICH JIOTTOTHUTEIIBHBIN MTbe303JIEMEHT (OuMopgh), KOTOPBIN
BO30ykIaeT KojiebaHus JeBepa, HO B 3TOM CiIy4dae HE Ha €ro Pe30HAHCHOM
4acToTe, a Ha Pe30HAHCHOM 4acTOTe caMoro oumopgha (CylmecTBeHHO OoJiee
MacCUBHOT0). [laHHOE OOCTOSITEIbCTBO MPUBOJUT K TOMY, YTO, B OTJIMUUE
oT ACM npephIBUCTOrO KOHTAKTa, B 3TOM CITyuyae CUJIOBOE B3aMMOICHCTBUE
30Ha 1 00pasiia He e1usien Ha COOCTBEHHYIO PE30HAHCHYIO YACTOTY CUCTEMBI
(cucTema He BBIXOAWT U3 PE30HAHCA B CIIydae, KOTAa MPOSIBISETCS B3aUMO-

JeHCTBUE 30H1a U 00pasia).

15) eCTh IKCIIEPHMEHTAIIBHBIE CXEMBI, TO3BOJIAIOIINE PEaTH30BaTh PEXKIM MOYIISIINE CHITBI
Y B MUKPOCKOITUU NTPEPBIBUCTOTO KOHTAKTa, cM. http://www.di.org
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Kax u B kontaktHoit ACM B mpoiiecce CKAaHUPOBAaHUSI CUCTeMa 00part-
HOM CBSI3M MOJJIEPKUBAET HA 3aJJaHHOM ypoBHe M3rud kantwieBepa. Ho B
9TOM cilyuae (PUKCHpPYeTCs CpeIHee 3a MepUo] 3HaUYEeHUE U3ruda, MOCKOIbKY
KaHTWIEBEp COBEpLIAET BBIHYKIAEHHbIE KoJieOaHus. BennunHa aMIATyabl
KoJieOaHui OyleT 3aBUCETh OT YIPYTUX CBOMCTB MOBEPXHOCTH: HoJiee KeCT-
KHE yYaCTKU MTOBEPXHOCTH OyIyT «IIPOJAABIMBATHCSI» B MEHbBIIECH CTEIEHU U
TaM aMIUIUTYAA KOJIeOaHUN Oy1eT MEHBbLIE.

Kax u 1711 MUKpOCKOIIMY PEPBHIBUCTOIO KOHTAKTA B HACTOSILIEE BPEMS HE
CYLIECTBYET yIOBJIETBOPUTEIBLHON TEOPUH, MTO3BOJISIONIEH TPOBOIUTH KOJIU-
YeCTBEHHBIN aHAJIN3 YIIPYTUX CBOMCTB MOBEPXHOCTEN HA OCHOBAHUY aHAIN3a
ACM-u3ob6paxeHunit, MOJIYYeHHBIX B PEKUME MOTYJISIIIUN CUITBI.

ITosTomy B nurepatype no ACM MoayisiiMM CUJIBI TP MHTEpIpeTa-
LMY 3KCHEPUMEHTAIIBHBIX PE3YJbTATOB OTPAHUUYMBAIOTCS JIUIIb KAYECMBEH-
HbLM AaHATIU30M, PUBJIEKAsl HEKOTOPbIE MOJIeTIbHbBIE ITpencTaBiaeHus. OqHako
B pslie cllyyaeB OTMEYEeHa HEOJIHO3HAUYHOCTh B MHTepIpeTanuu. Tak, aBTo-
PBI pabOTHI [24] BOCIIONIB30BAUCH Meopueti KOHMAKmHbLX 0eghopmayuii C TeM,
YTOOBI YCTAHOBUTH KAUECTBEHHYIO CBA3b MEXAY BEIMUYMHOU aMILIUTYAbI KO-
Jeb6aHU M JIOKAJIIBHBIM 3HAYEHUEM MOJYJIS YIPYTOCTU MOBEPXHOCTU (ITO-
poOHee BOITPOCHI MPUMEHEHUsI TEOPUM KOHTAKTHBIX IehopMaIiii K UCCiIe10-
BannsiM ACM paccMmoTpeHbl Hamu B paszaene 2.1).

Teopust o3BOJISIET (CM. CTP. 55) YCTAHOBUTH CBSI3b MEXKAY COTUKEHUEM
3a cueT aeopmauuu h, BETUYUHONU CUIIBI BO3JEHCTBUS 30HAA F' U JIOKaJb-
HBIM 3HaYeHueM 3¢ ¢pekTuBHOro MoayJist FOura E* (KOTOPBIi B MPUOIMIKEHUN

JcecmKo020 30Ha coBrnaaaet ¢ moaysieM FOura oOpasna):

F\2/3
h ~ t —
const X <E*>

[Tpu n3mMeHeHnH CUJbl BO3IEUCTBUS 30HIA MO 3aKOoHy F' ~ Fy + AF coswt
B IIEPBOM IPUOIKEHUHU BelIMuuHa AedopManiu OyaeT onpeaensiTbes: h ~
ho + Ah cos wt. 9To MO3BOJISIET CAENATH BBIBOJ, YTO Ha OOJIee )KECTKUX y4acT-
Kax nmoBepxHocTu (F; > Fs) BeIMYMHA aMIUTUTY/IbI KOJIeOaHuUii 1eBepa OyaeT
MeHble (Ah; < Ahs). OnHaKO aBTOPBI paOOTHI AETAIOT TPOTUBOIOJIOKHBIN
BBIBOJI, OCHOBBIBASICh Ha TeX k€ GOopMysIaX KOHTAKTHONU TEOPHUH, HO OIyCKasl
HEO0OXOIUMble KOMMEHTApUU, KOTOPbIE MOIJIM Obl MPOSCHUTH BO3HUKHOBE-

HHE PA3JINYMS B UHTEPIPETALNH.
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ABTOpBI paboThI [25], Takke UCTIOIB3YsT (HOPMYIIBI KOHTAKTHONU TEOPUU

nedopMaluii, BBOIST APAMETD HCECMKOCHIb:
S = 0F/0h = aaE",

rae F' — cuna Harpysku, h — riyOuMHa NMpOHUMKHOBEHMS 30HJa B oOpaszel
(cOmmkenue 3a cuer Aeopmaimm), ¢ — paanyc o0JacTu KOHTakTa, B* —
s¢dexTuBHbIT MOAyIh FOHra, 0 — KOHCTaHTa (B hopmymax cTp. 55 a = 2).
XO0J paccyKIeHHI aBTOPOB TaKOB: OoJiee MITkue oOpaslbl XapaKTepH-
3yI0TCS MEHBIIMM E*, OTHAKO JJi1 HUX OOJblIe paauyc o0JlacTh KOHTAKTa
<a> (cpeaHee 3HaueHue). Jlanee aBTOpPbI yTBEPKAAIOT, UTO JKECTKOCTh MO-
KET ObITh OOJbIIeN 11 0oJjiee MITKUX 00pa3lOB, €CJIU B BHIITUCAHHOM CO-
OTHOILIEHUU JOMUHUpPYET (?) BKiIaa paaunyca KOHTakTHOM obnactu. C 3tum
YTBEPKACHUEM Hellb35l COTJIACUTHCS, ITOCKOJIBKY (POPMYIIbl KOHTAKTHOM Teo-

pun (a = (FDR)Y3, cM. cTp. 55) NO3BOJIAIOT OJIyYHTH COOTHOIIEHHE:
S~ FY? x (E*)*?,

OTKY[Ia C OUEBUTHOCTBHIO CIIEAYET, YTO JIs O0JIee MATKIX 00pa3II0B KECTKOCTh

MEHBIIIE; HO 3TO U eCcrecmaeHHo B CIITy (PU3UIeCKOT0o CMbBICTIA JKECTKOCTH.
Orcrona, Kak Mbl U YKa3bIBAJIM BBIIIE, CIEAYET, UTO Ha OoJjiee MSTKHUX

y4acTKax MOBEPXHOCTU aMIUIUTy1a Koyiebanuit seBepa Ah B ACM moayns-

LUK CWIIBI OYAET OObIIIE:

Ah x AF ~ AF/S

1
~ 9F/oh

ABTOpPBI paccMaTpuBaeMoOi pabOThI MPUXOMAT K MAKOMY dHce 6bl600) TIPU
MHTEPIIPETAILMU SKCIIEPUMEHTAIBHBIX PE3YJIbTATOB, IOCKOIBKY TOIYCKAIOT,
HaIpoTHUB, YTO AMIUIMTY/1a KojebaHuil 0omblle B ciiydyae 0obpLero S.

T.o. anekBaTHOE NMPUMEHEHNE KOHTAKTHOU Teopuu AeGopMalrii MOXET
ObITh MmoJie3HbIM 11 ACM, mosToMy MBI B paszfeie 2.1 paccmaTpuBaeM pe-
3YJIbTATBI 3TON TEOPHUH MPUMEHUTEIIFHO K HHTEPIPETAIINH IKCIIEPUMEHTAITb-
HBIX IaHHBIX. B paznene 5.2 npuBeieHbl SKCIIEpUMEHTAIbHbBIE PE3YJIbTATHI Ka-
YECTBEHHOT'O aHAJIM3a METO0M MOAYJISIIMY CUJTbI YIIPYTUX CBONCTB MaTepH-
aJIOB (CpaBHEHUE KECTKOCTU OEITKOBOH MJIEHKH U TTOJIOKKH ), TOATBEPKAAL0-
M€ CIIPaBeAJIMBOCTD HAIIEH MHTEpIpeTauu GOPMUPOBAHUS U300pakeHUI

B paccMaTpUBAaEMOM METO/IE.
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1.4. OcHoBHBIE METOAbI HCCJICAOBAHUA

OHMOJIOTHYECKHUX H OpPraHu4€CKux 00bEKTOB U

CTPYKTYP

B Hacrosiee Bpemst B apceHalle ucciieoBaTeneil, n3yyarmomux ouoioruyec-
KM€ U OPraHUYeCKNE CTPYKTYPbI, IMEETCS IIUPOKUN CIIEKTP PA3IMUHBIX (u-
3UYECKUX METONOB UCCIEAOBAHNS, MHOTHE U3 KOTOPBIX TABHO CTAJIM PYTHUH-
HBIMH, U 6€3 KOTOPBIX HE 00XOIUTCSI HU OJTHO IIUPOKOMACIITAOHOE HAay4YHOe
uccieioBaHue B 3Toi obactu. 11st Toro, 4ToObl MPOSCHUTH BOZMOYKHOCTH U
MEPCHEKTUBBI METOIa CKAHUPYIOLIEH 30H10BOI MUKPOCKOIIMHU U 0O03HAUYUTh
€€ MECTO B PsALY APYIMX METOIOB MCCIIEIOBAHMS, HUKE MIPUBEICHA KpAaTKas
XapaKTEPUCTHUKA OCHOBHBIX 3KCIIEPUMEHTAIIBHBIX IOAXOA0B K UCCIIEOBAHUIO

OMOJIOTUYECKUX U OPTAaHUUYECKUX CTPYKTYP.

JndpakumoHHbie METOAbI

K audpakiinOHHBIM OTHOCSITCS METO/IbI PEKOHCTPYKIIMH PeaTbHON CTPYKTY-
pbI 00BEKTA MTyTeM aHaIN3a TU(PPAKIINN B3aUMOACHCTBYIOIIETO C HUM ITydKa
3JIEKTPOHOB, HEUTPOHOB WJIM PEHTT€HOBCKUM Jyued: MaTeMaTuyeckas 00-
paboTka nTudpakIIMOHHONW KapTHUHBI MO3BOJISIET PEIIUTh OOpAaTHYIO 3a7auy
U BOCCTAHOBUTH CTPYKTYpy oObekTa. [IpuHnunuaipHast TpyaIHOCTbh METOAA
3aKJIF0YAETCS B HEBO3MOKHOCTH MOJIYYEHHUS! HEMTOCPEICTBEHHO U3 3KCIEepH-
MeHTa uHpopMaruu o ¢gazax audparupoBaBiiux jgydeit. OnuH U3 BO3MOX-
HBIX MyTeW pelleHus TaHHON MPOOIeMbl — UCIOJIb30BAHUE METOK — aTOMOB
TSDKEITBIX METAJIJIOB, IPUCOEANHSEMBIX K OTIpe/IeJIEHHBIM I'PYIIaM UCcleaye-
Moro o0bekTa. Tak, mociaenoBaTeIbHOE MEUCHIE PA3TMIHBIX CIIEITU(PUISCKIX
TPYII TeMOTIOOMHA TTO3BOJIAIIO MOTYIUTh HEOOXOIUMYIO MH(OPMAIIHIO IS
pacdeTa CTPYKTYpbl 3TOro Oenka[26] mo JaHHBIM peHmeeHOCHpyKIMYypPHO20
aHaJIN3a ero KPUCTAJUIOB. DTOT METO/I Hallle]I IPUMEHEHHE U IPU UCCIIeI0Ba-
HUU HEKPUCTAJUIMYECKUX (HAIIPUMEP, BOJIOKHUCTHIX) CTPYKTYp. VIMEHHO 11O
KOCBEHHBIM PEHTT€HOCTPYKTYPHBIM IaHHBIM Y OTCOH U KpHK BriepBbIe Ompe-
nemuan st mojekyabl JIHK quamerp u mapamerpsl cniupanu (Haauuue 10
SKBUBAJICHTHBIX T'PYMI B OJHOM obopoTe, paBHOM 3,4 HM). Ha ocHoBaHuu
9TUX PE3YJIbTATOB UMM U ObLIA BIEPBbIE MPEAIOKEHA OOIIETIPUHSATAS HbIHE

Mojieb cTpoenus moiiekysl JJHK [27].
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HudpakimoHHble METOABl YCHEIIHO HCIOIb3YIOTCS W ISl aHalu3a
CBOWCTB n08epXHOCMU, TIO3BOJISASI IOCTUTaTh BBICOKOW TOUHOCTU B OIpee-
JICHUU PEKOHCTPYUPYEMBIX MPOCTPAHCTBEHHBIX MAapaMETPOB (IIPHU YCIOBUH
JOCTATOYHOM YHMOPAJIOUYEHHOCTH UCCIEAYeMOU CTPYKTYyphl). OCOOEHHO 1Iu-
POKO HCIIONIb3YETCSI METOJ 9/1eKmpoHo2paguu, TOCKOIbKY, U3-32 CUJIBHOTO
B3aUMOJICUCTBUS JIEKTPOHOB C BEIIECTBOM, OMPEICIISIONIUM B AUPPAKIIU-
OHHOU KapTHHE SIBIISICTCS BKJIAJ UMEHHO OJIMKAUIINX K TTOBEPXHOCTH aTOM-
HBIX CIIO€B. B ciyuae peHTreHOCTPYKTYpPHBIX HCCIEHOBAHMI MOBEPXHOCTH
MIPUXOJIUTCS MCIOJIB30BATh «CKOJIB3SIIIYI0» T€OMETPHIO TAIAaIOIIEeTo Iyda 1
JIOCTATOYHO MOIIHBIA UCTOYHUK U3ITyUYEHUS.

Meto peHTIeHOCTPYKTYPHOT O aHAIN3a MPUMEHUM U JIJIs1 UCCIIEIOBAHUIN
CHCTEM YACTHII, PACIIOIOKEHNE KOTOPBIX HE XapaKTepU3yeTcsl OJMVKHUM WU
TATBHUAM MOPSIIKOM: B 3TOM CITy4ae aHAIM3UPYIOT PACCeSTHIE PEHTT€HOBCKUX
ayuet oA manvimu yeaamu. ITOT MOAXO0/ MO3BOJISIET ONPEEISATh JTU00 dop-
My, TU00 pa3Mepbl MUKPOOOBEKTOB CUCTEMBI (ISl pEIIeHUs 3a/1auM KaKasi-
TO UH(pOPMAIHS JOJDKHA OBITh N3BecTHA [28]). Eciii 00BeKTHI HCcIeyeMoro
aHCaMOJIs XapaKTepu3yIOTCS HEKOTOPBIM PACIPEICIICHHEM IO MapaMeTpy,
yepe3 KOTOPBIN BbIpaXKaeTcsi UCKOMBIM, TO TOYHOCTh €ro BOCCTAHOBJICHUS
orpaHuueHa. Hampumep, npu BoccTaHOBIEHUU (POPMBI YacTull, pa3dpoc ux
M0 pa3MepaM Pe3KO CHIKAET TOYHOCTH PEHIeHHs] OOpaTHOW 3a1adu (eciu
OHO BOOOIIIE MOXET ObITh HalIeHO) [28], 1 HA060pPOT. JloNOIHUTENbHAS UH-
dbopmanus, HeoOxoaumas Jisi KOPPEKTHON MOCTAHOBKU OOpaTHOM 3a1auu,
MOXET OBITH IMOJIy4YeHAa C TOMOIIBIO APYTUX METO/IOB UCCIIEIOBAHUS — B TOM

YHCJIE CKAHUPYIOIIEN 30HA0BOM MUKPOCKOIIHUH.

BHeKTPOHHaﬂ MHKPOCKONUSA

Meton snexkmponnoii mukpockonuu (AM), 3a TOJBI CBOETO CYIIECTBOBAHUS,
OBLT JOTIOJTHEH MHOKECTBOM BCIIOMOTATEIbHBIX METOJIUK ITperapupOBaHUS
00pas1oB s ucciaeqoBaHuii 6moo0bekToB [29]. [Tpobiaema B ToMm, 4TO OMO-
00OBEKTBI COCTOSIT M3 BEIIECTB C MaJIbIMH aTOMHBIMA HOMEPAMHU, CIICCTBUEM
YEeTo SBJISIETCS MAJO€ YUCIO PACCESTHHBIX 3JICKTPOHOB U, B UTOTE, OTCYTCT-
BUe pasperieHus. CeroaHs Hanbojee YacTO MCHOIb3yeMbIe CIIOCOObI KOH-
TPAacTUPOBAHUSI OMOOOBEKTOB It DM-HCCIETOBAHUI — 3TO MPUTOTOBJIC-
HUE PEIUIMK, OTTCHEHHUE 3aITbUICHUEM METAJUIAMHM, OKpAITUBAHHUE» OTACIIb-

HBIX YaCTHIl U MOJICKYJI HOHAMHU TAXKECIIbIX MCTAJIJIOB. Bricokoe Pa3pCUICHUC
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naet npemoxxeHHbId XosioM [30] MeTo1 HEeraTUBHOIO KOHTPACTUPOBAHUS,
MPUHIIMI KOTOPOT'O COCTOUT B MTOMEIIEHUHU UCCIIETyEMbIX 00Pa3I[0B B IJIEHKY
aMOp(HOTO BEIECTBA BLICOKOI moTHOCTH S,

ITpu uccnenoBaHUM HYKIEUHOBbIX KUCA0M METOIOM DM BakHOU Ipo0Iie-
MOM SIBJISIETCS. METOAMKA HAHECEHUS MCCIIENYEMBIX CTPYKTYP Ha MOJIOKKY.
[Tpu BeICYIIMBAaHUM KATIA pa30aBIEHHOT'O PACTBOPA MOJIEKYJT HA ITOBEPXHOC-
TH HamOoJIee YacTO MCIIOJIb3yeMbIX B DM Mo 1okeK (Kosutoauid, hopmBap,
yIJIEpOA) MPOUCXOIUT arperaius UCcleayeMbIX CTpYKTyp. Hanecenue more-
kyn JIHK ¢ momompio nysisBepu3aTopa NPUBOAUT K JETPalalluy UCCIIETy-
eMbIX CTpYKTYp. [ToaToMy Gosblioe pacripocTpaHeHHe MOJIy4Yiia MeTOIUKa
Knsitnmmvuara u [lana [31], ocHOBaHHAas HA B3aMMOJAEHCTBUM HYKJIEMHOBOM
KHUCJIOTBI C OCHOBHBIMHU O€JIKaMH U CIIOCOOHOCTU 3TUX OEJIKOB 00Pa30BbIBATH
MOHOCJION Ha IMMOBEPXHOCTH pasnena ¢a3 Bo3AyX/BOAHBINA pacTBOp. MoJexy-
JIbl HYKJIEMHOBBIX KHUCJIOT, CBSI3BIBASICh C OEIKOBOM IJIEHKOH, MEPEXOAST U3
COCTOSIHUSI TPEXMEPHOTO KIIyOKa B IBYMEPHOE PACIIPABIEHHOE COCTOSIHUE Ha
MMOBEPXHOCTH BOAHOM cyO(daszpl. beTKkoByIO MJIICHKY ¢ MOJIEKYJIaMU HYKJIEH-
HOBOM KHMCIIOTBI IEPEHOCAT HA CETKY, MOCIIE YEro MPUMEHSIOT CTAHAAPTHbBIE
METO/IbI KOHTPACTUPOBAHUS U OCYIIECTBIISIIOT UcciaeaoBanue [32]. Hemocrat-
KOM METO/Ia SIBJISIETCSI TO, YTO OENKOBasl IJIEHKA, IOKPHIBAIOIIASI MOJIEKYITY,
YBEJIMUMBAET €€ TOJIIUHY» A0 5—8 HM U 3aTPyAHSIET pElIeHHE psaaa 3a1ad
(HampuMep, UCCIeA0BAHUS B3AUMOACHCTBUSI HYKJIEMHOBBIX KUCIIOT C OelKa-
MH).

Cy1iecTBeHHOU MPOOIEeMOM IMEKTPOHHON MUKPOCKOIIHNH SIBJISIETCS] 60JTb-
masi BEPOSITHOCTh BO3HUKHOBEHUSI apTe(aKTOB, CBS3AHHBIX C HEOOXOIM-
MOCTBIO HCIIOJB30BAHUS CIEMU(PUIECKIX METOAMK KOHTPACTUPOBAHHS W
(bukcupoBaHUs OMOOOBEKTOB Ha MOTOKKE.

3oH10Bast MUKPOCKOIHUS 1O OOIIel cxeme sKcrepuMeHTa 6imuska DM u
JUISi MHOTUX OOBEKTOB IO3BOJSAET JOCTUrATh JATEPATIBHOIO pPa3pelleHus,
O6m3Koro K paspeuieHuro OM. B To ke Bpems, JIaTepajibHOE pa3pelleHue
C3M no nopmanu Beime'”), 4To MO3BONSAET YCHEIIHO pelaTh creluduuec-
KM€ 33/1a4¥, BeCbMa CJIOKHbIE U1t DM: HanpuMep, 1Mo YBEJIUYSHHUIO BBICOTHI
nokaiabHOTO yyactka ACM-uzob6paxenus monekyibl [JHK, nerektupoBath

MECTOTIOJIOKEHUE MpunieKkca B COCTaBe MOJIEKYIIbI [33].

16) T.e. XOPOIIO PACCEHBAIONIETO NEKTPOHEI
17) MeTon sansiienus nod yenom B DM He 1aeT BBICOKOI TOUHOCTH B ONPEIETICHNN BHICOT
00BEKTOB U3-32 KOHEYHOTO pa3Mepa 3epHa 3arblICHUS
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Ontuyeckue METOAbI

OnrTryeckue METObI UCCIIEAOBAHMS ITOJTYUYMIH B ITOCTIEIHEE BpEMs OOJIBIIIOE
pacnpoctpaHeHue (0COOEHHO ¢ MPUMEHEHUEM Ja3epHoro u3nyudenus). Cpe-
11 HanOoJiee YaCcTO UCTIONb3yEeMbIX METOIUK — CHeKmpopomomempusi, OCHO-
BaHHAs HA U3MEHEHUH CIIEKTPa MOTJIOIIEHUS MOJIEKYJIbI TPU TUMEpU3aInu (B
o011IeM ciTydyae — MOJUMEPHU3ALINKI) 32 CUET B3aUMOJCHCTBUSI COCETHUX MO-
HOMEPOB (B OCHOBHOM HTIPAET POJb AUIOIb-IUIOIBHOE B3aNMOICHCTBUE).
CnexTpooToMETpHs MTO3BOISET OMPELNISATh KOHIICHTPALIMY HYKJIEUHOBBIX
KHUCIIOT, OMNpEAesiTh CTEIEeHb CIIUPATBHOCTU M UCCIENOBATH MEPEXo]l KITy-
060k — rinoOyna. OHAKO Pe3yabTaThl UCCIENOBAHUS YyBCTBUTEIbHBI K Ha-
JIMYHIO B PACTBOPE MOHOB, CITOCOOHBIX B3AUMOJEHCTBOBATH C MCCIIETYEMbIMU
MOJIEKYJIaMH (B TOM YHCIIe TPOTOHOB, onpeaenstonux pH cpenbl). 1o cBsiza-
HO C BO3MOKHOCTBIO BJIUSIHUS MTOJ0OHOTO B3aMMOACUCTBUSI HA KOHTPOJIUPY-
€MbI€ B MPOLIECCE UCCIIeIOBAHUS CIIEKTPAIbHbIE M3MeHEeHUs. [{J1 BhISICHEHUS
MIPUPOIBI CIIEKTPATIbHBIX U3MEHEHUH HEOOXOAMMBI BCTIOMOTATEIbHBIE IKCIIE-
PUMEHTBHI.

Hapsiny co ciektpodoTomerpueil B ucciaen1oBaHUSIX OMOOOBEKTOB IIMPO-
KO TIPUMEHSIOTCS MH(ppaKpacHasi CIIEKTPOCKOIHS, CHEKTPOIIOISIPUMETPHS,
CHEKTPATbHO-(IIyOpECIEHTHBIE UcClieIoBaHus U T.1. OO1I1eil YepToii TaHHBIX
METOJIUK SIBJIIETCS X KOCBEHHBIN, HEMPSMOM (OTHOCUTEIBHBIN) XapakTep —
pe3yIbTaTOM HCCIIEIOBAHUSI SIBJISIETCS YCPEIHEHHBIM MO0 aHCAMOJII0 OTKIIMK
00bekTOB. [Ipobiiemoit sBISIETCS U HEOOXOAUMOCTh PEIlIeHUsT OOpaTHOM 3a-
a4y JUIsl U3BJIeueHns: nHPopMaImm o0 00beKTe, UTO, B PAJIE CIIydIaeB, MOXKET
MPUBECTU JTMOO K 3HAUUTENIbHOM MOTPEIIHOCTH B pe3ysibTaTax, JM00 K Hea-
JEKBATHOCTH PEIIECHUS.

OTaenbHO ClenyeT YIIOMSHYTh METOM )1y 0peCcyeHmHOt MUKPOCKONUU, KO-
TOPBIN HAIIEI TPUMEHEHHUE ITPHU BU3yaTU3aIlUN OJJTUHOYHBIX MAKPOMOJIEKYJI B
HATUBHBIX YCIIOBUSX U UCCIIEOBAHUHN U3MEHEHUN UX MOP(}OJIOTUH B IIpOIIeC-
ce B3aMMOJICUCTBUS C pPa3IMUHBIMU JTUTaHaMu U Iip. K HegocTaTkaM MeToaa
CIIEZIyeT OTHECTH HEBBICOKYIO MPOCTPAHCTBEHHYIO Pa3pelIaoIIyio CIoco0-
HOCTh (OTPAaHUYEHHYIO MPEIeNIOM ONTHYECKOTO MHUKPOCKONa A/2, MO3TOMY
YCIIEUTHO MOKHO UCCIIEA0BATH JIUIIb I0OCTATOYHO OOJIBIINE MOJIEKYJIbI), U He-
00X0IMMOCTh KOMIUIEKCOOOPa30BaHUSI MAKPOMOJIEKYJIbI C MOJIEKYJIaMU (ITy-

OPECIIEHTHOTO «KPACHUTEIISI».
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I'uapoamHaMuyecKkue MeTO/IbI

[Iupoko ucmomb3yeMble THAPOAMHAMUYIECKIE METOAbI UCCIETOBAHMS OMO-
MOJIMMEPOB (BUCKO3UMETPHUSI, CEIUMEHTAIINS, TBOWHOE JTy4eTPEeIOMIICHNE B
MOTOKE) MO3BOJSIOT OMPEASNTUTh MPUOIMKEHHYI0 POpMy, pa3Mepbl, MOJie-
KYJISIPHBIN Bec U 1eOpMUPYEMOCTh UCCIeAyeMbIX Molekyl. Mudopmanyus,
noJry4aeMasi ¢ TOMOIBIO0 THAPOAMHAMUYECKUX METOJIOB, TAKKE SIBIISICTCS He-
a0comoTHON (yCpeAHEHHOM MO aHCaMOJII0), UTO MOApa3yMeBaeT HEOOX0aH-
MOCTb CPaBHEHHUsS C PE3ylbTaTaMH APYTUX METOIOB HCCIEIOBAHUA. AKTY-
aJBHOM SBIIETCS MPoOIeMa KOPPEKTHON MOCTAHOBKH M pelIeHUs] 0OpaTHOM

3a/1auu JUIs OIpeesIeHHs] TapaMeTPOB OOBEKTOB.

Mecto C3M B psiiy APyrux MeTOA0B HCCJIEIOBAHNUS

B 37011 CBSI3M METOIBI CKAHUPYIOLIEN 30HI0BO MUKPOCKOIIMHY TPU3BAHBI 3a-
HSTh BaXXHOE MECTO B DSy TPAAUIIMOHHBIX HCCIIETOBATEIILCKUX MOAXOI0B
K U3y4eHHIO 0M000BbekTOB. [TockonbKy MpuOOpHl 30HAOBONH MUKPOCKOITHH
NpeAHa3HAUEHBI JIJIs1 UCCIIEOBAHUS CBONUCTB nO8EpXHOCMU, TO CTaHAAPTHAS
cxema C3M-uccnenoBaHusi 6MOOOBEKTOB BKJIIOYAET MCIIOJb30BAHUE J10CTA-
TOYHO POBHOM Mom1oxkKu (nmpoBopsiiei B ciiydyae CTM), Ha KOTOpyro ocy-
HIECTBIISIETCST afcOpOIMs u3ydaeMbIx CTpyKTyp. Hambonee pacrnpocrpaHen-
HbIE B CKAHUPYIOIIEH 30HI0BON MUKPOCKOIIMH MOIOKKHA — aTOMAPHO TJ1a/]1-
KHE CKOJIBI CITIOJTBI, TUporpaduTa, TUCyIb(huaa MOITUOACHA, a TAKKE IITUTAK-
CHAJIbHO BBIPAILIEHHBIE IJIEHKU METAJIJIOB.

Heo0xoanMocTs UCIIOIBL30BAHUS MOMLIOXKKHN cOonmxkaeT Meronasl C3M ¢
JIEKTPOHHOU MUKpocKonueil. OCHOBHBIE OTIMUUS U MPEUMYIIECTBA CKa-
HUPYIOLIEH 30HA0BOH MUKPOCKOIIUU B CPaBHEHHH ¢ DM — BO3MOXKHOCTh
MPOBEACHUS MCCIEAOBAHUM B PA3IMUHBIX cpefax (B TOM UHUCIE B JKHUIKOC-
TH), OTCYTCTBHE HEOOXOAUMOCTH KaKOTO-THOO0 JOMOJHUTEIBHOTO KOHTpAC-
TUPOBAHMS UCCIIEYyEMbIX CTPYKTYp, OOJblasi pa3peliaromniasi CriocoOHOCTh
M0 HOPMAJIU, Hepa3pyLIAIOIINN XapakTep uccieqoBaHusi (0OyCIOBIEHHBIHN
HEBBICOKOW MHTEHCUBHOCTHIO B3aUMOJACHCTBUS 30HA-00pasen). T.o. mpoiie-
Iypa mpuroTtosiieHust oopasnos g C3M mpoire U uccieqoBaHus MOKHO
MIPOBOJIUTH B YCIOBUSIX, OJIM3KUX K HATUBHBIM.

Bce 3T0 cBUIIETENBCTBYET O TOM, UTO 30HI0BAsi MUKPOCKOIUS SIBJISIETCS
MOIIIHBIM COBPEMEHHBIM METOJOM UCCIIEAOBAHUS TOBEPXHOCTH, TPU3BAHHBIM

00ecCIIeunTh JalbHeuIIee Pa3BUTHC TPAAULIUOHHBIM IMOAXOJAM. PGSYHbTaTbI
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WCCIIeIOBAHUI TTOCIIETHUX JIeT yOeIUTeIbHO MPOJEMOHCTPUPOBAIIH, UTO IS
pelIeHns: MHOTUX 3a/Ja4 METOJI 30HJ0BOM MHKPOCKOIIUU SIBJISIETCS CaMOI0-
CTaTOYHBIM (T.€. HET HEOOXOIMMOCTU KOHTPOJIBHOTO CPaBHEHUS C PE3YiIb-
TaTaMU JPYTUX UCCIIEAOBAHUN); K TAKOBBIM 33/1a9aM OTHOCSTCS, HATIPUMED,
(buznyeckoe KapTUPOBAHUE MOJIEKYJI HYKJIEMHOBBIX KUCTIOT [34], uccienona-
HUE U3MEHEHUSI UX MOP(OJIOTHHU B KUIKUX CpelaxX, AaHAIN3 UX B3aUMOICHCT-
BUS ¢ 6enkami [35, 36], aHAIU3 CTPYKTYPbl TOHKOIUIEHOUHBIX TIOKPBITUHN (CM.
IJ1aBy 5) U Ip.

Tem He MeHee, B Mpolecce UCCIeNOBaHUs OOJbIIOe BHUMAHHE CIIEIYET
yIIeIsITh BOBMOXKHBIM MEXaHU3MaM BO3HUKHOBEHMS apTtedakToB. [JocTaTou-
HO OYEBUJIHBIM (PAKTOM SIBIISIETCSI HEOOXOAMMOCTh YUUTHIBATH KOHEYHOCTh
pa3MepoB 30HAA, TPUBOASIIYIO K 3aBBIIICHUIO JIATEPATHHBIX Pa3MepPOB HUC-
CIIeTyeMBIX CTPYKTYD (pazmen 2.2), a Taxke 3(dEeKT 3aHMKEHUS BBICOT, CBSI-
3aHHBIA C KOHTaKTHbIMH Aedopmanusmu (pazaen 2.1). Kpome toro, npu
WCCIIEIOBAHUY MHOTOKOMITOHEHTHBIX 0Opa3lloB, HAMJIEKUT MPOBOJIUTH JO-
MOJTHUTETbHBIN aHATN3 KAKIOH M3 KOMITIOHEHT, C LIEIbI0 OMPEICIICHUs MX
MapLUUAATBHOTO BIUSHUS HA PE3YyIbTAT MCCIECTOBAHMS, YTO MO3BOJIUT HU30€-
KaTh OIIMOOK B MACHTU(DUKAIIMU KOMIUIEKCOB, MOJIYYEHHBIX B PE3YJIbTATE
B3aMMOJIEUCTBUS UCXOIHBIX OOBEKTOB.

[TocTaHOBKa aJE€KBATHBIX KOHTPOJBHBIX IKCIIEPUMEHTOB, O€3YyCIIOBHO,
CIOCOOCTBYET YMEHBIIICHUIO BEPOSITHOCTH OIIMOKH IIPH MHTEPIIPETALINH Pe-
3ynbTaToB C3M-HccienoBaHuii; n30exaTh OMMOKU MO3BOJISIET U CPABHEHUE

C pe3yJbTaTaMu IPYruX METOJOB UCCIIeIOBAHUS (PACCMOTPEHHBIX BBIIIIE).

1.5. Ckanupyromasi 30HA0Basi MUKPOCKOIHUS

HYKJICUHOBLIX KHCJIOT

Cpenu MHOXXecTBa OMOJIOTUYECKUX OOBEKTOB, K HCCIIETOBAHUIO KOTOPBIX
MIPUMEHSUIMCh METO/1bl 30H/I0BOM MUKPOCKOIINH, IEPBOM ObLIa MOJIEKYJIa Jie-
30KCUPUOOHYKJIEMHOBOM KUCIOTHI. OJHAKO HA HAYaJIbHOM 3Talle 3TUX HUC-
CI€IOBAHUN OTMEYAJIUCh CIIOKHOCTU B MHTEPIPETALUUU MOTYyYAEMBIX HU30-
opaxxenuii. Tak, aBTopsl padot[37, 38] mpeacTaBUIU JaHHBIE CKAHUPYIOIICH
TyHHeNnbHON Mukpockonuu MoJiekyn JJHK, ancopbupoBaHHbBIX Ha MOMTIOXK-
Ky U3 BBICOKOOPHUEHTHPOBAHHOTO MUPOIIUTUUECKOTO TpaduTa (muporpadu-

Ta). Beibop maHHOrO MaTepuana B KauecTBE IMOJIOKKU ObUI OOYCIOBIICH

38



€ro MPOBOJISAIIUMHU CBOWCTBAMM, a TAKXXe MPOCTOTOMN MPUTOTOBIIEHUS aTO-
MapHO TJIaJIKMX YYACTKOB ITOBEPXHOCTH 3HauUMTeNIbHOM 1utomaau. Ha CTM-
M300paKEHUIX HAOIIONAIUCh MPOTSHKEHHBIE 1IEMOYKH, O0Jaaaromue mpo-
JIOJIbHON MEePUOANYHOCTHIO (IIEPUOJ OKOJIO 2—3 HM), HA OCHOBAaHUHU YEro
ABTOPBI JIeJIaJId BBIBOJI O BU3YAJIM3AIIMU BUTKOB JIBOMHOM CIMpaIu.

Onnaxo ro3aHee ObUTH ONyOJIMKOBAHBI TaHHbIE [39], CBUIETEIBLCTBYIOIINE
0 BO3MOKHOCTH HaOr01eHUs cXOAHBIX «/IHK-110100HBIX» CTPYKTYp MpH KC-
cnenoBanuu MetogoM CTM 4uCTOH, CBEKECKOIOTOU MOBEPXHOCTU MHUPO-
rpaduTa. BOSHUKHOBEHNE TAKUX CTPYKTYP OOBSICHACTCS YyBCTBUTEIBHOCTHIO
CTM K onekmponHbiM CBOWCTBAM MTOBEPXHOCTH — MPOUCXOAUT BU3YaJIU3a-
1IMsI IOMEHHBIX CTeHOK nuporpaduta [40]. DTU pe3yiabTaThl, a TAKkKe cliadas
BOCIHPOU3BOJIMMOCTD U OTCYTCTBHUE 0€3yCIIOBHO HEOOXOAUMBIX KOHTPOJIbHBIX
9KCIEPUMEHTOB B nepBbix padboTax mo CTM-suzyanuzanuu JJHK Bb3bIiBaN
COMHEHUS B MPUMEHUMOCTH METO0B 30HI0BON MUKPOCKOIHUHU ISl UCCIIEN0-
BAaHUS MAKPOMOJIEKYI.

CyllecTBEHHOE U3MEHEHHE CUTyalluu mpousonuio B 1992r., korna Obi-
71 onyOJIMKOBAHBI MIEPBBIE HAJIEKHBIE U BOCIIPOU3BOIMMbBIE PE3YJIHLTATHI UC-
cnenoBanus JJHK meromom atomHo-cuinoBoit Mmukpockonuu (ACM)[6, 41].
Takum obpaszom, mpouuto 6oJiee MATU JET ¢ MOMEHTA CO3JAaHUSI ATOMHO-
cuoBoro Mukpockona (1986r.) u Gosee mecsaT JET CyLIECTBOBAHUS 30H-
JTOBOM MUKPOCKOIIMH, MPEXKIE YeM ObLII JOCTUTHYT OMPEEICHHBIN ycriex B
MPUMEHEHUHN METO/Aa K MCCIEAOBAHUIO OUOJOTHYeCKUX 0ObeKTOB. B TO ke
BpeMsi METOIbI 30HI0BON MUKPOCKOIIMY BEChbMa YCIIEITHO MPUMEHSUTUCH B Te-
YEHUE ITUX AECSATHU JIET JJIs UCCIIEIOBAHUN CTPYKTYPbI IOBEPXHOCTU TBEPIBIX
(KpUCTAJTMYECKUX) TeJI. 3a 3TU T'OJIbl BO3HUKJIO TOHUMAHUE, YTO MOTEHIIU-
aJ1 BO3MOYKHOCTEHN 30HA0BON MUKPOCKOIIUH B UCCIIETIOBAHUSIX OUOI02UUECKUX
00veKM08 MOXKET ObITh peaIN30BaH JIUIIb IPU PEIICHUH B KaXK/IOM KOHKPET-
HOM CJIy4yae OCHOBHOM 3KCIIEPUMEHTAJIbHOMN 3aJauu: ONpEAeICHUs aJIeKBaT-

HOU MemoouKku npenapuposanus 00pasyos.

1.5.1. OcHOBHbIEe METOIMKHU NpeNapupoBaHusi 00pPa31oOB I

30H)10B0ﬁ MHUKPOCKOIIMH HYKJICHHOBBIX KHCJIOT

VYHUBepcaIbHOM METOAMKHU MPUTOTOBJIEHUS] 0OPA3LIOB AJIs1 PEIICHUS IITUPO-
KOT'0 CIEKTpa 3a]1a4 30HI0BOM MUKPOCKOIINH MTOKA HE CYIIECTBYET, [I0O3TOMY

HCITIOJIb3YEMBIC MCTOAUKH OIMPEACIIAIOTCA CHeLII/I(i)HKOﬁ 3agavdu, T.C. ABJIAIOTCs
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METOIUKAMU «HA KOHKPETHBIN citydaii». [I[puMeHUTeIbHO K UCCIeT0BAHUSIM
HYKJIEMHOBBIX KMCIIOT BO MHOTHX CJIy4yasix ObIBaeT Ba’KHO, YTOOBI MAKPOMO-
JIEKYJIbl aICOPOMPOBAIUCH HA TIOMJIOKKY B pacnpasienHom COCTOSHUU. s
YCIELIHOTO UCCIIEIOBAHUS HEOOXOAMMO TaKXke, UTOOBI UCCIIE1yEMbIE MOJIEKY-
JIbI IOCTaTOYHO MPOYHO (PUKCHPOBAIUCH HA MOJJTI0KKE. B mpoTHBHOM cityuae,
MIPU UCCTIEAOBAHUSX B KUIKOHM Cpelie, MOJIEKYJIbI OyIyT YBJIEKAThCS 30HI0M
B IIpOLIECCE CKAHMPOBAHMS; PU UCCIETOBAHUM HA BO3/YyX€, CUJIbI, JEHCTBY-
IOIIIME HA MOJIEKYJLY IIPHU BBICBIXaHUM KaIlJIM IIperapaTa Ha MOUIOKKE, TAKXKe
OyayT yBJIEKATh aICOPOUPYEMBIE CTPYKTYPBL, MPUBOAS K HEOJHOPOJIHOMY (C
00pa30BaHUEM arperaToB) MOBEPXHOCTHOMY PACIPEEIIEHUIO HCCIENyEMBbIX
00BeKTOB. Hike paccMOTpUM OCHOBHBIE METOIMKHU, ITO3BOJISIONINE 3a(PUKCH-
pOBaTh MOJIEKYJIbI HYKJIEMHOBBIX KMCIIOT HAa IOBEPXHOCTU B PACIPABIEHHOM
COCTOSIHUH.

ITepBbie HamexxHbIe pe3yabTaThl ucciaenoBanus JJHK metromom atoMHo-
CHJIOBOM MHUKPOCKOIUM OBUTIH TMOJyYEHbI B TOM CiIy4yae, KOrja M3ydaemble
CTPYKTYpBhl HAHOCWJIM W3 Kamuiu pabodero pactBopa (pactBopa Oydepa,
BOJHO-CITUPTOBOM CPEJIbI U T.I1.) HA TTOBEPXHOCTH CITIO/IBI, MOIU(DHUIIPOBAH-
HOM MOHAMHM ABYX- (M OoJjiee) BaJICHTHBIX METAJUIOB [6, 41]. DT HOHBI, TTO-
BUJIUMOMY, CIIy’)KaT CBSI3YIOIIMMH MOCTUKAMH MEXIy OTPHULIATEIHLHO 3apsi-
’KEHHOI cronoii'®) u oTpunaTensHO 3apsKeHHBIME (OChaTHBIMU IPYHIAME
moJstekynsl JIHK. Moaudukamms o 16l MOXKET MPEAIIIeCTBOBATD IMPOIIECCY
aJIcopOIIMd MaKPOMOJIEKYJT — B 3TOM CJIy4ae CBEKECKOJIOTYIO CIIOJY I10-
MENIAIOT ISl IPeBapUTEIbHON 00pa0OTKM HA HEKOTOPOE BpeMs (MUHYTHI,
4yachl) B paCTBOP, COAEPKAIIMI KATUOHBI METAJIOB, 3aTEM IIPOMBIBAIOT (BO-
JI0OM, BOJHBIM PACTBOPOM 3TaHOJIA U Ip.) ¥ BbICymmBaroT. [locne atoro Ha
MOIU(MUIIMIPOBAHHYIO TOBEPXHOCTh HAHOCAT pabO4YMil pacTBOP C UCCIeaye-
MBIMU CTPYKTypamu. dpyroit mogxon — gobaBlieHUE COJIeil METAJIJIOB He-
MTOCPEICTBEHHO K pabo4yeMy pacTBOPY — IMO3BOJISIET UCKITIOUUTH 3TAIl IIpe/-
BapUTENIbHOU 00pabOTKU CiII0MIbI (MpermapaT HAHOCIT HEMOCPEACTBEHHO Ha
MMOBEPXHOCTH CBexero ckosa). [locre BbIchIXaHus Karuii pabouero pactrBopa
00pa3Ibl, KaK MPaBUIIO, MOJABEPTAIOT JOMOJHUTEIbHON MPOMBIBKE.

B pa6ote [42] meTogom ACM npoBOAUIIN CPABHUTEIBHBIN aHAIN3 MPO-
necca agcopouuu makpomosekyn JJHK Ha cimrony u3 pactBopa, Kak ¢ KaTu-
OHAMM METAJIIOB, TaK M 0e3 Hux. bpulo moka3zaHo, YTO BO BTOPOM cilyuyae

aZ[COP6I/IpOBaHHbI€ MOJICKYJIbI HEeCTaOMIIbHBI B IIpoLecce IMpOMBIBKU 06pa3-

18) B BOMHBIX PACTBOPAX IIPH UCIOTB3YEMBIX 3HAUeHHsIX pH
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1IOB U Npu ckaHupoBaHuu. Kpome Toro, ACM-u3o00pakeHus MAKpPOMOJIEKYJT
XapaKTEePU3YIOTCSl OOJIBIINM KOJIMYECTBOM 3aMyTaHHBIX M MEPEKPYUYEHHBIX
YYAaCTKOB, TOT/Aa KaK MpU MPHUCYTCTBUM B PACTBOPE KATUOHOB METAJUIOB U
MIPUMEHEHUU MPEAIIECTBYIOIEH CKAHUPOBAHUIO MPOIIETYyPbl IPOMBIBKU 00-
paszuoB mosekysnsl JJHK dukcupyroTcss Ha MOBEpXHOCTH MOJIOKKHU B pac-
MPABJICHHOM COCTOSTHUU.

ABTOpHI paboTs [43] ucciaenoBanu MeTogoM ACM B KHJIKOCTHOU STYCH-
K€ B peaJbHOM MaciiTtabe BpeMeHU oopamumoe ocaxaeHue moiekyn JHK
Ha CIIOAY IPU pa3IMYHbIX NTapaMeTpax paboyero pactsopa. bbuio nmokasa-
HO, YTO aJIcOpOIMst 0ObEKTOB Ha MTOBEPXHOCTH MOJIOKKU U BEIMUUHA CHUIIBI
aJIFe3UM CYIIECTBEHHO 3aBUCST OT KOHIIEHTPALIUU CBSI3YIOIIUX KATHOHOB (OT1-
TUMaJIbHOE 3HaueHne okoyno 2MM mia Zn2t) u pH cpensl (onTuManabHOE
3Ha4YeHUEe OKOJIo 7,5).

Ha cerognsiuiHuii 1eHb UCIIOIB30BAHUE KATHOHOB METAJIIIOB JIJIsI CBS3bI-
Banus JJHK c momnoxkoi siBisieTcs, moxaiyii, Haubosee pacinpocTpaHeHHON
METOIMKOH MPpUTOTOBIEHUs 00pas3iioB mpu ACM-uccienoBaHmusx, 4To 00b-
SICHSIETCSI €€ ITPOCTOTOM M BBICOKOM BOCIIPOU3BOIMMOCTBIO PE3YIbTATOB.

Ha puc. 1.6 npencrasnenst ACM-u3o0paxenus monekyin JAHK, axcop-
OMPOBAaHHBIX HA TOBEPXHOCTD CIIIO/IbI B IPUCYTCTBUU KaTUOHOB Ni 2T (a) miun
ypanumanerata (0). I3 pucyHka BUIHO, YTO MOJIEKYJIbI 3a()UKCHPOBAHBI Ha
MOJUIOKKE B IOCTATOYHO PACIIPABIEHHOM COCTOSIHUU.

[TpuBoMMBIE N300pAXKEHUST MOJIEKYJT XapaKTePU3YIOTCS 3aBbIIIIEHHBIMU
JaTepaabHbIMU pazMmepamu — 10—15 HM — M 3aHUKEHHBIMU BEPTUKAIbHBI-
MU — okoJio 0,7 HM, B TO BpeMs Kak AuaMeTp oanHo4YHON Mosekyiasl JJHK
OKOJIO 2 HM. 3aBblIILIEHUE JIATEPaIbHbIX PA3MEPOB MOIYYEHHBIX M300paxe-
HUN OOYCIIOBJIEHO KOHEYHON BEJTMYMHON pajnyca KPUBHU3HBI 30HAA (KOJIU-
YecTBEHHAsI METOJIMKA YUeTa TaHHOTO apmegakma v onpeieJIeHUs pealbHON
HIMPUHBI 00BbEKTA pa3paboTana B pazzaene 2.2). [IpuunHoii 3aHMKeHUs BEpTH-
KaJTbHBIX Pa3MEPOB MOXKET SIBIATHCS 1eOPMALINS MOJIEKYJIII TIOJT IEHCTBHUEM
30H/a (pacCMOTpPEHHE TEOPUM KOHTAKTHBIX AedopMalvii U TpUMEHEHHUE ee
11 onucanus 3pdexra 3aHmkeHus Bicor ACM-npoduis o0beKkTa mpuBe-
neHo B pasmene 2.1). CreayeT MOAYEepKHYTh, YTO 3TH apTe(haKThI SBISIOTCS
munuynsivu ipu ACM-ucclieIoBaHUAX MOJIEKYJI HYKJIEMHOBBIX KUCIIOT [44].

Jpyrasi mIMpoKO HMCHOJIb3yeMasi METOJIMKAa XUMUUYECKOW Moaudukanuu
MOJUTOKKHU TSI CTAOMIIM3AIIMU MOJIEKYJT HYKJIEMHOBBIX KHCIIOT Ha TMOBEpX-

HOCTHU — 3TO cujiaHu3auus cioasl [45]. [Tporiecc cuimanusauy CyecTBeHHO
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Puc. 1.6. Monexkynel JHK amcopObupoBanbl Ha OMIOKKY ciroabl, ACM-uccieno-

BaHUE;

a) agcop6buus B npucytcTBuu 1 MM NiCls, o6pa3ibl IpUroTOBIEHBI COBMECTHO ¢ M. Sc.
Malin Ardhammar (Chalmers University of Technology, Sweden);
0) ancopOuus B NPUCYTCTBUU ypaHHWIAIeTaTa, OOpa3lbl MPUTOTOBJIEHBI K.().-M.H.

. B. KimunoesiMm 1 B. A. ITpoxoposbiM (MHCTUTYT OMOOpPraHUYECKOM XUMHUH, MOCKBa)

HE U3MEHSET TOMOrpaduIecKnx 0COOEHHOCTENH MOBEPXHOCTH CITFO/IBI — OHA
OCTaeTCsl JOCTATOYHO IJIAJIKOH, B TO e BPEMSsl YIIYUIIIAETCS CBSI3b MAKPOMO-
JIEKYJIbI ¢ MOAU(MUITMPOBAHHON MOMT0XKOM. B paboTe [46] mpu mpoBeneHN
ACM-uccrneqoBannii HykienHoBbix kucinotT (JHK, nBynuteBoit pnbOHYyK-
nennoBoi kucinoTel (PHK)) B xauecTBe MOMJIOKKU HCIOJB30BAIN MTOBEPX-
HOCTb CITIOJIbl, XUMUYECKU MOTU(PUIIUPOBAHHYIO 3-aMUHOIPOIMITPUITOKCH-
cunanoM (APTES). Moaudukaims BKIIroYajia KOBaJEHTHYIO IIPUBS3KY aMU-
Horpynn Moniekynl APTES k cirone, creneHb MoguuKamu KOHTPOJIUPO-
Bau ¢ momoIpio ACM, u BeIOUpaTM TaKUM 00Opa3oM, YTOOBI IIepOXOBa-
TOCTb TOJIy4aeMOi MOBEPXHOCTU HE 3aTPYIHsIIA UACHTU(DUKALIMIO UCCTIEY-
€MBIX CTPYKTYp. DTO OOCTOSTEIBCTBO (HEOOXOIUMOCTh KOHTPOJISI CTENEHU
[IEPOXOBATOCTU MOAUGPUIIUPOBAHHOM MOITIOKKH) HESBHAUYUTEIBHO YCIIOXKHSI-
€T METOJMKY.

Bbbu1o mokazaHo [47], 4TO 3TOT MOAXOJ MpenapupoBaHUs 00pa3IOB J10-
CTATOYHO 3P PEKTUBEH B pyTUHHBIX UCCIIEIOBAHUSX PACIIPEACIICHUS MOJIEKYJT
HYKJIEMHOBBIX KHUCIIOT 1O JuytnHaM. [IpencraBieHHbIe aBTOpaMU Pe3yJIbTaThl
COBIIAIAJIN C JAHHBIMH 3JIEKTPOHHONW MUKPOCKONHUH (MCCIEA0BAIUCH MOJIe-

kyibl asyHuteBoit PHK peoBupyca), nmpu 3ToM ObUIO OTMEUYEHO, UTO MpHU
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paBEHCTBE pa3pelialolnX CIIOCOOHOCTEN BaXXHBIM IpeumyinectBoMm ACM
SIBJISIETCSI CYIIIECTBEHHO MEHEE CIIO)KHAsI METOMKA MPUTOTOBJICHHS 00Pa310B.

Bruta mpomeMoHCTprUpOBaHa BO3MOKHOCTD MCIOJIB30BAHUS MOIUDUIIN-
poBanHoit APTES crrons! mpy mpoBeaeHNHN UCCTIEIOBAHUN KaK HA BO3IYyXE,
TaK U B BOJIHOM cpefie, — B 000X CITydasix BEJIMUMHA aJIT€3UN MOJIEKYJI HYK-
JIEMHOBBIX KHUCIIOT K MOIOKKE MO3BOJISIIA OCYIIECTBIISITh CKAHUPOBAHUE B
KOHTAaKTHOM pexume. B pabote [48] ocyliecTBIsIN CKAHUPOBAHUE OJHOTO
U TOTO )K€ y4acTKa IMOBEPXHOCTH C aJICOPOUPOBAHHBIMH MaKPOMOJIEKYIAMHU
Ha BO3AyXe U B BOJE, P 3TOM BO BTOPOM CJlydyae OTMEYaJIOCh YBeIuye-
HUE pa3pelarnieil cnocoOHoCTH (MPUMEPHO B TPU pasza), UTO MOXKET OBbITh
CBSI3aHO C UCKJTIOUYEHUEM HETaTUBHOTO BIMSHUS KAMWUISIPHBIX CUI (CM. pas-
nen 1.3.1). KanumspHsle CHTbl yBETUUUBAIOT CUJIOBOE BO3/IEHCTBUE 30HA HA
o0Opaselr, YTO BBI3BIBAET AOTIOIHUTEIbHBIC 1e(hOPMALIMA MAKPOMOJIEKYIIBI, €€
pa3pyllieHre Wil HeCTAaOMIBHOCTD B MPOIIECCE CKAHUPOBAHMS, M IPUBOIUT K
YMEHBIIEHUIO pa3peliaronieid CtocoOOHOCTH.

Jpyrue uccinenoBaTeu Takke CoO0IIaroT, 4yTo, ecimn ACM-uccrieqoBaHus
MPOBOASTCS MO0 B CyXOW ra3oBoil atmocdepe (MHOTIA ISl YMEHBIICHUS
OTHOCHUTEJIbHON BJIAXKHOCTH TEMIIepaTypy padoueil aTMocdepsbl MOBBIIIAIOT
10 60—100°C [49]), mubo B )UAKOCTHOM suerike [50, 51], To BiIusiHUE Kamui-
JSPHBIX CHJI YMEHBIIIAETCS, YTO YBEIIMUYMUBAET JTOCTUTAEMOE ITPOCTPAHCTBEH-
Hoe paspeuieHue. [IpuMeHeHne pexuMa MpepbIBUCTOTO KOHTaKTa (fapping
mode, cMm. paszaen 1.3.2)[52, 53] Takke MO3BOISET UCKIIOUUTD BIUSHUE Ka-
MUAUISIPHBIX CHIT; MUKPOCKOIIUSI TPEPBIBUCTOTO KOHTAKTA MO3BOJISIET CETO/THS
IOCTHYD pa3pelieHus (Ipu MPOBEACHUN HUCCICAOBAHUMA B )KUIKUX CpEIax),
HEOOXOAUMOTO JIJIsl BU3yaIu3alluy BUTKOB ABoMHON criupanu [JHK [54].

Ha nmytu nmonbopa anekBaTHOro MOAXOJa K MPUTOTOBJICHUIO 00pa3IoB
MOYET OKa3aThCsl MOJIE3HBIM HAKOIUICHHBIN 3a JECSITUIIETUSI UCCIIeI0BAHUMA
Oarax METOJUK MPENapupoBaHUs 00Pa3IOB JIEKTPOHHON MUKpOCKoNHH. B
YIPOIIEHHOM BapHAaHTE MHOTHE M3 3TUX METOJIUK MOTYT IPUMEHSITHCS U JIJTSI
penieHus 3aaa4 30H10BOM MUKPOCKONUU. Tak, MOIUPUIIUPOBAHHBIA METO/
Knsitnmmvuara [31, 32] (MeToa O6enkoBO# TIEHKH, cM. pasnaen 1.4) maeT xopo-
IMe Pe3yIbTATHI PU HCIIOIB30BaHUU TUAPOGOOHBIX oaToxkek [55]. Hemo-
CTATKOM METOJAa MOXET CIYKUTh TO, UTO KOMIUIEKCOOOPa30BaHUE MOJIEKYII
HYKJIEMHOBBIX KUCIIOT ¢ O€TKOBOM IJIEHKOHN (YaCTO UCIOJIB3YIOT IJICHKY 1IU-
ToxpomoB C) 3aTpydHsIET UCCIENOBAHNE B3aUMOJEHCTBUSI ITUX MOJIEKYII C

ApyrumMu 6CJ'IKaMI/I, YTO OIrpaHUYMUBACT KPYI PCIIACMBIX 3aJa4.
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Jist pukcanmu pa3BepHyThiXx MoJiekys1 JJHK Ha moBepXHOCTH MOMTOKKU
MIPUMEHSIOT TaKXke OeH3uIauMeTuiIankuiaammonuii xaopua (BAC) [56, 57] —
IITUPOKO UCTIOJIH3YEMBIH B 3JICKTPOHHON MUKPOCKOITMH PEareHT, MpeaCTaBIIs-
IOIINIA COOOM KaTHOHHOE TTOBEPXHOCTHO-aKTHBHOE BerecTBO (ITAB). BAC B
MaJIbIX KOHLEHTpaIusax (0Koso 5 X 107°%) 106aBIsAIOT HEMOCPEACTBEHHO B
pacTBOp, colepkaluii MaKpOMOJIEKYJIbI, Iiepe]l HAHeCEHUEM Mpernapara Ha
MOBEPXHOCTH citoabl. Benencreue coiicts [TAB, Ha moBepxHOCTH Karemb-
KM, HAHOCUMOM Ha IOJUIOKKY, GOPMUPYETCS CTAOMIbHAS TUICHKA MOJIEKYII
BAC (co cBs3anabiMu ¢ Heit monekyiiamu JIHK), koTopast pacnpenensercs
M0 TTOBEPXHOCTH CITIOJIbI U CTAOWIIU3UPYETCS 32 CUET CUJI IJIEKTPOCTATUYEC-
Koro B3auMoeicTBus. Mcnonb3oBanue npyrux [IAB (B MabIX KOHIIEHTpa-
LUSX) TAKXKE CIOCOOCTBYET CTAOMIM3ALMM MOJIEKYJT HYKJIEMHOBBIX KHUCIIOT
Ha MOBepXHOCTU ctobl. Tak, B pabote [58] mnsa pazBopauuBanus JJHK na
MMOBEPXHOCTH, YCIIENTHO MPUMEHWIIH 2,4,6-TpUC(IUMETHIIAMUHOMETHIT)(hEeHOT
(DMP-30) u xnmopua uermnupunuaus (CP), mpeacrasisroiyue codboit, cooT-
BETCTBeHHO, HermoHHOE 1 KaTnoHHOe [TAB. Ha puc. 4.1 (cTp. 125) npencras-
nen pesynbTaT ACM-uccnenosanus JJHK 6akrepuodara T4, ancopOupoan-
HOM Ha MOBEPXHOCTH CITIO/IbI U3 PACTBOPA, COIEPKAILETO MajIble KOHIIEHTpa-
nun netunTpuMmetuaammonuit opomuaa (LITAB). K Hemocratkam merona
¢ npumeneHueM [TAB MOXHO OTHECTU HEKOTOPYIO TOBEPXHOCTHYIO HEOJHO-
POIHOCTB IMOJIy4aeMbIX 00Pa3L 0B, UTO OOYCIOBIEHO HEKOHTPOJIUPYEMOCTBIO
npoueccoB (OPMUPOBAHUS IJIEHKU U KOMILJIEKCOOOpAa30BaHUs C UCCIEmye-
MBIMU MaKpOMOJIEKYJIaMH. Y JTAUHbIM JOTIOJTHEHUEM METO/Ia MOKET CITY)KUTh
HCIOTb30BaHNe METOAUKH JIeHrMIopa-biomkeTT: hopMupoBaHre HA TPAHU-

1e pasaena a3 KUAKOCT/Ta3 mieHku aMpuduiIbHbx ')

MOJIEKYJI U ITOCTIEeay-
[o111ee KOHTPOJIMPYEMOE IepEHECEHHE €€ Ha TOBEPXHOCTh TBEPAOM MOTOKKHU
(cM. rmaBy d).

B pabote [59] miis ummobmnuzauuu Mosiekysn JIHK npumenwnu apyryto
METOAUKY, CXOJIHYIO C TPAUIIMOHHOM JIS 3JIEKTPOHHON MUKPOCKOTTNU. Mak-
POMOJIEKYJIbI aACOPOUPOBAIM HA MOBEPXHOCTH CIIOABI, CBEPXY HAMBUISIINA
cioit yriepona. Ilocie aToro Ha yriaepo/1 NpUKIEHBAIN CTATbHYIO IJTACTUH-
Ky, CIIOAY YOS, U OTKPBITOM [JI1 CKAHUPOBAHMSI OKAa3bIBAJIACh BHYT-
peHHsIs (oOpalieHHas! IPEeXIe K CII0JE) MOBEPXHOCTh YIIIEPOJAHON IJIEHKU
C ’KECTKO 3aKperuIeHHbIMU B Heil MakpomoJekynamu. LllepoxoBaTocTs mo-

BCPXHOCTHU yrneponHoﬁ IVICHKHU COCTaBJIsANIA, ITO OICHKaM aBTOPOB, CAMHUIIbI

19) T.e. COCTOSIIMX U3 MONSAPHOI U THAPODOOGHOI YacTn
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AHTCTPEM M JIOIyCKaJla OJHO3HAYHYIO UIEHTU(PUKAIINIO OT/IETIbHBIX MOJIEKYT
JAHK. ABTOophl paboThl OTMEYAIOT BBICOKYIO CTAOMIBHOCTH MPUTOTOBJICH-
HBIX 00pa3l0B — MAaKpPOMOJIEKYJIbl HE pa3pyIIaIUCh MPU OONBIINX CHIIAX
BO3EICTBUA 30Ha, Pe3YyJIbTAThl HE 3aBUCEIN OT CPEIbl UCCIIEIOBAHUS (IKC-
MEPUMEHTHI TPOBOJUIUCH KAK Ha BO3/yXe, TAK U B KUJIKOCTH), JJIUTEIBHOE
XpaHEHUe He BIUSIIO Ha KadyecTBO oOpasioB. HemocraTok aToro merona co-
CTOUT B €r0 OTHOCUTEIIBHOM 3KCIEPUMEHTAIBHON TPYIOEMKOCTH.

VYcenexu NpUMEHEHUsI aTOMHO-CHIIOBOM MUKPOCKOIIUU K HCCIIEIOBAHUIO
MOJIEKYJI HYKJIEMHOBBIX KHACIOT MO3BOJIMIIM JOCTUYb IIpOIrpecca U MpH Mpo-
BEJICHUU TOJOOHBIX HKCIIEPUMEHTOB METOAAMM CKAHUPYIOIIEH TyHHEIb-
HOM MMKPOCKOMHUHU. XOpOIIUe pe3ynabTaThl Obuin mojydeHsl nmpu CTM-
uccnenoanuu moitekyn JJHK, ancopOnpoBaHHBIX HA XUMUYECKH MOTUDUTIN-
POBaHHBIX TTOBEPXHOCTSIX MeTauIoB [60]. XumMuueckast MoauduKaus BKITIO-
Yyaja KOBAJICHTHYIO CBSI3b XUMHUUECKH MOJISIPU3YEMBIX T'PYIIIT THUOJIOB C YHUC-
TOM moBepxHoCcThIO MeTallIa. Ancopouus [JJHK ocymecTsisiiacs 3a cuet Ky-
JIOHOBCKOT'O B3aWMOJIEHCTBHSI MOJIEKYJIbI C IJIOTHO YIAKOBAHHONW MOHOMO-
JIEKYJIIPHOH TJICHKOW THOJIOB, OPUEHTUPOBAHHON TMOJIOKUTEIBHBIMU (PYHK-
HUOHANIPHBIMU Tpynmamu K Mojiekyie JIHK. XapakTtepHoii 0COOEHHOCTBIO
NpecTaBIeHHBIX B paboTe [61] m306pakenuit monekyn JAHK (mpurorosien-
HBIX 10 OIKCHIBAEMON METOJIMKE) SIBJISETCS OTPHULATEIbHBIA KOHTPACT (IIpU
JIBU)KEHUU HAJl MOJIEKYJION TyHHEJIbHASI UTJIa OITyCKAETCS HIKE, YEM ITPU JIBU-
KEHUU HAJ TOBEPXHOCTHIO MOJIOKKH ), CBSI3aHHBIN, TO-BUAUMOMY, CO CITa00M
MIPOBOJIUMOCTH MAKPOMOJIEKYJIbI.

JIpyroi nepcrneKTUBHBIN NOAXOI K UCCIEA0BAHNIO MAKPOMOJIEKYJT METO-
namu CTM — npumeHeHrne HU3KOTOKOBOM TYHHEJIBHON MUKpockonuu [62] ¢
pabounm aruana3oHOM TYHHEIbHOTO Toka MeHee 1 mA. B aTom ciyuae skcre-
pUMEHTaJIbHbIE Pe3yIbTaThl [63] CBUIETEIHCTBYIOT O BOBMOXKHOCTH BU3yaJIu-
sauuu Mosiekys JIHK, ancopOupoBaHHBIX HA TOBEPXHOCTHU AUIIEKTPUUECKOMN
MOJITOKKU (croAbl). TpaHCOPT 3apsia B CUCTEME 30H/1-00pa3el-MoJI0KKA
OCYHIECTBIISIETCS] 32 CUET MPOBOJUMOCTU YIbTPATOHKOHN IUIEHKU BOJIBI, I1O-
KPBIBAIOIICH MOBEPXHOCTH 00pa3la M MOJIOKKU MPU MPOBEACHUU HCCIIe-
JIOBAHUI B YCIOBUSIX KOHTPOJIUPYEMON OTHOCUTEIBHON BIaXHOCTU. ONTH-
MaJIbHOE€ 3HAYEHUE IMOCIEAHEN ISl MOJOOHBIX SKCIIEPUMEHTOB COCTABIISAET
60—65%.

T.o. criekTp MpUMEHSIEMBIX METOAMK MTpenapupoBaHUs 00pa3loB HYKJIe-

MHOBBIX KUCHOT 111 C3M BecbMa mupok. B To ke Bpemsi CTOUT OTMETUTb,
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YTO OMUCAHHBIE METOJAUKU pa3pabOoTaHBbI IJIs1 UCCIIEOBAHUS C80000HbIX MO-
nexyn JHK, mosromy anpuopu HEM3BECTHO aJ€KBATHBI JIM OHM [UJIs U3Y-
YEHUsI, HAMPUMEDP, B3aUMOJICHCTBUS HYKJIEMHOBBIX KUCIOT C OelKaMu WU
MOBEPXHOCTHO-AKTUBHBIMU BEIIECTBAMU. YTIOMSHEM TaKXKe, UTO B JIUTEpa-
Type o C3M onucaHbl, B OCHOBHOM, JIMIIIb UCCIIEAOBAHUS JBYHUTEBBIX MO-
nexkyn HykiaenHoBbIX kucinoT: PHK u JIHK, umeromux nBoliHyo cnupalb,
U MPAKTUUYECKU OTCYTCTBYIOT JaHHbIE 00 MCCIEIOBAHUM OJHOHUTEBBIX MO-
JeKyJT (KOTOpBIE CIIOXKHee 3a(UKCUPOBATH Ha TMOIOKKE B PACIPABICHHOM

COCTOSIHUU), CM. TJIaBy 3.

1.5.2. IlpumeHeHue 30H0BOII MUKPOCKOIIUM /IJISl HCCJI€/IOBAHUS
CTPYKTYPbI H CBOHCTB MOJIEKYJI HYKJIE€HHOBBIX KHCJIOT H

HX KOMIIJICKCOB

ITpu mogbope agexkBaTHOM METOIUKHU MPUTOTOBJICHUSI 00Pa3110B CKAHUPYIO-
A 30HTI0BBIN MUKPOCKOTI ITPEICTaBIIsSIeT COOO0H yIOOHBIN U HAJIEKHBIN TPH-
O0p 11 UCCIIeIOBAHUS CBOMCTB OMOJIOTMUYECKUX CTPYKTYP Ha MOJIEKYJISIPHOM
ypoBHE. YOEeAUTEIbHBIM JOKA3ATEILCTBOM 3TOT'O YTBEPKIECHUS MOTYT CIy-
KUTb PE3YJIbTATHI PA0OT, MOCBSIIEHHBIX UCCIIEIOBAHUIO KOH(DOPMAIIMOHHBIX
CBOMCTB MOJIEKYJI HYKJIEMHOBBIX KUCIOT U UX KOMIUIEKCOB ¢ 6enkamu, [TAB
Y T.II.

ABTOpPBI paboTHI [35] UccnenoBaau BIUSHHUE CHEIU(UUECKUX JIMTAHIOB
(IMCTaMUIIMHA U MUKPOTOHOTpOIIEHA-6b) Ha KOH(OpPMAIMOHHbBIE CBOWCTBA
HeckobkuxX TUIOB MoJiekyn JJHK meromom ACM mnpepbIBUCTOTO KOHTAK-
Ta. Pe3ynbTaThl UCCIENOBAHUN HE TOJIBKO OOECHEUIIN BU3YaIbHOE JOKa3a-
TEJIbCTBO BJIUSHHS JAHHBIX JTUTaHI0B Ha KoH(popmaruo JJHK, HO u mo3Bo-
JIWJIU CIENIATh ONPEAEIIEHHBIE KOJTMYECTBEHHBIE OLIEHKW, OCHOBAHHBIE HA aHA-
JIM3€ MPEICTABIEHHBIX aBTOPAMU T'MCTOIPAMM PACIIPEIEIEHUS] PACCTOSHUS
Mexay koHamu JJHK.

B pabote[36] uccrmenoBamm crenuduueckoe B3ammoneiicteue PHK-
nonumepa3sbl u3 Escherihia colic IHK, cogepxaineii A P, mpomoTtop. O6paszo-
BaHHBIE KOMITJIEKCHI ObLIM BU3yaIM3UpoBaHbl MeTojoM ACM, Ha mory4yeH-
HbIX M300paxkeHusx HabOmonanuce Mojekyinsl JJHK ¢ PHK-nonumepasoit,
JOKQJIM30BAHHOM Ha PACCTOSHUHM 4/ OT OJJHOTO M3 KOHLIOB. [IpoBomm aHa-
nu3 cTpykTypbl koMiuiekca PHK-nmonmumepassr u JIHK kak B OTKPBITBIX KOM-

IJIeKCax, CBsI3aHHBIX ¢ TpoMoTopoM (OPCs), Tak U B CTAOUIIbHBIX 3JIOHTALIN-
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oHHBIX KoMmIuiekcax (C15) ¢ oO6pazoBaHHBIM 15-HYKJICOTUIHBIM TPAHCKPUII-
ToM. bputo mokazano, uto B o6actu npukperieHuss PHK-nonmumepasst mpo-
ucxoaut u3rud mostekynsl JJHK, npudem cpennuii yron uzrubda mis OPCs u
C15 cocrasnisan 54 £ 31° u 92 £ 37°, coorBercTBeHHO. Ha ocHOBaHUM 0OHAa-
PYXEHHOT'O pa3iIuyus B 3HAUEHUSIX cpeaHux yrioB usruda mjis OPCs u C15
ABTOPBI JIEIAIOT BBIBOJI, YTO MPOIIECC TPAHCKPHUIILIUUA COMTPOBOKIAETCS U3Me-
HeHueM cTpykTypbl komiuiekca PHK-nmonumepassr ¢ JIHK, o0ycnosnenHoi
KOH(MOPMAITMOHHBIMU U3MEHEHUSIMH TTOJIUMEPA3HI.

BosmoxHocTh ACM-BU3yaIM3aui MOJICKYIISIPHBIX MTPOIIECCOB MPOJIe-
MOHCTpUpPOBaAHA B paboTe [§] HA OCHOBE MOCIEA0BATEIBHOTO aHAIN3a 00pa-
30BaHUs HecrenupUIHbIX KoMIiekcoB Mosiekyiabl JIHK u PHK-nomumepassr
B peajibHOM MaciiTade BpeMeHu. Cxema 3KCIIepMMEeHTa BKIIIo4aja B ceos aj-
copbuuro makpomorekyn JAHK na cmrony uz 10 MM HEPES Oydepa B nipu-
cyrctBuM noHoB Maraus (1-10 MM MgCl,), 3aTem creoBajiu MPOMBIBKA U
BBICYIIIMBAaHME 0Opa3loB B 3Kcukatope. [lociae aToro oOpasibl noMmemanm
B JKUJIKOCTHYIO Y€Ky MHMKPOCKOIA, HAYMHAIIM MPOLECC CKAHUPOBAHMS, a
3ateM B pactBop BBoauiau PHK-nmonmumepasy. beuto nmokazano, uro o6paszo-
BaHue KoMmIuiekcoB 6enok-AHK HabmiomnaeTcs yxke yepe3 HECKOIBKO CEKYH/]T
nociie 100aBIeHUs TOJIMMePa3bl, UYTO CBUIETEILCTBYET O COXpAHEHUU HATUB-
Holt KoH(popmammu PHK-mommmepassr u JIHK B mporniecce mpurotoBieHus
00pa3uoB U MPOBEIECHUS UCCIEAOBAHUI. DTH pe3yabTaTbhl JEMOHCTPUPYIOT
BO3MOYKHOCTbh MCIIOJIb30BAHUS 30HI0BOM MUKPOCKOIHMH ISl UCCIIEIOBAHUS
MPOLIECCOB, OTBETCTBEHHBIX 32 PACIIO3HABAHME U COOPKY MaKPOMOJIEKYJISp-
HBIX KOMITJIEKCOB B (PU3HOJIOTHUECKUX YCITOBUSIX.

Bonbuioe npukinagHoe 3HaUEHNE UMEET BO3MOKHOCTh PELLIEHUSI METOIOM
ACM 3zamaun gusuueckoco kapmuposanus JJTHK: cnenmudpuueckue ydacTku
MaKpOMOJIEKYJIbI TOMEYAIOTCS ONPEAEIECHHBIMU MapKepaMH, aHATU3 MECTO-
MOJIOKEHHUST 3TUX MapKepoB Ha moirydaeMbix ACM-u300paxeHusX mo3BO-
JSET COCTABJSATh KAPTHI OTHOCHUTEIBHOTO PACIIOJIOKEHHUS CIEeIU(UIECKIX
nocaeaoBaTeIbHOCTEN HyKIIeoTHA0B. Tak, B pabote[44] mpoaeMOHCTPHUPO-
BaHA BO3MOXHOCTh BU3YaJIU3AIIMM MECTOIOJI0KEHUSI OUOTHHA, KOBAJIEHTHO
MPUBSI3aHHOT'O K NIEPBOMY HYKJIEOTUIY Ipaitmepa. buotun nomeuancs Oen-
KOBBIM KOMITJIEKCOM CTPENTaBUINH-CTAPMLTIOKOKKOBBIN Oemok A (cTpenTa-
BUJIUH UMEET BBICOKYIO CITOCOOHOCTBH CBSI3BIBAHHMSI C OMOTHMHOM, a Oelok A
YBEIIMUUBAET pa3Mephbl MapKepa Il OJHO3HAYHOHN ero MACHTU(UKAIIMKY Ha

ACM-n300pakeHusx).
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B pabotax [64, 34] ObLT UCITOIB30BAH METO KAPTUPOBAHUS KIIOHUPOBAH-
HBIX B IUTA3MUIHBIN BeKTOp nocienoBateabHocteld LTR (amnHHBIE KOHIIEBBIE
MTOBTOPBI) C TIOMOIIBIO CHEIU(PUIECKUX MapPKEPOB, UMEIOIINX XapaKTEPHYIO
dhopmy — R-nietenb. R-mretiu hopmupoBauck nmocienopateabHocTssMu PHK
13 345 1 380 HyKJIEOTUAHBIX OCHOBaHUM, KoMIieMeHTapHbIMU K U3 1 U5 00-
nactsMm LTR genosedeckoro aggorenHoro perposupyca K-10 (HERV-K10).
B mponecce o6pazoBanus nerim PHK ¢opMupoBana aBoiiHyIO crimpaib ¢
KoMIuteMeHTapHbIM yuacTkoMm JIHK, BeiTecHss Bropyro Huth JIHK, koTO-
past KOJIaIICUPOBAaIa B pe3ylIbTaTe BO3AENCTBUS HOHOB Mg 2t ; xapakTepHas
(hopma 00pa30BaHHOM CTPYKTYPHI (METIISA) ITO3BOJISIA YBEPEeHHON HACHTH(DH-
uupoBath ee Ha ACM-u3o0paxeHusix. Paznmuunas 1jvMHa 30H0B MO3BOJISIA
YK€ U3 OJTHOM TUCTOTrPAMMBbI OIIPEACIIUTD KAK IMOJIOKEHUE, TAK U OPUEHTAIUIO
LTR. ITonyueHHbIE pe3yabTaThI IO3BOJIAIOT IPEANOI0KUTH, YTO B OyAyILIEM
paszpemenue npubopoB C3M MoxkeT ObITh JOCTATOYHBIM JJIS ONIpEAeSICHUSI
nocaegoBateabHoCcTH HyKieotuaos JJHK.

VHUKaIbHYI0 BO3MOXXHOCTb 30H/IOBOI0 MUKPOCKOIA Kak mpudopa, mo-
3BOJISIIOLLIETO TPOBOAUTD MPEIIU3UOHHbBIE UCCIIEAOBAHUS JIOKATILHBIX CBOMCTB
MMOBEPXHOCTH, MPOJEMOHCTPUPOBATIN aBTOPbI paboThl[7]. OHM MPOBOIUIU
MpsIMbIe UCCIIEOBAHUS CUJIOBOTO B3aUMO/IEMCTBUSI, OTBETCTBEHHOTO 3a (pop-
mupoBaHue BUTKoB monekynsl JJHK, o cnenyromen cxeme.

Ha noBepXHOCTSIX MOMJIOKKA M KPEMHHUEBOIO MHUKPO30HAA CO3aBaJIU
JIBa TUIA MTOKPBITHUS, TIPEACTABIISIIONIETO OO0 €10l KOBaJIEHTHO NMPUBSI3aH-
HBIX 32 OJINH U3 KOHIIOB KOMIUIEMEHTAPHBIX OJIUTOMEPOB — B OJTHOM CJyuyae
(ALITT),, B npyrom (LIAI'T),. B npouecce B3auMoaeHCTBUS NApbl JaHHBIX
OJIMTOHYKJIEOTUAOB (IJIMHON B 20 HYKJIEOTHUIOB) BO3MOXKHO OOpa3zoBaHUE
koMmiIuiekcoB ¢ 20, 16, 12, 8 u 4 mapamMu B3aMMOICUCTBYIOIIMX OCHOBAHUH.

B xone sxcriepuMeHTa MHOTOKPATHO U3MEPSIIM KPUBYIO CUJIIOBOTO B3au-
MozeicTBus F'(z) MeXay 30HAOM U TOAI0XKoH. Ha ocHOBaHMNM 3THX pe3yiib-
TATOB OINPEAEIISUIN CUITY aIT€3UHU U CTPOMWIIA TUCTOTPAMMBI €€ paclpeiesIeHuUs.
B cniydae oTcyTceTBUSs cielIUYECKOr0 B3aUMOICHCTBUS MKy KOMIUIEMEH-
TapHBIMU Y4aCcTKaMH HaOJI0alI0Ch Obl OTHOPOJIHOE TayCCOBO pacIipeserie-
HUe IS CUIIbl aare3ud. OQHaKo HA MOJYUYEHHBIX THCTOTpaMMax YeTKO Mpo-
CIeXUBAIUCH OTAenbHbIe uku (1,52 + 0,19; 1,1 +0,13; 0,83 + 0,11 uH), oTo-
Opaxkarorue, O4eBUIHO, crienuduyeckoe B3aumomeiicteue 20, 16 u 12 map

KOMINNICMCHTAPHBIX OCHOBAaHUI1 (aBTOpr YKa3bIBaroT, YTO KOMIIJICKCEI C 8u4
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B3aMMO/JICUCTBYIOIIUMU MTapaMHU OCHOBAHUH TEPMOIUHAMMYECKU HECTAOMITb-
HbI Tipu 27°C — TeMmnepaType MpoBeACHUS UCCIISOBAHMIA).

CXOJIHYIO 2KCIIEPUMEHTAITBHYIO CXeMYy — C 00Opa30BaHUEM MEX]y B3au-
MO/JIEUCTBYIOIIMMHU MOBEPXHOCTSIMU «MOCTHUKOB» B BUJIE OTACIILHBIX HUTEH
JAHK nnunoit B 160 ocHOBaHUM — MCIIOJIB30BAIN 151 aHAJIM3a BHYTPUMOJIe-
KYJISIPHBIX YIPYTUX CBOMCTB. Takum ob6pa3omM, aBTopaM yaajioch MPOAEMOH-
CTPUPOBATH BO3MOXKHOCTb MpuMeHeHuss ACM 1171 TpsSIMOT0 KOJIMUECTBEHHO-
ro aHaJin3a MEXMOJIEKYJISIPHOTO ¥ BHYTPUMOJIEKYJIIPHOTO B3aUMOJIEUCTBUS
B KOMILJIEKCaX OUOJIOTMYECKUX U CHHTETUUECKUX MAKPOMOJIEKYJI, UTO OTKPbI-
BaeT HOBBIE MTEPCIIEKTUBHI 11 OOHAPYKEHUS U TOKATM3AIIUH CIIEIU(PUISCKUX

MOCJIEAOBATEIBHOCTEN HYKJICOTHAOB C aHI'CTPCMHBIM PA3PCIICHHUCM.
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I'1aBa 2

AHaIn3 ucKakawinux 3Qp@PexkToB

ATOMHO-CHJIOBON MUKPOCKOITUAU

HecMmoTpst Ha BO3MOYKHOCTB JOCTUKEHHS BRICOKOTO TPOCTPAHCTBEHHOTO pa3-
perenus, nHGopMaIs, morydaeMasi METOAaMU 30H0BOM MUKPOCKOTINH (B
yacTHOCTH — ACM), MOXeT HeaJeKBaTHO OTOOpakaTh peajibHbIe 0COOEH-
HOCTH TIOBEPXHOCTH, YTO SIBJISIETCS CIICACTBHUEM BIIMSTHUS MHCTPYMEHTA HC-
CIIEOBAHUS HA OOBEKT M MPUBOJIUT K HAOTIOACHUIO apmeghakmos. DTH ap-
Te(akThl, KaK IPABUIIO, JIETKO YUUTHIBAIOTCS Ha KAUECTBEHHOM YPOBHE IPH
unTeprnperarun ACM-pe3yIbTaToB, OJIHAKO clielupuKa psaa 3a1ad MOXKET
noTpeOOBaTh KOJUYECTBEHHBIX OIEHOK U METOJIOB BOCCTAHOBJICHUS Peallb-
HOI F€OMETPUU OOBEKTOB.

MpbI mpoaHaIM3UPOBAJIU IBa OCHOBHBIX apTedakta ACM, BIUSHUE KOTO-
PBIX CYIIECTBEHHO MPH IIPOBEICHUH UCCIIEAOBAHUI 0110€/1bHbIX MUKPOOOBEK-
TOB, aJICOPOUPOBAHHBIX HA IOBEPXHOCTh TBEPIOU MOITOKKU: 3pdekTa yuiu-
penust npoguns u dbdexTa 3anuxcerus evicom ACM-n300pakeHnst 00bEKTOB
uccienoBanus. [locTponin KOJIWUYECTBEHHBIE METOIMKU yUeTa BIUSHUS pac-
cMaTpuBaeMbIX 3PPeKTOB Ha pe3ynbTaThl ucciaenoBanus ACM. B ceete pe-
3yJAbTATOB Meopuu KOHMAaKmHulx degopmayuii BO3SHUKIIA HEOOXOIUMOCTb I1e-
PECMOTpPETh MEXaHN3M BU3YaIIM3aIMU ATOMHOU (MM MOJIEKYJISIPHOM ) CTPYK-

TYpBbI TOBEPXHOCTH MpH uccrienoBanusx ACM.

2.1. KonraktHble nedopmaumu 30H1a U odopa3ua

C mepBrix pabor mo ACM-Bu3yanu3anuyd MOJEKYJT HYKJIEHHOBBIX KHC-

70T [6, 41] oTMeuasnock, uTo BeicoTbl ACM-n3o6paxenuii JIHK cymectBeHHO
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3aHKEHBI B CPABHEHHUH C MOJIEIbHBIMU MTPEACTABIIEHUSIMU O CTPYKTYPE MOJIE-
KyJbl. B TO 3xe Bpemsi, 11 psiia ApYrux 0ObeKTOB (C OIM3KUMU (PU3MUECKUMU
CBOWMCTBAaMH, HO OTJIUYHBIMU T€OMETPUUYECKUMH pazMepaMiu) 3PQPeKT 3aHH-
KEHUSI BBICOT MPOSIBIISIETCS] HE CTOJIb BRIPAKEHHO. Tak, B Tl1aBe 3 U310KEHBI
pe3yIbTaThl UCCIIEIOBAHUSI BUPYCHBIX YACTUI] TAOAYHOM MO3auKU U BUPYC-
Hoit PHK. bsuto obnapyxeno (cm. pasaen 3.1, crp. 95 u nanee), uto apdext
3aHIKEHUS BBICOT JIJI1 BUPYCHBIX YACTHUI[ HECYIIECTBEHEH (ITPU MUHUMH3A-
U CUITHI BO3/ICUCTBUS 30Ha), B TO BpeMs, Kak BbicoTa ACM-n300pakeHuid
MOJIEKYJT HYKJIEMHOBBIX KUCIOT B TEX K€ YCIIOBUSIX IKCIIEPUMEHTA 3aHUKEHA
6osiee ueM Ha 50%, HECMOTpPS HA TO, YTO U T€ U APYrue OOBEKThI BU3Yya-
JU3UPOBaHBI Ha OAHOM Kajape. [IpuMeHeHue u3garaeMoil HIKEe METOIAUKU
MO3BOJIMIIO OOBSCHUTH JAHHYIO 3aKOHOMEPHOCTD U CBSI3ATh €€ C Pa3IMUYNEM
paauycoB yactuil BTM (~ 10 HM) 1 HyKJI€MHOBBIX KUCIOT (< 1 HM).

Cnenys [65] MBI TIpearonoxuiiu, 4To 3¢gdekT 3aHmkeHus BpicoT ACM-
n300paxeHnit 0ObEKTOB CBSI3aH C KOHTAKTHBIMU Jehopmanusamu. [leicTBu-
TeJIbHO, B MPOIECCE CKAHUPOBAHUS, KAK B PEKUME KOHTAKTA, TaK U MPEPbI-
BHCTOI'O KOHTAaKTa, 30H[ BO3JIEHCTBYET Ha 00pa3el] C HEKOTOPOU CHIION (CM.
paznen 1.3, cTp. 18 u nanee), BemuunHa KOTOPOI OOBIYHO JICXKHUT B TUAMTA30HE
(1 + 100) x 10~ H. [leiicTBre 3TOM CHIIbI, B CBSI3U C YPE3BBIYAWHO MaJIbIM
paanycoM KPUBHU3HBI 30HAUPYIONIEr0 oCcTpus (00bIYHO OKoy0 10 HM), IIpHU-
BOJIUT K BOBHUKHOBEHUIO 3HAYUTEIIBHOTO KOHMAKMHO20 JABJICHUS, KOTOPOE

JOJIDKHO BBI3bIBATH KOHTAKTHBIC IIG(bOpMa]_II/II/I.

2.1.1. KoHTakT ABYX TeJI: penieHHe KOHTAKTHOM 3a1a4un ['epua

BriepBbie 3a1aua 0 KOHTAKTHBIX AedopMaIlisax ABYX Tell ObljIa paccCMOTpeHa
I'. T'epuem B 1882 1. [66]. OcTaHOBUMCSI HA OCHOBHBIX COOTHOIIICHHSX pellie-
HUS Konmaxmuoil 3aoayu I'epya[67]. PaccMoTpuM aBa Tena, KOTOpbIE CONPH-
KacaroTcs APYT C APYTOM B HEKOTOPOU TOUKE UX MOBEPXHOCTEH, cM. puc. 2.1 a,
Ha PUCYHKE M300paXeH pa3pe3 CONPUKACAIOLINXCS TOBepXHOCTER, O — TOU-
Ka KOHTAKTa.
BO6u3u Touku kacanusi O ypaBHEHHS TOBEPXHOCTENH MOTYT ObITH 3aIuca-
HEI B BUJIE:
Z = Xag.’l/’awg,

| 1o
2= XapTalps

2.1)
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Puc. 2.1. Konraxkr nByx ten, nepopmamnumy;

a) — CONMPHKOCHOBEHHE KOHTAKTUPYIOLIUX MMOBEPXHOCTEM; 06) — nehopManuy MpH HAJIOKe-
HUU CONMXKAIOIIEH CUJIbI, h — COJIMDKEHHUE 3a cueT nedopMarinu, g — JaTepaabHbIi pa3Mep

KOHTAKTHOM IUTIOIIAIKHI

I'JIe TI0 IBAXK/IbI TTOBTOPSIOLIMMCS HHIEKCAM o U (3 — cymMMupoBaHue. TeH3o-
DPBI Xap U X5 XAPAKTEPUIYIOT KDUBU3HY TIOBEPXHOCTEH, NX IIIABHBIE 3HAYCHUS
paBubl 1/R;, 1/Ry u 1/R}, 1/R), tne Ry, Ry, R}, R, — TTaBHBIC PaJnyChI
KPHUBHU3HBI KOHTAKTUPYIOIINX MOBEpXHOCTEN B Touke O.

Ecnu teneps 9TH ABA TeIa CIABIUBAIOTCS HEKOTOPO cuiioi F', To oHu Oy-
IyT neopMupoBaThCs U COMUBATCS HA HEKOTOpOoe paccTtosiHue h (puc. 2.1 0),
IIPU 3TOM 00JIACTHIO CONTPUKOCHOBEHUS OYIET YK€ He OJTHA TOYKA, & HEKOTO-
PpbIii y4aCTOK KOHEUHOM mtomanu S.

JlanpHEeNIIMN aHalIn3, MPOBEAEHHBIN ['epreM, BKIIOYAET pacCMOTPEHUE
TEH30DPA Xap + X, [VIABHBIE 3HAUECHUS KOTOPOTO A U B MOTYT ObITh BbIpa-

’KeHbl uepe3 Ry, Ry, R, R}, COOTBETCTBYOINE (GOPMYIIBI IS OOIIIEro caydast
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MpUBEACHHI B [67]:

1 1 1 1
+2C082(p E—E —,1——,2 y

T€ ¢ — YroJI MKy TEMU HOPMaJIbHBIMU CEUEHUSIMU ITIOBEPXHOCTEM, B KOTO-
PBIX paguychl KpUBU3HBI — R; 1 R). (3HaKM pajnycoB KPUBU3HBI MTOJIOKH-
TeJIbHBI IS BBITYKJIBIX TEJI M OTPULIATEIbHBI — JIJIS1 BOTHYTHIX).

N3BectHBIE coOoTHOMIIEHUs ['epria mokas3bpBarOT, 4TO (GOpPMOM 00IacTu
KOHTAKTAa SIBJISIETCS SJUIHIIC C TTOJYOCSIMU a U b, TprudeM (IIpu yCIIOBUU MajIoC-

1 AedopMaIiiii B CpaBHEHUH C COOTBETCTBYIOIIUMHU PAINyCaMU KPUBU3HBI):

:FD/ ¢
™ ) V(@ + OB+

o0

FD/ d¢
T ) (a4 &)\ + &) B+ E)E

0

A= (2.3)

r de
/ (B2 + &)/ (a2 + &) (b2 + €€’

rac
2

3/1—-o0 1— 0"

snech B, E', o u o' moaynu FOura u ITyaccona matepuasioB 30H1a 1 oOpasiia.

['maBHBIE 3HAYEHUS] CYMMapHOTO T€H30pa KPUBHU3HbI— A U B BBIpaXKAIOT-
csl yepe3 BEJIMYMHBI BUJa 1/R, 1 UMEIOT pa3MepHOCTb OOpPATHOW JIJTMHBI —
[cM™1], a mapamerp D, ompezensieMblii uepe3 BeIUYMHbI Buaa 1/E, umeer
pasMepHOCTh 06paTHOro nasieHus [[1a '] ¥ MOXeT paccMaTpUBATHCS Kak
BEJIMYMHA, 00PATHO MPOIOPIHOHATIbHASI HEKOTOPOMY 3(PPEeKTHBHOMY MO/TY-
mo FOHra o01acTu KOHTaKTa.

BocnipousseneMm, Taxke, GopMyy, ONMUCHIBAIOIIYIO pacCIIpeIeICHHS JaB-

JICHUS B 00J1aCTH KOHTAKTa:

3F x2  y?
a2 23)

P,(z,y) =
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Cootnomenus 'epia (2.3) cBA3BIBAIOT HCKOMBIE TTapaMeTPhI 3a1a4u (I10-
JyOCU a, b JUTUNTHYECKON OOJIACTH KOHTAaKTa M BEJIUUUHY COJMXKeHUs h)
C M3BECTHBIMM MapamMeTpaMu (cmaBiuBaroiieit cuioit F, moayiasmu FOHra
30HAa U 0Opasla, napamerpamu A u B) yepe3 UHTErpajibHbIE 3aBUCUMOCTH,
CBOJMMBIE K JJUIUNTHYECKUM HHTerpanaM. OgHako B cuily Toro, 4to (2.3)
SIBJIIFOTCSI CUCTEMOW HEJIMHENHBIX YPABHEHUN C HESIBHBIMU 3aBUCHUMOCTSIMU
OT UCKOMBIX MAPaMETPOB @ U b, TO, AJIsi BO3BMOXKHOCTH UX PUMEHEHUS MPU
MHTEPIPETALMU IKCIIEPUMEHTAIbHBIX Pe3yJIbTaTOB, HEOOXOIUMBI JTUOO pe-
anu3alys oOIIEero YMCIEHHOrO PeLIeHUs], TM00 TOMOJIHUTEIbHBIN aHAIU3 C

IMPUBJICYCHUEM YITPOILIAIOIHUX ITPCAITIOCHIIOK.

2.1.2. Kounrakr cepnieckoro 30ua u cepuieckoro (niu

IJIOCKOr0) odopa3ua

H3BecTHO, uTO cooTHOIeHuUs ['epuia (2.3) erko ynpoIiiarTes B ciiydae, Kor-
Jla KOHTAKTUPYIOIIHE TeJla UMEIOT C(hEPUUECKYIO TEOMETPUIO (PACCMOTPEHHE
3TOTO Cilyyasl BXOJUT B CTAHAAPTHBIA KypC TEOPUM YIPYTrOCTH, CM. HAIIpU-
Mep [67]).

Taxkast Mosie]Ib TeOMETPUM KOHTAKTA MOXKET HANTHU IIUPOKOE MPUMEHEHHE
B 3ajJlayax, CBSI3aHHBIX C MHTepIperaiueil pesyiabratoB C3M — mnpu pac-
CMOTPEHUU KOHTAKTHBIX Je(opMaIinii, BOZHUKAIOIINX B MPOIIECCEe CKAHIPO-
BaHHSI MUKPOOOBEKTOB, (hOpMa KOTOPBIX MOXKET OBITh ANMIPOKCHMMUPOBAHA
chepoii!), a Takxke MIOCKUX 0O6Pa31OB, HAIPUMED, TOHKHX ILJIEHOK.

Bocnpousseaem uzBectHbie POpMyIIbI U MpoBeneM olleHKU. Eciu 3011 1
obOpaser BOIM3M TOYKMA KOHTAKTa OMUCHIBAIOTCS C(HEPUIECKUMH TOBEPXHOC-

TSIMH U XapaKTepU3yloTcs paauycamMu KpuBu3Hbl R u R', To, cornacHo (2.2),

1/1 1
AZB:?(E“LE)

OTKyna a = b, U, u3 cooTHoueHuut (2.3), caeayer, 4To 0bOJIACTh KOHTAKTA

OyJeT MpeCTaBIsATh COOOM OKPYKHOCTb pajnyca a:

1 1\ 7Y3
a = (FD)'3 <E+§> : (2.6)

3nech D Takxe onucbiBaercs (2.4).

1) ganpuMep, MoJIeKyJ psa GETKoB U TIp.
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Monynb a,HM — pa- h,HM — cOnu- P,TTla —
YIPYTroCTH auyc oOjacTu KEHUE 3a CUeT KOHTaKTHOE
obpasua, [la | koHTakTa nedopmanuu JIaBIICHUE
108 7,2 16 5,2 24 0,03 0,07
10° 3,4 7,2 1,1 5,2 0,14 0,3
1010 1,6 3,4 0,25 1,1 0,63 1,4
10t 0,9 1,8 0,07 0,3 2,2 47
10%2 0,7 1,4 0,04 0,2 3,7 7,9
Mpu BeTnunHe commkaromei crrst (HH):
5 50 5 50 5 50

Tabnuna 2.1. CpaBHUTENbHBIA aHATU3 KOHTAKTHBIX AedopMalinii, BOSHUKAIOIINX

npu ACM-I/ICCJ'ICI[OBEIHI/II/I MaTCpruaIOB C pa3IMYHbIMU YIIPYTUMU CBOMCTBAMU.

Ouenku 1o popmynam (2.6), (2.7) u (2.8) 11 KOHTAKTUPYIOIIETO C IUIOCKUM 00pa3iioM
kpemHHeBoro 3ou71a (E = 1,5 x 10! I1a) paguycoM KpHMBU3HEI KOHUMKa R = 10 HM npu

JBYX 3HAUEHUSX caaBnuBatomei cunel: F =5 x 100°Hu F =5 x 1073 H

Jns BenuuuHbl h — cOMM>KEHUs 30HJa U 00pas3la 3a CYeT KOHTAKTHBIX

neopmaruii — B 9TOM ciIydae CripaBeinBa opmya:

1/3
h = (FD)*? <l 42 > : (2.7)

R R
B stux popmynax, kax u panee, F'— cuia, ciaBIvMBaronias 30H1 1 00pasell.

U npusenem Gopmyity 1711 BBIYUCIICHUS 1aBJIEHUS HA 0Opasell:

F 1/F\Y/1 1\
S~ 1 \D? R R

PaccMOTprM KOHTAKT KpeMHUEBOTO 30H1a (£ = 1,5 x 10! [1a) paguycom

(2.8)

KpuBU3HBI R = 10 HM (TUMMYHOE 3HAYeHUE, CM. Tabmuiry A.1) ¢ Imockum 00-
pas3loM, ¥ TPOBEAEM OIICHKH IS JBYX 3HAUCHU BEJTMYMHBI CaBIIMBAFOIICH
cunbl: F =5x 100°Hu F =5 x 1078 H (tabauua 2.1).

Tabauia mepekpsIBaeT AUana3oH 3HAUYEHUN MOIyJel yIpyrocTu obpas-
108 ot 108 ITa (3HaueHue Moy ynpyrocTy nenomacra) xo 10'? ITa (3nave-
HUE MOJIYJISl yIIPYTOCTH aiiMa3sa). {71 MHOTHX MaTepHuaioB 3HAYCHUS MOTYJISI
FOura nexar B quanasone 101 = 101! IMa; s 61MononauMepoB — Kax IpaBH-
70, B quanaszone 10° =~ 10° [Ta. OnuH u3 CYIIECTBEHHBIX BBIBOJOB aHAIU3a
Ta0IUIBI TOT, YTO BEJIMUMHA KOHTAKTHOT'O JIABJICHHS COCTABIISCT 3HAUNTEIb-

HyI0 BenuuuHy. M3 aHamm3a TaOIHIIbI MOKHO TPEATONIOKNUTH, HAIIPUMED,
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yto ACM-uccieoBaHusi OYeHb TBEPIbIX MaTepHaoB (TUIA alMasa) Mpu
WCIOIBb30BAHUU OOBIYHBIX KPEMHHEBBIX 30HI0B MOTYT IIPUBOJIUTH K pa3py-
IIEHUIO TTOCIIEAHUX (IPEIEIT IPOUYHOCTU KpeMHust: o, = 0,7 x 10° ITa), eciu He
yIEIATh BHUMAHUE MUHUMM3AIIMU CUIIbI B3aMMOACUCTBUS 30Ha U 0Opasia.

Tot pe3ynbTat, 4To AIst O0JIee )KECTKUX 00pa3I0B BhIIIE 3HAUEHUE KOH-
TakTHOTO naBjeHus npu ACM-uccieoBaHUsIX, CIY)KUT OOBSICHEHUEM Clie-
JYIOLIEH 9KCIIEpUMEHTAIBbHO HAaOIt01aeMol 3aKoHOMepHOCTU. [ToBEpXHOCTH
C1100bl MOXHO JIOKAJIBbHO PA3pYIIUTh MPU CKAHUPOBAHUM y4aCTKA HEOOJIb-
woit mromaau (100 x 100 HM?), eCIM yBEIUUUTD CUITY BO3IEHCTBHS 30HA 10
BeauuuHbl ~ 10~ 7 HH. B T0 ke BpeMs, B TOXKIECTBEHHBIX YCIOBUSAX IKCIIEPH-
MEHTa MOBEPXHOCTb nupozpaguma pa3pylnuTh He yaaeTcs. DTO OObSICHSET-
CSl MEHBILIMM 3HAYEHUEM KOHTAKTHOI'O JABJIEHUSI BO BTOPOM CIIydae B CUJTY
MeHBIIIeH KecTKoCTH muporpadura?).

C npyroii ctopoHsl, coriacHo Tabmuiie 2.1, THTUYHbIE 3HAYEHU ST KOHTAKT-
Horo naBiieHus B ACM-3KcIiepUuMeHTe YaCTO MPEBBIIAIOT ITPEIEIIbI TPOYHOC-
ti®) MccaeyeMbIX 06pa3IoB M IPU MEHBIINX CHIaX BO3/IeHCTBHS 30H/1A.

B yem ke Toraa npuuMHa BO3MOKHOCTH poBeaeHust metogom ACM He-

pa3pyIarouX UCCIeIOBAHUM TMPOKOTO CIIEKTPa MaTEpHUATIOB?

Bo3mo:xHOCTD IPOBECACHHUSA HEPASPYIHAIOIIHUX HCCJIeIOBAHMII C TIOMOIIbIO
ACM

\Y 31 npeajlaracM CJICAYIOINEC apryMCHTDI, O6TJSICH$IIOH_II/I€ BO3MOXHOCTbB IIPO-

BEJICHUSI HEpa3pyLIAOLIMX UcciegoBaHuil MetogqoM ACM:

e BOam3m o0acT KOHTAKTa UMEET MECTO nepepacrInpeaciICHuc 1oKaAjibHO
MNPUITOKCHHOI'O KOHTAKTHOI'O AABJICHHA IO TPEM IMPOCTPAHCTBEHHBIM

HaITpaBJICHUSM.

e [lpu nepaspywarowux ucciedosanusx Bpemsi BO3IEHCTBUS 30Ha HA JIO-
KaJbHBIA YYACTOK MOBEPXHOCTU 0Opasiia Majio B CPAaBHEHUU C Xapak-

TEPHBIMH BPEMEHAMH MIPOIIECCOB PA3PYIICHUS TOBEPXHOCTH.

HeﬁCTBHTGHbHO, BO-IICPBLIX, 3HAYCHUA ITPCACTIOB IIPOUYHOCTU OIIPCALCIIA-
IOT IPUIIOXKCHUCM PAa3pyIaromero JaBJICHUS K HeKOTOPOfI ITOBCPXHOCTHU 00-

pasua B 3aJJaAHHOM HaImpaBJeHUH (OgHOM). B HameM cirydae Mbl ©UMEEM JIEJI0

?) 3nauenne MukpoTeepaocTy uporpadura H, ~ 10'° ITa, ciroast H,, ~ 2 x 10 ITa
3) MpeAeITbl MPOYHOCTH (TI0 CXKATHIO) CITFOABI U TpaduTa COCTABIISIOT Oy =~ 0,5 X 10°I1a
U 0y ene =~ 0,03 x 10° I1a cooTBeTcTBEHHO [68]
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C MMPWJIOKEHUEM K 00pa3Ily J10Ka1bH020 JABIIEHUS, KOTOPOE Mepepacipeess-
€TCsl IO TPEM HAIIPABJIEHUSIM.

Bo-BTOpBIX, MpU CKAHUPOBAHUH 30H OKA3bIBAET BO3/ICUCTBUE HA JIOKAJIb-
HBII y9acTOK 00paslia B TeUeHNE MTPOMEXYTKA BPeMEHU T ~ a/ Vi ~ a/Lf,
r7ie a — JIaTepajibHbIA pa3Mmep obiactu KoHTakTa (2.6), L — IJIMHA cKaua
(CTpOKHM CKaHUpPOBAHMUS), f — YACTOTA CTPOUYHOU PA3BEPTKH, Viiy — CKO-
pocTh ckaHupoBaHus. [IpuBegeM OLIEHKY TpaHUI] AUANA30HA XapaKTepPHO-
ro BpeMeHu B3aumopencTsus. CorinacHo tadmuie 2.1, TUMMYHBIE 3HAYEHUS
a ~ 1uM. st yactorel ckannposanus 10 ' mpu pasmepe kaapa 15 MKkM uMe-
€M JIJIsl BpEMEHH B3aUMOIENCTBUSA OLEHKY T ~ 107° cek, a mpu pa3mepe Kaapa
100 HM — 7 ~ 1073 cek. [Tonmy4yeHHbBIE OLIEHKU U ONPEACIISIOT IPAaHUIIbI JUa-
MMA30HA TUIIMYHBIX 3HAYEHUI BPEMEH B3aUMOJICUCTBUS 30HAA U JIOKAJIBHOTO
ydyacTka obpasua npu CKAaHUPOBAHUU.

[TockoabKy MBI 3KCIIEPUMEHTAJIBHO OOHAPYKWIH, YTO, B PE3YJIbTATE 3a-
MEJIEHUS CKOPOCTU CKAHUPOBaHUs (YBEIUUEHUsS T OT 3Ha4YeHus 105 cek 10
1073 ceK IpU JOCTATOYHOMN BEIMYMHE CUIIBI BO3AENUCTBHSI 30H/1a), PAI UCCIIe-
JIYEMBIX ITOBEPXHOCTEN MOXKET PA3PYLIATHCS, TO MOKHO MPEANOTIO0KUTh, UTO
XapaKTepHbIE BpEMEHA IIPOLIECCOB Pa3pyLIEHUS 3TUX ITIOBEPXHOCTEN IO JIO-

KaJIbHBIM BO3JICMICTBHEM 30H/1a IIOIIaAaI0T B YKaSaHHbeI Anaria3oH.

AddekT pa3pyuieHus ucciieyeMbIX IOBEPXHOCTE Npu 3aMe/1JIEeHHH CKOPOCTH
CKaHHPOBaHWA. 3aMeICHHE CKOPOCTU CKaHWpOBaHUS (TIpU (PUKCUPOBAH-
HOW BEJIMYMHE BO3JCUCTBYIONIEH CUJIBI) MOXET MPUBOAUTH K Pa3pyIICHUIO
uccieayeMoit mosepxnoctu. Hampumep, ymeHnsleHue pasmepa kaapa (pu
TOIf 7K€ 4aCTOTe CTPOUHOI pa3BepTKu®)) MPUBOANT K YMEHBIIEHHIO CKOPOCTH
CKaHUPOBaHUS (MEpPEeMENICHUS 30H/1a MO MTOBEPXHOCTH) U MOXKET BbI3bIBATH
pa3pylieHre MOBePXHOCTH, YCIIEIIHO CKAaHUPYEMOU MTPU OOJIBIINX pa3zMepax
KaJipa Py TOM K€ 3HAUEHUU CUJIbl BO3IEHCTBUS 30H A,

Ha sTom nmpuHIIUITe ocHOBaHa alipoOUpOBaHHAS HAMH METOIUKA (HOPMH-
pOBaHUS B TOHKUX OPTaHUYECKHX IJICHKaX UCKYCCTBEHHBIX JIe(PEKTOB: yJac-
TOK IOBEPXHOCTHU 33JaHHOM IUIOIIAAA CKAHUPOBAIM MPHU MEIJIEHHON CKO-
pOCTH, YTO MPUBOAWIO K JIOKAIIbHOMY pa3pyILICHUIO TUIEHKU 30HI0M U yAa-
JIEHAIO €€ MaTepualia C 3TOTO Y4acTKa; 3aTeM, IPU CKAHWPOBAHUU KaJpa

Oosbliero pasmepa (Ipu yBEIMUEHHONW CKOPOCTU CKAHUPOBAHMS), BU3YaITH-

%) 3HaYyeHMe YACTOTHI CTPOYHON Pa3BEPTKM OrPAHHUEHO CBEPXY CKOPOCTBIO OLH(BPOBKH
JTAHHBIX
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3UPOBaIM UCKYCCTBEHHBIN nedeKT B IJIEHKE, pa3Mepbl U (opMa KOTOPOro
COBIAJIAJIU C YYACTKOM IIPEBAPUTENbHOrO ckaHupoBaHus (cM. puc. 5.10). C
JIPYroi CTOPOHBI, CTOUT OTMETUTh, YTO UMEHHO pa3pylIeHUEe OBEPXHOCTH
IIPY YMEHBIIIEHUH pa3Mepa Kaapa (3aMeJIEeHUH CKOPOCTH IIEPEMEILIEHU S 30H-
714 110 TIOBEPXHOCTHU) SIBIISIIOCH OCHOGHBIM NPENnsmcmauem Py UCCIIeJOBAHUSIX
MOJIEKYJISIPHOM YIIAKOBKU TOHKHX IIJIEHOK, CM. pas3zein S.3.

MoOHO OBUTO OBI MPEAONOKHATH, UTO MeXaHU3M 3 (deKTa CeTyIoNu.
[Tpu Oomnb1ION CKOPOCTH CKAHUPOBAHUS OOBEKT (HAIIPUMEP, TOHKAS IJIEHKA)
HE «ycreBaeT» a1epopMUpoBaThCS U 3G GEeKTUBHAS TITyONHA TPOHUKHOBEHHUS
30HJa MEHbIIIe, 4eM onpeaenseMas popmyioi (2.7). [Ipu 3amenneHun cko-
POCTH NepeMellleHus1 301 I1y0Xke «BIaBIMBAETCS» B 0Opa3el U, eclu IIy-
OMHA MPOHUKHOBEHUSI h CTAHOBUTHCS CPABHUMOM C TOJILMHOW IIEHKHU, TO
VMIMEET MECTO Pa3pyllICHUE.

OpnHako, Mo-BUAMMOMY, 3TO OOBSICHEHHE HE MOXKET OBbITh NMPUHSATO Kak
yHUBepcajbHoe. JleficTBUTENbHO, COTNIACHO OLleHKamu paszena 2.1.4 (cM. co
ctp. 71), XapakTepHoe BpeMs YCTAHOBJIEHUS YIPYIMX KOHTAaKTHBIX Aedop-
Maluii COCTaBJIIET BENUYUMHY ~ 107%cek, 4TO MeHbIle WM MHOTO MEHb-
e, 4eM BpeMsl B3aMMOJEMCTBUS 30HIA M JIOKAJIBHOI'O yyacTka oOpasua
(1073 + 10° cek, cm. Bblue). [T03TOMY IIPUMEHEHHE CTATHYECKUX (POPMYIT
TEOPUU KOHTAKTHBIX Aedopmanmii (tTuma (2.7)) I aHAIW3a Pe3yIbTaTOB
ACM sBnsieTcs OnpaBIaHHBIM, B CHITY YeTO TITyOUHY MPOHUKHOBEHUS 30HAA
B oOpasell 3a c4eT ynpyrux geopmanuii cieayeT CUuTaTh He 3aBUCSIIENH OT
CKOPOCTH CKaHUpOBaHMs. T.0. mpoBoAuMBIE B pasaee 2.1.4 o1eHKU M03BOJIs-
IOT CIIeNaTh BBIBOM, YTO HAOII0MaeMbIi 3((eKT: pa3pyIIeHus] TOBEPXHOCTH
IIpU 3amedNieHuy CKOpOCMU CKAHUPOBAHUs HE CBSI3aH C AMHAMMKOW Ipolec-
ca ynpyrux nedopmaluii U 10KkeH ObITh 00yClIOBIIEH Oosiee MEIJIEHHbIMU,
Heynpyeumu ipoueccamMu. T.e. pazpylieHne NOBEPXHOCTH UMEET MECTO B CIIy-
yae, KOT1a XapaKTEpHOE BpeMsI B3aMMOIEHCTBHUS 30H4a U JIOKAJIbHOTI'O y4acT-
Ka 00pasla CTAaHOBUTHCS CPABHUMBIM CO BPEMEHAMHU HEYIPYTUX MPOLIECCOB,
CBSI3aHHBIX C JJOKAJIbHBIM BO3/I€HCTBUEM 30H/a (MIPU JOCTATOUHON BETMUHUHE

CHUJIBI BO3JICHCTBHSA).
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2.1.3. KonrakTt chepuyeckoro 30412 1 HWIMHAPHYECKOTO

o0pa3ua

Moens TUIHHIPUYECKOTO 00pasiia MOKET HATH MPUMEHEHHE ITPHU aHAJTU-
3e aeopmalrii MUKPOYACTHI] HIUITMHAPUIECKON (OPMBI (BUPYCHBIX YaCTHII,
JUHEHHBIX MAKPOMOJICKYII 1 1Ip.). OJTHAKO B 3TOM Cltydae (KOHTaKT chepruec-
KOT'0 30H]1a ¢ 00KOBOM MOBEPXHOCTHIO LIMIIMHApPA) cooTHOoIIeHus ['epua (2.3)
He ynpomatorcs® . [103ToMy MBI peann3oBany oOliee YNCIEHHOE PEIIeHHe
cuctemsl (2.3), a TakKe MPOaHAIM3UPOBAIN JIBA YACTHBIX Cirydas (OJIM3KuX
Y pa3IMYaIONINXCS TIABHBIX 3HAUCHUI CYMMapHOT'O TeH30pa KPUBU3HBI KOH-
TaKTUPYIOMIMX IMOBEPXHOCTEMN), TSI KOTOPBIX yIAIOCh MOJYYUTh aHAIUTH-
yeckue (OPMYJIIbI, BEIPAKAIOIINE HCKOMBIE BEITMUMHBI IBHO Yepe3 U3BECTHBIC

napameTpsl 3agaun. M3 hopmyi (2.3) caemyer:

h= K (VI—aP),

A _L0h 2.9)

ada’

_Lon
bob’

rae K (k) — momnnbiit ammuntuyeckuit unterpain. CoorHomenus (2.9) sBisi-

I0TCS TIPOCTO APYroit (popMoii 3anmmcu cooTHoIIeHnH (2.3).

Yuc/ieHHOe pelieHne 321244 0 KOHTAKTHBIX AedopManusax chepnieckoro

30H/1a M HUJIMH/IPHYECKOro odpa3ia

CooTHomeHus (2.3) ABISIOTCS CUCTEMON HEIMHENHBIX YPABHEHUMN, I/1€ UCKO-
MbI€ BEJIMYMHBI BBIPAXKEHBI HESIBHO UEPE3 JUIMITUYECKUE UHTErpasIbl. ITO
00CTOATEIBCTBO OCIOXKHSET peann3aliio YUCICHHOTO PEeLIeHMs], OCHOBAaH-
HOTo HemocpeAcTBeHHO Ha (2.3). TlosTomMy MBI IIpOBENU 1OMOTHUTENbHbIE
AHAJIUTUYECKHE TPeoOPa30BAHMUS, OCHOBBIBASICh HA COOTHOLIEHUSX (2.9).

Bocnons3oBasiuick hopmyitoii [69]:

OK (k) 1<mm_K®0,

“ar 1 L2

ok k

5) aHAIM3 JAHHOI TEOMETPHH He BCTPEUANICS HAM HU B CTAHAAPTHOM Kypce TEOPHH YIIpY-
roctu [67], Hu B auTepaType 1o ACM, o3TOMY MbI COUTA BO3MOKHBIM M3JI0KUTh BBIKIIAJIKH,
MPOBEICHHBIE HAMU JJTSI pACCMATPUBAEMOTO CITydast
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rae E(k) — monHBIA ammMnTHyeckuilt uaTerpai, k' = +/1 — k2, BbIUuCIsIs

MIPOU3BOJIHBIE B COOTHOIIEHUSIX (2.9), momyyum:

== -+ (2.10)

e K = K (,/1 - a2/b2), E=E (\/1 - a2/b2).
CootHomenue (2.10) aBisieTcs HEMMHEHHBIM YPABHEHUEM C OJJHUM HEU3-

BECTHBIM — OTHOIIEHUEM a/b, UTO TIO3BOJISET PEATH30BATh €r0 PEIICHUE.

Hanee, n3 (2.9) monyyaem 3aBUCUMOCTb:

- 2D <1 . b_) (K (VImaR) - B (VI@/R)), e

KOTOPast MO3BOJISIET ONPEACIUTD b 10 N3BECTHOMY OTHOIIECHHIO a /b.

Taxum 0O0pa30oM MbI CBEJIM CUCTEMY HEIMHEHHBIX YPABHEHUN K HE3aBUCH-
MBIM YPaBHEHHMAM: U3 cooTHomenus (2.10) MoxkHO unciaeHHo®) onpenenuTsb
a/b, 3aTem, u3 cootHoinenus (2.11), 3HaueHue b. Bocroyib30BaBIINCH TIEPBBIM
u3 ypaBHeHu# (2.9) onpenensieM h. Tak mojayyaeMm Bce HCKOMBIE TAPAMETPBI:
h, a n b, T.e. 3a1aua pellleHa YUCIEHHO B 00IIEM BUAe 0€3 MCIOJIb30BAHUS
ynpoinaromux npeanonoxenuit. [locne storo gapnenue (cpennee) B odac-
TH KOHTaKTa TaKKe MOKHO ONpedenuTh: P = F/rab. Tekct nmporpamMmai’),
peanu3yronieil TaHHOe YUCIIEHHOE pelieHue, mpuBeaeH B «lIpuioxxeHnn» Ha
cTp. 220.

PeanuzoBaHHOE pellleHHe CIpaBeIJIUBO JJIsi MTPOU3BOJIBHON reOMETPUU
3oH1a 1 06pasua® . Heobxoaumele st pelieHus 3Hauenus A u B onpeens-
IOTCS. IMEHHO 3TOM T€OMETpHEi: ATl cilydasi KOHTakTa chepsl paanyca R u
OOKOBOH ITOBEPXHOCTH MWJIMH/IpA pagnuyca R’ OHM BBIpaXXalOTCs U3 COOTHO-

meHui (2.2) crieayomuM oopa3oMm:

1/1 1
A== (= +=
2<R+R’>’

_ 1
2R’

(2.12)
B

PaCCMOTpI/IM TECIEPb AOIOJIHHUTCIBHBIC YIIPOIIAIOIINE ITPCAIIOIOKCHUA

YAaCTHBIX CIIYyYacB.

6) MBI peaT30BaTH METO IPOCTBIX HTTeparuii [70]
") HanMCAHHOI Ha A3bIKe C++
8) eCJTM MX TIOBEPXHOCTH ONHCHIBAIOTCS HEHYIICBBIMH IIABHBIMH PAIHyCAMH KPHBH3HBI
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Cuayyaii pa3n4aommxcs rJIaBHbIX 3HAYEHHH CYMMAapHOr0 TeH30pa KPUBU3-
HbI KOHTAKTHPYIOIKX MOBepXHOCTel. B ciydae koHTakTa 30HAa 1 OOKOBOM
MMOBEPXHOCTH IWJIMH/IPA, TIPH YCIIOBUH, UYTO PAANYC IWJIMHIPA MEHBIIIE paIu-
yca 30H71a, 13 popmyisl (2.12) crieayer, 4TO TJIaBHBIE 3HAUYEHUS] CYMMAapPHOTO
TEH30pa KPUBU3HBI TOBEPXHOCTEN paznuuatorcs: A > B. U3 popmyisl (2.10)
(U1 HeTmocpeACTBEHHO U3 hopMyi (2.3)) cleayeT, 4To B 3TOM ciiydae a < b.
Ecnu paznuume cocTaBiseT JOCTATOUHYIO BETMYMHY, TO MOKHO BOCIIOJIB30-
BaTbhCS ACUMIITOTUKOHN TIOJTHOTO 3JUTMITHYECKOTO MHTETpaia, ClipaBeIJInBOM

Py yCInoBuu a® < b?, 4To, OYEBUIHO, HE SIBIISETCS KECTKUM yCIOBHEM [69)]:

4 12 4 2 9
rae k' = +/1— k2. B acumnroruke (2.13) orpaHUYUMCS MEPBBIM YJICHOM U
MOJTYYUM:
2FD
h=(C+1)—, (2.14)
b

rae 6e3pasMepHbiit mapamerp C' 3aBUCUT, BOOOIIE TOBOPS, OT OTHOIICHUS

C:ln<4—b>—1.
a

Bocnonb3oBasiiuch ypaBHeHusiMu (2.12, 2.13), MOKHO MOKa3aTh, YTO UMEET

mapaMcTpoOB SJIJIMIICA a U b:

MECTO COOTHOLICHUCE:

4b Bb?

N3 ypaBHeHusi (2.15) mpu U3BECTHOM OTHOIICHUHM B/A MOXHO YHCICHHO
OTIPENIeTTUTh OTHOIIICHUE b/a U, COOTBETCTBEHHO, 3HAYCHUE OEe3pa3MepHOro
napametrpa C. UucneHHoe pellieHre MoKa3bIBaeT, uTo 3HaueHue C' 1j1s MHO-
IUX 33/a4 JIEKUAT B [Uana3oHe ot 1 10 3 1, B YaCTHOCTU, IPU aHAJIM3€ KOH-
takTa 30HAa (R = 10 HM) U MOJIEKYJIbI HYKJIEMHOBOW KUCIIOTHI (R’ = 1HM) ¢
JIOCTATOYHOM TOUHOCTHIO MOXHO BOCIIOJIb30BATHCSI COOTHOIIEHHEM C' =~ 2.
@opMmyIibl 171 MAPAMETPOB AUIUNTUYECKON 00JACTU KOHTAKTA a U b He-

CKOJIBKO 'POMO3 KU

4\ 16 B\ /8
a = <%> X (FD)1/3 X <F>

20\ /3 X 1\ /3
== /3 —
b < - ) X (FD)"? x <B> :
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HO IO CBOEH CTPYKTYpE COBIAIAIOT C YpaBHEHUEM (2.6) ISl U3BECTHOIO CITy-
yasi cheprudyeckoro oopasua (4To eCTeCTBEHHO), OTJIMYME JIUIIb B YUCIOBBIX
MHOXXHTETISX M B XapaKTepe 3aBUCHMOCTH OT COOTBETCTBYIOIIMX PAANYyCOB
kpuBu3Hbl. [loacrasiss Bropoe u3 ypaBHeHuit (2.16) B (2.14), nonyuum nmis
h:
4\ /3

h= <W> (C +1) x (FD)*? x B'/3, (2.17)

YTO TaKXe MO CTPYKType coBmagaeT ¢ Gopmynoit (2.7) mis chepudeckoro

cinyuasi. [Tomyunm BeipaskeHue )15 AaBJIeHUS Ha 00pa3zell Ha ocHOBaHuU (2.13)

i (2.12): y y
F 1 F
p_ I _ x A3B)L/6 2.18

ab <167r20> 8 <D2> X (A°B) 2.18)

CTPYKTypa KOTOPOTO TaKKe COBNaaeT ¢ popmyiton (2.8), cripaBeiTMBOM IS

chepuyeckoro oopasiia.

Takum oO6pazom, nonydeHHble HaMu opmyisl (2.17), (2.16) u (2.18) pe-
IIAFOT MTOCTaBJICHHYIO 3a7auy. JlefcTBUTEIbHO, HCKOMBIE TTapaMeTPhI BbIpa-
JKEHBI IBHO uepe3 u3BecTHble BenuuuHbl (F', D, A, B) u napametp C', KOTOPBIit
MOYHO OMPEAEIIUTh U3 COOTHOIIEHUS (2.15) WM BOCIOJIb30BATHCS OLIEHKOH.

s ynoOCcTBa CpaBHEHUS pe3yIbTaTOB TOUHOTO pelieHus (TI0 COOTHOIIIe-
HusiM (2.10), (2.11) u nepBbiM U3 (2.9)) u npubmmkenHoro (mo (2.17), (2.16)
u (2.18)), mocneaHee TakKe BKIIOUEHO B IPOrpaMMy PEILIeHUs 3aJa4u O KOH-

TaKTHBIX AepopMalmsixX, TEKCT KOTOPOH MpuBeeH Ha cTp. 220.

Cayyaii 6IM3KHX TIJIaBHBIX 3HAYEHHH CYMMApHOIO T€H30pa KPUBU3HBI KOH-
TAKTHPYIOIIUX NoBepxHocTel. Coydail OJU3KUX 3HAUEHUM BeluunH A u B
peanu3yeTrcs T 3a1a9i KOHTaKTa c(heprudeckoro 30H1a 1 OOKOBOM MOBEPX-
HOCTH UWJIMH/PA MPU YCIIOBUH, YTO PAANYC IIMIMHAPA MHOTO OOJIBIIE paau-
yca 3oHaa. Toraa, B cuiy cooTHomnenuit (2.12), nefictButeabHo A ~ B u,
B cuty (2.10) (unu HenmocpeacTBeHHo (2.3)), umeeMm: a ~ b. B atom ciayuae
acumnroTuka (2.13) TepsieT TpUMEHUMOCTb.

[Tpu BBINOJHEHUU YCIOBUSL a ~ b ClelyeT BOCIOJIb30BAThCS APYrou

ACUMITOTUKOHN MOJTHOTO 3JUTUIITUUECKOTO HHTerpaa [69]:

K(k) = g(1 +m)[L+ ;—zmQ +.

rnem = (1—-Fk)/(1+Fk),ak' =v1—-k%
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B stoMm cilaydac ajis mapamMEeTpoB 00J1acTH KOHTaKTa a U b ¢ IIPUBJICUCHUEM

cooTHoteHul (2.12) u (2.9) MOXHO BBIBECTH CIIEYIOIINE 3aBUCHUMOCTH:

i,
bB
. 1 (2.19)
1 1 AN
a = [2FD <Z+§>} <1+§> ,
OTKyJa:
1 1 1/3 A —1
_ 9l/3 1/3 = e
a=2'3(FD) ><<A+B> <1+B>
(2.20)
1 1\ B\
:21/3 FD 1/3 - - 1 -
b ( )P X <A+B> ( +A> ,

YTO COBIAJAET MO CTPYKType ¢ (2.6) u (2.16) u 1Mo3BoIsIET HANTU a U b MO
W3BECTHBIM NTapaMeTpam 3aJauu.
J1st cOmmkeHus 30H1a 1 00pasia 3a cueT aehopMaliy MOITYIHM:

h = (FD)%? RIS o 2.21

YTO TaK)Ke UMEET CTPYKTYPY, CXOAHYIO C ypaBHeHUsIMH (2.7) u (2.17).

W nns BemnuuHbI 1aBiieHUs Ha oOpa3ell UMeeM BBIpaskeHue:

1/3 4/3
pe P (B (e h) e
wab 7w \ D?
KOTOPOE IO CTPYKTYpe coBmnagaet ¢ (2.8) u c (2.18).

NTak, u 11 paccMaTpuBaeMoTo CiTydasi HAMH TOJTYYeHBI aHATUTUUECKHE
dbopmynel (2.21, 2.20), pematrorue 3agavy. s yno0cTBa cpaBHUTEIBHOTO
aHaJIN3a C TOYHBIM YUCICHHBIM PEIIeHUEM Mbl TaK)Ke TOOaBWIM MPUBEICH-
HBIN BBIIIE aJITOPUTM B TEKCT IMPOTPAMMBI PEIIeHUs 3aaud O KOHTaKTHBIX

negopmarmsax (TEKCT MpOrpaMMbl CM. Ha cTp. 220).

KonrakTabie gedopmanun 30H1-00pa3en-noanoxKa

Bri11ie MBI paccMOTpenu KOHTaKTHBIE AeOpMallui B 00J1aCTH COMMPUKOCHO-
BeHUs 30H1a u oOpasma. OgHako obOmmas nedopmanus, ompeaestomas 3a-
HIDKeHne BhICOTHI ACM-ipoduiis, BKITFOYAET eIle U BKIIad Aepopmanmii B
007acTH KOHTaKTa oOpaslia M MOJIOKKU (MMeeTcsl B BUAY Ciydyait, Korjaa
CBepxy Ha obpa3zell JaBUT 30HM). [J1s 3TOTO ciiydast OCTal0TCs CIpaBe I TUBbI-
MU TIPUBEJICHHBIE BBIIIIE PEIICHUS, HY)KHO JIUIIIb COOTBETCTBYIOIINM 00pa3oM

NepeonpenenThb napamerpsl A u B.
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I'eomerpust koHTaKTa oOpas3ua paauyca R’ (Ha KOTOPBIH CBEpXY AAaBUT
30H paaryca R)?) U MIockoif MOMIOKKH MO3BOJISET OMPEACIUTh 3HAUSHHUS

Awu B o popmynam (2.2):

1
- 2R

1 1
B_§<R+2R>'

AJ'IFOpI/ITM dHaJIn3a 9TOro ciy4das UACHHO HE OTJIMYAETCS OT IIPOBCACH-

(2.23)

HOTO BBIIIE JJIs 3HaueHuit A u B, onpenenseMbix popmynoit (2.12), ero pe-
3yJbTAThI BOILIN B Ta0IuUIy 2.2.

Boo06me, Bxitaa B hopmyity mis 3anmxkerns Beicor ACM-tipodmtst 0656-
€KTOB HMCCIIEIOBAHMS 34 CUET KOHTAKTHBIX JeopMannii Mpr CKAHUPOBAHUHT

HaroT TpH CllaracMbIX:

AhcyM = Ahsohtd/ obpasey + Ahoépweu/nodmmm - AhsoHd/nodJloofCKaa (224)

rjie BTopoe ciaraemMoe (paKTUUECKH COBITAJAET C MEPBBIM B Clydyae MaJlbIX
panunycoB nuiauHApa. YTo KacaeTcsi TPEThero ciiaraeMoro, ToO OHO OIpe/ie-
asietcst popMyItoit (2.7) (TUMTMYHBIE 3HAYCHUS MMPHUBEACHBI B TaOmwmie 2.1), u
MIPU aHAJIU3E PE3YIbTATOB UCCIIEAOBAHUS «MSITKUX» OMOOOBEKTOB, acOpOu-
POBaHHBIX HA KTBEPABIX» MOJIOKKAX, UM MOXKHO IMPeHeOpedb B CPABHEHUH C
MEPBBIMU JIBYMSI.

OmHako MpH aHaKM3Ee CiIydas «MSITKOW» TOJJIOKKH TPEThe ClaraeMoe
dhopmysr (2.24) cnemyeT yuuTbiBaTh. Tak, n3 tabmuim 2.1 u 2.2 crieayeT, 4To
3aHWKEHUE BBICOT LMJIMHIpUUYECKOro obpasua (paguyc 1 HMm, moayns FOH-
ra 10'° ITa, cuna Boszaeiicteus 3ou1a 5HH) B ciiyyae CIrOASHON MOIOKKH
(E ~ 10'IIa) Gymer B ~1,4 pasa Goaviue, ueM B ciaydae TUpOrpaduro-
BOit (E ~ 10'°1a) mommoxku. DTOT BBIBOJ COITIACYETCA C IKCIIEPHMMEHTOM:
JENUCTBUTENIBHO, MPU UCIIOJIb30BAHNUU B KAUECTBE MOJIOKKH CITIO/bI 3aHMKE-
Hue BBICOT ACM-u300pakeHuit MOJIEKYJT HYKIeUHOBbIX KUCA0m OObIIIe, YeM

P UCIIOJIB30BAHUU TUPOTPAPUTOBOM MOITIOXKKH.

9) 06pasen cieyeT paccMaTPUBATH B 9TOM CIIydde KaK H30THYTHIH IUIHHAP C PaIHycoM
u3ruba MOBEPXHOCTH, KOHTAKTHUPYIOIIEH ¢ MOT0XKOMH: R + 2R/
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IIpumeHeHne pa3padoTaHHOrO AJITOPUTMA K CPABHUTEILHOMY aHAIH3Y

nedopmanuii 006pa3noB ¢ pa3IMYHBIMU 3HAYEHUSIMH PAIHYCOB

B kauecTBe WUTIOCTpAIIMU MBI IPUMEHUIN pa3pabOTaHHBIA aJITOPUTM IS
BBIYMCJICHUS! KOHTAKTHBIX JeopMaluii B MOAETbHBIX CIy4asiX LIWIMHIPU-
yeckoro obpasia ¢ paauycom 1HM U paauycoM 10 HM u chepuyeckoro oob-
paslia ¢ TeMH K€ 3HaYCHHSIMU paauyca. Pe3yabTraThl MpUBeIeHBI B TAOIH-
ue 2.2, rae s ynoOCcTBa CpaBHUTEIIBHOIO aHaIW3a IS BCEX CIydyaeB HC-
MOJIB3YIOTCSl OJIMHAKOBBIE MapaMeTpbl: 3HaUeHus1 Moaysieir FOura o6pasios
(E; = E; = 10'°IIa), 3ouma (E = 10 Ila), cuabl BO3IeHCTBHS 30HIA
F = 5 x 107°H u paguyca KpuBH3HBI KOHYMKa 30H1a R = 10 HM. BbI-
60p 3Hauenuit moayneit FOura o6pazon (10 'Tla) oOGycrnoBieH Tem, 4TO 3TO
3HAYEHUE SIBIISIETCS] BEPXHEU IpaHUlelt MOJyJIed YIPYTOCTU OUONOIUMEDOS.
[TosTOoMy 3HaueHUs1, MpUBEACHHBIE B TaOJHIIE, TOKHBI pPACCMATPUBATHCS B
CMBICTIE «KaK MUHUMYM» TTpu ACM-uccrnenoBanmsix OH0OOBEKTOB; B TAKOM
clydae W3 aHalln3a TaOJIUIIBI CIIEIYEeT BBIBO, YTO POJIb KOHTAKTHBIX Jedop-
Maluii BeChMa 3HAUYWTEIbHA U JOJDKHA YUUTHIBATHCS MPU UHTEPIIPETAIIUU
pe3yIbTaTOB MOAOOHBIX IKCIIEPUMEHTOB.

B tabnuie q1s UMITMHAPUYECKOTO 00pasiia MPUBEICHBI Pe3yJIbTAThI UKMC-
JICHHBIX PAacuYeTOB TOYHOW METOIWKH, PEaTU30BAHHON IO COOTHOIICHUSM
(2.9),(2.10)u (2.11). Pacuers! mo npubIMKXeHHBIM METOAUKAM JAOT HE3HAYH-
TeJbHBIC PA3JIMUUS C TOUHBIM pelIeHUeM: T ciaydas R = 1 HM pelieHue 1mo
dbopmynam (2.17), (2.16) naet oTiImume B 3HaUEHUSIX a U b okoj10 2%, 1 B 3HA-
yeHun h— 0,5%; mrst cmydast R = 10 aM perrenue 1o popmynam (2.21), (2.20)
JIA€T OTJIMYME OT TOYHOTO penieHus 11 a u b okono 10%, mist h okonol%.

N3 tabnuue! cienyer, 4TO MPU MPOUUX PABHBIX YCIOBUSIX OTHOCHUTENb-
HbIe 1eopMany 0OBEKTOB C MEHBIIIUM PAJNYCOM KPUBHU3HBI CYIIECTBEHHO
BBIIIIE. DTO MOATBEPKIACTCS IKCIIEPUMEHTOM: OMHOCUMeNbHble AepopMaInn
MOJIEKYJI HYKJIEMHOBBIX KUCIOT (PanyC KPUBU3HBI OKOJIO 1 HM) MPEBBIIIAIOT
omHocumenvbHule NeopMalliid BUPYCHBIX YACTHUI] TAOAUHOM MO3AUKH, TaXKe B

TOM CITydae, KOT1a 0ObeKThl BU3yaln30BaHbI Ha 0HOM Kaape'?).

10) 40 ompenenseT a6COMOTHYIO TOKIECTBEHHOCTh YCIOBHIT IKCTIEPUMEHTA
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R', am | O6macTb KOHTaKTa a 1 b, HM P,Ila h,am | €, %
cpepuueckuii oopazey

1aMm 30H,1/00pa3zelr 0,7 aMm 3x10°Ia | 0,57um | 29%
o0pa3zel/moToKKa 0,7 Hm 3x10°IIa | 0,55uM | 28%
cymmaphas nepopmarust: | 1,12uM | 56%
10 HaM 30H1/00paseln 1,3 am 1x10°Ma | 0,32uM | 1,6%
00pa3en/moIokKKa 1,6 um 0,6 x 10°Ta | 0,26um | 1,3%
cymmapsas aepopmarus: | 0,58 um | 2,9%

yuruHopudeckuii oopasey

1M 30H1/00paseln 0,46 m2,2uM | 1,6 x 10°TIa | 0,36 um | 18%
obpasen/moanoxka | 0,47 u2,4um | 1,5 x 10°IIa | 0,34um | 17%
cymmapsas nepopmanust: | 0,7am | 35%
10 1M 30H1/00pa3zelr 1,Llul,8um | 0,8 x 10°Ta | 0,29 um | 1,4%

obpazen/moanoxka | 1,3u2,7um | 0,4 x 10°Ta | 0,21um | 1%
cymmapnas aepopmarus: | 0,5umM | 2,5%

Tabnuna 2.2. CpaBHUTENBHBIN aHAJIN3 KOHTAKTHBIX edhopMalinii A1 Moenei cde-

PHUYECKOT'O U MUIMHAPHUYICCKOI'O O6p8_3]_IOB pPa3INn4YHOIO paauyca.

PaccmatpuBanu nBa 3HaueHus paauyca oopasma: 1 u 10 aM. Bo Bcex ciyyasix HCIIob30BaHbL
OJIHM U T€ K€ TIAPAMETPbI 3a1a4u: 3HaueHust MofyJieit FOnra o6pasuos (B} = E) = 10'°1a)
u souna (E = 10! [1a), Benmuuuns! cxumarommeii cuibl F' = 5 x 102 H u paanyca KpMBU3HBI
KoHuMKa 3012 R = 10 HM.

B cTonbnax TabauIbl yKa3aHbI:

R' — panuyc o6pasiia

a 1 b— napaMeTpbl 06J1aCTH KOHTAKTa

P — KOHTAaKTHOE 1aBJICHUE

h — BeMYMHA COMIKEHNUs 3a cueT AehopMaliu

€ — otHocutenbHas nedopmanus (h/2R' x 100%)
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CpaBHeﬂue C IKCIICPUMECHTAJIbHBIMUA JTAHHBIMH

NTak, npyuMeHNB TEOPHIO KOHTAKTHBIX JAe(opMariuii, Mbl OOBSICHUIIN OCHOB-
HbIE 3aKOHOMEPHOCTH 3 deKkTa 3aHmKkeHns BbicoT ACM-n300pakeHuii mpu
npoBeaeHun ACM-uccieqoBaHuiA.

MpbI nokasaiau TakXke, YTO 3aBUCUMOCTh BEJIMUMHBI AeopMaliiy OT Ta-
paMeTpoB 3a/1au UMeeT B 00111eM cirydae (cM. hopmyist (2.7), (2.17) 1 (2.21))
BU/I

h ~ (FD)*? x f(R,R"), (2.25)

rae f(R)— HekoTopast pyHKIIMS paIuyCcOB KPUBU3HBI 30H1a 1 00pa3na (pas-
meproctH [1/cmY/3)), F — cuia BozneiicTBus 30H1a Ha 06pasell (o UIePKH-
BaeMasi B IPOIIeCcCe CKAHMPOBAHMS CUCTEMON OOpPATHOM CBSI3M HA 3aJaHHOM
YPOBHE).

C Lenbio 9KCIepUMEHTABLHON MpOBepKU 3akoHa h ~ F2/3 mbl mpose-
JIM UCCIIEAOBAHUS TECT-O0BEKTOB — BUPYCHBIX YACTHUL TAOAYHON MO3aUKH U
mosekyn JAHK (mmerormux yununopuyeckyro ¢popmy) — Tpu pa3IAIHBIX 3HA-
YEHUSIX HATPYXKaIOIIEe CHUITbI TP CKAHUPOBAHUHU.

J1s BUpYCHBIX YacTHUIl TaOAYHOM MO3aMKU HaOIII0/1a]IOCh XOpoIlee Co-
BITAJICHUE 3KCIIEPUMEHTA C Teopuel (T.e. ¢ 3aKOHOM «IBe TPeThux» (2.25)),
cM. puc. 2.2

DKCNEPUMEHTAIIPHYIO 3aBUCUMOCTh W3MEPSUIM IyTeM aHan3a BBICOT
ACM-u300pakeHni BUPYCHBIX YACTHII, IIOJyUYEHHBIX ITPU PA3IMYHON BEJIH-
YUHE CHJIbI BO3/ICHCTBUS 30H/1a IIPU CKAHUPOBAHUY (Ha rpadrke 0003HAYCHBI
CpeIHEKBaApATUIHBIC OIIMOKHU CPEIHUX apU(PMETUIECKUX, OTIPE/ICIIEHHBIE 1O
pe3ysbTaTaM YCPEIHEHHUS M3MEpPSeMbIX 3HAUCHUH BBICOT IS HECKOJBKHUX
ACM-u3o6paxenuit yactui')). TeopeTnueckas 3aBUCUMOCTb PACCUMTAHA
0 pa3pabOTAaHHOM BBIIIIE METOAMKE (TOYHOE PEIICHUE), TIE UCTIOIBb30BAIINCH
3HAYEHUS pajnyca 30H1a R = 25 HM (3HAaYCHHE OTIPEIeIEHO 13 IKCIIEPUMEH-
Ta I KOHKPETHOT'O 30Ha) ¥ MOMYJIsl yIpyroctu oobekra B’ = 4 x 10° [1a
(3HAYCHME OTPE/IEIICHO aIIPOKCUMAIINEH IKCIIEPUMEHTATbHBIX TOYEK).

DTO MO3BOJIIET MPEIOKUTh METOANKY U3MEPEHUS MOMAYNS YIPYroCTH
0MOeNbHO20 MUKPOOOBbEeKmMa, aicOpOMPOBAHHOTO Ha MOBEPXHOCTH TBEPIOH
Mo7T0KKH. [{1s1 3TOro Heo6xoaumMo u3mMepuTh BeicoTy ACM-nipoduiist 00b-
€KTa MPHU PA3TMYHBIX 3HAUCHUSIX CUJIbI BO3JICHCTBUS 30H1a TIPU CKAHUPOBA-

HUM, A 3aTEM, U3 ATIMTPOKCUMUPYIOIIEH 3aBUCUMOCTH (3aKOHA «JIBE TPETHUX>),

1) 1 KaXKIOTO 3HAYEHHS CHIIBI aHAIM3MpoBanock 30 yactuy BTM

67



Teopus
20 B 3KCIIEPUMEHT

15

10 H

Bricota wactun BTM, am

ot
0 25 50 75 100 125 150 175

Cuna BosgencTBUs 30HAa, HH

Puc. 2.2. 3KCHCpI/IMCHTaJ'II)Ha$I " TCOPETUUYCCKAA 3aBUCUMOCTH I[C(l)OpMaIII/II/I qaCTHI
BHUpYyCa TabauyHON MO3aMKH OT BEJIUYUHBI Harpyxcalomeﬁ CHUIJIBI BO3ILCI>1CTBPI$I 30HOA

IIpyu CKAHUPOBAHUU

OIpeNeIUTh HICKOMOE 3HaueHue D (CBSI3aHHOE C MOAYJIEM YIIPYTOCTH OOBEKTA
1o (2.4)). Mbl UCIIOJIB30BANIM 3TY MIPOLIEAYPY s onpenesieHus: Mmoayis FOH-
ra oTaenbHbIX yactull BTM u nmoiyuyuiu, 4to HaliiIeHHbIe 3HAUEHUS JIeKAT B
auanasoHe 3 -4 x 10° [Ta. Dta MeToAMKA OIIPEIEIIEHUs YIIPYTUX IIAPAMETPOB
aJICOPOMPOBAHHBIX OOBEKTOB MOKET YCIEIIHO IPUMEHSTHCS B CIIy4ae, eClIu
OTHOCUTEIbHBIE TehopMalii OOBEKTOB HEBEIMKYU (MHAYE TePSIeT MPUMEHU-
MOCTb T€OpUsI KOHTAKTHBIX fiehopMaluit). [TorpenrHocTi MeTOUKY CBA3aHbI
C MOTPEIIHOCTHIO KaTUOPOBKU ckaHepal?), MorpelHOCTbIO ONpeieIeHus 11a-
pamerpa reoMeTpuu uriel (R)'3), onpesienenus ypoBHs «HyJIeBOTO» M3ruba
KaHTWIeBepa (MUHUMAJIbHOIO BO3JEUCTBUS 30HA) U MOrPEIIHOCTBIO OIpe-
JleTIeHusl )KEeCTKOCTU KaHTUieBepa GupMoii-npoussoaurenem') (uto npuso-
JUT K TOTPEIIHOCTSIM B ONpe/IeJICHUU 3HAUYCHUM CHIIbI BO3ACHCTBUS 30HA).
OHaKO NOTEHIUAIBHO KECTKOCTh KAHTHIIEBEPA MOKHO OIPEAEIISTh C 00JIb-

Ieid TOYHOCTHIO, HMCIIOJIB3YSl KaJIUOPOBKY IO PE30HAHCHOM YacTOTE KOJIe-

12) MBI OLICHHBAEM TOYHOCTh KATUOPOBKH HA YPOBHE 5—7%

13) xaK MOKa3bIBACT AHAIIM3, PENIEHNE OTHOCUTENBHO YCTONUMBO K BApHALMHI 3TOTO Mapa-
MeTpa

14) MoskeT cocraBnaTs Gomee 10%
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O0aHMl. DTO MOXKET MOBBICUTh TOUYHOCTD OIMPEIEICHHS YIIPYTUX MapaMeTpoB
OT/AENIbHBIX MUKPOOOBEKTOB 10 YPOBHS, ONIPEAEIIIEMOTr 0 BETMYMHON HaOpaH-
HOM CTATUCTUKU BBICOT OOBEKTOB U JUCIIEPCUEH ITUX 3HAUCHUH.

N3 puc. 2.2 cienyer, 4To 3aKOH «IBE TpeThbUX» (2.25) cipaBeAJINB AJ1s UC-
CJIElyeMOTO ClIy4asi B IIMPOKOM JHMaIa3oHe CHUJI, 3a UCKJIIOUEHUEM 00J1acTh
MUHHMMAJIbHBIX BO3JEHCTBUM. DTO CBS3AHO CO CIEAYIOIIMM: 32 HYJIEBOE 3HA-
YEHUE B IKCIIEPUMEHTE BBIOMpPAIM MUHUMAIBLHO BO3MOXHOE 3HAYCHUE Ha-
IpYy’Karoueil Cuibl, IpU KOTOPOM YAaBaJIOCh OCYLIECTBIATh CKAHUPOBAHME.
OnHakKo B cUJly TOrO, YTO 3KCIIEPUMEHT MPOBOAWIM B €CTECTBEHHON aTMO-
cdepe, HATUUNE KaTWUISIPHBIX CHJT (KAIMWLISIPHOTO MOCTHKA), OUEBUIHO, HE
MO3BOJISTIO MUHUMHM3UPOBATH CHIIy BO3JCUCTBUS O BEIMYMHBI, MEHbIIICH,
YeM HECKOJIbKO HAHOHBIOTOHOB.

JIns aHanmm3a KOHTAKTHBIX JehopMaIuii MOJIEKYJT HYKJICMHOBBIX KHUCIIOT
MIPOBOJIUIINA CXOJIHBIN SKCIIEPUMEHT, COOTBETCTBYIOIIAS IKCIIEPUMEHTAIbHAS
3aBUCUMOCTH M300paxkeHa Ha puc. 2.3. OmmOKU 3KCIEepUMEHTAIBHOU KpH-
BOM TaKKe BBEJIEHBI KAK CPETHEKBAIPATUYHBIE OITUOKU CPETHUX apupMeTH-
YECKUX, ONPEAEIIEHHBIX [IPU YCPEIHEHUH PE3yIbTATOB aHAJIN3a HECKOJIbKUX
ACM-u306paxennii Makpomonekya'®

DKCIEpUMEHT MPOBOJUIIN B T€X K€ YCIOBUSIX U C TEM XK€ 30HIOM, YTO U
TSt cirydasi ananmsa nepopmannii BTM. OgHako B paccMaTpuBaeMoM CITy-
yae nedopmarus monekysr JJTHK yxe He onmuchIiBaeTcsl 3aKOHOM «JIBE€ TPETh-
ux» (2.25). Bmecto 3Toro HabmrogaeM OOBIUHYIO JTUHEHMHYIO 3aBUCUMOCTD,
T.e. 3akoH ['yka. Ho 3T0O M ecTecTBEeHHO, MOCKOJIbKY TEOPHS KOHTAKTHBIX
negopmaiuii CipaBeIuBa MPU YCIOBUU Manocmu aegopmaimii o0bekTa B
CpPaBHEHMHU C €r0 PaJnycoM KpUBH3HBI. [locieaHee He BBIMOIHSAETCS IS CITy-
yasi ACM-uccnenoBanuii mosiekynt JIHK, mockoabKy uX OTHOCUTEIbHBIC Jie-
(hopMaIuu BeIMKU B CTAHAAPTHBIX IKCIIEPUMEHTATBHBIX YCIIOBUSIX, CM. Ta0-
nuiy 2.2. Kpome Toro, BooOIe nmpuMEeHUMOCTh KOHTUHYaJIbHON TEOPUU U
HCIIOJIb30BAHUE MAKPOCKOIIMYECKUX MapaMeTpoB (tumna moayis FOura) nns
omnucanus aedopmaruu omoenvroi monexyavt [JJHK, BbI3bIBACT COMHEHUS.
TeM He MeHee, CMBICTT ITPOBEACHHOT'0 aHAJIM3a B TOM, YTO OH ITO3BOJIUJI KAYeCT-
BEHHO OOBSICHUTH, ITOYEMY OTHOCUTEIbHBIE Ae(OPMAIINH 1101 BO3ICHCTBHEM
30H/1a TEM BBIIIIE, YEM MEHBIIE PAJINYC KPUBU3HBI OOBEKTOB, CM. TAOIHUILY 2.2.

To, uto nsa cnyuas mosnekyn JHK skcnepumeHTanbHO U3MEpEHHbIE OT-

HOCHTCJIbHBIC ,Z[e(bOpMaL[I/II/I BCIIMKHU OAXC IIpU MaAJIbIX CHJIaX BO3/ICHCTBUS

15) u1st KaX0TO 3HAUEHHS CHIIBI aHamm3upoBamn 20 ACM-u3o06paxenuit monexyn JJHK
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Puc. 2.3. DkcnepumenTanpHas 3aBucuMocTs nedopmannu monekyi JHK ot Bemn-

YUHBbI Harpymalomeﬁ CHJIBI BOSHeﬁCTBHﬂ 30HOa IPpU CKAHUPOBAHNHN

30H/1a, OOBSCHSETCS, OMATH K€, MPUCYTCTBUEM KANWJUISIPHBIX CHJI (KaITHJI-
JIIPHOTO MOCTHKA), HE TIO3BOJISIONINX MUHUMU3UPOBATH CHUIIY BO3ICHCTBUS
30H/1a Ha 00pasel Mpyu CKAaHUPOBAHUM HA BO3AYyXE JO 3HAUYCHHN MEHBIIHUX,
YeM HECKOJIbKO HAHOHBIOTOHOB; U3-3a MAJIOCTU PAJINyca KPUBU3HBI MOJIEKY-
a1 JIHK 2TOr0 3HAUEHUS CUJTBI YKE TOCTATOYHO JIJIs1 TOTO, YTOOBI 3HAUEHUSI

OTHOCHUTETLHOU AeopManu ObUTA BEJIUKH, CM. Ta0IuIry 2.2.

Kparkue BbIBOABI

WNTak, Mbl IpUMEHWIN TEOPHUI0 KOHTAKTHBIX AeQOpMAIUil ISl OTHCAHUS
sddexta 3aHmkeHns BICOT ACM-u300paxennii. [lomyueHsl aHamuTuyec-
K1e (popMyITBI, TO3BOJISIONINE KOJIMYECTBEHHO OMMUCATDH TaHHBIN AP PeKT (I
IWIMHIPHYECKOT0 00pasia); pa3paboTaHHBIHN MOAX0 MTPOAEMOHCTPUPOBAT
coryiacue ¢ 9KCIePUMEHTOM M MO3BOJINI OOBSICHUTh OCHOBHBIE KCIIEPUMEH-
TaJIbHO HaboaemMble 3akoHOMepHOCTH. [Ipeanoskena MmeToauka onpesaesne-
HUS 3HAYEHUs MOAYJIS YIPYTrOCTH OTAEIBHOIO MUKPOOOBEKTA, aACOPOUPO-

BAaHHOTO Ha IMOBEPXHOCTh TBEPAOM MOTOKKHU, MeTogoM ACM.
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2.1.4. /lunaMuka nepexoJHoro npouecca KOHTaKTHbIX
nedopmaumii

[Toxaskem, 4TO XapaKTEPHOE BPEeMs YCTAHOBJICHUSI KOHTAKTHBIX AeopMaIuit
MEHBIIIE TUITUYHBIX 3HAYEHUI BPEMEHH B3aUMOIEUCTBUS 30H/1a U JTOKAJIbHO-
ro yyacTka obpasla Nnpu CKaHUPOBAHUU. DTUM OOOCHYEM NPUMEHUMOCTb
cmamuyeckux (pOpMyIT IJII KOHTAKTHBIX AeopMaiiuii B 3a/1a4ax, CBI3aHHbBIX
¢ ACM-uccrneoBaHUSIMU.

PaccMoTpuM KOHTakT 30HAA M IUIOcKoro obpasua. Ilpu npunosxeHun
cuiibl F' B cTaTMUECKOM cilydae UX COJMKEeHUe 3a cueT aedopmanuu Oyner
omnpenensaTbes hopmynoit (2.7). OqHaKO MPU MTHOBEHHOM TPHWIIOKEHUU CH-
JBI K KacalolUMCsl TeJaM 3TO 3HaueHue h OyaeT HOCTUTHYTO HE cpasy, a
B pe3yJIbTaTe MEPEXOAHOTrO MpoLecca TMHAMUYECKOTr0 U3MEHEHUs h BO Bpe-
MEHH. YpaBHEHUE, ONUCHIBAIOIIEE PACCMATPUBAEMBII MEPEXOIHBIN MTpoLECcC
st h(t), MOXKeT OBITH MOJyYEHO M3 3JIEMEHTAPHBIX PACCMOTPEHMI OanaH-
ca CWJI B3aUMOJIEUCTBUS (pritaraeMoil u3BHe F' 1 00yCIOBIEHHON yIPYruM
otkmkoM v/ Rh*? /D, em. (2.7)):

VR

mh+0&h+?h3/2 =F
(2.26)

rae m— Macca 30Haa (BMecTe ¢ JIeBepoM), a — KOI(PMUITUEHT 3aTyXaHUS,
OCTaJIbHbIE TAPAMETPHI ONPE/IEICHBI BBIIIIE.

I'paduk uncienHoro pemeHus ypaBHeHHs (2.26) MpHUBEIEH HA PUCYH-
ke 2.4. [Ipu pemeHnn MbI BOCIIOJIB30BAIUCh 3HAUCHUSIMU TaOIHITBI A.1 s
OIIEHKH MacC 30H0B ¥ KaHTUJIEBEPOB (OBLIIO OMpeIeIeHO, UTO ITH 3HAYCHUS
nexat B quanasone 10710 =+ 1071 kxr). [lnsg Apyrux mapaMeTpoB 3a1ayuy MbI
BBIOPAIIH CIIEAYIONINE TUTTNYHEIE 3HaueHns: F = 5x107°H, D = 10" °I1a !,
R =10 x 10~ uM (mapameTp 3aTyXaHUs HEKPUTUYEH JUIs IPOBOJUMBIX Olle-
HOK BpeMeH yIpyrux aedopMaluii 1 BIOMpAJIca B pasyMHBIX mpenenax'®).
W3 pemienus cienyer, 4To XxapakTepHble BpeMeHa JAedopMaliiu UMEIOT To-
PAOOK T ~ 10 % cek (Ta ke OLIEHKA MOKET OBITH IOJIyYEHA U3 COOTHOLIECHUS
T ~ y/mh/F, xoTopoe cinenyet u3 (2.26), u rae h oneHuBaercs 1o (2.7)).

16) ILGIZCTBHTGHI)HO, BEIIMYMHA ITapaMeTpa 3aTyXaHHus OINPEACIIACT HHTCHCUBHOCTD IIEPEKO-
ne0aHui, HO He BIMSET Ha OLEHUBAEMOE XapaKTEePHOE BpeMsl ynpyeoii peaKliul CUCTEMBI Ha
MPUJIOKEHHOE BO3JEHCTBUE
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1,4

124 hg, cratnueckas nedopmanus

1,0 o
0,8

0,6

0,4

h: BennunHa fedpopmMaumu, HM

0,2

0,0 . T . T . T . T
0 1 2 3 4

T: BpeMs feopMaLluM, MKCeK

Puc. 2.4. Pexxum ycTaHOBIIEHUSI KOHTAKTHBIX ehOopMaIinii.

YucneHHOE pelieHre ypaBHeHus (2.26) 1 3aBUCUMOCTHU COTMKCHHUS 3a cueT nedopMaiuu h

OT BPEMEHHU IIpU TUIMMHYHBIX TapameTpax ACM-3KcriepuMeHTa, CM. TEKCT

W TaK, MBI IOKA3aJI1, YTO XapaKTEpHbIE BPEMEHA YCTAHOBJIEHHS] KOHTAKT-
HBIX AeopMaLuii (T.e. XapaKTepHbIE BPEMEHA YIIPYrOro OTKIMKA CHCTEMBI)
nns cmydas ACM MeHBIIE MIIM MHOTO MEHBILE XapAKTEPHBIX BPEMEH B3a-
MMOJIEICTBYS 30Ha M JTOKaIbHOro yuyacTka obpasua (1072 + 107° cek, cm.
cTp. 56). 3a 5TH BpeMeHa B3aMMOEICTBHUS IIePEXOIHbII IIPOLIECC YCTAHOBIIE-
HUSI KOHTAKTHBIX Je(OpMAalii 3aBeIOMO 3aKOHUUTCA, U TI03TOMY HCIIOJIB30-
BaHue nmpu anammse 3aga4 ACM bopMyn cmamuueckoti meopuu KOHTAKTHBIX

negopmanuii BIIOJIHE OMPABIAHO.

2.1.5. Bo3MOKHOCTDb 1I0CTH:KEHHS ATOMHOI0 (MOJIEKYJISIPHOTO)

pa3pemeHusi ¢ nomoubio ACM

CooTtHomieHue, cienyromiee u3 GopmMyIsl (2.6):
a = (FDR)'Y?, (2.27)

KOTOPOE OINPEIEIISeT JaTepalibHbII pa3Mep 00JIACTH KOHTAKTa 30Ha U 00-
pasua npu CKAaHUPOBAHUM TUIOCKOM MOJJIOKKHU 30HAOM C PAANyCOM KPUBU3-
HbI KOHUMKa R’ (ITpu BeTMYMHE HArpyXKarolei cuitbl F'), TOIKHO, Ha TTEPBBIT
B3IUISI/], PACCMAaTPUBATHCS KaK (PyHIaMEHTAIbHBINA MPEAeIT JOCTHKIUMOTO Jia-

TepanabHOTO pazpemenus ACM npu u3MepeHnn Tornorpadun MOBEPXHOCTH.
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Paccunrannas no dopmyie (2.27) olileHKa, YTO MPH TUIMMIHBIX YCIOBHUIX
ACM-3kcniepuMenTa a ~ 1 HM (cM. Takke Tabmuity 2.1), o3Ha4aeT, 4YTo IJ10-
maab 061acTH KOHTaKTa Ta® uMeeT 3Hauenue S ~ 3 um?. Eciau cpaBHUTH ¢
TUMMUYHOW BEJIMYMHOM TUTOIIAIA, TPUXOISIIIENUCS HA OJHY MOJIEKYJY B IUIOT-
noynakosanuom JIB cioe (0,2 M2, cM. paszen 5.3), TO OYEBUIHO, YTO IIPU
CKaHUPOBAHUU B KAXKIbIH MOMEHT BPEMEHU MMEET MECTO KOHTAKT 30Ha He
C OJIHOH, a c lecATKOM U OoJiee MoJjiekys. [Touemy xe, B Takom ciyuae, ACM
MO3BOJISIET MOJIyYaTh MOJIEKYJIIPHOE (MJIM ATOMHOE) pa3pelleHre Mpu 1uccie-
JIOBAHUU IIMPOKOrO CIIEKTPA MOBEPXHOCTEN KPUCTAIUIMYECKUX MATEPHATIOB
Y TOHKUX IJIEHOK?

ABTOPBI paboOTHI [65] 171 TOTO, YTOOBI COBMECTUTH PE3yJIbTaThl TEOPUU
KOHTAKTHBIX JeopMalnii (3HAUUTETBHYIO BETMYMHY 00JIaCTH KOHTAKTa) C
BO3MOYXHOCTBIO HA0IIOAEHUSI ATOMHOW ¥ MOJIEKYJISIPHOM CTPYKTYPhI ITOBEPX-
Hoctu MeTogoM ACM mnpuberaroT K MpearnoyiokeHUuIo 00 Urje, uMerolen
HEKOTOPYIO «OCOOEHHOCTh» aHTCTPEeMHBIX pa3dmepoB. [TomobHoe npeacras-
JIEHUE, UYTO MPH BU3YAJIU3ALMU ATOMHOM CTPYKTYpPbl C IOBEPXHOCTHIO KOH-
TaKTUPYET JIMIIb HEKOTOPAsl «OCOOEHHOCTh» (OJMH KpailHUI aToM) 30H[a,
HIMPOKO PACIPOCTPAHEHO B CHITY CBOEH HATJISAHOCTH (B 3TOM CIIy4ae TOBOPSIT
00 «rcTHHHOM» aToMHOM paspemeHnd ACM [71]). OnHako uMeeTcs Takxke
MPEACTABIIEHUE, UTO BU3YAIN3A1Us IBYMEPHON MEPUOANYECKON CTPYKTYPbI
603MOJCHA W B CIly4ae, KOTJla UIJla KOHTAKTUPYET C UCCIEeIyeMOMl MOBEpX-
HOCTBIO HECKOJIbBKUMH aTOMaMHM CBOETO KOHUYHUKA [72] (B 9TOM Clly4yae TOBOPST
0 «WIOKHOM» aTOMHOM Pa3pEIIeHHH).

AHanmu3 BIUSHUS TEOMETPUM KOHUUKA Wbl (OAWH WIM HECKOJBKO
ATOMOB, KOHTAaKTHUPYIOIIMX C TMOBEPXHOCTHhIO) Ha ¢opmupoBanne ACM-
n300paxeHU aTOMHON YITAKOBKU MCCIIEYEMBbIX TOBEPXHOCTEH IIMPOKO pac-
cMaTpuBaercs B nuTepatype. Hampumep, aBTopsl padot[73, 74] MmeTomom
KOMIIBIOTEPHOT'O MOJAEIIUPOBAHUS UCCIIEN0BAIIN P MOJIETIEH: B3AUMOAEICT-
BHE 30H/a C IBYMEPHOU NMEPUOINYECKON CTPYKTYPOH (ATOMHOM CTPYKTYpOi
MMOBEPXHOCTH) B CIIy4ae, €CIu 30H KOHTAKTUPYET C MMOBEPXHOCTHIO OJHUM,
TpeMsl, YETBIPbMS U JAECBSATHIO KPAMHUMU aTOMaMU (IIpU Pa3IMUHBIX PACCTO-
SHUSIX MKy aToMaMu). BbuT caennan BBIBOI, YTO «MCTUHHOE» ATOMHOE pa3-
pelIeHre BO3MOKHO JIMIIb MTPU HATUYUU e0UHCMBEHH020 KOHTAKTUPYIOIIETO
atoma uribl. EcIM KOHTAaKTUPYIOIIUX aTOMOB HECKOJIBKO, TO OBLIIO IMOKa3a-
HO, YTO U B 9TOM CJIy4ae 803MOIHCHA BU3yaIU3allusl IByMEPHOU Mepuoiuyec-

KOM CTPYKTYPBI, XapaKTEPU3YIOLIEHCS TEMU )K€ TapaMeTPaMU 3JIEMEHTAPHOMN
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SIUEHKH, YTO U pealibHasi TOBEPXHOCTHAs perieTka. OTHaAKO CTPYKTypa caMoit
siUeHKU 0TOOpaXkaeTcst HeaJlekBaTHO. [1pu onpeesieHHbBIX YCIOBUSAX BO3MOXK-
Ha uHeepcusi Konmpacma, T.e. HabmoaeHne MUHUMYMOB ACM-n3006paxxeHus
Ha0 aTOMaMHM HCCIIEyeMOU MOBEPXHOCTH U MAKCUMYyMOB Mexay HUMU. To-
YeuHbIN AeeKT (MPOMyCK OJJHOT0 ATOMa PEUIETKH) TAKXKe HealeKBaTHO OTO-
Oopaxaercs Ha ACM-u300paxeHUU: UMEET MECTO Iepepacipe/iesieHue ero
BKJIaJla 110 HEKOTOPOM 00JIaCTH, U, IPU ONPEAETIEHHBIX YCIOBUSIX, BOZMOX-
Ha BU3yaJIU3aIs «IOXKHOTO» aToMa Ha Mmecte Aedekra. T.o. peub uger o
JOCTUKEHUH <«JI0KHOT0» AaTOMHOTO Pa3pelleHus.

ABTOpPBI OTMEUAIOT KOPPEISIIUIO MOJYYEeHHBIX UMU PE3YJIbTATOB C JKC-
MEPUMEHTAIIbHBIMU HAOIOACHUSIMU, U JIETAl0OT BBIBOJI, YTO IJIsI JIOCTHXKe-
HUSI KUCTUHHOT'O» aTOMHOI'O pa3penieHusi HeOOXOIUMO UCIIOJIb30BATh UTITY
C €IMHCTBEHHBIM aTOMOM Ha KOHYHKE (Mpejjiaras METOJIUKY TeCTUPOBAHUS
reOMETPUU KOHYMKA UTJIbI ITyTeM UCCIIEOBAHUS TOUEYHBIX Je(PEKTOB B ATOM-
HOM CTPYKTYpE MOBEPXHOCTU TECT-00BEKTA).

B 10 xe BpeMst aBTOPbI paccMaTpPUBAEMbIX PAOOT UHTEPIPETUPYIOT ITOT
napamMeTp — «KOJIUYECTBO ATOMOB Ha KOHUUKE UIJIbD» — KaK CIy4alHbIH,
HE JIOMYCKAIOIIUM KOHTPOIUPYEMOTO U3MEHEHHSI CO CTOPOHBI HKCIIEPUMEH-
TaTopa. HanmpoTus, Mbl, OCHOBBIBASICh HA pe3yJIbTaTaX TEOPUU KOHTAKTHBIX
negopmanuii, mpeaIaraeM Mmoaxo/I, CBS3bIBAIOIINN HAOI01aeMbIe IKCIIEPH-
MeHTaJibHble ocobeHHOCTH ACM-BU3yanu3anuu aTOMHON (MOJIEKYJISIPHOM)
YIIaKOBKYU MTOBEPXHOCTH C KOHTPOJIMPYEMBIMU MTapaMeTpaMu IKCIIEPUMEHTA.

PaccmoTpuM, npu KakKuX yCIOBUSIX BOBMOXKHO JOCTHUKEHUE KUCTUHHOTO»
(MCOIB3ysl TEPMUHOJIOTHIO aBTOPOB[71, 72]) aTOMHOrO (MOJEKYJISIPHOIO)
paspemenus. Cormacuo gopmye (2.27) pa3Mep KOHTAKTHOM IUIOMIAIKH 7a>
Oyner paseH 0,2HM? (KOHTAKT C €IMHCTBEHHBIM ATOMOM IIPH PACCTOSHHU
Mexay atomaMu ~ 0,5HM), IpU paguyce KpUBU3HBI 30HAa 10 HM U 1OCTa-
TOYHO KECTKOM 00pasue (Momyas FOnra 10! I1a), muibs npu MUHMMU3A LUK
BEJIMUMHBI CUJIbI BO3JIEHCTBUS 30H 14 ITpU CKaHWpoBaHuu 10 3HayeHus 0,1 HH,
YTO TpeOYeT CrelraIbHbIX IKCIIEPUMEHTAJIbHBIX YCIOBUN (MCCIETOBAHUS B
KUJKUX Cpellax UK B BAKyyMeE).

B cnyuae nmpoBenennss ACM-uccieoBaHU Ha BO3IyXe MHUHUMM3AIIHUS
CHJIBI BO3JIEUCTBUS Ha 0Opa3el] BO3MOXHA, MO-BUAUMOMY, JIUIIb 10 €IUHUIL
HaHOHBIOTOHOB. [ToaTOMY MpH KCCIENOBAHUSAX HA BO3/IyXe (OCOOEHHO «MSIT-

KUX» 00pa31oB, HanmpuMep, TOHKHUX MieHok JIb, cM. pa3gen 5.3) monydaemas
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B pe3yinbTate ACM-ucciieqoBaHus IByMepHasi KAPTUHA SBIISIETCS <«TOXKHBIM
MOJICKYJIIPHBIM pa3peIieHUeM.

Hwxe mokakeM, 4To TeOopust KOHTAKTHBIX IeopMaIiiii JOMmycKaeT BO3-
MOJKHOCTb JTIOCTHXEHUS <JIOKHOTO» aTOMHOTO (MOJIEKYJISIPHOTO) pas3peliie-
HUS, T.€. BU3yaTU3aIMK JBYMEPHOH MMEPUOTMUECKON CTPYKTYPHI, XapaKTepH-
3YIOIICHCS TeMH K€ MapaMeTpaMU JJIEMEHTApHOW SUEHKH, YTO M pelIeTKa
VICCIIENYEMOU MTOBEPXHOCTb.

B cuimy HeomHOPOAHOTO pachpe/esieHns AaBiIeHs B 00JaCTH KOHTAKTa
(cM. popmyity (2.5)) BKJIA KaXKIOTO aTOMa TTOBEPXHOCTH B CHIIOBOE B3aUMO-
JeCTBUE 30HIa U 00pasia OyaeT OmpeaeNsiThCS ero MOJT0KEHUEM OTHOCH-
TEJBHO IIEHTpa 00JIaCTH KOHTAKTa; KOJIMUYECTBO ATOMOB, JIAIONIUX BKJIA] BO
B3aMMO/ICUCTBUE, ONPEIETICTCS paauycoM 001acTi KoHTakTa (2.27).

PaccMoTpuM criemyronryo MOJIENb: 30HI CKAHUPYET MMOBEPXHOCTD IIJIOC-
koro obpasna (paauyc 00JacTu KOHTaKTa onpenessercs dopmynoit (2.27)),
Toraa, corimacHo gopmyne (2.5), pacupeneineHue 1aBjieHUs B 001acTU KOH-
TaKTa HEOJTHOPOJIHO, UTO TTO3BOJISICT BBECTH AIMITAPATHYIO (DYHKITHIO aTOMHO-

CHI0BOro MHKpockomna'”) Buna:

Alw—ay—y) =

ecmn (z — ') + (y—y')? < a®

\/1 (=2 +(y—y)

a?

0 ecmn (z — 2')? + (y — y)? > @,

(2.28)

rae a — paauyc o0jgacTu koHTakTa (cM. popmymy (2.27)). 31ech MBI IPOCTO

BOCHOJIb30BAJIMCh COOTHOIIEHUEM (2.5), yUYUTBIBAS, UTO, €CJIU 30H]T AKCUATb-

HO CUMMETPHUYCH, TO a = b, M HE BBINTUCHIBASI HECYIIECTBEHHBIN TSI IPOBO-

JUMOTO HUXKE PACCMOTPEHUS TTOCTOSIHHBIM MHOXHUTETb. OOIIMiA BUI CeUeHUS

bynkun A(x — 2',y — y') npu ¢ukcupoBaHHoM y u =’ = 0 mpHUBeIeH Ha
puc. 2.5.

BBenennas anmapatHast QyHKIMsS TO3BOJISIET CBSI3aTh moydaemoe ACM-

n300pakeHue (yUYUTHIBAs BKJIAJI KAXJIO0TO aTOMa B CyMMapHOE CHIIOBOE B3a-

UMOJICUCTBHSI 30HIa U obOpasua) f(z,y) ¢ peaabHOU reoMeTprell aTOMHOMN

1) ycnonp30BaHuMe 3TOM (PYHKIMH ONPABIAHO JIHIIb IS PACCMATPHBAEMOI MOJIENH TUTOC-
KOro 00pasia 1 chepruueckoro KOHUNKa 30Haa
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Puc. 2.5. O0mmii Bua ceuenus ammapatHoit ¢pyakmuu ACM mis cioydasi IIoCKOTO

obpasua: A(z—z',y—y') (mpu pukcupoanHoM y u =’ = 0), cM. cooTHo1IeHHE (2.28)

CTPYKTYpBI 00bEKTa UCCIIeOBaAHUS (T, y):

Fe,y) = / / Alr — o'y — o )o@ o) de'dy’ (2.29)

duznyeckuil cMbIc ypaBHeHUs (2.29) TakoB: cTeNeHb BKJIAIa KaXI0T0
aToMa B CHMJIOBOE B3aMMOJICHCTBHE C UIJION OMpENeNsieTcss TeM, HACKOIBKO
OH JaJIeKO HAXOAUTCS OT IIEHTpa OOJaCTH KOHTAKTa (3TO M OMHUCHIBAETCS
anmapaTtHoit ynkmmeit A(z — 2’y — y')).

[TpumenuM pa3zpaboTaHHbBIA MOAXO 171 MPOCTEHIIEH MOIEIN: BbIUUCTIE-
Hust ACM-u300pakeHus B Cllyuae, KOTqa aTOMHAs TeOMETPHs 00BEeKTa OIu-
CBIBAETCS TeKCATOHAIBHON PEIIETKOM ¢ MapaMeTpoM sSYeHKH d, a B KAYeCTBE
ATOMHBIX (DYHKIUHN B3SITHI 6-(DyHKIIUHU, CM. puC. 2.6.

Borancnium pynkmro f(z,y), onpenensemyro (2.29), aas IByX cirydyaes,

M300pakeHHBIX Ha puc. 2.6:

a) Korja IIeHTp 30Ha HAaXOJUTCSA HaJ aTOMOM, TOT1a

o1(z,y) :Z(S(x—md,y—\/gnd)—i—é(x— g —md,y—g — V/3nd)

m,n

0) Korja LEHTP 30H/1a HAXOIUTCS MEXIY aTOMaMU, TOT1a

pa(x,y) = Zé(w— g —md,y —V3nd) + 6(z — md,y — ? —V/3nd).

m,n
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Puc. 2.6. KoHnTakT 30H1a (1IeHTp B HavaJie KOOPAUHAT) U T€KCArOHAIBHO yIIaKOBaH-

HBIX aTOMOB (OTMUCaHBI §-(DYHKIIUSIMH) ITOBEPXHOCTHOU PEIIETKH.

K npumenenuto anmapatHoi pyHKIuu (2.28) I BEIYUCIEHUS paszHocmuoti GyHKma ACM-
M300paXEHUS: a) IEHTP 30H/1a HaJT OTHUM U3 ATOMOB, 0) IIEHTP 30HIa MEXKAY ATOMAMU; a —

pamuyc o6IacTH KOHTaKTa (AKCUAJIbHO CHMMETPUYHBIN 30H1), d — MapaMeTp peleTKu

ITpoBoast BbIUMCIEHUS ¢ Ucnojb3oBaHueM (2.28) u (2.29), obo3Hauas
JUTSL IBYX CITy4aeB BhIUMCISIEMble QYHKIIMU KaK f; U fa, BOCIIOJIB30BABIINCH

CBOHMCTBOM §-(DyHKIINH, TTOTydnM (TTpeHeOperast YuCIOBBIMI MHOKHUTEIISIMHU):

d? 3d? 42 7d2
f1:1+6\/1—$+6\/1—?+6\/1—?+12\/1—?+
d? 3d? 7d2 92
f2—2\/1_@+2\/1—@+4\/1—@+2\/1—@+
1342 \/ 1942 21d2 25d2
44/1 — 4 4\/1— 2\/1—
+\/ 4a2 + 4q2 +
(230)

rae d— mapaMeTp PemeTKH, ¢ — Paanyc OOJIACTH KOHTAKTa, OIMpeense-

Mblif (2.27). ITpu ucnonp3oBanuu BeipaxkeHuit (2.30) cyMmMupoBaHue clieyeT
OOpPBIBATH 110 MOSIBJICHUS OTPUIATEIbHBIX 3HAUEHUN B IMOJIKOPEHHBIX BbIpa-
KEHUSIX clTaraeMbIX. MBI HCITOJT30BaIH B pacueTax g0 10 mepBhIX clraraeMbIX
st GyHKIMHM f1 1 a0 20 caraeMbIxX 11 GYHKIUAU fo (3TO COOTBETCTBYET KOH-
TaKTy, MaKCUMyM, ¢ 70 aTomamu).

PaccMmotpuMm yHKIIMIO 610HOCHU:

(f1 f2)
(fl + f2)’
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a Taxoke pasnocmuyio pyHkumo ACM-m3o6paxerns'®):

A=(fi - f). (2.32)

B cuny uznoxenHoro B pasaene 1.3.2 co cTp. 27 (a8 pa3pemaroniei cmo-
cooHoctt ACM) otimune ACM OT ONTHYECKUX MTPUOOPOB 3aKIF0YAETCs B
TOM, YTO ISl XapaKTEePUCTUKHU pa3pelIaroniel cnocOOHOCTH M KOHTpPAcTa
M300paXXeHUH CclelyeT UCHOJIb30BaTh A0COIIOTHYIO (2 HE OTHOCUTEIIBHYIO)
pa3HUIly MeXIy MakcumymMamMud U MuHumyMamu ACM-uzobpaxenus. [lo-
9TOMY Jajiee Mbl OyJIeM HCIOJIb30BAaTh UMEHHO pazHocmuylo GyHKIHIO A
ACM-u3o00paxenus, a He QYHKIMIO BUIHOCTH S (KOTOPYIO TPATUIIMOHHO
HCIIOJIB3YIOT JIJIs1 XapAKTEPUCTUKU ONTUYECKUX TPUOOPOB).

ITpoBenem pacuer pasHocTHOU GyHKUMH (2.32) mis cinyvas d = 0,52 HM
(mapameTp siUEHKH CITIO/bI). Pe3ynbTaThl peacTaBieHbl B BUjie rpaduka Ha
puc. 2.7, rae TpuBeIeHbI 3aBUCUMOCTH PA3HOCMHOU (GYHKIINH U €€ MOIYJISI OT
paauyca ob61acTh KOHTAKTA a.

Kax crnenyer u3 pucyHka, 3Hau€HUE pasHOCmHOU GYHKIIUUA CYIIECTBEHHO
BApbUPYET B 3aBUCUMOCTH OT MapaMeTpa a, ONPEJesIsieMOr0 COOTHOIIIEHU-
eM (2.27). bosnee Toro, mpu HEKOTOPBIX 3HAUCHUSIX @ MOKET U3MEHSATHCS 3HAK
pasznocmuoil GyHKINA, 4TO JOJDKHO MTPUBOIUTH K MHBEpTUpOBaHHOMY ACM-
n300paxeHuto (MHBepcHsi koHTpacta). Ho ocobeHHO clieayeT no4epKHyTh,
YTO O MEpe YBEJIMYEHUS a (MU BOBJIEYEHHUS B KOHTAKT BCE HOBBIX aTOMOB)
HEe HaOJIoaeTcs TEHACHINS K CHIDKEHUI0O MAaKCUMYyMOB Pa3HOCTHOU (DyHK-
LMY, T.€. COXPAHIETCS BOBMOXHOCTb IOCTUKEHUS «aATOMHOTO» pa3pelleHuUs.
T.0. «105kHOE» aTOMHOE pa3pelIeHne MOXKET OBITh IOCTUTHYTO U ITPU 3HAYH-
TEJIbHOU BeJIMUMHE 00JIACTH KOHTAKTA a (T.€., HAIpUMED, IIPU KTYION» UrJe,
«MSITKOM» 00pas3le WIK 3HAUYUTEIbHOU crjie BO3IeUCTBUS 30H1a F).

OTU BBIBO/IbI, HECMOTPS HA UCIIOJIb30BAHKE YITPOILIEHHON MOJIEIHU, KauecT-
BEHHO COTJIACYIOTCSl ¢ HAOJII0/IaeMbIMU HAMU IKCIIEPUMEHTAIbHBIMU 3aKO-
HOMepHOCTIMHU. JleficTBUTEIbHO, KOHTpACT U kKauecTBO ACM-u300pakeHuit
MOJIEKYJISIPHOM (MM aTOMHOM) YMAaKOBKU HCCIEAYEMOU MOBEPXHOCTU CY-
LIECTBEHHO 3aBUCUT OT BEJIWYUHBI MIPWIOKEHHOW CUJIbI BO3JEHCTBHS 30H/A

F, onpenensronieit, coriacHo (2.27), BeIUYUHY 0071aCTH KOHTAKTA a.

18) yaspaHMe BBEICHO HAMH
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Puc. 2.7. 3aBucumoctsb paznocmnoii pynakiuu (2.32) ACM-uzobpaxenus (1 ee MO-

JyJIs1) OT paauyca 00JIaCTH KOHTAKTA a.

Paccuntano a1 MOJEIbHOTO ciIydyas I'eKCaroHaJlbHO YITaAKOBAHHBIX daTOMOB (5-(1)yHKLlHI>i,

puc. 2.6), napametp peuetku d = 0,52 Hm
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Mpl NpOBOAMIIA IKCIIEPUMEHTAIBHBIE U3MEPEHUS CIIEKTPAJIbHOM IUIOT-
noctu'® ceuenns Gpynkuun F,,(z, y) BIOIb OCHOBHOTO HANIPABIIEHHS PELIET-
k1 ACM-u300pakeHHs TOBEPXHOCTH CIIIOAbI HA TPOCTPAHCTBEHHOMN YacTOTe
k ~ 1/0,52 am~!. N3MepsiemMast 3aBUCHMOCTD CHUMAJIACH TIPH U3MEHEHUH Be-
JIMYUHBI CUJIbI BO3AEUCTBUS 30HAA, KOTOPAas ONPEAEIIsIeT BEIMUMHY paanyca
obnacty KoHTakTa a 1o Gopmyne (2.27) (a oTnoxeHa Ha rpaduke Mo ocH
abcuuce); Tpu BRIYUCIEHUAX MBI UCITOJIb30BAJIM 3HAUEHHE MOAYJISl yIPYTOCTH
caroasl E ~ 2,4 x 10! T1a, 1 3HaueHUs paJnyCOB KPUBU3HBI UCIIOIb3YEMBIX
30H/I0B, KOTOPbIE OBUIM OINPEAENIEHbl C IMOMOIIBIO TECT-OO0BEKTOB (4aCTHULL
BTM). Pe3ynbpTaTsl u3MepeHui 1715 TPEX pa3InyHbIX 30HI0B IIPEICTABIICHBI
Ha puc. 2.8, kpuBas Ui S CHATA IPU IPOBEAEHUU UCCIIEIOBAHNI HA BO3AYXE,
Sy 1S3 — NpU TPOBEAEHUU HCCIEA0BAHUI B BOJHOM PACTBOPE U30IPOIIAHO-
na (40-60%). BepxHee rpaHUUHOE 3HAUEHUE THANTA30HA U3MEHEHUS a (CUJIbI
BO3/IEHCTBUS 30H/1a) OINPENEseTCs MPEAeIbHBIM JaBIIEHUEM, IIPU IIPEBbIIIIe-
HHHU KOTOPOTO CKaHUpyeMasi IIOBEPXHOCTh paspymaercs: Py, ~ 101° ITa, yro
COOTBETCTBYET CHJIe Bo3aencTBus F ~ 10~7 H.

N3mepsiemble BeMMUMHBI, TPUBEIEHHBIC HA rpadukax prucyHka 2.8, mo cBo-
eMy GU3UUYECKOMY CMBICITY 10JKHBI KOPPEIMPOBATH C BBEIEHHOH BBIILIE U pac-
CUUTAHHOM TeOpeTHUECKU pasHocmuoti GyHKIueH (ee MoayseM), cM. puc. 2.7.

OmHako cpaBHeHHUE TPpaUKOB Ha puUC. 2.8 1 2.7 He TTIO3BOJISET YTBEPKIATh,
YTO UMEET MECTO IOJIHAs Koppensus. ledicTBUTenbHO, 0O11el yepToi cpas-
HUBAEMbIX 3aBHCUMOCTEH SIBISICTCS JIUIIb BbIpaXK€HHAs (KBa3UIIEPUOIUYEC-
Kasl) 3aBUCUMOCTb aHAJIM3UPYEMbIX BEJIMUMH OT 3HAYEHUS paguyca 00JIacTu
KOHTAKTa, HO MAKCUMYMbI CPAaBHUBAEMBbIX KPHUBBIX ([1a’K€ 3KCIIEPUMEHTAIIb-
HBIX) JTAJIEKO HE BCErja COBMAIAIOT.

DTO HECOOTBETCTBUE MOXKET OOBACHATHCS TOCTATOYHO YIPOIICHHBIMU

MMPCAINOCBIIIKAMU ITIOCTPOCHUS MOACIIN:

® ICIIOJIb30BAaHUEM B KAauyeCTBE ATOMHBIX (MOJEKYJISIpHBIX) QYHKIUH -

(hbyHKIIMIA

e MPEIOJI0KEHUEM 00 axcuanbHol cummempuy 30HAUPYIOIIETO OCTPUS

19) y3mepsamu ¢ momompio 110 «Nanoscope-IIla» 1Mo 3KCIEPHMEHTANBHO IOTYYEHHBIM
ACM-1300paXeHUsIM, 3aIICAHHBIM IIPH PA3JIMYHON CHIIE BO3/ICHCTBUS 30H 1
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Panuyc o6macTy KOHTaKTa a=(FDR)1/3, HM

Puc. 2.8. 3aBUCHUMOCTbD CIIEKTPaIbHOM INIOTHOCTH ceueHnst ACM-u300pakeHus CITro-

AbI OT pagnyca 00JaCTH KOHTAKTA.

AnamusupoBanu ceuenue (yHxkuuu F,,(x,y) BIOIb OCHOBHOI'O HAIPABJICHUS IIOBEPX-
HOCTHOU pemieTku. CIIEKTPalIbHYIO IUIOTHOCTh U3MEPSUIM Ha MPOCTPAHCTBEHHOW 4aCTOTE
k ~ 1/0,52aM~! s Tpex pasiv4HBIX 30HI0B MPHU U3MEHEHMH CHJIbI BO3IEHCTBHS 30HIA
(koTopas ompezenseT 3HaueHue a). KpuBas S; mosydeHa MpH MPOBEACHUU UCCIIETOBAHMI
Ha BO3ayxe, Se U S3 B BOTJHOM pacTBope m3omnpomnanoia (40 u 60%). DkcepuMeHTaIbHbIE
3HAUYEHUS IS KaXIOU KPUBOW HOPMHUPOBAHKI HA CIIEKTPAIBHYIO TUIOTHOCTH IITyMa (Ha TOH

ke gactote). [{71s1 HarIsTHOCTH KPUBBIE Pa3HECeHbI Ha rpaduke Ha BenuuHy 15 e,
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° HpeH€6pe)KeHI/I€M BJIMAHUA CPCObI UCCIICAOBAHHA HAa XapaKTEP CUIIOBO-

ro B3auMojeiicTBus 30HAa 1 06pa3ia®)

e KpOME€ TOro, Mbl HE MPUHUMAJIM BO BHMUMAaHHE ATOMHYIO CTPYKTYpPY

CaMOI'0O KOHYHMKa 30H14

CyI1eCTBEHHOCTh BJIMSIHUSL AKCHAJIbHONH aCUMMETPUHM CKaHMPYIOLIEro
30HJa Ha U3MEpsieMble 3aBUCUMOCTH MOXET ObITh MOJATBEPKACHA CIIEAYIO-
IIUM 3KCHEPUMEHTAIBHBIM pe3yJabTaToM. Kak 1 BbIlIe, Mbl aHAJTU3UPOBAIIN
3aBUCUMOCTH CIIEKTPAJIbHBIX INIOTHOCTEH ceueHnii GyHkuuu F,,(z,y) ACM-
N300pakeHNI aTOMHOM yITaKOBKHU MOBEPXHOCTH (IUporpagura) o Tpem oc-
HOBHBIM HampaieHusM pemieTku ([01], [11] u [10]) oT BeauuuHBI TPHUIIO-
KEHHOM CHJIbI BO3JIEHCTBHS 30H1a (KOTOpasi IEPEeCYUTHIBAIACH B PAJANYC 00-
JIACTU KOHTAKTA); Pe3yIbTaThl IPUBEACHBI HA pUC. 2.9 (31€Ch CIIEKTPAJIbHbIE
IUIOTHOCTU U3MEPSUIH Ha MPOCTPAHCTBEHHOM YaCTOTE, COOTBETCTBYIOLIEH 11e-
PUOAMYHOCTHU peleTku rpaduta). g kaxaoro 3Ha4YeHUs! CUIIbl BO3/IEHCT-
BUSI 30HA TPU aHAIM3UPYEMbIE BEIMUUHBI ONPEIEISIIN 110 aHAJIU3Y OJJHOTO
ACM-u3ob6paxenus. Bepxuuit nmepenen 3HaueHUs TPIIIATAEMON CHITBI OTIpe-
JeJsIICs AUHAMUYECKUM JTMarna3oHOM HCIIOJIb3YEMOT o JieBepa (a He pa3pylie-
HUEM OBEPXHOCTH, KaK B CIIy4ae CO CIIOJ0M).

AHam3 rpauKoB PUCYHKA MOKA3BIBAET, YTO JJISI TPEX OCHOBHBIX Ha-
MpaBJIEHUN aTOMHOHN YMAaKOBKHM muporpadura m3MepeHHbIe (PYHKIINH CIIEK-
TpaJibHOU MIIOTHOCTH ceueHnst ACM-u300paxeHns 3aBUCIT OT paauyca 00-
JACTU KOHTAKTa HeOOUHAK080 — OTCIOAA, C OUEBUIHOCTBIO, CIIEAYET BBIBOJ
00 akcuaJpbHON aCUMMETPUU CKaHUpYIoero 3ouaa. Jlanuelil addext npo-
SBJISIETCS, B YACTHOCTH, B TOM, UTO Ha ABYMEPHOU KapTuHe cnekrpa dypbe
¢yakmn ACM-n300pakeHusT OTHOCHTEbHBIE MHTEHCUBHOCTH IIECTU OC-
HOBHBIX Pe(IEKCOB HeoOUuHaKoebl U UX COOTHOUIEHHE M3MEHSIETCS MpU Ba-
pUalMK TPWIOKEHHOM CHIIBI BO3AEUCTBUS 30HAA. DTOT 3PQeKT yacTo Ha-
OirogaeTcss B 9KCIIEpUMEHTaX (B YACTHOCTU, Mbl HAOJIIOJAIM €ro Ipu aHa-
JIM3€ MOJIEKYJISIPHBIX YIIAKOBOK OpraHnueckux mieHok JIb, cMm. paznen 5.3):
JOMUHUPOBAHME JBYX peQIIEKCOB HaJ YETbIPbMs JIPYTUMHU IPOSBIISIETCS

B TOM, 4T0 ACM-u300paxeHue MOJIEKYJISIPHON CTPYKTYphl UCKAXKAETCS U

20) neffcTBUTENBHO, COTMacHoO pabotam M3pasmamsuan u Anamca[22], oGHAPYKHUBIINX
KBA3UIICPUOANICCKYIO U CYMICCTBEHHYIO 3aBUCUMOCTb CHUJIbI B3aHMOHeﬁCTBHﬂ ABYX ITOBEPX-
HOCTEN B KHUIOKOCTU OT PACCTOSAHHUA MEXKAY HUMHU, CpE€aa UCCIIEAOBAHUA MOXET OKa3bIBATh
3HAYUTENbHOE BIUSHUE HA XapaKTep CHIOBOI0O B3aUMOJIEHCTBHS 30HAa U 00pasLa
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Puc. 2.9. 3aBucuMocTy 3KCHEpUMEHTAIBHO U3MEPEHHOHN CIEKTPaTIbHON INIOTHOCTH

ceueHnit ACM-u300pakeHuii nmuporpadura oT paguyca 00IacTy KOHTAKTA.

AnamusupoBanu cedeHus: GyHKUMU Fp,(z,y)) Ha IPOCTPAHCTBEHHOH wacToTe k ~
1/0.25 um~! ms Tpex manpasnenuii: [01], [11] u [10] aToMHOIi (reKcaroHanbHOI) yIaKoB-
KH. DKCIIEpUMEHTANIbHbBIE 3HAUCHUS JUTS] KAXKA0W KPUBON HOPMUPOBAHBI HA BEJIMUNHY CIIEK-
TpaJIbHOU TUIOTHOCTH IIIyMa Ha TOW ke yactote. JJIsi HaTJISIMHOCTH KPUBBIE pa3HECEHBI Ha

rpaduke Ha BETUYUHY 3 €.
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UMeEeT BUJ MapajuieIbHbIX «Tpsaaok». OgHako rpaduku puc. 2.9 mo3Boss-
I0T YTBEPXK/IATh, YTO aJI€KBATHBIM I1OJJOOPOM BEIMUUHBI CUIIbI BO3ACHCTBUS
30HA yJAeTcs JOCTUYb OJUHAKOBOTO 3HAYEHMS CHEKTPAIbHON MIIOTHOCTHU
ACM-u300pakeHus IO BCEM TPEM HAIPaBICHHUSIM, YTO Mbl OOHAPYKUBAIN
9KCHEPUMEHTAJIBHO.

KonnuecTBeHHbIi aHaMM3 B cllyyae aKCHAJIbHO aCUMMETPUYHOIO 30HAA
TaKXe BO3MOXKEH (Mbl €ro He MPOBOAWIIMN), IJISI YEro CJAeAyeT BHECTH Oue-
BUJIHBIE KOPPEKTUBHI B GopMyIsl 2.30, OIIEHUB, MPEABAPUTEIHHO, TAPAMETP
aCUMMETPHH TeoMeTpuu 30H1a%),

CTOUT OTMETUTD, YTO, HECMOTPS HA UCKAXKEHUS peajIbHON KapTHUHBI ATOM-
HOH WJIM MOJIEKYJISIpHOH yriakoBku Ipu ACM-Bu3yanuzanuuu (MHBEpCUs! KOH-
Tpacra, «IoTepsi» OJHOTO aToMa B 0Oasuce /IS ciiydas muporpadura, pas-
JIMYHAs CIIEKTpajibHAs INIOTHOCTh CEYEHUH BJIOJIb IKBUBAIeHMHbLX HATIPABIIEe-
Huit ¥ T.11.), MeToa ACM npuMeHUM AJIs ONpeJesIeHUs] TapaMeTpOB peLIeT-
KM IIOBEPXHOCTH. JlelicTBUTENbHO, BU3yallu3upyemas IByMEepHas CTPyKTypa
XapaKTepU3yeTcs TEMU K€ BEKTOPAMM TPAHCISILMU, YTO U peajibHas Ucclie-
Jyemasi TOBEpXHOCTH (mpeodbpazoBanue (2.29) He MOXKET UCKA3UTh 3HAUECHUI
IPOCTPAHCTBEHHBIX YACTOT ABYMEPHON NepUOANYECKON (DyHKIIMU UCCIIeTye-
MOM TOBEPXHOCTH).

NTtak, puc. 2.7 1o3BOJS€T yTBEPKIATh, YTO IIPU YBETTMUEHUE OOJIACTH KOH-
TakTa 30HAa 1 00pa3iia U BOBJIEYEHHS B KOHTAKT 3HAUUTEIbHOI O KOJIMYECTBA
ATOMOB 00pa3la coXpanHaemcs 603MOHCHOCHb BU3yaIN3allMM IBYMEPHOH Tie-
PUOANYECKON CTPYKTYPBI C TEMHU XK€ ITapaMeTpaMu PeleTKU, YTO U UCCIIey-
eMasi IOBEPXHOCTh (WIOKHOE» ATOMHOE pa3pelIeHNe). DKCIePUMEHTAIbHbIE
rpaduku puc. 2.8 u 2.9 MOATBEP>KAAIOT 3TOT BBIBO, IEMOHCTPHUPYS KAyecT-

BCHHOC COBITIAACHHUC C Teopneﬁ.

KpaTRne BbIBO/IbI

Mp1 npemmoxmm MexaHu3M ACM-Bu3yanu3alud aTOMHOM UM MOJICKYJISp-
HOHM YITaKOBKHU UCCIIEAYEMbIX ITOBEPXHOCTEH (OCHOBBIBASICh HA pe3yIbTaTax
TEOPUU KOHTAKTHBIX JAehopMaliuii), BBEIIM anmapaTHyio (pyHKIH0 Ipudopa
JUISL 9TOTO CTydasi, TPOJAEMOHCTPUPOBAIIA €€ TPUMEHEHHUE JIUTSI BRIYUCIICHUS
pasnocmuoil pyakimn kouTpacta ACM-u300pakeHus: B MOJISIIBHOM ClTydae,

IMOJIYUYHIIN 3KCIICPUMCHTAJIBHBIC 3aBUCHUMOCTH AJIA CHGKTpaHBHOﬁ INIOTHOCTH

21) myTeM aHaJIN3a TeCT-00BEKTOB
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ACM-u306pasenus BIOIb OCHOBHBIX HAIPABJIEHHil pemeTky o6pasios?)
U KaueCTBEHHO OOBSICHIIIM PSJ] IKCIIEPUMEHTAILHO HAOIOAaeMbIX 3aKOHO-
MEPHOCTEM.

BaxxHo#t oTnmumeM pa3pabOTAHHOTO MOJXOAA B CPABHEHHH C OIMCAH-
HBIMHU B JINTEPATYpPE SIBJISICTCS TO, YTO OH IMO3BOJISICT OJTHO3HAYHO CBS3AaTh
0COOEHHOCTH (KOHTPACT, KAa4eCTBO U 1p.) nojrydaeMoro ACM-u3o0paxeHus
ATOMHOM CTPYKTYPBI TOBEPXHOCTH C peaIbHBIMH ITapaMeTPaMH IKCIIEPUMEH-
Ta (CUJI0HM BO3IEUCTBUS 30HAA, MOIAYJISIMU YIIPYTOCTH 30HAA U oOpasia, pa-
JINYCOM KPHWBU3HBI UTJIBI M CTETICHBIO €€ aCHMMETPHH), 4 He C aOCTPaKTHBIM

KKOJIMYCCTBOM aTOMOB Ha KOHUYHKCE HUIJIBI».

2.2. 3ajgaya BOCCTAHOBJIEHHS PeAJIbHOI reoMeTpuU
00bekTOB 110 ACM-u300pakennto (yuet

dpdexTa ymmpeHust)

OddexT ymmpeHus mposIBISETCS B TOM, YTO OTACIIbHBIE MUKPOOOBEKTHI, a/-
COpOMpPOBAaHHBIE HA MOJJIOKKY U BU3yaauzupoBaHHble ACM, UMEIOT 3aBbI-
HIEHHBIE 3HAUEHUS MUPUHBI TPOPUIs. IDTOT 3(PEeKT MOKET ObITh MOJIE3EH.
Tak, HarpuMmep, mpu ACM wnccinenoBaHusIX HYKJIEMHOBBIX KUCIIOT OH O0JIeT-

4aeT UAEHTU(PUKALIMIO MOJIEKYIT: KyHIMPEHHBIE» MOJIEKYIbI>)

jierye ooHapy-
KHUTh Ha KaJpe 3HAUUTEIbHOH TUIOIIAIU, YTO 00JIerdyaeT Habop CTATUCTUKH.
B cuy aToro npu uccie1oBaHMM HYKJIEMHOBBIX KUCIOT 3(PQEeKT yImpeHus
MTO3BOJISIET OOXOIUTCS 0€3 JOMOTHUTEILHOTO KOHTPACTUPOBAHUS MAKPOMO-
JIeKyJ1 (KOMILIEKCOOOpa30BaHUEM C OeJIKaMu U TIp.).

DddexT ymmpeHus cBsI3aH ¢ TeM, UTO 30HAMPYIOIIEe OCTPUE MUKPOCKO-
1a UMeeT KOHEUHBIN paJnyC KPUBU3HBI KOHUMKA. DTy anmapaTHYIO MOTPElll-
HOCTB TPYIHO ITPEOI0JIETh, ITOCKOIBKY YMEHBIIIEHUE PaInyca KPUBU3HBI KOH-
YrKa 30Ha (MCIOJIb30BaHUe 00JIee OCTPHIX 30HA0B) IPUBOJIUT K YBETUUECHUIO
JABJICHUSI B 00JIACTH KOHTaKTa (IIPH TOM JK€ 3HAYEHUU BEIMYUHBI KOHTAKT-
HBIX CHJI, cM. hopmydy (2.8) cTp. 55); 3HaUUTeNIbHAS BeJIUUYUHA KOHTAKTHOTO
JABJICHUSI MOXKET MPUBECTH, B CBOIO OUEPE/Ib, K YACTUYHOMY Pa3pyIICHUIO

30HIa IIPHU CKAHUPOBAHUMU. YMEHBIINUTh KOHTAKTHOE JaBJICHUE MOXKHO ITpH

Ha6HIO,Z[eHI/II/I ITOBCPXHOCTH o6pa3u013 B XXUAKOCTAX, IIOCKOJIBKY B 3TOM CIIy-

22) cmroztpl ¥ muporpaduTa
23) mupuna npoduns monekyist JIHK 3aBsimaercs B 5-10 pas

85



yae MOXHO MO/IEP’KUBATh KOHTAKTHBIE CUJIBI HA CYIIIECTBEHHO O0Jiee HU3KOM
ypoBHe [50].

DddekT ymmpeHus MOXeT BeChMa CYIIECTBEHHO (0OCOOEHHO NpU 3HAYH-
TE€JIbHOM pPaauyce KPUBU3HBI KOHUMKA 30HIUPYIOLIErO OCTPHS) UCKAXKATH
MOp(}OJIOTHI0 TOBEPXHOCTH NpH ee Buzyanuzanuu merogom ACM. Harmnsia-
HOe cpaBHeHHE pe3ylbTaToB ACM U 3JeKTPOHHON MHUKPOCKOIHUU MPU HC-
CJIEIOBAHUU OJTHUX M T€X K€ MOBEPXHOCTEN MPOBOJST aBTOPbI paboThI [75].
ITpuBeneHHbIe N300paKeHUs MOKA3bIBAIOT, UTO IIPU UCCIEIOBAHUM ITOBEPX-
HOCTEH, XapaKTePHU3YIONIUXCS CII0KHON MOPQOIOTHEH, UCKaXKAIOIIee BITHSI-
Hue 3pdexra ymmpenus ACM MoxeT NMPUBECTU K MOoTepe MHGOPMAIIMU Ha
MOJIy4aeMbIX N300paKeHUSIX.

ITpu mccnenoBaHusIX OUOJOTMYECKUX U OPraHUYECKUX OOBEKTOB YaCTO
BO3HUKAaeT 3ajaya ompeneicHus BIusHUSA 3pdexra ymupenus Ha ACM-
npodusib 00beKTa, aACOPOUPOBAHHOTO HA MOBEPXHOCTH TBEPION TMOTOXK-
k. Mckaxaromee BiusiHue 3¢ dekTa yIIMPEeHUs U KOHTAKTHBIX JedopMma-
LU IPUBOJUT K TOMY, YTO JJISI BOCCTAHOBJIEHUS PEaIbHOM reOMEeTPUYECKON
(dhopMbI 00BeKTa HcceqoBaHus M0 ero ACM-n300pakeHUI0 HeOOXOIMM J10-
MOJTHUTEIBHBIA MaTEMAaTHYECKUN aHAIU3 C UCTIOJIb30BAHUEM OIIPEIeTIEHHBIX
MOJIEJIbHBIX MPEACTABIEHUM O FeOMETPUHU 30HAa (KOHYC CO chepUIECKUM KOH-
YUKOM, IMapaboJIOnT 1 Tp.) U alPUOPHBIX MPEACTaBICHHI 0 (popme 0ObekTa

HUCCIICAOBAaHUA.

HN3BecTHBIE METOJAUKH BOCCTAHOBJICHUSA peanbﬂoﬁ reoMeTpuu 00beKTOB

ucciaenopanua ACM

B pabore [76] npeasioxkeHa yHUBepcaabHasi KOMIIbIOTEpHAs METOUKA JEKOH-
oo ACM-u306paxeHnii, BKIItoyaromas ABa 3Tamna: onpeieieHue reo-
METPHUHU UCTIOTIB3yEMOTI'0 OCTPHS C TOMOIIBIO TECT-O0BEKTOB U CBEPTKY UHBEP-
TUPOBAHHOM reoOMeTpun ocTpus ¢ u3mMepeHHbIM ACM-npodumnem; 3Ta mpo-
Henypa Mmo3BoJisieT BO MHOTHX CIIyyasiX BOCCTAHOBUTH MCXOJHBIN MPOQHIIb
00bEKTa C BBICOKO TOYHOCTHIO.

MBzI IpOBOAWIIN TECTUPOBAHUE JAHHOW METOIMKH, pelIasi 3a1a4y BOCCTa-
HOBJIEHUSI TEOMETPUN OOBEKTOB, aCOPOUPOBAHHBIX HA MOBEPXHOCTH IJIOC-
KOM MOJT0KKHU. AHAJIU3 IT0Ka3aJl, YTO BOCCTAHOBJICHHbIE IO TAHHOMN METOIU-

Ke JlaTepabHble pa3Mepbl 00bekTa (IMpUHA Ha monyBbicoTe??)) cymecTsen-

24) 5TOT mapaMeTp MCTIONb3YeTCs TIPH OTPe/IeIeHHH 00heMa HCCIENYeMOTO 06BeKTa
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HO 3a8bluieribl IPU YCIIOBUU, YTO PainyC KPUBU3HBI O0BEKTA MeHbUe Pagyca
KPUBU3HBI KOHUMKA 30H/1a (0mM1OKa TeM BblllIe, YeM OOJIbllle pa3HULa paiu-
YCOB). DTO OOCTOSATEIBCTBO OCIOXHSIET MPUMEHUMOCTh pacCMaTpUBAEMOM
METOJMKH IIPU UCCIIEAOBAHUAX psiia OMOOOBEKTOB (OTAEIBbHBIX MAKPOMOJIe-
KYJI, X KOMIUIEKCOB U ITP.) B CUJIY MaJIOCTH pa3MepPOB MOCIIETHUX B CPABHEHUU
C paauycoM KpHUBHU3HBI KoHUMKa 30HAa ACM. Tak, npu paauyce KpUBU3HbI
30H1a 15 HM U paaunyce 00beKTa 2,5 HM (TUIIMYHbIE 3HAUEHUS IJ1s1 MCCIIeI0Ba-
HUM 6M000BEKTOB) MOTPEIIHOCTD (3aBHIIIEHNE) BOCCTAHOBJIEHHBIX 3HAUECHUI
IIMPUHBI COCTABIISIET JJIs1 TECTUPYyEeMOU MeToauku 6osee 50%.

B paboTe[77] mpenniokeHa MeTOAMKa BOCCTAHOBJIEHUS 0ObeMa UcClIenye-
MbIX yacTull (mo ACM-npoduitio), He BKITIOUAIONIAs CTa U0 MPeIBAPUTEIb-
HOI'O TECTUPOBAHMS 30HAA: KAK T€OMETPHs 30HAA, TaK U T€OMETPUsI OOBbEK-
TOB MCCJIEOBAHMS, ONPEIEISIEMbIE COOTBETCTBYIOIIMMU PaINyCcaMu KPUBU3-
HbI, MOXET OBbITh BOCCTAHOBJIEHA ITyTEM aHajiu3a OJHOro u Toro xe ACM-
n3o0paxxeHusi. OgHaKoO JaHHAS METOIMKA, BKIIIOYAIOLAs UCIIOIb30BaHUE JIJIs
ONMCAHUS T€OMETPUM MMOBEPXHOCTHBIX CTPYKTYP 3HAUEHUE paouyca Kpueus-
Hbl, CBOAUT 3aJauy K PACCMOTPEHHUIO T€OMETPUM KOHTAKTa CPEepUIecKoro
30H7A U cghepuueckoeo obpasla.

B03MOXKHOCTB TOJIyueHHUsI B 3TOM Cilydae JONOJHUTEIbHON HMH(pOpMa-
uu (T.e. HE TOJBKO MapaMeTpoB 0OBEKTa, HO W 30HAA u3 ogHoro ACM-
M300paXeHus1) MOKET ObITh MPOMJUIIOCTPUPOBAHA CIEAYIOIIMM. MBI HIXE
NPUBOAUM pEIIeHNE 3aJa4yM OIpPEeesIeHUs UCTUHHON IIHUPUHBI (2a) 35IudIl-
COMJIAJIBHOTO B CEUEHUHU OOBEKTa IO U3BECTHBIM MapaMeTpaM: BeicoTe (2b),
mmpuae ACM-nipoduns Ha momyBsicoTe (2d) u panuycy 30H1a R. [Tpu aTtom
BO3MOXHBIM OKa3bIBAETCS yKa3aThb JIOMOJHUTENbHbIE COOTHOLIEHUs (2.38,
2.39), cBsA3bIBaIOIIME YKAa3aHHbIE TapaMeTpbl. Mojenb chepruyeckoro oopas-
1[a MO3BOJIIET ONMCATh €r0 F€OMETPUI0 OAHUM IMAPAMETPOM — PagUyCcoOM
KPUBU3HBI (0€3 UCIIOIb30BAHUS TPEATIOI0KEHHUS O CBSI3U 3TOTO MapaMeTpa ¢
BBICOTOW 00BEKTA HAJ MOBEPXHOCTHIO MOAT0KKH). [To100HOE yMeHbllIeHHne
yycia MapaMeTpoB 3aJauu MO3BOJISIET U3BJIEUb, IyTEM aHAIN3a T€OMETPUU
KOHTAKTa, I0NOJIHUTENbHYIO0 HHOPMALIUIO.

ABTOPBI paboTHhI [78], 0OTMEUas1, 4TO MPH JOCTATOYHO KOCTPOM» Mpodu-
JIe UCCTIEMYEeMbIX TTOBEPXHOCTHBIX CTPYKTYp Ha ACM-u3obpaxenun Oymer
OTOOPAXATHCS JIHUIIb TPOQUIb OOJIee «TYMONW» UIJIbl, PU CPABHUTEIBHOM
aHaJIM3€e TAK)KE ONEPUPYIOT NapaMeTpaMH COOTBETCTBYIOLIUX PaInyCcOB KpU-

BU3HBI (30H/a U UCCIIEAYEMbIX TOBEPXHOCTHBIX CTPYKTYD).
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Ho B cuity numeromuxcst npecTaBiIeHH O CYIlIeCTBEHHON pOJId KOHMAKM-
Hoix Oeghopmayuti (paznen2.1) B uccnegoBanusix ACM MOXHO Tpedroso-
KHUTh, UTO MOJIENb cgheputecKkoli TEOMETPUU 00paslia U UCIOIb30BAHUE IS
€€ OIMMCAHUS COOTBETCTBYIOIIETO paduyca KpueusHsl BpS TN aeKBaTHA TIPU
pelIeHNH 3a1a4l BOCCTAHOBJICHUS] T€OMETPUM aCOPOUPOBAHHBIX OUO0OBEK-
M08, XapaKTePU3YIOIINXCS, KAK U3BECTHO, HEBBICOKMMU 3HAUEHUSIMU MOTYJISI
ynpyroctu. bonee oOmelt sSBiIsSeTCS MOJIENb, MO3BOJISIONMAS YUeCTh IPPeKT
VIIUPEHUSI TP KOHTAKTE UIJIBI C 0eopMUposantoli 4acTULEH, MMEIOIIen
LIUNCOUdaIbHOe cedenne. PerieHne maHHOM 3aa4u TO3BOJISET ONPEACTUTh
00BEM UYACTHIIBI, BBIPA3ZUB €r0 Uepe3 MapaMeTphl IJUIMITHIECKOTO CEYSHUSI:
HaMN/IEHHOT'O 3HAYCHUS a M CBSI3AHHOTO C BBICOTOM YaCTHIIbI 3HAUCHUsI b = h /2.
Ho, HackobKO HaAM U3BECTHO, B IUTEPATYPE OTCYTCTBYIOT pabOTHI, MMOCBS-
IICHHBIE IPUMEHEHUIO MOEIHN 3/LIUNCOUIANBHO20 00beKma TSl aHATTN3a IKC-
nepuMeHTTbHBIX ACM-1300pakeHuit; HUke Mbl U3j1araeM pa3paboTaHHYIO

MCTOAUKY PCHICHUSA JAaHHOM 3aJayH.

2.2.1. TloctaHoBKa U penieHNne 3a1a44 00 onpe/ieJIeHMH UPUHDI

00beKTOB N0 u3MepeHHbIM napamerpam ACM-npoduist

Mpbl npumeHunu ans ydyeta 3pdexra ymmpeHus: reoMeTpUUEcKy0 MOJIEb
(puc. 2.10), yUUTHIBAIOIIYIO B3aUMOJIEUCTBHE OOBEKTA TOIBKO C KOHUYMKOM
30HAa (MpeanoyiaraeTcsi, YTo HET KOHTAKTA CO CTEHKAMHU MUPAMUIbI). DTO
ONpaBJAaHO B TOM Cllydae, KOrJa BbICOTa UCCIEIYEMbIX CTPYKTYp Haj MOJI-
JI0’)KKOM HE MPEBBIIIAET paJnuyca KPUBU3HbI KOHUYMKA UIJIBI.

KoHuunk 30H1a anmpokcuMupoBau au0o noiychepoit paanyca R, 1u6o
napaGosonoM Bpaiienus (2 = kp?, rae k — xoaddunuent napadonsr). [pu
3TOM OBUIO MOKAa3aHO, YTO PE3yJbTaThl IPUMEHEHUS IBYX METOIUK (haKTu-
YEeCKH TOKIECTBEHHBI: KOJIMUECTBEHHOE PACXO0KIEHUE B OTBETaX COCTABIISET
MeHee 10%. CTOUT OTMETUTD, UTO ANIIPOKCUMALIMS UIJIbI C IIOMOIIBIO MOJTY-
cdepsl OoJee HArIsAHA W OOJIee MUPOKO MCIONIB3YeTCsl B TuTepatype. Mol
HUKE IPUBOJUM aJIrOPUTMbI UCIOJIB30BAHMS OOOUX MTOAXOA0B.

UccnenyeMyto yacTuily OMMCbIBAIM MOJENbIO uturconaa. T.e. Mbl uc-
XOJIMM U3 allPHOPHBIX MPEACTABICHUI O KOHTAKTHOU nedopmaninu oopasna
MoJI IefCTBUEM 30Ha, cM. paszaen 2.1. B ceuennu ob6bekTa uccaeqoBaHUS —
3ILIUIIC ¢ TOJTyocsiMU a 1 b. CTaBuiIM 3a4a4y 10 3aJaHHBIM 3HAYEHUSIM BBICOTBI

obbekTa (h = 2b), mapamMeTpa reoMeTpuu 30H1a R (U k 11 napaboandec-
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O0pa3zerr 3oHA

b

ITomnoxka

Puc. 2.10. T'eoMeTpus koHTaKTa 30HIa K 00pa3ia (k o0bsicHeHUIO 3 dekTa ymupe-

HUS)

2d — u3MepeHHas mupuHa npoduist ACM-u3o0pakeHns 00beKTa Ha ITOIYBBICOTE, 2a — UC-
THHHAS UPUHA 00BbeKTa, R — paanyc KOHUMKA 30H/a, h = 2b— BbIcoTa Mpoduis 00beKTa

HaJ MOJIOXKON

KOH anmpoKkcuMaIuu) 1 mupuHbl Tpodmiss ACM-u3o00pakeHus: 4aCTULIBI Ha
€e TOJTYBBICOTE (2d) HANTH 3HAUCHUE UCTUHHON IMUPUHBI 00BEKTA 2a.
3anuiieM cuCTeMy ypaBHEHHH I 9UthIica (cedeHne mpo(uiis ucciemye-

MOW YaCTHIIbI) U OKPYKHOCTH (CEUEeHHE TTPOMUIIS UTJIBI):

Yeu = by/1 — 22 /a?

Yeir = R — \/R? — (x — d/2)?

B Mozenu mapaboIiyecKoil Uikl BTOPOE ypaBHEHUE CHCTEMbI IPUMET BUI:
Ypar = k(z — d/2)%

JUst penieHus 3aa4i CTABIIIM YCIOBHS U1l TOYKH KOHTAKTa ¢ KOOPAH-
HAaTaMu (Zo, Yp): PABEHCTBO KAaCATEIBHBIX K JJUIMIICY U K OKPY)XHOCTH (Tapa-
©0JIbI) U yOBIETBOPEHNE KOOPANHAT TOUKM KOHTAKTA YPABHEHHUSIM JJUTUIICA

1 OKpY>XHOCTH (T1apa0oJibl):

by/1—a3/a® = R — \/R? — (zg — d/2)? 2.33)

dye”/dx|w07y0 - dycir/d‘r|x0,yo

s moaenu mapabonudyeckoil uriibl B cucteMe (2.33) BMeCTO ypaBHEHUS
OKPY’KHOCTH MCIOJIb30BAJIM ypaBHEHUE NTapaOOIIbI.

JlaHHYIO0 CHCTeMY aHAJTUTUUYECKU CBOJWUIIU K OJTHOMY ypPaBHEHHUIO C OJ-
HUM HEU3BECTHBIM (&)%), A7 KOTOPOTO GBLT CO3/IaH aATOPUTM YHUCIEHHOTO

pemtenns®®) . Huvke Mbl IPUBOAUM 3TH YPABHEHMs JUIsl cilydasi chepruecKoit

25) 11715 ¢ ypaBHEHHUE IPOIIIE
26) nanee, 1O HAMICHHOMY Zo ONIPECISIH @
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HTJIbI:

[b2 ~ (R VR = (o0 - d)2)2] VEE— (2o — d)2+

(2.34)
+ao(zo — d) (R — VR~ (2o — d)2) —0
W U1 HAXOXKACHUS a 110 YUCIICHHO OIIPCACIICHHOMY Tj:
0= Lo (2.35)

\/1 - (R— VR — (o —d)2)2/b2

AHaJ’IOFI/I‘{HO, HJId Cliydas Hapa6OJII/I‘{eCKOﬁ HI'JIBI UMCEM YPABHCHUC OT-

HOCUTCJIIbHO T AJIA MOCTPOCHUS YHUCIICHHOI'O PCIICHU !
k*(zo — d)*(zg +d) +5> =0 (2.36)
U ypaBHEHME AJIs1 ONIPEACIICHUA a:

o= M (2.37)

AHanmuTU4YeCKH OBLIO MOKAa3aHO, YTO IMOJIydeHHOe ypaBHeHUe (2.34) nis
cpepUueCKOl UIJIbI HE UMEET pellieHUs (Ha MHTEePECYIOIEM Hac MHTepBaJIe)

TOJIBKO B TOM CJIy4dac, KOrga BBIIIOJIHACTCA CUCTEMA HEPABCHCTB!

R >d/2
b>R— /R —d2/4

AHaJI0TM4YHO, YpaBHEHUE 171 apaboandyeckoi urisl (2.36) He nMeeT pe-

(2.38)

IICHWA Ha MTHTCPCCYIOEM HAC MHTEPBAJIC B ClIy4dac, KOTAa BBIITOJIHACTCS YCII0-
BUC:
b> kd> (2.39)

CMBICT MaHHBIX OTpPAaHWYCHMH OYEBHJCH: eciu u3MepeHHbI ACM-
npopmib O0OBEKTA JOCTATOYHO «OCTPBII», TO UIja, KOTOPON OH OBLI IO-
Jy4eH, He MorJia ObITh «Tymoi». [Tomydernnsie cooTHomenus (2.38, 2.39) sB-
JIIIOTCSI, TO-BUJIUMOMY, YACTHBIM CllydaeM OoJjiee 00IIero mojaxoaa K OleHKe
T€OMETPHUU UIJIbI, U3JI0KEHHOTO B padote[79]. ABTOp maHHOU pabOThI TeO-
peTudyeckr 0OOCHOBBIBAET BO3MOXKHOCTb OIIEHKU «OCTPOTBI» UIIIbI (OMpese-
JIEHME BEPXHEro Ipejesna) MyTeM aHajau3a MophoIoruu 0ocoOeHHOCTe! oiry-
gaemoro ACM-u300pakeHus Mpu MPOU3BOIBLHON, HO TOCTATOYHO HEOIHO-

POIIHOM CTPYKTYpE UccaeayeMoil moBepxHocTu. OqHako cooTHoIeHus (2.38,
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2.39), nony4yeHHble HAMH, OOJiee MPOCThl U HATJISAHBI, YeM OOIIMI MOIXOI,
U3JIO’)KEHHBIN B paboTe [79], 1 MOTYT OBITH BEChbMa MOJIE3HBI ITPU HHTEPITPETA-
U IKCTIEPUMEHTAIbHBIX PE3yJIbTaTOB.

VpaBuenus (2.34—2.37) uCnosib30BaJIM JJI TIOCTPOSHUS YUCIIEHHOTO pe-
IIeHUs (CM. TEKCT TporpaMMBbl Ha cTp. 223): ypaBHeHus (2.34) u (2.36) pemanu
MeTo1oM suiku [70] OTHOCUTEIBHO xg, Aajiee 1o ypaBHeHUsIM (2.35) u (2.37)
OTIPEIEIISITA UICKOMOE 3HAYCHHE a.

BoszHukaet Bompoc, eciii Bce paBHO 3a/1a4a peniaiach YUCIEHHO, TO TO-
YyeMy HeJlb3s ObLJIO UCXOAUTh HEMOCPEACTBEHHO U3 cucTeMsbl (2.33), cBens ee,
HaIpuMep, K CUCTeMe HEIMHEHMHBIX YpaBHEHUN M HAXOJ UX YUCIIEHHOE pe-
meHne. OHaKO OKa3bIBAETCS, YTO CIIEU(UKA CUCTEMBI HE TTO3BOJISIET B 9TOM
CITydae MOCTPOUTH JOCTATOUHO MPOCTOTO YUCIEHHOTO PEIIEHUs, TOCKOIBKY
CKOJIb YTOJHO MaJTbIe OTKJIOHEHHUS OT TOUHOT'O PEIIEHUS IPUBOIAT K OTPHILA-
TEJIbHBIM 3HAUYEHUSIM B MTOJIKOPEHHBIX BBIPAKEHUSIX, BXOASIIUX B PEIIAEMYIO
cuctemy. B cuity aToro mpensioxKeHHbIH METO/ SIBJISIETCS, HECMOTPSI Ha HEOO-
XOJIMMOCTb ITPEABAPHUTEIIPHBIX AaHATUTUUECKUX BBIKIIA0K, JOCTATOYHO ITPOC-
TBIM, KPOME TOTO, OH UMEET BaXKHYIO OCOOCHHOCTD: MPOBEPKA BBITIOJIHEHUS
ycnoBuid (2.38) 1 (2.39) mo3BoJIsSIeT 3apaHee ONpeIeuTh Caydau OTCYTCTBUS
pelieHui 1 MoJyuuTh HHGOPMAIUIO O JOMYCTUMOM 3HAUEHUU MapaMeTpOB
reoMeTpuu 30H1a R unu k.

Omnpenenenrie TOYHOrO 3HAYEHUs paguyca R (uiu k) 1Jisi KOHKPETHOTO
30H1a TPeOyET ero TECTUPOBAHUS HEMTOCPEICTBEHHO Mepe/] UCIOJIb30BAHUEM
(o pe3yabTaTaM HCCIEAOBaHUsI TECT-0OBEKTOB, HAIPUMEP, BUpYyca Tabau-
HOM MO3aUKU — yIOOHOTO MPUPOTHOTO KHAHOPA3ZMEPHOT0» O0BEKTA C (PHK-
CUPOBAHHBIMU F€OMETPUUYECKUMHU TapaMeTpaMu, cM. paszzaei 3.1). OnHako u B
9TOM CJIy4yae CyIIeCTBYET BEPOSATHOCTh TOTO, YTO B MPOIIECCE CKAHUPOBAHUS
(opMa UIIBl TPETEPHUT U3MEHEHUSI B PE3YJIbTATe B3AUMOJECHCTBUS C 00b-
€KTOM. B 3TO#1 CBSI31 Upe3BBIYANHO ITOJIE3HBIM SIBIISICTCS TTOJTyueHUEe HHPOP-
Mammnu o Gopme 30Hma HermocpencTBeHHO n3 ACM-u300paxennii o0beKTa
HCCIIeIOBAHUS.

ITpu anamuze ACM-u3o0pakeHur 0OBEKTOB, JISI KOTOPBIX HEOOXOIH-
MO BOCCTAHOBHUTb UCTUHHYIO IIUPHUHY, H3MEPSICTCS TIapa 3HAUCHUH: BBICOTA U
[IMPHUHA HA ITOJTYBBICOTE; PE3YIbTATOM AHAIN3A SIBIISIETCS HAOpaHHAs CTATHC-
THUKA Map 3TUX 3HAYCHUH. AHAIM3UPYS BBHIIIOTHUMOCTH COOTHOIIEHUH (2.38,
2.39) npu pa3IUYHBIX MapaMeTpax FeOMETPUU 30HIA, MOXHO OIPEIETUTh

npeqenbHoe 3HaueHue R (v k) Boiie (17151 k — HIKe) KOTOpOoro HadIoaa-
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€TCSl POCT UMCTIA CIIyYaeB OTCYTCTBUS pelieHus (11 HAOpAHHOM CTATUCTUKHU
nap 3HaueHUi nmapaMeTpoB oO0beKkTa b U d). ITO U OyJIeT BepXxHee FPAHUYHOE
3HAYEHUE JJIsI OLIEHUBAEMOTO Paanyca KPUBU3HBI UTJIbl. TUINYHBIN TpUMep
3aBHCUMOCTH YHCIIA CIIy4aeB OTCYTCTBUS PELLIEHU 11 HAOPAHHOM CTaTUCTHU-

KU nmap b u h oT paanyca KpMBU3HbBI UIJIBI IPECTaBIIEH Ha puc. 4.5, cTp. 135.

K Bompocy o npuMeHMMOCTH pa3padoTAHHOH MEeTOANKH

CrnenyeT mogUepKHYTh, YTO pa3pabOTaHHAS METOAMKA HE yYUTHIBAET BO3-
MOHOTO JONOJHUTEIBHOTO BKJIaJa B YIIUPEHHE, CBA3aHHOI'O C YACTUYHbBIM
yBIIedYeHHEM 00pa3lia 30H0M P CKAaHUPOBaHUU. DPPeKT yBiaeueHus: odyc-
JIOBJICH JIATEPATHHBIMH CHJIAMH B3aUMOJICHCTBHS 30H1a U 00pasia, KOTOPhIe
XapaKTepU3yIOTCs JOCTATOYHO OOJIBIIION MHTEHCUBHOCTBIO MPH MTPOBEICHUN
UCCIIeIOBaHUI B KOHTAKTHOM peXuMe Ha Bo3ayxe. [1o Hammm oneHkam JaH-
HbIH 3(h(heKT, B OCHOBHOM, MOKET TPOSIBISATHCS ITPU UCCIIEJOBAHUN OOBEKTOB,
MMEIOITNX HEOOTBIITYIO BETMUMHY TUTOIAIN CeUeHUs (HATPUMED, OTMHOYHBIX
monekyn JAHK), u npuBoauts x 1,5-2,5-KpaTHOMY 3aBBILIEHUIO 3HAYEHUS
HIMPUHBI 00bEKTA 2d U, KaK CIEICTBUE, BOCCTAHABIMBAEMOI'0 3HAYEHMUS q.
Ocnabuth BnusHue 3ddexta yBieueHus: odpasia 30HI0M MOKHO ITyTeM
YMEHBIIIEHUSI THTEHCUBHOCTH CHJIOBOTO JIATEPATbHOTO B3aMMOIEHCTBHUS 30H-
na 1 obpasna. ITO JOCTUTAeTCsl MPU MPUMEHEHUN PEXUMa MPEPBIBUCTOTO

KOHTAaKTa, 0COOEHHO B clIydac IIpoOBCACHUA HCCJIeIOBAHUN B JKUJIKUX cpeaax.

HOFpe[HHOCTb BOCCTAHOBJIEHHBIX 3HAYEHUMH

OcHOBHasl MOTPENTHOCTh BOCCTAHOBJIEHHBIX 3HAYEHUI a BHOCUTCS TMOTPEI-
HOCTBIO U3MepeHus nonymupuabl ACM-nipoduiist o0bekTa d. Mbl TeCTUPO-
BAJIM pa3pabOTaHHYIO METO/IUKY, BOCCTAHABIMBAS IIMPUHY TECT-O0BEKTOB —
gactuly BTM — o u3mepennsM napamerpam nx ACM-n3o0pakeHuit (BbI-
cota 2b u mmpuHa npoduis 2d). [Ipu s3ToM aHATM3UPOBAIIU 3aBUCUMOCTD
MOTPEIIHOCTH PellleHUs (MICTUHHOM IMIMPUHBI 00BEKTa 2a) OT MOTPEIIHOCTEN
BXOJ/IHBIX ITAPAMETPOB.

Bbpu10 0O0HApYXEHO, UTO B MEHBIIIEN CTENEHU MO PEITHOCTD peteHus (Aa)
3aBUCHUT OT ITOTPEIIHOCTEN mapameTpa reomeTpuu 30H1a (AR wiu Ak) u no-
IPEIIHOCTH U3MEPEHHON BBICOTHI 00BbeKTa (Ab). OTHOCUTEIbHAS BEIMUYMHA
CTAHJIAPTHOT'O OTKJIOHEHUS JIJI1 BOCCTAHOBJICHHBIX 3HAYEHUHN IIUPUHBI ITHX

00OBEKTOB B ABAa—TPH pa3a MCHBIIC, YEM OTHOCHUTCIIbHAA BEIMYMHA CTAHAAPT-
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HOTO OTKJIOHEHMS BXOJHBIX IApaMeTpOB BBICOT?'), M B MONTOpa—IBa pas3a
MeHbIIIe, UeM Ta ke BeJIMUUHA I MapaMeTpa TeoMeTpur 30H1a%).

B nHauOonpiieli cTeneHy MOrperHoCTb PELIEHUs ONPEAeIIsieTCs orpell-
HOCTBIO NapameTtpa mmpuHbl podmrst ACM-u3obpaxennii 2d. OTHOCUTEIb-
Hasl BeJIMUMHA CTAHIAPTHOT'O OTKJIOHEHUS JJIsI BOCCTAHOBJICHHBIX 3HAUEHUN
WMCTUHHOM IIMPUHBI OOBEKTA B JBA pa3a npesviuident OTHOCUTEIbHYIO BEJIH-
YUHY CTAHAAPTHOTO OTKJIOHEHUS BXOJHBIX 3HAYCHUH ITUPUHBI MPODUIIST €eTO
ACM-uzobpaxenus. T.0. IMEHHO BKJIJl TOTPEIIHOCTH IMapaMerpa d B IO-
IPEIIHOCTh PELIECHUS SABISIETCS OMPENESIONINM.

[TorpemHocTh U3MepeHUs: d MOXKET ObITh O0YCIIOBJIEHA OMMCAHHBIM BBI-
11e 3phEeKTOM YACTUUHOTO YBJI€UEeHUsI 0OBEKTOB 30H/IOM IIPU CKAHUPOBAHUMU.
3HAYMTEIbHAS ACUMMETPUSI UIJIbI TAKKE YBEJIMUMBAET 3TY OTPELIHOCTD, IO-
CKOJIbKY 3HAYEHUs IIMPHUHBI B 3TOM CIIydyae 3aBUCIT OT OPHUEHTALUN OOBEK-
ToB. B cuity 3TOr0 cTaHmapTHOE OTKIOHEHHE BOCCTAHOBJIEHHBIX 3HAYCHMI
WMCTUHHOM IIMPUHBI OOBEKTOB UCCIEIOBAHUS O Pe3yJibTaTaM aHaln3a MX
ACM-u3ob6paxkennit MoxeT npeBbimaTh 20%. YBeTUIUTh TOYHOCTD PE3YIIb-
TaTa UCCIEIOBAHUS MOXHO IyTeM yMeHbIeHus 3¢dexra yBiedenus (ucce-
JIOBAHUS B PEXKUME MIPEPHIBUCTOTO KOHTAKTA B KUIKOCTH), a TaKXkKe (TOTEeH-
[IMAJIBHO) MyTEM OMpEeNeJICHUsI U y4eTa CTeleHH acuMMeTpuu Uribl. Kpome
TOTO, BEJIMUMHA OIIMOKH MOXET OBITh YMEHBIIIEHA MPU HAOOpe 10CTaTOU-
HO 001bWOTE cCMamucmuKu aHaTM3UPyeMbIX mapaMeTpoB ACM-n3o00pakeHnit

OOBEKTOB.

KpaTRne BbIBO/IbI

Pa3zpaboTana MeTo/iuka BOCCTAHOBIIEHUS peaIbHON IIUPUHBI OOBEKTOB, a/l-
COpOMPOBAHHBIX HA TMOBEPXHOCTH MOJIOKKH, MO JBYM H3MEpPEHHBIM Ia-
pamerpam ACM-nu300pakeHus (BbICOTa W IMIMPUHA Ha ToyBbIcoTe ACM-
npoduiis) U U3MEPEHHOMY TTapaMeTPy reOMETPUHU 30HAA (Panyc KPUBU3HBI
R v xoadduiimeHT napadbosl k).

Oco0OeHHOCTIMU pa3pa60TaHHoro aJlropuTMa ABJIAIOTCA:

e HaJMYKMe «BHYTPEHHETO periepa»: cooTHomeHus (2.38, 2.39) mo3Bois-

IOT IIOJIYUHUTDb I/IH(bOpMaL[I/IIO O I'€OMCTPHUHU 30HAA U3 aHAJIN3a Ha6paH-

27) 1Ipu yCIIOBUH, 4TO MOTPENIHOCTHU ABYX APYTHX MAPAMETPOB HYJIEBbIE
28) 1Ipu TOM K€ YCIIOBMH, UTO H BBIIIE
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HOM cTaTUCTUKH napamMeTpoB ACM-u300pakeHnii 00beKTOB HUCCIIE0-

BaHMUSI,

° O6U.[HOCTI> noaxoga: OH IIO3BOJIACT aHAJIM3UPOBATDH cnyqaﬁ HC TOJIBKO

C(bepnqecxoro, HO M 3JIJIMIICOMOAJIBHOI'O B CCUCHUH O6’I>€KT3;

e IIPOCTOTA B pean3allii: KOMITBIOTEPHBIN aHAJIN3 CBOJIUTCS K HAXOXKIC-
HUIO KOPHEH OJHOT'0 YpaBHEHUS C OJHUM HeU3BeCTHBIM (popmyia (2.34)
unu (2.37));

e AJITOPUTM pa3paboTaH Kak JJIs MOJIeu chepruIecKoi, Tak ¥ mapadboiu-
YEeCKOM UTIIBI, IPH 9TOM PEe3yJIbTATHI TPUMEHEHHS 9TUX MoJIenen (ak-

THUYCCKHU UACHTUYHEI.

Pa3zpaboTaHHbIil 34€Ch AITOPUTM MOKET CIIY>)KUTh IPOTOTUIIOM JJIs1 00-
LIEro MOAX0/1a BOCCTAHOBJIEHUSI TEOMETPUH OOBEKTOB C YUETOM MPeXMEPHOLL
eeomempuy Uribl. JIeCTBUTEIBHO, MBI pACCMAaTPUBAIM CIy4yall aKCHAJIbHO
CUMMETPUYHOM UIJIBI, UTO MO3BOJISUIO CBECTH 3a/7a4y O KOHTAKTe K JIByMep-
HOMY CIIy4aro (4epe3 paccMOTpeHHe ceueHus obiiacTu KoHTakTa). Ho BO3-
MOYHO 000OIIeHrE 3a/Jaul Ha TPEXMEPHBII Ccllydyail, YTO MO3BOJIUT UCIOJIb-
30BaTh MOJENb aCUMMETPUYHOM uriel. OO1ast cxeMa MporpaMMbl 10JKHA
OCTaThCs TOM Xke: B mpoliecce Tectupyroeit ¢paspl ACM-uzo0pakeHus TecT-
00beKTa UCTIONB3YIOTCS IS BOCCTAHOBJICHHS (DOPMBI UTJIBI, Aajiee, TpeXMep-
HbIE AHAJIOTH COOTHOIEHUH (2.34—2.37) MO3BOJISIIOT MOCTPOUTH PEILLICHUE J1JIs1
BOCCTaHOBJIEHUS! GOPMBbI 00BEKTOB. I1pn 3TOM B KauecTBe BXOJHBIX JaHHBIX
ucnosb3yercst HenocpeacTBeHHO ACM-n300pakeHne «yIupeHHbIX» 00BbeK-
TOB UCCJIEIOBAHUS, 4 PE3YITATOM PabOThI MPOTPAMMBI OYIET CIIYKUTh U30-

OpakxeHne 0OBEKTOB C BOCCTAHOBJIEHHOM (peaibHON) TeOMETPUECH.
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I'1aBa 3

ACM-uccienoBanusi
B3aumoeiicTeus BupycHoin PHK

c 0eJIKaMH

1) BupycHble 4acTULB! SBJISIOTCA TPOCTEHIIMMU IPUPOIHBIMU OOBEKTAMH,
CIIOCOOHBIMU K peruiukaiu. OHU COCTOSIT U3 HOCUTENS T'€HeTUYECKOU MH-
hopmaruu (MOJIEKYIJIbI HYKJIEMHOBOM KUCIOTHI) U 000JI0YKH, 00pa30BaHHOU
OeKOBBIMHM MOJIEKYJIaMU. Peruimkanusi BUPYCHBIX YaCTHI] OCYIIECTBIISAETCS
TOJIBKO BHYTPHU KJIETOK >KMBBIX OPTaHU3MOB, IIPU 3TOM €€ IPOLIECC PEryIu-
pyercs crienupuKOi B3aUMOIEHCTBUSI MOJIEKYJIbI HYKJICMHOBOUW KHUCIIOTHI C

OenKaMu.

3.1. HUccaenoBanne npoueccoB pa3pyuieHus
0€JIKOBOI1 000/10YKH YACTHIL BUPyCca Ta0a4YHOM

MO3auKH U BbICB00OO:k1eHusi BupycHoii PHK

Bupyc TabauHol MO3auKU MPECTABIISIET COOOM MOJIBIN LUIUHP, UMEIOLINI
JIMHY okos1o 300 HM, BHYTpEeHHUIN AuaMeTp 4 HM U BHEIIHUN quaMeTp 18 HMm
(coryacHo JaHHBIM 3JIEKTPOHHON MUKpockonuu [29]). Kaxnas BupycHas yac-

tuiia coctout u3 2200 OeTKOBBIX CyObeIUHUI], OPTAaHU30BAHHBIX B MPABO-

1) PesynbraThl, U3IOKEHHBIE B JAHHOU TJIaBe, TTOJIYYCHBI B XOJI€ COBMECTHON pabOTHI C
nmabopatopreil HyKJIeNHOBO-0ETKOBBIX B3AaUMOIECHCTBUIN OTAeNIa XUMUN U OMOXUMUH HYKJIe-
onporennoB HUM ¢usuko-xumuueckoit 6uonorun um. A. H. benozepckoro MI'Y, 3aBeny-
rommii mabopartopueit — 1. x. H. FO. ®@. [Ipsirun
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Puc. 3.1. Ctpykrypa Bupyca TabauyHON MO3aHNKH;

BUPYCHAS YaCTHIIA U300pakeHa YACTHUHO «PA3PYIICHHON» ¢ YACTUYHO BBHICBOOOKICHHOMN

Makpomoutekynoit PHK, coxpansirorneit 31eMeHTsl BTOPUYHOM CTPYKTYPBI

BUHTOBYIO CIHMpajb ¢ marom 161/5 cyosenunnil Ha BUuToK. Bupycnas PHK,
cocrosimas u3 6400 <+ 6600 HYKJIEOTHIOB, TAKXKe 00pa3yeT cnupaib, KAk Ibli
BUTOK KOTOPOM pacIiojaraercst Mexay ABYMsl BUTKaMU CIMpaiu OEIKOBBIX
cyOobpenuHuIL, cM. puc. 3.1.

Bupyc TabauHoif MO3aUKHU SBIISIETCS YAOOHOM MOJIEILHON CUCTEMOM s
anpoONPOBAHUS METOAUK IMPUTOTOBJIEHHS] 00Pa310B, O3BOJISIIOLIUX ITPOBO-
muTh ACM-uccienoBaHus B3auMOACUCTBUS ooHoHumesoi BupycHoirt PHK ¢
OenKamu.

B Hacrosimiee BpeMsi pa3pa0oTaHbl pa3IUUHble METOAbI (PUKCAIIUN MaK-
pomodtiekyn nuneHon JIHK, konbueBoit mnasmuanont JJHK u nByHuteBoit
PHK Ha noBepXHOCTAX pa3IUYHbIX MTOJUI0KEK 171 uccienqopanuii C3M, (cm.
paznen 1.5.1 co cTp. 39). OnHako B IUTEpaType MPaKTHIECKU OTCYTCTBOBAIH
pa6oTsl (mo Hamel mybnukanuu [80]), mocBsiieHHble C3M-Hccae10BaHUIO
BBICOKOMOJIEKYJIIpHOU 00HoHumesoti PHK. D10 00BsicHsieTcs cienndukoit
MoJieKyJibl oqHoHuTeBOM PHK — oTcyTcTBHEM perynsipHo# 1BOMHOM crinpa-
JIY, U, KaK CJIEJICTBUE, MEHBIIIEH CKECTKOCTHIO», YTO 3aATPYAHSIET (PUKCAITIIO
3TOU MaKpOMOJIEKYJIbI Ha MOJIJIOKKE B PACIIPABIEHHOM COCTOSIHUM.

ABTOpPHI paboTsI [§1] McmOIB30BAIM TPATUIIMOHHYIO METOAUKY (CM. pas-
nen 1.5.1) uMmMoOMIM3auuu HyKJIEMHOBBIX KHUCIIOT Ha MOBEPXHOCTH CIIIO/bI

katnoHaMu Mg?t, noGasnsembiMu B pabounii pactBop. B kauecTBe 0ObEK-
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TOB HCCJIEAOBAaHUS OHU BBIOMpAIIM, B 4aCTHOCTU, KOopoTkue (25 u 50 ocHo-
BaHwMi) Monekynsl onHoHUTeBOoM JJHK, a Taxxke PHK-romononumepa nosu-
A? . ABTOpBI OOHAPYKUIIH, UTO TIO UCIONB3YeMOI METOAMKE TIPeraprupoBa-
HUS 00pa3lOB TOJBKO MOJIEKYJIbI MOJH-A BO3MOXHO MMMOOMIM30BATh Ha
MOJUTOKKE B PACIPABIEHHOM COCTOSIHUM — B OTJIMYHME OT afcopOupoBaH-
HBbIX MoJieKys1 ogHoHUTeBOM JIHK, KOoTOpBIEe XapakTepu30BaINCh KOMITAKT-
HOU INIOOYISIPHON CTPYKTYpOMl. DTO HAOIIOAEHUE MOKA3bIBAET, YTO OCHOB-
HBIM [IPENATCTBUEM IIPU PACIPABIEHUH HA MTOJI0KKE OJHOHUTEBBIX MOJIEKYJT
HYKJIEMHOBBIX KUCIIOT SIBJISIETCSI 0O0pa30BaHUE BHYTPUMOJIEKYJISIPHBIX ITAP OC-
HoBaHMH (Mo MexaHuzmy YorcoHa-Kpuka [27]). delicTBUTENHHO, MOJIEKYJIIbI
JHK, ucnonp3yembie aBTopamu padboTsl [81], Mmoriu ¢hopMupoBaTh MOI00-
HbI€ BHYTPUMOJIEKYJIIPHbIE MAPhbI (CyAs 10 IPUBOJIUMOI aBTOPAMU MOCIIEH0-
BaTEIIbHOCTU HYKJICOTHUIOB 3TUX MOJIEKYJ), B OTJIMYME OT MOJIEKYJI MOJHU-A,
SIBJISIFOIIIETOCS] TOMOIIOJIUMEPOM, 0OPA30BAHHBIM JIUIIIb OJHUM THUIIOM HYKJIe-
OTHUJIOB.

Tpamuunonnas meronuka npurorosiieHuss PHK B pacipaBiennoM cocto-
SIHUM ISl 3JIEKTPOHHOW MHMKPOCKOIMU BKIIIOYAET 00pa30BaHUE KOMIUIEKCA
PHK ¢ MmonocnoitHo# mienkoit 6enkoB (1iutoxpom C unu qunu3onponuiadoc-
(baTTpUIICKHH) Ha TOBEPXHOCTH paziena (a3 Bo3ayx/Bojia v MOCIEAYOIIHIA Te-
peHoc mwieHku ¢ mojiekyjiamu PHK Ha moBepXHOCTH MJIEHKU-TTOIOKKY [32].
JanHas meToanka mo3BoJisieT nojydatb dM-u3obpaxenus moinekyia PHK,
HaXOISIIUXCS B IBYMEPHOM PaCIpPaBICHHOM COCTOSIHUU [82], OMHAKO B 3TOM
cnyuae ToT ¢akT, uto PHK Haxoautcs B koMruiekce ¢ 6enkamu (B OeJIKOBOM
«1ry0e»), MOXKET OrpaHUYUTh PEIlICHHE 3a/1a4, CBSI3AHHBIX C TOHKOU CTPYKTY-
poii PHK u ¢ uccnegoanussmu PHK-6enkoBoro B3anmMoieiicTBusl.

Hab6monenue ceoboanoit PHK mo3Bosser mpoBoauTh Kak (GpU3HYECKOE
KapTUPOBAHME 3JIeMEHTOB BTopuuHOi cTpykTypsl PHK, Tak u uccnenosath
cnenn(ruecKoe B3aMMOACHCTBHE C HEH OENKOB, Y3HAIOIINX OINpeAeTICHHBIC
(HampuMep, peryIsiTOpHbIE) MOCIEN0BATEIbHOCTH HYKJIEOTHI0B. B cBOtO OUe-
pensw, uccieqoBanue BzauMo/ieiicteus BupycHoit PHK u 6enkoB MoxeT nath
BKJIA]l B IOHMMAaHKNE MEXaHU3MOB Ipoliecca COOPKU U Pa3MHOKEHUSI BUPYCOB,
CTPYKTYPHOU OpraHM3aluy U GYHKIIMOHUPOBAHUS PUOOHYKIEOMPOTEHIOB.

[TosTomy B paboTe Mbl yaenwiM BHUMaHHUE pa3pabOTKe METOJUK IpHU-

rotosiienust BupycHoii PHK u pubonykieonpoTrenioB ajis UCCIeIOBaHUMA
C3M.

2) A — ajieHUH
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:‘)RCHepl/lMeHTaJILHaﬂ 4acCTb

3) ]I NpUrOTOBJIEHUS BCEX PACTBOPOB UCIIOIb30BANIHN AEMOHU30BAHHYIO O1-
JUCTUUIMPOBaHHYI0 Boay. IIpenapar Bupyca (BTM, mramm Ul), nonyyen-
HBII MeToI0M U depeHIaIbHOro HEHTPUDYTUPOBAHUS U LICHTPUPYTUPO-
BaHUs B IpaJIu€HTE IUIOTHOCTH PACTBOpa caxapo3bl, ObLT JI00E3HO Mpeao-
crasyeH E. H. [lo6oposeiM (HU ®XBb MI'Y).

B skcniepuMeHnTax no AeMpOTEMHU3ALMU UCIOIb30BAIM cycnieH3uio BTM
B BOJIE MPU KOHIIEHTpaIuu 2,6 Mr/mi1. JlempoTenHU3alui0 BUPYCHBIX YACTHUII

IIPOU3BOIUIIN:

e 72% pactBopoMm aumetuiicyinbpokcuaa (JAMCO) [83], akcro3uims
30 MMH TP KOMHATHOUW TeMIIEpaType, I OCTAHOBKHU PEaKIIUU K CMe-
cu 100aBIIsLIM paBHBINA 00BeM BOJIbI (110 36% koHneHTpanuu JMCO —
IIPU 3TUX YCIIOBUSAX IMPOIECCH CAaMOCOOPKH U pa3pyIICHHUS] BUPCYHBIX

YaCTUull HaXO0JATCA B AMHAMHUYCCKOM paBHOBeCI/II/I);

e 4 M pacrBopoM MoueBHUHBI [84], skcrio3unus 2,5 vaca npu 0°C, mis
OCTAaHOBKHM PEAKIIUU K CMECH JOOABIISUIH MTOJIYTOPHBIM 00BEM BOIBI (110
1,6 M KOHIIEHTpAllUX MOYEBUHBI — IPU ITUX YCIOBUSIX MPOIIECCHI Ca-
MOCOOPKH U pa3pylIeHUs BUPCYHBIX YACTHUIl TAKKE HAXOAATCS B JUHA-

MHYCCKOM paBHOBGCI/II/I);

e 0,1 M pactBopom rimimHa co 3HadeHueM pH 10,4 [85], skcro3uims
3 vaca npu 0°C, 11 OCTAHOBKM pEAKLMM JOOABIISUTM aleTaT Kaaus
(xoHuentpauus 0,5M npu pH 5,0) B kosiuuecTBe 0AHON TPETH OT 00B-

€Ma pearupyrouen CMecH.

st pasneneHust OTASIbHBIX MOJIEKYNT OenkoBoi 00o1ouku BTM, cBo-
6onnoit PHK 1 yacTuuHO pa3pylI€HHBIX BUPYCHBIX YACTHI] UCIOJIb30BaIN
METOJI BBHICOKOA((DEKTUBHOM KUIKOCTHON XpomaTtorpadum ¢ renem Toyo-
Pearl HW-55. B Tpex ucrnonp3yeMbix MeToaukax koiaoHku (150 Mkir) mpen-
BAPUTEIIBHO YPaBHOBENIMBAIMU BOAHBIMU pacTBopamu 36% JIMCO, 1,6 M
MOYEBUHBI WK rauuuHa (koHueHtpauus 0,1 M npu pH 10,3), cooTBeTcTBEH-
HO.

B xadecTBe MOTOKEK MCIOB30BAIU KaK YUCThIE (CBEXKUN CKOJI), TaK U

MOI[I/I(bI/IL[I/IpOBaHHI)IC IMOBCPXHOCTH BBICOKOOPUCHTUPOBAHHOI'O ITMPOJINTHU-

3) O6pasipl IS UCCIEIOBAHMIT OBLTH MPUTOTOBIEHBI 1. X. H. FO. . qpbiruaeiv (HUW
®Xb nm. A. H. bernozepckoro MI'Y)
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yeckoro rpadura (muporpadura) u ciaoasl. [IoBepXHOCTh MOMTONKKH MO-
TuUIMpoBaIn WIKM KaTUOHHBIM [TAB — GeH3miauMeTriaiKuiiaMMOHUMA
xiopuaom (BAC) (1% pactBop B popmamune, sxcriozunus 45 muH) [86] wn
100mMM MgCl, (cm. pa3gmen 1.5.1), skcnosunus 75 muH. Ilpouecc mogudu-
KallMy 3aBepliagv MTpOMBIBKON Bogo# (B 0,2 M1 yeThIpe pasa mo 1-2 MuH),
W3JIMIIEK BOJIBI YAAISIN (GUIBTPOBAILHOM OyMaroi 1 mojyIoKK1 BhICYIITUBA-
71 B cTpye GMUIBTPOBAHHOTO CKATOTO BO3IyXa.

Monexkynsl PHK, BoicBOOOXAEHHBIE U3 OeKoBOM 00010uku BTM, unu
YACTUYHO pa3pylIEHHBbIE BUPYCHBIE YACTHUIIBI TTOCPEACTBOM O00pabOTKH MO-
YeBUHOW WJIU TUMETHICYIH(OKCUIOM HAHOCWIH Ha MOJJI0KKY u3 1,6 M pac-
TBOPA MOUYEBUHBI WK 36% TUMETHICYIh(OKCHIA COOTBETCTBEHHO, Pa3/IeiB
MPEeIBAPUTEIIBHO 3TU CTPYKTYPhI Ha (PPAKIIUU TIO pa3MepaM METOOM BBICO-
K09((peKTUBHOM KHUIKOCTHOU XpOMATOTpa(uu, CM. BBIIIIE.

CxeMma 3KcriepuMeHTa 0e3 HCIOJIb30BaHUSI XpoMmaTorpadguu BKIIOYaia
cnenyrorntue stansl. Bupycusie yactunipl BTM (0,138 mr/mit) B 2 MM MgCls,,
200 MM KCl sxcnionuposainu 50% JAMCO u 3,7% ¢popmanbaeruaom B Teue-
Huu 5 muH npu 45°C g genarypauuu PHK. 3atem k cmecu no6asumm 1%
BAC u ancopbupoBaiin Karuio npenapaTta Ha MOBEPXHOCTD CITIO/IbI.

Monexynasl PHK Bupyca snH11€haioMuoKapanuTa MbIIIEH, BBIJEICHHBIE U3
BUPYCHBIX YaCTHI], UIMMOOWIM30BAaIN HA MOJIOXKKE IO CIEAYIOIIEH CXeMe.
Maxpomomnexynsl (kornentpamus 60 mxr/mi) B 0,01 M HEPES 6ydepe (pH
7,4) u 7,5% dopmanpaeruae 3KCOHUPOBaAIU B TeueHUU 15 muH npu 55°C
JUIsL AeHATypaluK. 3aTeM WU K IIpenapaty J100aBisuii paBHbIN 06beM 0,1%
pactBopa BAC B popmamuie (1o xoHeuHoi koHueHTparuu BAC 0,05%)
WM K 3 yacTsaMm npenapata gooasisum 27 yacteit Toro xe pactBopa BAC (no
koHeuHoi KoHIreHTpaiu BAC 0,01%).

AJZlcopOLUIO UCCTIEAYEMBIX CTPYKTYP OCYIIECTBIISUIM (BO BCEX CIIydasix)
13 Karm npenapata (3—15 MkJi1), KOTOPYIO HAHOCUIIM HA MOBEPXHOCTH TMO/I-
JIOKKH M 3KCITOHUPOBAJIM BO BJIAXKHOU Cpe/ie MO/ KOINaKoM. [{JIuTeIbHOCTh
rpoliecca KCIO3UIMHU BAPbUPOBAIIA OT HECKOJIBKUX CEKYH/I 10 Yaca 1 0oJiee.
ITocrne 3aBepIieHNs SKCIO3UIIMH TOBEPXHOCTD MOIOKKH TAK)Ke TPOMBIBAIIN
BOJIOH ¥ BBICYIITUBAIIN B CTPYE (PUIBTPOBAHHOTO CXKATOTO BO3/yXA.

ACM-uccnenoBanusi TPOBOAWIM Ha BO3AYXE B PEKUMaX IMMOCTOSHHO-
r0 WX MPEePHIBUCTOr0 KOHTAKTOB Ha mpuoope «Nanoscope-ITla» («Digital
Instruments», CILIA). I1pu mpoBeaeHUM HCCIEOBAHNM B KOHTAKTHOM PEXU-

M€ HCIOJI30BAJIM KaHTHIIEBEPHI xKecTKocThIo 0,06 H/M 13 HUTpraa KpeMHusl.
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Jliist vuccaenoBaHul B pekuMe MPEPHIBUCTOTO KOHTAKTa MPUMEHSIIH KPeM-
HUEBbIE KAHTUJIEBEPHI C PE30HAHCHON yacToToi B aumamnazone 350-380 kI,

(mapameTpsl KAHTWIEBEPOB cM. B Tabiuue A.l, cTp. 227).

3.1.1. Pe3yabTaThl U UX 00CY:K/IeHUE
ATOMHO-cH/I0Basi MUKpockonusi yactuiy BTM

Yactuiel Bupyca TabayHONH MO3auMKU OBUIA UCCIEAOBAHBI B peXUMax IO-
CTOSIHHOTO U MPEPBIBUCTOTO KOHTAKTOB Ha MOBEPXHOCTSX MUporpadura u
cimopl. Bu10 0OHAPYKEHO, UTO CKOPOCTh COPOMPOBAHNUS BUPYCHBIX YaCTHIL
Ha CBEXUI CKOJI MMOBEPXHOCTHU CYIIECTBEHHO 6biuie TIPU UCIIOIB30BAHUM IH-
porpadguToBOI MOAIOKKH, YEM IMPU UCTTOTH30BAHUH MTOUTOKKHU U3 CIIOIbI. B
MIEPBOM CIIydae IIPU PaBHBIX YCIOBUSIX COPOUPOBaHUS (TeMIIEpaTypa, 00beM-
Hasi KOHIIEHTPAIIUs BUPYCOB B Iperaparte, BpeMs IPOMBIBKH U TIP.) TTOBEPX-
HOCTHAS INIOTHOCTh BUPYCHBIX YACTHI] CYIIECTBEHHO BBIIIE. B TO ke Bpems
Ha MUPOTrpadUTOBOM MOMJIOKKE MPU CKAHUPOBAHUH B PEKUME MOCTOSIHHO-
ro KOHTAaKTa BUPYCHbIE YACTHUIIbI HECTAOWIbHBI M YBJIEKAIOTCS UTJION maxke
IIPY MUHUMU3ALMHU BO3JAEHCTBYIOLIEN critbl 10 BennunHbl MeHee 1 HH. Cra-
omnbHble ACM-n300pakeHrsi BUPYCHBIX YacTHI] HAa mUporpadure yaaeTcs
MOJIYYUTh TOJIBKO B PEKHUME MPEPBIBUCTOrO KOHTAKTa. B ciyuae e UCIoib-
30BaHUS CIIOASHON MOJJIOAKKH CUJIA are3Ud BUPYCHBIX YACTHI] IOCTATOYHA
JUTSI TIPOBEICHUST UCCTIEIOBAHUI U B PEXKHUME MTOCTOSTHHOTO KOHTAKTA C BEJIH-
YMHOM BO3JEHCTBYIOLIEN CUIIBI B 1ecsITKU HH.

Bonpmast ckopocTh cOpOIIMM BUPYCHBIX YACTHI] HA TTOBEPXHOCTH ITHPO-
rpaduTa B CpaBHEHUU CO CITIOJION MOXKET OOBSICHATHCS BIUSTHUEM 2UOpPOho0-
Ho20 2¢hexma, cMm. paznen 1.3.1 (cTp. 21). B monb3y 1aHHOTO yTBEpKACHUS
TOBOPHUT TOT (PAKT, UTO B CiIydae 2udpoghoouzayuu MOBEPXHOCTHU CITIOBI IT0-
cpernctBoM 00paboTkun BAC ckopoCTh COpOIIMKM BUPYCHBIX YACTHUIL YEeTudU-
saemcsl.

HectrabunpHoCTh a/1cOpOMPOBAHHBIX HA MUPOTPAGUT BUPYCHBIX YACTHIL
B TPOIECCE CKAHUPOBAHMS B PEKUME MOCTOSTHHOTO KOHTAaKTa OOBSICHSETCS
cnaboil aare3ueil yacTuilbl, 00yCIOBICHHOW HHEPTHOCTHIO MOIOKKH (TU/I-
podoOHBIi 3 (dEeKT He JaeT BKJa B CUIIy aJre31Uu MOCie BBICYIITUBAHUS 00-
pa31oB, MOCKOJIBKY MPOSIBISETCS TOJIBKO B BOJHOM Cpefie).

ACM-u300paxeHust 4acTull BUpyca TabauyHOM MO3aMKU MPUBEICHBI HA

puc. 3.2. CorjacHoO aHaJIM3y MOJIYYEHHBIX JAHHBIX, IS BUPYCHBIX YACTHIL
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cpellHee 3HaueHUe UIUHBI cocTaBiseT 310 HM, MpU 3TOM CpeHEKBaIpaTHY-
HOE OTKJIOHEHHE OT cpeiHero coctanisieT 30% (4uco mpoaHaIu3upOBaHHBIX
ACM-u3obpaxenuit BupycoB N=120). CToib mIpoxroe pacnpeaeieHne 00b-
SICHSIETCSI, BO-IIEPBBIX, YACTUUHBIM Pa3pYyLIEHUEM BUPYCHBIX CTPYKTYpP NPH
MPUTOTOBIIEHUM TIpENapaTa 1, BO-BTOPbIX, arperalneil BUPyCHbIX YaCTHUIL TO-
pen B Topell (3T0, B YaCTHOCTH, MPOSIBIIIETCS B HAJTUYUU MUKOB HA YIBOEH-
HOM, YTPOEHHOMU U T.1. AIUHe BUPycHOH yacTuipsl ¥)). C HavazoM mpolecca
00pabOTKM BUPYCHBIX CTPYKTYP C LIEIbIO BBICBOOOXKAeHUS BupycHoit PHK
MAaKCHUMYM paclpeiesieHrs BUPYCHBIX YACTHI] 10 JJTMHAM CMEILAeTcs B 6oee
KOPOTKYI0 00acTh. Tak, s BUPYCHBIX yacTull, o0paboTtanusix 50% ¢op-
MaMUJIOM B TeueHUue 2 MUH, MaKCUMyM cocTasisgeT 260 am (N=500), a s
BUPYCHBIX yacTul, oOpadotanHeix 40% JAMCO npu 37° B Teuenue 30 MuH,
3HaueHne MmakcumyMa — 180 um (N=270).

Ananmu3 BriIcOT ACM-u300pakeHUH BUPYCHBIX YACTHUI[ HAJl TMOBEpX-
HOCTBIO MOIJIOKKH J1aeT 3HaueHue 18 + 2 HM (He3aBUCUMO OT peKrUMa Hcclie-
JIOBAHUS), YTO COTIIACYETCS C PE3yIbTaTaMHU 3JIEKTPOHHON MUKPOCKOTIHH [29].
Kak mokasanm qonoHUTEIbHBIE UccTenoBaHus, BbicoTa ACM-tipoduist Bu-
PYCHOM YaCTHIIBI HA/l TOBEPXHOCTHIO MOIJIOKKH YMEHBIIIAETCS IIPU yBEJINYe-
HUU CHJIBI BO3JIEUCTBUS 30H/I, UTO CBSI3aHO C KOHMAKMHbIMU 0eOpMayusimu,
cM. paszgen 2.1; pe3ynbTaThl 3KCIMIEPUMEHTAIBHOTO HCCIeIoBaHus ¢ dekTa
yMeHbIeHus1 BbICOTBl ACM-m306pakenuit yactunr BTM nipu yBenmmuenun
CHJIBI BO3AEHCTBUS N300pakeHbl HA puc. 2.2 cTp. 68.

Yactuisl BTM, aBIs151Ch TPUPOIHBIMU «HAHOPA3ZMEPHBIMU» OOBEKTAMHU C
(PMKCHUPOBAHHBIMHU T€OMETPUUECKUMHU MAPAMETPAMH, MOTYT CIYKHUTh YH00-
HBIM TECT-OOBEKTOM [JIs1 aHAJIM3a KayecTBa 30HAMPYIOIIETro OCTpus (ompe-
JIEJICHUs TapaMeTpoB ero reoMeTpu). [1py MUHUMHU3BALMHT CUITBI BO3JIEHCT-
BUS 30HJA BeJIMYMHA JeopMaliui BUPYCHBIX YACTHUIl HE3HAUYMUTENIbHA (CM.
9KCIIEPUMEHTAIbHYIO 3aBUCUMOCTD PUC. 2.2 WIM PACCUNTAHHBIE 3HAUECHHUS JIe-
(hopmaruu U1 MOACITBHBIX CITydaeB, MPUBEACHHBIC B Tabmuie 2.2 cTp. 65).
B cumy 3TOro MOXHO CUMTaTh, YTO YacTHUIIA BUpPyca UMEET B CBOEM ceye-
HUU OKPYXHOCTh. OueHuth 3PQexT ymupeHus: (pacCMOTPEHUI0 KOTOPOTro
MOCBSIIIEH pa3aen 2.2) Ajisl YaCTUIlbl, UMEIOIEeN B CEYEHUN OKPY>KHOCTD, CY-
IIECTBEHHO MPOIIIE, YeM JIJIs1 YACTHUIIbI, MMEIOIICH JUTUIICONAATBHYIO (GOPMY

(aTOT Cityyaii moapobHo paccMaTpuBaeTcs B paszzene 2.2). CoriiacHo 3JIeMeH-

4) YaCTHUILBI, ABJIAIOIIHUECA PE3YJIbTATOM arperaiumun, B JaJIbHEUIIEM U3 CTATUCTUKU UCKITIO-
HaJInChb
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Puc. 3.2. Yactuirel BUpyca Tab0auHOM MO3aMKH.

YacTuipl agcopOUpoBaHbl B TEUEHUH 7 MUH Ha cltoay (6) U 2 MuH Ha nuporpadur (a, B),
KOHLIEHTpauus npenaparta Bupyca cocrasinsia 0,27 mr/mir; ACM-uccieqoBaHue B PEXUMax

KOHTaKTa (0) 1 MpephIBUCTOTO KOHTAKTA (a,B)
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TapHBIM I€OMETPUUYECKUM MTOCTPOEHUSIM JJIsI OCTPHUS C PAIUYCOM KPUBU3HBI
KOHYMKA R 3Ha4YeHHe pealibHO U3MepseMOi UpUHbI Ha MoryBbicoTe ACM-

M300paXeHUH BUPYCHBIX YACTHUL] paJnyca 1 JOHKHO COCTABISITh BEIUUNHY:
s =2 (2Rr +1r2)"? 3.1)

DKCIIepUMEHTAIBLHO OTIpeie/ieHHbIe 3HaueHUs IupuHbI ACM-u300pakeHmit
BUPYCHBIX YACTHUII U1 PEKUMOB IIPEPHIBUCTOTO U IMOCTOSTHHOTO KOHTAKTOB
cocTaBisitoT BenuuuHbl 30+ 5 HM (N=270) 1 32+ 6 um (N=400) coOTBETCTBEH-
HO. Bocmonp3oBaBmmch opMyinoii (3.1), MOKHO OLIEHUTH paNyC KPUBU3HBI

JUTSI KOHYMKOB 30H/10B UCMOJIb3YEMbBIX TUIIOB KAHTUJIEBEPOB: R ~ 5 + 15 HM.

ATOMHO-CHJIOBAasi MUKPOCKOIHUS 1eNIPOTEHHU30BAHHBIX BUPYCHBIX CTPYKTYP

BTM c yacTuuHo BbICBOOOKIeHHBIMU MakpoMoJiekydamu PHK

B Msrkux ycrnoBusiX IenpoTeMHU3AIMU HAOIIONAIN PUOOHYKIEOMPOTEUIBI
(PHIT) ¢ BeIxoasmmmMu u3 HUX (C OJHOTO KOHIIA Miu ¢ 00oux) HutsmMu PHK,
cM. puc. 3.3 u 3.4. Mbl NpOTECTUPOBAIN TPU U3BECTHBIE METOTUKH YACTUYHOU
nenporenHuzanuu BTM u BeicBoOoxaeHus PHK, ommcannbie B muTepaty-
pe[83, 84, 85]. CpaBHUTENBbHBIN aHAIN3 ITOKA3aJ1, YTO HAMOOJIEE MEePCIIEKTUB-
HbIM siBjIsieTcs MeTo ¢ mpuMeHenreMm JIMCO (puc. 3.4). MeTtoa aenpoTenHu-
3alliU B pacTBOPax CO MIEJIOUHBIM 3HaueHueM pH xapakrepusyercst 601b1IuM
bonom momyyaembix ACM-u3obpaxenuii. Kpome toro, monekynsl PHK B
9TOM Cllydae CKJIOHHBI K arperaliii U B 3HAYUTEIbHON CTENEHU COXPAHSIOT
3JIEMEHTHI BTOPUYHOU CTPYKTYpPhl. METO/T C UCTIOJIb30BAHNEM MOUYEBUHBI T10-
3BousieT moirydath ACM-n300pakeHns ¢ HE3HAUNUTEIHbHBIM (DPOHOM, HO TIPH
aToM Habmrogaercs arperanus BupycHsix PHIT (puc. 3.3).

ACM-u300paxenuss pucynkoB 3.3 u 3.4 mojiydeHsl B Tomorpaduuec-
KoM pexume Z(X,Y) u B pexxume uzmepenus cui tpenus F,,(X,Y), (em.
paszznen 1.3); nociaenHue U300pakeHus, B CUIIy 3HAYUTEIbHONW PA3HOCTH BbI-
cot yactuy BTM u monexkyn PHK, xapaktepusyroTcs Jydiium KOHTpac-
TOM B CpPaBHEHUU C TOMOTpadUUECKUMH, MO3BOJsAS paznuuath Ha ACM-
M300pakeHnu 00a TUIa CTPYKTYP.

benkoBble OCTOBBI MOT'YT paccMaTpuBaThCs Kak Mapkepbl monekyn PHK,
MO3BOJISISI YBEPEHHO OTOXACCTBIISITh HAOJI01aeMble TPOTSXKEHHbIE HUTH, BbI-
XOJISIINE U3 PA3PYLIEHHBIX BUPYCHBIX CTPYKTYP, UMEHHO C MOJIEKYJIaMH BU-
pycnoit PHK. IlosToMy npu ucclienOBaHUU MOJHOCTBIO PA3PYIICHHBIX BU-

pycHbix uactuil (o6pabotkoit JIMCO), ucnonb3ys UACHTUUYHYIO METOJIUKY
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Puc. 3.3. Hactuusl Bupyca TabaqHOM MO3aUKH, YACTUYHO IENPOTEMHU30BAHHbBIE 00-

paboTkoit 4 M MOYEBHHOIA.

HaoGmromarorca 0enkoBble OCTOBBI ¢ BeIXomsimMu u3 Hux HuTtsMu PHK. Yactuuser an-
COpOMPOBaHBI Ha CBEXHUH cKoOM ciatoabl 3 1,6 M pactBopa Mo4yeBHHBI; puBeneHbl ACM-
n300paxkeHHs, MOJyYeHHbIe B TonorpaguueckoM pexnme Z(X,Y) u B pexxrMe U3MepeHHsI

cun tpenus F,, (X,Y)
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Puc. 3.4. Yactuusl Bupyca TabaqHOM MO3aUKH, YACTUYHO IENPOTEMHU30BAHHbBIE 00-

paboTkoit 72% nuMeTuncyabHOKCUIOM.

HaoGmromarorca 0enkoBble OCTOBBI ¢ BeIXomsimMu u3 Hux HuTtsMu PHK. Yactuuser an-
COpOMPOBAHBI Ha CBEXKUU CKOI CIIOABI U3 32% mumeruincynbdokcuna; npuseaeHsl ACM-

n300paxkeHHs, MOJyYeHHbIe B TonorpaguueckoM pexnme Z(X,Y) u B pexxrMe U3MepeHHsI

cun tpenus F,, (X,Y)
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MPUTOTOBIIEHUsI 0Opa3IoB, U HAOIIOasT UICHTUYHbIE MPOTSIKEHHbIE HUTHU
(HO yxe 6e3 BUPYCHBIX OCTOBOB, CM. pHUC. 3.5), MBI TaK)K€ OTOXIAECTBIISUIH MX
¢ mosekyiamu BupycHoit PHK (1ojiHOCThIO OCBOOOXKIEHHBIMU OT OEJIKOBOM
000I0YKHM).

Hab6monenue BupycHbIX ocToBOB ¢ AByMs HUTsMu PHK, BeIxomsmmmu
U3 OJHOTO KOHIIA BUPYCHOW YACTHUIIbI, MOXET OOBICHSITHCS JIUIIb TPOIEC-
COM YaCTUYHOT'O UX BOCCTAHOBJIEHMS MOCJIE TOTO, KaK 9KCIO3ULIUS C LEIbIO
paspylueHus ObU1a 3aBepiieHa. JlelcTBuTenbHo, coriacHo padore [87], ToIb-
KO B pe3yJIbTaTe camocOopKu BUPYCHOW YaCTUIIBI BO3MOJXKHO HAOITIOJCHHE
nByx Huteit PHK, BeIxoasux u3 BUpYCHOM YacTUIIBI C OAHOTO KOHIIA, YTO
CBSI3aHO C OCOOEHHOCTBIO MPOIIEcCa CAMOOPraHU3aIMU BUPYCHOM YaCTUIIBI.
ITpouecc camocOOpKU BUPYCHBIX YACTUI] MOT MPOTEKATh TOJIBKO Jo pasjie-
JICHUsI KOMITOHEHT IIperapaTta METOJOM BBICOKOI(D(MEKTUBHON KUIKOCTHOM
XxpomaTtorpadguu, MOCKOJIbKY B Mpollecce 3TOH 0OpabOTKU MOJIEKYJIbI Oel-
KOBOW 0005104KU, MOJeKysIbl cBoOogHoN PHK u wactuuno paspyiieHHbIe
BHPYCHBIE CTPYKTYPBI pa3/IeIsiICh Ha OTIEIbHBIE (DPAKIINH, YTO HCKITIOUAIIO

BO3MO>KHOCTb BOCCTAHOBJICHUS PA3PYIIEHHBIX BUPYCHBIX YAaCTHLL.

ATOMHO-CHJIOBasi MUKPOCKoONusi MoJjieky.a BupycHoiit PHK BTM

Ha 3axmounTenbHoi ctagun o6pabOTKU BUPYCHBIX YacTHUL OelkoBasi 060-
JoYKa paspyuaercs, 1 MakpomoJiekyia PHK momHoctbio BeicBOOOXIAaETCS.
Ha puc. 3.5 npuBeaens! TunuyHbie pe3yabTaThl ACM-ucciaenoBaHus cBOOO/I-
Hbix PHK, agcopOupoBaHHBIX HA MOI0XKKY U3 CITFO/BL.

Moutekynbl, n3006pakeHHbIE Ha pucC. 3.5a U 6, OTAENIEHBI OT YACTUYHO Pa3-
PYIIEHHBIX BUPYCHBIX YACTHUIl U MOJIEKYJI OETKOBOM 000JI0YKH METOIOM BbI-
CcOK03(PPeKTUBHOMN KUAKOCTHOM XpomMaTorpaduu U aIcOpOUpPOBAHbI HA CBE-
KU ckolt cimoasl u3 36% JAMCO; uMeHHO NMPUCYTCTBUE JEHATYPUPYIOIIErO
JAMCO cniocoOCcTByeT pacnpaBiIeHUIO MOJIEKYI.

MpbI npoTecTUpOBAIN Pl METOAUK MOAUGUKALIUM CITIOIbI JO HaHece-
HUS Tipernaparta: o0padoTtka B TeueHuu 75 muH 100 MM MgCl,, 150 MM KCl,
100 MM MgCl, + 150mMM KCI; o6pabotka 1% pactBopom BAC B dopma-
muge it APTES (2 waca mpu 105°C), cMm. pa3aen 1.5.1. Beuto o6HapyskeHo,
YTO METOAMKA C HcnoJib3oBaHueM MgCly NpUBOAUT K KOMNAKMu3ayuu Mo-
nexkyn JIHK, agcopObupyembix Ha mooxke. ONTUMaIbHON, TO-BUIUMOMY,

SIBJISIETCS MeToMKa ¢ NpuMeHeHrneM BAC; mpu 3TOM XOopolue pe3yiibTa-
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Puc. 3.5. Monekynst PHK BTM, nonHOCThIO BBICBOOOXIEHHBIE 3 OEITKOBOM 000-

JIOUKH B pe3yibpTate oopadorku JAMCO;

a) u 6) — monekynsl PHK, BeicBoOOX)n€HHBIE 060padoTkoit 72% JAMCO, otaeneHs! oT yac-
THYHO Pa3pyIIEHHBIX CTPYKTYP U OEITKOBBIX MOJIEKYJ METOJIOM BBICOKOA((PEKTUBHON KU1~
KOCTHOH XpomaTorpaduu U aJcopOMpOBaHBI Ha CBEXKHIl CKOJ CIIOIBI U3 36% pacTBopa
AMCO, B)— monexynsl PHK BricBOOOXIEHBI 3 6€TKOBON 000JIOYKH U JACHATYpPHPOBa-
HbI 06paboTkoit 50% AMCO u 3,7% dbopmanbaernaom; aacopOUpoBaHbl HA CBEXKUMA CKOJ

cimobl B mpucytctBun 1% BAC
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Thl OBLJIM MOJIYYEHBI U B ClTydae, KOrJa UCIOJIb30BaIN CBEKUN CKOJI CITIOMBI,
a BAC (koneunas xonnentpanus 0,01-1%) mobaBisiim HEMOCPEICTBEHHO K
npenapary, CoAepKalleMy UcciaeayeMble MAaKpOMOJIeKybl. TakuM o6pa3om,
nMeHHo npucytcrBue BAC cnocobcTByeT MUMMOOUIM3aLUHA MOJIEKYJT HA TTOA-
JIOXKKE.

Moutekybl, n1300pakeHHbIe Ha pUC. 3.5B, TaK)Ke UMMOOMIIM30BAHBI HA 110-
BEPXHOCTH CBEXKET0 CKOJIA CITI0/IbI B TpucyTcTBUU 1% BAC; MeToamKa TpHTO-
TOBJICHUS TIpenapaTa He BKJII0Yaja B 9TOM Cllydae pasjeieHue ero Ha gppak-
MU, IO3TOMY JUIsl IpeAOTBpalleHust camocoopku yactuy BTM Monekynbl
PHK nenarypupoanu obpabotkoit 3,7% dbopManbaeruaiomM (cM. OorucaHue
9KCIIEPUMEHTAJIbHBIX METOJIUK CO CTP. 98).

DKcHepuMeHTabHBIN aHalu3 mupuHbl Makpomosiekyn PHK, ancopbu-
POBaHHBIX Ha ciroay, Aaet 3HaueHus 10 + 15 u 20 <+ 30 HM I PEKUMOB
MPEPBIBUCTOTO U TTOCTOSIHHOTO KOHTAKTOB COOTBETCTBEHHO. AHAJIN3 3HAYe-
HUM BBICOT MAKPOMOJIEKYJI [TOKA3aJ1, UTO 3TH BEJIMYUHbBI JOCTATOYHO CUIIBHO
BAPBUPYIOT KaK JJISI pa3JIMYHbIX MOJIEKYJ, TaK U JUISl Pa3JIMUYHBIX YYACTKOB
OJHOM U TOM k€ MOJIEKYJIbI, U 3aKJTIoueHbl B quana3one 0,3 <+ 1,5 HM (a1 uc-
CJIEIOBAHUIN KaK B PEKUME IMOCTOSIHHOTO, TaK U MPEPBIBUCTOIO KOHTAKTOB).
JanubIit pazdpoc MOKET OOBSICHATHCS COXpPAaHEHUEM MaKPOMOJIEKYJION 3Jie-
MEHTOB BTOPUYHOM CTPYKTYPbI (HEMOJIHOE PA3BOPAUMBAHIE HA TOBEPXHOCTHU
MOJUI0KKH, HAIMUKUE CKPYUEHHBIX YYaCTKOB).

O 4aCTUYHOM COXpPaHEHHMH IJIEMEHTOB BTOPUUYHOUN CTPYKTYPbl MAKPOMO-
JIEKYJI TOBOPUT TaKX€ HAJIMUME METENb U «IINUjeKk». PacrpaBieHno Makpo-
MOJIEKYJI MOYET CIOCOOCTBOBATH BIIMSIHME NMOTOKA MPH BBICBIXAHUU KaIlld
npenapata (cMm. puc. 3.5). OTo BIMsHUE OOYCIOBIEHO CHJIAMHU, JEUCTBYIO-
IIMMH CO CTOPOHBI BBICHIXAIOLIEH KAaIUIM, HA MOJIEKYJIbl, IPUKPEIJIEHHbIE K
noutoxke. [Ipupoma 3TUX CUil MOXKET OBITh TUAPOIMHAMUUECKOMN HIIH 3JIEK-
TPOCTATUYECKOM: NEUCTBUTEIIBHO, KAl Mpenapara, HaxoAsmascs Ha Io-
BEPXHOCTHU CITIOJIbI, oborarnieHa nonamu K, mepemeninmmMu B pacTBOp Mpu
YACTUYHOM HMCCOLMALIMU CII0MIbI, MOBepXHOCTh MoJiekysibl PHK 3apsikena
oTpunatenbHo. [Tpy BBICBIXaHUHU KaTlTd KOHIIEHTpalus katnonos KT ysenu-
YUBAETCS, YTO MOKET BBI3BATh 3JIEKTPOCTATUYECKOE B3AUMOIEUCTBUE KATUIH
¢ mouiekysioii PHK 1 0OBsSCHATE uX Ha0II0HaEMYI0 OPUEHTAIIHIO.

ITpu sToM Ha ACM-u300pakeHUN YeTKO HICHTU(PUIUPYIOTCS YYACTKU
MPUKPETUICHUSI MAKPOMOJIEKYJIBI K MOJI0KKE. BuaHO, 4TO MOJIeKyna, Oy ayuun

3aKpEIJIEHHON B TAHHOM TOYKE, OPUEHTUPYETCS, PACIIPABIISACH 110 TOTOKY.
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Crabunuzanusi MaKpoOMOJIEKYJT Ha TTOBEPXHOCTH TMOJIOKKHU B pacIpaBiIeH-
HOM COCTOSIHUHU ITO3BOJISIET POBECTU aHAJIN3 PACIPEAEIICHUS MAKPOMOJIEKY T
PHK no onunam. B 1o e BpeMsi, €ClIv CHIIbI BO3IEMUCTBUS HA MOJIEKYJIbI 3HAUHU-
TEJIbHBI, TO 3TO MOXKET MPUBOAUTH K UX Pa3pbIBY, UTO CIIOCOOHO 3aTPYAHUTH
MHTepHpeTanuio noiayyaeMsix pactpenenenunii PHK o qnunam, cM. Huxke.
Bocnonesyemcst moaxonoM, pa3paOoTaHHBIM B paszeine 2.2, /Uisl OIleH-
ki 3 deKTa yImpeHns: IpUMEHUTENbHO K nccnenoBannio monekyia PHK. C
MOMOIIBIO MPOTPAMMBI, TPUBEICHHON HA CTP. 223, MOXKHO BOCCTAHOBUTD UC-
TUHHYIO IIUPUHY 00BEKTA 110 U3MEPEHHBIM moJrymmprHe ero ACM-mipodwust
U BbicoTe. 1 n3mMepeHHbIX mapameTpoB BbicoThl poduist PHK nan mon-
noxkoi (0,3 + 1,5 HM) 1 noymupuHsl npoduist Ha moryBbicoTe (10 < 15 HM
JUISL peXUMa IPEPBIBUCTOTO KOHTakTa M 20 + 30 HM UIs pexruMa KOHTaK-
Ta) MOJIy4YUM BOCCTAHOBJICHHbIEC 3HAUEHUS IIIMPUHBI OOBEKTOB: 6 + 14 HM AJ1s1
peXrMa MpepbIBUCTOrO KOHTAKTa U 16 + 28 HM i1l pexxnuMma KoHTakTa. Ec-
JIM TIOACUUTATh, CKOJIbKO Moniekyl PHK (N = S,;/Spyx = ab/r?) moxer
YMECTHUTBCS B 3TOT «BOCCTAHOBIICHHBII» 00BEKT, TO (MCITONIB3YS IS paanyca
PHK r = 1uwm) nomyunm mudpst: 0,7 < 41mT I pekUMa MPEPBIBECTOTO
KoHTakTa ¥ 1 + 100 T 11 pekuMa KOHTakTa. Takum oOpa3oMm, ecitu I
peXrMa MpepbIBUCTOTO KOHTAKTA MbI MMOJIYYUJIM BIOJHE PA3yMHYIO OLICHKY,
TO OIICHKA, MPOBEACHHAS MO Pe3yJIbTaTaM U3MEPEHUN B PEKUME KOHTAKTA,
CBUJIETEJILCTBYET O CYIIECTBEHHOM BJIMSIHUU B 3TOM CIydae JOMOJTHUTETbHbBIX
MEXaHU3MOB YIIUPEHUS, BKJIa/I KOTOPBIX HE YUUTHIBAET TEOPUs, pa3paboTaH-
Has B paznene 2.2. [IpencraBnsieTcs, 4YTO OCHOBHASl POJIb B 3TOM JOIOJIHU-
TEJILHOM BKJIaJIe TPUXOIUTCS Ha TOJTI0 3¢ (deKTa yBIeUeHUs] 00bEKTa 30HIOM

B IIPOLECCCE CKAHUPOBAHUA.

3.1.2. Aunaiu3 pacnpeaesenus mojiekya PHK no aqimunam
Jaunbl cBoboaubIX Mostekysl PHK BTM

Ha pucynke 3.6 npeacrapiieHa rucTOrpamMma pacipeesIeHus 1Mo JUTMHAM MO-
nexyn PHK, BBICBOOOXICHHBIX U3 OEITKOBON 000JI0YKH ITOCPEICTBOM 00pa-
oomxu JIMCO. Xapaxtep pacnpeaesieHuss OJUHAKOB KaK JJIsl MOJIEKY, af-
copobupoBanubix u3 36% JAMCO nocne pasgeneHust Ha Qpakiiu METOOM
XxpoMmaTtorpaduu, Tak 1 I MOJIEKYJI, aICOPOUPOBAHHBIX B TPUCYTCTBUU 1%
BAC u penarypupoBansbix 3,7% dopmaapaeruaom (B 000X ciydasx afi-

copOLMS OCYIIECTBISIACH HA CBEXKUI CKOJI Citojibl). VI3 pricyHKa BUIHO, UTO
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rUCTOrpaMMa pacIpeielIeHUsI MOKET ObITh OITMCaHa CYNEepIIO3UIIMEN Tpex ra-
YCCOBBIX pacpejieleHuit®), XapaKkTepu3yoIuXcsl 3HAUEHUSAME CpeAHei [UTh-
HbI MOJIEKYJIbI 1: 0,7 MM, 1,4 MkM 1 2,0 MKM. 3HaYeHHS HIUPUHBI COOTBETCT-
Bytolux pacnpeneneHuit: 0,5 MmxMm, 0,3 Mkm 1 0,7 MKM COOTBETCTBEHHO.

MBI CBSI3BIBaEM CO 3HAUEHMEM UIMHBI pachpasieHHbIX®) momexyn PHK
MUK, UMeInil 3HayeHue 2,0 MKM. [{elicTBUTENIbHO, MEXAHNU3M 3aBbIILICHUS
3HayeHu mauHbl Mosiekynl PHK Moxer ObITh CBA3aH JUIIb C UX MEXKMO-
JEKYJIIpHOU arperamnuei. B ciydae ecim MOJIEKYJIbI arperupyroT «TOpeL B
TOpeL», pe3ysIbTaTOM OYyJIeT BO3HUKHOBEHHE BTOPOrO MHKA B paclpeiese-
HUHU Ha BEJIMYMHE YIBOCHHOM JJIMHBI MOJIEKYJI, UYTO BPSI/L JIM MOXKET UMETh OT-
HOIIIEHUE K HalleMy ciiydaro. BepositHocTs ciennduueckoit arperaiiuu Mose-
KYJ1, IPUBO/ISIIEN K BOBHUKHOBEHUIO BTOPUYHOIO MTMKA Ha 3HaueHu! 2,0 MKM
(ecmu cuMTaTh 32 POJAUTENILCKUIN MUK CO CPEIHUM 3HaueHueM 1,4 MKM), Ha
Halll B3IJIS[ HEBEJIMKAa. MBI cuuTaeM, YTO 34 POJUTEIBCKUI CIIENyeT CUM-
TaTh UMEHHO IMK CO CPEIHUM 3HaueHueM 2,0 MKM, a HAJIMYKE BYX TOUYEPHUX
IIMKOB MOET OOBACHATHCS HEIOPA3BOPAUNBAHUEM MOJIEKYJI B IIpolecce 00-
paboTKH (TpU BO3MOXHBIX COCTOSIHHSI MOJIEKYJIBI C PA3JIMYHON BETUUYMHOU
MEXHYKJICOTUIHON CBSI3U), COXpPAHEHUEM 3JIEMEHTOB BTOPUUHOMN CTPYKTYPHI,
a1u60 pa3pbIBOM MOJIEKYJ CHJIaMH BO3JEHCTBUSL CO CTOPOHBI BBICHIXAOIIEH
KaIuim npenapara. J{edcTBUTENbHO, B OTIMYUE OT TPAAULIMOHHOrO 11 OM
Meronaa Knsitnmmunara (komriekcooopazoBanue PHK ¢ 6enkoBoit miieHkoit
U MOCIIeAyIolee HaHECeHNe KOMIUIEKca Ha MOJUIOKKY, cM. paszen 1.5.1), uc-
IIOJIb3YEMBIIl HAMM IOJXOJ B CYLIECTBEHHO MEHBIIEH CTEINEHH «3AIUIIACT»
MOJIEKYJIbI OT AECTPYKTUBHOTO BJIMSHMS CHJI, BO3HUKAIOUIUX MPHU BbICHIXA-
HUU Karuiid. UTHTepeCHO OTMETUTh, YTO 3HAYEHHUE IBYX JoYepHUX nukos (0,7
U 1,4 MKM) COOTBETCTBYET BEJIMUMHAM 1/3 U 2/3 OT pOJUTEIILCKOTO MAaKCUMyMa
2,0 MKM.

NTak, MbI cunTaem, 4To 3HAYEHUE UTNHBI pacnpasieHHbIX MoseKyl PHK
B OIIMCBIBAEMBIX YCIIOBHUSIX JKCIIEpUMEHTa cocTasisieT 2,0 MKM. DTO moa-

TBCPKAACTCA TAKKC CIICAYIOIINMU Ha6J'IIOI[€HI/IHMI/I.

5) MYHKTUPHBIMHA JIMHUAMUA ITOKA3aHbI COOTBETCTBYIOIIMEC AIIITPOKCUMHUPYIOHIUE PACIIPCAC-

JIEHUs, CIUIOIIHOW JINHUEN UX CyMMa
6) o6paboTkoit JMCO
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Puc. 3.6. 'ucrorpamma pacapenenenus no pmuHam moiekyia PHK BTM, monmHocTbio

BBICBOOOKIEHHBIX M3 OEIKOBOM 06omouku mox aevicteuem JIMCO, cum. puc.3.5.

CriomHo JTMHUEH MOKa3aHO alMPOKCUMHPYIOIIEe pacipeeeHue, BISIOIeecs CyepIo-
3UIMEH TPeX TrayCCOBBIX paCIpeeeH i (MoKa3aHbl MIYHKTUPOM) CO 3HAYCHUSIMH MaKCHMY-

moB 0,7, 1,4 u 2,0 Mkm
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JlimHBI YacTHYHO BHICBOOOKAeHHbIX MoJiekyJl PHK BTM

MBI npOBOAMIN aHAIU3 PacCHpeAesieHUs MO JUIMHAM YaCTUYHO BBICBOOOX-
JeHHbIX KOH1I0B Mosieky1 PHK fy1st BUpyCHBIX 4acTuIl, HAXOISIIIUXCS HA TTPO-
MEXYTOUHOU cTaauM paspylieHus. boeiio obHapyxeHno, uyto B 40% ciyuyaes
y BUPYCHOM YaCTHUIIBI HAOIIOAAETCS BE HUTH YACTUYHO BBICBOOOXKIEHHOM
PHK (B ocTtanbHbIX ciydasix — oaHa HUTh). IHOrna o6e HuTH HaOIr01a0Tes
BBIXOJSAIIMMU U3 OJHOTO KOHIIA BUPYCHOM YaCTUIIbI, YTO MOXKET OOBSICHSITh-
Cs JIUIIb MPOLIECCOM YACTUUHOTO 80ccmanoserus [87] BUPYCHOM YaCTHUILIbI
MocJIe 3aBepIIeHHsT 00paOOTKU ¢ LIEIbI0 pa3pylleHus (poLecc pa3pylieHus
JAMCO 3aBepiiany MOHMXXEHUEM KOHLIEHTpAIMU 3TOTO peareHTa ¢ 72 1o
36%, aHAJIOTUYHO pa3pyllIeHHe MOYEBUHOMN 3aBEPIIATIOCH PU MOHUKEHUU €€
KoHIIeHTpanuu ¢ 4 10 1,6 M).

Mb1 06HAPY KT OTIPEACSIEHHYIO KOPPEISLINIO MEXKY JJIMHON BUPYCHOU
yacTullbl U JyiuHoM BeicBoOOxaeHHo PHK, cm. puc. 3.7 u 3.8.

DKCIIepUMEHTAIbHBIE JJAHHBIE, TPUBEJEHHbIE HAa puc. 3.7 u 3.8, xapakTe-
PHU3YIOTCS 3BHAYUTEITBbHBIM Pa30pocoM. ITO, BO3MOKHO, CBSI3aHO C YACTUYHBIM
COXpaHEHHEM MOJIEKYJIAMH BTOPUUHOHN CTPYKTYPBI, C MEKMOJIEKYIISIPHOM ar-
peraumei, a Takxke ¢ TeM, YTO JJIMHBI ITOJTHOCThIO BBICBOOOXK/IEHHBIX MOJIE-
Kyl PHK Takke XapakTepu3yroTcs JTOCTATOYHO HMIMPOKHUM PACIPEICTICHU-
eM, cM. puc. 3.6. Tem He MeHee, U3MEpPEHHbIE IKCIIEPUMEHTAIbHbIE 3HAUCHUS
JUTUH YaCTUYHO BbICBOOOXKIeHHBIX MoJiekysl PHK nomyckaror cratucruuec-
KUI aHaJIn3 JUIs1 OLIEHKHU XapaKTepa 3aBUCUMOCTH JUIMHBI CBOOO/IHBIX KOHIIOB
PHK oT nimHBI BUpYCHOTO OCTOBA.

CraTucTHYeCKUI aHAJIU3 SKCIEPUMEHTAIBHBIX JaHHBIX MO3BOJIWI yCTa-
HOBUTB, UTO [JIs JUIMHBI BbicBOOOXIeHHOW PHK B TOM ciywae, korma y
BUPYCHOM YaCTUIIbI HAOJIIOJAETCsl OJHA BBIXOJSIASI HUTh, U B TOM cCllydae,
KOT/la paccMaTpuBaeTcsl 0OJblllas U3 IBYX HUTEH, HaOItomaeTcs oopaTHas
JIMHEHHAs! 3aBUCUMOCTbD JITMHBI BbICBOOOXIeHHOTO yuacTka PHK ot anunbl
BUPYCHOT'O ocToBa. Jlj1s MeHbIlel U3 ABYX HUTEH (B ciydae, KOT/1a UX JIBE)
MBI UMEEM TaKKe JIMHEHHYIO0 3aBUCUMOCTb, HO CYILIECTBEHHO MEHEE BhIPAKEH-
Hy10. B cpaBHEeHNU ¢ IJTMHOM OOJIbINIeH HUTH JJIMHY MEHbIIIEH MOKHO CUUTATh
(bakTHYECKH TOCTOSIHHOM, He 3aBUCSIIEH OT INIMHBI BAPYCHOT'O OCTOBA. B city-
yasix, korjaa HaOmonaercs ennHcTBeHHast HUTh PHK, xapakrep 3aBucumoctu
€€ JUIUHBI OT JJIMHBI BUPYCHOTO OCTOBA UdeHmMuyeH aHAJTOTUYHOM 3aBUCUMOC-

™ IJId OoJIbIIIell HUTH B cJIydyac, Korga ux IBE. HOE)TOMy MBI CHHUTAEM BC-
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Puc. 3.7. 3aBucumoctu miuHbl BeicBoOOXaeHHONM PHK BTM OT AyIMHBI BUPYCHOTO

oCTaTKa, cnytlaﬁ ABYX HI/ITCI\/’I, BBIXOAIIMUX N3 KOHIIOB YaCTHUIIbI.

CraTtuctuyeckass o0paboTKa pe3ysIbTaTOB U3MEPEHUS 3aBUCHMOCTH JIJTHH BBICBOOOXKICHHOM
PHK BTM ot Bl BUPYCHOTO OCTATKa B Cliydae, Korma HaOmogaroTces nse Hutu PHK,
BBIXO/IAIIINE U3 PA3PYIICHHON YaCTHUIIBI; YKa3aHBI AIIITPOKCUMHUPYIOITNE TIPSIMBIE IS KAXKI0H

nutd PHK u uHTepBabl CTaHIaPTHBIX OMIHOOK.
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Puc. 3.8. 3aBucumocTs muHbI BeicBOOOKAcHHONH PHK BTM oT mIMHBI BUPYCHOTO

ocCTaTKa, CJ'Iy‘IafI OI[HOI71 HHTH, BI)IXOILSIIIIGI\/'I N3 KOHIIA YaCTUIIbI.

CraTtucruyeckast o0paboTKa pe3yIbTaTOB U3MEPEHUS 3aBUCUMOCTH JJIMHBI BHICBOOOXKIEH-
Hoit PHK BTM ot niuHBI BUpYyCHOT'O OCTaTKa B ClIydae, KOraa HaOJIi0aeTcsl eTMHCTBEHHAS
Huth PHK, BbIXOAsIIIas u3 pa3pymeHHOM YacTULbI; yKa3aHa alIpOKCUMUPYIOLIas mpsaMast

Y MHTEPBaJ CTAHAAPTHOHN OIINOKH.
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POSITHBIM, UTO HaOJII0JIEHUE TOIBKO OJHOTO «XBOocTa» B 60% ciyyaeB MOXET
OBITh CBA3AHO C TEM, UTO BTOPOIi «XBOCT») B 3TOM CJlydae PacroaaraeTcs uin
BJI0JIb BUPYCHOM YaCTULIbI, WJIIM BHYTPH €€, YTO HE MO3BOJISAET BU3YAIIN30BATh
€ro € IOMOIIBIO CKAHUPYIOIIEr0 MUKPOCKOIIA.

ITo pe3ynbpTaTam HaOIIOAEHUI MOKHO CAENATh BBIBOJ, UTO MPOLIECC BbI-
cBoboxaeHus: BupycHoit PHK u3 GenkoBoif 00605104kM XapaKTepHU3yeTcs
acuMMeTpuel u1s 1ByX KoHIoB BupycHoit PHK, Takum ob6pa3zom, Hamu noa-
TBEPKJEH MEXaHU3M MOJISIPHOIO pa3pyLIEHUs BUPYCHBIX YACTUL] TaOauyHOM

MO3auKH®)

. B TO Bpems Kak, C YMEHBIIIEHUEM JJIMHbI BAPYCHOW YaCTULIbI, 1JTU-
Ha OJHOM BBRICBOOOKIEHHOM HUTH pacTeT 10 3HaueHus 1,44+0,13 MKM, JuTMHA
BTOPOU HUTHU OcTaeTcst PaKTUUYECKU MOCTOSTHHOM Ha ypoBHe 0,53 + 0,07 MKkM
(craHmapTHbIEC OIUOKU OMPEIeTIEHbl ANITPOKCUMAIIUEN IKCIIEPUMEHTAIBHBIX
3aBUCHUMOCTEM 10 METOIY HAUMEHBIIUX KBaAPATOB, cM. puc. 3.7 u 3.8). Crourt
OTMETHUTh, UTO CyMMa IKCTPATIOJISIIITUOHHBIX 3HAUECHU U151 000OUX HUTEH MTpU
HYJIEBOM JUIMHE BUPYCHOM YACTULBI cOCTaBisieT BenuunHy 1,97 + 0,15 MKM,
YTO COBIIAJAET C POJAUTEIBCKUM IMUKOM pacnpenenenus cBoooansix PHK
Mo JJIMHAM, CM. puc. 3.6. DTO NMOATBEPKAAET CIPABEIIUBOCTb MPUBEIACH-
HBIX BBIIIIE PACCYKIEHUN 00 ONMpaBAAaHHOCTU UICHTU(PUKALIUU UMEHHO MTHUKA
CO 3HAYEHUEM 2 MKM C JIJIMHOM MOJIHOCTBIO pacnpaBiieHHbIX Mojekyl PHK.
ITockonbky PHK uccnenyemoro mramma Ul Bkiatouaet okoiio 6400 Hykiie-
OTHUIOB, IPUBEAEHHBIE OLIEHKU MO3BOJISIFOT OLIEHUTh BEIMUYMHY MEKHYKJIIEO-
tunHo cBsizu B MoJiekyie PHK, o6pabGoTtanHoit 1 ”MMOOUITM30BaHHON Ha

MOJIJIOKKY CITFOJIbI IO OTIMCAHHON METOJIUKE: [, /= 0,31 £ 0,02 aMm.

Hccnenosanue PHK Bupyca snnedasoMuoxkapaura Mpiiei

C 1enbI0 MPOBEPKH YHUBEPCATBHOCTH alPOOMPOBAHHON MTPU BU3yTU3AIUN
PHK BTM MeToanku UMMOOUIA3AIIUN MOJIEKYJI HA TTOJJIOKKE C TPUMEHEHU-
em BAC, mb1 nmpoBenu cxoaubie uccinenoBanus PHK Bupyca sa1edamtommo-
kapauta (BOMK) mermeit. Monekynst PHK, BoiienienHbIe U3 mpenapaTta BU-
pyca, 6pUTH IeHaTYprupoBaHbl 00paboTkoii 7,5% popmanbaeruiom B TeUeHUE
15 mMuH nipu 55°C u aicopOUPOBaHbBI HA CBEXKUU CKOJI CITIOJIbI B IPUCYTCTBUM

0,01 u 0,05% BAC, onncanne 3KCIEPUMEHTAITBHBIX METOIHMK CM. CO CTp. 98.

7) MBI CUMTAEM, UTO OH TAK)KE IPHCYTCTBYET

8) acumMmeTpus mpolecca paspymenns dacTun BTM Brepsble 0GHApYKeHa MO JaHHBIM
OM [83] ¢ npuMeHeHnEeM MeTOIUKH KIISHHIIMUITA TTpenapupoBaHus 00pa3IoB; MBI BU3ya-
n3upoBaiu cBoboaubie Moiekyibl PHK (6e3 6enkoBoit «aryOnI»)
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Puc. 3.9. Monexynst PHK Bupyca suiieanomMmmuokapauTa MEIIIEH.

MouJiekyJibl JeHATYpUpPOBaHbl 00paboTKOI 7,5% (hopmanbaerugioM U aacopOUpoOBaHbl HA
ITOBEPXHOCTB CBEXETro cKoJia ctoabl B mpucyTcTBun 0,01 u 0,05% BAC; ACM-uccienoBasue,

PEXUM MPEPBIBUCTOTO KOHTAKTA

[TpuMeHeHre TaHHOTO AITOPUTMa MO3BOJIMIIO BU3YTU3UPOBATH MOJIEKYJIbI
uccinenyemoit PHK B pacnipaBieHHOM cocTosiHuU, cM. puc. 3.9.

DTOT pe3ynbTaT NO3BOJISIET CAETIATH BBIBOJI O BO3MOKHOCTh UMMOOMIIN3A-
M1 OJHOHUTEBOM BhICOKOMOJIEKYIsipHON BupycHoit PHK (mpu ycrnosuu ee
JEHATYpaIMH) Ha TTIOBEPXHOCTH CIIIOJIbI B PACIIPABICHHOM COCTOSIHUU IO Me-
TOJUKE ¢ ucnoib3oBaHueM BAC; npuueM pa3paOoTaHHBINA HOAXO/ SBIISIETCS,
MO-BUJMMOMY, YHUBEPCATbHBIM.

Bo3MoxuocTs ummobmmmzaninn PHK BOMK wmebiiiieii Ha moijioxke B pac-
MPABJICHHOM COCTOSIHUM MO3BOJIWJI ITPOBECTU aHAJIM3 paclpeesieHUus uX Mo
nuHaM, cM. puc. 3.10. ITpu atoM oOHApYKEHO, YTO XapaKTep pacipeacIeHUs
HE 3aBUCHUT OT ucmnoiibzyeMoit konreHTpanuu BAC (0,01 umu 0,05%).

OOHapyxeHo, uto pacnpeaeneaue PHK BOMK wmbineit no anmnam, nzo-
OpaxxeHHOe Ha puc. 3.10 xapakTepu3yeTcss HECKOJIbKUMH MAaKCUMyMaMU, Kak
U pacnipenenenue o anuHam MoJiekyi PHK BTM, mpuroToBiieHHBIX 110 CXO/I-
HOU MeToaunKe, cM. puc. 3.6. [Io3TOMy MOXHO MPEATIONOKHUTH, UTO CIIeUpHU-
YECKUI XapakTep pacipeaesieHuil 00yCcI0BIeH UMEHHO UCIIOJIb3YEMOM METO-
JTUKOM TPUTOTOBJIEHUS 0Opa3II0OB.

PaszpaboTka meToank nmmoounu3zaiuu BupycHoir PHK Ha moBepxHocTH
MOUIOKKHU UMEJIa CBOEH 11e71bI0 OTPabOTKY PyTUHHOIO ITOAXO0/A K UCCIIeI0BA-

Huro crierupuueckoro PHK/6enkoBoro B3anMoIeliCTBUS; K KApTHPOBAHHIO
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Puc. 3.10. Pacnpenenenue monekyin PHK Bupyca sHuiedaroMuokapauTa MbIIIEH 110

JUTAHAM.

Mosiekynbl ancopOUpOBaHbl HAa TOUTOKKY CIIOBI MO METOIUKE, BKITIOUAIOIIEH MTPUCYTCT-
Bue B niperapate 0,01 u 0,05% BAC; cooTBercTByromue ACM-n300paxeHuss MOJIEKYII TPH-
BeZleHBI Ha puc. 3.9. CrutomHOW JMHMEN MOKa3aHO alIpPOKCUMHUPYIOIIEe pacIipeneicHue,
SIBIISATOIIEECS CYTMEPITO3UIIUEH TPEeX rayCCOBBIX pacrpenelieHuid (MoKa3aHbl MyHKTUPOM) CO

3HaueHussMu MakcumymoB 0,5, 1,0 u 1,5 mxm
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KaK JAHHOT'O B3aUMOJEHCTBUS, TAK U 3JIEMEHTOB BTOpUUHOU cTpyKTypbl PHK
C LIEJIbIO OTIPEIETIEHU S MECTOIOI0KEHHS CIIEIIM(UIECKUX TOCTIET0BATEIBHOC-
Tel HykieoTuaoB. Tot ¢axt, uro Mojekynsl PHK, nmMoOunn3oBanHbie Ha
MOUIOKKE MO alipOOMPOBAHHON METOAMKE, XaPAKTEPU3YIOTCS HECKOJIbKUMU
MaKCUMyMaMH B paclpe/iejIieHUuH 1o JUIMHAM, MOXET ObITh YUTEH IpU pelie-
HUM 3a/1a4¥ KapTUPOBAHUS ClIeAyoUM oOpa3oM. Ecinu nocTpoeHHas kapra
OyJeT XapaKTepru30BaAThCS TAK)KE HECKOJIbKUMU MAKCUMyMaMH, TO 3TO OyJIeT
CBUJIETEIILCTBOBATH O PA3HOM JJINHE MEXKHYKJICOTUIHOMN CBSI3U MOJIEKYJI, aJI-
COpOMPOBAHHBIX HA MOJJIOXKKE 110 UCHOJIb3YyeMON MeToauKe. B 3ToM ciyuae
TUTS1 OTIpEIeNIeHUsI aJIEKBATHOTO MECTOIIOJIOKEHU S UCCIieyeMoH crienuduuec-
KOH MOCJIEeI0BATEIbHOCTH HYKJIEOTUAOB KaXKIbIA MAKCUMYM [IJI1 PACCTOSTHUS
OT KOHIIAa MOJIEKYJIBI 10 CIIEU(PUIECKOTO YIACTKA JOJDKEH ObITh HOPMUPO-
BaH Ha COOTBETCTBYIOIINNM MAKCUMYM ISl IOJTHOW JUIMHBI MOJIEKYJbI. Eciu
e IMOCTPOEHHAas KapTa Oy/IeT XapaKTepU30BaAThCS €IMHCTBEHHBIM MAKCUMY-
MOM, TO €T0 CJIEIYET HOPMUPOBATH HA BEJIUUMHY POJIUTEIILCKOTO MAKCUMyMa

pacrpeneieHusi MOJIEKYJI IO ITTHHAM.

3.1.3. KpaTkue BbIBOIbI

MBI ucciieqoBaIM MPOLECC MOCIEN0BATETIBHOTO BBICBOOOKIECHUSI BUPYCHON
PHK wu3 6enkoBoit o6onouku yactuyy BTM. beutn BU3yann3oBaHbl pa3iny-
HbIE cTaauu mpoiiecca paspyiiennss BTM u orpaboTana MmeToanka UMMOOU-
JIM3alM1 BBICOKOMOJIEKYJISIpHOW onHOHUTEBOW BUpycHoil PHK Ha mosepx-
HOCTHY NOMJTOKKHU. CTATUCTUYECKUI aHAJIN3 3aBUCUMOCTH IJIMHBI BBICBOOOXK-
neHHol PHK BTM ot mimHBI BUPYCHOTO OCTOBA ITO3BOJIMII ITOATBEPAUTH
MeTtogoM ACM acuMMETpHIO Tpoliecca pa3pylieHUuss BUPYCHBIX YaCTHI[ OT-
HocuTebHO IBYX KOHIIOB PHK BTM. DTOT aHanu3, B COBOKYITHOCTH C aHa-
JIM30M pacIpefesieHusl MO IJIMHAM TMOJHOCThIO BBICBOOOKICHHBIX MOJIEKYIT
PHK, no3Bosimn caenates BbIBOJ O JUTMHE MEXHYKJICOTUAHOM CBSI3U, XapakK-
tepusytoieit mosiekyry PHK BTM, o0pabGoTtaHHON 1 UMMOOUIN30BAHHOMN
Ha TOJIOKKE IO HUCIIOJIb3yeMON METOIMKE MpernapupoBaHus odbpasios (6e3
KOMIIIEKCOOOpa30BaHUs ¢ OEJIKOBOM IMICHKOM).

AnpoOupoBaHHAsI METOIUKA UMMOOMIIN3allUU IT03BOJIAJIA BU3YaJIU3UPO-
BaTh U Moiekynsl PHK Bupyca sHuedamomMmokapanra MbIei, 4To MOJI-
TBEPXKJA€T YHUBEPCATIBHOCTH pa3pab0TaHHOIO MOAX0a. XapaKTep pacipe-

ACJIICHUS 110 JJIMHAM 3THUX MOJICKYJI COBIIAAACT C XapaKTCPOM PaACIIPCACIICHU
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st moJiekyl PHK Bupyca tabaunoit Mo3auku, UMMOOMIN30BAHHBIX HA MO/~
JIOKKe 10 TOM ke MeToaunke. CaenaH BbIBOI, YTO crielirduka HabIrogaeMbIX
pacnpeneneHuit 00ycaoBieHa UMEHHO UCTIOIb3yeMO METOAUKON MTPUTOTOB-
JIEHUsT 00pas3lloB; MPHU 3TOM CIEHU(PUIHOCTH PACIPEACIIEHUs] MOXKET OBITh
yuT€Ha MpU MOTEHIUAIHLHOM HCIOJIB30BAHUM AIPOOMPOBAHHON METOIUKHU
nvmmoounm3aiuu PHK s pemenns 3agaun kaptupoanus PHK/6enkoBoro
B3aUMOJICCTBHUS.

Takum 06pa3oM, BBINOJIHEHHAS pa0OTa TOKA3bIBAET 4JICKBATHOCTD U IIEP-
CIEKTHBHOCTH TTpuMeHeHus Metoga ACM 1S uccie1oBaHusI M KapTHPOBa-
HUS TIPOLIECCOB B3aMMOACHCTBUS MOJIEKYJT HYKJIEMHOBBIX KUCIOT (BBICOKO-
MoJIeKyIsipHOi ogHoHNTeBOM BupycHoit PHK) ¢ 6enmkamu. [TogoOHbIe uccre-
JIOBAHUSI MOTYT JaTh BKJIAJ B MOHUMAHUE MEXaHU3MOB Mpollecca COOPKU U
Pa3MHOKEHUSI BUPYCOB, CTPYKTYPHOU OpraHW3aIuu U (yHKIIMOHUPOBAHUS

PUOOHYKIIEOTIPOTEUIOB.
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I'1aBa 4

30HI{OB3H MHUKPOCKOIIUA ITPOHECCOB

koHaencanun JIHK

1) Mornekyna Ae30KCHpUOOHYKIEMHOBOM KUCIOTHI ABISETCS HOCUTEIEM Te-
HETUYECKOU MH(POPMAIUHN JKUBBIX OPTaHU3MOB (COBOKYITHOCTH JaHHBIX, He-
00XOUMBIX JUISl CUHTE3a OEJIKOB), KOTOpas «3alrcaHa» B CTPYKType MoJie-
KYJIbl B «UYE€TBEPTUUHOM> (IO YUCITY HYKJIEOTHI0B) Koje. CorjiacHO MoJenu
Yorcona u Kpuxka [27] monekyna JIHK npeacrasmiser co6oii ABe HUTHU, KOTO-
pbie GOPMUPYIOT ABOMHYIO CIIUPAIb, CTAOUITN3UPOBAHHYIO B3AaUMOICHCTBU-
€M Map KOMIUIEMEHTAPHBIX HYKJIEOATUIOB (BTOpasi HUTh 0Opa30BaHa HyKJIe-
OTUJAMH, KOMIUIEMEHTAPHBIMU HYKJICOTUIAM IIEPBOM HUTH).

B xuBoit nmpupone (BHyTpHu BUpYycoB U kieTok) moisekyna JIHK naxo-
JUTCA B CYLIECTBEHHO «KOMITAKTU30BAaHHOM» COCTOSIHUM, 3aHMMasi 00beM
Ha HECKOJIBKO Mopsaakos (no 10°%) menbmmii, uem o6bem Monekynsl JJHK B
pactBope?). TakuM 06pa3oM, MIMEHHO KOMIAKTHAas KoHbopMaIus (KoH(op-
Malusl «rJI00yIIbI») SBIIsSIETCSl «ecTecTBeHHOW» 11t mosekyiabl JJHK, xoTs B
nabopaTopHbIX HcciaenoBaHusx yaiie umeroT aeno ¢ JIHK B pactBopax, T.e.
pacnpaBiaeHHOM (KoH(popMaIUs «KITyOKa»).

ITepeBoa momnekynbl JIHK u3 pazBepHyTOro B KOMIakTHOE (KOHIEHCUPO-
BAHHOE) COCTOSIHME MOKET OBITh OCYILLECTBJIEH U B JIA0OPATOPHBIX YCIOBUSIX

MOCPEACTBOM Pa3HOOOPA3HBIX KOHJICHCUPYIOIINX aT€HTOB U IIP.; CTPYKTYPY,

1) Pe3ynbTaThl, N3I0XKEHHbIE B JAHHON TIaBe, MOTYYEHbI B XOJIe COBMECTHOI paboThI ¢
COTPYAHHKAMH JIAOOPATOPHUH MOJIHUIIEKTPOIUTOB U OUOMIOIMMEPOB KadeIphl BHICOKOMOJIE-
KYJSPHBIX coenMHeHn XuMudeckoro ¢akynprera MI'V: k.x.H. O. A. ITpIIIKMHON U K.X.H.
B.T. CepreeBriM; 3aBeayromuii tabopatopucii wieH.-kopp. PAH A. B. 3e3un

2) B Xopouiem PacTBOPHUTEIE, B KOTOPOM MPOSBIIAETCS AMEKTPOCTATHIECKOE OTTATKHBAHHE
OT/EBbHBIX BUTKOB MOJICKYJIbI
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obpaszoBaHHyI0 B pe3ysbTate KoHaeHcauuu JJHK B mpucyrcrBum nonmmepon
U codteit, nHorna HasbiBaroT psi-JJHK?) nmn ¢-/THK [88]. Hauaso uccienona-
Huto niporieccoB kommnakTuzauuu JJHK 6su10 monoxeno Jlepmanom [89], ko-
TOPBIN METOJIOM CEIUMEHTAIIMU OOHAPYKWUJI, YTO B pa30aBICHHBIX paCTBOPAX
JAHK, npu yBenyeHUH KOHIEHTPALIMN HEUTPAIBHOTO MoJinMepa (TToJIMITH-
JIEH TJIMKOJIS1) U cou oaHoBasieHTHoro Metamia (NaCl) Beilie HEKOTOPOTO

MMOPOrOBOTO 3HAYEHUS, (HOPMUPYIOTCS YACTHUIIHI BHICOKOW TIJIOTHOCTH.

Kpatknii 0630p JuTepatypbl

B Hacrosiiee Bpemst ycTaHOBJIEHO, UTO KoHAeHca1uto MoJiekysn JAHK, naxoss-
IITUXCS B BOJTHBIX PACTBOPAX, CIOCOOHBI BBI3BATh Pa3IMYHBIC MYJIbTUBAJICHT-
Hble KaTUOHBL: criepMuaua’ ™ [90], ciepmun®t [91, 92], KaTHOHHBIE MTOJIUIIEN-
THIBL: TOTWIN3UH, TUCTOHBI [93], kaTnonHbie [TAB [94, 95]. [AByx- (1 6oee)
BAJICHTHBIE METAJUTMYECKUE KATUOHBI CIIOCOOCTBYIOT KOH/IEHCAIIMM MOJIEKYJI
JAHK, Haxoasmuxcst B BOAHO-CIUPTOBBIX (3TAHOJI, METAHOJI, U30IIPOIAHOJT)
cpenax [96].

Crpykrypa kommnaktuzoBanHoi JIHK ucciegoBanachk pa3anuyHbIMU Me-
TogaMu (KpaTKUi 0030p OCHOBHBIX pE3yJIbTaTOB IPUBOAUTCS B pado-
te bmromdensaa[97]) mpu 3TOM HEMOCPEACTBEHHAs] BU3yaM3alus oObek-
TOB UCCIIEIOBAHUS OCYIIECTBIISIIACH METOAAMU JJIEKTPOHHOM [93, 98, 99],
atoMHo-cuioBoi [100, 101] u (c MeHbIMM pa3perieHueM) (IyopecieHT-
Ho1 [94, 95, 102] MUKPOCKOTIUH.

PesynpraThl uccmeqoBanuii moxkasanu [97], 4To AByMs ocHosHbiMu (Hop-
MaMHU 1)-KOMITAKTU30BAHHON MOJIEKYJIbl SBIISIIOTCS MOpPOUOAIbHASL U cmep-
acHesas. s obenx (hopM ceueHrne KOMITAKTU30BAHHBIX CTPYKTYp, UMEET,
MO-BUJMMOMY, OJTHO U TO K€ 3HA4YeHHUE (€CIU CTPYKTYpPhl cHOPMUPOBAHBI
OJIMHAKOBBIMH MOJIEKyJIaMH). JIOCTATOYHO MHTPUTYIOIIUM TIPEICTABISACTCS
TO, 4TO pa3Mep (paanyc) TOPOUTATBHOU CTPYKTYPHI He 3asucum OT JJIUHBI
MOJIEKYJIbI (€CTM OHA JIEXHUT BHYTpHU auamna3zoHa 400—400001m.0.) u ompene-
JI€TCsl, TO-BUAUMOMY, 8HYMpeHHUMU MEXaHU3MaMU ITpoliecca KOHACHCAIUH;
TUMMYHBIC 3HAYCHHS BHEIITHETO PaInyca TOPOUIATBHON YaCTHIIBI R, s JTIEXKAT
B auana3one 35-90 um [97]. dnuunsie mosnekyibl JJHK obpa3ytor kommakT-
HBIE CTPYKTYPBI U3 OJTHOM MOJIEKYJIbI, IPU 3TOM y1aBaJIOCh HAOII01aTh TOPO-

NAAJIBHYIO TCOMCTPHIO KOMMOAKTHOM YaCTULbI s MOJICKYJI, JJIMHA KOTOPbIX

3) psi pacumdpossiBaercs kak Polymer and Salt Induced
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He npesimana 40000 m.o. Koporkue JIHK dbopmupyroT cTpykTypsl, obpa-
30BaHHbBIEC B PE3YJIbTATE CAMOOPTraHU3ALIMHI HECKOJIBKUX MOJIEKYII, IIPH 3TOM
coecem KOPOTKUE MOJIeKYJibl (MeHee 150 11.0.), Mo-BUAUMOMY, HE MOTYT OBbITh
KoMmakTu3oBansl [103].

Meton 3MEKTPOHHOM MHKPOCKOIHUU, IO3BOJISASI TIOCTUTATh BBICOKOTO
MIPOCTPAHCTBEHHOT'O pa3pelieH s B JIaTepabHOM HAIPABJIEHUH, 1aeT 3HAUH-
TeNbHYIO OMUOKY TIPU OIpeieJIeHUU BLICOTHI 00bekTa?), eciin oHa cpaBHIMA
C pa3MepoM 3€pHa HAIbUIEHUS; 3TO OOCTOSITEILCTBO HE MO3BOJISET C OOJIb-
IO TOYHOCTBIO OMPEACNISTh 00BEM MCCIEAYEMBbIX YacTUI] (HEOOXOIUMBII
JUTSl aHAJIM3a UX KOJIMYECTBEHHOT O MOJIEKYJIIPHOTO COCTaBa) MO pe3yIbTaTaM
uccnenoanuit OM. boree Toro, mpu pacuere 06beMOB YACTHUI] KOMITAKTHU30-
BaHHOU JIHK 4vacTo He 3a1ar0TCs HEbI0 ONPENEINTh BBICOTY CTPYKTYP Ha/l
MOJUIOKKOM, Toyarasi, YTo ceueHue OoObeKTa MPEACTABIISIET COOOM OKPYXK-
HOCTb [97]; HaM TpesICTaBIsSETCs, UTO TAKOE MPEIOI0KEHIE He Bceraa 000c-
HOBAHO (CM. pe3ynbTaThl pazaena4.1.2, ctp. 135).

CTouT TaKXe OTMETUTH, UTO CHeUpUKa TpernapupoBaHus 0O0pa3IOB s
uccieqoBaHuid DM MOKET UCKaXKAaTh CTPYKTYPY OOBEKTa UCCIIEIOBAHUS.

DTOro HeAOCTATKA JIUIIEH METO (hJIyOpecUeHTHOW MUKPOCKOIHH, IO-
3BOJISIFOIINM TPOBOJIUTH B PEAIbHOM MacIITabe BpeMEHH UCCIIeIOBAHUS KOM-
naktuzauuu Mojiekysn JIHK, Haxoasuxcss B HATUBHBIX YCIIOBUSIX (B pac-
TBOpax ¢ nmoaxoasumM pH). Onnako paspemiaroiias cnocoOHOCTh METO1a
OrpaHHYeHa MPEeIeIOM ONITHYECKOr0 MUKpockomna A/2. [ToaTromy B kKauecTBe
00BEKTOB MCCIENOBAHUS MPUXOIUTCS BBIOUPATH JOCTATOYHO OOJIBIINE MO-
nekynbsl JIHK (manpumep, rurantckyto JIHK T4, koTopas BkitouaeT 166 Thic.
m.0.)[94, 95, 102].

[Tpumenenue metoga ACM 15 MicCieTOBAHUI KOMITAKTU3AITUN MOJIEKYJT
JAHK nipeacrapisieTcst BeCbMa IMepCIeKTUBHBIM, TOCKOJIBKY OKa3bIBAETCS BO3-
MOJHBIM MPOBOJIUTH UCCIIEIOBAHUS B HATUBHBIX WU OJIM3KUX K HATUBHBIM
YCIIOBUSIX, IPU 3TOM, KaK ObLJIO MOKAa3aHO HAMM B pazieie 2.2, reoMeTpus
HCCIIeTyeMbIX OOBEKTOB MOXET OBITh BOCCTAHOBIIEHA IyTEM aHAJIN3a U3Me-
peHHbIX MapaMeTpoB X ACM-u3o00pakeHnit (BbICOTHI HAJT TOAJIOKKOH U I11H-
PHUHBI Ha MOJYBBICOTE). B TO ke Bpems, pa3pemaromias ciocoonocts ACM
CYIIECTBEHHO BBIIIIE, UeM y METO/1a (PIIyOPECHEHTHON MUKPOCKOIINH U OJIM3Ka

paszpematornieii cocoonoctu M. OHaKO B HACTOSIIEE BPeMs B JINTepaType

4) IO METOAY 3allblJICHUA 1101 YIJIOM
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HMMeeTCs JIUITb He3HAUnTeIbHOe urcio myomukanmii [100, 101], mocBsimeHHbIX
npuMeHeHuto C3M st uccnenoBanuii poueccoB komnaktuzanuu JHK.

ABTOpel paboThl [100] uccrmenoBanu HauanbHele CTAAUM KOHJECHCAIUU
miasmuaHor moau-A JIHK B pesynbprate ee B3aMMOACHCTBUS CO CIIEPMH-
nuHoM. Mcmosnib3yemble KOHIEHTPAIIMU CIIEpMUIMHA ObUTM MaJIbIMU (BEpX-
Hss rpaHuna 150 MkM) MOCKOIBKY, KaK COOOIIAIOT aBTOPBI, MPU OOJb-
IITUX KOHIICHTPAIIUSIX CIICPMUIMH HETATUBHO BIIMSET HA BO3MOKHOCTh ACM-
BU3YAJIM3AILUU UCCIIEAYEMBIX CTPYKTYP.

DKCIEpUMEHTBI MPOBOAWINCH HA BO3yXE U aACOPOIMS OCYLIECTBISIACH
U3 KaIUIM TpernapaTta Ha MOBEPXHOCTb CBEKErO CKOJIA IMOJIOXKKU (CITIOBI).
ABTOpBI OOHAPYXKWJIU, UTO MPU KOHIIEHTPALUU CIEPMUIMHA B JUAMA30HE
7,5-15mxM otnenbublie yuactku JJHK oOpa3syror nernu, paanyc KOTOPBIX
COCTaBIISIET BeIMUUHY OKOJI0 20 HM. I1pu O0IbIINX KOHLEHTPALUAX CIIEPMHU-
JIMHA UMEET MecTo MexMolekylsipHas arperauus JJHK, npuuem, B uccneny-
€MOM [IMalla30He, C YBEIMUEHUEM KOHUEHTPALUU CIEPMHUINHA BO3PACTAIOT
pa3Mepsl arperaTos; cnenuduueckasi popma 3TOTO Kiracca CTPYKTYp OIMpaB-
JbIBAE€T HA3BAHUE «IIBETKAa», KOTOPOE HCHOIB3YIOT aBTOPbBI JJIs OMUCAHUS
Mop(doIorun KOMILIeKCa.

ABTOpBI TOJIAraroT, YTO HAOIIOJaeMble 0OPA30BAHUS MOTYT SIBIISITHCS
MPOMEXYTOUHOM CTauel KOMIIAKTU3ALIMU MOJIEKYJI B TOPOUIATIbHBIE CTPYK-
Typbl. OmHAKO OOpamiaeT Ha cebsi BHUMaHME CrieupudecKas niocKdas 2eo-
Mempusi BU3yaJIM30BaHHBIX 0Opa30BaHMI: OHU XapaKTEPU3YIOTCSI MUKPOH-
HBIMM 3HAYEHUSIMU JIaTEPaJIbHOTO pa3mepa Mpu BeicoTe Bcero 3—7 HM. [lpen-
CTaBJISIETCS, UTO B UCCIIEyEMOM cUCTEME BeCbMa BaXKE€H BKJIA]l BIUSHUSA nOO-
JI0JCKU HA TEOMETPHUIO KOMITAKTU30BAHHBIX KOMILJIEKCOB, ITOITOMY OOHapy-
XKeHHas crienuduueckass MOpQoJIOTUsT MOXKET ObITh CBSI3aHA UMEHHO C TEM,
YTO U3ydyaeMas KOMIAKTU3ALUs SBJISIETCS, 10 CYTH, KOMITAKTU3ALIUEN Ha no-
6epXHOCMU TIOJITIOKKH; B TOM CIIy4ae €CTECTBEHHO OKUATh MHON F€OMETPUN

KOMITAKTHBIX CTPYKTYP, B CDABHEHUU C KOMITAKTH3ALIUEH 8 0ObeMe.

HUccnenoanue ceoooannix JJTHK

ITpu npoBeaeHnN 00CY)KTIaEMbIX HIKE UccaeaoBaHu koMmakTuzauu JHK
MBI CTABUJIM KOHTPOJIbHBIEC IKCIIEPUMEHTHI 110 BU3yaTU3AIIMH CBOOOTHBIX MO-
JIeKyJI, TPU 3TOM HMCIOJIB30BaI U3BECTHBIE METOIMKH, pa3paOOTaHHBIC IS

MeTO/1a aTOMHO-CUJIOBOM MUKPOCKOMMH, cM. paznen 1.5.1, cTp. 39.
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Haubomnee mmpoko UCoIb3yeMbIM CTOCOOOM UMMOOUITA3AIIMHI MOJIEKYJT
JAHK Ha nmoioxke B paClipaBJIECHHOM COCTOSIHUU SIBJISIETCSl METOH J00aBIIe-
HUSI KATUOHOB METAJIOB B pabO4Yuil pacTBOp, COAEPKAIIMN HYKIIEMHOBBIE
KHUCIIOTBI, C MOCIEAYIOLEN aacopOIMel Karim npenapara Ha MOBEPXHOCTh
CITIOJIBI (CBEXKHUI CKOI).

TunuuHble KOHIIEHTPAIIMA KOMIIOHEHT B IpernapaTte, HAHOCUMOM Ha T0-
BEPXHOCTb CIIOAbI, BBHIOMpAINU B CIEAYIOUIEM OMAIla30HE: KOHUEHTpalus
JAHK oxomo 0,5 MkM x11.0., konteHTparus MgCl, niu NiCly; okono 1 MM.
Karmmo npenaparta oobeMom 0,5 MKJI HAHOCUJIM Ha CBEXUM ckoul cmronbl. Ha
puc. 4.1a npuenens! pe3yiabraThl ACM-uccnenoBanus mojekyn JIHK Gaxk-
tepuodara ®X-174 (538611.0.), KOTOpBIE OBLIU aACOPOMPOBAHBI HA CIIIOIY
1o onrcaHHoi MeToanke B mpucyTcTBUU NiCls.

Hpyroit MeTon ¢UKCAlMK MaKPOMOJEKYJ Ha TOI0XKKE, KOTOPBIA HC-
MOJIb30BAJICS HAMU B 9KCIIEPUMEHTAX, 3TO J0OaBIIeHUE K paboyeMy pacTBopy,
conepxammemy JIHK, monekyn katuonubix I1AB B mansix KOHLIEHTpALUIX
(menee 0,1%), cM. puc. 4.16. Tunuunsie konuentpauun JJHK B npenapare
BBIOUPAJIN B TOM K€ Juana3oHe, 4To U Bblile. [lo-BUanuMoMy, B 3TOM cilydae
nMeeT MecTo KomIuiekcoobpazoBanue monekyn JAHK ¢ monexkynamu ITAB,
00pa3yoIIMMU TOHKYIO IJIEHKY, MOKPBIBAIOIIYIO CHAPYKH KaILTIO Mpernapa-
Ta, HAHOCUMYIO Ha MOJIOKKY. DTOT 3KCIIEPUMEHTAIbHBIN MOJIX0/ SKBUBA-
JIEHTEH M3JIO)KEHHOMY B paszene 3.1, rae st UMMOOUIM3alul BUPYCHOM
PHK npuMeHssiu MeTO1 KOMILIEKCOOOpA30BaHUSI MOJIEKYJIbI HYKIEMHOBOM

kucinotsl ¢ BAC, Taxke sBiastonmMcs KaTHOHHBIM TTAB.

4.1. UccaenoBanne KOHPOPMAIMOHHBIX U3MEHEHUIH
JAHK npu B3aumoaeiicTBuu ¢

IOBECPXHOCTHO-AKTUBHBLIMHA BE€IIECCTBAMU

Komnaktuzaumss JHK npu B3ammopeiictBuu ¢ kaTuoHHbIMU [IAB wu
npoxoxaeHue komruiekcoB JIHK-TTAB depe3 mexdasHyr TpaHUIly BO-
71a/MaJIoTIOISPHBIA OPTAaHUYECKUM PACTBOPUTEIh MOXKET pacCMaTpPUBATHCS
KaK OTIaJIEHHAash MOJENb TPAaHCIOpPTa T€HETHUYeCKOW MH(pOpMALIMU B KIIET-
Ky [104].

Panee npouecc komnaktuzanuu JIHK npu B3anmozneincTBun ¢ KaTHOH-

HeiMu [TAB uccnemoBascsi, B OCHOBHOM, JIMIIb METOJIOM (hIIyOpPECIEHTHON
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Puc. 4.1. CBo6omubie monexynsl JJHK Ha moamoxke U3 CITIOIBL.

a) IHK 6akrepuodara ®X-174, ancopbuums B npucytcreun 1 MM NiCls; o6pa3siubl mpuro-
ToBJIeHBI coBMecTHO ¢ M. Sc. Malin Ardhammar (Chalmers University of Technology)
6) AHK 6axrepuodara T4, ancopOuust B MPUCyTCTBUU LETHITPUMETHIAMMOHUI OpoMua;

00pa3iibl TPUTOTOBIIEHBI COBMECTHO ¢ K.X.H. B. I'. CepreeBbim u k.X.H. O. A. [TbIkuHoOM

Mukpockonuu (OM) [94, 95, 102]. D10 0OBSICHIETCS TEM, UTO TAHHBIN METO
MO3BOJISIET BU3YaJIU3UPOBATH TOJILKO T€ 0OBEKTHI, KOTOPbIE «OKPAIIEHBI» MO-
JeKyIaMu (pIryopeclieHTHOT O KpacuTesl, TOATOMY BKJIAJI BO (PIIyOPECIIEHTHOE
n3obpaxenue gaet auib Mojekyna JHK (MMeHHO ¢ Hell CBA3BIBAIOTCS MO-
JIEKYJIbI KPACUTEINS), a TIPUCYTCTBUE B pacTBope Mosiekyn ITAB He Biuser
Ha MoJTyyaeMoe u300paxkenue. B 3ToM oT/MuMe M mpeuMyIecTBo®) qaHHO-
ro METOJa B CPABHEHHUH C IJIEKTPOHHOU M ATOMHO-CUJIOBOM MUKPOCKOIUEH,
JUISi KOTOPBIX BOIPOC 00 aJeKBATHOM pACIO3HABAHUM U UJECHTUDUKAIIUU
HAO0TI0/TAEMBIX CTPYKTYP MOXKET SIBJISITHCSl BECbMa HETPUBUAJIBHBIM. DTOT ac-
MEKT OCOOEHHO CYIIECTBEHEH ITPU UCCIIEI0BAHUSX, CBSI3aHHBIX C MOJIEKYJIaMU
ITAB, B city ux CriocoOOHOCTH K CaMOOpraHU3alluu, B pe3ybTaTe KOTOPOH
BO3MOXHO (POPMUPOBAHUE CTPYKTYP C pa3InyHoit reometpueii [105].

Ilepen Hamu cTaBWIACH 33/a4a SKCIIEPUMEHTAIBHOTO OINPEAEIIEHUS Oll-
TUMAaJbHbBIX YCIOBUN MPOBEICHUS UCCIEAOBAHUM, KOTOPAs pelaiach MyTeM
KOMILTIeKCHOTO MpuMeHeHust MeTo1oB ACM, CTM, ucrnosip30BaHus pa3ind-
HBIX THUIIOB MOJIOKEK (TUAPO(POOHBIX — mUporpadut, TUAPOPUILHBIX —
CIII0Aa), a TaK)Ke BapHalMeld YCIIOBUM HAaHECEHMs] 0Opa3LOB M MPOBEICHUS

HUCCIIETOBAHUIM.

5) B To %e BpeMsi, HeocTaTKoM MeTo1a DM sBJIseTCss HEBBICOKAS pa3penraronas Crocoo-
HOCTb.
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[Tpu 5TOM yHUBEpCalIbHASI METOIMKA MTPUTOTOBIIEHUS] 00Pa310B, KOTOpas
MO3BOJIsIa OBl YCIIENTHO UCCIIeIoBaTh Kak cBoOoaHbIe MoJiekyinsl JJHK, an-
COpOMPOBAHHBIE HA MOJJI0KKY B pACIIPABIEHHOM COCTOSIHUU, TAK U KOMITAK-
TU30BAHHBIE KOMIUIEKCHI, BPSi/ JIM MOXKET ObITh HaliieHa. [ToaTomy B mpouec-
CE€ UCCJIENOBAHUS MPUXOAUIOCH UCIOIB30BATh METOJUKU «HA KOHKPETHBII
clyyam».

Pa6oter mo uccnenoBanuro B3ammoneicteus JJHK-ITAB mb1 nmpoBoau-
JM COBMECTHO ¢ Jtabopatopueii wieH.-kopp. PAH A. b. 3e3una (Xummuec-
kit pakymprer MI'Y) 1 pe3ynbTaThl 30HAOBON MUKPOCKOIIUU HAIILIU Yac-
THaHOE oTpaxkeHue B nucceprannu «Kommiekcor [JJHK-ITAB B manonosnsp-
HBIX OPraHUYECKUX PACTBOPUTENSIX» HA COMCKAHME YUYEHOM CTENEeHU K.X.H.
O. A. ITemmkunO# (1997 1., Xumuueckuit pakyaprer MI'Y). B aroii pabo-
T€ MPUBOIATCS JaHHBIE IMUPOKOTO CHEKTPa (U3HKO-XUMUYECKIX METOIOB
uccinenoBanus (YD-cnekrpodoTomMeTpusi, ckopocTHas ceaqumenTarms, K-
cnektpoporomerpus, CTM u ACM, BuCKO3UMETPpHS, pePpakToOMETpus,
AIIEKTPHUUECKOE JIBYIIyUETIpeIOMIIeHUE, n3oTepmudeckas nuddysust). Pe3yib-
TaThl UCCIIEAOBAHUN 30HI0BOM MUKPOCKOIIMU BECbMA XOPOIIO COTJIACYOTCS
C IPYTUMU 3KCIIEPUMEHTAIbHBIMU MTOJIXOAAMMU.

B nacroseii padbote Mbl paccMaTpUBaeM JIUIIb JABA aCIEKTa pe3yibTa-
TOB MccienoBanuit komnaxtusanuu JHK npu Bzaumoneiictsuu ¢ ITABY),

KOTOpPBIE HE OB 3aTPOHYTHI B YIIOMSIHYTOM paboTe:

e BO3MOXHOCTH Buzyanuzauuu komriekcoB JIHK-ITAB mMetoiom ckanu-

pyrouerd TYHHETbHOM MUKPOCKOIINH;

e MPUMEHEHHE METOIUKH yueTa apdexra yuupenus (pasaen 2.2) 1 Boc-
CTAHOBJICHUSI PEaJIbHOW TeoMeTpHH (M KOJUYECTBEHHOTO MOJIEKYIISP-

Horo coctaBa) komruiekcoB [ITHK-ITAB o pe3ynbTaTam ncciaegoBaHus
ACM.

bonee neranpHas nHpopMaiusa o GU3NKO-XUMUUECKUX CBOMCTBAX U Xa-
pakTepuctukax komiiekcoB JIHK ¢ mpoTuBomnosnoxuo 3apsokeHHbiMu [IAB
(mostyyeHHasi MPUMEHEHUEM IIMPOKOTO CIEKTPa UCCIEA0BATEIbCKUX METO-

JIUK) MOXET ObITh HaliJIeHa B YIIOMSIHYTOM quccepTalimoHHON padoTe [104].

6) 3ToMy MOCBSIIIEH TeKyIuii pasaen 4.1
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4.1.1. Bo3MO:KHOCTb HCCJIETOBAHNS KOH(POPMAIIMOHHBIX

cBoiicTB komiiekcoB /IHK-ITAB merogom CTM

CornacHo pe3yJbTaTaM UCCIIeOBaHUI aBTOPOB paboThl [61] cBoOO1HAS MO-
nekyna JIHK xapaktepusyeTcss HeBBICOKOW MPOBOAUMOCTBIO TIPU UCCIIEI0-
BaHuu CTM, 4TO BbIpaXkaeTcsl B BU3YaTU3ALIMM MOJIEKYJIBI IIO0 CIIOCOOY 0m-
puyamenbHo2o KOHTpacTa (T.€. Ipu ABUKEHUHN HAJl MAKPOMOJIEKYJION, B CHITY
JTU2JIEKTPUUECKUX CBOMCTB IMOCTIEAHEN, CKAHUPYIOIasl UTJIa OMYyCKAeTCs HU-
e, UeM MPH ABIKEHUHU HaJ MOAT0KKoM). HecMoTpst Ha 3T0, MBI OOHAPYXKU-
71 ripu uccnenoBanuu komiiekcoB [JJHK-ITAB, uto mocnennune MoryT ObITh

ycrnenrHo Bu3yaian3oBaHbl MeTogoM CTM (1o crnocoOy mpsiMOro KOHTpacTa).

BKCHepHMeHTaHBHaﬂ 4acTb

") B skcnepumente ucnons3oBanu JHK u3 sputpormtoB msmat («Coros-

xuMpeakTup», Poccust) 1000-3000 m.0. 1 nucreapuiiuUMETHIAMMOHUI XJT10-
pun (ACHAX) («Tokyo Kasei Kogyo Co.», SAnonus).

OxkcnepuMeHTsl poBoaTH Ha CTM CKAH-8 («L{eHTp mepcrneKTHUBHBIX
TexHojoruit», Poccus) [106], B pexxume MOCTOSTHHOTO ToKa (pabouue mapa-
meTpsl: Uy ~ 0,3 B, I; ~ 0,5HA). ACM-3KciepyuMeHThI TPOBOAWINA Ha MPH-
o6ope «Nanoscope-IIla» («Digital Instruments», CIIIA) B pexume KOHTaKTa
C UCIOJIb30BAHMEM KAHTUJIEBEPOB M3 HUTpHUAA KpeMHuUs (cM. Tadmumy A.l,
cTp. 227).

Pacteop JHK (107> M) u ITAB (9 x 10~ M) B 0,5-M TBE 6y¢epe 005-
€MOM 2 MKJI TTOMEIIAJIA Ha IMOJITOXKY (CBEKUIA CKOJI MIpoTpaduTa I CITIO-
JIbI) ¥ BBICYIIIMBAJIM B TeueHue 3 MuH. [Ipu HaHeceHUn KOMIUIEKCOB U3 XJIOPO-
(bopMa ux nepBoHavyajgbHO (OPMUPOBAIIMN B BOAHOH (ha3e MpH B3aUMOJECHCT-
Buu JIHK c ITAB, 3aTeM KOMIUIEKCHI BBICYIIUBAIM U PACTBOPSUIM B XJIO-
podopme (B oTimmume ot cBoOoHbIX Mosiekyn JJHK ux kommiekcor ¢ I[TAB

pacTBopuMBI B Xxj0podopme [107]).

AHaJIu3 pe3ybTaTOB

briio oonapyxeno, yro komiuiekcsbl JITHK-ITAB MoryT ObITh BU3yaIu3upo-

BaHbl MeTogoM CTM, cM. puc. 4.2 a u 0, rae ucciaeayeMbie OObEKThHI HAHECe-

) O6pasiibl 1T HCCIeOBAHMIA GBLIH TPHTOTOBICHBI COBMECTHO C K.X.H. O. A. TTBIIIKHHO
u K.X.H. B.T. Cepreesbim (Xumuueckuii pakynprer MI'Y)
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0 50 100  paccroanue um 300

a

Puc. 4.2. UccnegoBanue kommuiekcoB JIHK-TTAB merogom CTM u ACM.

a— Kowmrekcsl agcopObupoBaHbl U3 BOAHON (a3bl HA MUPOrpadUT M BU3yaTU3UPOBAHBI
CTM, (BHu3y uzobpaxeno ceuenne CTM-nipodums koMiriekca);

0 — KOMIUIEKCHI aJICOPOMPOBAaHBI M3 XJIOpOopopMa Ha MHUPOrPAPHUT U BU3yaTU3UPOBAHBI
CTM;

B — KOMIUIEKCHI aJICOPOMPOBaHbI U3 BOAHOM (pa3pl Ha cinrony U BU3yanusupoBansl ACM
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HBI Ha IMOIJIOKKY MmuporpaduTa u3 BogHou ¢as3sl (a) u xinopodopma (6). s
UCKITIOUEeHMS d(PeKTa BIUSHUS MOJTOKKU U MPOBEPKU aJI€KBATHOCTH IMPU-
MeHeHuss MeToga CTM K HCCIIeTOBAaHUIO AUAJIEKTPUUCCKUX CTPYKTYp TPO-
BOJIMJTA KOHTPOJIBHBIE U3MEPEHHUSI C TOMOIIBI0 aTOMHO-CHIIOBOT'O MUKPOCKO-
na. [1pu 3TOM OBUIH BU3YaIU30BaHBI OOBEKTHI C UACHTUYHON MOopdosioruei
(puc. 4.2 B).

Bbruto obHapyxeHo, uto yactuusl komiuiekca JJHK-ITAB xoporo aacop-
OMPYIOTCS HA TIOBEPXHOCTHh THAPOPOOHON MUPOTpadUTOBOM MOMTONKKN U3
BOJHOM (pa3bl, YTO MOKET OO BSICHATHCS TUAPOPOOHBIM 3 heKTOM, CM. CTp. 21
(MTOBEPXHOCTh UCCIIEAYEMBIX KOMIUIEKCOB XapaKTepu3yercs ruipoGoOHbIMI
cBorictBamu [104]). MeToarka HaHECEHUsI YaCTUL] KOMITTIEKCa U3 XJ1opodopMa
MO3BOJISIET N30€XKAaTh arperalny UCCIEAYEMbIX CTPYKTYP B MPOIECCE TTPHUTO-
TOBJICHHSI OOPA3IOB. DTO MOXKET OBITh CBSA3aHHO C TE€M, UTO B XJIopodopme
ruapodoOHOE B3aUMOJIEUCTBUE OTCYTCTBYET U arperupoBaBliire oOpa3oBa-
HUS peacCOLUUPYIOT.

MO’KHO MPEITOT0KUTh, UYTO BO3MOKHOCTh BU3yaTU3aIliN TAKMX 00BEK-
ToB, kak KomIuiekcol JJHK-ITAB, Metonom CTM cBs3aHa ¢ nogepxHocmmoii
npogooumocmuio cinosi Mojiekyn [TAB, MOKpBIBAIOIIMX KOMIUIEKC CHAPYXKH.
DTO MPEarNnoiokKEHUE corjlacyeTrcs ¢ OOHapyXKeHHONH HaMHu paHee (CM. pa-
601y [108]) Bo3MoxkHOCThI0O CTM-BU3yanu3anuu OUCIONHBIX JIUITUIHBIX 00-
pa3zoBaHuil — IUMOCOM. JIeHCTBUTEIBHO, UCCIIEIOBAHHBIE JTUTOCOMBI ObLIU
00pa30BaHbI MOJIEKYJIAMU JUNUOO8, CBOUCTBA U CTPYKTYpa KOTOPBIX OJIM3KHU

MoJiekynaM ucrnoinbzyemoro [TAB (JICAAX).

4.1.2. Onpenesnenne reomerpuu komiiekcos /IHK-ITAB,
nepelieImuX Yepe3 rpaHuiy pasaena a3

Boja/xyopodopm, no pesyabratram ACM

B cuny Toro, uro kommuiekchl [JHK-ITAB HepacTBopuMBI B BOgHOH (ase,
HO pacTBOPHUMBI B OPTAaHUYECKUX PACTBOPHUTEISX (XjIopodopMe, TelTaHe,
nukIiiorekcane) [107], mpeacTaBisiioch HHTEPECHBIM ITPOBECTH UCCIIEOBAHNE
mpoliecca ux mepeHoca yepes rpaHully pasjaesa ¢as B OpraHu4IecKHii pacTBO-
pUTENb U UCCIIEA0OBATH MOP(OIIOTHIO MeperIeamnx KoMmuiekcoB. [logqobnas
CHUCTEMa MOXET CIIYKUTh MOJICIIbHON MPH M3yUYeHUH MeXaHU3Ma TPaHCMEM-

opannoro nepenoca JJHK [104].
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3HaHME TeOMETPUU KOMITAKTU30BAHHBIX KOMIUIEKCOB SIBJISIETCS BeChbMa
BaKHBIM, HATIPUMED, TS OTPEIeJIeHUsI COCTaBa KOMILIEKca (KOJIM4ecTBa 00-
pa3yromux ero MoJjiekyia). TOYHOCTh OIpeAesieHus TeOMETPUN OpraHUyec-
KOTO OOBEKTa MO pe3yJbTaTaM HCCIEAOBAHUI 3JIEKTPOHHON MUKPOCKOIINHU
orpaHuYeHa (TPYAHO MOJYYUTh TOUHYIO MH(GOPMAIIUIO O BBICOTE OOBEKTA:
METOJMKA 3allbUUICHUS MO YIJIOM JaeT 3HAYUTEIbHYIO OIIMOKY MPU MaJIbIX
BBICOTaX OOBEKTA).

Omnpenenenne reomerpun komiuiekcoB JJTHK-TTAB mo pesyasratam om-
HoCUmMebHbIX METOJIOB uccienoBanus (cM. pasnen 1.4, crp. 33 u ganee) oc-
JI0KHEHO B CHJTy BapHallud KOMIUIEKCOB IO pa3MepaM.

Meton ACM no3BoJIsSIET HETMOCPEACTBEHHO ONPEesTh PopMy U pa3me-
Pbl OTIEIBHBIX OOBEKTOB, aICOPOMPOBAHHBIX HA MOBEPXHOCTh IMOIOXKKH,
HO 17151 BOCCTAHOBJIEHUSI UX peaibHoll TEOMETPUN HEOOXOIUM JTOTIOJIHUTENb-
HBI MaTeMaTuyeckuil aHanu3 (ydet addekra ymmpenus, cM. pasaen 2.2 co
cTp. 85). 31ech Mbl IPUMEHUIIN pa3paOOTaHHYIO B pa3zene 2.2 MeTOAUKY IS
onpeneneHus Gopmur komrurekcoB JJHK-ITAB, uto mo3Bonuiio caenaTs BbI-

BOAbI 0 KonnuecTBe MoJiekys JJHK, Bxoasmux B KOMILUIEKC.

:‘)RCHepl/lMeHTaJILHaﬂ 4acCTb

8) Tpouecc mepeHoca KOMIUIEKCOB OCYIIECTBIISIIN U3 BOTHOM CPEIbl B XJIO-

podopM. B kauectBe [IAB Hamu Ob1T BEIOpaH aUCTeaPUIIIMETHIAMMOHMI
xnmopun (ACHAX) «Tokio Kasei Kogyo Co.», SInonus. B paboTe ucnosb3o-
Banu JIHK u3 criepms tococst («COCHUMOXT» Poccust) 300-500 1. o.
CBob6onnbpie mornekynsl [JHK nepacTBOpuMBEI B Xitopodopme U MOTYT
OBITh IEpEeBEICHbI B OPraHUYECKyro a3y TOJIBKO B BHUAEC KOMIUIEKCOB C
ITAB (koTophble, Kak yIIOMHHAJIOCh, B XJopodopMe pacTBopstoTcs). Kon-
TpoJib Tporiecca nepeHoca komruiekcoB JIHK-ITAB uepes rpanuity pasaena
(a3 mpoBoauau MetogoM Y D-crieKTpohoTOMETPHUH HA CIIEKTpodoToMeTpe
«Specord M40» (I'epmanus). bsuto nokazano®, uto npu gobasnenun 1,5-

KpaTHOT'O M30BITKA )_'[CZ[AXN) K IBYX(}a3HOH CHUCTEME, COCTOSIIEH U3 BOA-

8) O6pasibl [T UCCIeIOBAHMIT ObLTH MPUTOTOBIECHB coBMecTHO ¢ A.C. AHIpeeBoil n
K.X.H. O. A. [Tpikuno# (Xumudeckuii pakynprer MI'Y)
9 5t m3Mepenust 6butH mposeneHsl A. C. Auapeesoii i k.X.H. O. A. [Teiukunoit (Xumu-
yeckuil hakynpTeT MIY)
10) 1 e. mpu ycioBun, uTo KoHueHTpauus ITAB B 1,5 pasa npesbimaet koHueHTpanuio JHK
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Horo pactBopa JJHK u ¢a3zs1 ximopodopma, Habmronaercs mpaktudecku 100%
nepeHoc moJiekyn JJHK B oprannueckyro ¢a3sy.

Ancopb1rio 06pa3ioB Ha CITIOAY OCYIIECTBIISIIA CTAHIAPTHBIM 00pa3oM:
KaIuTo npenapara (XaopohopM ¢ KoMITIEKcaMu Ttocie mposeaeHus 70% me-
peHoca) o0beMoM 3 MKJI TOMENIAId Ha CBEKUU CKOJI CITIOJIbI, BBIIEPKUBAIIN
B TeueHue 3—5 MUHYT, IPOMbIBAIU OUAUCTUIUIMPOBAHHON BOJIOW U BBICYIIIH-
BAJIM HAa BO3/YX€, IIOCII€ YErO OCYLIECTBIISIIN CKAHUPOBAHUE.

ACM wuccnenoBaHusi ocCyllecTBIsIM Ha mpubope «Nanoscope-IITa»
(Digital Instruments, CIIIA) B pexxnuMe KOHTaKTa ¢ KAHTUJIEBEpAMU U3 HUT-

puna kpemMHus xectTkocthio 0,06 H/Mm.

ACM-u3mepenusi reometpun komijiekco [HK-ITAB

Meronuka HaHecenus: komriekcoB [JTHK-ITAB Ha moBepXHOCTB MOTOKKH
u3 xjiopoopma, mo-BUANMOMY, UMEET CIIeIYIOIINE TPEUMYIIECTBA B CPABHE-
HUM ¢ HaHeceHueM 13 BoaHbIX pacTBopoB. Kommiekcer JIHK-ITAB sBisrorcs
ruapooOHBIMU, U B BOJHOM Cpelle MOTYT B3aMMOJICHCTBOBATH C CHIIAMU
MPUTSDKEHHS 32 c4eT TuaApoPoOHOTo 3 deKTa, 9TO MOKET IMIPUBECTH K arpe-
raluy KOMILJIEKCOB MPU MPUTOTOBIIEHUH 00Pa30B U OCI0XHUTh uX ACM-
BU3yanu3anuio. B xinopodopme rupodoOHbIe B3aMMOASHCTBUS HE TPOSIBIIS-
I0TCSI, M NEpelIeqIIne TyJa KOMIUIEKChl CTA0MIM3UPOBAHbI JIMIIb BHYTPEH-
HUMU MexaHn3mamu kKoHaeHcauuu JIHK, B cry dero kaxaplii KOMILUIEKC,
Mo-BUIUMOMY, cocTouT u3 Mojiekys JJHK, mokpeITeIX crapyascu ciioem mosie-
Ky’ [TAB. Kamis xnopodopma, coaeprkaiias ucciaenyemMble KOMIUIEKCHI, TPU
HAHECEHUM Ha IMOJUIOKKY BBICBIXA€T JOCTATOYHO OBICTPO, YTO YMEHBIIAET
BEPOATHOCTb 0OPa30BaAHUS PETYISIPHBIX CTPYKTYP BCIEACTBUE MEXAHU3MOB
arperauuu wimu camoopranuzanuu [1AB.

C nomoipio ACM 661710 0OHAPYIKEHO, YTO MPU HAHECEHUH HA TTOJIOKKY
CTPYKTYP, OCTAaBIINXCS B BOAHOI (ha3bl mocie nposeaenus 70%-nepenoca'l),
Ha ACM-u300paxeHusx NpucyTcTBytoT arperatsl Mosekyn JJHK B Buae Hu-
teit 1muHbl 250-2000 HM (M300pakeHus He puBeaeHbl). O0pa3oBaHUE JITUH-
HBIX TsDKEU MPOUCXOAUT, MO BCEH BUIMMOCTHU, BCIEACTBUE MEKMOJICKYIISIp-
HOI arperalu oTAenbHbIX Monekyn JHK!?) . 3Mepenue 3HaUeHUI BBICOTHI
Y UM pUHBI Ha TT0TyBbicoTe ACM-u300pakeHuit TaHHBIX CTPYKTYP JAeT 3Ha-

yenue 0,3—0,9 aM 1 13—25 HM COOTBETCTBEHHO.

11) 1.e. B BoaHOI daze ocTaercs 30% momnexyn JHK
12) ipu Bosaeiicteuu ITAB
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Puc. 4.3. Topounansubie koMiuiekcbl JIHK-ITAB, nepemenmmue B xnopodopM us

BOJTHOM (ha3wl 1 ajicoporpoBanHbie 111 ACM HcclieoBaHNS HA TTOBEPXHOCTD CITFOJTBI

Ha pwuc. 4.3 npuBenensl pe3ynbTaThl ACM-ucciaeqoBaHusl KOMILJIEKCOB
JHK-ITAB, nepemenimux B xjaopodopM, aACOPOMPOBAHHBIX 3aTeM Ha CBe-
KU CKOJI CITIOJTBI M UCCTIEIOBAHHBIX Ha Bo3ayxe. C 1emnpio aHaam3a MopdoIio-
MU KOMIUJIEKCOB ObLIa MPOBEAEHA CTATUCTHYECKAsI 00pabOTKa N3MEPEHHBIX
napaMmeTpoB ACM-uzobpaxkeHnit TOpormoJ0OHBIX CTPYKTYp: D — nuameTpa
Topa, d — IuaMeTpa CeYeHUst Topa U h — BBICOTHI TOPOUAAIIBHON CTPYKTYPbI
HaJ IOJIOKKOM.

lMucrorpammel pachpeaeneHust napaMeTpoB TOPOUIATBLHBIX KOMILJIEKCOB
MpeJcTaBIeHbl Ha puc. 4.4, cTaTUCTUKA HaOpaHa B pe3ybTaTe u3Mepenus 180
ACM-nipoduseit KOMIUIEKCOB, CIUIOIIHOM JIMHUEH yKa3aHa almpoKCUMAIus
MOJIYYEHHBIX paCHpeAeIeHNI IO 3aKOHY pacnpeneneHus ['aycca.

CpenHue 3HaUeHUd 15 TApaMeTPOB TOPA, ONPEACICHHBIE 110 AIIITPOKCH-
Maluu pacrpegenenueM [aycca, COCTaBISIIOT ClIeyIONIUE BEIMUMHBI (B Ka-
YeCTBE IMOTPENTHOCTH YKA3aHO CTAHIapPTHOE OTKIIOHEHUE):

D =100+308M,d =25+ 9uMuh =5+ 2HM.

T.o. mapamerpsl 4actul (eHewHuti paguyc Topa Ry = (D + d)/2 =
62 + 16 HM) XOpOIIO COTJIACYIOTCSI C TUIUYHBIMU 3HAUEHUSMH JJISI MOJIe-
kyn JIHK, nmerommx paznnunyro IJIMHY U CKOHJIEHCUPOBAHHBIX pa3JIMYHBIMU

arentamu [97].
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Puc. 4.4. TucrtorpamMMBbl pacrnpeseiieHus napamerpos reometrpun ACM-mipoduteit
TopouaanbHbIX KoMiuiekcoB JJHK-TTAB.

Nsmepsimu reomerpudeckue napameTpbl ACM-u300paxeHuil: AuaMeTp Topa, JuaMerp ce-
YEeHHUs TOPA U BBICOTY HaJl MOAI0XKKOH. CIIIOLIHON MMHKEH ToKa3aHa annpoKcuMaLus pac-

npenenenueM [aycca
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Onpenenenne unciaa moJjieky JIHK, oopasyromux kommiekc ¢ ITAB, nyrem

BOCCTAHOBJICHUSA peaJ’ILHOﬁ reOMETpuH KOMIIAKTHBIX TOPOUJAAJbHBIX

CTPYKTYp

B cuny Toro, uro anmuHa MoJsiekysa jdexuT B guamnazoHe 100—170 um, a cpen-
HsIsl JUTMHA OKPY>KHOCTH TOPOUJAIBHON YaCTUIIBI 7D COCTABIISIET BETMUMHY
300 HM, OYEBHIHO, YTO B 00OpAa30BaAHMUU KOMILIEKCA IPUHUMAET y4acTHE, IO
Kpalineit mepe, 1Be—Tpu MoJiekyisl JIHK. bonee monpoOHuslii anHanmus Tpedyer
BOCCTAHOBJICHUS peaibHOU FeOMETPUU KOMILIEKCA.

3aHKeHNEe 3HAYCHUI BEPTUKAIBHBIX Pa3MEpPOB UCCIEIYEMbIX CTPYKTYP
00YCITOBJICHO KOHTAKTHBIMH JIe(hOpMAITASIMH 1101 ICUCTBUEM 30Ha, OCOOCH-
HO CYIIECTBEHHBIMU ITPU UCCIIEIOBAHUU OOBEKTOB, paanyC KPUBU3HBI KOTO-
PBIX MEHBIIIE paJnyca KPUBU3HBI KOHUMKA UTJIbI, cM. pasnaen 2.1. [Ipeanona-
ras, uto nedopmanusi 00beKTa He COTPOBOXKIAETCS U3MEHEHHEM ero 00beMa,
MBI JIeJIa€M BBIBOJI O TOM, UTO YMeHbIIIeHne BhICOThI ACM-n300pakeHus (3a-
HIDKEHUE napameTrpa h = 2b) OyJIeT CKOMIIEHCUPOBAHO COOTBETCTBYIOLIUM
yBEJIMUEHUEM ero IMUpHUHBI (mapamerpa d). Takum o0pa3oM, Mbl JIeTaeM ar-
pUOpHOE TIPeAIoiokKeHne, uTo TopouaanbHble komruiekcsl JIHK-ITAB nme-
IOT «CILUTFOCHYTYIO» (hOpMYy.

3aBprenne 3HaueHUH mupuHbel ACM-n300pakeHui SIBISETCS B OCHOB-
HOM CJIEJICTBUEM TOTO, YTO KOHYMK 30HAUPYIOIIETO OCTPUS UMEET KOHEUHBIN
panunyc KpuBM3HBI, CM. pasjen 2.2. PaccunutaTs BKIIa1 B YIIUPEHUE MOKHO Ha
OCHOBAaHMM aHAIU3a F€OMETPUN KOHTAKTa UCCIEAYEMOU CTPYKTYpPhI U KOH-
YUK 30H/1a C TOMOIIBIO pa3pab0TaHHON METOAUKHU; TEKCT MPOrPaMMBbI, pea-
JIU3YIOIIEN TaHHBINA MOAX0/, puBeaAeH Ha cTp. 220. Mbl NPOBOIUIIM aHAIU3
JUTIS MOJIENIeN KaK NapaboIndeckol, Tak u cepudeckoit urisl. [TomydyeHHbie
PEe3YIBTATHI I 000UX OAXOA0B (DAKTHIECKHU TOXKIECTBEHHBI: KOJTUICCTBECH-

HOE PACXOXKIEHUEe B OTBETaX cocTaniseT 3—9%.

Pe3yabTaThl npuMeHeHns1 MeTOIMKH y4yeTa d(pdekTa ymupenus (pazaen 2.2)
K BOCCTAHOBJICHHIO IIMPUHBI CeYeHHs UcciIeyeMbIX 00beKTOB. ['eomerpuio
KOHUMKA UTIBI (paanyc KPUBU3HBI WM KO3(PPHUIMEHT mapabobl) MOKHO
ONPENENUTh MPU MCCIENOBAHMM OOBEKTOB, MMEIOIIMX B CEUEHUM OKPYIIC-
Hocmb n3BecTHOTO paauyca'®). CormacHo pesyabTaTaM MCCIIel0BaHUS TeCT-

00BEKTOB (YaCTHI] BUpyca TaOaYHON MO3auKHU, CM. pasaen 3.1) paauyc Kpu-

13) y3 aIeMeHTapHBIX TeOMETPUUECKHX TIOCTPOCHHIA, cM. cTp. 103
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Puc. 4.5. Yucno ciydaeB OTCYTCTBUS PEIICHUs B 3aBUCUMOCTU OT pajinyca armpoK-

CHUMalln UTJIbI.

ITpoBepka BEITTOTHUMOCTHU «pernepHOTo» yciaoBus (2.38) crp. 90 mis HabpaHHOM CTATUCTUKH

M3MEPEHHBIX 3HaueHnH h 1 d ACM-nipoduieit TopounanbHbix kKomiuiekcos JIHK-ITAB

BU3HBI KOHYMKA UTJIbI KAHTUJIEBEPOB MCIOJIH3YEMOTO THIIA UMEET BETUINHY
oT 5 no 158M (Mo maHHBIM pupMbI-Tipon3BoauTeas 10 40 HM, cM. TaOIH-
ny A.1). s moaenu mapab®oudeckoi Ukl 3TO COOTBETCTBYET BapHUallMHU
napamerpa k B quanasone (21,5-3,9) x 1072um~!. OnpesenieHre TOYHOTO
3HaueHus paauyca R (wiu k) [1Jisi KOHKPETHOTO 30H/1a TPpeOyeT ero TeCTUpo-
BaHUS HEMIOCPEACTBEHHO IMepe/l Ucrojb3oBanueM. OQHAKO U B 3TOM CIydae
CYIIIECTBYET BEPOSTHOCTH TOT'O, YTO B MPOLIECCE CKAHUPOBAHUS (opMa UTIIbI
MPETEPIUT U3MEHEHUS B PE3YJIbTATe B3aMMOACUCTBUS ¢ 00BeKTOM. B aTOM
CBSI3U UPE3BBIYAHO TIOJIE3HBIM SIBJISIETCS TOJIydeHue uHbopmanuu o ¢op-
Me 30Ha HerocpeacTBeHHO n3 ACM-u3o00pakeHnit 00beKTa UCCIeT0BAHUS.
OTta uHGopMalKsI MOXKET OBITh IMOJIyYeHa B pa3paboTaHHON METOIMKE yueTa
addekTa ymmpenus (pasaen 2.2).

Tax, Ha puc. 4.5 npeacrasiieH rpadyK 3aBUCIMOCTH YUCITA CITy9aeB OTCYT-
CTBHS peIIeHUs (71 CTATUCTUKHU TIap 3Ha4YeHUH d 1 h) OT paanyca anmpoKCH-
MallUuM 30H7a, TOCTPOCHHBIHN IMyTeM TeCTUPOBAHUS BBITIOTHEHUS «PETIEPHBIX>»
ycnoBuii (2.38) unu (2.39), cMm. cTp. 90. Ha ocHoBanuu puc. 4.5 MOXKHO cenaTh
BBIBO/JI, UTO BEPXHsIS T'paHUIIA 3HAUEHUS R, XapaKTepHU3yIOIIETO UCTIOIb3Yye-
MBI 30HA, cocTaBisieT 12 HM (cooTBeTcTBYeT k = 5,5 X 1072 HM ™) — BhIIIE
3TOr0 3HAYeHUs HAOII0IAeTCsA IMHEHHBIM POCT YMCIIa CIydyaeB OTCYTCTBUS
pemenus. HwkHss TpaHuIa Il paanyca KPUBU3HBI 30HIA OINPEACIISIeTCS

KOHTAKTHBIMU Je(POPMAIUSIMHU.
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MbI BOCCTAHOBWJIM UCTUHHYIO IIUPUHY TOPOUIAIBHBIX CTPYKTYp, HC-
MOJIB3YS /IBa pa3fIUYHbIX 3HaueHuss R— 6HM u 12 HM (cooTBeTCTBYeT k —
132 x 10 2am ' u 5,5 x 10 2 um1). Cpennee 3HaueHue napamerpa a (Haii-
JIEHHOE YMCJIEHHO) JJIs1 9TUX ciiydaeB cocTaniseT 11 u 10 HM cOOTBETCTBEHHO
(otHOCUTENBbHOE OTKIIOHEeHUE ¢ = 0,5). Pe3yinpTaThl mpuMeHeHus napadbosiu-
YECKOM MoAeNH UTIIbl faroT 3HadeHus 12 u 11 um. Takum ob6pazom, 1eicTBU-
TeabHO, (hopmoit komriekca JIHK-TTAB siBiisieTcst CILTIOCHY THIH TOP.

M1 noacunTanu takxke koimmuectBo Mmonekyl JAHK, Bxoadmux B coctas
MPOTSDKEHHBIX TSDKEHM, OCTABIIMXCS B BOJHOMU (ha3e Mmociie MPOBEACHUS TIPO-
1iecca nepeHoca (cM. Boliie). BoccraHoBUB 3HaUeHUE UICTUHHOM IITMPUHBI HUTH
(11 R = 6 HM nonyuniid ¢ = 5—11 M, it R = 12HM — a = 6—12 HM) 1 00-
HapyXWIH, YTO B CEYeHUU HUTH yKJaabiBaeTcs ot 1 no 5 monexyn JJHK. T.o.
WCIIOJIb3yeMasi METOJMKA JTA€T COTJIACHE C OXUAAEMbIMU 3HAYEHUSIMU MPU
MPUMEHEHUU €€ K aHAJIU3y HMIMPUHBI KaKk oAMHOYHBIX Moiiekyn JAHK, tak u
WX arperaTos.

Crnenyer mog4epKkHYTh, YTO METOJUKA HE YYUTHIBAET BO3MOXKHOIO J0-
MOJIHUTEILHOTO BKJIA/la B YUIMPEHUE, CBA3aHHOTO C YACTUYHBIM YBJICUEHU-
eM o0pasia 30HA0M IPpU CKAaHUPOBAHUHU, YTO MOXKET MPUBOINUTH K 1,5-2,5-
KpaTHOMY (IIO HAIIIUM OIIEHKAaM) 3aBBIIIEHUIO 3HAUEHUS IUPUHBI 00beKTa d

H, KaK CJIICACTBUC, BOCCTAHABIMBACMOI'O 3HAUCHUA Q.

Pacuet ynciaa mosexya JJHK, oopasyromux kommiekc ¢ [ITAB. Ilpeanona-
ras INIOTHYIO (reKcaroHaJIbHy0) ynakoBky moiekyi JIHK B kommiekce, mo-
Jy4UM, YTO 00BEM, MPUXOISAIIUNACS Ha OJTHY MOJIEKYJTY B COCTaBE KOMILIEKCA,
nuMeeT BennunHy 4R?sin 60°L, roe R— pamuyc monekynsl JHK, a L— ee
JUTHA.

OO0beM TOpOMAATBLHOTO KOMILIEKCAa OyAeT omnpenensThes (Gpopmyion
7w2abD, rne a— HalJEHHOE YUCIEHHOE pelleHue, b = h/2, D— nuametp
topa. C yuerom Hamuuus cinosi [TAB tommmuoi | moxydnm dopmyiry s

YHCIa MOJIEKYT:
w2abD

~ 2V3(R+1)2L
Ha puc. 4.6 npuBeieHbl THCTOrPAMMBI PACTIPEIEIICHUS HAIEHHBIX 3HAYE-
HUI 4KciIa MOJIEKYJI IIPU ABYX 3HAYEHUSIX MapaMmerpa R (paanmyca KpUBU3HbI
uriabel) — 6 1 12 oM. (Mogenb mapaboIndecKoi Uikl JaeT GaKTUUECKH UACH-

TUYHbIE PACIIPEACIICHUS).
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Ywucio MOJIEKYJT B KOMIIJIEKCE

Puc. 4.6. 'uctorpammsl pacupenenenus uncia moiekyia JHK, Bxomsmux B cocTas

xoMIuiekcos ¢ [TAB

AHalIM3 TUCTOTPaMM IOKAa3bIBAET, YTO, COIVIACHO IOJIyUEHHOMY pellle-
Huto, 80% KOMIUIEKCOB MMeET B cBoeM cocTraBe MeHee 16 monekyn JHK
(mp1 MCHOJIB30BAaHUM ammpokcuManmu R = 6HM) wiud 15 momnekyn (mpu
R = 12um).

BoiBoabl. MbI mOKa3aiu, 4TO B COCTAB KOMILJIEKCOB, HEPACTBOPUMBIX B BOJI-
HOU (aze, HO PACTBOPUMBIX B XJI0pOdOpMe, BXOAUT HECKOIBKO MOJEKYJI
JHK. MoXHO Opearoio)XuTh, YTO B UCCIEIYEMBIX CTPYKTYPAX MOJIEKYJIbI
JAHK o0benuHeHbl HEMOCPEICTBEHHO IPYT ¢ APYTOM U MOKPBITHI CHAPYXU
cnoem ITAB' . TTpumeHeHne METOAUKK BOCCTAHOBJIEHUS HCTUHHOM reoMeT-
pun 06beKTOB 110 pe3yiabrataMm ACM-u3mMepeHuit o3BOJIMIIO CAENTATh BHIBOI,

YTO B COCTaB KOMIUJIEKCOB BXOJUT OT 2 10 15 Monexyit.

14) 10cKOMBKY KOMILTEKC, B KOTOPOM OObeIMHEHbI HeckoIbko Monekyn JIHK, kaxmas u3
KOTOPBIX MOKPBITA CHapYX U citoeM ITAB, He OyneT cTaOUIIBHBIM B XJIOpodopme (B OTCYTCT-
BHE TUAPOGOOHBIX B3aMMOICHCTBHI)
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4.2. UccaenoBanne ndmenennii kongopmanuu JHK

B BOJHO-CIIUPTOBLIX Cpcaax

B paszgene 4.1 Mb1 paccMaTpuBaiu KOHGOPMAIIMOHHBIE M3MEHEHUSI, KOTOPHIE
npetepneBatoT Mosekybl JIHK mpu B3anmopeiicteuu ¢ monekyinamu [TAB B
BOJIHBIX pacTBopax. MetogoM ACM ObL10 MOATBEPHKIEHO, YTO B 3TUX YCIIO-
BUSIX MOKET MPOUCXOUTHh koMmmakTuzaius monekyn JHK, npu stom Obia
BU3YJIM3UPOBAHA TOPOUAAIIbHAS CTPYKTYPA KOMITAKTHBIX KOMILJIEKCOB.
Crout ormetuth, uto cucrema JIHK + ITAB mocraTtoyno cioxkHa muist
WCCIIEIOBAHUIN npsAMbIMYU METOIAMU BU3yaIU3allud TEOMETPUU MUKPOOOBEK-
TOB, K KOTOpbIM oTHOcUTCS 1 ACM. [leiictButensHo, nmpucytcreue [1AB B
KaueCTBE KOMIIOHEHTA CUCTEMbI TPEOYET MPOBEACHUS TPYT0EMKUX KOHTPOJIb-
HBIX 9KCIIEPUMEHTOB JIJIs1 ONPE/IeTIEHUS] METOIUKY MMPUTOTOBJIEHUSI 0OPa31IoB,
MIPY UCMIOJIB30BAHUU KOTOPOU CTPYKTYpPBhI, oOpazoBaHHbIe ToIbKO [TAB (0e3
JAHK), He mpuBoauau ObI K ommbkam B uHTeprnpetaruu ACM-pe3yJibTaToB.
D10 cBsA3aHO co cnocobHocThiO ITAB k camoopranuzanuu [109], kotopas,
HaIpUMep, MOXKET UMETh MECTO B IMPOIIECCEe BBHICHIXaHUS KaIlld Mpernapara,
HAHECEeHHOM Ha MOBEPXHOCThb MOMJIOKKM JUIsl IPUTOTOBIEHUs] 0Opa3oB®).
[TosToMy HEOOXOAMMO ONpENeTUuTh TaKHE YCIOBHUS IPOILECCOB HAHECEHUS
00pa31oB, BBICYIIMBAHUS KaIUIM MOpenapara U MPOMBIBKH, MPU KOTOPBIX
HaJIMYUE Ha MOJJIOKKE OOBEKTOB, CBS3AHHBIX JIMIIb C CAMOOpPraHU3alnei
ITAB (6e3 yuactus JJHK), Mmuaumansno. Mnu, ecnmu oHU U MPUCYTCTBYIOT,
TO UX TEOMETPUS IPUHIUITUATBHO OTIMYAETCS OT UCCIIETyeMbIX KOMIUIEKCOB
JAHK-ITAB: nHannpumep, HaIM4Ke Ha MOJIOKKE CAMOOPraHU30BaAHHBIX NJI0C-
KUX MOHO- WA MYJIbTUCIIONHBIX TIeHOK [TAB He ocnoxHseT uneHntuduka-
nuto uckombix JIHK-ITAB koMmiiekcoB, HO, HAMPOTUB, YACTO CITOCOOCTBYET
MMMOOTH3a1MHI UCCIIEAyEMBIX 0OBEKTOB B IIPOLIECCE CKAHUPOBAHUS ™).
[TosTOoMy mOCTAaTOUHO MOKA3ATEIbHBIM ObLIO OBl MOATBEPAUTH AJCKBAT-
HoCTh TpuMmeHeHust C3M miis uccnenoBanus mpoueccoB konaeHcaunu JJHK
Ha TpuMepe OoJiee MPOCThIX CUCTeM. TakoBOHM cUCTEMOI, Ha Halll B3TJIS,

MOKECT CHUTATBLCA MOJICKYJIa Z[HK, Haxogdalascia B BOHHO-CHI/IpTOBOﬁ cpeac

15) 1pu BBICBIXAHMHM KATUTH GY/eT MOBBIIATHCSA KOHIEHTpamus ITAB

16) dhopmuposanue mieHok [TAB Ha MOBEPXHOCTH CITIOMIBI (OTPULIATEIIBHO 3aPSHKEHHON B
BOJIHBIX PAacTBOPAax) MOKET NMPUBOIMUTHL JTUOO K ee ruapododu3anuu, TMd0 K CMCHE 3Ha-
Ka MOBEPXHOCTHOTO 3apsijia — B 3aBUCUMOCTH OT KOJIMUECTBA MOHOCIIOEB U OPHEHTAIMHN
MOJIEKYI
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(3TaHon, u3onponaHon). I1pu 10CTaTOYHO BBICOKMX KOHLEHTPALUSAX CIUPT
cranosutcs s Moiekyn JAHK nioxum™ pactBoputesnem (B MpUCYyTCTBUM
kaToHOB Nat — 00b14HO paboTatoT ¢ HaTpueBbiMu coisimu JITHK), uto
MIPUBOJIUT K MEPEX01y MAKPOMOJIEKYJT U3 COCTOSIHUS PA3BEPHYTOI0 KIyOKa B

COCTOSIHHE KOMITAaKTHOM T1100ysI [110].

4.2.1. UccnenoBanne CKOHIEHCHPOBAHHBIX B BOAHO-CIIMPTOBOI
cpene moJiekya JIHK npu npoBeiennu uccieaoBannii Ha
BO3/yXe

18) JKcIepHMEHTHI B €CTECTBEHHOH aTMocdepe OCYIIECTBIIHN 110 CIeAyIO-

men cxeme. Momnekynbl JIHK konaeHcupoBain B BOJHO-CIIMPTOBOM Cpee
IIPY KOHLEHTPALUSIX CIIUPTA, MPUBOISIIMX K NEpexoay KIyOok — riodyna,
¥ HAHOCHJIM KaIllio npenapaTta'®) Ha MOANOXKKy, 3aTeM 06paslibl BLICYILIH-
BaJIM, TIPOMBIBAJIM U CHOBA BBICYIIMBAJIH, T.€. CXeMa JKCIepUMEHTa Oblia
CTAHJIapPTHOM JIJIS UCCIIEIOBAHUI HA BO3/1yXe U UACHTUYHOM CITydaro aHalIn3a
KoHmeHcamu komruiekcos JJHK-TTAB2?)

st sxeniepumenToB BeiOpaiu JIHK u3 aputpoumros usimwst (1000-3000
1. 0., «Coro3xuMpeakTuB», Poccus ), B KauecTBe CIIMPTA UCIOJIb30BaIU U30-
MPOMAHOJI U 3TAHOJI (X. 4.). KOHTpOJIbHBIE 3KCIIEPUMEHTHI 110 UCCIIEOBAHUIO
mosekyn JJHK, mpuroToBieHHBIX HAaHECEHUEM U3 BOJHOTO pacTBopa Oydepa
(6e3 criupTa), AEMOHCTPUPYIOT OTCYTCTBUE KOMIAKTU3AIUA MAKPOMOJIEKYJI B
JTAHHBIX YCIIOBUSIX — pUC. 4.7. 3/1eCh MbI UCIIOJIB30BAJIA B KAYECTBE MOIJIOKKU
HeMOOUuGuYUpo8anuyio CIIOy, MOCKOJIbKY TaKYIO K€ MOJI0KKY BbIOUpau U
JUTSI KOHIGHCUPOBAHHBIX MOJIEKYJ. Kcronmp3oBaHne HeMOAU(PUIITPOBAHHOK
(T.e. OTpULIATEIBLHO 3aPSKEHHON) CII0/IbI B KAUYECTBE MOMJIOKKU OOBSICHSIET
TOT aKT, YTO aJICOPOUPOBAHHBIE MOJIEKYJIBI HETOCTATOYHO PACIIPABIIEHBI U
YaCTUYHO MPOarperupoBaIu.

Jlo6aBiieHune k ucxogHoMy pactBopy 50% u 60s1ee cnupra (M30mpornaHosa
VI 3TAHOJIA) CyIIeCTBeHHO BimsieT Ha KoHpopmarmio JIHK. Pe3ynbTaTs! Ha-
[IUX SKCIIEPUMEHTOB MMOKA3bIBAIOT, YTO OOJIBIIAS YACTh MOJIEKYJT HAXOIUTCS

B OJIHOM M3 ABYX TUIOB KOH(POPMAIIMN — TOPOUIATLHON WIIN CTEPKHEBOM

17) g cMBbICIIe BIMSHUS HA KOHGOPMALIHIO TTONTMMEPHO HeH

18) OGpa3Lbl 1S HCCIIEAOBAHMIT OBUTH TPUTOTOBIIEHBI COBMECTHO ¢ K.X.H. O. A. TTbIIIKHHOI
19) Gpasm ocamok

20) 5T0 ITO3BONSET IPOBECTU CPABHUTEILHBIN AHATIN3
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4.00

Puc. 4.7. CBoboaubie monekyibl JIHK, amcopOupoBaHHbIe Ha TOBEPXHOCTh CBEIKETO

CKoOJTa cTroIbI 13 Oydepa.

BI/IL[HO, YTO IIPU 3TUX YCITIOBUAX MOJICKYJIBI HCAOCTATOUYHO PACIIPABJICHBI U YaCTUYHO ITpoar-

perupoBaitu

(rod-like). Cneayer moA4YepKHYTh, YTO MPH BBICOKOW KOHIICHTPAIIUK MOJIe-
kya1 JAHK B ucxonHoMm pactBope TOpouajibHbIe U CTEPKHEBbIE YACTUIIBI ar-
perupyroT B equHyto cTpykTypy. Ha puc. 4.8 npencrasnen pesynbrar ACM
BU3yanu3auuu crepkHeBoil ctpyktypsl JAHK, nonyyenHoi npu agcopouun
MaKpoMOoJIeKyJ u3 66% BogHOTro pactBopa 3TaHoja (KoHueHtpauus JHK
cocraBisia 5 X 1075 M).

AHanm3 MHUPUHBI TPOPIIIS CTEPKHEBBIX CTPYKTYP MOKA3BIBAET, YTO OHU
o0pa3oBaHbl, MO KpaiHel Mepe, HeckobkuMH Mosekyiaamu JIHK («ctsny-
TBIMU B JKT'yT»); BBICOKAsI CTEIIEHb arperaliu CTeP>KHEBBIX CTPYKTYP OOBsIC-
HseTcs 3HauuTebHOU koHueHTpanueit JJHK B pabouem pactBope.

Heckoapko oTiMuHbIe pe3ybTaThl ObLUIN MOJIYUYEHbI IPU UCIIOJIb30BAHUN
B KayecTBe cruprta u3onponanoia. Ha puc. 4.9 npencraBieHsl pe3yinbTaThl
ACM-BU3yan3aium TOpOUIAIbHBIX CTPYKTYP, 00pa30BaHHBIX MOJIEKYJIAMU
JTHK 1pyu HaHEeCEHUM Ha TIOBEPXHOCTH oAbl 4 X 10~ M pacrsopa JJHK B
50% m3onponanose (B mpucyrctuu 0,05 M TBE Oydepa). PesynsTaTs! cBu-
JETENIBCTBYIOT, YTO B 3TOM cilydyae (B CPaBHEHUU C 3TAHOJIOM) OOJiee 4yacTo
HabII0AAI0TCSl TOPOIOJOOHBIE CTPYKTYPbI, HEXeNHN cTep)kHeBble. [TpuunHa
MOXET 3aKJIIOYATHCS B PA3IMYHBIX 3HAUCHUSX TUIIEKTPUUYECKUX MTPOHUIIAE-

Mocteit uzonponanona (¢ = 18,3) u atanona (¢ = 24,3), uto obecrneunBaeT
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Data tyre Height Data tyre Phase
Z range 48 Hm Z range 40 rpan

Puc. 4.8. Monekyinbl JIHK agcopOupoBaHbl Ha MOBEPXHOCTD CBEIKET'0 CKOJIA CITFOBI

13 66% BOIHOTO pacTBOpa TAaHOIIA.

Caux = 5 x 1075 M; ACM-uccrenoBanye B pexxuMe IIPepbIBUCTOrO KOHTAKTA, CIEBa TIPH-

BeZICHO TomoTrpaduueckoe n3o0paxkeHue, cripaBa — ¢a3oBoe, cM. paszzaen 1.3.2

JYUYLIYI0 KOMIIEHCALIMIO 3apsiia MOBEPXHOCTU MAKPOMOJIEKYJIbI TPOTUBOMO-
Hamu Na™' B ciryyae H30mponaHoa.

CTouT NOgYepKHYTh, YTO TMpH NpoBeneHun ACM-uccieoBaHUii Ha BO3-
JyXe HeU30€KHOU cTajneil MpUroToBIEHUsI 00pa3LOoB SBJISETCS MpoLeaypa
BBICYIIMBAHMS KAIUIM IIpenapaTta Ha MOAJIOkKKe. B mpoliecce BbICYIIMBAHUS
KOHIIEHTPAIIMM KOMIIOHEHT Ipernapara B Karuie HepaBHOBECHO BO3PACTaloOT,
YTO MOXKET HEKOHTPOJIMPYEMO BIIMSATH HA MOP(OJIOTHIO aICOPOUPYEMBIX Ha
MOTOKKY CTPYKTYp. MCKITFOUNTH MpOLIeAYPY BBICYIIMBAHUS BO3MOXKHO TIPU

npoBenennu ACM-uccieoBaHUN B )KUIKUX Cpeaax.

4.2.2. Uccaenosanue npoiueccoB konaencamun JJHK

HENMOCPEACTBECHHO B BOIlHO-CﬂHpTOBOﬁ cpeae

B 3700t cepun 3KCIEpUMEHTOB MbI TPOBOIUIIN UCCIEAOBAHUS KOHIEHCAIIUU
mosekyn JIHK nvenocpenctBeHHO B dsrcuokocmuoil siveitke ACM, 94TO 1M0O3BO-
JISTIO UCKITFOYUTh BO3MOKHOE HETAaTUBHOE BIIUSIHUE MTPOIECCa BBICYITUBAHUS
KaIlIu [pernapaTta B CTAaHIapTHON cXeMe SKCIIEpUMEHTOB Ha BO3AyXe (CM. Tpe-

JObIIYLIUN pa3aen).
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Puc. 4.9. Monexynst JIHK agcopbupoBaHbl Ha MOBEPXHOCTD CBEKET'O CKOJIA CITFOBI

13 50% BOIHOTO pacTBOpa U30IPOIAHOIIA.

Ancopbuus B npucyrersuu 0,05 M TBE 6ydepa, Cyux = 4 x 10~7 M; ACM-uccnenoBanue

B PCKMMEC KOHTAaKTa

PaccmatprBaemoe 0CiIokKHSIOIIEE MPENATCTBUE MTOJTHOCTIO OTCYTCTBYET
MpU MTPOBEJICHUH UCCIENOBAHUN B )KUIKUX Cpefax, Koraa MOBEPXHOCTD MO/I-
JIOKKH Y 30H]] MUKPOCKOTIA TTOMEIIAIOT B KUIKOCTHYIO STUEHKY, ITOCTIE Yero
STUEHKY 3aMOJIHSIIOT PAa00YUM pACTBOPOM, COJIEPKAIIUM OOBEKThI UCCIIeI0OBA-
Hus. UMMoOUmM3anms U3ydyaeMblX CTPYKTYP Ha MOJI0KKE OCYIIECTBIISAETCS
JIMUIb 3a CUET IMPOLIECCOB aACOPOIMU U3 pACTBOPA.

B omuceiBaeMoii cepum 3KCriepuMeHTOB MbI ucnonbk3oBain JJHK Gaxre-
puodara T4 u BomHbIe pacTBOPHI U3OMPONAHOJA U 3TaHOJa. Panee ObLIO
nokasaHo [110], uto rurantckas JJHK T4 B BogHO-ciMpTOBON cMecH Ipu
KOHILIEHTpanuu cnupta 6osee 50% (a5 U3omnpomnanosia) NperepreBaeT KoH-
(hopManMoHHbI iepexo/1 KITyOook — rio0yia. [Ipu ymeHbIIeHUN KOHIIEHTpa-
uuu criupta 1o 40% HabIr01a10Ch YACTUYHOE pa3BopaurBaHue riody:m. Jdu-
HAMHKA TIEPEeX0/1a UCCIIe0BATIACh METOAOM (IyOPECIEHTHONH MUKPOCKOTIIH.
OnHako, B CHJIy OTpaHUUYEHHUS pa3peliaroiiei criocoOHOCTH MeToAa (Ipeaen
ONTUYECKOT0 MUKPOCKOIIA), 0Ka3aJI0Ch TPYAHBIM ONpPENeIUTh TOUHYIO T€0-
METPHUIO KOMITAKTHBIX TJI00YJ U CTPYKTYPY YACTMUHO KOMIAKTHU30BaHHBIX
00pa3oBaHUM.

[Tpencrasisnock mokazaTeabHbIM MTpoBecT ACM-uccnenoBaHus mMpo-

necCa KOMIIaAKTHU3alluK KMCHHO JJIs 9TOI'O 0O0BEKTa B TEX JKE YCIOBUSIX.
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:‘)RCHepl/lMeHTaJILHaﬂ 4acCTb

21) B kauecTBe 0OBEKTOB HccieqoBanus ncronssosamu JJHK 6akxreproda-

ra T4 («Nippone Gen», Snonus), cocrosimeit u3 166 teic. m.o. I1pu mpose-
JIEHUH SKCTIIEPUMEHTOB UCIIOJIb30BaIN OMANCTUINIMPOBAHHYIO BOJTY, OUHUIIIEH-
HYI0 ¢ moMoIbio cucteMbl «Milli-Q» («Millipore», CLIIA). BogHo-ciupToBBIE
Cpeabl TOTOBUIIM C UCIIOJIb30BAHUEM U30MpoNaHoa (X. 4.).

NccnenoBanua konugeHcanmn Moisekyn JHK nposomgnmm metomom
ATOMHO-CWJIOBOM MHUKPOCKOIIMU B BOJIHO-CITUPTOBOM CMECH C UCIIOJIb30Ba-
HUEM MOJI0KEK CItoAbl. CBEXUN CKOJI CITIOJbI M KaHTUJIEBEP (C 30HIOM)
MOMEUIAJIN B KUAKOCTHYIO siueiiky ACM, KOTOpYIO MOCIEA0BATENBHO 3aI10-
HsuM pabounmu pactBopamu. [1penapat, conepxamuit Mosiekysibl JJHK T4 B
BOJIHO-CITUPTOBOM cMecu mpu 80% KOHIIEHTPALIMH CIIUPTA, TTOJTy4asIu, CMEIIIH-
Bast oquH o0weM pactBopa [JHK B 0,5-TBE-Oydepe ¢ ueThipbMs 0ObeMaMu
m3onponanona. Ilpemapat monekyn JHK B 40% wuszompomnaHosie nojyya-
au, cMemmBas ABa oowvema pactBopa JAHK B Oydepe ¢ Tpems obvemamu
n3omnpomnaHoia. B oboux ciayuasx koHeuHas koHnentpaius JHK B cmecu
cocrabisuia 1 x 107% M.

DKCIIEpUMEHTBI TPOBOAMIN B KUAKOCTHOU sueiike ACM «Nanoscope-
III» (Digital Instruments, CILIA) B pexxume HpepbIBUCTOTO KOHTAKTa C
WCIOJIb30BAHUEM 3a0CTPEHHBIX KAHTUJIEBEPOB M3 HUTPHUAA KPEMHHUS JKECT-
koctbio 0,32 H/Mm, cm. Tabnuiy A.1.

Omnpenenenne agekBaTHONW MeToAuku mposeneHus: ACM-skcriepumMenTa
BKJIIOUAJIO aHAJIU3 HAM0O0JIee MOAXOASIIINX KOHUEHTPALMI BOAHO-CIIUPTOBOM
CMECH, a TaKXKe MOCIeq0BATEIbHOCTD 3aIIOJIHEHUS JKUJIKOCTHOM SYeHKM pa-
004MMU pacTBOpaMHU (TECTUPOBAIIN PA3TUYHbIC BAPUAHTHI).

B pe3ynbprate TECTUPOBAHMS OCTAHOBWIIMCH Ha CIIEIYIOLIEH METOUKE:

® B KUJKOCTHYIO STUEMKY IIOMEIIAIOT KAHTUIIEBED U C8ediCuli CKOJ CIIIOMIbI,
3aT€M BBOJASAT BOAHO-CIIMPTOBYIO CMECh ITPU TOM KOHLIEHTPALIUKU CITUP-

Ta, KaKas Mpe/roIaraeTcs B NCIonb3yeMoM npenapate ¢ JJHK??);

21) DKcnepUMEHTHI GBITH TOCTABIIEHBI COBMECTHO ¢ K.X.H. B.T'. CepreeBbiM
22) HeKOTOPOE BPEMs OTBOJNTCS HA CTAGHIIH3AIIHIO CUCTEMBI
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® J[AaJICC, HAUMHAIOT ITPOUCCC CKAHUPOBAHUA HJIsI TCCTUPOBAHUSA pa6OTBI
CUCTCMBI, a TAKXKE KOHTPOJIA Ka4eCTBA ITIOBEPXHOCTHU CIIIOAbLI 1 YNCTOTHI

HCIIONIb3YEMBIX PACTBOPOBZY);

e HE IpeKpallas MpouUecc CKAHMPOBAHUSA, B CUCTEMY BBOIAT Mpemnapar,
conepxamuit mosekyisl JIHK B BogHO-cimpToBO# cmecu. KoHnneHcu-
POBAHHBIE MOJIEKYJIbI BBIMAJAIOT HA MOBEPXHOCTh MOJIOKKH, YTO IO-

3BOJISACT UX BU3YAJIIU3UPOBATH C ITIOMOIIBIO MUKPOCKOIIA.

Pe3yabTaThl H HX 00CY:K/1eHHE

ITpenapar, conepxaimuii mosiekyssl JIHK T4 B BonHO-ciupTOBOM cMecH rpu
80% KOHIIEHTpALIMH U30ITPOIAaHOJIa, BBOAWIH B )KUIKOCTHYIO STYEHKY, 3a110J1-
HEHHYIO MPEeABAPUTEILHO BOJHO-CIIMPTOBON CMEChIO C TOU K€ KOHIIEHTpa-
nuen cnupra. Ilpu atux ycnosusix Mmaxkpomodsiekyisl JJHK ocaxnanuce Ha
MOBEPXHOCTH CITIOJIbI B BUJIE KOMIIAKTHBIX 17100y (puc. 4.10a u B).

[TpumMeHeHne METOAWMKM BOCCTAHOBJIEHUS pEaJIbHBIX Pa3MEpOB HCCIIe-
yeMbIX OOBEKTOB MO H3MEPEHHOH BbicOTe U IHMpuHEe Mpoduist ACM-
n3obpaxenus (yuer agdekra ymmpeHus), KoTopas pa3paboTaHa B pase-
ae 2.2, (cM. cTp. 85 u nasee), NO3BOJISIET OMPENEIUTh 00BEM TIIOOYISIPHBIX
CTPYKTYp. MBI MpOBEIN pacueThl Mo pa3zpaboTaHHON MeToauke ydyeTa 3¢-
dekTa ywupenus sl AByX 3HAYSHUH paauyca KpUBU3HBI UL 5 U 10 HM,
pe3yibTaThl npuBeaeHbl B Tabmuie 4.1. [lo Hammm oneHkam (¢ mpuMeHe-
HUEM TECT-OOBEKTOB) PaJUyC KPUBU3HBI UIJIbI, UCIOJIb3YEMON MPU 3aMUCU
MPUBEJIEHHBIX M300paXKeHUM, JISKUT UMEHHO B nuamna3one 5 +— 10 M. 3Ha-
YeHHsl IapaMeTpoOB TJIO0YIIbI, ONpEAe/IeHHbIE C UCIIOJIb30BAHUEM JIBYX I'pa-
HUYHBIX 3HAYCHHWH TSI paauyca KPUBU3HBI UTIIBI (PAKTUUECKU WICHTHYHBI.
BoccraHoBIIeHHbIE 3HAUEHUSI MTAPAMETPOB MOIYOCEH a U b MO3BOJAIOT CAe-
JIATh BBIBOJI, UTO T€OMETPUUECKON (hOPMOM TTIO0YIIbI SIBISETCS CHIIOCHYMbL
U cne2Ka GbIMsIHY bl 2JLIUNCOUO.

CrangapTHble OTKJIOHEHUS BEJIMUUH, TPUBEACHHBIX B Tabuue 4.1, Benu-
KU, YTO OOBSICHSIETCS CTATUCTUUECKUM pa30opoCcoM U3MEPSIEMBIX ITapaMETPOB
I8 pasnuyHbIX rI06yn?Y. Bonee HAIISAHO 3TO BUIHO U3 aHAIM3a TMCTO-

rpaMM pacripeeieHus aHATU3UPYEMBIX TapaMETPOB.

23) nomkHa HAGMIONATHCA TMafkas (HA AHTCTPEMHOM YPOBHE) MOBEPXHOCTB CIIOMBI, €3
KaKHUX-T10O0 MOBEPXHOCTHBIX CTPYKTYP
24) 2 He MOrPEITHOCTHIO0 METOAMKH yueTa IQdeKTa YIIMpeHns
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22.0 HM 22.0 HM

0
0 2.00 4.00 6.00 MKM 8.00
22.0 HM

Puc. 4.10. IluHamMuKka mpoI1ieccoB KOMIAKTU3AIUH/ feKoMITakTuzauu Mojekyi JJHK

B BOJIHO-CIIUPTOBOM cpene:

a) ¥ B) — KOMITAKTHBIE IJIO0YJIBI, BBITABIINE HA IOBEPXHOCTH CIII0ABI U3 80% BOMHOTO pac-
TBOPA U30IPOINAHOIIA;

0) U T)— YaCTUYHO ACKOMIIAKTU30BAHHBIE TTIO0YIBI (T€ K€ YYACTKH MOBEPXHOCTH) MOCTIE
TOHMKEHUS KOHIeHTpanuu cnupta 10 40-50%;

), Bpe3Kka— OJIHAa U3 II00YJ ¢ OOJBIIMM YBETUYEHHEM, PUCYHOK IMO3BOJISIET PA3IUYMTh

BHYTPEHHIOIO ITOJIOCTh

145



R,uM | a, HM b,um | c,um |V, x10° am?®
5 41+12 | 55+ 17| 23+9 2,60+ 1,7
10 37+12 | 52+£17 |23+ 9 2,1£1,5

Tabnuna 4.1. 'eomerpuyeckue mapaMeTpbl MO0y, 00pa30BaHHBIX KOMIAKTHU30-

BaHHBIMHU B 80% n3omnpomnanone monekyinamu JJHK T4.

PacueTsl mpoBOIMINCH 1O pa3pabOTaHHOU MeTouKe yueTa 3ddexTa yuupenus s IByX
3HAYCHUN paguyca KpUBU3HBI UTIbl R: 5 u 10 HM; MpUBEIEHHBIC IOTPEITHOCTU SBJISIOTCS
CTAHJAPTHBIMHU OTKJIOHEHUSM CPEIHUX apU(PMETUYCCKUX, PACCUUTAHHBIX MyTEM CTATUCTH-
YeCKOro aHanm3a noyrydeHHbIx ACM-n3o00pakenuii o0y (N = 55). O6o3HaueHus Tabim-
LBl a, b ¥ ¢ — mapaMeTpsI JLTUIICOMA, OTTUCHIBAIOIIET0 TE€OMETPHUIO TIIOOYIIBI; a U b BOccTa-
HOBJIEHBI 110 MeTouKe yueta ACM-ymmpenusi, ¢ — noioBruHa BbIcOTbl ACM-nu300pakeHus
r1006YyIEL V — 00BEM JUIUIICONAA, ONIPEieTIEHHBIH 110 popMye: V. yospm = %ﬂabc. Jlst cpaB-
nenusi, 06beM mMonekyisl JHK T4 Vg = mr?L, (r = 1um, L = 55 x 10% um) cocrasiuset

1,7 x 10% am?

154 —— 154 ——

pamuyc 30HIa = 5 HM pamuyc 3oHna = 5M HY

104 104 —

L kel

T
0,6 0,7 0,0 0,1 0,2

Yuceno rnobdya
aucro éroQyr

0 T T T T T
4 0,5

0,0 0,1 0,2 0,3 0

O6beM 106y, #10° un’ b CGep GroQyr, 1:5M a4’

Puc. 4.11. I'mcrorpammsl pacnpeaeneHus 00beMa riio0yIIpHbIX YacTUL, 00pa30BaH-

Hbix Monekynamu JJHK T4 B 80% nzomponanore.

3Ha4yeHne 00peMa ObBLTO BOCCTAHOBIICHO TSI KAXKAOU rITOOYISIPHON YaCTHIIBI C TPUMEHEHHEM
pa3paboTaHHON MeTOAMKH yueTa 3ddexTa yIupeHus A1 AByX 3HAaUeHUH paauyca 30HAa: 5

u 10 HM
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Ha pucynke 4.11 npeacraBiieHbl TUCTOTPAMMbl paclpe/eiieHus 3Have-
HUi oO6beMa To0yIIsIpHBIX YacTull. Hannune B HaOpaHHOM CTAaTUCTHKE IJI10-
OyJ1, XapaKTePU3YIOIIUXCS MaJIbIMU 3HAYEHUSIMU 00beMa (MEHbIIIe, YeM 00b-
eM oxHoil monekynbl JIHK) o06bsicHaeTcs, no-BUAMMOMY, NMPUCYTCTBUEM B
HCIIONI3yeMOM Tipernapate gpaemenmos mojekyn JIHK. M3 ananuza pucys-
ka 4.11 (cp. ¢ Tabmuueit 4.1) cineayeT, 4To 00BEM III00YIIBI, 0Opa30BaHHOMN
nenpHOM Mosekynoi JJTHK (ae ¢pparmeHTOM) COCTAaBISET BETUUNHY TTOPSII-
Ka 3-5 x 10° HM?, 4TO MpeBBIAET BEIMYMHY 0O0beMa Monekynsl JJHK T4:
1,7 x 105 am3.

T.o. 06pazoM MOKHO MPEANOIIOKUTH, YTO KaXKaast Ti1o0yiia o6pa3oBaHa
onnoit monekynoit JJHK, Haxomsieicst B 10CTaTOYHO IJIOTHO YITAKOBAHHOM
COCTOSIHUH.

YacTuyHO AEKOMMIAKTU30BaHHbIE CTPYKTYphl Makpomodsiekyn [JHK T4,
noJjydaemblie pu pazdasienuu 80% ciupToBoro pactBopa B Boze 10 40-50%,
WCCIIEIOBAJIN CIIEAYIOMUM 00pa3oM. B KMIKOCTHYIO sSUeiiKy, COAepIKaIlyIo
JAHK T4 B Bune rnodyn B 80% uzomnponanoiie (20% Boabl), 100ABISIN CMECH
n3ornpomnaHoJia ¢ Bogo (40% uzonpomnanosna + 60% Boibl), C LIEJIbIO TOHU3UTD
KOHIIEHTPALIMIO CIIUPTA B sTYEHKe.

ITockombky mporecc komnaktuzanun JJHK B ciupre obpatum, To mpu
TIOHIKEHNN KOHIIEHTPALNK CITUPTA B KMAKOCTHOMH sueiike?®) raobyimel mpe-
TEepNeBaOT KOHPOPMAITMOHHBIE H3MEHEHM S, CBS3aHHBIE C HAYAJIOM ITpoIiecca
nekoMmimakTuzanuu. Ha pucynkax 4.10 6 u r n300paxeHbl T€ ke y4acTKH I10-
BEPXHOCTH, UTO ¥ HA pucyHKax 4.10 a u B, HO MPU MOHUKEHUU KOHIIEHTPAIIIU
criupta B siueiike 1o 3Hauenus: 40-50%. M3 pucyHKOB BUIHO, YTO B IpoOLIec-
ce JIEKOMITAKTU3AIUY U3MEHWIUCH OUEePTAHUS TJIOOYISIPHBIX CTPYKTYP U UX
BBICOTA (Cp. a2 U 0).

HexoTtopbie BBIBOJBI O CTPYKTYype KOMIAKTU30BAHHON TJIOOYIIBI MOXHO
CeNaTh, AaHAIU3UPYS CTAANN JUHAMUYECKOTO IIpoLecca JeKOMIIAaKTU3allUH,
n3o0paxkeHHble Ha puc. 4.10 B u r. AHaIU3 PUCYHKA MOKA3bIBAET, YTO IeEp-
BOHAyYaJIbHO KOMMakTHas rinodyna (puc. 4.10B, oTmeTka «I'71») B mpoliecce
JEKOMMAKTU3ALIMM YMEHBIIAETCS B BBICOTE U IMO3BOJISIET BU3YAIM3UPOBATH
YeHmpanbHyo noiocmo, cM. puc. 4.10T u Bpe3ky.

OnHako 0Ka3alioch, UTO JATbHEHIINI MPOLIECC pa3BOpaAYUBAHUSA IT100YI
HE TMPOUCXOIUT. DTO MOXHO OOBSICHUTh HAJIUYUEM CHJI B3aMMOJCHCTBUS

MEXIy MOJIEKYJION M MOJJIOKKOM, KOTOPbIE U MPEMNsTCTBYIOT pa3BopaynBa-

25) yTyulIeHNH KauecTBa PacTBOPHUTENS
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HUIO MIPU YMEHBIIIEHUH KOHLIEHTpaIuu crupta. (OKa3aioch, YTO B YCIOBUSIX
BOJIHO-CITUPTOBOM CpeIbl UCCiielyeMble OOBEKTHI IOCTATOYHO CTAOMIbHBI Ha
MOJUIOKKE U HE YBJIEKAIOTCSA 30HIOM IPU CKAHUPOBAHUHM).

ITosTomy mpomexyTtounble cocTosiHusl koMmakTuzanuu JHK (Mexay
r100yNIoi 1 KIIyOKOM) moydyanu cieayomuM oopazom. Momekyasl JTHK,
Haxopsumecs: B 40% uzomponaHosie, BBOIWIN B )KUIKOCTHYIO sTYEHKy, a 3a-
TE€M KOHLIEHTPALMIO CIUPTA B SUElKe MOBbIIIAIN NTpokaunBaHueM 80% nu3o-
nponaHoiyia. [Ipu NMOBBIIEHNN KOHUEHTPALMU CHOUPTA MOJEKYJIbI BbIMIaga-
JIM Ha TIOBEPXHOCTh MOIOKKHU B YACHUYHO KOMNAKMUZOBAHHOM COCMOSHUU.
Hanpneitmas kommaktuzanus JIHK, agcopbupoBaHHBIX Ha IMOJJIOXKKY, HE
HabIrI01a1aCh, YTO, MO-BUIMMOMY, OMSTH K€ OOBSICHSIETCS B3aUMOIEHCTBH-
eM mounekys JIHK co caronoi.

ACM-u300paxeHust 4aCTUYHO KOMITAKTU30BAHHBIX CTPYKTYpP MpUBE/Ie-
HbI Ha puc. 4.12. bputo ob6HApy)eHO, YTO HAYaJIbHBIM ITPOILIECCOM KOMITaK-
TU3AIMU TJIOOYI SBJISIETCSl 3aKPYUMBAHHUE OTIECIBHBIX YUYACTKOB MaKpOMO-
nexynbsl JIHK B ToponmanbHyro CTPYKTYpy, 3TH KOMITAKTHBIE YYAaCTKH, ITO-
BUMMOMY, U SBJISIOTCS LIEHTPAMU JaJIbHEHIIIEH KOMITAKTU3ALINY.

Ha ocHoBanuu HabII0A€HUI MOKHO MPEANOIOKUTh, YTO U KOMITAKTHbBIE
100yIIbl, BU3yaIu30BaHHble HA pUCYHKe 4.10a U B SBISIIOTCS NPOAYKTOM
MMEHHO TOPOMAAIBLHON KoMHOakTu3anuu mMakpomosekyi JJHK u npencras-
JISTFOT COOO¥ TUTOTHBIE KKITYOKH», B KOTOPBIX OTAEIbHBIEC YYACTKH MOJIEKYIIBI
3aKpY4YEHBI BOKPYT TOPOUIATBHBIX CTPYKTYP.

Crnenyer oTMETUTh, 4TO MakpoMmoJiekyiabl JIHK npu moBbimieHUM KOH-
LEeHTpaluu crnupra B saueiike (0T 40%) oOpa3yloT He TOJIbKO TOPOUIATIbHBIE,
HO U (pexe) cTepKHeoOpa3HbIe CTPYKTYPhI, CM. PUCYHOK 4.13.

CTpexHeBbIe CTPYKTYPBI, H300pakeHHbIC HA PUCYHKE 4.13, UMEIOT Ty ke
MPUPOy BOSHUKHOBEHUS, UTO U IIPUBEJICHHbIE HA pUCyHKe 4.8, rae nzoopa-
JKEHBI pe3yJIbTAThl UCCIIEAOBAHUM, TPOBOAUMBIX HA BO3ayxe. BuaHo, uTo npu
MCCIIEIOBAHUSX B )KUJIKOCTH JOCTUKUMO OOJIbllIee TPOCTPAHCTBEHHOE pa3pe-
IIEHUE, YTO MO3BOJISIET BU3YyATU3UPOBATH OT/IeJIbHbIe HUTU MoJiekyibl [JTHK,
oOpa3syrolei ucciaeayeMyro cTpykTypy. M3 pucynka 4.13 6 BugHO, 4TO IpH
CKaHUPOBAHUM MO/ BO3ACHCTBUEM 30H/1a MUKPOCKOIIA CTEPIKHEBASI CTPYKTY-
pa YaCTUYHO «pacCIlIeIach».

Habmronenue B psizie ciiyuyaeB KOMIIAKTU30BAHHBIX CTPYKTYP, UMEIOIINX
MOpP(}OJIOTHI0, OTIUYHYIO OT TOPOUIAATBHOM, MOKET OOBSCHATHCS TEM, UYTO

B OKCIICPUMCHTE HCCIICJOBAJIMCH ITPOMEKYTOUYHBIC CTAIUH ITPOLIECCAa KOMITAK-

148



600
“La00
-}200
0
600
11.0 Bm
& 1.50
- L 3.00
.
y v ’ 1\
R A : 1.00
ST s Kok L2.00
: : : ; ;
- ™ r\__/\—\\
k?{\ : Y V
& S g . 4 -0.50
3 , .éii~‘ li.00 | ’
; E Y
: e \W‘ .
' ’
B) T — T - T 0 r) T — 0

Puc. 4.12. Hactnuno komnakTuzoBanubie Mosekyisl JJHK.

a) U B)— MOJIEKYJIbI, BBIMABIINE HA ITOBEPXHOCTH cimroabl u3 40—50% BomgHOTO pacTtBOpa
M30TIPOIIaHONA;
0) ¥ T') — Te K€ YYACTKU ITOBEPXHOCTH C OOJIBIIINM YBEITHUCHHEM;

Ha PUCYHKE OTMEUYEHBI TOpouaaibHble («Tp») 1 rio0yasapHbie CTPYKTYPBI(«I'11»)
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Puc. 4.13. CrepxHeBasi CTpyKTypa, oOpa3oBaHHAs B pe3yIbTaTe KOMIIAKTU3ALIUH

JHK B pacTBOpe nzomnporaHoa.

a), 6) — INocrmenoBarenbHO cHATbIE ACM-M300pakeHHsT OJJTHOTO y4acTKa ITOBEPX-
HOCTH C Pa3IMYHBIM yBeIn4YeHHeM. BuiHo, 4To B mporiecce CKaHUPOBaHUS B PE3YJib-

TaTe BO3ACUCTBHS 30Ha CTCPXKHCBAA CTPYKTYPA YaACTUYHO «pacCIlICIIaCh»

THU3ALIMH, B KOTOPBIX HEKOTOPOE KOJIMYECTBO MOJIEKYJI MOXKET HAXOAUTHCS B
HECTAILMOHAPHBIX MOP(HOIOTNYECKUX COCTOSHUSIX

T.o. MBI Hccrie10BaIN PA3INYHbIE CTAIUU ITPOLIECCa KOMIAKTU3AIMHI MO-
nexyn JJHK T4 B BogHO-CIIUPTOBOM cpesie MPpU pa3InyHbIX KOHIEHTPALUSX.
B 3aBHCHMOCTH OT KOHLIEHTpallMU CIUPTa ObUIM BU3YaAJIM30BAHBI KAK IOJI-
HOCTBIO KOMIIAKTHBIE [JI00YIIbI, TAK U YACTUYHO KOMITAKTU30BAHHbIE CTPYK-
Typbl. [IpMeHeHre METOTMKN BOCCTAHOBJIEHUS PEAJIbHOM reoMeTpun OO beK-
TOB uccienoBanus (yuaet a¢pdpekra ACM-ymmpeHns ) Mo3BOIUI0 PACCUUTATH
3HaYeHue 00beMa OTAENbHOU I1100ynbl. C y4yeToOM MOJIYyYEHHOrO 3HAYEHUS
clielaH BBIBOJ, UTO Kax/aas riao0yna oOpa3zoBaHa, o-BUIUMOMY, OAHOM MO-
nexynoi JIHK, Haxonsieicst B IITIOTHOYNAKOBAHHOM COCTOSIHUU.

YacTUYHO KOMITAKTU30BAHHbIE CTPYKTYPbl BKIIOUAIOT YYACTKU Hayallb-
HOW KOMITAKTU3AllMHU, T/I€ HUTh MOJIEKYJIbl 3aKPYYMBAETCS B TOPOIIOJOOHbBIE
CTPYKTYpBl. MOXXHO IPEAIONI0KNUTh, YTO B MPOLIECCE KOMITAKTU3ALIUU TJI0-
OyJIbl BOKPYT 3THX TOPOUIAIBHBIX LIEHTPOB 3aKpyuyMBaeTcs Bce OOJblIe U
00JIbIIIE BUTKOB MOJIEKYJIBI, YTO IPUBOAMUT B Pe3yabTaTe K (POPMHUPOBAHUIO
CTPYKTYpPBbl BBICOKOH IUIOTHOCTH YIIAKOBKHM (BO3MOXHO, B LIEHTPE ITaHHOU
CTPYKTYPBI CYLIECTBYET I1OJIOCTbh, PAJINYC KOTOPOI COBMAIAET C BHYTPEHHUM

paanycom TOPOB, CIIyKalIUX HEHTPAMU KOMIAKTU3ALINH).
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4.2.3. KpaTkue BbIBO/IbI

OCHOBHEBIE BBIBOJBI, KOTOPBIC MOKHO CACTIATh HAa OCHOBEC PE3YyJIbTATOB, U3J10-

KCHHBIX B I[aHHOfI I'J1aB€, TAKOBBI.

e Hccnenoansl komnakTHbie koMiuiekesl JIHK-TTAB, BusyanusupoBana
UX TOpOUJAJIbHAS CTPYKTYpPa; C IPUMEHEHUEM METOIMKHU yueTa ¢ dek-
Ta yuwiupeHus ONpereIeHo KOJTNYECTBO BXOISIINX B KOMIUIEKC MOJIEKYJ
JAHK; npogemoHcTpupoBaHa Bo3MoOKHOCTh CTM-Bu3yanu3anum KoM-

IIJICKCOB.

e Uccnenosan npouecc kommnaktuzauuu JJHK (1000-300011.0.) B BoHO-
CIUPTOBBIX cpenax. [TokazaHo, YTO pe3yTbTaTOM KOMITAKTH3ALIUU SIB-

JAIOTCA TOPOUOAJIBHBIC U CTPEKHCBBIC CTPYKTYPHI.

e [Iponecc komnaktuzanuu JJHK T4 (166 Thic. m.0.) HcCe0BaH HEIO-
CPEICTBEHHO B BOJJHO-CITUPTOBOIL cpesie®®) ¢ HcKImtoueHeM mpoleayphl
BBICYIIMBaHUSI 00pa3iioB. Busyann3upoBaHbl KOMIAKTHBIE TJIO0YIIBI,
uMerotre (GOPMYITy CIUTFOCHYTOTO 3JUTATICOU/IA U COCTOSIIITUE U3 OJTHOU
MmoJtekyibel JIHK (uTo ompeneneno ¢ npuMeHeHHEM METOIUKHU yueTa 3¢-
tdhexTa yuwupenus). [Tpu mpoMeKyTOUHBIX KOHIIEHTPAIIUSIX CIIUPTA BU3Y-
AJIM3UPOBAHBI YACTUYHO KOMITAKTU30BAHHBIE 00pa30BaHUs, COACpKa-
1[1€ OT/IEJIbHbIE KOMIIAKTHBIE YUACTKH, I/I€ BUTKU MOJIEKYJIbI 3aKpyue-

HbI B TOPOUJAJTIbHBIE CTPYKTYPHL.

Paszpaborannbie noaxoasl mpoBeaeHuss ACM-3KCIIEpUMEHTA B HCUOKUX
cpedax (T.e., TOTEHUMATIBHO, B YCIOBUAX, OJIM3KUX HATUBHBIM) MOTYT OBITh
TMOJIE3HBI TPU UCCIEAOBAHUSIX MOJIETIBHBIX CUCTEM TPAHCIIOPTA T€HETUYECKO-
ro MaTepuaia BHyTpb KUBbIX Kj1eTOK. [lomoOHbIe ncciie1oBaHUS MOTYT TaKXKe
JaTh BKJIA]l B TOHUMAHUE MEXaHU3MOB MPOLIECCOB KOMITAKTU3AIIMHN MOJIEKY-

abl JJHK moa Bo3aeicTBUEM PAZIMYHBIX KOMIAKTU3YIOIINX PEareHTOB.

26) g sumKOCTHOM stueiike ACM
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I 1aBa 5

IIpumenenne meroga ACM aiist
AHAJIN3A CTPYKTYPbl TOHKHX

OPraHnvYcCKUux IJVICHOK

1) JlenrmiopoBckasi mieHka[l111] MoxkeT OBITH ONpeseieHa Kak yIopsiao-
YEHHBI HEPACTBOPUMBII MOHOMOJIEKYJISPHBIN CI0#, cHOPMUPOBAHHBIN Ha
rpanune (a3 xunkocrb—Tas. [LrenkooOpa3zyroliee BEmEeCTBO JOKHO OBITH
aMudUIBbHBIM, T.€. COCTOSTh U3 KOMIAKTHOU MOJISIPHON T'OJIOBKU (THAPO-
bunpHOM) 1 THAPOGOOHOTO hparMeHTa (UTMHHOTO aJIKWUIBHOTO pajuKaa).
[Tpomecc popmupoBaHUs JIEHTMIOPOBCKOW TIEHKH COCTOUT B CIIEIYIOIIEM.
Baauane, mpu HaHeCEHNH Ha MIOBEPXHOCTH paszena (a3 IieHKooOpa3yrole-
r'0 BEIECTBA B MOAXOMISIIEM PACTBOPUTEIE, TUIOMIAAh TIOBEPXHOCTU TUIEHKU
COXPAHSIETCSl TOCTATOYHO OOJIBIION, YUTOOBI ITOCIIE UCTTAPEHUS] PACTBOPUTEIS
C MIOBEPXHOCTH XUAKOCTH 00PA30BAIACH 08YMEPHAA 2A3000pa3Has TUICHKA.
ITpu cokpaleHnu iomaau, 3aHUMaeMOM TUIEHKOM, C TOMOIIBIO ITOIBH>KHO-
ro 6apbepa MPOUCXOAUT OPUEHTALIMS U YIIOPSIOUUBAHUE MOJIEKYJI B TJICHKE
Y OHA TOCJIeI0BATEIbHO MPOXOIUT pa3InUHbIE ABYMEPHbBIE (Pa30BbIE COCTO-
STHUS:. OT «2d3000pasHo20» 0 «meepdo2o»[20], 4TO COMPOBOXKIACTCS U3Me-
HEHUEM XapaKTepa 3aBUCUMOCTH MOBEPXHOCTHOT'O AABIIEHUS OT ILJIOLIA[H,
npUXosieiics Ha MolieKylny m = 7(A); 3TH 3aBUCMMOCTHU SIBJISIIOTCS aHa-
norom m3otepm p = p(V') mist TpexmepHoro ciydas[105]. OqHako da3oBbie
JarpaMMBbl IBYMEPHOTO Clydasi HOCST OoJiee CIIOKHBIN XapakTep, Tak, Ha-

MIPUMED, CYIIECTBYIOT ABYMEPHBIE (PA30BBIE COCTOSHUS <KUIKO-PACTIHYTAS»,

1) Pe3y/bTaThl, N3I0KEHHbIE B JAHHOI TIaBe, TIONYYEHbI B XOJAe COBMECTHOH paGoThHI ¢
k.x.H. I'. K. XKasuepko (MaCTUTYT PHu3uko-oprannyeckoi xumun AH Benapycu, MuHcKk)
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<CKUJIKO-KOHJEHCUpOBaHHasl ieHKa»[112] (koTopble pa3muyaroTcs MO Xa-
pakTepy 3aBUCUMOCTU 7T = m(A) Ha 3TUX y4acTKax), He MMEIOIINEe aHAJIOTOB
Ha m3otepmax p = p(V') TpexmepHOro ciryyas.

IInenkamu Jlenrmiopa-braomxert (JIB) Ha3pIBaloT COBOKYIHOCTH JIEH-
IMIOPOBCKHMX TUIEHOK Ha TBepaod moBepxHocTu[l113]. IlepeHoc mieHkn
OCYHIIECTBIISIIOT OOBIYHO BEPTHUKAJIBHBIM clocoOoM (Meron JleHrmropa-
Bbromxert), npomnyckas MOMIOKKY CKBO3b MOHOCTION, IPUYEM HABIIEHUE B
IJIEHKE MOJIEP>KUBAIOT MTOCTOSIHHBIM MTyTEM COKPAIEHUS IUIOIMAAU TUIEHKU
Ha BOJHOM MOBEPXHOCTU MOJBMKHBIM OapbepoM B IIPOLIECCE NIEPEHOCA MO-
Hocnosi. CTpykTypa chOpMUPOBAHHOTO MOKPBITHS OMPEAEIISIETCs CIOcO00M
BbIJIeTIeHUs (puc. 5.1).

Texnonorus JIb o3BoJI€T JOCTATOYHO MPOCTO U3MEHATh CBOMCTBA IO-
BEPXHOCTH M (POPMHUPOBATH KAUECTBEHHBIE IUIEHOYHBIE IMOKPBHITUS 3a CUET
TOYHOT'O KOHTPOJISl TOJIIIMHBI TJICHKU B IIPOIIECCE BbIEICHUS (KOIUYECTBA
HAHOCHMBIX CIIO€B), OJITHOPOJHOCTH IMOKPBITHS, HU3KOU IIEPOXOBATOCTU U
BBICOKOH (IIpH MOAOOpE aJ€KBATHBIX YCIOBUI) aAre3uu IJIEHKU K MOBEpX-
HocTU. CBOMCTBA IJIEHOK TAKXKE MOYHO JIETKO BAPbUPOBATH, U3MEHSIS CTPYK-
TYpY NOJISIPHOM rO10BKU aM(pUPILHON MOJIEKYJIbI, COCTAB MOHOCIOS (ABYX-
Y MHOTOKOMITOHEHHBIE CMECH MOJIEKYIT), @ TAK)Ke BapbUPYS YCIIOBUS BbIIeIe-
HUSI — cOCTaB cyO(da3bl M MOBEPXHOCTHOE AaBIIEHUE. DTO OOBSICHSIET HHTEPEC
K ITIOTEHUHUAJIbHOMY MCITOJIb30BAHUIO MOHO- U MYJIbTUCIIOMHBIX IUIEHOK JIb B
BBICOKOTEXHOJIOTUUHBIX OTPACISIX: MUKPO- U HAHOAJIEKTPOHUKE, OMTOIJIEK-
TPOHHUKE, MPH pa3pabOTKe CEHCOPOB U OMOCEHCOPOB, OMO- U YIbTpaduiIb-
TPaLMOHHBIX MEMOPaH, CO3JJaHNN HETUHEMHOONITUUECKUX MAaTEpUATIOB U OIl-
TUYECKUX 3JIEMEHTOB (BOJHOBO/IbI, IIOMUHECIICHTHbBIE YCTPOICTBA) C 3a/1aH-
HBIMU CBOMCTBaMHU, U T.1. OFHAKO IS IIUPOKOMACIITAOHOTO MPUMEHEHUS
IJICHOK IAHHOT'O TUTIA HEOOXOAMMO MPOSICHUTH OCHOBHbBIE MEXaHU3MBI, OTIpe-
TIEIISTIOIINE CTPYKTYPHBIE U (pr3nUuecKue CBOMCTBA ChOPMUPOBAHHBIX TOHKOTI-

JICHOYHBIX HOKpBITI/II\/'I.

Biusinue yc/ioBUii NpUroTOBJIEHHS NJIEHOK HA MOP(OJIOTHI0 NOKPLITHIA,

c(opMHPOBAHHBIX HA TBEP/I0ii MOBEPXHOCTH

Mopdosiorust miIeHKu Ha TBEPAON MOBEPXHOCTHU 3aBUCUT OT COBOKYITHOCTH
(hakTOpOB — ycoBUil GOPMUPOBAHUSI MOHOCIIOS HA MEX(pa3HOM MOBEPXHOC-

TH, CII0CO0A M YCITOBHI MTEPEHOCA TUIEHKHU Ha TBEP/IYIO ITOBEPXHOCTb, TPUPO/IBI

153



MYJIbTHCJIOMHAS nocJie[0BaTeNbHOE
miieHka JIb nponycKaHue
TIONOKKY yepes
rpanully pasgena das

MOIJI0KKA

0apbep  ppuknansiaenmoe

AV NIOBEPXHOCTHOE
A
MOHOCJIOU SIS JlaBJIeHUe T
—
)

cybdasza

JIEHTMIOPDOBCKasi BAaHHa

a)

MOHOCJIOHHAS 6apbeP  ouknansisaemoe
TIOBEPXHOCTHOE
TNJIaBHOE TIOHH2KEeHUe TJIeHKa JIB p
JlaBJeHUe TU
YPOBHS MOHOCJION
-«

MOA/I0XKKa m

Me e HHBIH

BBIMTYCK —P»

pactBopa

cybdasa

JIEHTMIOPDOBCKasi BaHHa

Puc. 5.1. Cxema metona Jleurmropa-biomkert hopMupoBaHUsS TOHKAX OpraHUYec-
KHX TUTIGHOK Ha MIOBEPXHOCTU TBEPAOH MOTIOKKHU:

a) — BEPTUKAIBHBIN METO HaHeceHUsI (B OOJIbIIel CTENeHN MPUMEHNM JUISI CO3JIaHUS MY b~
THUCJIOMHBIX MOKPBITUI); 6) — METO/J TOPU30HTAIBHOTO OCAXIEHUS (I103BOJISIET (hOPMHUPO-

BaTbh Ka4YCCTBCHHBIC MOHOCJ'IOI/I)
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MOJUTOKKHU U T.JI. BecbMa KpUTHYHBIM ISl KAUECTBEHHOTO MEePEeHOca TUIEHKU
SIBJISIETCSl CTPYKTYpa MOBEPXHOCTHO-aKTHUBHOI'O BEIIECTBA U, B YACTHOCTH,
MpUPOJIa TOJISIPHOU TOJOBKH, KOTOpAsh B 3HAYUTEIILHONH Mepe OIpeaessieT
CBOMCTBA MOHOCITOS. []eliCTBUTEIIFHO, MHOTHE aM(pUPUIbHBIE MOJIEKYJTBI 00-
pa3yroT CTaOUIIbHbIE MOHOCIION Ha BOJHON MOBEPXHOCTH, OJTHAKO HE BCE Ma-
TEepUAJIBI MOTYT OBITh YCIICIIIHO BbIJIETICHBI B BU/IE TUIEHOK JIb TpaauiimoHHbiM
(BEpTUKATLHBIM) METOIOM BbIJICJICHUSI.

BrieneHre MOHOCIOEB Ha TBEPIYIO TOBEPXHOCTH M (POPMUPOBAHUE MYITh-
TUMOJICKYJIIPHBIX IIEHOK BEPTHKAIBHBIM MeToqmoM JIb mpowucxomut mpu
IUKIMYECKOM IMOTPYKEHUU U MOAbeMe MOJIOKKU CKBO3b MOHOCJIOH, MpHU-
YyeM JaBJICHHE B IJIEHKE MOIEP’KUBAIOT MTOCTOSIHHBIM B IIPOIIECCE MepeHoca
(puc. 5.1a). B atoM cirygae popmupyercs TuieHKa (Ha3biBaeMast TJICHKOU Y -
THIA), COCTOSIIAS M3 IEHTPOCUMMETPUUHBIX OmcioeB. B 3aBucuMocTH OT
CTPOEHUSI, HEKOTOPBIE MOJIEKYJIBI MOTYT BBIJIEISATHCS B BUJIE€ MOHOCIIOS TOJIb-
KO TP MOTpykeHUu (X-TUM BBIJAECICHUS) WA TOJIBKO MPU U3BJICUSHUH TO/-
70XKH 13 cyodasbl (Z-tum). [Ipu 3TOM mocnenoBaTeIbHO HAHECEHHBIE MO-
HOCJION He 00s13aTeIbHO 00J1a1atoT GUKCUPOBAHHON opueHTaruei. M3BecT-
HO [20] (M0 AaHHBIM PEHTIEHOCTPYKTYPHOTO aHaju3a), YTO MHOTHUE TUIEHKU
X-Tuma B pe3yJibTaTe MepeopraHu3alii UMEIOT BHYTPEHHIOI OPUEHTAIIHIO,
COBITQIAIONIYIO C TUICHKAaMU Y-THNA (CYMTAeTCs, 4yTO Y-IUIEHKH OoJiee cra-
OunbHbI). UTOOBI M30€XKaTh SIBJICHUH, 3aTPYIHSIONINX MEPEHOC MOHOCIIOS
OOBIYHBIM BEPTUKAIBHBIM METOJOM BBIJIEJICHHS], TAKMX KaK OMTPOKU/IbIBAHUE
MOJIEKYJ B MpoIiecce MepeHoca, KpUCTaIn3allys BEelecTBa B MEHUCKE KH/I-
KOCTH M T.[l., MBI U UCITOJIb30BAJIU METO]I TOPU30HTAILHOTO ocaxaeHus (I'O),
cM. puc. 5.16. DTo MO3BOIUIIO, HAPSAY C YKE U3BECTHBIMU, HAOIIONATh P

MaJION3yUYCHHBIX SIBJICHUM WM HE OMHUCAHHBIX paHeC B JIMTCpaType.

Bausinne npupobl cyogasbl HA Ka4eCTBO MJIEHKH

Cy1iecTBeHHOE BIIUSIHUE HA CBOMCTBA MOHOCJIOEB OKa3bIBAET COCTAaB cyOda-
3bl U MPUPOJIa TPOTUBOMOHA. Hambosee sspko 3TO MPOSBIISIETCS HA TPUMeEpe
MTOBEPXHOCTHO-AKTUBHBIX KUCIIOT. IlepeHoc Ha TBEpAYIO MOTI0KKY MOHOCIIO-
€B )KUPHBIX BBICIINX KUCIIOT, CHOPMUPOBAHHBIX HA YHCTOW BOJTHOU IMOBEPX-
HOCTH, BecbMa IpoosiemaTuueH. [1pu ucnob30BaHUM MOUIOKKU U3 CITIOJIbI
9TO CBSI3aHO C OTPULIATEIIBHBIM 3aPSIOM, IPHUOOPETAEMBIM CITIOJION B BOJTHBIX

pacTBopax (kapOOKCHIIbHAS TPYIIA TAKXKE 3apsHKAeTCS OTPULIATETBHO), T.€.
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12 HM

Puc. 5.2. Monocnou 6ereHoBo# KHUCJIOTBI, IPUTI'OTOBJICHHBIC TOPHU30HTAJIbBHBIM MC-

TOOOM OCAXIACHMSA Ha CIIIOOY.

MoHOCIOHU ITEPEHECEHbI ¢ TOBEPXHOCTHU YUCTOM BOIHOM cyOdassl (a), u c moBepxuoctu CdTe-
cy0da3zel (cM. Hike). ACM-uccnenoBaHue Mo3BOIseT BU3YaIU3UPOBATh YIACTKU PA3ITUIHO-
ro (a30BOTO COCTOSHIUS TUICHKH, XapaKTePU3YIOIINECS PA3IUIHON BEICOTOM MOHOCTIOS (pas-
Huma 0,3-0,6 um). Hapsiay ¢ 3TuM B mieHKe HaOMIOAAIOTCS MOPBI, TITyOMHOMN O MOITOKKHI

(MHTEHCUBHO TEMHBIE 00JIACTH)

BO3HMKAET Ta XK€ MpobsiemMa, 4To U MPU UMMOOWIM3AIUKN HA MTOBEPXHOCTH
MOJUTOKKN MOJIEKYJI HYKJIEMHOBBIX KUCIOT. [loaTOMy, 0OBIYHO, MOHOCIOU
KUPHBIX KHUCJIOT IMEPEHOCAT Ha MOIIOXKKY meTtoaoM JIb B BHuae ux coseit
C MOHAMU PA3UYHBIX MeTauioB [114]. OgHako METOIOM TOPU3OHTATIBHOTO
OCAKJIECHUS HAaM yAaBaJIOCh IIEPEHOCUTDH KAUYECTBEHHYIO MOHOCIIOMHYIO IJIEH-
Ky OereHOBOM KUCJIOTHI C BOAHOM MMOBEPXHOCTH Ha CIIIOAY, cM. puc. 5.2a. Ha
9TOM PHUCYHKE OTYETIUBO BUIHO COCYIIECTBOBAHHE JBYX THUIIOB OOJIacTeit
IJIEHKH, XapaKTEPU3YIOIMNXCS PA3TIMYHON TOJIIIMHOM Cl04, 4, CIIEA0BATEb-
HO, U PAa3JIMYHON OpUEHTALIMEN YIII€BOIOPOIHBIX XBOCTOB (PA3IMUHBIN Yrol
C HaIpaBJICHMEM HOPMaJIM K MTOBEPXHOCTH). MBI moiaraeM, 4ro Habiomae-
Mble 00JIACTH SIBIISIIOTCS YYACTKAMM PA3JIMYHOTO ABYMEPHOTO (ha30BOTO CO-
CTOSTHUS TJICHKH («TBepasi» U «<OKUIKO-KOHACHCUpoBaHHas» (pa3bl). Crieqyer
0c000 MOAYEPKHYTh, UTO MPH UCIOIB30BAHUM TPATUIIMOHHOTO BEPTUKAIIb-
Horo metonaa JIb ¢popmupoBaHus MOKPHITUS YBUIAETh TOAOOHBIE OCOOEHHOC-
THU OPTaHU3ALIMY MOHOCIIOS HA TBEPAOH MOBEPXHOCTH (COoCylllecTBOBaHUE (a3
pa3IUYHOMN CTPYKTYPHI) HE yaBanock. He oTMedeHBbI ciiyuau ux HaOII01eHUs

U B JINTEpATypE.
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5.1. Bausinue npoueccos BHeaApennst CdTe-kaactepon
HA CTPYKTYPY TOHKOIJIEHOYHBIX MOKPbITHH

0ereHoBOM KHUCJIOThI

AKTyaJIbHOM 3aJaueii HAHOAJIEKTPOHHMKHU SIBIISIETCS CO3JAaHUE THOPUIHBIX
OPraHUYECKO-HEOPraHUYECKUX HAHOCTPYKTYp Ha TBepAol noBepxHocTH. [1o-
JYIPOBOAHUKOBBIE KJIIACTEPHI MPEACTABIISIOT COO0M OJIMH U3 HauboJIee MHTE-
PECHBIX U MEPCIEKTUBHBIX 00BEKTOB UCCIEAOBAHUS; X YHUKAJIbHbIE CBOUCT-
Ba 00YCITOBJICHBI KBAHTOBOPA3MEPHBIMU 3P PEKTaMH 1 TPOSIBISIOTCS, HATTPH-
Mep, BO B3aUMOJIEUCTBUU C JIA3€PHBIM U3IIYUEHHEM: ITPOLECCAX PACCEIHUS U
MOIJIONIEHUS], TeHepallui BTOPOU TapMOHUKHU U Ip. OTIUUUTETBHON 0cOOeH-
HOCTHIO HAHOKOMIUIEKCOB Ha OCHOBe XalibKoreHu0B Cd, crabuin3npoBaH-
HBIX OPraHMYEeCKUMU JINTAHIAMU, SABJISIETCS HAJTMUUE PEAKIIMOHHOCIIOCOOHBIX
Tak HasbiBaeMbIX E-lienTpos? (Hanpumep, atromsl Te B CdTe knacrepax) Ha
BHEIIIHEH MOBEPXHOCTH HAaHOKJIACcTepoB. OCOOEHHOCTU KJIACTEPOB TAKOBBI,
YTO OOJIBIIMHCTBO MOBEPXHOCTHBIX aToMOB Cd CBSI3aHO ¢ OpraHMYEeCKUMU
JIMTAHJIAMU, B TO BpeMs KaK E-LIEHTpbl OCTalOTCSl HECBSI3AHHBIMU U BIIUSIIOT
Ha MPOIECcC B3aUMOIEUCTBUS KIIACTEPOB C 3JIEKTPOMATHUTHBIM U3JTYyYEHHEM.
[TomuMo 3TOT0, MOCKONIBKY E-11eHTpBI CBOOOIHBI, CYIIECTBYET BO3MOKHOCTH
UX XUMUYECKOU MOJIU(PUKAIIMN U CO3aHMS HOBBIX CTPYKTYp [115].

Hamu Obuta m3yuena Bo3moxkHOcTh BBeaeHuss CdTe kimactepoB B MoO-
HOCJION € MOCIEAYIOUIMM NIEPEHOCOM HAHOYACTHUIl HA IMOBEPXHOCTh Ha IpHU-
mepe CdsyqTezo(SCHoCH2OH)xas0. MccnenoBanHble HAHOKIACTEPBI HUMe-
IOT TIPEANOJIOKUTETBHO TETPAdAPUUECKOE CTPOCHHE, TPUUYEM THOTIIUIIEPOJI-
CTAaOMJIM3UPYIOUIME JIUTaHbl PACIOIaraloTcsl Ha yriax u pedpax, ocTaB-
75151 OTKPBITBIMHU 111 XUMHYECKOTO KOHTAaKTa aToMbl Te Ha IJIOCKHMX Ipa-
HaX TeTpasdapa[ll5]. C momMoipo METOIOB KBAplIEBOIO MUKPOB3BEIIHBA-
Husi, UK- u YD-cekTpocKOmuy ObIIO YCTAHOBIEHO®), YTO THOTIHIEPOI-
CTAaOMJIU3UPOBAHHBIE KIIACTEPHI MOXKHO YCHEIIHO BHEAPSATH B MOHOCIION Oe-
T€HOBOW KHMCIIOTHI U MEPEHOCUTh HA TBEPAYIO MOMJIOKKY C IIOBEPXHOCTU MX

BOIHBIX paCTBOPOB.

2) HeHTPOB CBEUEHUS
3) 5t m3mepenns npoBomwn k. X. H. I'. K. XKaBuepko (MPOX AH Bemapycn, Munck) u
K.X.H. A. JI. Porau (M®XU BI'Y, MuHck)
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5.1.1. DkcnepuMeHTAIBHASA YACTh

4) O6pasupl IUIEHOK ObLIM MPUTOTOBJIEHBI BEPTUKATLHBIM METOIOM, CM.
puc.5.1a, 1 METOAOM TOPU3OHTAJIBHOTO ocaxaeHus (puc.S.10), KOTOpPBIH,
Kak ObLJI0 MOoKa3aHO HaMU ¢ momoIisio ACM, B psijie cliyyaeB MO3BOJISIET 11O-
Jy4aTh 00JIee KaUeCTBEHHbIEC MOHOCIOTHbIe TIOKPBITUS B CDABHEHHUH C TPaIu-
LIMOHHBIM BEPTHKAIBHBIM criocob6om®) . [leHcTBUTENBHO, chOPMUPOBAHHBII
Ha BOJHOW MOBEPXHOCTU MOHOCION ocaxpaaercss MerogoM 'O «kak ecTb»
Ha MPEABAPUTEIIBHO MOTPYKEHHYIO MO BOJIHYIO MOBEPXHOCTD MOJIOKKY B
nporuecce MemsieHHOro (okosio 0,01 MM B MUHYTY) MOHMKEHUSI YPOBHS KU1~
KocTH (B pe3ynbTate popMupyercs CTpykrypa Z-tuma, puc. 5.10). Ilnenkwu,
MOJIy4yeHHbIe MeTo1oM JIb mpu MpoInycKkaHuM MOMAJIOKKH CKBO3b MOHOCIION
8EPMUKAILHO CO CKOPOCThIO 4 MM/MUH, UMEJTH, KaK MPaBWIO, CTPYKTYPY Y-
TUIA.

Tuormunepon-crabunusupoBanubie CdTe kmacTepsl, MCIOIB30BaHHBIC
JUISl BHEIPEHUS B IUIEHKHU, ObUIM MPUTOTOBJIEHBI IO METOAUKE, OMUCAHHOU
B paborte [115]. MoHocn0# GereHoBO#M KMCIOTHI ()OPMHUPOBATIN HA MOBEPX-
HOCTH BoAHBIX pacTBopoB CdTe knactepos ¢ KoHLeHTpauueit 0,1-1 x 10~* M.
Monocnoit Z-tuna umm 1-Y 61cioit®) GereHoBoii KHCIOTHI BBIACTSIN C BO-
HOU MOBEPXHOCTHU WU ¢ cyOdassl, conepxkarieit CdTe kmactepsl Ha TOBEepX-
HOCTb TOJUIOXKHU (CIIOABI WM Nuporpadura), OUMIIEHHYIO CTaHIAPTHBIM
METOJIOM MEXCIIOMHOT'O CKaJIbIBAHUSI HEMOCPEACTBEHHO IEpe]l HAHECEHUEM
MOHOCJIOSI.

ACM wuccnenoBanus nmpoBog Ha npudbope Nanoscope-Illa (Digital
Instruments, CIIIA) ¢ ucrnosib30BaHMEM KaHTUJIEBEPOB U3 HUTPUAA KPEMHUS
kecTkocThio 0,32 H/M ¢ 3a0CTpeHHBIMH 30HAAMU B PEKUME KOHTAKTa Ha BO3-
nyxe. bbuio oOHapyXeHO, YTO UCHOIb30BAHUE JAHHOTO KOHTAKTHOI'O KaH-
Tunesepa’) MpeanouTUTENbHEE B COIOCTABIEHUH C IPYTUMU TOTO K€ THUIIA,

MOCTaBISIMBIMH (prpMoii-TipousBoauTesieM (kectkocthio 0,06 H/m, 0,12 H/m

4) O6pa31bl IUIEHOK ObLTH MPUroToBNIeHH K. X. H. I'. K. XKasuepko, MPOX AH Benapycu,
MuHck

5) BepTHKAJIBHBIIA METO/1 B GOIBIIIC CTENIEHH TPUMEHUM TS (POPMUPOBAHUS MY THCIOM-
HbIX JIb moxpeITuii

6) TTpu WCIONMB30BAHMM B KA4eCTBE MOJUIOKKH CIIOABI OBUIO OGHAPYXKEHO (METOHOM
ACM), uTo mpH CcllefOBaHUU IIpolieAype HaHeceHUs 1-Y Ouciaos (BepTUKAIbHBIM METOIOM)
peanbHO Ha MOJTIOXKKY y1aeTCsl IEPEHECTH TOJIBKO MOHOC01 (TIO-BUAMMOMY, IEPEHOC TIEHKH
MMEET MECTO TOJIbKO IIPH U3BJICUCHUH ITOUTOKKH U3 CyO]a3bl yepe3 MOHOCIION).

) eM. Tabmuny A.1, crp. 227
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unu 0,58 H/M), pu mccienoBaHusIX TOHKUX IIEHOK, TTOCKOJIBKY pa3pylia-
Iolllee BO3JCMCTBUE 30HIa Ha OOpasell B 3TOM Cllydyae MUHUMAIbHO. DTO
MOJXKET OBITh CBS3aHO C T€M, UTO JAHHBIA KaHTUJIEBEp 00JIa1aeT HAUMEHb-
el Maccoil, v, Kak ciaeACTBUe, HauMeHee nHepioHeH. Cuily BO3IeUCTBUS
IPU CKAHUPOBAHUU BApbUPOBAIIA B IIMPOKOM JIMAIA30HE: OT EAUHUIL 0 JIe-
CATKOB M COTEH HAHOHBIOTOHOB, MPU 3TOM B PSJE CIIy4a€B BO3MOXHOCTh
MIPOBEACHUS Hepa3pyularwux uccie0osanuti TpedoBajia MUHUMU3AIUU CUITBI
BO3JIEHCTBUS 30HAA. HacTOTy CTPOYHOM pa3BepTKU BbIOUpATU B IUANA30HE
5-60T'1; mpu MOJIydeHUH MOJIEKYJISIPHOTO pa3pelieHus Al MUHUMU3ALU

TEII0BOTro Jpeiitha UCIONb30BaIN MakcuMaibHoe 3Hauenne’) (60 I'i).

5.1.2. Pe3yabTaThl U UX 00CY:K/IeHUE

CnonTanHoe ¢popMHpOBaHHEe KPUCTANIMYECKHX BKIIOYEHUN B
MOHOMOJIEKYJISIPHBIX IJIEHKAX 0ereHOBOM KUCJIO0TbI, 0CaK/1aeMbIX €
CdTe-cyodasni

Mpsr obHapyxwH, 4To ocaxkaeHHas ¢ CdTe cybdas3sl Ha TOBEPXHOCTH MOI-
noxku (Meton I'O) MmoHOMOIIEKYIsIpHAS TIJIEHKA O€TeHOBOM KUCIOTHI Z-TUIa
COJIEP)KUT CIOHTAHHO C(HOPMHUPOBAHHBIE KPUCTAJUIMUECKHE OOpa30BaHUS,
UMEIOIINE JTAMEISIPHYIO CTPYKTYpY. biuskyro Mopdoioruio nMmesna TuieHka,
copmupoBaHHas 1o npouenype moiaydenus 1-Y oucnos (meroxn JIB). Ana-
mu3 cedyeHuss ACM-u3o0pakeHnit 3TUX 00pa30BaHU MOKAa3bIBAET, UTO UX
BBICOTA HaJl MOBEPXHOCTHIO CITIOABI OJIM3KA YTPOESHHOMN JUTMHE MOJIEKYJIbI Oe-
T€HOBOM KUCJIOTHI B MAKCUMAJIBHO BBITSIHYTON KOH(popMaImu (0Koyio 3 HM),
cM. puc 5.3. B ciydae ucrosib30BaHus MUPOTpadUTOBOM MOMTOKKH U CIIE0-
BaHUs Tpoleaype opmupoBanus 1-Y Oucnos (meton JIB) crpykrypa mo-
KPBITHS, (PAKTUUECKHU, UICHTUYHA: TaKXKe HAOII0Ial0TCs BKIIFOUEHHS aHAJIO-
TUYHBIX KPUCTAITMYECKUX CTPYKTYP, CM. puC. 5.4, HO MOP(OIOTHS TTOKPHI-
THSI, OKPYXKAIOIIETO KPUCTAUIUTHI, MeHee ogHopoaHa. CorjJacHO pe3yibTa-
Tam ACM-uccrieoBaHUs BBICOTA MOHOCIOS HaJl MTOBEPXHOCTHIO MOJTIOKKU
(cmroanl) BapbupyeTes B quarna3oHe 2,2—2,7 HM (3aHMKEHHE BBICOT 00YCIIOB-
JICHO KOHTAaKTHBIMH AeopmanusiMu, cM. pasaen 2.1). Beicota kpucramiu-
TOB HaJl MOBEPXHOCTHIO MOHOCIIOS ([JIsI CIIOABI) JICKUT B UHTepBaje 4,2—
6,2 HM. BbicoTa KpHUCTAJUIMTOB HAJl MOBEPXHOCTHIO MUPOTPAdUTOBOM MOJI-

JTOXKKH HpI/I6J'II/I3I/IT€.HBHO paBHa 8 HM (T.e. COOTHOCHUTCA CO 3HAUCHUAMU JJIA

8) ompenenseTca CKOPOCTHIO OLM(BPOBKY JAHHBIX B CXeMe KOHKPETHOTO MpHbopa
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MOJUTOXKKU-CITIOABI). [TOCKOIBKY, Kak MOKa3ajdu KOHTPOJIbHbIE SKCIIEPUMEH-
TbI, OJIOOHBIE KPUCTAJUTUTHI He (popmupyromces IPU HAHECEHUU AHAI02UYHO20
MoHOC051 ¢ moBepxHOCTH BOIbI it CdCl, cyOhaszbl, MBI mmojraraeM, 4To Jac-
TUYHAS KPUCTAJIIN3alldsI OETeHOBOM TUICHKU ITPU HAHECEHUH C TIOBEPXHOCTH
CdTe cybdasbr 00yciioBiIeHa BIUSTHUEM UMEHHO Kadcmepos, KOTOPhIE MOTYT
SIBJISITHCSI LIGHTPAMU Ha4YaIbHON KPUCTAUIM3AIUH.

[Tpenmomoxenue o Tom, uro CdTe kimacTepbl HAXOASITCS UMEHHO 6HYMpPU
KPHUCTAJUTUTOB, ITOATBEP)KAAETCS TeM (PaKTOM, UYTO CIEKTPOCKOTTNYECKUE Me-
TOJIBI UCCIIETOBAHUSI ICTEKTUPYIOT MPUCYTCTBHE KJIACTEPOB B MPUTOTOBJICH-
HOM IOKPBITUY; MPUYEM HX AETEKTUPYEMOE KOJUYECTBO IS KOHKPETHOTO
oOpa3ia HaPsIMYIO KOPPETUPYET C BETMUUHOM MOBEPXHOCTHON KOHIIEHTPA-
[N KPUCTAJUTMIECKUX CTPYKTYP, BU3yarn3oBaHHbBIX ACM.

OnHako, Henocpedcmeerno dokazams MeTogqoM ACM npucyTCTBHUE Kilac-
TepoB B CHOPMUPOBAHHOM IOKPBITUU He yoaioch. TeM He MeHee, Mpe-
CTABJISLIIOCh MHTEPECHBIM UCCIIEA0BATE CTPYKTYPY U OCOOEHHOCTHU CITOHTAHHO
00pa30BaHHBIX KPUCTAIUIUTOB. BBIJIO YCTAHOBIIEHO, YTO OPUEHTAIIUS JIaMe-
JIeH KPUCTAJUIMYECKUX CTPYKTYP MOTUUHSACTCS OMPEIETICHHBIM 3aKOHOMEP-
HOCTsM. Tak, yriibl Mexay JaMmensiMu KpaTHbl 60°, Kak IIPU UCTIOIb30BAHUU
MOJIJTOXKKH U3 CITIOJBI, TaK U rpaduta (puc. 5.5).

I'mcTorpaMMbl TIOKA3BIBAIOT, YTO CpEAHEE 3HAUYCHHE BEJIMYWHBI YIJia
MEXIy JaMeIsiMu cocTaBisier 60+7°, Kak B claydae MOJIOXKKHU M3 CITFOIBI
(puc. 5.5a), Tak u muporpadura (puc. 5.56). Bo3M0OXHYIO MOTPEITHOCTh 13-
MEpEHUs, CBA3AHHYIO C HAJIMYMEM TEIUIOBOro Jpeida, Mbl OIECHUBAIM ITy-
TE€M KOHTPOJBHOTO U3MEPEHUS YTIIOB MEXKIY KpUCTAJIOTpapruIecKuMu OCs-
MU TIOJTOKKHU (yros 60°). bpuUlo mOKa3aHo, UTO B YCJIOBUSAX JAHHOTO JKC-
MEPUMEHTA aHAJIU3UpyeMas MOTrPEITHOCTh COCTABIISIET BETUUYNHY MEHBIIYIO,
yem 3°.

J71s1 yCTAaHOBIIEHUSI OPUEHTALIMY JIAMETIEH OTHOCUTEIFHO KPUCTAJIIIOTpa-
(pryecknx oceil MOTOKKU UCIIOJIH30BANIH CIEAYIONIYIO Tpoteaypy. Omnpene-
JISTA OPUEHTALIMIO JIaMesiei. 3aTeM B MOHOCIIOMHOM MOKPBITUH (popMUpOBa-
JIM UCKYCCTBEHHBIN JTe(heKT MyTeM BO3/ICUCTBHS Ha 3TY 00J1aCTh 30H]1a MUKPO-
ckomna ¢ yBeinumueHHou cwiioit (mo 100 HH u Gosee) npu MeaIeHHON CKOPOCTH
CKaHMPOBaHUS (4aCTOTa CTPOYHOI pa3BepTku MeHee 3 I'1r). B pesynbrate ma-
TepUaJI TUICHKU YJAJISTA 30HI0M MUKPOCKOIIA B IIpe/ieiax BHIOpaHHOTO OKHA

ckanupoBaHus. B aTom okxne nonydanu ACM-u3obpaxeHue aTOMHOU pe-
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1} 2.5 5.0 2.5 MKM 12.5 0 2.5 5.0 7.5 MKM 12.5

Puc. 5.3. Kpucramnutel B MOHOCTI0O€ OET€HOBOM KUCIOTHI, OCAKIEHHOHN Ha MOJIOXKKY
cmoabel MetogoM I'O ¢ moBepxHocTHu cyoOdassl, conepikameit CdTe kimacreps! (auHa-

MUKa pa3pylIeHNs/BOCCTAHOBIICHUS).

N300paxeHus moiryueHsl nocienoBaTenbHo: a) ACM-u300pakeHust UCXOIHBIX CTPYKTYD,
3aIMCaHHbIe TP MUHUMAJIBEHOM BO3ICHCTBHU 30HAa; 0) YACTHYHOE pa3pyLICHUE KPUCTA-
JIUTOB MPU YBEJIMUYEHUU CHIIBI BO3zelicTBUst 30HAa (6oyiee 100uH); B) u r) mocnenyroriee
BOCCTaHOBJICHHE UCXOIHBIX KPUCTAIUTMYESCKUX CTPYKTYP IPU MIHUMHU3AIMH CHITBI BO3ICHCT-

BuUs 30HOa
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33 HM

Puc. 5.4. KpucraimmTsl, chopMIpOBaBIINECs B ITICHKE OET€HOBOM KHCIOTHI, Iepe-

HECEHHOU Ha MOJIOKKY uporpadura BepTUKanbHbIM MeToioM JIB ¢ moBepxHOCTH

cyodassl, cogeprkaieit CdTe kiracTepsl

80

]

60 —]

40

Uucno canyuaes
Yucso ciyyaes

20

40 50 60 70 80 40 50 60 70

Yroa, rpagycsl YroJ, rpaxycel

a) 0)

80

Puc. 5.5. Pacnipenenenue yriia B3aMMOOPUEHTAIIMKM MEXKAY NapaMy KPUCTAIMUEC-

KHUX JIaMeJIen.

Jlamenu crioHTaHHO (POPMUPOBAJIUCH B IUICHKE OETEHOBOM KUCIOThI, HAHECEHHOM C IMOBEPX-

HocTH cyOdasbl, conepxameit CdTe kmacrepbl, Ha MOMIOKKY: a) — CIIOAbI, MeTogoM 'O

0) — nuporpacgura, meroaom JIb
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Puc. 5.6. Pactipenenenue yria Mexmy jJaMelsMH B TUICHKE O€T€HOBOW KHCIIOTHI H

OCAMHU PCHICTKU IMOJJIOKKHU.

Jlameru cnoHTaHHO COPMHUPOBAIIUCH B IUICHKE OET€HOBON KUCTIOTHI, HAHECEHHOH C OBEPX-
HocTHu cyOdassl, comepxkamieit CdTe kmacrepsl, Ha MOMIOXKKY: a) — CIIOABI, MeTooM 'O

6) — nmuporpadura, merogom JIb

HIETKH MOUIOKKU M OINpPEAeIsUIM HAIPABIEHUE OCHOBHBIX IMOBEPXHOCTHBIX
KPHUCTAIIOTPAUIECKIX OCEH.

Kax nokazanu skcnepumenTsl 1o ACM-BU3yaau3alud MOJIEKYJISIPHON
CTPYKTYPBhI IOBEPXHOCTU KPUCTAJIUTOB (CM. HUKE paszen 5.3) BEKTOp @ Mo-
BepxHocTHOH peteTku (LI 1-Tum) conanpasieH ¢ opueHtauueit tamenu. Oka-
3aJ710Ch, UTO JJISI TIOJJIOKKHM M3 CIIIO/bl HAaIpaBJIEHUE KOHKPETHOU Jlamenu
KPHUCTAJUTMYECKON CTPYKTYPBI 00pa3yeT ¢ OJHON U3 OCHOBHBIX OCEH pelieT-
ku?) ([10], [01] wmm [11]) yron 6nuskwuii 20°. Ha puc. 5.6 a mpeacTaBiIeHa THCTO-
rpaMma pacrnpeaesieHus 3HAYeHUH yIiia MeXAy HallpaBJIECHUEM JIAMEIHN KPHUC-
TAJUTMYECKOW CTPYKTYPBI M OJTHOW U3 KPHUCTAIUIOTPAPUIECKUX OCEH CITFOIBI
(6bmkaiieid, K HaIpaBJICHUIO JIAMEIIN).

[Tpu mocTpoeHUM THUCTOTPaMMBI UCHOIB30BAIN aOCOTIOTHOE 3HAUEHUE
M3MEPEHHOT O yIJIa (I03TOMY FMCTOIpaMMa orpaHryeHa nuutepsaioM 0+-30°).

HpI/I 9TOM B Ha6paHHOI\/'I CTATUCTUKE YUCIIO ITOJIOXUTCIbHBIX 1 OTPULATECIb-

9) IreKCaroHajbHas p€lIcTKa
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HBIX 3HAYEHUH NaHHOHN BEJIMUMHBI IPUMEPHO coBmaaano. M3 rucrorpammel
CIIEJIyeT, YTO CpeHEE 3HAUEHHUE YIJIa MEXY KPUCTAILTOrpaguieckoit OChio
MOBEPXHOCTHOM PEIIETKH CIIOIbI U HAMPABICHHEM OPUEHTAIMH JaMelen
KPHUCTAJUTMYECKOM CTPYKTYPBI cocTaBiseT 20 + 4°. DTo MO3BOISET IPEANIOIIO-
KUTb, YTO JIAMEJIU MPEANOYTUTEIbHO OPUEHTUPOBAHBI BIOJIb HAMPABIECHUN
[21],[32], [13] mmm [31], [23], [12] pemieTku ciaropl. JeficTBUTEIBHO, YITIBI MEXK-
ny Hanmpasienusamu [31] u [10], [23] u [11], [12] u [01] umeroT Bemmunny 19,1°,
a yrouel Mexay [21] 1 [10], [32] u [11], [13] 1 [01] cocTaBASIOT Ty e BeTUUHHY,
HO CO 3HAKOM MHUHYC.

Te e n3mepeHust TpoOBOIUIH AJIsI TUIEHOK, COOPMUPOBAHHBIX HA MTOJITTOXK-
ke u3 nuporpadurta. MsmepeHue yriia Mexay HalpaBICHUSIMH KPUCTAJIIH-
YEeCKUX JIaMeNlel M KPUCTAUIOTpapUuecKuMu OCSIMU rpaduTa TaeT 3SHAUCHHE
30 4 7°10, rucTorpamMma pachpeneneHns pe3yIbTaTOB M3MEPEHHs MpHBeIe-
Ha Ha pucyHke 5.60. [TomyueHHOe 3HAUEHUE TTO3BOJISET MPEANOIOXKUTH, YTO
MPEANOYTUTEILHBIM HAIIPABJICHUEM OPUEHTAIIUU JJaMeJIEH B 3TOM Cllydae siB-
JsieTcs HarpaBiieHue [12] moBepXHOCTHOM perneTku rpadura.

OTMeTuM, 4TO pacipeaeeHe 3HAUYCHIH U3MEPSIEMbIX YTIIOB MEHEE JIOKa-
JIM30BAHO MPU UCTIOIB30BAHUHU B KAUECTBE MOJIJIOKKU MUporpaduTa, B Cpas-
HEHUU C TIO/JIOKKOM U3 CIIOJBI (Cp. pUC. 5.60 1 a). Y HAC HET OJTHO3HAYHOTO
00BsICHEHUS HAOJII0JaeMOMY Pa3ITMIHI0, OCOOCHHO yUUTHIBAs TOT (PaKT, 4TO
pacrpeneieHns yIriioB MeXIy KPUCTAITHIECKIMH JIAMEJISIMU, IPUBEICHHBIC
Ha puc. 5.5a 1 6, AEMOHCTPUPYIOT (PaKTUUECKH UACHTUYHBIE 3ABUCUMOCTH U

JUTSL CITydast CIFOAbI, U JUIS cllydasi muporpadura.

JAnnamuka npoueccoB pa3pymeHusi/BOCCTAHOBIEHHS KPUCTAIHYECKHX

CTPYKTYP, BKIIOYCHHBIX B MOHOMOJICKYJ/IPHBIC IIJICHKHA 0ereHoOBOI KHCJIOTHI

HecMmoTpst Ha TOKAJIBHYIO YCTOMYMBOCTD KPUCTAJUIMYECKUX OOPA30BAHUN K
CHUJIOBOMY BO3/JICMCTBMIO 30H/1a Ha HEOOJIBIION YYACTOK MOBEPXHOCTH, UMEH-
HO OHM (a2 HE MOHOCJION) B MEPBYIO OYEpeb pa3pylIAOTCs B CIyvyae, Koraa
BeJIMUMHA BO3JeHCTBYOIEH crithl yBenudeHa (1o 100 HH), a pa3smep kaapa
COCTaBJISET 3HAYMTENLHYIO BenuuuHy (1o 15 x 15 mxm?). TTocre HecKoib-
KHX CKaHUPOBAHUN C yBEIIMYCHHOW CUJION BO3meHcTBUs 30HIa Ha ACM-
n300paxeHUU HaOII0aeTcs CleAyrollas KapTUHA: YUYaCTKU TUIEHKU, COOT-

BETCTBOBABIIINE MOHOCIONHBIM ydaCTKaM, XapaKTCPU3YIOTCA JIMIIb YBCIIHU-

10) 371ech, KaK ¥ B IIPEIbILYIIEM CITydae IS CIIOMBI, IPUBEIEHO CTAHNIAPTHOE OTKIOHEHHE
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YEHHBIM KOJIMUYECTBOM IOP U MEJIKUX J1e(heKTOB, B TO BPEMs KaK KpHUCTAIIIH-
yeckre oopa3zoBaHus «rcue3atoT». AHanu3 BiIcoT ACM-u3o0pakeHus moka-
3BIBAET, UTO B TE€X MECTaX, I/Ie MPEeXk/Ie ObUTH KPUCTAIINIECKIE CTPYKTYPHI,
OCTaeTCs JIMIIb YUCTasl TTOBEPXHOCTH CIIOABI. BusyanbHo 3TO HaOmogaeTcs
B BUJe AepEeKTOB (AbIP) B MOHOCIOE, KOHTYPbl KOTOPBIX B TOYHOCTH IOB-
TOPSIIOT KOHTYPbI KPUCTAITMYECKUX CTPYKTYP, IPUCYTCTBOBABIIUX HA 3TUX
MeCTax Mpexae, cM. puc. 5.36.

HaHubIil 3GGEKT MOKET CBUACTEIHCTBOBATH O CKIIOHHOCTH KPUCTAJIIH-
YECKUX CTPYKTYP B3aMMOJIEMCTBOBATH C WUIJION MHUKpockomna. [Ipuuem, pu
MOCJIEYIONUX CKAHUPOBAHUSIX C OOJIBIIMM pa3MepoOM Kaapa U MUHUMH3O0-
BAHHOW CUJION, Ha KpasiX 00JacTU CKaHUPOBAHUs HAOII0IAIOCH JIUIIb He-
3HAYUTETbHOE KOJUYECTBO yIAJIEHHOTO MaTepHaa, 9To MO3BOJISET CAEIATh
BBIBOJI O €TI0 acopOIn Ha 30H0e™) .

Ecnu nocrne pazpyliieHust KpUCTAINTMYECKUX CTPYKTYP YBEIUYEHHOH CH-
JION MPOJOJIKATh CKAHMPOBAHUE, YMEHBIIUB CUJIYy BO3JAEUCTBHUS 30HIA, TO
4yepe3 HECKOJIBKO TOCIIEeIOBATENIbHBIX CKAHMPOBAHUN MaTepHajl BHOBB II0-
SIBUTCS B TEX Y4aCTKaX, TJI€ MPEXae ObUTH KPUCTAITTNIECKIE CTPYKTYPBI, CM.
puc.5.3 (B u r). IIpu 3TOM BOCCTaHABIMBAETCA U 6blcOMA KPUCTAJIMYEC-
KUX 00pa30BaHUM, UTO CBUIETEIBCTBYET 00 UX 3HAUUTEIBHON yCTOMUMBOC-
. CxonmHbIi 3¢(eKT mepeHoca MaTepuasa MIEHKH C MOMIOKKHA Ha 30H U
0o0paTHO ObLT onucaH B padorte [64].

T.o. HaM yaoch BU3yaIu3NpOBATh TUHAMUYECKUM U 0Opamumblii TIPO-
LIECC pa3pyILIEHUS KPUCTAJUIMYECKUX CTPYKTYP, YTO MO3BOJISIET CETIATh PsiI

3aKJIIOYEHUH.

e BzaumogeiicTBue 30H1a 1 0O6pa3iia He OrPAHUYMBAETCS JTUIIb 1eHCTBU-
€M CHIJI MIPUTSDKCHHS M OTTAJIKUBAHUS MEXIy HUMH. B cimyuae, korma
MIPU CKAHUPOBAHUH UMEET MECTO TMHAMHYECKUN TTPOIIECC pa3pyILICHIS
o0pa3sia, BbI3BAHHBIN MPEBBIIIEHUEM WHTEHCUBHOCTH CUJIOBOTO B3aM-
MOJIEHCTBUSI 30HA-00pa3el] HEKOTOPOT'0 KPUTUUECKOTO 3HAYECHHU S, 30H]T
MOXET SBJISTBCS pesepayapom IUisl MaTepuaia, YIaIeHHOTo ¢ oopasia

B IIPOLECCE CKAHUPOBAHUA.

11) JeficTBUTENBHO, ITOMA b GOKOBBIX I'PaHeil 30H1a COCTABIIAET HECKOIBKO MUKPOH (CM.
Tabmuiy A.l Ha crp. 227), MO3TOMY 3HAYHUTEIHLHOE KOJIIMYECTBO YIAJICHHOTO MaTepHana
TJICHKU MOJKET TP CKAaHUPOBAHUU HEKOTOPOE BPeMsl «OOJIETUIATH» OOKOBBIE CTEHKH 30H/1a,
HECYIIECTBEHHO BIIMsIS Ha Ka4eCTBO noirydyaeMbix ACM-u300pakeHu.
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e [Ipu ymeHbIlIeHNH MTHTEHCUBHOCTH B3aUMOEHCTBUS MaTepuall ¢ 30HAa
MOXET TMepeUTH obpammo Ha oOpaszell. ITOT 3h(PeKT crmocodbeH Mmpu-
BOJUTH K OIIMOKAM B MHTEPIIPETALINH, €CTTU JIJIs1 paOOTHI UCTIONB3YETCS
«TPSA3HBIN» (T.€. UCMIOIB30BAHHBIN IPEX/IE) JIEBEP, HA OOKOBBIX CTEHKAX
KOTOPOT'0 MPUCYTCTBYET aICOPOMPOBAHHBIN MaTepuai. B aTom ciiyuae,
IIPU CKAHUPOBAHUU MOTYT HAOIIOAThCS CTPYKTYPbI, HE CBSA3AHHBIE C
OCOOEHHOCTSIMH TAHHOTO 00pasia, a JMHAMUYECKU CHOPMHUPOBAHHEIE

Y [IEPEeX0JIe MaTepHalia C JieBepa Ha UCCICAYEMYIO ITOIOXKKY.

Mpb1 Habmr01aT CXOTHBIN 3G GEKT TP UCCTICTOBAHNN HYKJICMHOBBIX KHC-
JIOT, KOTJa TIpeBapuTeIbHOe cKaHupoBanue'?) o6pasia, XxapaKkTepusylolle-
rocsi BBICOKOW MOBEPXHOCTHOM KOHIEHTpAIIME U3yuyaeMbIX CTPYKTYp, MPU-
BOJIUJIO K TOMY, 4TO HOCNeyIolee cCkaHupoBaHue'?) IoBepXHOCTH, 3aBEIOMO
€80000HO1 OT KAKUX-IMOO aICOPOUPOBAHHBIX OOBEKTOB, MO3BOJISLIO, B PSAE
CITy4aeB, BU3yaIn3MpOBATh Te ke caMble 0n000beKkTs') (oTIIyaeMble B cH-
7y ux crenuduueckoit reomeTpun). IhdEKT MPOSIBIISIICS TeM 0oJjiee BhIpake-
HO, YeM BBIIIIe CPOACTBO MPOCKAHUPOBAHHBIX MIEPBOHAYAIIBHO OMOOOBEKTOB
K TIOBEPXHOCTH, IMPOCKAHNPOBAHHOH TOCe. B criry 3TOro MOXHO KOHCTa-
TUPOBATH, YTO JIJIs1 TOCTAHOBKHU A0eK8aAMHbIX KOHTPOJIBHBIX KCIIEPUMEHTOB
HEO0OXO0IMMO JTMOO UCHOJIB30BATH JJISI KAXKI0M cepun oO6pa3iioB HOBbIE (MU
OYMIIIEHHbIE) 30H/IbI, JINOO, IO KpaitHell Mepe, CTaBUTh KOHTPOJIbHBIE IKCIIE-
PUMEHTBI 00 OTBITA: MHAYE CYIIECTBYET BEPOSATHOCTh OOHAPYKHUTH B KOHTPO-

JIE TC )K€ CTPYKTYPhI, UTO U B OIIBITEC, 1 AOIMMYCTUTD OIJ_II/I6Ky B MHTCPIIPCTAIIUU.

Oco0eHHOCTH CTPYKTYPHI IJIEHKH 0ereHOBOii KMCJI0ThHI HA MOBEPXHOCTH

nUporpaduTOBO MOATOKKH

I[Tpu Mccae 0BAHKMY TIIEHKH GereHoBOl KUCIOTH Ha muporpadure’® mbl Ha-
Oyrogany, YTO MaTepuall IJIEHKU OPraHU30BbIBAJICS B YIOPSAOUYEHHBIE ITPO-
TSDKEHHBIE CTPYKTYPBI (CM. pHC. 5.7), MOX0Xkue Ha «rpsiaku». OpUeHTalus u
Opra’u3alys IPSAAOK IMOJUUHAETCS ONPEAEICHHBIM 3aKOHOMEPHOCTSIM: YIJIbI
MEX1y HUMU KpaTHBI 60°, a pacCTOSTHUE MEXIY IPsAKaMU COCTABIIAET BEJIU-
ynHy 6,3 + 0,4 HM. YTOJI MeX1y HaIIPABJIECHUSIMHA I'PSTIOK U OCHOBHBIMU KPHC-

TaJuIOrpauIeCKUMHU OCSIMU ITOBEPXHOCTHOM pelIeTKY muporpadura cocras-

12) ¢ yBemMueHHO# CHIION BO3/IEHCTBIS 30H1a

13) TeM xe 30HIOM

14) erHMYHEIE

15) IpUroTOBIIEHHOI 110 crIocoby Gopmuposanus 1-Y Gucaos
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Puc. 5.7. Crpykrypa mienku JIb 6ereHoBoM KHCIIOTHI, HAHECEHHOW Ha MUPOTpaduT;
I'psinku opueHTHpOBaHbI MO yriaoM 30° K OCHOBHBIM OCSIM MOJIOKKHU, PACCTOSIHIE MEXITY

«TpsIIKaMU» COCTABIAET 6,3 HM

nset 30° (puc. 5.8), T.0. TPAIKYA OPUEHTUPOBAHBI B/IOJIb TOT'O K€ HATIPABJICHUS
MOJUTOKKHU MUPOTpaduTa, YTO U ONMMCAHHBIE BBIIIE KPUCHALIUYECKUE TTAMEITH.

bruto obHapykeHo, 4TO cPOpPMUPOBAHHOE TMOKPBITHE HA rpaduTe Xa-
PAKTEPHU3yeTCs HECTAOMIBHOCTBIO M PA3PYIIAETCS UTIION IPH CKAHNPOBAHUT
[IPU HE3HAYMTEIIBHOM YBEJTMUCHUN BO3ICHCTBYIOIEH CHITBI (MU YBEIIMUCHUN
XapaKTepHOTO BPEMEHHM BO3ACUCTBUS T MPU YMEHBIIEHUM Pa3MEepOB Ka-
pa). [Ipu uccnenoBaHUM TUHAMUKYU pa3pyLIEHUs TOKPBITUS ObLT OOHAPYKEH
3 dexT BpeMeHHOro (GOPMUPOBAHUS CXOAHBIX®) yIOPAIOUEHHBIX CTPYKTYD
(«TpIOK»), XapaKTePHU3YIOIMUXCS TOH ke (PUKCHPOBAaHHON B3aMMOOPHUEHTA-
1uei (yroy Mexay 3TUMU CTPYKTypaMH Takke O0u30k 60°) u TeM ke Puk-
CUPOBAHHBIM PACCTOSIHUEM MEXy rpsiakaMu (oxoso 6,3 HM). beuto oOHa-

PYXKEHO, YTO OPUCHTALMA OIMHMCBIBACMBIX CTPYKTYP TAKXKE COCTABJIIACT YIroJl

16) ¢ caMOOpraHN30BaHHBIMH

167



154

10

Yueno ciyyaes

o LIOMAM

Yroa, rpanycsl

20 30

Puc. 5.8. Pacnipenenenue yriia Mexxay HAITpaBlIeHUEM «TPSIOK>» B INIEHKe OeTeHOBOM
KHUCIIOTHI 1 OCHOBHBIMH OCSIMH TTOBEPXHOCTHOH PEIIeTKH MUPOTpaUTOBOH MO TITOXK-

KH.

H3mepenust MpOBOIUIH IS «TPAIOK», U300paKeHHBIX Ha pHUC. 5.7; CXOaHAs 3aBUCUMOCTh

TMOJIy4eHa ISl CTPYKTYP, BU3yJIM3UPOBAHHBIX HA puc. 5.9
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Puc. 5.9. BpeMeHnHbIe cTpYKTYpbI, GOPMUPYIOIINECS B IPOIecce TMHAMHYECKOTO pas-

PYUICHUS TPH CKAHMPOBAHUY TUIEHKH OET€HOBOW KHCIOTHI Ha Uporpadure.

OpI/IeHTaL[I/IFI 9TUX CTPYKTYP OTHOCUTECIIBHO ocei MOJIOKKHU U UX NEPUOANIHOCTD UACHTHUY-

HBI CTPYKTypaMm, H300paXeHHbIM Ha puc. 5.7

Oomm3kuit 30° ¢ HaNpaBIeHUSIMU KpUCTaUIOrpaduyecKux oceit rpadura, 4To
CBUJIETEILCTBYET O BBIJCJIEHHOCTU JAHHOTO HalpaBieHus is a¢dekTa B3a-
UMOJICHCTBHS MOJIEKYJI OETEHOBOM KMCITOTHI C MUPOTPaPUTOBOM MOTOKKOM.
CregoBaTeIbHO, MOKHO CIETATh BBIBOJI, YTO B 0OOMX cTydasix GopMHpOBa-
HUE TPS0K 00YCIOBIIEHO OJTHUM MEXaHU3MOM.

Mpbl curTaeM, 4To HabOIIOAAEMble CTPYKTYPHI SIBISIIOTCS MOYYUTUHODU-
yecKkumu muyerramu, oOpMUpyeMbIMU Ha TTOBEPXHOCTH THAPOGOOHOM mupo-
rpadUTOBOM MOUTOKKH MOJIEKYIaMU OETeHOBON KUCIIOTHI. JlelicTBUTEIBHO,
MPEACTABIISIETCS, UTO HAOII0JaeMBbIE CTPYKTYPbI HE MOTYT SIBJISITHCS T.H. «BOJI-
HUCTOI» (ripple) ¢a3oii, KoTopas oOHApyKUBAETCS IIPU MCCIICTOBAHUHU OHC-

JIOMHBIX TOHKHUX IUIEHOK. ABTOPBI pa0oThI[116] nccnenoBanu «BOJHUCTYIO»
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CTPYKTYpY, KOTOpasi CHOHTAHHO (hopMUpoBasiack B 6uciosax hpocoaunuaos,
c(opMHUPOBAHHBIX HA TOBEPXHOCTH CII0/1bl. OHAKO NEpUO] OOHAPYKEHHBIX
CTPYKTYP COCTABIISII 3HAUUTEIbHYIO BeTMUMHY — 27 HM 1 53 HM. Kpowme Toro,
OPHUEHTALIMS «BOJIH» HE MOJYUHSIIACH, 10-BUIUMOMY, KAKUM-IMOO 3aKOHO-
MEPHOCTSIM, KaK 3TO UMEJIO MECTO B HALIEM CIIyYae.

ABTtopsl pa6ot[117, 118] o6Hapy)uu cxomHble!”) MpoTskKeHHBIE 06pa-
30BaHusA, chopMupoBaHHbIe MojeKylamu [TAB Ha MOBEpXHOCTSIX CITIOMIBI
u uporpaduta. Tax B pabore[118] uccnemoBanu mpoiecc caMoopraHmn3a-

I.II/II/IlS)

Mosekya katnoHHoro [TAB: TeTpagenmnTpumMeTHIIaMMOHII OpomMuIa
(C14TAB), xoTophble, Kak MoKa3ajlu aBTOPBI, POPMHUPOBAIN HA TTOBEPXHOC-
TU TIOUTOKKH IIWIMHAPUYECKHUE (B CIydae MOJIOKKHI U3 CITIOJIbI) U MOJTYIIH-
JUHIpUYECKUe (TIPU UCTIOIb30BaHUK MUporpaduTa) oOpazoBanus. B ciydae
MOIYLMJIMHIPOB OHU ObUTH 00pa3zoBaHbl Mosekyaamu [TAB, ctabunusupo-
BAHHBIMU THAPOPOOHBIM B3aUMOJCHCTBUEM C MOIOKKON U APYT C APYTrOoM
(Mo3TOMY MOJISIPHBIE TPYIIITHI MOJIEKYJI (POPMUPOBAIIH 8HEUIHION TIOBEPXHOCTh
nojayuuianHapa). Ilpu aTom HanmpaBieHUs OPUEHTALIMU «TPSIIOK» HA TTOBEPX-
HOCTH muporpadura, Kak ¥ B HAIIeM ClIydae, coctasisiia yroia B 30° ¢ Ha-
MpaBJICHUEM OCHOBHBIX KpUCTAITOrpapuuecKux ocei MOoT0KKHY (KaK MUITYT
aBTOPBI, HCCIIeIyeMble 00PA30BAHUS «. .. OPUEHTUPOBAHBI MEPIICHIUKYJIISP-
HO OCH CHMMETPHH TTOJIOKKU», UTO IKBUBAJICHTHO HAIIUM HAOJIIOJICHUSIM).
DTOT 3PPEKT MOKET OOBACHATHCS TEM, UTO B CITydae TAKOH OPUCHTALIMH T10-
JYHWIMHAPUYECKUX MUIEIUT OT/ebHbIe MOJIeKybl [TAB, nexarue Ha nos-
JI0KKE, OPUEHTUPOBAHBI BJIOJIb KpUCTAUIOTpaUUECKUX HAIlpaBIeHUN Ipa-
¢duta, mpuyeM NMEPUOTUIHOCTD PEIICTKH IpaduTa BIOIb ITUX HAIIPABICHUN
(0,246 um) u mepuon yriaeBogopoaHoN 1enu Mojiekyibl (0,254 HM) UMeET
OJIM3KHUE 3HAYCHMUS.

[Tepron yrnmakoBKY MOTYHMIMHAPUUECKUX MUILIEIUT, OOHAPYKEHHBIN aBTO-
pamu paccmatpuBaeMoil pabotsl, cocraBui 4,7 + 0,3 HM. {muHa yriaeBojo-
POIHBIX 1enielt MoJIeKy 6ereHoBOM KUCIOTHI (Cay), 00BEKTA UCCIIETOBAHUS
B HamieMm ciydae, B 1,5 pa3a 6ombie, yuem mosekyin Ci4TAB, uccieqgoBaH-
HbIX B[118]. TToaTomy HabOmOmaeMbIii HAMH TIEPUOJ «TPSA0K», GopMUpye-
MBIX MOJIEKYJIaMH OereHOBOM KUCTOTHI (6,3 40,4 HM) BIIOJIHE COOTHOCUTCS CO

3HAYEHUEM, MTOJIyYEHHBIM B YIIOMSIHYTON paboTe. DT 3aKOHOMEPHOCTH MO-

17) ¢ HaGMIOAAEMBIMH HAMH
18) y3 pacTBopa ITAB, KOHLEHTPAIMS KOTOPOTO B IBA pa3a IPEBbIIAIA KOHIEHTPAIINIO
MHUIIETIO00pa30BaAHUS
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3BOJIAIOT HAM CACJIIATb BBIBO/, UTO 0COOEHHOCTH caMOOpraHru3alu MOJICKYJI
OCreHOBOM KHUCIOTHI Ha ITOBCPXHOCTHU HHpOFpa(bI/ITa OOBSICHSIIOTCS UMEHHO

(hopMupOBAHUEM MOTYIMIMHAPUYECKUX MULIEILT.

Kparkue BbIBOABI

e [lnenku 6ereHOBOI KUCIOTHI MO3BOJISIIOT U3BJIEKATh U3 CyO(ha3bl HEOP-
ranndeckune yactuipl — CdTe kmacTepsl, KOTOpbIE, BOZMOXKHO, SIBIIS-
IOTCSl LIEHTPAMM HAaYaJIbHOM KPUCTAIUIU3ALIMY MaTepuaa IIeHKH. JTa
KPUCTAJIIIU3ALMS IPUBOIUT K (POPMUPOBAHUIO BKIIIOUEHHBIX B IJIEHKY
JaAMEJSIPHBIX KPUCTAJUIMUECKUX oOpa3oBaHuil. (OOHapyKeHO, 4TO UX
MOJIEKYJISIPHAS yIIAKOBKA MOXET ObITh ONMCAHA LICHTPUPOBAHHOM Mpsi-
MOYT'OJIBHOM STYEMKOM, U M3MEPEHBI IMAPAMETPHI STUYEHKU CM. HUXKE —

paznen 5.3).

e OOHapyXEeHHbIE KPHUCTAJUIMYECKHME OOpa30BaHUS XapaKTEPU3YIOTCS
ycTOMunBOI Mopdoorueil. 9To MOATBEPKIAAETCS TEM, UTO, TOCTIE TH-
HAMUYECKOT'0 pa3pylIeHUs] KPUCTAJUIMYECKUX CTPYKTYp IPH yBeIHue-
HUY CUJIOBOT'O BO3/IEHCTBHS 30H1a HAa 00pa3ell, OHU BOCCTAHABIUBAIOT
CBOIO CTPYKTYPY IPU YMEHBIIIEHUN COOTBETCTBYIOIIETO CUIIOBOTO BO3-
neiicTBus (T.e. HAOMIONAETCs TMHAMUYECKHIA MEPEeHOC MaTepuala o0-
pasia Ha 30H 1 00paTHO ¢ cOXpaHeHHeM MOP(OJIOTHH KPUCTAILITNYeC-

KUX 00pa3oBaHuil).

e BaxxHylo pojib B OpraHM3allud MaTepuaja IUIEHKH UTPaeT ee B3auMO-
NEMCTBHUE C MOMTIOKKON. DTOT BBIBOJ CIIEAYET U3 YCTAHOBJICHHBIX 3a-
KOHOMEPHOCTEN B3aMMOOPHUEHTALIMN KPUCTAIIMYECKUX JAMEISIPHBIX
CTPYKTYp, BKJIIOUEHHBIX B IIJICHKU U YIJIOB OTHOCUTEJIbHOW OpUEHTa-
LMY KPUCTAJUIOTpaUUECKUX OCeH IJIEHKU M MOJUIOKKH (AJIsI CiydyaeB
nUPOTpadUTOBON U CIIOISHON MOTOKKH). [TokazaHo, 4TO yriibl B3a-
MMOOPUEHTALUU KPUCTAIUIUYECKUX JIaMeNed MpUOIU3UTEIbHO PABHBI
60°, KaK IIp1 MCIIOJIb30BAHNU B KAUECTBE MOAJIOKKU CIIOAbI, TAK U IH-
porpadurta, B TO BpeMs Kak U3MEpPEHUE YIII0B OPUEHTALUN KPUCTAIIIH-
TOB IUIEHKHM OTHOCHUTEIIbHO OCHOBHBIX HAIlPABJIEHUN MOBEPXHOCTHOM
pELIeTKH MOUI0KKHU AaeT 3HaueHue, omuskoe 20° 11sl CIIoAsIHOM MOJI-

noxku 1 30° 1 nuporpadura.
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e VYCTaHOBIIEHO, YTO MaTepHUaJl INIEHKHU OEreHOBOW KUCIOTHI HAa MOBEPX-
HOCTHU MUpoTpaduTa OpraHu3yeTcs B YIOPSIOUYECHHYIO «TPSIKO00pas-
HYIO» CTPYKTYPY, C (PUKCUPOBAHHBIM HAIIpaBJICHUEM TPSIIOK TS pas-
JIMYHBIX JOMEHOB (YroJl Mexay JoMeHamu 60°, yroy ¢ HalpaBIeHUEM
kpucrautorpaduyeckux oceit rpadura 30°) u GUKCHPOBAHHBIM PACCTO-
STHUEM MEXy Ipsiakamu (6,3 HM), OJIM3KUM YJIBOCHHOM JUTMHE MOJIEKYJT
6ereHoBoil kucnoTel (2,8 HM). IlokazaHo, uTo 0Opa3oBaHUE CXOMAHBIX
CTPYKTYP COMPOBOXKAAET MPOIECC JMHAMHYECKOTO pa3pyIIeHUs IIJICH-
KM TI0/] BO3JIEHCTBHEM 30HAa MUKPOCKOIIA, TP 3TOM HAOIIFOAAIOTCS Te
’Ke XapaKTepHbIe 3HAUCHHUE YIJIOB B3AaUMOOPUEHTAIIUU U YTJIOB C KPHUC-
TaJUIOrpapuYeCKUMU OCSIMU TOJITIOKKH, a TAK)XKE Te K€ 3HAUCHUS pac-
CTOSTHUM MeXTy rpsiakamMu. CleaHo MpeIoaokeHne, 4To Ha0oaae-
MBI€ CTPYKTYPHI SIBJISTFOTCS TTOJTYIMJINHIPUYECKUMH MUIIEIIaMu, 00pa-
30BaHHBIMH MOJIEKYJIaMHU O€T€HOBOM KUCIIOTHI U CTAOUITU3UPOBAHHBIMU

ruapo(poOHBIM B3aMOCHCTBHUEM.

5.2. UcciaenoBanue TOHKHMX IJICHOK 0€JIKOB

19) MmMoGunm3aiys 6eKOBBIX MOJIEKYII HA TBEP/OH TOBEPXHOCTH JOCTATOU-

HO aKTyaJIbHA KaK JJIs MPAKTUUYECKUX 3a]a4 (Co31aHue OMO- 1 UMyHHOCEH-
COpOB, HAapUMEP), TaK U s PyHIaMEHTAJIbHBIX UCCIIEAOBAHUN CTPOCHUS
oenka [20]. [Tpu permeHun 3TUX 3a7a4 CYIIECTBYET MpobiieMa cTaOuIn3aIiuu
O€IKOB Ha MOBEPXHOCTH MOMJIOXKKH [29]. BBuay Gomnpuioro pazHoobOpasus
OEIKOBBIX MOJIEKYJI, YPE3BBIUANHO CII0KHO HAWTH YHUBEPCATBHYIO METOJIUKY
UX )KeCTKOH (pukcaru Ha nmotoxke. OCHOBHBIE OEJIKM MOJKHO paccMaTpH-
BaTh Kak aM(pupuibHbie MAKpOMOJIEKYIbI [119], TOCKOIBKY OHU UMEIOT TH/I-
podupHBIe U THAPOGOOHBIE 30HBI. CllemoBaTEIbHO, MOKHO HCIIOJIH30BATh
BCe JOCTOMHCTBA TexHooruu JIb st co3manus oqHOPOAHBIX MOHOCITOMHBIX
MJICHOK OEJIKOB Ha BOJTHOM MOBEPXHOCTU U MIEPEHOCA X HA TBEPYIO MOTOXK-
Ky. Ha mpumepe psina 6e1koB (reMorioOuH JIoaau, ObIYMil ChIBOPOTOUHBIMA

anpOymuH (BCA) u ap.) MBI HCClTeqOBaIM BO3MOXKHOCTh (POPMHUPOBAHUS HA

19) Pe3ynbTaThl, H3I0KEHHbIE B JTAHHOM pasjielie, HOCAT, BO MHOTOM, IIPEIBAPUTEIbHBII
XapakTep, U IPUBEICHBI AJT AEMOHCTPAIIUH IBYX ACMIEKTOB: 1) BO3MOXHOCTH (hOPMUPOBAHUS
WCKYCCTBEHHBIX Ae(PEKTOB B TOHKOIIJIEHOYHBIX MOKPBITHUSX, 2) BOBMOXXHOCTH KAUYECTBEHHOTO
ONpeJIeNIeHUs] YIIPYTUX CBOMCTB c(hOPMHUPOBAHHBIX MTOKPBITHIH.

172



Pa3INYHbIX ITOBEPXHOCTAX KAK MHAWBUAYAJIBHBIX, TaAK 1 KOMIIO3UIITMOHHBIX

IIJICHOK.

:‘)RCHepl/lMeHTaJILHaﬂ 4acCTb

20) Monocnou 6elKoBBIX MOJIEKY]I Ha BOJHOM TIOBEPXHOCTU (GOPMUPOBAIIH,
WCIOJIB3YS pa3IMUHble BAPUAHTHI JOCTABKU BEIIECTBA HA MOBEPXHOCTh. Bo-
MEPBBIX, UCMIOJIB30BAIHN TOT (PAKT, UTO UCCIIeyeMbIe OEJIKA CAMOIIPOU3BOIIb-
HO KOHIEHTPUPYIOTCS Ha BOJHON MOBEPXHOCTU IOCJIE BBEACHUS UX PACTBO-
poB B BoaHyto cyodasy (pH 5,8). B aToM cimyuae cxkumMaam MOHOCTON CITyc-
Ts puMepHO yepe3 30 MUHYT TOCjie HAHECEHUsI BEIIECTBA HA MOBEPXHOCTb.
Bo-BTOpBIX, O€TTOK HEMOCPECTBEHHO HA BOJIHYIO IOBEPXHOCTh HAHOCHIIH U3
CIIUPTOBOTO PACTBOPA, KOTOPBIN TOTOBUIIM, PACTBOPSI 1—2 Karju BOJHOTO
pactBopa Oernka, coAepikallero HeoOXoauMyr HaBecky, B 0,5 MJT 3TUIIOBO-
ro cnupra. B TpeTbux, Ha BOJHYIO OBEPXHOCTh HAHOCWIM PACTBOP Oefka,
MIPUTOTOBIICHHBIN B CMECH XJI0pOGOPM: alleTOH: CITUPT B OOBEMHOM COOTHO-
menuu 1:1:1 (XAC pactBop).

Oco6o0e BHUMaHUE YAeIWIU reMorioOuHy. ['eMorio6uH, Kak OCHOBHOM
KOMITOHEHT 3PUTPOIIUTOB KPOBH, OCYIIECTBIISIONINI I0CTaBKY KUCIOPOaa OT
JIETKUX K TKAHSIM, IOCTATOYHO JIOCTyIeH. [Ipu pacTBopeHUn reMoriiobnHa B
XAC pactBope crycts 2—3 yaca 06ey10K BbIIEISI I'eM (OKpAIeHHBIH B po30-
BBII I[BET PACTBOP), @ B OCAJAOK BbIMaaay Oeyok 6enoro mBeta. Oxas3anocsk,
YTO 0CAJ0K OISITh BO3MOYKHO IIepeBeCcTH B BOAHBIN pacTBop (pH 5,1-5,3), kak
Y TIPU PACTBOPEHUU UCXOIHOTO reMoriioonHa. Kak 6eok, BbImaBIIni B oca-
TOK (r7100UH), TaK U TEMUHOBAS 4aCTh 00J1a1aIi TOBEPXHOCTHO-AaKTUBHBIMU
CBOMCTBaMH, UTO MO3BOIIIIO (popMupoBaTh JIb mOKphITHS Kak U3 OeTKOB 6e3
TeMUHOBOM I'pyMIIbI, TAK U, HAOOOPOT, TOJIBKO U3 TEMUHOBBIX TPYIII.

[1nenku (MOHOCTION) OBLUTH MTEPEHECEHBI Ha MOBEPXHOCTHU MOJIOXKEK (CITIO-
1a, KpeMHUH, MUPOTrpaduT) C MOBEPXHOCTU BOJHOU cyOdas3sl metomom 'O
IIpU TaBJICHUH BbIJEIeHUS m B Auana3one 20 +~ 25 mH/m.

ACM-u3mepenns mpoBoauian Ha ipubope «Nanoscope-IITa» B pexumax
KOHTAaKTa U MOIYJISIUU CUiIbI (cM. pasaen 1.3.2, cTp. 30) ¢ ucnoiab3oBaHUEM

CTaHAAPTHBIX KaHTWIEeBepoB (Tabmmia A.1) sxectkocTsio 0,32 H/m.

20) O6pasLbl IIEHOK GbLTH IpUroToBieHs! K. X. H. I'. K. JKasnepko, UPOX AH Benapycu,
MuHck
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OO0cy:k1enue pe3yJbTaToB

ComocraBiienne MOp(}OIOTHH MOBEPXHOCTU ITUIEHKH TeMOTJIOOMHA, KOBa-
JICHTHO CIMUTOU (C MOMOINBIO TJIYTaApPOBOTO allbJIeTHA) C TUAPOPUILHON
MMOBEPXHOCTHI0, 00pa00TaHHON AMUHONPOMMIITPUITOKCUCUIIAHOM, U MOHOC-
JIOWHOM IJIEHKU TeMOTJIOOUHA, OCaXAEHHOH C BOJTHOM MOBEPXHOCTH METOIOM
'O Ha MoOWTOKKY, MOKA3BIBAET MPEUMYIIECTBA BTOPOTO criocoba popmupo-
BaHMS IUIEHKHU. EcM B mepBOM cilydae mMella MEeCTO XaOTHYHAs arperarus
OeJika U3 pacTBOpa Ha MOBEPXHOCTH (M300pakeHHe He ITPUBEACHO), TO B CIIy-
yae OCaXKIeHUsI MOHOCIIOS Oelika ¢ BOJAHOM cy0da3bl 00pa3yeTcst OIHOPOIHOE
MOHOCJIONHOe MoKphITUE (puc. 5.10). OAHOPOIHYIO TJIIEHKY MOJEKYJI FeMO-
riioduHa ynaercs chopMUPOBATh HA BOJHOW MOBEPXHOCTH W MEPEHECTH Ha
MOBEPXHOCTh TMOJIOKKHU MPU PA3IMYHOM CIIOCOOE TOCTaBKHU BEIECTBA Ha
BOJIHYIO cyOda3y: Kak U3 CIUPTOBOro pactBopa (puc.5.10a), 6)), Tak u u3
XAC pactBopa (puc. 5.10B), 1)).

Oxka3zaoch BO3MOXKHBIM C(hOPMUPOBATH TUIEHKH U3 pa3HbIX (parMeHTOB
remorio6una. Tak, 1 Ha MOBepXHOCTh rpacduTta (puc. 5.103), 1)), ¥ Ha TOBEPX-
HOCTB cImiofibl (puc. 5.10k)) meTogoMm 'O nmepeHOCUTCS KauecTBEHHAS TIJIEHKA
U3 HAHECEHHOTO HA BOAHYIO TIOBEPXHOCTHh OKPAIIEHHOTO (T€MUHOBOM T'pyII-
noif) XAC pactBopa (rocJje yJ1ajeHus U3 3Toro pacTBOpa BIMABIIEro 0e10ro
ocazaka 6emnka). BemectBo, ocraBieecsi B XAC pacTBope, BO-TIEPBbBIX, OKa3a-
JIOCh TTOBEPXHOCTHO-aKTUBHBIM, UTO MO3BOJUIO CPOPMUPOBATH IIJIECHKY Ha
BOJHOH MMOBEPXHOCTHU, BO-BTOPBIX, 3T TJICHKA, IEPEHECEHHAS HA TTOJTIOKKY,
OKa3aJiach 3HAYMTEIbHO O0JIee yCTOMYNBA HA TOBEPXHOCTH I'paduTa 1o Cpas-
HEHUIO C MOBEPXHOCTHIO CI0/Ibl. OTMETUM TaKXKe, YTO MOCIIE PACIICTICHUS
reMoryioonHa OelKOBasi YacTh MOJIEKYJIBI TAKXKE OCTAETCS MOBEPXHOCTHO-
AKTUBHOM, MTOCKOJBKY M M3 HEe MOXXHO (POPMHUPOBATH TBEPAYIO IUICHKY Ha
BOJHOM MOBEPXHOCTH M YCIEIIHO MEPEHOCUTh €€ Ha TUAPOPIIBHBINA KpeM-
Huit (puc. 5.101)) wau cmroay (puc. 5.10m)).

I'emornoOuH pacTBopsieTcsl B JOCTATOUHO Y3KOM MHTepBaje pH, moato-
My MOKHO OBLIO TIPEIIOIOKUTH, UTO €T0 MEPEX0/T Ha BOJHYIO TOBEPXHOCTH
13 o0beMa 00YyCIOBIIEH U3MEHEHUEM PACTBOPUMOCTH INpU u3MeHeHuu pH.
B To e BpeMs Obluuii CBIBOPOTOUHBINA aIb,OYMUH PACTBOPUM B JOCTATOU-
HO mupokoM uHTepBasie pH. Tem He MeHee, Takxke yaanock chopMupoBaTh
TBepaylo wieHKy bCA Ha BogHOM MOBEPXHOCTU TP 1OCTABKE Oejlka Ha cyO-

a3y U3 BOJTHOTO pacTBOpA: INIEHKA YCIEIIHO OblIa IEPeHeceHa Ha TBEPAYIO
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MOJIOKKY (puc. 5.10k)). AHamorn4Hasi OJHOPOHAS MOHOCIIONHAS IIEHKA
dbopMuUpyeTCcs U TIPU UCIIOJIB30BAHUH MTPOIEAYPHI TOCTABKUA HA BOJIHYIO ITO-

BEPXHOCTh aJIbOYMHHA U3 CIUPTOBOTO pacTBopa (puc. 5.10m), e)).

HckyccrBennbie nedeKThl B 0€IKOBBIX IVIEHKAX. BbICOKOE KauecTBO IJIEH-
KH MOXET BBI3BaTh HEOJHO3HAYHOCTh B MHTEpHpeTanuu pesynbrata ACM-
HCCIIeJIOBAHUS, TIOCKOJIbKY OTCYTCTBHE KaKMX-TMOO XapaKTEePHBIX 1e(EeKTOB
(Mop U T.M.) HE MO3BOJISIET OLIEHUTHh TOJIIUHY IJIEHKH, U BOOOIIE CleIaTh
BBIBOJI O npucymcmeuy IJICHKHU Ha MOJJI0KKe. [[efCTBUTENbHO, OTHOPOIHAS
ITIOBEPXHOCTh MOXET HAOII0JAThCS M B TOM CJydyae, €Clid IUIEHKY He yna-
JIOCh YCIICIIHO TEePEHECTH C TpaHMIlbl pasjaena ga3 Ha TBEPAYIO MOIIOKKY
(U151 psiia MaTepHAIOB IOCTATOYHO CIIOKHO OMpPENIeIUTh aJeKBATHBIE YCIIO-
BUSI TIEPEHOCA: cocTaB cyO(asbl, MOBEPXHOCTHOE JABJICHUE U TIP.).
[TonyueHnnsie OeTKOBBIC INIEHKU XapaKTepU30BAINCh BBICOKOW OJTHOPO/-
HOCTBIO TOBEPXHOCTH, IOITOMY MbI ITPOBOIMIIN UX JOTIOJTHUTEIbHBIN aHAIN3,
MyTeM BO3/IEHCTBUS CKAHUPYIOIIETO 30HAa Ha HEKOTOPbIN BEIOpAaHHBIHN ydac-
TOK IpH yBelIM4eHHOU BennuuHe cuiibl (1o 100 HH) u MeanenHoi ckopoctu
CKaHUPOBaHUs (4aCTOTa CTPOUYHOU pa3BepTku okono 1I'1). Jdannas mpo-
1eaypa, B cliydae HaJIu4us Ha MOJIOKKE OPTraHUYECKON IIEHKH, MTO3BOJIsIA
(hbopMHPOBATH B HEM MCKYCCTBEHHBIH 1ePeKT KBaApaTHOU POPMBI, B KOTOPOM
MaTepHaj IVIEHKU ObLIT yJ1aJIeH 30HI0M IIPU CKaHUpOBaHUU. [1pH yka3aHHBIX
YCIIOBUSIX 3Ta MpOoLeypa HE MPUBOAUT €IIe K pa3pyIICHUIO TOAIOKKHU U TTO-
3BOJISIET TPOBOJIUTH KaK KOHTPOJIb HAJIUYHUS TVIEHKU Ha TTOBEPXHOCTH, TaK U
U3MEpPEHHE €€ TOIIINHBI (CIIeyeT, OJTHAKO, YUUTHIBATh 3aHWKEHUE pe3yiIbTa-
ToB ACM-13MepeHus 3TOTO MapaMeTpa B CUITy KOHTAKTHBIX JedopMaiui,
cMm. pazaen2.l). Tunmmaasle ACM-u300pakeHus] MTOT00HBIX MCKYCCTBEHHO
chopMUPOBAHHBIX AePEKTOB B OEITKOBBIX INIEHKAX U300 pakeHbl Ha puc. 5.10.
ITapsr u300paxenuiia) u6), B)UT), 1) M e),3) 1K) puc. 5.10 moaydeHsI B pe-
KUME MOTyIsLMuU cuitkl (cM. paszzaen 1.3.2, ctp. 30), nepBoe nu3zobpakeHue na-
DBl SIBIISIETCS OOBIYHBIM TOMIOTPA(QUUECKUM, a BTOPOE OTOOpaKaeT BETUINHY
AMIUTUTY/IbI KOJIEOAHUI JIeBepa, HaAXOSIIETOCs B KOHTAKTE C TOBEPXHOCTHIO
U UCIIBITBIBAIOIIETO CO CTOPOHBI MbE30MAHUIYIATOPA MEPUOTUYECKOE BO3-
nericreue. CorjacHo U3JI0KEHHOMY B pazjene 1.3.2, 6oiee cBETIbIe yUacTKU
3TOTr0 AMIUIMTYIHOTO M300paXXeHUsl COOTBETCTBYIOT MEHEE KECTKUM ydacT-
KaM HCCIIeyeMON MOBEPXHOCTH; PEe3yJIbTAThl HAOIIOAEHUHN MMOITBEPKIAIOT

MPaBUIBHOCTh HAIllEH MHTEpIpeTanuu GOpMUPOBAHUS KOHTpacTa U300pa-
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Puc. 5.10. MckyccTBeHHBIE TeheKThI B OCIIKOBBIX IUICHKAX, C(DOPMUPOBAHHBIC ITPE/I-

BapUTCIbHBIM CKAHUPOBAHUEM C YBeHquHHOﬁ CHUIJIOM BO3AEHUCTBUS 30HAA:

a)-T) MOHOCIION reMoryiobuHa Ha cimone (Meron 'O nmpu ©# = 25 mH/M); 1)—K) MOHOCOM
anpOymMriHa Ha KpeMHuu (1, €)) u cmone (k) (meron 'O mpu ©# = 25 MH/M); 3)—K) Mo-
HOCJION TeMUHOBOM 4acTH reMoriioOnHa Ha rpadure (3, n)) u cimrone (x)) (Mmerox 'O mpu
m = 20MH/M); 1), M) MOHOCIIOI reMOrioOnHa 06e3 reMUHOBOHM YacTd Ha KpeMHHH (1)) U
cmone (M) (Meron 'O mpu # = 20 MH/m). ITneHku nepeHeceHs! ¢ BOIHOM cyOdasbl mpu

Pa3IUYHBIX CIIOCOOAX JOCTABKH Ha MIOBEPXHOCTH KUIKOCTH (CM. TEKCT).

Bonee cBeTnbie yuacTku u3o0paxenuii 0), r), €), 1), MOJyUYEHHBIE IO METOIy MOYJISIIIUU CH-

76l (cM. paspen 1.3.2) COOTBETCTBYIOT MEHEE JKECTKMM yYacTKaM HCCIIeyeMON MOBEPXHOCTH

(cp.a)u6),B)UT), 1) U e),3) U n))
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xeHnit ACM mopynsiuuu cuibl. benkoBble IUIEHKU ObUIM BBIOpAHBI B Ka-
4yecTBe 00BEKTA 3TUX U3MEPEHUI UIMEHHO B CUJIY TOI'0, UTO OHU JOCTOBEPHO
XapaKTEpU3yeTCsl MEHBIINM 3HAYEHUEM MOXYJS YIIPYTOCTH B CPAaBHEHHHU C
ITOJUIOKKOM.

Meron popMupoBaHus UCKYCCTBEHHBIX JEEKTOB B TOHKUX IIJIEHKAX MO-
KET HAWTHU YHUBEPCAIBHOE NPUMEHEHHE. MBI MPOJAEMOHCTPUPOBAINA 3TOT
MOAXO/ Ha TPpUMEpPE OEITKOBBIX INIEHOK, OJTHAKO MbI TAK)K€ YCIIEIIHO UCIIOJIb-
30BAJIM €r0 U IS aHAJIN3a APYTUX MOKPBITUN. DOPMUPOBAHUE NCKYCCTBEH-
HBIX 71e(DeKTOB MO3BOJISIIO HE TOJIBKO ETEKTUPOBATH MPUCYTCTBUE TUICHKU
B CJIy4yae €€ BBICOKOI'O KayeCTBa, HO U OIPEAENIATh TOJIUUHY ITOKPBITHUS,
a TakXe, HaAIIpUMep, MPU MCCIENOBAHUU MOJIEKYJISIPHON YIIAKOBKH, aHAJIM-
3UpPOBATh B3aMMOOPHUEHTAIMIO PELIETOK IUIEHKU U MOMIOXKKH. bonee Toro,
IyTEM ONpPEEIeHUs IPEAETbHOIO CUIIOBOIO BO3IEUCTBUS 30H/1a, HEOOXO011-
MOTO ISl TOr0, YTOOBI MUCKYCCTBEHHBIN AeeKT OblT chopMUPOBAH, MOKHO
IIPOBOJIUTh CPABHUTEINIbHBIN aHAJIN3 MEXaHUYECKOM NMPOYHOCTU TOHKOILIE-

HOYHBIX ITOKPBITHM.

5.3. UccaenoBanue BIUsIHUSA yCIOBUI
(opMHUpOBaHUSI NOKPBLITHH M NPUPO/IbI
NOVI0KKH HA MOJIEKYJISIPHYIO YIIAKOBKY TOHKHX

OpPraHuv4€CKux IVICHOK

OCHOBHBIM IPEUMYIIIECTBOM METO/1a CKAHUPYIOIIEeN 30H10BO MUKPOCKOIIHU
IIPU UCCIIEI0BAHNUN MOJIEKYISIPHON CTPYKTYPbl TOHKHUX IJIEHOK SIBJISIETCS BO3-
MOYHOCTb OIPEIEIIEHUS MapAMETPOB JIEMEHTAPHOU SUEHKH 1J1 JTOKAJIbHO-
HEYMOPSIOUYEHHBIX, OCTPOBKOBBIX U JJOMEHHBIX IUIEHOK. JleficTBUTENBbHO, B
HaCToslIee BpeMsl JJIs UCCIEIOBAHUS CTPYKTYPhI TOBEPXHOCTH HIMPOKO HC-
MOJIB3YIOTCS UG PAKIIMOHHBIE METOBL: AUPPAKLIMS TEKTPOHOB, PEHTT€HOB-
CKHX JIy4eld, HEUTPOHOB, HOHOB M HEUTpaJIbHBIX aTOMOB [120, 121]. DTu me-
TOJIbI IO3BOJISIIOT ONPENETIATh CTPYKTYPY TOBEPXHOCTH C BBICOKOU CTENIEHBIO
TOYHOCTH JIMIIb IPU YCIIOBUU, UTO UCCIIeAyeMast IOBEPXHOCTh XapaKTepU3y-
€TCsl OIPENIETICHHON CTENEHbIO YIOPSI0YEHHOCTU BO 6celi 001acTH B3aUMO-
JENCTBUS ¢ 30HAUPYIOIUMM IIyykoM. Hannure B 1ieHKe pa30pUeHTUPOBAH-

HBIX TOMCHOB, OCTPOBKOB, KPUCTAJTIMYCCKUX BKJIFOUCHUN U Ip. OCIIOXHACT
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TU(PAKIIMOHHYIO KapTUHY U CO3/IA€T CI0XHOCTH MPU MHTEPIPETALIMHU pe-
3yJbTATOB U OINPEIEIEHUN UCKOMBIX ITAPAMETPOB.

B 31Ol CBS3M METO aTOMHO-CHJIOBOM MHUKPOCKOIIUM MPEACTABISECTCS
BECbMa MEPCHEKTUBHBIM U151 UCCIIEIOBAHUS CTPYKTYPbl MOJIEKYJISIPHON yIia-
KOBKU TOHKHX OPraHWYECKHUX IUIEHOK, B TOM YHUCJIE B CPABHEHUU U C MUK-
pockonmyeckuMu Metogamu. JleiictBurenbao Mmetoq ACM xapaktepusyercs
HEBBICOKOW MHTEHCUBHOCTBIO BO3/IEUCTBUS HA 00pasell (B OTIMYME OT JJIEK-
TPOHHOM M MOHHOM MUKPOCKOIMH), MO3BOJISIET MPOBOAUThH HCCIIEIOBAHUS
JIUAJIEKTPUUECKHUX CTPYKTYP (B oTiimurie oT CTM) u XxapaKkTepusyeTcst BbICO-
KUM MPOCTPAHCTBEHHBIM PA3PELICHUEM, TTOCKOJIBKY IMO3BOJISIET ONPEIEIATh
MapaMeTpbl MOJIEKYIIPHON UJIM aTOMHOM YITAaKOBKH MTOBEPXHOCTH.

OcTaHOBUMCSI HA OCHOBHBIX Pe3YyJIbTAaTax, MOJYYEHHBIX PSAOM aBTOPOB
IIPU MCCIIEIOBAHMSIX MOJIEKYJISIPHOM YIAKOBKM TOHKHX OPTraHUYECKHUX ILIe-

HOK.

Kpatkuii 0030p JiuTepaTypbl, NOCBSIIIEHHOI HCCIEIOBAHUSM MOJIEKYISAPHON

YaKOBKH OPraHu4eCKUuXx IVICHOK

BnusiHue npuHIMIA MJIOTHOM YIIaKOBKHU YIJIEBOJOPOAHBIX LieNel Ha mapa-
METPBI TYeKU H-TapaduHOB ObLTO paccMoTpeHo Kuraiiropoackum [122, 123]
Ha OCHOBe reoMeTpudeckoro ananmnsa. (Hopmansasie mapadpunst (C,Hay, 1 2)
SBIISIIOTCS. TPOCTEHIIMMU MTOJIMMEPAMM, U BBISICHEHUE UX CTPOECHUSI MMEET
60JIb1I10€ 3HAUEHHE )1 TOHUMAHUS OOIIMX 3aKOHOMEPHOCTEH OpraHnyecKoit
KPUCTAJUIOXUMHH). ICXOAHBIM MOJIOKEHUEM CIYXUJIO PACCMOTPEHUE IIIOT-
HOTO KOHTaKTa MOJIEKYJI IUTOCKON 3Ur3aroo0pa3Hoit popMbl, OCH KOTOPBIX
napasienbHbl. JlaHHbBINR aHAIN3 O3BOJIWII ONPEACTIUTh BO3MOXKHbBIE YITaKOB-
KM MOJIEKYJI B H-lapaduHax, cM. Tadauiy S.1. Mi3BecTHbIE KpUCTATUIMUECKHEe
CTPYKTYPBI H-Tapa(UHOB OTHOCSITCS K HEOOJBIIOMY YHCITY MPEACKA3aHHBIX
B pe3yJibTaTe paccMaTpuBaemMoro aHanusa. Kak okazanoch, IpUHIUII TUIOT-
HOH yaKOBKHM YIJIEBOJIOPOIHBIX LIETIEH MOXKET OIPEEIISITh U MOJIEKYIISIPHYIO
YIaKOBKY aM(bUUIBHBIX MOJIEKYJI, UMEIOLIUX OIS PHYIO IPYIIITY U JJIMHHBIN
YTIIEBOOPOIHBIN (PparMeHT (MOJIEKYIT KUPHBIX KUCIIOT U T.I1.).

B pabote[124] aBTOpBI MPOBOAUIN CPABHUTEIBHBIN aHAIN3 TPUMEHEHUS
MeTo10B ACM 1 audpakiuy 3JeKTPOHOB K MCCIEAOBAHUIO MOJIEKYJISIPHOM
YIIAKOBKU TBEPABIX PACTBOPOB H-MapavHOB U MHOTOKOMIIOHEHTHBIX BOC-

KOB. MeTO0M aTOMHO-CUJIIOBOM MUKPOCKOIUHM (Pe3yJIbTaThl HAXOIWINUCH B
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Croit [TapameTpsl ssueiiku cosl, HM | @, ©p Pex
H |0, 0] a = 0,48, v = 120° 90° 90° 0°

R [0, 0] a = 0,742, b = 0,496, v =90° | 90° 90° 0°

R [0, £2] a = 0,900, b = 0,496, v =90° | 90° 55°,124° | 34°
R [£1,0] a = 0,742, b = 0,557, v =90° | 63°, 117° | 90° 27°
R [0, +1] a = 0,785, b = 0,496, v =90° | 90° 71°,109° | 19°
R[+1,£1] | a =0,785, b = 0,557, v =81° | 63°,117° | 71°,109° | 31°
R[F1,+1] | a =0,785, b= 0,557, v =98° | 63°, 117° | 71°,109° | 31°
M [0, 0] a=042, b=0,44, v=111° | 90° 90° 0°

M [£1, 0] a =049, b=0,44, v=107° | 59°,121° | 90° 32°
M [0, +1] a =042, b=0,51, v=107° | 90° 60°, 120° | 32°
T[+15,0] | a=043, b=0,45, v=103° | 73°,107° | 90° 18°
T[+l,1] | a=0,43, b=0,52, y=109° | 73°,107° | 120°, 60° | 36°

Tabmuma 5.1. Bo3aMoxHbIe YITaKOBKH MOJIEKYJ B H-lapaduHax, u3 padbotsl [123].

JIByMepHas siuelika ciiost onpenesseTcs: noabsuelikoii (H — rekcaronanpHas, R — poMOu-
yeckass, M — MOHOKIHMHHAS, T — TPUKIMHHAS) ¥ YUCIAMU [m, n] ONMpeaensomunx BepTh-
KaJIbHBIM CABUT MOJIEKYJI, CBSI3aHHBIX TPAHCIISIIUSIMU HA BEIMUNHY UICATbHBIX TAPaAaMETPOB
noabsiueek (ag, by ), MPH 3aIOTHEHNH C10s. B Tabulie mpuBeneHsl NapaMeTpbl yIIaKOBKH CITO-

€B: a, b 1 Y — mapaMeTpsl IBYMEPHOU STUEHKH; ©q, b U (¢ — YIIIBI HAKIIOHA OCH MOJIEKYJITbI

K OCsiIM a, bu HOPpMaAJIA K IINTIOCKOCTHU ab COOTBETCTBEHHO
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COTJIACUM C JAHHBIMU JUDPAKIIMY JIEKTPOHOB) OBUIU OIPEAETIEHBI TapaMeT-
DBl 2JIEMEHTAPHOM STYEUKH (MIPSIMOYTOJIbHAS) KaK JIJIs1 TOBEPXHOCTH KPHUCTAJI-
na uncroro H-C3sHy7s (a = 0,47(5) HM, b = 0,78(5) HM), TaK ¥ TOBEPXHOCTEH
TBepIbIX pacTBOPOB: H-CssHro/ H-C36H74 (@ = 0,46(6) HM, b = 0,76(1) HM) 1
CsaHgg/ H-C36H7y (@ = 0,59(6) 1M, b = 0,78(5) HM). Bo3amoxkHOCTh HabITIO-
neHus ¢ noMoibio ACM nByMepHOU yropsiIoueHHON CTPYKTYPBI B TTOCIIE/I-
HEM cJlydae JOCTATOYHO HEOXKUAAHHA, TOCKOJIBKY CTPOSHUE MOJIEKYJT KOMIIO-
HEHTOB TBEPJIOTO PACTBOPA PA3JIUUAETCS HA YEThIPE METUJIEHOBBIX I'PYIIIIHI.
Mo3kHO MPEANOJIOKUTh, YTO BU3YAIU3AIUsI MOJIEKYJISIPHON YIIaKOBKHU ObLi1a
BO3MOYHA Ha Y4acCTKaX JIOKAJIbHOW OJTHOPOHOCTH TIJICHOK.

Pabota[125] mocesmena ACM-ucceoBaHUIO TUUICHOK TpaHC-6-OKTa-
JIELIEHOBOM KHUCJIOTHI, MepeHeceHHbIX 0 MeTtoauke JIb (25 unu 5 crmoeB) Ha
MOBEPXHOCTh cTekna ¢ cyodassr aByx TuroB: CdCl, umun TbCl3 (koHIEHT-
pauueii 1074 M). ABTOpBI 0OHAPYKMIIM, YTO THIT YIIAKOBKH IUIEHKH CYIIECT-
BEHHO 3aBUCUT OT MPUPOJAbI MpOTUBOMHA. Tak, MJIEHKU, NIEPEHECEHHbIE Ha
HOUIOKKY ¢ cyO(asbl, comepxaieii monsl Tb 3, o6napyxusamu B Qypbe-
CIIEKTPE HECKOJIBKO KPATHBIX pe(IeKCOB, MPUYEM UX 3HAYCHHS TMO3BOJISIOT
MPEANOJIOKUTH, YTO YITAKOBKA IJIEHKU XapaKTEPU3YETCs TIEpeopPraHu30BaH-
HOM B CBEPXCTPYKTYpPY LIeHTpupoBaHHOU mpsiMoyrojbHoi (LIIT) pemerkoit
¢ mapamerpamu a = 0,46 + 0,02aM u b = 0,89 £ 0,03 um. [lnomwane, npu-
XOIAIIAsCA Ha MOJIEKYILY, B 9TOM ciaydae cocrasiuseT 0,205 £ 0,010 um2, uto
XOPOIIIO COTJIACYeTCs CO 3HAYEHHEM IpeeIbHOM MOJIEKYJISIpHOHN IIOIIAIU
0,21020,004 HM?2, KOTOPOE OBLIO ONPEAETEHO ABTOPAMHU 10 U30TEPME CHKATHUS
IJICHKHW Ha TTOBEPXHOCTH CyO(a3bl. B To ke BpeMs IUIEHKH, IePEHECCHHBIE C
CdCl, cy0dassr xapakTepr30BaIUCh KOCOYTOJIBHOM PEIIETKOMN C TapaMeTpa-
Mu: a; = 0,48+0,03 M, a2 = 0,51 40,03 HM 1 vy = 68 +-3°, 4TO COOTBETCTBYET
IIom@aau Ha Mojekyay 0,23 & 0,02 am?.

ABTOpPHI paboThI [126] nccnenoBanmu metogoM ACM MOJIEKYISPHYIO yIia-
KOBKY TUApO(pOOHON MOBEPXHOCTU BEPXHETO CIOsl 3-, 5- U 7-CIIOWHOTO T0-
kpbiTus apaxuaata kaamus (CdAz). ABTOPBI ONpeIeInin apaMeTphl suei-
KM JUISl TaHHOM MOBEPXHOCTU (THIL: MPSIMOYTOJIbHAS C IBYMSI MOJIEKYJIaMU
B 6a3nce?!)), koTopsle coctaBumi: a = 0,48 + 0,03uM, b = 0,74 + 0,04 HMm.
ABTOpPBI OTMEUAIOT, UTO B PsJIE U3MEPEHHUI TTapaMeTPhl TUEHKU ObLTH UCKa-
’KEHBI U CBSI3BIBAIOT 3TO C BJIMSTHUEM 30H1a MUKpOcKomna. OIHaKo MpecTaB-

JIACTCA, 4YTO JIOKAJIbHBIC I[e(bOpMaL[I/II/I HJIN JIOKAJIBHBIC CMCIICHUSA MOJICKYII

21) TUII pereTKy GbIT U3BECTEH U3 PE3yIbTATOB PEHTTEHOBCKOTO PACCESHHUS
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I1OJ1 BO3/IEUCTBHUEM 30H/1a B IIPOLIECCE CKAHUPOBAHUS He MO2YM CKa3aThCs HA
pe3yJibTaTax OINpeaeIeHUs NapaMeTPOB 3JIEMEHTAPHOMN SUYEUKU ITPU U3MEpe-
HUssX ACM, TTOCKOJIBKY BO3JIEHCTBHE 30H/Ia HE MOXET MPUBOIUTH K «IIepe-
yIaKOBKE» MOJIEKYJI Ha BCEM CKaHUpyeMoM ydacTke. [lo Bceil BugumocTu,
HabJII01aeMble UCKAXEHUSI MOTYT OBITh OOBSICHEHBI BIIUSIHUEM TeMIIEpaTyp-
Horo npeiida. CTOUT OTMETUTD, YTO OOHAPYKEHHBIE ABTOPAMH MTapaMeTpbl
pemeTku OJM3KU MapamMeTpaM IUIOTHOM YIAKOBKH CIIOEB YIVIEBOJOPOIHBIX
nereit R[0, 0], cM. Tabmmy 5. 1.

CocyniecTBOBaHUE TPEX PA3IUYHBIX TUIIOB MOJIEKYJISIPHBIX YIIAKOBOK B
tpexcnoitubix JIb mienkax apaxumata 6apust (BaAs) Ob110 0OHApY)EHO aB-
Topamu pabotsi [127]. DTO 1EeMOHCTPUPYET BBICOKYIO UYBCTBUTEIIHLHOCTD OP-
raHU3alMHU IUIEHOK K CTPYKTYpe MPOTUBOMOHA (KOTOPBIN OMpeneisieT Iio-
Iaab MOJSPHOM I'PYNIBI HA IOBEPXHOCTH CyO(dasbl): 3amena mona Cd 2T
noHoM Ba 2T cylecTBEHHO M3MEHSIET TapaMETPhl MOJIEKYJIIPHOMN YIIAKOBKH.
Tpu oOHaPYKEHHBIX TUIA YIIAKOBKH JIJIS1 UCCIIETYEMbIX INIEHOK XapaKTepU30-
BAJIMCh OJIM3KUMH 3HAUEHUAMM IJIOLIA 1, MpUXoAsLIeiics Ha Mosekyy. [1pu
9TOM KaXIbll TUIl YIAKOBKHU pa3IMyalICd OPUEHTALIMEN MOJIEKYJ1 OTHOCHU-
TEJIbHO HAIpaBIIEHUs,, HOPMAJIBHOTO K MMOBEPXHOCTHU MOJIOKKH (UTO OIpe-
JENSUIOCHh TIO pa3IMnyaronIeiicss BBICOTE COOTBETCTBYIOMMX ydacTKoB ACM-
M300paXeHU s IUIEHKU HaJ] TOBEPXHOCTHIO MOJIJIOKKH).

[TapameTpsl nepBOro M3 oOHAPYKEHHBIX TUIIOB 3JIEMEHTAPHOMN SUEUKHU
(TpuKIMHHAS suerka, a; = 0,42 + 0,01 uM, as = 0,45 £ 0,01 H™m, v = 76 £+ 1°)
MO3BOJIMJIM aBTOPaM CHAEJIaTh BBIBOJ, YTO B 3TOM CIIy4dae CTPYKTypa ILJICH-
KM OIpeNesseTCs IPUHLIMIIOM IUIOTHON YIIAKOBKHU yIJI€BOJOPOAHBIX LENEH C
00pa30BaHUEM CJIOEB, XapaKTEPUYIOMIUXCS «»-moabsueiikoit (cMm. Tabiu-
iy 5.1). Bropoit Tun ynakoBKu UAEHTU(DUIIMPOBAJICS aBTOPAMHU KaK CTPYK-
Typa ¢ «R»-nomwsueiikoit (R0, +1], cm. Tabmuiy 5.1), Takxke 00yCIOBIIEH-
HOW MPUHLMIIOM IUIOTHOM YIAKOBKH yriieBogopoaHbix ueneit (LIIT suelika,
a = 0,51 £0,01am, b = 0,79 £ 0,01 H™m). TpeTbst 0OHapyKEHHAs! CTPYKTYpa
yIIaKOBKHU OblJIa MEHee yNopsao4YeHa B CPABHEHUU C MEPBBIMHU ABYMS, UYTO
HE TO3BOJIUIIO OIPEJENUTh MapaMeTphl Sueiku. Yroa HakIoHa MojeKyna??)
cocTaBisl 26° 1 19° COOTBETCTBEHHO IS NEPBBIX ABYX TUIIOB, TPETUN THII
yHaKOBKHU ObUT 00pa30BaH, NO-BUAUMOMY, BEPTUKAIBHO OPUEHTUPOBAHHBI-
MU MoOJIeKyJlaMu. BecbMa MHTEpPECHO, YTO BCE TUIIBI YIAKOBKHU XapaKTEpH-

30BaJINCh OJM3KUMH 3HAUCHHUSMU iomanu, HpHXOI[ﬂIJ.IGfICSI Ha MOJICKYIIY,

22) y3MepsICs 1O TOJIIIMHE CIIOEB
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IIpUYeM IIPU UCCIIETOBAHUIX KOHKPETHBIX IUIEHOK B PA3JIMUHBIX YYaCTKAX MX
MIOBEPXHOCTH OBLIO BO3MOXHO OOHAPYKUTh BCE TPU TUIIA YIIAKOBKHU (aBTO-
pbl ONpPENeIIN, YTO MEePBBbIM TUMN YHNAKOBKU 3aHMMaeT 70% MOBEPXHOCTU
IJIEHKH, BTOPOH U TpeTUil — 5 1 25% COOTBETCTBEHHO).

Kax moka3zano B padore [128], BecbMa crienirpruueckoe BIMSIHUE HAa CTPYK-
TYpY IUIEHKH apaxyuJaToB OKa3bIBaeT MCIIOJIb30BaHNE B KAUECTBE MPOTUBOU-
ona Ca?". ABTOpBI MCCIIeI0BaI Tpexcaoinyo JIB reHKy apaxuaaTa Kab-
s (CaAz) 1 00HAPYKWIH, UTO CTPYKTYPa MOJIEKYJIIPHOM YITAKOBKH TUIEHKU
He o0JiaiaeT 3epKaIbHOM cuMMeTpuel. [1eHka nMeeT TOMEHHYIO CTPYKTY-
py € IBYMSl TUIIAMU PELIETKH, KOTOPBIE SBIISIIOTCS 3€PKAJIbHBIM OTPaXKEHU-
eM JIpYT Jpyra. DleMeHTapHas sueiika BKIII0YaeT BOCEMb MOJIEKYII, C YIIIOM
HAKJIOHA MX K NOIJIOKKE B 26°, mapaMmeTpsl suerku: a; = 1,86 + 0,01 HM,
as = 0,894 + 0,006 u™M, v = 71,3 + 0,5°). ABTOPBI CBSI3BIBAIOT HAOJIIOJAEMYIO
creln(UKy CTPYKTYpPbI INIEHKU C KOHKYpEeHLIMENH TpeOOoBaHMs IUIOTHOM yma-
KOBKHM YIJIEBOAOPOJHBIX LeNel U 3HAYEHHUEM IUIOLIAU MOJISIPHOM TpYIIIbI,
OIpeNEesIEMbIM PAJINYCOM €€ SKPAHUPOBKU MTPOTUBOMOHOM KaJIbIIHSI.

O0o0maroniee paccCMOTPEHUE BIMSTHUS IPUPOIbI IPOTUBOUHA, TPUCYTCT-
BYIOLIETO B CyOdase, Ha CTPYKTYpY INIEHOK COJIEN KUPHBIX KUCIIOT IPUBOIUT-
csi B pabote[129]. ABTOPBI YKa3bIBAIOT HA KOPPESLMIO MEXIY 3HAUCHUSIMU
IUIOIIAU, TPUXOISIIENCS Ha MOJIEKYJITY CII0s1, U 3JIEKTPOOTPHUIIATEIbHOCTHIO
MpOTUBOUMHA, cM. Tabmnuily 5.2. [lo Mepe yMeHbIlIeHUsI 3JIEKTPOOTPUIIATETb-
HOCTHM IIPOTMBOMHA BO3PACTAET CTEIIEHb NOHHOCTH CBS3H U, KaK 0Ka3aJIoCh,
BO3pacTaeT IUIoIA/lb, IPUXOASIIAscs Ha MoJieKyily B IuieHke. Tak, Cd, Mn
1 Pb 00pa3yroT KoBaJleHTHYIO CBsI3b, a IeliouHo3eMenbHbIe (Ba, Ca 1 Mg)
B3aMMOJIEUCTBYIOT C MIOHAMM >KMPHBIX KUCIIOT 3JIeKTpocTaThuyecku. OueBua-
HO, IMEHHO THII CBS3H OIpeieNIsieT U101/ lb, TPUXOISIIYIOCS Ha OTACIbHYIO
MOJISIPHYIO CPYIIITY.

ITpu 3TOM TpeboBaHME MNIOTHOMN YITAKOBKH YIJIIEBOAOPOJIHBIX YACTEH MO-
JIEKYJI TaKXe BIIUSIET Ha CTPYKTYpy IUleHoK. Eciu mnomane, npuxoasimascs
Ha MOJISIpHBIE TPYIIITBI MOJIEKYJI O0JIbIIIE, YEM ILIOIA b [IOTIEPEYHOT0 CEUEHUS
IUIOTHOYIAKOBAHHBIX YIJIEBOIOPOIHBIX Heneit (okoso 0,18 um?), To yaosier-
BOPUTH TPEOOBAHUIO INIOTHON YIAKOBKH «XBOCTOB» MOYKHO JIUIIb JTOMTyCTHB
BO3MOYKHOCTb HAaKJIOHA OCEW MOJIEKYJI K noajioxkke. Kak mokasanu aBTopsl,
3HAYEHUE YIJIa HaKJIOHA (M MapaMmeTpoB siUeHKH), KaK MPaBUIO, HE MIPOU3-
BOJIbHO, HO MTOJUYMHSIETCS 3aKOHOMEPHOCTSIM, IpeacKka3aHHbIM KuTaiiropoa-

ckuM [122] nist CTpyKTyphl yIIakoBKU H-mapaduHoB (cM. Tabmuiry 5.1).
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HpOTI/IBO- THUII QJIECMCHTApP- HAaKJIOH MOIJICKYJIIpHAsa  OJICKTPOOTpPHU-
2

HOH HOH STYEHKHU MOJIEKYJT  IUIOW[A[b, HM®  LATEIbHOCTh
Pb LT 0° 0,179 1,8
Cd LT 0° 0,18 1,7
Mg LT 0° 0,187 1,3
Mg TPUKIMHHAS 0° 0,187 1,3
Mn LT 19° 0,195 1,5
Ca TPUKJIMHHAS 26° 0,196 1,0
Ba LIT 19° 0,202 0,9
Ba TPUKJIUHHAS 26° 0,204 0,9
Zn rekcaroHajbHas 33° 0,222 1,6

Tabnuua 5.2. BnusiHue npupoibl MPOTUBOMOHA HA NMAPAMETPhI 3JIEMEHTAPHOM sT4eii-
K1 MOJIEKYJIIPHOX YIIaKOBKH TOHKHUX IIJICHOK COJIEH KUPHBIX KUCIOT (3—7 cioeB); u3
pabots1 [129]

B T0 ke Bpems, Kak OTMEUaIOT aBTOPbI pacCMaTpUBAEMOMN pabOTHI, He-
O’KMIAHHBIMU OBbLIM PE3YJIbTAThl MCCIEAOBAHUS MOJEKYJISIPHONM yHaKOBKHU
rieHkH (7 cnoeB) apaxuaaTta uHka. OHU OOHAPYKUIIU, UTO CTPYKTYpa IJIeH-
KH ONHKCBIBAETCS T'eKCaroHajJbHOU pemeTko ¢ mapamerpom 0,47-0,48 HM.
Beicokas cuMMeTpusl YITAaKOBKH IIJIEHKM COOTBETCTBYET, T.H. «TA30KPUCTAII-
JIMYECKOMY» COCTOSIHUIO (XapaKTEepU3YIOIIEMYCsl HEBBICOKOM IUIOTHOCTBIO
yIIaKOBKH), KOTJIa MOJIEKYJIbI COXPAHSIIOT HEKOTOPYIO POTAIIMOHHYIO CBOOOTY
(9TO OOecrneunBaeT aKCHAJIbHYI0 CHMMETPUIO 00JIACTH, 3aHUMAEMOU KaXKI0MH
MoJiekyoit) [123].

B pabote paccmaTpuBaeTcst Takke 3QGEKT BIMSHUS CBOWCTB MOITOKKHU
Ha CTPYKTYPY MOJIEKYJISIPHON YITAKOBKU C(DOPMUPOBAHHBIX HA €€ MTOBEPXHOC-
TH TUIEHOK CJIOM KUPHBIX KUCIIOT. DTO BIUSHUE MOXET MPOSIBISATHCS BEChbMa
pa3IuyHbIM 00pa30oM I Pa3HbIX NPOTUBOMHOB. OTMETUM, B YACTHOCTH,
(aKT yMEHBIIEHUS MOJIEKYJISIPHOM TUTOIIAIM B TUIEHKAaX cTeapaTa CBUHIIA (C
0,21 mo 0,18 um?), chopMHUPOBAHHBIX HA MOBEPXHOCTHU CIIOMABI, IIPH YBEJIH-
YeHUU Yucia cinoeB B ruieHke (1-3-5-7). MonekynasapHasi ynakoBKa BepXHEro
CI10s1 7-CTIOMHOTO MOKPBITUS PEIAKCUPYET, O-BUAUMOMY, K HEBO3MYLIEHHO-
MY BJIMSIHHEM IOJJIOKKH COCTOSIHUIO, IIOCKOJIBKY T€ K€ MapaMeTpbl YIAKOB-
KM Xxapaktepu3yroT 200-cioifHOe MOKPbhITUE (110 JAHHBIM PEHTIEHOCTPYKTYP-
HOro aHanusa). [Ipu ucnonb30BaHUM B KAauecTBE MOJJIOKKH IMOBEPXHOCTU

KpeMHUs (ITIOKPBITOM OKCHIOM M CYLIECTBEHHO 00Jiee MHEPTHOM, YeM CIIIo-
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71a) MOJIEKYJISIpHAsI YIIAKOBKA BEPXHETO CJI0S YK€ TPEXCIOMHOTO MOKPBITUS
XapaKTEePU3YETCsl TEMU K€ HEBO3MYIIIEHHBIMH MMapaMeTPaAMU.

ABTOpPBI pabOTHI PACCMATPHUBAIOT TAaK)KE€ MEXaHU3MBbI (POPMHUPOBAHUS
CBEPXCTPYKTYP B MOJICKYJISIDHOM YITaKOBKE MOBEPXHOCTH, CBSI3BIBAS UX BO3-
HUKHOBEHHE C IPUCYTCTBUEM PETYIISIPHBIX 1e(DeKTOB YIIaKOBKU, OOYCIIOBJICH-
HBIX HEOOXOAUMOCTBIO YIOBJIETBOPEHUSI TPeOOBAHUSM IUIOTHON YHMAaKOBKHU
YTIEBOAOPOIHBIX YACTEH U MOJISPHBIX TPYII MOJIEKYJI.

Cxomnoe 00006mmeHne ACM-pe3yIbTaTOB UCCIIEOBAHUS YITAKOBKH MO-
JIEKYJT )KUPHBIX KUCIOT B 3aBUCHMOCTHU OT YCIOBUH (DOPMUPOBAHUS TICHOK
(BustHUE cyO(ha3bl M MPUPOIBI MOMTOXKKH) TpoBoauTcs B 0030pe [130]. IToa-
YEPKUBAETCS, YTO MAPAMETPHI AJIEMEHTAPHON STUEHKHN, CUMMETPHS U IO b
Ha MOJIEKYJTy HE 3aBUCST OT JJIMHBI AJIKMIIBHOM IeTH KUPHBIX KUCITOT (Cqg—
Css), @ KOHTPOIUPYIOTCS OCOOEHHOCTSIMU B3aUMOJIEUCTBUSI MPOTUBOMOHA C
kapbookcunbHOU rpynmoi (COOH). OtmeueH dakTt [130] HEBO3MOXKHOCTH J10-
CTUTHYTh MOJIEKYJISIPHOT'O pa3pellieHUs HA MOHOCAOTHbIX TIFIEHKAX COJIEH )KUP-
HBIX KUCITOT (32 UCKITIOUEHHEM CTeapaTa CBUHIIA), B OTJIMYHE OT MYJIbTUCIION-
HBIX [TOKPBITUH.

KowmriekcHoe nccenoBaHue IEHOK )KUPHBIX KUCIIOT, TIEPEHECEHHBIX Ha
MMOBEPXHOCTH CITIOJIbI, TUpOTrpaduTa WM KPEMHHUS, OCYIIECTBUIIA aBTOPHI pa-
6otsI [131]. [Tpumenenne metoga ACM mo3BOIMIIO aBTOPAM OTIPEIEIIUTH Ta-
paMeTpbl JIEMEHTAPHOMN STYEMKH TSI KaJIMUEBBIX COJIEW CTEapUHOBOU, apa-
XMHOBOM, OET€HOBOM M JIMTHOLIEPUHOBOM KHUCIIOT, cM. Tabi. 5.3. Kak orme-
YalOT aBTOPBI, MOJIEKYJISIPHOE pa3pellieHue MOTJIO ObITh JOCTUTHYTO JIUIIb
B CTy4ae, KOrJa TOJIIMHA MOKPBITHS MIPEBBIIIAIA TP MOHOCIION (Haxe s
IJICHOK, OCaKIEHHBIX TOPU30HTAJIBHBIM METOAOM). 3HAUCHUS IMapaMeTpoB
9JIEMEHTApPHOM STYEHKH, TPUBEIEHHBIE B IBYX HIDKHUX CTpOKax Tabi. 5.3, Mo-
I'yT OBITh OOYCIIOBJIEHBI MPUHIIMIIOM IUIOTHOM YMaKOBKHU YIJIEBOJIOPOIHBIX
LETIEH: Cp. CO 3HaUeHUsIMHU napaMmeTpoB a = 0,496 uM 1 b = 0,785 HM yIrmakoB-
KU CJIO€B YIIIeBOJOPpOAHBIX ereit R [0, £1] Tabmurst 5.1.

ABTOopsl paboThI[132] coOOIMAIOT O TOM, YTO UMH BIIEPBBIE METOIOM
ACM O0bu1a BU3yalnM30BaHA MOJIEKYJISIpHASI YIIAKOBKA MOHOCIOWHBIX ILJIe-
HOK JKMPHBIX KHUCIOT (JINTHOIIEPUHOBOW U CTEAPUHOBOM), IEPEHECEHHBIX HA

CIIOAY ¢ BOAHOI MoBepXHOCTI??)

. B cxeme OKCIICPUMCHTA HCIIOJIb30BaJIOCh
MMOCJIICAOBATCIIBHOC MHOT'OCTYIICHYATOC CXXATHC MOHOCIIOA HAa ITOBEPXHOCTHU

pasacia (1)&3, 4TO, IIO-BUAMMOMY, U IMO3BOJIMIIO IICPCHCCTHU Ka4yeCTBCHHBIN

23) Ge3 KaKMX-TMOO MPOTHBOMOHOB B CyO(hase
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a, HM b, HM

creapat (C18) 0,45-0,47 0,74-0,76
apaxumat (C20) 0,46-0,48 0,73-0,76
Oerenat (C22) 0,47-0,49 0,73-0,78

nurHouepuHat (C24)  0,46-0,49 0,79-0,80

Tabnuna 5.3. [TapameTpsl a5ieMeHTaApHOM STYEHKN MOJIEKYIISIPHON YITAKOBKH TOHKUX

TJICHOK COJIEH KaJMUS KUPHBIX KUCIOT (13 padotsl [131]).

Inenku popMupoBanuck ¢ cyodasel, conepxameii katuonsl Cd 21 ; LITT-Tun pererku

MOHOCJION Ha OBEPXHOCTH MOJJIOKKHU MO TPAAULIMOHHON BEPTUKAIIBHOU Me-
tonuke JIb. ABTOpBI ONpenesioT MOJIEKYISIPHYIO YIIAKOBKY MTOBEPXHOCTEHN
MOHOCIIOEB KAaK I€KCaroHaJbHYIO C ITapaMeTpoM suelku ¢ = 0,43 HM I
JIUTHOLIEPUHOBOM U a = 0,42 HM 1S cTeapuHOBOM KUCIIOT. OJHAKO 3TH 3HA-
yenns coorsercTByroT 0,15 1 0,16 M2 1UTOINA M, MPUXOJAIIEHCS HA MOJIe-
KyJly B CJI0O€, UTO, MO-BUAUMOMY, MAJIOBEPOSITHO, MOCKOJIbKY MUHUMAJIbHOE
3HAUEHME JAaHHOTO MapaMeTpa Jisi KPUCTAJJIOB PACCMATPUBAEMBIX JKUPHBIX
KHCIIOT cocrasiseT okoio 0,18 um2, cm. [122]. HabmogaeMoe pacxoxkaeHue
00BSICHSAETCS, O-BUANMOMY, OIIMOKON B KaTUOPOBKE MbE30MAHUITYIISITOPA,
JOMYIIEHHOM aBTOpaMU: P KaTUuOPOBKE UCTIOJIb30BaIoCh 3HaueHue 0,46 HM
JUI TTapaMeTpa sUetKu CIIOAbI, B TO BPeMsl KaK 3TOT MapaMeTp COCTABIISET
0,52 um. Ecnu BoCnionb30BaThCs JAHHBIM 3HAYEHUEM U IIEPECUUTATH PE3YIIb-
TaThl U3MEPEHUI aBTOPOB, TO ISl MAPAMETPOB SUEHKHU JIMTHOLIEPUHOBOUN U
CT€APUHOBOM KHUCJIOT MOXHO TOJyuyuTth ¢ = 0,49HM 1 a = 0,47 HM COOT-
BETCTBEHHO, YTO, B CBETE PE3yJIbTATOB PACCMOTPEHHBIX BBIIIE paboOT, Mpe/I-
CTABJISIETCS BITOJIHE PA3YMHBIMH 3HAUYEHUSIMU (M COOTBETCTBYET IMapaMeTpam

LTAa30KPUCTAITITTHICCKOT 0> COCTOSIHI/ISI).

Cnenuduxa ACM-3kcniepuMeHTa N0 onpe/ie/IeHHI0 MOJIEKYJISIPHOI YIAaKOBKH

MOBEPXHOCTH

Meton ACM MO3BOJISIET HCCIIEN0BATH MOJIEKYISIPHYIO YITAKOBKY HEKOTOPO-
ro BRIOPAHHOTO JIOKA/IbHO20 YIACTKA TIOBEPXHOCTH 3aJaHHOU TIIOIMAIN. DTY
IUIONIAb YYacTKa B OKCIIEPUMEHTAX MbI BBIOMPATIU UCXOJIS U3 CIIETYIONIUX

JIBYX TpeOOBaHMUIA.
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e [lockoyibKy OTHOCUTEIbHAS OIMMOKA U3MEPEHUS JTaTePaAIbHBIX PACCTO-
STHUH, O0OYyCIJIOBIIEHHAs HAJIMYMEM TeMIlepaTypHOro nperda, odOpatHo
MpONOpLUUOHATIbHA pa3Mepy Kaapa (CM. HIXKe), TO TpeOOBaHUE MUHU-
MaJIbHOCTH JAHHOM OIINOKY MPUBOAUT K OTPAaHUUECHUIO pa3Mepa Kaapa

cuu3y (Kak mpaBmiio, Ha yposHe 20 x 20 + 40 x 40 um?).

e MorekynsipHas ynakoBKa MPeICTaBIsET COOOW IBYMEPHYIO EPUOIH-
YEeCKyI0 CTPYKTYpy, a ACM wuzobpaxenne — maccuB U3 N x N (MbI
BbIOUpau 512 x 512) Ttouek. [ToaTomy, B CHly CIEACTBUNA TEOPEMBI
Kotenpankosa-1llennona, TpeOoBaHNEe BO3MOKHOCTH O POBKH Kap-
TUHBI MOJIEKYJISIDHOHM yIMaKOBKH 0e3 moTepu HeoObxoanmMmoit nHpopma-
LIUH O MIPOCTPAHCTBEHHOM CIIEKTPE OTPAHUYMBAET pA3MEP Kagpa CBEPXY

(kax rmpasui1o, Ha ypoBHe 70 X 70 <+ 90 x 90 Hm?)

[TosichuM BhIMMCaHHBIE TPeOOBAHMUS.

OcHOBHBIM (paKTOPOM, OT'PAHUUMBAIOIIMM TOYHOCTH MeToga ACM mipu
WCCITETOBAHUSIX MOJIEKYJIIPHON YITAKOBKU MOBEPXHOCTH TBEPABIX TEJ, SBIIS-
eTCsl memnepamypHulii Opeligh 30HIa MHUKPOCKOIA OTHOCHUTEIIBHO OOpasIa.
Ecnu ckopocTh TemnepaTypHOro Apeida vpeuy B HAIPABICHUU OCU CKAHHU-
pOBaHUs CpaBHHUMA CO CKOPOCTHIO TIEpEeMEIleHUs JIEBepa B TOM HarpabJie-
HUW, TO BO3HUKAIOT 3HAYUTEIIbHBIC NCKAKEHUS TIPU U3MEPEHUN PACCTOSHUS
MEXIy TBYMSI TOUKAMH ITOBEPXHOCTU. B 30HI0BOIM MUKPOCKOIIMH pa3iinya-
10T HampaBJICHUS Obicnmpo20 CKAHMPOBAHUS (HAIPABIICHHUE CKAHOB) U Meo-
JIeHH020 CKaHUPOBaHUs (NMEPHEHAUKYJISIPHOE HAIIPABJIEHHE, B KOTOPOM IIe-
peMeniaercs JieBep MpU Mepexoje OT CKaHa K CKaHy). B HampaBieHun ocu
MeOleHH020 CKaHUPOBAHUS JIEBEP MEPEMEIAeTCs] B CPETHEM CO CKOPOCTHIO
Vexan = Lf/N, a B HANIpaBIEHUH OCH 0bICPO20 CKAHUPOBAHUS — CO CKO-
POCTBIO Ve, = 2L f; 30ech L — pazmep ACM-uzobpakeHus (cuuraem, 4to
L, = L,), f— 4acroTa CTpOYHOI pa3BEepTKU CKaHUPOBaHUA, N — UuC-
710 ctpok B ACM-uzo0paxenuu. [1ycTs TemnepaTypHbIit apeiid HampasiieH
BJIOJIb OCH MEIJIEHHOTO CKaHMPOBAHUS M MMEET CKOPOCTb Ugpeup, U IMYCTh
HEOOXOIMMO U3MEPUTh OTPE30K JJIUHBI @, NMapasuIesIbHbII OCH MEIJIEHHOTO
CKaHUPOBAHUS, TOTAa OMKNOKA U3MEPEHUsI, 00YCIOBICHHAS TEMITEPATYPHBIM

IperdoM, MOXKET OBITH OTIpe/ieieHa CIIeTYIOITUM 00pa3oM:

a

e — & . Vopeiigp X Vexan __ Uopeiip Nvdpez?q[)'

- - - - )
a a VUckan Lf

(5.1)
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AHAJOTMYHO B CJIyyae COHAIPABIEHHOCTU TeMIIEpaTypHOro npeida, ocu

6bICTp0FO CKaHHUPOBAHHA U UBMEPIACMOT'O OTPEC3KA ITOJTYUUM IJIA OIINOKMU:

o — Yopeids _ Vopeitgp, (5.2)

vCK[lH 2Lf ,

T.€. OTHOCUTEINIbHAS OLIMOKA U3MEpPEHUs 0OPATHO MPONOPLIUOHATIbHA BEIH-
YUHE KaJpa L 1 yacToTe CTpOoUHOU pa3BepTku f. T.0. U1 yMEHbLIEHUS UCKA-
KAIOIIETO BIUSHUS TEMIIEPATYPHOTO Aperida 3Tu mapamMeTpsl Py CKaHUPO-
BaHUMU CJIEIyET, 10 BO3MOKHOCTH, YBeIMUUBaTh. OAHAKO 3TH BEIMYMHBI Or'pa-
HUYEHBI CBEPXY: TAK, BEJIMUUHA CTPOYHOH pa3BepTKu (mpu N = 512) 1151 KOH-
KpEeTHOTO Mpubopa, Ha KOTOPOM NpoBoAuIu n3MepeHus («Nanoscope-I11a»,
Digital Instruments), orpanndyena BemmunHou 60 ['1, 94TO CBSI3aHO CO CKO-
pOCThIO OLM(POBKHU JaHHBIX aHAJIOTO-IIUGPOBBIM NpeodbpazoBaTeneM. Pas-
Mep KaJpa OrpaHU4eH TpeOOBaHMEM BO3MOXKHOCTU JUCKPETU3AINH IBYMED-
HOH MEPUOIMUYECKON CTPYKTYPBI O€3 CYIIIECTBEHHON MOTEPH MH(DOPMAIIHH O
MIPOCTPAHCTBEHHOM CIEKTPE HAKJIaJAbIBAET OrPAHUUYEHUE HA IIar JUCKPETH-
3a1lUy, 4YTO, IpHU (PUKCUpOBaAaHHOM N, OrpaHUYMBAET pa3Mmep Kaapa L.

Mpbl OOHapyXWid, 4TO B CTAHAAPTHBIX YCIOBUAX JKCIepuUMeHTa (6e3
MIPUMEHEHHUS] TEPMOCTATUPOBAHUS) UCKAXKAIOILEE BIUSIHUE TEMIIEPATYPHOTO
npeiida MOKET MPOSIBIISTHCS U IMTPU MAKCUMATIbHO BO3MOYKHBIX ITapaMeTpax f
UL (frnaz = 60111, Lypge ~ 70 +~ 80 HM), UTO TIO3BOJISIET OIIEHUTH IO (OPMY-
nie (5.1) BEMMYMHY CKOPOCTH TETLIOBOTO APEH(A: Vgperg < 0,8 HM/C?Y).

Oxka3sbIBaeTCsl, YTO TEMIEPATYPHBIN Apei( XapaKTepu3yeTcs MOCTOSH-
HbIM HanpaBieHueM. [10CKOoIbKy OH OCOOEHHO UyBCTBUTEJIEH B TOM Cllydae,
KOI'J1a KOMIIOHEHTA Vgpeig, HAIIPABIEHHAS! BIOJIb OCH MEIJIEHHOI'O CKaHUPO-
BaHUS, IPUHUMAET 3HAUUTEIbHYIO BEJIMUMHY, TO MbI TP CKAHUPOBAHUU 3a-
nucbiBIIM ACM-u3o00paxeHuss napaMu— MpHU IBYX B3aMMHOIIPOTUBOIIO-
JIOKHBIX HAIlPaBJICHUSIX MEIJICHHOTO CKaHMpOBaHUS. B Takom ciyyae npu
YCPEITHEHUU M3MEPEHHBIX MMapaMeTPOB 3JIEMEHTAPHOM slueHKH JUIsl IEPBOIO
U BTOPOT'0 U300pakeHUs UMEET MECTO B3aUMOKOMIIEHCALIMS, UTO MTO3BOJISET
UCKJTIOYUTH BIIMSTHUE TEMIIEPATYPHOTO Apeiida B HAITPABICHUU OCH MEJIJICH-
HOTO CKAaHMPOBaHUS. |11 yMEHBIICHHUS BIUSHUS TEMIIEPATYPHOTO apeiida
B HaIPABJICHUU OCU OBICTPOTO CKAHMPOBAHUS MBI ONPEIEISIA apaMeTphbl
MOJIEKYJISIPHOH YIIAKOBKH ITyTEM YCPEAHEHUsI 3HAUMTENIbHOTO YnciIa U3Mepe-
HUil ACM-u300pakeHnil, MOJTyUYEeHHbIX [TPU PA3HONM OPUEHTALIMM JIepKaTeNs

JeBepa u obpasiia.

)N =512, =0,1, f = 60T, L = 70 am
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YcpenHeHue napamMeTpoB 3JIEMEHTAPHOHN STUeMKHU HA OCHOBAHUH HECKOJTb-
kux ACM-u3ob6paxeHuil Mo3BOJINUIO CBECTH BHOCUMYIO JApeiiom morperi-
HOCTh B MU3MEPEHUSAX K OMIMOKE CpeTHero apupMeTHu4ecKoro, U JOCTUTHYTh
TOYHOCTH B ONIPEAEIIEHUH HICKOMBIX TAPAMETPOB Ha YPOBHE HECKOJIbKUX ITPO-

OCHTOB, CM. HHIXKC.

:‘)RCHepl/lMeHTaJILHaﬂ 4acCTb

25) O6pasubl IIEHOK OBbUIM MPUIOTOBIIEHbI BepPTHKAIbHBIM MeTomoM (Y-
IJICHKU) U METOJOM F'OPU30HTAIIBHOTO OCXKIEHUS (Z-TIJICHKH) IPU KOMHAT-
HoM Temnepatype (¢ ~ 25°C) U TOBEpPXHOCTHOM JABJICHUH 7 B [uamna3one 20—
40 mH/M. Monocmo#, chopMHUPOBAHHBIN HA MOBEPXHOCTU CcyO(da3bl, ocax-
namu metogoM 'O Ha peBapuTETbHO MOTPYKEHHYIO IO/ BOJIHYIO TTOBEPX-
HOCTH MOJIOKKY B Tporiecce MeyieHHoro (okono 0,01 MM B MUHYTY) ITOHU-
KEHUsI YPOBHS XUIKOCTU (puc. 5.10). ITneHKH, moaydeHHbIe BEpTUKATIbHBIM
meTonoM JIb, opMupoBanmu npu mMporycKaHWU MOUIOKKH CKBO3b MOHOC-
JI0OM BEPTUKAIBHO CO CKOPOCThIO 4 Mmm/MuH. [Inenkoob6pa3zyrolee BemecTBo
HaHOCHUJI Ha MTOBEPXHOCTH cyOda3bl u3 pacTBopa B xiopodopme (X. 4.). [Tpu
MPUTOTOBJICHUU TUICHOK ITUEIMHOTO BOCKA HCIOJIB30BAJIM Tpernapar, OYu-

IICHHBIN pa3/eIeHneM Ha (PPaKIIIH.

Kanu6poBka npubdopa. Bce sxcriepuMeHTHI 11O ONIPEETICHUIO MOJIEKYISPHOM
yIaKOBKHM MpoBoAWIM Ha mpuoope «Nanoscope-IITa» (Digital Instruments,
CIIIA), obopynoBaHHOM «D»-ckaHepoM (MakCUMaJbHBIH pa3Mep Kaapa
15MKM), B KOHTAKTHOM pPEXHUME C HCIOJIb30BAHWEM KAHTUIIEBEpA >KECT-
kocthio 0,32 H/M, cm. Tabmmiry A. 1. s kamnOpoBKH CKaHepa UCITOIb30BAIH
MMOBEPXHOCTH TECT-00BEKTOB: CIIOJIbI U TUpOrpaduTa, IIsi KOTOPBIX U3MEPsi-
U mapaMmerpsbl pemeTku. [lomydeHHbIe 3HaYeHUST YCPEIHSIU 10 pe3yJibTa-
Tam 06paboTku okono 100 ACM-u3zo6paskennii?®), cpaBHUBAIN C U3BECTHDI-
MU TTapaMeTpaMU TeKCarOHATbHON YITAKOBKH MCIIOJIB3YEMbIX TECT-O0OBEKTOB
(0,519 8m ma caroast u 0,246 HM 11 rpaduTa), U onpeaeasiii Ko3puim-
eHT KaauOpoBkU. [lonmyueHnHble 3HaYeHus A1 KoauimeHTa KaTuOpoOBKU
COBITAJTH JJTS IBYX THUITOB UCIIOJTB3YEMBIX TECT-00BEKTOB C TOYHOCTHIO 10 2%.

M3mepeHHble 3HAUEHUS XapaKTePU30BaJIUCh CPEAHEKBAAPATUUHOMN OIIMOKON

25) O6pask IIEHOK GBITH IPUroToBIeHH! K. X. H. I'. K. YKaBuepko, UPOX AH Benapycu,
Munck
26) 110JTyYEHHBIX B PEXKMME H3MEPEHHS CHIl TPEHUS
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Puc. 5.11. IIpumepbl BU3yanu3aiuyu MOJIEKYISIPHONM yIIaKOBKU TOHKUX INIEHOK Oere-

HOBOM KHUCJIOTHI.

ACM-u300paKeHUe IOJTYYEHO B PEKUME H3MEPEHHUS CHIT TPEHHUS IS ) TOBEPXHOCTH KPHC-
TaJUTUTOB, BKJIFOYCHHBIX B MOHOCJTION OEreHOBOI KHUCIOTHI Ha CIIIoJe, cM. puc. 5.3a; 0) mo-
BEPXHOCTHU KPUCTAIIUTOB, BKJIIOUEHHBIX B MOHOCIION OEreHOBOM KUCIOTHI Ha uporpadure,

cM. puc. 5.4

MeHble 2%. Takum oOpa3oM, Mbl OLIEHUBAEM, YTO TOYHOCTb JTOCTUTHYTOH

KaJuOpOBKHU HE Xyxe, ueM 2%.

5.3.1. Pe3yabTaThl HCC/IEJOBAHUI MOJIEKYIAPHOI YIAKOBKHU

TOHKHX IIJICHOK

OcHoBHBIM npensiTcTBUeM Tpu ACM-ucce10BaHUSAX MOJIEKYJISIPHON yIia-
KOBKM TOHKHX IICHOK SIBIISUIOCH JIOKAJIPHOE pa3pylleHUEe MOKPBITUS IO
BO3JICHCTBHEM 30H/Ia MUKPOCKOIIA TIPH YMEHBIIICHUH pa3Mepa Kaapa 10 70—
80 HM (yMeHbIIeHHe pa3Mepa Kajapa MPUBOIUT K yMEHBIIEHUIO cKopocTu?)
NepeMeIIeHIs 30H/1a 1, CJIEIOBATEIbHO, YBETMYCHHUIO XapaKTEPHOTO BpEMEHU
B3aMMO/JIEUCTBUS 30H1a U oOpa3slia, cM. pazaen2.1.2 co crp. 56).

Tewm He MeHee, 17151 PsiZia TOHKOTUIEHOYHBIX TTOKPBITUH (YCTOMUYMBBIX K BO3-
JENUCTBUIO 30H/1a) 0Ka3aJI0Ch BO3MOXKHBIM JI0CTUYD ¢ ToMolbio ACM Mmorte-
KYJISPHOTO pa3pelieHus] U OMPEICIUTh MapaMeTPhl 3JICMECHTAPHON STYCHKHU.
ITpumepsr ACM-Bu3yaau3aliui MOJICKYJISIPHBIX YITAKOBOK TOHKHUX IJICHOK

npuBeneHsl Ha puc. 5.11, puc. 5.13 u puc. 5.15.

27) ipu (PUKCUPOBAHHOI YACTOTE CTPOUYHOM PA3BEPTKH

189



B tabGnune 5.4 npuBeaeHbl 3HAUEHUS CPEAHUX apUPMETUUECKUX JIJIs1 U3Me-
PpsAEMBIX TapaMETPOB, ITOIYUYEHHbIE ITyTEM YCPEAHEHUSI pe3yJIbTaTOB 00paboT-
KM HECKOJIBKUX AecsiTKOB ACM-n300pakenuii. B kauecTBe MOrpemrHOCTH U3-
MepeHus MIpUBeieHa BeIMUUHA CIAHOapmuo20 OmMKIOHeHUs. CpeIHero apud-
MeTudeckoro. Mcrnonbp3oBaHue 3TOM BEIMUYUHBI (2 HE CPEIHEKBAIPATUYHOMN
OIIMOKH CpeHero apudMeTnyeckoro) o0yciIoBIEHO TEM, UTO UCCIIe1yeMble
IJIEHKX MOTYT XapaKTEPU30BATHCS JTOMEHHOW CTPYKTYPOM C Pa3iInYHBIMU
IapaMeTpamMy YIIAKOBKH; AUANA30H BapUalMNd MX 3HAYCHUHN ONPENeIseTCs

MMEHHO BEJIMUMHOM CTaHAAPTHOI'O OTKJIIOHCHUS.

BerenoBasi kuciiora. CrpykrypHas popmyna: Cs Hy;3COOH.

MoutekysipHO€ pa3pellieHre y1aBaloch CTAOUIBHO MOJIy4YaTh Ha MTOBEPX-
HOCTSIX KPUCTAJUTHTOB (3 CITOsI), CMOHTaHHO COPMUPOBAHHBIX B MOHOCITOSIX
OETeHOBOM KHMCIIOTHI, TIEPEHOCHMON Ha MOBEPXHOCTh MOMJIOXKKHU (CIIoAa |
nuporpadur) ¢ cyodassl, cogepxareit CdTe-knacrepsl, cM. pasaen S.1.

Bbu10 ycTaHOBIEHO, YTO MOJIEKYIISIpHAS YITAKOBKA BEPXHETO CIIOsI KPHC-
TAJTTHYECKON CTPYKTYPHI Ha CITIOJIE, MOKET OBITh OMMCAHA KAK MPSIMOYTOJIb-
Has ueHtpupoBanHas (Nel tabmuibt 5.4). [1pu aTOM HanpaBiIeHUe BEKTOpa &
COBITQ/IA€T C HAMpPaBJIEHUEM JIaMeJiel KPUCTAITMUECKUX CTPYKTyp. T.e. mis
HaIrpaBJIeHUs] BEKTOPA @ CIPaBEJIUBBI BCE PE3YJIbTAThI, U3JI0KEHHbBIE BBIIIIE
OTHOCUTEIHHO HAIIPaBJIEHUS Jlameneil (00 yriax ¢ KpUCTATTMIECKUMH OCS-
MU CITIOJIbI ¥ O B3AUMHOW OPHUEHTAINH JIAMEJIeH, OTHOCSIIMXCS K Pa3TMIHBIM
KPUCTAJUTMYECKUM CTPYKTYypaM, CM. TUCTOIpaMMBbI puc. 5.5a u puc. 5.6a).

MoutekymsipHas yakOBKa BEPXHETO CI0s1 KPUCTAIITMYECKONU CTPYKTYPHI,
00pa30BaHHOI Ha MOBEPXHOCTH MUporpadura, Takxke omuceiBaetcs LII1-
pemeTKoi ¢ OJIM3KUMU 3HAUEHUSIMH NapaMeTpoB siueiiku (N2 tabmuiibl 5.4).
[Tpu aTOM HampaBeHUE BEKTOPA @ TAKKE COBMAJAET C HATIPABICHUEM JlaMe-
71 (006 opHeHTallMM JTaMelleld Ha MUporpaduTe CM. THCTOTPaAMMBI pucC. 5.50 u
puc. 5.60).

B 06oux ciryuasix mapameTpsl perieTky 0JIm3Ku mapaMerpam aist R [0, +1]-
CJI0€B TJIOTHOYIMAKOBAHHBIX MOJIEKYJT H-TTapauHOB (cM. Tabmuity 5.1). Mbl
OOHAPYKUIIH, YTO T€ K€ MapaMeTPhl XapaKTePU3yIOT YIIAKOBKY MOJIEKYJI MO-
HOCJIOSI MTYEIIMHOTO BOCKA, NMEPEHECEHHOTO Ha MOBEPXHOCTHh Muporpadura
(Nel3 tabmuust 5.4). bauskue mapamerpsl 3adukcupoBanu merogom ACM
aBTOPBI padOTHI [124] a1 MOBEpXHOCTEH KPUCTAIIOB H-TTapauHOB, a TaK-

ke aBTOpbI paboThI[131] ams ToHKKMX TIeHOK (OoJee 3-X clioeB) OereHata u

190



Ne, | mon- a, HM b, HM b/a S, HM? N
THI | JIOXKKa

1 | cmoma | 0,480,083 | 0,77+£0,06 | 1,59+0,16 | 0,185+0,017 | 60
IIIT e =6% e =8% e =10% e=9%

2 | rpadur| 050 £002 |0,78+0,06 | 1,56+014 | 0,194+0,016 | 70
LIIT e=4% e=8% e=9% e =8%

3 cmoga | 0,47 +0,02 0,88 £+ 0,08 1,94+0,2 0,210+0,018 | 70
LT e =4% e=9% e =11% e=9%

4 cmoga | 0,53 +0,03 0,77 + 0,04 1,46 + 0,13 0,203+0,007 | 10
LIIT e=5% e=5% e=9% e =3%

5 cmona | 0,477+0,014 0,197+0,007 | 46
r e=3% e=4%

6 cmona | 0,476+0,018 0,196+0,008 | 30
r e =4% e =4%

7 cmoga | 0,47740,011 0,1974+0,006 | 50
r* e=2% e =3%

8 | cmona | 0,566+0,015 | 0,80 + 0,03 | 1,42 +0,08 | 0,227-0,011 | 50
LIIT e=3% e=4% e =6% e =5%

9 caroga | 0,48240,010 0,202+0,005 | 15
r e=2% e =5%

10 | cmoma | 0,54840,009 | 1,56 + 0,08 | 2,85 +0,09 | 0,427+0,014 | 20
L{IT* e =2% e=5% e=3% e =3%

I1a | cmoma | 0,548-0,009 | 1,31 +0,06 | 2,40 +0,11 | 0,360+0,018 | 67
LIIT e=2% e=5% e=5% e=5%

116 | cmoma | 0,550-0,012 | 1,30 + 0,07 | 2,37 40,014 | 0,36 +0,02 | 45
LIIT e=2% e=6% e =6% e =5%

12 | cmoma | 0,50840,007 | 1,37 40,08 | 2,71+ 0,017 | 0,35 +0,02 | 40
IIIT e=1% e =5% e =6% e =5%

13 | rpadur| 0,50 £ 0,04 | 0,79 40,07 | 1,6 +0,2 0,195-0,015 | 15
LI1 e="7% e=9% e =13% e =8%

Tabnuna 5.4. [TapameTpsl a5leMeHTAPHOM STYEHKN MOJIEKYIISIPHON YITAKOBKH TOHKUX

IUICHOK.

Tun: HIT— neraTpupoBaHHas mpsMoyrojibHas, I — rekcaronanpHas. PacmmgpoBka HoMe-
poB 06pa3noB nmpuBeaeHa B TabuLe 5.5. a, b— mapamMerpsl siueliky, b/a— UX OTHOIICHHUE,
S — mromaap, NPUXOASIIASCS HA YIIIEBOJOPOAHYIO IeTb, N — YHCIIO TPOAHAIN3UPOBAH-

HbIX ACM-1300pakeHuil, € — cTaHIapTHOE OTKIOHEHHE. 3HAYKOM * OTMEYEHEHI clyyau Ha-

OJTIOCHUS CBEPXCTPYKTYP.
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Ne | maTepuan rjieHKu JABIICHUE | TIOMJIOXKKA cyodaza| chopmu-
m (MH/M) | 1 ctocob pOBaHHOE
HAHECCHUS MTOKPBITHE
1 berenosas xkucnora | 30 ciarona, I'O CdTe JIaMeJIn
2 30 rpadur, JIb | CdTe JIaMeITH
3 30 cmrona, JIb CdTe MOHOCJION
4 30 caroma, I'O H->O MOHOCJIION
5 N,N'-nunoktageunmi- | 30 cmroma, I'O H->O TPUCITION
MIPOTIaHTUAMHU/T
6 N-rexcagenmmaner- | 30 carona, I'O H->O TPUCITOH
aMH/T
7 N,N'-nurekcagenmi- | 25-30 cimrona, I'O H->O TPUCITION
MPOTNaHTUAMHU/T
8 N-rexcagenmia-N'- 30 ciarona, I'O H->O MOHOCJION
(2-HadTmn)nponaH-
JIAAMU/T
9 N-rexcagenmia-N'- 32-34 cimona, I'O H->O MOHOCJION
(6-XUHOJIUH)IIPO-
TTaHInaMUT
10 | 5-okxramenmn-2,4,6 30 cimroma, I'O H->O MOHOCJION
11a | (1H, 3H, 5H) mupu- | 30 caroma, I'O H->O JIaMen
116 | MuUAMHTPUOH 35 cmroma, 'O H->O JIaMen
12 35 ciarona, I'O H->O OCTPOBKH
13 | ITuennHBIN BOCK 20 rpagur, O | HO MOHOCJIION

Tab6muna 5.5. Onucanue oOpa3oB TOHKUX INICHOK It TA0IHIEI 5.4

T'opuzonTanbpabeiM MeTonoM (I"O) ocaknanu 1-Z MOHOCIION, BepTHKAILHBIM MeTooM (JIB)
dbopmupoBanu 1-Y Oucroun. Psm mokpeITuii mpeTeprieBan CIIOHTAHHYIO MEpeOpraHU3aInio
U HE COXPaHAI CTPYKTYPY, ONpeAeTaeMyto IPOLEAYyPON HAHECEHUS: B MTOCIIEeIHEH KOJTOHKE

TaOIUIIBI YKa3aHO JJTs1 KAKUX MMEHHO 00pa30BaHM OTYyYEHO MOJIEKYIIIPHOE Pa3pelieHue

192



JIUTHOLIEpUHATa KaaMus (cM. Tabnuiry 5.3). DTO MO3BOISET MPEATIOI0KUT,
YTO MOJIEKYJISIpHAS YIIAKOBKA MOBEPXHOCTH KPUCTAJUIUTOB, CHOPMUPOBAH-
HBIX B MOHOCTIOsIX OereHoBo# kucinoTel Ha CdTe-cyOdase, B Hesnauumenvroii
cmenenu TOABEPKEHA BIMSHUIO MOJI0KKHU (IEUCTBUTENBHO, TAPAMETPHI pe-
HIETKU KPUCTAJUIUTOB OJIM3KHU B O0OOUX CITydasix: MUPOrpaduTOBOM MOITOKKU
Y TIOJJIOKKH U3 CITIOJIbl), HO OTpeNessieTCss MPUHIUIIOM TUIOTHOM YIAaKOBKHU
YIJIEBOAOPOIHBIX LETIEH.

[To-BuammMoMy, B 60JIbIIEH CTETIEHN BIMSTHUAE ITOJI0KKH MPOSIBIISIETCS TPU
(hOpPMUPOBAHUH CTPYKTYPHl MOHOCIIOWHBIX TUIEHOK O€T€HOBOM KUCIIOTHI, TIe-
PEHECEHHBIX Ha MOBEPXHOCTH CIIoAbI (Ne3 m Ned4 tabmuubl 5.4). B oTnmuune
OT aBTOPOB paboThI [132], Takke UCCIEAOBABIINX MOHOCIOU >KUPHBIX KHC-
JIOT, TIEPEHECEHHBIX Ha MOMJIOXKKY ¢ BOAHOU cyOdaszbpl, Mbl OOHAPYKUIN HE
reKcaroHaJabHYIO («razokpucTandeckas hpaza»), a tunmunyro LII1-pemerky
MOJIEKYJISIPHOU YITAKOBKM MOHOCIIOEB B 3THUX CIIy4asiX.

3Hauenue napamerpa b = 0,77 + 0,04 HM MOJIEKYJISIPHOUM YITAKOBKU MO-
HOCJIOS1 OET€HOBOM KUCIOTHI, chopmupoBaHHOTO MeTOI0M 'O (Ned), 61m3K0
3HaueHMIO b = 0,785 HM, OITpeeIIeMOMY IPUHIIUIIOM IUIOTHOM yIIAKOBKH yT-
JIEBOJOPOAHBIX YACTEH MOJIEKYJI 7151 CJ1oeB ¢ R-morpssuekoit, cM. Tabmuity S.1.
[Tpu sToM 3HaueHue napamerpa a = 0,53 £ 0,03 HM MOKET OOBSICHATHCS BIIU-
STHUEM MOJIJIOKKH.

C npyroil ctopoHsl, napameTpsl peweTku (¢ = 0,47 + 0,02HM U b =
0,88 + 0,08 HM) MOHOCIIOSI, TIEPEHECEHHOTO Ha CIIOAY BEPTUKAJIbHBIM Me-
tonom JIb (Ne3 Tabmuirel 5.4) Oau3ku mapamMeTrpaM, OOHApYKEHHBIM aBTO-
pamu pabotsl [125] 11 BEpXHEro cinosi MyJbTUCIOMHBIX IUIEHOK TPaHC-6-
OKTaJICLIEHOBOM KUCIIOTHI, IepeHeceHHbIX Ha cTeko ¢ TbCl3-cyOdass, korma

BJIMAHUC ITOJJIOKKH BPsI JIM MOXET UMECTh MCCTO.

Ilaenku ampuduabHLIX KeToamuaoB. B Tabmuie 5.4 mpuBeneHbI pe3ybTa-

ThI UCCIICAOBAHU IIJICHOK, CCI)OpMI/IpOBaHHbIX Ha OCHOBCE:

N,N'-auokraaenuinponanauamuaa (NeS)
C13H37NH—ﬁ— CHz— ﬁ_ NH— C18H37
(0] O

N-rekcagenunaneramuaa (Neo)
C 16H33NH—|(|J— CH,— ﬁ_ CH,
(0] (0]
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N,N'-qurekcagenunmponanauamuaa (Ne7)
C16H33NH_ﬁ_ CH2— ﬁ_ NH— C16H33
(0] (0]

N-rekcanenmi-N'-(2-Hadrmn)nponananamuaa (Neg)

Cieftss=NH= C— CHrC— N
(0] (0]

N-rekcanenui-N'-(6-xuHouH)nponanguamuaa(Ne9)

Ci¢H3—NH— C— CH~C— NH~
Il Il O
0 0 N

N300paskenust CTpyKTYphl UCCIIEAYyEMbIX INIEHOK IPUBEIEHbI Ha puc. 5.12.
Coenunenust Ne§ u Ne9 mo3BossitoT popMupoBaTh Ha CBOECM OCHOBE KAadecT-
BEHHBIE MOHOCJION C HE3HAUYNTEIbHBIM KOJIMYECTBOM 1e(peKTOB, cM. puc. 5.12r
u a. B To ke BpeMs U3 pUCYHKA BUJIHO, UTO 1Jisi oOpa3noB NeS—7, umeer
MECTO CTPYKTYpHAs MepecTporKa MOJIEKYJI IJIEHKH ¢ (OPMUPOBAHUEM UMU
00pa30BaHUM, BICOTA KOTOPBIX MPEBBIIIAET BLICOTY MOHOCIIOS M COCTABIISA-
eT BenmnuuHy 5,5—6,0 HM (cM. puc. 5.12a—8). MOXHO IPEANOI0KUTh, YTO ITU
CTPYKTYpPbI 00pa30BaHbl TPEMSI MOHOCIIOSIMU MOJIEKYJT (BBICOTBI TOHKHX ILJIe-
HOK 110 pe3ysibTatram ACM-uccieqoBaHuil 3aHIKEHBI B CUJTY KOHTAKTHBIX
nedopmaruit, cMm. paszaen2.1). C yueTom TOro ooCcTosITeIbCTBA, YTO MOJIEKY-
761 00pa3noB NeS u Ne7 UMeroT 1o J1Be YIiIeBOAOPOAHBIX LIETH PABHOW JJIMHBI
MOYHO MPEINOI0KUTh OJMHAKOBYIO OPUEHTALIUIO 3TUX LIENIEH OTHOCHUTEIb-
HO TIOJISIPHOM TPYIIIbI MOJIEKYJIbI. B 1MOJIb3y 9TOr0 3aKIII0YEHUSI TOBOPUT TOT
(bakT, UTO CTPYKTYpa IIIeHKH oOpa3iia Ne6 cxoaHa ¢ obpasuamu Ne5 u Ne7, xo-
TSI B IEPBOM CJIy4ae MOJIEKYJIa UMEET JIUIIb OJIMH JIMHHBINA YIJI€BOAOPOIHBIM
(dbparmeHT.

br11o o6HapyxeHo (puc. 5.13), uto 3a ogHuM uckiroueHueM (Ne8) ACM-
M300paKeHUsl INIEHOK UCCIIeIOBAHHBIX COeMHEHUN XapaKTepU3yrTCs reKca-
TOHAJIbHOM yIMaKOBKOMH, ¢ MapaMeTpoM siueiiku O6;1m3kuM 3HaueHuro 0,48 HM,
KOTOpOe XapakTepu3yer ynakoBky croeB H|0, 0] (tabmmma 5.1) yrmeBomo-
POJIHBIX IIeTIeH ¢ TeKcaroHalbHOU MOoabsIueiikoi. [1pu aTom ynakoBka ACM-
n3obpaxeHus: obpasma Ne7 xapakTepusyercss CBEpXCTPYKTYpoit: B ¢ypbe-
CHEKTpe HAOII0JaeTcsl MAKCUMYM Ha MPOCTpaHCTBEHHON yactoTe 0,826 HM

(a x v/3) Bomp HampasneHus [21], cm. puc. 5.13B. B npsiMom mpocTpaHcTBe
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Puc. 5.12. CTpykTypa TOHKHX IUIEHOK KETOAMHJIOB HA MUKPOHHBIX pa3Mmepax, ACM-

HCCIICJOBAHUC!

a) N,N'-muokrageuninmnpornanauammuaa, 0) N-rekcanemmianeramuaa, B) N,N'-nurexcaaem-
nponanauamMuna, r) N-rexcaaerui-N'-(2-madtun)nponanguamMusa, 1) N-rekcaaenuia-N'-(6-

XI/IHOJII/IH)HpOHaH,Z[I/IaMI/IHa
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a) 0 5.0 10,0 Hm 15.0 6) 0 5.0 10.0 v 15.0

10.0

5.0

I[) 0 5.0 10.0 HM 15.0

Puc. 5.13. [Ipumepbl BU3yanu3alnnu MOJIEKYISIPHON YIAKOBKH TOHKUX TUIEHOK KETO-

aMHIO0B.

ACM-u300paKeHue MOITYICHO B PEKUME U3MEPEHHSI CUIT TPEHHUSI ISl TOBEPXHOCTEH IJICHOK:
a) N,N'-muokramenuinponaganamusa, 0) N-rexcamenuiamneramuna, B) N,N'-qurexcaaenmi-
nponaHauaMuna, r) N-rexkcaaeri-N'-(2-HadTun)nponanauamMuna, 1) N-rekcaaenuin-N'-(6-

XMHOJIMH)IPONaHANAMUIA
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3TO NPOSBIISAETCA B BUJIE UepenoBaHus spkocti?®) ACM-n306paeHns psaoB
(depe3 oJIMH PsI), MEPIEHIUKYISIPHBIX HAITpaBiIeHuto [21].

Mg nomaraeM, uto B 3TuX ciiydasx ACM-u3o00pakeHne TByMEpHOM Tie-
PUOIMYECKOU CTPYKTYPHI SBJISIETCS OTOOPAKEHUEM YITAKOBKU YIJIEBOJOPO/I-
HBIX 1ienieil. Mosekysbl 06pa3ioB NeS u Ne7 uMeroT 1o JIBa yIIIeBOAOPOIHBIX
(parmenTa paBHOU JUIMHBI. [109TOMY MOXHO MPEANOIOKUTH, YTO KaXKIOU
MoOJIEKyJe 3TUX coequHeHui Ha ACM-n300pakeHNH CTPYKTYP UCCIIEAYEMBIX
IJIEHOK COOTBETCTBYIOT 08¢ MyUYHOCTHU. T.0. MBI UM€EM JEJIO C reKcaroHaab-
HOU YITAaKOBKOM YTIIEBOIOPOIHBIX IIETIeH, TpUUeM UMEHHO TOT (PaKT, UTO ITH
LENU MONapHO 0ObEIUHEHBI B MOJIEKYJIbl, BO3MOYXHO, U MPOSIBJISETCS B Ha-
Or0/1aeMOi CBEPXCTPYKType (1t oopasiia Ne7).

@®aKT yIaKoBKH yIJIEBOAOPOIHBIX LIENel B FeKCArOHAIBHYIO PEHIETKY IS
MOJIEKYJI, UMEIOIINX IO ABA YIJIEBOJIOPOJAHBIX «XBOCTA» SIBIISIETCS HECKOJIb-
KO HEOXHJIaHHBIM. [[eCTBUTENBHO, COTJIACHO MMEIOIIUMCS MPEICTaBICHH-
siM [123] rekcaroHaspHasi ymakoBKa yIriieBOIOPOIHBIX Iierieii B cioii H[0, 0] He
XapaKTePU3yeTCsl BBICOKOU IJIOTHOCTHIO: MOJIEKYJIBI B CJIOE OPUEHTUPOBAHBI
BEPTUKAJIBHO, HO B TO € BpeMsl MOJIEKYJIIpHas oAb COCTABIISIET OKO-
1o 0,2HM2, Torga Kak 6oJjiee IIOTHBIE YIAKOBKU BEPTUKAIBHO OPUEHTUPO-
BaHHBIX MOJIEKYJ MOI'YT XapaKTePU30BaTLCs 3HaYeHUeM Tutomanu 0,18 um?.
Cumnraercst, 4To MoJekynsl B cinoe H[0, 0] coxpaHSIOT HEKOTOPYIO CBOOOIY
BpallleHUs] BOKPYT BEPTUKAIBLHOM OCU, YTO MPUBOJAUT K AKCUATBHOM CHUMMET-
pun 061aCcTU, 3aHUMAEMOHN MOJIEKYJION, U 0OYCIIaBIMBAET BHICOKYIO CUMMET-
puto MoJnekynspHoil ynakoku®?). [TosToMy U1t 06BICHEHNS BBICOKOM CHM-
METPUU YMAaKOBKU B HAIlIEM CJIy4yae CleAyeT HOMyCTUTh, YTO JABA YIJIEBOJO-
POJIHBIX XBOCTA MOJIEKYJI UCCIIEAYEMBIX CTPYKTYP COXPAHSIIOT BO3MOXHOCTh
HE3aBUCUMOTO BpallleHUsI BOKPYT CBOEH OCH.

OTaenbHO CTOUT OTMETUTH, YTO MOJIEKYJISIpHAS YIIAKOBKA TUIEHKU Ha OC-
HOBe coeuHeHus N9 xapakTepusyercss OTHOCUTEIbHON HEOAHOPOIHOCTHIO
M HAIpaBJIEHUS BEKTOPOB TPAHCISLIMM PA3JIUYHBI B Mpeaeiaax pa3IuyHbIX
YUaCTKOB IJIEHKH, IPUYEM pa3Mephbl yUaCTKOB (PUKCUPOBAHHONW OpUEHTAIUU
COCTABIISIIOT JIMIIIb COTHU KBaJApaTHBIX HAHOMETpOB. [Ipu 3TOM UeTKko BU3ya-

JIU3UPOBATH I'PaHUIIbI JOMEHOB HE YAABaJIO0Ch, YTO, II0O-BUIUMOMY, O6YCJ'IOB-

28) KaK IOKA3aJIM KOHTPOIIBHbIC M3MEPEHHS C PA3TIMYHBIMH 30HAAMH, 3TO HAGTIOICHNE He
MOJET OBITH CBsI3aHO C apTedakTamu ACM, paccMOTpeHHbIMHU B pasmene 2.1.5

29) 3T0 COCTOSIHME OPraHMYECKOTO BEIIECTBA HA3BIBAIOT [123] pOTAIIMOHHO-KPHCTAILITHYEC-
KUM WU «Ta30KPUCTAILUTAYECKIM> COCTOSTHHEM.
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JIEHO U3JI0’KEHHBIMU B paszeiie 2.1.5 BRIBOJAMHM OTHOCUTEIBHO <«JTOXKHOCTU»
MoJieKyJsipHOro pasperieHusi B ACM npu TUMMYHBIX MapaMeTpax dKCIepH-

MEHTa Ha BO3AYXE.
CocyuiecTBOBaHHe Pa3NYHBIX THIOB YNAKOBOK B CTPYKTYpe IIEHKH S5-

oktanenuni-2,4,6(1H, 3H, SH)nupumugunrpuona. Jjis 3Toro coeuHeHus,

CTPYKTypHas popmysa KOTOPOro:

NH
CigHsy Nﬁ 0
74
(0]

nuny 5.4: s moHocnos (Nel0, tabauna 5.4), mrs kpucramiutoB (Nel1) u mrst

, MBI OOHAPYXWIN TPU PA3IMUHBIX TUIA YITAKOBKH, CM. Ta0-

OCTPOBKOBBIX 0Opa3oBanuii (N212).

Crpykrypa 1uieHKH BusyaiamsupoBaHa metongoM ACM Ha puc. 5.14, tie
n300paxeHbl 00JACTH Pa3IUYHON CTPYKTYPHOUM opraHuzanuu chopMHUPO-
BAHHBIX TOKPBITUI: MOHOCIIOW, OCTPOBKH U JJaMeJi. AHAJIU3 BBICOT MTOKA3bI-
BACT, YTO OCTPOBKH CPOPMHUPOBAHBI, ITO-BUIUMOMY, IBYMS CIOSIMU TUICHKU
(BbICOTA 3TUX 00pa30BaHUN OKOJIO 4 HM, BBICOTA MOHOCIOS 1,5—2HM), B TO
BpeMsl KaK KPUCTAJUTUTHI (J1TaMen) oopa3oBaHsbl 3, 6 Uin 9 cosMu (BBICOTHI
oKoJ10 5,3-5,7 HM, a TaK)Ke yIBOCHHBIC U yTPOSHHbBIC 3HAUCHHS. )

MounekynsgpHas ymakoBKa OCTPOBKOBBIX M KPUCTAJUIMYECKUX 0Opa3oBa-
HHUM XapaKTEepU30BAIACh LEHTPUPOBAHHOMN NMPSIMOYTOJIBHOM SYEUKOU C OT-
JUYAIOIIMMUCS TapaMeTpaMu a ¥ b, HO OJU3KUMU 3HAUYEHUSIMU TUIOIIAJIH,
MPUXOISIIIEHCS Ha MOJIEKYJTy, cM. Tabmuity 5.4.

B 1o xe Bpemss ACM-u3o0paxeHue MOJIEKYJISIPHON YIMaKOBKH MOHOC-
JI0SI XapaKTeprU30BajoCh, BO-MEPBBIX, CBEPXCTPYKTYypoil (puc.S.15a), a Bo-
BTOPBIX, OOJIbIIIEH IITIOIA/1bI0 Ha MoJIeKyTy. [TocrenHee MOKET OOBSICHATHCS
BIIUSIHUEM TOJTOXKKHU. JleCTBUTEIbHO, MBI OOHAPYKHIIIM, YTO HAIpaBIIEHUE
BEKTOpa b 17151 MOHOCIIOHHOTO MTOKPBITUS B 3TOM CIIy4ae COBIAIAET C OJTHOM
13 Kpuctautorpadguieckux oceit crroabl. [lepnognIHOCTh YITAKOBKY TUICH-
KU BIOJIb 3TOTO HAIIPABJIICHUS XapaKTEepU30Balach 3HaUeHUeM 1,56 HM, B TO
BpeMsl KaK 3Ha4Y€HHE 3TOT0 Mapamerpa s noaioxkku 0,519 HM, 4To B Tpu
pasza mensbIne. TakuM 06pa3zoM uMeeT MecTo (POPMHUPOBAHNE MOHOCTIOEM Pe-
HIETKHU, OJUH U3 apaMEeTPOB KOTOPON COU3MEPUM C NapaMeTPOM PELIETKU
MOJUTOKKHU (BTOPOW MapaMeTp IUICHKU MMEET TO K€ 3HA4YeHHe, YTO W IS

KPUCTAJUTMYECKUX JIAMEIISIPHBIX CTPYKTYP).
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- 1]
6) 0 2.5 5.0 7.5 10.0 12.5 MKM

Puc. 5.14. Ctpyktypa TOHKHUX MIeHOK S-okTtamenmwi-2,4,6(1H, 3H, SH)mupumuama-

TpUOHA Ha MUKPOHHBIX pa3mepax; ACM-uccienoBanue.

Busyanu3upoBaHbl YYaCTKU Pa3IMIHON CTPYKTYPHI IUIEHKU: MOHOCIIOHN, OCTPOBKH U KPHUC-
TauThI (Jamenu). OOpasiipl MOTYyUSHBI TPU PA3TMYHOM ITOBEPXHOCTHOM JIaBIIEHUU BBIJE-

nenusi: a) m = 35 MH/M, 6) m = 30MH/m

O0mue 3aKOHOMEPHOCTH BU3YAIM3ALHH MOJIEKYJISIPHOM CTPYKTYPbI TOHKHX

OpraHu4yecKux mjieHok merogom ACM

VYcenemHas BU3yanu3alys MOJEKYISIPHOW CTPYKTYpbl IUIEHKH BO3MOXHA
JUIIb MPU YCIOBUM JTOCTATOYHO MPOYHOM CBSI3M MOJIEKYJ IUIEHKU APYL C
JIPYTOM U C TIOJIOKKOH (UTO MO3BOJISIET MPOBOAUTH HEpa3pyIIAIOIIIe Ucclie-
JIOBaHUs). DTa CBSI3b MOKET BOZHUKHYTh B PE3yJIbTATE CIECIYIONIUX IPUUUH.
Bo-miepBbIx, 3a cueT ruApoPoOHOT0 B3aMMOIECHCTBUS ATKUIBHBIX YYACTKOB
MOJIEKYNT U TUAPOPOOHOHN MOMTOKKHU. ITO TO3BOIMIO HAM HAOMIOAATh MO-
JIEKYJISIPHYIO YIAKOBKY IUIEHOK ImyenuHoro Bocka (Nel3 tabmumsr 5.4). Bo-
BTOPBIX, 34 CUET MPOIECCOB CIOHTAHHON KPUCTAIITU3ALIMY UITK CAMOOPraHH-
3211 MOJIEKYJI IJICHKHU, MPUBOIAIINX K (HOPMUPOBAHHIO IFIOTHOYIIAKOBAH-
HBIX CTPYKTYP, XapaKTEPU3YIOIUXCS] BBICOKOM CBSI3AHHOCTHIO MOJIEKYJT (Nel,
Ne2, Ne5—7, Nell u Nel2 raGmunsr 5.4).

B orcytcrBue 3THX (AKTOPOB JOCTHKEHHUE MOJIEKYJIIPHOTO pa3pelieHus
MeTomoM ACM ocTaeTcst ClI0KHOU 3aa4eil: CTPYKTypa INIEHKH pa3pymiaeTcs
IO/ BO3JEHCTBUEM 30H1a MUKPOCKOIA MPH yMEHbIIEHUH pa3Mepa kaapa’?)

HECMOTPs HAa MUHHUMU3ALIUIO CHIIOBOTI'O B3aMMOJCHUCTBUS 30HAA U o6pa3ua.

30) Ipu yMeHBIIEHNH pa3Mepa Kapa yMEHbIIAETCS CKOPOCTh CKAHUPOBAHHS U YBETHUNBA-
€TCsl XapaKTepHOe B3aUMO/IECTBHE 30H/a C JIOKAJIbHBIM y4acTKOM 00pa3sia

199



B) 0 5.0 10.0 HM 15.0

Puc. 5.15. Ilpumeps! BU3yanu3auu MOJIEKYJISIPHOM YIIAKOBKH IJIEHOK 5-OKTaAeLHII-

2,4,6(1H, 3H, SH)mupuMuauHTpHOHa;

ACM-u300pakeHue MOJIy4eHO B PeXXUME U3MEPEHHS CHJI TPEHUS 1715 IOBEPXHOCTEH pa3iny-
HBIX YYaCTKOB IUIEHKH: a) MOHOCIOHHOT0 MOKpbITUs (Ne10), 6) kpucrammmueckux (Nell) u B)

ocTpoBKOBBIX (Nt12) oOpazoBanmii
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Bo3moxHO, pemuTs 3Ty mpobiieMy yaacTcs Mpu MPOBEACHUHN UCCIIEOBAHUN
B KUIKHX Cpelax.

TeM He MeHee, B TeX CllydasX, KOT/1a IJIEHKa XapaKTepu30Balach 10CTa-
TOYHOU MPOYHOCTHIO, UTO MO3BOJISUIO MPOBOJIUTH HEpa3pylLIAIOLIUe UCCIIe-
JIOBAHUS MAJIOTO JIOKAJIBHOTO Y4acTKa MOBEPXHOCTU Ha BO3/IyXe, OKA3aJIOCh
BO3MOYHBIM OIPEACIUTH MOJIEKYJISIPHYIO CTPYKTYPY Psilia MOHOCAOUHbIX TOH-
KOIUJIEHOYHBIX MOKPBITUM (N3, Ned4, Ne8—10).

Bbputo 06HapykeHO, 4TO Uil MHOTUX IUIEHOK MapaMeTpbl STYEHKU MOA-
YUHSIOTCS TPUHITUITY TUIOTHOM YIAKOBKU YIJIEBOJIOPOIHBIX IENEH MOIEKYI
(cp. ¢ Tabmuueii 5.1). Tak, oOpas3msr Nel, Ne2, Nel3 xapaktepusyrorcs LII1-
pelieTKol ¢ mapaMeTpamu, OJIM3KUMH rapaMeTpam cinost R[0, +-1] mutotHOY-
MAKOBAHHBIX MOJIEKYJ H-apaduHoB (Tabmmia 5.1). B cBoto ouepenp moe-
KYJISIpHBIE TUIEHKU 00pa3oB NeS—7 u Ne9 xapakTepu3yroTcs reKcaroHaIbHOM
YIAKOBKOI U Mmapamerp siueiiku 6Jim30k 3HaueHuro st cinos H[0, 0] (Tabmu-
1a 5.1) «ra3okpucTaINIMIecKOi» dha3bl H-apa(uHOB.

C npyroii CTOpOHBI MOJIEKYJISIpHAS! CTPYKTYpa TieHOK Ne10—12 He MoxeT
OBITh 00YCIOBJIEHA MPUHLMIIOM IUIOTHOM YMAKOBKH YIJIEBOJAOPOJHBIX Lie-
neii. ITnomans, npuxoagmascs Ha MoJIeKyiy, B ToM ciaydae (0,35-0,36 nm?)
3HAYUTEIBHO MPEBBIIIAET IUIOIA/Ib IIOTIEPEUHOr0 CEUEHUsI YTIIEBOIOPOIHOM
nenu (oxomno 0,18 um?). TTo-BuaMMOMY, B 3TOM Cilydyae MapaMeTphbl pelieT-
KU ONIPEAEIISIOTCS 3HAYEHUEM TUIOIIAIA, 3aHUMAEMOM MOJISIPHOM IPyIITON HA
TTOBEPXHOCTH CyOdassbl.

Hapsiny ¢ aTum oTiuuue, HaGI01aeMoe ISl psijia MIEHOK, apaMeTpoB
YIAKOBKH OT 3HAUEHU, peali3yIOIINX IJIOTHYIO YIIAKOBKY YIJIEBOJOPOIHBIX
IPYIII, MOKET ObITh 00YCIOBIIEHO U BIUSHUEM IOJJI0KKU. B yacTHOCTH, MBI
oOHapYXWIH (OPMUPOBAHUE MOJIEKYJIAMHU MOHOCIIOS PELIETKH C IMapaMeT-
paMu, COU3MEPUMBIMHU C TTapaMeTpaMu Mo T0KKH (Ne10).

T.o. MBI TIOKa3aayu, 4TO MapaMeTpbl MOJIEKYJISIPHOM YIMAKOBKM TOHKHMX
IJICHOK OTPENESIOTCS HECKOJIBKIMU KOHKYPUPYIOIUMU (paKTOpaMU: IPUH-
LUIOM IUIOTHOM YMAKOBKHU YTIJIEBOAOPOAHBIX IIeTel, 3HAUYCHUEM ILUIOIIAIN

HOJ'ISIpHOfI I'pyHaIibl 1 BJIMAHUEM IMOIJIOXKKH.
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3aKkJII0YeHue

Llenpro TpPOBEACHHBIX MCCIEIOBAHUN CIy)XWiIa pa3paboTKa 30HIOBO-
MHUKPOCKOITMYECKUX METOAO0B UCCIIEAOBAHUS HYKJIEUMHOBBIX KUCIOT. [lomyT-
HO, TIPU PELICHUHU 3a/1a4 KOHTPOIUPYEMOH MOAN(PHUKALINN CBOMCTB MOATIOXK-
KM JUTSI IMMOOWIM3ALUU HYKIIEMHOBBIX KUCIIOT, OBUTH 3aTPOHYTHI BOIIPOCHI,
CBSI3aHHBIC C TOHKMMU OPTaHUYECKUMU IUICHKAMH: BBISCHCHHE OCHOBHBIX
MEXaHU3MOB, OTIPEIEISIIOIINX CTPYKTYPY MOKPBITHS.

UccnenoBanusi opraHMYecKux IUIEHOK, cOOPMUPOBAHHBIX MO TEXHOIIO-
run JIb, mokasany, yTo OHU SBISIOTCS BeChbMa MEPCHEKTUBHBIM OOBEKTOM
st C3M-aHanu3a, MOCKOJIbKY METO/IbI 30HA0BOW MUKPOCKOIIMU MOTYT IO-
3BOJIUTH MOJYYUTH 3/1€Ch MPUHIIMIHATLHO HOBYIO mHpopmarmio. [Tloatomy
MBI ITPOBETIH Psi UCCIEOBAHUI TOHKOIUIEHOYHBIX IIOKPBITUH (T71aBa 5) B KO-
TOPBIX 3TH CTPYKTYPBI SBJISUIUCH OCHO8HbIM OOBEKTOM HCCIe0BaHus (0e30T-
HOCHUTEIbHO K HYKJICMHOBBIM KHUCIIOTaM). B akcriepuMeHTax Mbl aHATU3UPO-
BaJTU BIIMSTHUE TTPOIICTYPHI BBIICICHUS TUIEHKH, COCTaBa CyO(assl M TPUPOIBI
MOJJIOKKH KaK Ha MUKPOCTPYKTYPY IUIEHKH (1e(eKTHOCTh U OHOPOIHOCTD
Ha MUKPOHHBIX pa3Mepax MOBEPXHOCTHU), TAK U HA MOJIEKYJISIPHYIO YITAKOBKY
MOJIEKYJI B C(DOPMUPOBAHHBIX MOKPBHITHSIX.

B03MOXHOCTB TOCTHKEHHS MOJIEKYJISIPHOTO Pa3pereHus ITPH UCCIIe10Ba-
HUM TUTIOCKUX MTOBEPXHOCTEH (TOHKUX TUIEHOK, KPUCTAJUTMUECKHX MOITT0XKEK),
¥ HEBO3MOJKHOCTH JIOCTIDKEHHSI CTOJIb )K€ BBICOKOTO JIATEPAJIbHOTO MPOCT-
PAHCTBEHHOTO pa3pEIIeHUs B MCCIETOBAHMSIX HYKJIEMHOBBIX KHUCIOT U BH-
PYCHBIX 4acTHII, TpeboBan 00bsicCHeHNs. Bormpoc 0 MexaHU3Me JOCTIKEHUS
«aToMHOTO» paspernreHus B ACM BO3HUK U B CBET€ pe3yJIbTATOB IPUMEHe-
HUS TEOPUH KOHTAKTHBIX eopMaIuii 1711 ONMCAHUS KOHTAKTa 30HAa U 00-
pasua (pazgen 2.1 — yder addexra 3aHmwkeHns BbicoT ACM-n300pakeHui
00bekTOB). JleCTBUTENBHO, COTJIACHO cOOTHOIIEHsIM ['epiia 3Toit Teopun,
pa3mep 061acTH KOHTAKTA 30HIa U 00pa3ia Mpu TUIMUYHBIX yclToBUusax ACM-

HUCCIeIOBaHUN Ha BO3AYXE COCTABJILICT CANMHUIBLI KBAAPATHBIX HAHOMCTPOB
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Y 3HAYUTEIBHO IPEBBIIIAET, HAIPUMEP, TUITMYHYIO TUIONIAAb HA MOJIEKYITY
B JIB menkax ~ 0,2um2. B pasnmene2.1.5 mexanusm ACM-Bu3yanusanyu
ATOMHOM CTPYKTYPBI TOBEPXHOCTU ObLT 0OOCHOBAH C MO3UIMA KOHTAKTHOM
TEOPUHU, YTO MO3BOJUIIO OOBSICHUTD P IKCHEPUMEHTAIIBHO HAOIIOAAEMBbIX
3aKOHOMEPHOCTEH.

C ucnonp3zoBaHueM cooTHomeHui ['epia ynanoce pazpaboraTs METOIU-
Ky OIIpeleeHus] YIIPYTUX MapaMeTPOB OTAEIbHBIX MUKPOOOBEKTOB, aJCOP-
OMPOBAHHBIX HA MOBEPXHOCTh TBEPJAOM MOMJIOKKHU. DTa METOAMKA Halula
OTpa’keHHe B IKCIEPUMEHTAILHON uacTu 3anaun’’) «CKaHUpPYIOIAs 30H/0-
Basi MUKPOCKOTIUSI HYKJIEMHOBBIX KUCIIOT» CIIEIUATIBHOTO (PU3UUECKOTO MpPaK-
TUKyMa IO 30HI0BON MUKPOCKOMUU Kadeapbl (U3MKU MOJIUMEPOB U KPHUC-
TamoB gusndeckoro dakyiapreta MI'Y. M3mepenns o pesynbratam ACM-
9KCIIEPUMEHTA, TTPOBOIUMBIE CTYJACHTAMHM, MOJATBEPAMIH, B YACTHOCTH, UTO
nedopMaIiu MUKPOOOBEKTOB C XapaKTepHBIMU pazMepaMu ~ 10 HM (1 60-

JIee) XOPOIIO OMUCHIBAIOTCSI TEOPUEH KOHTAKTHBIX AepopMaliuii.

IlepcnekTHBBI IPHMEHEHUsI PA3pa0OTAHHBIX MOAX0/10B

AJITOPUTM MOCTPOCHUS YUCIIEHHOTO pellieH s 1 yueTa s dexra yumpeHus,
paszpaboTaHHBIN B pas3zene 2.2, MpeaCcTaBIIsIeTcsl BECbMa MPOCTHIM B peain3a-
IIUU, a TIPOBEICHNE PACUYETOB (PAaKTUUECKH HEe TpeOyeT Kakux-Tubo 3aTpar
KOMITBIOTEPHOT'O BPEMEHHU. DTO IMO3BOJISIET HAJEATHCS, YTO MPEIOKEHHAS
METOJMKAa HAaWAeT MPUMEHEHUE CPEelU CIEeHUATUCTOB, 3aHUMAIOIINXCSl 30H-
JIOBOM MUKpOCKOIUENH 6MOCTpYKTyp. Cpeln OTINYUTEIbHBIX OCOOCHHOCTEN
peIM30BAHHOIO MOJIX0AA CTOUT YIIOMSIHYTh €70 OOIIIHOCTB (<AJUTUTICOUIATb-
HBII» 00BeKT??)), a TaKIKe HaJINUKE «pelepHBIX» cooTHomeHuit (2.38) 1 (2.39),
MO3BOJISIONIMX OIIEHUTh «OCTPOTY» CAMOTO 30H/1a HETTOCPEACTBEHHO 0 aHAa-
mzupyeMoMy ACM-n300pakeHuro.

Jlornueckum 00OOLIEHHEM PE3YJIbTATOB YETBEPTOM U MATOM IJIaB CTa-
JI IPOBOAMMbBIE HAMHU B IOCTIEHEE BPEMS UCCIIEIOBAHUS BIUSHUS MOJIEKYT
JAHK u cuHTeTUUeCKHX MOJIUAIEKTPOIIUTOB, MPUCYTCTBYIONIUX B cyOdase, Ha
CBOMCTBA JICHTMIOPOBCKHUX IUUIEHOK MOBEPXHOCTHO-AKTUBHBIX BEIECTB, Ha-

XOJIAIIMXCS Ha TTIOBEPXHOCTH KHUIKOM cyOdassl (1 mepeHocuMbix 11t ACM-

31) 3aa4a IOCTAaBIIEHA ABTOPOM COBMECTHO C 1. (.-M. H. V. B. SIMuHCKIM
32) B OTIMUME OT TPAJUIIMOHHO UCIIONB3yeMOil MOJIENTH C(hepUUECcKOTO 0OBEKTa
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yiccIeOBAHUI Ha TBEPYIO NMOMN0KKY). [lomyuennsle pesyabTaThr®®) HOCAT
IpeBapUTENbHBINA XapakTep (M HE BOLUIM B IUCCEPTAIINIO), OJHAKO IO3BO-
JISIOT CHEJIATh BBIBOJ O BBICOKOM UYyBCTBUTEIIBHOCTH CTPYKTYPBI U CBOWCTB
c(OpPMHPOBAHHBIX MOHOCTIOEB K MPUPOAEe OOBEKTOB, HAXOMSIINXCS B CyO-
(aze. Paznuuue Bo BiusiHUM, Ooka3biBaeMoM Moiiekyiaamu JIHK u cuntetn-
YECKUMHU MOJIMAJIEKTPOIUTAMH (TOJTMMETAKPUIIOBOM KUCIOTBI) HAa CTPYKTYPY
MOHOCJIOEB MO3BOJISIET KOHCTATUPOBAThH Pa3/IMuMe MEXaHU3MOB UX B3aUMO-
nericrBus ¢ [TAB.

Pe3ynbTaThl MpOBOAUMMBIX HAMHU HMCCIEAOBAHUN TOHKHMX IUIEHOK CBUJIE-
TEJIbCTBYIOT O O0JIbIIIOM MoTeHInaje Mmetoga ACM B 3Toi obmacTu (3TO yac-
TUYHO OTpa)XX€HO B aMccepTanuu). JedcTBUTENbHO, TO3BOJISASI HEITOCPEICT-
BEHHO «BUJIETH» CTPYKTYPY MOBEPXHOCTU U U3MEPATH €€ XapaKTEepHbIE Ia-
pametpsbl, MeToq ACM CIIyXUT yIa4HBIM JTOTIOTHEHUEM APYTHUX (PU3NIECKUX
METO/I0B UCCIIEAOBAHUS TOHKHX IUIEHOK. DTO MTO3BOJISIET aJIEKBATHO UHTEPII-
pEeTUPOBATh Pe3yIbTAThl KOMIUIEKCHBIX UccienoBaHui. [Ipeacrasusercs, uTo
HAa0Op JOCTATOYHOTO KOJIMYECTBA (DAKTUUECKUX IKCIIEPUMEHTAIBHBIX JaH-
HBIX TTO3BOJIUT, IPU UX aHAJIN3€e U 0000IIEeHNH, cAeTIaTh (yHIAaMEHTAIbHbBIE
BBIBOJIbI OTHOCUTENIBHO OCHOBHBIX MEXAaHU3MOB, ONPEHENSIOMIUX CTPYKTY-
Py TOHKOIUIEHOYHBIX MOKPBITUNA. ECTh BCe OCHOBaHMS M0JIATaTh, YTO METO]L
30HI0BOM MUKPOCKOIIMH HaiieT B Oyrbkaiiee roapl MUPOKOe MPUMEHEHNE
B 3TOW 00JIaCTH UCCIIEIOBAHUM U pe3yIbTaThl, U3JI0KEHHBIE B paboTe, OyayT
MOJIE3HBI TPU 00001IAOIIEM aHATIU3E.

Omnpenenenue aIeKBaTHOM METOIUKN UMMOOMIN3ALUN OJHOLIEITOYEUHOH
BupycHoli PHK (rnaBa 3) Ha moBepXHOCTY OAJIOKKH ITO3BOJISIET HAM B HACTO-
sIee BpeMs MPOBOIUTH MCCIEIOBAHUS OMOCTIEN(PUIECKOTO B3aMMO/ICHCT-
BUsI OEJIKOB C HYKJIEMHOBBIMU KucIoTaMu. Pa3paboTaHHble MOAXOIbI MOTYT
OBITH MOJIE3HBI B AKTYAJIbHBIX MUKPOOMOJIOTMYECKUX HCCIIEIOBAHUSX, IIPO-
BOJIUMBIX B YCIOBHUSIX, MAKCUMAJIBHO OJIM3KUX HATUBHBIM.

B 3axmmrouennn cpopMynupyeM OCHOBHBIE BBIBOJIBI IO PE3yIbTaTaM, U3-
JI0’KEHHBIM B IUCCEPTAILMOHHOM paboTe. DTU MOJI0KEHUS BBIHOCITCS HA 3a-

HIUTY.

33) onmoxkenst Ha XVI MenienieeBCKoM Che3zie 10 OOIIel M MPUKIAJHON XUMUH:
O. A. Ilpiikuna, E. A. Bapeinnukosa, M. O.Tamsmos, B.T. Ceprees, W. B. SImunckuii.
CaoiictBa u Mopdonorus komiuiekcoB [JHK umu mommMeTakpuiioBoii KUCIOTHI ¢ KATUOH-
HbiM [TAB B Monocnosix // Pedepartsr goxinanos u coobienuit Ne2, — C.-Ilerep6ypr, 1998,
—c.451.
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BuiBo1BI

1. PazpaboTanbl MOJIENIU U TOCTPOEHBI AJITOPUTMBI YU€Ta JIBYX OCHOBHBIX
apmeghaxmos ACM: 3pPEKTOB yuuperus N 3aHUICEHUsL 8bICONbL TIPO-
(Ut OTMHOYHBIX OOBEKTOB, aICOPOUPOBAHHBIX HA TOBEPXHOCTH TBEP-
ol nmomnoxkku. [lpemioxkeHa MeToiMKa ONpeesieHus yIpyrux napa-
METPOB OTJAEIBHOTO MUKPOOOBEKTa. C MO3UIUN TEOPUU KOHTAKTHBIX
nedopMaruii mpoaHaM3upoBaH MexaHu3M A CM-BHU3yaIu3aiiuu aToM-

HOU CTPYKTYPBhI MIOBEPXHOCTH.

2. AnpoOupoBaHa METOIMKA IMMOOMIN3AIIUA HA TTIOBEPXHOCTH ITOITIOXK-
KM CBOOOJIHBIX MOJIEKYJT ofHOHUTeBOM BupycHoit PHK B pacnpasinen-
HOM cocTosiHn. Metogom ACM Bu3yaIu3npoBaHbl CTAANU ITpolecca
BrIcBOOOXKIeHUs PHK u3 GenkoBoil o0osiouku yactull Bupyca tabayu-
HOM MO3aMKM U MOJATBEPKIAECHA AaCUMMETPHUS MPOTEKAHUSI 3TOTO MPO-

oecca OTHOCHUTCIIbHO ABYX KOHIIOB MOJICKYJIBI.

3. Meronom ACM wuccrnenoBaHa AMHAMUKA TMPOIEcCa KOMIAKTHU3AIMH
mouiekybl [JJHK T4 B BOIHO-CIUPTOBBIX Cpelax, BU3yaJTU3MPOBAHBI
MOJIEKYJIbI, HAXOSIIUECS HA Pa3IMYHON cTaauu KoMmrnakTuzauuu. O6-
HaPY>KEHO, UTO YaCTUYHO KOMITAKTU30BAHHBIE CTPYKTYPhI BKIIOUAIOT
TOPOUAANIbHBIE YUACTKU, 0Opa30BaHHBIE OTJEIbHBIMU BUTKAMU MOJIE-
kyibl. [To pesynbraTtam msamepenuiit ACM BoccTaHOBIIEHA pealibHast
reOMeTpPHsl KOMIAKTHBIX CTPYKTYP M PACCUUTAH UX MOJICKYJISIPHBIH CO-

CTaB.

4. Tlo pesynmbraTam ACM-uccnenoBanuii cTpykTypsl JIb mieHok moxka-
3aHa MEePCHNEKTUBHOCTh METOJ1a TOPU30HTAIIBHOTO OCAXKIAEHUS MOHOC-
JI0€B Ha MOI0KKY. JJIs1 psiia TOHKOTUJIEHOYHBIX MOKPBITUH MOJIy4eHO
MOJIEKYJISIPHOE pa3pellieHne U ONpeesieHbl TapaMeTPhl PEIIeTKH C I0-
IPEIIHOCTHIO B €AUHUIIBI TTPOLIEHTOB. [Toka3zaHo, UTO CTpYKTypa IJICH-
KU OIPeJIEsIeTCs HECKOJIbKUMU (DAKTOpAMU: TPUHIIUIIOM TUIOTHOM yia-
KOBKHU YIJIEBOJIOPO/IHBIX LIETeN, 3HAUCHUEM ILIOIIAAN TOJISIPHON rpy-

IIbI HA ITIOBCPXHOCTU CY6(1)2[SI>I N BJIMSAHUEM ITOJJIOXKKH.
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baaromapaocrts

[Tpunomy riy6okyro 61arogapHOCTb CBOUM HAaYYHBIM PYKOBOAMUTENSIM —
Bacwmmro BacunbveBuuy llotemkuny n Uropro Brammmuposnuy SMmuHCKO-
My — 3a MOCTOSIHHO€ BHUMaHHe, MOJIePKKY U moMmoIlbs B paborte. Takxke
BBIpaXKalo MpU3HATEIbHOCTh Allekcero PemoBuuy XoxnoBy u Uropro Brnaau-
MUPOBUYY SIMMHCKOMY 3a IIPEIOCTABIEHHYIO BO3MOXHOCTb UCIIOJIb30BAHUS
9KCIIEPUMEHTAIBHOT0 000pynoBaHUs. SI B HEOIJIATHOM JIOJITY Mepes KoJuie-
raMu 10 COBMECTHBIM HcciieoBaHusIM — FOpuem denopoBruemM [ pbIruiHbIM,
Onproit AnekcanaposHoit [1eimkunoi, Banagumupom I'mebosuuem Cepree-
BbIM, ['eHHamuem KoHcranTuHoBHMYeM KaBHEPKO, 3aTPATUBIIMM OTPOMHOE
KOJIMYECTBO YCWJIMH U TBOPYECKOM 3HEPIMU HA Pa3pabOTKy M MOCTAHOBKY
9KCIEPUMEHTOB, PE3YIbTATHl KOTOPBIX HALIMIN OTPAKEHUE B IMCCEPTALIMU.
MHorue 1eHHbIE 3aMeUaHus M0 MPOYUTAHHON PYKOMHUCH ObLIA BBICKA3aHbI
FOpuem ®Denoposuuem poirunbim u ['ennaanem Koncrantunosuuem JKas-
HEPKO, 3a UYTO UM UCKpeHHee criacu0o0. Xouy o0JaroJapuTh CTYAEHTOB XH-
Muueckoro dakyiapreta MI'Y — Bbapckoro Aprema, 3uHueHKO AHATOJIMS,
AnnpeeBy Acto, a Takxe aclUpaHTKy YaaMepcKoro TeXHOJIOTHYECKOTo YHU-
BepcuTeTa ManuH ApaxaMMap — 3a TTIOMOIIb B TPOBEACHUN UCCIIEIOBAHUN.
Sl mpu3HaTeneH BceM COTPYAHUKAM, ACIUPAHTAM U CTYAEHTaM OObEIUHEH-
HOW IpYMITbI 30H0BOM MUKPOCKOIIMH 32 TEIUIYIO TBOPUYECKYIO aTMOChepy, B
3HAYUTEILHON CTENeHH CITIOCOOCTBOBABIIIYIO BBITIOJIHEHUIO paboThl. He Mo-
Iy HE YHOMSIHYTh OTAENIbHO TpyA Aunekcanapa Cepreesnua duioHoOBa IO
CO3[ITaHUIO BBICOKOMHTEIJIEKTYAJIBHOTO TPOrPAMMHOTI'0 0OeCIeueH s, 00JIer-
YUBIIET0 00pabOTKY IKCIIEPUMEHTATBHBIX PE3YJIbTATOB.

MHe 0coOeHHO TPUATHO BBIPA3UTh OJ1arolapHoCcTh Moek sxene OJie, KOTo-
pas B3su1a Ha ce0s1 OCHOBHBIE 3200ThI O ChIHE DJIbJIape U 3HAUUTENbHBIN TPy
10 MPaBKe sI3bIKa PYKOMMUCH, U KOTOPOU MPUHAJIEKUT OCHOBHAS 3aCiIyra B
TOM, UTO 3Ta paboTa ObLIa 3aBepIIcHA.

Crmracu6o.
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IIpunokenue A

A.1. IIporpamma, peajm3yromasi YucJIeHHOE peleHne
3a/1a4M 0 KOHTAKTHBIX JedopManusx 30H1a U

HMJIMHAPUYECKOro o0pa3ua

Huxe IMPUBCACH TCKCT ITPOT'PaAMMEI, HAIMCaHHOM Ha s3bIKe C++.

#include <math.h>
#include <stdlib.h>
#include <io.h>
#include <iostream.h>

double F,E1,E2,D,A,B,a,b,a0,b0,R1,R2,h,b a 2,k,a b,P,C;

double K ell(double k 1) //first elleptical integral
{
double K count = 1.0, g count = 1.0, m;
m= (1.0 -k 1)/(1.0 + k 1);
for (int i = 1; i < 1000; i += 2)
{
g count = g count*i*i/(i + 1)/(i + 1)*m*m;
K count K _count + g _count;
}i
return (M PI/2.0*(1.0 + m)*K count);
}

double E_ell(double k 1) //second elleptical integral
{
double E count = 1.0, g count = 1.0, m;
m= (1.0 - k 1)/(1.0 + k_1);
for (int i = 1; i < 1000; i += 2)
{
g_count g _count*(i-2)*(i-2)/(i+1)/(i+1)*m*m;
E count = E count + g count;
}
return (M PI/2.0/(1.0 + m)*E count);
}
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main()

//Main parameters input

cout << "F = ? (nN)" << endl;

cin >> F;

F = F¥1.0e-9;

cout << "E sample = ? (GPa)" << endl;
cin >> E1;

El = E1*1.0e9;

cout << "E probe = ? (GPa)" << endl;
cin >> E2;

E2 = E2*1.0e9;

D=3.0/4.0*(1.0/E1 + 1.0/E2);

cout << "R sample (cil, nm) = ?" << endl;
cin >> R1;

Rl = R1*1.0e-9;

cout << "R probe (sph, nm) = ?" << endl;
cin >> R2;

R2 = R2*1.0e-9;

// probe/sample
A =0.5*(1.0/R1 + 1.0/R2);
B = 0.5/R2;
// sample/substrate
// A = 0.5/R1;
// B = 0.5/(R2+2*R1);
//Exact solution
a=20.1;
b=1.0;

b a 2 = b*b/a/a;
for (int i = 1; 1 < 1000; i++)
{

a b = sqrt(l1.0/b_a_2);
b a 2 = A/B*K ell(a_b)/E ell(a b);
ba2=Dba2-A/B+Kell(a b)/E ell(a b);

}i

b = 2.0*F*D/M PI/B/(1.0 - a_b*a b);
b = b*(K ell(a_b) - E ell(a b));

b = pow(b, 1.0/3.0);

a = a _b*b;

h = 2.0*F*D/M PI/b*K ell(a b);

P = F/M PI/a/b;

cout << " Test: exactly" << endl;
a = a*le9, b = b*1e9, h h*le9, P = P*le-9;

cout << " a =" <K a << " nm";

cout << " b =" << b << " nm" << endl;

cout << " h = " << h << " nm" << endl;

cout << " P =" <K< P << " MPa" << endl;

//Approximating solutions
// first: a sim b

cout << " Test: a sim b" << endl;
a = pow(2.0*F*D*(1.0/A + 1.0/B), 1.0/3.0);
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a=a/(l.0 + A/B);

b = A*a/B;

h = 2.0*F*D/(a + b);

P = F/M PI/a/b;

a = a*le9, b = b*1e9, h = h*1le9, P = P*le-9;
cout << " a =" << a << " nm";

cout << " b =" << b << " nm" << endl;

cout << " h = " << h << " nm" << endl;

cout << " P = " << P << " MPa" << endl;

//second: b>a
cout << " Test: b > a " << endl;
a=20.1;
b=1.0;
b a 2 = b*b/a/a;
for (int i=1; i < 1000; i++)

{

C = log(4.0*sqrt(b_a 2)) - 1.0;

b a 2 = A/B*C;

}i
b = pow (2.0*C*F*D/M_PI/B, 1.0/3.0);
a = pow (4.0*B*F*F*D*D/M PI/M PI/C/A/A/A, 1.0/6.0);
P = F/M PI/a/b;
h = 2*F*D*(C + 1.0)/M PI/b;
a = a*le9, b = b*1e9, h = h*1le9, P = P*le-9;

cout << " a =" << a << " nm";

cout << " b =" << b << " nm" << endl;
cout << " h =" << h << " nm" << endl;
cout << " P = " << P << " MPa" << endl;

[Tporpamma mpencTaBiasieTcsi IOCTATOYHO MPOCTO: B KauecTBe (PyHKIINI
K.ell U E_ell peaJu30BaHbl IPOLEAYPHl BBIUUCICHUS MOTHBIX JUTUIITUYEC-
KMX UHTETPAJIOB 10 ACUMITOTUKAM, ITPUBEIEHHBIM B [69]. OCHOBHAas 4acTh Ha-
YUHAETCS C 3aMpoca MapaMeTpoB 3a/1a9u, 3aTEM OTIPEACIIIOTCS mapaMeTpsl A
u B (mo ¢popmyie (2.12), ecnmu mHTEepecHa 00J1acTh KOHTAKTa 00pasia 1 Mo/I-
JIOKKH, TO CJIEAYET UCTIOIB30BaTh GopMmyiy (2.23)), mocie yero peaan3oBaHo
TouHoe penienue (rmo popmymnam (2.10), (2.11), (2.9). s npubIMKeHHOTO pe-
IIICHUST peaIn30BaHbI ABa Clydas: a ~ b (c ucroiap3oBanuem hopmyn (2.21),
(2.22) u a < bV o popmynam (2.17), (2.18). B kauecTBe pe3yabTaTa paboThI
nporpaMma BbIJaeT HalJIeHHbIE 3HAUSHUS TapaMeTPOB 00JIaCTH KOHTAKTa (a

u b), BenmuunHy nedopMannu h ¥ KOHTAKTHOE 1aBieHue P.

1) JU1st OIIpeIeNIeHHOCTH
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A.2. TIporpamma, peaju3yromasi YuCJI€HHOE peleHue
3a/1a4M BOCCTAHOBJIEHUSI PeaIbHON reoMeTpUm

o0bekTa no usmepenHomy ACM-npoduro
Hixe IMPUBCACH TCKCT ITPOT'PaMMEI, HaIMcaHHOM Ha S3bIKe C++.

#include <conio.h>
#include <stdio.h>
#include <math.h>
#include <fstream.h>
#include <stdlib.h>
#include <io.h>
#include <iostream.h>

double d vtm, k, a, b, R, d, x, x1, x2;

int i, N, N1, N2, N sph bad, N par bad;

double sg(double z)
{
return (sqrt(fabs(R*R-(z-d)*(z-d)))):;
}
double func_ sph(double z)
{
double temp = (b*b-(R-sqg(z))*(R-sg(z)))*sqg(z);
return (temp+z*(z-d)*(R-sq(z)));
}
double func par(double z)
{
return (k*k*(z-d)*(z-d)*(z-d)*(z+d)+b*b);
}
double a_sph()
{
if (d > R) x1 = d-R;
else
{
if (b > R-sqgrt(R*R-d*d)) return 0.0;
else x1 = le-6;
}i
x2 = d;
for (int i = 1; i < N; i++)
{
X = (x1+x2)/2.0;
if (func_sph(xl)*func_sph(x) > 0.0) x1=x;
else x2=x;
}i
if ((R-sq(x))*(R-sq(x))/b/b < 1.0)
{
return (x/sqrt(l.0-(R-sq(x))*(R-sq(x))/b/b));
}
else return 0.0; // flag: no solution
}i
double a par()
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X1l = le-6;
x2 = d;
if (b > d*d*k) return 0.0;
else
{
for (int 1 = 1; 1 < N; 1i++)
{
x = (x1+x2)/2.0;
if (func _par(x1l)*func par(x)>0.0) x1
else x2 = x;
}i
}i
return sqrt (0.5*x*(x+d));
}
main()
{
ofstream outFile;
ifstream inFile;
outFile.open("RESULT.DAT");
inFile.open ("DATA.DAT");
cout <<" data file lenght?" << endl;

cin >> N1;

cout << " testing phase?" << endl;
cout << " 1 - yes" << endl;
cout << " 0 - no" << endl;
cin >> N2;

if (N2 == 1)

{

cout << " VTM width at half-height?" << endl;
cin >> d vtm;

d vtm = d vtm/2.0;

R = (d_vtm*d vtm-81.0)/18.0;

x = 0.5*(sqrt (d_vtm*d vtm+648.0)-d vtm);

k = sqrt (81.0-x*x)/(x-d vtm)/(x-d vtm);
cout << " for sphere, R=" << R << endl;
cout << " for parabola, k=" << k << endl;
cout << " Press any key..." << endl;
N2 = getch();
}

else

{
cout << " R (sphere)?" << endl;

cin >> R;
cout << " k (parabola)?" << endl;
cin >> k;
}i
N = 1000;
cout << " sphere parabola" << endl;

for (int j = 1; j < N1; j++)
{
inFile >> d;

d =d/2.0;
inFile >> Db;
b =Db/2.0;
a = a_sph();
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if (a !'= 0.0)
{
outFile << a << " ";
cout <<" a = "<<ka <" ";

}

else
{
N_sph bad++;
cout << " no" < " ";
outFile << "=" << " ";
}i
a = a_par();
if (a !'= 0.0)
{
outFile << a << endl;
cout << " a = " << a << endl;
}

else

{
N par bad++;
cout << " no" << endl;
outFile << "-=-" << endl;
bi
}i
cout <<" Sphere wrong:" << N_sph bad << endl;
cout <<" Parabola wrong:" << N par bad << endl;
}i

IIporpamma peanmusoBana no ciuenyromen cxeme. Kak nokasan ananmms,
MOTPEITHOCTh OMpPeAeIIeMbIX 3HAUEHHH CYIIECTBEHHO 3aBUCUTH OT MOTPEII-
HOCTHU BXOJIHBIX MTApaMeTPOB (OCOOEHHO U3MEPEHHOMN MUPUHBI TPOGUIIS Ha
MOJIyBbICOTE d). JIJ11 yMEHbIIIEHUSI TOM MOTPEIIHOCTH HEOOX0AUM HAOOP 10-
CTATOYHOM CTATUCTUKM ISl 3HAUEHUI BXOJIHBIX ITapaMeTpOB— h (BBICOTHI)
u d. [ToaTomMy B nmporpamMme BBOJ BXOJIHBIX TAHHBIX OCYIIECTBIISIETCS B BUJIE
(aitna ("data.dat"™) cocrosiero u3 IByX CTOJIOIOB 3HAUECHUH 1J1st h U 1715
d cooTBeTCTBEHHO. Ha 3Tame BbIUMCIIEHUs] TporpaMMa 3allpallinuBaeT O Be-
JTUYVHE HAOpaHHOUM CTATUCTUKU (KOJIMYECTBE CTPOK B daiiyie "data.dat").
BrIBOJ1 3HAUEHMIT TaKkke ocyliecTsigercs B aiin (result.dat)?, B aBe Ko-
JIOHKH (7151 aIIPOKCUMAIIMHU UTJIbI chepoii 1 mapabo10il COOTBETCTBEHHO).

@yukimu func_sph u func_par nmocrpoeHsl o Gopmynam (2.34, 2.36),
naiee, GYHKIIMU a_sph ¥ a_par peaqu3yloT peiieHue ypapHeHui (2.34, 2.36)
OTHOCUTEJIbHO T( U, 110 HAWJEHHOMY Ty, BBIUMCIEHUE UCKOMOTO 3HAUYECHUS
a o dopmynam (2.35, 2.37). OqHOBpeMEHHO, 3TH (PYHKIIMH OCYIIECTBIISA-
IOT IIPOBEPKY BBINOIHEHUs yciioBul (2.38, 2.39) oTcyTCTBUA pellIeHuUIt; M0I-

CYET 4YMClIa CIIy4aeB OTCYTCTBHSI PEHICHHH BeAyT cueTurku N_sph_bad u

2)CTeM)KeKoananBOMCTpOK,HTOLI"data.dat"
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N_par_bad mis chepuyeckoil u napaboandeckoil anmpokcuManuii COOTBET-
CTBEHHO.

PaboTa mporpamMmsbl 1o JKeTaHUIO MOXKET OBITh MPEaBapeHa TeCTUPYIO-
nieii gazoii, B KOTOpO Mo m3MepeHHbIM nmapamerpam ACM-nipoduitst Tect-
oObekTa (BUpyca TabauHON MO3aMKHU) OMPEAeNsIOTCs allPOKCUMUPYIOIINE

napameTpsl urisl (R u k).

A.3. IlapameTpbl NIpPOMBIIIIIEHHBIX KAHTHJIEBEPOB

OcHOBHBIE TapaMeTPHI 30HI0B TPOMBIIIIICHHBIX KaHTHUIeBepoB (Nanoprobe,
Digital Instruments, CILIA) 11 aTOMHO-CUITOBBIX MEKPOCKOIIOB TTPUBEICHBI

B Tabmuie A.l. DTH KaHTUJIEBEPHI UCIIOIb30BAIUCH B HACTOSIIIENH paboTe.

3) MHHY$ TECTHPYIOIIYIO (ha3y ITH MaPaAMETPBI MOXKHO 3a1aTh BPYUHYIO
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Monean NP-S FESP(W) TESP(W)
Oxide Sharpened | Force Tapping  Mode
Silicon Nitride Modulation Etched Silicon
Etched Silicon
Kectrkocrtn 0,06 H/m, 1-5 H/m 20-100 H/m
0,12 H/m,
0,38 H/m,
0,58 H/m
Pesonancnas 5-50 KI'1g 60—100 KI'1g 200—400 KI'nt
4acToTa
Panuyc xpuBuz- | 540 M 5-10 1M 5-10 Hm
Hbl KOHUWKA WT-
JIBI
BricoTa urmet 3 MKM 10-15 Mxm 10-15 MxMm
Yron pactBopa | 35° 18°v25°Vv10° 18°Vv25°Vv10°
KOHYCa UTJIBI
Orpaxaroriee 3onoto HET HeT
MTOKPBITHE
JnmHa kantumne- | 120 MM, 225 MKkM 125 Mxkm
Bepa 200 Mmxm
lupuna xkantu- | 15 MM, 40 MM | 30 MKkM 3040 Mxm
JieBepa
Tommuua xasH- | 0,4-0,6 MKkM 2—-3 MKM 3,5-5 MKkM
TUJIEBEPA
dopma kaHTH- | V-oOpa3Has npsMas npsMast
neBepa

Tabmuna A.1. IlapamMeTpbl OCHOBHBIX
(Nanoprobe, Digital Instruments, CILIA)

THUIIOB IIPOMBINIJICHHBIX KAaHTHIICBEPOB
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