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BBenenue

Ckanupyromiasi 3oH10Basi Mukpockonus (C3M), oObenuHsOmAas IUPOKUIA
CHEKTP COBPEMEHHBIX METOJIOB MCCIEIOBAHUS NOBEPXHOCMU, HACUUTHIBAET
MOJITOpA JAECSATKA JIET CBOEH HCTOPUM — C MOMeHTa co3aanus B 1981 r. bunnu-
roM u Popepom ckanupyroiiero TyHHeapbHoro mukpockona (CTM)[1, 2]. 3a
MPOIIE/IINE FOAbI TPUMEHEHUE 30HI0BOM MUKPOCKOIIMHU ITO3BOJIUIIO IOCTUYb
VHUKAJIbHBIX HAYYHBIX PE3YJIbTATOB B PA3JIMUHBIX 00JACTAX (U3UKHU, XUMUU
u Ouosnoruu. Hanbouee spkuMu IeMOHCTPALIUSIMU BO3MOXKHOCTEH 3TOT'0 IKC-
MEPUMEHTAIILHOT'O HATIPABJICHUS IIPU UCCIIEIOBAHUM TTOBEPXHOCTEH TBEP/IbIX
TeJl MOTYT CIIYXKUTh: Pe3yJbTAThI MO MPSIMON BU3YAJIM3AIUU PEKOHCTPYKIIMU
noBepxHocTedi [3]Y), MaHUMYIAIMS OTAETBHBIMH ATOMAaMH TS 3aIMCH HH-
(hopMaiuu ¢ peKoOpaHOM MJIOTHOCTHIO, UCCIIETOBAHKE JIOKAIBHOTO BIIUSIHUS
MMOBEPXHOCTHBIX JIe(PEKTOB HA 30HHYIO CTPYKTYpy oOpa3sua [4] u 1p.

HoBrie sxcriepuMeHTaIbHbIE BO3MOXXHOCTH PACCMATPUBAEMOI0 HAIIPaB-
JIEHUS B CPABHEHUHU C TPAJAUIIMOHHBIMU METOIAMU UCCIIETI0OBAHUS TOBEPXHOC-
TH JeNIat0T OCOOEHHO NMEPCIIEKTUBHBIM MPUMEHEHHE 30H0BONH MUKPOCKOTIUU
(B 4aCTHOCTH aTOMHO-CHIIOBOM MUKpockormuu (ACM) [5]) mis uzyueHus o6uo-
JI0UYECKUX U OpeaHuyecKux MatepuanoB. Ha 3ToMm nyTu B mociieqHue rojibl
Takke ObLI IOCTUTHYT 3HAYUTENIbHBIN Mporpecc. B yacTHOCTH, MPUMEHUTEb-
HO K UCCIIEJOBAHUSM HYKJIEMHOBBIX KHCIIOT, MOKHO YIIOMSIHYTh O TAKUX pe-
3yJibTaTax, Kak BU3yanuzaius otaenbHbix MoJiekyn JAHK [6] u uccnenoBanue
X KOH(GOPMAIIMOHHOT'O COCTOSIHUS B XHUJKHUX CpellaX, MPsSIMOe U3MEPEHUE
CHJI B3aUMOJICHCTBUS KOMIUIEMEHTAPHBIX HYKJICOTUIOB [7], BU3yanu3anus B
pearbHOM MacimiTabe BpeMeHH IporieccoB B3aumosaeicteus [JTHK c¢ OGenka-
MU [8].

B T0 xe BpeMsi 30HJI0Basi MUKPOCKOMMS OUOJIOTUUECKUX U OpPraHuyec-
KUX OOBEKTOB M CTPYKTYP OCTaeTCsl O0jiee CI0KHOM 3aaueil B CPABHEHUH C

C3M-ananu3oM MoBepXHOCTEN TBEPIbIX TeJl. [leficTBUTENBHO, MpOoILIo O0jiee

1) manpumep, mosepxHocTH Si(111)7 x 7
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JIECSATH JIET C MOMEHTa BO3HUKHOBeHUsI C3M, mpexe ueMm Oblia yoeauTeb-
HO TIOKa3aHa ee aJIeKBaTHOCTh JJIs MCCleToBaHul O0M000BeKTOB (B 1992T.
Ha npuMepe MoJjekyibl JJHK[6]). DTo cBA3aHO ¢ TakKMMU OCOOEHHOCTSIMU
TOI0OGHBIX OOBEKTOB, KAK HU3KAS ITPOBOJUMOCTE2) 1 HEBBICOKAS MEXaHIUEC-
Kasl )KeCTKOCTh. AKTYaJIbHOU SBJIsETCS MpobiieMa MMMOOMIN3ALIMHN TaHHBIX
CTPYKTYP Ha ITOBEPXHOCTSIX TBEPIBIX MOTOXKEK B IPOIECCaX IPUTOTOBICHUS
00pas310B U MPU UCCIIeTOBAHUAX (OCOOEHHO B *KUAKUX cpefax). BaxkHo, uto-
ObI 00BEKTHI OBUTH 3a(PUKCUPOBAHBI HA TTOJIJTIOKKE B TAKOM COCTOSTHUU, YTOOBI
OBLIIO BO3MOXHO MCCIIEIOBATH UX MHTEPECYIOIUE CTPYKTYPHbIE OCOOEHHOC-
TH. BO3MOXHBIM ITOJX0/I0M K PEIICHHUIO 3TOH 3a]a4l MOXKET CIIY)KUTh, HAIIPHU-
Mep, MOAU(HUKAIUS CBOMCTB ITOIJIOKKHU ITyTEM KOHTPOJIUPYEMOTO OCAXKICHUS
Ha €€ IOBEPXHOCTh TOHKUX OPTaHUYECKUX TJICHOK C 3aJaHHBIMHU CBOMCTBAMU.

BecbMa BakHBIM 151 aICKBATHOT'O IPUMEHEHHS 30HI0BBIX MUKPOCKOIIOB
B IIUPOKOMACIITAOHBIX HAYYHBIX MCCICAOBAHMSX SIBJISICTCS OTCIIC)KUBAHUE
1 CUCTEMAaTH3aIus BO3MOXHBIX MEXaHU3MOB BO3HUKHOBEHHUS apmeqhaxmos,
T.€. anmapaTHbIX 3((PEKTOB, TPUBOISIINX K HAOTIOICHUTO JIOKHBIX UITH UCKa-
KEHHBIX CBOMCTB UCCIIEAYEeMOTO 0OBEKTA, KOTOPOE MOXKET OBITh 00OYCIIOBIIE-
HO, HAIIpUMEP, BO3JIEHCTBHEM Ha 00OBEKT CAMOT'0 HHCTPYMEHTA UCCIICAOBAHUS
1 TIp.

JleCTBUTEIIbHO, CKAHUPYIOLINI 30H10BbIN MUKPOCKOII IMPEICTABIISIET CO-
001 «IIPOEKTOP», MPOCHUPYIONUN OOBEKTHI U SIBICHUS MUKPOMHUpPA HA JIO-
CTYIHBIN HAIlIEMY BOCIIPHUATHIO «3KPaH» — B CHJIy MHOTHX IIPUYUH YJI0OHO,
YTOOBI UM CITYXKHJI 9KpaH MOHUTOPA KOMIIbIOTepa. B aToM cirydae mpoekius
CTAHOBUTBHCS OTUYACTH «OCSI3aEMOI», TOCKOJIBKY JIOITYCKAEeT BOBMOYKHOCTH JIO-
MOJIHUTEILHOTO aHaIu3a C MOMOIIBI0 COOTBETCTBYIOIIETO MPOrPAMMHOTO
obecnieueHus. OgHAKO MOJOOHOE KIIPOCHUPOBAHUE» HECET TOJIBKO YacTHY-
HYI0 HH(QOpMAILMIO 00 00BEKTEe, K TOMY K€ OTUACTH HUCKAXKCHHYIO BIIMSTHUEM
CaMoro «IpoekTopa». BoccraHOBIEHHE MO MPOEKIIUU PeaJIbHBIX CBOMCTB HUC-
CIIElyeMbIX OOBEKTOB SIBIISIETCSI TUIIMYHOM OOpaTHOM 3ajauel, Tpedyrolen

pelIeHus ¥ 4151 30H10BOM MUKPOCKOITHUH.

2) BaxHO npu CTM-uccrnenoBaHusx
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]_Ie.]'lb U 3aJa491 HCCJICA0OBAHUA

Llenbro paboTHI SIBIISIACH pa3pab0TKa METOAOB UCCIIEIOBAHUS HYKIIEMHOBBIX
KHUCIIOT ¥ UX KOMIUIEKCOB C ITOMOIIBIO 30HTI0BON MUKPOCKOITHH.

B 3T0ii ¢BSI3M OCHOBHBIMH 3a/1a4aMH HACTOSIIEH pabOThI SBIISIINCH:

e pa3paboTka METOJO0B ONPEIeJICHUSI UICTUHHON Tr€OMETPUU OOBEKTOB ITy-
TE€M aHaJIu3a KCIEPUMEHTAIBHO U3MEPEHHBIX MapaMeTpoB ux ACM-

n300pakeHui (yueT apTeakToB);

e OIpe/elicHUE aJCKBAaTHBIX METOJMK MMMOOWMIM3AIMU MOJIEKY]T HYK-
JIEMHOBBIX KHUCIIOT M UX KOMIUIEKCOB C OeJIKaMH U ITOBEPXHOCTHO-
AKTHUBHBIMU BEIIECTBAMU B PA3JIMUHBIX 3KCIIEPUMEHTAIBHBIX YCIOBUSIX
(TTpu IPOBEICHUH UCCIIEIOBAHUU B KUJIKUX Cpe/laxX WM Ha BO3/YyXe) Ha

Pa3JINYHBIX ITOAJIOKKAX;

e 0TpaboTKa MOJXO0/IOB K PEIICHUIO 33/1a9l MOAU(PHUKAIINHI CBOWCTB MO/I-
JIOKKHA IIyTEM KOHTPOJIUPYEMOI'O OCAXIACHHUS TOHKUX OPraHUYECKUX
IUICHOK; MCCJIeIOBAHME BIMSHMS HA Ka4eCTBO (OJHOPOJHOCTh, Oe3ze-
(PEKTHOCTB) U CTPYKTYpPY CPOPMHPOBAHHOTO MOKPBITHS CIEIU(UKI

MPOIETYyPHI €ro GOPMUPOBAHUS U TIPUPOIBI MTOTIOKKH.

ITpu perreHnr OCHOBHBIX 3a71a4 BO3HUKIIA HEOOXOIUMOCTD HITH BO3MOXK-
HOCTb PACCMOTPEHHUS PsiJia JOMOTHUTEILHBIX U BCIIOMOTATEIIbHBIX BOITPOCOB
u npobiem. Tak, ananuzupysi npobiieMy OINpeaeieHUs] ICTUHHON T'eOoMeT-
pumn o0BeKTa 1Mo pe3yipTataM ucciaenoBanuss ACM (riaBa?2), paccMoTpe-
JIY JIBA OCHOBHBIX apTedakTa, MPOSBIISIOMUXCS ITPU UCCIICIOBAHUA MUKPO-
00BEKTOB, aJICOPOUPOBAHHBIX HA TTIOBEPXHOCTH TBEPAOU MOTOKKH: IPHEKT
ymmpenus (pa3aen2.2) u apdext 3anmxeHus: Bbicor ACM-nipoduts (pas-
nen2.1). Ilpu pazpaboTke METOIMKH KOJIMYECTBEHHOTO OonucaHus 3¢ dexra
3aHWKEHUS BBICOT IIPUBJICKIIM TEOPHUIO KOHTAKTHBIX JIehOopMallnii; CIIeACTBUS
ee MpUMeHeHus JJisi aHanmu3a pesyiabratoB ACM notpeboBanu (3TomMy 1o-
cBseH pasaen2.1.5) 0OBACHUTD C O3UIIUM KOHTAKTHOW TEOPUH MEXaHU3M
ACM-BuU3yann3anum aTOMHOHN WM MOJIEKYJISIPHOUN CTPYKTYP ITOBEPXHOCTH.

Ornpenenenne ageKBaTHON METOIMKYA UMMOOWMITM3AIINHN OTHOIICTIOYCUHON
BupycHoit PHK (rnaBa 3) Ha mOBepXHOCTH MOAI0KKH IMO3BOJIUIIO BU3yaIu3H-
pOBaTh CTaJIUU MPOIIecca MOCIeA0BATEIHHOTO pa3pyIlIEHNs BUPYCHOM YacTH-

1IBI ¢ BBICBOO O AeHeM MoJieKytbl PHK, Haxoasielics B 6e1KOBOM 000JI0UKe
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(pa3zmen 3.1.1), 1 MpoaHAIM3UPOBATH HEIKBUBAJICHTHOCTH IIPOTEKAHUS 3TOTO
nporiecca IS IBYX KOHIIOB BUPYCHOM yacTulibl (pa3aen 3.1.2).

PazpaboTka MeTO/I0B onpeiesieHus] ICTUHHON T€OMETPUU OOBEKTOB IO-
3BOJIMIIA, TIPH IIPOBEAEHUN HCCIEN0BaHNi KoMmakTi3armu®) monekyn JHK
(rmaBa 4), mpoaHaIU3UPOBATh KOJMUECTBEHHBIN MOJIEKYJISIPHBIN COCTaB KOM-
MAaKTU30BAHHBIX CTPYKTYpP. OTpaboTKa METOJIUKHU UCCIIEIOBAHUS HYKJIEUHO-
BBIX KHUCJIOT B XKMJIKMX cpeax (onucaHa B pazjese4.2.2) mo3BoJiniia U3y4YUTh
MPOMEXYTOUHbBIE CTaauu npoiiecca komnaktuzanuu JHK HenocpeacTseHHO
B KUAKOCTHOU stuelike ACM u omnpenenuTb CTPYKTYPY KOHJIEHCUPOBAHHON
MOJIEKYJIBI.

[Tpu uccrnenoBaHUM TOHKUX IUIGHOK (CM. TJIaBY 5), MpUMEHEHUE METOAa
(hopMHpOBaHMS UCKYCCTBEHHBIX IepeKTOB (cM. puc. 5.10) 1a710 BO3MOKHOCTH
MPOAHAIM3UPOBATH YTIJIbl B3AUMOOPHUEHTAIIMU OCEH PEIIeTKU IJICHKHU U T10/I-
noxku. Kpome Toro, st psija TOHKOIJIEHOYHBIX MOKPBITUN yAaJI0Ch OCY-
mecTBUTh ACM-BU3yaIn3aiuio MOJIEKYJISIPHON yITAaKOBKHU U ONIPEACTIUTD Ta-
paMeTpbl 3JIEMEHTAPHOM sTYSHKU. DTO MO3BOIUIIO C/IeNIATh BBIBO/IBI O IPUPO/IE

MEXaHU3MOB, OIIPEIEIISIOIINX MOJIEKYJISIPHYIO CTPYKTYPY IJIEHOK.

3) mepexo «KITyGOK» — «TI06yIa»
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I'1aBa 1

OCHOBHBIE IPHHIIAIIBI CKAHUPYIOILIEH

30H10BOM MUKPOCKOIIUU

OO1eit 4epToif BceX CKAaHUPYIOITUX 30HI0BBIX MUKPOCKOITIOB (M OTIPEIeIsIO-
e X Ha3BaHUE) SABIISICTCS HAJTUIUE MUKPOCKOITMYECKOTO 30H0d, KOTOPBIN
TIPUBOJTUTCS B KOHMaKm') ¢ NccielyeMoil TOBEPXHOCTBIO U IIEPEMEIAETCS 110
HEKOTOPOMY 3a/IJAaHHOMY yYaCTKYy ITOBEPXHOCTH, OCYIIECTBIISISI €M0 30HIUPO-
BaHUE (WU CKAHUPOBAHUE).

KonTakT 30H1a 1 00pa3ia noapasymMeBaeT ux Bzaumoieicteue. CTporo
roBOpsi, B O0IIEM CiIyyae 3TO B3aUMOJICHCTBUE HOCUT CIIOKHBINA XapakxTep.
YToOBI OCYIIECTBIISITh UCCIIEAOBAHUE C IOMOIIBIO KOHKPETHOTO pUdopa, 13
IIMPOKOTO CIEKTPa BBIOMpAETCss Kakoe-Tubo oJaHO pabouee B3aMMOJICHCT-
Bre. [Ipupoaa 3Toro BRIOPAaHHOTO B3aUMOJICHCTBUS U OIPEACIIIeT IPUHAI-
JISKHOCTHh MPUOOpaA K TOMY WA UHOMY THUITY B PaMKaX CeMeCcTBa 30HIOBbIX
MUKpPOcKonoB. MHbopMaLus 0 HOBEPXHOCTH U3BJIEKaeTCsl yTeM pUKcaiun’)
WJIU ICTEKTUPOBAHUS B3aUMOJICHCTBHUS 30H1a U 0OpasIa.

B TyHHETTBHOM MHKPOCKOTIE 3TO B3aMMO/ICHCTBUE MPOSIBIISICTCS B TPOTEKa-
HUU TTIOCTOSIHHOTO TOKa B TYHHEJIbHOM KOHTaKTe. B 0OCHOBE aTOMHO-CHIIOBOM
MUKPOCKOIIMH JISKUT B3aMMOJCHCTBUE 30HAA U oOpasiia ¢ CUIaMH MPUTSI-
KCHHUSI WM OTTAJIKUBAHUS. MOXHO YIIOMSIHYTh O TaKHUX Pa3HOBHIHOCTSIX
30H0BBIX MUKPOCKOTIOB, KAK MAarHUTHO-CUJIOBOU MUKPOCKOTI [9] (30H 1 00-
pasel B3auMOACHCTBYIOT C MATHUTHBIMU CUJIAMU ), MUKPOCKOIT OJIMYKHETO TTO-
715 [10] (onrTryeckue CBOMCTBA 00pasiia AeTEKTUPYIOTCS Yepe3 MUHUATIOPHYIO

nuadparMy, HAXOIALLYIOCS B O1udCHeli 30He UICTOUHMKA ), TIOJISIPU3aLlUOHHbBIN

1) He Bcer/a peub HAET O MEXaHHUECKOM KOHTaKTe
2) 1P TOMOIITH CHCTEMBI 0GPATHOI CBS3H
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cuoBoit MukpockorIr[11] (c o6pa3iom B3auMoAEHCTBYET MIPOBOISIIMI 3apsi-
KEHHBIU 30H]1) U T.1.

MuHHaTIOpHBIE pa3Mepbl 30H1a U BbICOKAsSI YYBCTBUTEIBHOCTD JIETEKTU-
pYIOIIE CUCTEMBI ITO3BOJISIET IOCTUTATh B 30H/1I0BOM MUKPOCKOIIUM HAHO- U
CyOHaHOMETPOBOTO MPOCTPAHCTBEHHOT'O pa3pelIeHus MpU TeTEKTUPOBAHUHT

TIOBEPXHOCTHBIX CBOICTB?) .

1.1. O0mue npuHIUNBI PA0OTHI CKAHNPYIOIIETO

30HA0OBOI'0 MUKPOCKOIIA

ITpouecc ckaHMpOBaHUS OCYLIECTBIISIETCS IPU MOMOIIU TbE30KEPAMUYECKO-
ro manumnynsaropa?) . 3oH1 ABMKETCS TIOCIENOBATENBHO, CTPOKA 33 CTPOKOIA,
BJIOJIb MOBEPXHOCTU (M3MeHstoTCsl KoopauHatel X u Y). g oundpoBKu
JIAHHBIX YY4AaCTOK CKAHUPOBaHUS pa3ouBaeTcs Ha [N CTPOK, a Kax/jaas CTpoKa
Ha M TOYeK, TAKUM O00pa30M ITOJIOKEHHE WTJIbI B IIOCKOCTU XY OIMCHI-
BaeTcs ABYMs KoopauHaTtamu X;,Y; u3 mHoxectBa {X;,Y;} N x M Touek
(0ObryHO BeIOMpatOT N = M). PesynbraToM paGoThl CKAaHUPYIOLIETO 30H-
JIOBOT'O MUKPOCKOMA SIBIISIETCS YCTAHOBJIEHUE COOTBETCTBUSI MEXK/Y KaxKIOMU
napoii KoopAnHAT u3 MHOKecTBa { X;, Y; } 1 HEKOTOPBIM YHCIIOBBIM 3HAYCHH-
eM (WM psiIOM 3HAYeHUH), XapaKTepU3yIOIUM aHAJIU3UPYEMbIN MapaMeTp
MOBEPXHOCTH (WJIN PsiJl TapaMEeTPOB).

ITo ciocoby ABMKEHMS UTJIBI HAJl TOBEPXHOCTHIO MOKHO IMPOBECTU Clle-

nyromyo nuddepeHumnanmio padotsr C3M.

e Ecim 30HI ABMXKETCS HAJl MOBEPXHOCTBIO IPH ITOCTOSHHON KOOPIH-
HAaTe Z, TO TOBOPAT, YTO CKAHUPOBAHHUE OCYIICCTBIISIETCS IO CIIO-
co0y nocmosnnoii evicomel. B 3TOM cilyyae B KaXI0H TOYKE U3
MHOXecTBa {X;,Y;} m3mepsieTcss unmencusinocms pabo4ero B3anMo-
NEHCTBUSA D] 7—const- PE3YTBTATOM HMCCIENOBAHNS SIBIISIETCS MACCUBY)
{®ij| z=const, Xi, Y; }, OMUCBHIBAIOIIMIA 3aBUCUMOCTD (DYHKLIUH JBYX IIepe-

MEHHBIX ®|z_const(X,Y).

3) Paspernarolas criocoGHOCTh MpuGopa, Kak MPaBHIIO, TEM BBIIIE, YeM Goliee KOPOTKO-
JEeUCTBYIOLINM XapaKkTep UMeeT B3aUMOACHCTBIE 30H1a U o0pas3La.

%) UM CHCTEMBI MAHMITYTIATOPOB

5) MJTH HEeCKOJILKO MACCHBOB, €CITH B KaXK/0M TOUKE H3MEPSUTICh HECKOIBKO TTapaMeTPOB
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e Ecniu xe cucmema obpammoii cészu (GUKCUPYET B IpOIeCcCe CKAHM-
pOBaHUs Ha 33JIJaHHOM YPOBHE BEJIMYMHY pabOYero B3aMMOJICHCTBUS
A(X,Y,Z) Bapuanueil BepTUKAIBHON Z KOOPAMHATHI 30HIA, TO TO-
BOPSIT, YTO CKAHUPOBAHUE OCYIIECTBIISIETCS IO CIIOCOOY NOCMOSHHO20
s3aumoodeiicmeusi. PeaynpbratoM padboTel C3M B 3TOM pexume Oyaer
MaccuB {Z;;| a=const, Xi, Y}, KOPPEIUPYIOUMI ¢ Tonorpadueil uccie-
nyemoit moBepxHoctu. [ToMmumo «romnorpaduyeckoro» MmaccuBa, MOX-
HO, TPOBOJAS B KaXJIOM TOUKE M3MEPEHHUs KaKOro-JIMOO JOIMOJIHU-

TCJIILHOI'O ITapaMeETpa (I/IJ'II/I HCCKOJ’II)KI/IX), IIOJIy4aTb 3aBUCHMMOCTHU BHUda
(I)ij |A:const(Xia ij)

Takum o0Opazom, pesyinpraToM C3M-HccieqoBaHMs SBISIETCS IMOJIyYe-
HUE (DYHKIIMOHAJIPHBIX 3aBUCUMOCTEH IBYX THIIOB: IO CIOCOOY ITOCTOSIH-
HOW BBICOTBL: ®|z_const(X,Y), 1 O crocoOy MOCTOSHHOTO B3aMMOICUCT-
BUS: Z|a—const(X,Y) («Tomorpadus»), mwioc Kakas-mudo AOMOHUTETIbHAS
3aBUCUMOCTD P | 4—const (X, Y'). C HOMOIIBIO KOMITBIOTEPHOTO IIPOTPAMMHOTO
o0OecIieueHNsT MOKHO IMPOBOAUTH aHAJIU3 IMOJYyYEHHBIX 3aBUCUMOCTEH (aHa-
JIN3 XapaKTEPHBIX JJaTePaIbHBIX U BEPTUKAJIBHBIX pa3MePOB ITOBEPXHOCTHBIX
0COOEHHOCTEH, MMOCTPOCHUE CeueHul, (pypbe-aHaln3, OlleHKa IEePOX0BaTOC-
TH U T.I1.), OTOOpa)XaTh MOJIYYCHHbIEC 3aBUCUMOCTH Ha 9KpaHe MOHUTOpA U
BBIBOJIUTH UX Ha MIPUHTED.

[Tpu cTporom paccMOTpEeHHH, CIEAYeT YYUTHIBATH OTIWYUE KTOIOTpa-
(uyeckoro» MaccuBa, MOJIYYCHHOTO B PEKUME MOCTOSTHHOTO B3aUMOJICHCT-
BUS: {Z;j|A=const; Xi, Yj} OT peanbHOIl Tomorpaduu nmosepxHoctu. [1omoo-
HBIH aHAJIN3 TIO3BOJISICT OTCICAUTD PsiJ MEXaHU3MOB BO3HUKHOBCHHUS apmie-
¢axkmos. B citydae HEOTHOPOTHOTO pacCIIpeIeIICHUs TOBEPXHOCTHBIX CBOMCTB,
OTIPEICIISIOIINX HHTEHCUBHOCTh B3aUMOCUCTBHS 30Ha U o0pasia, s 13-
BJICUEHUS TOUHOH mH(MOpMaIuu o Tororpadun 00beKTa HEOOXOIMMO B KaXK-
JIOH TOYKE IMPOBOJAUTH JOIMOTHUTEIBLHBIA aHAINU3 B3aUMOJICHCTBHS 30HA W
oOpasiia.

Hanpumep, B TYHHENIPHOM MUKPOCKOIIUU peajibHasi FTEOMETPUS TOBEPX-
HOCTH M KapTa IMOBEPXHOCTHOI'O PacIpe/IelIeHUs 3JICKTPOHHBIX CBOHCTB MO-
I'YT OBITh MOJTHOCTBIO [12] peKOHCTPYHPOBAHBI IIyTEM aHAIN3a TPEX U3MEPSI-
€MBIX MACCHBOB: «TOIOrpa(uu» B PeKUMe MOCTOSHHOIO B3aMMOJICUCTBUS,
NEPBOH MPOU3BOAHON TYHHEIBHOI'O TOKA MO HAIIPSKEHUIO CMEIICHUS U TIep-

BOU MPOM3BOJIHOMN TYHHEIBHOTO TOKA 10 BEJIMYMHE TYHHEIBHOTO 3a30pa.
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1.2. Ckanupyromasi TYHHeJIbHAsi MUKPOCKOTHS

B ckanupymoilieM TyHHEIbHOM MHUKPOCKOIIE B3aUMOJCHCTBUE 30HIA U IO-
BEPXHOCTH MPOSIBISETCS B MPOTEKAHUU TMOCTOSSHHOTO TOKA B TYHHEIIBHOM
3a30pe MexAy HUMHU. JJIs IJIOTHOCTU TYHHEJIBHOTO TOKa (B HMPUOIMKEHUUN
IJTOCKUX METAJUTMYECKHUX JIEKTPOJOB U BAKYYMHOI'O TYHHEJIUPOBAHUS) CIIpa-
BeauBa popmyma [13]:

B 3e2k,
"~ 4rhs

Jt Ui exp (_2]%3)» (L.1)

rac e — 3apsa 9JICKTPOHA, h — mocTosHHAs HHaHKa, § — paCCTOSAHUE 30HI-

obOpa3serl, U; — pa3HOCTh MOTEHIIMATIOB Ha TYHHEJIbHOM KOHTaKTe, kg — KOH-

CTAHTA 3aTyXaHUs BOJTHOBBIX (DYHKITUI AJIEGKTPOHOB B KOHTAKTE:

2mep
ko =4/ e (1.2)

re m — Macca 3JIeKTpoHa, ¢ — 3¢hdEeKTUBHAS BBICOTA MOTEHIIUAIBLHOTO

Oapnepa.

N3 anamuza dopmynsi (1.1) creayer, 9YTo NpU U3MEHEHUU PACCTOSIHUS
30H/1-00pa3el] Ha OJIMH aHTCTPEM BEJIMYMHA TYHHEIIBHOT'O TOKA U3MEHSCTCS
Ha opsaaoK. IToCKOIbKY BeIMUMHA B3aMMOICHCTBUS 30HA-00pa3ell CTOJIb Cy-
IICCTBEHHO 3aBUCHUT OT PACCTOSIHUS d, TO 3TO IMO3BOJIIET CUCTEME 00paTHOM
CBSI3U TIOJICPXKUBATh BEJIUYUHY d TIOCTOSTHHOW B IIPOIIECCe CKAHMPOBAHUS
C BBICOKOH TOYHOCTHIO. JlJaHHOE OOCTOSITETLCTBO OOYCIABIIMBAET BBICOKOE
npoctpancTBeHHOe paspemienrne CTM mpu omnpeaeneHun «rororpaduuec-
KOU» QYHKIMU Z | 1,—const (X, Y).

Hapsiny 3Toli 3aBUCHMOCTBIO — «TOINorpadueit B peskuMe OCTOSTHHOTO
Toka» — B CTM B03MOXHO moirydeHue 3aBucuMocTeid THIa ®|z_.onst(X,Y)
W P| 4—const (X, Y). K IepBOMYy THITY OTHOCSTCSI KTOKOBBIE» U300 PaKEHUS,
MOJIyYEHHBIE B PEXKUME MOCTOSHHON BBICOTBIL: I¢|z—const(X,Y ). Ko BTOpO-
My tuny oTHOcSTCs: d In(1y)/d 2| f,—const (X, Y) 1 d I;/d Ul 1,—const (X, Y), cBsI-
3aHHBIE C TIOBEPXHOCTHBIM pacmpezaeneHrneM padoTs! Beixoga ¢(X,Y) (1.1)
U MOBEPXHOCTHBIM pacCIpeAe/ieHHEeM IUIOTHOCTH 3JICKTPOHHBIX COCTOSIHUMN

p(X,Y, E; £ eU). Ilocnennee onpenensiercsa Gpopmynoii [14]:

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

Eyf
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rae T(E,eU, Z)— xoadduuueHT mnpospadHocTu 6apwepa, E;— ypoBeHb
Depmu.

[Toyuenne QyHkumoHanbHbIX 3aBuUcUMOCTed d In(Iy)/d 2|1, —const( X, Y)
U dI;/dU|—const(X,Y) mo3BONSIET yuecTh WX BKJIQJ B HECOBIAJCHHE

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

1.3. ATOMHO-CHJIOBasi MUKPOCKONHS

B aromHo-cuoBom mukpockore [5] B3aumoneiicteue A(X,Y, Z) sBasercs

CUI06bIM B3aMMO/JICHCTBHEM 30H/1a 1 0Opa3sia.

1.3.1. CuiioBoe B3anMo/ieiicTBHE 30H/1a U o0pa3ua

dusnyeckass IpupoIa U XapakTep JaHHOTO B3aMMOJICHCTBUS B OOIIEM CITy-
yae JIOCTATOYHO CII0KHBI, TOCKOJIBbKY OHH OIPEISISIIOTCSI CBOMCTBAMU 30H/14,
oOpa3siia u cpejibl, B KOTOPOU MPOBOUTCS UCCIIeIoBaHue. B ciiydae uccueno-
BaHUM He3apsiotceHHblX TIOBEPXHOCTEN B €CTECTBEHHON aTMocepe OCHOBHOM
BKJIaJ B CHJIOBOE B3aMMOJCHCTBHE 30H/a U 00pa3la JAroT: CUJIbl OTTAJIKH-
BaHMUS, BEI3BAHHBIC MEXaHUUECKUM KOHTAKTOM KpaifHUX aTOMOB 30H/a U 00-
pasua, cunbl Ban-nep-Baanbca, a Takke KanWUISIpHbIE CUJIbI, CBSI3AHHBIE C

HaJIMYUEM IJIEHKU ajicopbaTta (BOAbI) Ha TOBEPXHOCTU 00pasIia.

Cuibl Ban-nep-Baanbca

30HIBI 711 AaTOMHO-CHJIOBOT'O MUKPOCKOIIA UMEIOT (hopMy KOHyca WIH TH-
pamubl (puc. 1.1), KOHYMK XapaKTepu3yeTcsl paJluycoM KpUBU3HBI R, Iexa-
II1M, COTJIACHO JJAHHBIM (PUPM-TTPOU3BOIUTENEH, B tUana3zone 5 <+ 40 HM, cM.
Tabmuny A.1 Ha cTp. 227.

Beruncisis aucriepcoHHOE B3aMMOJCHCTBHIE 30HIa, M300PaKEHHOTO Ha

puc. 1.1a, u miockoro o6pasua B mpubImKeHun®):
d < R < h, (1.4)

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

JUISl BEJIMYMHBI CUJIbI BaH-AEP-BaalIbCOBOTO MPUTSDKEHUS UMeeM (popmyity,

6 yus MpUOIKEHUHN A IUTUBHOCTH JTUCIIEPCHOHHOTO B3aUMOICHCTBUS
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Puc. 1.1. O6o061eHHast reoMeTpus 30HIa aTOMHO-CUJIOBOI'O MUKPOCKOIIA M OaTaHC

CUJIOBOTO B3aWMOJICUCTBUS 30Ha U o6pa3ua;

a) h— BeIcoTa 30H1a, R — pagnyc KpuBU3HBI KOHUMKA, d — paccTOsSHIE MEXIY 30HIOM U
o6pasuom. TunuyHbIe TapaMeTphl TPOMBIIIIIIEHHBIX 30H10B (00Jee moapoOHo B Tabmule A. 1
Ha cTp. 227): h ~ 3 + 15MkM, R ~ 5 + 40 M, o ~ 10 + 35°;

6) yKka3aHBbI CHJIBI, IEHCTBYIOIIUE HA 30HII: IUCIIEPCHOHHbIE F)p, KAaMMIUIApHBIE Flp), CHITBL
Tpenus F,,,, ynpyrue ciibl, 00yCIOBICHHBIE TPSIMBIM WX 00 paTHBIM H3THOOM KaHTUIIEBEpa

F),,, a Takxke KOHTAaKTHBIME AehopManusiMu odpasua Fi,
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COBMAJAIONIYIO ¢ moxyuyeHHO ["amakepoMm [15] aiist B3auMoaecTBus chephbl
U TJIOCKOCTH: p
R
Fpop =~ 6 (1.5)
rae d— paccTosiHUE MEXIy 30HJIOM U 00pasioM, R— paanyc KpUBU3HBI

30H1a, A — KoHcTaHTa ["amakepa:

A= 7T2,01,025- (1.6)

371ech p; U ps — INIOTHOCTU MAaTEPUAIOB 30H/1a M 00pa3siia, J — KOHCTaHTa
B 3akoHe JIonaoHa [16] ayist sHepruu AUCIIEPCUOHHOIO B3aUMOJEUCTBUS ABYX

HeﬁTpaHbeIX ATOMOB B BAKyyMC:

v b (1.7)

ré’

JI1s MaHHOW KOHCTAHTHI CripaBeUIuBa olleHKa 3 ~ ayasFypen, TIE a1 U
(o — TIONIAPU3YEMOCTH B3aAMMOJIEHCTBYIONIMX ATOMOB, oy ~ me*/h%—
«aToMHas» 3Heprus’) (m U e— Macca U 3apsja IeKTpoHa). Bocmomb3o-
BaBIINCh TE€M, YTO « X p — BEJIMYMHA Oe3pa3MepHasi U Uil MHOTHX 3JIe-
MEHTOB MMeeT MOopsiIoK 1/10, moryuynM OIEHKY JJIsi KOHCTaHThl ['aMakepa:
A ~ Epon/10 ~ 1071 ITx. DKCiepMEHTAIBHO U3MEPEHHBIE 3HAYEHUS KOH-
cTaHThl ['amakepa JJIsi pa3IUYHbIX MAaTEPHUAJIOB IO MOPSIKY BETUYUHBI CO-
BIIAIA0T C BBITUCAHHOM OIEHKOM [17]: Ayien ~ (0,4 = 4) x 1071 [Tx.

ITpoBoas oleHKHU 1 TUNUYHBIX ycIoBUH ACM-3KCIIEpUMEHTa B PEKU-
Me KOHTaKTa, IOJIydyaeM TSl BEJIMYMHBI BaH-/Iep-BaajIbCOBOTO MPUTSIKCHUS:
Frop ~ 1078 =10 °H.

CTOUT OTMETUTh, UTO MPEAMNOJIOKEHNE 00 aJAUTUBHOCTH JUCIIEPCUOH-
HOT'O B3auMOJIEHCTBUS, clieflaHHoe ["'amakepom ripu BbiBoae hopmyiisl (1.5),
BOOOIIIE TOBOPsI, HEOOOCHOBAHO. Jlpyrue CyliecTBYIOIINE TeOpUU (HAMPH-
Mep, moaxos JIuduia [18], cBsA3bIBaIOMINI HHTEHCUBHOCTH JUCIIEPCUOHHO-
ro B3aUMOJECHCTBUS C IUIJIEKTPUUYECKUMHU MPOHUIIAEMOCTSIMU MaTepHaIoB
B3aMMO/JICUCTBYIOIIMNX TEJI U CPEIbl UCCIIEIOBAHUS) MO3BOJISIOT OOBSICHUTH
SKCIIEPUMEHTAIFHO HAOIIONaeMble B psijie ciiyuaeB®) CHiTbl qUCTIEpCHOHHOTO
ommankusanus [19]. OngHaKo HECMOTPS HA TO, YTO MPUPOJIA TUCTIEPCUOHHO-
ro B3aMMO/JICHCTBUS JIOCTATOYHO MOHSITHA, pa3paboTaTh TOYHBIN MOAXOM K

OIIMCAHHIO ABJICHUA OKa3aJIOChb TPYAHO, U ITIO3TOMY COBPEMEHHBIC TCOPHUU

7) COBIAAET IO MOPSIKY BETMUMHBI C TTOTEHIIMATIOM HOHU3AIIHH
8) mpu azIeKBaTHOM BEIGOPE MATEPHATIOB B3AMMOJIEHCTBYIOIIMX Tl M CPEMIBI, B KOTOPOI
OCYILIECTBISETCA B3aUMOCHCTBHE
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SABISIOTCA HpI/I6HI/I3I/IT€HbHBIMI/I NI MOACJIBHBIMU,; BCIICACTBHUEC 3TOI'O COBIIA-
ACHHC B pCaJIbHOM UCCIICAOBAHNN PACUCTHBIX U OKCIICPUMCHTAJIbHBIX JdHHBIX

1o NOpsAOKY 6eauyUHbl CAUTACTCS BIIOJIHE YAOBIETBOPUTEILHBIM [20)].

Kal'll/l.]'[.]'[ﬂpl-lble CHJIBI

BBuny Hanmmuust ancopObupoBaHHON TUIGHKU BOJIBI HA MCCIEAYEMON MOBEPX-
noctu?), mpu nposeaenun ACM-3KCIIEpUMEHTOB Ha BO3AyXe MEXKIy 30HI0M U
06pa3ioM GopMUPYETCSI MEHUCK, YTO TPUBOIUT K BOSHUKHOBEHUIO JIOMOJIHU-

TEJIbHOM CUJIbI MPUTSIKEHUSI MEXY KOHTAKTUPYIOIIUMHU IMOBEpXHOCTIMU [21]:

_ 4mRrycos®

Kan — . 1.
1+ D/d 18

rae R— paauyc kpuBu3HbI 30H1a (okosio 10 HM, cM. Tabnuiy A.1), v — mo-
BEPXHOCTHOE HATSDKEHHUE IJIEHKH ajicopoata (171 Boasl vy ~ 0,073 [Ix/m),  —
KOHTAKTHBIA YroJjl IjIsg MaTepuala 30H1a (oOpasna) u mieHku, D — paccTo-
sTHUE 30HA-00pa3el, d — riyOnHa MOTpyKeHUs 30H/1a B IJICHKY.

[TpuBeneHHBIC 3HAUCHHUS TTO3BOJISIIOT IO MOPSIKY BEJIMUNHBI OLICHUTDH Be-
JIMYUHY KaMWUIAPHBIX CUJI B peskuMe KoHTakta ACM-uccnenosanuii: F,, ~
10 8 H.

I'uapodooubIii 3 dexT

CynrHocTb 31010 3¢ (eKTa — B BOSHUKHOBCHUN HHTCHCUBHBIX CUJT IPUTSIKE-
HUSI MEXAY IBYMsI TUAPOGOOHBIMU MTOBEPXHOCTSIMU, HAXOASIIUMUCS B BOJI-
HOU cpefie. B HacTosiIiee BpeMst cuuTaeTcst, YTO 3TOT 3(HEKT HOCUT CIIOKHBIN
XapakTep W MPH Pa3IMYHBIX YCIOBUSX MOXKET OBITH OOYCIIOBIIEH PA3JIMYHBI-
MU MEXaHU3MaMH, MPOSBIISIIONIMMUCS, TEM HE MeHee, 0OIMHaKoBO. CoTiiacHO
MMEIOIIMMCS TIPE/ICTaBICHUSIM, BKJIaJ B 3(p(EKT MOTYT AaBaTh SHTPOIUIA-
HBIE MTPOLIECCHI, CBSI3AHHBIE CO CTPYKTYPHBIM YIOPSIOUYMBAHUEM MOJIEKYJI BO-
161 BOJTM3H TAPpOPOOHOM MOBEPXHOCTH [22], TEPMOIMHAMHYECKHE TTPOIIECCHI,
CBSI3aHHBIC C BO3pPACTAHHEM POJIM CYOKPUTHUYECKUX (DIIyKTyalnii B 3a30pe [23]

U Ip.

%) mpu ycIOBUM ee 0CTATOUHOMH THAPODUILHOCTH
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1.3.2. IIpunuun padorst ACM

Henenne ACM 1o crioco0y u3MepeHust U (PUKCAIIMK CHIIOBOTO B3aMMOICHCT-
BHS 30H/1a 1 00pasiia MO3BOJISIET BBIICTUTD JIBA OCHOBHBIX CITydas: KOHTAKT-

Hasl aTOMHO-cuJIoBast MUKpockonust 1 ACM npepbIBUCTOrO KOHTAKTA.

KonTakTHasi aTOMHO-CHJI0Bast MHUKPOCKOITUS

J71s1 u3MepeHus BEIMUMHBI CUJIOBOT'O B3aMMO/ICHCTBUS B KOHTAKTHOM PEXH-
Me MCITOJIb3YETCS CIeIyIoIIas CXeMa, BKIIFOUAIoIIast B KAueCTBE MUHHATIOPHO-
ro JMHAMOMETpPA YIPYTYIO KOHCOJIb (HA3BIBAEMYIO J1e8epoM WUIIN KaHmujiese-
pOM), UIMEIOIIYIO HA CBOOOHOM KOHIIE 30H/ (APYroil KOHEI] JieBepa 3a/1eIaH
B iepxatene). [1pu ckaHupoBaHUM OajaHC CUIT B3aUMOCHCTBHS 30H1a U 00-
pasia IpUBOAMT K U3ruly JieBepa (T.e. CyMMa BCEX CHUJI yPaBHOBEIIUBACTCS
YOPYroM CUII0M U30THYTOTO JIeBepa, cM. puc. 1.106); BenmnunHa n3ruda rerek-
TUPYETCS MPEIM3UOHHBIM JATYNKOM. B OOIBIIMHCTBE ATOMHO-CHUIIOBBIX MUK-
POCKOIIOB JJIsl 3TOTO UCIOJIB3YIOT ONTHYECKUE JATYNKU, peaTu30BaHHBIC 110
CIIEIYIOIIEH CXeMe: JTyd JIA3€PHOT0 JUO0/1a Ma1aeT ITOJ] YIJIOM Ha TIOBEPXHOCTh
JIeBepa U OTPaXaeTcs B LICHTP YEThIPEXCEKIIMOHHOTO poToauoaa (puc. 1.2).
[Tpu n3rube neBepa B HOPMAIbLHOM HATIPABJICHUH WIIH ITPU €r0 KPYUYSHUH BO3-
HUKAeT pa3HUIIa B CUTHAJIAX COOTBETCTBYIOIIUX YYACTKOB (DOTOAMO/IA: BEPX-
HUE CETMEHTBI/HM)KHUE CETMEHTBI WJIM MPABbIC CErMEHTBI/JICBbIC CEIMEHTBHI.
[TepBslii curHain HeceT HHGOPMALIUIO O OaTaHCe CHJI TPUTSDKEHUS U OTTAJIKH-
BaHMS, a BTOPOI — O JIaTepaIbHbIX CHJIaX B3aUMOJICHCTBUS 30H1a U 00pasna
(puc. 1.3).

B nponiecce ckanuposanus cuctema 06pammoii ¢és3u OJACPKUBACT Ha 3a-
JAHHOM yPOBHE BeJTMUMHY U3r10a KaHTUJIEBEpa (CIe10BATEIHHO, U CHITBI BO3-
JeCTBHS 30HAa Ha 00paselr) IOCPeICTBOM BapHallui Z-KOOPIUHATHI TOUKU
3aKperuieHus KaHTuieBepa. CUrHaJI 0OpaTHOM CBSI3U HECeT, TAKUM 00pa3om,
uH(GOpMAIHIO 0 TOOTPadUK MOBEPXHOCTH Z | p—const( X, Y).

VYnpyras cuna u3ruda kKaHTUIeBepa, ASUCTBYIOMIAS Ha 30H, MOXKET OBIThH
HaIpaBJIeHa KaK B CTOPOHY o0Opasia, Tak U B 00paTHYIO (MpsIMOit U oOpat-
HBI U3THO KaHTUJIeBepa, CM. puc. 1.10); B mepBOM cllydae OHA YBEIIMUMBACT
JaBJICHUE 30H/1a Ha 00pa3sell, BO BTOpoM yMeHbIaeT. Kak npasuiio, mpu cka-
HUPOBAHUU CTPEMSTCS YMEHBIINTH BO3/ICHCTBUE HA 0Opa3ell, IJIs YeTro BhIOU-
PAIOT MUHUMAIIBHYIO BEIMUYMHY MPSIMOTO M3rnda KaHTUJIeBEpa, WK, IO Me-

pe BO3MOXKHOCTH, MAKCUMAJIbHYIO BEIMUUHY OOPATHOTO M3rnba KaHTUJIeBe-
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doToauon

obpaszert

TIBE3OMAaHUITYJISITOP

Puc. 1.2. OcHOBHEBIE Yy3JIbl MEXaHMYECKOM YaCcTH aTOMHO-CHJIIOBOTO MHUKPOCKOIIa

M3006paxeHbl: MOIYIPOBOHUKOBRIN JTa3ePHBINA TUOM, yIpyras KOHCOJb (KaHTHIIEBED) C
30H/IOM Ha CBOOOJIHOM KOHIIE, YEThIPEXCETMEHTHBIN (POTONOI, Mhe30KepaMuiecKast TpyO-
Ka (MaHUITYJISTOP OTHOCHTEIBHBIX MTEPEMENICHU 30HAa U 00pasiia, OCYIIECTBISEMBIX IO

yIpaBjeHreM cuTHaJIoB Ha X, Y u Z-371eKTpo/iax)
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> (A+B)-(C+D)

(A+B+C+D)
D,,.(X,¥)
F(x,y)

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

— ©

MeXaHuYecKast
JacTh
OTOJLHOIL dh

Z-31eKTpoa

«—1

I1 dborommon

Z(x.y)
Ha KOMIIBIOTEP

41

crcTeMa 00paTHOM CBSI3U

Puc. 1.3. OcHOBHBIE 37IeMEHTBI AaTOMHO-CUJIOBOT'O MHUKPOCKOIIA

N306pakeHbl: MPOMOPIHOHANIBHOE M HWHTEIPAIbHOE 3BEHBSI CHCTEMBI OOpaTHOH CBS3H,
VIIPABISIONIECH HAMPSHKEHUEM Ha Z-3JIEKTPOJIe, MEXaHMUYEeCKash YaCTh MUKPOCKOIIA, YeThIpe
CEerMEeHTa JEeTeKTHPYIOIIero GOTONNO0 A, IIOKa3aHbl CUTHAJIBI, HAIIPABIISIEMBIE IS TIOCTPOe-
Huss ACM-u300pakeHnit Ha KOMIbIOTEP (B peskuMe KOHTaKTHOU ACM): CUTHAJT OTKIIOHEHH I

@ min (X, Y'), cun Tpenus F,, (X,Y) u Tonorpadudeckuil curai Z|p=const(X,Y)
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pa, IpU KOTOPOH elle COXpaHIeTCs MeXaHNYeCKUii KOHTaKT. CKaHUpOBaHHUE
pu 00paTHOM M3rubde MOXKET OBITh HeCTaOMITBLHBIM. ECIN CHITBI TPUTSKEHUS
(KamuIIpHBIE, TUCIIEPCHOHHBIC) JEHCTBYIOT HAa 30H]I HEOJAMHAKOBO HAa BCEM
y4acTKe CKAHMPOBAHUS, TO B TEX MECTaX, IJIe OHU MEHBIIIE, 30H]T MOXKET OTO-
PBATHCS» OT MOBEPXHOCTH (BBIATH 13 KOHTAKTa'")), ecy BelTMYnHA YIIPYrux
CHJI 0OpaTHOIrO U3TM0a MPEBBICUT CUJIBI MPUTSHKEHUS. DTO OOCTOSITEIHLCTBO
SIBJISIETCSI OCHOBHBIM IPEMSTCTBHEM IPU MUHUMM3AIUU CUJIbI BO3IACHCTBUS
30H/IA.

PasHunia curHajioB mpaBbIX M JIEBBIX CETMEHTOB (OTOAMOA OTOOpaka-
€T BEIMYMHY CHJI TPEHHMS, JEeHUCTBYIOIIUX HA 30H[ IPU CKAHUPOBAHHUU, UTO
MO3BOJISIET UCCIIEIOBATh paclpeie/IeHHe TOKATbHBIX (PPUKIIMOHHBIX CBOMCTB
noBepxHocTH. MH(DOpMaInio 0 rpaJlueHTe K UCCIIeTyeMOU TOBEPXHOCTH He-
ceT CUrHAIT OMKAOHEHUH Py, (X, Y') HETEKTHPYEMBII IIPU CKAHUPOBAHUU KK
Pa3HOCTHBINM CUTHAJI BEpXHUX U HUKHUX CETMEHTOB (poToanoa, cM. puc. 1.3.
Oxa3spIBaeTCs], UTO B IKCHEPUMEHTE 3aBUCUMOCTH F,),(X,Y) U @y (X, Y)
YacTO XapaKTEpU3YIOTCS OOJbIIeH JaTepaabHON paspeliaronieii crnocoo-
HOCTBIO, YeM TONOrpadruecKuil CUTHAI Z |p—const(X, Y'), B CHIIy 4ero okasbl-
BAaeTCsS BO3MOXKHBIM JAETEKTHPOBaHUE O0Jiee MEJIKUX JeTaleii TTOBEPXHOCTH;
MTO03TOMY UMEHHO 3TH CUTHAJIbI MBI UCIIOJIb30BAJIM IIPY BU3YATU3AIIMM ATOM-

HOW MJIM MOJIEKYJISIPHOM YITAKOBKH MOBEPXHOCTHU (paszaen 5.3).

HexoTtopbie orpannuenusi. Vicrions3yemasi cxema H3MepeHUs CUIIOBOTO B3a-
umozeiicteusi B ACM mnpocta U yao0OHA, HO B HEKOTOPBIX CIIyYasiX Cujibl
mpenuss MKy 30HIOM U 00pa3lioM MOTYT UCKaXaTh «TOMOTPA(UISCKHIIT»
CUTHaJ, cM. puc. 1.4.

B ciryuae, xorga HanmpaBiieHHe CKAHUPOBAHUS COBITA/IA€T C OCHIO JIEBEpa,
KapTa MOBEPXHOCTHOT'O PaCIpEICIICHUsI CUJT TPEHUS OyIeT HAIIPSIMYIO HaKJIa-
JBIBATHCS HA KapTy M3MEPSIEMOM «TOMOTPA(pUU» MMOBEPXHOCTHU, IMTOCKOJIBKY
JEHCTBUE CHJI TPeHHSI OyAeT BapbUpOBATh PA3HOCTHBINH CHUTHAJI BEPXHHUX W
HIDKHUX cerMeHTa (poToano/1a (MMEHHO 3TOT CUTHAN (PUKCUPYETCSI CUCTEMOM
00paTHOM CBSI3M).

B ciyuae, koryia HanpaBiieHUEe CKAHUPOBAHUS IIEPIICHIUKYJISIPHO OCH JIe-
Bepa, ACHCTBYE CUJT TPEHUS CBEJIETCS K BapUAILIMK KPYTHIIBHOT'O U3ru0a JieBe-
pa ¥ IPOSIBUTCS B pa3HOCTHOM CUTHAJIE ITPABBIX U JIEBBIX CETMEHTOB (POTO M-

04, 4TO IIO3BOJIACT pa3/IndaTh BKJIad HOPMAJIbHBIX U JIATCPAJIbHBIX CHII. OI[-

10) U CUCTEMA O6paTHOfI CBSI31 HE CMOXET BOCCTAHOBUTDb KOHTAKT B 3TOM CJIy4dae
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NaVaVaVUaVUaVUaVa e

n ~  Pa3HOCTHBIH CHTHAJ A Pa3HOCTHBLIA CHTHA
npaBbifi / 1eBbIl cerMeHT BePXHUH / HIXKHUH CerMeHT

(oronuona doronmona
SP) D

—

Jy4 Jasepa JIy4 Jiazepa
\V OTKJIOHEHHEe I \V
/ \

o Frp s Frp

/

HamnpaBJ/JeHUEe CKaHUPOBaHUA

n3rub

Puc. 1.4. OObsCHEHMSI BIMSHUS ITOBEPXHOCTHOT'O paCHpeeieHHsT (PPUKIIMOHHBIX

CBOMCTB Ha Tororpadpuiyeckoe ACM-u3o0pakeHue;

a) KoTJa HarnpaBlieHHe CKAaHUPOBAHUS NMEPIIEHANKYISIPHO OCH JIeBepa, BKJIAJ CHJI TPEHHS
MIPUBOIUT K U3MEHEHMIO KPYTUIIBHOT'O U3TH0a JieBepa U MPOSIBIIIETCS B PA3HOCTHOM CUTHAIIE
MPaBBIX U JIEBBIX CETMEHTOB (POTOAMOA

6) Korja HaIpaBiieHNEe CKAHUPOBAHUS 1 OCh JIEBEpA COHAIIPABIICHBI, BKJIa CHII TPEHUS TTPH-
BOJUT K U3MEHEHUIO BEPTUKAIIBHOTO OTKJIOHEHUS JIEBEPA U MPOSIBIISIETCS B PA3HOCTHOM CHUT -
HaJie BEPXHETrO U HIDKHETO cerMeHTa (OTOMNO0/Ia, HAKIIAaIbIBasiCh HAa OOIIMii Tonorpaduiec-

KM CUTHaII
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HAKO B peaJIbHOCTH U B 3TOM clly4ae (PPUKIIMOHHBIN CUTHAJTI MOKET HAKJIaIbI-
BaThCS HA TOMOrpauUecKuii, 9T0 MOXKET ObITh OOYCIOBIIEHO aCUMMETPHEH
(hOKYCHPOBKH JIa3€pHOTO JIyda OTHOCUTEIHLHO OCH JIEBEpa WIIM aCUMMETpUEH
OpHEHTAlUM JieBepa (U 30HAA) OTHOCUTEIBHO MOIOKKU. DTU apTedaKTh
MOTYT HCKaXaTh pe3ybTaTbhl ACM-u3MepeHus BEICOT 00beKTOB. OTCIEAUTD
MX BO3HUKHOBEHUE MOXKHO, AaHAIM3UPYS 3aBUCIMOCTD U3MEPSEMBIX BBICOT OT

HaIrpaBJICHUS CKAHUPOBAHU .

Pazpemaromas cnocoonoctb ACM. [Ilpu ckanupoBanuu obGpatHas CBSI3b
(UKCHpYyeT Pa3HOCTHBIN CUTHAJI BEPXHUX U HUKHUX CETMEHTOB (pOTOIMO/A,
HOPMUPOBAHHBINA Ha BEJIMYMHY CYMMApHOTO CUTHAJIA BCEX CETMEHTOB (hOTO-
IUOAA. DTO UCKIIOUAET BIUSHUE IIIyMOB JIA3€PHOTO IM0JIa HA TOYHOCTh U3-
MepeHUs 3ruda KaHtuiaeBepa. BiausHue ceiicMU4ecKux IIyMOB B JOCTATOY-
HOM CTEMEHU MCKITIOYAETCSl UCIIOJIb30BAHUEM IMPOCTEUIINX aHTUCEeHCMUuYec-
KuX (GUIBTPOB: HAIpUMep, AeMIIpupyroleil KaydyKOBOM MPOKIAJAKONU O
IPaHUTHBIM OCHOBAHMEM, Ha KOTOPOM ycTaHaBauBaetcs npuboptt). TToaTo-
My paspemnaromiasi CriocoOOHOCTh AaTOMHO-CHJIOBOTO MHUKPOCKOIIA TI0O HOpMa-
7M1 (B HAIIpaBJICHUH Z ) OTPAHUYEHA IPYTUMU ITyMaMU: Tb€30MAHUITYJISTOPA,
KaHTHUJIEBEpa U JIEKTPOHHOI0 OJI0Ka (TTpeayCUIIUTEIIS, LIETTH OOpaTHOM CBSI3U
1 BBICOKOBOJIbTHBIX ycunuTeneii'?).

Kpurepuem paszpemarorieii CtocOOHOCTH 10 HOPMAIU MOKET CITY)KUTh MH-
HUMaJIbHOE M3MEHEHHE Z-KOOPIWHATHI UTJIbI IPU CKAHUPOBAHUH, JIETEKTHU-
pyemoe Ha ypoBHe 11yMoB. [TociieiHuii cyiecTBeHHO 3aBUCUT OT TapaMeTPOB
CKaHUPOBaHUS (CKOPOCTH, IMapaMeTPOB MPOIMOPIMOHATIBHOTO U UHTETPaJlb-
HOI'O 3BEHbEB LIENU OOpATHOM CBSI3M, pa3Mepa Kajapa), a TAKKe OT BSI3KOYII-
pyTHUX CBOMCTB Hccieayemoro oopasua. s ucnonszyemoro B pabore ACM
«Nanoscope-IIla» (Digital Instruments, CIIIA) MbI olileHUBaeM Ipeaen pas-
pelIeHus 0 HOPMAaJIM Ha YPOBHE JTOJIEH—eIUHUIl AHTCTPEM (B 3aBUCUMOCTH
OT MapaMeTPOB IKCIIEPUMEHTA).

[Tpoueaypa ompeneneHust pa3pemiaronieil CrocOOHOCTH B JIaTEPaTbHOM
HampaBlIeHUH He ycTosiiach. [IpencraBisercs BO3MOXKHBIM OIPEICTUTD €€
cnemyrommuM oopazom (puc. 1.5). [Tycts 30HAMpYIOIIEe OCTpUE XapaKTePpU3y-
€TCsl paJInyCOM KPUBHU3HBI R, a pa3periaeMbple 0COOCHHOCTH MOBEPXHOCTH —

r (puc. 1.5). Toraga BO3MOXXHOCTb JIaT€PAIBHOTO Pa3pelIeHUs] TOBEPXHOCT-

11) 9Ty CXEMY MbI HCIIOJIB30BaJIN SKCIICPUMEHTaX
12) 3a4a0IIUX CUTHAJIBI Ha JJICKTPOAAX NIbE3OMAHUITYJIATOPA, CM. PUC. 1.2
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30H

Puc. 1.5. K onpenenenuto 1aTepaibHOM paspemaroleii cnocoonoctu ACM;

eci Az — TIpesieN pa3pelieH s 10 HOpMalli, TO d — UCKOMBIH JIaTepaibHbIi Mpenen pas-

pemenns; R u r — paanychl KpUBH3HBI 30H/a U pa3penraeMbix OObEKTOB

HBIX 0COOCHHOCTEH OYy/IeT CBSI3aHa C IMPEIeJIOM pa3pelIeH s o HopMaiu Az:
KPUTEpUEM Pa3pEeIIeHUs SIBIISIETCS YCIOBHE BO3MOXHOCTH JIETEKTUPOBAHUS
PA3HUIBI B 3HAUYEHUSAX BEPTUKAIHHON KOOPAWHATHI UIJIbI HAJ OOBEKTAMH U
MEXy HUMU. ['eomeTpudeckuil aHaiu3 puc. 1.5 mo3BoJIsieT MOJIyYUuTh COOT-
HOIIIEHUE JIJISI MUHUMAJIBHOT'O PACCTOSIHUSI MEXKIYy pa3peliaeMbIMU MOBEPX-
HOCTHBIMU OCOOEHHOCTSIMH, TP KOTOPOM «IIPOBAII» Mek Ay HUMU Ha ACM-
N300 paXEHUU ELIE MOXKET OBbITh IE€TEKTUPOBAH (T.€., KOTrJla OH PABEH IIpeey
Az):

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

ITockoJibKy AOCTMKMMOE MPOCTPAHCTBEHHOE PA3PEIIECHHUE JOJIKHO SIB-
JNIATHCS MHBAPHAHTHOM XapaKTepUCTUKOi mpubopa'®), To ero cieayer ompe-
JEJIUTh, paccCMaTpUBasl YCIOBUE IETEKTUPOBAHUS JABYX TOUECYHBIX OOBEKTOB

(r = 0). Torna cootHomenue (1.9) mpumeTt BUI:
d =V8RAz, (1.10)

CBSI3bIBAs MPENEII PA3PELICHUS B JIaTEPajJIbHOM HAIIPABJIECHUM d C MPENEIOM
paspelieHus: mo HopMaiau Az U paJuyCoM KPUBU3HBI 30HIUPYIOIIETO OCT-
pus R.

CTOUT OTMETUTH, UTO BBEJAEHHAS IIPOLIEypa ONpPEACIEHUS JaTepaabHO-

o IpOCTPAaHCTBCHHOI'O PAa3pCHICHUA YIIPOIICHA U HE YUUTBIBACT, HAIIPHUMED,

13) ye 3aBUCAIIENH OT 0OBEKTA UCCIENOBAHMS
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BIIMSTHUS 30HJIa HA CTPYKTYPY O00OBEKTa (32 CYET KOHTAKTHBIX JAehopMaIiuii).
BBenennas npouenaypa, mno-BUAUMOMY, HEITPUMEHUMA IIPH ONIPEACTICHUN pa3-
penaroIei crocoOHOCTHU B UCCIIEIOBAHUSX MOJIEKYJISIPHOM (ATOMHOM) CTPYK-
Typhl MOBEPXHOCTHU (cM. pazaen 2.1.5).

OtaenpHO clieyeT MOJAYEPKHYTh OTJIMYME MPEJIOKEHHOTO MOIX0Aa OT
MPOLIEAYPHI ONMPEIETICHHUS pa3pelaroieil CioCOOHOCTH ONTUYECKUX MPUbo-
OB, KOT/1a UCIIOJIB3YIOT KpuTepuit Pesiesi, CoOTBETCTBYIOIIMII TOMY, UTO OCBE-
IICHHOCTh MEXIy M300paKCHUSMH JIETEKTUPYEMBIX TOUYCK COCTaBIISIET 74%
MakcuMaiabHOU. To ecTh Il ONTUUECKOTO Mpubopa OepyT B pacyeT omHo-
cumebHy10 BEIMUMHY MTpOBajia Mexay n3o00paxeHussMu oObeKTOB. B ciyuae
ACM BaxHa abcomomuas T1yOWHA MpoBajla — OHA JIOJDKHA OBITH JETEK-
TUPYEeMOW Ha YPOBHE IIYMOB. DTO pa3jM4Me SBIISIETCS CIIEACTBHEM TOTO,
YTO ONTHYECKUE U300pakeHUsT (POPMHUPYIOTCS IyTEM CIIO0KEHHSI WHTCHCHB-
HOCTEH n300paKeHU OTACIbHBIX 00BEKTOB (MIPUHIIUIT u), HAmpoTUB, ACM-
n300pakeHue GopMHUPYETCs IMyTeM UCKITIOUEHUS BKJIala B U300paxeHue 00-

JIee KHU3KUX» TOBEPXHOCTHBIX OCOOCHHOCTEN (TPUHLIUIT U).

ACM npepbIBHCTOr0 KOHTAKTA

Jis uaMepenns u GUKCallui P CKAHUPOBAHUU MHTCHCHBHOCTH CHIIOBOTO
B3auMoJielicTBUs 30H1a U 06pasia B ACM npepuisucmozo konmaxma'®) uc-
MOJIBb3YeTCsl PE3OHAHCHAs cxema. J|OMOTHUTEIbHBIN MMhE303JIEMEHT BO30YXK-
JlaeT BBIHYX/ICHHbIC KOJIEOaHUS JIeBEpa HA €ro PE30HAHCHOM YyacToTe (BaalIn
OT moBepxHocTH obpasua). [lpu cOnmxeHun 30H7a U 00pasiia BO3HUKHO-
BEHHE JIOTIOJIHUTEIIPHOTO T'paJlueHTa CHUJI MX B3aUMOJICHCTBUS MPUBOIUT K
CABUTY PE30HAHCHOM YaCTOTHI (M3MEHEHMIO 3(P(HEeKTUBHOM KECTKOCTH) K Yac-
TUYHOMY BBIXOJly CUCTEMBI U3 pe3oHaHca. Hapsiay ¢ aTuMm, npu coynapeHusix
30H/a U 00pasia yBeIudnuBaeTcs reMiipupoBaHue KojaeObaHui 3a CUeT HEYII-
pyrux mporteccoB. CrecTBHEM 00OUX MEXaHU3MOB SIBIISIETCSI YMEHBIIICHHE
aMIUIMTYAbI KOJIEOaHUA.

IIpu ckanupoBannu ACM B pexnMe MPEephIBUCTOIO KOHTAKTa CHCTE-
Ma OOpaTHOM CBSI3U MOJIEP)KUBAET HA 3aJaHHOM yYPOBHE MMEHHO BEJIMYU-
HY amMnaumyowl Koaeoanuii: Az = const. B cuily BbICOKON 4yBCTBUTEIBHOCTH
AMIUTUTY/IbI KOJIEOAHUIM K CpeIHEMY 3HAUYEHHUIO PACCTOSIHUS MEXY 30HI0M

1 00pa3IoM, MOKHO TOJydaTh MH(DOPMAIUIO O TOMOrpaduu MOBEPXHOCTH

14) B aHIIOA3BIYHOl TUTEPATYPE UCTIONB3YIOT TEPMUH tapping mode
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(Z| Az=const(X,Y")) ¢ IOCTATOYHO BBICOKUM MPOCTPAHCTBEHHBIM pa3peIlCHHU-
eM.

HNHpopmalius 0 TOHKO#M CTPYKType (M JTOKAIbHBIX BI3KOYIIPYTUX CBOUCT-
Bax) MCCIIEAYEMOM IIOBEPXHOCTH MOXKET OBITh IMOJIyYeHa U3 U3MEPEHUI 3aBH-
cUMOCTU: AP|Ar—const (X, Y'), Tie Ay — caBur a3 Mex 1y KojgeOaHUSIMU JIeBe-
pa ¥ BHEIIHEH BBIHYKIAIOIICH CHITbl. Bamu oT oBepXHOCTH KojiebaTeIbHas
CHCTEMa HACTPAMBACTCS B PE30HAHC (p = 7/2), OAHAKO MPH CONMKEHUN 30H-
na 1 oOpasiia OHa, YaCTUYHO, BBIXOIUT U3 PE30HAHCA M BKJIAJ B CABUT (a3
OyayT maBaTh yupyrue (M3MeHeHHe pe30HAHCHON YaCTOThI) U IUCCUITATUBHBIC
(yBenuueHue AeKpeMeHTa 3aTyXaHus) MeXxaHu3Mbl. OKa3bIBA€TCs, YTO B Psiie
ciydaeB CUTHAT Ap|a,—const (X, Y) XapakTepusyercst 60JbliIei JaTepaabHON
paspemaromieii CrtocoOOHOCTHIO, YeM TONOTPAPHUECKUN Z | A, —const(X, Y'), TTO-
3BOJISASL PA3PEIINTh 00JIee MEJIKHE ICTAIM ITOBEPXHOCTH.

CTOUT OTMETHUTh, YTO B HACTOSIIECE BPEMs HE CYIIECTBYET 3aKOHUCHHOM
teopurn ACM 1mpephIBUCTOrO0 KOHTAKTa, KOTOpast MO3BOJIsIa Obl KOJUYECT-
BEHHO CBSI3aTh ITApaMETPhI KCIIEPUMEHTA (BEIMYNHY aMIUIMTYIbI U CABUTA
(a3 kosebaHmii IeBepa) C HHTEHCUBHOCTBIO CHIIOBOTO BO3ICHCTBUS 30H/1a HA
o0pa3sell ¥ ¢ IOKATbHBIMH BI3KOYIIPYTUMHU CBOMCTBaMH oOpa3sia. 9To obcTo-
STEIbCTBO OCJIOXKHSET KOJMYECTBEHHYIO MHTeprperanuio (a3zoBeix ACM-

n300paxeHuit (Ap|a,—const(X, Y)) MUKPOCKOIIMU TPEPHIBUCTOTO KOHTAKTA.

ACM Moy CHIIbI

MeTol MOJYJISIIMU CHJIBI MBI PACCMOTPHUM MPHUMEHUTEIHBHO K aTOMHO-
CHJIOBOif MUKpPOCKOTMH KOHTakTa'®). B 3ToM ciydae obmas cxema n3mepe-
HUl TakoBa. Kak 1 B MUKPOCKOTIMH MPEPHIBUCTOTO KOHTAKTA B IKCIICPUMEH-
TaJIbHYIO CXeMY BBE/ICH JIOTIOJTHUTEIbHBIN MbE303JIEMEHT (0uMop ), KOTOPBIi
BO30ykIIaeT KojiebaHus JIeBepa, HO B 3TOM ClIydae He Ha ero pe30HAHCHOM
4acToTe, 4 Ha PE30HAHCHOMN 4aCTOTe caMoro oumopga (CylUIeCTBEHHO OoJiee
MacCUBHOTI0). [JaHHOE OOCTOSITEIbCTBO MPHUBOJMUT K TOMY, YTO, B OTJIMUUE
oT ACM npepbIBUCTOrO KOHTAKTa, B 3TOM CJIydae CUJI0OBOE B3aUMO/ICHCTBUE
30H/a 1 00pa3slia He gusien Ha COOCTBEHHYIO PE30HAHCHYIO YACTOTY CUCTEMBI
(cucTema He BBIXOAWT U3 PE30HAHCA B Cllydae, KOTAa MPOSIBIISIETCS B3aUMO-

JIeHCTBUE 30H1a U 00pasmna).

15) ecTh 9KCTIEPHMEHTATTBHBIE CXEMBI, TIO3BOIAIONIIE PEATH30BATH PEKUM MOLYTALIMH CHITHI
U B MUKPOCKOIIMY MPEPBIBUCTOTO KOHTAKTA, cM. http://www.di.org
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Kak u B xontaktHOii ACM B mporecce CKAaHUPOBAHUS CHCTeMa oOpart-
HOM CBSI3M MOJJIEPKUBAET HA 3aJaHHOM ypoBHe M3rud kantwieBepa. Ho B
9TOM cilyuae (PUKCHPYETCS CpeIHee 3a Meproj] 3HaUeHUE U3ruda, MOCKOIbKY
KAHTUJIEBEP COBEPIIAET BBIHYXJACHHBbIE KOJie0aHus. BenmnunHa aMIuIATyabl
KosieOaHuit OyaeT 3aBUCETh OT YIIPYTUX CBOMCTB ITOBEPXHOCTH: OOJIee JKeCT-
KHE yYaCTKU MTOBEPXHOCTH OyIyT «IIPOJAABIUBATHCSI» B MEHbBIIECH CTETICHU U
TaM aMIUIUTYAA KoJIeOaHUM Oy1eT MEHbLIE.

Kax 1 111 MUKpPOCKOTIMY TPEPHIBUCTOIO KOHTAKTA B HACTOSIIIIEE BPEMSI HE
CYLIECTBYET yIOBJIETBOPUTEILHON TEOPUH, ITO3BOJISAIOIECH TPOBOIUTH KOJIU-
YECTBEHHbBIN aHAJIU3 YIIPYTUX CBOMCTB IIOBEPXHOCTEN HA OCHOBAHUM aHAJIM3a
ACM-u3ob6paxeHni, MOJIyYeHHBIX B PEXKUME MOJTYJISIIIUN CUITBI.

[Tostomy B nutepatype mo ACM MOayIsiiuM CWIbl MPU HUHTEpIpETa-
UM IKCIIEPUMEHTAIBHBIX PE3YIbTATOB OT'PAHUYMBAIOTCS JIMIIb KAYECMBEeH-
HbLM aHATIU30M, IPUBJIEKAs HEKOTOPbIE MOJIeTIbHBIE ITpencTaBieHuss. OqHaKo
B psJie cllydaeB OTMEYEeHA HEOJIHO3HAUYHOCTh B MHTEpIpeTauuu. Tak, aBTo-
pbl paboThI [24] BOCIIONIB30BAIIUCH Meopueti KOHMAKMHbLX 0eopmayuii C TEM,
YTOOBI YCTAHOBUTh KAYECTBEHHYIO CBSI3b MEXK/IY BEIMUMHON aMIUIUTY bl KO-
JebaHu M JIOKAJIbHBIM 3HAYEHUEM MOJYJIS YIPYTOCTU MOBEPXHOCTU (ITO-
poOHee BOIIPOCHI MPUMEHEHUSI TEOPUM KOHTAKTHBIX J1ehopMaInii K UCCIIe10-
BaHusiM ACM paccMoTpeHbl Hamu B paszfene 2.1).

Teopus 1o3BoOJISIET (CM. CTP. 55) YCTAHOBUTH CBSI3b MEXKIY COTMKEHUEM
3a cueT aedopmaruu h, BETMIMHOM CUJIBI BO3JECHUCTBUS 30H1a F' U JIOKaIb-
HBIM 3HaYeHueM 3¢ ¢hekTUBHOTO MoayJist FOHra E* (KOTOPBIi B MPUOIIKEHUN

JcecmKo020 30H7a coBraaaet ¢ moaysiem FOHra oOpasna):

F\2/3
h ~ t —
const X <E*>

[Tpu n3MeHeHnH CUJbl BO3IEUCTBUS 30HA MO 3aKOoHy F' ~ Fy + AF coswt
B IIEPBOM IPUOIIMKCHUN BeTMUMHA AehopMaliu OyIeT ONpeaeisaThes: h ~
ho + Ah cos wt. DTo MO3BOJISAET ClIeTIaTh BBIBOJ, YTO Ha OOJIee KECTKUX yuacT-
Kax nmoBepxHocTu (E; > Fs) BeIMYMHA aMIUIATY/IbI KOJIeOaHuUii jJeBepa Oynet
MeHble (Ah; < Ahs). OnHaKo aBTOPbI pabOTHI I€JIAI0T IPOTUBOIIOIOKHBIN
BBIBO/JI, OCHOBBIBAsICh Ha T€X e (POopMyJIaX KOHTAKTHON TEOPUH, HO OIyCKas
HEOOXOIMMbIe KOMMEHTAPUH, KOTOPbIE MOTJIU ObI TPOSICHUTh BO3ZHUKHOBE-

HHUE PA3JINYKs B MHTCPIIPETALIN.
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ABTOpBI paboThI [25], Takke UCIOIB3YsT (POPMYIIBI KOHTAKTHONH TEOPUU

nedopMaluii, BBOISIT MAPAMETD HCECHKOCTb:
S = 0F/0h = aaE",

rae F' — cunma Harpy3ku, h — TJIyOMHA MPOHWKHOBEHUS 30HAA B oOpa3selr
(cOmmkeHue 3a cuer Aepopmanum), ¢ — paanyc o0JacTu KOHTakTa, B* —
sa¢dexTuBHbIN MOAYIh FOHra, 0 — KOHCcTaHTa (B hopmymax crp. 55 a = 2).
X0/l paccyXJIeHUI aBTOPOB TaKOB: Oojiee MITKHE 00pa3Ilbl XapaKTepH-
3YIOTCSI MEHBIIIUM E*, OTHAKO 711 HUX OOJIbIlEe paanyc oOJIacTH KOHTAaKTa
<a> (cpeaHee 3HaueHue). Jlanee aBTOpPbI yTBEPKAAIOT, UTO JKECTKOCTh MO-
KET OBbITh OOJIbIIeH 11 OoJiee MITKUX 0Opa3loB, €CJIU B BHIMMMCAHHOM CO-
OTHOIIICHUU JOMUHHUPYET (?) BKIIaa paauyca KOHTaKTHOH obmactu. C 3TuM
YTBEPIKIIEHUEM HEJIb3$51 COTJIACUTHCS, TOCKOJIBKY (hOPMYJIbI KOHTAKTHOM T€O-

pun (a = (FDR)Y3, cM. cTp. 55) NO3BOJISAIOT OJIyYHTh COOTHOIIEHHE:
S~ FY3 x (B*)?,

OTKY/1a C OUEBUTHOCTBIO CIIEAYET, YTO 7151 00JIee MATKUX 00Pa3IIOB KECTKOCTh

MEHBIIIE; HO 3TO U ecrecmaeHHo B CIITy (PU3MYeCKOro CMbICTIA JKECTKOCTH.
Orcrofa, KaKk Mbl U YKa3bIBaJM BBIIIE, CIIEAYET, YTO HA OOJiee MSATKHX

yJacTKax IMMOBEPXHOCTH aMIUIMTyaa kojebanuii mesepa Ah B ACM Moayns-

LUK CWJIBI OyAET OoIblIIe:

Ah x AF ~ AF/S

1
~ 9F/oh

ABTOpPBI paccMaTpuUBaeMON pabOThI MPUXOMAT K MAKOMY JHce 6bl600)Y TIPU
MHTEPIPETAINH SKCIIEPUMEHTAIBHBIX PE3YJIbTATOB, TOCKOIBKY JAOMYCKAIOT,
HaIpOTHUB, YTO AMIUIMTY/A KojeOaHuii GoblIe B ciiydyae 00abpLero S.

T.o. anekBaTHOE MPUMEHEHNUE KOHTAKTHON TeOpuu Aeopmannii MOXKeT
ObITh MmoJie3HbIM 1t ACM, mosToMy MBI B paszfene 2.1 paccmaTpuBaeM pe-
3yJIbTAThI 3TON TEOPUU MPUMEHUTEIHHO K UHTEPIPETAIIUN IKCIIEPUMEHTATIb-
HBIX JaHHBIX. B pazzaene 5.2 mpuBeneHbl 9KCIIEpUMEHTAIbHBIE PE3yTbTAThI Ka-
YECTBEHHOT'O aHAJIM3a METOAOM MOAYJISILIMK CUJTbI YIIPYTUX CBONCTB MaTepH-
aJIoB (CpaBHEHME )KECTKOCTH OCITKOBOM MNICHKH U ITOJIJIOKKH), TOITBEPIKIAI0-
€ CIIPaBENIMBOCTD HAIEH MHTEPIpEeTaliuu GOPMUPOBAHUS N300paKeHUI

B pacCMATPUBACMOM MECTO/IC.
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1.4. OcHOBHBIC METOIbI HCCJICI0BAHUS

OHMOJIOTHYECKHUX H OpPraHu4€CKux 00bEKTOB U

CTPYKTYP

B Hacrosiiiee BpeMst B apceHasie UcClieIoBaTeNe, N3yJyarommux Ouoaorundec-
KHE U OPTaHUYECKUE CTPYKTYPbl, UMEETCS MIUPOKUIN CIIEKTP pa3INYHbIX Pu-
3UYECKUX METOJ/I0B UCCIEAOBAHUS, MHOTHE U3 KOTOPBIX TABHO CTAJIM PYTHUH-
HBIMU, U 6€3 KOTOPBIX HE 0OXOIUTCS HU OJHO MIUPOKOMACIITAOHOE HAYUHOE
UCCIIeIOBaHuE B 3TOM o0sactu. J1Jist Toro, 4ToObl MPOSICHUTH BO3MOKHOCTH U
MEPCIEeKTUBBI METOAA CKAHUPYIOIIEH 30H0BON MUKPOCKOIIMU U 0O03HAYUTH
€€ MECTO B PsIAy APYTMX METOJOB UCCIEAOBAHUS, HUKE MPUBEAEHA KpaTKas
XapaKTEPUCTUKA OCHOBHBIX 3KCIIEPUMEHTAJIbHBIX IOIXOJ0B K UCCIIEAOBAHUIO

OMOJIOTUYECKHUX U OPTAaHUUYECKUX CTPYKTYP.

JAndpakumoHHbie METObI

K nudpakiinOHHBIM OTHOCSITCS METO/IbI PEKOHCTPYKIIMH PEATbHON CTPYKTY-
pbI 00BEKTA ITyTEM aHaIU3a JU(PPAKIIUKA B3aUMOACHCTBYIOIIETO C HUM ITy4YKa
3JIEKTPOHOB, HEUTPOHOB WJIM PEHTTC€HOBCKUI JIydeil: MaTemMaTudeckass 00-
paboTka mudpakIMOHHON KapTHUHBI MO3BOJISET PEUIUTh OOPATHYIO 3a7auy
U BOCCTAHOBUTH CTPYKTypy oObekTa. [IpuHIUnuaipHast TpyaIHOCTh METOAA
3aKJIIOYAETCS B HEBO3MOXKHOCTH IMOJIYYEHHUSI HEMOCPEACTBEHHO U3 IKCIEPH-
MeHTa uHpopManuu o (aszax audparupoBaBmuXx ydei. OJTUH U3 BO3ZMOXK-
HBIX IIyTeU peleHus TaHHON MPOOIeMbl — UCIOJIb30BAHUE METOK — aTOMOB
TSDKEJTBIX METAJIJIOB, IPUCOEAUHSIEMBIX K OTIPEIeTIEHHBIM I'PYIIIIaM UCCIIeaye-
Moro oobekTa. Tak, rmociae1oBaTeIbHOE MEUCHHE Pa3IMYHBIX CIIEU(DHIeCKIX
CPYIMI TEMOTJIOOMHA MO3BOJIMIIO MOJIYUYUTh HEOOXOIUMYI0 HH(POPMAIUIO 11T
pacdera CTPYKTYpbl 3TOro Oenka[26] mo JaHHBIM peHmeeHoCHpyKIMYypHO20
aHaJIN3a ero KPUCTAJUIOB. DTOT METO/I HallleJI IPUMEHEHHE U IPU UCCIIeI0Ba-
HUM HEKPUCTAJUTUYECKUX (HAIIPUMEDP, BOJIOKHUCTBIX) CTPYKTYp. MeHHo 1o
KOCBEHHBIM PEHTIT€HOCTPYKTYPHBIM JJaHHBIM Y OTCOH U Kpuk BriepBhie orpe-
nemuan s mojekyabl JIHK nuamerp u mapameTpsl cnimpanu (Haauuue 10
9KBUBAJICHTHBIX T'PYNI B OAHOM 00opoTe, paBHOM 3,4 HM). Ha ocHoBaHumn
9TUX PE3YJIbTATOB UMH U ObLjIa BIEPBbIC MPEJIOKEHA OOIIETPUHSATAST HBIHE

MoJieb cTpoeHus MoJiekyisl JJHK [27].
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HudpakimoHHbIE METOABl YCHEIIHO HCIOIb3YIOTCS W ISl aHalu3a
CBOWCTB n08EpXHOCMU, TIO3BOJISASI IOCTUTaTh BBICOKOW TOYHOCTH B OIpe/Ie-
JICHUW PEKOHCTPYUPYEMBIX IMPOCTPAHCTBEHHBIX MapaMeTPOB (IIPU YCIOBUH
JOCTATOYHOM YNMOPSAIOYEHHOCTH UCCIIEAyeMOU CTPYKTYyphl). OCOOEHHO 1Iu-
POKO HCIIONIb3YETCSI METOJ 9/1eKmpoHo2paguu, TOCKOIbKY, U3-3a CUJIBHOTO
B3aUMOJICUCTBUS JIEKTPOHOB C BEIIECTBOM, OMPEICISIONNUM B AUPPAKIIU-
OHHOH KapTHHE SIBIISICTCS BKJIAJ MMEHHO OJIMKANUIINX K TTOBEPXHOCTH ATOM-
HBIX CJI0€B. B cilyyae peHTTeHOCTPYKTYPHBIX HCCIIETIOBAaHUA ITOBEPXHOCTH
MIPUXOJIUTCS MCIIOJIB30BATh «CKOJIB3SIIYI0» T€OMETPHIO TaIaroIIEeTo Iyda 1
JIOCTATOYHO MOIIHBIA UCTOYHUK U3ITy4YEHUS.

Meto peHTIeHOCTPYKTYPHOT O aHAIN3a MPUMEHUM U JIJIs1 UCCIIEIOBAHUIN
CHUCTEM YaCTHII, pACIIOJIOKEHNE KOTOPBIX HE XapaKTEPU3YETCs OJMIKHUM WU
JTAJIbHUM ITOPSITKOM: B 3TOM CITydae aHAIU3UPYIOT pacCesTHUE pEHTTEHOBCKUX
Jayuert od manvimu yeaamu. ITOT MOAXO MO3BOJISIET ONMPEILNISTh JTU00 dop-
My, THOO pa3Mepbl MUKPOOOBEKTOB CUCTEMBI (IS PEIICHHS 3aJaund Kakas-
TO uH(MOpPMaIUs 10JDKHA ObITh n3BecTHA [28]). Eciin 06BbeKThI UCClIeyeMOro
aHCcaMOJIs XapaKTepU3yIOTCsS HEKOTOPBIM PACIIpPEACTICHHEM IO IapaMeTpy,
yepe3 KOTOPBIN BBIPAXKAETCS] UCKOMBIN, TO TOYHOCTh €r0 BOCCTAHOBJICHUS
orpaHuueHa. Hanmpumep, npu BoccTaHOBIEHUHU (DOPMBI HACTHII, pa3Opoc Ux
M0 pa3MepaM Pe3KO CHIUKAET TOYHOCTH pPEHICHHMs] OOpaTHOHW 3a1auu (eciu
OHO BOOOIIIE MOXKET ObITh HaliIeHO) [28], 1 HAa000pOT. JlonOoTHUTENbHAS UH-
dbopmarus, HeoOxoaumMasl 1J1si KOPPEKTHOM MTOCTAaHOBKHM OOpaTHOM 3aJa4H,
MOXET OBITh IMOJIy4YeHA C TOMOIIIBIO APYTUX METOJIOB UCCIIEIOBAHUSI — B TOM

YUCJIE CKAHUPYIOLIEH 30HA0BOM MUKPOCKOIIHUH.

3HeKTp0HHaH MHUKPOCKOITUS

Merton anekmponnoti mukpockonuu (AM), 3a TOIBI CBOETO CYIIECTBOBAHUS,
OBLT JOTIOJTHEH MHOKECTBOM BCIIOMOTATEJIbHBIX METOJIMK ITperapupOBaHUS
00pas3oB s ucciaeqoBanuii 6noo0bekToB [29]. [Ipobaema B Tom, uTO OHO-
00OBEKTBI COCTOSIT M3 BEIIECTB C MAJIbIMH aTOMHBIMH HOMEPAMHU, CIICJCTBUEM
YEero SIBJISIETCS MaJoe YHUCIO PACCESTHHBIX 3JICKTPOHOB U, B UTOTE, OTCYTCT-
Bue paspemreHus. Ceromns HanOoJee YacTO MCIOIb3YeMbIe CIIOCOOBI KOH-
TPacTUPOBAHUSI OMOOOBEKTOB Il DM-HCCIIETOBAHUI — 3TO MPUTOTOBJIC-
HUE PEIUIMK, OTTCHEHHUE 3aIlbUICHUEM METAJUIAMH, «OKPAITUBAHHUE» OTACIIb-

HbIX 4aCTHUIl U MOJICKYJI HOHAMU TAXKCJIbIX MCTAJIJIOB. Bricokoe Pa3pCUICHUC
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JaeT npeajioxkeHHbIM Xostom [30] MeToq HEeraTUBHOTO KOHTPACTUPOBAHMS,
MIPUHIIMI KOTOPOT'O COCTOUT B TOMEIICHUH UCCIIETyeMbIX 00Pa3I[0B B IJICHKY
aMOp(HOT0 BEIECTBA BLICOKOI moTHOCTH S,

ITpu uccnenoBaHUM HYKIEUHOBbIX KUcA0M METOIOM DM BakHOU Ipo0Iie-
MOM SIBJISIETCS METOJMKA HAHECEHUS UCCIIEIYEMbIX CTPYKTYpP Ha MOJIOXKKY.
[Tpu BeICyIMBaHUY KAIUIX pa30aBIE€HHOT O PACTBOPA MOJIEKYJI HA TOBEPXHOC-
T HanOOoJIee YacTo UCIOb3yeMbIX B DM moaoxkek (Koyutoauid, popmBap,
yIJIEPOA) IPOUCXOIUT arperamus ucciieyeMblx CTpyKTyp. Hanecenue mose-
kyn1 JJHK ¢ noMompio nmyiapBeprusaTopa NPUBOAUT K AeTpajaliiyd UCCIEAY-
eMbIX CTpYKTYp. [loaToMy Gosbiioe pacipoCTpaHEHHE MOIyqrIa METOUKA
KnaiinmmMuara u [lana [31], ocHOBaHHAsI Ha B3aUMOJIEUCTBUN HYKJIEMHOBOU
KHUCJIOTBI C OCHOBHBIMU O€JIKaMH U CIIOCOOHOCTU 3TUX OEJIKOB 00Pa30BbIBATh
MOHOCJION Ha MMOBEPXHOCTH pasnena ¢a3 Bo3ayX/BOJAHBINA pacTBOp. MoJeKy-
JIbl HYKJIEMHOBBIX KHUCJIOT, CBSI3BIBASICh C OEIIKOBOM IJIEHKOH, MEPEXOAsT U3
COCTOSIHUSI TPEXMEPHOTO KIIyOKa B IBYMEPHOE PACIIPABICHHOE COCTOSIHUE Ha
MOBEPXHOCTH BOAHOM cyO(da3pl. belkoByIo MJICHKY ¢ MOJIEKYyJIaMU HYKJICU-
HOBOM KHMCIIOTBI IEPEHOCAT Ha CETKY, IIOCIIE YEro MPUMEHSIIOT CTAaHAAPTHbBIE
METO/bl KOHTPACTUPOBAHUS U OCYIIECTBIISIOT ucciaeaoBanue [32]. Henocrat-
KOM METO/Ia SIBJISIETCS] TO, YTO OeKoBast IJIEHKA, MOKPHIBAIOIIAST MOJIEKYITY,
YBEJIMUMBAET €€ TOJILUHY» J0 5—8 HM U 3aTPyAHSIET pelIeHHe psa 3aaad
(HampuMep, UCCIeI0BAHMS B3aUMOACICTBUS HYKJIEMHOBBIX KHUCIIOT C OelKa-
MH).

CylecTBeHHOM MP0o0IeMOi 3JIEKTPOHHONH MUKPOCKOIIUHU SIBIISIETCS OOJIb-
1masik BEpOSITHOCTh BO3HUKHOBEHMSI apTe(PaKTOB, CBSI3aHHBIX C HEOOXOMM-
MOCTBIO HCIIOJIB30BaHUS CIEMU(PUIECKIX METOAMK KOHTPACTUPOBAHUS U
(bukcupoBaHrs OMOOOBEKTOB Ha MOITOKKE.

30H10Bass MUKPOCKOTIUS IO OOIIEH cXeMe 3KCrepuMeHTa Omm3ka OM u
JUISl MHOTUX OOBEKTOB IO3BOJISAET JOCTUTATh JATEPAIBHOIO pPa3pelleHus,
O6m3koro K paspeuieHuto OM. B To ke Bpems, JlaTepajbHOE pa3pelleHue
C3M no nopmanu Bbime'”), 4To MO3BOISET YCNENIHO pelaTh crerududec-
KHUE 3a/1a4¥, BECbMa CIIOKHbBIE 1151 DM: HanmpuMep, Mo yBEIUYEHUIO BBICOTHI
JokanpHOTO yuactka ACM-u3o6paxenns monekyiasl JJHK, nerektupoBath

MECTOIIOJIOKEHUE MpunieKca B COCTaBe MOJIEKYIIbI [33].

16) .. XOPOIIO PACCEMBAIONIETO HTEKTPOHBI
17) MeTon 3anviienus nod yznom 8 IM He TaeT BBHICOKOH TOYHOCTH B ONPEIETEHUN BBICOT
00BEKTOB U3-3a KOHEYHOT'O pa3Mepa 3epHa 3aIbUICHUS
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OnTnyecKkue MeToabl

Ornrryeckue MEeTObI UCCIICAOBAHMS TOJTYUYMIH B ITOCIIETHEE BpeMs OOJIbIIIOe
pacnpoctpaHeHue (0COOEHHO ¢ MPUMEHEHUEM Ja3epHoro uanydeHus). Cpe-
11 HanOoJiee YaCTO UCIIONb3yEeMbIX METOIUK — CHeKmpopomomempust, OCHO-
BaHHAs HA U3BMEHEHHUH CIIEKTPa IMOTJIOIICHUS MOJIEKYJIbI ITPU TUMEpU3ALIHH (B
o01eM cirydyae — MOJIMMEpU3allii) 3a CYeT B3aUMOICUCTBHS COCETHUX MO-
HOMEPOB (B OCHOBHOM HIPAET POJIb JUIOJIb-AUIIOIBHOE B3aMMOICHCTBHE).
CnextpooToMETpHs TTO3BOJISIET OMPEISIISATh KOHIICHTPALIMY HYKJIEUHOBBIX
KHUCIIOT, OTpPEACISITh CTENEeHb CIUPAIBLHOCTU M UCCIEIOBATH MEPEXOJl KITy-
00k — rinoOyna. OIHAKO Pe3yabTaThl UCCIIEIOBAHUS YyBCTBUTEIbHBI K Ha-
JUYUIO B PACTBOPE HOHOB, CIIOCOOHBIX B3aMMOICHCTBOBATD C UCCITCyEMBIMU
MOJIEKYJIaMU (B TOM YHCIIe TPOTOHOB, onpenesstonux pH cpensl). 1o cBsiza-
HO C BO3MO>KHOCTBIO BJIUSIHUS ITOJOOHOTO B3aMMOACUCTBHUS HA KOHTPOJIUPY-
€MBbIC B ITPOLIECCE UCCIICTIOBAHMS CIICKTPAJIbHbIC M3MeHeHHUs. J1JTs1 BBIICHEHUS
MIPUPOJIBI CIIEKTPAJIbHBIX U3MEHEHUH HEOOXOAMMBI BCIIOMOTaTEIbHBIE IKCIIE-
PUMEHTBHI.

Hapsiny co ciektpodoTomerpueil B ucciae10BaHUSIX OMOOOBEKTOB IIMPO-
KO TIPUMEHSIOTCS WH(DpaKkpacHasi CIIEKTPOCKOIMHMS, CHEKTPOIOISIPUMETPHS,
CHEKTPaTbHO-(IIYyOPECIEHTHBIE UCClIeIoBaHus U T. 1. OO111eli YepToii TaHHBIX
METOJIMK SIBJIIETCSI MX KOCBEHHBIHN, HEMPSIMOM (OTHOCHTEIBHBIN) XapakTep —
pe3yIbTaTOM HCCIIEIOBAHUSI SIBJISIETCS YCPEIHEHHBIM MO aHCAMOJII0 OTKIIMK
00bekTOB. [Ipobiiemoit siBNIsIeTCS 1 HEOOXOAUMOCTh PeIlIeHUsT 0OpaTHOM 3a-
Jauu JUTs U3BJIeueHusI MHpopmanmu 00 00bEKTe, UTO, B PSC CIIydaeB, MOXKET
MPUBECTH JTUOO K 3HAUYUTENIbHOM MOTPEIIHOCTH B pe3yibTaTax, JU00 K Hea-
JIEKBATHOCTH PEILICHUS.

OTaenbHO ClenyeT YIIOMSIHYTh METO )1y 0peCcyeHmHOt MUKPOCKONUU, KO-
TOPBIN HAIIE]I TPUMEHEHHUE ITPH BU3yaTU3aIli1 OJJMHOUYHBIX MAKPOMOJIEKYJI B
HATUBHBIX YCIIOBUSIX U UCCIICOBAHUHN U3MEHEHUN UX MOP(}OJIOTUH B IIPOIIEeC-
ce B3aUMOJICUCTBUS C Pa3IMUHBIMU JIUTaH1amMu U 1ip. K HegocTaTkam MeToa
CIIEZIyeT OTHECTH HEBBICOKYIO MPOCTPAHCTBEHHYIO Pa3pelIaoIIyio CIoco0-
HOCTh (OTPAaHUYEHHYIO MPEIeNIOM ONTHYECKOTO MHKPOCKONa A/2, MO3TOMY
YCIIEITHO MOKHO UCCIIE0BATH JIUIIb IOCTATOYHO OOJIBIITNE MOJIEKYJIbI), U He-
00X0IMMOCTh KOMITJIEKCOOOpa30BaHUS MAKPOMOJIEKYJIBI C MOJICKYIaMu (hiTy-

OPECHCHTHOT'O KKPACUTECIIA.
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I'uapoaunaMuyeckne MeToabl

[IIupoko ucnonb3yeMble THAPOIMHAMUIECKIE METOAbI UCCIIEAOBAHUS OUO-
MOJIMMEPOB (BUCKO3UMETPUS, CEIUMEHTAIINSI, TBOMHOE JTy4eIPEeIOMIICHUE B
MOTOKE) MO3BOJISIOT OMPEACIUTh MPUOIIKEHHYIO (GOpMYy, pa3Mephl, MoJie-
KYJISIpHBINA BeC U 1e(hOpMHUPYEMOCTDb UCCIIeyeMbIX MoJiekyal. MHbopmarus,
noJry4aemasi ¢ IOMOIIBIO THAPOANHAMUYECKUX METOJIOB, TAKKE SIBIISICTCS He-
a0CcoM0THOM (YCpeAHEHHOH MO aHCaMOIII0), YTO OApPa3yMeBAaeT HEOOX0I1-
MOCTb CpPaBHEHHS C pe3yJbTaTaMU JAPYTUX METOJIOB MCCIIEOBAHUS. AKTY-
aIIbHOU SIBJIIETCS ITPOOJIeMa KOPPEKTHOM MOCTAHOBKHU M PEIICHHsT 00OpaTHOM

3aJa4u JJ1sd OIPEACICHUA ITapaMETPOB 00BEKTOB.

Mecto C3M B psiiy APYyrux MeTOA0B HCCJIeIOBAHNUS

B 37011 cBSI3M METOIBI CKAHUPYIOIIEH 30HA0BONM MUKPOCKOITHH ITPU3BAHBI 3a-
HSTh BaXXHOE MECTO B PSAY TPAJAMIIMOHHBIX HCCIIECAOBATEIIHCKUX MTOAXOI0B
K M3yueHHio 0moo0bekTOB. Ilockombky mpruOOPHI 30HI0BONM MUKPOCKOIIUU
MpeHa3HAUCHBI ISl UCCIIEIOBAHUS CBOMCTB nosepXxHocmu, TO CTaHAApTHAS
cxema C3M-uccnenoBanuss OMOOOBEKTOB BKJIIOYAET MCIIOJIB30BAHMUE J10CTA-
TOYHO POBHOM Mo1okKu (nmpoBogsiei B ciiydyae CTM), Ha KOTOpyrO oCy-
IIECTBIISICTCS. aIcOpOIMs n3ydaeMbIX CTpykTyp. Hanbonee pacnpocrpaneH-
HBI€ B CKAHUPYIOIIECH 30HI0BOM MUKPOCKOITHMH ITOIJTIOKKH — aTOMapHO TIaI-
KHE CKOJIBI CJTIOJTBI, TUporpaduTa, TUCYIb(huaa MOIUOACHA, a TAKKE SITUTAK-
CHAJIBHO BBIPAIICHHBIC ITICHKH METAJIIOB.

Heo0xoanMocTs UCIIOIB30BAHUS MOMLIOXKKHN cOonmxkaeT Mertonasl C3M c
3JIEKTPOHHOM MHKpocKomnueid. OCHOBHBIC OTIIMYHUS U MPEUMYIINECTBA CKa-
HUPYIOIIEH 30HA0BOH MHUKPOCKOIIUU B CPaBHEHHH ¢ DM — BO3MOXHOCTh
MIPOBEJICHUS UCCIIEOBAHUN B Pa3jIWYHBIX cpefax (B TOM YHUCIE B JKHUIKOC-
TH), OTCYTCTBHE HEOOXOIUMOCTH KaKOT'0-TMOO JOMOJTHUTEIBHOTO KOHTpac-
THPOBAHUS HUCCIEAYEMBIX CTPYKTYpP, OOJIbIas pa3perarlias CloCOOHOCTh
[0 HOPMAJIU, Hepa3pyILIAIOIINN XapakTep UcciaeqoBaHUs (0OyCIOBIEHHbIM
HEBBICOKOW MHTEHCUBHOCTHIO B3aUMOJACHCTBUS 30HA-00pa3en). T.o. mpolie-
JTypa MpUroToBjiIeHUs o0pas3noB ajasg C3M mpolle U UCCIIeOBAaHUS MOXKHO
MIPOBOAUTH B YCIIOBUSX, OJTM3KUX K HATUBHBIM.

Bce 310 cBHIETENBCTBYET O TOM, UTO 30HA0BASI MUKPOCKOIIHUS SIBJISETCS
MOIITHBIM COBPEMEHHBIM METOJIOM HUCCIIeIOBAHUSI TOBEPXHOCTHU, TPU3BAHHBIM

o0ecneyuTh JajibHelIee pa3BUTHE TPAAUIIMOHHBIM MTOAX0AaM. Pe3ynbTaTsl
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WCCIIeTOBAHUN TTOCIIETHUX JIET YOeIUTETbHO MPOJIEMOHCTPUPOBAIIH, UTO IS
pelIeHuss MHOTUX 33Ja4 METOJI 30HJ0BOM MHKPOCKOIIUU SIBJISIETCSI CaMOI0-
CTATOYHBIM (T.€. HET HEOOXOJUMOCTH KOHTPOJBHOTO CPaBHEHUS C PE3YJib-
TaTaMu JPYTUX UCCIIEOBAHUN); K TAKOBBIM 3a/1a4aM OTHOCSTCS, HAIIPUMED,
(bu3nyeckoe KapTUPOBAHUE MOJICKYJT HYKIIEMHOBBIX KUCIOT [34], uccrienoBa-
HUE U3MEHEHUS UX MOP(OJIOTUHU B KUIKUX Cpe/laX, aHAIN3 UX B3aUMOICUCT-
BUS ¢ 6enkamu [35, 36], aHAIU3 CTPYKTYPbl TOHKOIUIEHOUYHBIX TOKPBITUH (CM.
rJ1aBy 5) U Ip.

Tem He MeHee, B Ipoliecce UCCIeNOBaHUs OOJbIIOE BHUMAHHE CIIEIYeT
yIIeIsTh BOBMOXKHBIM MEXaHM3MaM BO3HUKHOBEHHS apTedakToB. [JlocTtaTou-
HO OYEBUJIHBIM (PAKTOM SIBJIIETCS HEOOXOAMMOCTh YUMTHIBATH KOHEYHOCTh
pa3MepoB 30HAA, MPUBOJISIIYIO K 3aBBIIICHHUIO JIATEPAITHHBIX pa3MEpPOB UC-
CIIeTyeMBIX CTPYKTYD (pazmen 2.2), a Taxke 3((eKT 3aHMKEHUS BBICOT, CBSI-
3aHHBIM ¢ KOHTaKTHbIMH Jedopmanusamu (pasaen 2.1). Kpome Toro, mpu
WCCIIEJOBAHUN MHOTOKOMITIOHEHTHBIX 00pa3loB, HAJJICKUT MPOBOJIUTH J10-
MOJTHUTEIIbHBIN aHAJN3 KKIOH M3 KOMIIOHEHT, C LIEIBI0 OMPEICIICHUs MX
MapUUAATIBHOTO BIMSHUS HA PE3yJIbTAT MCCIETOBAHMS, UTO MO3BOJIUT U30e-
KaTh OIIMOOK B UACHTU(UKAIIMN KOMILUIEKCOB, IMOJIYUEHHBIX B PE3yJIbTATe
B3aMMOJICUCTBUS UCXOIHBIX OOBEKTOB.

[TocraHOBKa aJ€KBATHBIX KOHTPOJIBHBIX JKCIIEPUMEHTOB, O€3yCIIOBHO,
CIIOCOOCTBYET YMEHBIIICHUIO BEPOSITHOCTH OIIMOKH ITPH MHTEPIPETALIMH Pe-
3yabTaToB C3M-uccnenoBaHuii; n30ekaTh OIMMOKH ITO3BOJISIET U CpaBHEHHUE

C pe3yJbTaTaMu IPYrUX METOJOB UCCIIEIOBAHUS (PACCMOTPEHHBIX BBIIIIE).

1.5. Ckanupyromasi 30HA0Basi MUKPOCKOIHUS

HYKJICUHOBLIX KHCJIOT

Cpean MHOXeCTBa OMOJIOTMYECKUX OOBEKTOB, K HMCCIEIOBAHUIO KOTOPBIX
MIPUMEHSUIMCh METO/1bl 30H/I0BOI1 MUKPOCKOIIMH, NIEPBO ObLIa MOJIEKYJIA Jie-
30KCUPUOOHYKIIEMHOBON KHUCIOThl. OJHAKO HA HAYAJIBHOM 3Talle 3TUX HUC-
CJIEOBAHUN OTMEUAJIUCh CIO0KHOCTH B MHTEPHPETALIMM IOJIy4aeMBbIX H30-
opaxxenuii. Tak, aBTopsl padot[37, 38] mpeAacTaBUIN JaHHBIE CKAHUPYIOIICH
TyHHeNnbHON Mukpockonuun Mojekyn JJHK, ancopbupoBaHHBIX Ha MOTIOXK-
Ky U3 BBICOKOOPHUEHTHPOBAHHOTO MUPOJIMTHYECKOTO Tpaduta (muporpadu-

Ta). Be1OOp maHHOrO Martepwajia B KadecTBE IOJJIOXKKH OBLI OOYCIIOBJICH
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€ro MPOBOJISAIIUMH CBOWCTBAMU, a TAKXKE MPOCTOTOM MPUTOTOBJIEHUS ATO-
MapHO IJIAJIKUX YYACTKOB MOBEPXHOCTH 3HaUMTEIbHOU mutommaau. Ha CTM-
M300paXKEHUAX HAOIIOIAIUCh MPOTSHKEHHBIE 1IEMOYKH, 00JIaJarole mpo-
JIOJIbHON MEePUOAUYHOCTHIO (IIEPUOJ OKOJIO 2—3 HM), HA OCHOBAHHMHU YEro
ABTOPBI JIeJIAJIA BBIBOJI O BU3yaIM3aIlMX BUTKOB JIBOMHOM CIIUpAJIu.

OnHako no3gHee ObUTH Oy OTMKOBAHBI JaHHBIE [39], CBUETEIbCTBYIOIINE
0 BO3MOKHOCTH Ha01r01eHUS cXOAHBIX «/IHK-110100HBIX» CTPYKTYp MpH KC-
cnenoBaHuu MetogoM CTM 4HCTOH, CBEKECKOJIOTOU MOBEPXHOCTU MUPO-
rpaduta. BOSHUKHOBEHUE TAKUX CTPYKTYP OOBSICHACTCS YyBCTBUTEIBHOCTHIO
CTM K anekmpontbim CBOMCTBAM ITOBEPXHOCTH — MPOUCXOJIUT BU3yaIn3a-
ST JOMEHHBIX CTeHOK rmuporpaduta [40]. DTu pe3yapTaThl, a Takke cliadas
BOCIPOU3BOIMMOCTD U OTCYTCTBHUE 0€3yCIIOBHO HEOOXOAUMBIX KOHTPOJIBHBIX
9KCIEPUMEHTOB B IepBhIX paboTtax no CTM-Busyanuzauuu JJHK BeI3bIBaIIN
COMHEHUS B MPUMEHUMOCTH METO0B 30HI0BON MUKPOCKOIUHU ISl UCCIIE0-
BAaHUS MAKPOMOJIEKYII.

CyliecTBEeHHOE U3MEHEHHE CUTyaluu mpousonuio B 1992r., korma Obi-
71 OIyOJIMKOBAHBI MEPBBIE HAJIE)KHBIE U BOCIIPOU3BOIUMBIE PE3YIbTATHI UC-
cnenoBanus JJHK Meromom atomHo-cuinoBoit mukpockonuu (ACM)[6, 41].
Taxkum obpasoM, mpomnuio 0ojiee MATH JIET ¢ MOMEHTA CO3[aHUsI aTOMHO-
cuoBoro Mukpockona (1986r.) u Gosee mecsaT JeT CyIEeCTBOBAHUS 30H-
JTOBOM MUKPOCKOIIMH, MPEK/IE YeM ObLI JOCTUTHYT OMNPEEICHHBIN yCIieX B
MPUMEHEHUHN METO/a K MCCIEAOBAHUIO OMOJOTHYeCKuX 0ObeKTOB. B TO ke
BpeMsi METOIbI 30HI0BOM MUKPOCKOIIUY BEChbMa YCIIEITHO MPUMEHSUTUCH B Te-
YEHUE ITUX AECATHU JIET JJIs UCCIIEIOBAHUN CTPYKTYPhI IOBEPXHOCTU TBEPIBIX
(KpUCTAJUTMYECKUX) TeJI. 3a 3TU T'OJIbl BO3HUKJIO TOHUMAHUE, YTO MOTEHIIU-
aJl BO3MOYKHOCTEH 30HI0BON MUKPOCKOIIMH B UCCIIEIOBAHUSIX OUOI0UUECKUX
00veKM08 MOXKET ObITh peaIn30BaH JIMIIb [IPU PEIICHUH B KAXKIOM KOHKPET-
HOM CJIy4yae OCHOBHOU 3KCIIEPUMEHTAIbHON 3a/auu: ONpeAe/ICHUs aJeKBaT-

HOU MemoouKku npenapuposaruis 00pasyos.

1.5.1. OcHoBHbIE METOUKH NIPeNapupoOBaHNUs 00Pa3LO0B /I

30H)10B0ﬁ MHUKPOCKOIIMH HYKJICHHOBBIX KHCJIOT

YHUBEPCAITbHONH METOJAMKH IMPUTOTOBJICHUSI 00Pa3I0B IS PEIICHUS IITHPO-
KOTO CIIEKTpa 3a7a4 30HI0BO MUKPOCKOIIMH MTOKA HE CYIIECTBYET, [IO3TOMY

HCIIOJIB3YEMBIE METOTUKH OIPEACIISIIOTCS CICIU(DUKOM 3a1a9H, T.€. IBJISTIOTCS
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METOJMKAMU «HA KOHKPETHBIN citydaii». [IpuMeHUTeIbHO K UCCIIETOBAHUSIM
HYKJIEMHOBBIX KMCJIOT BO MHOTHX CJIy4yasix ObIBaeT Ba)KHO, YTOOBI MAKPOMO-
JIEKYJIbl aJICOPOMPOBATIUCEH HA TIOMJIOKKY B pacnpasieHHom COCTOSHUU. s
YCHENTHOT'O UCCIIEI0BAHUS HEOOXO0IMMO TAKXXe, UTOOBI UCCIIeTyEMbIE MOJIEKY-
JIbI IOCTaTOYHO MPOYHO (PUKCHPOBAIUCH HA MOJJI0KKe. B mpoTHBHOM cityuae,
MIPU UCCIEAOBAHUSX B KUIKOHM Cpelie, MOJIEKYJIbI OyIyT YBJIEKATHCS 30HI0OM
B IPOIIECCEe CKAHUPOBAHUS; IIPU UCCIEAOBAHUM HA BO3/1yX€, CUIIbI, JEHCTBY-
IOIIIME Ha MOJIEKYJTY IIPH BBICBIXaHUM KATUTH IIpenapaTta Ha MOJIJIOKKE, TAKKe
OyyT yBJIEKaTh aJICOPOUPYEMbIE CTPYKTYPbI, MIPUBOJIS K HEOJHOPOIHOMY (C
00pa30BaHUEM arperaToB) MOBEPXHOCTHOMY PACIIPEACIICHUIO HCCIIENyEMBbIX
00BeKTOB. Hike paccMOTpUM OCHOBHBIE METOIMKHU, ITO3BOJISIONTNE 3a(PUKCH-
pOBATh MOJIEKYJIbl HYKJIEMHOBBIX KMCIIOT Ha MOBEPXHOCTU B PaCIPABIIEHHOM
COCTOSIHUU.

IlepBbie HagexHble pe3ynbTaThl UccienoBanus JJHK meTomom atomHo-
CHUJIOBOM MHUKPOCKOIIUM OBUIH TMOJyYEHbl B TOM CiIy4yae, KOrja H3ydaemble
CTPYKTYpbl HAHOCWJIM M3 KaIuld pabodero pacrBopa (pactBopa Oydepa,
BOJTHO-CITUPTOBOM CPEJIbI U T.I1.) Ha IMTOBEPXHOCTH CITIOJIBI, MOAU(PUIIUPOBAH-
HOM MOHAMHM ABYX- (M OoJjiee) BaJICHTHBIX METAJUIOB [6, 41]. DT HOHBI, IO-
BUJIUMOMY, CIIY’)KaT CBSI3YIOIIMMHU MOCTUKAMH MEXIy OTPHULIATEIIHLHO 3apsi-
KEHHOM cITro/10ii'®) 1 oTpunaTenbHO 3apsskeHHBIMHI GochaTHBIMU IPYITAMH
MmoJiekysibl JIHK. Moaudukaius ciroibl MOXKET MPeIlecCTBOBATh MPOLIECCY
aJIcopOIIMU MaKPOMOJIEKYJT — B 3TOM CJIy4ae CBEKECKOJIOTYIO CIIIOJy I10-
MeIAIOT IS IpeABapUTEIIbHON 00pabOTKU HA HEKOTOPOe BpeMs (MUHYTHI,
4achl) B paCTBOP, COACPXKAIIUM KATUOHBI METAJIJIOB, 3aTEM IMPOMBIBAIOT (BO-
JIOU, BOAHBIM PpACTBOPOM 3TAaHOJA U Mp.) U BhICyIIMBaIOT. [locie aToro Ha
MOIU(MUIIMPOBAHHYIO TTOBEPXHOCTh HAHOCAT pabOYMil pacTBOP C UCCIeaye-
MBIMU CTPYKTypamu. [dpyroit moaxoa — gobaBlieHHE COJIe METAJIJIOB He-
MOCPEJICTBEHHO K paboyeMy pacTBOPY — MO3BOJISIET UCKIIFOYUTH ITAI Mpe/I-
BapUTEIIbHOU 00pabOTKU CITIOIBI (MpernapaT HAHOCAT HEMOCPEACTBEHHO Ha
MMOBEPXHOCTH CBeXxero ckosa). [Tocre BbIChIXaHMS KA pabouero pacrsopa
00pa3Ibl, KaK MPaBUiIo, MOABEPTaOT JTOMOJHUTEIBHON MPOMBIBKE.

B pa6ote [42] meTogom ACM npoBOIUIIM CPABHUTEIBHBIN aHAIN3 MPO-
uecca agcopobuun makpomonexkyn JAHK Ha cirony u3 pactBopa, Kak ¢ KaTu-
OHAMM METAJUJIOB, TaK M 0e3 Hux. bpulo moka3zaHo, YTO BO BTOPOM CiIyyae

aJIcopOMpOBaHHBIC MOJICKYJIbI HECTAOMIILHBI B IIPOIIECCE MPOMBIBKM 00pa3-

18) B BOMHBIX PACTBOPAX TIPH UCMOIB3YeMBIX 3HaueHusAX pH
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1IOB U ITpu ckanupoBaHuu. Kpome Toro, ACM-u3o00paxeHuss MAaKpOMOJICKYJI
XapaKTEepU3yIOTCsl OOJIBIIMM KOJIUYECTBOM 3aIyTAHHBIX U MEPEKPYUYEHHBIX
YYaCTKOB, TOI/la KaK IPU MPUCYTCTBUM B PACTBOPE KATUOHOB METAIJIOB U
MIPUMEHEHUU MPEIIIECTBYIONIEH CKAHUPOBAHUIO MTPOLIEYPhI IPOMBIBKU 00-
pasnoB monekyiabl JJTHK dbukcupyroTcs Ha MOBEPpXHOCTH MOTIOXKKH B pac-
MPABJICHHOM COCTOSIHUU.

ABTOpHBI paboThl [43] uccnenosanu metoqoM ACM B XKUIKOCTHOH sSTUeH-
K€ B peaJbHOM Macuutabe BpeMeHu obopamumoe ocaxaeHue moiekyn JJTHK
Ha CIIOAY IPU pa3lIMUHbIX NTapaMeTpax paboyero pactsopa. bbuio mokasa-
HO, YTO aJIcOpOI1Mst 0OBbEKTOB Ha MMOBEPXHOCTH MOIOKKU U BEJIMUMHA CHUIIBI
aJIFe3UM CYIIECTBEHHO 3aBUCST OT KOHIICHTPALIUU CBS3YIOIIUX KATUOHOB (OT1-
TUMAaJIbHOE 3HaueHue okoyo 2MM mwis Zn?t) u pH cpensl (onTUManbHOE
3Ha4YeHUEe OKOJIo 7,5).

Ha cerognsiuiHuii 1eHb UCIIOIb30BAHUE KATUOHOB METAJIIIOB JIJIsI CBS3bI-
Banus JIHK ¢ moamoxkoii sBisieTcs, mokanyid, HauboJliee pacClipoCcTpaHEeHHOM
METOMKOM MPUTOTOBIIEHUs 00pa31ioB nmpu ACM-uccinenoBaHusx, 4To 00b-
SICHSIETCSI €€ IIPOCTOTOM M BBICOKOM BOCIIPOU3BOJAMMOCTBIO PE3YIbTATOB.

Ha puc. 1.6 npencrasnensl ACM-u3o0paxenus monekyin JJHK, axcop-
OMPOBAHHBIX HA TIOBEPXHOCTD CIIIO/bI B IPUCYTCTBUM KaTHOHOB Ni 2T (a) um
ypanuiarerata (0). I3 pucyHkKa BUIHO, YTO MOJIEKYJIbI 3a()UKCUPOBAHBI Ha
MOJUIOKKE B IOCTATOYHO PACIIPABIEHHOM COCTOSIHUU.

[TpuBoIMMBIE N300paXKEHUST MOJIEKYJT XapaKTePHU3YIOTCS 3aBBIIIICHHBIMU
JaTepajibHbIMU pazMmepamMu — 10—15 HM — ¥ 3aHUKEHHBIMU BEPTUKAIbHBI-
MU — okoJio 0,7 HM, B TO BpeMs KaK AMaMeTp oAMHOYHOM Moiekyibsl [JTHK
OKOJIO 2 HM. 3aBbllIIEHUE JIATEPATbHBIX PA3MEPOB IMOIYYEHHBIX U300paxe-
HUM OOYCITOBJICHO KOHEYHOM BEJIMUYMHOMN pajuyca KPUBHU3HBI 30HAA (KOJIH-
YecTBEHHAsI METOJMKA YUeTa TaHHOTO apmegakma v onpeieJIieHUus: peaibHON
HIMPUHBI 00BbEKTa pa3paboTana B pazzaeie 2.2). [TpuunHoi 3aHuKeHus: BEpTU-
KaJbHBIX PA3MEPOB MOXKET ABIATHCA NepopManivst MOJIEKYIIbI IO AEHCTBUEM
30H/1a (PaCCMOTPEHHME TEOPUU KOHTAKTHBIX AeGopMalvii 1 MPUMEHEHUE ee
11 onucaHus 3pdexra 3aHmkeHus Bicor ACM-npoduiis 00beKTa MpuBe-
neHo B paszaene 2.1). Creqyer NOA4YEpKHYTh, UTO 3TU apTe(daKThl SBIISIIOTCS
munuynsivu ipu ACM-ucclieIoOBaHUAX MOJIEKYJI HYKJIEMHOBBIX KUCIIOT [44].

Jpyrasi HIMpoOKO MCHOJIb3yeMasi METOJIUKA XUMUUYECKOU MOau(pUKaInu
MOJUTOKKHU ISl CTAaOMIIM3aIIMU MOJIEKYJT HYKJIEMHOBBIX KHUCIIOT Ha TMOBEPX-

HOCTHU — 3TO CHJIaHHN3alus CIIFObI [45] HpOHCCC CHJIaHU3alli CYIICCTBEHHO
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Puc. 1.6. Monexkynel JHK ancopOupoBanbl Ha OMIOKKY citoabl, ACM-uccieno-

BaHMHC,

a) agcop6buus B npucytcTBuU 1 MM NiCls, 06pa3sibl IpUroTOBIEHBI COBMECTHO ¢ M. Sc.
Malin Ardhammar (Chalmers University of Technology, Sweden);
0) ancopOuus B TPUCYTCTBUU ypaHWIAIeTaTa, OOpa3lbl MPUTOTOBJICHBI K.(.-M.H.

. B. Kimunosim u B. A. TTpoxopossiM (MHCTHTYT OMOOpranndeckoit xumun, MockBa)

HE M3MEHSIET TOMOTPaUIECKUX OCOOEHHOCTEH MOBEPXHOCTH CITFOIBI — OHa
OCTAaeTCsl JOCTATOYHO IJIAJIKOW, B TO K€ BPEMSI YIIYyUIIAE€TCs CBA3b MAKPOMO-
JIEKYJIbl ¢ MOAUMUITMPOBAHHON MOT0XKOM. B paboTte [46] mpu mpoBeIeHNN
ACM-uccrneqoBannii HykienHoBbix kucinoT (JAHK, nByHuteBoii pnbOHYyK-
nennoBoi kucioTel (PHK)) B xauecTBe MOMJIOKKU HCIOJB30BAIM MTOBEPX-
HOCTb CITIOJIbl, XUMUYECKU MOIU(PHUITUPOBAHHYIO 3-aMUHOIPOIIITPUITOKCU-
cunanoM (APTES). Moaudukaims BKIIroYajia KOBaJEHTHYIO IIPUBS3KY aMU-
Horpyrm Mojekyn APTES x crmrozne, crerneHb MoauduKanmu KOHTPOIUPO-
Bau ¢ nomoibio ACM, u BbIOUpaId TaKUM 00pa3oM, YTOOBI 1IEPOXOBa-
TOCTb TOJIy4aeMOU MOBEPXHOCTU HE 3aTPYIHsIIA UACHTU(DUKALIMIO UCCIIEY-
E€MBIX CTPYKTYp. DTO OOCTOSATEIBCTBO (HEOOXOAMMOCTh KOHTPOJISI CTEIICHU
IEPOXOBATOCTU MOAU(PUIIUPOBAHHON MOITIOKKH) HEBHAYUTEIIHLHO YCIIOXKHSI-
€T METO/IUKY.

Bbru1o mokazaHo [47], 4TO 3TOT MOAXO MpenapupoBaHUsi 0Opa3loB J10-
CTATOYHO 3(PPEKTUBEH B PyTUHHBIX UCCIIEAOBAHUSX PACIIPEACIICHUS MOJIEKYJT
HYKJIEMHOBBIX KUCJIOT 10 anuHaM. [IpeacraBieHHble aBTOpaMu pe3ysibTaThbl
COBMNAJIAJIM C JJAHHBIMU 3JIEKTPOHHONW MUKPOCKONHUU (HUCCIEAO0BAITUCH MOJIe-

Kyibl aByHuteBoil PHK peoBupyca), mpu 3ToM ObUIO OTMEUYEHO, UTO INpHU
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paBEHCTBE pa3pelialoinX CIIOCOOHOCTEN BaXXHBIM IpeumyinectBom ACM
SIBJISIETCSI CYIIIECTBEHHO MEHEE CIIOYKHAsI METOMKA IPUTOTOBJICHUS 00Pa3I0B.

Bruta mpopeMoHCTprpOBaHA BO3MOKHOCTD UCIOJIB30BAHHUS MOIU(PHUITI-
poBanHoi APTES cironsl mpu poBeIeHUH UCCIEAOBAHUI KaK Ha BO3/yXe,
TaK U B BOJIHOM cpefie, — B 000UX CITydasix BEJIMUMHA aJIT€3UN MOJIEKYJI HYK-
JIEMHOBBIX KUCJTIOT K TMOUIOKKE MO3BOJISIIA OCYIIECTBIISITh CKAHUPOBAHUE B
KOHTAaKTHOM pexume. B pabote [48] ocylIecTBISUIM CKAHUPOBAHUE OJIHOTO
U TOTO )K€ y4acTKa IMOBEPXHOCTHU C aJICOPOUPOBAHHBIMHI MaKPOMOJIEKYJIAMHU
Ha BO3MyXe WM B BOJE, IIPH 3TOM BO BTOPOM CIydyae OTMEYaJOCh yBeJNYe-
HUE pa3peliaroneidl CiocoOHOCTH (IPUMEPHO B TPHU pasa), 4YTO MOXKET ObITh
CBSI3aHO C UCKJTIOUYEHUEM HETaTUBHOTO BIUSHUS KAIWUISIPHBIX CUII (CM. pas-
nen 1.3.1). KanuispHble CHITb yBETUUUBAIOT CUJIOBOE BO3/IEHCTBHUE 30H1a HA
o0Opaselr, YTO BBI3BIBACT AOMOTHUTEIbHBIC 1ehOPMALIUA MAKPOMOJIEKYIIBI, €€
pa3pylIeHre Wil HeCTAaOMIBHOCTD B MPOIIECCE CKAHUPOBAHMUS, ¥ IIPUBOIUT K
YMEHBIIICHUIO pa3peliaroniei CltocOOHOCTH.

Jpyrue uccineaoBaTesy Takke cooomarT, 4to, eciin ACM-uccrieqoBaHus
MPOBOJISITCS TUOO B CyXOM ra3oBoil aTMocepe (MHOTIA ISl YMEHBIIECHUS
OTHOCUTEJIbHON BIIAXXHOCTU TeMIlepaTypy paboueid aTMochepbl MOBBIIAIOT
10 60—100°C [49]), mubo B )UAKOCTHOM stuerike [50, 51], To BinusiHUE KaIui-
JIIPHBIX CHJI YMEHBINAETCS, YTO YBEIIMUMBACT JIOCTHTAEMOE ITPOCTPAHCTBEH-
Hoe pasperneHue. [IpuMeHeHne pexumMa IPEephIBUCTOTO KOHTAKTa (tapping
mode, cMm. pazaen 1.3.2)[52, 53] Takke MO3BOISET UCKIIOUYUTD BIUSHUE Ka-
MUAJUISIPHBIX CHIT; MUKPOCKOIIUSI TPEPBIBUCTOTO KOHTAKTA IMO3BOJISIET CETOHS
JOCTUYb pa3perieHus (Ipu MPOBEJICHUH UCCIICAOBAHUN B KHIKUX Cpeax),
HEOOXOAUMOTO JIJISl BU3YaTU3allMi BUTKOB ABOMHOM criupanu [JJTHK [54].

Ha nytu moxpbopa amekBaTHOrO MOAXoJa K MPHUTOTOBIICHUIO 00pa3loB
MOYET OKa3aThCsl MOJIE3HBIM HAKOIUICHHBIN 3a JAECSITUIICTHS! UCCIIeIOBAHUIMA
Oarax METOJIMK IIpenapupoBaHus 0OPa3IOB JICKTPOHHON MUKpPOCKOIUH. B
YIPOIIECHHOM BapHAaHTE MHOTHE M3 3TUX METOJUK MOTYT IPUMEHSITHCS U JITSI
penieHus 3a1a4 30H0BOM MUKPOCKONUU. Tak, MOIU(PUIIUPOBAHHBIA METO/
Knsitnimvuara [31, 32] (MeToa OenkoBO MIIEHKH, cM. pasnen 1.4) maeT xopo-
M€ Pe3yIbTAThI PU MCIIOIB30BAaHUU TUAPOGOOHBIX TToAIokeK [55]. Hemo-
CTATKOM METO/Ia MOYKET CIYXHUTh TO, YTO KOMIUIEKCOOOPpa30BaHUE MOJIEKYJT
HYKJIEMHOBBIX KUCIIOT ¢ OETKOBOM IIEHKON (4aCTO UCIOIB3YIOT IJICHKY 1IU-
ToxpomoB C) 3aTpydHsIET UCCIEIOBAHNE B3aUMOICHCTBUS ITUX MOJIEKYII C

ApyrumMu 6CJ'IKaMI/I, 4YTO OIrpaHUYMBACT KPYI' pCIIACMBIX 3ada4.
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Jns pukcammu pa3pepHyThIX MoJiekysl [JJHK Ha moBepXHOCTH MOMTOKKU
MIPUMEHSIOT TaKXke OeH3uauMeTuiIankuiaammonuii xiaopua (BAC) [56, 57] —
IIUPOKO UCTIOJIH3YEMBIH B 3JICKTPOHHON MUKPOCKOITMH pPeareHT, MpeACTaBIIs-
IOIINI cOOOM KaTHOHHOE TTOBEPXHOCTHO-aKTHBHOE BenecTBO (ITAB). BAC B
MaJIbIX KOHLEHTpausax (0Koso 5 X 107°%) 106aBIsAIOT HEMOCPEACTBEHHO B
pacTBOp, colepKaluii MaKpOMOJIEKYJIbI, TIepe]l HAHECEHUEM Ipernapara Ha
MOBEPXHOCTH Ciatobl. BenencTue cBoiicTB [TAB, Ha MOBEpXHOCTU Karelb-
KM, HAHOCUMOM Ha IOJUI0XKKY, (GOPMUPYETCS CTAaOMIbHAS TIJICHKA MOJICKYIT
BAC (co cBs3annbiMu ¢ Helt monekyiiamu JIHK), koTopast pacnpenensercs
M0 TTOBEPXHOCTH CITIOJIbI U CTAOWIIU3UPYETCS 32 CUET CUJI 3JIEKTPOCTATUYEC-
koro B3auMmoJielictBus. Mcnons3oBanue napyrux ITAB (B Manbix KOHIIEHTpa-
[IUSIX) TaK)Ke CIIOCOOCTBYET CTAOMIM3AIIMU MOJIEKYJT HYKJICHMHOBBIX KHCIIOT
Ha MoBepXHOCTH ctoabl. Tak, B pabote [58] mist pasBopauuBanus JJHK Ha
MMOBEPXHOCTH, YCHEITHO TPUMEHUIH 2,4,6-Tprc(AMMETHIIAMUHOMETHIT )(DEHOIT
(DMP-30) u xnmopua uermmnupunuaus (CP), mpeacrasisrorniye coboit, cooT-
BETCTBEHHO, HemoHHOoe U KaTuoHHoe [TAB. Ha puc. 4.1 (cTp. 125) npencras-
neH pesynbTaT ACM-uccnenoanus JJHK 6akrepuodara T4, ancopOupoBan-
HOM Ha MTOBEPXHOCTbH CITIO/IbI U3 PACTBOPA, COIEPIKAIIETO MajIble KOHIIEHTPA-
nun netuwitpuMmetuaammonnii opomuaa (LITAB). K Hemocratkam merona
¢ npumeHeHrueM [TAB MOXHO OTHECTH HEKOTOPYIO IMTOBEPXHOCTHYIO HEOTHO-
POAHOCTH MOJTy4aeMbIX 00Pa3IOB, UTO 00YCIOBICHO HEKOHTPOIMPYEMOCTHIO
nporueccoB (POPMUPOBAHUS TUIEHKU U KOMILJIEKCOOOpAa30BaHUs C UCCIEmye-
MBIMU MaKpOMOJIEKYJIaMH. Y JaUHBIM JOTIOJTHEHUEM METO/1a MOXKET CITYKUTh
HCIOJIb30BaHNe MeTOAUKH JIeHrMropa-biomkeTT: hopMupoBaHKe HA TPAHU-
11e paszena a3 KUIKOCTh/Ta3 mieHKr aMGuUIbHBIX ) MoNeKyI u mocney-
Io111ee KOHTPOJIMPYEMOE IEPEHECCHHE €€ Ha IOBEPXHOCTh TBEPAOM MOIOKKHU
(cM. raBy d).

B pa6ote [59] miis ummobunuzauuu mojekyil JJHK npuMenwin apyryio
METOUKY, CXOAHYIO C TPAJUITUOHHOMN /TS 3JIEKTPOHHON MUKPOCKOTTHH. Maxk-
POMOJIEKYJIbI aACOPOUPOBAIM HA MOBEPXHOCTH CIIOABI, CBEPXY HAMBUISIIN
cioit yriepona. ITocie aToro Ha yriaepo/1 NpUKJIEUBAIM CTAIbHYIO IJTACTUH-
Ky, CITIOJY yIaJsUTH, U OTKPBITOW 1T CKAHUPOBAHHS OKa3bIBajlaCh BHYT-
peHHsIst (oOpaleHHas! IPEXKIe K CITI0JIE) MOBEPXHOCTh YIIIEPOTHOMN TUICHKH
C ’KECTKO 3aKpEIUICHHbIMU B Hell mMakpomoJekynamu. [llepoxoBaTocTs mo-

BCPXHOCTHU er’IGpOI{HOfI IUICHKHU COCTAaBJIsIa, ITO OICHKaM aBTOPOB, CAMHUIIbI

19) T.e. COCTOSIMX U3 MONSAPHOI U THAPODOGHOI YacTn
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AHTCTPEM M JOIyCKaJla OJHO3HAYHYIO UICHTU(PUKAIINIO OT/IEIbHBIX MOJIEKYJI
JHK. ABTOpBI pabOThl OTMEUAIOT BHICOKYIO CTAOMIBHOCTH IPUTOTOBJICH-
HbIX 00pa3l0B — MaKpPOMOJIEKYJIbl HE pa3pyIIaIUCh MPU OOIBIIUX CHIIAX
BO3/EICTBUA 30H/a, Pe3YIbTAThl HE 3aBUCEIN OT CPElbl UCCIIEIOBAHUS (IKC-
MEPUMEHTHI TPOBOJUIUCH KAK Ha BO3/yXe, TAK U B KUIKOCTH), JJIUTEIIBHOE
XpaHEHHUe He BIIUSIIO Ha KayecTBO 00pasioB. HegocraTok aToro merozaa co-
CTOUT B €r0 OTHOCUTEIIBHOM 3KCIEPUMEHTAIBHON TPYIOEMKOCTH.

VYcenexu NpuMEHEHUsI aTOMHO-CHJIOBOM MUKPOCKOIIUU K HCCIIEIOBAHUIO
MOJIEKYJI HYKJIEMHOBBIX KHACIOT MO3BOJIMIIM JOCTUYD IIpOrpecca U MpH Mpo-
BEJICHUU TOHAOOHBIX HKCIIEPUMEHTOB METOJAMH CKAHUPYIOIIEH TyHHEIIb-
HOM MMKPOCKOMHUHU. XOpOIIHe pe3yabTaThl ObUIM TojydeHbl npu CTM-
uccnenoBanuu mosiekyn JJHK, ancopOupoBaHHBIX HA XUMUYECKH MOTUDHUTIN-
POBAHHBIX MOBEPXHOCTAX MeTAJLIOB [60]. Xumuueckast Mogudukalus BKIIIO-
yajia KOBAJIEHTHYIO CBSI3b XUMUUECKH IMOJIIPU3YEMBIX T'PYIIIT TUOJIOB C YHUC-
TOM moBepxHOCThIO MeTallia. Aacopouus JJHK ocymmectsisiiace 3a cuer Ky-
JIOHOBCKOI'O B3aUMOJIEUCTBUSI MOJIEKYJIBI C IJIOTHO YIAKOBAHHOW MOHOMO-
JIEKYJISIPHOM IJIEHKON THOJIOB, OPUEHTUPOBAHHOM MOJI0KUTEIbHBIMU (PYHK-
IUOHAJIPHBIMU TpynmaMu K Mojekyie JJHK. XapaktepHoit 0COOEHHOCTBIO
MpeJIcTaBlIeHHBIX B paboTe [61] m3o6pakenuii monekyn JAHK (mpurorosien-
HBIX 10 OMUCHIBAEMOMN METOJIMKE) SIBJISIETCS OTPULIATEIbHBIN KOHTPACT (P
JIBM)KEHUU HAJl MOJIEKYJION TyHHEJIbHAS UIJIa OITyCKAETCS HIKE, YEM IIPU JIBU-
YKEHUU HaJ] TOBEPXHOCTHIO MTOJIOKKH ), CBSI3AHHBIN, TO-BUAUMOMY, CO CITIa00H
MIPOBOJIUMOCTH MAKPOMOJIEKYJIBI.

JIpyroi nepcrneKTUBHBIN NOAXO/T K UCCIEA0BAHNIO MAKPOMOJIEKYJT METO-
namu CTM — npumeHeHrne HU3KOTOKOBOM TYHHEJIbHON MUKpockonuu [62] ¢
pabouyuM auana3oHOM TYHHEILHOTO ToKa MeHee 1 mA. B aTom ciyyae akcire-
PUMEHTAJIbHBIE PE3YIbTAThI [63] CBUIETEIBCTBYIOT O BO3MOKHOCTH BU3YaIu-
sauuu Mosiekys JIHK, ancopOupoBaHHBIX Ha TOBEPXHOCTHU AUIIEKTPUUECKOM
NOoU10KKU (cmronbl). TpaHcnopT 3apsiaa B CUCTEME 30HA-00pa3el-oIokKKa
OCYHIECTBIISIETCSl 32 CYET MPOBOJUMOCTH YJIbTPATOHKON IIJIEHKH BOJIBI, IO-
KPBIBAIOIICH MOBEPXHOCTU 00Opa3lia U MOJIOKKU IPU MPOBEACHUU HCCIIe-
JIOBAHUI B YCIOBUSIX KOHTPOJIUPYEMON OTHOCUTEIBHOM BiakHOCTU. OnTH-
MaJIbHOE€ 3HAYEHUE IMOCIEAHEN sl MOJOOHBIX SKCIIEPUMEHTOB COCTABIISAET
60—65%.

T.o. criekTp MpUMEHSIEMBbIX METOAMK MTPENapupoOBaHUs 00pa31OB HYKJIe-

HMHOBBIX KHUCJIOT IJIsA C3M BecbMa IINPOK. B 10 xe BpEMs CTOUT OTMCTUTD,
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YTO ONHCAHHBIE METOJMKH pa3paOOTaHbI IJISI UCCICTOBAHUS C80000HBLX MO-
nexkyn JJHK, mostoMy anmpuopu HEM3BECTHO aJACKBATHBI JIM OHM I U3Y-
YEHUsI, HAIIPUMEDP, B3aUMOJEHCTBUS HYKJIEMHOBBIX KUCIOT C O€JKaMu WU
MOBEPXHOCTHO-AaKTUBHBIMU BEIIECTBAMU. YIIOMSHEM TaKKe, UTO B JIUTEpa-
Type no C3M onucaHbl, B OCHOBHOM, JIUIIIb UCCIIEAOBAHUS IBYHUTEBBIX MO-
nexkyn HykiaenHoBbIX kucinoT: PHK u JIHK, umeromux nBoliHyo cnupalb,
Y MPAKTUUYECKU OTCYTCTBYIOT JaHHBIE 00 MUCCIEAOBAHUM OJTHOHUTEBBIX MO-
JeKyn (KOTOpBIE ClIOXHEee 3a(pMKCUpOBATh Ha TMOIOKKE B pacIpaBIIEHHOM

COCTOSIHUU), CM. TJIaBYy 3.

1.5.2. IIpumenenue 30HA0BOH MUKPOCKONMUH /ISl HCCJI€OBAHUS
CTPYKTYPbI U CBOHCTB MOJIEKYJI HYKJI€HHOBBIX KHCJIOT H

HX KOMIIJICKCOB

ITpu nmogbope ageKBaTHONW METOIUKHU MMPUTOTOBJIEHHST 00PA3II0B CKAHUPYIO-
I 30HTI0BBI MUKPOCKOTI ITPEICTaBIISIET COOO0M yIOOHBIN U HAIeKHBIN MTPH-
0O0p 11 UCCIIeIOBAHMS CBOMCTB OMOJIOTMUYECKUX CTPYKTYP HA MOJIEKYJISIPHOM
ypoBHE. YOeAUTEIbHBIM J0KA3aTEILCTBOM 3TOrO YTBEPKIECHUS MOTYT CIIy-
KUTb PE3YJIbTATHI PA0OT, MOCBSIIEHHBIX UCCIIETOBAHIIO KOH(POPMAIIMOHHBIX
CBOWCTB MOJIEKYJI HYKJIEMHOBBIX KHUCIOT U UX KOMIUIEKCOB ¢ 6enkamu, [TAB
U T.II.

ABTOpPBI paboTHI [35] uccaenoBaay BIUSHHUE CHEIU(DUUECKUX JIMTAHIOB
(IMcTaMMIMHA U MHUKPOTOHOTPOTIEHA-6b) Ha KOH(pOpPMaIMOHHBIE CBOMCTBA
Heckonbkux TUIOB MoJjiekyn JTHK meromom ACM mnpepbIBUCTOrO KOHTAK-
Ta. Pe3ynbTaThl MCCIEI0BAHUI HE TOJIBKO O0ECHEeUnIIi BU3yaIbHOE JOKa3a-
TEJIBCTBO BJIUSHHUS JAHHBIX JIMTaHA0B Ha kKoHpopMaruto JIHK, HO u mo3Bo-
JIWJTU CAENIaTh ONpe/IeJIeHHbIE KOJTMYECTBEHHBIE OIIEHKH, OCHOBAHHBIE HA aHA-
JIM3€ MPEICTaBIECHHBIX aBTOPAMU THMCTOTPAMM DPACHpENeNICHUs PACCTOSHUS
Mexay koHamu JJHK.

B pab6ore[36] uccienoBanmu crnenuduyeckoe B3aumopeiicteue PHK-
noniumepa3ssl u3 Escherihia colic IHK, conepxareii A P, mpomoTtop. O6pa3zo-
BaHHBIE KOMILJIEKCHI ObLIN BU3yaIM3upoBaHbl MeToioM ACM, Ha moJTy4eH-
HbIX M300paxkeHusix Habmonanuck MoJiekyiael JJTHK ¢ PHK-nonumepasoii,
JIOKQJIM30BAHHOM Ha PACCTOSHUHU 4/ OT OJJHOTO U3 KOHLIOB. [IpoBoamM aHa-
nu3 cTpyKTypbl koMiuiekca PHK-nmonmumepassr n JIHK kak B OTKPBITBIX KOM-

IJIeKcax, CBsI3aHHBIX ¢ poMoTopoM (OPCs), Tak 1 B CTAaOUIIBHBIX 3JIOHTAITH-
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oHHBIX KoMmIuiekcax (C15) ¢ oO6pazoBaHHBIM 15-HYKJICOTUIHBIM TPAHCKPUII-
ToM. Bbpl10 moka3zaHo, 4To B ob6jactu npukperieHns PHK-nonuMepassr mpo-
ucxoauT u3rud mostekyisl JAHK, npudem cpennuii yron uzrubda mis OPCs u
C15 cocrasnsan 54 £ 31° u 92 £ 37°, cooTBeTcTBeHHO. Ha ocHOBaHMM OOHa-
PYXEHHOT'O pa3Iuyus B 3HAUEHUSIX cpeaHux yrinoB usruda maiss OPCs u C15
ABTOPBI JIEIAIOT BBIBOJ, YTO MIPOIECC TPAHCKPHUIILIUUA COMTPOBOKIAETCS U3Me-
HeHueM cTpykTypbl komiuiekca PHK-nonumepasel ¢ JIHK, oGycnoBneHHoOM
KOH(OPMAIIMOHHBIMU U3MEHEHUSIMU MTOJTUMEPA3bI.

Bo3moxkHocte ACM-Bu3yan3aly MOJIEKYJISIPHBIX ITPOLIECCOB IPOJE-
MOHCTpHpOBaHa B paboTe [8] Ha OCHOBE MOCIEA0BATEILHOTO aHaInu3a obpa-
30BaHUs HecrenupuIHbIX KoMIiekcoB Mosiekyiabl [JIHK u PHK-nonmumepassr
B peajibHOM MaciuTade BpeMeHu. Cxema 3KCIepuMEHTa BKIIro4asa B ceOs a-
copbuuro makpomoitekyn JAHK nHa crrogy uz 10 MM HEPES Oydepa B nipu-
cyrctBuM noHOB Maraus (1-10mMM MgCl,), 3aTem ciieoBajiv MPOMBIBKA U
BBICYIIIMBAaHME OOpa3loB B 3kcukatope. Ilociae aToro o6pasisl moMenianu
B )KMJKOCTHYIO STYEHMKY MUKPOCKOIA, HAUMHAJIUA MPOLIECC CKAHUPOBAHUS, a
3aTeM B pactBop BBoamiu PHK-nonmumepasy. beuto nokazano, uro obpaso-
BaHMe KomIuiekcoB Oenok-JIHK nHabmrogaercs yxe yepe3 HECKOJIBKO CEKYH/I
nocie 100aBIeHUs TOJIMMEPa3bl, UYTO CBUIETEIILCTBYET O COXpAHEHUU HATUB-
Holt koHpopMauu PHK-nonumepassl n JIHK B nporiecce npuroToBieHus
00pa3LoB U MPOBEIECHUS UCCIEAOBAHUI. DTH Pe3yJIbTaThl JEMOHCTPUPYIOT
BO3MOYKHOCTb HCIIOJIb30BAHUS 30HI0BOM MUKPOCKOIIMH ISl UCCIIEIOBAHUS
MIPOLIECCOB, OTBETCTBEHHBIX 32 PACIIO3HABAHKME U COOPKY MaKPOMOJIEKYJISIP-
HBIX KOMITJIEKCOB B (PM3MOJIOTUYECKUX YCIIOBUSX.

Bonbuioe npukinagHoe 3Ha4€HUE UMEET BOZMOXKHOCTh PELLIEHUS METOJI0OM
ACM 3amaun gusuueckoco kapmuposanus JJTHK: cnenmuduueckue ydyacTku
MaKpOMOJIEKYJIbI TTOMEUYAIOTCS ONPEICIICHHBIMU MapKEpPaMH, aHATTU3 MECTO-
MTOJIOKEHHST 3TUX MapKepoB Ha mojiydaeMbix ACM-n300pakeHUsIX MO3BO-
JS€T COCTABJIATh KapPThl OTHOCHUTEIBHOTO PACIIOJOXKEHUS CIELUPUUECKUX
rocaeaoBaTeIbHOCTEH HyKIIeoTHA0B. Tak, B pabote[44] mpoaeMOHCTpHUPO-
BaHA BO3MOXHOCTh BU3YaJIU3AIIMH MECTOIOJIOKEHUSI OMOTHHA, KOBAJIEHTHO
MPUBSI3aHHOTO K MEPBOMY HYKJIECOTUy Mpaiimepa. buotun nomeuasncs 6er-
KOBBIM KOMILIEKCOM CTPENTaBUANH-CTAQUITIOKOKKOBBIN OCITOK A (cTpenTa-
BUJMH MMEET BBICOKYIO CIIOCOOHOCTH CBSI3BIBAHHUS C OMOTHMHOM, a OOk A
YBEIIMUUBAET pa3Mephbl MapKepa i OJHO3HAYHON ero MAeHTU(DUKAIIMN Ha

ACM-n300pakeHUsX).
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B pabotax [64, 34] ObLT UCITOIB30BaH METO KAPTUPOBAHUS KIIOHUPOBAH-
HBIX B IUTA3MUIHBIM BeKTOp nocnenoBaTenbHocTet LTR (yimHHBIe KOHIIEBBIE
ITIOBTOPBI) C TTOMOIIBIO CHEIU(PUIECKUX MapPKEPOB, UMEIOINUX XapaKTEPHYIO
dhopmy — R-nierenb. R-mretiu hopmupoBauck nocienopareabHocTssMu PHK
13 345 1 380 HyKJIEOTUAHBIX OCHOBaHUH, KoMIuieMeHTapHbIMHU K U3 1 U5 00-
nactsam LTR genosedeckoro sngorenHoro perposupyca K-10 (HERV-K10).
B mponecce o6pazosanus nerim PHK ¢opmupoBana mBoiiHyio crimpanib ¢
koMIuieMeHTapHbIM yuactkoMm [IHK, BeiTecHsst Bropyro muth JJHK, xoTo-
past KoJUIAIICUPOBAJla B PE3YJIbTATE BO3IEHCTBUSA HOHOB Mg 2T ; xapakTepHas
(hopma 00pa3oBaHHOM CTPYKTYPHI (ITETIISI) TO3BOJISIA YBEPEeHHON HACHTU(DH-
nupoBaTh ee Ha ACM-u3o06pakenusx. Paznuynas qmmHa 30HI0B MO3BOJIsIIA
YK€ U3 OJTHOM TUCTOTrPAMMBbI OIIPEICIIUTD KAK IMOJIOKEHUE, TAK U OPUSHTAIUIO
LTR. ITonyuyeHHbIE pe3yabTaThl IO3BOJISAIOT HPEANOIOKUTH, YTO B OyAyIlEM
paspetrenne mpuoopoB C3M MoKeT OBITh TOCTATOUHBIM JIJISI ONPEIeICHUS
nocienoBatelbHoCcTH HyKieoTuaoB JJHK.

VHUKaJIBbHYIO BO3MOXHOCTh 30HI0BOI'O MUKPOCKOIA Kak npubopa, mo-
3BOJISIIOIIETO0 MPOBOJIUTD MPEIIM3MOHHbBIEC UCCIEA0BAHUS JTOKAIHHBIX CBONCTB
MMOBEPXHOCTH, MPOAECMOHCTPUPOBAIN aBTOPHI paboThI[7]. OHU TMPOBOIMIN
MPsSIMbIE UCCIIEIOBAHUS CUJIOBOTO B3aUMOJICUCTBUSI, OTBETCTBEHHOTO 3a (pop-
muposaHue BUTKoB monekynsl JJHK, o cnenyromen cxeme.

Ha noBepXHOCTSIX MOMJIOKKU M KPEMHUEBOIO MHKPO30HAA CO3daBAJIU
JIBa TUIA MTOKPBITHUS, IPEACTABIISIIONIETO COO0H CI0M KOBAJIEHTHO MPUBSI3aH-
HBIX 32 OJIMH U3 KOHILIOB KOMILJIEMEHTAPHBIX OJIMTOMEPOB — B OJHOM CIIydae
(ALITT),, B npyrom (LIATI'T),. B npouecce B3auMoaelCTBUS NAapbl JaHHbBIX
OJIMTOHYKJIEOTUAOB (IJIMHON B 20 HYKJIECOTHUIOB) BO3MOXKHO OOpa3OBaHUE
koMmiIuiekcoB ¢ 20, 16, 12, 8 u 4 napamMu B3aMMOICUCTBYIOIIMX OCHOBAHUH.

B xoze skcnepruMeHTa MHOTOKPATHO U3MEPSIIM KPUBYIO CUIIOBOTO B3au-
MozeicTBus F'(z) MeXay 30HAOM U ToA10kKoi. Ha ocHoBaHMN 3THX pe3yiib-
TATOB OIPEAEIISUIN CUITY aIT€3UHU U CTPOWIIU TUCTOTPAMMBI €€ PaclpeiesICHuUs.
B ciiydae oTcyTcTBUSs cielIUYECKOro B3aUMOICHCTBUS MKy KOMIUIEMEH-
TapHBIMHU Y4acTKaMH HaOJII0AaI0Ch Obl OJTHOPOJIHOE TayCCOBO pacrpesere-
HUE IS CUJIbI aare3uu. OJHAaKO HA MOJYYEHHBIX TUCTOrpaMMax 4eTKO Ipo-
CIIeXUBAIUCH OTAenbHbIe uku (1,52 + 0,19; 1,1 +0,13; 0,83 + 0,11 uHH), oTo-
Opaxkaromue, 04eBUIHO, crienuduyeckoe B3aumopeiicteue 20, 16 u 12 map

KOMILJIEMEHTAPHBIX OCHOBAHUM (aBTOPBI YKA3bIBAIOT, UTO KOMILIEKCHI ¢ 8 1 4
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B3aMMO/ICHCTBYIOIIUMU MapaMU OCHOBAaHHUI TEPMOINHAMUYECKN HECTAOMITh-
HbI pu 27°C — TemnepaTtype MpoBeIeHUs UCCIISTOBAHUM).

CXOJIHYIO 3KCIIEPUMEHTAIBLHYIO CXeMYy — C 0Opa30BaHUEM MEX]y B3au-
MO/JICUCTBYIOIIMMHU MOBEPXHOCTSIMU «MOCTHUKOB» B BUJIE OT/CIILHBIX HUTEH
JAHK nnunoit B 160 ocHOBaHUM — MCIIOJIB30BAIM J151 aHAJIM3a BHYTPHUMOJIe-
KYJISIPHBIX YIPYTUX CBOMCTB. TakuM obpa3oM, aBTOpaM yaajaoch MPOJIeMOH-
CTPUPOBATH BO3MOXKHOCTh puMeHeHust ACM 1171 TpSIMOTO KOJIMUECTBEHHO-
ro aHaJin3a MEXMOJIEKYJISIPHOTO ¥ BHYTPUMOJIEKYISIPHOTO B3aUMOJICUCTBUS
B KOMILJIEKCaX OUOJIOTMYECKUX U CHHTETUUECKUX MAKPOMOJIEKYJI, YTO OTKPbI-
BaeT HOBBIE MTEPCIIEKTUBHI 11 OOHAPYKEHUS U JJOKAIU3aIUU CIEITU(DUISCKUX

MOCTIEA0BATEIbHOCTEN HYKIIEOTUI0B C AaHTCTPEMHBIM PA3PEILIEHUEM.
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I'1aBa 2

AHaJIu3 HeKaxxawinux 3¢ ¢exToB

ATOMHO-CHJIOBON MUKPOCKOIIMH

HecMmoTpst Ha BO3MOXKHOCTB JOCTHKEHHS BRICOKOTO ITPOCTPAHCTBEHHOT'O pa3-
penieHus1, nHGopManus, moxydyaeMasi METOAaMH 30HI0BOM MUKPOCKOTINH (B
yacTHOCTH — ACM), MOXKET HeaJeKBaTHO OTOOpakaTh peajibHble 0COOEH-
HOCTH TTOBEPXHOCTH, YTO SIBJIIETCS CIICACTBHUEM BIIMSHUS MHCTPYMEHTA HC-
CIIEIOBAHUS HA OOBEKT M NMPUBOJIUT K HAOTIOACHUIO apmeghakmos. DTH ap-
TeakThl, KaK MIPaBUIIO, JIETKO YUUTHIBAIOTCS Ha KAUECTBEHHOM YPOBHE IPH
unTeprnperarun ACM-pe3yIbTaToB, OJIHAKO CIEIUpUKA PAaa 3a1a49 MOKET
noTpedOBaTh KOJUYECTBEHHBIX OIEHOK U METOJIOB BOCCTAHOBJICHUS Peallb-
HOW T€OMETPUU OOBEKTOB.

MpbI mpoaHaIM3UPOBAJIU JIBa OCHOBHBIX apTedakta ACM, BIUSHUE KOTO-
PBIX CYIIECTBEHHO MPH IIPOBEICHUHN UCCIICAOBAHUI 0110€/1bHbIX MUKPOOOBEK-
TOB, aICOPOMPOBAHHBIX HA IOBEPXHOCTH TBEPIOM MOITTOKKHU: dpexTa yuiu-
penust npoguns u dbdexTa 3anuxcerus evicom ACM-u300pakeHnst 00ObEKTOB
uccienoBanus. [TocTponin KOJTWUYECTBEHHBIE METOIMKU yUeTa BIUSHUS pac-
cMaTpuBaeMbIxX 3QheKTOB Ha pe3yibTaThl ucciaenoBanus ACM. B ceete pe-
3YJIbTATOB Meopul KOHMAKMHuIX Oepopmayuii BOSHUKIIA HEOOXOIUMOCTH TIe-
PECMOTPETh MEXaHN3M BU3YaAIIM3aIMH aTOMHOU (MIJTH MOJIEKYJIIPHOM) CTPYK-

TYpBbI TOBEPXHOCTH Ipu ucciegoBanusx ACM.

2.1. KonraktHble nedopmanmu 30H1a 1 odopa3ua

C mnepBbix paboT no ACM-Buszyanu3aluy MOJIEKYJ HYKJIEMHOBBIX KHC-

70T [6, 41] oTMeuaock, uTo BeicoThl ACM-u3o0paxennii JIHK cymecrBenno
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3aHUKEHBI B CPABHEHHUH C MOJIEIbHBIMU MTPEACTABIIEHUSIMU O CTPYKTYPE MOJIE-
KyJibl. B TO 5ke Bpemst, 1s psijia ApYTrux 0ObEeKTOB (C OJU3KUMH (DU3UUECKUMH
CBOWMCTBaMHU, HO OTJIUYHBIMU T€OMETPUUYECKUMHU paszMepamu) 3hdekT 3aHu-
’KCHHS BBICOT IIPOSIBIISIETCS] HE CTOJIb BhIpakeHHO. Tak, B T1aBe 3 M3J10KCHBI
pe3yIbTaThl UCCIIETIOBAHMS BUPYCHBIX YACTHI] TAOAYHON MO3auKU U BUPYC-
Hoit PHK. bruto obnapyxkeHo (cm. paszaen 3.1, crp. 95 u manee), uto apdext
3aHWKEHUS BBICOT JIJISI BUPYCHBIX YACTHI] HECYIIECTBEHEH (IIPU MUHUMM3A-
LM CUJIBI BO3ACHCTBUS 30H/1a), B TO BpeMsl, Kak BbicoTa ACM-u3o0paxeHuit
MOJIEKYJI HYKJICMHOBBIX KUCIIOT B TEX XK€ YCIOBHUSX IKCIIEPUMEHTA 3aHUKECHA
6osiee ueM Ha 50%, HECMOTpPS HA TO, YTO U T€ U APYrUe OOBEKTHI BU3Yya-
JU3UPOBAaHBI HA OAHOM Kajape. [IpuMeHeHUe u3IaraeMoil HIKe METOIMKU
MTO3BOJINJIO OOBSCHUTH JAHHYIO 3aKOHOMEPHOCTD M CBSI3ATh €€ C Pa3IMUheM
paauycoB yactuil BTM (~ 10 HM) 1 HyKJIEMHOBBIX KUCIIOT (< 1 HM).

Cnenys [65] MBI TIpearonoxuin, 4To 3¢ dekT 3aHmkeHus Bpicor ACM-
M300pakeHU 0OBEKTOB CBSI3aH C KOHTAKTHBIMU AchopManusmMu. JlelcTBu-
TEJIBHO, B MPOIIECCE CKAHUPOBAHMS, KaK B PEKMME KOHTAKTa, TaK U MPEPhI-
BHCTOI'0 KOHTAaKTa, 30H/ BO3JAEHCTBYET HA 00pa3el] C HEKOTOPOU CHIION (CM.
paznen 1.3, cTp. 18 u nanee), BenmuunHa KOTOPOI OOBIYHO JICKUT B THAITA30HE
(1 + 100) x 10~ H. [eiicTBre 3TOI CHIIbI, B CBSI3U C YPE3BBIYAMHO MaJIbIM
paarycoM KpHBU3HBI 30HIUPYIONIETO OCcTpus (0OBIYHO OKOJIO 10 HM), mpH-
BOJIUT K BOBHUKHOBEHHIO 3HAUUTEIIBHOTO KOHMAKMHO20 NABIICHUSI, KOTOPOE

JIOJIKHO BBI3BIBATh KOHTAKTHBIC TepopMaIiu.

2.1.1. KoHrakT aBYX TeJI: pemieHrne KOHTAKTHOM 3aaa4yu ['epua

BriepBbie 3a1aua 0 KOHTAKTHBIX AedopMaIisaxX ABYX Tell Obljla pacCMOTpeHa
I'. 'epuem B 1882r.[66]. OcTaHOBUMCSI HAa OCHOBHBIX COOTHOIIIEHUSIX peIlle-
HUS Konmaxmuoil 3aoayu I epya[67]. PaccMoTpuM aBa Tena, KOTOpPbIE COIIPH-
KacaroTcs APYr ¢ APYrOM B HEKOTOPOU TOUYKE UX IOBEPXHOCTEH, cM. puc. 2.1 a,
Ha PUCYHKE N300paXeH pa3pe3 COIPUKACAIOLINXCS ITOBepXHOCTEH, O — TOU-
Ka KOHTAKTa.
BOu3u Touku kacanust O ypaBHEHHS TOBEPXHOCTENH MOTYT ObITH 3aIuca-
HBI B BUJIE:
Z = Xag.’t‘al'g,

| [
2= XapTalps

2.1)

51



Puc. 2.1. KonTakT aByx ten, negopmanuu;

a) — CONMPHUKOCHOBEHHE KOHTAKTUPYIOUIUX MMOBEPXHOCTE; 6) — nehopManuy MpH HaJI0XKe-
HUU COMXKAIOIIEH CUJIbI, h — COJIMDKEHHUE 3a cueT AedopMarvu, g — JaTepaabHbIi pa3Mep

KOHTAKTHOH INTOIAIKHI

/1€ IO JIBaX/1bl TOBTOPSIIOLIMMCS MHJEKCAM U [ — cyMMUpoBaHue. TeH30-
DPBI Xap U X,,5 XAPAKTEPU3YIOT KPUBU3HY IIOBEPXHOCTEH, NX TIIABHBIE 3HAYCHUS
paBubl 1/Ry, 1/Ry u 1/R}, 1/R), tne Ry, Ry, R}, Ry — TIaBHBIC PaUyChI
KPUBHU3HBI KOHTAKTUPYIOIINX OBEpXHOCTEN B Touke O.

Ecnu teneps 9TH ABA TeIa CIaBIUBAIOTCS HEKOTOPOM cuitoi F', To oHu Oy-
IyT neopMUpoBaTHCS U COIUBATCS HA HEKOTOpOoe paccTrosiHue h (puc. 2.1 0),
MIPU 3TOM 00JIACTHIO CONTPUKOCHOBEHUSI Oy/IET YK€ He OJHA TOYKa, a HEKOTO-
PpbIii y4aCTOK KOHEUHOM mtomaau S.

JlanpHEeWIIMN aHalIn3, MPOBEAEHHbIN ['epieM, BKIIIOYAeT pacCMOTPEHHE
TEH30DPA Xap + Xos» [VIABHBIE 3HAUEHUS KOTOPOTO A U B MOTYT ObITh BbIpa-

’KeHbl uepe3 Ry, Ry, R, R}, COOTBETCTBYOIINE (GOPMYIIBI AJIsI OOIIEro cayvast
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MpUBEICHBI B [67]:

1 1 1 1
+2C082(p E—E —,1——,2 y

T€ (¢ — YroJI MKy TEMU HOPMaJIbHBIMU CEUEHUSIMU ITIOBEPXHOCTEMH, B KOTO-
PBIX paguychl KpUBU3HBI — R; 1 R). (3HaKM pajinycoB KPUBU3HBI MOJIOKH-
TeJIbHBI JIJIS1 BBIITYKJIBIX TEJI U OTPULIATEIbHBI — JIJISI BOTHYTHIX).

N3BectHBIE cOOTHOIIEHHS [epria mokas3wpBarOT, 4To (GOpPMON 00IacTu
KOHTAKTAa SIBJISIETCS AJUTHIIC C TTOJYOCSIMU a U b, TpudeM (IIpU YCIIOBUU MaJIOC-

1 AedopMaIiii B CpaBHEHUU C COOTBETCTBYIOIIUMU PAJINyCAMU KPUBU3HBI):

:FD/ ¢
™ ) V(@ + OB+

o0

FD/ d¢
T ) (a4 &)+ & B+ §)E

0

A= (2.3)

r de
/ (B2 + &)/ (a2 + &) (b + )€’

rae
2

3/1—-o0 1— 0"

3nech E, E', o v o' moxynu FOnra u [Tyaccona matepraioB 30H1a 1 oOpasiia.

I'maBHbIE 3HAYEHUS] CYMMapHOTO TEH30pa KPUBU3HBI— A U B BBIPAXKAIOT-
sl yepe3 BeJIMYMHBI BUJa 1/R, 1 UMEIOT pa3MepHOCTh OOpaTHOU JIJTMHBI —
[ceM™1], a mapamerp D, omnpezensieMblii uepes BeIWUMHbI Buaa 1/E, numeer
pasMepHOCTh 06paTHOro nasieHus [[1a '] U MOXeT paccMaTpUBATHCA Kak
BEJIMYMHA, 00PATHO MPOITOPIUOHATIbHASI HEKOTOPOMY 3P PEKTUBHOMY MO/TY-
o FOHra o0J1acT KOHTAKTA.

BocmpousseneM, Takxke, GopMyITy, OMUCHIBAIOIIYIO PACIIPEACIICHHS 1aB-

JIEHUS B 00JIACTU KOHTAKTA:

3F x2 g2
a2 23)

P,(z,y) =
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Cootnomenus ['epua (2.3) cBA3BIBAIOT HCKOMBIE TTapaMeTPhI 3a,1a4u (I10-
JYOCH a, b 3JUTMIITUYECKON O0JIaCTH KOHTAKTa W BEJIWYMHY CONMXKEHUS h)
C W3BECTHBIMH ITapaMeTpaMu (cAaaBimBaromieit cuiaoi F, momynsmu FOHra
30HAa U 0Opaslia, napamerpamu A u B) yepe3 UHTErpajibHbIE 3aBUCUMOCTH,
CBOJIMMBIE K JJUTMIITHYECKUM HMHTerpajiam. OgHako B CHIIy TOTo, 4To (2.3)
SIBJISIFOTCSI CUCTEMOU HEJIMHEMHBIX YPAaBHEHUM C HESIBHBIMU 3aBUCHUMOCTSIMHU
OT UCKOMBIX TTapaMETPOB a U b, TO, U1 BO3MOXXHOCTH MX MPUMEHEHUS TIPU
WHTEPIIPETAIIMN IKCIIEPUMEHTAIbHBIX Pe3yJIbTATOB, HECOOXOIUMBI JTUOO pe-
anu3alus oOIIero YMCIEHHOrO PeLIeHUs, TM00 TOMOJHUTEIbHBIN aHAIU3 C

MPUBJICYEHUEM YITPOLIAIOIINX MTPEATOCHIIOK.

2.1.2. Konrakrt chepudeckoro 3ou1a u chpepuueckoro (Uim

IJIOCKOI0) oopa3ua

H3BecTHO, uyTO cooTHOIeHUs ['epuia (2.3) 1erko ympoIarmTes B ciydae, Kor-
Jla KOHTAKTUPYIOIIKE Tela UMEIOT C(HePUUECKYIO TEOMETPHIO (PACCMOTPEHHE
9TOrO Ciy4yasi BXOAUT B CTAHJIAPTHBIM KypC TEOPUU YIPYTrOCTH, CM. HAIIPH-
Mmep [67]).

Taxkast Mosie7Ib TeOMETPUM KOHTAKTA MOXKET HANTH IIUPOKOE MTPUMEHEHUE
B 3ajlayax, CBSI3aHHBIX C MHTepnperanueid pesyiabratoB C3M — npu pac-
CMOTPEHUN KOHTAKTHBIX JehopMalnii, BOSHUKAIOUIUX B IMPOIECCE CKAHUPO-
BaHUSI MHUKPOOOBEKTOB, (hOpMa KOTOPHIX MOXKET OBITh almpoOKCUMHPOBaHA
chepoit!), a Takxke MIOCKUX 06Pa310B, HAPUMED, TOHKHX ILJIEHOK.

Bocnpousseaem uzBecTHbie (POpMyIIbI U MpoBeneM olleHKU. Eciu 3011 1
oOpasel BOJIM3M TOYKU KOHTAKTA OMUCHIBAIOTCS CPEPUUECKUMU MTOBEPXHOC-

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

1/1 1
AZB:i(E“LE)

OTKyJIa a = b, U, U3 cooTHoueHui (2.3), caeayer, 4To obOIACTh KOHTAKTA

OyJeT MpeaCTaBIsITh COOOM OKPYKHOCTh pajauyca a:

1 1\7V3
a = (FD)'3 <§+§> : (2.6)

3nech D Takxe onucbiBaercs (2.4).

1) HanpuMep, MOJIEKYT psia GeTKOB U Mp.

54



Monynb a,HM — pa- h,HM — cOnu- P,TTla —
YIIPYroCTH amyc obiacTw JKCHHE 32 CUCT | KOHTAKTHOE
obpasua, [Ia | xoHTakTa nehopMauu JIaBJICHUE
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
102 0,7 1,4 0,04 0,2 3,7 7,9
MpU BelTnunHe commkaromei crrsl (HH):
5 50 5 50 5 50

Tabmuna 2.1. CpaBHUTCIIBHBINA aHAIN3 KOHTAKTHBIX jJe(opMaliuii, BO3ZHUKAIOIIUX

npu ACM-I/ICCJ'ICI[OBaHI/II/I MATCPUAJIOB C PA3JIMYHBIMU YIIPYTUMU CBOMCTBAMU.

Ouenku o gopmynam (2.6), (2.7) u (2.8) masg KOHTAKTUPYIOIIEro C IIOCKUM 00pas3iioM
kpemuueBoro 3oHaa (E = 1,5 x 10'! ITa) paguycoM KpuBU3HBI KOHUMKa R = 10HM mpu

JIBYX 3HAUEHUSX caaBnuBaomeii cuiel: F =5 x 100°Hu F =5 x 1073 H

I[J'IH BEIIMYUHBI h — COIMKCHHUS 30HOa U o6pa3ua 34 CUET KOHTAKTHBIX

neopmalmii — B 9TOM ciIydae cripaBeinBa opmyia:

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

R R
B atux ¢popmynax, kak u panee, F'— cuiia, c1aBIMBaroIas 30H1 1 006pasell.

U npusenem Gopmyity 71 BBIYUCICHUS 1aBJICHUS HA 0Opasel:

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

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

(2.8)

KpuBU3HBI R = 10 HM (TUIIMYHOE 3HAUeHue, cM. Tabauiy A.1) ¢ iockum o0-
pasLOM, M IPOBEIEM OLEHKH IS BYX 3HAUYEHUIN BEIMYMHBI CIABINBAIOUIEH
cunbl: F =5x 100°Hu F =5 x 1078 H (tabauua 2.1).

Tabnuia nepexpblBaeT AMAana3oH 3HaUeHUi MOyJIel ypyroctu obpas-
1oB ot 108 ITa (3HaueHne Moy ynpyrocTy nenomacra) 1o 10'? ITa (3naue-
HME MOJYJI yIIPYTOCTH anMa3sa). {1 MHOTUX MAaTEpUAIIOB 3HAYEHHS MOLYJIs
IOnra nexar B quanasone 100 < 10! IMa; 11 6MONMOIMMEPOB — KaK IPaBH-
10, B quanaszone 10° + 10 ITa. OauH U3 CylIECTBEHHBIX BLIBOJOB aHAIM3a
TaOIUIIBI TOT, YTO BEJIMUMHA KOHTAKTHOTO JABJIEHUS COCTABIISAET 3HAYMTEIIb-

HYIO BCIIMYUHY. N3 ananusa Ta6J’II/IL[I)I MOXHO HIPEAITOIOXHNTL, HAITPHUMED,
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yTo ACM-HuccaenoBaHus OUeHb TBEPABIX MaTepUaoB (TUIIA ajMasa) MpH
UCITOJIb30BAHUU OOBIYHBIX KPEMHHMEBBIX 30H/I0B MOTYT IIPUBOJIUTH K pa3py-
IIEHUIO TTOCIIEAHMX (IIPEIEIT IPOYHOCTU KpeMHust: o, = 0,7 x 10° ITa), eciu He
yIEIATh BHUMaHUE MUHUMM3AIIMU CUIIbI B3AUMOIEUCTBUS 30H1a U 00paslia.

Tot pe3ynbTat, 4To /Isi O0JIee )KECTKUX 00pa3IOB BhIIIE 3HAYCHUE KOH-
TakTHOTO naBjeHus npu ACM-ucciieIoBaHUSX, CITY>)KUT OOBSICHEHUEM Clie-
YOI 9KCIIEpUMEHTAIbHO HaOto1aeMoi 3aKoHOMepHOCTU. [ToBEpXHOCTH
C1100bl MOXHO JIOKQJIBHO Pa3pylLIUTh MPU CKAHUPOBAHUM y4acTKa HEOOJIb-
woit mromaau (100 x 100 HM?), eCM yBEIMUUT CUILY BO3AEHCTBHS 30HA 10
BeauuuHbl ~ 10~ 7 HH. B T0 e Bpems, B TOXKIECTBEHHBIX yCIOBUSAX IKCIIEPH-
MEHTa MOBEPXHOCTb hupozpaguma pa3pyluTh He yaaeTcs. DTO OObSICHSET-
CSl MEHBIIMM 3HAYEHUEM KOHTAKTHOI'O JAaBJIEHUSI BO BTOPOM CIIydyae B CUITY
MeHbIIIell skecTKoCTU nuporpadura’?)

C apyroii cTopoHsbl, corjiacHo Tabuiie 2.1, TUMMYHbIC 3HAUSHUSI KOHTAKT-
Horo naBiieHus B ACM-3KCIIepUMEHTe YaCTO MPEBBIIAIOT ITPEIEIIbI TPOYHOC-
ti®) MccaeyeMbIX 06pa3IoB U IPU MEHBUINX CHJIAX BO3IEHCTBHSA 30H/a.

B yem ke Toraa npuumMHa BO3MOXKHOCTH mpoBeaeHust metogoM ACM He-

pa3pylarorx UCCIeIOBAHUM MIUPOKOTO CIIEKTPa MaTEpHUaIOB?

Bo3Mo:kHOCTb NpoBeIeHNsI HEPa3PYIAIIIUX HCC/IeI0BAHMIA ¢ TOMOIIbIO
ACM

Mpbl nipeqiyiaraem cieyIoe apryMeHThl, OO bSICHSIOIINE BO3MOXXHOCTb IPO-

BEJICHUS HEpa3pyILIAOIIUX UccienoBanuil MerogqoM ACM:

e BOim3u 061aCTU KOHTAKTA UMEET MECTO NiepepacipeiesieHUe JIOKAIbHO
MPUIOKEHHOIO KOHTAKTHOTO JIABJICHUS MO TPEM MPOCTPAHCTBEHHBIM

HaIIpaBJICHUSM.

e [lpu nepaspywarowux ucciredosanusix Bpemsi BO3ICHCTBUS 30H/a Ha JIO-
KaJbHBIA YYAaCTOK MOBEPXHOCTU 0Opa3lia Majio B CPaBHEHUU C Xapak-

TEPHBIMU BpEMCHAMU ITPOLICCCOB PA3PYILICHUS ITIOBEPXHOCTHU.

JleicTBUTENIBbHO, BO-IIEPBBIX, 3HAUECHHS IIPEAEIIOB IPOYHOCTH ONPEAEIIs-
10T MMPUIOKEHNUEM Pa3pyIIAIOIIETO JaBJIEHUS K HEKOTOPOW MTOBEPXHOCTH 00-

pasua B 3aJJaHHOM HaIpaBJIeHUH (0JHOM). B HaleM cirydae Mbl ©UMEEM JIEJI0

?) 3nauenne MukpoTBepaocTH uporpadura H, ~ 10'° ITa, ciroast H,, ~ 2 x 10 ITa
3) mpezeNTbl MPOYHOCTH (IT0 CKATHIO) CITFOIBI K IPA(UTA COCTABISIOT 0y e =~ 0,5 x 10° TTa
U 0, e =~ 0,03 x 10° ITa cooTBeTCTBEHHO [68]
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C MPUJIOXKEHUEM K 00pa3sIly 10KaibHo20 JTaBIECHUS, KOTOPOE Iepepacipeaes-
€TCsI IO TPEM HaIlPpaBJICHUSIM.

Bo-BTOpPBIX, MpU CKAHUPOBAHUM 30H]1 OKA3bIBAET BO3/ICHCTBHE HA JTIOKAJIb-
HBII y4acTOK 00pa3ia B TeUCHHE MPOMEXYTKA BPeMEHU T ~ a/ Vi ~ a/Lf,
rae a — JIaTepalibHBIA pa3Mep objiacTu KoHTakTa (2.6), L — muHaA ckana
(cTpOKM CKaHMpPOBaHUS), f — YacTOTa CTPOYHOM pa3BepTKH, Vi, — CKO-
pocth ckaHupoBaHus. [IpuBeneM OLIEHKY IpaHUIl JUana3oHa XapaKTEePHO-
ro BpemeHu B3aumojeicTBusa. CorjacHo tadmuiie 2.1, TUIMYHbIE 3HAUCHUS
a ~ 1uMm. it yactorel ckanupoBanus 10 ' mpu pa3smepe kaapa 15 MKkM ume-
€M JUI BDEMEHU B3aUMOJIEICTBUS OLIEHKY T ~ 107° cek, a mpu pa3Mepe Kaapa
100 HM — 7 ~ 1073 cek. ITonmy4yeHHbIE OLIEHKU U ONPEACIISIOT IPAHUIIbI JUa-
Ma30Ha TUMIUYHBIX 3HAYECHUN BPEMEH B3aMMOJICHCTBUS 30HIa U JIOKAJIbHOTO
ydyacTka obpasua npu CKAaHUPOBAHUU.

ITockobKy MBI 3KCITIEPUMEHTAILHO OOHAPYKHIIH, UTO, B PE3yIbTaTe 3a-
MEJUIEHHSI CKOPOCTH CKaHUPOBAaHMs (YBEIUUEHHs T OT 3HaYeHus 10 ° cex 10
1073 cex Impy JOCTATOYHOM BENMYMHE CUIIbI BO3AEHCTBHS 30H/1a), PAIL UCCIIe-
JTyEeMBIX ITOBEPXHOCTEH MOXKET pa3pylIATHCS, TO MOXKHO MPEAIOI0XKUTh, YTO
XapaKTepHbIE BpEMEHa MPOLIECCOB pa3pyIIeHUs 3TUX TOBEPXHOCTEH 1101 JIO-

KaJIbHBIM BO3JICMICTBHEM 30H/1a MONAAAI0T B YKa3aHHBIM IMana3oH.

¢ dekT pa3pyieHus ucciieyeMbIX OBEPXHOCTEl Mpu 3aMe/1JIEeHHH CKOPOCTH
CKaHHPOBaHWA. 3aMeUICHHE CKOPOCTH CKaHWpOBaHUS (TIpU (PUKCUPOBAH-
HOM BEJIMYMHE BO3JCHUCTBYIONICH CHIIBI) MOXET MPUBOJUTH K Pa3pyIICHUIO
uccleyeMoil moBepxHoctu. Hampumep, ymensbleHue pasmepa kKaapa (pu
TOIf 7K€ 4aCTOTe CTPOUYHOI pa3BepTKu®)) MPUBOAUT K YMEHBIIEHHIO CKOPOCTH
CKaHUPOBaHUS (MEpEeMENICHUs 30H/1a MO TTOBEPXHOCTH) U MOXKET BbI3bIBATH
pa3pylieHne MOBepXHOCTH, YCIICITHO CKAHUPYEMOU TTPU OOJIBIINX pa3zMepax
KaJipa Ipy TOM K€ 3HAUEHUU CUJIbI BO3/ICHCTBUS 30H A.

Ha sTom nmpuHIIie ocHOBaHa anipoOWpOBaHHAS HAMHA METO KA (hOPMHU-
pOBaHUS B TOHKHUX OPTaHUUYECKHX IJICHKAX MCKYCCTBEHHBIX JIe(PEKTOB: yJac-
TOK IOBEPXHOCTHU 33JaHHOM IUIOIIAIA CKAaHUPOBAJIM IPU MENJIEHHON CKO-
pOCTH, YTO MPUBOANIO K JIOKAIbHOMY pa3pyILICHUIO TUIEHKU 30HI0M U yAa-
JIEHUIO €€ MaTepuajia ¢ 3TOrO y4acTKa; 3aTeM, IPU CKaHMPOBAHUM KaJpa

Oosbliero pasmepa (Ipu yBEIMYEHHONW CKOPOCTU CKAHUPOBAHMS), BU3YAITH-

%) 3HaueHMe YACTOTHI CTPOYHOI Pa3BEPTKU OFPAHMUEHO CBEPXY CKOPOCTBHIO OIH(BPOBKU
JAHHBIX
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3UPOBAJIM UCKYCCTBEHHBIN JeeKT B IUIEHKE, pa3Mephl U (popmMa KOTOPOro
COBMAJIAJIN C Y4aCTKOM IpeABapUTEIIbHOIO CKaHupoBaHus (cM. puc. 5.10). C
JPYTOf CTOPOHBI, CTOUT OTMETUTh, YTO UMEHHO pa3pylIeHHUE TOBEPXHOCTH
IIPY YMEHBIIIEHUH pa3Mepa Kaapa (3aMeAJIEeHUH CKOPOCTHU MIEPEMEILIEHU S 30H-
J1a TIO TIOBEPXHOCTH) SIBJISIIOCH OCHOBHBIM NPEnsimcmaueM Py UCCIIETOBAHUSIX
MOJIEKYJISIPHOM YTAaKOBKU TOHKUX IUIEHOK, CM. pa3aen 5.3.

MoxHO O6bUTO OBl IPEAIIOI0KUTH, UTO MEXaHU3M 3P deKTa CaeayONIrn.
[Tpu Oomb1I0M CKOPOCTH CKAHUPOBAHUS OOBEKT (HAIIPUMEP, TOHKAs IUICHKA)
HE «ycreBaeT» 1epopMHUpOBaThCS U d3PGEKTUBHAS TITyONHA TPOHUKHOBEHHUSI
30HJa MEHbIIE, ueM omnpenaeasemas Gpopmynoit (2.7). Ilpu 3amenieHnn cko-
pOCTHU TIepeMEIIeHHS 30H/ TIIy0Ke «BIaBIUBAETCS» B 0Opasell U, eciu TIIy-
OMHAa MPOHUKHOBEHMSI h CTAHOBUTHCS CPABHUMOM C TOJIIIUHON IJIEHKHU, TO
MMEET MECTO pa3pylLICHUE.

OmHako, Mo-BUIUMOMY, 3TO OOBSICHEHHUE HE MOXET OBITh MPUHSITO Kak
yHUBepcaabHOE. JleliCTBUTEIbHO, COIJIAaCHO OlleHKamu pasaena2.1.4 (cMm. co
cTp. 71), XapakTepHOEe BpeMsl YCTAHOBIICHHSI YIPYTUX KOHTAKTHBIX aedop-
Maluii cocTaBiIsIeT BENUYUMHY ~ 107 cek, 4TO MeHbIlE WM MHOTO MEHb-
e, 4YeM BpeMsi B3aUMOJICHCTBUS 30HAA M JIOKAJIBHOTO y4yacTka oOpasna
(1073 + 10° cex, cm. Bbiue). [T03TOMY NMPUMEHEHHE CTATHYECKUX (POPMYIT
TEOPUU KOHTAKTHBIX aedopmanmii (turma (2.7)) i aHanM3a pe3ybTaToB
ACM sBIsieTcsl ONpaBIaHHBIM, B CHITY Uero rIIyOMHY TPOHUKHOBEHUS 30H/1a
B oOpasell 3a cyeT ynpyrux aehopMaiui cjaeayeT CUuTaTh HE 3aBUCSIIEH OT
CKOPOCTH CKaHupoBaHUs. T.0. mpoBoauMbIe B pa3jere 2.1.4 olieHKH M03BOJIs-
IOT CIIeNaTh BBIBOM, YTO HaOI01aeMbIil 3¢ (deKT: pa3pylieHus] TOBEPXHOCTH
IIpU 3amedNieHuy CKOpOCMU CKAHUPOBAHUs HE CBSI3aH C JAMHAMMKOW IIpouec-
ca ynpyrux aepopMaiuii 1 J0KeH ObITh 00YCIIOBJIEH O0Jiee MeIICHHBIMH,
Heynpyeumu iporieccamu. T.e. pa3pyiieHrue NoOBEPXHOCTH UMEET MECTO B CITy-
yae, KOrja XapakTepHOe BpeMsl B3AaUMOJEHCTBHUSI 30H/1a U JIOKAJIbHOI'O y4acT-
Ka 00pasla CTAaHOBUTHCSI CPABHUMBIM CO BPEMEHAMU HEYNPYTUX MPOLIECCOB,
CBSI3aHHBIX C JIOKAJIbHBIM BO3EHCTBHUEM 30H/1a (IIPU JOCTATOUHOMU BEIMUUHE

CHUJIBI BO3JICHCTBUSA).
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2.1.3. Konrakrt cepnieckoro 30412 U UJIUHIPUIECKOTO

oOpa3ua

Moies TUIMHIPUYECKOTO 00pasiia MOKeT HalTH MMPUMEHEHHE TTPU aHAJIU-
3¢ AehopMalii MUKPOYACTHUIl HMITMHAPUYECKOHN (hOpMBI (BUPYCHBIX YACTHII,
JIMHEHHBIX MAKPOMOJIEKYJI U TIp.). OJIHAKO B 3TOM City4ae (KOHTAKT chepuyec-
KOT'0 30H]1a ¢ 00KOBOI MOBEPXHOCTHIO LIWIMH/PA) cooTHoIeHus ['epua (2.3)
He ynpormmatorcs®. [1o3ToMy MBI peann3oBany o0liee YNCIEHHOE PEIlIeHNe
cucteMsbl (2.3), a TakKe MpoaHAIU3UPOBAIIM JIBA YACTHBIX Cirydas (OJIU3KUX
Y pa3IMYaIONIMXCsl TJIABHBIX 3HAYEHUH CyMMapHOTO TEH30pa KPUBU3HBI KOH-
TaKTUPYIOIIMX IMOBEPXHOCTEM), ISl KOTOPBIX yIAJIOCh TOJYYUTh aHAIUTH-
yeckue (OPMYJIbI, BEIPAXKAIOIINE HICKOMBIE BEIIMUMHBI IBHO Yepe3 U3BECTHBIC

nmapameTpsl 3agaun. M3 hopmyi (2.3) cnenyer:

h= K (VI—aP),

R 2.9)

ada’

_Lon
bob’

rae K (k) — monubiil ammmuntuyeckuit unterpain. CoorHomenus (2.9) siBiis-

I0TCS TPOCTO ApYroit popMoii 3ammcu cooTHoeHu# (2.3).

Yuc/ieHHOe pelieHne 321241 0 KOHTAKTHBIX AedopManusax cepuieckoro

30H/1a U IIMJIHH/IPHYECKOro o0pa3ua

CooTHoueHus (2.3) ABISIOTCS CUCTEMON HEJIMHEHHBIX YPABHEHUMN, /1€ UCKO-

MbI€ BEJIMYMHBI BBIPAXKEHBI HESIBHO U€PE3 JUIMITUYECKUE MHTETPaJibl. ITO

00CTOATEIBCTBO OCIOXKHSIET pean3aliio YMCICHHOTO PELIeHHs], OCHOBAaH-

HOTro HerocpeacTBeHHO Ha (2.3). [ToaTomMy MBI NMPOBEIU JTOTOIHUTEIBHBIE

AHAJIUTUYECKHE TPeoOpa30BaHusl, OCHOBBIBASICh HA COOTHOLIEHUSX (2.9).
Bocnions3oBasiucs popmynoii [69]:

oK (k) 1 (E(k)
W‘E( 2 —K“f))’

5) aHAJIM3 TAHHON TEOMETPHH He BCTPEUAICS HAM HH B CTAHAAPTHOM KYpCe TEOPHH YIIPy-
roctu [67], Hu B muTepaType 1o ACM, O3TOMY MbI COUTH BO3MOKHBIM M3JI0KUTD BBIKIIAJIKH,
MPOBEICHHBIE HAMH ISl pACCMaTPUBAEMOTO CITydast
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rae E(k) — monHbli syumMnTudeckuit uurerpai, k' = /1 — k2, Bbrauciss

MIPOM3BOAHBIE B COOTHOIICHUSX (2.9), moayumm:

== -+ (2.10)

e K = K (,/1 - a2/b2), E=E (\/1 - a2/b2).
CootHouenue (2.10) saBisieTcs HETMHEHHBIM YPABHEHUEM C OJJHUM HEU3-

BECTHBIM — OTHOIIEHUEM a/b, UTO TO3BOJISET PEaTH30BATh €O PEIICHUE.

Hanee, n3 (2.9) nmoiyyaem 3aBUCUMOCTb:

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

KOTOPast TO3BOJISIET OIPEACIUTD b 10 N3BECTHOMY OTHOIIECHHIO a /b.

TakuM 00pa30M MBI CBEJIU CUCTEMY HEJIMHEMHBIX ypaBHEHUM K HE3aBUCH-
MBIM ypaBHEHHAM: U3 cooTHomreHus (2.10) MokHO uncieHHO®) ompenennTs
a/b, 3aTem, u3 cootHoinenus (2.11), 3HaueHue b. Bocrioyib30BaBIINCH TIEPBBIM
u3 ypaBHeHu (2.9) onpenensieM h. Tax rmojgydaeM Bce HCKOMBIE TAPAMETPbI:
h, a u b, T.e. 3aJ1aya pellIeHa YUCIEHHO B 001IEM BUje 0€3 UCIOIb30BAHUS
yrIpoIamomux npeanonoxenuid. Ilocne atoro gaBnenue (cpegHee) B ooaac-
TH KOHTaKTa TaKKe MOKHO ONpedenuTh: P = F/rab. Tekct nmporpamMmal’),
pean3yrolieil JaHHOEe YMCIIEHHOE pellieHue, mpuBe/ieH B «[IpunoxkeHun» Ha
ctp. 220.

PeanuzoBaHHOE pelieHKe CIpaBeIUBO [JIs MTPOU3BOJIBHON reoMeTpUn
30H1a U 06pa3ua8). HeoOxoauMmeble mts pereHus 3HaueHus: A u B onpeens-
IOTCSI UMEHHO 3TOM reoMeTpuei: JJis ciaydast KoHTakTa cepbl paauyca R u
OOKOBOIi MOBEPXHOCTU LWJIMHAPA paguyca R’ oHM BBIpaXaroTcs U3 COOTHO-

meHui (2.2) creayomuM oopa3oM:

1/1 1
A== (= +=
2<R+R’>’

_ 1
2R’

(2.12)
B

PaCCMOTpI/IM TCIICPb AOIIOIHHUTCIBHBIC YIIPOIIAIOIIHE ITPCAIIOIOKCHUA

HYACTHBIX CIIy4UacB.

6) MBI peasT30BaIM METO/ IIPOCTHIX UTTepaluii [70]
") HamMcaHHO# Ha A3bIKE C++
8) ecITM MX TOBEPXHOCTH OIMCHIBAIOTCS HEHYIEBBIMHU TIIABHBIMU PayCAMU KPUBH3HBI

60



Cuyyaii pa3jn4aoumMxcsl IIaBHbIX 3HAYEHHH CyMMAapHOr0 TeH30pa KPUBHU3-
HbI KOHTAKTHPYIOIIKX NOBEPXHOCTel. B citydae koHTakTa 30H1a 1 OOKOBOM
ITOBEPXHOCTH LIWJIMH]IPA, TTPH YCIIOBUH, YTO PAJANYC IUJIMHIPA MEHBIIIE PaJIH-
yca 30H71a, U3 popmyisl (2.12) creayer, 4TO TiIaBHBIE 3HAYECHUSI CYMMAapHOTO
TEH30pa KPUBU3HBI TOBEPXHOCTEN paznuuatorcs: A > B. U3 popmyisr (2.10)
(U1 HeToCpeACTBEHHO U3 hopMyi (2.3)) cleayeT, 4To B 3TOM ciiydae a < b.
Ecnmu paznuyne cocTaBiseT JOCTATOUHYIO BETMYUHY, TO MOKHO BOCIIOJIB30-
BaTbhCSI ACUMIITOTUKOH TOJTHOTO 3JUIMIITHYECKOTO HHTETpaia, CIipaBeyTMBOM

IpH yenoBuu a® < b?, 4To, OYEBUIHO, HE SIBJISETCS KECTKUM yCIOBHEM [69)]:

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

rae 6e3pasMepHbiil mapamerp C' 3aBUCUT, BOOOIIE TOBOPS, OT OTHOIICHUS

C:ln<4—b>—1.
a

Bocnonb3oBasiuch ypaBHeHusiMu (2.12, 2.13), MOKHO mOKa3aTh, YTO UMEET

rapaMeTpoB JUIUIICA a U b:

MECTO COOTHOLICHUCE!

2
C=In <4—b> B (2.15)

a Aa?’

N3 ypaBHeHus (2.15) mpu U3BECTHOM OTHOIICHUHM B/A MOXHO YHCICHHO
OIIPENIeTIUTh OTHOIIICHUE b/a U, COOTBETCTBEHHO, 3HAYCHUE OE3pa3MEepHOTro
napamerpa C. YucrneHHoe pelieHne MmoKas3bIBaeT, uTo 3HaueHue C' 1J1s MHO-
TUX 33124 JIOKUAT B Iramna3oHe oT 1 10 3 ¥, B YaCTHOCTH, TIPU aHAJIU3e KOH-
takTa 30H7a (R = 10 HM) U MOJICKYJIbI HYKJIEGMHOBOW KUCIIOTHI (R’ = 1HM) ¢
JIOCTATOYHOU TOUYHOCTHIO MOXHO BOCIIOJIb30BAThCSI COOTHOIIEHHEM C' =~ 2.
DopMyIIBI T MTAPAMETPOB JUIMITHYCCKON 00J1aCTH KOHTAaKTa a U b He-

CKOJIBKO I'POMO3 KU

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

20\ /3 X 1\ /3
=== /3 —
b < - ) X (FD)"? x <B> ,
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HO IT0 CBOEH CTPYKTYpe COBMAJAIOT ¢ ypaBHEHUEM (2.6) JIsI ©3BECTHOI'O CITy-
yas cpepryeckoro oopasia (4To €CTECTBEHHO), OTIANYUE JTUIIb B YUCIOBBIX
MHOXHTEJISAX M B XapaKTepe 3aBUCHMOCTH OT COOTBETCTBYIOIIMX PAINYyCOB
kpuBu3Hbl. [loacrasiss Bropoe u3 ypaBHenuit (2.16) B (2.14), nonyuum s
h:
4\ /3

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

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

ciyuast. [Tonyunm BeipakeHue 115 JaBIeHUs Ha 00pa3ell Ha ocHoBaHuU (2.13)

i (2.12): y y
F 1 F
p_ I _ x A3B)L/8 2.18

ab <167T2C’> 8 <D2> X (A°B) 2.18)

CTPYKTypa KOTOPOT'O TakKe coBnaaaet ¢ popmyioii (2.8), cripaBeytnBOM 115

chepuueckoro oopasiia.

Takum oOpa3om, nosydeHHble HaMu hopmyitbel (2.17), (2.16) u (2.18) pe-
IIAFOT MTOCTaBJICHHYIO 3a7auy. JlefcTBUTETbHO, UCKOMBIE TTapaMeTPhI BbIpa-
JKEHBI IBHO uepe3 u3BecTHbIe BennuuHbl (F', D, A, B) u napametp C', KOTOPBIit
MOJKHO ONPEACITUTh U3 COOTHOIICHUS (2.15) MITH BOCIIOIB30BAaTHCS OLICHKOM.

s ynoOcTBa CpaBHEHUS pe3yIbTaTOB TOYHOTO PelIeHus (TI0 COOTHOIIIE-
HusM (2.10), (2.11) u nepBbiM U3 (2.9)) u npubmmxkenHoro (mo (2.17), (2.16)
u (2.18)), mocrneaHee TakKe BKIIOUEHO B IPOrpaMMy PeIlIeHUs 3aJa4u O KOH-

TaKTHBIX JepopMaInsiX, TEKCT KOTOPOM mpuBeaeH Ha cTp. 220.

Cayyaii 6JIM3KHX TIJIaBHBIX 3HAYEHHH CYMMApHOIr0 TEH30pPa KPMBU3HBI KOH-
TAKTUPYIOIIUX NoBepxHocTel. Coydait OJIM3KUX 3HAUYEHUH BelMUuuH A u B
peanusyercs A1 3aJlaud KOHTAKTa cpepruueckoro 30H1a 1 OOKOBOM MoBepx-
HOCTH UWJIMH/PA MPU YCIIOBUH, YTO PAJANYC IIMIMHAPA MHOTO OOJIBIIE paIn-
yca 3oHaa. Toraa, B cuiy cooTHomneHuit (2.12), nefictButeabHo A ~ B u,
B cuity (2.10) (unu HenocpeacTBeHHO (2.3)), umeeMm: a ~ b. B atom ciayuae
acumnroTuka (2.13) TepsieT IpUMEHUMOCTb.

[Tpu BBINONIHEHUU YCIOBHUSI a ~ b ClelyeT BOCIOJIb30BATHCS APYroun

ACUMNTOTUKOU MOJIHOTO AJUITMIITHYECKOrO UHTerpaja [69]:

K(k) = g(1 +m)[L+ ;—Zm2 +o

rnem = (1—-Fk)/(1+Fk),ak' =v1—-k%
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B aTom cityuae i1 mapamMeTpoB 00JIACTH KOHTAKTA a U b C IpUBJICUEHUEM

cooTHoteHui (2.12) u (2.9) MOXKHO BBIBECTH CIICYIOIINE 3aBUCHUMOCTH:

od
bB
/ (2.19)
1 1 1/3 A —1
a—[2FD<Z+§>] <1+§> ,
OTKyHOa:
1 1 1/3 A —1
_9l/3 1/3 o= il
a=2Y3(FD) ><<A+B> <1+B>
(2.20)

A B A

YTO COBIAJAET MO CTPYKType ¢ (2.6) u (2.16) u mo3BoysieT HAUTH a U b 1O

1/3 -1
b=2Y3(FD)'/? x <l + 1) (1 + 5) ,

U3BECTHBIM IIapaMeTpaMm 3aJayu.
JList conmkeHust 30HAa 1 oOpasia 3a cueT AeopmMaluy MOIyINM:

h = (FD)%? RIS o 2.21

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

W niis BemnuuHbI 1aBieHUs Ha oOpa3ell MMeeM BhIpakeHHUe:

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

WTak, u 11 paccMaTpruBaeMoTo Clydasi HAMH IOJIyYeHbI aHATUTHYECKUE
dbopmynsl (2.21, 2.20), pemaromue 3amgauy. st ynio0cTBa CpaBHUTEIBHOTO
aHaJli3a ¢ TOYHBIM YMCJICHHBIM PEIICHUEM MbI TaK)Ke I00ABWIIA ITPUBE/ICH-
HBIH BBINIE aJITOPUTM B TEKCT MPOTPAMMBI PEIICHHS 3aJ1aud O KOHTAKTHBIX

nedopManusx (TEKCT MPOrpaMMBbl cM. Ha cTp. 220).

KounrakTHbie nedpopmanuu 30H1-00pa3en-noaioxKa

Bri1iie MbI paccMOTpeIn KOHTAKTHBIE aehopMalii B 00J1aCTH COIPUKOCHO-
BeHUs 30H1a U oOpasma. OgHako obmas aedopMaliysi, ompeaestomas 3a-
HkeHue BbICOTBI ACM-ipoduiis, BKITFOYAET €lle U BKIIaa jJedopmanuii B
o0jacTH KOHTakKTa oOpasla M IMOMJIOXKKU (MMeeTcs B BUAY Ciydyail, Korjga
CBEpXy Ha oOpasel JaBUT 30HM). [J1s1 3TOro ciaydasi OCTalOTCs CIIpaBeI/IMBbI-
MU TIPUBEJICHHBIE BBIIIIE PEIICHUS, HY)KHO JIUIIIh COOTBETCTBYIOIIMM 00pa3oM

NepeonpenenuTh napamerpsl A u B.
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I'eomerpust koHTaKTa OOpa3ua paguyca R’ (Ha KOTOPBIH CBEpXY AAaBUT
30HA paguyca R)?) U MIockoif MOMIOKKH TO3BOJISET OMPEICINTh 3HAUCHHUS

Au B o popmynam (2.2):

!
- 2R

1 1
B_§<R+2R>'

AJ'IFOpI/ITM aHaJIn3a 9TOoro ciydasa UACHMHO HE OTIMYACTCS OT IIPOBCACH-

(2.23)

HOTO BBIIIE /JIs 3HaueHuit A u B, onpenenseMsbix popmyioit (2.12), ero pe-
3yJIbTAThl BOLLJIMU B Ta0IUILy 2.2.

Boobme, Bkiag B hopmyiy s 3aHmkeHus: BeicoT ACM-tipodmist 00b-
€KTOB HMCCJIEIOBAHMS 32 CUET KOHTAKTHBIX JehopManuii Ipu CKAHUPOBAHUHI

HaroT TpH CllaracMbIX:

AhcyM = Ahsohtd/ obpasey + Aho6pa3@u/n00ﬂomm - Ahsoud/nodﬂoofcma (224)

r7ie BTopoe ciaaraemMoe (paKTUYECKU COBIIAJIAET C MEPBBIM B CIydae MallbIX
pannycoB nWiauHApa. YTo KacaeTcsi TPEThero ciiaraeMoro, ToO OHO OIpeie-
asietcst popMystont (2.7) (TUIMYHBIE 3HAYCHHS MMPHUBEACHBI B TaOmwmie 2.1), u
IIPY aHAJTU3e PE3YJIbTATOB MCCICTOBAHMS «MATKUX» OMOOOBEKTOB, aJCOPOU-
POBaHHBIX HA KTBEPABIX» MOJIOKKAX, UM MOXKHO IMPeHeOpeyb B CPABHEHUH C
MIEPBBIMU JIBYMSI.

OmHako MpH aHaJM3e CiIydas «MSTKOW» TOJIOKKH TPEThe ClaraeMoe
dhopmysr (2.24) cnenyeT yunuTbiBaTh. Tak, n3 tabmui 2.1 u 2.2 cieayer, 4To
3aHWKEHUE BBICOT LMJIMHJpUUYECKOro obpasua (paauyc 1 Hm, moaynb FOH-
ra 10'°ITa, cuna Bosxeiictus 3ou1a 5SHH) B ciayyae CaroasHON MOMIOKKA
(E ~ 10'1IIa) Gymer B ~1,4 pasa Goaviue, ueM B ciaydae muporpaduro-
BOit (E ~ 10'°T1a) momioxku. DTOT BBIBOJ COITIACYETCA C IKCIIEPHMMEHTOM:
JEUCTBUTENIBHO, MPU UCIIOJIb30BAHNU B KAUECTBE MOJIOKKH CITFO/IbI 3aHUKE-
Hue BBICOT ACM-u300pakeHuit MOJIEKYJT HYKIeUHOBbIX KUCA0M OOIbIIe, YeM

P UCIIOJIB30BAHUU TUPOTPAPUTOBOM MOIOKKH.

9) 06pasen ciemyeT paccMaTPUBATH B ITOM CIydae KaK H30THYTHIH UIHHAID C PATHycoM
u3ruba MOBEPXHOCTH, KOHTAKTHUPYIOIIEH ¢ MOT0XKOi: R + 2R/
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IIpnmeHenne pa3padOTaHHOIO AJrOPUTMA K CPABHUTEILHOMY AHAJIH3Y

nedopmaiuii 06pa3ioB ¢ pa3IMnYHbIMH 3HAYEHUSIMHU PAJNyCOB

B kauecTBe WUTIOCTpAIIMU MBI IPUMEHUIN pa3pabOTaHHBIA aJITOPUTM IS
BBIYMCIICHUS! KOHTAKTHBIX JeopMalnuii B MOAETbHBIX CIy4asiX LWIUHIPU-
yeckoro obpasia ¢ paauycom 1HM U paaumycoM 10 HM u chepuyeckoro oob-
paslia ¢ TeMH K€ 3HaYCHHSIMU pajuyca. Pe3yabTraThl MpUBEICHBI B TAOJIH-
ne 2.2, rae Uil ynoOCTBa CPaBHUTEIBLHOTO aHAIM3a JJISI BCEX CIYy4aeB MC-
MOJIB3YIOTCSl OJIMHAKOBBIE MMapaMeTpbl: 3HaUeHus1 Mmoayiieid FOura o6pasios
(E; = Ej = 10'°IIa), 3ouma (E = 10 ITa), cuiabl BO3JEHCTBHS 30HIA
F = 5 x 107°H u paguyca KpuBHU3HBI KOHUMKa 30H1a R = 10HM. BbI-
60p 3Hauenuit moayneit FOura o6pazon (10 I'Tla) oGycnoBieH Tem, 4TO 3TO
3HAYEHUE SIBIISICTCS] BEPXHEW TpaHUIEH MOJyJIed YIPYTOCTU OUONOIUMEDOS.
[TosTOoMy 3HaueHUs1, TPUBEACHHBIE B TAOJUIIE, TOKHBI PACCMATPUBATHCS B
CMbICIIe «kkaK MUHUMYM» Iipu ACM-ucciaenoBanusix OM00OBEKTOB; B TAKOM
cllydae U3 aHaJin3a TaOJIUIBI CIIEMAYET BHIBOJI, YTO POJIb KOHTAKTHBIX Aedop-
Maluii BeChMa 3HAYMTEIbHA U JOJDKHA YUUTHIBATHCS MPU UHTEPIIPETALINU
pe3yIbTaTOB MOAOOHBIX IKCIIEPUMEHTOB.

B Tabnuie mis numuHApIYecKoro odpasiia MpuBeaeHbI Pe3yIbTAThI YUC-
JICHHBIX pPAacuYeTOB TOYHON METOIUKH, PEaTU30BAHHON IO COOTHOIICHUSM
(2.9),(2.10) u (2.11). PacueTs! mo npubIMKEHHBIM METOAUKAM JAIOT He3HAUH-
TEJIbHBIC PA3JIMUMS C TOUHBIM PelIeHUeM: I ciydas R = 1 HM pelieHue 1o
dbopmynam (2.17), (2.16) naet oTiM4me B 3HaUEHUSIX a U b okojo 2%, 1 B 3HA-
ueHun h— 0,5%; mrst cmydast R = 10 HM perrenue 1o popmynam (2.21), (2.20)
JIA€T OTJIMYKE OT TOYHOTO perieHus 1j1s a u b okono 10%, miist h okosnol%.

N3 tabnuiel crieayer, 4TO MPU MPOUYUX PABHBIX YCIOBHUSIX OTHOCHUTEIb-
HbIe epopManii 0OBEKTOB C MEHBIIIUM PAJNYCOM KPUBHU3HBI CYIIIECTBEHHO
BBIIIIE. DTO MOATBEPKIAACTCS IKCIIEPUMEHTOM: OMHOCUmMeIbHble AePOopMaIn
MOJIEKYJI HYKJIEMHOBBIX KUCIOT (PaanyCc KPUBU3HBI OKOJIO 1 HM) MPEBBIIAIOT
omHocumenvHole NepopMalii BUPYCHBIX YaCTHI] TAOAUYHON MO3AUKH, TaXe B

TOM ClIy4da€, Koraa OOBEKTHI BU3YyaJIM30BAHbI HA OJJHOM Kanpelo).

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

1 HM 30H71/06paselr 0,7 HM 3x10°Ta | 0,57um | 29%
00pasern/moIoxKa 0,7 HM 3x10°TIa | 0,55uM | 28%
cymmaphas nepopmarust: | 1,12uM | 56%
10 M 30H1/00pa3ern 1,3am 1x10°Ma | 0,328M | 1,6%
06pazen/moaioKKa 1,6 um 0,6 x 10°Ta | 0,26um | 1,3%
cymmapsas aepopmarus: | 0,58 am | 2,9%

yuruHopudeckuii oopasey

1uMm 30H1/00pa3ern 0,46 m2,2uMm | 1,6 x 10°Ta | 0,36 um | 18%
obpasen/moanoxka | 0,47 u2,4um | 1,5 x 10°TIa | 0,34um | 17%
cymmapsas pepopmanus: | 0,7am | 35%
10 am 30H,1/00pa3zelr 1,1ul,8um | 0,8 x 10°Ta | 0,29 um | 1,4%

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

Tabmuna 2.2. CpaBHUTEIbHBINA aHAIN3 KOHTAKTHBIX JehopMallnii 11t MOJIeNeH cde-

PUYECKOTr0 U IWIMHIPUIECKOTO 00Pa3IoB PA3IUYHOTO Pauyca.

PaccmatpuBanu nBa 3HaueHus paauyca oopasma: 1 u 10 aM. Bo Bcex cydasix UCIOIb30BaHbL
OJITHU ¥ T€ XK€ MapaMeTphl 3aaun: 3HaueHus Moayiei FOura obpasuos (E] = Ej = 10'° IT1a)
u 3ou1a (E = 10! [Ma), Benmumuunsl cxumarommeit cuitbl F' = 5 x 1072 H u paanyca KpUBU3HBI
KOHYHMKa 30H71a R = 10 HM.

B cTonbmnax TabIuIbl yKa3aHbL:

R' — panmuyc o6pasia

a 1 b— mapaMeTpsl 00JIaCTH KOHTaKTa

P — KOHTaKTHOE JIaBJICHUE

h — BenmunHa cOMMKXEHUS 3a c4yeT AepopManuu

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

NTtak, npruMeHUB TEOPHIO KOHTAKTHBIX JeopMarinii, Mbl OOBSICHUIIN OCHOB-
HbIE 3aKOHOMEPHOCTH 3¢ deKTa 3anrmkeHus BbicoT ACM-n300pakeHuit mpu
nposeaeHun ACM-uccieqoBaHuiA.

MpbI noka3aau TakXke, YTO 3aBUCUMOCTh BEJIMUMHBI AepopMalvu OT Ma-
paMeTpoB 3aj1au UMeeT B 0011eM cirydae (cM. hopmyis (2.7), (2.17) u (2.21))
BU/I:

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

rae f(R)— HekoTopast pyHKIIMS pauycOB KPUBU3HBI 30H1a 1 00pa3na (pas-
meproctu [1/cmY/3)), F — cuia BosjelicTaus 30H1a Ha 06paselt (10 IePKH-
BaeMasi B IPOIIeCCe CKAHUPOBAHMS CUCTEMON OOpPATHOM CBSI3M HA 33 JaHHOM
YPOBHE).

C 1eTbI0 SKCIEePUMEHTAIBHON MpOBepKU 3akoHa h ~ F2/3 Mbl mpoBe-
JIV KICCIIETOBAHMS TECT-00bEKTOB — BUPYCHBIX YACTHI] TAOAYHON MO3aUKH U
mosekyn JAHK (umerormux yununopuyeckyro ¢popmy) — MpH pa3IUUHBIX 3HA-
YCHUSIX HATPYXKAIOIIEH CUITbI TPU CKAHUPOBAHUH.

JI1st BUPYCHBIX 4acTUIl TaOAYHOW MO3aMKH HaOJII0/1a]IOCh XOpOIlee Co-
BIT4/ICHUE SKCIIEPUMEHTA C TeOopueH (T.e. C 3aKOHOM «IIBE€ TPEThbux» (2.25)),
CM. puc. 2.2

DKCIEPUMEHTAIIPHYIO 3aBUCUMOCTh H3MEPSUIM IyTEM aHaJn3a BBICOT
ACM-n300pakeHnli BUPYCHBIX YACTHII, IIOJYUYESHHBIX IIPU PA3IMYHOMN BEJIH-
YUHE CWJIbI BO3JICHCTBUS 30H 14 IIPH CKAHUPOBAHUU (Ha rpaduke 0003HAYCHBI
CpeIHEKBaApaTUIHbIC OIIMOKHU CPEIHUX apu(PMETUIECKUX, OTIPE/ICIICHHBIE IT0
pe3ysibTaTaM YCPEIHEHHSI M3MEPSEeMbIX 3HAUCHHWI BBICOT JIJISI HECKOJbKHUX
ACM-u306paxenuii yactui'?)). TeopeTndeckass 3aBUCUMOCTh PACCUNTAHA
0 pa3pabOTAaHHOM BBIIIE METOIMKE (TOUHOE PEIICHNUE), T UCTIOIb30BATIUCh
3HAYEHUS pajuyca 30H1a R = 25 HM (3HaYCHHE OTIPEIeNIEHO 13 IKCIIePUMEH-
Ta Ul KOHKPETHOI'O 30HAa) U MOAYJIA yIIPyrocTu oobekra ' = 4 x 10°I1a
(3HAYCHME OTPE/ICIICHO AIIPOKCUMAIIMEH IKCIIEPUMEHTAIbHBIX TOYEK).

DTO MO3BOJIIET MPEIOKUTh METOANKY U3MEPEHUS MOMAYJS YIPYroCTH
0MOeNbHO20 MUKPOOObeKma, aicopoOMPOBAHHOTO HA MOBEPXHOCTH TBEPIOH
Mo7T0KKHU. [{J1s1 3TOro Heo6xoauMo u3MepuTh BeicoTy ACM-nipoduiist 00b-
€KTa MPHU Pa3IMYHBIX 3HAUCHHUSIX CUJIbI BO3JICHCTBUS 30H1a MIPU CKAHUPOBA-

HUM, a 3aTEM, U3 AIIITPOKCUMUPYIOIIEH 3aBUCUMOCTH (3aKOHA «JIBE TPETHUX>),

1) 15 KAXKIOTO 3HAYEHHS CHITBI aHAM3UpoBanock 30 yactury BTM
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Puc. 2.2. 3KCHCpI/IMCHTaHBHa$I U TCOPECTUYCCKAA 3aBUCUMOCTHU I[C(i)OpMaHI/II/I qaCTHIL
BHpYyCa TaOaYHON MO3aUKU OT BEJIUYHHBI Harpymafomeﬁ CHJIBI BO3I[€fICTBI/I$[ 30HAa

MpU CKAHUPOBAHUU

ONPEIETUTh UCKOMOE 3HaueHue D (CBA3aHHOE C MOJIYJIEM YIIPYTOCTH 0OBEKTA
1o (2.4)). MbI ucnosipb30BaJIv 3Ty MPOLEAYPY I onpeaeneHust Moayiist FOH-
ra otaeabHbIX yacTull BTM u nmonyuwiu, 4To HaliiIeHHbIE 3HAUEHMS JIEXkKAT B
auanasone 3+ 4 x 10° ITa. DTa MeToMKa ONpeaeIeHUs YITPYTHX [IAPAMETPOB
aJIcOpOMPOBAHHBIX OOBEKTOB MOXKET YCIIEITHO MPUMEHSITHCS B CIydae, €Cliu
OTHOCHUTENIbHBIE AeOopMaIi OOBEKTOB HEBEIIMKU (MHAYE TePSICT TPUMEHU-
MOCTb T€OpUsI KOHTAKTHBIX JiehopMaliuit). [TorpentHocTi MeTOUKY CBSI3aHbI
C OIPEIIHOCTHIO KaTUOPOBKU cKaHepa'?), MorpelHOCThbIO ONpeieIeHus 11a-
pameTpa reomeTpuu uriel (R)'3), onpesienenns ypoBHs «HyJIE€BOTO» M3ruba
KaHTUIeBepa (MUHUMAJIBHOTO BO3JICHCTBUS 30H/1a) U MOTPEIIHOCTHIO OIpe-
JleTIeHnst )KECTKOCTU KaHTuieBepa pupMoii-npoussoaurenem') (uto npuso-
JUT K MOTPEITHOCTSIM B OTPE/IeJICHUU 3HAUYEHUM CUIIbI BO3ACHCTBUS 30HA).
O1HaKO MOTEHIMAIBHO JKECTKOCTh KAHTUJIEBEPA MOXKHO OIPEEIATh C O0JIb-

el TOYHOCTHIO, MCIIOJIB3Ysl KAIMOPOBKY IO PE30HAHCHOM 4YacTOTE KOJIe-

12) MBI OIIEHMBAEM TOYHOCTH KATMOPOBKH Ha ypoBHE 5—7%

13) xaKk MOKa3bIBAET AHAIIM3, PEIIEHHE OTHOCHTEIBHO YCTOMYMBO K BAPUAIIMM ITOTO Tapa-
MeTpa

14) moxet cocTaBnaTh Gomee 10%
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O0aHMif. DTO MOXKET MOBBICUTH TOYHOCTD OIMPEIEICHUS YIIPYTUX MapaMeTpoB
OTACIIbHBIX MUKPOOOBEKTOB JI0 YPOBHS, ONIPEACIIIEMOT O BETMUYNHON HAOpaH-
HOM CTATUCTUKU BBICOT OOBEKTOB U JUCIIEPCUEH ITUX 3HAUCHU.

N3 puc. 2.2 cienyer, 4TO 3aKOH «IBE TpeThbUX» (2.25) cipaBeJIuB JJ1s UC-
CJIETyeMOTO Clly4as B IIMPOKOM JHMAIla3oHe CHJI, 32 UCKJIIOUEHUEM 00J1acTh
MUHHMMAJIbHBIX BO3JEHCTBUI. DTO CBSI3aHO CO CIEAYIOIINM: 32 HYJIEBOE 3HA-
YEHUE B HKCIIEPUMEHTE BHIOMPAIM MUHUMAJIbHO BO3MOXHOE 3HAUEHUE Ha-
rpyKalolieil CUJibl, TPU KOTOPOM YAABAJIOCh OCYIIECTBISATh CKAHUPOBAHHUE.
OnHaKo B CUIIy TOrO, YTO KCIEPUMEHT MPOBOAUIN B €CTECTBEHHON aTMO-
cdepe, HaTMYNE KAMMUISIPHBIX CHIT (KaITWJUIIPHOTO MOCTHKA), OYEBUIHO, HE
MO3BOJISTIO MUHUMM3UPOBATH CHIIY BO3JCUCTBUS O BEIIMYMHBI, MEHbIIICH,
YeM HEeCKOJIbKO HAaHOHBIOTOHOB.

JIns aHaM3a KOHTAKTHBIX JehopMaIiuii MOJIEKYJT HYKJICMHOBBIX KUCIIOT
MIPOBOJIWJIA CXO/IHBIM 9KCIIEPUMEHT, COOTBETCTBYIOIIAS IKCIIEPUMEHTAIbHAS
3aBUCUMOCTH M300paxkeHa Ha puc. 2.3. OmmOKU 3KCIepUMEHTAIBHOU KPH-
BOM TaKKe BBEJICHBI KAK CPETHEKBAIPATUYHBIC OITUOKHU CPETHUX aprUpMETH-
YECKUX, OIMPEJIEICHHBIX MIPU YCPEIHEHUN PE3YJIbTATOB aHAJIN3a HECKOIbKUX
ACM-u306paxeHnii MakpoMonekya'®)

DKCIEpUMEHT MPOBOIUIIN B T€X K€ YCIOBUSIX U C TEM K€ 30H/IOM, YTO U
TSt cirydasi ananusa nepopmanuii BTM. OgHako B paccMaTpuBaeMoM CITy-
yae negopmanus mosekyn JJHK yxe He onuckIiBaeTcs 3aKOHOM «IBE TPETh-
ux» (2.25). Bmecto 3Toro HabmrogaeM OOBIUHYIO JTUHEHHYIO 3aBUCHMOCTb,
T.e. 3akoH ['yka. Ho 3TO M ecTecTBeHHO, MOCKOJIbKY TEOPHS KOHTAKTHBIX
nedopMaIiii cripaBeyiiBa MpH YCIOBUM Maiocmu TehopMaiuii o0beKTa B
CPaBHEHMHU C €ro paanycoM KpuBu3HbIL. [lociaeaHee He BBIMOITHAETCS IS CITy-
yasit ACM-uccnenoBanuii Mosiekysr JIHK, mockoabKy MX OTHOCUTEIBHBIE JIe-
(bopMaIuu BeIMKU B CTAHAAPTHBIX IKCIIEPUMEHTAIBHBIX YCIIOBUSIX, CM. Ta0-
nuiy 2.2. Kpome Toro, BooOIe npuMEeHUMOCTh KOHTUHYaJIbHON TEOPUU U
HCIIOJIb30BAHUE MAKPOCKOMUUECKUX MmapamMeTpoB (Tuna Moayist FOura) mist
onucaHus nedopMaiuu omoenvroti moaexyavt JJHK, BbI3pIBaeT COMHEHUS.
TeM He MeHee, CMBICTI ITPOBEACHHOT'O aHAJIM3a B TOM, YTO OH ITO3BOJIUJI KAYeCT-
BEHHO OOBSICHUTH, ITIOYEMY OTHOCUTEIbHBIE Ae(OopMAIINK 10T BO3ICHCTBUEM
30H/a TEM BBIIIIE, YeM MEHBIIIE pAANyC KPUBU3HBI 00BEKTOB, CM. TabIHILy 2.2.

To, utro ns cinyuas mojiekyn JHK skcnepumeHTanbHO U3MEpPEHHbIE OT-

HOCUTEIIbHBIE JeOopMallMi BEIMKH Aa)ke MPH MaJIbIX CHUJIaX BO3JICUCTBUS

15) U1st KaXIOTO 3HAUEHHS CHIIBI aHaIm3upoBaitn 20 ACM-u306paxenuit monexyn JJHK
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Puc. 2.3. DkcniepumenTanpHas 3aBucuMocTs aedopmannu monekyi JHK ot Benn-

YUHBbI HarpymanmeITI CHJIBI BO3HCﬁCTBHﬂ 30HJa TP CKAHNPOBAHNN

30H7a, OOBSICHSIETCS, OIATh XKe, MPUCYTCTBUEM KaIMJUISPHBIX CUJT (Karui-
JISPHOTO MOCTHKA), HE MO3BOJISIOIIUX MUHUMHU3UPOBATEH CUJTy BO3JACHCTBUS
30HJa Ha o0paszell Mpu CKAHUPOBAHUM HA BO3AYXE /10 3HAUEHUN MEHBIIUX,
YeM HECKOJIbKO HAaHOHBIOTOHOB; M3-3a MAJIOCTU paguyca KPUBU3HBI MOJICKY-
ab1 JIHK 3T0T0 3HaYeHUS CHITBI yKe TOCTATOUYHO JIJISI TOT'0, YTOOBI 3HAUCHUS

OTHOCUTENILHOU iepopmaliuu ObLIU BEIMKH, CM. TA0IuIly 2.2.

KpaTKne BBIBO/1bI

HTak, Mbl IPUMEHWIN TEOPUIO KOHTAKTHBIX AePOpPMAIMi IS ONUCAHUS
addekTa 3aHmwKeHUs BbICOT ACM-n300paxkenuii. [TomydeHsl aHATUTHYEC-
Kue GopMYyIIbI, TO3BOJISIONINE KOJTUYSCTBEHHO OMUCATh JaHHBIN 3PexT (1
HWIMHAPUYECKOTO 00pa3iia); pa3padboTaHHBIN MOAX0I MPOJAEMOHCTPHUPOBAT
COTJIACUE C IKCIIEPUMEHTOM U TIO3BOJINII OOBSICHUTH OCHOBHBIE 3KCIICPUMEH-
TaJIbHO HaOJTI01aeMble 3aKOHOMEpPHOCTH. [Ipenmoxkena MeToanKa onpezerne-
HUS 3HAUEHUS MOYJIS YIIPYTOCTH OTEIBHOTO MUKPOOOBEKTA, aAcOpOHpoO-

BAaHHOTO Ha IMMOBEPXHOCTh TBEPAOM MOT0KKHU, MeTogoM ACM.
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2.1.4. /IlunaMuKa nepexoJHOro npouecca KOHTaAKTHbIX

nedgopmanui

[Toxaskem, 4TO XapaKTEPHOE BpeMs YCTAHOBJICHUSI KOHTAKTHBIX AeopMaIiit
MEHbIIIe TUITUYHBIX 3HAYCHU BpEMEHHU B3aUMOJIEUCTBUS 30H/1a U JIOKAJIbHO-
ro y4yacTka oOpasiia npu CKaHUPOBAHUU. DTUM OOOCHYEM MPUMEHUMOCTh
cmamuyeckux pOpMyIT 1711 KOHTAKTHBIX AeopMaIiii B 3a/1aUax, CBI3aHHBIX
¢ ACM-uccrienoBaHUsSIMU.

PaccmoTpuM KOHTAKT 30HAa M IUIOCKoro obOpasma. Ilpu nmpunoxeHun
cuiabl F' B craTHueckoM ciydae uxX cOMmKeHue 3a cuyeT AedopMmalvu OyaeT
onpenensarbes popmynoi (2.7). OgHAKO MPY MTHOBEHHOM IPHWIIOKEHUU CH-
JBI K KacalolUMCsl TeJaM 3TO 3HaueHue h OyaeT JHOCTUTHYTO He cpasy, a
B pe3yJIbTaTe MEePEeX0THOTO Mpollecca JMHAMUYECKOTO U3MEHEHHS h BO Bpe-
MEHHU. YpaBHEHHE, OMUCHIBAIOIIEE pACCMATPUBAEMBIN TIEPEXOIHBIN MTPOIIECC
st h(t), MOKeT OBITH IMOJIyYEHO M3 3JIEMEHTAPHBIX PacCMOTPEHUH OajaH-

ca CWJI B3aUMOJIEUCTBUS (IpritaraeMoil u3BHe F' 1 00yCIOBIEHHON yIPYruM
otkaukoM v Rh%/2 /D, em. (2.7)):

VR

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

rae m— Macca 30H1a (BMecTe ¢ JIeBepoM), o — KOIPPUIIMEHT 3aTyXaHus,
OCTaJIbHbIE TAPAMETPHI ONPE/ICIICHBI BBIIIIE.

I'paduk uncnenHoro pemieHus ypaBHeHHS (2.26) IpUBEICH HA PHUCYH-
ke 2.4. [Ipu peiieHny Mbl BOCIIOJIb30BAINCH 3HAUCHUAMU Ta0auibl A.l s
OIIEHKH MacC 30H/0B ¥ KaHTUJIEBEPOB (OBLIIO OMpeIeIEeHO, UTO 9TU 3HAYCHHUS
nexat B quanasone 10710 =+ 1071 xr). Jlnsg Apyrux mapaMeTpoB 3aJa4y MbI
BBIOPAIH CIIEAYIONINe TUTTNYHEIE 3HaueHns: F = 5x107°H, D = 10" °I1a !,
R =10 x 10~ uM (mapameTp 3aTyXaHUs HEKPUTUYUEH [UIs TPOBOJMMBIX Olle-
HOK BpEMEH yIpYyrux aedopManuii ¥ BEIOHPAJICS B Pa3yMHBIX mpeaenax'®).
W3 pemenus ciemyer, 4To XapakTepHble BpeMeHa AedopMaIiiii UMEIOT T0-
psaok 7 ~ 1078 cek (Ta ke oleHKa MOXKET OBITh MOJyYeHA M3 COOTHOLIEHUS
T ~ y/mh/F, xotopoe cinenyer u3 (2.26), u rae h oneHuBaercs 1o (2.7)).

16) /:[GIZCTBHTGHLHO, BCIIMYMHA ITapaMeTpa 3aTyXaHHus ONPEACIIACT HHTCHCUBHOCTD IIEPEKO-
ne0aHuil, HO He BIMSET Ha OLIEHMBAEMOE XapaKTepPHOE BpeMsl ynpy2oii peaKLiii CUCTEMBI Ha
MIPUJIOKEHHOE BO3JEHCTBUE
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Puc. 2.4. PexxuM ycTaHOBJIEHNSI KOHTAKTHBIX JehOpMaInid.

YucneHHoe pelieHre ypaBHeHus (2.26) 1715 3aBUCUMOCTH cONMKeHus 3a cueT Aedopmanmu h

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

NTak, MbI MOKa3ajau, 4TO XapaKTepHbIE BpeMEHA YCTAHOBJICHUS] KOHTAKT-
HBIX AedopmMalmii (T.e. XapaKTepHbIE BpEMEHA YIIPYTOTo OTKJIMKA CUCTEMBI)
s ciiydasi ACM MeHbIlle MM MHOTO MEHBIIIE XapaKTepPHBIX BPEMEH B3a-
MMOJIEICTBYS 30H1a M JOKAIbHOro yuacTka obpasua (1072 + 107° cek, cm.
cTp. 56). 3a 3TU BpeMeHa B3aMMOJIECHCTBUS IMePEXOTHBINA IMPOIECC YCTaHOBIIE-
HUSI KOHTAKTHBIX JIehopMaIuii 3aBeJOMO 3aKOHUUTCS, U TOATOMY UCIIOJIb30-
BaHue npu a”Hanmse 3a1a4 ACM popmyn cmamuyeckoii meopuu KOHTAKTHBIX

neopmanuii BIIOJIHE OMPABIAHO.

2.1.5. Bo3MOKHOCTDb I0CTH:KEHHS ATOMHOI0 (MOJIEKYJISIPHOTO)

pa3pemeHusi ¢ nomombo ACM

CooTtHomieHue, cieayomee u3 Gopmyisl (2.6):
a = (FDR)'Y?, (2.27)

KOTOPOE OIPEIEIISIeT JaTepalIbHbII pa3Mep 00JIACTH KOHTAKTa 30HJa U 00-
pasua npu CKAaHUPOBAHUHU TUIOCKOM MOI0KKHU 30HAOM C PANyCOM KPUBU3-
HbI KOHUMKa R’ (ITpu BeJIMYMHE HATrPYXKaIOIEH CUITbl F'), TOJDKHO, Ha TIEPBBIN
B3IJIs1/1, pACCMATPUBATHCS KaK (PyHIaMEHTAIbHBIN IIpeAe JOCTUKUMOTIO Jia-

TepaiabHOTO pazpemeHus ACM npu u3MepeHnn Tororpaduu MOBEPXHOCTH.
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Paccunrannas o dopmyiie (2.27) olieHKa, YTO MPH TUIMTMYIHBIX YCIOBHUSIX
ACM-3kcniepuMenTa a ~ 1 HM (cM. Takke Tadmuiy 2.1), o3Havaer, 4To II0-
maab 061acTH KOHTaKTa Ta® uMeeT 3Hauenue S ~ 3 Hm?. Eciau cpaBHUTH ¢
TUIMUYHOW BEJIMYMHOM TUTOIIAIA, TPUXOISIIIEHACS HA OJHY MOJIEKYJY B IUIOT-
noynakoanuom JIB croe (0,2 M2, cM. paszen 5.3), TO OYEBUIHO, YTO IIPU
CKaHUPOBAHUU B KAXKIbIIi MOMEHT BPEMEHU UMEET MECTO KOHTAKT 30Ha He
C OJIHOH, a C JiecATKOM U OoJiee MmoJjiekys. [Touemy xe, B TakoMm ciyuae, ACM
MIO3BOJISIET NOJIYYaTh MOJIEKYIIAPHOE (WJIM ATOMHOE) pa3pelleHue Mpyu 1uccie-
JIOBAaHUU IIMPOKOTO CIIEKTPA MOBEPXHOCTEN KPUCTATUIMYECKUX MATEPUATIOB
Y TOHKHX IIJIEHOK?

ABTOPBI paboOTHI [65] 71 TOTO, YTOOBI COBMECTUTD PE3yJIbTaThl TEOPUU
KOHTAKTHBIX AedopMaluil (3HAYMTEIbHYIO BEJIUYMHY 00JIACTH KOHTAKTa) C
BO3MOKHOCTbIO HAOJIIOACHUSI ATOMHOM U MOJIEKYJIIPHOM CTPYKTYPBI ITIOBEPX-
HoctH MeTogoM ACM mpuberarmT K MPEAINONOKEHUI0 00 HIJIe, UMEIOIICH
HEKOTOPYIO «OCOOEHHOCTH» aHTCTPEMHBIX pa3dmepoB. [TomobHoe npeacras-
JIEHUE, YTO MpPU BU3YyAJIM3AIMU ATOMHON CTPYKTYPhI C MOBEPXHOCTHIO KOH-
TAaKTUPYET JIUIIIb HEKOTOPasi «OCOOEHHOCTH» (OJIMH KpalHUN aToM) 30HA,
IIMPOKO PACIPOCTPAHEHO B CUITY CBOEH HATJISITHOCTH (B 3TOM CIIy4ae TOBOPST
00 «rcTHHHOM» aToMHOM paspemeHnd ACM [71]). OmHako uMeeTcs Takxke
MpeJICTaBJICHUE, YTO BU3yaInU3alUs JBYMEPHOUN MEPUOAUYECKON CTPYKTYPhI
603MOJCHA W B Clly4ae, KOTJla UIJla KOHTAKTUPYET C UCCIEeyeMOil MOBEpX-
HOCTBIO HECKOJIbKUMH aTOMaMH CBOET0 KOHYHKA [72] (B 3TOM ClTy4yae TOBOPST
0 WIOKHOM» aTOMHOM Pa3peIIeHNH).

AHanmu3 BIIMSHUS TEOMETPUM KOHYMKA UIJIbI (OJMH WU HECKOJBKO
aTOMOB, KOHTaKTHPYIOIIMX C IMOBEPXHOCThIO) Ha (opmupoBanne ACM-
M300pakeHU aTOMHOM YITaKOBKHU MCCIIEAYEMBbIX IOBEPXHOCTEH IIUPOKO pac-
cMaTpuBaercs B JmTepatype. Hanpumep, aBTopsl padot[73, 74] MeTomom
KOMITBIOTEPHOT'O MOJIETIMPOBAHUSI UCCIIEI0OBAIIM Psii MOJIENIEH: B3auMOACHCT-
BHE 30H/a C IBYMEPHOU NEPUONYECKON CTPYKTYPOH (ATOMHOU CTPYKTYpOU
MTOBEPXHOCTH) B CIIy4ae, €CIM 30H[ KOHTAKTUPYET C MMOBEPXHOCTHIO OHUM,
TpeMsl, YETBIPbMS U JACBSATHIO KPAMHUMU aTOMaMU (IIpU pa3IMUHBIX PACCTO-
STHUSIX MEXIy aToMaMu). BbLT c/iefiaH BBIBOJI, YTO «UCTUHHOE» ATOMHOE pas3-
pelIeHre BO3MOKHO JIUIIb IMPU HATUYUH e0UHCMBEHH020 KOHTAKTUPYIOLIETrO
aroma uribl. EciM KOHTAKTUPYIOIIUX ATOMOB HECKOJIBKO, TO OBLIO MOKa3a-
HO, YTO U B 9TOM CJIy4ae 803MOIHCHA BU3yaIU3allusl IByMEPHOU IepuoIyec-

KOM CTPYKTYPBI, XapaKTEPU3YIOLIEHCS TEMU K€ ITapaMeTPaMU 3JIEMEHTAPHOMN

73



STUEHKH, YTO U pealibHasi TOBEPXHOCTHAs penieTka. OTHAKO CTPYKTypa cCaMO
STUEHKU OTOOpaXkaeTcst HeaJleKBaTHO. [Ipu onpeieNieHHbBIX YCIIOBUSX BO3MOXK-
Ha uHeepcus Konmpacma, T.e. HabmoaeHne MuHUMyMoB ACM-u3ob6paxeHus
Ha0 aTOMaMHM HCCIIETyeMOM IMMOBEPXHOCTH M MaKCUMYMOB MeXay HUMU. To-
YeuHbIH 1e(eKT (MMPOMmyCcK OJTHOTO aTOMa PEIIEeTKH) TaKXKe HeaJeKBaTHO OTO-
opaxaercas Ha ACM-u300pakeHUU: UMEET MECTO Iepepaclipeie]IieHue ero
BKJIa/Ia 110 HEKOTOPOH OOJIACTH, U, TIPH OINPEACTICHHBIX YCIOBUAX, BO3MOX-
Ha BU3yaJIU3alys «IOXKHOTO» aToMa Ha mecte Aedekra. T.0. pedb uaer o
TOCTIDKEHUH «IOKHOT0» ATOMHOTO pa3peleHusl.

ABTOpPBI OTMEUAIOT KOPPEJSIIUIO MOJYYEHHBIX UMU PE3YJIbTaTOB C JKC-
MEPUMEHTAIBHBIMU HAOIOACHUSIMU, U JEIAIOT BBIBOJ, YTO IJIsS JOCTHXKe-
HUS «UCTHHHOT'0» aTOMHOTO pa3peliecHus HeOOXOAMMO HCIIOJIb30BaTh UTITY
C €IMHCTBEHHBIM aTOMOM Ha KOHYHKE (Ipejiarasi MeTOJUKY TECTHPOBAHUS
reOMETPUU KOHYMKA UTJIbI ITyTeM UCCIIEJOBAHUS TOUEYHBIX Je(EKTOB B ATOM-
HOU CTPYKTYpE MOBEPXHOCTU TECT-00BEKTA).

B TO e BpeMs aBTOpPBI paccMaTPUBAEMBIX pabOT HHTEPIPETUPYIOT ITOT
nmapamMeTp — «KOJIMYECTBO aTOMOB Ha KOHYMKE WIJIbI» — KaK CITyJalHBIMH,
HE JIOMYCKAIOIIUNA KOHTPOIUPYEMOTO U3MEHEHHSI CO CTOPOHBI IKCIIEPUMEH-
taTopa. HanmpoTus, Mbl, OCHOBBIBAsICh Ha PE3YJIbTaTaX TEOPUH KOHTAKTHBIX
negopmanuii, mpeayiaraeM Moaxo/I, CBS3bIBAIOIINN HAaOII01aeMble IKCIIEPH-
MeHTaJibHble ocobeHHOCTH ACM-BU3yanu3aiuu aTOMHON (MOJIEKYJISIPHON)
yIIAaKOBKYU MTOBEPXHOCTH C KOHTPOJIUPYEMBIMHU ITapaMeTpaMu SKCIIEPUMEHTA.

PaccmoTpuM, nipy KakKuX yCIOBUSIX BO3MOXKHO JOCTHUKEHUE KUCTUHHOTO»
(MCTOIB3ysl TEPMUHOJIOTHIO aBTOPOB[71, 72]) aTOMHOro (MOJEKYISIPHOTO)
paspemtenns. Cornacao gopmye (2.27) pa3Mep KOHTAKTHOM IUIOIAAKY 7a>
Oyner paseH 0,2HM? (KOHTAKT C €IMHCTBEHHBIM ATOMOM IIPU PACCTOSHHU
Mexay aromaMu ~ 0,5HM), IpU pajuyce KpUuBU3HBI 30HAa 10 HM 1 0CTa-
TOYHO KECTKOM 00pasue (Momyiab FOnra 10! I1a), nuiubs npu MUHMMU3A LUK
BEJIMYWHBI CUIThI BO3JICHCTBHS 30H 14 TPU CKaHUpoBaHuH 10 3HaueHus 0,1 HH,
YTO TpeOYeT CelHaIbHbIX SKCIEPUMEHTAbHBIX YCIOBUN (MCCIETOBAHUS B
KHUJIKUX CpeJlax WK B BAKyyMeE).

B cnyuae npoBenennss ACM-uccieioBaHUid Ha BO3yXe MHUHUMU3AIIHS
CHJTBI BO3JICUCTBUS Ha 0Opa3ell BO3MOXKHA, ITO-BHIMMOMY, JIMIIIb 10 €IMHUIL
HaHOHBIOTOHOB. [ToaTOMY MpH KCCIIeNOBAHUSAX HA BO3/IyXe (OCOOEHHO «MSIT-

KUX» 00pas31oB, HanmpuMep, TOHKKX IieHoK JIB, cMm. pa3aen 5.3) monydaemas
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B pe3ysibTate ACM-ucciieoBaHus IByMepHAasi KAPTUHA SIBIISIETCS «TOKHBIM»
MOJIEKYJISIPHBIM pa3perieHreM.

Hwxe mmokakeM, 4To TeOpusi KOHTAKTHBIX JehopMaIuii JOmycKaeT BO3-
MOYXHOCTbD JTOCTH)KEHUS «IOKHOT0» aTOMHOTO (MOJIEKYJISIPHOTO) pa3perie-
HUS, T.€. BU3yaJIM3allUK ABYMEPHOU MEPUOINUECKON CTPYKTYPbI, XapaKTepH-
3YIOIIEUCS TEMHU K€ MapaMETpaMU 3JIEMEHTAPHOW STYEMKH, YTO M PELICTKA
UCCIIETyeMOM TOBEPXHOCTb.

B cuimy HeomHOpOAHOTO pachpeneeHns AaBiIeHUsT B 00JacTH KOHTAKTa
(cM. popmyity (2.5)) BKIIAT KaXKIOTO aTOMa ITOBEPXHOCTH B CHIIOBOE B3aUMO-
JefcTBUE 30Haa U oOpasia OyIeT ONpeaesaThCsl ero MOoJ0KEHUEM OTHOCH-
TEJIBHO IIEHTpa 00JIACTH KOHTAKTAa; KOJIMYECTBO ATOMOB, AIOIIUX BKJIA] BO
B3aMMO/ICUCTBHUE, ONPEIEIACTCS paauycoM 001acTh KOHTakTa (2.27).

PaccMoTpuM crieyromnyro MoJieNnb: 30H1 CKAHUPYET MOBEPXHOCTH IUIOC-
Koro obpasna (paauyc 00JacTH KOHTaKTa ompeaeisercs hopmyioi (2.27)),
Toraa, coracHo Gopmyine (2.5), pacupeneneHue 1aBjaeHUs B 00J1aCTH KOH-
TaKTa HEOJTHOPOJIHO, UTO ITO3BOJISIET BBECTH aNmapaTHYO (QYHKIIMIO aTOMHO-

CHII0BOTO MHUKpockoma'”) Buma:

Alw—ay—y) =

ecmn (z — ') + (y—y')? < a®

\/1 (=2 +(y—y)

a2

0 ecmn (z — 2')? + (y — y)? > @,

(2.28)

rae a — paauyc o0jgacTu KoHTakTa (cM. popmyiy (2.27)). 31ech MBI IIPOCTO

BOCIOJIb30BAJIMCh COOTHOIIIEHUEM (2.5), yUYUTHIBASI, UTO, €CJIU 30H/] AKCHUAJTh-

HO CUMMETPHUYCH, TO a = b, M HE BBINIMCHIBASI HECYIIECTBEHHBIN TSI TIPOBO-

JUMOTO HUXKE PACCMOTPEHUS ITOCTOSIHHBIN MHOXUTEIb. OOIIMIA BU CCUCHUS

byukiun A(x — z',y — y') npu ¢ukcupoBaHHoM y u =’ = 0 mpHUBEICH Ha
puc. 2.5.

BBenennas anmapaTtHast GyHKIIHS ITO3BOJISET CBA3ATh MmosTydyaemoe ACM-

n300pakeHue (yUUTHIBAs BKJIAJI KaXJIOTO aTOMa B CYMMapHOE CHJIOBOE B3a-

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

1) ycnonp30BaHMe 3TOM (PYHKIIMH ONPABIAHO JIHIIE TS PACCMATPHBAEMO# MOJIENH TIIOC-
KOro 00pasna u cepruueckoro KOHUMKa 30H1a
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Puc. 2.5. O0muii Bua ceyenus ammapatHoil ¢pyakmuu ACM s ciaydasi IIOCKOTO

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

CTPYKTYpbI 00bEKTa UCCIIeOBaAHUS (T, y):

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

duznyeckuil cMbIci ypaBHeHUs (2.29) TakoB: CTENEHb BKJIAa KaX10T0
aToMa B CHJIOBOE B3aMMOJICUCTBHUE C MTJIOW OMPEIENISETCS TeM, HACKOIbKO
OH JTAJIEKO HAXOJUTCS OT LEHTpa O0JACTU KOHTAKTa (3TO M OIMMCHIBAETCS
anmapatHoit pynkuumeit A(z — 2’y — y')).

ITpumenuM pa3zpaboTaHHbIA TOAXOM [JIs1 MPOCTEHMIIEH MOJIEIN: BbIUUCIIE-
Hust ACM-u3o0pakeHus B ciiydyae, Korjaa aToMHasi TeOMeTPHsl 00bEeKTa OIH-
ChIBA€TCSl FeKCAarOHAJIbHON PEIIETKON ¢ MapaMeTPOM SIYEHKHU d, a B KAYECTBE
ATOMHBIX (DYHKIIUI B3SITHI 6-(DyHKIIUH, CM. puC. 2.6.

Boruncnium pynkumro f(z,y), onpenensemyro (2.29), aius IByX cirydyaes,

M300pakeHHBIX Ha puc. 2.6:

a) Korja IEHTP 30Ha HAaXOJAUTCS HaJ aTOMOM, TOT1a

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

m,n

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

pa(z,y) = Z(S(a:— g —md,y —V3nd) + 6(z — md,y — ? —V/3nd).

m,n
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Puc. 2.6. KoHnTakT 30H1a (LIeHTp B Havaje KOOPAUHAT) U IeKCaroHaJIbHO YIIaKOBaH-

HBIX aTOMOB (OTMUCaHBI §-(DYHKIIUSIMU) ITOBEPXHOCTHOM PEIIETKH.

K npumenenuro annapatHoii pyHkuuu (2.28) mis Beraucienus paznocmuoi pynkumn ACM-
M300pakeHus: a) IEHTP 30H1a HaJl OJHUM U3 aTOMOB, 0) IIEHTP 30HAa MEXTy AaTOMaMM; @ —

paauyc o6JIacTi KOHTaKTa (AKCHAJIbHO CHMMETPUYHBIN 30H), d — MapaMeTp peleTKn

ITpoBoast BbIUMCIEHUS ¢ Ucojb3oBaHueM (2.28) u (2.29), obo3Hauas
JUTSL IBYX CJIy4aeB BBIUMCIIsIEMbIe PYHKIIMKM KaK f; U fa, BOCIIOJIb30BABIINCH

CBOMCTBOM §-(DyHKIINHI, TOTydnM (TTpeHeOperast YNCIOBBIMU 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 21012 25d2
44/1 — 4 4\/1— 2\/1—
+\/ 4a2 + 4q2 +
(230)

rae d— mapaMeTp peleTKH, ¢ — Paanyc OOJIACTH KOHTAKTa, OIpeese-

Mblii (2.27). ITpu ucnonp3oBanuu BeipaxkeHui (2.30) cyMMupoBaHuE CIIeyeT
0OpBIBATh JI0 MOSBJICHUS OTPUIIATEIIFHBIX 3HAUCHHUH B IMOJIKOPEHHBIX BBIpa-
KEHHSIX clTaraeMbIX. MBI UCITOJIL30BaIIH B pacueTax 10 10 mepBbIX cllaraeMbIX
st hyHKIMHU f1 1 a0 20 caraeMbIxX 1 GYHKIUU fo (3TO COOTBETCTBYET KOH-
TaKTy, MaKCUMyM, ¢ 70 aTomamn).

PaccMmotpuMm yHKIIMIO 6u0HOCU:

(f1 f2)
(fl + f2)’
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a TaxKke pasnocmuyio pyakuuo ACM-m3o6paxerus'®)

A=(fi - f). (2.32)

B cuny uznoxenHnoro B paszaene 1.3.2 co crp. 27 (1 pa3pemaroniei cmo-
cooHoctn ACM) otiimune ACM OT ONTHYECKUX MPUOOPOB 3aKITI0YAETCS B
TOM, YTO JUIS XapaKTEPUCTUKH pa3peliarolieil CmocOOHOCTH M KOHTpacTa
M300pakeHU ClieyeT UCIOJb30BaATh A0COIIOTHYIO (2 HE OTHOCUTEIBHYIO)
pasHUIly MEXay MakcumMymaMu U MuHuMymamu ACM-uzobpaxenus. I1o-
3TOMY Jajiee Mbl OyJeM HCIIOJIb30BaTh MMEHHO paszHocmuylo QYyHKIUIO A
ACM-u300paxkeHus, a He (YHKIMIO BUIHOCTH S (KOTOPYIO TPATUIIMOHHO
HCITOJIB3YIOT JIJII XapaKTEPUCTUKU ONITUUYECKUX TIPUOOPOB).

[TpoBeaem pacuer pasHocTHOU GyHKUMH (2.32) mis cinyvas d = 0,52 HM
(mapamMeTp suelKu Cirojibl). Pe3ynbTaThl mpeacTaBiIeHbl B BUAC Ipaduka Ha
puc. 2.7, Tie IpUBEIeHBI 3aBUCUMOCTH pa3HOCMHOU GYHKIIMHA B €€ MOJTYJISI OT
paauyca 001acTy KOHTAKTa a.

Kak crnenyer u3 pucyHka, 3Haue€HUE pasHocmHoi GYHKIUUA CYIIECTBEHHO
BApPBUPYET B 3aBUCUMOCTH OT MapaMeTpa a, ONPEJesIsIeMOr0 COOTHOIIICHU-
eM (2.27). bosnee Toro, mpu HEKOTOPBIX 3HAYCHUSX ¢ MOXKET U3MEHSATHCS 3HAK
pazrocmuotl PyHKIIUH, YTO TOJKHO ITPUBOUTH K UHBEpTUpOBaHHOMY ACM-
n300pakeHuto (MHBepcHsi KoHTpacTa). Ho ocobeHHo ciemyeT Mo uepKHyTh,
YTO IO MEpe YBEJIMYEHUS a (MU BOBJIEYCHHUS B KOHTAKT BCE HOBBIX aTOMOB)
He HaOJIFoIaeTCsl TEHACHINS K CHIDKCHHIO MaKCUMYMOB Pa3HOCTHOH (yHK-
IIUH, T.€. COXPAHSICTCS BO3MOKHOCTD JIOCTHIKEHUSI «aATOMHOTO>» pa3pelIeHuUs.
T.0. «105XKHOE» aTOMHOE pa3pelIeHue MOKET OBITh IOCTUTHYTO U IIPU 3HAUU-
TEJIbHOU BEeJIMUMHE 00JIACTH KOHTAKTA a (T.€., HAIpUMED, IIPU KTYION» UrJIe,
«MSITKOM» 00pa3le WIK 3HAYUTEIbHOM cujle BO3IeHCTBUS 30H1a F).

DTH BBIBOJIBI, HECMOTPS HA UCITOJIb30BAHUE YITPOIIIEHHON MOICITH, KAUeCT-
BEHHO COTJIACYIOTCSI ¢ HAOJII0IaeMbIMH HAMU IKCIIEPUMEHTAIIBHBIMU 3aKO-
HOMEpHOCTSIMU. [lelicTBUTENIbHO, KOHTPACT U KauecTBO ACM-u300pakeHuit
MOJIEKYJISIPHOM (MJIM aTOMHOM) YITAKOBKHM HCCIIEYEeMOM ITOBEPXHOCTH CY-
IIECTBEHHO 3aBUCUT OT BEJIWYUHBI MMPHIIOKEHHOW CHJIbI BO3JICHCTBHS 30H/A

F, onpenensroeii, cornacHo (2.27), BeIUUUHY 00J1acTH KOHTAKTa a.

18) yasBaHMe BBEIEHO HAMU
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Puc. 2.7. 3aBucumocts pasnocmuoil hyakmuu (2.32) ACM-u3obpaxenus (1 ee Mo-

JlyJIsl) OT pajauyca 00JIaCTH KOHTAKTA a.

Paccunrano a1t MOIEIbHOTO clIydyas IeKCaroHaJlbHO YITaKOBAHHBIX aTOMOB ((5-(1)yHKLlI/II>'I,

puc. 2.6), napametp peuetku d = 0,52 Hm
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MBI n0pOBOAWIN 3KCIIEPUMEHTAIBHBIE U3MEPEHUSI CIEKTPAIIBHOU IUIOT-
noctu'® ceuenns Gpynkuun F,,(z, y) BIOIb OCHOBHOTO HANPABIIEHUS PELIIET-
k1 ACM-u300pakeHHs TOBEPXHOCTH CIIIO/IbI HA TPOCTPAHCTBEHHOMN YaCcTOTe
k ~ 1/0,52 am~!. M3MepsiemMas 3aBUCHMOCTD CHUMAJIACH TIPH U3MEHEHUH Be-
JIMYUHBI CUJIbI BO3JICUCTBUS 30HAA, KOTOPAs ONPEEsAeT BEIUUMHY paguyca
obnacTh KoHTakTa a 1o Gopmyne (2.27) (a oTnoxeHa Ha rpaduke Mo OcH
abcuucce); Tpu BBIYUCIIEHUSAX MbI HCITOJIb30BAJIM 3HAUEHUE MOYJISl yIPYTOCTH
caroasl E ~ 2,4 x 10! T1a, u 3HaueHUs pajiiyCOB KPUBHM3HBI UCIIOIb3YEMBIX
30HI0B, KOTOPBIE OBUIM OMPEAESICHbl C MOMOIIBIO TECT-0O0BEKTOB (YACTUIL
BTM). PesyabraThl U3MEpEHUH I TPEX Pa3IUUHBIX 30HI0B ITPEICTABIICHBI
Ha puc. 2.8, KpuBas AJis1 S1 CHATA IIPU IPOBEACHUN UCCIIEA0BAHUI HAa BO3yXE,
Sy 1S3 — NpU IPOBEACHUY UCCIIEOBAHUI B BOJJHOM PACTBOPE U30IPONIAHO-
na (40-60%). BepxHee rpaHUYHOE 3HAUEHUE TUANTA30HA U3MEHEHUS a (CUJIbI
BO3CHCTBUS 30H/a) ONPEACIISIeTCS MPEIeIbHBIM JaBICHUEM, TIPH MIPEBBIIIIE-
HMU KOTOPOT'O CKaHUPyeMasi IIOBEPXHOCTH pa3pyiaercs: Py, ~ 10 ITa, uyro
COOTBETCTBYET CHJIe Bo3aencTaus F ~ 10" H.

N3mepsiemble BETMUYMHBL, TPUBEIEHHBIE HA rpaduKax pucyHka 2.8, o cBo-
emMy (PU3UYECKOMY CMBICITY JTOJDKHBI KOPPETUPOBATH C BBEJIEHHOM BBIIIE U paC-
CUYMTAHHOU TEOPETUUYCCKU pazHocmuoti PyHKIIMEH (ee MoaysieM), CM. puc. 2.7.

Onnako cpaBHeHMe rpadUuKoB Ha puc. 2.8 1 2.7 He MO3BOJISIET YTBEPKIATh,
YTO UMEET MECTO IMOJIHAs Koppensius. ledicTBuTenbHO, 0O11el yepToi cpas-
HUBAEMBbIX 3aBUCUMOCTEH SIBJISIETCS JIMIIb BhIpaXK€HHas (KBa3UIIEPUOIUUEC-
Kasl) 3aBUCUMOCTb aHAJIM3UPYEMbIX BEJIMUMH OT 3HAUYECHUS pajidyca 001acTu
KOHTAKTa, HO MAKCUMYMbI CPABHUBAEMBbIX KPUBBIX (AK€ IKCIEPUMEHTAIIb-
HBIX) 1aJIEKO HE BCErJa COBIAAaloT.

DTO HECOOTBETCTBUE MOXKET OOBSCHATHCS TOCTATOUHO YIPOIIEHHBIMU

MNPCAIIOChUIKAMHU ITIOCTPOCHUS MOACIIN:

® ICIIOJIb30BAHUEM B KAaueCTBE ATOMHBIX (MOJIEKYJISIPHBIX) GYHKIMH -

(byHKIIMIA

e MPE/IOTI0KEHUEM 00 axcuanbHol cummempuy 30HANPYIOIIETO OCTPUS

19) y3mepsamu ¢ momompio 110 «Nanoscope-IIla» Mo 3KCIEPHMEHTANBHO ITOTYYEHHBIM
ACM-n300paxeHusIM, 3aIMMCAHHBIM ITPY PA3IUYHON CHIIe BO3/IEHCTBHS 30H1a
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25 - S./S,|,+15

15 S./S

Lu|2

SCI/H‘HaJ'I / SHJyM

Panuyc o6macTu KOHTaKTa a=(FDR)1/3, HM

Puc. 2.8. 3aBUCUMOCTbD CIIEKTPAIbHON IIIOTHOCTH ceueHust ACM-u300paskeHus CITro-

bl OT paanyca 00JacTH KOHTAKTA.

AnanusupoBanu cedenne (yHkuuu F,,(x,y) BIOIb OCHOBHOT'O HAIPABJICHUS IIOBEPX-
HOCTHOM pemieTkd. CIEeKTpaIbHYIO INTIOTHOCTh M3MEPSIN HA MPOCTPAHCTBEHHOW 4acTOTE
k ~ 1/0,52aM~! st Tpex pasiM4HBIX 30HI0B MPU U3MEHEHMH CHJIbI BO3IEHCTBHS 30HIA
(xoTopas ompenenseT 3HaueHue a). Kpusas S; monyueHa npu npoBeJeHUN HCCIIEeTOBAHUN
Ha BO31yxe, Se U S3 B BOTJHOM pacTBope m3omnpormanona (40 u 60%). DkcrepruMeHTaTbHbIE
3HAYEHUS 17151 KaXIOW KPUBON HOPMHUPOBAHBI HA CIIEKTPAIBHYIO IJIOTHOCTH IIyMa (Ha TOH

ke JactoTe). 1 HaraAHOCTH KPpUBbIe pa3HeceHb! Ha rpadKe Ha BeNUYuHy 15 en.
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e MpeHeOpeKEHUEM BIIUSHUS CPE/Ibl UCCIIETOBAHMS HA XapaKTep CUIIOBO-

ro B3auMojeiicTBUs 30HAa 1 00pa3ia®)

e KpOME TOr0o, Mbl HE MPUHHUMAIIM BO BHUMAaHHE ATOMHYIO CTPYKTYpPY

CaMOI'O KOH4YHKa 30H14a

CyIIecTBEHHOCTh BJIMSIHUSI aKCHAJIbHOM aCUMMETPUM CKaHUPYIOIIETO
30H/Ia HAa U3MEPSEMbIE 3aBUCUMOCTH MOXET OBITh MOATBEPXKIACHA CIIEAYIO-
IIUM 3KCHEPUMEHTAIBHBIM pe3yibTaToM. Kak U BbIllIe, Mbl aHATU3UPOBAIIN
3aBHCHMOCTH CIIEKTPAJIbHBIX INIOTHOCTEH ceuenuii GyHkuuu F,,(z,y) ACM-
M300pakeHU aTOMHOM yIIaKOBKH MOBEPXHOCTH (TTUporpaduTra) mo Tpem oc-
HOBHBIM HampaBieHussM pemeTku ([01], [11] u [10]) oT BeauuuHBI TPHUIIO-
’KEHHOM CUJIbI BO3JIEHCTBHS 30H/1a (KOTOpas IEPEeCUYNThIBAIACH B PAINYC 00-
JACTU KOHTAKTA); pe3yIbTaThl IIPUBEIEHBI HA puUC. 2.9 (34€Ch CIEKTPAJIbHBIE
IJIOTHOCTU U3MEPSUTA Ha ITPOCTPAHCTBEHHOM YaCTOTE, COOTBETCTBYIOIIIEH Te-
PUOIMYHOCTHU perieTku rpadurta). i1t Kakaqoro 3Ha4eHUsI CUJTbI BO3JIEHCT-
BUSI 30H/1a TPU aHAIM3UPYEMbIE BEIMUUHbBI ONPEIEIISIIN 110 aHAJIM3Y OJJTHOTO
ACM-u3ob6paxenus. BepxHuii nepezen 3HaUe€HUs TPUIIATaeMOI CHIIBI OTTpe-
JEJISUICS] AMHAMMYECKUM JIMaNia30HOM MCIIOJIB3YEeMOTO JieBepa (a He pa3pyliie-
HUEM MTOBEPXHOCTH, KaK B CIyyae co CIIIOJION).

AHamu3 rpauKoB pUCYHKa MMOKa3bIBAET, YTO JUISl TPEX OCHOBHBIX Ha-
MpaBJICHUH aTOMHOHN YNMAaKOBKH MUporpaduTa U3MEpeHHbIe (PYHKIIUU CIEeK-
TpajabHOH IIoTHOCTU ceueHns: ACM-nu300pakeHus 3aBUCIT OT paguyca 00-
JIACTU KOHTAKTa He0OUHAK080 — OTCIOJIa, C OUEBUIHOCTBHIO, CIIETyEeT BBIBO/I
00 aKCHaJIbHOM aCMMMETPHUHU CKaHHpYrolero 3ou1a. JJanueiid agdext mpo-
SBJISIETCS, B YACTHOCTH, B TOM, UTO Ha ABYMEPHOU KapTuHe cnekrpa Dypbe
¢ynkmn ACM-n300pakeHus: OTHOCUTEIbHbIE MHTEHCUBHOCTHU IIIECTH OC-
HOBHBIX Pe(PIIEKCOB HEeOOUHAK08bl U UX COOTHOIIECHUE M3MEHSETCS MpPU Ba-
pUaIuu TPUIOKEHHOW CHIIBI BO3JEUCTBUS 30HAA. DTOT 3(PPEKT 4acTo Ha-
OirogaeTcs B 9KCIIEpUMEHTax (B YACTHOCTH, Mbl HaOJIIOAaIM €ro Mpu aHa-
JIM3€ MOJIEKYJISIPHBIX YIIAKOBOK OpraHMuYeckux mieHok JIb, cm. paznen 5.3):
JTOMUHHMPOBAHUE ABYX pe(IEKCOB HAJ YETHIPbMSI JAPYTUMHU IPOSIBIISIETCS

B ToM, uTo ACM-u300pakeHrue MOJICKYISIPHON CTPYKTYphl MCKaXaeTcs U

20) nieiicTBUTENBHO, cOrNMacHo pabotam M3spasmamsumm u Amamca[22], 0GHApPYKUBIIHX
KBAa3UIICPHUOANYECCKYIO U CYICCTBEHHYIO 3aBUCUMOCTDb CUJIbI B33,I/IMO)1€I‘/'ICTBI/I$I JABYX ITOBEPX-
HOCTEH B KHUIOKOCTU OT PACCTOSAHUA MEXKAY HUMHU, Cp€aa UCCIEJOBAHUA MOXET OKa3bIBATh
3HAYMTEJILHOE BIMAHME HAa XapaKTep CUIIOBOTO B3aMMOJIEHCTBUS 30H/1a 1 06pasia
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| Sc/Sm|(01)+3

SCl/ll'Ha./'I / SLLlyM

0,5 1,0 15 2,0 2,5 3,0 3,5 4,0 4,5 5,0

Panuyc o6sacTi KOHTaKTa a=(FDR)'"*, um

Puc. 2.9. 3aBucuMocTy 3KCHEpUMEHTAIIBHO U3MEPEHHOHN CIEKTPaTbHON MNIOTHOCTH

ceueHuit ACM-u3o0pakeHuii muporpadura oT paguyca o0JIacTH KOHTAKTa.

AnanusupoBanu cedeHuss GyHKUMU Fyy,(z,y)) Ha IOPOCTPAHCTBEHHOH wYacToTe k ~
1/0.25 um~! ms Tpex manpasnenuii: [01], [11] u [10] aToMHOIi (reKCaroHaIbHOI) yIAaKOB-
KH. DKCIIEpUMEHTAJIbHbIE 3HAUEHUS TS KaX10H KPUBOM HOPMUPOBAHBI HA BEJTMUMHY CIIEK-
TPaJIbHOM TUIOTHOCTH IIIyMa Ha TOH e yacToTe. JJIsT HATJISITHOCTH KPUBBIE Pa3HECEHBI Ha

rpaduke Ha BETUYUHY 3 €]1.
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MMeeT BHUJ MapaUIeNIbHBIX «Tpsiaok». OgHako rpaduku puc. 2.9 mo3Bos-
I0T YTBEPXK/IATh, YTO aJI€KBATHBIM ITOJOOPOM BEJIMUMHBI CHUIIbI BO3AEHCTBUS
30H/A yJAeTcs JOCTUYb OJMHAKOBOTO 3HAYEHMS CIEKTPAIbHON IIIOTHOCTHU
ACM-n300pakeHns IO BCEM TPEM HAIPABIICHUSIM, UTO Mbl OOHAPYKUBAIIN
9KCHEPUMEHTAJIBHO.

KonnuecTBeHHbIN aHANIM3 B Cllydyae aKCHAIbHO aCUMMETPUUYHOIO 30HAA
TAK)X€ BO3MOXEH (Mbl €ro He MPOBOAWIM), JJISI YETrO CIEAyeT BHECTH Oue-
BUJIHbIE KOPPEKTUBBI B (hopMyJibl 2.30, OLIEHUB, IPEBAPUTEIBHO, TApaAMETP
aCUMMETPUH TeoMeTpuu 30H1a%),

CTOoUT OTMETHUTD, YTO, HECMOTPS HAa UCKAXKEHUS peaIbHON KapTUHBI ATOM-
HOH WJIM MOJIEKYJIsipHOH yriakoBku npu ACM-Bu3yanuszauuu (MHBEPCUSI KOH-
TpacTa, «IoTepsi» OJHOro aToMa B Oasuce M ciiydyas nuporpadura, pas-
JIMYHAs CIIEKTpajibHAs INIOTHOCTh CEYEHUH BJIOJIb IKBUBAIeHMHbLX HATIPABJIEe-
Hu# u T.11.), MeToa ACM npuMeHUM JJIsl ONPEeNIeHUs] TapaMeTpPOB peIIeT-
KU MIOBEPXHOCTU. JlelicTBUTENbHO, BU3YyalIM3UpyeMas JByMEpHas CTPyKTypa
XapakTepUu3yeTcs TEMU K€ BEKTOPAMM TPAHCIISILUU, YTO U peajibHas Ucclie-
Jiyemasi TOBEpXHOCTH (mpeodbpazoBanue (2.29) He MOXKET UCKA3UTh 3HAUCHUI
MPOCTPAHCTBEHHBIX YACTOT ABYMEPHON NEPUOANYECKON (DYHKLIMHU HCCIeaye-
MOM TTIOBEPXHOCTH).

NTtak, puc. 2.7 1o3BoJs€T yTBEPKAATh, YTO IIPU YBETTMUEHUE 0OJIACTH KOH-
TakTa 30HJa 1 00pa31a U BOBJIEYEHUSI B KOHTAKT 3HAUUTEIIbHOTO KOJIMYECTBA
ATOMOB 00pasla coXpauHaemcs 603MOHCHOCHb BU3yIM3ALIUH ABYMEPHOH T1e-
PUOAMYECKON CTPYKTYPBI C TEMHU XK€ ITapaMeTpaMu PeleTKU, YTO U UCCIIeIy-
eMasi IOBEPXHOCTh (WIOKHOE» ATOMHOE pa3pellleHne). DKCIePUMEHTAIIbHbBIE
rpaduku puc. 2.8 u 2.9 noATBEPKAAIOT ITOT BBIBOJ, AEMOHCTPUPYS KAYeCT-

BCHHOC COBIIAJICHHUC C TGOpI/IGfI.

KpaTtkne BbIBOABI

Mp1 npeamoxuiu Mexann3M ACM-Busyanu3aliu aTOMHON W MOJIEKYJISIp-
HOW YIAKOBKU MCCIIEIyEeMbIX TTOBEPXHOCTEH (OCHOBBIBASICh HA PE3yJIbTaTax
TEOPUU KOHTAKTHBIX JAehopMaliuii), BBEIIM annapaTHyo (QyHKIu0 mpudopa
JUISL 9TOTO CITydasi, IPOJAEMOHCTPUPOBAIIA €€ TPUMEHEHHUE TSI BBIYMCIICHUS
pasnocmuoil GyHKIUU KoHTpacta ACM-u300pakeHus1 B MOJISJILHOM clIydae,

IMOJIYUYHIIN SKCIICPUMCHTAJIBHBIC 3aBUCHUMOCTH OJIA CH€KTpaHLHOﬁ IINTOTHOCTHU

21) myTeM aHaJM3a TeCT-00BEKTOB
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ACM-u306paKeHus BIOIb OCHOBHBIX HAIPABICHUI pEIIETKH 00pa3ios?)
U KaueCTBEHHO OOBSICHIIIM PsiJ] IKCIIEPUMEHTAILHO HAOJFOIaeMbIX 3aKOHO-
MEpPHOCTEM.

BaxxHo#t oTnmmumeM pa3pabOTAHHOTO TMOJIXOJa B CPAaBHEHHH C OIHMCAH-
HBIMHU B JINTEPAType SBJISICTCS TO, UTO OH ITO3BOJISICT OJTHO3HAYHO CBSI3aTh
0COOEHHOCTH (KOHTPACT, KAYeCTBO U 1p.) nojrydaeMoro ACM-u3o0paxeHus
aTOMHOU CTPYKTYPHI IOBEPXHOCTH C pealIbHBIMU ITapaMeTPaMH IKCIIEPUMEH-
Ta (CUJI0H BO3IEHCTBUS 30HAA, MOAYISIMU YIIPYTOCTH 30HAa U o0pasia, pa-
JINYCOM KPHWBHU3HBI UTJIBI M CTEIICHBIO €¢ aCHMMETPHH ), a He C aOCTPaKTHBIM

KKOJIMYECTBOM ATOMOB Ha KOHYMKE UTJIBI».

2.2. 3ajgaya BOCCTAHOBJIEHHS PeAJIbHOI reoMeTpuu
00bekTOB 110 ACM-u300pakenuro (yuet

dpdexTa ymmpeHus)

DddeKT ymupeHus IposBISIETCS B TOM, UTO OTIEIbHBIE MUKPOOOBEKTHI, a/l-
COpOMpOBaHHBIC HA MOJUIOKKY M BU3yam3upoBaHHble ACM, UMEIOT 3aBbI-
IIIEHHBIC 3HAUEHUS IMUPUHBI TPpodpuiast. DTOT 3hPEeKT MOKET OBITH MOJIE3EH.
Tax, Hanrpumep, pu ACM uccreoBaHusSX HYKJIIGMHOBBIX KUCIIOT OH 00JIeT-

qacT I/II[CHTI/I(l)I/IKaLII/IIO MOJICKYJI: KYHIMPCHHBIC>» MOJ'ICKYJ'IBI23)

Jlerye ooHapy-
KHUTh Ha KaJIpe 3HAUMTEIbHOH TUIOIA U, YTO 00JierdyaeT Habop CTATHCTUKH.
B cuy aToro nmpu ucciieoBaHMM HYKJIGMHOBBIX KUCIIOT 3(PQEKT yIupeHus
MTO3BOJISIET 0OXOIUTCS 0€3 TOMOTHUTETBHOTO KOHTPACTUPOBAHHS MAKPOMO-
JIeKyJ1 (KOMILJIEKCOOOpa30BaHUEM C OeJIKaMu U IIp.).

DPdeKT ymmpeHus cBsI3aH ¢ TEM, YTO 30HAUPYIOIIEe OCTPUE MUKPOCKO-
1a UMeeT KOHEUHBIN paJinyC KPUBU3HBI KOHUMKA. DTy almapaTHYO MOTPEIil-
HOCTB TPYIHO ITPEOA0JIETh, TOCKOJIbKY YMEHBIIIEHUE PaInyca KPUBU3HBI KOH-
yrKa 30H7a (MCIOJIb30BaHUE 00JIee OCTPHIX 30HA0B) MPUBOIUT K YBEITMUEHUIO
JABJICHUSI B 00JIACTH KOHTaKTa (IIPH TOM K€ 3HAYEHUU BEJIMYUHBI KOHTAKT-
HBIX CHJI, cM. hopmydy (2.8) cTp. 55); 3HaUnTeIbHAS BeJIMUYMHA KOHTAKTHOTO
JABJICHUSI MOXKET IPUBECTH, B CBOIO OUEPE/Ib, K YACTUYHOMY pPa3pyIICHUIO

30HIAa IIPHU CKAHUPOBAHUMU. YMEHBIINUTE KOHTAKTHOE AAaBJICHUE MOXKHO ITpH

HaOJIIOICHUH TTOBEPXHOCTU 00pa31I0B B KUIKOCTSIX, TTIOCKOJBKY B 3TOM CITy-

22) comronel M MEpOTrpaduTa
23) mupuna npoduns monekyist JJHK 3aBsimaercs B 5-10 pas
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yae MOXHO MO/IEP’KUBATh KOHTAKTHBIE CUJIBI HA CYIIIECTBEHHO 00Jiee HU3KOM
ypoBHe [50].

DddexT ynmpeHus MOXKET BeCbMa CYIIECTBEHHO (OCOOEHHO MpU 3HAUU-
TEJILHOM paJuyce KPUBU3HBI KOHYMKA 30HJIMPYIOIIETO OCTPHS) MUCKaXKaTh
MOPQOJIOTHIO MTOBEPXHOCTH MPH ee Bu3yanuzanuu merogom ACM. Harmnsana-
HOe cpaBHeHHE pe3ynbTaToB ACM U 3JeKTPOHHON MHUKPOCKOIHUU IPHU HC-
CIIEJOBAHUU OJTHUX U T€X )K€ IMMOBEPXHOCTEH MPOBOSAT aBTOPHI padoThI [75].
[TpuBeneHHbIe N300pa)KEHHS TTOKA3BIBAIOT, YTO IIPH UCCIIEIOBAHUY ITOBEPX-
HOCTEM, XapaKTEePU3YIOUIUXCS CII0KHOU MOP(OIIOTHEH, UCKaXAIOIIee BIUS-
Hue 3pdexra ymmpenus ACM MoxeT NMPUBECTU K MoTepe HHOPMAIIMU Ha
MOJIy4aeMbIX N300paKeHUSIX.

[Tpu nccnemoBaHMsIX OMOTOTHUECKUX M OPTAHUYECKHX OOBEKTOB YACTO
BO3HUKaET 3ajada ompenaeicHus BiausHus 3ddekra ymmpernus Ha ACM-
npoduiab 00beKTa, aACOPOMPOBAHHOIO HA MTOBEPXHOCTh TBEPAOH IOIOXK-
ku. HMckaxaromee BnusiHue 3pdexTa yIMpeHuss 1 KOHTAKTHBIX AedopMa-
AN TPUBOJIMT K TOMY, YTO JIJISI BOCCTAHOBJICHUS PeaIbHOM reOMETPUICCKON
(dhopMbI 00BeKTa UccieqoBaHus 1o ero ACM-u300pakeHUI0 HEOOXOIUM J10-
MOJTHUTEIbHBIA MAaTEMAaTHYECKUN aHAIU3 C UCIIOJIb30BAHUEM OIIPE/IeTIEHHBIX
MOJIEJIbHBIX MPEACTABIIEHUM O FT€OMETPUH 30H1a (KOHYC CO ChepUIECKUM KOH-
YUKOM, IMapaboJION 1 Mp.) U aIPUOPHBIX MPEACTaBICHH 0 (hopMe 0ObeKTa

HUCCIICAOBAHM:.

M3BecTHBIE METOAUKH BOCCTAHOBJICHHUS PeaIbHO reoMeTpuu 00beKTOB

ucciaenosanua ACM

B pabore [76] mpemnokeHa yHUBepcallbHAsl KOMIIBIOTEpHAS METOIUKA JEKOH-
BoJiroruu ACM-u3o06paxeHui, BKIIIOUarolas ABa 3Tamna: onpeiejeHue reo-
METPUH UCIIOJI3YEMOTO OCTPUSI C TOMOIIIBIO TECT-00BEKTOB U CBEPTKY UHBEP-
TUPOBAHHOM reoMeTpuu ocTpusi ¢ usMepeHHbIM ACM-nipoduiem; 3ta mpo-
1eaypa MO3BOJISIET BO MHOTHX CJIydyasiX BOCCTAHOBUTH HUCXOJHBIA MPOQPHITH
00BEKTa C BBICOKON TOYHOCTBIO.

MBI IpOBOIUIIA TECTUPOBAHUE TAHHOM METO/IUKHU, peliasi 3a/1a4y BOCCTa-
HOBJICHUSI TEOMETPUU OOBEKTOB, aJICOPOMPOBAHHBIX HA IMOBEPXHOCTH ILJIOC-
KOU MOUTOKKHU. AHAJIN3 TOKa3aJjl, YTO BOCCTAHOBJICHHBIE 110 TAHHOW METO/IU-

Ke JIaTepajbHble pa3Mepbl 00beKTa (IIMpPHHA Ha MoTyBbicoTe??)) cymmecTBeH-

24) 5TOT MapaMeTp MCIONb3yeTCs TIPH OTpe/IeIeHHH 00heMa HCCIENLyeMOTO 06BeKTa
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HO 3a6bliieHbl TIPU YCIIOBUM, UTO PAJINYC KPUBU3HBI OOBEKTA MeHblle PAINYCa
KPUBHU3HBI KOHYMKA 30H1a (OIIMOKA TeM BBIIIIE, UeM OOJIbIIE pa3HHIA paau-
YCOB). DTO OOCTOSATEIBCTBO OCIOXHSIET MPUMEHHUMOCTh pacCMaTpPUBAEMOM
METOJIMKH TIPH MCCIETOBAHMIX psiia OMO000BEKTOB (OTACTBHBIX MAKPOMOJIE-
KYJI, UIX KOMIUIEKCOB U TTP.) B CHJTy MAJIOCTH Pa3MEPOB MOCIIETHUX B CDABHEHUH
C paauycoM KpuBHU3HBI KOHUMKA 30H1a ACM. Tak, mpu paauyce KpUBU3HBI
30H1a 15 HM U paanyce 00beKTa 2,5 HM (TUIIMYHbIE 3HAUEHU S 11 UCCIIeI0BA-
HUM 6MO00O0BEKTOB) MOTPEIIHOCTD (3aBBIIIEHNE) BOCCTAHOBJICHHBIX 3HAUECHUI
HIMPUHBI COCTABIISIET JJIs1 TECTUPYyEMOU MeToauku 60ee 50%.

B paboTe[77] mpeaioxkeHa METOAMKA BOCCTAHOBJICHUS 00ObeMa UCCIIeTye-
MbIX yacTull (mo ACM-npoduitio), He BKITIOUAIOIIAs CTa U0 MPEIBAPUTETb-
HOTO TECTHPOBAHUS 30H/A: KAK T€OMETPHS 30HAa, TAK U TEOMETPHUS OOBEK-
TOB UCCIIEIOBAHUS, OTIPE/IEIISIEMbIE COOTBETCTBYIOIIMMHE PAINyCaMHi KPUBU3-
HBI, MOXXET OBITh BOCCTAHOBJIEHA ITyTEM aHaju3a OJHOTO U Toro xe ACM-
n3obpaxenus. OHaKO JaHHAS METO/IMKA, BKIIFOUYAIOIIIAs UCITOIb30BAHUE JIJIS
OTIMCaHMSI TEOMETPHUH IMOBEPXHOCTHBIX CTPYKTYP 3HAYCHUE paouyca Kpugus-
Hbl, CBOJIUT 3aJa4y K PACCMOTPEHHUIO T€OMETPUU KOHTaKTa C(Hepruyeckoro
30HA U cghepuueckoeo odbpaslia.

B03MOXHOCTB TOJTyueHUsT B 3TOM CiIy4yae JOTOJHUTEIbHONW HH(pOpMa-
uuu (T.e. HE TOJILKO MapaMeTpoB OOBEKTA, HO W 30HAA U3 ogHOro ACM-
M300pakeHNs1) MOXKET OBITh MPOWLIIOCTPUPOBAHA CIIEAYIOIUM. MBI HIDKE
MPUBOJIUM pEIIeHUE 3aJa4Yu OIPEeNICHUs] UCTUHHOM IUPHUHBI (2a) 3IUIUI-
COMJATLHOTO B CEYCHUN OO0BEKTA IO U3BECTHBIM IapaMeTpaM: BhICOTe (2b),
mmmprae ACM-nipoduns Ha momyBbicoTe (2d) 1 panuycy 3oH1a R. [Tpu sTom
BO3MOXHBIM OKa3bIBAETCSl YKa3aTh JOMOJIHUTENIbHbIE COOTHOIIeHus (2.38,
2.39), cBs3bIBaOIINE YKa3aHHbBIC TapaMeTphbl. Mojieb chepuieckoro oopas-
11a MMO3BOJIIET ONMUCATh €r0 T€OMETPUIO OJIHUM MapaMeTpoM — pPajanyCcoM
KPUBU3HBI (0€3 UCTIOJIB30BAHMS ITPEATIONOKEHUSI O CBSI3M 9TOTO MapaMeTpa ¢
BBICOTOM 00BEKTA HaJ MOBEPXHOCTHIO MOATOKKH). [logoOHOe ymMeHbIIeHe
YHuClia MapaMeTpoB 3aJaud MO3BOJISIET U3BJIEUD, ITyTEM aHAlIN3a FEOMETPUU
KOHTAKTa, IOTOJHUTEIIbHYIO0 UH(POPMALIHIO.

ABTOpPBI paboThI [78], 0TMEUast, YTO IPHU JOCTATOYHO «OCTPOM» MPOPu-
JIe UCCIIEMYEMbIX TTOBEPXHOCTHBIX CTPYKTYp Ha ACM-u3zobpaxkenun Oymer
0TOOpaXaThCsl JUIb TPOPUIb OOJIee «TYMON» UIJIbI, IPU CPABHUTEIBHOM
aHaJIN3e TaK)Ke ONIEPUPYIOT ITapaMeTpaMu COOTBETCTBYIOIINX PANYCOB KpHU-

BU3HBI (30H/a U UCCIIEYEMBbIX TOBEPXHOCTHBIX CTPYKTYD).
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Ho B cuity numeromuxcst mpecTaBIeHH O CYIIIECTBEHHON PO KOHMAKM-
Hoix Oeghopmayuti (pasznen2.1) B ucciaegoBanusix ACM MOXKXHO TpeAroso-
KHUTh, UTO MOJIENb cgheputecKkoli TEOMETpUU o0pa3lia U MCIOIb30BaAHUE IS
€€ OIMMCAHUS COOTBETCTBYIOIIETO paduyca KpueusHsl Bpsl TN aJIeKBaTHA TIPU
pelIeHNH 3aJa4l BOCCTAHOBJICHUS] TEOMETPUH aJICOPOUPOBAHHBIX OUO00BEK-
M08, XapaKTEePU3YIOIINXCS, KAK U3BECTHO, HEBBICOKUMH 3HAUEHUSIMU MO/TYJISI
ynpyroctu. boee oOieit SBIsSETCS MOJIENb, MMO3BOJISIONMAS YUeCTh dPPEeKT
VIIMPEHUS] TIPU KOHTAKTE MIJIbI C dedopmuposantoli 4aCTULIEH, UMEIOIIeH
IUNCOUOAIbHOe cedeHne. PerieHne TaHHOM 3a1a4u TTO3BOJISET OMPEIETUTh
00BEM UYACTHIIBI, BBIPA3UB €r0 Uepe3 MapaMeTphl JUIMITHYECKOTO CEUCHUSI:
HaM/IEHHOT'O 3HAYCHUS @ M CBSI3AHHOTO C BBICOTOM YaCTHIIbI 3HAUCHUsI b = h /2.
Ho, HackoIbKO HaM U3BECTHO, B JINTEPATYPE OTCYTCTBYIOT pabOTHI, TOCBS-
IICHHBIE IPUMEHEHUIO MOIEIIN 3/LIUNCOUIAIBHO20 00beKma TSl aHATIN3a IKC-
nepuMeHTaTbHBIX ACM-u300pakeHHit; HIKe MBI M3J1araeM pa3paboTaHHYIO

METOJWKY PElICHUs JaHHOM 3a/1a4H.

2.2.1. TlocraHoBKa U penieHNe 32/1a44 00 onpe/ieJIeHMH UPUHDI

00beKTOB N0 u3MepeHHbIM napamerpam ACM-npoduiis

Mpbl npuMeHuIu A yuyeta 3ddexta ymmpeHus: reoMeTpUUEcKy0 MOJIENb
(puc. 2.10), yuuThIBAIOIIYIO B3aUMOJIEUCTBUE OOBEKTA TOJIBKO ¢ KOHYMKOM
30H1a (IIpeIoIaraeTcsi, YTO HET KOHTAKTa CO CTEHKaMHU MUPAMHIBI). DTO
OIpPaBJAaHO B TOM ClIydae, KOIJa BbICOTa UCCIEIYEMbIX CTPYKTYp Haj IOJ-
JI0’KKOM HE MPEBBIIIAET Paauyca KPUBU3HBI KOHYMKA UIJIBI.

KoHumk 30H1a anmpoxcuMupoBaiu Judo noiychepoit paauyca R, mido
napaGosionoM BpaiieHus (2 = kp?, rae k — xoadduuuent mapadoisr). [pu
3TOM OBUIO MOKA3aHO, YTO PE3yJIbTAThl IPUMEHEHUS IBYX METOIUK (haKTu-
YECKH TOKIECTBEHHBI: KOJIMUECTBEHHOE PACXOK/IEHUE B OTBETAX COCTABIISET
MeHee 10%. CTOUT OTMETUTD, UTO ANIIPOKCUMALIMS UIJIbI C IIOMOIIBIO MOJTY-
cdepsl OoJiee HArIsAHA W OOJIee MUPOKO MCIOJIB3YeTCs B uTepatype. Mbl
HUKE [TPUBOJIUM aJITOPUTMbI UCIIOJIb30BAHUS 00OUX MOIXO0/I0B.

UccnenyeMyto yacTuily OMMChIBAIM MOJIENbIO duturiconaa. T.e. Mbl uc-
XOJIMM U3 allPHOPHBIX MPEACTABICHUI O KOHTAKTHOU edopmManuu oopasia
MoJ1 ISHCTBUEM 30HAA, cM. pa3zaen 2.1. B ceuenun oObeKTa nccieq0BaHUS —
3ILIUIIC ¢ TOJTyocsiMU a 1 b. CTaBuIiIM 3aa4y 10 32/ JaHHBIM 3HAYEHUSIM BBICOTBI

o0bekTa (h = 2b), mapameTpa reoMeTpuu 30H1a R (U k 11 napabondec-
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O0pa3zerr 3oHA

IMonnoxxka

Puc. 2.10. 'eomeTpus koHTaKTa 30HAA U 00Opasma (k oObsicHeHMIO 3(pdekTa ymupe-

HUSI)

2d — m3mepenHas wupuHa npoduist ACM-uzo0paxeHus 00beKTa Ha IOITyBBICOTE, 2a — HC-
TUHHAS IIUPUHA 00beKTa, R — paanyc KOHUUKA 30H/a, h = 2b— BbIcOTa Mpoduis 00beKTa

HaJ MOIOXKKON

KOH anmpoKkcuManuu) 1 mupuHbl mpodrrss ACM-u300pakeHus: 4aCTUIIBI HA
€€ MOoTyBBICOTE (2d) HAWTH 3HAUCHHE UCTUHHOM IIMPUHBI 00BEKTa 2a.
3anuiieM cUCTeMy ypaBHEHHUH s oyutHIica (cedeHune mpoQuIs ncciemaye-

MOM YaCTHUIIbI) U OKPYKHOCTH (ceueHue mpousist UTJIbl):

Yeu = by/1 — 22 /a?

Yeir = R — \/R? — (x — d/2)?

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

JUst perieHns 3a1a4u CTABIIM YCIIOBHS U1l TOYKH KOHTAKTa ¢ KOOP/H-
HaTaMu (Zo, Yp): PABEHCTBO KAaCATEIbHBIX K JJUIMIICY U K OKPYKHOCTH (T1apa-
©0JIbI) U yJOBIETBOPEHHUE KOOPAUHAT TOUYKU KOHTAKTA YPABHCHUSIM 3JUTUIICA

1 OKpY>XHOCTH (T1apa0oJibl):

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

dye”/d:r|w07y0 - dycir/dx|ac0,yo

s moaenu mapabonmyeckol uripl B cucteme (2.33) BMeCTO ypaBHEHHS
OKPY>KHOCTH HCIIOJIb30BaJIN YPaBHEHUE MMapadoIhl.

JIaHHYIO CHCTEMY aHAJIUTUYECKU CBOIAWIM K OJTHOMY YPaBHCHHIO C OJ-
HUM HEU3BECTHBIM (&)%), A5 KOTOPOTO GBUT CO3/IaH aTOPUTM YHCIIEHHOTO

peutenns®®) . Huvke Mbl TIPUBOAUM 3TH YPABHEHMS JUlsl ciydas cepuuecKoit

25) sl ) ypaBHEHME IPOIITE
26) nasee, 1O HAMIEHHOMY o OTIPEICISIH @
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UTIJIBI:

[b2 ~ (R VR = (00— d)2>2] VEE— (2 — d)2+

(2.34)
vao(zo — d) (R — VR~ (2o — d)2) —0
1 OJIs1 HAXOXIACHUS a ITO YHUCIICHHO OHpeHeHeHHOMy Zo.
0= Lo (2.35)

\/1 - (R— VR — (o —d)2>2/b2

AHaJIOTUYHO, IS cy4asi mapaboIMuecKoi UTJIbl UMEEM YpaBHEHUE OT-

HOCUTECJIIbHO T AJIA MOCTPOCHUSA YUCIICHHOI'O PCIICHU !
k*(zo — d)*(zg +d) +5> =0 (2.36)
" YPAaBHCHUEC OJIA OIIPCACIICHUSA a:

o= M (2.37)

AHamUTUYECKH OBIIO MOKAa3aHO, YTO TMOJIydeHHOe ypaBHeHUE (2.34) nms
chepUUecKoi UTJIbI HE UMEET PEIIeHHs (Ha MHTEePECYIOIeM Hac MHTepBaJe)

TOJIBKO B TOM CJIy4dac, KOrJa BBIIIOJIHACTCSA CUCTEMA HEPABCHCTB!

R >d/2
b>R— /R —d2/4

AHaJI0TM4HO, ypaBHEHUE [IJIs1 apabonnueckoi urisl (2.36) He uMeeT pe-

(2.38)

MICHUA Ha MTHTCPCCYIOIEM HAaC MHTEPBAJIC B ClIy4da€, KOTAd BBIITOJIHACTCS YCI10-

BUC:
b> kd> (2.39)

CMBICT MaHHBIX OTpPAaHWYCHMM OUYEBUICH: eciau u3MepeHHb ACM-
npopmib 0OBEKTA JOCTATOUHO «OCTPBII», TO HUIja, KOTOPOMl OH ObLI IO-
Jy4eH, He MorJia ObITh «Tymoi». [TomydenHbie cooTHoenus (2.38, 2.39) sB-
JISIOTCS, TO-BUAMMOMY, YACTHBIM CIIy4aeM OoJiee 001IIero nmoaxoaa K olueHKe
TE€OMETPHUU UIJIbI, U3JI0KEHHOTO B padote[79]. ABTOp naHHOU paboOThI TEO-
peTudyeckr 0O0CHOBBIBAET BO3MOXHOCTh OLIEHKH «OCTPOTBI» UIJIbI (OIpese-
JIEHHE BEPXHETO IIpe/ielia) MyTeM aHaIn3a MophoIorui 0COOEHHOCTEN MOJTy-
yaeMoro ACM-u300pakeHust Ipyu IPOU3BOIBHON, HO IOCTATOYHO HEOIHO-

POJIHOM CTPYKTYpE UccaeayeMoil moBepxHocTu. OaHako cooTHoteHus (2.38,
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2.39), mony4yeHHbIe HAMH, O0JIee TIPOCThI U HATJISAHBI, YeM OOIIUI MOIX0I,
M3J10KeHHBIN B paboTe [79], 1 MOTYT OBITH BeChbMa I10JIC3HBI IIPU UHTEPIIpETa-
[IUU SKCTIEPUMEHTAIbHBIX Pe3yJIbTaTOB.

VpaBHenus (2.34—2.37) ucnosib30BaIu I TOCTPOCHUS YHUCIIEHHOTO pe-
IIEHUS (CM. TEKCT IporpaMMBbl Ha cTp. 223): ypaBHenus (2.34) u (2.36) peranu
MeTo1oM 6uiku [70] OTHOCUTEIBHO xg, Aajiee 1o ypaBHeHUIM (2.35) u (2.37)
OTIPEIEIISITA UICKOMOE 3HAUCHHE a.

BoszHukaet Bompoc, eciii Bce paBHO 33/1a4a peniaiach YUCICHHO, TO 1O-
YyeMy Hellb3s ObLJIO UCXOAUTh HEMOCPEACTBEHHO 13 cucTeMbl (2.33), cBens ee,
HampuMep, K CUCTeMe HeIMHEWMHBIX YPABHEHUN M HAXOJsl UX YUCIIEHHOE pe-
meHue. OHaKO OKa3bIBAETCS, YTO CIIENU(UKA CUCTEMBI HE TTO3BOJISIET B 9TOM
ClIydae MOCTPOUTH IOCTATOUYHO MTPOCTOTO YHCIEHHOTO PEIICHHUs, TOCKOIBKY
CKOJIb YTOHO MaJTbIe OTKJIOHEHUS OT TOYHOT'O PEIICHUS IPUBOIAT K OTPHIIA-
TEJIbHBIM 3HAUYEHUSIM B MTOJIKOPEHHBIX BBIPAKEHUSIX, BXOASIIUX B PEIIAEMYIO
cuctemy. B cuity aToro mpensioxKeHHbINH METO/ SIBJISIETCS, HECMOTPSI Ha HEOO-
XOJIMMOCTbH ITPEIBAPHUTEIIPHBIX AaHATTUTHYECKUX BBIKIIAI0K, JOCTATOYHO ITPOC-
TBIM, KPOME TOT'O, OH UMEET Ba)KHYIO OCOOCHHOCTB: ITPOBEPKA BBITTOJTHEHUSI
ycnoBuid (2.38) 1 (2.39) mo3BoJIsIeT 3apaHee ONMpeIeIUTh CIydau OTCYTCTBUS
peleHu i ¥ MoJyuuTh UHGOPMAITUIO O JOMYCTUMOM 3HAUEHUU MapaMeTpPOB
reoMeTpuu 30H1a R unu k.

Omnpenenenre TOYHOTO 3HAYCHHS paauyca R (umu k) 1t KOHKPETHOTO
30H/1a TPeOyET ero TECTUPOBAHUS HEMTOCPEICTBEHHO MePe] UCII0JIb30BAHUEM
(Mo pe3yiabTaTaM HUCCIEAOBAHUS TECT-0OBEKTOB, HAIpUMEp, BUpyca Tabay-
HOM MO3aUKH — yJOOHOTO MPUPOTHOTO KHAHOPA3ZMEPHOT0» O0BEKTa C (PUK-
CUPOBAHHBIMU F€OMETPUUYECKUMHU TapaMeTpaMHu, cM. pasnaen 3.1). OnHako u B
9TOM CJIyuae CyIIEeCTBYET BEPOSTHOCTh TOTO, YTO B MPOIIECCE CKAHUPOBAHUS
(opMa UIIBI MPETEPIUT U3MEHEHUSI B PE3YJIbTATe B3aUMOACHCTBUSA C 00b-
€KTOM. B 3TO#1 CBSI31 Upe3BhIYANHO ITOJIE3HBIM SIBIISICTCS TTOTyYeHUe HHDOP-
Mauu o Gopme 30HIa HermocpencTBeHHO n3 ACM-u300paxennii o0beKTa
HCCIIeJIOBAHUS.

ITpu anammze ACM-u3o00pakeHud 0OBEKTOB, JISI KOTOPBIX HEOOXOIU-
MO BOCCTAHOBHUTb UCTUHHYIO IIUPUHY, U3MEPSETCS Mapa 3HAUCHUI: BBICOTA U
HIMPUHA HA ITOJTYBBICOTE; PE3YIbTATOM aHAIN3A SIBIISICTCSI HAOpaHHAS CTaTHC-
THKA IMap 3TUX 3HAYCHUH. AHAJIU3UPYS BBIITOJTHUMOCTh COOTHOIIEHHH (2.38,
2.39) npu pa3IUUYHBIX MapaMeTpax N'eOMETPHH 30H/Ia, MOXHO OIPEICIUTh

npejenbHoe 3HaueHue R (v k) Bolie (st K — HIKe) KOTOpOoro Habto1a-
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€TCsl pOCT YMCIIa CITydyaeB OTCYTCTBUSI pelieHust (11 HAOpaHHOM CTaTHCTUKHU
rap 3HaYeHUM mapaMeTpoB 00beKTa b U d). ITO u OyAET BepXHee I'PaHUIHOE
3HAYCHUE /TS OIICHUBAEMOTO pajauyca KpUBU3HBI UTJIBl. TUIUYHBIN TpUMEp
3aBHCHUMOCTH YKCJIA CITy9aeB OTCYTCTBUS PEIICHUS JIJI1 HAOPAHHOM CTATUCTH-

KU map b u h oT paanyca KpuBU3HBI UTJIBI IPEACTaBIICH Ha puc. 4.5, cTp. 135.

K Bonpocy o npumMeHUMOCTH pa3padoTaHHOI METOAMKH

Crnenyer mOMUEPKHYTH, YTO pa3pabOTaHHAS METOJMKA HE YYUTHIBAET BO3-
MOYHOT'O JIOTIOJITHUTEILHOTO BKJIaJa B YIIUPEHHUE, CBSI3aHHOT'O C YACTUYHBIM
yBJICUCHHUEM 00pa3na 30HA0M IIpU CKaHUpOBaHUH. DPGEKT yBIIeUeHHs: 00yc-
JIOBJICH JIATEPATLHBIMH CHJIAMH B3aUMO/ICHCTBHS 30H1a U 00pasia, KOTOphIe
XapaKTepU3yITCs JOCTATOYHO OOJIBIIION MHTEHCUBHOCTBIO MPU MTPOBEICHUN
WCCIIeJTOBAHUI B KOHTAKTHOM peXHUMe Ha Bo3ayxe. [1o Hammm olieHKam JaH-
HBII 3(PPEKT, B OCHOBHOM, MOYKET IPOSBISATHCS ITPU UCCIIEAOBAHUN OOBEKTOB,
MMEIOIIUX HEOOJIBIITYIO BEJTMUMHY TUTOIIA N CeUeHUs (HATpUMeEp, OTMHOYHBIX
mosekyn JHK), u npuBoauts x 1,5-2,5-KpaTHOMY 3aBBIIEHUIO 3HAYEHUS
HIMPUHBI 00BbEeKTa 2d U, KaK CIEACTBUE, BOCCTAHABIMBAEMOT'O 3HAUCHUS a.
Ocnabutph BnusiHue 3ddexTa yBieueHus: odpasiia 30HA0M MOXKHO IyTeM
YMEHBIIIEHUSI THTEHCUBHOCTH CHJIOBOTO JIATEPATTbHOTO B3aUMO/ICHCTBUS 30H-
na 1 obpasna. ITO JOCTUTraeTCsl NMPU NPUMEHEHUH PEXHMa MPEPBIBUCTOTO

KOHTaKTa, 0COOCHHO B ClTy4yae MPOBEACHUS UCCIISAOBAHMM B )KUIKHUX Cpeaax.

HOFpe[l.lHOCTb BOCCTAHOBJICHHBIX 3HAYEHMH

OcHOBHasl MOTPENTHOCTh BOCCTAHOBJICHHBIX 3HAYEHUH a BHOCUTCS TOTPEII-
HOCTBIO u3MepeHus nonymupuabl ACM-nipoduitst o0bekTa d. Mbl TECTUPO-
BAJIM pa3pabOTaHHYIO METO/IMKY, BOCCTAHABIMBAS IIMPUHY TECT-O0BEKTOB —
yactull BTM — no usmepenssim napamerpam nx ACM-uzobpaxeHuil (Bbl-
cota 2b u mupunHa npoduns 2d). [Ipu 3ToM aHATU3UPOBAIM 3aBUCUMOCTH
MOTPEIIHOCTH PelieHUs (ICTUHHOM IIUPUHBI 00BEKTa 2a) OT MOTPEIIHOCTEH
BXOJ/IHBIX ITAPAMETPOB.

Bbpu10 0OHapyKeHO, YTO B MEHBIIIEH CTENIEHU MO PEIIHOCTD peteHus (Aa)
3aBUCHUT OT IOTpElIHOCTEN mapameTpa reomeTpuu 3012 (AR wiu Ak) u nio-
TPEITHOCTH U3MEPEHHOU BBICOTHI 00bekTa (Ab). OTHOCUTEIbHAS BEIMYMHA
CTAHJIaPTHOT'O OTKJIOHEHUS JIJI1 BOCCTAHOBJICHHBIX 3HAUCHUH IIUPUHBI 3THX

00OBEKTOB B ABAa—TPH pa3da MCHBIIC, YEM OTHOCHUTCIIbHAA BEIMYNHA CTAaHAAPT-
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HOTO OTKJIOHEHMS BXOIHBIX IAapaMeTpOB BBHICOT?"), U B MONTOpa—IBa pa3a
MEHbIIIE, YEM Ta K€ BEIMYMHA I HapaMeTpa TeOMeTpUH 30H1a%8) .

B HauOonplell cTeneHn MOrpelHOCTh PELEHUs ONPeAeIIieTCsl Orpelll-
HOCTBIO IapameTpa mwupuHbl npoduiist ACM-u3o6paxenuii 2d. OTHOCUTENb-
Hasl BEJIMUMHA CTAHAAPTHOTO OTKJIOHEHMS ISl BOCCTAHOBJICHHbBIX 3HAUEHUI
UCTUHHOM IIMPUHBI 00BEKTA B JIBA pa3a npesviuiaen OTHOCUTENIbHYIO BEJIU-
YUHY CTAaHAAPTHOTO OTKJIOHEHUS BXOJHBIX 3HAYCHUI ITUPUHBI TPOGUIIST €T0
ACM-u3ob6paxenus. T.0. UMEHHO BKJIaJ MOTPEIIHOCTH MapaMeTpa d B TO-
IPEIIHOCTh PELIECHUS SABIISIETCS OMPEIEISIONINM.

[TorpemHocTh n3MepeHust d MOXKeT ObITh OOYCIOBIEHA ONUCAHHBIM BbI-
11e 3(h(PeKTOM YaCTUYHOT O YBIIEUEHUSI OOBEKTOB 30H0M IMPU CKAHMPOBAHUH.
3HaYNTENbHAS ACUMMETPUS UTJIBI TAKXKE YBEJTMIUBAET ITY MOTPEIITHOCTD, T10-
CKOJIBKY 3HAYEHUs IIIMPHUHBI B 3TOM CIIydyae 3aBUCAT OT OPUEHTALUU OOBEK-
TOB. B cumily 3TOro craiapTHoe OTKJIOHEHHE BOCCTAHOBJIEHHBIX 3HAUYEHUMN
UCTUHHOM HIMPUHBI OOBEKTOB MCCIEIOBAHUS IO PE3yJIbTaTaM aHAJIU3a MX
ACM-u3006pakeHnit MokeT peBbIaTh 20%. YBEIMUNTh TOYHOCTD PE3YIIb-
TaTa UCCIEIOBAHMS MOXKHO IIyTeM yMeHblleHUs 3pdexTa yBieueHus (uccie-
JOBAHUSI B PEKUME MTPEPHIBUCTOIO KOHTAKTA B KUAKOCTH), a TaKXKe (IOTEeH-
LIMAJIbHO) IyTeM OIIPENIEIeHHs U y4yeTa CTEeNeHH acUMMeTpuu uribsl. Kpome
TOrO, BEJIMYMHA OLIMOKU MOKET OBITh yMEHbLIEHA MPU HAOOpe A0CTaTOY-
HO 0016101 cMmamucmuKku aHaIN3upyeMbIX napaMeTpoB ACM-n300paxeHuit

OOBEKTOB.

KpaTkue BbIBOIBI

Pa3zpaboTana MeToIMKa BOCCTAHOBJIEHUS PEAIbHON IITUPUHBI OOBEKTOB, a/JI-
COpOMPOBAHHBIX HA TMOBEPXHOCTH MOJJIOKKH, MO JIBYM H3MEpPEHHBIM IIa-
pamerpam ACM-u3o00pakeHus (BbICOTa W IMIMPUHA Ha moiryBeicoTe ACM-
npoduiist) 1 U3MEPEHHOMY TTapaMeTpy reoOMeTPUHU 30HAa (panyc KPUBH3HBI
R i xoapduimeHT napadboisl k).

OcobeHHOCTIMU pa3paboTaHHOTO AJITOPUTMA SBIISIOTCS:

e HaJIMYKMe «BHYTPEHHETO periepa»: cooTHomeHus (2.38, 2.39) mo3BoJs-

IOT MOJy4YUTh UHGOPMAITUIO O TEOMETPHUH 30H/Ia U3 aHaju3a HaOpaH-

27) 1Ipu yCIIOBUH, 4TO MOTPENIHOCTH BYX APYTHX MAPAMETPOB HYJIEBbIE
28) JIpH TOM K€ YCIIOBMH, UTO H BBIIIE
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HOM craTUCTUKU ITapamMeTpoB ACM-u3o00pakeHuit 00BEKTOB UCCIIEI0-

BaHUS;

[ O6H_[HOCTI) noaxoga: OH IIO3BOJIACT daHAJIM3UPOBATDH cnyqaﬁ HC TOJIBKO

chepuuecKoro, HO 1 AJUIMIICOMIAIBHOTO B CEUYEHUHN OOBEKTA;

e IIPOCTOTA B peain3allii: KOMIIbIOTEPHBIN aHAIN3 CBOJIUTCS K HAXOXKIC-
HUIO KOPHEH OHOT0 YpaBHEHUS C OJHUM HeU3BeCTHBIM (hopmyia (2.34)
unu (2.37));

e QJITOPUTM pa3padOTaH Kak IS MOJIETN cpepruIecKoid, TaK 1 Tapadoin-
YECKOW WTJIBI, IIPH 3TOM Pe3yJIbTaThl IPUMEHEHHS 3TUX MOJIeeH (hak-

THUYCCKHU UACHTUYHBI.

Pa3zpaboTaHHBIi 37€Ch aITOPUTM MOXKET CITY)KHTh IIPOTOTHUIIOM JJIs1 00-
1IEro MOAX0/Ia BOCCTAHOBJIEHUSI TEOMETPUHN OOBEKTOB C YUETOM MpexXMePHOLL
2eomempuu UTIbl. [edCTBUTENILHO, Mbl pacCMaTPUBAJIU CIydaill aKCHAJIbHO
CUMMETPUYHOM UTJIbI, YTO MO3BOJISIO CBECTH 33a7a4y O KOHTAKTE K JBYMED-
HOMY CIIy4alo (4epe3 paccCMOTpeHHe ceueHus obyiacTu KoHTakTa). Ho BO3-
MOXHO 0000IIIeHNE 3aJ]aul HA TPEXMEPHBIN ClTydaid, 4YTO MO3BOJIUT UCIIOJIb-
30BaTh MOJENIb ACUMMETPUUYHON Uriibl. O0masi cxema mporpaMMbl JTOHKHA
OCTaThCs TOM XKe: B Iporiecce TecTupyromiei passr ACM-u300pakeHus TeCT-
00BEKTa UCTIOIB3YIOTCS 11 BOCCTAHOBJICHUS (DOPMBI UTJIBI, J1aJiee, TPEXMEP-
HbI€ AHAJIOTH COOTHOIEHUM (2.34—2.37) MO3BOJISIIOT MOCTPOUTH PEILLICHUE /TSI
BoccTaHOBJIEHUS (popMbl 0O0BEKTOB. [Ipu 3TOM B KauecTBE BXOIHBIX TAHHBIX
HCIIOJIB3yeTCs HerocpeACTBeHHO ACM-1300pakeHHE <YITUPEHHBIX» 00beK-
TOB UCCJICIOBAHUS, & PE3YJIbTATOM PAOOTHI MPOTPAMMBI OYJIET CITYKUTh U30-

OpaxxeHre 0OBEKTOB C BOCCTAHOBJICHHOM (peajibHON) T€OMETPUCH.
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I'1aBa 3

ACM-uccienoBanusi
B3aumoenicTeus BupycHoin PHK

Cc 0OeJIKaMHu

1) BupycHble 4acTHULb! SBJISIOTCA ITPOCTEHIINMY TPUPOIHBIMU OOBEKTAMH,
CIOCOOHBIMU K perumukarui. OHU COCTOST U3 HOCUTENIS T€HETUYSCKOW WH-
(hopmaruu (MOJIEKYJIBI HYKJIEHHOBOM KUCIIOTHI) U 00OJIOUKH, 00pa30BaHHON
OETKOBBIMM MOJIEKyJIaMu. Perinkaius BUPYCHBIX YaCTHI] OCYIIIECTBIISIETCS
TOJILKO BHYTPH KJIETOK JKHMBBIX OPIaHU3MOB, IPU 3TOM €€ MPOIIECC PeryIiu-
pyercst cnenupuKol B3aUMOJICHCTBHS MOJIEKYJIbI HYKJICHHOBOU KHUCIIOTHI C

OelKaMu.

3.1. UccaenoBanue npoueccoB pa3pyuieHus
0€JIKOBOI1 000/ 109KH YACTHIL BUPyCca Ta0aAYHOM

MO3auKH U BbICB0OOO:k1eHusi BupycHoii PHK

Bupyc TabauHoit MO3auKU MIPECTABIISIET COOOM MOJIBIN LIMIUHIP, UMEIOIIUMA
JUIMHY oko1o 300 HM, BHYTpEeHHUI AUaMeTp 4 HM U BHEIIHUN quaMeTp 18 HM
(coryacHO JaHHBIM 3JIEKTPOHHON MUKpockonuu [29]). Kaxkmas BupycHas yac-

taia coctout u3 2200 OenKOBBIX CyOBEAUMHUI], OPraHU30BAHHBIX B IPAaBO-

1 Pe3ynbraThl, M3IOKEHHBIE B JAHHOU TJIaBe, TTOIYYCHBI B X0/l COBMECTHON pabOTHI C
nmabopaToprei HyKJIeNHOBO-0ETKOBBIX B3AaUMOIECHCTBUIN OT/eNIa XUMUN U OMOXUMUH HYKJIe-
ompotennoB HUU ¢umsuko-xumuyeckoit Ononorun um. A. H. bernozepckoro MI'Y, 3aseny-
rormmii maboparopueit — 1. X. H. FO. ®@. Ipsirun
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Puc. 3.1. Ctpykrypa Bupyca TadauyHON MO3aHUKU;

BUPYCHAS YacCTHIIA U300 paskeHa YACTHUHO «Pa3PYIICHHON» ¢ YaCTHYHO BBICBOOOKICHHOMN

Makpomoitekynoit PHK, coxpansiroreit 31eMeHThI BTOPUYHON CTPYKTYPBI

BUHTOBYIO CIHpajb ¢ marom 161/5 cyowenunnil Ha BuTok. Bupycunas PHK,
cocrosimas u3 6400 <+ 6600 HYKJIEOTHIO0B, TAKXKe 00pa3yeT Cnupasb, KaXIblid
BUTOK KOTOPOM pacIiojaraercst Mexay ABYMsl BUTKAMH CIIUpain OEIKOBBIX
cyOobpenmHuIL, cM. puc. 3.1.

Bupyc TabauHoif MO3aUKHU SBIISIETCS YAOOHOU MOJIEILHON CUCTEMOM IS
anpoOUPOBAHUS METOAUK MTPUTOTOBIIEHUS] OOPA31I0B, O3BOJISIIOLIUX ITPOBO-
1uTh ACM-uccienoBaHus B3aUMOACUCTBUS ooHoHumesoi BupycHoir PHK ¢
Oenkamu.

B Hacrosiiee BpeMsi pa3pa0oTaHbl pa3IUuHbIe METOAbI (PUKCAIIUN MAaK-
pomosiekyn nuneitHot JIHK, konbueBolt mnasmuanoi JJHK u nByHuteBoit
PHK Ha noBepXHOCTSIX pa3IMUHbIX MOJJI0KEK 11 uccienoBanuii C3M, (cM.
paznen 1.5.1 co cTp. 39). OnHako B IUTEpaType MPAKTHICCKU OTCYTCTBOBAIH
paboThl (mo Hameln myonukaiuu [80]), mocBsieHHble C3M-uccaeq0BaHUIO
BBICOKOMOJIEKYJIIpHOU 00HoHumesoti PHK. D10 00BsicHseTcs cienndukoit
MoJieKyJibl ogHoHuTeBOM PHK — oTcyTcTBHEM perynsipHO# 1BOMHOM crinpa-
JIY, U, KaK CJIEJICTBHE, MEHBIIIECH CKECTKOCTHIO», YTO 3aTPYAHSIET (PUKCAIIIO
9TON MaKpOMOJIEKYJIbI Ha MTOJIOKKE B PACITPABIICHHOM COCTOSIHUU.

ABTOpBI paboThI [81] UCTIONB30BAIN TPAAUIIMOHHYIO METOAUKY (CM. pas-
nen 1.5.1) uMMoOUIM3aluM HYKJIEMHOBBIX KUCIIOT HA MOBEPXHOCTU CITFOBI

xkatuoHamu Mg?t, mobapnsembiMu B pabounii pactBop. B kauecTBe 0OBEK-
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TOB HCCJIEAOBAHUS OHU BBIOMpAJIM, B 4aCTHOCTH, KopoTkue (25 u 50 ocHo-
BaHwMi) Monekynbl oqHoHuTeBOoM JJHK, a Taxsxke PHK-romononumepa nomu-
A?). ABTOpPBI 0GHAPYXKIIU, YTO 110 UCIONL3YeMON METOIMKE IperapupoBa-
HUsI 00pa3IoB TOJIHKO MOJIEKYJIBI MOJM-A BO3MOXHO MMMOOWIIM30BATh HA
MOJUTOKKE B PACIPABICHHOM COCTOSIHUM — B OTJIMYHME OT aJcopOMpoBaH-
HbIX MoJiekya ogqHoHuTeBo JIHK, koTopble xapakTepu3oBajucCh KOMIIAKT-
HOU IJIOOYISIpPHON CTPYKTYpOil. DTO HAOIIOAEHUE MOKA3bIBAET, UTO OCHOB-
HBIM MPENSITCTBUEM IIPU PACIIPABIIEHUH HA TTOI0KKE OJTHOHUTEBBIX MOJIEKYJI
HYKJIEMHOBBIX KUCIIOT SIBJISIETCSl 00pa30BaHUE BHYTPUMOJIEKYJIIPHBIX ITap OC-
HOBaHMH (1Mo MexaHuzMmy YorcoHa-Kpuka [27]). delcTBUTEIBHO, MOJIEKYIIbI
JHK, ucnonb3yembie aBTopamMu padboTsl [81], Mmoriu ¢opMupoBaTh MOI00-
HbI€ BHYTPUMOJIEKYJIIpHbIE Maphbl (CyAs 10 MPUBOIUMOI aBTOPAMU MOCIEH0-
BaTEJIbHOCTU HYKJICOTHIOB 3TUX MOJIEKYJ), B OTJIMYHME OT MOJIEKYJ MOJIH-A,
SIBJISIFOIIIETOCS] TOMOIIOJIUMEPOM, 00Pa30BAHHBIM JIUIIIb OJHUM THUIIOM HYKJIe-
OTHUJIOB.

Tpamuuunonnas mertoauka npurorosiieHus PHK B pacripaBieHHOM cocTo-
SIHUM ISl 3JIEKTPOHHOW MHMKPOCKOIIUM BKIJIIOYAET 00pa3oBaHUE KOMILIEKCA
PHK ¢ MoHOCnOIHOM m1eHKoi 6enkoB (1utoxpom C uian Aunu3onponuindoc-
(baTTpUIICKH) HAa TOBEPXHOCTH pazeiia ¢a3 BO3ayX/Bojia 1 MOCIC YOI ITe-
penoc mwieHku ¢ mojiekyjiamu PHK Ha moBepXHOCTH MJIEHKU-TIOATOKKHY [32].
JanHas MeToauka nmo3BoiisieT noiryyatb IM-u3obpaxenus moiiekyia PHK,
HaXOJAIIUXCS B IBYMEPHOM PACIPABIIEHHOM COCTOSIHUH [82], 0JTHAKO B 3TOM
cnyuae ToT dakTt, uto PHK Haxoaurcs B koMruiekce ¢ 6enkamu (B 0eJIKOBO
«1ry0e»), MOXKET OrpaHUYUTh PELIEHUE 3a7a4, CBSI3aHHBIX C TOHKON CTPYKTY-
poii PHK u ¢ uccnegoanussmu PHK-6enkoBoro B3aumMoieiicTBusl.

Hab6monenue ceoboanoit PHK mo3Bosser mpoBoauTh Kak (U3HYECKOE
KapTUPOBAHME 3JIEMEHTOB BTOpUUHOM cTpykTyphl PHK, Tak u uccienoBathb
cnennuuecKkoe B3aUMOICUCTBHE C HEH OENTKOB, Y3HAIOUINUX OIpeAeICHHbIC
(HampuMep, peryIsiTOpHbIE) TOCIEI0BATEIbHOCTH HYKJIEOTUI0B. B cBOtO Oue-
penb, ucciaeaoBanue B3auMoaeicTeus BupycHoir PHK u 6e1koB MoxkeT 1aTh
BKJIa]l B IOHMMAHKNE MEXaHU3MOB IpoIiecca COOPKHU U Pa3MHOKEHUS BUPYCOB,
CTPYKTYPHOH OpraHu3alnu U GyHKIIMOHUPOBAHUS PUOOHYKICONIPOTEUIOB.

[TosTomy B paboTe Mbl yIenwIM BHUMaHUE pa3pabOTKe METOAUK IpU-

rotoeneHus BupycHoii PHK u pubonykiaeonpoTenaoB s UCCIEOOBAHUIA
C3M.

2) A — ajieHUH
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JKcnepuMeHTAIbHAS YacTh

3) J171s IPUTOTOBIIEHHS BCEX PACTBOPOB HCIIOIb30BAIIHN IEHOHN30BAHHYIO ON-
JUCTUIUTMpOBaHHY1o0 Boay. IIpenapar Bupyca (BTM, mramm Ul), nonyuen-
HBI MeTo10M TG dEepeHITNATFHOTO HEHTPU(YTUPOBAHKS U IIECHTPUPYTHPO-
BaHUS B I'paJIUCHTE IJIOTHOCTH PacTBOpa caxapo3bl, ObLI J00E3HO Ipeao-
crasjieH E. H. [To6poseim (HU ®XBb MI'Y).

B skcniepuMeHnTax 1no AenNpoTEeMHU3ALMU UCTIOIB30BANIM cycrieH3uio BTM
B BOJIE IIpU KOHIIEHTpaIuu 2,6 Mr/mi. JlenpoTenHU3aI1ui0 BUPYCHBIX YACTHI]

IIPOU3BOJUIIN:

e 72% pactBopoMm aumetuiicyibporcuaa (AMCO) [83], skcro3uims
30 MUH Py KOMHATHOM TeMIepaType, 1Jisi OCTAHOBKM PEAKIIUU K CMe-
cu 100aBIIsIIM paBHBINA 00BeM BOIbI (110 36% koHneHTpanuu JMCO —
IIPU 3TUX YCIIOBUSAX IMPOIECCHI CaMOCOOPKH U pa3pyIICHHUS BUPCYHBIX

YaCTHI[ HaXOIATCSl B JUHAMUYECKOM PAaBHOBECUH);

e 4M pacrBopoMm MoueBuHBI [84], skcnio3unud 2,5 yaca npu 0°C, mis
OCTAHOBKHU PEAKIIMU K CMECH JT00aBIISIN MOJIYTOPHBINA 00BEM BOJIBI (110
1,6 M KOHIICHTpAIlUK MOUYEBHHBI — ITPH 3TUX YCIIOBUSIX MPOLECCHI ca-
MOCOOPKH U pa3pylIeHUsT BUPCYHBIX YACTHUII TAK)KE HaXOASITCS B IMHA-

MHYECKOM PAaBHOBECUH);

e 0,1 M pacrBopom rimuuHa co 3HauenueM pH 10,4 [85], skcrio3unus
3 yaca npu 0°C, 1yId OCTAHOBKM PEAKIMU JOO0ABIISIIM alleTaT Kaaus
(xoHueHnTpauusa 0,5M npu pH 5,0) B kosiuuecTBe 0HOM TPETH OT 00b-

eMa pearupyromiei CMecu.

st pa3aeneHust OTASIbHBIX MOJIEKYNI OenkoBoi 00oaouku BTM, cBo-
6oanoit PHK 1 yacTuyHO pa3pylI€HHBIX BUPYCHBIX YACTUI] UCIOJIb30BAJIU
METOJI BBICOKOA((PEKTUBHON KHUIKOCTHOU Xpomatorpaduu c remem Toyo-
Pearl HW-55. B Tpex ucnonbp3yeMbix MeToaukax kojioHku (150 mkit) mpen-
BAPUTEIIbHO YPAaBHOBEIIMBAIM BOJHBIMU pacTBopamu 36% JIMCO, 1,6 M
MOYEBUHbI WM ruuuHa (koHueHtpauus 0,1 M npu pH 10,3), cooTBeTcTBEH-
HO.

B xauecTBe moaIOKEK UCIIOIB30BAIM KaK YUCThIE (CBEXUN CKOM), TaK U

MOJU(MUIITPOBAHHBIE TOBEPXHOCTH BBICOKOOPUEHTUPOBAHHOTO MUPOJIUTU-

3) O6pasibl IS UCCIEIOBAHMIT OBLTH MPUrOTOBIEHBI 1. X. H. FO. ®. qpsiruaeiv (HUW
®XBb M. A. H. benozepckoro MI'Y)
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yeckoro rpadura (muporpadura) u ciaroabsl. [IoBEpXHOCTh MOII0KKH MO-
nuuIrpoBaM WM KaTUOHHBIM [TAB — OeH3mIguMeTHIaIKuIaMMOHMI
xsopuaom (BAC) (1% pactBop B popmamue, sxcriozunus 45 muH) [86] win
100MM MgCl, (cm. pasnen 1.5.1), sxcnosuims 75 muH. IIpouecc moaudu-
KaIluy 3aBepliav MPOMBIBKON Boao# (B 0,2 M1 UeThIpe pasa mo 1-2 MuH),
W3JIMIIEK BOJIBI YAAISIN (GUIIBTPOBAILHOM OyMaroi 1 mojI0KK! BBICYIITUBA-
71 B CTpye GMUIBTPOBAHHOTO CKATOTO BO3IyXa.

Monekynasl PHK, BoicBOOOXAeHHBIE U3 OeKOoBOM 0000uku BTM, minu
YACTUYHO pa3pyIlIeHHbIE BUPYCHBIE YACTHUIIBI TIOCPEICTBOM OOPAOOTKH MO-
YEBUHOM WJIN TUMETHICYIH(MOKCUIOM HAHOCHIIM Ha TTOI0XKKY 13 1,6 M pac-
TBOPA MOUYEBHUHBI WM 36% TMMETHICYIH(OKCHIA COOTBETCTBEHHO, Pa3/IeiiB
MPEeIBAPUTEIIBHO 3TU CTPYKTYPhI Ha ()pAKIH IO pa3MepaM METOIOM BBICO-
K03 PEKTUBHON KUIKOCTHON XpoMaTorpaduu, CM. BBIIIIE.

CxeMa 3KcriepuMeHTa 0e3 HMCMOJIb30BaHUS XpoMmaTorpadguu BKIIOYaia
cienytomue aTamnsl. Bupycubie wactuibl BTM (0,138 mr/mut) B 2MM MgCl,
200 MM KCl sxcnionuposainu 50% JAMCO u 3,7% ¢popmanbaeruaom B Teue-
Huu SMuH nipu 45°C qs nenatypauun PHK. 3atem x cmecu nobasmmm 1%
BAC u aacopOupoBaim Karuio npenapata Ha MOBEPXHOCTD CIIIO/IBI.

Monexynasl PHK Bupyca snH11€)aIOMUOKAapANTA MBIIICH, BBIACICHHBIE U3
BUPYCHBIX YaCTHUIl, IMMOOUIN30BAIN Ha TOJJIOKKE IO CIIEAYIONIEH CXeMe.
Maxpomomnekymsl (koHnentpamus 60 mxr/mi) B 0,01 M HEPES 6ydepe (pH
7,4) u 7,5% dopmanpaeruue 3KCOHUPOBAIU B TeueHUU 15 muH npu 55°C
JUIsl AeHATypaluy. 3aTeM WU K IIpenapaty J00aBisuii paBHbIN 06beM 0,1%
pactBopa BAC B dpopmamuzae (mo koHeuHoi koHuentpauuu BAC 0,05%)
WJIM K 3 yacTsMm npenapata gooasisum 27 yacteit Toro xe pactsopa BAC (no
koHeuHoi koHueHTpaiuu BAC 0,01%).

AJICOPOIMIO MCCIIEYEMBIX CTPYKTYP OCYIIECTBIISUIN (BO BCEX Cydasx)
13 Karm npenapata (3—15MkJi1), KOTOPYIO HAHOCUJIA HA MOBEPXHOCTH IO/I-
JIOKKHU ¥ 9KCITIOHUPOBAJIM BO BIIAXKHOMU CPEJIe MO/ KOJIMAaKOM. [[TUTeTbHOCTh
Mpolecca 9KCIO3UIIMKU BAPbUPOBAIIM OT HECKOJIBKUX CEKYH/I 0 Yaca u 0oJiee.
ITocrne 3aBepieHNs SKCIO3ULIMH TOBEPXHOCTD MOIJIOKKH TAK)KE IPOMBIBAIIN
BOJIOH U BBICYIIUBAIIU B CTPYe (PUIBTPOBAHHOTO CXKATOTO BO3/IyXa.

ACM-uccreqoBaHusi TPOBOAWIA HA BO3JIyXe B pEXHUMax MOCTOSHHO-
IO WX MPEePHIBUCTOr0 KOHTAKTOB Ha mpuoope «Nanoscope-IIla» («Digital
Instruments», CILIA). I1pu mpoBeaeHUM HCCIEOBAHNM B KOHTAKTHOM PEXU-

M€ UCIOJIb30BAJIM KaHTHIIEBEPHI KecTKocThio 0,06 H/M 13 HUTpuaa KpeMHusl.
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s uccneqoBaHuii B peXrMe MPEPHIBUCTOIO KOHTAKTA MPUMEHSIIN KPEM-
HUEBbIE KAHTUJIEBEPHI C Pe30HAHCHOMN yacToTo B auana3zone 350-380 kI,

(mapameTpsl KAaHTWIEBEPOB cM. B Tabiuue A.1, cTp. 227).

3.1.1. Pe3yabTaThl U UX 00CY:K/IeHUE
AToMHO-cHiI0Basi MUKpockonust yactuiy BTM

Yactuiiel BUpyca TabayHON MO3auKH OBLIM MCCIEAOBAHBI B PEXHUMAX I10-
CTOSIHHOTO M MPEPHIBUCTOTO KOHTAKTOB Ha MOBEPXHOCTSAX mUporpadura u
cironbl. Beu10 00HAPYKEHO, YTO CKOPOCTh COPOMPOBAHMS BUPYCHBIX YACTHI]
Ha CBEXKUH CKOJI TIOBEPXHOCTH CYIIECTBEHHO 6bilie TIPU UCIIOJIH30BAHUH TTH-
porpadguToBOii MOAJIOKKH, YEM ITPU UCTTOTH30BAHUH MTOIOKKHU U3 CITIOIbI. B
TIEPBOM cJIydae IMPU PaBHBIX YCIOBUSIX COPOMpOBaHUS (TeMIlepaTypa, 00beM-
Hasi KOHIIEHTpAIMsl BUPYCOB B Iperapare, BpeMs IPOMBIBKH U TIP.) TTOBEPX-
HOCTHAs IUIOTHOCTh BUPYCHBIX YACTHI] CYIIECTBEHHO BBIIIE. B TO ke Bpems
Ha MUPOTrpadUTOBOM MOMIOKKE NMPU CKAHUPOBAHUM B PEKUME MOCTOSIHHO-
ro KOHTAKTa BUPYCHbIC YACTHUIIBI HECTAOWIIHbHBI M YBJIEKAIOTCSI UTJION maxke
IIPY MUHUMU3AIMKY BO3ACHCTBYONICH CruThl 10 BenmnunHbl MeHee 1 HH. Cra-
omnbHble ACM-n300pakeHrsl BUPYCHBIX YaCTHI] HA MUpoTrpaduTe yaaeTcs
MOJIYYUTh TOJIBKO B PEKHUME MPEPHIBUCTOrO KOHTAKTa. B cirydae ke ucmoib-
30BaHMS CITFOASTHON MOJIJIOKKH CUJIa a[r€3Uy BUPYCHBIX YACTHUIL IOCTATOYHA
JUTS1 TIPOBEJICHUSI UCCIICIOBAHUM M B PEXKUME TTOCTOSTHHOTO KOHTaKTa C BEJIU-
YMHOM BO3JEHCTBYIOLIEN CUIIBI B 1ecsITKU HH.

Bonbmast ckopocTh cOpOIIMM BUPYCHBIX YaCTHIl HA TTOBEPXHOCTh ITUPO-
rpadguTa B CpaBHEHUU CO CITIOJION MOXKET OOBSICHATHCS BIUSHUEM 2UOpPOho0-
Ho20 2¢hhexma, cMm. pazaen 1.3.1 (cTp. 21). B mons3y q1aHHOTO yTBEPKIACHUS
TOBOPUT TOT (PaKT, UTO B CIydae 2uopogoouszayuu TOBEPXHOCTU CITFOJIBI T1O-
cpeactBoM 00pabotku BAC ckopocTh COpOLIMM BUPYCHBIX YACTULL yEeauyu-
saemcsl.

HectabunbHoCTh aacopOUpPOBAHHBIX HA MTUPOTPADUT BUPYCHBIX YACTHIL
B IIPOIIECCE CKAHMPOBAHUS B PEKUME ITOCTOSHHOTO KOHTAKTa OOBSCHSCTCS
cnaboil aare3ueil 4acTUllbl, 00YCIOBIEHHOW MHEPTHOCTHIO MOTOXKKH (TH/I-
podoOHBI 3h(}EeKT He JaeT BKJIa B CUIIY aJAre3uu IOCie BhICYIITUBAHUS 00-
pas3loB, MOCKOJIBKY MPOSIBISETCS TOJIBKO B BOJHOM Cpefie).

ACM-u300pakeHHs] YaCTUIl BUpyca TaOAYHOW MO3auKH IIPUBEIACHBI Ha

puc. 3.2. CorjlacHO aHaJIN3y MOJIYYEHHBIX JAHHBIX, IS BUPYCHBIX YACTHIL
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cpe/lHee 3HaUYeHUe JIMHBI cocTaBisgeT 310 HM, mpu 3TOM CpeaHEeKBapaTHy-
HOE OTKJIOHEHHE OT cpeiHero coctanisieT 30% (4uciio mpoaHaIu3upoBaHHBIX
ACM-u3obpaxenuii BupycoB N=120). CToib mMpoKoe pacnpeaesieHue 00b-
SICHSICTCSI, BO-TIEPBBIX, YACTUUHBIM pa3pylICHUEM BUPYCHBIX CTPYKTYpP IMPH
MIPUTOTOBIIEHUM TIpENapaTa v, BO-BTOPbIX, arperalueil BUPyCHbIX YaCTHUIL TO-
peu B Topelr (3T0, B YaCTHOCTH, MPOSIBIIIETCS B HAJTMYUU MTUKOB HA YIBOECH-
HOM, YTPOEHHOMU U T.1. AIMHe BUPycHOH yacTuipsl ¥)). C HayazoM mpolecca
00pabOTKH BUPYCHBIX CTPYKTYP C LEIbIO BbICBOOOXKAeHUS BUupycHoii PHK
MAaKCHUMYM paclpe/iesieHrs BUPYCHBIX YACTHI] 10 JJTMHAM CMeIlaeTcs B 6osee
KOPOTKYI0 00jacTh. Tak, 1t BUPYCHBIX yacTull, o0paboranusix 50% ¢op-
MaMUJIOM B TeueHUe 2 MUH, MakcuMyM cocTtasisger 260 am (N=500), a s
BUPYCHBIX yacTul, oOpadoTanusix 40% JAMCO npu 37° B Teuenue 30 MuH,
3HaueHne makcumyma — 180 um (N=270).

Anamu3 BeICOT ACM-u300pakeHUH BHPYCHBIX YaCTHI[ HaJ TOBEpX-
HOCTBIO ITOIJIOKKHU JaeT 3HaueHue 18 + 2 HM (He3aBUCHMO OT pekuMa Mcclie-
JIOBAHU), YTO COTJIACYETCS C PE3YJIbTaTaMU 3JIEKTPOHHON MUKPOCKOIHH [29].
Kak mokasanu qonoHuTeIbHBIE ccaenoBanms, Bbicota ACM-ipoduis BU-
PYCHOM YaCTHIIBI HAJT TOBEPXHOCTHIO MOJIJIOKKH YMEHBIIIAETCS TIPU yBeINYe-
HUU CHJIBI BO3JIEUCTBUS 30H/1a, UTO CBSI3aHO C KOHMAKMHbIMU 0eOpMayusimu,
cM. paszgen 2.1; pe3ylbTaThl 3KCIMIEPUMEHTAIBHOTO HccieIoBaHus ¢ derTa
yMmeHblIeHus1 BbiIcOTbl ACM-u3ob6paxenuit yactuy, BTM npu yBennueHun
CHUJIBI BO3ACHCTBUS N300pakeHbl HA puc. 2.2 cTp. 68.

Yactuisl BTM, SBIIs151Ch TPUPOIHBIMUA «HAHOPA3ZMEPHBIMHU» OOBEKTAMHU C
(PMKCUPOBAHHBIMHM T€OMETPUUYECKUMU TMapaMETPaAMU, MOTYT CIYXHUTh Ya100-
HBIM TECT-OO0BEKTOM [UJIsl aHAIM3a KayecTBa 30HAMPYIOLIEro ocTpus (ompe-
JIEJICHHS TapaMeTpoB ero reomMetpun). [Ipy MUHUMU3BALMKI CUITBI BO3JIEHCT-
BUS 30HJA BEIMYMHA JeopMallui BUPYCHBIX YACTHUIl HE3HAUYMUTEIIbHA (CM.
9KCIIEPUMEHTAIBHYIO 3aBUCUMOCTD PUC. 2.2 WIK PACCUNTAHHBIE 3HAUYECHUS JIe-
(dhopMaruu It MOJIETIBHBIX CIydaeB, IMPUBEICHHBIC B Tabuie 2.2 cTp. 65).
B cunmy 3TOro MOXHO CUMTaTh, YTO YaCTHIIA BUpPyCca UMEET B CBOEM ceye-
HUM OKPYXKHOCTh. OUeHuTh 3DPeKT yIupeHus (PacCMOTPEHHIO KOTOPOTO
MOCBSIIIEH pa3zen 2.2) Ajisl YaCTUIlbl, UMEIOIEe B CEYEHUU OKPY>KHOCTD, CY-
IIECTBEHHO TPOIIIE, YeM JIJIs1 YACTHUIIbI, MMEIOIICH JUTUIICOUAATBHYIO (GOopMY

(3TOT ciyyaii moaApoOHO paccMaTpuBaeTcs B paszene 2.2). CoriracHo 3JIeMeH-

4) YaCTUILIbI, SABJIAIOINHECS PEIYJIbTATOM arperaliiu, B JaJbHEUIIEM U3 CTATUCTUKU UCKITIO-
HaJImChb
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Puc. 3.2. Yactuirsl BUpyca TabauHOM MO3auKH.

Yactuipl acopOupoBaHbl B TeUEHUH 7 MUH Ha CItoy (6) U 2 MuH Ha nuporpadur (a, B),
KOHIIEHTpanus npenapara Bupyca cocrasisuia 0,27 mr/min; ACM-uccrieoBaHue B pexnMax

KOHTaKTa (0) 1 IpephIBUCTOTO KOHTAKTA (a,B)
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TapHBIM F€OMETPUUYECKUM MTOCTPOECHUSAM [IJI1 OCTPHUSI C pAANYCOM KPUBU3HBI
KOHYMKA R 3Ha4YeHHe pealibHO U3MEePseMOU MIMPUHBI Ha MoJ1yBbicoTe ACM-

H306pa)K€HHI71 BHUPYCHBIX YaCTHUIL paanyca r JOJIXKHO COCTABJIATH BEJIIMYNHY:

1/2

Qdeff =2 (QRT =+ T2) (31)

DKCIIEpUMEHTAIBLHO OTpe/ie/IeHHbIe 3HaueHUs IupuHbl ACM-u300pakeHui
BUPYCHBIX YACTHI] JIJIS1 PEKUMOB MPEPHIBUCTOTO U MOCTOSIHHOI'O KOHTAKTOB
coctaBisitoT BenuuuHbl 30+ 5 HM (N=270) 1 32+ 6 um (N=400) coOTBETCTBEH-
Ho. Bocnonb3oBasiuck hopmyiioit (3.1), MOKHO OLIECHUTH pagnuyC KPUBU3HBI

AJIA KOHYMKOB 30HA0B UCIIOJIB3YyEMbIX TUIIOB KAHTUJICBEPOB: R~ 5+ 15HM.

ATOMHO-CHJIOBasi MUKPOCKOINHNS 1eNIPOTeNHNU30BAHHBIX BUPYCHBIX CTPYKTYP

BTM c yacTuuHo BbICBOOOKIeHHBIMH MakpoMoJiekydamu PHK

B MSrkux ycinoBHsIX JENPOTEMHU3ALMHU HAOIIOAAIN PUOOHYKIIEOPOTEU b
(PHIT) ¢ BeIxoasmmMu u3 HUX (C OJHOrO KOHIIA Win ¢ 06oux) HutsmMu PHK,
cM. puc. 3.3 u 3.4. Mbl NpOTECTUPOBAIIN TPU U3BECTHBIE METOIMKH YACTUYHOU
nenporenHuzanuu BTM u BeicBoOoxaeHus PHK, onucannbie B mutepaty-
pe[83, 84, 85]. CpaBHUTENBbHBIN aHAIU3 ITOKA3aJ1, YTO HAMOOJIEE MEePCIIEKTUB-
HBbIM siBjIsieTcs MeTo/ ¢ mpuMeHenreMm JIMCO (puc. 3.4). MeToa aenpoTenHu-
3allMU B paCTBOPAX CO MIEJIOUHBIM 3HaueHueM pH xapakrepusyercst 00IbITUM
bonom momryuaembix ACM-n3o006paxenuii. Kpome toro, mosnekynsl PHK B
9TOM Cllydyae CKJIOHHBI K arperaliii U B 3HAUUTEIIbHOM CTENIEHU COXPaHSIOT
3JIEMEHTBI BTOPUYHOM CTPYKTYpbl. METO/ C UCIIOIb30BAHMEM MOYEBHUHBI 110-
3BoJIsieT morydath ACM-n300pakeHns ¢ HE3HAUUTEITbHBIM (DOHOM, HO TIPU
sToM Habmrogaercs arperanus BupycHbsix PHIT (puc. 3.3).

ACM-u300paxenust pucyHkoB 3.3 u 3.4 mojiydeHbsl B Tomorpaduyec-
KoM pexume Z(X,Y) u B pexxume uzmepenus cui tpenus F,,(X,Y), (cm.
paszznen 1.3); nocinenHue U300pakeHus, B CUIIy 3HAUYUTEIbHONW PA3HOCTH BbI-
cot yactuy BTM u monekyn PHK, xapaktepusytoTcsi Jydiium KOHTpac-
TOM B CpPaBHEHUU C TOMOTPadUUECKUMH, TMO3BOJIsAS paznuuaTh Ha ACM-
n300paxxeHnu 00a TUIA CTPYKTYP.

benkoBble OCTOBBI MOTYT paccMaTpuBaThes Kak Mapkepbl mosekyl PHK,
MO3BOJISISI yBEPEHHO OTOXACCTBIISITh HAOJI0/1aeMble TPOTSKEHHbBIE HUTH, BbI-
XOJISIIIME U3 PAa3pYIICHHBIX BUPYCHBIX CTPYKTYP, UMEHHO C MOJIEKYJIAaMU BU-
pycuoit PHK. IlosToMy nipu ncciie1oBaHUU MOJHOCTHIO Pa3pyLIEHHBIX BU-

pycHbix uactuil (o6pabotkoit JIMCO), ucnonb3ys UACHTUUHYIO METOJIUKY
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Puc. 3.3. Yactuisl Bupyca TabaqyHOM MO3aMKH, YACTUYHO JACMTPOTEMHU30BAHHbBIE 00-

paboTkoit 4 M MOYEBHHOIA.

HaoGmromarorcs OenkoBble OCTOBBI ¢ BeIXomsmmMu u3 Hux HuTsMu PHK. Yactuuser an-
COpOMPOBAHBI Ha CBEXHUI CKOM ciroabl u3 1,6 M pactBopa Mo4eBUHBL;, puBeaeHBl ACM-
n300paxkeHHs, MOJYUYeHHbIe B TonorpaguueckoM pexume Z(X,Y) u B pexxrMe U3MepeHHsI

cun tpenus F,, (X,Y)
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Puc. 3.4. Yactuis! Bupyca TabaqyHOM MO3aUKH, YACTUYHO JACTTPOTEMHU30BAHHbBIE 00-

paboTkoit 72% nuMeTUnCyabHOKCUIOM.

HaoGmromarorcs OenkoBble OCTOBBI ¢ BeIXomsmmMu u3 Hux HuTsMu PHK. Yactuuser an-
COpOMPOBAHBI Ha CBEXHUU CKOI CIIOABI U3 32% numeruicynbdokcuna; npuseaeHsl ACM-

n300paxkeHHs, MOJYUYeHHbIe B TonorpaguueckoM pexume Z(X,Y) u B pexxrMe U3MepeHHsI

cun tpenus F,, (X,Y)
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MPUTOTOBJIEHUS] 00Pa3IOB, U HAOJIOasT UICHTUYHbIC MPOTSIKEHHbIE HUTHU
(HO y>ke 0e3 BUPYCHBIX OCTOBOB, CM. PHUC. 3.5), MBI TaKXKe OTOXKIASCTBIISUTH UX
¢ mosekyiamu BupycHoit PHK (1ojiHOCTBI0 OCBOOOXKIEHHBIMU OT O€JIKOBOIM
000JI0YKHM).

Hab6monenue BUpycHbIX ocTOBOB ¢ AByMs HutsiMu PHK, BeIxoasmmmu
U3 OJHOTO KOHIIA BUPYCHOM YACTHUIIBI, MOXKET OOBSICHITHCS JIUIIb ITPOIEC-
COM YaCTUYHOT'O UX BOCCTAHOBJIEHUS MOCJIE TOr0, KaK 3KCIO3ULIUS C LEIbIO
paspyleHus ObU1a 3aBepiieHa. JlefcTBuTenbHO, corjiacHo padote [87], ToIb-
KO B pe3yJIbTaTe camocOOpKu BUPYCHOM YACTUIIBI BO3MOXKHO HAOJIOACHUE
nByx HUTet PHK, BBIXOISIIIUX U3 BUPYCHOM YACTHUIIBI C OJHOTO KOHIIA, UYTO
CBSI3aHO C OCOOEHHOCTBIO IMPOoIlecca CaMOOPraHU3aIlui BUPYCHOM YaCTHUIIBI.
ITpouecc camocOOPKU BUPYCHBIX YACTUI[ MOT MPOTEKATh TOJIBKO do pasjie-
JICHUsI KOMITOHEHT IperiapaTta METOJOM BBICOKOI(D(MEKTUBHON KUIKOCTHOU
xpoMaTorpaduu, IMOCKOJBbKY B MpPOIECCe 3TOM 00pabOTKH MOJEKYJIbI Oell-
KOBOM 0001049kH, MoJIeKyabl cBoOoaHOM PHK u wactmyHo paspyiieHHbIE
BHPYCHBIC CTPYKTYPBI pa3JIeIsiICh Ha OT/IEIbHBIE (DPAKIINH, YTO HCKITIOUAIIO

BO3MOKHOCTb BOCCTAHOBJICHHUA PA3PYLHICHHBIX BUPYCHBIX YaCTHUII.

ATOMHO-CHJIOBasi MUKpOCKoNusi MoJjieky.a BupycHoit PHK BTM

Ha 3axmounTenbHON cTaann 00pabOTKM BUPYCHBIX YacTull OeinkoBast 00o-
JIoUKa paspyuiaercs, 1 MakpoMmoJiekyiia PHK nmomgHocThIO BEICBOOOXKIAETCS.
Ha puc. 3.5 npuBeaeHbl TuMYHbIE pe3yabTaThl ACM-ucciaeoBaHus CBOOO/I-
Hbix PHK, agcopOupoBaHHBIX Ha MOI0XKKY U3 CITFO/BL.

Monexyibl, n300pakeHHbIE Ha pUC. 3.5a 1 0, OTACTIEHBI OT YACTUYHO pa3-
PYILIICHHBIX BUPYCHBIX YACTHUIl U MOJIEKYJI OEIKOBOM 0O0JI0YKH METOIOM BbI-
cok03((PEKTUBHOM KUAKOCTHON XpoMaTorpadun u aACOPOUPOBAHBI HA CBE-
KUl ckolt cimoasl u3 36% AMCO; uMEHHO NMPUCYTCTBUE JEHATYPUPYIOIIETO
JAMCO cniocoOCcTByeT pacnpaBiIeHUIO MOJIEKYI.

MpbI npoTecTUpOBAIU Pl METOAUK MOAUGUKALIMKM CIIObI 1O HaHece-
HUS Tipernaparta: o0padorka B TedyeHuu 75 muH 100 MM MgCl,, 150 MM KCl,
100mMM MgCl, + 150 MM KCI; o6pabotka 1% pactBopom BAC B dopma-
mue i APTES (2 gaca mpu 105°C), cm. paszaen 1.5.1. Beuto oOHapysxeHo,
YTO METOAMKA C ucnojib3oBaHueM MgCly NpUBOAUT K KoMHaAkmusayuu Mo-
nexyn JIHK, agcopOupyembix Ha moajoxke. OnTuMaibHON, TO-BUIUMOMY,

sIBJIseTCST MeToauka ¢ npumeHeHnemM BAC; mpu 3ToM Xopoliue pe3ysibTa-
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Puc. 3.5. Monekynst PHK BTM, nonHOCTBIO BBICBOOOXKIEHHBIE U3 OEIKOBOM 000-

JIOUKH B pe3yspTate 0opadoTku JAMCO,;

a) u 6) — monekynsl PHK, BbicBoOOX)A€HHBIE 00padoTkoit 72% JAMCO, otaeneHs! oT yac-
TUYHO Pa3pyLIEHHBIX CTPYKTYP U OEITKOBBIX MOJIEKYJI METOIOM BBICOKOI((PEKTUBHOMN XU~
KOCTHOU Xpomartorpaduu u aacopOMpOBaHbl HAa CBEXXHUH CKOJI CItoIbl u3 36% pacTtBopa
AMCO, B)— monexynsl PHK BrIcBOOOXIEHBI 13 6€TKOBON 000JIOYKH U JACHATYPHPOBA-
HBI 006padoTkoit 50% AMCO u 3,7% dopmanbaerugom; aacopOUpoBaHbl Ha CBEXUNA CKOJ

cimoIbI B ipucyTeTBun 1% BAC
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ThI OBLIIM MOJIYYEHBI U B CTyyae, KOTJa UCIOJIb30BAIN CBEKUN CKOJI CITIOMBI,
a BAC (koneunas xonnentpanus 0,01-1%) mobaBisiin HEMOCPEICTBEHHO K
npenapary, CoAepKalleMy UcciaeayeMble MAaKpOMOoJIeKyJbl. TakuM o6pazom,
nMeHHo npucytcrBue BAC cnocobcTByeT MUMMOOUIM3alUA MOJIEKYJT HA TIOA-
JIOXKKE.

Moekyiabl, n300pakeHHbIC Ha pUC. 3.5B, TAK)KE UMMOOUIIM30BaHbBI HA ITO-
BEPXHOCTH CBEXET0 CKOJIa CITFOABI B IpUcyTcTBUU 1% BAC; MeToIMKa TpHUTO-
TOBJICHUS TIpenapaTa He BKJII0Yaja B 9TOM Cllydae pasjeieHre ero Ha gppak-
11U, IO3TOMY JUISl IpenoTBpalleHus camocobopku yactul] BTM monexyibl
PHK nenatrypupoBanu o0padboTkoit 3,7% ¢opmanbaeruaom (CM. orMcaHue
9KCIIEpUMEHTAJIbHBIX METOJIUK CO CTP. 98).

DKcrHepuMeHTaIbHbIN aHalmu3 mupuHbl Makpomosiekyn PHK, ancopbu-
POBaHHBIX Ha cCiroay, Aaet 3HaueHus 10 + 15 u 20 <+ 30 HM I PEeKUMOB
MPEPBIBUCTOTO U TTOCTOSIHHOTO KOHTAKTOB COOTBETCTBEHHO. AHAJIN3 3HAYe-
HUI BBICOT MAKPOMOJIEKYJI TOKA3aJI, YTO 3TH BEJIMYMHBI JOCTATOUHO CHIIBHO
BapbUPYIOT KaK IS PA3JIMYHBIX MOJIEKYJI, TaK U JJIsI Pa3JIMYHBIX YYACTKOB
OJHOU U TOM XK€ MOJIEKYJIbI, U 3aKJII0UeHbI B quamna3one 0,3 <+ 1,5 HM ()1 uc-
CJIEIOBAHUIN KaK B PEKHUME MMOCTOSTHHOTO, TaK ¥ MIPEPHIBUCTOIO KOHTAKTOB).
JanubIit pazdpoc MOKET OOBSICHATHCS COXpPAaHEHUEM MaKPOMOJIEKYJION 3Jie-
MEHTOB BTOPUYHOMU CTPYKTYPHI (HEMOJHOE pa3BOpPaAUYMBAHMIE HA TTOBEPXHOCTH
MOJIJTOKKH, HATMYUE CKPYYEHHBIX YYACTKOB).

O 4acTUYHOM COXPAHEHHUH JIEMEHTOB BTOPUUHOU CTPYKTYPBI MAKPOMO-
JIEKYJI TOBOPUT TaKXKe HAJMYHUE TIETeNlb U «IIIUIeK». PacrnpaBieHuto Makpo-
MOJIEKYJI MOET CIOCOOCTBOBATH BIIMSIHME MOTOKA MPHU BBICBIXAHUU KaIlId
npenapata (cMm. puc. 3.5). OTo BiIMsIHUE OOYCIOBJIEHO CHJIAMHU, JEUCTBYIO-
IIUMU CO CTOPOHBI BBICHIXAOIIEH KaIlJld, HA MOJIEKYJIbI, IPUKPEIJIEHHbIE K
noytoxke. [Ipupoma 3TUX CUT MOXKET OBITH TUAPOIMHAMUYECKOMN WIIH 3JIEK-
TPOCTATUYECKOM: IEUCTBUTENIBHO, KAIUIS Ipenapara, HaxoAsuascs Ha Io-
BEPXHOCTH CITIOJIbI, OOoramieHa nonamu K, mepemeainmMu B pacTBOP Mpu
YACTUYHON IMCCOUMAIIMU CITIOJIbI, TOBEpXHOCTh MoJjiekysibl PHK 3apsbkena
oTrpunartenbHo. [Ipu BEICBIXaHNUHU KAaIUTH KOHIIEHTpalus katnonos K ysenu-
YUBAETCS, YTO MOKET BBI3BATh 3JIEKTPOCTATUYECKOE B3AUMO/IEUCTBUE KAIUIH
¢ moutekysioii PHK 1 0OBSICHATh UX HAOII0JAEMYIO OPUEHTAIHIO.

ITpu satoMm HAa ACM-u300pakeHNM 4eTKO UASHTHU(UIIMPYIOTCS YIaCTKH
MPUKPETUICHUSI MAKPOMOJIEKYJIbI K TOIOKKe. BuaHo, 4To Mojiekyna, Oyayun

3aKpEIUIEHHON B TAHHOM TOYKE, OPUEHTUPYETCS, PACIPABIISISCH IO TIOTOKY.
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Crabunuzanusi MaKpoOMOJIEKYJI Ha TIOBEPXHOCTH TOJIOKKHU B pacIpaBlIeH-
HOM COCTOSIHUY ITO3BOJISIET TPOBECTH aHAJIU3 PACIIPEICTICHUSI MAKPOMOJIEKYJT
PHK no onunam. B 1o e BpeMsi, €Cliv CUIIbI BO3/IEUCTBUS HA MOJICKYJIbI 3HAYU-
TeJIbHBI, TO 3TO MOXET MPUBOAUTH K UX Pa3pbIBY, UTO CIIOCOOHO 3aTPYAHUTH
HHTEpIpeTanuio noiaydaeMsix pacrpenenenuit PHK no giounam, cM. Huke.
Bocmonb3zyeMcs moaxoaoM, pa3paOoTaHHBIM B paszfene 2.2, 1 OLICH-
KM 3¢ dexTa ymmpeHust IpUMEHUTENbHO K uccienoBanuto moiekyn PHK. C
MMOMOIIBIO MPOTPAMMBI, TPUBEICHHON Ha CTP. 223, MOXKHO BOCCTAHOBUTH UC-
THUHHYIO IIUPUHY 00BEKTA 110 U3MEPEHHBIM MoJrymuprHe ero ACM-mipodus
1 BbIcOTE. {11 M3MepeHHBIX MapaMeTpoB BhicOTHl podmrs PHK namx mos-
noxkoi (0,3 + 1,5 HM) 1 nosymupuHsl npoduist Ha nosryBbicoTe (10 < 15 HM
JUI pekUMa MPEePhIBUCTOTO KOHTakTa M 20 +— 30 HM I pekuMa KOHTaK-
Ta) MOJIy4UM BOCCTAHOBJICHHbIEC 3HAUEHUS IIIMPUHBI OOBEKTOB: 6 + 14 HM )15
peXrMa MpepbIBUCTOrO KOHTAKTa U 16 + 28 HM 1J1s pekuma KoHTakTa. Ec-
JIM TIOCUUTATh, CKOJIbKO Mosiekyl PHK (N = S,;/Spyx = ab/r?) moxer
YMECTHUTBCS B 3TOT «BOCCTAHOBIICHHBII» 00BEKT, TO (MCITOJIB3YS IS paanyca
PHK r = 1uM) nonyuum mudpsl: 0,7 <+ 41T 11 peKUMa MPEPbIBUCTOTO
KOoHTakTa ¥ 1 + 100 T 11 pexuMma KoHTakTa. Takum oOpa3oM, ecinu JIs
peXuMa MPepbIBUCTOTO KOHTAKTA MBI TTOJIYYHIIH BIIOJIHE PA3YMHYIO OLICHKY,
TO OIICHKA, MPOBEJCHHAS MO Pe3yJibTaTaM U3MEPEHUN B PEKUME KOHTAKTA,
CBUJIETEJILCTBYET O CYIIECTBEHHOM BJIMSIHUU B 3TOM CIydae JOMOJTHUTEITbHbBIX
MEXaHU3MOB YIIUPEHUS, BKJIaI KOTOPBIX HE YUUTHIBAET TEOPHS, pa3paboTaH-
Has B pasznaene 2.2. [IpeacraBisieTcsi, 4TO OCHOBHAsI POJib B 3TOM JOIMOJIHU-
TEJIbHOM BKJIaJI€ MPUXOIUTCS Ha J0J10 3pdekrTa yBiaeueHUus 00beKTa 30H10M

B IIPOLECCCE CKAHUPOBAHUA.

3.1.2. Ananu3 pacnpenesenus moJiekyya PHK no nnmmnam
Jnusl cBoboaubIx Moseky1 PHK BTM

Ha pucynke 3.6 npeacrasiieHa ructTorpaMmma pacipeiesieHus 1o JJIMHaM Mo-
nekys1 PHK, BbICBOOOXKIEHHBIX U3 O€JIKOBOM 000JIOUKU MOCPEACTBOM 00pa-
oomku [IMCO. Xapaktep pacrupeneicH!s] OJUHAKOB KaK JJIs MOJIEKYI, al-
copobupoBanHbix u3 36% JAMCO nocne pa3aeneHust Ha Qpakiiu METOI0M
xpomaTtorpaduu, TaK U IJIsI MOJIEKYJI, aICOPOMPOBAHHBIX B MPUCYTCTBUM 1%
BAC u penatypupoBansbiX 3,7% dopmaapaeruaom (B 000uX Ciydasix aj-

coOpOLMsI OCYIIECTBIISUIACH HA CBEXKHI CKOJI Ctoibl). VI3 pucyHka BUAHO, YTO
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TUCTOTrpaMMa pacipeeeHusI MOXKET OBbITh OMTMCaHa CYIEePIIO3ULIMEH TpeX ra-
YCCOBBIX paclpeneleHuit®), XapakTepu3yIomuXcs 3HAUeHUSIMH CpeiHeit 1u-
HbI MOJIEKYJIbI 1: 0,7 MM, 1,4 MkM 1 2,0 MKM. 3HaYeHHS UIUPUHBI COOTBETCT-
Bytolux pacnpeneneHuit: 0,5 mxMm, 0,3 Mkm 1 0,7 MKM COOTBETCTBEHHO.

Mpu1 cBSI3BIBaE€M CO 3HAYEHHEM JJINHDBI paCHpaBHeHHbIXG)

mouiekysl1 PHK
MUK, uMeromuii 3Hauenue 2,0 MkM. JleficTBUTEIIbHO, MEXaHU3M 3aBbIIICHUS
3HaueHui 1HbBI Mosiekyl PHK MoxkeT ObITh CBSI3aH JIMIIb C UX MEXMO-
JIEKYJIIpHOW arperanuei. B ciydae ecii MOJIEKYJIbI arperupyroT «TOpeL B
TOpeL», Pe3yIbTaTOM Oy/1eT BO3HUKHOBEHHE BTOPOIO MHKA B pacrpeielie-
HUM HA BEJIMYMHE YABOCHHOM JJTMHBI MOJIEKYJI, YTO BPSIJI JIM MOXKET UMETD OT-
HOIIICHHE K HAIlIeMy cliydaro. BeposTHOCTBh crielingpruyecKoi arperaluy MoJie-
KYJI, MPUBOISIIEH K BOSHUKHOBEHHIO BTOPUYHOI'O MMKA HAa 3HaYeHuu 2,0 MKM
(ecmu cuMTaTh 32 POJAUTENILCKUI MUK CO CPEIHUM 3HaueHueMm 1,4 MKM), Ha
Halll B3IJISi HEBEJIMKa. Mbl CUMTAEM, YTO 3a POJIUTEIbCKUMN CIEAyeT CUM-
TaTh UMEHHO UK CO CPETHUM 3HaUeHUeM 2,0 MKM, a HaJIUUUE ABYX JOUECPHUX
MMUKOB MOET OOBSICHATHCSA HEJIOPA3BOPAYMBAHUEM MOJIEKYJ B Ipoliecce 00-
paboOTKU (TPU BO3MOKHBIX COCTOSIHUSI MOJIEKYJIbI C PA3JIMYHOU BEIUUYMHOMN
MEKHYKJICOTUIHOU CBSI3M), COXpAHEHUEM 3JIEMEHTOB BTOPUYHOM CTPYKTYPHI,
1160 pa3pbIBOM MOJIEKYJI CHJIAMU BO3ACHCTBHUS CO CTOPOHBI BBICHIXAFOIEH
KaIuu npenaparta. J{edcTBUTENbHO, B OTJIMYUE OT TPAAUIUOHHOrO 11t OM
Metonaa KnsitHmmuara (komriekcooopazoBanue PHK ¢ 6enkoBoil miieHkoit
1 MOCIIeIYIOIIee HaHeCeHe KOMIUIEKca Ha TOI0XKKY, cM. pa3aen 1.5.1), uc-
MOJIb3YEeMbI HAMH I10JIXOJI B CYIIIECTBEHHO MEHBIIEH CTENEHU «3allUIIACT»
MOJIEKYJIbl OT JI€CTPYKTUBHOI'O BJIMSIHUS CUJI, BOBHUKAIOIIUX IIPU BbICHIXA-
HUM Karid. THTepecHO OTMETUTh, YTO 3HAYeHUE ABYX JouepHux nukos (0,7
u 1,4 MKM) COOTBETCTBYET BEJIMUUHAM 1/3 U 2/3 OT pOIUTEIILCKOTO MAKCUMyMa
2,0 MKM.

Hrak, MbI cuuTaem, 4TO 3HaUCHUE JUNIMHBI pacipaBlieHHbIX MoJiekys1 PHK
B OIKMCBHIBAEMBIX YCJIOBUSX 3KCIEpUMEHTa cocTapiisieT 2,0 MKM. DTO TOJ-

TBEPXKAACTCS TAKXKE CIIEYIOMMMHU HAOTI0ICHUSIMH.

5) MyHKTHPHBIMH JIMHUSIMH TOKA3aHBI COOTBETCTBYIOIINE ATTPOKCHMHPYIOIIHE PACIIPe/ie-
JIEHUS, CIUIOIITHOW JIMHUEN UX CyMMa
6) o6paboTkoit JMCO
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Puc. 3.6. 'ucrorpamma pacnpenenenus mno giuHam mojiekyil PHK BTM, nonmHocThio

BBICBOOOK/IEHHBIX M3 OEIKOBOM 06omouku nox aevicteuem JIMCO, cum. puc.3.5.

CrutomHo# JTUHKEH MOKa3aHO ATIIPOKCUMHUPYIOIIee PACIIpe/IeTIeHUe, SBIISIONIeecs CyIepIo-
3HULUEN TPeX rayCCOBBIX PaCIpeAeieHUH (ITOKa3aHbl MyHKTUPOM) CO 3HAUCHUSIMHI MaKCUMY-

moB 0,7, 1,4 u 2,0 Mkm
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JlmHbI yacTHYHO BHICBOOOKAeHHBIX MoJieky]l PHK BTM

MbI IpOBOAMIIM aHAIU3 PACHpPEESICHUs MO JIMHAM YaCTUYHO BBICBOOOXK-
JeHHBIX KOH110B MoJieKys1 PHK 11 BUpyCHBIX yacTull, HAXOSIIIIUXCS HA TTPO-
MEXYTOUYHOU cTaauu paspyiieHus. beuio obHapysxkeHo, uto B 40% cityyaes
y BUPYCHOM YaCTHUIIbI HAOJIIOAAETCS BE HUTH YACTUYHO BBICBOOOXKIEHHOM
PHK (B octanbHbIX ciyudasix — oaHa HUTh). MHOoraa ob6e HuTH HaGII01a0TCs
BBIXOJSAIIMMU U3 OJHOIO KOHIIA BUPYCHOM YaCTUIIBI, YTO MOXKET OOBSICHSITh-
Cs JIMIIb MPOLIECCOM YACTUUHOIO 80ccmaHroserus [87] BUPYCHOM YaCTHUILIbI
MocyIe 3aBepIIeHUs 00pabOTKH C LIEIbI0 pa3pylleHus (IIpoLece pa3pylieHus
JAMCO 3aBepiiaiy MOHMXEHUEM KOHIIEHTpAIMK 3TOTO peareHTa ¢ 72 10
36%, aHAJIOTUYHO pa3pyllIeHHe MOYEBUHOM 3aBEPIIATIOCH ITPU MOHUKEHUU €€
KoHIIeHTpanuu ¢ 4 10 1,6 M).

Mb1 0OHAPY KT OTIPEACIIEHHYIO KOPPETISLIMIO MEXKY JJIMHON BUPYCHOM
yacTulbl U JyInHOM BhicBoOOkAeHHOo PHK, cm. puc. 3.7 u 3.8.

DKcliepUMEeHTaIbHbIE JaHHbIE, IPUBEIEHHbIE HAa pUcC. 3.7 1 3.8, XxapakTe-
PU3YIOTCS 3BHAYUTEIBHBIM Pa30POCOM. ITO, BO3MOXKHO, CBSI3aHO C YACTUYHBIM
COXpaHEHUEM MOJIEKYJIAMU BTOPUYHOU CTPYKTYPbL, C MEXXMOJIEKYJIIPHOM ar-
peraiuei, a Takxe ¢ TeM, YTO JJIMHBI MMOJJHOCThIO BHICBOOOXKIEHHBIX MOJIE-
Kyl PHK Takxe xapakTepusyroTcs JOCTATOYHO IIMPOKUM PACHPEICTICHU-
eM, cM. puc. 3.6. TeM He MeHee, U3BMEPEHHbBIE IKCIIEPUMEHTAJIbHbIE 3HAUCHUS
JUTMH 9YaCTUYIHO BBICBOOOXIeHHBIX Mosiekyl PHK nomyckaror craTtucruyec-
KWW aHAIU3 JJIs OLIEHKHU XapaKTepa 3aBUCUMOCTH JIJTUHBI CBOOOHBIX KOHIIOB
PHK oT aiuHBI BUpYCHOTO OCTOBA.

CraTucTUuecKuid aHaIU3 IKCIIEPUMEHTAIbHBIX JTaHHBIX MTO3BOJIMII YCTa-
HOBHUTH, YTO IS JIMHBI BbIcBOOOXeHHOoi PHK B TOoM ciyudae, korma y
BUPYCHOM YaCTUIIbI HAOJIIOJAeTCsl OJJHA BBIXOJISIIAsl HUTh, U B TOM cllydae,
KOI/Jja paccMaTpuBaeTcsl 0OJblllas U3 IBYX HUTEH, HaOItoaaeTcs oopaTHas
JIMHEWHAs 3aBUCUMOCTD JIJTUHBI BBICBOOOXAeHHOTO yyacTka PHK o1 mmuHbI
BUPYCHOT'O ocToBa. Jlj1s MeHbIeH U3 ABYX HUTEH (B clydae, KOT/Ia MX JIBE)
MbI UMEEM TaKXKe JTUHEHHYIO 3aBUCUMOCTb, HO CYIIIECTBEHHO MEHEE BhIPAYKEH-
Hy10. B cpaBHEeHMU ¢ JIMHOM OOJIbIIIEeN HUTH JIIMHY MEHbIIEH MOKHO CUUTATh
(bakTHYECKH TOCTOSIHHOM, He 3aBUCSIIEH OT INIMHBI BAPYCHOT'O OCTOBA. B city-
yasx, Korjaa Habmoaaercs equHcTBeHHass HUTh PHK, xapaktep 3aBucumoctu
€€ JUTMHBI OT JUTMHBI BUPYCHOT'O OCTOBA UOeHMuUYeH AaHATTOTUYHOM 3aBUCUMOC-

™ IJId OoJIbIIIell HUTH B cIydac, Korga ux IBE. HOBTOMY MbI CHHUTAEM BC-
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Puc. 3.7. 3aBucumoctu anunasl BeicBoOOKIeHHOM PHK BTM oT mimHbBI BUPYCHOTO

oCTaTKa, cnyqaﬁ ABYX HI/ITeﬁ, BBIXOJAIIMUX N3 KOHIIOB YaCTUIIbI.

Cratuctuyeckas 00paboTKa pe3ylbTaTOB U3MEPEHHS 3aBUCUMOCTH JITTUH BBICBOOOXKIEHHOM
PHK BTM ot miuHBI BUPYCHOTO OCTaTKa B Cly4ae, Koraa HaOmogaroTces nse Hutu PHK,
BBIXO/IAIIINE U3 PA3PYIICHHON YaCTHUIIBI; YKa3aHBI AIIITPOKCUMHUPYIOIINE TIPSMBIE TS KX IO

Hutu PHK u nHTEpBabl craHAapTHRIX OMINOOK.
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Puc. 3.8. 3aBucumocts mimHbI BeicBOOOKAcHHONH PHK BTM oT A/IMHBI BUPYCHOTO

OCTaTKa; Cydyal OJTHOM HUTH, BBIXOASIIEH U3 KOHLIA YACTHUIIbI.

Cratucruueckas o0paboTKa pe3yIbTaTOB U3MEPEHUS 3aBUCUMOCTH JUTMHBI BBICBOOOXKIEH-
Hoit PHK BTM ot niuHBI BUpYCHOT'O OCTaTKa B ClIydae, KOraa HabIi0aeTcsl eTMHCTBEHHAS
Huth PHK, BeIXOASIIIas M3 pa3pylieHHOM YacTUIIbl; yKa3aHa alMmpOKCUMUPYIOIIas mpsMast

U MHTEpBaJ CTAHIAPTHOH OINOKY.
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POSITHBIM, UTO HaOJIFOAEHNE TOJIBKO OJTHOTO «XBOocTa» B 60% ciiydyaeB MOXKET
OBITH CBA3AHO C T€M, YTO BTOPOIi «XBOCT»") B 3TOM ClIydae pacroaaraeTcs uin
BJ10JIb BUPYCHOM YaCTHIIbI, UJIM BHYTPH €€, YTO HE MTO3BOJISIET BU3YAJIU30BATh
€ro ¢ IOMOUIbIO CKAHUPYIOIIEr0 MUKPOCKOIIA.

ITo pe3ynbTaTaM HAOIIOJEHUN MOXKHO CHIE€JIATh BBIBOJI, UTO MPOIIECC BBI-
cBoboxaenns BupycHoii PHK wu3 OenkoBoit 000J0YKH XapaKTepU3yeTCs
acuMMeTpueit s 1ByX KoHIoB BupycHoit PHK, takum obpa3zom, Hamu no-
TBEPXKJEH MEXaHU3M IOJISIPHOTO pa3pyLIECHUs BUPYCHBIX YACTULl TaOauyHOM

MO3auKHu®)

. B To BpeMsi Kak, C yMEHBIIIEHUEM JJIMHBI BAPYCHOM YaCTUIIBI, JJTH-
Ha OJIHOM BBICBOOOIK/IEHHOM HUTH pacTeT /10 3HaueHus 1,44+0,13 MkM, 1JIMHA
BTOPOU HUTHU OcTaeTcs (PaKTUYECKH MOCTOSIHHOM Ha ypoBHE 0,53 + 0,07 MKM
(craHmapTHBIC OIIUOKU OIMPE/IeTICHbI AITPOKCUMAIIMEN IKCIIEPUMEHTAIBHBIX
3aBUCHUMOCTEH 110 METOIy HAUMEHBIIUX KBaAPaTOB, cM. puc. 3.7 u 3.8). Ctout
OTMETHUTD, UTO CYMMa IKCTPATIOJISIITUOHHBIX 3HAUECHUN 11 000OUX HUTEH MpHU
HYJIEBOM JUIMHE BUPYCHOM YACTULBI COCTaBIsIeT BennunHy 1,97 + 0,15 MKM,
YTO COBIIAJAET C POJAUTEIBCKUM IMHUKOM pactpenenenus csooboansix PHK
Mo JUIMHAM, CM. puc. 3.6. DTO MOATBEPKAAET CIPABEIIUBOCTD MPUBEICH-
HBIX BBIIIIE PACCYXKIEHUN 00 OMpaBAaHHOCTU UICHTU(PUKAIIMA UMEHHO TTHKa
CO 3HAYEHHUEM 2 MKM C JJIMHOM MOJIHOCTBIO pacnpaniieHHbIX Mosiekysl PHK.
ITockonbky PHK uccnenyemoro mramma Ul Bkiatouaer okoiio 6400 HykIie-
OTHU/IOB, TPUBEICHHBIE OLICHKU MO3BOJISIOT OLIEHUTh BEJIMYMHY MEXHYKJIEO-
TuaHOM cBsi3M B Mojiekysie PHK, o6paboTanHoli 1 NMMOOMIM30BaHHON Ha

MOJIJIOKKY CJIFOJIbI IO OTIMCAHHON METOJIUKE: [, /= 0,31 £ 0,02 HM.

HccaenoBanne PHK Bupyca snnedaomnoxkapaura mMpiiei

C 1enbI0 MPOBEPKU YHUBEPCATBHOCTH AlPOOUPOBAHHON MPHU BU3YAIU3AIINT
PHK BTM MeToarku UMMOOWITA3AIIMN MOJIEKYJI HA TTOJIJIOKKE C TPUMEHEHU-
eM BAC, mbI poBenu cxoubie uccienoBanus PHK Bupyca sHiuedamomuo-
kapauta (BOMK) mermeit. Monekynsl PHK, BoieeHHbIe U3 MpenapaTa BU-
pyca, 6pUTH IeHaTYpUupoBaHbl 00paboTKoii 7,5% hopmanbaeruiom B TeUCHHE
15 Mun nipu 55°C u aacopOUpoOBaHBI HA CBEXUN CKOJI CITFOAbI B IPUCYTCTBUU

0,01 u 0,05% BAC, onucanne 3KCIIEPUMEHTAITBHBIX METOIMK CM. CO CTp. 98.

7) MBI CUMTAEM, UTO OH TAK)Ke MPUCYTCTBYET

8) acumMeTpus TIpoliecca paspyiuenus yacTuii BTM BriepBble oOHapyskeHa 10 JaHHBIM
OM [83] ¢ mpuMmeHeHneM MeToaukn KissiHIIMIITa IpernapupoBaHus 00pa3iioB; MBI BU3ya-
nu3upoBanu cBoboHbIe MoseKynbl PHK (6e3 6e1koBoii «iryObr»)
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Puc. 3.9. Monexynet PHK Bupyca sHiiehanommuoxkapauta MbIIeH.

MoJiekyIbl JeHATYpUPOBaHbl 06paboTKOM 7,5% (hopManbaerugioM u aacopOUpoOBaHbl HA
MTOBEPXHOCTH CBEXero ckouta citosl B mpucytctBun 0,01 1 0,05% BAC; ACM-uccnenosanue,

PEXUM IMPEPBIBUCTOrO KOHTAKTA

[TpuMeHeHre TaHHOTO AJITOPUTMA MO3BOJIMIIO BU3YAIU3UPOBATH MOJIEKYJIbI
uccinenyemoit PHK B pacnipaBieHHOM cocTosiHuu, cM. puc. 3.9.

DTOT pe3ynbTaT MO3BOJISET CAETIATH BBIBOJ O BO3MOKHOCTh UMMOOMIIN3A-
UM OJTHOHUTEBOM BBICOKOMOJIEKYIsipHOU BupycHOi PHK (mipu ycrmoBuu ee
JIEHATYpAIIMK) Ha TTIOBEPXHOCTH CIIIOJIbI B PACIIPABICHHOM COCTOSIHUU T10 Me-
TOAUKeE ¢ ucroiab3oBanneM BAC; mpuuem pazpaOOoTaHHBIN MOIXO/T SIBIISIETCS,
MO-BUMMOMY, YHUBEPCAJIbHBIM.

Bosmoxnocts uMmoOmuzanuu PHK BOMK mbiiieit Ha mo1toxke B pac-
MPABJICHHOM COCTOSIHUU IMO3BOJIWJI IIPOBECTU aHAJIN3 pacHpeiesieHUus uX Mo
marHaM, cM. puc. 3.10. ITpu aToM oOHApYKEHO, YTO XapaKTep pacipeacIeHUs
HE 3aBUCHUT OT ucmoJjibzyeMoit koHneHTpauu BAC (0,01 umu 0,05%).

OOHapyxeHo, uto pacrnpeaenenne PHK BOMK wmbieit no anmuam, nzo-
OpakeHHOe Ha puc. 3.10 XxapakTepu3yeTcss HECKOJIbKUMH MaKCUMYMaMH, KaK
U pacrpenaenenue o armHam Mmosiekyjl PHK BTM, npuroToBieHHBIX 1O CXO/1-
HOM MeToauKe, cM. pHc. 3.6. [l03TOMY MOXHO MPEATIONOKHUTH, UTO Crieupu-
YECKUM XapakTep pacnpeaesieHuii 00yCcI0BIeH UMEHHO UCIIOJIb3YEMON METO-
JTUKOM IPUTOTOBJIEHUSI 0Opa3IIOB.

PaszpaboTka meToauk nmmooOunu3aiuu BupycHoir PHK Ha moBepxHocTH
MOJUIOKKHU UMEJIa CBOEH 11eJ1b10 OTPabOTKY PyTUHHOI'O ITOAXO0/a K UCCIIeI0BA-

Huto crienuduueckoro PHK/6enkoBoro B3auMoaeicTBUs; K KApTUPOBAHUIO
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Puc. 3.10. Pacnpenenenue monekyin PHK Bupyca sHuieanoMmuokapauTa MbIIIeH 1mo

JUTAHAM.

Mosiekynbl aacopOUpPOBaHbI HA TIOUTOKKY CIIOBI MO0 METOIMKE, BKIFOUAIOIIEH TPUCYTCT-
Bue B riperrapate 0,01 u 0,05% BAC; cootBetcTByromue ACM-u300paxeHuss MOJIEKYIT TPH-
BeZleHBI Ha puc. 3.9. CrutonrHOW JMHMEN MOKa3aHO almlpOKCUMUPYIOIIee pacipeneicHue,
SIBIISTOIICECS CYTIEPITO3UIIUEH TPeX rayCcCOBBIX pacrpeeNieHuid (MoKa3aHbl MyHKTUPOM) CO

3HaueHUsIMA MakcumymoB 0,5, 1,0 u 1,5 mxm
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KakK JJAaHHOT'O B3aUMOAEHCTBUS, TAK M AJIEMEHTOB BTOPUUHOM CTPYKTYpbl PHK
C IIEJIbIO OTIPEIETICHU S MECTOIOIOKEHUS CIIEIIM(UIECKUX ITOCTIET0BATEIBHOC-
Tel HykieoTunoB. Tot ¢axt, uro mosekynsl PHK, nMmMoOun3oBaHHbIe Ha
MOJIJTOXKKE IO alTpOOUPOBAHHON METOAUKE, XaPAKTEPUYIOTCSI HECKOJIBKUMU
MaKCUMyMaMH B PacpelesIeHUH IO JJIMHAM, MOXKET ObITh YUTEH IIPU pellie-
HUU 3aJ]a4¥ KapTUPOBAHUS cieayomumM oopasom. Eciu mocTpoeHHas kapta
OyJIeT XapaKTepu30BaThCS TAKKE HECKOJIBKUMU MaKCUMyMaMHu, TO 3TO OyIeT
CBUJIETEIILCTBOBATH O Pa3HOM JIJIMHE MEXKHYKJICOTUTHOM CBSI3U MOJIEKYJI, a/l-
COpOUPOBAHHBIX HA IMOJIJIOKKE MO UCHOIb3yeMol MeToauke. B aTom ciyuae
JUIS1 OTIpEIeNIeHUsI aJIEKBATHOTO MECTOIIOJIOKEHU S UCCIIeAyeMOH crienuduyec-
KOH MOCJIEeI0BATEIIbHOCTH HYKJIEOTUAOB KaXK/IbIi MAKCUMYM JIJIs1 PACCTOSIHUS
OT KOHIIA MOJIEKYJIbI IO CIIEIU(PUIECKOTO yIacTKa TOKEH OBITh HOPMHUPO-
BaH Ha COOTBETCTBYIOUIMM MAKCUMYyM JJIsl IOJTHOM JUTMHBI MOJIEKYJIbl. Eciun
e IMMOCTPOEHHAas KapTa 0y/IeT XapaKTEepU30BaAThCS €IUHCTBEHHBIM MaKCUMY-
MOM, TO €T0 CJIEYET HOPMUPOBATH HA BEJIMUMUHY POJIUTEIHLCKOIO MAKCUMyMa

pacupCacaCHus MOJICKYJI I10 AJIMHAM.

3.1.3. KpaTkue BbIBOIbI

MBI ucciieqoBaIM MPOLECC MOCIEA0BATENIBHOTO BbICBOOOK/IEHUSI BUPYCHOM
PHK wu3 6enkoBoit 06onouku yactuyy BTM. beutu BU3yann3oBaHbl pa3iny-
HBIE CTaJInH Ipoliecca paspymenuss BTM u orpaborana MeToIuKa UMMOOU-
JIU3allMM BBICOKOMOJIEKYJIsipHONM ogHOHUTEeBOU BupycHoil PHK Ha moBepx-
HOCTHU NOAJIOKKHU. CTaTUCTUYECKUI aHAJIN3 3AaBUCUMOCTH JIJTMHBI BBICBOOOXK-
neHHoi PHK BTM ot mnyHBI BUPYCHOTO OCTOBA ITO3BOJIMII IOJATBEPANUTH
MeTogoM ACM acuMMETpPHIO Tpoliecca pa3pyllieHUuss BUPYCHBIX YAaCTHI[ OT-
HocuTebHO IBYX KOHIIOB PHK BTM. DTOoT aHanu3, B COBOKYITHOCTH C aHa-
JIM30M pacIpeesieHusl MO IJIMHAM MOJTHOCTBIO BBICBOOOXICHHBIX MOJIEKYII
PHK, no3Bosmi caenates BbIBOJ O JUIMHE MEXHYKJICOTUAHOMN CBSI3U, XapakK-
tepusytomieit mosiekynny PHK BTM, o6pabotaHHO# 1 ”MMOOUIN30BAHHOMN
Ha TOJIJIOXKKE IO MCIOJIb3yeMOl METOAUKE MpenapupoBaHus 00pa3mos (0e3
KOMIIIEKCOOOpa30BaHUs ¢ OEJIKOBOM IMICHKOM).

AnpoOupoBaHHast METOIMKA UMMOOMIN3AMHY [103BOJINIIA BU3YyaIu3UpPO-
BaTh U MoJiekyiabl PHK Bupyca sHuedanommokapauTa Msliieid, 4To MOA-
TBEPXKJAeT YHUBEPCAIBHOCTH pa3pab0TaHHOIO MOAX0a. XapaKTep pacipe-

JIEJIEHUS 110 IJIMHAM 3THX MOJIEKYJI COBIAIAET C XapaKTEPOM paclpeiesIeHUs
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11 mosiekyi PHK Bupyca TabauHoit Mo3anku, UMMOOMITM30BAHHBIX HA T1O/I-
JIOXKKE T10 TOM ke MeToaunke. CaernaH BbIBOI, YTO crielrduka HabIrogaeMbIX
pacrpesieneHrnii 00yciIoBJIeHa UMEHHO UCITOIb3YeMON METOMKOM IMMPUTOTOB-
JICHUsT 00pas3lloB; MPU 3TOM CIEHNU(PUIHOCTH PaCIpeAesIeHUs] MOXKET OBITh
yuT€Ha MPU MOTEHIUAIHBHOM HCIOJIB30BAHUM APOOUPOBAHHON METOIUKHU
nvmmoounm3aiuu PHK s pemenns 3agaun kapruposanuss PHK/6enkoBoro
B3aUMO/JICACTBHUSI.

Taxum 06pa3oM, BBIITOJTHEHHAS paboTa JOKa3bIBaeT aICKBATHOCTD M TIEP-
CIIEKTHUBHOCTh ITpuMeHeHust Metoga ACM 1S ucciieIoBaHUs M KapTHPOBa-
HUS TIPOIIECCOB B3aMMOACHCTBUS MOJIEKYJT HYKJIEMHOBBIX KUCIOT (BBICOKO-
MoJIeKyIsipHOi oqHoHUTeBOM BupycHoit PHK) ¢ 6enmkamu. ITogoOHbIe uccie-
JIOBaHUS MOTYT JIaTh BKJIaJ B IIOHMMaHUE MEXaHU3MOB IIpoliecca COOPKHU H
Pa3MHOXXEHUSI BUPYCOB, CTPYKTYPHOU OpraHM3aiiuu U GyHKIIMOHUPOBAHUS

pUOOHYKIICOIIPOTEUIOB.
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I'1aBa 4

SOHHOBaH MHUKPOCKOIIUSA IPOoECCOB

koHaencanun JIHK

1) Monekyna 1e30KCHpHOOHYKIEHHOBOM KHCIOTHI SBIISETCS HOCHTENEM Te-
HETUYECKOU MH(GOPMAIUHN JKUBBIX OPTaHU3MOB (COBOKYITHOCTH JaHHBIX, He-
00XOMMBIX JIJI CHHTE3a OeIKOB), KOTOpas «3alucaHa» B CTPYKTYpe MoJie-
KYJIbI B «UETBEPTUUHOM> (10 YUCITY HYKJIEOTHIO0B) Kojie. COorjacHO Moenu
VYorcona u Kpuxka [27] monexyna JIHK npeacrasiser co6oii ABe HUTU, KOTO-
pbie GOPMUPYIOT TBOHHYIO CITUPAITh, CTAOMIN3UPOBAHHYIO B3aMMO/ICHCTBU-
€M Map KOMIUIEMEHTAPHBIX HYKJICOATUAOB (BTOpasi HUTh 00pa30oBaHa HyKJIe-
OTUAAMH, KOMILJIEMEHTAPHBIMHU HYKJICOTHAAM MEPBOM HUTH).

B xuBoit npupone (BHyTpu BUpYcoB U kieTok) moisekyna JIHK naxo-
JUTCS B CYIIECTBEHHO «KOMITAKTH30BAaHHOM>» COCTOSIHUM, 3aHMMasi 00beM
Ha HECKOJIbKO MopsaakoB (no 10°%) menbmmii, yem o6bem Monekynsl JJHK B
pactBope?). TakuM 06pa3oM, IMEHHO KOMIAKTHAas KoHbopMaIus (KoH(op-
Malusl «rJI00yIIbI») sIBIISIETCSl «ecTecTBeHHOW» i1 mosiekyiabl JJHK, xoTs B
nabopaTopHbIX HccaenoBaHusxX yaie nmeroT aenno ¢ JJHK B pacrBopax, T.e.
pacnpaBieHHOM (KoH(popMaIUs «KITyOKa»).

ITepeBoa monekynbl JIHK u3 pazBepHyTOro B KOMIAaKTHOE (KOHIEHCUPO-
BAHHOE) COCTOSIHME MOKET OBITh OCYIIECTBJICH U B JTAOOPATOPHBIX YCITOBHSIX

IIOCPEICTBOM Pa3HOOOPA3HBIX KOHACHCUPYIOLIUX AT€HTOB U IP.; CTPYKTYPY,

1) Pe3y/bTaThl, M3/I0KEHHBIE B JAHHOI TJIaBe, MOJNYUYEHBI B XOJ€ COBMECTHOI paboThI ¢
COTPYIHHUKAMU Ja0OPpaTOPUH MOIUIIEKTPOIUTOB U ONONIONUMEPOB KadeIphl BBICOKOMOJIE-
KYJISIpHBIX coequHeHnit Xumudeckoro ¢akynbrera MI'Y: k.x.H. O. A. [TbIIIKUHON U K.X.H.
B.T. CepreeBbiM; 3aBenyromuii tabopatopueit wieH.-kopp. PAH A. B. 3e3un

2) B X0pouem PacTBOPUTENE, B KOTOPOM ITPOSBIIAETCS HIEKTPOCTATHYECKOE OTTATKMBAHHE
OTAETBHBIX BUTKOB MOJIEKYJIbI
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o0Opa3oBaHHYIO B pe3yiibTate kKoHaeHcanuu JJHK B mpucyTrcrBum noaumepon
U coJteit, nHorna HasbiBaroT psi-JJHK?) nmn ¢-JTHK [88]. Hauamo uccienona-
Huto rnporieccoB kommnakTuzauuu JJHK 6su10 nmonoxeno Jlepmanom [89], ko-
TOPBIN METOJIOM CEIUMEHTAIIMU OOHAPYKUJI, YTO B pa30aBIECHHBIX paCTBOPAX
JAHK, nipu yBennMUYeHNH KOHIIEHTPAIIU HEUTPAITLHOTO MoimMepa (MOJIMITH-
JIeH TJIMKOJIS1) M coyi ogHoBajieHTHOoTo MeTaia (NaCl) BeIllie HEKOTOPOIo

IMOPOroBOI'0 3HAYCHHUA, (bOpMI/IpyIOTCH HqaCTUIbI BBICOKOM INIOTHOCTH.

Kpatknii 0630p JuTepatypbl

B HacTosiee Bpemst ycTaHOBJIEHO, UTO KoHaeHcaluio mojiekyn JAHK, naxos-
IIUXCS B BOJTHBIX PACTBOPAX, CIIOCOOHBI BBI3BATh Pa3JIMYHBIC MYJIbTUBAJICHT-
Hble KaTUOHBL: criepMuaua’’ [90], ciepmun®t [91, 92], KaTHOHHBIE MTOJIUIIEN-
THIBL: TTOTWIN3UH, TUCTOHBI [93], katuonHsie [TAB [94, 95]. AByx- (1 6onee)
BAJICHTHBIE METAJUTMYECKUE KATUOHBI CITOCOOCTBYIOT KOHEHCAIIUU MOJIEKYJT
JHK, Haxoasimuxcsi B BOAHO-CIUPTOBBIX (3TAHOJI, METAHOJI, U30TIPOIIAHOJI)
cpenax [96].

Crpykrypa komnaktuzoBanHoit JJHK uccnenoBaniack pa3iuyHbIMU Me-
TomaMH (KpaTKHUM 0030p OCHOBHBIX PE3yJITATOB IIPUBOAUTCSI B pabo-
Te bmomdensaa[97]) mpu 3TOM HENMOCPEICTBEHHAs BU3yaIu3alvs OObeK-
TOB UCCIIEIOBAHUS OCYIIECTBIISIIACH METOAAMM JJIEKTPOHHOM [93, 98, 99],
atoMHo-cuioBoi [100, 101] u (c MeHbIMM pa3perieHneM) (IyopecleHT-
Hoii [94, 95, 102] MUKPOCKOITHH.

PesynbpraThl uccnenoBaHuii nmokasanu [97], 4to AByMsi ocHosHwviMu (Pop-
MaMH 1)-KOMIIAKTU30BAHHOW MOJIEKYJIbI SIBJISFOTCS MOPOUOAIbHASL U CIep-
acHesas. s obenx (hopM ceueHHe KOMITAKTU30BAHHBIX CTPYKTYDP, UMEET,
MO-BUJMMOMY, OJIHO U TO K€ 3HA4YeHHUE (€CIU CTPYKTYpPhl CHOPMUPOBAHBI
OJIMHAKOBBIMH MOJIEKyJIaMH). JIOCTATOYHO MHTPHUTYIOMIUM ITPEICTABISACTCS
TO, YTO pa3Mep (paanyc) TOPOUIATBHON CTPYKTYPBI He 3a6ucum OT JJTHHBI
MOJIEKYJIbI (€CIM OHA JIKHUT BHYTpHU auamna3zoHa 400—400001m.0.) u ompeje-
JII€TCS, TIO-BUANMOMY, 8HYMpeHHUMU MEXaHU3MaMU Tpoliecca KOHACHCAIINH;
TUIMMYHBIC 3HAYCHUS BHEIITHETO PaInyca TOPOUIAIBHOMN YaCTHIIBI R, s JTEXKAT
B auanai3one 35-90 um [97]. dnuunsie mosekyibl JJHK obpasyror kommakT-
HBIE CTPYKTYPBI U3 OJTHOM MOJIEKYJIBI, IIPU 3TOM y1aBAJIOCh HAOJII01aTh TOPO-

HNAAJIBHYIO TCOMCTPUIO KOMITaKTHOM HaCTULbI JJI1 MOJICKYJI, JJIMHA KOTOPBIX

3) psi pacumdpossiBaeTcs kak Polymer and Salt Induced
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He npesbimana 40000 m.o0. Koporkue JIHK dbopmupyror cTpykTypsl, obpa-
30BaHHbBIC B PE3YJIbTATE CAMOOPTraHU3AIMH HECKOJIBKUX MOJIEKYII, IIPH 3TOM
coecem KOPOTKUE MOJIeKyJibl (MeHee 150 11.0.), mo-BUAUMOMY, HE MOTYT OBbITh
KoMnakTu3oBassl [103].

Meton 3MEKTPOHHOM MHUKPOCKOIUU, IO3BOJISISI IOCTUTATh BBICOKOTO
MPOCTPAHCTBEHHOT'O pa3pelIeHus B IaTEpaJIbHOM HAIIPABJIECHUH, 1A€T 3HAUU-
TeJBHYIO OMINOKY IPH OMpeIelIeHNH BEICOTHI 00bekTa?), ecin oHa cpaBHEMA
C pa3MepoM 3epHa HAIBUICHHS; 3TO OOCTOSITEILCTBO HE IMO3BOJISET C OOJIb-
IO TOYHOCTBIO OMPEACNISITh 00bEM MCCIEAYEMbIX YacTUl] (HEOOXOIUMBII
JUISl aHAJIM3a UX KOJIMUECTBEHHOT O MOJIEKYJIIPHOTO COCTaBa) IO pe3yibTaTaM
nccienoBanuii OM. Boree Toro, mpu pacuere 00bEMOB YaCTHIl KOMITAKTH30-
BaHHOU JIHK 4dacTo He 3a1ar0TCs LEbI0 ONPENCINTh BBICOTY CTPYKTYP HaJl
MOJUTOKKOM, Toyiarasi, YTo ceueHue OOBEKTa IMPEACTABIISIET COOON OKPYK-
HOCTB [97]; HaM TIpeICTaBIIIeTCS, UTO TaKOE MPEMOJIOKEHUE He Bceraa 00oc-
HOBAHO (CM. pe3ynbTaThl pazaena4.1.2, ctp. 135).

CTouT TaKXe OTMETUTD, UTO CrielM(pUKa ITpenapupoBaHus 0Opa3IOB s
uccieoBaHnii DM MOXKET UCKaXKaThb CTPYKTYPY OObEKTa UCCIICIOBAHUS.

DTOro HeAOCTATKA JIUIIEH METOJ (hJIyOpecUeHTHOW MUKPOCKOIHH, IO-
3BOJISIFOIINM TPOBOJIUTH B PEAIbHOM MacIITabe BpeMEHH UCCIIEIOBAHUS KOM-
naktu3anuu monekyn JIHK, Haxomsmuxcs B HATMBHBIX yCIOBHSX (B pac-
TBOpax ¢ noaxoasamuM pH). OnHako paspemarorniasi CoCOOHOCTh METO1a
OrpaHHYeHA MPEIEIOM OIITHYECKOro MUKpOcKoma A/2. [ToaTromy B kauecTBe
00BEKTOB MCCIEAOBAHUS ITPUXOIUTCS BHIOUPATH JOCTATOUYHO OOJIBIIIME MO-
nekyinbl [JIHK (Hanpumep, rurantckyto JJHK T4, koTopas Bkiirouaet 166 Toic.
m.0.)[94, 95, 102].

ITpumenenue metoga ACM mi1s ucciaeqOBaHUI KOMIAKTU3AIUN MOJICKYJT
JAHK npencrasisieTcst BeCbMa NEPCIIEKTUBHBIM, TOCKOJIbKY OKa3bIBAETCS BO3-
MOYKHBIM TIPOBOJIUTH MCCIICIOBAHUS B HATUBHBIX WJIA OJIM3KUX K HATUBHBIM
YCIIOBUSIX, TIPH 3TOM, KaK OBLJIO IMOKa3aHO HAMH B paszjeie 2.2, reoMeTpus
UCCIIETyeMbIX OOBEKTOB MOXET OBITh BOCCTAHOBIIEHA IyTEM aHAJIN3a U3Me-
peHHBIX TapaMeTpoB nX ACM-nu300paxkeHunii (BBICOTHI HAJ ITOI0KKOM U ITTH-
PUHBI Ha NOJyBBICOTE). B TO ke Bpemsi, pa3zperuatomiast cnocooHocte ACM
CYIIIECTBEHHO BBIIIIE, YeM Y MeTOAa (PIIyOPECIICHTHONH MHUKPOCKOIIUH M OJIM3Ka

paspermarorieit cnocoonoctu M. OgHaKO B HACTOSIIEE BpeMs B IUTEpaAType

4) o ME€TOoAY 3allblJIEHUS OO YIJIOM
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HMMeEeTCs JIUIITb He3HaYuTeIbHOoe urciio myonukanumii [100, 101], mocBsIieHHBIX
npuMeHeHro C3M aist uccnegoBanuii poueccoB komnaktuzanuu JHK.

ABTOpel paboThl [100] uccmenoBanu HauanbHele CTAIUM KOHJEHCAIUU
mwiazmugHon nonu-A JIHK B pesynbTaTe ee B3auMOJIEUCTBUS CO CIIEPMU-
nuHoM. Mcrosnib3yeMble KOHIIEHTPAIIMU CIIEpMUIMHA ObUTM MaJIbIMH (BEpX-
Hsas rpaHuna 150 MkM) MOCKOIBKY, KaK COOOIIAIOT aBTOPBI, MPH OOJIb-
IIMX KOHILIEHTPAILUAX CIIEPMUIUH HETaTUBHO BJIMSIET HA BO3MOXHOCTh ACM-
BU3yaIU3al1UU UCCIIEYEMBIX CTPYKTYD.

DKCIIEPUMEHTHI TPOBOIMIIMCH Ha BO3yXe U aJACOPOLMS OCYLIECTBISAIACH
U3 KaIUIM TpenapaTta Ha MOBEPXHOCTh CBEXKETO CKOJIA IMOJIONKKU (CITIOJbI).
ABTOpBI OOHAPYXKUJIU, UTO MPU KOHIIEHTPALUU CIIEPMUIMHA B JUAMA30HE
7,5—-15MxkM otnenbubie yuactku JJHK o0pa3syror neriu, paanyc KOTOPBIX
cocTaBJiisieT BeInurHy okoi10 20 HM. I1pu 60nbImX KOHUEHTPALMSAX CIIEPMU-
JIMHA UMEET MeCTO MexMouiekysipHas arperauust JJHK, npuuem, B uccnemy-
€MOM JHMaIla30He, C YBEJIMUYEHUEM KOHIICHTPALIUK CIIEPMHUINHA BO3PACTAIOT
pa3Mepsl arperaTos; cnenuduueckas popma 3TOTO Kiracca CTPYKTYp OINpaB-
JbIBAET HA3BAHUE «IIBETKA», KOTOPOE UCIOJIb3YIOT aBTOPbI ISl ONMHCAHUSA
MOP(OIOTUU KOMILIEKCA.

ABTOpBI TOJIAraroT, YTO HAOIOJAaeMble 0OPA30BAHUS MOTYT SIBIISITHCS
MIPOMEXYTOUHOM CTa el KOMITAKTU3A1[MU MOJIEKYJI B TOPOUIAJIbHBIE CTPYK-
Typbl. OgHako oOpamiaer Ha ceOsi BHUMaHUE crienuuueckas niockas 2eo-
Mempusi BU3yaJIM30BaHHBIX 0Opa30BaHMI: OHU XapaKTEPHU3YIOTCS MUKPOH-
HBIMHU 3HAYEHUSIMHU JIATEPaAJIbHOTO pa3Mepa IpH BbicoTe Bcero 3—7 uM. [pen-
CTABJISIETCS, UTO B UCCIIEyEMOM CUCTEME BeCbMa Ba)KE€H BKJIA]l BIMSIHUSA NOO-
JIOJ#CKY HA TEOMETPUIO0 KOMIIAKTU30BAHHBIX KOMIUIEKCOB, ITIO3TOMY OOHApy-
KeHHas crienuduyeckass MOphoJIorusi MOXKET ObITh CBSI3aHA UMEHHO C TEM,
YTO U3y4yaeMasi KOMIIAKTU3ALIMS SIBJISIETCS, IO CYTH, KOMIIAKTU3AIUeH Ha no-
6epXHOCMU TTIOJITIOKKH; B 3TOM CIIy4ae €CTECTBEHHO OKUJIATh MHON F€OMETPUH

KOMITAKTHBIX CTPYKTYP, B CPABHEHUU C KOMITAKTH3ALIUEH 8 0ObeMme.

HUccnenoanne ceoooannix JTHK

ITpu npoBeaeHnn 00CyXIaeMbIX HIDKE UccaeaoBaHuM koMmnakTuzauu JJHK
MbI CTaBUJIM KOHTPOJIbHBIE SKCIIEPUMEHTHI IO BU3yaJIM3allMi CBOOOIHBIX MO-
JIEKYJI, IPU 3TOM HMCIOJIb30BAIN U3BECTHBIE METOIMKH, pa3paOOTaHHBIC IS

MeTO/1a aTOMHO-CUJIOBOM MUKPOCKOMMH, cM. pazaen 1.5.1, cTp. 39.
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Haubormee mmpoko UCoIb3yeMbIM CITOCOOOM UMMOOMITA3ALIMHI MOJIEKYJT
JAHK Ha mojioxke B paclpaBiI€HHOM COCTOSIHUU SIBJISIETCS METOI ToOaBIIe-
HUSI KATHOHOB METAJJIOB B pabo4uil pacTBOp, COJEPIKAIIMNA HYKIECHHOBBIE
KHUCIIOTBI, C MOCHeAYyIoEeN acopouueil Kariy mpenapara Ha MOBEPXHOCTh
CITIOJIBI (CBEXKUI CKOI).

TunuuHble KOHIIEHTPAIlUU KOMIIOHEHT B Mpernapate, HAHOCUMOM Ha T10-
BEPXHOCThb CIIIOAbI, BHIOMpAIU B CIEAYIOIIEM [IMANa30HE: KOHLEHTPALMS
JHK oxomo 0,5 MkM x11.0., koHteHTparus MgCl, niu NiCly; okono 1 MM.
Karmto npenaparta oobeMom 0,5 MKJI HAHOCUJIM Ha CBEXUM ckoul cmrofbl. Ha
puc. 4.1a npuBenens! pe3yiabraThl ACM-uccnenoBanus mojekyn JIHK Gaxk-
tepuodara ®X-174 (538611.0.), KOTOpBIE OBLIM AACOPOMPOBAHBI HA CIIIOIY
1o onrcaHHo# Metouke B ipucyTcTBUn NiCls.

Hpyroit Metos (pUKcaly MaKpOMOJIEKYJI Ha TOJIOXKKE, KOTOPBIH HC-
MOJIb30BAJICS HAMU B 9KCIIEPUMEHTAX, 3TO J0OaBIIeHUE K paboyeMy pacTBopy,
cogepxamemy JIHK, momekyn katuonHbix [1AB B manbix KOHLIEHTpaLMAX
(menee 0,1%), cM. puc. 4.16. Tunuunsie koHueHtpauun JJHK B npenapare
BBIOMpAJIM B TOM K€ Juarna3oHe, 4To U BeIle. [lo-BuauMomy, B 3TOM ciydae
MMeeT MecTo Komiuiekcooopazoanue monekyn JAHK ¢ monexkynamu ITAB,
00pa3yOIMMHU TOHKYIO IJIEHKY, MOKPBIBAIOIIYIO CHAPYKH KaILTIo Mpernapa-
Ta, HAHOCUMYIO Ha MOJIOKKY. DTOT 3KCIEPUMEHTAJIbHBIN MMOIXO0J 9KBUBA-
JIEHTEH M3JIOKEHHOMY B paszene 3.1, rae aisi UMMOOMIM3alul BUPYCHOU
PHK nmpuMeHsiim MeToa KOMILJIEKCOOOpAa30BaHUS MOJICKYJIbl HYKJIIEMHOBOM

kucinotel ¢ BAC, Taxke sBiastonmMcs KaTHoOHHBIM TTAB.

4.1. UccnenoBanne KOH(POPMANMOHHBIX U3MEHEHUI
JAHK npu B3aumoaeiicTBuu ¢

IOBCPXHOCTHO-AKTUBHBLIMHA BE€IICCTBAMU

Komnaktuzanuss JHK npu B3ammojeiictBuu ¢ kKaTuoHHbIMU IIAB u
npoxoxaeHue komruiekcoB JIHK-TTAB depe3 mexdasHyr TpaHUIly BO-
1a/MajIoTOISIPHBIA OPTAaHWYECKU PACTBOPUTEIh MOXKET PacCMaTpPUBATHCS
KaK OTIAJICHHAash MOJENb TPAHCIOPTAa T€HETHYEeCKON MH(pOpPMALIMKU B KIIET-
Ky [104].

Panee npouecc komnaktuzauuu JJHK npu B3auMoaencTBuM ¢ KaTHOH-

HeiMu [TAB uccnemoBascsi, B OCHOBHOM, JIMIIb METOJIOM (hIIyOpPECHEHTHON
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Puc. 4.1. CBo6omubie mosekynbl [JJHK Ha mommoxke U3 CIIrOmbI.

a) IHK 6akrepuodara ®X-174, ancopbuums B npucytcreun 1 MM NiCls; o6pa3sibl mpuro-
ToBIIeHBI coBMecTHO ¢ M. Sc. Malin Ardhammar (Chalmers University of Technology)
6) AHK 6akxrepuodara T4, ancopOumst B MpUCyTCTBUU LETHITPUMETHIIAMMOHUI OpoMua;

00pa3ibl TPUTOTOBIIEHBI COBMECTHO ¢ K.X.H. B. I'. CepreeBbim u k.X.H. O. A. [TbIIIknHOM

Mukpockonuu (OM) [94, 95, 102]. D10 0OBSICHIETCS TEM, UTO TAHHBIN METO/
MO3BOJISIET BU3YAJIU3UPOBATH TOJILKO T€ 00O BEKTHI, KOTOPbIE «OKPAIIEHbBI» MO-
JIeKyIaMu (pIryopeclieHTHOT O KpacuTesl, TOATOMY BKJIAJI BO (PIIyOPECIIEHTHOE
n3o0pakeHue aaet auib MoJiekyna JIHK (uMeHHO ¢ Heli CBSI3BIBAIOTCS MO-
JIEKYJIBI KPAacHUTeNs1), a MPUCYTCTBUE B pacTBope Motiekyn [TAB He Bnuser
Ha MOJTyyaeMoe u300paxeHue. B 3ToM oT/IMuMe U MpeuMyIecTBo®) 1aHHO-
o0 METOJIa B CPABHEHUH C JIEKTPOHHOU U ATOMHO-CHJIOBOM MUKPOCKOITUEH,
JUIS. KOTOPBIX BOIPOC 00 aJeKBATHOM PACIO3HABAHUM U UJECHTUDHUKAIIUN
Ha0JII01aeMBbIX CTPYKTYP MOXKET ABJISITbCSI BECbMa HETPUBUAIIBHBIM. DTOT ac-
MEKT OCOOEHHO CYIIECTBEHEH IIPU UCCIIEI0BAHUSIX, CBSI3AHHBIX C MOJIEKYJIAMU
ITAB, B city ux CriocOOHOCTH K CaMOOpraHU3alluu, B pe3ybTaTe KOTOPOH
BO3MOXXHO (DOPMHUPOBAHHUE CTPYKTYP C pa3IuIHOi reomerpueii [105].

ITepen Hamu cTaBWIACH 33/a4a SKCIIEPUMEHTAIBHOIO OIPEAENICHUS OIl-
TUMAaJbHbBIX YCIOBUN MPOBEICHUS UCCIEAOBAHUM, KOTOPAs pelaiach MyTeM
KOMILTIeKCHOTO ITpuMeHeHust MeToJIoB ACM, CTM, ucnosb30BaHus pa3ind-
HBIX THIIOB IMOJIOKEK (TUAPO(POOHBIX — muporpadur, TUAPOPHILHBIX —
CIII0fa), a TaK)Ke BapvalUdeld YCIIOBUH HaHECeHUs] oOpa3loB M IPOBEACHUS

HUCCJIETOBAHUMN.

5) B 1o %e BpeMsi, HerocTaTKoM MeTo1a @M sBIIseTCsS HEBBICOKAS pa3pelraronas cnocoo-
HOCTb.
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[Tpu 5TOM yHUBEpCAIbHASI METOIMKA MTPUTOTOBIIEHUS] 00Pa3110B, KOTOpast
M03BOJIsIa OBl YCIEITHO MCCIIe0BATh Kak cBoOoaHbIe Mojiekyibl JJHK, an-
COpOMPOBAHHBIE HA MOJJIOKKY B pACIPABIEHHOM COCTOSIHUU, TAK U KOMITAK-
TU30BAHHbIE KOMIUIEKCHI, BPSi/ JIM MOXKET ObITh HaliieHa. [loaTomy B niporec-
CE UCCJIENOBAHUS MPUXOAUIOCh UCIOIb30BATh METOJIUKU «HA KOHKPETHbII
cyyam».

Pa6oter mo uccnenoBanuro B3aumopeicteus JJHK-ITAB mb1 npoBoau-
JM COBMECTHO ¢ Jrabopatopueir wieH.-kopp. PAH A. b. 3e3una (Xummuec-
kuil ¢paxynbTeT MI'Y) 1 pe3yabTaTbl 30HI0BON MUKPOCKOIIMM HAILIM Yac-
THaHOE oTpaxkeHue B auccepranun «Kommirekcol [JHK-ITAB B manononsip-
HBIX OPraHUYECKUX PACTBOPUTENSIX» HA COMCKAHHE YUYEHOM CTENEeHU K.X.H.
O. A. ITemmkunHO# (1997 1., Xumuueckuit ¢pakyaprer MI'Y). B aroii pabo-
T€ MPUBOJATCS JAHHbIE IIUPOKOIrO CIEKTpa (U3MKO-XMMUYECKHUX METOJI0B
uccienoBanus (YP-cnekrpodoToMeTpusi, CKopocTHas ceaqumenTarms, KJI-
cnektpoporomerpusi, CTM u ACM, BuckozumeTpusi, peppakToMeTpus,
JIEKTPUYECKOE IBYJIyUENpeIoMIIEHUE, n3oTepmuyeckas nuddysus). Pesyib-
TaThl UCCIIEAOBAHUN 30HA0BO MUKPOCKOIIMU BECbMa XOPOIIO COrJIacyloTCs
C IPYTMMHU 3KCIIEPUMEHTAIbHBIMU MTOJIXOJAMH.

B nacrosimeii pabote Mbl paccMaTpUBaeM JIUIIb JBA ACIEKTa pe3yibTa-
TOB MccienoBanuii komnaxtusanuu JHK npu Bzaumoneiictsuu ¢ ITABY),

KOTOPBIE HE OBUIN 3aTPOHYTHI B YIIOMSIHYTOM paboTe:

e BO3MOXHOCTB Buzyanuzauuu komruiekcoB JIHK-ITAB metoiom ckanu-

pyrouer TYHHEIbHOM MUKPOCKOIINH;

e IIPUMEHEHUE METOAUKH yueTa apdexTa yuupenus (pa3aein 2.2) st BOc-
CTAHOBJICHUSI pEaIbHOW TeOMETPHH (M KOJUYECTBEHHOI'O MOJIEKYIISIP-
Horo coctaBa) komruiekcoB [JHK-ITAB 1o pe3ynsTaTam ncciaeaoBaHus
ACM.

Bbonee neranpHas nHpopMaiusa o GU3NKO-XUMUUYECKUX CBOMCTBAX U Xa-
pakTepuctukax komiuiekcoB JIHK ¢ mpoTuBomnosnoxuo 3apsokeHabiMu [IAB
(mostyyeHHasi MPUMEHEHUEM IIMPOKOTO CIIEKTPa MUCCIEA0BATEIbCKUX METO-

JIUK) MOXET ObITh HaliJIeHa B yIIOMSIHYTOM quccepTalimoHHon padbote [104].

6) 3TOMY MOCBSIIIEH TeKyui pasgen4.1
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4.1.1. Bo3Mo:kHOCTDb HCC/IeI0BAHUS KOH(POPMANMOHHBIX

coiicTB komiLiekcoB JIHK-ITAB merogom CTM

CornacHo pe3yJibTaTaM UCCIIeIOBAaHUN aBTOPOB paboThl [61] cBOOO1HAS MO-
nekyna JIHK xapakTepusyercsi HEBBICOKOM IMPOBOAUMOCTbBIO IIPU UCCIEA0-
BaHnu CTM, 4TO BBIpaXkaeTcsl B BU3YaAIU3AlIMM MOJIEKYIIBI II0 CIIOCO0Y om-
puyamenbHo2o KOHTpacTa (T.€. Ipu ABWKEHUU HAJlT MAKPOMOJIEKYJION, B CHITY
JTIU3JIEKTPUUECKUX CBOMCTB IMOCEAHEN, CKAHUPYIOIasl UrJIa OMYyCKAeTCs HU-
e, UeM TP JABMIKEHUU HaJl TTOUI0KKOM). HecMoTpst Ha 3TO, Mbl OOHAPYKU-
71 ripu uccnenopannu komiiekcoB [JJHK-ITAB, uro nocneanue MoryT ObITh

ycrnenrHo Bu3yann3oBaHbl MeTogoM CTM (1o cnocoby mpsiMOro KOHTpacTa).

BKCHepHMeHTaHLHaH 4acTb

") B skcniepumente ucrons3oBanu JHK u3 sputpormTos mpimsT («Coros-

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

OkcnepuMenTsl mpoBoamin Ha CTM CKAH-8 («L{eHTp nmepcreKTHBHBIX
TexHojoruit», Poccus) [106], B pexkuMe MOCTOSTHHOTO TOKa (pabouue mapa-
metpel: Uy ~ 0,3B, I; ~ 0,5HA). ACM-3KcriepuMeHTbI TPOBOJMIIN HA MPU-
o6ope «Nanoscope-IIla» («Digital Instruments», CIIIA) B pexxume KOHTaKTa
C HCIIOJIb30BaHUEM KAHTHJICBEPOB M3 HUTPpHAA KpeMHHUS (cM. Taomuiy A.1,
ctp. 227).

Pacteop JHK (107> M) u ITAB (9 x 1075 M) B 0,5-M TBE 6y¢epe 005-
€MOM 2 MKJI TTOMEIIAJId Ha IMOJIIOKKY (CBEKUIA CKOJI MUpoTpaduTa I CITIO-
JIbl) ¥ BBICYIIIMBAJIA B TeueHue 3 MuH. [1pu HaHeCeHNH KOMIUIEKCOB U3 XJI0PO-
(hopma ux nepBoHavYaIbHO GOPMHUPOBAIN B BOAHOM (hasze Mpu B3aMMOIEHCT-
Buu JIHK ¢ ITAB, 3aTeM KOMIUIEKCHI BBICYIIUBAIM U PACTBOPSIIM B XJIO-
podopme (B oTimmume ot cBoOoHbIX Mosiekyn JJHK ux komrmekcor ¢ [TAB

pacTBopuMBI B Xxj0podopme [107]).

AHaJau3 pe3y/bTaToB

bruio o6Hapyxeno, uyro komiuiekcol JITHK-ITAB MoryT ObITh BU3YaIM3HPO-

BaHbl MeTogoM CTM, cMm. puc. 4.2 a u 0, rae ucciaeayeMbie OOBEKTHI HAHECe-

) O6pasiibl 1T HCCIEOBAHHIA GBLIH TPUTOTOBICHBI COBMECTHO C K.X.H. O. A. TTBIIIKHHO
u k.X.H. B.T. CepreeBbim (Xummueckuii pakynprer MI'Y)
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Puc. 4.2. Uccnenosanue kommiekcoB JIHK-ITAB meromom CTM u ACM.

a— Kowmrmekcsl agcopObupoBaHbl U3 BOAHON (a3bl HA MUPOTrpadUT M BU3yaTU3UPOBAHBI
CTM, (BHu3y uzobpaxeno ceuenne CTM-nipoduis koMirekca);

0 — KOMIDIEKCHI aJICOPOMPOBAaHBI M3 XJIOpOopopMa Ha MUPOTPAPHUT U BU3yaTU3UPOBAHBI
CTM;

B — KOMIUIEKCHI aJICOPOMPOBAHbI U3 BOAHOH (pa3pl Ha cinrony U BU3yanuzupoBaHel ACM
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HBI Ha ITOIJIOKKY mUuporpadura u3 BoaHou dassl (a) u xaopodopma (6). dis
UCKITIOUEeHMS d(PeKTa BIUSHUS MOIOKKN U MPOBEPKU AJIEKBATHOCTH TPU-
meHeHnst Mmetona CTM Kk MCCIeIoBaHUIO AUAIEKTPUUECKUX CTPYKTYP MPO-
BOWJIM KOHTPOJIbHBIE M3MEPEHHS C TOMOIIIBIO0 ATOMHO-CHIIOBOTO MHUKPOCKO-
na. [1pu 3TOM OBUIH BU3YaIM30BaAHBI OOBEKTHI C UACHTUYHON Mopdosioruei
(puc. 4.2 B).

Bruto o6HapyskeHO, uTo yactuibl komiuiekca JJHK-ITAB xoporo aacop-
OMPYIOTCS Ha MOBEPXHOCTHh TUAPOPOOHON MUPOTrPaPUTOBOIN MOMTIOKKHU U3
BOJIHOMU (pa3bl, YTO MOKET OOBACHATHCS TUAPOPOOHBIM 3P deKkToM, cM. cTp. 21
(MOBEPXHOCTh HUCCIEAYEMBIX KOMIUIEKCOB XapaKTepu3yeTcs TuApo(doOHBIMU
cBoiictBamu [104]). MeToarka HaHECEHHS YACTUI] KOMIUIEKca U3 XJIopodopma
MO3BOJISIET N30€XKaTh arperaiuy UCCIIEAYyEeMbIX CTPYKTYP B MPOIECCE IPUTO-
TOBJIEHUSI 00Pa310B. DTO MOXKET OBITh CBSI3aHHO C TEM, YTO B XJ0podopme
ruapodoOHOE B3aUMOJIEHCTBHE OTCYTCTBYET U arperupoBaBiine oopa3oBa-
HUSI peacCOLUUPYIOT.

MOKHO TIPEANONIOKUTh, YTO BO3MOXKHOCTh BU3yaJIM3alIMU TAKUX 00BEK-
ToB, kak KomIuiekcol JJHK-ITAB, meronom CTM cBs3aHa ¢ nogepxHocmmoii
npogooumocmuio cinosi MoJiekyi [1AB, mOKpBIBAIOIIUX KOMIUIEKC CHAPYXKH.
DTO MPEaIoIoKEHUE COorjliacyeTcsi ¢ OOHapyKEHHOW HaMHu paHee (CM. pa-
601y [108]) Bo3MoxxkHOCThI0 CTM-BU3yanu3anuu OUCIONHBIX JIUMTUAHBIX 00-
pa3oBaHUl — JUNOCOM. JIeHCTBUTEIBHO, UCCIIEIOBAHHBIE JTUITOCOMBI OBLIU
00pa3oBaHbl MOJIEKYJIAMU JIUNUO0E8, CBOMCTBA M CTPYKTYPa KOTOPHIX OJIM3KH

MoJiekyitaM uctoibzyemoro I[TAB (JICAAX).

4.1.2. Onpenesenne reomerpuu komiiekcos IHK-ITAB,
nepeniemuX Yepe3 rpaHuiy pasaena a3

Boja/xyopodopm, no pesyabratram ACM

B cuny Toro, uro kommuiekcel [IHK-ITAB HepacTBOprMBI B BogHOU (hase,
HO pacTBOPHUMBI B OPTAaHUYECKUX PACTBOPHUTEISX (XjIopodopMe, TenTaHe,
nukjorekcane) [107], mpeacTaBiIsiiioch HHTEPECHBIM ITPOBECTH UCCIIEIOBAHUE
npolecca uX MepeHoca uepes rpaHully pasaena ¢pa3 B OpraHu4eckuid pacTBo-
PUTETb U UCCIIEN0BATHh MOPGOIOTHIO NepeieAnx komiiekcoB. [logooHas
CHUCTEMA MOXET CIYKUTh MOJICIbHON MPU U3YYEHUH MEXAHU3MA TPAHCMEM-

opannoro nepenoca JJHK [104].
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3HaHUE TeOMETPUU KOMITAKTHU30BAHHBIX KOMIUIEKCOB SIBJISIETCSI BeCbMa
Ba)KHBIM, HATIPUMED, TS OTIPEIeTICHUSI COCTaBa KOMILIEKca (KOJIM4ecTBa 00-
pa3yroummx ero MoJiekyia). TOYHOCTb OmNpeaeseHns TeOMETPUU OpraHuyec-
KOTO OOBEKTa MO pe3yjbTaTaM HCCIEAOBAHUI 3JIEKTPOHHONH MUKPOCKOIIUHU
orpaHuyeHa (TPYIHO MOJIYUYUTh TOUHYIO MHGOPMAIIMIO O BBICOTE OOBEKTA:
METOJIMKA 3aIlbUUICHUS IO YIJIOM JaeT 3HAYUTEIbHYIO OIIMOKY MPU MaJIbIX
BBICOTaX OOBEKTA).

Onpenenenne reomerpun komiuiekcoB JIHK-ITAB no pesynbratam om-
HOCUmMenbHbLIX METOIIOB UcclienoBanus (cM. pasnen 1.4, crp. 33 u ganee) oc-
JI0KHEHO B CHJIy BapHallud KOMIUJIEKCOB IO pa3MepaM.

Meton ACM mno3BoJIsIeT HEMOCPEACTBEHHO OIPEaeIaTh GopMy U pa3Me-
pPbl OTIEIBHBIX OOBEKTOB, aICOPOUPOBAHHBIX HA MOBEPXHOCTh IMOJIOXKKH,
HO JIJI1 BOCCTAHOBJICHUSI UX peaibHol TEOMETPUN HEOOXOIUM JIOTIOJIHUTEIb-
HBI MaTeMaTUueckuil aHaiau3 (yuet apdexra ymmpeHus, cM. pasaen 2.2 co
cTp. 85). 31ech MBI IPUMEHUIIA pa3pabOTaHHYIO B pa3zene 2.2 MeTOINKY IS
onpenenenus popmsl KomiuiekcoB JJTHK-ITAB, uto no3Bonuio cienaTth BbI-

BOJBI O KOJITMYCCTBE MOJICKYJI I[HK, BXOOAIIMX B KOMIIJICKC.

JKcnepuMeHTAIbHAs YacTh

8) HpOHCCC NEPpEHOCA KOMIIIICKCOB OCYIICCTBIIAIN M3 BOJHOM Cp€anl B XJIO-

podopM. B kauectBe [IAB HamMu ObUT BBIOpAH AUCTEAPUIIUMETHIAMMOHMIA
xmopun (ACIHAX) «Tokio Kasei Kogyo Co.», SAnonus. B pabote ucnosp3o-
Baiu JIHK u3 criepms nococst («<FOCHUMOXT» Poccust) 300-500 1. o.
CBob6onubie mosekynsl [JHK HepacTBOpuMBEI B XitopodopmMe U MOTYT
OBITh TIEPEBEJCHBI B OPraHUUYECKYIO (Da3y TOJIBKO B BHJE KOMIUIEKCOB C
ITAB (koTophnie, Kak yIIOMHHAJIOCh, B XJopodopMe pacTBopstoTcs). Kon-
TpoJib Tpoliecca nepeHoca komiuiekcoB JIHK-ITAB uepes rpanuiy pasaena
a3 mpoBoaunu MetogoM Y D-criekTpooTOMETpUHN Ha CIIeKTpodoToMeTpe
«Specord M40» (I'epmanus). Bsuto mokaszano”), uro npu gobasnenuu 1,5-

kpatHoro m36eitka JCAAX') k aByx(a3Hoii cucTeMe, COCTOSIIEH 13 BOJI-

8) O6pasibl IS UCCIEIOBAHMI OBLTH MPUTOTOBIEHBI coBMecTHO ¢ A.C. AHIpeeBoil n
K.X.H. O. A. [Tpikuno#i (Xumudeckuii pakynprer MI'Y)
9 511 u3Mepenns Gsun posenenbl A. C. AnpeeBoit i K.X.H. O. A. ITeikuHoi (Xumu-
yeckuil pakynprer MI'Y)
10) 1.e. mpu ycnoBuu, 4To KoHueHTparms ITAB B 1,5 paza npessimaeT koHmenTpanmo JHK
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Horo pactBopa JJHK u da3zs1 ximopodopma, Habmrogaercs mpaktudecku 100%
nepeHoc mojrekynn JJHK B oprannueckyro ¢a3sy.

Ancopb1rio 06pas3ioB Ha CITIOY OCYIIECTBIISIU CTAHIAPTHBIM 00pa3oM:
KaIuTIo Tpernapara (XJIo0pogopM ¢ KOMIUIEKCaMu Tociie mpoBeneHus 70% me-
peHoca) o0beMoM 3 MKJI TTOMENIAId Ha CBEXKUN CKOJI CITIOJIbI, BB KUBAIIN
B TeueHue 3—5 MUHYT, IPOMBIBAIN OUAUCTUIUIMPOBAHHON BOJION U BBICYIIIH-
BaJIM HA BO3JIyXE, ITOCJIe YeTO OCYIIECTBIISUIH CKAaHUPOBAHME.

ACM wuccnenoBaHusi OCyIIECTBIsIM Ha mpubope «Nanoscope-IITa»
(Digital Instruments, CIIIA) B pexnuMe KOHTAKTa C KAHTWJIEBEpAMU U3 HUT-

puna kpemHus xxectkoctbio 0,06 H/m.

ACM-u3mepenusi reomeTpun komijiekco ITHK-ITAB

Meronuka HaHeceHus: komiuiekcoB [ITHK-ITAB Ha moBepXHOCTB MOTOXKKHI
u3 xjiopoopma, Mo-BUANMOMY, UMEET CIIeIYIOLINE TPEUMYIIECTBA B CPABHE-
HUM ¢ HaHeceHneM 13 BoaHbIX pacTBopoB. Kommiekcer JIHK-TTAB sBisirorcs
ruipooOHBIMU, U B BOJHOM Cpe/ie MOTYT B3aUMOJIEUCTBOBAThH C CHUJIAMH
MPUTSDKEHHS 3a cueT ruapodoOHoro addexra, 4To MOXKET MPUBECTH K arpe-
raluy KOMIUIEKCOB MPU MPUTOTOBJIEHUU 00Pa3IoB U OCIO0XHUTh uX ACM-
BU3yalu3aiuo. B xmopodopme ruapododHbIe B3aUMOICUCTBUS HE TIPOSIBIIS-
IOTCSI, U TIEPEIIEAIINE Ty/1a KOMIUIEKChI CTAOMIM3UPOBAHBI JIMIITb BHYTPEH-
HUMU MexaHu3Mmamu kKonaeHcauuu JIHK, B crity 4ero Kaxaplii KOMILUIEKC,
Mo-BUANMOMY, cocTouT U3 MoJiekyn JAHK, mokpsIThIX cHapyatcu cioem Moie-
kya ITAB. Kamsg xmopodgopma, coaepikaliast iccieayeMble KOMIUICKCHI, ITPU
HAHECEHUU Ha IOJIJIOKKY BBICBIXAe€T JOCTATOYHO OBICTPO, YTO YMEHbBIIAET
BEPOSITHOCTh 00pa30BaHUS PETYJISIPHBIX CTPYKTYP BCIIEACTBUE MEXaHU3MOB
arperaiu wim camoopranusamnuu [TAB.

C nmomorpo ACM 066110 0OHAPYKEHO, UTO ITPU HAHECEHUU Ha TTOIOKKY
CTPYKTYP, OCTAaBIIMXCS B BOAHOI (ha3bl mocie nposeaenus 70%-nepenoca'l),
Ha ACM-u300pakeHusx NpucyTcTByroT arperatsl Mosiekysn JJHK B Buae Hu-
teit 1muHbl 250-2000 HM (M300pakeHus He puBeeHbl). OOpa3oBaHUE JIUH-
HBIX TSDKEU IMPOUCXOUT, MO BCEH BUIMMOCTHU, BCIEICTBUE MEKMOJIEKYIISP-
HOI arperaiuu oTAenbHbIX Monekys JHK!?) . 3mepenue 3HAUEHHI BHICOTHI
Y IIMPpUHBI Ha T10JTyBbicoTe ACM-u300pakeHuit JTaHHBIX CTPYKTYP JaeT 3Ha-

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

1) 1.e. B BoaHOI aze ocraercst 30% momnexyn JHK
12) ipu Bo3aeiicteuu ITAB
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Puc. 4.3. Topounansubie koMmiuiekcbl JIHK-ITAB, nepemenmue B xnopodopM u3

BOJTHOM ¢ha3wl 1 aficopbupoBanHbie i1t ACM ucciaenoBaHus Ha TOBEPXHOCTH CITFOIBI

Ha pwuc. 4.3 npuBenensl pe3ynbTaThl ACM-nccaeqoBaHusl KOMITJIEKCOB
JHK-ITAB, nepemenux B XjaopodopM, aAcOpOMPOBAHHBIX 3aTeM Ha CBe-
KU CKOJI CITIO/IbI U UCCTIEIOBAHHBIX HA Bo3ayxe. C 1eNIbIo aHalu3a MoOpQoIio-
MU KOMIUIEKCOB ObLIa TPOBE/IEHA CTAaTUCTUUECKasi 00paboTKa U3MEPEHHBIX
napameTpoB ACM-u300pakeHuit TOPOIoI00HBIX CTPYKTYp: D — AuameTpa
TOpa, d — IuamMeTpa ceueHust Topa u h — BBICOTHI TOPOUIATIBHOMN CTPYKTYPBI
HaJ MTOJUTOKKOM.

I'ucrorpammel pacripeieiieHus mapaMeTpoB TOPOUJATIHLHBIX KOMILJIEKCOB
MpeJicTaBlIeHbl Ha puc. 4.4, cTaTUCTUKA HaOpaHa B pe3yiabTraTe uaMmepenus 180
ACM-npoduiieir KOMIUIEKCOB, CIUIONIHON IMHUEH yKa3aHa arpoOKCUMAIIUs
MOJIYYEHHBIX paclpeeeHUH o 3aK0Hy pacnpeneneHus [aycca.

Cpennue 3HaUeHUS 151 MTAPaMETPOB TOPA, OINPE/IEIECHHbIE 1O ANIPOKCH-
Maiuu pacripegenenueM ['aycca, COCTaBISIIOT CIIEIYIOIIUE BEIUUMHBI (B Ka-
YeCTBE IMOTPEITHOCTH YKA3aHO CTAHIaPTHOE OTKJIOHEHHUE):

D =100+30M,d =25+ 9uMu h =5+ 2HM.

T.o. mapamerpsl 4actul (sHewHuti paguyc Ttopa Ry = (D + d)/2 =
62 + 16 HM) XOpOIIIO COTJIACYIOTCSI C THUIMUYHBIMU 3HAUEHUSIMU JJISI MOJIe-
kyn1 JAHK, umeromux pa3imyHyo JJIMHY ¥ CKOHJIEHCUPOBAHHBIX PA3IMYHBbIMU

arentamu [97].
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Puc. 4.4. Tucrorpammsel pacrnpenenerus mapamerpoB reomerpun ACM-npoduteit
TopouaanbHbiX KoMmiuiekcoB JIHK-TTAB.

Namepsiimu reomerpudeckue napamMeTpbl ACM-u300paxeHuil: 1uaMeTp Topa, JuaMmerp ce-
YEeHHUs TOPa U BBICOTY HaJl MOAI0KKOH. CIUIOLIHON TMHKEH ToKa3aHa allpoKcuMalus pac-

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

BOCCTAHOBJICHUSA peaﬂbHOﬁ reOMETpUH KOMIIAKTHBIX TOPOUJAAJbHBIX

CTPYKTYPp

B cuny Toro, uro anmHa MoJsiekys jexuT B guarnazoHe 100—170 um, a cpen-
HsIsl JUTMHA OKPY>KHOCTH TOPOUJAIBHOMN YaCTUIIbI 7T COCTABIISIET BETUUMHY
300 HM, OYEBUIHO, YTO B 0OpPAa30BaHUU KOMIUIEKCA IPUHUMAET y4acTHUe, Mo
Kpalineit mepe, 1Be—Tpu MoJiekyiabl JIHK. Bonee monpoOHslii aHanus Tpedyer
BOCCTAHOBJICHUS PEaIbHOM reOMETPUU KOMILIEKCA.

3aHKeHNEe 3HAYEHUI BEPTUKAIBHBIX Pa3MEpPOB UCCIEIYEMBIX CTPYKTYP
00YCIIOBJICHO KOHTAKTHBIMU AeOopMalMsIMU MO AEHCTBUEM 30H1a, OCOOEH-
HO CYIIECTBEHHBIMU ITPU UCCIIEIOBAHUU OOBEKTOB, paglyC KPUBU3HBI KOTO-
PBIX MEHBIIIE paJinyca KPUBU3HBI KOHUMKA UIJIbI, cM. paznaen 2.1. [Tpeamnona-
rasi, 9To aedopmarnus o0beKTa He COIIPOBOXKIAETCSI M3MEHEHHUEM ero 00beMa,
MBI JICJIA€M BBIBOJI O TOM, UTO YMeHbIIIeHUE BRICOTEI ACM-u3o006paxeHus (3a-
HIDKEHUE napamerpa h = 2b) 6yJeT CKOMIIEHCUPOBAHO COOTBETCTBYIOLIUM
yBEIMUYEHUEM €ro MHUPHUHBI (TTapameTpa d). Takum oO6pa3oM, MBI feiTaeM at-
pUOpPHOE TIPEAIIOIoKEeHUe, YTo TopouaanbHble kKomiiekcsl JJTHK-TTAB nme-
IOT «CIUTIOCHYTYIO» (hopMYy.

3aBbimeHre 3HaueHu MUpuHbl ACM-1300pakeHUid SIBIISICTCS B OCHOB-
HOM CJIEJICTBUEM TOTO, YTO KOHYMK 30HAUPYIOIIETO OCTPUS UMEET KOHEUHBIN
paanyc KpUBU3HBI, CM. paszjel 2.2. PaccuutaTh BKJIa] B YIIUPEHHE MOKHO Ha
OCHOBAaHMM aHAJIM3a T€OMETPUM KOHTAKTA HCCIEAYEMOU CTPYKTYpPhI U KOH-
YHKa 30H/1a C TOMOIIIbIO pa3pabOTaHHON METOAUKU; TEKCT IPOrPaAMMBI, pea-
JIU3YIONIEN TaHHBIN MOAX0/, NpuBeAeH Ha cTp. 220. Mbl MPOBOIUIIM aHATU3
JUIS MOJIeTIe Kak mapa0oInuecKkol, Tak u cpepudeckoit uribl. IlomydeHHble
pe3yJbTATHI 1151 0O0UX MOAX0/10B (DAKTUUECKH TOXKIECTBEHHBI: KOJIMYECTBEH-

HOE PACXOXKJEHUE B OTBETAaX cocTansieT 3—9%.

Pe3yabTaTsl npuMeHeHnst MeTOIMKH y4yeTa d(dekTa ymupenus (pazaen 2.2)
K BOCCTAHOBJIEHHMIO IIMPUHBI CEYEHHs HCC/IelyeMbIX 00beKTOB. ['eomeTpuro
KOHYMKA MIJIbl (paguyc KPUBU3HBI WIM KO3(DPUIIMEHT napaboibl) MOKHO
ONPENENUTh NPU MCCIENOBAHUM OOBEKTOB, UMEIOIIMX B CEUEHUH OKPYIHC-
nocmob u3BecTHOro paauyca'®). CornacHo pesyabTaTaM MCCIel0BAHMS TECT-

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

13) »3 aIeMeHTapHBIX TeOMETPUUECKHX TIOCTPOSHHIA, cM. cTp. 103
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Puc. 4.5. Yucno ciyyaeB OTCYTCTBUS PELICHUS B 3aBUCUMOCTH OT pajuyca aIlmpoK-

CHUMallH UTJIbI.

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

M3MepeHHbIX 3HaueHui h u d ACM-nipodmieii Topounnanbueix komruiekcoB [JJHK-TTAB

BHU3HBI KOHYMKA UTJIbI KAHTUJIEBEPOB MCIOJIH3YEMOTO THIIA UMEET BEITUUNHY
oT 5 go 158M (mo maHHBIM (pupMbI-Tipon3BoauTeas 10 40 HM, cM. TabIH-
ny A.1). st mogenu mapaOoMdecKoi UTJIbl 3TO COOTBETCTBYET BapHallMHU
napamerpa k B quanasone (21,5-3,9) x 1072um~!. OnpeseneHre TOYHOTO
3HaueHus paauyca R (wiu k) [1Jisi KOHKPETHOTO 30H/1a TPeOyeT ero TeCTUpo-
BaHUS HEMOCPEICTBEHHO Iepe Ucroib3oBaHueM. OIHAKO U B 3TOM cllydae
CYIIIECTBYET BEPOSITHOCTh TOT'O, YTO B MPOIIeCcCe CKAHUPOBAHUS (hOpMa UTJIbI
MPETEPIUT U3MEHEHUS B PE3yJIbTATe B3aMMOJCUCTBUS ¢ 00BeKTOM. B 3TOM
CBSI3U UPE3BBIYAHO TIOJIE3HBIM SIBJISIETCS TOJIydeHue uHbopmanuu o ¢op-
Me 30Ha HerocpeacTBeHHO 3 ACM-u3o0pakeHnii 00beKTa UCCIeOBAHUS.
OTa uHGopMalIKsI MOXKET OBIThH ITOJIydeHa B pa3paOOTaHHON METOIUKE yueTa
addekTa ymmpenus (pasaen 2.2).

Tax, Ha puc. 4.5 nmpencrasiieH rpaduK 3aBUCIMOCTH YUCIIA CITy4aeB OTCYT-
CTBUSI pelIeHUs (151 CTATUCTUKY Nap 3HAYSHUH d 1 h) OT pajuyca anmnpoKCu-
MaIluu 30H/a, TOCTPOCHHBIN ITyTeM TECTUPOBAHUS BBITTOJTHEHUS «PETICPHBIX»
ycinoBuii (2.38) unu (2.39), cMm. cTp. 90. Ha ocHoBanuu puc. 4.5 MOXKHO cenaTh
BBIBO/JI, UTO BEPXHsIsI I'PaHUIIA 3HAUCHUS R, XapaKTepHU3yIOIIETO UCIIOIb3ye-
MBIif 30H1, cocTaBiseT 12 um (cooTBercTByeT k = 5,5 X 1072 HM ™) — BbIIIE
9TOTO 3HAUYEHUs HAOJI0AeTCsl JIMHEHHBINH POCT YucCiIa ClydyaeB OTCYTCTBUS
pemieHus. HwkHss rpaHunia Il pajnyca KpPUBU3HBI 30HAA OIPEACIISICTCS

KOHTAaKTHBIMHU I[e(l)OpMaI_II/IHMI/I.
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MbI BOCCTAHOBWJIM UCTUHHYIO IIUPUHY TOPOUIAIBHBIX CTPYKTYp, HC-
MOJIB3YS /IBa pa3fIMYHbIX 3HaueHuss R— 6HM u 12 HM (cooTBeTCcTBYeT kK —
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 cCOOTBETCTBEHHO
(otHOCUTENBbHOE OTKIIOHEeHUE ¢ = 0,5). Pe3ynbTaThl mpuMeHeHus napadbosiu-
YECKOM Moenu uriibl 1aroT 3HadeHus 12 u 11 um. Takum o6pa3om, aelcTBU-
TeabHO, (hopmoit komiutekca JIHK-TTAB siBiisieTcst CILTIOCHY ThIH TOP.

MBI noacunTany takxke koimmyectBo Mmosekys JAHK, Bxoasdiux B cocras
MPOTSDKEHHBIX TSDKEH, OCTABIIMXCS B BOJHOMU (ha3e Mmociie MPOBEACHUS TPO-
1ecca rnepenoca (cM. Boliie). BocctaHOBUB 3HaUE€HUE 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 METOJIUKA JIA€T COTJIACHE C OXKHUAAEMBbIMU 3HAUCHUSIMU MPU
MPUMEHEHUM €€ K aHAJIM3y IIMPUHBI KaK oJuHOUYHBIX Mosiekya JAHK, Ttak u
WX arperaTos.

Crnenyer mog4epKHYTh, YTO METOJUKA HE YYUTHIBAET BO3MOYKHOIO J10-
MOJIHUTEILHOTO BKJIaJla B YIIMPEHUE, CBA3aHHOIO C YACTUYHBIM YBJICUEHU-
eM obpasia 30HJI0M IIPU CKAHUPOBAHUM, YTO MOKET NMPUBOAUTH K 1,5-2,5-
KpaTHOMY (T10 HAIIIUM OIIEHKAaM) 3aBBIIICHHUIO 3HAYCHUS IIIMPUHBI 00BEKTa d

H, KaK CJIICACTBUEC, BOCCTAHABJIMBACMOI'O 3HAUYCHUA Q.

Pacuet yncia mosexya IHK, oopasyromux kommiaekce ¢ [TAB. Ilpeanona-
rasi INIOTHYO (FrekcaroHajabHy10) ynakoBky monekyn JJHK B kommtekce, mo-
Jy4UM, YTO 00BEM, MPUXOISAIIUNACS HA OJTHY MOJIEKYJIy B COCTaBE KOMILICKCA,
uMeeT BennuuHy 4R?sin 60°L, roe R— pamuyc monekynsl JJHK, a L— ee
JUTUHA.

O06beM TOPOUIANIPHOIO KOMILIEKCa OyaeT oOompeaensaThcs (opMyIoin
7w2abD, rae a— HalWJEHHOE YMCIEHHOE pelleHue, b = h/2, D— nuametp
topa. C yuerom Hamuuus cinosi [TAB tommmuOoM | monydnm dopmyiry s

YHCJIa MOJIEKYIT:
w2abD

-~ 2V3(R+1)2L
Ha puc. 4.6 npuBeeHbl TUICTOrpaMMBbl pacipeieIeHUsI HAalICHHBIX 3Haue-
HUI 4nciIa MOJIEKYJI IIPU ABYX 3HAYSHUSIX mapamerpa R (paanyca KpUBU3HbI
uriel) — 6 1 12 am. (Mojens napaboanueckoit UTiibl AaeT (aKTUIECKU UIEH-

TUYHbIE PACIIPEACIICHUS).
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Yucno MOJIEKYJT B KOMIIJIEKCE

Puc. 4.6. 'ucrorpammsl pacupenenenus: yucia mojiekyn JJHK, Bxomsmux B cocTas

xoMIuiekcoB ¢ [TAB

AHanM3 rucTorpaMm IOKa3bIBaeT, YTO, COIJIACHO MOJIyYEHHOMY pelle-
Huto, 80% KOMIUIEKCOB MMeeT B cBoeM cocTraBe MeHee 16 mousekyn JHK
(mpu MCHOJIB30BAaHUM ammpokcuManmu R = 6HM) wiua 15 momnekyn (npu
R = 12um).

BoiBoabl. MbI OKa3aiu, 4YTO B COCTAB KOMILJIEKCOB, HEPACTBOPUMBIX B BOJI-
HOU (aze, HO PACTBOPUMBIX B XJI0pOodOpMe, BXOJUT HECKOIBKO MOJIEKYII
JHK. MoHO NpearosoxkuTh, YTO B UCCIECIYEMBIX CTPYKTYPAX MOJIEKYJIbI
JHK o0beauHeHbl HEMOCPEACTBEHHO APYT C APYTOM U MOKPBITHI CHAPYXKHU
cmoem ITABM, ITprumeHeHne METOJIMKM BOCCTAHOBJICHUSI ICTUHHON T€OMET-
pum 00BEKTOB 10 pe3yiabraTaM ACM-u3MepeHui TO3BOIMIIO C/IeJIaTh BBIBO/I,

YTO B COCTaB KOMIUJIEKCOB BXOJUT OT 2 10 15 Monexyit.

14) ToCcKOTBEKY KOMILIEKC, B KOTOPOM 06heIMHEHBI Heckommbko Monekyn JTHK, kaxmas u3
KOTOPBIX TOKpHITa cHapyxu cioem [TAB, He Oyaer crabuibHbIM B X1opodopMe (B OTCyTCT-
BHe THIPOGOOHBIX B3aUMOICHCTBUIN)
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4.2. Uccnenoanue usmMenennii konpopmanuu JIHK

B BOJHO-CIIMPTOBBLIX Cpeaax

B paszgene 4.1 Mbl paccMaTpuBaiu KOHGOPMALIMOHHBIE U3MEHEHUSI, KOTOPBIE
npetepneBaroT Mosekysl JIHK mpu B3aumopeiictsuu ¢ mosekynamu [TAB B
BOJIHBIX pacTBopax. MetojgoMm ACM ObUTO MOATBEPKIAECHO, YTO B 3TUX yCIIO-
BHSIX MOJXKET MPOMCXOIUTHh KoMmnakTu3anus monekyn JHK, nmpu stom Oblia
BU3YAJIM3UPOBAHA TOPOUTATIbHAS CTPYKTYPA KOMIIAKTHBIX KOMILIEKCOB.
Crout ormetuth, uto cucrema [JHK + ITAB pgocraTouHo cioxkHa s
WCCIIEJIOBAHUIN NpsAMbIMU METOIAMU BU3yaIU3allMd TEOMETPUU MUKPOOOBEK-
TOB, K KOTOpbIM oTHOcUTCS 1 ACM. [leiictButenbHo, nmpucytcreue I1AB B
KaueCTBE KOMIIOHEHTA CUCTEMbI TPEOYeT MPOBEACHUS TPYT0EMKHUX KOHTPOJIb-
HBIX 9KCIIEPUMEHTOB JIJIsI ONIPE/IeJICHUS] METOIMKU MTPUTOTOBJIEHUSI 0OPa310B,
P UCTIOJIb30BAHUU KOTOPOH CTPYKTYpPhI, 00pa3zoBaHHbIe TObKO ITAB (6e3
JAHK), He mpuBoauiau ObI K ommrbkam B uHTeprnpetanuud ACM-pe3ylibTaToB.
D10 cBsA3aHO co cnocobHocThiO ITAB Kk camoopranuzauuu [109], koTopas,
HaIpUMep, MOXKET UMETh MECTO B IPOIIECCE BBHICHIXaHUS KAIlId Mpernapara,
HAHECEHHON Ha MOBEPXHOCThb MOJIOKKM Ul IPUTOTOBIEHUs 06pa3oB®).
[TosToMy HEOOXOAMMO ONpENeUTh TaKHE YCIOBHUS MPOIIECCOB HAHECEHUS
00pa31oB, BBICYIIMBAHUS KAIUIM Ipernapara U MPOMBIBKH, MPU KOTOPBIX
HQJIMYME Ha MOJIJIOKKE OOBEKTOB, CBS3AHHBIX JIMIIb C CAMOOpPraHu3alnei
ITAB (6e3 yuactus JJHK), Mmuaumansno. Mnmm, ecnmu OHU U MPUCYTCTBYIOT,
TO UX TEOMETPHS IPUHIUITUATIBHO OTIIMYAETCS OT UCCIIETyEMbIX KOMILJIEKCOB
JAHK-ITAB: nHanpumMep, HaJIMUKe HA TOAJIOKKE CAMOOPraHU30BAHHBIX MI0C-
KUX MOHO- WX MYJIbTUCIIONHBIX TJIeHOK [TAB He ocinoxHseT uneHtuduka-
nuro nckoMbix JIHK-ITAB koMIiekcoB, HO, HAIMPOTHUB, YACTO CIIOCOOCTBYET
MMMOOITH3aIMHI UCCIIEyeMBIX 0OBEKTOB B IIPOLIECCE CKAHUPOBAHUSA ).,
[TosTOoMy MOCTATOUHO MOKA3aTEIbHBIM ObLIO OBl MMOATBEPAUTH AJICKBAT-
HoCTh TpuMmeHeHust C3M miis uccnenoBanus npoueccoB konaeHcauuu JJHK
Ha mpuMepe Oosiee MPOCTHIX CUCTeM. TaKOBOH CHUCTEMOM, Ha HaIll B3IJIS,

MOKeT cuutaTtbes MoJiekyiaa JJHK, Haxoasimasicss B BOJJHO-CIUPTOBOM cpejie

15) 11pu BBICBIXAHHMH KAIlTH GY/IET IOBHIIATECS KOHIeHTparus [TAB

16) dhopmupoBanue mieHok [TAB Ha MOBEPXHOCTH CITIO/IBI (OTPUIIATEIHLHO 3aPSHKEHHON B
BOJIHBIX PACcTBOpAax) MOXET MPUBOAUTH OO K ee ruapododmuzanuu, TMO0 K CMEHE 3Ha-
Ka TOBEPXHOCTHOTI'O 3apsijia — B 3aBUCUMOCTU OT KOJIMYECTBA MOHOCIIOEB M OpPHUEHTALUU
MOJIEKYJI
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(aTanou, u3onpomnanoi). Ilpu OCTaTOUHO BBHICOKMX KOHIIEHTPALIUSIX CIUPT
cra"oButcs s Monekyn JJHK nnoxum'™ pactBoputenem (B MpHCYTCTBUH
kaTroHOB Na't — 00b1uHO paboraroT ¢ HatpueBbiME cosimu JJTHK), uto
MPUBOJIUT K MIEPEXOTY MAKPOMOJIEKYJI U3 COCTOSIHUS Pa3BEPHYTOTO KIIyOKa B

COCTOSIHUE KOMITaKTHOM 1i100y:sI [110].

4.2.1. UccnenoBanue CKOHIEHCHPOBAHHBIX B BOIHO-CIIUPTOBOI
cpene moJiekya JIHK npu npoBeieHnu uccieaoBannii Ha
BO3/1yXe

18) JKcIepHMEHTHI B €CTECTBEHHOI aTMocdepe OCYIIECTBIISIIHN 110 CIEAyIO-

men cxeme. Momnekynbl JIHK konaeHcupoBain B BOJHO-CIIMPTOBOM Cpeje
IIPY KOHIIEHTPAIUSX CIIUPTA, MIPUBOISIINX K IIEPEX0oay KIyOoK — Tiiodya,
¥ HAHOCWITH KaIlTIo TperapaTta'® Ha MOUIoXKKy, 3aTeM oOpasIibl BHICYIIH-
BaJIM, TIPOMBIBAJIM U CHOBA BBICYIIMBAJIH, T.€. CX€Ma JKCIIEpUMEHTa Oblia
CTAaHJAAPTHOM ISl UCCIIEIOBAHUM HA BO3IYXE U UACHTUYHOM CIIydaro aHaJInu3a
KoHmeHcamu komruiekcos JJHK-TTAB2?)

st sxeniepumenToB BeiOpain JIHK u3 aputpoumros usimwist (1000-3000
11. 0., «Co103XUMpeakTuB», Poccus ), B kKauecTBe CnupTa UCIOJIb30BaIN U30-
MPOIAHOJI U 3TAHOJI (X. 4.). KOHTpOJIbHBIE 9KCIIEPUMEHTHI IO UCCIIEOBAHUIO
MmoJiekys1 JIHK, npurotoBiieHHbIX HAHECEHUEM U3 BOJHOTO pacTBOpa Oydepa
(6e3 criupTa), AEMOHCTPUPYIOT OTCYTCTBUE KOMIAKTU3AIMU MAKPOMOJIEKYJI B
JIAHHBIX YCIOBUSIX — pHC. 4.7. 37€Ch MbI UCITOJIb30BAJIM B KAYECTBE MOJIOKKHU
HeMooughuyuposanHyio CIrOIY, MOCKOJIBKY TaKYIO ke MOIT0XKKY BRIOUpAITH U
JUIS. KOHJIEHCUPOBAHHBIX MOJIEKYII. VIcroap30BaHue HEMOIU(PUITMPOBAHHON
(T.e. OTpULIATEIBLHO 3aPSKEHHON) CITI0/Ibl B KAUECTBE MOJIOKKU OOBSICHSIET
TOT aKT, YTO aJICOPOUPOBAHHBIE MOJIEKYJIbI HEIOCTATOYHO PACIIPABJICHBI U
YaCTUYHO MPOArperupoBaIy.

Jlob6aBiieHue k ucxoiHoMy pactBopy 50% u 60s1ee cnupra (M30mporaHosa
WJIM 3TAHOJIA) CyIIeCTBEeHHO BuseT Ha koHbopMmalmio JIHK. Pe3ynbraTe Ha-
[IMX SKCIIEPUMEHTOB IMOKA3bIBAIOT, YTO OOJIBIIAS YACTh MOJIEKYJT HAXOIUTCS

B OJIHOHM M3 JABYX TUIOB KOH(POPMAIIUN — TOPOUJIAITBHOU MITH CTEPKHEBOM

17) B cMBICTIe BANSHHS HA KOHOOPMAIIHIO TTOTMMEPHOH erH

18) OGpa31Ibl IS HCCITENOBAHMIT GBIUTH TPUTOTOBIICHBI COBMECTHO ¢ K.X.H. O. A. TTbIIIKHHOI
19) Gpamu ocamok

20) 570 TO3BONSET IIPOBECTH CPABHUTEIBHBIH AHAIIN3
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4.00

Puc. 4.7. CBoboansie mosekyinl JJHK, ancopOupoBaHHbIe Ha TOBEPXHOCTH CBEXETO

CKoOJTa cTroIbl 13 Oydepa.

BI/I,E[HO, 4TO MPHU 3TUX YCITOBUAX MOJIEKYJIbI HEAOCTATOYHO PpACIIPABJICHBI U HACTUYHO ITpoar-

perupoBanu

(rod-like). Cneayer mOAYEepKHYTh, YTO MPH BBICOKOW KOHIICHTPAIUU MOJIe-
kyn JIHK B ucxoiHoM pacTBOpe TOpOUAAIbHBIE U CTEPKHEBBIE YACTUIIbI ar-
perupyroT B equHyto cTpyktypy. Ha puc. 4.8 npencrasnen pesynbrat ACM
BU3yanu3auuu crep:kHeBoil ctpyktypsl JJHK, nomydennoit npu agcopouuun
MaKkpoMoJIeKya u3 66% BogHOro pactBopa 3TaHoja (kKoHueHtpanus JHK
cocrapisuia 5 X 1075 M).

AHanmM3 MUPUHBI TPOPIIISI CTEPKHEBBIX CTPYKTYP IMOKA3BIBAET, UYTO OHU
o0pa3oBaHbl, MO KpalHell Mepe, HeckonbkuMu Mosiekyiaamu JIHK («ctsny-
TBIMU B JKT'yT»); BBICOKAsl CTEIIEHb arperaliu CTeP>KHEBBIX CTPYKTYP OOBsiC-
HseTCs 3HaunTeNbHON KoHLleHTpanuei JJHK B pabodem pactBope.

Heckoapko oTiiMuHbIe pe3ybTaThl ObLUIN MOIYUYEHBI IPU UCIIOJIb30BAHUN
B KayecTBe crupra u3omnpomnanona. Ha puc. 4.9 npencraBieHbl pe3ysibTaThl
ACM-BU3yaIM3aIiuy TOPOUIAIBHBIX CTPYKTYP, 00pa30BaHHBIX MOJIEKYIAMU
JIHK 1pu HaHeCeHUM Ha IIOBEPXHOCTH oAbl 4 X 10~ M pacrsopa JJHK B
50% wm3onponanone (B npucyrcreuu 0,05 M TBE 6ydepa). PesyabTats! cBu-
JETENICTBYIOT, YTO B 3TOM cilydyae (B CPaBHEHHUHU C 3TAHOJIOM) OOJiee 4yacTo
HabJII0AaI0TCST TOPOMOAOOHBIE CTPYKTYPhI, HEXelu cTepxHeBble. [IpruunHa
MOXET 3aKJIIOYATHCS B PA3JIMUHBIX 3HAUCHUSX TUIJIEKTPUUECKUX TTPOHUIIAE-

MocTtelt uzonponanona (¢ = 18,3) u atanona (¢ = 24,3), uto obecrneunBaeT

140



Data tyre Height Data tyre Phase
Z range 48 um Z range 40 rpan

Puc. 4.8. Mounekyibl JIHK agcopOupoBaHbl Ha IIOBEPXHOCTh CBEXKET'O CKOJIA CITFOIBI

13 66% BOITHOTO pacTBOpa dTAaHOIIA.

Cuux = 5 x 1075 M; ACM-uccrenoBaHue B PEKUME IPEPHIBUCTOrO KOHTAKTA, CIIEBA TIPH-

Be/ieHO Tonorpaduieckoe n3odpaxeHue, cipasa — ¢azosoe, cM. pasaen 1.3.2

JIYUIIIYI0 KOMIIEHCALIUIO 3aps/ia MMOBEPXHOCTH MAKPOMOJIEKYJIbI TPOTUBOUO-
Hamu Na™' B ciryyae H30mponaHoa.

CTouT NOTYEePKHYTh, YTO TpH NpoBeneHun ACM-uccieoBaHUii HA BO3-
JyXe HeU30€KHOM cTajneil MpUroToBIEHUs 00Pa3LOB SBISIETCS MpoLEeaypa
BBICYIIMBAHUS KAIUIM MIpernapata Ha MOJI0XkKe. B mpoliecce BbICYIIIMBAHUS
KOHLIEHTpAllMM KOMIIOHEHT MpenapaTta B KaIlle HEPaBHOBECHO BO3PaCTaloOT,
YTO MOXET HEKOHTPOJIMPYEMO BIMATHh HA MOP(OJIOTHIO aICOPOUPYEMBIX Ha
MOJITTOKKY CTPYKTYP. VICKITIOUMTh MPOLEAYPY BBICYIIIMBAHUS BO3MOXHO MPU

npoBeneHnn ACM-uccie10BaHUH B )KUIKUX cpeaax.

4.2.2. Uccaenosanue npoiueccoB konaencamun JJHK

HENMOCPEACTBECHHO B BO)IHO-Cﬂl/lpTOBOﬁ cpeae

B 3700t cepuun sKCIEpUMEHTOB MbI TPOBOIUIIU UCCIEAOBAHUS KOH/IEHCAIIUU
mosekyn JIHK HenocpencTBeHHO B drcudkocmuoil siveiike ACM, 94TO 1M03BO-
JISUIO UCKITFOYUTh BO3MOXKHOE HETATUBHOE BIIUSIHUE MPOLIECCA BHICYLIMBAHUS
KaIlIu [perapaTa B CTAaHIapTHON CXeMe SKCIIEpUMEHTOB Ha BO3AyXe (CM. TIpe-

JObIIYLIIUN pa3aen).
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Puc. 4.9. Monexyner JIHK ancopbupoBaHbl Ha TOBEPXHOCTb CBEKETO CKOJIA CITFOIBI

13 50% BOIHOTO pacTBOpa U30IPOIAHOIIA.

Ancop6uus B pucyrcrsuu 0,05 M TBE 6ydepa, Cux = 4 x 10~7 M; ACM-uccienoBanne

B PEKMME KOHTAKTa

PaccmaTtprBaemoe 0CiI0XkKHSIOIIEE MPENITCTBUE MTOJTHOCThIO OTCYTCTBYET
IIpY MPOBEJICHUU UCCIIEIOBAHUM B )KUJKUX CpeAax, KOI1a MOBEPXHOCTh MO/-
JIOKKH U 30H]] MUKPOCKOTIA TTOMENIAIOT B KUJAKOCTHYIO STUEHKY, ITOCTIE Yero
STUEHKY 3aMOJIHSIIOT PAa00OYUM paCTBOPOM, COJIEPKAIUM OOBEKTHI UCCIIeI0BA-
Husg. UMMoOunu3anms u3yyaeMbIX CTPYKTYP Ha MOJIOKKE OCYIIECTBIISETCS
JIMUIb 3a CUET MPOLIECCOB aACOPOIIMU U3 pACTBOPA.

B omuceiBaeMoit cepum 3KCIepuMEeHTOB MBI ucnonb3oBaiau JJHK Gaxre-
puodara T4 u BoaHBIC pacTBOPHI M30IPOIIAHOJA U 3TaHOja. PaHee ObLIO
nokasaHo [110], uto rurantckas JJHK T4 B BogHO-ciUpTOBOM cMecHu Npu
KOHILIeHTpaluu cnupra 6oiee 50% (17151 ©30MponaHosia) mpereprneBaeT KoH-
(hopMaIrmoHHbIH repexoa Ki1yook — rimody:a. [Ipu yMeHbIlIeHUHM KOHIIEHTpa-
1uu criupra 110 40% HabII0/1a710Ch YACTUYHOE pa3BOpaunBaHue riodyi. du-
HAMMKa TIePexo/1a UCCIIe0BATIACh METOAOM (IIyOPECIIEHTHONH MUKPOCKOTINH.
OnHako, B CHIIy OTpaHUYEHUS pa3peliaronieil criocoOHoCTH MeTo1a (Ipeaet
ONTUYECKOT0 MUKPOCKOIIA), 0KA3aJI0Ch TPYAHBIM OMPEIEIUTh TOUYHYIO T€0-
METPHUIO KOMITAKTHBIX TJI00YJ U CTPYKTYPY YACTMUHO KOMIIAKTHU30BAHHBIX
00pa3oBaHUM.

[TpeacraBnsimoch nmokaszatelbHbIM MpoBecTd ACM-uccienoBaHus Mpo-

necca KOMIIaKTHU3allu UMEHHO OJIs1 9TOI'O 00BEKTa B TEX XKe YCIIOBUX.
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JKcnepuMeHTAIbHAS YacTh

21) B kauecTBe 0OBEKTOB HccieoBanus ncronb3osamu JJHK 6akreproda-

ra T4 («Nippone Gen», SInonus), cocrosimeit u3 166 teic. m.o. I1pu mpose-
JIEHUY SKCIIEPUMEHTOB MCIIOJIH30BaTN OUAUCTUIUIMPOBAHHYIO BOTY, OUHUIIEH-
HYI0 ¢ moMoIbo cucteMbl «Milli-Q» («Millipore», CIIIA). BogHo-ciupToBBIE
Cpeabl TOTOBUIIM C UCIIOJIb30BAHUEM U30IpOoNaHoa (X. 4.).

UccnenoBanua xkonugeHcauun Moustekyn JHK mnposomumm metomom
ATOMHO-CUJIOBOM MUKPOCKOIHMHU B BOJIHO-CITUPTOBOM CMECH C UCIIOJIb30Ba-
HUEM TMOJI0KEK CItoAbl. CBEXUN CKOJI CITIOJbI M KaHTUJIEBEP (C 30HIIOM)
MTOMEIIAJIN B KXUAKOCTHYIO sTueiiky ACM, KOTOPYIO MTOCIIe0BATEIBHO 3aI10JI-
HsuM pabounmu pactBopamu. [1penapat, conepxammuiit Mosiekyiisl JJHK T4 B
BOJIHO-CIUPTOBOM cMecu ITpu 80%0 KOHLEHTpALMU CIUPTA, [IOJIY4YaJId, CMEIIH-
Bast oquH o0weM pactBopa [JHK B 0,5-TBE-Oydepe ¢ ueTbippMs 0ObeMaMu
usonponanoina. [Ipemapatr monexyn JAHK B 40% wuzonponaHosie momyya-
v, cmemmBas aBa oowvema pacrBopa JJHK B Oydepe ¢ tpemss obbemamu
n3omnpormnanona. B o6oux ciyuvasx koHeuHasi koHueHTpauusi JJHK B cmecu
cocraBisuia 1 x 107¢ M.

DKCIIEpUMEHTBl TPOBOJAWIN B KUAKOCTHOM sueiike ACM «Nanoscope-
III» (Digital Instruments, CILIA) B pexxumMe IpepbIBUCTOTO KOHTAKTa C
WCIIOJIb30BAHUEM 3a0CTPEHHBIX KAHTUJICBEPOB M3 HUTPHUAA KPEMHHUS KECT-
koctbio 0,32 H/Mm, cm. Tabmuiy A.1.

Ornpenenenne areKBaTHOW MeTOAMKU mpoBeneHuss ACM-skcriepumMeHTa
BKJTIOYAJIO aHAJIN3 HAanOoJIee MOAXO/ISIIMX KOHIIEHTPALIMA BOAHO-CITUPTOBOM
CMECH, a TaKXKe MOCIIEA0BATEIIbHOCT 3aIIOJTHEHUS JKUJIKOCTHON sSTUEHKH pa-
00YMMHM pacTBOpaMU (TECTUPOBAIIN PA3IMYHBIC BAPHUAHTHI).

B PE3IYIBTATC TCCTUPOBAHNA OCTAHOBUIIMCH HA CJ'ICIIYIOHICﬁ METOAUKE:

® B XXUJIKOCTHYIO H‘ICfIKy IMoMeIarOT KaHTHJICBEP U CcB8eHCULl CKOJl CJIIFOObI,
3aTEM BBOIAT BOAHO-CIIMPTOBYIO CMECh ITPpU TOM KOHILCHTpALIUU CIIUP-

Ta, KaKas IIpearnoiaraeTcs B UCIob3yeMoM npenapate ¢ JHK??);

21) DKcnepUMEHTHI GBITH TTOCTABIIEHBI COBMECTHO ¢ K.X.H. B. T'. CepreeBsim
22) HeKOTOPOE BPEMsI OTBOJNTCS HA CTAGHITH3AIIHIO CUCTEMBI
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e Jlajiee, HAUMHAIOT MPOLIECC CKAHUPOBAHUS VIS TECTUPOBAHUST PAOOTHI
CHUCTEMBI, 4 TAKKE KOHTPOJISI KAUECTBA IOBEPXHOCTHU CIIFOJIbI K YUCTOTHI

HCIIONIb3YEMBIX PACTBOPOBZY);

e HE IpeKpallas Mpouecc CKAHUPOBAHUS, B CUCTEMY BBOJAT Ipenapar,
conepxamuit monekyssl JIHK B BogHO-ciupToBOi cmecu. KoHneHcu-
POBAHHBIE MOJIEKYJIbI BHINAJAIOT HA MOBEPXHOCTH MOJIOKKH, YTO IO-

3BOJIACT UX BU3YAJIM3UPOBATH C IIOMOIIBIO MUKPOCKOIIA.

Pe3yabTaThl M HX 00CY:K/1eHHE

IMpenapar, conepxamuii mosiekybl JIHK T4 B BogHO-cIMPTOBOM CMECH ITpU
80% KOHIIEHTpAlMX N30IIPOIIAHOJIA, BBOJUIIU B )KUJAKOCTHYIO STYEHKY, 3aI10JI-
HEHHYIO MpEeABapPUTEIIHHO BOJHO-CIIMPTOBON CMEChIO C TOM K€ KOHIIEHTpa-
nuer crimpra. Ilpu atux ycnosusix Mmakpomodsekyisl JAHK ocaxnanuce Ha
MMOBEPXHOCTH CIIIOJIb B BUJIE KOMITAKTHBIX 17100y (puc. 4.10a u B).

[TpumMeHeHnEe METOAWMKM BOCCTAHOBJICHUS pEaNIbHBIX Pa3MEpPOB HCCIIe-
JIyeMBIX OOBEKTOB IO M3MEPEHHOHW BBICOTe U ImupuHe npoduias ACM-
n3o0paxenus (yuer agdexra ymmpeHus), kKotopas pazpaboraHa B pasje-
ae 2.2, (cM. crp. 85 u nasee), HO3BOJISIET ONPENETUTh 00BEM IIIOOYISIPHBIX
CTPYKTYpP. MBI IpOBEIN pacueThl N0 pa3paboTaHHON MeToAuKe ydyeTa 3¢-
(bekTa ywupenus O IBYX 3HAUYCHWH paguyca KPUBHU3HBI UL 5 U 10 HM,
pe3yibTaThl npuseaeHbl B Tabmuie 4.1. [1o Hammm oneHkaMm (¢ mpuMeHe-
HUEM TECT-OOBEKTOB) PaJUyC KPUBU3HBI UIJIbI, UCIOJIb3YEMON MPU 3aMUCU
MIPUBEACHHBIX M300pakKeHUH, JIGKUT UMEHHO B Auamnal3oHe 5 + 10 HM. 3Ha-
YeHHs MTapaMeTpOB TJIOOYIIbI, ONpeAesIeHHbIE C UCIOJIH30BAHUEM JIBYX I'pa-
HUYHBIX 3HAYCHHH TSI paauyca KPUBU3HBI UTIIbI (AKTUYECKU WICHTHYHBI.
BoccTaHoBIIeHHbIE 3HAUEHUS MTAPAMETPOB MOIYOCeH a U b MO3BOJIAIOT CHe-
JIaTh BBIBOJI, UYTO T€OMETPUUECKOUN (hOPMOIA TIIOOYIIBI SIBISETCS CHIIOCHYMbLL
U cne2Ka GbIMSIHY bl AJLIUNCOUO.

CrangapTHble OTKJIOHEHUS BEJIUUUH, TPUBEICHHBIX B Tabuue 4.1, Benu-
KU, YTO OOBSICHSIETCS CTATUCTUYECKUM Pa30pOCOM U3MEPSIEMBIX ITAPAMETPOB
IS pasIMyHbIX r06yn?Y. Bonee HAIIAAHO 3TO BUIHO W3 aHAJIM3a IMCTO-

rpamMM pacnpeaelieHus: aHaJIU3UPYEMBIX IAPAMETPOB.

23) omkHa HAGIONATHCS TNafKas (HA AHTCTPEMHOM YPOBHE) MOBEPXHOCTB CIFOBI, O€3
KaKHUX-TN0O0 IMOBEPXHOCTHBIX CTPYKTYP
24) 2 He MOTrPEITHOCTHIO METOIMKH yueTa I deKTa YIIMpeHns
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22.0 HM 22.0 HM

0
6.00 mMxM 8.00

22.0 HM

Puc. 4.10. [luHamMuKka mpoI1ieccoB KOMIMaKTU3aIuu/ fekomMmaktuzanuu Mmojekyn JJHK

B BOJHO-CIIUPTOBOM cpene:

a) ¥ B) — KOMITAKTHBIE TJIOOYJIBI, BBITABIINE HA IOBEPXHOCTH CITIO/BI 13 80% BOIHOTO pac-
TBOpA U30IPOIIAHOIA;

0) U T)— YaCTUYHO AEKOMIAKTHU30BaHHBIE III00YIBI (T€ )K€ YYACTKH MOBEPXHOCTH) TOCTIE
TOHIKEHUS KOHIIeHTparuu cnupTa 10 40-50%;

r), Bpe3ka— OJHAa U3 TJI00yJ C OOJIBIINM YBEIHMUEHUEM, PUCYHOK ITO3BOJISIET Pa3IUYHUTh

BHYTPEHHIOIO ITOJIOCTh

145



R,uM | a, HM bum | c,um |V, x10° um?®
5 41+12 |55+ 17| 23+9 2,0+ 1,7
10 37+12 | 52+£17 |23+ 9 2,1£1,5

Tabmuna 4.1. I'eoMeTpruuecKkre napameTphl Ii100yj1, 00pa30BaHHBIX KOMIIAKTH30-

BaHHbIMHU B 80% n3omnpomnanoie monekyiaamu JJHK T4.

Pacyersl mpoBOAMIINCE TIO pa3pabOTaHHON METOIUKe ydyeTa dpQeKTa yuupenus s AByX
3HAYEHUH pajuyca KPUBU3HBI Ul R: 5 1 10 HM; MpUBeIeHHbIE IOTPELIHOCTH SBIISIOTCA
CTaHIAPTHBIMH OTKIIOHEHHUSIM CPEIHHUX apUPMETUIECKUX, PACCUNTAHHBIX IIYTEM CTATHCTH-
YyecKoro aHanu3a noiyueHHbIXx ACM-u3o6paxennii rinodyn (N = 55). O0o3HaueHus Tabmm-
LBl @, b U ¢ — mapaMeTpsl JUTUIICOUA, OIMCHIBAIOIIEI O TEOMETPUIO TTI00YIIBL; @ U b BOoccTa-
HOBJIEHBI 110 MeTouKe yueta ACM-ymmpenusi, c — noioBuHa BbIcOThl ACM-n300pakeHus
rI006yIEl. V — 00BEM 2IIUIICONAA, ONIPeieTIeH BN 110 popMmye: Vs = %ﬂabc. st cpas-

nenusi, 06beM mMonekynsl IHK T4 Vyyx = mr?L, (r = 1um, L = 55 x 10% um) cocrasiser

1,7 x 10% am?

154 ——

104

Yuceno rnobdya

o +——h—1k

paguyc 30HAa = 5 HM

Uuco 1106y

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

O6beM raobybl, #10° um’

Puc. 4.11. I'mcrorpammsl pacnpeaeneHus: 00bemMa r1o0yIIpHBIX YacTHll, 0Opa30BaH-

e

15

104

panuyc 3oH1a = 10 HM

0,0

—
0,1

T
0,2

M.

O6bem raobyisl, #10° uu’

Hbix monekynamu JJHK T4 B 80% nzomnponanore.

3HavyeHne 00peMa ObUTO BOCCTAHOBIICHO TSI KXKAOU rITOOYISIPHON YaCTHIIBI C TPUMEHEHHEM

pa3paboTaHHOI MeTOAMKH yueTa 3ddeKxTa yIUpeHus A1 IBYX 3HAUeHUH paauyca 30HAa: 5

u 10 HM
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Ha pucynke 4.11 npeacraBiieHbl THCTOIPAMMBI pacIipe/iesIeHUs 3Haue-
HUI 00BbeMa IoOyIsIpHBIX yacTull. Haanune B HaOpaHHOM CTaTUCTHUKE TJ10-
OyJ1, XapaKTepU3YIOLIMXCSI MAIBIMU 3HAYEHUSIMU 00beMa (MEHbIIIE, YeM 00b-
em onHoil monekynbl JJHK) o0bscHseTcsa, no-BUAMMOMY, NPUCYTCTBUEM B
HCIIOJIB3yeMOM Tipernapate gpaemenmos moiiekyn JJHK. M3 ananmuza pucyH-
ka 4.11 (cp. ¢ Tabmuneii 4.1) crneayeT, 9To 00BEM II100YIIBI, 0Opa30BaAHHOMN
nenpHoi Mosekynoi JJHK (He ¢pparmeHTOM) COCTaBISET BETUUMHY ITOPSII-
Ka 3-5 x 10° HM?, 4TO MpeBBIAET BeIMYMHY 0ObeMa Mounekynsl JJHK T4:
1,7 x 105 am3.

T.o. 06pa3oM MOKHO TIPEAIIOIOKUTH, UTO Kaxkaas rio0yima obpa3oBaHa
onHoit mosekynoi JIHK, Haxosieiicst B J0CTaTOYHO IJIOTHO YHAKOBAHHOM
COCTOSIHUH.

YacTuuHO AEKOMIAKTU30BaHHbIE CTPYKTYpbl MakpoMmosekyn JJHK T4,
nojiyuaeMsble rpu pazoasieHuu 8§0% ciupToBoro pactBopa B Bojie 10 40—-50%,
WCCIIEJIOBAJIN CIEAYIOMUM 00pa3oM. B )KHAKOCTHYIO siUEHKY, COACPIKAIILYIO
JAHK T4 B Bune rinodyn B 80% uzomnponanoiie (20% Boabl), 100ABISIIA CMECH
n3ornpomnanoJia ¢ Bogoi (40% uzonponanosna + 60% Boibl), C IEJIbIO TOHU3UTH
KOHIIEHTPAIMIO CIIUPTA B STYCHKE.

ITockombky mporecc komnaktusanuu JIHK B ciupre obpatum, To mpu
TIOHIKEHNN KOHIIEHTPALMK CITUPTa B SKMAKOCTHOI sueiike?®) rimobyisl mpe-
TEpHEeBaOT KOHPOPMAIIMOHHBIE N3MEHEHM S, CBSI3aHHBIE C HAYAJIOM ITpoIiecca
nekoMmimakTuzanuu. Ha pucynkax 4.10 0 u r n300pakeHbl Te kKe yU4acTKH I10-
BEPXHOCTH, YTO M HA pucyHKax 4.10a 1 B, HO MPU MOHWKEHUU KOHLICHTPALIUU
criuprta B siueiike 10 3HaueHus: 40—-50%. M3 puCcyHKOB BUIHO, YTO B IIpoOlIec-
ce JIEKOMITAKTHU3AIMY U3MEHUIIUCh OUEePTAHUS TJIOOYISIPHBIX CTPYKTYP U UX
BbICOTA (Cp. a U 0).

HexoTtopsie BBIBOJBI O CTPYKTYPEe KOMIAKTU30BAHHON TJIOOYIIBI MOXHO
ClIeNaTh, AaHAIU3UPYS CTAANU JUHAMUYECKOTO IIpoLecca JeKOMIIaKTU3alUu,
n3ob6paxeHHble Ha puc. 4.10B 1 . AHaMMU3 pUCyHKa MOKa3bIBAET, YTO TEp-
BOHAYaJIbHO KOMMaKTHas riodyina (puc. 4.10B, ormeTka «[71») B mpolecce
JEKOMMAKTU3ALIMM YMEHBIIAETCS B BBICOTE U MMO3BOJISIET BU3YAIM3UPOBATH
YeHmpanvbHyo noniochmo, cM. puc. 4.10T u Bpe3ky.

OnHako 0Ka3alloch, UTO JAIbHEHIINI MPOLIECC Pa3BOPAYMBAHUS 100y
HE TMPOUCXOIUT. DTO MOXKHO OOBSICHUTH HAJIUYUEM CHJI B3aMMOJCUCTBUS

MEX/1y MOJIEKYJION M MOJIJIOKKOM, KOTOPBIE U MPEMSITCTBYIOT pa3BopayuBa-

25) yTyulIeHNN KauecTBa pacTBOPHUTENS
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HUIO TIPU YMEHBIIIEHUH KOHILIEHTpaIuu crupta. (OKa3anoch, 4TO B yCIOBUSIX
BOJIHO-CITUPTOBOM CpefIbl UCCIIelyeMble OOBEKTHI TOCTATOYHO CTAOMIIbHBI Ha
MOJIJTOKKE M HE YBJIEKAIOTCS 30H/IOM IIPU CKAHUPOBAHUM ).

ITosTomy mpomexyTouHble cocTossHMs koMmakTuzanuu JHK (Mexay
r100yI0M 1 KIIyOKOM) moydaiu cieayomum oopazom. Mosekyasl JJTHK,
Haxosmuecs: B 40% uzonpornaHosie, BBOJAWIN B KUJIKOCTHYIO SUEUKY, a 3a-
TeM KOHLEHTPALIMIO CIUPTA B siueiKe MOBBIIIaIu npokauynBanuem 80% u3o-
nponaHosyia. [Ipu NMOBBIIIEHUH KOHUEHTPALIMU CIOUPTA MOJIEKYJIbI BbITAaga-
JIM Ha MOBEPXHOCTb MOJIOKKHU B YACHUYHO KOMNAKMUZOBAHHOM COCMOSHUU.
Hanpueimas komnaktuzauuss JAHK, agcopbupoBaHHBIX Ha MOJI0XKKY, HE
HabJr01a1aCh, YTO, MO-BUIUMOMY, OIATH K€ OOBSICHSETCS B3aUMO/ICHCTBH-
eM mouekys JAHK co caronoi.

ACM-u300paxeHust 4aCTUYHO KOMITAKTU30BAHHBIX CTPYKTYP MpUBEIE-
HBI Ha puc. 4.12. bputo oO6HApy)EHO, YTO HAYAJIbHBIM IIPOILIECCOM KOMITaK-
TU3ALMH TJIO0YI SBJISIETCS 3aKPYUYMBAHHUE OTICIBHBIX YUYACTKOB MaKpOMO-
nekyibl JIHK B TopounainbHyl0 CTPYKTYpPY, 3TH KOMIIAKTHBIE YYaCTKH, IO-
BUIMMOMY, U SIBJISIFOTCS LIGHTPAMH JaJIbHEHIIIEH KOMITAKTU3ALIUH.

Ha ocHoBanuu HabIIOAEHUI MOKHO MPEANOIOKUTh, UTO U KOMITAKTHbBIE
r7100yJIbl, BU3yalIM30BaHHbIE Ha pUCyHKe 4.10a ¥ B SBISIOTCS MPOAYKTOM
MMEHHO TOPOUAAIILHON KoMnakTu3zanuu makpomosiekyin JAHK u npencras-
JIIIOT COOOM MIIOTHBIE KKITYOKH», B KOTOPBIX OT/EIbHBIC YYACTKU MOJIEKYJIbI
3aKpy4€Hbl BOKPYT TOPOUAATIBHBIX CTPYKTYP.

Crnenyer oTMeTUTh, 4YTO MakpomoJiekyiasl JJHK npu moBbiieHUM KOH-
LEHTpaluu cnupta B sueiike (0T 40%) oOpa3yloT He TOJIbKO TOPOUIATIbHBIE,
HO U (pexe) cTepKHeoOpa3Hble CTPYKTYPhI, CM. PUCYHOK 4.13.

CTpexHeBbIe CTPYKTYPBI, H300pakeHHbIC HA pUCYHKE 4.13, UMEIOT Ty Xe
MIPUPOJTy BOSHUKHOBEHUSI, UTO M IIPUBEJICHHBIE HA pUCYyHKe 4.8, rae n3o0pa-
JKEHBI Pe3yJIbTAaThl UCCIIEAOBAHUM, TPOBOAUMBIX HA BO3AyXxe. BuaHo, 4To npu
MCCIIETIOBAHUSIX B )KUJKOCTU JOCTUKUMO OOJIbIIIEe TPOCTPAHCTBEHHOE pa3pe-
IIIEHUE, YTO MO3BOJISIET BU3YATIU3UPOBATh OTAe/IbHbIe HUTU MoJjieKyJibl JIHK,
oOpa3syromei nucciaeayeMmyro crpyktypy. M3 pucynka 4.13 6 BUgHO, 9YTO IpH
CKaHMPOBAHUMU MO/ BO3JACHCTBUEM 30H]1a MUKPOCKOIIA CTEP)KHEBASI CTPYKTY-
pa YaCTHUYHO «pacCIlIeIach».

HabGmronenue B psife ciydyaeB KOMIAKTU30BAHHBIX CTPYKTYP, UMEIOIINX
MOpP(}OJIOTHI0, OTIUYHYIO OT TOPOUAATIBHOM, MOKET OOBSICHATHCS TEM, UYTO

B SKCIICPUMCHTC UCCIICTOBAJINCH IIPOMCIKYTOYHBIC CTAANU ITPpOLICCCA KOMITAK-
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Puc. 4.12. Yactnuno komnakTuzoBaHHbie Mosekyisl JJHK.

a) U B)— MOJIEKYJIbI, BBINMABIINE HA IMOBEPXHOCTH Cimrobl 3 40—50% BOoAHOTO pacTBOpa
U30IPOIAHOA;
0) ¥ T) — Te e y4aCTKHU MOBEPXHOCTH C OOJIBIINM YBEIIMUCHUEM;

Ha PUCYHKE OTMEUEHbBI TOpOUAANbHBIE («Tp») U MI0OYIIsIpHbIE CTPYKTYPBI(«I 1)
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Puc. 4.13. CrepxxHeBas CTpyKTypa, oOpa3oBaHHAsi B pe3y/IbTaTe KOMIIAKTU3ALIUH

JHK B pacTBope nzomporiaHoa.

a), 6)— IlocnenoBarenbHo cHsAThie ACM-u300paxkeHnsi OIHOTO ydacTKa MOBEpX-
HOCTH C Pa3JIMYHBIM yBeIMYeHHeM. BuiHo, 4TO B mpoliecce CKaHUPOBaHUS B PE3YJib-

TaTe BO3JACUCTBHS 30H/a CTEP)KHEBASI CTPYKTYPA YACTUYHO «PACILIENACh»

THU3ALIMH, B KOTOPBIX HEKOTOPOE KOJIMYECTBO MOJIEKYJI MOKET HAXOIUTHCS B
HECTAILMOHAPHBIX MOP(OIOrHUECKUX COCTOSHUAX

T.o0. MBI HUCCIIEOBAIM PA3JIMYHBIE CTAAUU ITPOLIECCA KOMIIAKTU3ALUHA MO-
nexyn JJHK T4 B BogHO-cIUpTOBOM cpesie MpU pa3InyHbIX KOHUEHTPALUSX.
B 3aBHCHMOCTH OT KOHLIEHTpallMU CIUPTa ObUIM BU3YAJIM30BaHbI KAaK I0JI-
HOCTBIO KOMIIAKTHBIE IVIOOYJIBL, TAK U YACTUYHO KOMIIAKTU30BAHHBIE CTPYK-
Typbl. [IprMeHeHre MEeTOTMKU BOCCTAHOBJICHUS PeaIbHOM reoMeTpUH 0O0beK-
TOB ucciegoBanus (yuaet a¢dpekra ACM-ymmpeHuns ) MO3BOJIUIO0 PACCUUTATH
3HaYeHUe 00beMa OTAEIbHOM I1100yibl. C y4eToOM MOJIYyYEHHOrO 3HAYEHUS
clielaH BBIBOJ, UTO Kaxxaas Ii1o0ysa obpazoBaHa, HO-BUJAUMOMY, OJHOM MO-
nexkynoi [JHK, Haxoasieiics B IJIOTHOYITAKOBAHHOM COCTOSIHUM.

YacTU4HO KOMITAKTU30BaHHbIE CTPYKTYPbl BKIIIOYAIOT YYACTKU Hayallb-
HOW KOMITAKTU3AMH, TJI€ HUTh MOJIEKYJIbl 3aKPYUMBAETCSI B TOPONOL00HbBIE
CTPYKTYpPbl. MOXHO IPEAIIONOKUTh, UTO B NPOLIECCE KOMITAKTU3AIUU TJIO-
OyJIbl BOKPYT 3THX TOPOUAAIBHBIX LIEHTPOB 3aKpYy4YMBaeTcs Bce OOJIbIIE U
0o0JibIIIe BUTKOB MOJIEKYJIbI, YTO IIPUBOJUT B pe3ysibTaTe K (POPMUPOBAHUIO
CTPYKTYPbl BBICOKOH IUIOTHOCTH YIIAKOBKHM (BO3MOXHO, B LIEHTPE JaHHOMU
CTPYKTYPBI CYILIECTBYET I1OJIOCTh, PAANYC KOTOPOM COBIIAIAET C BHYTPEHHUM

paanycom TOPOB, CIIyKalIUX IEHTPAMU KOMIIAKTU3ALIUHN).
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4.2.3. KpaTkue BbIBO/IbI

OCHOBHBIE BBIBOJbI, KOTOPBIC MOXKHO CACIATb HAa OCHOBEC PE3YyJIbTATOB, U3J10-

JKCHHBIX B HaHHOﬁ I'JIaBC, TAKOBBI.

e Hccnenoansl komnakTHbie koMiuiekesl JIHK-TTAB, Bu3yanusupoBana
UX TOPOUJIAJIbHAS CTPYKTYPA; C IPUMEHEHHEM METOIUKH yueTa 3¢dex-
Ta yuupeHus ONPEAEIIEHO KOJIMUYECTBO BXOASAIINX B KOMIIIEKC MOJIEKYJI
JAHK; npogemoHcTpupoBaHa Bo3MoxkHOcTh CTM-Bu3yanu3alnnu KoM-

IIJICKCOB.

e Hccnenosan npoiuiecc kommnaktuzauuu JJHK (1000-300011.0.) B BoiHO-
CHUPTOBBIX cpenax. [TokazaHo, YTO Pe3yJIbTaTOM KOMITAKTH3AIMH 5IB-

JIAI0TCSI TOPOUIAJIBHBIE U CTPEKHEBBIE CTPYKTYPBHI.

e IIponecc komnaktuzanuu JJHK T4 (166 Thic. 11.0.) HCClIeIOBaH HEMO-
CPEJICTBEHHO B BOJHO-CIIUPTOBOI cpee®®) ¢ uckimouennem npoueayphl
BBICYIIMBaHUSI 00pa3iioB. Busyanu3npoBaHbl KOMIIAKTHBIE TJIOOYIIBI,
nMeronre (opmysy CIUTFOCHYTOTO 3JUIUIICOUA U COCTOSIIIIUE U3 OHOU
moJtekyibl JIHK (uTo onpeneneno ¢ npuMeHeHHEM METOIUKHY yueTa 3¢-
dexTa ywupenus). Ilpu mpoMexyTOUYHBIX KOHIIEHTPALUSX CITUPTA BU3Y-
AJIM3UPOBAHBI YACTUYHO KOMITAKTU30BAHHbIE 00pAa30BaHUs, COJIEpKa-
1[1e OTJIeJIbHbIE KOMIIAKTHBIE YUYACTKH, TJI€ BUTKU MOJIEKYJIBI 3aKpyue-

HbI B TOPOUJIAJIBHBIE CTPYKTYPBI.

PaszpaboTtannbie nmoaxoasl nmpoeacHuss ACM-sKkciepuMeHTa B HCUOKUX
cpedax (T.e., HOTEHLIMATIBHO, B YCIOBUSAX, OJIM3KUX HATUBHBIM) MOTYT OBITh
ITOJIC3HBI IIPH UCCIIEOBAHUSX MOJICTBHBIX CUCTEM TPAHCIIOPTA TEHETHYECKO-
ro MaTepualia BHyTpb KUBbIX Ki1eTOK. [logoOHbIe Hcciie1oBaHUSI MOTYT TaKXkKe
JaTh BKJIA]l B TOHUMAHHE MEXaHU3MOB MTPOIIECCOB KOMITAKTU3AIIMHI MOJIEKY-

abl JJHK moa Bo31eiCcTBUEM PAZIIMYHBIX KOMIIAKTU3YIOIINX PEAareHTOB.

26) g sUIKOCTHOM stueiike ACM
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I'1aBa 5

IIpumenenune meroga ACM nas
AHAJIN3A CTPYKTYPbI TOHKHX

OPraHnvICCKUX IJICHOK

1) JlenrmiopoBckasi mieHka[l111] MoxkeT OBITH ONpeneleHa Kak yIopsiao-
YEHHBI HEPACTBOPUMBII MOHOMOJIEKYJIIPHBIN CII0H, chOPMUPOBAHHBINA Ha
rpanute a3z xkunkocrb—Ta3. [LneHkooOpa3zyroliee BemecTBO TOIKHO OBITh
aM(PUPUIBHBIM, T.€. COCTOSITh U3 KOMITAKTHOM MOJSPHOMN TOJOBKU (THIPO-
bunpHOM) 1 THAPOGOOHOTO (hparMeHTa (JUTMHHOTO aJKUIBHOTO paJuKaa).
ITpouecc popmupoBaHus JIEHIMIOPOBCKOH IJIEHKH COCTOUT B CIIEAYIOIIEM.
BHauase, npu HaHEeCEHUM Ha TOBEPXHOCTH pasjeiia (a3 IeHKooopas3yrole-
r'0 BEIECTBA B MOAXOMISIIEM PACTBOPUTEIE, TUIOIIAAh TIOBEPXHOCTU TUICHKU
COXPAHSIETCS IOCTATOYHO OOJIBIION, YTOOBI TTOCIIE UCTTAPEHUS PACTBOPUTEIIS
C MIOBEPXHOCTH XUAKOCTH 00PA30BAIACH 08YMEPHAA 2A3000paA3Has TUICHKA.
ITpu cokpalleHnu IIoMAaau, 3aHUMAEeMOM TNIEHKOM, C TOMOUIBIO ITOJIBH>KHO-
ro 6apbepa MPOUCXOAUT OPUEHTALIMS U YIIOPSIIOUUBAHUE MOJIEKYJI B TIJICHKE
Y OHA TOCJIeIOBATEIbHO MPOXOAUT pa3InUHbIE ABYMEPHbBIEC (Pa30BbIe COCTO-
STHUS: OT «2a3000pasHo20» 10 «meepdo2o»[20], 4TO COMPOBOXKIACTCS U3Me-
HEHUEM XapaKTepa 3aBUCUMOCTH MOBEPXHOCTHOI'O AABJIEHUS OT IUIOLIA[IH,
NpUXOsieiics Ha MoJieKyly m = 7(A); 9TH 3aBUCMMOCTHU SIBJISIIOTCS aHa-
sorom u3otepm p = p(V') miast TpexmepHoro ciydasi[105]. OqHako da3oBbie
JUarpaMMBbl IBYMEPHOIO ciIyudasi HOCAT OoJiee CIIOXKHBIN XapakTep, Tak, Ha-

MIpUMeED, CYIIECTBYIOT IBYMEPHBIE (PAa30BBIE COCTOSHUS <KUIKO-PACTIHYTAS»,

1) Pe3ynbTaThl, H3J10KeHHbIE B JaHHON TIaBe, MOTyYeHbl B XOJle COBMECTHOMH paboTHI ¢
k.x.H. . K. )KaBrepko (MucTuTyT nsuko-opranndeckoit xumunu AH benapycn, MuHck)
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<KHJIKO-KOHJIeHCUpoBaHHas IieHKa» [112] (koTopsele pasnmuyaroTcs o Xa-
pakTtepy 3aBUCMMOCTU T = m(A) Ha 3TUX y4acTKax), He MMEIOIINe aHAIOTOB
Ha m3otepmax p = p(V') TpexmepHOro ciryyas.

ITnenkamu Jlenrmiopa-biaomxert (JIB) Ha3pIBaloT COBOKYITHOCTH JIEH-
IMIOPOBCKUX IUJIEGHOK Ha TBepaod mnoBepxHocTH [113]. TlepeHoc mieHku
OCYILIECTBIISIIOT OOBIYHO BEPTHKAJIBbHBIM crocobom (Metona JleHrmropa-
BromxerT), mporyckas MoJjI0kKKY CKBO3b MOHOCJION, MPUYEM JIaBJICHUE B
IJICHKE TIO/ICPKUBAIOT TTOCTOSTHHBIM ITyTeM COKPAICHUS IUIONMAIN TUICHKU
Ha BOJIHOM MOBEPXHOCTU MOJABUKHBIM OAphEPOM B MPOIECCE MEPEHOCca MO-
Hocnosi. CTpykTypa chOPMUPOBAHHOTO MOKPBITUS OMPEALIISIETCS CIIOCO00M
BbIJIeTIeHUS (pHC. 5.1).

Texnonorus JIb Mo3BoJSIET JOCTATOYHO MPOCTO U3MEHSITHh CBOMCTBA I10O-
BEPXHOCTH M (POPMHUPOBATh KAYECTBEHHBIC IJICHOYHBIC IMOKPBITUS 34 CUET
TOYHOT'O KOHTPOJISl TOJIIIMHBI TUICHKU B IIPOIIECCE BBIACICHUS (KOJIUYECTBA
HAHOCHMBIX CJIO€B), OJJTHOPOJIHOCTH IMOKPBITHS, HU3KOH IIEPOXOBATOCTH U
BBICOKOH (TIpW TTO00pE aJIeKBATHBIX YCIIOBHI) aAre3uu IUIEHKH K ITOBEpX-
HocTu. CBOMCTBA IJICHOK TaK)Ke MOYKHO JIETKO BAPbUPOBATH, U3MEHSISI CTPYK-
Typy MOJISIPHOM TOJIOBKU aM(PUPUITBHON MOJIEKYJIbI, COCTaB MOHOCIIOS (ABYX-
Y MHOTOKOMITOHEHHBIE CMECH MOJIEKYJI), a TAKXKe BapbUPYS YCIIOBUS BbIIEIIe-
HUSI — COCTaB cyO(da3bl U MOBEPXHOCTHOE JABJIEHUE. ITO OOBICHSIET UHTEPEC
K MOTEHIIMAJIbBHOMY HCITOJIb30BaHUIO MOHO- U MYJIBTUCIIOMHBIX TUIeHOK JIb B
BBICOKOTEXHOJIOTUYHBIX OTPACIISAX: MUKPO- U HAHOZJIEKTPOHHUKE, ONTOIJIEK-
TPOHUKE, MPH pa3pabOTKe CEHCOPOB U OMOCEHCOPOB, OMO- U YIbTpaduib-
TPaIlMOHHBIX MeMOpaH, CO3/TaHUN HETMHEHHOONITUYECKUX MATEPUAJIOB U OTI-
TUYECKUX 3JIEMEHTOB (BOJIHOBO/IbI, IIOMUHECIICHTHBIE YCTPOICTBA) C 3a/1aH-
HBIMU CBOMCTBaMHM, U T.J. OQHAKO ISl IIUPOKOMACIITAOHOTO MPUMEHEHUS
IJICHOK IAHHOT'O TUTA HEOOXOAMMO MPOSICHUTH OCHOBHBIE MEXaHU3MBI, OTIPE-
TIEIISIIOIINE CTPYKTYPHBIC U (PU3UUeCKUe CBOMCTBA CHOPMUPOBAHHBIX TOHKOTI-

JICHOYHBIX HOKpI)ITI/II\/'I.

Biusinue yc/ioBHii IPUrOTOB/IEHNS IIJIEHOK HA MOP(0JIOTHIO OKPBITHIA,

c()opMHPOBAHHBIX HA TBEP/10ii NOBEPXHOCTH

Mopdoorust IICHKA Ha TBEPIOW MOBEPXHOCTH 3aBUCUT OT COBOKYITHOCTH
(hakTOpOB — yCIoBUI (POPMUPOBAHKS MOHOCIIOS HAa MeK(pa3HOM TOBEPXHOC-

TH, C1IOCO0Aa U YCIOBUI ITEPEHOCA IUIEHKU Ha TBEP/1YI0 TIOBEPXHOCTh, TPUPO/IbI
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MYJIbTUCIORHAS
nsnexka JIb

MOAJIOXKKA

MOHOCJION

nocJie10BaTe/IbHOe
MpOMyCKaHue
MOJVIOXKKH Yepe3
rpaHully paszena a3

0apeep  ppukaamsiaemoe

HOBerHOCTHOe
JlaBJIeHHEe TU
<«
| S

cybdasa

JIEHTMIOPDOBCKasi BaHHa

a)

MOHOCJIOHHAS 6apbeP  puknansisaemoe
MI0OBEPXHOCTHOE
IJIaBHOE TTOHHXKEHHe niexka JIb . PHH .
YPOBHSI MOHOCJIOSI JaBJeHue
-«
MOJJIOKKA m
cybdasa MeJJIeHHbIH
BBIITYCK —3»

pacTBopa

JIEHTMIOPDOBCKasi BaHHa

0)

Puc. 5.1. Cxema metona Jlenrmropa-biomkert hopMupoBaHUs TOHKUX OpraHUYeC-

KUX IIJICHOK Ha ITOBEPXHOCTU TBepI[OfI IO AJIOKKH:

a) — BepTI/IKaHLHLIﬁ MCETOJ HAHCCCHU A (B OoblIIel CTEITeH! MIPUMEHUM [JIsI CO3AaHUSI MYJIb-

THCIIOHHBIX TTOKPBITUI); 0) — METOJI TOPU3OHTAIBHOTO OCaXIeHHs (TI03BOJIET (HOPMUPO-

BaTh KAYCCTBCHHBIC MOHOCJ'IOI/I)
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MOJUTOKKHU U T.JI. BecbMa KpUTHYHBIM JIs1 KAUECTBEHHOTO TMEPEHOCA TUICHKU
SIBJISIETCSl CTPYKTYpa MOBEPXHOCTHO-aKTHUBHOI'O BEIIECTBA U, B YACTHOCTH,
MPUPOJIa TOJISIPHOU TOJIOBKH, KOTOpasl B 3HAYUTEIILHONH Mepe OIpeacisieT
CBOMCTBA MOHOCITOS. [IeliCTBUTEIIFHO, MHOTHE aM(pHUPUIbHBIE MOJICKYJIBI 00-
pa3yioT CTaOUIIbHbIE MOHOCIION Ha BOJHON ITOBEPXHOCTH, OJTHAKO HE BCE Ma-
TEepUAJIBI MOTYT OBITH YCIICIITHO BbIJIETICHBI B BUIE TUIEHOK JIb TpaauiimoHHbIM
(BepTUKATLHBIM) METO/IOM BBIJICIICHUS.

Br1ierieHre MOHOCIOEB Ha TBEPIYIO TOBEPXHOCTH M (POPMUPOBAHUE MY ITh-
TUMOJICKYJIIPHBIX IUIEHOK BEPTHKAIBHBIM MeTojoM JIB mpowcxoauT mpwu
[UKIMYECKOM IMOTPYKEHUU U TOABeMe MOJIOKKH CKBO3b MOHOCJIOH, MpHU-
YeM JABJICHHE B IJIEHKE MOIEP)KUBAIOT TTOCTOSIHHBIM B IIPOIIECCE MepeHoca
(puc. 5.1a). B atom ciiyyae ¢popmupyercs 1mieHKa (Ha3biBaemasi IJIeHKOM Y-
THIIA), COCTOSINASI M3 IIEHTPOCUMMETPUUHBIX OmcioeB. B 3aBucHMMOCTH OT
CTPOEHUSI, HEKOTOPBIE MOJIEKYJIBl MOTYT BBIJIEIISTHCS B BUJI€ MOHOCIIOS TOJIb-
KO TIPU MOTrpykeHuu (X-TUM BBIJCICHUS) WX TOJIBKO MPU U3BJICYCHUH TTO/-
JT0XKH 13 cyodassel (Z-tum). [Ipu 3TOM TOCIeI0BaTE IbHO HAHECEHHBIE MO-
HOCJIOU HE 00s13aTeibHO 001a1a0T (MKCUpOBaHHOU opueHTauueil. M3Bect-
HO [20] (IO JaHHBIM PEHTIEHOCTPYKTYPHOI'O aHaJIU3a), YTO MHOTHE TUJICHKHU
X-Tuma B pe3yJibTaTe MepeopraHu3alui UMEIOT BHYTPEHHIOI OPUEHTAIIMIO,
COBITQ/IAIOIIYIO C TUICHKAMU Y-THNa (CUMTaeTcs, 4yTo Y-IUICHKH OoJiee cTa-
OubHbI). UTOOBI M30€KaTh SIBJICHUH, 3aTPYIHSIONINX MEPEHOC MOHOCIIOS
OOBIYHBIM BEPTUKAITBHBIM METOAOM BBIJCIICHUS], TAKMX KaK OIIPOKU/IbIBAHUE
MOJIEKYJI B MpoIlecce NepeHoca, KpUCTaIn3allys BEeecTBa B MEHUCKE KH/I-
KOCTH M T.[l., MBI U UCITOJIb30BAJIU METOJ] TOPU3OHTANILHOTO ocaxaeHus (I'O),
cM. puc. 5.16. DTo MO3BOIUIIO, HAPSAY C YXKE U3BECTHBIMU, HAOIIOAATh P

MAaJIOM3YUYEHHBIX SIBJICHUI WJIM HE ONUCAHHBIX PAaHEe B JINTEPATYpE.

Bausinne npupoapl cyodasbl Ha Ka4ecTBO MJIEHKH

Cy1iecTBeHHOE BIIUSIHUE HA CBOMCTBA MOHOCJIOEB OKa3bIBAET COCTAaB cyOda-
3bl U MPUPOIA TPOTUBOMOHA. Hambosee spko 3TO MPOSBIISIETCS HA IPUMEPE
MOBEPXHOCTHO-AKTUBHBIX KUCIIOT. [TepeHoc Ha TBEPp/1yIO MOIJIOKKY MOHOCIIO-
€B JKMPHBIX BBICHIUX KUCIOT, CPOPMUPOBAHHBIX HA YUCTOU BOJIHOM MOBEPX-
HOCTH, BechbMa IpoosiemaTuueH. [1pu UCnoib30BaHUM TTOIOKKU U3 CITIOJIbI
9TO CBSI3aHO C OTPULIATEIIBHBIM 3aPSIOM, IPUOOPETAEMBIM CITIOJION B BOJTHBIX

pacTBopax (KapOOKCHIIbHAS TPYIIA TAKXKE 3apsDKAeTCs OTPULIATENBHO), T.€.
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12 HM

Puc. 5.2. Monocnou 6ereHoBo# KHUCJIOTBI, IPUT'OTOBJICHHBIC T'OPHU30HTAJIbHBIM MC-

TOOOM OCAXIACHMA Ha CIIIOAY.

MoHoCIOHU ITepeHECEeHbI ¢ TOBEPXHOCTH YNCTOM BOIHOM cyOdassl (a), u c moBepxHoctu CdTe-
cy0da3zel (cM. Hike). ACM-uccnenoBaHue Mo3BOISeT BUBYATU3UPOBATh YIACTKU pa3TMIHO-
ro (a30BOTO COCTOSTHUS TUIEHKH, XapaKTepU3YIOIINECS PA3IUIHON BEICOTOM MOHOCTOS (pas-
Huia 0,3-0,6 um). Hapsay ¢ 3TuM B mieHKe HaOMIOAAFOTCS MTOPHI, TITyOMHOM 0 MOIOKKH

(MHTEHCUBHO TEMHBIE 00JIACTH)

BO3HUKAET Ta ke MmpobiieMa, YTO U MPU UMMOOMIIM3ALUN HA ITOBEPXHOCTHU
MO/JIOKKU MOJIEKYJI HYKJIEMHOBBIX KUCIOT. [loaTomy, 0ObIYHO, MOHOCIION
KUPHBIX KHUCIIOT MEPEHOCAT Ha MoaoxkkKy merongoMm JIb B Buuge ux couneit
C MOHAMU pa3IUUHbIX MeTauioB [114]. OgHako METOIOM TOPU3OHTATIBHOTO
OCAKJEHUS HAaM y1aBaJIOCh IIEPEHOCUTDH KAUYECTBEHHYIO MOHOCIIOWHYIO IJIEH-
Ky OereHOBOM KHCIIOThI C BOJHOW ITOBEPXHOCTHU Ha CIIOAY, cM. puc. 5.2a. Ha
9TOM PUCYHKE OTYETIMBO BHUJIHO COCYLIECTBOBAHME [IBYX THIIOB OOJacteit
IUIEHKH, XapaKTePU3YIOIINXCA PA3JIMYHON TOIIIMHON CII0S, A, CIIEN0BATENb-
HO, ¥ pa3JIMYHON OpUEHTAMEeN YIIIeBOAOPOIHBIX XBOCTOB (PA3JIMUHBIHN yroJ
C HAIpaBJICHUEM HOPMAJIU K MOBEPXHOCTH). MBI mojiaraem, 4To HabIroae-
Mble 00JIaCTU SIBJISIOTCS YUaCTKaMH Pa3IMYHOIO ABYMEPHOTO ($a3oBOIo CO-
CTOSTHUS IIJICHKU (KTBEPAs» U <OKUIKO-KOHICHCUpOBaHHas» (a3el). Ciexyer
0c000 MOAYEPKHYTh, UTO MPU UCHOIB30BAHUM TPAJAUIIMOHHOIO BEPTUKAJIb-
Horo Metoza JIb hopMupoBaHus MOKPBITHUS YBUAETH 10JJOOHBIE OCOOEHHOC-
TU OpraHM3aliy MOHOCIIOS Ha TBEPAOM MOBEPXHOCTH (COCyILleCTBOBaHME (ha3
pa3IMYHOM CTPYKTYpPBhI) He yaaBajaock. He oTMeueHblI ciiyuyan ux HaOIr01eHus

U B JIMTEpATYpE.
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5.1. Bausinue npoueccon BHeaApennst CdTe-kaacTepon
HA CTPYKTYPY TOHKOIJIEHOYHBIX MOKPbITHH

0ereHoBOM KHUCJIOThI

AKTyaJIbHOM 3a/aueii HAHOAJIEKTPOHHWKHU SIBIISIETCS CO3[aHUE THOPHIHBIX
OPraHUYECKO-HEOPIraHUYECKUX HAHOCTPYKTYP Ha TBepAo# noBepxHocTH. [1o-
JyTIPOBOAHUKOBBIE KJIIACTEPHI MPEACTABIISIIOT COO0I OJIMH U3 HauboJIee NMHTE-
PECHBIX U MEPCIEKTUBHBIX 00 BEKTOB UCCIIECAOBAHUS; X YHUKAJIbHbIE CBOUCT-
Ba 00YCIOBJIEHBI KBAHTOBOPA3MEPHBIMU 3(h(PEKTaMU U MPOSIBISIOTCS, HAIIPU-
Mep, BO B3aUMOJIEUCTBUU C JIA3€PHBIM U3JIYUEHHEM: ITPOLECCAX PACCEIHUS U
MOTJIONIEHUS], TeHEPAllUU BTOPOM TapMOHUKHU U Ip. OTIMUUTETBHON 0COOEH-
HOCTHIO HAHOKOMIUIEKCOB Ha OCHOBE XalibKoreHu0B Cd, crabuin3npoBaH-
HBIX OPraHUYECKUMU JIMTAHIAMHU, SIBJISETCS HAJTUUNE PEaKIIMOHHOCIIOCOOHBIX
Tak HasbiBaeMbIX E-lienTpos? (Hanpumep, aromsl Te B CdTe knacrepax) Ha
BHEIIIHEH MOBEPXHOCTH HAHOKJAcTepoB. OCOOEHHOCTU KJIACTEPOB TAKOBBI,
YTO OOJIBIIMHCTBO MOBEPXHOCTHBIX aToMOB Cd CBSI3aHO ¢ OPraHMYECKUMU
JIUraHAaMu, B TO BpeMs Kak E-IeHTphl OCTalOTCS HECBSI3AHHBIMHU U BIIUSIIOT
Ha MPOILECC B3aUMOICUCTBUS KIIACTEPOB C 3JIEKTPOMATHUTHBIM U3JTYYEHHUEM.
I[TomuMo 3TOT0, MOCKOJIBKY E-11IeHTpBI CBOOOAHBI, CYIIECTBYET BO3MOKHOCTH
HX XUMHUYECKON MOAu(HUKALIMKM U CO3/IaHUS HOBBIX CTPYKTYp [115].

Hamu 6puta m3zyuyena Bo3MokHOcTh BBeleHus CdTe kinacrepoB B Mo-
HOCJIOHN € MOCIEIYIOUIMM NIEPEHOCOM HAHOYACTHUIl HA ITOBEPXHOCTh Ha IpU-
mepe CdsyTeso(SCHoCH5OH)xa50. MccenoBanHble HAHOKIIACTEPHI HMe-
IOT TIPEANOJIOKUTETBHO TETPAdAPHUIECKOE CTPOCHHE, ITPUYEM THOTJIUIIEPOJI-
CTAOMJIU3UPYIOUIME JIMTaHbl PACIIONaraloTcsl Ha yriax M pedpax, ocTaB-
JIisl OTKPBITBIMU JJII XMMHUYECKOTO KOHTaKTa aToMbl Te Ha IUIOCKHUX Tpa-
Hsax TeTpasapa[l15]. C nmomolibio METOIOB KBaplEBOI'O MHKPOB3BEIINBA-
Hust, UK- u YD-CeKTpocKOmuy ObIIO YCTAHOBIEHO®), YTO THOTIHIEPOI-
CTAOMJIU3UPOBAHHBIE KIIACTEPHI MOKHO YCIIELIHO BHEAPSTh B MOHOCIION Oe-
T€HOBOW KMCIIOTHI U NMEPEHOCUTh HA TBEPIYIO MOMJIOKKY C IOBEPXHOCTH MX

BOJIHBIX PACTBOPOB.

2) HeHTPOB CBEUEHUS
3) 5t m3mepenns mpoomwn K. X. H. I'. K. XKasuepko (MPOX AH Bemapycn, MuHCK) n
K.X.H. A.JI. Porau (M®XHU BI'Y, MuHck)
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5.1.1. DkcnepuMeHTAIBHAS YaCTh

4) O6pasupl IUIEHOK ObUIM MPUTOTOBIEHBI BEPTUKAILHBIM METOIOM, CM.
puc.5.1a, 1 METOAOM TOPU3OHTAJIBHOTO ocaxaeHus (puc.5.10), KOTOPLIH,
Kak ObLIO MoKa3aHo HaMHM ¢ TToMoIbio ACM, B psizie ciiydaeB IMO3BOJISET I10-
Jy4aTh 00Jiee KaUeCTBEHHbBIE MOHOCIO0THbIe TIOKPBITUS B CDABHEHUH C TPaIu-
IIMOHHBIM BEPTHKAIBHBIM criocobom? . JlelicTBuTenbHO, chopMUPOBAHHBIIH
Ha BOJHOM MOBEPXHOCTH MOHOCIION ocaxaaercs MeroaoM 'O «kak ecTb»
Ha MPeIBAPUTEIHLHO MOTPYKEHHYIO MOJI BOJHYIO MTOBEPXHOCTH MOJIOKKY B
nporecce MeaIeHHOro (okojo 0,01 MM B MUHYTY) TTOHM)KEHHST YPOBHS KU/~
KocTH (B pe3ynbTate popMupyercs CTpykrypa Z-tuma, puc. 5.10). Ilnenkwu,
MOJIy4YeHHbIe MeToIoM JIb Ipu MpoIycKaHuM MOAJIOKKH CKBO3b MOHOCIION
8EPMUKAILHO CO CKOPOCThIO 4 MM/MHH, UMEJTU, KaK MPaBWIO, CTPYKTYPY Y-
THUIIA.

Tuornmuueposn-crabmwimzupoBanubsle CdTe kiacTepbl, UCIOIb30BAHHBIC
JUIS BHEJIPEHUS B IJICHKH, OBUIM MPUTOTOBJIEHBI IO METOAUKE, OMMUCAHHON
B pabore [115]. MoHocn0#i GereHoBO# KUCIOTH ()OPMHUPOBAIU HA MOBEPX-
HOCTHU BOAHBIX pacTBopoB CdTe kinactepos ¢ KoHueHTpauueii 0,1-1 x 10~* M.
Monocnoit Z-tuna umm 1-Y 61cioit®) GereHoBoit KHCIOTHI BBIACISIN C BOJ-
HOU TTOBEpXHOCTH Wi ¢ cyOdassl, cogeprkameii CdTe kimacTeps! Ha MOBEPX-
HOCTb TOJUIOKKU (CITIOABI WX TUporpaduTa), OUMINEHHYIO CTaHIaPTHBIM
METOJIOM MEKCIIOMHOT'O CKAaJIBIBAHMSI HEMOCPEACTBEHHO Iepes] HAHeCEHUEM
MOHOCJIOSI.

ACM wuccnenoBanus npoBoawm Ha nipudbope Nanoscope-Illa (Digital
Instruments, CILIA) ¢ ncmonb30BaHUEeM KaHTUJIEBEPOB U3 HUTPHIA KPEMHUS
xecTKocThio 0,32 H/M ¢ 3a0CTpeHHBIMU 30HAAMU B PEKUME KOHTAKTa Ha BO3-
nyxe. bbu1o oOHapyXeHO, YTO UCIHOJIb30BAHME JAHHOTO KOHTAKTHOTO KaH-
TuneBepa’) MpearnouTUTEIbHEE B COMOCTABIEHUH C JIPYTUMU TOTO K€ THUIIA,

MOCTaBISAMBIMH (prpMoii-TipousBoauTteiieM (kectkocthio 0,06 H/m, 0,12 H/m

%) O6pas31B! ITeHOK GBI MPUTOTOBIEHH K. X. H. I'. K. Kasuepko, UPOX AH Benapycn,
MuHck

5) BepTHKATBHBINA METO B GONBIIIEH CTETIEHH ITPUMEHIM JUTS JOPMHPOBAHMIS MYJIbTHCIION-
HbIX JIb moxpeITHii

6) [Tpu MCTIONMB30BAHMM B KAUecTBE MOIOKKU CIIONBI OBIIO OGHAPYXKEHO (METOIOM
ACM), uTo npu clleA0BaHUY TIpoIieype HaHeceH!s 1-Y Oucios (BepTUKAIBHBIM METOJIOM)
peaJIbHO Ha IIOJUIOXKKY yAaeTcs IEPEHECTH TOIBKO MOHOCA01 (TI0-BUIUMOMY, IEPEHOC TNIEHKU
MMEET MECTO TOJIBKO IIPU M3BIICUCHUH MOUTOXKH U3 CyO(da3bl yepe3 MOHOCIION).

) em. Tabmuny A.1, crp. 227
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nnu 0,58 H/M), ipu uccienoBaHusIX TOHKUX IDIEHOK, TTOCKOJIBKY pa3pylia-
IoIlee BO3JCHCTBHE 30HJa Ha OoOpasel B 3TOM ClIydyae MUHHUMAJIBHO. DTO
MOJKET OBITh CBS3aHO C TE€M, UTO JAHHBIA KaHTUJIEBEP 00J1a/1a€T HAUMEHb-
el Maccoil, v, Kak CiaeJCTBUe, HauMeHee nHepimoHeH. Cuily BO3/1eMCTBUS
MIPpY CKAaHUPOBAHUU BaphbUPOBAJIM B IITUPOKOM JIMAIIA30HE: OT €AUHUIL 10 JIe-
CATKOB M COTEH HAHOHBIOTOHOB, IIPU 3TOM B PsAE CIIy4aeB BO3MOXHOCTh
MIPOBEACHUS Hepa3pyularoux ucciedosanuti TpedoBaia MUHUMHU3AIUUA CHJIbI
BO3/IEHCTBUS 30HAA. YacTOTy CTPOYHOM pa3BepTKU BBIOUPAIU B IUAINIA30HE
5-60T'1; npu MOJIydeHUH MOJIEKYJISIPHOTO pa3pelieHus I MUHUMU3ALNU

TEIIOBOTO JIpeiiha UCIoNIb30BaIN MakcuManbHoe 3HaueHne®) (60 I'y).

5.1.2. Pe3yabTaThl U UX 00CY:K/eHUE

Cnounrannoe ¢gopMupoBaHHe KPUCTAIMYECKHX BKJIIOYEHHUH B
MOHOMOJIEKYJISIPHBIX MJIEHKAX 0ereHOBOii KHCJIO0ThI, 0CAXK/IAeMBbIX C
CdTe-cyodasni

Mpel oOHapyxwH, uTo ocaxkaeHHas ¢ CdTe cyOdas3bl Ha TOBEPXHOCTD TOJI-
noxku (Mmeton I'O) MoHOMOJIEKYJISIpHAS IJIEHKA OETeHOBOM KUCIIOTHI Z-TUTIa
COJIEP)KUT CIOHTAHHO CHOPMUPOBAHHBIE KPUCTALIMUECKHE OOpa3oBaHUS,
MMEIOIIHE JTAMEJIIPHYIO CTPYKTYpy. biuskyro Mopdoitoruto nMmena rieHka,
chopMupoBaHHas 1O TpoleAype noiaydenus 1-Y oucnos (meron JIB). Ana-
3 ceueHuss ACM-u300paxxeHnid 3TUX 0O0pa3oBaHM MOKA3bIBACT, UTO UX
BBICOTA HaJl MTOBEPXHOCTHIO CITIOBI OJIU3KA YTPOESHHOM JIJTMHE MOJIEKYJIbI Oe-
TCHOBOW KUCJIOTHI B MAKCUMAJIbHO BBITSHYTOM KOH(pOpMAIMH (OKOJIO 3 HM),
cM. puc 5.3. B cirydae ucrosib30BaHus MUPOTpadUTOBOM TOMIOKKHU U CIIE0-
BaHUs mporeaype opmuposBanus 1-Y Oucios (meron JIb) crpykrypa mo-
KPBITHS, (PAKTUUECKH, UACHTUYHA: TAK)Ke HAOIIOJAOTCSl BKIIFOUEHUS aHAJIO-
TUYHBIX KPUCTAJUTMYECKUX CTPYKTYP, CM. pHUC. 5.4, HO MOP(hOJIOTHS TTOKPHI-
THSI, OKPYKAIOIIET0 KPUCTAJUTUTHI, MeHee ojiHopoiHa. CorjiacHO pe3yJibTa-
Tam ACM-ucciieloBaHUs BBICOTA MOHOCIOS HaJl TOBEPXHOCTHIO MOTIOKKU
(cimroanl) BapbupyeTes B quarna3oHe 2,2—2,7 HM (3aHM)KEHHE BBICOT 00YCIIOB-
JICHO KOHTAaKTHBIMH jAedopmanmsimu, cM. pasnaen 2.1). Beicota kpucraim-
TOB HaJl MOBEPXHOCTHIO MOHOCIOS (MJIs1 CIIOABI) JICKUT B MHTepBaje 4,2—
6,2 HM. BbicoTa KpHUCTAJUIMTOB HaJl MOBEPXHOCTHIO MUPOTPadUTOBON MO-

JIOKKH TIPUOTIU3UTEIHLHO paBHA 8 HM (T.e. COOTHOCHUTCSI CO 3HAUYCHUSIMU IS

8) ompenenseTcs CKOPOCTHIO OIM(pPOBKH JAHHEIX B CXeMe KOHKPETHOTO MpHbopa
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MOJUTOKKHU-CITIOABI). [TOCKOIBKY, KaK MOKa3ajau KOHTPOJIbHBIE SKCIIEPUMEH-
TBI, OJIOOHBIE KPUCTAJUTUTHI He (opmupyromcesi TP HAHECEHUH AHAI02UYHO20
MOHOCI051 ¢ moBepxHOCTH BOJIbI it CdCl, cyOhaszbl, MBI moJjraraeM, 4To Jac-
TUYHAS KPUCTAJIIN3alldsl OETeHOBOM TUICHKU ITPU HAHECCHUH C TTIOBEPXHOCTH
CdTe cybdasbr 00ycioBiIeHa BIUSTHUEM UMEHHO Kadcmepos, KOTOPBhIE MOTYT
SIBJISITHCSI LIGHTPAMU HAYaIbHON KPUCTAJUTU3AIUU.

[Tpenmomoxenue o Tom, uto CdTe kitacTepbl HAXOASITCS UMEHHO 6HYMpU
KPHUCTAJUTUTOB, TTIOATBEPKAAETCS TEM (PaKTOM, YTO CIIEKTPOCKOITMIECKUE ME-
TOJIBI UCCIIETIOBAHUS ICTEKTUPYIOT MPUCYTCTBHE KIIACTEPOB B MPHUTOTOBJICH-
HOM IOKPBITUY; MPUYEM HUX AETEKTUPYEMOE KOJUYECTBO IS KOHKPETHOTO
o0pa3ia HAPsIMYIO KOPPETUPYET C BEIMUMHON MOBEPXHOCTHOU KOHIIEHTPA-
U KPUCTAJUTMIECKUX CTPYKTYP, BU3yarn30BaHHBIX ACM.

Onnako, Henocpedcmeerno ookazams MeTogqoM ACM npucyTCTBUE Kilac-
TepoB B CHOPMUPOBAHHOM IOKPBITUU He yoaioch. TeM He MeHee, Mpe-
CTABJISLIIOCh MHTEPECHBIM UCCIIEA0BATEH CTPYKTYPY U OCOOEHHOCTHU CITOHTAHHO
00pa30BaHHBIX KPUCTAIUIUTOB. BBIJIO YCTAHOBIICHO, YTO OPHUEHTAIIUS JIaMe-
JIeH KPUCTAJUIMYECKUX CTPYKTYP MOTUUHSCTCS OMPEIEICHHBIM 3aKOHOMEP-
HocTsM. Tak, yriibl MeXIy jJamMeasiMu KpaTHbl 60°, Kak MpU UCIOJIb30BAHUU
MOJITTOXKKH 13 CITFOJIBI, TaK U rpadura (puc. 5.5).

l'ucrorpaMMbl TIOKa3bIBAIOT, YTO CPEIHEE 3HAYCHHE BEJIWYUHBI YIJia
MEXy JaMelsiMu cocTaBisier 60+7°, kak B ciydae MOJJIOXKKH M3 CITFOIbI
(puc. 5.5a), Tak u muporpadura (puc. 5.56). Bo3MOXKHYIO MOTPEITHOCTH 13-
MEpEHUs, CBA3AHHYIO C HAJIMYMEM TEIJIOBOrO Jpeida, Mbl OIECHUBAIM ITy-
TEM KOHTPOJBHOTO U3MEPEHUS YTIIOB MEXKIY KpUCTAIIIOTpapruIecKuMU OCsI-
MU TIOJTOKKHU (yros 60°). bpllo moka3aHo, YTO B YCIOBUSAX JAHHOIO JKC-
MEPUMEHTA aHAJIU3UpyeMasi MOTrPEIIHOCTh COCTABIISIET BEJIMYNHY MEHBIIYIO,
yem 3°.

J71s1 yCTAaHOBIIEHUSI OPUEHTALIUY JIAMEJIEH OTHOCUTEIBHO KPUCTAIIIIOTpa-
(prdyecknx oceil MOTOKKH UCIOTB30BANIH CIIEAYIONIYIO TTpotenypy. Omnpene-
JISTTA OPUEHTALIMIO JIaMeiel. 3aTeM B MOHOCIIOMHOM MOKPBITHH (popMUpOBa-
JIM UCKYCCTBEHHBIN JIe(heKT IMyTeM BO3/ICUCTBHS HA 3TY 00J1aCTh 30H]1a MUKPO-
ckomna ¢ yBeiamueHHou cwiioit (1o 100 HH u GoJstee) npu MeaIeHHON CKOPOCTU
CKaHMpOBaHUs (4acToTa CTpOUHOM pa3BepTku MeHee 3 I'1y). B pesynbpraTe ma-
TepUaJI TUICHKU YJAJISITA 30HJI0M MUKPOCKOIIA B IIpe/iesiax BBIOpaHHOT'O OKHA

ckaHupoBaHus. B atom okHe momyyanmun ACM-u3o0pakeHue aTOMHOM pe-
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0 2.5 5.0 2.5 MKM 12.5

1} 2.5 5.0 2.5 MKM 12.5 0 2.5 5.0 7.5 MKM 12.5

Puc. 5.3. Kpucrammutel B MOHOCTI0€ OET€HOBOM KUCIOTHI, OCAXKICHHON Ha MOIJIOXKKY
cmofipl MeTosioM 'O ¢ moBepxHocTH cyOdassl, cogepxaieit CdTe kinacteps! (1uHa-

MUK pa3pylIeHHS/BOCCTAHOBIICHUS).

N300paxeHus moiryueHsl nocienoBatenbHo: a) ACM-u300pakeHUss UCXOIHBIX CTPYKTYD,
3aIMCaHHbIe IPU MUHUMAIbHOM BO3JIEHCTBUU 30H[A; 0) YaCTUYHOE pa3pylIeHue KpucTa-
JIUTOB TIPU yBEIMUEHUU CWIIBI Bo3meicTBus 30HAA (Oosnee 100HH); B) u 1) mocmemyromiee
BOCCTAHOBJIEHUE UCXOAHBIX KPUCTAITINYECKUX CTPYKTYP IPU MUHUMHU3ALIUU CHITbI BO3AEHCT-

BUs 30HOa
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33 HM

Puc. 5.4. KpucrammuTsl, copmMupoBaBIrecs B INICHKE OETEHOBON KUCIIOTHI, ITepe-

HECEHHOM Ha MOJIOKKY uporpadura BepTukanbHbIM MeTosioM JIB ¢ moBepxHOCTH

cyodaswl, conepxanieit CdTe kiactepbl

80

]

60 —]

40

Uucno cayuaen
Yuceso ciyyaes

20

0 50 60 0 80 0 50 60 70

Yrou, rpagycs Yroa, rpaxycel

a) 0)

80

Puc. 5.5. Pacnipenenenue yria B3aMMOOPUEHTAIIMK MEXIY NapaMy KPUCTAJITHYEC-

KHUX JIaMeJIen.

Jlamenu cioHTaHHO (POPMUPOBAIIUCH B IJIEHKE OETEHOBOM KUCITOThI, HAHECEHHOU C MOBEPX-

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

0) — nuporpagura, metogom JIb
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Yucso cirydaes
Uuceno cayyaes
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Yrou, rpagycet Yron, rpanycsl

a) 0)

Puc. 5.6. Pactipenenenue yriia Mexay JaMeIssMH B TUICHKE O€T€HOBOW KHCIIOTHI M

OCAMHU PCIHICTKU IMOJIIOKKHU.

Jlamemnu cioHTaHHO CPOPMHUPOBAIIUCH B IICHKE OET€HOBOM KUCIOTHI, HAHECEHHO! C TOBEPX-
HocTHu cyOdassl, comepxkanieit CdTe kmacrepsl, Ha MOMIOKKY: a) — CIFOABI, MeTotoM 'O

0) — nuporpadgmura, meroaom JIb

HIETKU MOJUIOKKU M OINpPEAeIIsIM HAIPABICHUE OCHOBHBIX IMOBEPXHOCTHBIX
KpHUCTAJUIOTpaUUECKUX OCEH.

Kax moxazanu skcrepuMeHThl M0 ACM-BU3yaau3auu MOJEKYISIPHON
CTPYKTYPBbI MOBEPXHOCTH KPHUCTAJIIIUTOB (CM. HIDKE pasjiel 5.3) BEeKTOp a Io-
BepxHocTHOH pereTku (LI I1-Tum) conanpasieH ¢ opueHtauueit tamenu. Oka-
3aJ10Ch, UTO JJISI TMIOJJIOKKHM U3 CIIIO/Ibl HalpaBJIEHHEe KOHKPETHOU Jamenu
KPUCTAJUTMIECKOM CTPYKTYPhI 00pa3yeT ¢ OJTHON M3 OCHOBHBIX OCEH peleT-
ku?) ([10], [01] wmm [11]) yron 6iuskwuii 20°. Ha puc. 5.6 a mpeacTaBieHa THCTO-
rpaMma pacrpeiesieHus 3HAUeHUH yIia MeXAy HallpaBJICHUEM JIAMEIIN KPHUC-
TAJTMYECKOM CTPYKTYPBI U OJHOM M3 KPUCTATUIOTPA(PHUUECKUX OCEH CITFO/IBI
(6mmkaiieid, K HaIpaBICHUIO JIAMEJIN).

[Tpu mocTpoeHUU TUCTOTPAMMBbI HCIOIB30BAIN aOCOMIOTHOE 3HAYCHUE
M3MEPEHHOTO yIJIa (I03TOMY FUCTOIpaMMa orpaHuyeHa uHTepBajioM 0+-30°).

HpI/I J9TOM B Ha6paHHOﬁ CTATUCTHUKE YHUCIIO ITOJIOKHUTCIIbHBIX U OTPHUIATCIIb-

9) TEeKCaroHajJbHas pelICTKa
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HBIX 3HAYCHUH JTaHHOUN BEIMUMHBI IPUMEPHO coBMaaano. M3 rucrorpammel
CIIEJIyeT, YTO CpeHEE 3HAUCHHUE YIJIa MEXy KPUCTAILIOrpaguieckoil OChio
ITOBEPXHOCTHOM PELIETKH CIIOJbl U HAIPABICHUEM OPUEHTALMU JIaMesen
KPUCTAJUIMYECKOM CTPYKTYPBI cocTaBisgeT 20 + 4°. DTo MO3BOISET PEANOJIO-
KHUTb, YTO JIAMEJIU MPEINOYTUTEIbHO OPUEHTUPOBAHBI B/IOJIb HAMPABICHUN
[21],[32], [13] mmm [31], [23], [12] pemteTku caropl. JecTBUTETBHO, YITIBI MEXK-
ny Hanmpasienuamu [31] u [10], [23] u [11], [12] u [01] umetoT Bemmunny 19,1°,
a yroel Mexay [21] 1 [10], [32] u [11], [13] 1 [01] cocTaBASIOT Ty ke BEINUHHY,
HO CO 3HAKOM MUHYC.

Te e n3mepeHust TpOBOIUIIH AJIsI TUIEHOK, COOPMUPOBAHHBIX HA IMTOJITTOXK-
Ke u3 nuporpadura. MamepeHue yriia Mexay HalpaBICHUSIMU KPUCTAIUIU-
YEeCKHUX JIaMellel M KPUCTAUIOrpaUIecKuMHU OCSIMU TpaduTa JaeT 3HAYCHHE
30 4 7°19, rucTorpamMma pachpeneseHus pe3yIbTaTOB H3MEPEH s pHBeIe-
Ha Ha pucyHke 5.60. [TomydyeHHOE 3HAYCHHUE TTO3BOJISIET MIPEAIIOIOXKUTD, YTO
MPEANOYTUTEILHBIM HAIIPABJICHUEM OPUCHTAIIUU JIaMeJIEH B 3TOM CIlydae siB-
JseTcs HarpaByieHue [12] moBepXHOCTHOM pereTku rpadura.

OtMmetuM, 4YTO pacnpeeseHrue 3HaYeHUH N3MePSIEMbIX YITIOB MEHEE JIOKa-
JIM30BAHO MPU UCTIOJIB30BAHUY B KAUECTBE MOJIJIOKKU MUporpadura, B Cpas-
HEHMH C MOJIOKKOM U3 CITIOABI (Cp. pyc. 5.60 1 a). Y HAaC HET OHO3HAYHOTO
00BbsICHEHUS HAOIIOAAEMOMY Pa3JIMUMIO, OCOOEHHO YUUThIBAsl TOT (PAKT, YTO
pacnpeeneHus yrilioB MeXAy KPUCTAUNIMUECKUMU JIAMENSIMU, ITPUBEACHHBIE
Ha puc. 5.5a u 6, AEMOHCTPUPYIOT (PaKTUUECKH UACHTUYHBIC 3ABUCUMOCTH U

JUTSL CITydast CIFOAbI, U JUIs cllydasi muporpadura.

JIuHAMHKa MPOLECCOB Pa3pylIeHUss/BOCCTAHOBIEHHS] KPUCTALIHYECKUX

CTPYKTYP, BKIIOYCHHbIX B MOHOMOJICKYJ/IAPHbIC IIJICHKHA 0ereHoOBOIi KHCJIOTHI

HecMmoTpst Ha JIOKAJIbHYIO YCTOMYMBOCTD KPUCTAJUIMYECKUX O0Opa30BAHUMN K
CHUJIOBOMY BO3JIEMCTBMIO 30H/1a Ha HEOOJIBIIION YYACTOK IOBEPXHOCTH, UMEH-
HO OHM (2 HE MOHOCJION) B MEPBYIO OYepe/Ib pa3pyIIAIOTCS B clydyae, Koraa
BeJIMUMHA BO3JEHCTBYIOIEH crithl yBenudeHa (1o 100 HH), a pa3smep kaapa
COCTaBJISET 3HAYMTENILHYIO BenuuuHy (1o 15 x 15 mxm?). TTocre HecKob-
KNX CKaHUPOBAHUU C yBEIIMYCHHOW CUJION BO3meHCTBHUs 30HIA Ha ACM-
n300paxeHUU HaOII0JaeTcs CleAyollas KapTUHA: YUYaCTKU TUIEHKH, COOT-

BETCTBOBABIINE MOHOCIOMHBIM yYacTKaM, XapaKTE€pPU3YIOTCS JIUIb YBEJIU-

10) 371ech, KaK M B IIPEIBILYIIEM CITydae JUTs CITIOMIBI, IPUBEIEHO CTAHAAPTHOE OTKIOHEHHE
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YEHHBIM KOJIMUECTBOM IOP U MEJIKUX J1e(heKTOB, B TO BPeMs KaK KPUCTAIIIH-
yeckre o0pa3oBaHms «rcue3atoT». AHanu3 BbiIcoT ACM-u3o00pakeHus moxa-
3BIBAET, UTO B TEX MeECTax, IJe Mpexae ObUTH KPUCTAJUTMUYECKUE CTPYKTYPHI,
OCTaeTCs JIMIIb YUCTasl TOBEPXHOCTH CIIOABI. BusyanabHO 3TO HaOII01aeTCS
B BHJIe Ae(eKTOB (IbIp) B MOHOCIOE, KOHTYPhl KOTOPBIX B TOYHOCTH ITOB-
TOPSIIOT KOHTYPBI KPUCTAJIIMYECKUX CTPYKTYP, MPUCYTCTBOBABIIUX HA 3THX
MeCTax Mpexae, cM. puc. 5.36.

JaHHbIi 3QGEKT MOXKET CBUACTEIIHCTBOBATD O CKIIOHHOCTH KPHCTAJLUIH-
YECKUX CTPYKTYP B3aMMOCHCTBOBATH C UTJION MUKpocKora. [Ipudem, mpu
MOCIIEIYIONUX CKAHUPOBAHUSX C OOJIBIIMM pa3MEpPOM Kaapa U MUHUMH3O-
BAHHOW CUJION, Ha KpasiX 00JacTU CKaHUPOBAaHUSI HAOIIOJANIOCH JIUIIb He-
3HAYUTEIbHOE KOJMYECTBO YIAJIEHHOT'O MaTepHraja, YTO MO3BOJISET CACIATh
BBIBOJI O €TI0 aCOPOIHN Ha 30H0e™) .

Ecnu nocrne paspyiieHust KpUCTAINTIMYECKUX CTPYKTYP YBEIUUEHHOH CH-
JIOH MPOJOJDKATh CKAHUPOBAHUE, YMEHBIIUB CUJIy BO3JCUCTBUS 30HIA, TO
4yepe3 HECKOJIBKO TOCIIEIOBATEIbHBIX CKAHUPOBAHUN MaTepuajl BHOBb I10O-
SIBUTCS B T€X Y4acCTKax, TJIe MPeXk e ObUTH KPUCTAIUTMUECKHUE CTPYKTYPBI, CM.
puc.5.3 (B u 1). Ilpy 3TOM BOCCTAaHABIMBAETCS U 8blCOMA KPUCTAILIMYEC-
KUX 00pa30BaHUM, YTO CBUJICTEIILCTBYET 00 UX 3HAYUTEIBHON YCTOMYMBOC-
. CxonHbIi 3¢(eKT nmepeHoca MaTepuasa MICHKH C MOMIOKKHA Ha 30H U
oOpaTHO ObLT onucaH B padorte [64].

T.o. HaM yaioCch BU3YyaIM3UPOBATH TUHAMUYECKUM U 0Opamumblil TIPO-
LIECC pa3pyILIECHUS KPUCTAJUIMYECKUX CTPYKTYP, YTO MO3BOJISIET CETIATh PSII

3aKJTIOYEHUH.

e BzaumopeiicTBue 30H1a 1 00pa3ia He OTPAHUYMBACTCS JIUIIb ACHCTBH-
€M CWJI MPUTSDKEHUST U OTTAJIKUBAHUS MEXAY HUMU. B ciyuae, korga
MPpU CKAHUPOBAHUHU UMEET MECTO JUHAMUUECKUH MPOIIECC PA3PYILICHUS
o0pa3sia, BhI3BAHHBIN MPEBHIIIEHNEM HMHTEHCUBHOCTH CHJIOBOT'O B3au-
MOJICUCTBUS 30HI-00pa3el] HEKOTOPOro KPUTUUECKOTO 3HAYCHUSI, 30HT
MOJXKET SIBJISIThCSL pezepayapom JIJid MaTepualia, yaaJeHHOTro ¢ obpasua

B IIPOLECCCE CKAHUPOBAHUA.

11) JTeiicTBUTENBHO, TIIOMA b GOKOBBIX IpaHeii 30H1a COCTABIAET HECKOIBKO MUKPOH (CM.
Tabmuny A.l Ha crp. 227), HO3TOMY 3HAYMUTENBHOE KOJUYECTBO YAAJIEHHOTO MaTepHala
TUIEHKU MOJeT MPU CKaHUPOBAHUHU HEKOTOPOE BPeMsI «OOJIEIIATE» OOKOBBIE CTEHKH 30H/a,
HECYIIIECTBEHHO BIUSIS HA KAa4eCTBO moiydyaeMblix ACM-n3o0paxeHui.
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e [Ipu yMeHbIIEHNN HHTEHCUBHOCTH B3aMMO/ICHCTBUS MaTepUall ¢ 30H1a
MOXET IMEePEeUTH obpammo Ha oOpaszell. ITOT 3hPeKT crmocodbeH Mmpu-
BOJUTH K OIIMOKAM B MHTEPIIPETALINH, €CITU JIJIs1 paOOTHI UCTIONIBb3YETCS
KTPSI3HBIN (T.€. UCTIOIBb30BAHHBIN MTPEKE) JIeBEp, HA OOKOBBIX CTCHKAX
KOTOPOTO MPUCYTCTBYET aIcOPOUPOBAHHBIN MaTepual. B aTom ciyyae,
IpY CKAHUPOBAHUU MOTYT HAOIIONATHCS CTPYKTYPBI, HE CBS3aHHBIE C
OCOOEHHOCTSIMH TAHHOTO 00pasia, a TMHAMUUYECKH CHOPMHUPOBAHHEIE

Ipu NnEpExXoac MaTepuajaa C JICBEpd Ha UCCIICAYEMYIO ITOJIOKKY.

MpbI HaOTr0 1AM CXOTHBIN 3(D(PEeKT TP UccIeI0BaHUHA HYKJICMHOBBIX KHC-
JIOT, KOT/Ia TIPeBApUTENIbHOE CKAHNpOBaHue'?) 06pasia, XapaKkTepu3yrole-
rocsl BBICOKOM MTOBEPXHOCTHOM KOHIEHTPALIMEN U3y4aeMbIX CTPYKTYD, IIPU-
BOJIUJIO K TOMY, 4TO TOC/IeAyIolee CkaHUpoBaHue'®) IoBepXHOCTH, 3aBEIOMO
€80000HO OT KAKUX-IMOO aIcCOPOMPOBAHHBIX OOBEKTOB, IMO3BOJISLIIO, B P
CITydaeB, BU3yaIM3UpOBATh Te ke caMble 01000beKkTh'Y) (oTIyaeMble B cH-
7y UX crenuduueckoi reomeTpur). DG EKT MPOSIBIISIICS TeM 0oJjiee BhIpake-
HO, YeM BBIIIIe CPOACTBO MPOCKAHUPOBAHHBIX MIEPBOHAYAIILHO OMOOOBEKTOB
K TTIOBEPXHOCTH, TPOCKAHUPOBAHHOM IOCTe. B CHIly 3TOr0 MOYKHO KOHCTa-
TUPOBATH, YTO JJISI TIOCTAHOBKH a0eK8anHblX KOHTPOIBHBIX 3KCIIEPUMEHTOB
HEOOXOAUMO JTMOO MCIOIB30BATh IS KaXKI0W cepur 0Opa3IioB HOBBIC (MITH
OYMIIIEHHbIE) 30H/1bI, JINOO, 110 KpaitHel Mepe, CTaBUTh KOHTPOJIbHBIE IKCIIE-
PUMEHTBI 00 OTIBITA: MHAYE CYIIECTBYET BEPOSATHOCTh OOHAPYKUTH B KOHTPO-

JIE TC )K€ CTPYKTYPhI, UTO U B OIIBITE, U JOIMYCTUTD OHII/I6Ky B MHTCPIIPETALIUN.

Oco0eHHOCTH CTPYKTYPBI IJIEHKH 0ereHOBOIi KHCJI0THI HA MOBEPXHOCTH

nUporpaduTOBOil MOATOKKH

I[Tpu KMccae 0BAHKY TIIEHKH GereHoBOM KUCIOTH Ha muporpadure’® mbl Ha-
Oyrofgany, YyTo MaTepual IJIEHKU OPraHU30BbIBAJICS B YIIOPSAOUYEHHBIE ITPO-
TSKEHHBIE CTPYKTYPHI (CM. pHC. 5.7), MOX0oXKue Ha «rpsaku». OpueHTalus u
OpraHu3alys IPsAOK IIOTUUHAETCSA ONPEAEIICHHBIM 3aKOHOMEPHOCTSAM: YIJIBI
MEXKy HUMU KpaTHBI 60°, a pacCTOsTHAE MEXKY I'PSAIKAMU COCTABIISET BEIU-
ynHy 6,3 + 0,4 HM. YTOJI MeX1y HalIPaBJICHUSIMHU I'PSIOK U OCHOBHBIMU KPHC-

TaJUIOrpauIeCKUMHU OCSIMU ITOBEPXHOCTHOM pelIeTKH Muporpadura cocras-

12) ¢ yBenMUeHHOI CUITOi BO3IEHCTBIS 30HIA

13) TeM ke 30HIOM

14) eHUYHbIE

15) IpUroTOBIIEHHOI 11O crIoco6y GopmupoBanus 1-Y Gucaos
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Puc. 5.7. Ctpykrypa 1uienku JIb GereHoBOH KUCIOTHI, HAHECEHHOW HA TUPOTPAQUT;
I'psinku opueHTHpPOBaHBI TOA YIiIoM 30° K OCHOBHBIM OCSIM ITOJUIOKKHU, PACCTOSTHUE MEXTY

«TpsSIIKAMU» COCTABIAET 6,3 HM

aset 30° (puc. 5.8), T.0. TPAJIKA OPUEHTUPOBAHBI BJIOJIb TOT'O YK€ HATIPABJICHUS
MOJUTOKKHU MUPOTpaduTa, YTO U ONMMCAHHBIE BBIIIE KPUCHALIUYECKUE TTAMEITH.

bruto obHapykeHo, 4TO chOpPMUPOBAHHOE TMOKPBHITHE HA rpaduTe Xa-
PaKTEpHU3yeTCs HECTAOUIBHOCTBIO M PA3PYIIASTCS UTIION ITPU CKAHNPOBAHUHT
IIPU HE3HAYMTEIILHOM YBEJIMUCHUN BO3ICHCTBYIOIIEH CHITBI (MU YBEIIMUCHUT
XapaKTepHOTO BPEMEHHM BO3JCUCTBUS T MPU YMEHBIIEHUHM Da3MEepOB Kajl-
pa). [Ipu uccnenoBaHUM TUHAMUKYU pa3pyLICHUs TOKPBITHS ObLT 0OHAPYKEH
3 dexT BpeMeHHOro (GOPMUPOBAHUS CXOMAHBIX®) yIOPATOUEHHBIX CTPYKTYD
(«TpsIIOK»), XapaKTePU3YIOIUXCS TOU ke (PUKCHPOBAHHON B3aUMOOPHUEHTA-
1nuei (yroy Mexay 3TUMU CTPYKTypaMH Takke O01u30k 60°) u TeM ke Puk-
CUPOBAHHBIM PACCTOSIHUEM MeX1y Ipsiakamu (okoso 6,3 HM). bpito oGHa-

PYXKEHO, UTO OPHUCHTALHA OIMHNCBIBACMBIX CTPYKTYP TAKXKE COCTABJIACT YIOJI

16) ¢ caMOOPraHN30BaHHBIMH
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10

Yueno ciyyaes

.1 FIAAA [

Yroa, rpanychl

20 30

Puc. 5.8. Pacnipenenenue yriia Mexay HalpaBJIEHUEM <TPSIIOK» B IJIEHKE OETeHOBOM
KUCJIOTHI 1 OCHOBHBIMH OCSIMH TTOBEPXHOCTHOH PENIETKU MUPOTpaUTOBOH MO ITOXK-

KH.

W3mepennst mpoBOAMIN TS «TPSIOK», H300PaKEHHBIX Ha PHC. 5.7; CXOIHAsI 3aBUCUMOCTb

MOJTy4eHa JUIsl CTPYKTYP, BU3yaIM3UPOBAHHBIX HA puc. 5.9
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Puc. 5.9. BpeMeHHbIe CTPYKTYPBI, GOPMHUPYIOLIUECS B IIPOIIECCEe TUHAMHYECKOTO Pa3-

pYILLIEHUS IPH CKAHUPOBAHUH TUIEHKH OETreHOBOM KMCIIOTHI HA TUporpadure.

OpI/ICHTaL[I/IFI OTUX CTPYKTYP OTHOCHUTEJIBHO ocel MOJITOKKHU U UX NEPUOANYHOCTD UACHTHUY-

HBI CTPYKTypaMm, N300paKeHHbIM Ha puc. 5.7

Oomm3kuit 30° ¢ HaMpaBJICHUSIMU KpUCTaUIOrpaduiyecKux oceit rpadura, 4To
CBUJIETEILCTBYET O BBIJICJIEHHOCTH JAHHOTO HaIpaBiieHus i agderTa B3a-
UMO/ICHCTBHS MOJIEKYJI OETE€HOBOM KUCIIOTHI C MUPOTPaPUTOBOM MOTOKKOM.
CriegoBaTeIbHO, MOKHO C/I€TATh BBIBOJI, YTO B 000MX ciTydasix GopMHpOBa-
HUE TPSI0K 00YCIIOBIIEHO OJTHUM MEXaHU3MOM.

MpbI cunTaeM, 4TOo HaOIIOAAEMbIE CTPYKTYPHBI SIBISIIOTCS NOYYUTUHODU-
yecKumu muyerramu, opMUpyeMbIMU Ha TTOBEPXHOCTH THAPOGOOHOM mupo-
rpadUTOBOM MOUIOKKH MOJIEKYIaMU OETeHOBOW KUCIIOTHI. JleiicTBUTEIBHO,
MPEACTABIISIETCS, UTO HAOII0JaeMBbIE CTPYKTYPbI HE MOTYT SIBJISITHCS T.H. «BOJI-
HucTou» (ripple) dhazoii, koTopasi OOHapyKUBAETCS MIPU UCCIEIOBAHUM OMC-

JIOMHBIX TOHKHUX IUICHOK. ABTOPBI pa0oThI [116] nccienoBanu «BOJHUCTYIO»
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CTPYKTYPY, KOTOpasi CHOHTaAaHHO (hOpMHPOBaIach B OMCIONX (OChHOIUTUIOB,
cOpMHUPOBAHHBIX HA TOBEPXHOCTH CITFO1bI. OIHAKO TIEPUO]] OOHAPYKEHHBIX
CTPYKTYP COCTABJISUT 3SHAUUTENbHYIO BenmnmunHy — 27 HM 1 53 M. Kpowme Toro,
OPHMEHTAIINS «BOJH» HE MOAYUHSIIACH, MTO-BUANMOMY, KaKUM-IMOO 3aKOHO-
MEPHOCTSIM, KaK 3TO UMEJIO MECTO B HAIlIeM CiIydae.

ABTtopsl pa6ot[117, 118] o6Hapy)uu cxoxHble!”) MpoTskeHHBIE 0Opa-
30BaHusA, chopMUpOBaHHBIE MOJeKylamMu [TAB Ha MOBEPXHOCTSX CITFOIIBI
u nuporpadura. Tak B padote[118] uccnenoBanu npoiecc caMoopraHu3a-

IlI/II/IlS)

MoJiekyn kaTuonHoro [TA B: rerpagermrpumMeTiiIaMMOHUH OpoMuta
(C14TAB), xoTOpHBIe, KaK MOKa3ajJu aBTOPHI, POPMUPOBAITIN HA MOBEPXHOC-
TH TIOUTOKKH IIWIMHAPUYECKHE (B CIydyae MOJIOKKH U3 CITIOJIbI) U MOJTYIIH-
JUHIpUYecKue (Ipu UCIOIb30BaHUM uporpadura) oOpazoBanus. B ciyyae
MOIYMJIMHAPOB OHU ObLIM 0O0pa3oBaHbl Mosiekyiamu [TAB, crabunusupo-
BAHHBIMU THIPO(POOHBIM B3aMMOACHCTBHEM C MOJIOKKON U IPYT C APYroM
(rTo3TOMY MOJISIPHBIE TPYIIITBI MOJIEKYJI (POPMUPOBAIH 8HEUIHION TIOBEPXHOCTh
noayurwnHapa). [Tpu 3ToM HampaBIIeHUS] OPUEHTAIIUN «TPSTIOK» Ha TTOBEPX-
HOCTH muporpadura, Kak ¥ B HaIlIeM cClIydae, cocTtasisiia yroi B 30° ¢ Ha-
MPaBJICHUEM OCHOBHBIX KPUCTAIIOTparuecKrx ocei MOAI0KKH (KaK MUIITYT
aABTOPBI, HCCIIeIyeMble 00OPA30BAHUS «. .. OPUEHTUPOBAHBI MEPIICHIUKYJIISP-
HO OCH CUMMETPHH TTOJIOKKHU», UTO IKBUBAJICHTHO HAIITUM HAOJIIOJICHUSIM).
DTOT 3PPEKT MOKET OOBSACHATHCS TEM, UTO B CIIydae TAKOH OPUCHTALIMH T10-
JYHWIMHAPUYECKUX MUIIEIIT OT/eIbHbIe Mosiekybl [IAB, nexamue Ha oa-
JI0KKE, OPUEHTUPOBAHBI BJIOJIb KpUCTAUIOTpadUUECKUX HAIlpaBICHUH Ipa-
¢duTa, mpuYeM MEPUOTUIHOCTD PEIICTKH I'paduTa BIOIb ITUX HAIIPABICHUN
(0,246 uM) u mepuon yriaeBojgopoaHoN uenu Mojekysbl (0,254 HM) uMmeroT
OJIM3KHUE 3HAYCHHUS.

[Tepron ynmakoBKy MOTYHWIMHIPUUECKUX MUIIEIUT, OOHAPYKEHHBIN aBTO-
pamu paccmatpuBaeMoil pabotsl, cocraBui 4,7 + 0,3 HM. {1uHa yriaeBojo-
POJIHBIX 1ienielt MoJIeKyJl 6ereHoBOM KUCTOTHI (Cay), 00BEKTA UCCIICTOBAHUS
B HamieMm ciydae, B 1,5 pa3a Goumbire, yuem mosekyin Ci4TAB, uccieqoBaH-
HbIX B[118]. TToaTomy HaOmOMaeMbIli HAMH TIEPUO <TPSIA0K», GopMUpye-
MBIX MOJIEKYJIaMU OereHOBOM KUCTOTHI (6,3 0,4 HM) BIIOJIHE COOTHOCUTCSI CO

3HAYEHUEM, MTOJIyUYEHHBIM B YIIOMSIHYTOM paboTe. DT 3aKOHOMEPHOCTH I10-

17) ¢ HaGMIOIAEMBIMH HAMH
18) y13 pacTBopa ITAB, KOHLIEHTpAIMS KOTOPOTO B JIBA pa3a IPEBINIATA KOHIEHTPAIINIO
MHUIIETIO00 pa30BaHUS
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3BOJISIFOT HaM CZEJIaTh BBIBO/I, YTO OCOOCHHOCTU CAMOOPTaHU3AIIMH MOJICKYJT
OCreHOBOM KHMCIIOTHI HAa MOBEPXHOCTH IMUpOTrpaduTa OOBICHIIOTCI UMEHHO

(hopMUpOBAHMEM MTOTYIMIMHAPUYECKUX MULIEILT.

KpaTKne BBIBO/1bI

e [liteHku 6ereHOBOM KUCIOTHI ITO3BOJISIIOT U3BJIEKATh U3 CyOda3sl HEOp-
rannueckue yactuubl — CdTe kiactepsl, KOTOpbIE, BO3MOXKHO, SBJIS-
IOTCSl LIEHTPAMM HaYaJIbHOM KPUCTAIUIU3ALMHY MaTepUuaa IIeHKU. JTa
KPUCTAJUTU3AIUS TPUBOIUT K (POPMUPOBAHUIO BKIIFOUCHHBIX B TUICHKY
JAMENSIPHBIX KpUCTAIUTMYeCKUX obOpazoBaHuil. (OOHApYyKEHO, YTO UX
MOJIEKYJISIPHAS yIIAKOBKA MOXET ObITh ONMCAHA LICHTPUPOBAHHOM Mpsi-
MOYI'OJIBHON STYEHKON, U U3MEPEHBI IMApAMETPbI SUYECUKNA CM. HUXKE —

paznen 5.3).

e OOHapyXeHHbIE KPUCTAJIMUYECKHUE OOpa30BaHUSI XapaKTePHU3YIOTCS
yCTONYNBOI MOopdoaorueil. ITo MOATBEPKIAACTCA TEM, UYTO, ITOCIIE TH-
HAMUUYECKOT'0 Pa3pyllIeHUs] KPUCTALUIMYECKUX CTPYKTYp IIpU yBeIUYe-
HUM CUJIOBOTO BO3/ICUCTBUSI 30H/1a HA 0Opa3el], OHU BOCCTAHABIMBAIOT
CBOIO CTPYKTYPY IPHU YMEHBIIIEHUU COOTBETCTBYIOIIETO CUIIOBOTO BO3-
nercTBus (T.e. HaOMOJAaeTCs TUHAMMYECKUA TIepeHOC MaTepuaja 00-
paslia Ha 30H U 0OpPaTHO C COXpaHEHUEM MOPQOIIOTUH KPUCTATIITUYEC-

KUX 00pa3oBaHui).

e BaxxHyro poJib B OpraHM3aluy MaTepuasia IUIEHKU UI'PaeT €€ B3auMO-
JEUCTBUE C MOJIOKKON. DTOT BBIBOJ CJIEYeT U3 YCTAHOBJICHHBIX 3a-
KOHOMEPHOCTEH B3aMMOOPHUEHTALIMN KPUCTAJIMYECKUX JIAMESPHBIX
CTPYKTYP, BKJIFOUEHHBIX B IUIEHKU U YIJIOB OTHOCUTEIIBHONW OpHUEHTa-
LUU KPUCTAJUIOTpaUUECKUX OCeH IJIEHKU M MOJUIOKKH (AJIsI CiydyaeB
nuporpaguToBOi 1 caoasHON noytoxkn). [lokasaHo, 4To yrisl B3a-
MMOOPUEHTALMU KPUCTAJIMYECKUX JIaMeJIeld MPUOIMU3UTEIbHO PABHBI
60°, KaK IpHU UCIOJIb30BAHUM B KAUECTBE IMOJIOKKH CIIFO/bI, TAK U IH-
porpacdurta, B TO BpeMs Kak U3MEpPEHUE YIIIOB OPUEHTALUU KPUCTAIIN-
TOB IUIEHKHM OTHOCHUTEIIbBHO OCHOBHBIX HAIIPAaBJIEHUN IOBEPXHOCTHOMN
pELIeTKH MOUI0KKHU JaeT 3HaueHue, onuskoe 20° u1sl CIIoAsIHOM 1MOJ1-

noxku 1 30° 11 nuporpadura.
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e YCTaHOBJICHO, YTO MaTePHUAJI TUIEHKH OETeHOBOM KHMCIOTHI Ha ITOBEPX-
HOCTH ITUpoTpaduTa OpraHu3yeTcsl B YIOPSJIOUCHHYIO I'PSIKO0Opa3-
HYIO» CTPYKTYPY, ¢ (PMKCUPOBAHHBIM HaITpaBJICHUEM TPSIOK TS pas-
JUYHBIX JOMEHOB (YroJl Mexay JoMeHaMu 60°, yroy ¢ HalpaBiIeHUEM
Kpuctautorpaduueckux oceit rpadura 30°) u GUKCHPOBAHHBIM PACCTO-
STHUEM MEXy rpsakamu (6,3 HM), OJTM3KUM YABOCHHOM JJTMHE MOJIEKYJI
6ereHoBoil kucinoThl (2,8 HM). [lokazaHo, uTO 0Opa30BaHUE CXOIHBIX
CTPYKTYP COMPOBOXKAAET MPOIIECC JMHAMHYECKOTO pa3pyIIeHUs IIJICH-
KM TI0/] BO3JICHCTBHEM 30H1a MUKPOCKOTIA, IIPX 3TOM HAOIIFOAAIOTCS Te
K€ XapaKTepHbIE 3HAUCHHUE YTJI0OB B3aUMOOPUCHTAIIUN U YTJIOB C KPHC-
TAIIOTPAPUISCKUMK OCSIMU TTOJTOXKKHU, a TAK)XKe Te )K€ 3HAUYCHUS pac-
CTOSTHUM MeXy rpsiakamMu. CliesaHo MpeIoaokeHne, 4To Ha0roaae-
MBI€ CTPYKTYPHI SBJISTFOTCS TIOJIYIMJINHIPUYSCKUMH MUIIEIIaMu, 00pa-
30BaHHBIMU MOJIEKYJIAMU OETC€HOBOM KUCITOTHI M CTAOWMIM3UPOBAHHBIMH

ruapo(GoOHBIM B3aUMOICHCTBUEM.

5.2. UccaenoBanne TOHKHX IJICHOK 0€JIKOB

19) MImMoGunm3aiys 6eIKOBBIX MOJIEKYJT HA TBEP/IO0H TOBEPXHOCTH JOCTATOU-

HO aKTyaJlbHa Kak I MTPAKTUUYECKHX 3aJ1a4 (Co3qaHne OMO- 1 MMyHHOCEH-
COPOB, HapUMEP), TaK U I PyHIaMEHTAJIbHBIX UCCIECAOBAHUN CTPOCHUS
oenka [20]. [Tpu pemeHun 3TUX 3a7a4 CYIIECTBYET IpobiieMa cTaOuIn3aIiuu
O€JIKOB Ha MOBEPXHOCTH MOJIOXKKH [29]. BBuay Gonbpumioro pazHoobpasus
OCITKOBBIX MOJICKYJI, YPE3BBIUANHO CIIOKHO HAWTH YHUBEPCAITBHYIO METOTUKY
UX )KeCTKOH (pukcaru Ha moioxke. OCHOBHBIE OEJIKH MOKHO paccMaTpH-
BaTh Kak aM(pupuiIbHbIe MAKPOMOJIEKYJIbI [119], TOCKOIBbKY OHU UMEIOT TU/I-
poduibHBIE U THAPOGOOHBIE 30HBI. CiieTOBaTEIbHO, MOXHO HCIIOJIH30BATh
BCe JOCTOMHCTBA TexHooruu JIb st co3manus oqHOPOAHBIX MOHOCIIOMHBIX
MJICHOK OEJIKOB Ha BOJTHOM MOBEPXHOCTU M IIEPEHOCA UX HA TBEPIYIO MOTTI0K-
ky. Ha mpumepe psima 6eakoB (reMOrI00MH JI0Ia I, ObIUMi CBIBOPOTOYHBIN

anp0ymuH (BCA) u ap.) MBI HcclieoBaIn BO3MOXKHOCTh (POPMHUPOBAHUS HA

19) Pe3yabTaThl, H3/IOKEHHEIE B TAHHOM pa3/eie, HOCAT, BO MHOTOM, ITpeIBapUTEIbHEII
XapaxTep, ¥ IPUBEIEHBI 17151 JeMOHCTPALIUU IBYX ACIIEKTOB: 1) BO3ZMOXXHOCTU (POPMUPOBAHUS
HCKYCCTBEHHBIX 1€(EKTOB B TOHKOIUIEHOUYHBIX IOKPBITUSAX, 2) BOZMOXXHOCTU KA4eCTBEHHOT'O
ONPEAEIeHUs YIPYTUX CBOUCTB c(hOPMUPOBAHHBIX TOKPBITUH.

172



Pa3JINYHbIX ITOBCPXHOCTAX KAK MHAWBHUAYAJIBHBIX, TaK 1 KOMIIO3UIITUMOHHBIX

IIJICHOK.

JKcrnepuMeHTAIbHAS YacTh

20) Monocnoun GenKoBBIX MOJIEKYII Ha BOJHOM TTOBEPXHOCTU (GOPMUPOBAIIH,
WCIOJIB3YS pa3IMUHbIe BAPUAHTHI JOCTABKU BEIIECTBA HA MOBEPXHOCTh. Bo-
MEPBBIX, UCIIOIB30BAIHN TOT (PAKT, UTO UCCIIEAyeMbIe OCITKA CaMOIIPON3BOJIb-
HO KOHIIEHTPHUPYIOTCS HAa BOTHOMN IMOBEPXHOCTHU IOCIIE BBEICHHS UX PACTBO-
poB B BoaHyto cyodasy (pH 5,8). B aTom ciiyuae cxkuManam MOHOCTON CITyC-
Tsl mpuMepHO uepe3 30 MUHYT TOCiIe HAHECEHUsI BEIIECTBA HA MMOBEPXHOCTb.
Bo-BTOpBIX, O€10K HEMTOCPEACTBEHHO HA BOJIHYIO ITOBEPXHOCTh HAHOCHITH U3
CIIUPTOBOTO PacTBOpPa, KOTOPBIH TOTOBUIIN, pacTBOPsst 1—2 Karum BOJTHOTO
pactBopa Oernka, coAepikallero Heo0XoauMyro HaBecky, B 0,5 M1 3TUIIOBO-
ro cnupra. B TpeTbux, Ha BOJHYIO TTOBEPXHOCTh HAHOCWIIM PACTBOpP Oerka,
MIPUTOTOBIICHHBIN B CMECH XJIOPO(GOPM: alleTOH: CITUPT B OOBEMHOM COOTHO-
meHuu 1:1:1 (XAC pactBop).

Ocoboe BHUMaHUE YACIUIM reMoriioouHy. I'eMormoOuH, kKak OCHOBHOM
KOMITOHEHT 3PUTPOIIMTOB KPOBH, OCYIIECTBIISIONINHI IOCTaABKY KUCIOPOAa OT
JIETKUX K TKaHSIM, JIOCTaTOYHO J0ocTyIeH. [Ipu pacTBopeHnn remoriioonHa B
XAC pacrBope ciycts 2—3 yaca 6eJ10K BbIJIeISUI I'eM (OKpaIlIeHHbIH B po30-
BBII I[BET PACTBOP), @ B OCAJOK BbINaaa Oestok 6emoro mBera. Okas3anocsk,
YTO 0CAJ0K OISITh BO3MOYKHO IIepeBecTH B BOAHBINM pacTBop (pH 5,1-5,3), kak
Y TIPU pAaCTBOPEHUHU UCXOTHOTO TeMoriioonHa. Kak 6erok, BeImaBninii B oca-
TOK (TJIOOWH), TaK M1 TEMUHOBAS YaCTh 00J1a1a]Th TOBEPXHOCTHO-AKTUBHBIMH
CBOMCTBaMM, YTO MMO3BOIMIO (hopmupoBaTh JIb mokpeIiTHs Kak 13 OenkoB 6e3
TeMUHOBOM I'pyMIIbI, TAK M, HAOOOPOT, TOJIBKO U3 TEMUHOBBIX TPYIIII.

I1nenku (MOHOCION) OBUTH NTEPEHECEHBI Ha MOBEPXHOCTHU MOJIOXKEK (CITIO-
1a, KpeMHUH, TUpOrpaduT) ¢ MMOBEPXHOCTH BOJHOU cyOdassr MetogoM 'O
IIpU TaBJICHUH BBIJEICHUS m B Auana3one 20 +~ 25 mH/m.

ACM-u3mepenns poBoauin Ha ipubdope «Nanoscope-IIla» B pexumax
KOHTAaKTa U MOIYJISIIUU CUiIbI (cM. pasaen 1.3.2, cTp. 30) ¢ ucnoiab3oBaHUEM

CTaHAAPTHBIX KaHTWIEeBepoB (Tabymia A.1) xxectkoctsio 0,32 H/m.

20) O6pas31p! IIEHOK OBITH IPUTOTOBIIEHHI K. X. H. I'. K. XKaBuepko, UPOX AH benapycu,
Munck
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OO0cy:k1eHue pe3yJbTaToB

ComnocraBiieHrne MOP(HOJOTUN TTOBEPXHOCTH ITUIGHKU T'eMOTJIOOMHA, KOBa-
JIEHTHO CHIMTOM (C MOMOIIBIO TJIYTAPOBOTO ANbACTHAA) C TUAPOPUIBLHOM
MMOBEPXHOCTHI0, 00pa00TaHHON AMUHOMIPOMIIITPUITOKCUCUIIAHOM, U MOHOC-
JTIOMHOM IIJIEHKH FreMOTJIO0MHA, OCAXACHHOM C BOJHOM ITOBEPXHOCTH METOIOM
'O Ha momI0KKY, TOKa3bIBAET MPEUMYIIIECTBA BTOPOTO criocoba popmupo-
BaHUs IUIeHKU. ECl B MepBOM cilydae MMella MeCTO XaOTHYHas arperaus
OelTKka M3 pacTBOPpa Ha IMTOBEPXHOCTH (M300pakeHNe HE MPUBEICHO), TO B CITy-
yae OCaXJACHUS MOHOCIIOS OeTka ¢ BOAHOM cyOda3bl 00pa3yeTcss OJHOPOTHOE
MOHOCJIONHOEe MoKphITHE (puc. 5.10). OTHOPOIHYIO TJIEHKY MOJIEKYJ T'eMO-
robuHa ymaercs chopMupoBaTh Ha BOJAHOM MOBEPXHOCTH M IEPEHECTH Ha
MMOBEPXHOCTh TMOJIOKKHU MPU PA3IMYHOM CIIOCOOE JTIOCTaBKHU BEIECTBA Ha
BOJIHYIO cyOda3y: Kak U3 CIUPTOBOro pactBopa (puc.5.10a), 6)), Tak u u3
XAC pactBopa (puc. 5.10B), )).

Oka3zaoch BO3MOKHBIM C(HOPMHUPOBATH IICHKH U3 Pa3HBIX ()parMeHTOB
remorio6una. Tak, 1 Ha moBepXHOCTh rpacduTa (puc. 5.103), 1)), 1 Ha TOBEPX-
HOCTB cImrofibI (puc. 5.10k)) meTogoM 'O nmepeHOCUTCS KaueCTBEHHAS IJICHKA
13 HaHECEHHOTO Ha BOJHYIO ITOBEPXHOCTh OKPAIICEHHOTO (F€MUHOBOM I'pyII-
noif) XAC pactBopa (1mocje yJ1aJeHus U3 3TOro pacTBopa BhINIABIIEr0 O€10ro
ocajzika Oenka). BemectBo, ocrasieecs B XAC pacTBope, BO-IIEPBBIX, OKa3a-
JIOCh TTIOBEPXHOCTHO-aKTUBHBIM, YTO IMO3BOJUIO CPOPMUPOBATH IJICHKY Ha
BOJTHOM ITOBEPXHOCTH, BO-BTOPBIX, 3Ta IICHKA, TIEPECHECEHHAs Ha TTOJIOKKY,
OKa3ajiach 3HAUMTEIbHO O0JIee yCTOMYMBa HA TOBEPXHOCTH I'paduTa 1o Cpas-
HEHUIO C MOBEPXHOCTHIO CI0/Ibl. OTMETHUM TaKXKe, YTO MOCIIE PACIICTUICHUS
reMoryioOnHa OeKoBasi YaCTh MOJIEKYJIBI TAaKXe OCTAETCS MOBEPXHOCTHO-
AKTUBHOM, ITOCKOJIBKY M U3 Hee MOXHO (hOPMHUPOBATH TBEPIYIO TUICHKY Ha
BOJTHOW IMOBEPXHOCTH U YCIIEITHO NEPEHOCHTH €€ Ha THAPOPMIBHBIN KpeM-
Huit (puc. 5.101)) wau cmroay (puc. 5.10m)).

I'eMorio6UH pacTBOpsiETCS B IOCTATOYHO y3KOoM uMHTepBaje pH, moasrto-
MYy MOYHO OBIIO MPEAIOI0KHTh, YTO €0 MePeXo,1 Ha BOIHYIO TOBEPXHOCTh
13 o0beMa O0YyCIOBIIEH U3MEHEHUEM PACTBOPUMOCTH IpHU M3MeHeHun pH.
B To e BpeMs ObIuuii CBIBOPOTOUHBINA aIb,OYMUH PACTBOPHUM B JOCTATOU-
HO mupokoM uHTepBaie pH. Tem He MeHee, Takke yaanock chopMupoBaTh
TBepaylo ieHKy BCA Ha BOJAHOM MOBEPXHOCTU IIPHU 1OCTABKE OejIka Ha Cy0-

a3y U3 BOJTHOT'O pacTBOpa: IJIEHKA YCIEIIHO OblJIa IEpeHeceHa Ha TBEPAYIO
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MOJTOXKKY (puc. 5.10k)). AHaIorn4Hasi OJHOPOHAS MOHOCIONHAS IJICHKA
dbopMUpyeTCS U TIPU UCIIOJIB30BAHUH MPOIIEAYPHI JIOCTABKUA Ha BOJHYIO ITO-

BEPXHOCTh aJIbOYMHHA U3 CIUPTOBOTO pacTBopa (puc. 5.10m), e)).

HckyccTBeHHbIe 1e)eKTHI B 0€JIKOBBIX IUIEHKAX. BBICOKOE Ka4eCcTBO IJICH-
KM MOET BBI3BaTh HEOJHO3HAUYHOCTh B MHTEpIpeTanuu pesynbrata ACM-
WCCIIeJIOBAHUS, TIOCKOJIbKY OTCYTCTBHE KaKMX-IMOO XapaKTEPHBIX Je(EKTOB
(mop ® T.I.) HE MO3BOJISAET OLEHUTH TOJIIMHY IUICHKH, U BOOOIIE CAeIaTh
BBIBOJI O Npucymcmeuy TICHKU Ha MOJUIOKKE. [[eHCTBUTENbHO, OTHOPOIHAS
MMOBEPXHOCTh MOJKET HAOJIIOMATHCS M B TOM Clydyae, €ClIM IUICHKY He y[a-
JIOCh YCTIEIIIHO MEPEHECTH C TPaHMIIbI pasjenia ¢a3 Ha TBEPAYIO MOIOXKKY
(U151 psiia MaTEpPHUATIOB IOCTATOYHO CIIOKHO OIPENEIUTh aJeKBATHBIC YCIIO-
BHUSI TIEPEHOCA: COCTaB CyOdasbl, MOBEPXHOCTHOE JABJICHHE U TIP. ).
[TomyueHHBIE OETKOBBIC IUICHKU XaPaKTEPU30BATIUCH BBICOKOM OJTHOPOI-
HOCTBIO TOBEPXHOCTH, [IOITOMY MBI ITPOBOIMIIN UX JOTIOJTHUTEIbHBIN aHATN3,
IyTEM BO3/IEHCTBUS CKAHUPYIOIIETO 30H/1a Ha HEKOTOPBIN BRIOpPAHHBIN ydac-
TOK IpH yBelIM4ueHHOU BennuuHe cuiibl (1o 100 HH) u MeanienHoi ckopoctu
CKaHMPOBAaHUA (4acTOTa CTPOUYHOU pasBepTku okoisio 1I'm). danHast mpo-
Leaypa, B Cliydae HaJIU4us Ha MOJIOKKE OPTaHUYECKON IIEHKH, MTO3BOJISIA
(hopMUpOBATH B HEll HICKYCCTBEHHBIH AeheKT KBaApaTHON GOPMBI, B KOTOPOM
MaTepuall TUIEHKHU ObUT yJaJIeH 30HI0M MpH CKaHUpoBaHUU. [1pu yka3zaHHBIX
YCIIOBUSX 3Ta MPOIeaypa He MTPUBOIUT €IIE K Pa3pyIICHUIO TTOITIOKKHU U TI0-
3BOJISIET TPOBOJIUTH KaK KOHTPOJIb HAJIMUUS TUICHKU HAa TTOBEPXHOCTH, TaK U
MU3MEPEHHE €€ TOIIINHBI (CIIeyeT, OTHAKO, YUUTHIBATh 3aHWKEHUE pe3yiIbTa-
ToB ACM-13MepeHus 3TOTO MapaMeTpa B CUIIy KOHTAKTHBIX JedopMalui,
cM. pasaen2.1). Tunnunsie ACM-u3z00pakeHus: TOAOOHBIX UCKYCCTBEHHO
chopMUPOBAHHBIX 1IePEKTOB B OEIKOBBIX IJIEHKaX M300pakeHbl Ha puc. 5.10.
ITapsr u300paxenuiia) u0), B)UT), 1) M e),3) 1K) puc. 5.10 moaydeHsI B pe-
KUMe MOTyIsLMu cuiibl (cM. paszzaen 1.3.2, ctp. 30), nepBoe nu3zoopakeHue na-
DBl SIBIISIETCS OOBIYHBIM TOMOTPA(QUUECKUM, @ BTOPOE OTOOpaXKaeT BETUINHY
AMIUTUTY/IbI KOJIEOAHMI JIeBepa, HAXOISIIETOCsI B KOHTAKTE C TOBEPXHOCTHIO
Y UCIIBITBIBAIOIIETO CO CTOPOHBI MbE30MAHUITYJIATOPA MEPUOTUIECKOE BO3-
nerictBue. CornacHo U3JI0)KEHHOMY B paszjene 1.3.2, 6osee CBET/IbIE yUACTKH
3TOTO AMIUTUTYTHOTO M300paK€HUsI COOTBETCTBYIOT MEHEE KECTKIM ydacT-
KaM HCCIIeyeMON MOBEPXHOCTH; PEe3yJIbTAThl HAOIMIOAEHUN MOITBEPKIAIOT

MPaBUIBHOCTh HAIlel MHTepHpeTanuu GOpMUPOBAHUS KOHTpaAcTa U300pa-
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Puc. 5.10. MckyccrBeHHBIE eheKThI B OCIIKOBBIX IUICHKaX, C(DOPMHUPOBAHHBIC ITPE/I-

BapUTCIbHBIM CKAaHUPOBAHUEM C YBCJII/ILICHHOﬁ CHJIOM BO3ASUCTBUS 30HAA:

a)-T) MOHOCIION reMoryiobuHa Ha cione (Meron 'O npu ©# = 25 MmH/M); 1)—K) MOHOCTOM
anmpOyMHHa Ha KpeMHuu (1, €)) u cmone (k) (Meron 'O mpu ©# = 25 MH/M); 3)—k) Mo-
HOCIIOM TéeMHHOBOH YacTH remMoriioouHa Ha rpadurte (3, n)) u cmozae (x)) (meronq 'O npu
m = 20MH/M); 1), M) MOHOCIIOH TreMOTIIOOMHa 06e3 TeMHHOBOHN YacTh Ha KpeMHHH (1)) U
cmone (M) (Merox 'O npu # = 20 MH/m). ITneHku nepeHeceHb! ¢ BOIHOM cyOdassl mpu

Pa3IMYHBIX CIIOCO0aX JOCTABKH HA TOBEPXHOCTH KHUIKOCTH (CM. TEKCT).

Bonee ceeTipie yuacTku uzobpaxenuii 0), T), €), 1), TOIYYSHHBIE IO METOIY MOIYJISIIUA CH-

76 (cM. paszen 1.3.2) COOTBETCTBYIOT MEHEE JKECTKMM yYacTKaM HCCIIeyeMON MOBEPXHOCTH

(cp.a)u6),B)ur), 1) M e),3) U N))
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xeHnit ACM mopymsiuu cuiibl. belkoBble TIeHKH ObUTM BBIOpaHBI B Ka-
yecTBe 0OBEKTA ITUX U3MEPEHUN UMEHHO B CHJIY TOT'O, YTO OHU JJOCTOBEPHO
XapaKTepU3yeTcss MEHBIIIUM 3HAUYCHUEM MOJYJSl YIPYrOCTH B CPABHEHUU C
MOJIOKKOM.

Meton hopMUpOBaHUS UCKYCCTBEHHBIX /16(DEKTOB B TOHKUX IJIEHKAX MO-
KEeT HAWTU yHUBEpCAJIbHOE MPUMEHEHHE. MBI MPOJIEMOHCTPUPOBATIA ITOT
ITOIXOJT Ha TTpUMeEpPE OCITKOBBIX TUICHOK, OJTHAKO MBI TAK)KE YCITEIITHO MCITOJTb-
30BaJId €r0 U JIJIs aHaJIu3a IPYTHX MOKPhITHNH. DOpMUpPOBAHHUE UCKYCCTBECH-
HBIX JIe()eKTOB IMO3BOJISIO HE TOIBKO JETEKTUPOBATh MPUCYTCTBUE TUICHKU
B Cllydyae €€ BBICOKOI'O KayecTBa, HO U OIPEACNISTh TOJIIUHY MOKPBITHUS,
a Tak)ke, HAIIpUMeEp, MPU UCCIIETOBAHUM MOJICKYJISIPHOUN YITaKOBKH, aHAJIH-
3MPOBATh B3aUMOOPHCHTAIIMIO PEIICTOK ITUICHKH M IOJJIOXKKH. bojee Toro,
ITyTEM OIIPEICIICHUS IIPEICTBHOTO CUIIOBOTO BO3/ICUCTBHS 30H/1a, HEOOX O IH-
MOTO JJISl TOTO, YTOOBI UCKYCCTBEHHBIN Ae(eKT ObLT ChOPMHUPOBAH, MOKHO
MPOBOJIUTh CPABHUTEIIbHBIN aHAJINU3 MEXaHUUECKOW MPOYHOCTU TOHKOILIE-

HOYHBIX HOKpLITHﬁ.

5.3. UccaenoBanue BIUsIHUS YCIOBUIA
(hopMHUpPOBaHUSI NOKPBLITHH M NPUPO/IbI
MOJI0KKH HA MOJIEKYJISIPHYIO YIIAKOBKY TOHKHX

OpPrauHu4Y€CKux IVICHOK

OCHOBHBIM IPEUMYIIIECTBOM METO/1a CKAHUPYIOIIEH 30H10BOI MUKPOCKOITHU
IIPU UCCIIEIOBAHUN MOJIEKYJISIPHON CTPYKTYPbl TOHKHUX IJIEHOK SIBJISIETCS BO3-
MOYHOCTb OIPEAEIIEHUS MTAPAMETPOB IEMEHTAPHON SUEHKH JIs1 IOKAJIbHO-
HEYIMOPSIIOUYEHHBIX, OCTPOBKOBBIX U JJOMEHHBIX IUIEHOK. JleficTBUTENBHO, B
HACTOSsIIIee BpeMsl JJIsl UCCIIEIOBAHUS CTPYKTYPbI IOBEPXHOCTH LIMPOKO HC-
MOJIB3YIOTCS UG PAKIIMOHHBIE METO/IBL: AUPPAKLIMS IEKTPOHOB, PEHTT€HOB-
CKHX JIy4yeld, HEUTPOHOB, HOHOB M HEUTpaJIbHBIX aTOoMOB [120, 121]. DTu me-
TO/IbI IO3BOJISIIOT ONIPEAETIATH CTPYKTYPY TOBEPXHOCTH C BBICOKOM CTENIEHBIO
TOYHOCTH JIMIIb IPU YCIIOBUHU, UTO UCCIIeAyeMas IOBEPXHOCTh XapaKTepu3y-
€TCsl OIPE/IETICHHON CTENEHbIO YIIOPSI0YEHHOCTU BO 6celi 001acTH B3aUMO-
JNEUCTBUS ¢ 30HAUPYIOIUMM IyykoM. Hannune B TieHKe pa30pHUEeHTUPOBAH-

HBIX JOMCHOB, OCTPOBKOB, KPUCTAJTIMYCCKUX BKJIIOUCHUN U IIp. OCIIOKHACT
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TU(HPAKIMOHHYIO KapPTUHY U CO3/Ia€T CIOKHOCTH MPU MHTEPIpPETALIMH pe-
3yJIbTaTOB U ONPEIEIIEHUU UCKOMBIX NTapaMETPOB.

B 370l CBSI3M MeTOJI aTOMHO-CHJIOBONH MHUKPOCKOIIUM IMPEICTABIISETCS
BeChbMa MEPCIEKTUBHBIM JIJISI UCCIIEIOBAHUS CTPYKTYPhl MOJIEKYJISIPHOM yma-
KOBKM TOHKHX OPTaHWYECKUX IUICHOK, B TOM YHCII€ B CPABHEHUU U C MHK-
pockonmueckuMu Metogamu. JleiictButenbHo MeTo g ACM xapakTepu3yeTcs
HEBBICOKOW MHTEHCUBHOCTBIO BO3JICUCTBUS HA 0Opa3sell (B OTIMYUE OT JJIeK-
TPOHHOM M MOHHON MUKPOCKOIIMH), MO3BOJISIET MPOBOJAUTH HUCCIIEIOBAHUS
TU2JIEKTPUUECKUX CTPYKTYP (B otiiune oT CTM) 1 xapaKTepu3yeTcsi BbICO-
KUM IIPOCTPAHCTBEHHBIM pa3pellieHueM, ITOCKOJIbKY MO3BOJISIET ONPEILISITh
napamMeTpbl MOJICKYJISIPHON WJIM aTOMHOM YITAKOBKHU MTOBEPXHOCTH.

OcTaHOBHMCSI HA OCHOBHBIX PE3yJIbTaTax, MOJYYEHHBIX PSIOM aBTOPOB
MIPU UCCIIEIOBAHUSIX MOJIEKYJIIPHON yMAaKOBKM TOHKMX OPraHMYECKHUX ILjie-

HOK.

KpaTknii 0030p JautepaTyphbl, NOCBSIIEHHON HCCIe0BAHUSM MOJIEKYIAPHOI

YnaKOBKH OPraHuv4eCKUux IJICHOK

BnusiHue npuHIMIA IUIOTHOM YNMAKOBKM YIJIEBOJOPOAHBIX IieNel Ha mapa-
METPBI STYeiKU H-apadruHOB ObLT0 paccMoTpeHo Kuraiiropoackum [122, 123]
Ha ocHOBe reoMmerpuueckoro ananusa. (Hopmansubie napagunsl (C,Hs, 1 2)
SBIISIIOTCS. TPOCTEHIIMMU ITOJIMMEPAMM, U BBISICHEHHE MX CTPOCHUSI MMEET
60JIb1II0€ 3HAYSHHE )1 TOHUMAHUS OOIIMX 3aKOHOMEPHOCTEM OpraHn4ecKoi
KPUCTAJUIOXUMHH). ICXOAHBIM MOJIOKEHUEM CIIYKUIIO PACCMOTPEHUE IUIOT-
HOI'O KOHTaKTa MOJIEKYJ IUIOCKOM 3Ur3arooopasHoit (popMbl, OCH KOTOPBIX
napasuienbHbl. JlaHHBIN aHaIN3 O3BOJIWII ONPEAETIUTh BO3MOYKHbBIE YITAKOB-
KU MOJIEKYJI B H-TlapaduHax, cM. Tabnuiy 5.1. MI3BecTHBIE KpUCTAJITINUECKUE
CTPYKTYpPbI H-Tapa(UHOB OTHOCSATCS K HEOOIBLIOMY YHUCIY MPEICKA3aHHBIX
B pe3yJibTaTe paccMaTpuBaeMoro aHanu3a. Kak okaszanock, IpUHIMUI IUIOT-
HOH yIaKOBKH YIJIEBOJIOPOIHBIX LIETIEH MOXKET OIPEEIISITh U MOJIEKYJISIPHYIO
YIaKoBKY aM(bUUIBHBIX MOJIEKYJI, UMEIOIIUX MOJISIPHYIO TPYIITY U IJTUHHBIN
YTIIEBOIOPOIHBIN (PparMeHT (MOJIEKYJT )KUPHBIX KUCIIOT U T.I1.).

B paboTe [124] aBTOpBI MPOBOIUIIN CPABHUTEIBHBIN aHAIN3 TPUMEHEHUS
MeTo10B ACM 1 audpakiiny 371eKTPOHOB K UCCIIEAOBAHUIO MOJIEKYISIPHOM
YIIAKOBKU TBEPABIX PACTBOPOB H-MapadUHOB U MHOTOKOMIIOHEHTHBIX BOC-

KOB. MCTOI[OM aTOMHO-CHJIOBOM MUKPOCKOIINHA (pCSYJ'II)TaTI)I HaxXOoJUJINUCH B
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Croit [TapameTpsl ssueiiku c0s, 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°
M0, £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°

Tab6mmma 5.1. Bo3amoxHBIE yTaKOBKY MOJIEKYN B H-apaduHax, u3z padboTsi [123].

JBymepHas siueiika ciost onpenensiercs noabsueiikoit (H— rekcaronanpHas, R — pombu-
yeckasds, M — MOHOKIHHHAS, T — TPUKIMHHAS) M YACIAMU [m, n] ONMpeaensonux BepTh-
KaJIbHBIM CABUT MOJIEKYJI, CBSI3AHHBIX TPAHCIISIIIUSIMU Ha BEIMUNHY WICATbHBIX TAPaMETPOB
noxbsueek (ao, bp), IPH 3aM0IHEHNUH cJ1051. B Tabnnie mpuBeneHsl mapaMeTpsl yIaKOBKH CIIO-

€B: a, b 1 ¥ — mapaMeTpsl IBYMEPHOU STUEHKH; ©q, ©p U (¢ — YIIIBI HAKIIOHA OCH MOJIEKYJITbI

K OCsIM a, bu HOPMAJIN K IINIOCKOCTHU ab COOTBETCTBEHHO
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COIJIACHUM C JAHHBIMU AU(PPaKIIUK 3JIEKTPOHOB) OBLIH ONIPEACIICHBI TapaMeT-
DBl 2JIEMEHTAPHOM STUEUKH (IPSIMOYTOJIbHAS) KaK JIJIs1 TOBEPXHOCTH KPUCTAJI-
na uncroro H-C3sHy7s (a = 0,47(5) HM, b = 0,78(5) HM), TaK ¥ IOBEPXHOCTEMH
TBepabIX pacTBOpoB: H-CssHro/ H-C36H7y (@ = 0,46(6) HM, b = 0,76(1) HM) 1
Cs2Hgg/ H-C36H7y (@ = 0,59(6) 1M, b = 0,78(5) HM). Bo3amoxkHOCTD HabITIO-
neHus ¢ moMoibio ACM nByMEpHOU yIOpsIOUeHHON CTPYKTYPBI B TTOCIIE/I-
HEM ClTy4ae JOCTATOUYHO HeOXKUJaHHA, TOCKOJIBKY CTPOCHHUE MOJIEKYJT KOMITO-
HEHTOB TBEPJIOI'0 PACTBOPA Pa3IMYacTCs Ha YeThIPE METUJICHOBBIX T'PYIIITHI.
MOHO MPEITOI0KUTh, UTO BU3YyaJIU3aIMs MOJICKYJISIPHON yITaKOBKYU ObLIa
BO3MOYHA Ha Y4aCTKaX JIOKAJIbHON OJTHOPOTHOCTH TIJICHOK.

Pabota[125] mocesimena ACM-HCCIIeIOBAaHUIO TUICHOK TpaHC-6-OKTa-
JIEIEHOBOM KHUCJIOTHI, NepeHeCceHHbIX 0 MeToauke JIb (25 unu 5 cimoeB) Ha
MMOBEPXHOCTh cTekna ¢ cyodassr aByx turoB: CdCl, maun TbCl3 (koHIEHT-
paumeit 104 M). ABTOPBI OOHAPYKUIIM, YTO THUII YITAKOBKHU TUIEHKH CYLIECT-
BEHHO 3aBUCUT OT MPHUPOJbI MPOTUBOUHA. Tak, IUIEHKU, TIEPEHECEHHbIE Ha
HOUIOKKY ¢ cyO(dasbl, comepxaieii monsl Tb3*, o6napyxusamu B Qypbe-
CIIEKTPE HECKOJIBKO KPATHBIX pedIIEeKCOB, MPUYEM UX 3HAYCHUS ITO3BOJISIIOT
MPEATNOJIOKUTH, YTO YITAKOBKA IJICHKU XapaKTEPU3YETCs IIEpeopraHn30BaH-
HOM B CBEPXCTPYKTYpPY LIeHTpUpoBaHHOU mpsiMmoyrojbHoi (LIIT) pemerkoit
¢ mapamerpamu a = 0,46 + 0,02aM u b = 0,89 £ 0,03 um. [lnomwane, npu-
XOAIIAsCA Ha MOJIEKYITY, B 9TOM ciydae cocrasiser 0,205 £ 0,010 um2, uto
XOPOIIIO COTJIACYEeTCsl CO 3HAYEHUEM MpeAeSIbHON MOJIEKYISIPHON TUIOMIAIN
0,21020,004 HM2, KOTOPOE OBITIO ONPEETEHO ABTOPAMHU 10 M30TEPME CIKATHUS
IJICHKH Ha TTOBEPXHOCTH CyO(a3bl. B To ke BpeMs IUIEHKH, IEPEHECCHHBIE C
CdCl, cy0dassl xapakTepr30BaIUCh KOCOYTOJIBHOM PEIISTKON C TapamMeTpa-
Mu: a; = 0,48 +0,03 M, a2 = 0,51 40,03 HM 1 vy = 68 +-3°, YTO COOTBETCTBYET
IO Ha MoJiekyy 0,23 4 0,02 HM?.

ABTOpPHI paboTHI [126] uccnenoBamu metogqoM ACM MOJIEKyISIpHYIO yIIa-
KOBKY IUApO(GOOHON MMOBEPXHOCTU BEPXHEro cios 3-, 5- u 7-cinoitHoro mno-
kpbiTus apaxuaata kaamus (CdAz). ABTOPBI ONpeeInn apaMeTphl suei-
KM JUIs TaHHOM MOBEPXHOCTHU (TUIL: MIPSIMOYTOJIbHAS C IBYMSI MOJIEKYJIaMU
B 6a3uce?!)), kotopsle coctaBumi: a = 0,48 + 0,03uM, b = 0,74 + 0,04 HMm.
ABTOpBI OTMEUAIOT, UTO B PsIJIc U3MEPEHHI ITapaMeTphl TUeHKU OBLIN HCKa-
’KEHBI U CBSI3BIBAIOT 3TO C BIMSHUEM 30H1a MUKpOcKoma. OIHaKO MpeCcTaB-

JISIETCA, 4YTO JIOKAJIBbHBIC Ile(bOpMaL[I/II/I WJIN JIOKAJIBbHBIC CMCIICHHUSA MOJICKYII

21) TUI peleTKH GbIT M3BECTEH U3 PE3yIbTATOB PEHTTEHOBCKOTO PACCESHHUS

180



MIOJ] BO3/ICMCTBUEM 30H/1a B MMPOIIECCE CKAHUPOBAHUS He MO2Ym CKa3aThCs Ha
pe3yibTaTax ompeeseHus MapaMeTpoB AIEMEHTAPHOU STYSMKU MTpU U3Mepe-
HUssX ACM, TTOCKOJIBKY BO3JICHCTBHE 30H/Ia HE MOXET MPUBOIUTH K «IIepe-
yIaKOBKE» MOJIEKYJI Ha BCEM CKaHUpyeMoM ydacTke. [lo Bceil BugumocTu,
HaOJII01acMble UCKaXKEHUSI MOTYT OBITh OOBSICHEHBI BIUSHUEM TeMIIepaTyp-
Horo npeiida. CTOUT OTMETUTD, YTO OOHAPYKEHHBIE aBTOPAMH ITapaMeTPbl
peuieTk OJIM3KM MapameTpaM IUIOTHOM YIAKOBKH CJIOEB YIJIEBOJIOPOIHBIX
nereit R[0, 0], cM. Tabmmy 5. 1.

CocyniecTBOBaHUE TPEX PA3JIUYHBIX TUIIOB MOJIEKYJISIPHBIX YIIAKOBOK B
Tpexcnoiubix JIb mienkax apaxumarta 6apust (BaA,) Ob110 0OHApy)EHO aB-
Topamu paboTel [127]. DTO TeMOHCTPUPYET BHICOKYIO YyBCTBUTEIBHOCTD Op-
FaHU3aLMHU TUICHOK K CTPYKTYpe IPOTUBOMOHA (KOTOPBIM ONMpeaensieT mio-
Iaab MOJSPHOM I'PYNIBI HA IOBEPXHOCTH CyOdasbl): 3amena mona Cd2F
rnoHoM Ba 2T cyliecTBEHHO M3MEHSIET apaMeTPhl MOJIEKYJIIPHOMN YIIAKOBKH.
Tpu oOHAPY>KEHHBIX TUIA YIIAKOBKH JIJI51 UCCIIEyEMbIX INIEHOK XapaKTEePU30-
BAJIMCh OJIM3KUMU 3HAYEHUSMH IUIOIIAAH, MpUXoAsuIeiics Ha Mmojekyy. [Ipu
9TOM KaXbI TUIl YIAKOBKHU pa3IMyaliCd OPUEHTALIMEH MOJIEKYJ1 OTHOCHU-
TEJIbHO HAIpaBIIEHUs, HOPMAJIBHOTO K MOBEPXHOCTHU MOJIOKKH (UTO OIpe-
JEJSIIOCHh TIO pa3IMYaroIIeiicsl BBICOTE COOTBETCTBYIOMMX ydacTKoB ACM-
M300paKeHMs IUIEHKU HAJl IOBEPXHOCTHIO MOJIOKKH).

[TapameTpsl nepBOro U3 OOHAPYKEHHBIX TUIIOB 3JIEMEHTAPHOM SYEUKHU
(TpukIMHHAS suerka, a; = 0,42 + 0,01 HM, as = 0,45 £ 0,01 H™M, v = 76 £+ 1°)
MO3BOJIMJIM aBTOPAM CHIEJIaTh BBIBOJI, UTO B 3TOM CJiydyae CTPYKTypa IUICH-
KM OIpeNessieTCs NPUHLIMIIOM IUIOTHON yIIAaKOBKH YIJI€BOAOPOAHBIX LENEH C
00pa3oBaHUEM CJIOEB, XapaKTePU3YIOIUXCS «I»-moabsueiikoit (cM. Tabiu-
1y 5.1). Bropoii Tun ynakoBKM UACHTU(PUIIMPOBAJICS aBTOPAMH KaK CTPYK-
typa ¢ «R»-nomwsueiikoit (R0, +1], cm. Tabnuity 5.1), Takxe 00yCIIOBIIEH-
HOW NMPUHLMIIOM IUIOTHOM YIAKOBKH yrieBojgopoaHbix neneit (LIIT sueiika,
a = 0,51 £0,01am, b = 0,79 £ 0,01 H™m). TpeTbst 0OHapy)KEHHAs! CTPYKTYpa
yIIaKOBKU OblJIa MEHEe YIOpsI0YeHa B CPABHEHUU C MEPBBIMH ABYMS, UYTO
HE TO3BOJIMJIO OIIPEEUTh MapaMeTphl Sueiku. Yroa HakjIoHa MojeKy1>?)
cocTaBisul 26° 1 19° COOTBETCTBEHHO IS NEPBBIX ABYX TUIIOB, TPETUW THIL
yHaKOBKHU ObLT 00pa30BaH, MO-BUAMMOMY, BEPTUKAIBHO OPUEHTUPOBAHHBI-
MU MoJieKyJiamu. BecbMa MHTEpPECHO, YTO BCE THUIIBI YIIAKOBKU XapaKTEPU-

30BAJIMCh OJIM3KUMM 3HAYEHUSIMU IIomanu, HpHXOHHMCﬁCH Ha MOJICKYIY,

22) y3MepsIICs 1O TOJIIIMHE CIIOEB
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MIPUYEM IPHU UCCIETOBAHUSIX KOHKPETHBIX IJIEHOK B PA3JIMUHBIX yUaCTKaX X
MMOBEPXHOCTHU OBIIO BO3MOXKHO OOHAPYXKHUTh BCE TPU TUIMA YITAKOBKH (aBTO-
PBI ONPEIETMIN, YTO TEPBBIA THI YHAaKOBKU 3aHUMaeT 70% MOBEPXHOCTH
IJICHKH, BTOPOH U TpeTUl — 5 1 25% COOTBETCTBEHHO).

Kax moka3zano B padore [128], BecbMa crieniprueckoe BIMSIHUE HA CTPYK-
TYpYy IUICHKH apaxugaToOB OKa3bIBAET UCIOJIH30BAHUE B KAUECTBE TPOTUBOMU-
ona Ca?". ABTOpBI McCiIe10BaIy Tpexciaoinyo JIB rmieHKy apaxugaTta Kajib-
s (CaAsz) 1 06HAPYKWIH, UTO CTPYKTYPaA MOJIEKYJIIPHOM YITaKOBKHU IVIEHKU
He o0JiaaeT 3epKaIbHOM cuMMmeTpuel. T1neHka nMeeT TOMEHHYIO CTPYKTY-
py € ABYMS TUIIAMHU PEIIETKU, KOTOPBIE SIBJISIOTCS 3€PKAJIbHBIM OTPaKECHH-
€M JpYT JIpyra. DjeMeHTapHas siueiika BKII0UaeT BOCEMb MOJIEKYJI, C yIIIOM
HAKJIOHA MX K MOJIOXKKE B 26°, mapaMmeTpsl sueiku: a; = 1,86 + 0,01 HM,
as = 0,894 + 0,006 u™M, v = 71,3 + 0,5°). ABTOPBI CBS3BIBAIOT HAOJIIOJAEMYIO
cnenuuKy CTPYKTYpbI IUIEHKU ¢ KOHKYpEHIIMeH TpeOoBaHUS TIIOTHON yIia-
KOBKU YTJIEBOJOPOAHBIX IIENEH U 3HAYEHUEM IUTOIIAAN MOJISIPHON T'PYIIIbI,
OIpENEIAEMbIM PAJINYCOM €€ IKPAHUPOBKU MPOTUBOMOHOM KaJIbIIHSI.

O06o0maroniee pacCMOTPEHHE BIMSHUS TPUPO/IbI IPOTUBOUHA, TPUCYTCT-
BYIOILIET0 B cyO(dasze, Ha CTPYKTYPY IUIEHOK COJIEH dKUPHBIX KUCIIOT ITPUBOIUT-
cs1 B pabote [129]. ABTOPBI yKa3bIBAIOT HA KOPPEISALIMIO MEXITY 3HAUCHUSIMHU
IUIOIIA, TPUXOSILIENCS Ha MOJIEKYJTY CJI0S1, U AIEKTPOOTPULIATETbHOCTBIO
MPOTUBOMHA, cM. Tabnuiy 5.2. ITo Mepe yMeHbIIEeHUS 3JIEKTPOOTPULIATEIb-
HOCTU MPOTUBOMHA BO3PACTAET CTEIIEHb MOHHOCTHU CBSI3U U, KAK OKAa3aJIOCh,
BO3pacTaeT IUIOIIAab, MPUXOAAIIAsica Ha MOJIeKyay B mieHke. Tak, Cd, Mn
u Pb 06pa3yioT KoBaJIeHTHYIO CBsI3b, a IiejouHo3eMelbHbie (Ba, Ca u Mg)
B3aMMOJIEUCTBYIOT C MOHAMM >KUPHBIX KUCIIOT 3JIeKTpocTaThuuecku. OueBua-
HO, UMEHHO THII CBSI3U OIPEACIISIeT IUIOIIAb, IPUXOISIIYIOCS HA OT/IEIBbHYIO
MOJISIPHYIO TPYIIITY.

ITpu 3TOM TpeboBaHME MIIOTHOM YIIAKOBKH YIJIEBOJAOPOIHBIX YACTEH MO-
JIEKYJI TaKXe BIIMSET Ha CTPYKTYpy IUleHOK. Eciu momans, npuxoasiascs
Ha TMOJISIPHBIE TPYIITBI MOJIEKYJT O0JIbIIIE, YeM TUTONIAAb TONEPEYHOTO CEUEHUS
IUIOTHOYIIAKOBAHHBIX YIIIEBOIOPOIHBIX Lemnei (oxoio 0,18 uM?), TO yaoBIIeT-
BOPUTH TPEOOBAHUIO INIOTHOW YIAKOBKH «XBOCTOB» MOYKHO JIUIIb JTOITyCTHB
BO3MOXHOCTb HaKJIOHA OCEW MOJIEKYJ K Mojoxke. Kak rmokasanu aBTopbl,
3HAYEHUE YIJIa HaKJIOHA (M MapaMeTpoB SUEHKH), KaK MPaBUIIO, HE TTPOU3-
BOJIBHO, HO MOTYMHSIETCS 3aKOHOMEPHOCTSIM, Mpecka3zaHHbiM Kuraiiropo-

ckuM [122] st CTpyKTyphl yIIaKOBKU H-apaduHOB (cM. Tabmuiry 5.1).
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I[IpotuBo- THN  3leMeHTap- HAKJIOH MOJIEKYJISIpHAsT  BIIEKTPOOTPHU-
2

HOH HOM siueiikn MOJIEKYJI ~ IUIOINA]b, HM®  LaTeIbHOCTh
Pb LIT 0° 0,179 1,8
Cd LIT 0° 0,18 1,7
Mg LIT 0° 0,187 1,3
Mg TPUKIIMHHAS 0° 0,187 1,3
Mn LIT 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 rexkcaroHajibHast 33° 0,222 1,6

Tab6mmma 5.2. Bnusare mpupo Ibl MPOTUBOUOHA HA TTapaMETPhI 3JIeMEHTAPHOM sTuei-
KU MOJICKYJISIPHOM YITaKOBKHM TOHKHX TUICHOK COJIEH XKUPHBIX KUCIOT (3—7 CIIOeB); U3
pabotsI [129]

B 1O ke Bpems, kKak OTMEUAIOT aBTOPbI paccMaTpuBaeMoil paboThI, He-
OXUJAHHBIMU OBUTM PE3YJIbTAThl MCCIIECIOBAHUS MOJIEKYJISIPHOM YIMaKOBKU
rieHku (7 cioeB) apaxuaata muHka. OHU OOHAPYKUIIH, UTO CTPYKTYpa IIJIeH-
KH OIMCBIBACTCS T'eKCaroHajJbHOW pemieTko ¢ mapamerpom 0,47-0,48 HM.
Bricokasi cumMmMmeTpusi YIIaKOBKU IJIEHKU COOTBETCTBYET, T.H. «Ta30KPUCTAII-
JIMYECKOMY» COCTOSIHUIO (XapaKTepU3YIOIIEMYCsl HEBBICOKON IJIOTHOCTBHIO
YIIaKOBKH), KOTJJa MOJIEKYJIbI COXPAHSIOT HEKOTOPYIO POTAIIMOHHYIO CBOOOTY
(31O ObOecreunBaeT AKCHAJIPHYI0 CHMMETPHIO 00JIaCTH, 3aHUMAEMOM KaXK 101
MoJiekyoit) [123].

B pabote paccmarpuBaetcs Takke 3QGeKT BIUSHUS CBONUCTB MOJJIOKKHU
Ha CTPYKTYPY MOJIEKYJISIPHON YITAKOBKU CPOPMUPOBAHHBIX HA €€ TOBEPXHOC-
TU TUICHOK CJIOM KUPHBIX KUCTIOT. DTO BIUSHHUE MOXKET MPOSIBISATHCS BEChbMa
pa3IMYHBIM 00pa30M [JIsl pa3HbIX MPOTUBOMHOB. OTMETHUM, B YACTHOCTH,
(haxT yMEHBIIICHHUSI MOJIEKYJIIPHOM TUTOIIAAN B TUICHKAX cTeapaTa CBUHIA (C
0,21 o 0,18 um?), chOPMHUPOBAHHBIX HA MOBEPXHOCTHU CIIOMALI, IIPH YBEJIH-
YeHUHU Yucia cinoeB B uieHke (1-3-5-7). MosekyasapHasi ynakoBKa BEpXHEro
CJ10s1 7-CTIOMHOTO MOKPBITUS PEIAKCUPYET, MO-BUAUMOMY, K HEBO3MYIIIEHHO-
MY BIIMSTHUEM MOJIOKKH COCTOSIHUIO, ITIOCKOJIBKY T€ JK€ MapaMeTphbl yIaKoB-
Ku Xxapaktepu3yioT 200-clIoifHOe MOKPBITHE (11O JAHHBIM PEHTTEeHOCTPYKTYP-
HOro aHanuza). [Ipy ucCrnonb30BaHUM B KAUECTBE IMOJJIOKKH IMOBEPXHOCTH

KpeMHUs (IIOKPBITOM OKCHIOM M CYHIECTBEHHO 00Jiee MHEPTHOM, YeM CIIIo-
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71a) MOJICKYJISIpHAsI YIIAKOBKA BEPXHETO CJIOS YXKE TPEXCIIOMHOTO MOKPBITUS
XapakTepu3yeTcs TEMU ke HEBO3MYIIIEHHBIMH MapaMeTPaMU.

ABTOpBI pabOTHl paccMaTPUBAIOT TaKXe MEXaHH3Mbl (HOPMHPOBAHUS
CBEPXCTPYKTYP B MOJICKYJISIPHON YITAKOBKE MOBEPXHOCTH, CBS3BIBAS UX BO3-
HUKHOBEHHE C IIPUCYTCTBUEM PETYIISIPHBIX /1e(DEKTOB YIIaKOBKU, OOYCIIOBJICH-
HBIX HEOOXOAUMOCTBIO YIOBJIETBOPEHUS TPEOOBAHUSIM TUIOTHOM YHMAKOBKHU
YTIIEBOOPOIHBIX YACTEH U MOJISIPHBIX TPYIIT MOJIEKYJI.

Cxomnoe 0000mmeHne ACM-pe3yIbTaTOB HUCCIIEIOBAHUS YITAKOBKH MO-
JIEKYJT )KUPHBIX KUCJIOT B 3aBUCUMOCTHU OT YCIOBHUH (DOPMUPOBAHUS ITICHOK
(BustHUE cyO(ha3bl M MPUPOIBI MOMIOXKKH) TpoBoauTcs B 0030pe [130]. IToa-
YEPKUBACTCS, YTO MTAPAMETPHI JJIEMEHTAPHOH SUEHKH, CAMMETPHS U IO b
Ha MOJICKYJIy HE 3aBHCST OT JUIMHBI aJIKUJIBHOU IETH )KUPHBIX KUCTOT (Cg—
Cs2), @ KOHTPOIUPYIOTCS OCOOEHHOCTSIMU B3aUMOJIEUCTBUSI IPOTUBOMOHA C
kapookcubHOU rpynmoi (COOH). OtmeueH dakT [130] HEBO3MOXKHOCTH J10-
CTUTHYTh MOJIEKYJISIPHOT'O pa3pellIeHUs HA MOHOCAOHbIX TIFIEHKAX COJIEH )KUp-
HBIX KUCIIOT (32 UCKITIOUEHHEM cTeapaTa CBUHIIA), B OTJIMYUE OT MYJIbTUCIION-
HBIX [IOKPBITUH.

KowmruiekcHoe nccieioBaHue TUIEHOK KUPHBIX KUCIIOT, IEPEHECEHHBIX Ha
MMOBEPXHOCTH CITIOJIbI, MTUpOTrpaduTa UM KpeMHHUS, OCYIIIECTBUIIA aBTOPHI pa-
60Th1 [131]. [Tpumenenue meroga ACM 1o3BOIMIO aBTOPAM ONIPEAETIUTD Ia-
paMeTphl 3JIEMEHTAPHOU STUEHKH TSI KaAMHUEBBIX COJICH CTeapHHOBOM, apa-
XHHOBOM, OEreHOBOM M JIMTHOLIEPHMHOBOM KHUCIIOT, cM. Tabu. 5.3. Kak oTMme-
YaIOT aBTOPBI, MOJIEKYJISIPHOE pa3pelieHue MOTJIO ObITh JOCTUTHYTO JIUIIb
B CiIy4yae, KOrJa TOJIIMHA MOKPBITUS IIPEBBIIIANIA TPH MOHOCIIOSN (Taxe IS
IJICHOK, OCAKJIEHHBIX TOPU30HTAJIBHBIM METOAOM). 3HAUEHUS IMapamMeTpOB
9JIEMEHTAPHOU STYEHKH, TPUBE/ICHHBIE B IBYX HUKHUX CTpOKax Tabi. 5.3, Mo-
r'yT OBITh OOYCIIOBJIEHBI MPUHIIMIIOM IUIOTHOM YMAaKOBKHU YIJIEBOJIOPOIHBIX
LIETIEH: Cp. CO 3HaUeHUSIMHU napaMeTpoB a = 0,496 M 1 b = 0,785 HM yIrmakoB-
KU CJIO€B YIIIeBOJOpoAHbIX Lerneit R [0, £1] Tabmurst 5.1.

ABTOopsl paboThI[132] cooOIMAOT O TOM, YTO UMH BIIEPBBIE METOIOM
ACM O0buta BU3yaliu30BaHA MOJIEKYJISIpHAS YIIAKOBKA MOHOCIOWHBIX ILJIe-
HOK JKHPHBIX KUCIIOT (JINTHOLIEPUHOBOM M CTEAPUHOBOM), TIEPEHECEHHBIX Ha

CIIOAY ¢ BOAHOI MoBepXHOCTH??)

. B cxeme OKCIICPUMCHTA HCIIOJIb30BaJIOCh
MMOCJIICAOBATCIIBHOC MHOI'OCTYIICHYATOC CXXAaTHC MOHOCIIOA HAa ITOBECPXHOCTU

paznena ¢as, 4To, MO-BUAUMOMY, U TMO3BOJIMIIO MEPEHECTH KaueCTBEHHBIN

23) Ge3 KaKMX-TMOO MPOTHBOMOHOB B CyO(haze
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a, HM b, HM

creapart (C18) 0,45-0,47  0,74-0,76
apaxuaar (C20) 0,46-0,48  0,73-0,76
Gerenat (C22) 0,47-0,49  0,73-0,78

nurHouepunat (C24)  0,46-0,49 0,79-0,80

Tabmuna 5.3. ITapaMeTpsl 371eMEHTAPHOM STYSHKH MOJICKYJISIPHOM YIIAKOBKU TOHKHUX

TJICHOK COJIEH KaJAMUS KUPHBIX KUCIOT (13 padoTsl [131]).

IMnenku popmupoBanuck ¢ cyodasel, comepsxameit katuonsl Cd 21 ; LITT-Tun pererku

MOHOCJION Ha MMOBEPXHOCTD MOQJIOKKH IO TPAJUIIMOHHON BEPTUKAIILHOU Me-
toauke JIb. ABTOPBI ONPEACIISIIOT MOJICKYJIIPHYIO YITAKOBKY TTOBEPXHOCTEH
MOHOCIIOEB KAaK I'€KCaroHaJbHYIO C ITapaMeTpoM sueiku a = 0,43 HM s
JIUTHOLIEPUHOBOM 1 a = 0,42 HM JIJIs1 CTeapruHOBOM KuCaoT. OJIHAKO 3TH 3HA-
yenns coorseTcTByOT 0,15 1 0,16 HM? TUTOIAAM, TPUXOIAIIEHCI HA MOJIe-
KyJIy B CJIO€, 4TO, ITO-BUANMOMY, MAJIOBEPOSITHO, IOCKOJIbKY MUHUMAJIbHOE
3HAYEHUE TAHHOT'O MapaMeTpa JJIsi KPUCTAJUIOB pacCMAaTPUBAEMBIX KU PHBIX
KHCIIOT cocrasiseT okoio 0,18 um2, cm. [122]. HabmogaeMoe pacxoxkaeHue
00BSICHSIETCS, TTO-BUIMMOMY, OIIMOKOM B KaTUOPOBKE MTbE30MAHUITYJISITOPA,
JOIMYIIEHHOM aBTOpaMu: MPU KaJIuOPOBKE UCIIOJIb30BaIoch 3HaUeHue 0,46 HM
JUTS TapaMeTpa SIYENKHU CITIO/IbI, B TO BPEMS KaK 3TOT MapaMeTpP COCTABIISIET
0,52 aM. Ecniu Bocnionb30BaThCsl JAHHBIM 3HAYEHUEM U MEPECUUTATh PE3YJib-
TaTbl U3MEPEHUN aBTOPOB, TO IS MAPAMETPOB AUYEHKU JIMTHOLEPUHOBOW U
CT€APUHOBOM KHUCJIOT MOXHO MOJy4yuTh ¢ = 0,49HM 1 a = 0,47 HM COOT-
BETCTBEHHO, YTO, B CBETE PE3yJIbTATOB PACCMOTPEHHBIX BHIIIE padoT, Mpe/I-
CTaBJIETCS BIIOJIHE pa3yMHBIMU 3HAYEHUSIMU (M COOTBETCTBYET MapaMeTpam

«Tra30KPUCTATINYECKOT0» COCTOSTHUS).

Cnenuduxa ACM-3kcniepuMeHTA N0 onpe/ie/IeHHI0 MOJIEKYJISIPHOI YIAaKOBKH

MOBEPXHOCTHU

Meton ACM 103BOJISIET HCCIEI0BATH MOJICKYJISIPHYIO YITAKOBKY HEKOTOPO-
ro BRIOPAHHOTO JIOKA/IbHO20 YIACTKA TIOBEPXHOCTH 3aJaHHOU TIOIMAIN. DTY
IUIONIAb YYaCcTKa B OKCIIEPUMEHTAX MBI BBIOMPATIA UCXOJIS U3 CIIEIYIONIUX

JIBYX TpeOOBAHMUIA.
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e [TocKOJIbKY OTHOCUTENIbHAS OIINOKA U3MEPEHUS JTaTePATIbHBIX PACCTO-
STHUM, 00yCIIOBJICHHAS HAJWYHMEM TeMIlepaTypHoro apeida, odpaTHO
MpONOpLUUOHATIbHA pa3Mepy Kajapa (CM. HIXKe), TO TpeOOBaHUE MUHU-
MaJIbHOCTH JAHHOM OIIMOKY MPUBOIUT K OIPAaHUUCHUIO pa3Mepa Kajpa

cHu3y (Kak mpaBmiIo, Ha ypoBHe 20 x 20 + 40 x 40 um?).

e MoutekynsipHas ynakoBKa MPEACTABISIET COOOH ABYMEPHYIO MEPHOIN-
YEeCKYI0 CTPYKTYpy, a ACM wuzobpaxenne — maccuB U3 N x N (MbI
BbIOUpanu 512 x 512) Touek. [Toatomy, B Clly CIEACTBUN TEOPEMBI
Kotenpankosa-1llenHoHa, TpeOoBaHME BO3MOKHOCTH OIIM(PPOBKH Kap-
TUHBI MOJIEKYJISIPHOHM yMaKOBKM 0e3 moTepu HeoOXxoauMoii nHpopma-
[IUU O TPOCTPAHCTBEHHOM CIIEKTPE OIPAHUUUBAET pa3Mep Kaipa CBEPXY

(kak mpasui10, Ha ypoBHe 70 X 70 < 90 x 90 Hm?)

[TosichuM BhIMMCaHHBIE TPEOOBAHMUS.

OcHOBHBIM (paKTOPOM, OTPaHUUIUBAIOIIMM TOUYHOCTH MeTojga ACM npu
HCCIIEIOBAHUSAX MOJIEKYJISIPHON YIIAKOBKU MOBEPXHOCTU TBEPABIX TEJ, SBIIS-
eTCsl memnepamypHulii Opeiigh 30HIa MHUKPOCKOIA OTHOCHUTEIIBHO OOpasIa.
Ecnu ckopocTh TemnepaTypHOro Apeida vy,eu B HAIPABICHUU OCH CKAHMU-
pOBaHUsI CpaBHUMA CO CKOPOCTHIO TIEpEMEIlIeHUsI JIEBEpa B 3TOM HarpabJie-
HUU, TO BO3HUKAIOT 3HAUUTEIbHbIE UCKAXEHUS IIPU U3MEPEHUHN PACCTOSIHUS
MEXy IBYMsI TOUKAMH IMOBEPXHOCTU. B 30H10BOI MUKpPOCKONMH pa3iinya-
10T HampaBJICHUS Obicnpo20 CKAHMPOBAHUS (HAIIPABIICHHE CKAHOB) M Meo-
JIeHH020 CKaHUPOBaHUs (NMEPIEHANKYJISIPHOE HAIpaBJIeHUE, B KOTOPOM Iie-
peMeniaercs JieBep MpU Mepexoje OT CKaHa K CKaHy). B HampaBieHun ocu
MeOneHH020 CKAaHUPOBAHUS JIEBEP MEPEMEIAETCS B CPEAHEM CO CKOPOCTBHIO
Vexan = Lf/N, a B HAIpaBICHUH OCU ObICPO20 CKAHUPOBAHUS — CO CKO-
POCTBIO Ve = 2Lf; 30ech L — pazmep ACM-u3zobpakeHus (CuuTaeM, 4To
L, = L,), f— 4acroTa CTpOYHOH pa3BEepTKU CKaHUPOBaHUs, N — uucC-
710 cTpok B ACM-u3o0paxxenuu. ITyctb TemnepaTypHblil Apeiid HanpasiieH
BIOJb OCH MEUIEHHOIO CKaHMPOBAHUSA M UMEET CKOPOCTb Uypeig, U IyCTh
HEOOXOIMMO U3MEPUTh OTPE30K JJIUHBI @, NMapasulesIbHBII OCH MEIJIEHHOTO
CKaHUPOBAHUS, TOr/a OMKNOKA U3MEPEHUsI, 00YCIOBICHHAS TEMIIEPATYPHBIM

nperdoM, MOXKET OBITH OTIpe/IeIeHa CIICTYIOIUM 00pa3oM:

a
e — Az Vopeip X 5.0 Vopeup N Vopeigp
- - - - )
a a /UCKaH Lf

(5.1)

186



AHAJIOTMYHO B CJyyae COHAIIPABICHHOCTH TeMmIepaTypHoOro apeida, ocu

OBICTPOTO CKAHUPOBAHUS U U3MEPSIEMOT0 OTPE3Ka MOJTYUYUM JIsl OIIIMOKHU:

o — Yopei _ Vopeigp, (5.2)

vCKaH 2Lf ,

T.. OTHOCHUTEJIbHAS OITMOKA U3MEPEeHUs] OOpaTHO MPOTOPIIMOHANIbHA BEJIHU-
YUHE KaJipa L 1 yactote CTpouHOi pa3BepTku f. T.0. 1 yMEHbIIIEHUS UCKa-
KAIOIIETO BIIMSHUS TEMIIEPATYPHOTO Aperida 3T mapameTpsl PU CKAHUPO-
BAaHUU CIIEIyET, 110 BO3MOKHOCTH, YBETUUMBATh. OTHAKO 3TH BEJIMUMHBI OT'pa-
HUYEHBI CBEPXY: TaK, BEIMYMHA CTPOYHOU pa3BepTku (ipu N = 512) AJ1s1 KOH-
KpeTHOTO Mpubopa, Ha KOTOPOM IpoBoauiIu n3MepeHus («Nanoscope-I11a»,
Digital Instruments), orpanndena BenmmunHor 60 ['1, 4TO CBSI3aHO CO CKO-
pocThIO OIU(MPOBKU JAHHBIX aHAJIOrOo-IIU(PPOBBIM IpeoOpazoBaTenem. Pas-
Mep KajJpa orpaHUuYeH TpeOOBaHMEM BO3ZMOXKHOCTH IUCKPETU3AIMU JBYMED-
HOU MEPUOIMUYECKON CTPYKTYPhI O€3 CYIIIECTBEHHOW MOTEPH MH(DOPMAIIMH O
MIPOCTPAHCTBEHHOM CIEKTPE HAKJIaJAbIBA€T OIPAHUUYEHUE HA 1IAT JUCKPETH-
3allMH, 4YTO, Ipu (puKcupoBaHHOM N, OrpaHUUMBAET pa3Mep kKajapa L.

Mpbl 00HApPYXWIM, YTO B CTAHAAPTHBIX YCIOBHUSX 3KcrepuMmeHTa (6e3
IIPUMEHEHUS] TEPMOCTATUPOBAHUS) UCKAXKAIOLIEE BIUSIHUE TEMIIEPATYPHOTO
npeiida MOKET MPOSIBIIATHCS U TP MAKCUMAJIbHO BO3MOXHBIX TapaMeTpax f
UL (frnaz = 6011, Lypge ~ 70 + 80 HM), UTO TIO3BOJISIET OIIEHUTH 11O (OPMY-
sie (5.1) BeMMYMHY CKOPOCTH TETLIOBOTO APEH(A: Vgpergp < 0,8 HM/C?Y).

Oka3sbIBaeTCsl, YTO TEMIEPATYPHBIN Apeid XapaKTepus3yeTcsl MOCTOSH-
HbIM HanpasiieHHeM. [10CKOIbKY OH OCOOEHHO UyBCTBUTEIIEH B TOM ClIyyae,
KOI'J1a KOMIIOHEHTA Vgpeig, HAITPABIIEHHAS! BJOJIb OCH MEMAJIEHHOI'O CKaHUPO-
BaHUs, MPUHUMAET 3HAUUTEIIbHYIO BEJIMYMHY, TO MbI IIPU CKAHUPOBAHUHM 3a-
nucbiBIM ACM-n300paxkeHus napaMu— MpU IBYX B3aUMHOIPOTHUBOIIO-
JIOKHBIX HAIlPABJICHUSX MEIJICHHOTO CKaHMpOBaHUA. B Takom ciyyae npu
YCpeIHEHUU U3MEPEHHBIX MapaMeTPOB AJIEMEHTAPHON SUEHKH Il TIEPBOTO
Y BTOPOTO U300PAKEHUSI UMEET MECTO B3aMMOKOMIIEHCAIIUSI, UTO IMO3BOJISIET
WCKIIIOUUTh BIIMSIHUE TEMIIEPATYPHOro Jpeiida B HAIIPpaBIEHUU OCU MEJICH-
HOr'O CKaHUpoBaHUs. |1l yMEHbIIEHUS BIMSHUS TeMIEpaTypHOIo Apeida
B HAIIPABJICHUH OCHU OBICTPOT'O CKAHMPOBAHUS MbI OINPEACIISIIA MTapaMeTpbl
MOJIEKYJISIPHON YITAKOBKH IyTEM yCPEAHEHUsI 3HAUUTEIIbHOIO YK CIIa U3MEpe-
Hul ACM-u300pakeHHil, MOTyUYEeHHbIX [TPU PA3HOW OPUEHTALINH JIepKATEN S

JeBepa u obpasiia.

)N =512, =0,1, f = 60T, L = 70 am
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YcpeaHeHrne mapaMeTpoB 3JIEMEHTAPHOM STYSHKY HA OCHOBAHMH HECKOJTh-
kux ACM-u300pakeHU MO3BOJIMIO CBECTH BHOCUMYIO Apeidom morper-
HOCTh B U3MEPEHHSIX K OIIMOKE CpeTHero apupMeTHUUECKOTO, U IOCTUTHYTh
TOYHOCTH B OIPEACIICHUHA HCKOMBIX ITapaMETPOB Ha YPOBHE HECKOJBKHUX ITPO-

OEHTOB, CM. HNXKEC.

JKcrnepuMeHTAIbHAS YacTh

25) O6pasipl MIEHOK OBUTM MPHIOTOBIECHHI BEPTUKAIBHBIM MeTogoM (Y-
IJIEHKH) ¥ METOJIOM TOPHU30HTAILHOTO OCAXAeHUS (Z-IJICHKH) ITPH KOMHAT-
HoU Temnepatype (¢ ~ 25°C) 1 TOBEpPXHOCTHOM JABJICHUH 7 B [uamna3oHe 20—
40 mH/M. Monocmol, copMHpOBaHHBIN Ha MOBEPXHOCTU CyO(da3bl, ocax-
namu metogoM 'O Ha peBapuTENTbHO MOTPYKEHHYIO 1101 BOJIHYIO TTOBEPX-
HOCTB IMOJIJIOKKY B Iporiecce MemieHHoro (okoiao 0,01 MM B MUHYTY) ITOHU-
KEHUS YPOBHS KUJAKOCTH (puc. 5.10). ITneHnku, monydeHHbIe BEPTHUKATILHBIM
meTtonoM JIb, opMupoBanu npu MpormycKkaHWU MOMAJIOKKH CKBO3b MOHOC-
JIOM BEPTUKAIBHO CO cKOpocThio 4 Mm/MuH. [lnenkoobOpasyroliee BEIecTBO
HaHOCHJIM Ha ITOBEPXHOCTH cyOda3bl u3 pacTBopa B xiopodopme (X. 4.). [Tpu
MPUTOTOBJIEHUM TUIEHOK MYEIMHOTO BOCKA HMCIOJIB30BAJIM IpenaparT, Ouu-

IICHHBIN pa3/ieIeHueM Ha (PPAKIINH.

KamuopoBka npuGopa. Bce 3KxcriepuMeHTHI 10 OTIPEIEIICHUIO MOJIEKYISIPHON
yIaKOBKHM MpoBOoAWIM Ha mpuoope «Nanoscope-IIla» (Digital Instruments,
CIIIA), obopynoBaHnHOM «D»-ckaHepoM (MakCHMaJbHBIH pa3Mep Kaapa
15MKM), B KOHTAaKTHOM PEXKHUME C HCIOJIb30BAHMEM KaHTHUJICBEpaA MKECT-
kocthio 0,32 H/M, cm. Tabmuiy A. 1. J1s kaauOpoBKH CKaHepa UCIIOIb30BaIIH
MMOBEPXHOCTH TECT-00BEKTOB: CITIO/IBI U TUPOTpaduTa, 111 KOTOPBIX U3MEPSI-
JM TlapaMeTpbl perieTku. [ToydyeHHbIe 3HAUCHHS YCPEIHSIIN 10 Pe3yJibTa-
Tam 06paboTku okoo 100 ACM-u3zo6paskenuii?®), cpaBHMBAIM C U3BECTHDI-
MU TTapaMeTpaMU TeKCarOHAIbHON YITAKOBKH MCIIOJIB3YEMBIX TECT-O0BEKTOB
(0,519 5M mys caroasr u 0,246 HM U1 rpaduTa), U onpeaeasiii Ko3puim-
eHT KanmuOopoBku. [loaydeHHble 3HaUeHUS AT KO3 dHUIMEeHTa KaTuOpOBKHU
COBITAJIH JUTS IBYX THUITOB UCIIOJIB3YEMBIX TECT-00BEKTOB C TOYHOCTHIO 10 2%.

I/ISMepCHHbIC SHAYCHUSA XaPpAKTCPU30BAJIUCh CpeHHCKBaHpaTHQHOﬁ OIIMOKOM

25) OGpas3Ik! IIEHOK GBITH IPUrOTOBIIeH ! K. X. H. I'. K. XKaBuepko, UPOX AH Benapycu,
Munck
26) 110JTyYEHHBIX B PEXKMME H3MEPEHHS CHIl TPEHUS
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Puc. 5.11. IIpumMepbl BU3yau3auu MOJIEKYIIPHON YIIaKOBKU TOHKUX IJICHOK Oere-

HOBOM KUCJIOTHI.

ACM-u300paeHue MOJYIeHO B PEKUME H3MEPEHHUS CUIT TPEHIS JIJIS: ) TTIOBEPXHOCTHU KPHC-
TaJUTUTOB, BKJIFOYCHHBIX B MOHOCIION OEreHOBOI KHCIIOTHI Ha CIIIOIE, CM. pHC. 5.3a; 6) mo-
BEPXHOCTHU KPUCTAITUTOB, BKIIIOUEHHBIX B MOHOCITON OEreHOBOM KHUCIOTHI Ha uporpadure,

cM. puc. 5.4

MeHble 2%. Takum oOpa3oM, Mbl OLIEHWBAEM, YTO TOUHOCTb JIOCTUTHYTOH

KaJuOpOBKHU HE Xyxe, ueM 2%.

5.3.1. Pe3yabTaThl HCC/IEJOBAHUI MOJIEKYISPHOI YIAKOBKHU

TOHKHX IIJICHOK

OcHoBHbIM npensarcTBueM npu ACM-ucciaeqoBaHUSIX MOJIEKYJISIPHON yma-
KOBKUM TOHKUX IUICHOK SIBJISIOCH JIOKAJIBHOE pa3pylIeHUE MOKPBITHS MO
BO3/ICHCTBUMEM 30H]1a MUKPOCKOIA P YMEHbIIEHUH pa3zMepa kajapa go 70—
80 HM (yMeHbIIeHHe pa3Mepa Kajapa IIPUBOIUT K yMEHBIIEHUIO cKopocTu?)
MepeMeIleHHs 30Ha U, CJIeI0BATENIbHO, YBEIIMUCHUIO XapaKTEePHOTO BPEMEHU
B3aMMO/JICUCTBUS 30H1a U 0Opa3siia, cM. pazaen2.1.2 co crp. 56).

TeM He MeHee, 17151 psiia TOHKOTICHOYHBIX MMOKPBITUH (YCTOMUUBBIX K BO3-
JEHCTBHUIO 30H/1a) OKAa3aJ10Ch BO3MOXHBIM JOCTUYB ¢ ImomoIibio ACM Morte-
KYJISSPHOT'O Pa3pellieHUs] U ONPEeIUTh MapaMeTphbl JJIEMEHTAPHON STUCHKH.
ITpumepsr ACM-BU3yau3allid MOJICKYJISIPHBIX YIIAKOBOK TOHKHX IUICHOK

npuBeaeHbl Ha puc. 5.11, puc. 5.13 u puc. 5.15.

27) ipu PUKCUPOBAHHOI YACTOTE CTPOUYHOM Pa3BEPTKH
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B tabnune 5.4 mpuBeIeHbI 3HAUEHUS CPEAHUX apU(PMETHICCKUX JIJIT U3ME-
PpSIEMBIX TAapaMEeTPOB, TOJYUCHHBIE ITyTEM YCPEAHEHUS Pe3yIbTaTOB 00paboT-
KM HECKOJIBKHX JecsITKoB ACM-u3o00paxeHui. B kauecTBe MOTPeIIHOCTH U3-
MEpEeHHUS IPUBE/ICHA BEJIMYMHA CHIAHOAPMHO20 OMKI0HeHUs CPETHEro apud-
MeTH4eckoro. Vcrnonp3oBaHue 3TOM BEIMYMHBI (2 HE CPeTHEKBAAPATUUHOMN
OIIMOKHU CpeaHEro apru(PMEeTHUECKOTO0) OOYCIIOBIEHO TEM, YTO HCCIIeyeMbIe
IJICHKH MOTYT XapaKTePU30BaThCS JIOMEHHOW CTPYKTYPOH C pa3iIuYHBIMU
rnapaMeTpaMu YIaKOBKH; JIMAINIa30H BapUAIlMd UX 3HAYCHHU OIpEAeIIsIeTCs

MMEHHO BEJIMUMHOM CTaHAAPTHOT'O OTKIIOHCHMUS.

BerenoBasi kuciiora. CrpykrypHas popmyna: Cy Hyi3COOH.

MoutekymsipHO€ pa3pellieHre y1aBaloch CTAOUIBHO MOJIy4aTh HA TOBEPX-
HOCTSIX KPUCTAJTUTOB (3 CI1051), CTIOHTAHHO C(hOPMUPOBAHHBIX B MOHOCIIOSIX
OEreHOBOM KHUCIIOTHI, TIEPEHOCHMOM Ha MOBEPXHOCTh MOMJIOXKKHU (CIoAa |
nuporpadur) ¢ cyodassl, cogepxkarneii CdTe-knacrepsl, cM. pasaen S.1.

Bbuto ycraHOBIEHO, UTO MOJIEKYJISIpHAS YIIAKOBKA BEPXHETO CIJIOSI KPHUC-
TAJTHYECKOM CTPYKTYPHI Ha CITIOJIE, MOXKET OBITh OMMCAaHA KaK MPSIMOYTOJIb-
Has ueHtpupoBaHHas (Nel tabmuibt 5.4). [1pu aTOM HampaBjeHUe BEKTOpaA @
COBITQ/IAET C HAIpPABJIEHUEM JIaMeJIel KPUCTAIUTUUECKUX CTPYKTyp. T.e. mis
HaIrpaBJIEHUs] BEKTOPA @ CIPaBEJIUBBI BCE PE3YJIbTAThI, M3JI0KECHHBIE BBIIIIE
OTHOCUTEIBFHO HAIIpaBJIEHUS Jlamelieil (00 yriax ¢ KpUCTAJUIMIeCKUMH OCS-
MU CITIOJIbI ¥ O B3AUMHOW OPHUEHTAIINH JIAMEJIeH, OTHOCSIIMXCS K PA3TMYHBIM
KPUCTAJUTMIECKUM CTPYKTYpaM, CM. TUCTOIpaMMBI puC. 5.5a u puc. 5.6a).

MoutekymsipHasi yHaKOBKa BEPXHETO CJI0s1 KPUCTAJTUUECKONU CTPYKTYPHI,
00pa30BaHHOI Ha IMOBEPXHOCTH NUporpaduta, Takke omnuchiBaercs LI1-
peleTKoM ¢ OJIM3KMMU 3HAUEHUSIMH NapaMeTpoB stueiiku (N2 tabnuiibl 5.4).
ITpu 3TOM HampaBIeHUE BEKTOPA @ TAKKE COBMAJIAET C HATIPABJICHUEM JIaMe-
71 (006 opueHTalMM JTaMelleld Ha muporpaduTe CM. TUCTOTPaAaMMBI pucC. 5.50 u
puc. 5.60).

B 06oux ciryuasix mapameTpsl pereTky OIM3KH mapamerpam aist R[0, +1]-
CJI0€B IJIOTHOYMAKOBAHHBIX MOJIEKYJ H-Tapa¢uHOB (cM. Tabmmity 5.1). Mbl
OOHAPYKWIIH, YTO T€ K€ TapaMETPhI XapaKTEPU3YIOT YIIAKOBKY MOJIEKYJI MO-
HOCJIOSI MTYEIIMHOTO BOCKA, MEPEHECEHHOTO Ha MOBEPXHOCTHh muporpadura
(Ne13 Tabnuiet 5.4). bauskue napamerpsl 3adukcupoBann merogoMm ACM
aBTOPBI padOTHI [124] a1 MOBEPXHOCTEH KPUCTAILIOB H-TapauHOB, a TaK-

ke aBTOpPBI paboThI[131] a1 TOHKMX TUIEHOK (Oojee 3-X clloeB) OereHara u

190



Ne, oI~ a, HM b, HM b/a S, HM? N
THUII | JIOXKKA

1 | cmoma | 0,48 40,03 |0,7740,06 | 1,594+0,16 | 0,18540,017 | 60
LT e =6% e =8% e =10% e=9%

2 rpagur| 0,50 0,02 | 0,78 + 0,06 1,56 £0,14 | 0,1944+0,016 | 70
LIIT e=4% e=8% e=9% e =8%

3 camroga | 0,47 +0,02 0,88 + 0,08 1,9 40,2 0,210+0,018 | 70
LT e =4% e=9% e =11% e=9%

4 cuona | 0,63 £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 | cmoma | 0,477+0,014 0,197+0,007 | 46
r e=3% e=4%

6 cmoga | 0,4764+0,018 0,196+0,008 | 30
r e =4% e=4%

7 caoaa | 0,47740,011 0,197+0,006 | 50
r* e=2% e =3%

8 cmoga | 0,5664+0,015 | 0,80 4+ 0,03 1,42 +£0,08 | 0,2274+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 40,09 | 0,42740,014 | 20
L{IT* e =2% e=5% e=3% e =3%

Ila | cmoma | 0,5484+0,009 | 1,31 4+ 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 +£0,014 | 0,36 = 0,02 | 45
LIIT e=2% e=6% e =6% e =5%

12 | cmioma | 0,50840,007 | 1,37+ 0,08 | 2,714+ 0,017 | 0,35 +0,02 | 40
LT e=1% e =5% e =6% e=5%

13 | rpagur| 0,50 £ 0,04 | 0,79+0,07 | 1,6 +0,2 0,19540,015 | 15
1T e=7% e=9% e =13% e =8%

Tab6muna 5.4. [TapaMeTpsl 37IeMEHTAPHOM STYEHKH MOJICKYJISIPHON YITAaKOBKU TOHKHUX

IJICHOK.

Tum: HIT— nentpupoBanHas npssMmoyroibsHasi, [ — rekcaronanpHas. PacumppoBka Home-
poB 06pa3noB npuBeaeHa B TabuLe 5.5. a, b— mapamerpsl siueiiky, b/a— UX OTHOIICHHUE,
S — miomaab, NPUXOASIIASACT Ha YIIEBOJOPOAHYIO 1ielb, /N — YMCIIO IpOaHAIM3UPOBaH-

HbIX ACM-u300paxeHuil, e — cTaHAapTHOE OTKJIOHEHHE. 3HAYKOM * OTMEUEHBI ClTyyau Ha-

OJTIOTICHUST CBEPXCTPYKTYP.
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Ne | maTepuan rieHKH JaBJICHUE | TIOJIJIOKKA cyodaza| chopmu-
m (MH/M) | u ctocob pOBaHHOE
HAHECCHUS MOKPBITHE
1 Berenosas kucinora | 30 ciarona, I'O CdTe JIaMeJIn
2 30 rpadur, JIb | CdTe JIAMEIIH
3 30 carona, JIb CdTe MOHOCIION
4 30 cmrona, I'O H->O MOHOCJION
5 N,N'-gquokragemmwi- | 30 cmroma, I'O H->O TPUCITION
MPOTIaHTUAMMU/T
6 N-rekcagenumimaner- | 30 ciarona, I'O H->O TPUCITOH
aMH/T
7 N,N'-nurekcagenmi- | 25-30 cimroga, 'O H->O TPUCITION
MPOTIaHTUAMHU/T
8 N-rexcanenmi-N'- 30 ciarona, I'O H->O MOHOCJION
(2-HadTmn)nponaH-
JIAAMU/T
9 N-rexcanenmi-N'- 32-34 cmona, 'O H->O MOHOCJION
(6-XUHOJIUH)IIPO-
MTaHIaMUJT
10 | 5-okxrameumn-2,4,6 30 ciarona, I'O H->O MOHOCJION
11a | (1H, 3H, 5H) mupu- | 30 cmroga, I'O H->O JIaMen
116 | MUOUHTPUOH 35 cimroma, I'O H->O JIaMen
12 35 ciarona, I'O H->O OCTPOBKH
13 | ITuenuHBIN BOCK 20 rpadut, 'O | HoO MOHOCIOH

Tabmuna 5.5. Onucanue 00pa3oB TOHKUX IUICHOK It TaOIuIbI 5.4

TopuzonTansubM MetooM (I'O) ocaxxnanu 1-Z moHocnon, BepTukaiIbHbIM MeTofoM (JIB)
dopmupoBanu 1-Y Oucioun. Psm mokpeITUi mpeTeprieBa)l CIIOHTAHHYIO TIEpeOpraHu3allnio
U HE COXPaHS CTPYKTYPY, ONpeAessseMyIo MpoLeAypOoid HAHECEHU: B MOCIeIHENH KOJIOHKE

TaOIUIIBI YKa3aHO JJTs1 KAKUX UMEHHO 00pa30BaHM OTYyYEHO MOJIEKYIIIPHOE pa3pelieHue
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JIUTHOIIEpUHATa KaaMmus (cM. Tabmauiy 5.3). DTo MO3BONISET MPEAIOI0KUTD,
YTO MOJIEKYJISIpHASI YIIAKOBKA MOBEPXHOCTH KPUCTAJUIUTOB, CHOPMUPOBAH-
HBIX B MOHOCTIOsIX OereHoBo# knucinoTel Ha CdTe-cyOdase, B Hesnauumenvroil
cmenenu TOABEPKEHA BIIUSHUIO MOJJI0KKHU (AEUCTBUTENBHO, TApaMETPhI pe-
IIETKU KPUCTAJUTUTOB OJTM3KH B 000MX CIIydasix: MUPOrpauTOBOM MOMITOKKHI
Y TIOJJIOKKH U3 CIIOJIbl), HO ONPENeNsieTCss MPUHIIUIIOM TUIOTHOM YIAaKOBKHU
YIJIEBOAOPOIHBIX LEIEH.

[To-BuammMoMy, B 60JIbIIEH CTETIEHU BIMSTHUE MTOJI0KKH MTPOSIBISIETCS TPU
(hOpMUPOBAHUM CTPYKTYPBI MOHOCTIOMHBIX TUIGHOK OE€re€HOBOM KUCIIOTHI, TIe-
PEHECEHHBIX Ha MOBEPXHOCTH CIIoAbI (Ne3 m Ned4 tabmuubl 5.4). B oTimuume
OT aBTOPOB paboThI[132], Takke MCCIIETOBABIINX MOHOCIION KUPHBIX KHUC-
JIOT, NIEPEHECEHHBIX HAa MOJIOKKY C BOJHOU cyOdasbl, Mbl OOHAPYKUIN HE
reKcaroHaJIbHYIO («ra3oKkpucTaundyeckas gasza»), a unnunyio LI1-pemerky
MOJIEKYJISIPHON YITAKOBKM MOHOCIJIOEB B 3THX CITyJasix.

3Hauenue napamerpa b = 0,77 + 0,04 HM MOJIEKYJISIPHOM YITAaKOBKU MO-
HOCJ10s 6ereHOBOM KUCIOTHI, chopmupoBaHHOTo MeTo1oM 'O (Ned), 61u3K0
3HaueHMIO b = 0,785 HM, OIIpeAeIIeMOMY IPUHIIUIIOM IUIOTHOM YIIAKOBKH YT~
JIEBOJIOPOIHBIX UaCTEH MOJIEKYJI JIJis ¢l1oeB ¢ R-moabsuekoit, cM. Tadauiry 5.1.
ITpu sToM 3HaueHue nmapamerpa a = 0,53 £ 0,03 HM MOKET OOBSICHATHCS BIIU-
STHUEM MOJIJIOKKH.

C npyroii cropoHsl, napameTrpsl pewetku (¢ = 0,47 + 0,02HM U b =
0,88 4+ 0,08 HM) MOHOCIIOSI, IIEPEHECEHHOT'O HAa CII0Jy BEPTUKAJIbHBIM Me-
toaom JIb (Ne3 Tabmuirel 5.4) 6au3ku mapaMeTpaM, OOHApYKEHHBIM aBTO-
pamu pabotsl [125] 11 BEpXHEro ciosi MyJbTUCIOMHBIX IJIEHOK TpaHC-6-
OKTaJIelIECHOBOM KUCIIOTHI, IepeHeceHHbIX Ha cTek10 ¢ TbCl3-cyOdassr, korma

BJIMAHUC ITOJJIOKKH BPsI JIM MOXET UMCTh MCCTO.

Ilaenku ampuduabHLIX KeToamuaoB. B Tabmuie 5.4 mpuBeaeHbI pe3ybTa-

ThI UCCIICOOBAaHUS IIJICHOK, C(i)OpMI/IpOBaHHI)IX Ha OCHOBCE:

N,N'-guokraaenuinpomanauamuaa (NeS)
C13H37NH_ﬁ_ CHz_ ﬁ_ NH— C18H37
(0] (0]

N-rekcaaernuianeramuaa (Ne6)
C1H33NH—C— CH,— C— CH;

Il Il

(0] (0]
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N,N'-qurekcagenunmponanguamuaa (Ne7)
C16H33NH_ﬁ_ CH2_ ﬁ_ NH— C16H33
(0] (0]

N-rexcagenuin-N'-(2-nadTun)nponanguamuaa (Neg)

CiHzz—NH— I(I:_ CHZ_I(I:_ NH—
(0] (0]

N-rekcanenui-N'-(6-xuHoiH)npornanguamuaa(Ne9)

Ci¢H3—NH— C— CH~C— NH~
Il Il O
0 0 N

M3o06paxkeHus: CTPYKTYPbI UCCIIEAYEMBIX IIJIEHOK MPUBEICHBI HA puc. 5.12.
Coenunenust Ne§ u Ne9 mo3BossitoT popMupoBaTh HA CBOEH OCHOBE Ka4ecT-
BEHHBIC MOHOCJION C HE3HAYNTEIHHBIM KOJIMUECTBOM J1e(DEeKTOB, CM. puC. 5.12r
u a. B To ke BpemMs U3 pUCYHKA BUJIHO, UTO JJisi oOpasnoB NeS—7, umeer
MECTO CTPYKTYpHAas MepecTporiKa MOJIEKYJI IUIECHKH ¢ (OPMUPOBAHUEM UMU
00pa30BaHUM, BBICOTA KOTOPBIX MPEBBIIIAET BHICOTY MOHOCIIOS 1 COCTABJISA-
eT BeInuuHy 5,5—6,0 HM (cM. puc. 5.12a—8). MOXHO MPEANOI0KUTh, YTO ITH
CTPYKTYPBI 00pa30BaHbI TPEMsI MOHOCTIOSIMU MOJIEKYJT (BBICOTHI TOHKUX TLIE-
HOK 110 pe3ysibTatam ACM-uccieqoBaHui 3aHIKEHBI B CUJTY KOHTAKTHBIX
nedopmanuii, cM. pasaen2.1). C ygeToM TOro o0CTOSTENhCTBA, YTO MOJIEKY-
761 00pa3noB NeS u Ne7 UMeroT 1o J1Be yriIeBOAOPOAHBIX LN PABHOW JJIMHBI
MOYHO TIPEIIOJIOKUTh OJTMHAKOBYIO OPUEHTAIIUIO ITUX IIETIEH OTHOCUTEIb-
HO TIOJISIPHOM T'PYIITBI MOJIEKYJIbI. B 1MOJIb3y 3TOr0 3aK/II0YeHHSI TOBOPUT TOT
(bakT, 4TO CTPYKTypa IIeHKH oOpa3ia Ne6 cxoHa ¢ obpasuamu Ne5 u Ne7, xo-
TS B IEPBOM CITydae MOJIEKYJIa UMEET JIMIIb OJINH JUTMHHBIA YTJIEBOIOPOIHBIN
(dbparmeHT.

br11o o6HapysxkeHo (puc. 5.13), uto 3a ogHuM uckmoueHreM (Ne8) ACM-
n300paXKeHusl INIEHOK UCCIIEIOBAHHBIX COSMHEHUIN XapaKTepU3yrTCs reKca-
FOHAJIbHOM yMaKOBKOM, ¢ MapaMeTpoM siueiiku 6J1m3kuM 3HaueHuro 0,48 HM,
KOTOpOe Xapakrepusyer ynakoBky cioeB H|0, 0] (tabmuma 5.1) yrimeBomo-
POJIHBIX IIeTIeH ¢ TeKcaroHalIbHOU MoaAbsIueiikoi. [1pu aTom ynakoska ACM-
n300pakeHuss oOpasma Ne7 XxapaKTepu3yeTcsl CBEPXCTPYKTYpOul: B dypbe-
CHEKTpe HAOII0JaeTcs MAaKCUMYM Ha IpPOCTpaHCTBeHHOM yactote 0,826 HM

(a x v/3) Bronp Hampasnenus [21], cm. puc. 5.138. B npsiMom mpocTpaHcTBe
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Puc. 5.12. CtpykTypa TOHKUX TUICHOK K€TOaMHU0B HA MUKPOHHBIX pa3Mepax, ACM-

HCCIICJOBAHUC!

a) N,N'-muokragenninponanarnamuaa, 0) N-rekcagemmnaneramuaa, B) N,N'-nurexcaaenms-
nponanauamuia, r) N-rekcamern-N'-(2-Had i) nponanauamMua, 1) N-rekcaaeiuin-N'-(6-

XI/IHOJ'II/IH)I'[pOHaHI[I/IaMI/IILa
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3.) 0 5.0 10,0  Hv  15.0 6) 0 5.0 0.0  mm  15.0

10.0

5.0

I[) 0 5.0 10.0 HM 15.0

Puc. 5.13. [Tpumepsl BU3yaIu3auy MOJEKYISPHON YIIAKOBKH TOHKUX TJIEHOK KETO-

aMHIO0B.

ACM-n300paxeHue MOIyIeHO B PeKUME U3MEPEHHSI CUIT TPEHHUSI ISl TOBEPXHOCTEH IJICHOK:
a) N,N'-muokTamenuinponananamMuia, 0) N-rekcanenunaneramusaa, B) N,N'-qurexcaaenmi-
nponanauaMuna, r) N-rekcaaeri-N'-(2-madTun)nponanauamMuna, 1) N-rekcaaenuin-N'-(6-

XUHOJIMH)IPOTaHANaMuIa
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3TO NPOSBIISAETCA B BUJIE yepenoBaHus spkocti?®) ACM-n306paxeHns psaoB
(depe3 OIMH PsiT), IEPIEHAUKYISIPHBIX HampaBieHuto [21].

MpbI nosiaraeM, 4To B 3TuX cinydasix ACM-u3o0paxkeHue JByMEpHOH 1e-
PUOIMYECKOU CTPYKTYPHI SBJISIETCS OTOOPAKEHUEM YITAKOBKU YIJIEBOJIOPO/I-
HBIX 1eniell. Mosiekysbl 00pa3ioB NeS u Ne7 UMeroT 110 J1Ba yIIIEBOAOPOIHBIX
(parmenTa paBHOU JUIMHBI. [109TOMY MOXHO TPEANOIOKUTH, YTO KaXKIOU
MOJIEKyJIe 3TUX coequHeHnH Ha ACM-u300pakeHUH CTPYKTYP UCCIIEAYEMBIX
IJIEHOK COOTBETCTBYIOT 0ge MyUYHOCTHU. T.0. MBI UM€eM JEJIO C reKcaroHajab-
HOM yIIaKOBKOM YTIJIEBOIOPOAHBIX LIETEH, TPUUEeM UMEHHO TOT (haKT, UTO ITU
LEMU MONapHO 0OBEIUHEHBI B MOJICKYJIbI, BO3MOXHO, U MPOSIBJISETCS B Ha-
Or01aeMOii CBepXCTPYKType (1t oopasia Ne7).

daKT yIakoBKH yIJIEBOJOPOIHBIX IIENEH B FTeKCATOHAIBHYIO PEIIETKY 15
MOJIEKYJI, UMEIOIIUX IO JABA YIJIEBOJOPOJAHBIX «XBOCTA» SIBJISIETCS HECKOJIb-
KO HEOXHJIaHHBIM. [[eHCTBUTENBHO, COTJIACHO MMEIOITUMCS MPEICTABICHH-
siM [123] rekcaroHaspHasi ymakoBKa yIriieBOIOPOIHbIX 1ierieit B cioit H[0, 0] He
XapaKTEePU3yeTCs] BBICOKOW IJIOTHOCTBIO: MOJIEKYJIBI B CJIOE OPUEHTUPOBAHBI
BEPTUKAJIBHO, HO B TO € BPEMsI MOJIEKYJIIpHAsl IUIOIIA b COCTABIISIET OKO-
1o 0,2uM2, Torga Kak 0oJjiee IUIOTHBIE YIIAKOBKU BEPTUKAIBHO OPUEHTUPO-
BAHHBIX MOJIEKYJ MOI'YT XapaKTePU30BaThCs 3HaYeHHeM Iuomanu 0,18 am?.
Cunraercst, 4To MoJekynsl B cinoe H[0, 0] coxpaHSIOT HEKOTOPYIO CBOOOIY
BpallleHUs] BOKPYT BEPTUKAIBHOM OCU, YTO MPUBOJAUT K AKCUATBHON CHUMMET-
puu 061aCTH, 3aHUMAEMOM MOJIEKYJION, M 0OYCIIaBINBAET BRICOKYIO CUMMET-
puto MoJeKyIspHoil ynakoku??). [TosToMy U1t 06BICHEHNS BBICOKOM CHM-
METPUHU YIMAaKOBKH B HAIllEM CJIy4yae CJIeIyeT JIOMyCTUTh, YTO JBA YIJIEBOJO-
POJIHBIX XBOCTA MOJIEKYJI UCCIIEyEMBIX CTPYKTYP COXPAHSIOT BO3MOXHOCTh
HE3aBUCHUMOTO BpalIeHUsI BOKPYT CBOEH OCH.

OTaenbHO CTOUT OTMETUTH, YTO MOJIEKYJISIpHAS YIIAKOBKA TJICHKU Ha OC-
HOBe coeuHeHus N9 xapakTepusyercss OTHOCUTEIbHON HEOAHOPOIHOCTHIO
M HAIpaBJIEHUs BEKTOPOB TPAHCIISILUM PA3IMYHBI B Mpeeiaax pa3IuyHbIX
YUaCTKOB IJIEHKH, IPUYEM Pa3Mepbl yUaCTKOB (PUKCUPOBAHHOM OpUEHTAIIUN
COCTABIISIFOT JIMIIIb COTHU KBaJApaTHBIX HAHOMETpOB. [Ipu 3TOM ueTko BU3ya-

JIM3UPOBATH I'PAHUIIbI JOMCHOB HE yaA4aBaJI0Ch, YTO, IIO-BUAUMOMY, O6YCJ'IOB-

28) xaK MOKA3aJIl KOHTPOJIBHEIE U3MEPEHNUS C PA3INYHEIMH 30HIAMH, 3TO HAOIIOCHNE He
MOXeT OBITh CBsi3aHO ¢ apredaktamMmu ACM, paccMOTpeHHBIMU B paznene 2.1.5

29) D10 COCTOSIHIE OPTrAHNYECKOTO BEMIECTBA HA3BIBAIOT [123] poTalMoOHHO-KpHUCTATLTHYEC-
KHM WJTN «Ta30KPUCTATNIECKIM> COCTOSTHUEM.
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JIEHO U3JIOKEHHBIMU B pazjeine 2.1.5 BbIBOJJaMU OTHOCUTEIBHO «IO0XKHOCTH»
MoJIeKyIsipHoro paspemieHus B ACM Npu TUIMMYHBIX ITapaMeTpax 3KCIepH-

MEHTA Ha BO3AYXE.
CocymecTBoBaHHe Ppa3/jMYHbIX THIOB YNAKOBOK B CTPYKTYpe IIEHKH S-

oktanenunsi-2,4,6(1H, 3H, SH)nupumuaunrpuona. Jjis 3Toro coeuHeHus,

CTPYKTypHas (popmysa KOTOPOro:

NH
CigHsy Nﬁ 0
7
(0]

auny 5.4: s monocnos (Nel0, tabauna 5.4), mis kpucramiutoB (Nel1) u mrst

, MBI OOHAPYKIWIN TPU PA3IUYHBIX THUIA YIIaKOBKH, CM. Tab-

OCTPOBKOBBIX 0Opa3oBanuii (N212).

CrpykTypa IUIeHKH BU3yaiu3upoBaHa MetogoM ACM Ha puc. 5.14, rne
M300pakeHbl 00JIACTH PA3IMYHON CTPYKTYPHOH OpraHusauuu chOopMHpPO-
BAHHBIX TOKPBITHI: MOHOCIION, OCTPOBKH U JJaMeJIu. AHAJIU3 BBICOT ITOKA3bI-
BAET, UTO OCTPOBKHU CPOPMUPOBAHBI, O-BUUMOMY, IBYMS CJIOSIMU TUICHKU
(BbICOTA 3TUX 00pa30BaHUN OKOJIO 4 HM, BBICOTA MOHOCIOS 1,5—2HM), B TO
BpeMs KaK KpUCTAJUINTHI (J1aMeIn) oOpa3oBaHsbl 3, 6 Wik 9 criosiMu (BBICOTHI
oKoJI10 5,3-5,7 HM, a TaK)Ke yIBOCHHBIC U YTPOCHHBIC 3HAUCHHS. )

MoutekynspHas yIakoBKa OCTPOBKOBBIX U KPUCTAJUIMUYECKUX 0Opa3oBa-
HUM XapaKTepU30BaAIaACh LUEHTPUPOBAHHOMN MPSIMOYTOJIBHOM SYEUKOU C OT-
JUYAIOIIMMUCS TapaMeTpaMu a ¥ b, HO OJU3KUMU 3HAYECHUSIMU TUIOIIA[IH,
MIPUXOSIICIHCS Ha MOJICKYITY, CM. TaOmiIty 5.4.

B 1o xe Bpemss ACM-u3o0pakeHue MOJIEKYJISIPHONW YIMAaKOBKU MOHOC-
JI0s1 XapaKTepU30BaJIOCh, BO-IIEPBBIX, CBEPXCTPYKTYpoH (puc.S.15a), a Bo-
BTOPBIX, OOJIbIIIEH IUTOIIA b0 Ha MOJIeKyITy. [Tocieqnee MOXeT OO BICHITHCS
BIIUSTHUEM TOJIOXKKHU. JleCTBUTEIbHO, MBI OOHAPYKIIH, YTO HAIIpABIICHUE
BEKTOpa b 1151 MOHOCIIOHHOTO MOKPBITUS B 3TOM CIIy4ae COBIAIAET C OJIHOM
U3 KpUcTaLTOrpadudecknx ocei ciroabl. [1epnoaAnuyHOCTh YITaKOBKHU TUICH-
KU BJI0JIb 3TOI'0 HAIpaBJIEHUs XapaKTepu3oBajach 3HaueHueM 1,56 HM, B TO
BpeMs KaK 3Ha4Y€HHE 3TOT0 IMapamerpa sl ook 0,519 HM, 4To B Tpu
pa3a menblie. Takum o6pa3omM UMeeT MeCTO (POPMUPOBAHUE MOHOCIIOEM pe-
LIETKHU, OAUH U3 apaMETPOB KOTOPOH COU3MEPUM C NapaMETPOM PELIETKU
MOJUTOKKHU (BTOPOW TMapaMeTp IUICHKU MMEET TO K€ 3HA4YeHHe, YTO W s

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 TOHKUX IUIeHOK S-okTtamenwi-2,4,6(1H, 3H, SH)mupumuana-

TPUOHA Ha MUKPOHHBIX pa3mepax; ACM-uccienoBanue.

Busyanu3upoBaHbl YYaCTKU Pa3IMIHON CTPYKTYPHI IUICHKH: MOHOCIIOM, OCTPOBKU U KpHC-
TaJUThI (JTamenn). OOGpasIisl MOTyUYeHB! TPU PA3TMYHOM MTOBEPXHOCTHOM JIABIIEHUH BBIJC-

nenusi: a) m = 35 MH/M, 6) m = 30mMH/Mm

O0mue 3aKOHOMEPHOCTH BU3YAIM3ALMH MOJIEKY ISIPHOM CTPYKTYPbI TOHKHX

OpraHuYecKux mieHok merogom ACM

VYcnemHast BU3yalu3alys MOJIEKYISIPHOM CTPYKTYPBI IUIGHKH BO3MOXHA
JUIIb TPU YCIOBUU JTOCTATOYHO MPOYHOHN CBSI3M MOJIEKYJ IUICHKH APYT C
JIPYTOM U C TIOJIOKKOH (UTO TTO3BOJISIET MTPOBOIUTH HEpa3pyIIaOIIe uccie-
JTOBaHUs). DTa CBSI3b MOKET BOZHUKHYTh B PE3yJIbTATE CIICYIONIUX IPUUUH.
Bo-nepBrIx, 3a cueT rugpoPpoOHOTO B3aMMOIEHCTBUS ATKMIIBHBIX YYACTKOB
MOJIEKYJT U THAPOGOOHON MOMTOKKHU. ITO TO3BOIMIO HAM HAOIOAATh MO-
JIEKYJSIPHYIO YIAKOBKY IUIEHOK mYenuHoro Bocka (Nel3 tabmumsr 5.4). Bo-
BTOPBIX, 34 CUET MPOIIECCOB CIOHTAHHOMN KPUCTAIITU3ALIMH UITU CAMOOPraHH-
321U MOJIEKYJI IJICHKH, MMPUBOIAIINX K (POPMUPOBAHMIO TIIOTHOYMAKOBAH-
HBIX CTPYKTYD, XapaKTEPU3YIOIINXCS BEICOKOH CBSI3aHHOCTHIO MOJIEKYT (Nel,
Ne2, Ne5—7, Nell u Nel2 raGmuisr 5.4).

B orcytcrBue 3THX (PAaKTOPOB TOCTHKEHUE MOJIEKYJISIPHOTO pa3perieHust
MeTogoM ACM ocraercs CI0KHOM 3aJjaueii: CTPYKTypa IUIEHKH pa3pyluaeTcs
T0J1 BO3/JEHCTBUEM 30H/1a MUKPOCKOIA IIPY YMEHBIIEHUHU pa3Mepa kaapa’?)

HECMOTPSI HA MUHUMMU3AIMIO CHJIOBOTO B3aUMOJCHCTBUS 30HIa U oOpasla.

30) 11pu yMeHbIIeHNH pa3Mepa Kaapa yMEeHbIIAETCs CKOPOCTh CKAHUPOBAHUS U yBETNINBA-
eTcs XapaKTepHOe B3aUMO/IEIICTBHE 30Ha € IOKAJIbHBIM y4acTKOM 00pasia
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B) 0 5.0 10.0 HM 15.0

Puc. 5.15. [Ipumepbl BU3yanu3auu MOJIEKYJISIPHOM yITAKOBKH IUIEHOK S-OKTa eI

2,4,6(1H, 3H, SH)nmupuMuguHTpHUOHaA;

ACM-u300pakeHue MOoIy4eHO B PeXKUME U3MEPEHHS CUIJI TPEHUS 17151 IOBEPXHOCTEH pa3iny-
HBIX YYaCTKOB IUIEHKH: a) MOHOCIOMHOTO MOKphITH (N210), 6) kpuctammmuyeckux (Nel1) u B)

OoCTpOBKOBBIX (Nt12) oOpazoBanmii
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Bo3moskHO, pemuts 3Ty mpobiieMy yaacTcs Py MPOBEACHUH UCCIIEIOBAHUN
B XKUKHUX Cpeliax.

Tem He MeHee, B TeX CiIydasx, KOT/a IUICHKA XapaKTepru30BaIach JOCTa-
TOYHOHN MPOYHOCTHIO, YTO TO3BOJISIIO MPOBOIUTH HEpa3pyIIAIOIINE UCCIIe-
JIOBAHUS MAJIOTO JIOKAJIBHOTO Y4acTKa IMOBEPXHOCTH HA BO3/IyXe, OKA3aJIOCh
BO3MOYHBIM OIPEAEIUTH MOJIEKYJISIPHYIO CTPYKTYPY Psilia MOHOCAOUHbIX TOH-
KOIUIEHOYHBIX MOKPBITUM (N3, Ned, Ne§—10).

Bruto oOGHapykeHO, YTO 1T MHOTHX IUICHOK MapamMeTphl sTYeHKH TMO/-
YUHSIOTCS MPUHIUIY TUIOTHOW YITAKOBKH YTJIIEBOJAOPOIHBIX LIEMEH MOJIEKYJT
(cp. ¢ tabmuueii 5.1). Tak, obOpas3msr Nel, Ne2, Nel3 xapaxtepusyrorcs LIIT-
peleTKol ¢ mapaMeTpamu, 6Jin3kuMu napamerpam ciost R[0, +-1] mrotHoy-
MaKOBAHHBIX MOJIEKYJT H-apaduHoB (Tabmuia 5.1). B cBoto ouepenp moe-
KYJISIpHBIE TUIEHKU 00pa3ioB NeS—7 u Ne9 xapakTepu3yroTcs reKcaroHaIbHOM
YIAKOBKOI U mapamerp sideiiku 6Jin30k 3HaueHuto uist ciost H[0, 0] (Tabiu-
11a 5.1) «ra30KpUCTAINIMIECKOM» (ha3bl H-Tapa(uHOB.

C npyroii CTOpOHBI MOJIEKYJISIpHAs! CTPYKTYpa TieHOK Ne10—12 He MoxeT
OBITH OOYCIIOBJICHA NMPUHIHUIIOM IUIOTHOW YHMAKOBKH YTJIEBOJAOPOIHBIX IIe-
neii. ITnomans, npuxoadmascs Ha MOJIEKyIy, B 3ToM ciydae (0,35-0,36 um?)
3HAYUTEIHLHO MPEBBIIIAET IJIOMIA/b TOTIEPEYHOTO CEUEHUs YTIIEBOIOPOTHON
tenu (oxoiuo 0,18 um?). TTo-BuaUMOMY, B 3TOM Cilydae MapaMeTphbl pelleT-
KU ONIPEAEIISIIOTCS 3HAYEHUEM TUIOIIAIA, 3aHUMAEMOM MOJIIPHOM IPyNITON Ha
MTOBEPXHOCTH CyOdassbl.

Hapsiny ¢ aTum oTimume, HaGmogaeMoe i psijia IIeHOK, MapaMeTpoB
YIIAKOBKHU OT 3HAYCHU, PEaTU3YIONINX IUIOTHYIO YITAKOBKY YIJIEBOAOPOIHBIX
TPYII, MOXET OBITh OOYCIOBJICHO U BIMSIHUEM ITOUIOKKH. B yacTHOCTH, MBI
OoOHApYXWIH (GOPMUPOBAHUE MOJIEKYJIAMU MOHOCIIOS PEIIETKH C MapaMer-
paMu, COU3MEPUMBIMH C ITapaMeTpaMu Mo I0KKHU (Ne10).

T.o. MBI TIOKa3a/IK, YTO MAapaMeTPbl MOJIEKYISIPHON YHMAKOBKH TOHKHX
IJICHOK OTPEIEISIOTCS HECKOJIbKUMU KOHKYPUPYIOIUMHU (paKTOpaMU: IPUH-
[UIIOM IUIOTHOM YMAKOBKHU YIJICBOAOPOIHBIX IIeTIel, 3HAYCHUEM ILIOIIAIN

MOJISIPHOM TPYMIIBI U BIMSIHUEM OIJIOKKH.
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3aKk/JII0YeHHue

Llenpro MPOBEACHHBIX MCCIENOBAHUN CIyXWia pa3padoOTKa 30HIOBO-
MHUKPOCKOITMYECKUX METOJ0B UCCIIEOBAHUS HYKIEMHOBBIX KUCITOT. [TomyT-
HO, TIPY PEUICHUH 3a/1a4 KOHTPOJIUPYEMOI MOTU(PHUKAIIMKM CBOMCTB TOII0XK-
KM JIJI1 IMMOOUJIN3AIIMN HYKJIIGMHOBBIX KUCIIOT, OBUIM 3aTPOHYTHI BOIIPOCHI,
CBSI3aHHBIC C TOHKMMHU OPraHWYECKUMHU ITUICHKAMU: BBISICHCHHE OCHOBHBIX
MEXaHU3MOB, OIPEACIISIIONIUX CTPYKTYPY MOKPBITHS.

HccnenoBanusi opraHnYecKuX IUICHOK, CPOPMHUPOBAHHBIX IO TEXHOJIO-
run JIB, moka3zanu, 4To OHM SIBJISIOTCS BECbMa INEPCIEKTUBHBIM OOBEKTOM
st C3M-aHanu3a, MOCKOIBKY METOJIBl 30H0BOM MUKPOCKOITUHA MOTYT T10-
3BOJIUTH IMOJIYUYUTH 3/1eCh MPUHIMITHNAIBHO HOBYIO MHpopMalmto. [Toatomy
MBI ITPOBEJIH PsiJT UCCIIEAOBAHUI TOHKOIJICHOUHBIX TTOKPBITHH (TJ1aBa 5) B KO-
TOPBIX 3TH CTPYKTYPHI SIBJISUTUCH 0CHO8HHIM OOBEKTOM HCCIIeoBaHus (0e30T-
HOCHUTEIFHO K HYKJIEMHOBBIM KHCIIOTaM). B skciepuMeHTax Mbl aHAJITU3HPO-
BaJTM BIIUSTHUE TTPOILICTYPHI BBIACIICHUS TUICHKH, COCTaBa cyOdassl U IMPUPOIbI
MOJ/JTOXKU KaK Ha MUKPOCTPYKTYPY TUICHKH (IepeKTHOCTh U OHOPOTHOCTh
Ha MUKPOHHBIX pa3Mepax MOBEPXHOCTH), TAK U HA MOJICKYJIIPHYIO YIIAKOBKY
MOJIEKYJT B CPOPMUPOBAHHBIX MTOKPBITHSIX.

B03M0OXHOCTB JOCTHXEHHS MOJIEKYJISIPHOT'O Pa3peIeHus IIPH UCCITeI0Ba-
HUU IUTOCKUX MTOBEPXHOCTEH (TOHKUX TUICHOK, KPUCTALTNYECKUX TTOJIIOKEK),
U HEBO3MOXXHOCTH JOCTHIKEHUSI CTOJIb K€ BBICOKOTO JIaT€PajIbHOIO IPOCT-
PAaHCTBEHHOTI'O pa3peIleHUs] B UCCIICIOBAHUSX HYKIIEMHOBBIX KHUCIOT W BH-
PYCHBIX YacTHIl, TpeOoBau 00bsiCHEHUs. BoImpoc 0 MeXxaHU3Me JOCTUKCHUS
«aToMHOTO» paszpemieHus B ACM BO3HHK M B CBETE Pe3yJIbTATOB IIPUMEHE-
HUS TECOPUM KOHTAKTHBIX JIehopMallnii JJIsi ONMCAaHUsI KOHTAKTa 30Ha U 00-
pasua (pazgen 2.1 — yuet apdekra 3anmxkeHust Bbicor ACM-uzobpaxxeHuit
00bekTOB). JleCTBUTENBHO, COMIACHO COOTHOIIeHHsIM ['epiia 3Toit Teopun,
pa3Mep 00J1acTH KOHTAKTa 30HAa U oOpa3iia mpy TUITUYHBIX YCIoBHsIX ACM-

HCCIIEIOBAHUM Ha BO3/IyX€ COCTABJISIET €IUHUIIBI KBaJPAaTHBIX HAHOMETPOB
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Y 3HAYUTEIBHO IPEBBIIIACT, HAPUMEP, TUITMYHYIO TUIONIAb HA MOJIEKYJTY
B JIB mrenkax ~ 0,2um2. B pasgene2.1.5 mexanusm ACM-Busyaiu3ainuu
ATOMHOM CTPYKTYPbI IOBEPXHOCTU ObLII OOOCHOBAH C MO3ULUNA KOHTAKTHOU
TEOPUHU, YTO MO3BOJIUIIO OOBSICHUTD P IKCIEPUMEHTAIIBHO HAOIIOAAEMBbIX
3aKOHOMEPHOCTEM.

C ucnonp3oBaHueM cooTHomeHui I'epia yaanoces pazpadboTaTb METOIU-
KY OIIpeJIeIeHHs] YIIPYTUX MapaMeTPOB OTAEIbHbIX MUKPOOOBEKTOB, aJCOP-
OMPOBAHHBIX HA MOBEPXHOCTh TBEPJAOW MOMJIOKKH. DTa METOAMKA Halula
OTpa’keHHe B IKCIEPUMEHTAILHOM uacTu 3anaun’’) «CKaHUPYIOMAs 30H/I0-
Basi MUKPOCKOTIUSI HYKJIEMHOBBIX KUCIIOT» CIIEIUATIBHOTO (PU3NUECKOTO MpaK-
TUKyMa T10 30HJIOBOM MUKPOCKONUHU Kadeapbl (U3MKU MOJIUMEPOB U KPHUC-
TaiuioB pusnyeckoro gakyiaprera MI'Y. M3mepenus no pesyiapratam ACM-
9KCIIEPUMEHTA, TPOBOJAUMBbIE CTYJAEHTAMM, MOATBEPAWIMN, B YACTHOCTH, UYTO
nedopMaiiu MUKPOOOBEKTOB C XapaKTepHbIMU pazmepaMu ~ 10 HM (1 60-

JIe€) XOPOIIIO OMUCHIBAIOTCS TEOPUEH KOHTAKTHBIX JeopMaIiuii.

IlepcnekTHBBI IPpHMEHEHUs PA3pa0OTAHHBIX MOAX0/10B

ANTOPUTM MOCTPOSHUS YUCIICHHOTO PeIIeHH IS yueTa dpdeKrTa yIpeHus,
pa3paboTaHHbBIN B pasferne 2.2, mpeaCTaBIIIeTCsl BeCbMa IMPOCTHIM B peajin3a-
IIUU, a TIPOBEICHNE PACUYETOB (PAaKTUUYECKH He TpeOyeT Kakux-I1udo 3aTpar
KOMITBIOTEPHOT'O BPEMEHHU. DTO IMO3BOJISIET HAJEATHCS, YTO MPEI0KEHHAS
METOJMKAa HAWAET MPUMEHEHUE CPEeIU CIEHUATNCTOB, 3aHUMAIOIIUXCS 30H-
JIOBOM MUKpOCKoIuend 6MocTpykTyp. Cpean OTINYUTEIbHBIX OCOOCHHOCTEN
peaTM30BaHHOTO MTOAXO0Aa CTOUT YIIOMSIHYTh €TI0 OOIITHOCTD (<QJUTATICONIATH-
HBII» 00BeKT??)), a TaKIKe HAJTHUHE «PelepHBIX» cooTHomeHuit (2.38) 1 (2.39),
MO3BOJISIONIMX OIIEHUTh «OCTPOTY» CAMOTO 30H]1a HETTIOCPEACTBEHHO IO aHa-
mzupyeMoMmy ACM-u300pakeHUro.

Jlormueckum 000OIIIEHUEM pE3yJIbTATOB YETBEPTOW M MATOW TJIaB CTa-
JIY TIPOBOIMIMbBIE HAMHU B ITOCTIEHEE BPEMS UCCIIEIOBAHUS BIUSHUS MOJIEKYT
JHK 1 CHHTeTHYECKHUX ITOJIMAJIEKTPOJIMTOB, IPUCYTCTBYIONINX B cyOdase, Ha
CBOMCTBA JICHTMIOPOBCKHUX TVIEHOK MOBEPXHOCTHO-aKTUBHBIX BEIECTB, Ha-

XOJIAIIMXCS Ha TTIOBEPXHOCTH JKHUIKOHM cyOdassl (1 mepeHocuMbix 11t ACM-

31) 3a1aya MOCTaBIeHa aBTOPOM COBMECTHO ¢ 1. ¢.-M. H. V. B. SIMuncKUM
32) B oTIIMUME OT TPAAUIMOHHO HCTIOJIB3yEMOit MOJIENH chepHueckoro 06beKTa
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3) HOCST

VICCIIEN0OBAHMI Ha TBEPAYIO MOUIOKKY). I10IydeHHbIE pe3yIbTaThl®
IpeBapUTENIbHBINA XapakTep (M HE BOLUIM B IUCCEPTAIINIO), OJTHAKO O3BO-
JISIOT CHIEJIATh BBIBOJ O BBICOKOM UYyBCTBUTEIIBHOCTH CTPYKTYPbI U CBOWCTB
c(OPMUPOBAHHBIX MOHOCIIOEB K IPUPOAE OOBEKTOB, HAXOMISIIMUXCSA B CyO-
(daze. Pazauune Bo BiIusHUH, oka3biBaeMoM Mounekynamu JIHK u cunreTn-
YECKUMHU MOJIMAJIEKTPOIUTAMU (ITOJIUMETAKPUIIOBON KUCIOTBI) HA CTPYKTYPY
MOHOCJIOEB MO3BOJISIET KOHCTATUPOBAThH Pa3IMuhe MEXaHU3MOB UX B3aUMO-
nevicreus ¢ [TAB.

Pe3ynbTaThl MpOBOAMMBIX HAMHU HMCCIEAOBAHUN TOHKHUX IUIEHOK CBUJE-
TEJICTBYIOT O O0JIbIIIOM TTOTeHIHale MmeToaa ACM B 310l obiractu (3TO Yac-
TUYHO OTPa)XX€HO B auccepTranuu). JedcTBUTENbHO, TO3BOJISASI HEITOCPEICT-
BEHHO «BUJIETH» CTPYKTYPY IOBEPXHOCTU U U3MEPATH €€ XapaKTEepHbIE Ia-
pametpsbl, MeToq ACM CIIyXHUT yIa4HbIM JIOTIOJTHEHUEM APYTUX (PU3NIECKUX
METOJOB UCCIIEJOBAHUS TOHKUX INIEHOK. DTO NIO3BOJISIET a€KBATHO UHTEPII-
peTUpOBaTh pe3yJIbTaThl KOMIUIEKCHBIX HccinenoBaHuil. [Ipeacrasisercs, uto
Habop AOCTATOYHOI'O KOJIMYECTBA (PAKTUUECKUX 3KCHEPUMEHTAJIBHBIX JaH-
HBIX TTO3BOJIUT, IPU UX aHAIM3e U 0000IIeHNH, CAeTIaTh (yHIaMEHTAIbHbBIE
BBIBOJIBI OTHOCUTEJIBHO OCHOBHBIX MEXaHU3MOB, ONPENECISIOIMINX CTPYKTY-
Py TOHKOIUIEHOUYHBIX NOKPBITUI. ECTh Bce OCHOBAaHUS 10JIaraTh, YTO METO/
30HI0BOM MUKPOCKOIIMM Hai/leT B Oyvbkaiiee rofgpl UPOKOe MPUMEHEHUE
B 3TOM 00JIaCTH UCCIIEIOBAHUM U pe3yIbTaThl, U3JI0KEHHBIE B paboTe, OyAyT
MOJIE3HBI TPU 0000IIAOIIEM aHATIU3E.

OmnpeneneHue aIeKBaTHOM METOIMKY UMMOOMIN3ALUN OTHOLIETIOYEYHOMN
BupycHoit PHK (rnaBa 3) Ha moBepXHOCTY OAJIOKKH ITO3BOJISIET HAM B HACTO-
s11ee BpeMsl IPOBOJIUTh UCCIEAOBAHUS OUOCIIENN(PUUECKOTO B3aUMOJIEHCT-
BUSI OEJIKOB C HYKJIEMHOBBIMU KucIoTaMu. Pa3paboTaHHble MOAX0bI MOTYT
OBITH IOJIE3HBI B AKTYAJIbHBIX MUKPOOMOIIOTUYECKUX HCCIIEOBAHUSX, MIPO-
BOJIUMBIX B YCIOBHUSIX, MAKCUMAJIBHO OJIN3KMX HATUBHBIM.

B 3axmtoueHun chopMysIMpyeM OCHOBHBIE BBIBO/BI IO Pe3yJIbTaTaM, U3-

JIO’)KEHHBIM B JUCCEPTAIIMOHHON paboTe. DTH IMOJIOKEHUS BRIHOCATCS Ha 3a-

LIUTY.

33) omoxkensr Ha XVI MeneneeBckoM che3e 10 OOIIel ¥ MPUKIAJHON XUMMH:
O. A.ITemmkuna, E. A. Bapsumaukosa, M. O.Tamnsamos, B.T. Ceprees, U. B. AmuHCKwHiA.
CaoiictBa 1 Mopdonorus komiuiekcoB [JHK umu momumMeTakpuiioBoi KUCIOTHI ¢ KATUOH-
HbiM [TAB B Monocnosix // Pedepatsr goxnanos u coobmenuit Ne2, — C.-Ilerep6ypr, 1998,
—c.451.
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BriBoabI

1. Pa3paboTaHbl MOJEIH U ITOCTPOEHBI AJITOPUTMBI yUeTa IBYX OCHOBHBIX
apmecghaxmos ACM: 3pHEKTOB yuuperus U 3aHUICEHUsL 8bICONbL TIPO-
(b1t OTUHOYHBIX 0OBEKTOB, aICOPOUPOBAHHBIX HA IOBEPXHOCTH TBEP-
o momioxkku. IlpemioxkeHa MeToIMKa ONpeesIeHUs yIpyrux napa-
METPOB OTIEIBHOTO MUKPOOOBbekTa. C MO3UIMK TEOPUU KOHTAKTHBIX
nedopMaruii mpoaHaIM3upoBaH MexaHu3M ACM-BHU3yaIu3alii aTOM-

HOU CTPYKTYpPbI IOBEPXHOCTH.

2. AnpoOupoBaHa METOAMKA UMMOOWIM3AIMU HA TOBEPXHOCTH MOJIOXK-
KU CBOOOJHBIX MOJIEKYJI oqHOHUTeBOM BupycHoit PHK B pacnpasien-
HOM cocTossHuU. MeTojiom ACM BH3yalM3upoOBaHbI CTAIMH IIpoIiecca
BrIcBOOOXKIeHUs PHK u3 GenkoBoil o6osiouku yactuly BUupyca tabay-
HOM MO3aWKM U MOATBEP)KIECHA ACUMMETPUSI MPOTEKAHUSI I3TOTO IPO-

oecca OTHOCHUTCIIbHO ABYX KOHIIOB MOJICKYJIBI.

3. Meronom ACM wuccrenoBana AMHAMUKA TMpOIEcca KOMIAKTHU3AIMH
mousiekyibl [JJHK T4 B BOJHO-CIUPTOBBIX Cpelax, BU3yaJTU3UPOBAHBI
MOJIEKYJIbI, HAXOISIINECS HA PA3IMUYHON CTanK KoMmnakTuzanuu. O6-
HapyKeHO, YTO YACTUYHO KOMIAKTU30BAHHBIE CTPYKTYPhI BKIIOUAIOT
TOPOUJIAIbHBIE YYACTKU, OOpa30BaHHbIE OT/IEIbHBIMU BUTKAMU MOJIE-
kynbl. [To pesynpratam m3mepenuiit ACM BoccTaHOBJIEHA peajbHas
reOMETPHSI KOMIIAKTHBIX CTPYKTYP U PACCUUTAH UX MOJICKYJISIPHBINA CO-

CTaB.

4. Tlo pesymbraTam ACM-uccinenoBanuii cTpykTypsl JIb mieHok moxa-
3aHa MEPCHEKTUBHOCTh METO/Ia TOPU30HTAJIBHOIO OCAXAEHUSI MOHOC-
JI0EB Ha MOI0KKY. [J1s1 psiia TOHKOTIEHOYHBIX MOKPBITUH MOJIy4eHO
MOJIEKYJISIPHOE pa3pellieHnue U OINpeesieHbl TapaMeTPhl PEIIeTKH C T0-
IPEIIHOCTHIO B €AUHUILIBI TTPOLIEHTOB. [Toka3zaHo, 4TO CTpyKTYypa IJICH-
KU OIPEeIEIIeTCs HECKOJIbKUMU (PaKTOpaMU: MPUHIIUIIOM TJIOTHOM yIia-
KOBKHU YIJIEBOJIOPOJIHBIX LIETel, 3HAUYEHUEM ITOIIAAU TTOJISIPHON TpyII-

bl HA TIOBEPXHOCTH cyO(ha3bl ¥ BIUSHUEM MOIOXKKHU.
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baarogapuoctb

[Tpunomy riry6oKyto 61arogapHOCTb CBOUM HAaYYHBIM PYKOBOAMUTEIISIM —
Bacunmuro BacunpeBuuy Iloremkuny n Uropro Bramumuposuuy SAMuHCKO-
My — 3a MOCTOSIHHO€ BHUMaHHe, MOJIEPKKY U MOMOoIlb B padorte. Takxke
BBIpakaro MpU3HaTEIbHOCTDL AJlekcero PemoBuuy Xoxmosy u Uropro Braau-
MUPOBUYY SIMHUHCKOMY 3a IIPEIOCTABIECHHYIO BO3MOXHOCTb UCIIOJIb30BAHUS
9KCIIEPUMEHTAILHOI0 000pynoBaHus. SI B HEOIUIATHOM JIOJITY Mepes KoJuie-
ramMu o COBMeCTHBIM UcciiefoBaHusIM — FOpuem DenopoBuueM A pbIrnHBIM,
Onproit AnexkcanaposHoit [Ieimkunoi, Bonagumupom I'mebosuuem Cepree-
BbIM, ['enHaanem KoHcranTtuHoBuueM YKaBHEPKO, 3aTPaTUBIIMM OTPOMHOE
KOJIMYECTBO YCHJIMH U TBOPYECKON SHEPIMU HA Pa3pabOTKy M MOCTAHOBKY
9KCIEPUMEHTOB, PE3YJIbTAThl KOTOPBIX HAIIMIN OTPAXKEHUE B TUCCEPTALIUM.
MHorue 1eHHbIE 3aMeUaHus M0 MPOYUTAHHON PYKOMUCH ObLJIN BBICKA3aHbI
IOpuem ®denoposuuem dpoirunsim u ['ennaanem Koncrantunosuuem JKas-
HEPKO, 3a UYTO UM HCKpeHHee criacu0o0. Xouy 1o0aaroJapuThb CTyJA€HTOB XH-
muueckoro akynpreta MI'Y — Bapckoro Aprema, 3uH4eHKO AHATOJIMS,
AnnpeeBy Acto, a Tak)Xe aclUpaHTKy HaaMepCcKoro TeXHOJIOTHYECKOTO YHU-
BepcuTeTa ManuH ApixaMmap — 3a IOMOLIb B IPOBEICHUU UCCIIEIOBAHUMN.
Sl mpu3sHaTeneH BCeM COTPYAHUKAM, ACIMPAHTAM U CTYACHTaM OObEIUHEH-
HOW I'pYMIThI 30H0BOM MUKPOCKOIIMH 32 TEIUIYIO TBOPUYECKYIO aTMOCcdepy, B
3HAYUTEIbHOU CTETIEHH CITIOCOOCTBOBABIIIYIO BBITTOJIHEHUIO paboThl. He Mo-
Iy HE YIOMSIHYTh OTAeNIbHO TpyAd Auekcaniapa CepreeBnua duioHoBa IO
CO3/IaHUIO BBICOKOMHTEIJIEKTYAJIbHOTO MIPOrPAMMHOI'0 0OecrieueHus1, 00JIer-
YUBIIIETO 00pabOTKY IKCIIEPUMEHTAIBHBIX PE3YIbTATOB.

MHe 0co0eHHO TPUATHO BBIPA3UTh OJ1arolapHocTh Moeit sxene OJie, KOTo-
pas B3s1a Ha ce0st OCHOBHbIE 3a00ThI O ChIHE DJIbJIape U 3HAUUTENbHBIN TPy
10 IPaBKe SI3bIKa PYKOIMCH, U KOTOPOU MPUHAJIEKUT OCHOBHAS 3acCiIyra B
TOM, UTO 3Ta paboTa ObLIa 3aBepIIcHA.

Crracu6o.
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Ilpunoxenue A

A.1. Tlporpamma, peasu3yromasi YuCJIEHHOE pelieHHe
3a/1a4M 0 KOHTAKTHBIX JedopManusx 30H1a U

HMJIMHAPUYECKOro o0pa3ua

Hwxe npuBefeH TEKCT IpOrpaMMbl, HAITMCAHHOM Ha SI3bIKE C++.

#include <math.h>
#include <stdlib.h>
#include <io.h>
#include <iostream.h>

double F,El1,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)
{
q_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;

R1 = 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; i < 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);

}s

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 = " << 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);

221



= a/(l1.0 + A/B);

a
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 =" <K 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

= pow (2.0*C*F*D/M PI/B, 1.0/3.0);
= pow (4.0*B*F*F*D*D/M PI/M PI/C/A/A/A, 1.0/6.0);

= 2*F*D*(C + 1.0)/M PI/b;
b = b*le9, h

b
a
P = F/M_PI/a/b;
h
a

= a*le9,

cout <<
cout <<
cout <<
cout <<

oSO

<< a <L
<< b <<
<< h <<
<< P

= h*1le9, P = P*le-9;

" nm" :
" nm"
" nm"
" MPa"

<< endl;
<< endl;
<< endl;

[TporpaMmma mpencTaBiasieTcsi IOCTATOYHO MPOCTOM: B KauecTBe (DyHKITUI

K_ell u E_ell peanu30BaHbl HPOLCAYPhI BBIYMCICHUS MOJIHBIX 3JUIMIITUYCC-

KUX UHTETPAJIOB M0 ACUMITIOTUKAM, IPUBEAECHHBIM B [69]. OCHOBHAs 4acTh Ha-

YUHAETCS C 3aMpoca MapaMeTpoB 3a/1aUu, 3aTEM ONPEACIITIOTCS mapaMeTpsl A

1 B (mo ¢popmyne (2.12), ecnmu mHTEepecHa 00J1acTh KOHTAKTa 00pas3ia u MmoJ-

JIOKKH, TO CIIeAYyeT UCIOJIb30BaTh (hopmyiry (2.23)), moce 4ero peain3oBaHo

TouHoe penierue (1mo popmymnam (2.10), (2.11), (2.9). s npubIMKEHHOTO pe-

IICHUST peaJIn30BaHbl ABa Clydas: a ~ b (c ucroiab3oBanuem popmyn (2.21),

(2.22) u a < bV o popmynam (2.17), (2.18). B xauecTBe pe3yabTaTa paboThI

nporpaMma BbIJAeT HalJIeHHbIE 3HAUCHUS TapaMeTPOB 00JIaCTH KOHTAKTa (a

1 b), BenMuMnHy AepopmMalvii h 1 KOHTAKTHOE JaBjieHue P.

1) JU1st OTIpeeNIeHHOCTH
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A.2. TIporpamma, peaju3yromasi YuCJIe€HHOE peleHue
3a/1a4M BOCCTAHOBJIEHHUSI PeaIbHON reoMeTpUuM

o0bekTa no usmepeniomy ACM-npoduiro
Huxe npuBeeH TEKCT IpOrpaMMbl, HAITMCAHHOM Ha SI3bIKE 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-sg(z))*(R-sq(z)))*sq(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;
}s
if ((R-sqg(x))*(R-sq(x))/b/b < 1.0)
{
return (x/sqgrt(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 = sgrt (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 >> b;
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

ITporpamma peanuszoBaHa 1o cienyrouei cxeme. Kak nokasan aHanus,
MOTPEITHOCTH OMpPEAeIIIeMbIX 3HAUSHHH CYIIECTBEHHO 3aBUCUTH OT MOTPEII-
HOCTH BXOJIHBIX ITapaMeTPOB (0COOEHHO U3MEPEHHOM MUPUHBI MPOGUIISI HA
MOJIyBbICOTE d). J|J1 yMEHBIIIEHUSI 3TOM MOTPEIIHOCTH HEOOX0AuM HAbOP 10-
CTATOYHOM CTATHCTHKH JUISl 3HAUECHUN BXOJIHBIX ITapaMeTPOB — A (BBICOTHI)
u d. [ToaTomy B nmporpamMme BBOJ BXOJIHBIX JIAHHBIX OCYIIIECTBIISIETCS] B BUJIC
(aitna ("data.dat"™) cocrosinero u3 IByX CTOJIOIOB 3HAUECHUH J1st h U 1715
d cooTBeTcTBeHHO. Ha 3Tame BBIYHMCICHUS MTpOTpamMMa 3aIpalliBaeT O Be-
JUYUHE HAOpaHHOHM CTATUCTUKU (KOJWYECTBE CTPOK B daiiyie "data.dat").
BeIBOJ1 3HAUEHMIT TaKkke ocyliecTssercs B paiin (result.dat)?, B aBe Ko-
JIOHKH (U151 Al PpOKCUMAIIUK UTJIBI chepoit 1 mapabosIoif COOTBETCTBEHHO).

@ynkimu func_sph u func_par nmocrpoeHsl o Gopmynam (2.34, 2.36),
naiee, GYHKIIMU a_sph ¥ a_par peau3yloT peiieHue ypapHeHut (2.34, 2.36)
OTHOCUTEJIbHO T( U, 110 HAWJEHHOMY Ty, BBIUMCIEHUE UCKOMOTO 3HAYECHMS
a o dopmynam (2.35, 2.37). OnqHOBpeMEHHO, 3TH (PYHKIIMH OCYIIECTBIISA-
IOT IIPOBEPKY BBINOIHEHUS yciioBul (2.38, 2.39) oTcyTCTBUS pellIeHUi; M0/1I-

CYET 4YMClIa CJIy4yaeB OTCYTCTBHSI PEUICHMH BeAyT cueTurku N_sph_bad u

2)CTeM)KeKOHHHaHBOMCTpOK,qTOLI"data.dat"
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N_par bad mis chepudeckoi U mapadoIMIecKoil almpoKCUMAIINI COOTBET-
CTBEHHO.

PaGoTa mporpamMmsbl MO JKETaHUIO MOXET OBITh MpPEIBapPEHa TECTUPYIO-
nieii gazoif, B KOTOpOii Mo n3MepeHHbIM napamerpam ACM-nipodutst Tect-
o0BekTa (BUpyca TabauyHOM MO3aWKH) OIMPEASISIIOTCS allIPOKCUMHUPYIOIINE

napameTpsl uriel (R u k).

A.3. TlapameTpsbl NIpOMBIIIIIEHHBIX KAHTHJIEBEPOB

OcHOBHbIE TapaMeTPbl 30H]10B IPOMBILIUIEHHBIX KaHTUIIeBepoB (Nanoprobe,
Digital Instruments, CILIA) 11 aTOMHO-CUIIOBBIX MUKPOCKOIIOB ITPUBEICHBI

B Tabimie A.l. DTH KaHTUIIEBEPBI UCIIOJIb30BAIUCH B HACTOSIIIENH paboTe.

3) MHHY$ TECTHPYIOIIYIO (ha3y STH MapaMeTPhl MOXKHO 3a1aTh BPYUHYIO
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Mopnean NP-S FESP(W) TESP(W)
Oxide Sharpened | Force Tapping  Mode
Silicon Nitride Modulation Etched Silicon
Etched Silicon
Kecrkoctn 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 550 KI'g 60-100 KI' 200400 KI'u
4acToTa
Panuyc xpuBuz- | 540 M 5-10 1M 5-10 Hm
Hbl KOHUWKA WT-
JIBI
BricoTa urmist 3 MKM 10—-15 Mxm 10—15 MxMm
Yron pactBopa | 35° 18°Vv25°V10° 18°Vv25°V10°
KOHYCa UTJIBI
Orpaxaroriee 3onoTo HET HeT
MMOKPBITHE
JnmHa kantumne- | 120 MM, 225 MKkM 125 Mxm
Bepa 200 MmxM
lupuna xkantu- | 15 MM, 40 Mxm | 30 MKkM 30-40 Mxm
JieBepa
Tommmuua xasn- | 0,4-0,6 MKkM 2—-3 MKM 3,5-5 MKkM
TUJIeBEpA
®opma kKaHTH- | V-00pa3Has npaMas npsiMast
neBepa

Tabmuna A.1. IlapamMeTpbl OCHOBHBIX
(Nanoprobe, Digital Instruments, CILIA)

THUIIOB ITPOMBINIJICHHBIX KAaHTHUIICBEPOB
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